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РКЕКАСЕ 


The 87th Edition of the СКС Handbook of Chemistry and Physics continues the overall philosophy 
of this work, namely, to provide broad coverage of all types of physical science data commonly encountered 
by scientists and engineers. Notwithstanding the growing availability of specialized databases on the 
Internet, we feel there is still a need for a concise, reliable reference source spanning the full range of the 
physical sciences and focusing on key data that are frequently needed by R&D professionals, engineers, and 
students. The CRC Handbook, in its print, CD-ROM, and Internet formats, is aimed at serving these needs. 
The data contained in the Handbook have been carefully evaluated by experts in each field; quality control 
is a high priority and the sources are documented. The annual updates make it possible to add new and 
better data in a timely fashion. In this way we hope to continue the role of the CRC Handbook as a unique 
reference source. 

Among the changes in the 87th Edition are major revisions of four heavily used tables: 

* Physical Constants of Inorganic Compounds has been completely updated, and the number of compounds 
has been increased by 20%. 

* Bond Dissociation Energies has been updated with results from the latest literature, and the coverage has 
been expanded to include organometallics, low molecular weight biochemical compounds, and positive ions. 
The total number of chemical bonds covered is now 4193, as compared to 2579 in the 86th Edition. 

* Table of the Isotopes, the comprehensive listing of the energies and radiation properties of all known 
isotopes, has been brought up to date with results from the literature up to the beginning of 2006. This 
definitive compilation now includes over 4500 individual isotopes. 

* Scientific Abbreviations and Symbols has been expanded to about 1100 entries and includes more 
acronyms from quantum chemistry and abbreviations for chemicals of environmental interest. 

Fourteen other tables have been updated. Of particular note are two tables based on very recent 
IUPAC recommendations: Standard Atomic Weights (2005) and Nomenclature for Inorganic lons and 
Ligands. There is also a new table on Specific Enthalpies of Solution of Polymers and Copolymers. 

In addition to offering the full text of the print edition in searchable pdf format, the Internet version 
presents the major tables of numerical data in the form of interactive tables that can be sorted, filtered, and 
combined in various ways. Substances in these tables can be retrieved by searching on name, formula, or 
CAS Registry Number, and such a search can be combined with a request for a desired property. Thus one 
can request a specific property of a specific substance and receive a customized table with exactly that 
information. Inverse searches can also be done, in which one asks for all substances that have a set of 
properties falling within specified ranges. 

The Editor appreciates suggestions on new topics for the Handbook and notification of any errors. 
Comments on the search software are also welcomed. Address all comments to Editor-in-Chief, CRC 
Handbook of Chemistry and Physics, Taylor & Francis Group, 6000 Broken Sound Parkway NW, Suite 300, 
Boca Raton, FL 33487. Comments may also be sent by electronic mail to drlide@post.harvard.edu. 

The Handbook of Chemistry and Physics is dependent on the efforts of many contributors 
throughout the world. The list of current contributors follows this Preface. Valuable suggestions have been 
received from the Editorial Advisory Board and from many users. The assistance and support of Dr. Fiona 
Macdonald is greatly appreciated. Finally, I want to thank Ronel Decius and Robert Morris of Taylor & 
Francis for their excellent work in developing the programs for the Internet version. 


David R. Lide 
June 2006 


The 87th Edition is dedicated to the memory of Elizabeth С. Breen, 1916-2005 


How To Cite this Reference 


The recommended form of citation is: David R. Lide, ed., CRC Handbook of Chemistry and Physics, 
Internet Version 2007, (87th Edition), «http:/www.hbcpnetbase.com^, Taylor and Francis, Boca 
Raton, FL, 2007. If a specific table is cited, use the format: "Physical Constants of Organic 
Compounds", in CRC Handbook of Chemistry and Physics, Internet Version 2007, (87th Edition), 
David R. Lide, ed., Taylor and Francis, Boca Raton, FL. 


This work contains information obtained from authentic and highly regarded sources. 
Reprinted material is quoted with permission, and sources are indicated. A wide variety of 
references are listed. Best efforts have been made to select and verify the data on the basis of 
sound scientific judgment, but the author and the publisher cannot accept responsibility for the 
validity of all materials or for the consequences of their use. 
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FUNDAMENTAL PHYSICAL CONSTANTS 


Peter J. Mohr and Barry N. Taylor 


These tables give the 2002 self-consistent set of values of the ba- 
sic constants and conversion factors of physics and chemistry rec- 
ommended by the Committee on Data for Science and Technology 
(CODATA) for international use. The 2002 set replaces the pre- 
viously recommended 1998 CODATA set. The 2002 adjustment 
takes into account the data considered in the 1998 adjustment as 
wellas the data that became available between 31 December 1998, 
the closing date of that adjustment, and 31 December 2002, the 
closing date of the new adjustment. 

This report was prepared by the authors under the auspices of 
the CODATA Task Group on Fundamental Constants. The mem- 
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TABLE I. An Abbreviated List of the CODATA Recommended Values of the Fundamental Constants of Physics and Chemistry 
Based on the 2002 Adjustment 


Relative std. 

Quanity Symbol Numerical value Unit uncert. и, 
speed of light in vacuum с,с, 299 792 458 ms? (exact) 
magnetic constant Ho 4n x 107 МА? 

= 12.566 370 614... х 107 NA? (exact) 
electric constant 1/p,c? ғ, 8.854 187 817... x 10-2 Fm?! (exact) 
Newtonian constant of gravitation G 6.6742(10) x 1078 m?kg!s?  15x10^* 
Planck constant h 6.626 0693(11) х 86 Js 1.7x107 
h/2n h 1.054 571 68(18) x 6 Js 1.7х10-7 
elementary charge e 1.602 176 53(14) х 107? C 8.5х10 
magnetic flux quantum 6 Ф, 2.067 833 72(18) х 107^ Wb 8.5х10-® 
conductance quantum 2e?/h G, 7.748 091 733(26) x 10% 5 3.3х10 
electron mass m. 9.109 3826(16) х 10! kg 1.7х10-7 
proton mass т, 1.67262171(29) х 1077 kg 127x107 
proton-electron mass ratio mm. 1836.152 672 61(85) 4.6х 10:19 
fine-structure constant е?/4па hc а 7.297 352 568(24) x 10? 3.3х10 
inverse fine-structure constant at 137.035 999 11(46) 3.3х10” 
Rydberg constant от с/2һ R. 10 973 731.568 525(73) m! 6.6х 107 
Avogadro constant N,,L 6.0221415(10) х 10? mol? 1.7х10-7 
Faraday constant N,e F 96 485.3383(83) C mol 8.6х 1074 
molar gas constant R 8.314 472(15) Јто КІ 17x10 
Boltzmann constant R/N, k 1.380 6505(24) х 107? Ji 1.8х107 
Stefan-Boltzmann constant (1?/60)&*/I?c? 6 5.670 400(40) x 10-8 Wm?K^ 475 
Non-SI units accepted for use with the SI 
electron volt: (e/C) J eV 1.602 176 53(14) x 107? J 8.5x107* 
(unified) atomic mass unit u 1.660 538 86(28) x 1077 kg 1.7х10-7 


1 u = m, = (1/12)m(?C) = 10? kg mol "/N, 


1-1 


1-2 Fundamental Physical Constants 


TABLE II. The CODATA Recommended Values of the Fundamental Constants of Physics and Chemistry Based on the 2002 Adjustment 


Relative std. 
Quantity Symbol Numerical value Unit uncert. и, 
Universal 
speed of light in vacuum С, Cy 299 792 458 ms? (exact) 
magnetic constant Ho 4n x 107 МА? 
= 12.566 370 614... х 107 МА? (exact) 
electric constant 1/џ с“ 5 8.854 187 817... x 10-2 Fm?! (exact) 
characteristic impedance of vacuum 1/10/80 = ٠ 2, 376.730 313 461... O (exact) 
Newtonian constant of gravitation G 6.6742(10) x 1078 m?kg!s? 1.5х10* 
С/йс 6.7087(10) x ۶ (GeV/c)? 1.5х10-“ 
Planck constant h 6.626 0693(11) х 107 Js 1.7x107 
ineVs 4.135 667 43(35) х 10-5 eVs 8.5x1075 
07 ћ 1.054 571 68(18) х 108 15 17х107 
ineVs 6.582 119 15(56) x 10:16 eVs 8.5x1075 
hc in MeV fm 197.326 968(17) MeV fm 8.5x1075 
Planck mass (/ic/G)'? m, 2.176 45(16) х 1078 kg 7.5x10° 
Planck temperature (йс°/6)!2/К T, 1.416 79(11) x 10? K 7.5x10° 
Planck length h/m,c = (hG/c?)? I 1.616 24(12) x 5 m 7.5x10° 
Planck time /,/c = (ЙС /с5)!? t, 5.391 21(40) x ۹ s 7.5x10° 
Electromagnetic 
elementary charge e 1.602 176 53(14) x 1079 С 8.5х10% 
е/һ 2.417 989 40(21) x 10% А]! 8.5х10-% 
magnetic flux quantum 6 $ 2.067 833 72(18) x 107^ Wb 8.5х10- 
conductance quantum 2е?/й G, 7.748 091 733(26)х107 5 3.3х10 
inverse of conductance quantum л 12 906.403 725(43) O 3.3x10^ 
Josephson constant! 2е/й K 483 597.879(41)x10? Hz V! 8.5х 1074 
von Klitzing constant? й/е? = u,c/2a R. 25 812.807 449(86) Q 3.3x10° 
Bohr magneton ей/2т, ш 927.400 949(80)x 10:29 JT? 8.6х 10:95 
in eV Т! 5.788 381 804(39)х 107 eV T? 6.7х10” 
u h 13.996 2458(12)х10” Hz Т! 8.6x1075 
u,/hc 46.686 4507(40) т! T? 8.6х10-% 
пук 0.671 7131(12) KT? 1.8х107 
nuclear magneton ей/2т, Hy 5.050 783 43(43)х 1077 т" 8.6х10- 
in eV Т 3.152 451 259(21)х10:5 eV Т! 6.7х10” 
u h 7.622 593 71(65) MHz T! 8.6х10-% 
С 2.542 3 1072 т! Т! 8.6х10-% 
u k 3.658 2637(64)х 107" KT? 1.8х107 
Atomic and Nuclear 
General 
Fine-structure constant &?/4me hc а 7.297 352 568(24)х10-3 3.3х10 
inverse fine-structure constant ос! 137.035 999 11(46) 3.3х10 
Rydberg constant о?у с/2й R. 10 973 731.568 525(73) m! 6.6х 107 
R c 3.289 841 960 360(22)x10^ Hz 6.6x10-? 
R hc 2.179 872 09(37)х 10738 ] 1.7х10-7 
R Ac in eV 13.605 6923(12) eV 8.5x1075 
Bohr radius ов/4лЕ = 4neJr?/m е? а, 0.529 177 2108(18)х 10719 т 3.3х10 
Hartree energy e?/4nea, = 2R hc = o?m c? E. 4.359 744 17(75)х 10718 J 127x107 
in eV 27.211 3845(23) eV 8.5x1075 
quantum of circulation h/2m, 3.636 947 550(24)х10:5 m?s 67x10? 
him, 7.273 895 77 m?s! 6.7х10” 
Electroweak 
Fermi coupling constant? GJ(hcj 1.166 39(1)x10? GeV2 8.6х107 
weak mixing angle* 0,, (on-shell scheme) sin’ ду =s% =1- (ту |т, y $20, 0.222 15(76) 3.4x103 


Electron, e` 
electron mass m 9.109 3826(16)х 1073! kg 1.7х10-7 
in u, m, = А (e) u (electron relative atomic mass times и) 5.485 799 0945(24)x10"* u 4.4x10-19 
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Quantity 

energy equivalent 

in MeV 

electron-muon mass ratio 
electron-tau mass ratio 
electron-proton mass ratio 
electron-neutron mass ratio 
electron-deuteron mass ratio 
electron to alpha particle mass ratio 
electron charge to mass quotient 
electron molar mass N m, 
Compton wavelength h/m,c 

A /2n = aa, = 2/4 К, 
classical electron radius оба, 


Thomson cross section (81/3)? 
electron magnetic moment 

to Bohr magneton ratio 

to nuclear magneton ratio 
electron magnetic moment anomaly |y. |/u, - 1 
electron g-factor -2(1 + له‎ 
electron-muon magnetic moment ratio 
electron-proton magnetic moment ratio 


electron to shielded proton magnetic moment ratio (Н,О, sphere, 25*C) 


electron-neutron magnetic moment ratio 
electron-deuteron magnetic moment ratio 


electron to shielded helion* magnetic moment ratio (gas, sphere, 25*C) 


electron gyromagnetic ratio 2 |y. |/7 


Muon, иг 
muon mass 


inu, т, = A (u) u (muon relative atomic mass times u) 


energy equivalent 
in MeV 

muon-electron mass ratio 
muon-tau mass ratio 
muon-proton mass ratio 
muon-neutron mass ratio 
muon molar mass N Ат, 
muon Compton wavelength A/m с 

À, /2n 
muon magnetic moment 

to Bohr magneton ratio 

to nuclear magneton ratio 
muon magnetic moment anomaly |н | (ећ/2т,) – 1 
muon g-factor —2(1 + о) 
muon-proton magnetic moment ratio 


Таи, г 
tau mass* 

in u, m, = А (т) u (tau relative atomic mass times u) 

energy equivalent 

in MeV 

tau-electron mass ratio 
tau-muon mass ratio 
tau-proton mass ratio 
tau-neutron mass ratio 
tau molar mass М,т, 
tau Compton wavelength #/m c 


2-,2л 


Numerical value 

8.187 1047 (14)х 107 
0.510 998 918(44) 

4.836 331 67(13)х 1073 
2.875 64(47)х 107 

5.446 170 2173(25)х 107 
5.438 673 4481(38)х 107 
2.724 437 1095(13)х10:5 


1.370 933 555 75(61)х 107 


-1.758 820 12(15)х10" 
5.485 799 0945(24)x 107 
2.426 310 238(16)x10-? 
386.159 2678(26)x10-5 
2.817 940 325(28)х10-5 


0.665 245 873(13)x10-8 
-928.476 412(80)x10-6 
-1.001 159 652 1859(38) 
-1838.281 971 07(85) 
1.159 652 1859(38)x10? 
-2.002 319 304 3718(75) 
206.766 9894(54) 
-658.210 6862(66) 


-658.227 5956(71) 
960.920 50(23) 
-2 143.923 493(23) 


864.058 255(10) 
1.760 859 74(15)х10" 
28 024.9532(24) 


1.883 531 40(33)x 108 
0.113 428 9264(30) 
1.692 833 60(29)x 10-1! 
105.658 3692(94) 
206.768 2838(54) 

5.945 92(97) x10? 

0.112 609 5269(29) 
0.112 454 5175(29) 
0.113 428 9264(30)x10? 
11.734 441 05(30)х10-15 
1.867 594 298(47)x10-55 
—4.490 447 99(40)х10- 
-4.841 970 45(13)x10^? 
-8.890 596 98(23) 

1.165 919 81(62)x 10? 
-2.002 331 8396(12) 
-3.183 345 118(89) 


3.167 77(52)х 1077 
1.907 68(31) 

2.847 05(46)x 10-19 
1776.99(29) 

3477 A8(57) 
16.8183(27) 

1.893 90(31) 

1.891 29(31) 

1.907 68(31)x10? 
0.697 72(11)х 1075 


0.111 046(18)х1075 


Unit 
J 
MeV 


kg mol 
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Relative std. 
uncert. u. 
1.7х10-7 
8.6х 1078 
2.6х10-% 
1.6х10-* 
4.6x10-19 
7.0х1079 
4.8x10-19 
4.4x10-19 
8.6х 10:58 
4.4x10-19 
67x10? 
67x10? 
1.0х10-8 


2.0x1075 
8.6х10- 
3.8х 107 
4.6x10-1? 
3.2х10° 
3.8х 107 
2.6x1075 
1.0х10-8 


1.1х10-8 
24х107 
1.1х10-8 


1.2х10-8 
8.6х10- 
8.6х 10:58 


17х107 
2.6х10 
17х107 
8.9х107 
2.6х 10:58 
1.6x10* 
2.6x1075 
2.6x1075 
2.6х10 
2.5х10 
2.5х10 
8.9х107 
2.6х10 
2.6x1075 
5.3x1077 
6.2х 10-19 
2.8х 10:58 


1.6х10-* 
1.6х 107" 
1.6х 107" 
1.6x10 ^ 
1.6x10* 
1.6x10* 
1.6x10 ^ 
1.6x10* 
1.6x10* 
1.6x10 ^ 


1.6x10* 
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Quantity 


Proton, p 
proton mass 
in u, m,- A (p) u (proton relative atomic mass times u) 
energy equivalent 
in MeV 
proton-electron mass ratio 
proton-muon mass ratio 
proton-tau mass ratio 
proton-neutron mass ratio 
proton charge to mass quotient 
proton molar mass N А, 
proton Compton wavelength h/m c 
Хул 
proton rms charge radius 
proton magnetic moment 
to Bohr magneton ratio 
to nuclear magneton ratio 
proton g-factor 2u ېلا‎ 
proton-neutron magnetic moment ratio 


shielded proton magnetic moment (Н,О, sphere, 25°С) 
to Bohr magneton ratio 


to nuclear magneton ratio 


proton magnetic shielding correction 1 – ць م۸ا/‎ (H,O, sphere, 25°C) 
proton gyromagnetic ratio 2u,/h 


shielded proton gyromagnetic ratio 21 /Ћ (H,O, sphere, 25°C) 


Neutron, п 
neutron mass 
in u, m, = A, (n) u (neutron relative atomic mass times u) 
energy equivalent 
in MeV 
neutron-electron mass ratio 
neutron-muon mass ratio 
neutron-tau mass ratio 
neutron-proton mass ratio 
neutron molar mass Мт, 
neutron Compton wavelength A/m с 
۸ /27t 
neutron magnetic moment 
to Bohr magneton ratio 
to nuclear magneton ratio 
neutron g-factor 24, Њу 
neutron-electron magnetic moment ratio 
neutron-proton magnetic moment ratio 


neutron to shielded proton magnetic moment ratio (Н,О, sphere, 25*C) 


neutron gyromagnetic ratio 2|u. |/h 


Deuteron, d 
deuteron mass 
in u, т, = A (d) u (deuteron relative atomic mass times u) 
energy equivalent 
in MeV 
deuteron-electron mass ratio 
deuteron-proton mass ratio 
deuteron molar mass Мт, 
deuteron rms charge radius 
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Numerical value 


1.672 621 71(29)х 107 
1.007 276 466 88(13) 
1.503 277 43(26)х10-% 
938.272 029(80) 
1836.152 672 61(85) 
8.880 243 33(23 
0.528 012(86) 
0.998 623 478 72(58) 
9,578 833 76(82)х 107 
1.007 276 466 88(13)х 107 
1.321 409 8555(88)x 1075 
0.210 308 9104(14)х 10-5 
0.8750(68)x 10-5 

1.410 606 71(12)x 109 
1.521 032 206(15)х10-3 
2.792 847 351(28 
5.585 694 701(56 
-1.459 898 05(34 


1.410 570 47(12)x 1079 
1.520 993 132(16)x10? 
2.792 775 604(30 


25.689(15)х 10-6 
2.675 222 05(23)х108 
42.577 4813(37) 


2.675 153 33(23)х108 
42.576 3875(37) 


1.674 927 28(29)x10-? 
1.008 664 915 60(55) 
1.505 349 57(26)x 10-19 
939.565 360(81) 

1838.683 6598(13) 

8.892 484 02(23) 

0.528 740(86) 

1.001 378 418 70(58) 
1.008 664 915 60(55)x10? 
1.319 590 9067(88)x 1075 
0.210 019 4157(14)x10-5 
–0.966 236 45(24)х10- 
-1.041 875 63(25)x10? 
-1.913 042 73(45 
-3.826 085 46(90) 
1.040 668 82(25)x 10? 
-0.684 979 34(16 


-0.684 996 94(16 
1.832 471 83(46)x10* 
29.164 6950(73) 


3.343 583 35(57)х10-7 
2.013 553 212 70(35) 
3.005 062 85(51)x10-19 
1875.612 82(16) 

3670.482 9652(18) 

1.999 007 500 82(41) 
2.013 553 212 70(35)x 10? 
2.1394(28)x 10-5 


Unit 


JT 


Relative std. 
uncert. и, 


1.7х10-7 
1.3х10:19 
17х107 
8.6х 1078 
4.6х 10-10 
2.6х 10:5 
1.66х10:-5 
5.8х10:10 
8.6х 10-5 
1.3х10:19 
6.7х10” 
6.7х10” 
7.8x10^? 
8.7х 10:58 
1.0х10-8 
1.0х10-8 
1.0х10-8 
2.4х1077 


8.7х 10:58 
1.1х10-8 
1.1х10-8 


5.7x10* 
8.6х 10:58 
8.6х 10:58 


8.6х 10:58 
8.6х 10:58 


17х107 
5.5х10:19 
127x107 
8.6х 10:58 
7.Ох 10-19 
2.6х 10: 
1.6x10* 
5.8х10:19 
5.5х10:19 
6.7х10” 
6.7х10” 
2.5х107 
2.4х 1077 
2.4х1077 
2.4х1077 
2.4х 1077 
2.4х1077 


2.4х1077 
2.5х1077 
2.5х1077 


127x107 
127x107? 
127x107 
8.6x1075 
4.8х 10-10 
2.0х 10-19 
127x107? 
1.3x103 


Fundamental Physical Constants 


Quantity 
deuteron magnetic moment 

to Bohr magneton ratio 

to nuclear magneton ratio 
deuteron-electron magnetic moment ratio 
deuteron-proton magnetic moment ratio 
deuteron-neutron magnetic moment ratio 


Helion, h 
helion mass? 
in u, m, = A (h) u (helion relative atomic mass times u) 
energy equivalent 
in MeV 
helion-electron mass ratio 
helion-proton mass ratio 
helion molar mass N,m, 


shielded helion magnetic moment (gas, sphere, 25°С) 
to Bohr magneton ratio 


to nuclear magneton ratio 


shielded helion to proton magnetic moment ratio (gas, sphere, 25°С) 


shielded helion to shielded proton magnetic moment ratio 
(gas/H,O, spheres, 25°С) 


shielded helion gyromagnetic ratio 2|џ', |h (gas, sphere, 25°C) 


Alpha particle, a 
alpha particle mass 
in u, m, = А (а) u (alpha particle relative atomic mass times u) 
energy equivalent 
in MeV 
alpha particle to electron mass ratio 
alpha particle to proton mass ratio 
alpha particle molar mass N,m, 


Physico- Chemical 
Avogadro constant 
atomic mass constant m, = (1/12)m(?C) = 1 u = 10? kg mol УЛ, 
energy equivalent 
in MeV 
Faraday constant? Ме 
molar Planck constant 


molar gas constant 
Boltzmann constant R/N, 
in eV ко 


molar volume of ideal gas RT/p 
Т = 273.15 K, p = 101.325 kPa 
Loschmidt constant №, /У, 
T = 273.15 K, p = 100 kPa 
Sackur-Tetrode constant (absolute entropy constant)? 
5/2 + In[(2rum, KT /h?)°2kT [pj] 
T, = 1K, p, = 100 kPa 
T, = 1K, p, = 101.325 kPa 
Stefan-Boltzmann constant (17/60) k*/I?c? 
first radiation constant 2лйс? 
first radiation constant for spectral radiance 5 
second radiation constant йс/К 
Wien displacement law constant b = À... T = с,/4.965 114 231... 


Numerical value 
0.433 073 482(38)х 107 


0.466 975 4567(50)x10 2 


0.857 438 2329(92) 


—4.664 345 548(50) х10:5 


0.307 012 2084(45) 
-0.448 206 52(11) 


5.006 112 1077 
3.014 932 2434(58) 
4.499 538 84(77)х 10719 
2808.391 42(24) 
5495.885 269(11) 

2.993 152 6671(58) 
3.014 932 2434(58)x10? 


-1.074 553 024(93)x10 -% 
-1.158 671 474(14)x10? 


-2.127 497 723(25) 
-0.761 766 562(12) 


-0.761 786 1313(33) 
2.037 894 70(18)x10? 
32.434 1015(28) 


6.644 6565(11)х10-7 
4.001 506 179 149(56) 
5.971 9194(10)x 10-1? 
3727.379 17(32) 
7294.299 5363(32) 
3.972 599 689 07(52) 


4.001 506 179 149(56)х10-3 


6.022 1415(10)x10?? 
1.660 538 86(28)x 1077 
1.492 417 90(26)x 10-19 
931.494 043(80) 

96 485.3383(83) 

3.990 312 716(27) x10” 
0.119 626 565 72(80) 
8.314 472(15) 

1.380 6505(24)x 1023 
8.617 343(15)х107 
2.083 6644(36) x10" 
69.503 56(12) 


22.413 996(39) x10? 
2.686 7773(47)x 1095 
22.710 981(40) x10? 


-1.151 7047(44) 
-1.164 8677(44) 

5.670 400(40)x10 8 
3.741 771 38(64)x10-16 
1.191 042 82(20)x 10-19 
1.438 7752(25)х 10 
2.897 7685(51)x10 -3 


Unit 
JT' 


W m? K+ 
W m? 

W m? کو‎ 
mK 

mK 
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Relative std. 
uncert. и, 
8.7х 10:58 
1.1х10-8 
1.1х10-8 
1.1х10-8 
1.5х10-8 
2.4x107 


1.7х10-7 
1.9х107 
127x107 
8.6х10- 
2.0х10-° 
1.9x10° 
1.9x10° 


8.7х 10:58 
12x10? 
1.2х10-8 
1.5х10-8 


4.3x10° 
87х10 
8.7х 10:58 


1.7х10-7 
14x10 
127x107 
8.6x1075 
4.4х10:% 
1.3х10:19 
1.4х10-" 


127x107 
127x107 
127x107 
8.6х10- 
8.6x107* 
6.7x10^ 
6.7х10” 
1.7х10% 
1.8х10% 
1.8х10% 
1.7х10% 
1.7х106 


1.7х10% 
1.8х10% 
1.7х10% 


3.8x1075 
3.8х 1079 
7.0х107 
127x107 
127x107 
1.7х10% 
1.7х10% 
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ы осы к 


Fundamental Physical Constants 


w 


which is based on a particular variant of the modified minimal subtraction (MS) scheme, is sin? ôy (М„) = 0.231 24(24) . 


“ 


a 


The helion, symbol h, is the nucleus of the Не atom. 
This and all other values involving m, are based on the value of m с in MeV recommended by the Particle Data Group (Hagiwara et al., 2002), but with a standard 


uncertainty of 0.29 MeV rather than the quoted uncertainty of —0.26 MeV, +0.29 MeV. 


~ 


See the “Adopted values" table for the conventional value adopted internationally for realizing representations of ће volt using the Josephson effect. 
See the "Adopted values" table for the conventional value adopted internationally for realizing representations of the ohm using the quantum Hall effect. 
Value recommended by the Particle Data Group (Hagiwara et al., 2002). 


Based on the ratio of the masses of the W and Z bosons m/m, recommended by the Particle Data Group (Hagiwara et al., 2002). The value for sin’, they recommend, 


The numerical value of F to be used in coulometric chemical measurements is 96 485.336(16) [1.7 x 10-7] when the relevant current is measured in terms of representa- 


tions of the volt and ohm based on the Josephson and quantum Hall effects and the internationally adopted conventional values of the Josephson and von Klitzing 


constants K, 


2 


1] 


1-90 


and R, , given in the "Adopted values" table. 
The entropy of an ideal monoatomic gas of relative atomic mass A, is given by 5 = 5, + (3/2)R In A, – R In(p/p,) + (5/2)R In(T/K). 


TABLE III. Internationally Adopted Values of Various Quantities 


Quantity Symbol Numerical value Unit 
molar mass of "C МКС) 12 х 103 kg mol"! 
molar mass constant M(?C)/12 M. 1х 3 kg mol"! 
conventional value of Josephson constant K + 483 597.9 GHz У 
conventional value of von Klitzing constant Ras 25 812.807 O 
standard atmosphere 101 325 Pa 
standard acceleration of gravity £, 9.806 65 ms? 


Relative std. uncert. и, 


(exact) 
(exact) 
(exact) 
(exact) 
(exact) 
(exact) 


TABLE IV. The Values of Some Energy Equivalents Derived From the Relations E = mc? = Ис = hv = KT, and 


Based on the 2002 CODATA Adjustment of the Values of the Constants 


1 eV = (е/С) J, 1 u = m, = (1/12)m(?C) = 10? kg тог УМ, and E, = 2R Ис = o?m c? is the Hartree Energy (hartree) 


Relevant unit 


(1J)=1J 


lkg (1 Ко)с? = 8.987 551 787 х10'°] 


Im? (1 m3)Ac = 


1.986 445 61(34)x10- J 


1Hz (1 Н2)й = 6.626 0693(11) x10] 


1K 


(1 K)k = 1.380 6505(24) x10” J 


leV (1еу) =1.602 176 53(14) x10-! J 


1и 


1E, 


(1 u)c? = 1.492 417 90(26) x10- J 


(1 E,) = 4.359 744 17(75)х10:%) 


kg m! 

(1 J)/c? =1.112 650 056 x107 kg — (1J)/hc = 
5.034 117 20(86)х 1028 m- 

(1 kg) = 1kg (1 kg)c/h = 
4.524 438 91(77)x10" m^! 

(1 m™“)hic = (1 т) =1m"! 

2.210 218 81(38)х10- kg 
(1 Hz)h/e? = (1 Hz)/c = 3.335 640 952х10% m! 


7.372 4964(13)х10-5 kg 
(1 K)K/c? 21.536 1808(27) х10-® kg (1 K)k/hc = 69.503 56(12) т^! 


(1 еУ)/с = (1 eV)/hc = 
1.782 661 81(15)х10- kg 8.065 544 45(69)х10 m^! 
(1 u) = 1.660 538 86(28)х10-7 Ка... (lu)c/h = 


7.513 006 608(50) x10 та“! 
(1 E,)/he = 2.194 746 313 
705(15)х107 m"! 


(1 Е,)/с = 
4.850 869 60(83) x10” kg 


Hz 
(1 J)/h 21.509 190 37(26)x10 Hz 


(1 Кр)с?/й = 
1.356 392 66(23)х10% Hz 
(1 mc = 299 792 458 Hz 


(1 Hz) = 1 Hz 


(1 K)k/h = 2.083 6644(36)x10" Hz 
(1eV)/h = 

2.417 989 40(21)х10" Hz 
(1 и)с?/й = 

2.252 342 718(15)x10? Hz 
(1E)/h = 

6.579 683 920 721(44)x10 Hz 


TABLE V. The Values of Some Energy Equivalents Derived From the Relations Р = mc? = Пеј А = hv = kT, and 


Based on the 2002 CODATA Adjustment of the Values of the Constants 


1 eV = (e/C) J, 1 u = m, = (1/12)m(?C) = 10? kg тог /М,, and E, = 2R йс = o?m c? is the Hartree Energy (hartree) 


Relevant unit 


K 

(1 J)/k = 7.242 963(13)x10? K 
(1 kg)c?/k 26.509 650(11) x10? K 
(1 m-))#c/k = 

1.438 7752(25)х 10 K 
(1 Hz)h/k = 

4.799 2374(84)x10-! K 
(1К)-1К 
(1 eV)/k = 1.160 4505(20)х10* К 


(1 u)c?/k = 1.080 9527(19)х10 K 
(1 E,)/k = 3.157 7465(55) x105 К 


eV u 
(1 J) = 6.241 509 47(53)x10?? eV (1 J)/c? 26.700 5361 11)х 109 u 
(1 kg)c? = 5.609 588 96(48)х10% eV (1 kg) = 6.022 1415(10)x10” u 


(1 т7))/с = (1 mh/c = 
1.239 841 7 1.331 025 0506(89) x10 ^u 
(1 Hz)h = (1 Hz)h/c? = 


4.135 667 43(35)х 1075 eV 
(1 К)К = 8.617 343(15)x10- eV 


4.439 821 667(30)х 107 u 


(1eV)21eV (1 eV)/c? = 
1.073 544 171(92)x10? u 
(1u)? = 931.494 043(80)х10%еу _ (1и)=1и 


(1 E,) = 27.211 3845(23) eV 


(1 K)k/e =9.251 098(16)x10-^ u 


E, 

(1) = 2.293 712 57(39) x10" E, 
(1 kg)c? = 2.061 486 05(35)x 10? E, 
(1 пулс = 

4.556 335 252 760(30) х10-8 E, 
(1 Hz)h = 

1.519 829 846 006(10)х 1076 E, 
(1 ЮК = 3.166 8153(55)x10^5 E, 
(1 eV) = 3.674 932 45(31) x10? E, 


(1 и)? = 3.423 177 686(23) x10" E, 


(1 E,)/c? = 2.921 262 323(19)x10*u (1E) - LE, 


FUNDAMENTAL PHYSICAL CONSTANTS — FREQUENTLY USED CONSTANTS 


Quantity 
speed of light in vacuum 


magnetic constant 


electric constant 1/4, с” 
Newtonian constant of gravitation 
Plank constant 
h/2n 
elementary charge 
magnetic flux quantum Л/2е 
conductance quantum 2е?/й 
electron mass 
proton mass 
proton-electron mass ratio 
fine-structure constant е?/4ттє hc 
inverse fine-structure constant 
Rydberg constant от с/2һ 
Avogadro constant 
Faraday constant N e 
molar gas constant 
Boltzmann constant А/М, 


Stefan-Boltzmann constant (17/60)k*/ hc? 


electron volt: (e/C) J 


(unified) atomic mass unit 
lu-m,-/m(?C) = 10? kg тог уМ, 


Symbol Value 

сус, 299 792 458 

4n х 107‏ ما 

= 12.566 370 614... x 107 
£, 8.854 187 817... x 10? 
6.6742(10) x 107! 

h 6.626 0693(11) x 76 

h 1.054 571 68(18) x 10-55 
e 1.602 176 53(14) x 107? 
$ 2.067 833 72(18) х 10-5 
G 7.748 091 733(26) x 7 
т, 9.109 3826(16) x 10^! 
m, 1.672 621 7109) x 10? 

m/m. 1836.152 672 61(85) 
а 7.297 352 568(24) x 10? 
а! 137.035 999 11(46) 
а 10 973 731.568 525(73) 
N,L 6.022 1415(10) x 10? 

F 96 485.3383(83) 

R 8.314 472(15) 

k 1.380 6505(24) x 107? 

с 5.670 400(40) x 1075 


Моп-51 units accepted for use with the SI 
eV 1.602 176 53(14) x 1079 
u 1.660 538 86(28) x 1077 


Relative std. uncert. и, 


(exact) 


(exact) 
(exact) 
1.5 x 10* 
17 х 107 
17 х 107 
8.5 x 107 
8.5 x 107 
33 x 10° 
17 x 107 
17 х 107 
4.6 x 1079 
3.3 x 10° 
33 x 10° 
6.6 x 10-2 
1.7 х 107 
8.6 x 107 
1.7 х 107 
1.8 x 107 
7.0 x 1075 


8.5 x 107 
17 х 107 


STANDARD ATOMIC WEIGHTS (2005) 


This table of atomic weights includes the changes made in 2005 
by the IUPAC Commission on Isotopic Abundances and Atomic 
Weights. Those changes affected the following elements: Al, Au, 
Bi, Co, Cs, La, Mn, Na, Nd, Р, Pt, $m, Sc, Ta, Tb, and Th. 

The Standard Atomic Weights apply to the elements as they ex- 
ist naturally on Earth, and the uncertainties take into account the 
isotopic variation found in most laboratory samples. Further com- 
ments on the variability are given in the footnotes. 

The number in parentheses following the atomic weight value 
gives the uncertainty in the last digit. An atomic weight entry in 
brackets indicates that the element that has no stable isotopes; the 
value given is the atomic mass in u (or the mass number, if the 


Name Symbol n Atomic weight Footnotes 
Actinium Ac 89 [227.0277] a 
Aluminum AI 13 26.9815386(8) 
Americium Am 95 [243.0614] a 
Antimony Sb 51 121.760(1) g 
Argon Ar 18 39.948(1) gr 
Arsenic As 33 74.92160(2) 

Astatine At 85 [209.9871] a 
Barium Ba 56 137.327(7) 

Berkelium Bk 97 [247.0703] a 
Beryllium Be 4 9.012182(3) 

Bismuth Bi 83 208.98040(1) 

Bohrium Bh 107 [264.12] a 
Boron B 5 10.811(7 gmr 
Bromine Br 35 79.904(1 

Cadmium Cd 48 112.411(8 g 
Calcium Ca 20 40.078(4 g 
Californium Cf 98 [251.0796] a 
Carbon C 6 12.0107(8) gr 
Cerium Ce 58 140.116(1 g 
Cesium Cs 55 132.9054519(2) 

Chlorine а 17 35.453(2 gmr 
Chromium Cr 24 51.9961(6) 

Cobalt Co 27 58.933195(5) 

Copper Cu 29 63.546(3 r 
Curium Cm 96 247.0704 a 
Darmstadtium Ds 110 271] а 
Dubnium Db 105 262.1141 a 
Dysprosium Dy 66 162.500(1) g 
Einsteinium Es 99 252.0830 a 
Erbium Er 68 167.259(3) g 
Europium Eu 63 151.964(1) g 
Fermium Fm 100 257.0951 a 
Fluorine F 9 18.9984032(5) 

Francium Fr 87 223.0197 a 
Gadolinium Gd 64 157.25(3) g 
Gallium Ga 31 69.723(1) 

Germanium Ge 32 72.64(1) 

Gold Au 79 196.966569(4) 

Hafnium Hf 72 178.49(2) 

Hassium Hs 108 [277] a 
Helium He 2 4.002602(2) gr 
Holmium Ho 67 164.93032(2) 

Hydrogen H 1 1.00794(7) gmr 
Indium In 49 114.818(3) 


mass is not accurately known) for the isotope of longest half-life. 
Thorium, protactinium, and uranium have no stable isotopes, but 
the terrestrial isotopic composition is sufficiently uniform to per- 


mit a standard atomic weight to be specified. 


References 


1. Chemistry International, Vol. 27, No. 6, p.18, 2005. 


wn 


Coplen, T. D., Pure Appl. Chem. 73, 667, 2001. 
Coplen, T. D., J. Phys. Chem. Кеј. Data, 30, 701, 2001. 


Name Symbol 2 Atomic weight Footnotes 
Iodine I 53 126.90447(3) 
Iridium Ir 77 192.217(3) 
Iron Fe 26 55.845(2) 
Krypton Kr 36 83.798(2) gm 
Lanthanum La 57 138.90547(7) g 
Lawrencium Lr 103 [262.1097] a 
Lead Pb 82 207.2(1) gr 
Lithium Li 3 6.941(2) bgmr 
Lutetium Lu 71 174.967(1) g 
Magnesium Mg 12 24.3050(6) 
Manganese Mn 25 54.938045(5) 
Meitnerium Mt 109 [268.1388] 
Mendelevium Md 101 [258.0984] 
Mercury Hg 80 200.59(2) 
Molybdenum Мо 42 95.94(2) 5 
Neodymium Nd 60 144.242(3) g 
Neon Ne 10 20.1797(6 gm 
Neptunium Np 93 [237.0482] a 
Nickel Ni 28 58.6934(2 
Niobium Nb 4l 92.90638(2) 
Nitrogen N 7 14.0067(2 gr 
Nobelium No 102 [259.1010] a 
Osmium Os 76 190.23(3) g 
Oxygen [9] 8 15.9994(3 gr 
Palladium Pd 46 106.42(1) g 
Phosphorus P 15 30.973762(2) 
Platinum Pt 78 195.084(9) 
Plutonium Pu 94 244.0642 
Polonium Po 84 208.9824 
Potassium K 19 39.0983(1) 
Praseodymium Pr 59 140.90765(2) 
Promethium Pm 61 144.9127 a 
Protactinium Pa 91 231.03588(2) 
Radium Ra 88 226.0254 
Radon Rn 86 222.0176 
Rhenium Re 75 186.207(1) 
Rhodium Rh 45 102.90550(2) 
Roentgenium Rg 111 272.1535 a 
Rubidium Rb 37 85.4678(3) g 
Ruthenium Ru 44 101.07(2) g 
Rutherfordium Rf 104 261.1088 a 
Samarium Sm 62 150.36(2) g 
Scandium Sc 21 44.955912(6) 
Seaborgium Sg 106 266.1219 a 
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1-8 
Мате Symbol 

Selenium Se 
Silicon Si 
Silver Ag 
Sodium Na 
Strontium Sr 
Sulfur 5 
Tantalum Ta 
Technetium Tc 
Tellurium Te 
Terbium Tb 
Thallium TI 
Thorium Th 
Thulium Tm 


* No stable isotope exists. The atomic mass in u (or the mass number, if the mass is not accurately known) is given in brackets for the isotope of longest half-life. 


Atomic 


Atomic weight Footnotes 
78.96(3) r 
28.0855(3) r 

107.8682(2) g 
22.98976928(2) 
87.62(1) gr 
32.065(5) gr 
180.94788(2) 
[97.9072] a 
127.60(3) g 
158.92535(2) 
204.3833(2) 
232.03806(2) g 
168.93421(2) 


Name 
Tin 
Titanium 
Tungsten 
Ununbium 
Ununhexium 
Ununquadium 
Uranium 
Vanadium 
Xenon 
Ytterbium 
Yttrium 
Zinc 
Zirconium 


Symbol 
$n 


Standard Atomic Weights (2005) 


Atomic 


no. 
50 
22 
74 
112 
116 
114 
92 
23 
54 
70 
39 
30 
40 


Atomic weight 


118.710(7) 
47.867(1) 

183.84(1) 

[285] 

[289] 

[289] 
238.02891(3) 
50.9415(1) 

131.293(6) 

173.04(3) 
88.90585(2) 
65.409(4) 
91.224(2) 


Footnotes 
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^ Commercially available Li materials have atomic weights that range between 6.939 and 6.996; if a more accurate value is required, it must be determined for the specific 


material. 


* Geological specimens are known in which the element has an isotopic composition outside the limits for the normal material. The difference between the atomic weight of 
the element in such specimens and that given in the table may exceed the stated uncertainty. 
? Modified isotopic compositions may be found in commercially available material because it has been subject to an undisclosed or inadvertent isotopic fractionation. 
Substantial deviations in atomic weight of the element from that given in the table can occur. 
* Range in isotopic composition of normal terrestrial material prevents a more precise atomic weight being given; the tabulated value should be applicable to any normal 


material. 


ATOMIC MASSES AND ABUNDANCES 


This table lists the mass (in atomic mass units, symbol u) and 
the natural abundance (in percent) of the stable nuclides and a few 
important radioactive nuclides. A complete table of all nuclides 
may be found in Section 11 ("Table of the Isotopes"). 

The atomic masses were taken from the 2003 evaluation of 
Audi, Wapstra, and Thibault (References 2, 3). The number in pa- 
rentheses following the mass value is the uncertainty in the last 
digit(s) given. An asterisk * after an entry indicates the mass value 
was derived not purely from experimental data, but at least partly 
from systematic trends. 

Natural abundance values were taken from the IUPAC Technical 
Report "Atomic Weight of the Elements: Review 2000" (Reference 
4); these entries are also followed by uncertainties in the last digit(s) 
of the stated values. This uncertainty includes both the estimated 
measurement uncertainty and the reported range of variation in 
different terrestrial sources of the element (see Reference 4 for full 


2 Isotope Massinu Abundance in % 
1 ІН 1.00782503207(10) 99.9885(70) 
?H 2.0141017778(4) 0.0115(70) 
?H 3.0160492777(25) 
2 ЗНе 3.0160293191(26) 0.000134(3) 
^He 4.00260325415(6) 99.999866(3) 
3 SLi 6.015122795(16) 7.59(4) 
а 7.01600455(8) 92.41(4) 
4 ?Be 9.0121822(4) 100 
5 В 10.0129370(4) 19.9(7) 
uB 11.0093054(4) 80.1(7) 
6 С 11.0114336(10) 
С 12.0000000(0) 98.93(8) 
BC 13.0033548378(10) 1.07(8) 
се 14.003241989(4) 
7 HN 14.0030740048(6) 99.636(7) 
BN 15.0001088982(7) 0.364(7) 
8 6O 15.99491461956(16) 99.757(16) 
UO 16.99913170(12) 0.038(1) 
ЗО 17.9991610(7) 0.205(14) 
9 Е 18.0009380(6) 
эр 18.99840322(7) 100 
10 20 19.9924401754(19) 90.48(3) 
Ne 20.99384668(4) 0.27(1) 
2Ne 21.991385114(19) 9.25(3) 
11 2Na 21.9944364(4) 
23Ма 22.9897692809(29) 100 
"Na 23.99096278(8) 
12 “Mg 23.985041700(14) 78.99(4) 
М; 24.98583692(3) 10.00(1) 
Ма 25.982592929(30) 11.01(3) 
13 VA] 26.98153863(12) 100 
14 2851 27.9769265325(19) 92.223(19) 
295) 28.976494700(22) 4.685(8) 
3051 29.97377017(3) 3.092(11) 
15 зір 30.97376163(20) 100 
2p 31.97390727(20) 
16 325 31.97207100(15) 94.99(26) 
9$ 32.97145876(15) 0.75(2) 
34S 33.96786690(12) 4.25(24) 
355 34.96903216(11) 
365 35.96708076(20) 0.01(1) 


details and caveats regarding elements whose abundance is vari- 
able). The absence of an entry in the Abundance column indicates 
a radioactive nuclide not present in nature or an element whose 
isotopic composition varies so widely that a meaningful natural 
abundance cannot be defined. 
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2 Isotope Massinu Abundance in % 
17 за 34.96885268(4) 75.76(10) 
“а 36.96590259(5) 24.24(10) 
18 Ар 35.967545106(29) 0.3365(30 
Аг 37.9627324(4) 0.0632(5) 
Аг 39.9623831225(29) 99.6003(30 
19 К 38.96370668(20) 93.2581(44 
ок 39.96399848(21) 0.0117(1) 
“К 40.96182576(21) 6.7302(44 
юк 41.96240281(24) 
BK 42.960716(10) 
20 “Са 39.96259098(22) 96.941(156 
“Са 41.95861801(27) 0.647(23) 
Са 42.9587666(3) 0.135(10) 
“Са 43.9554818(4) 2.086(110 
Са 44.9561866(4) 
“Са 45.9536926(24) 0.0043) 
“Са 46.9545460(24) 
“Са 47.952534(4) 0.187(21) 
21 45с 44.9559119(9) 100 
22 “Ті 45.9526316(9) 8.25(3) 
"Ti 46.9517631(9) 7.44(2) 
ын! 47.9479463(9) 73.72(3) 
өті 48.9478700(9) 5.41(2) 
от 49.9447912(9) 5.18(2) 
23 504 49.9471585(11) 0.250(4) 
зү 50.9439595(11) 99.750(4) 
24 Cr 49.9460442(11) 4.345(13) 
"Cr 50.9447674(11) 
2Cr 51.9405075(8 83.789(18) 
еч 52.9406494(8 9.501(17) 
Ст 53.9388804(8 2.365(7) 
25 “Мп 53.9403589(14) 
»Мп 54.9380451(7 100 
26 Fe 51.948114(7) 
мре 53.9396105(7 5.845(35) 
»ре 54.9382934(7 
56е 55.9349375(7 91.754(36) 
57Fe 56.9353940(7 2.119(10) 
58Fe 57.9332756(8 0.282(4) 
Ее 58.9348755(8 
27 УСо 56.9362914(8 


1-9 


28 


29 


30 


31 


32 


33 
34 


35 


36 


37 


38 


39 
40 


Isotope 
58Co 
59Co 
9Со 
58Ni 
SNi 
Ni 
61ү} 
2Ni 
SNi 
“Ni 
Cu 
“Cu 
تن‎ 
“Zn 
657n 
667n 
677 1 
687n 
707n 
ері 
8Ga 
Ga 
1Ga 
Ge 
Ge 
7Ge 
збе 
7 Ge 
76Че 
Ag 
“Се 
Se 
76Se 
7бе 
786е 
бе 
80S e 
82Se 
Br 
арг 
Кг 
5°Кт 
Кт 
sKr 
“Kr 
“Қт 
85Rb 
вер 
87Rb 
зад, 
85Sr 
86Sr 
87Sr 
88Sr 
89Sr 
Sr 

эү 
907ү 
917r 
927ү 
947 т. 


Mass in u 


57.9357528(13) 
58.9331950(7 
59.9338171(7 
57.9353429(7 
58.9343467(7 
59.9307864(7 
60.9310560(7 
61.9283451(6 
62.9296694(6 
63.9279660(7 
62.9295975(6 
63.9297642(6 
64.9277895(7 
63.9291422(7 
64.9292410(7 
65.9260334(10 
66.9271273(10 
67.9248442(10 
69.9253193(21 
66.9282017(14 
67.9279801(16 
68.9255736(13 
70.9247013(11 
67.928094(7) 

69.9242474(11 
71.9220758(18 
72.9234589(18 
73.9211778(18 
75.9214026(18 
74.9215965(20 
73.9224764(18 
74.9225234(18 
75.9192136(18 
76.9199140(18 
77.9173091 (18 
78.9184991 (18 
79.9165213(21 
81.9166994(22 
78.9183371(22 
80.9162906(21 
77.9203648(12 
79.9163790(16 
81.9134836(19 
82.914136(3) 

83.911507(3) 

85.91061073(11) 


84.911789738(12) 


85.91116742(21) 


86.909180527(13) 


83.913425(3) 

84.912933(3) 

85.9092602(12 
86.9088771(12 
87.9056121(12 
88.9074507(12. 
89.907738(3) 

88.9058483(27 
89.9047044(25 
90.9056458(25 
91.9050408(25 
93.9063152(26 


Abundance in 96 


100 


68.0769(89) 


26.2231(77) 
1.1399(6) 
3.6345(17) 


0.9256(9) 
69.15(3) 


30.85(3) 
48.268(321) 


27.975(77) 
4.102(21) 
19.024(123) 
0.631(9 


60.108(9 
39.892(9 


20.38(18 
27.31(26 
7.76(8) 
36.72(15 
7.83(7) 
100 
0.89(4) 


9.37(29 
7.63(16 
23.77(28 


49.61(41 

8.73(22 
50.69(7) 
49.31(7) 

0.355(3 

2.286(10) 
11.593(31) 
11.500(19) 
56.987(15) 
17.279(41) 
72.17(2 


27.83(2 
0.56(1 


9.86(1 
7.00(1 
82.58(1 


100 
51.45(40) 
11.22(5) 
17.15(8) 
17.38(28) 


7 


41 
42 


43 


44 


45 
46 


47 


48 


49 


50 


51 


52 


Isotope 


%Zr 
Nb 
Мо 
“Мо 
Мо 
Мо 
Мо 
Мо 
Мо 
10° Мо 
Te 
Тс 
Te 
%Ru 
95Ru 
?Ru 
I00Ru 
Ru 
102 
104ү 
106р ц 
10 
1ора 
ара 
105рд 
106р4 
108pd 
пора 
WAg 
19 Ag 
1064 
108Cd 
поса 
пса 
са 
134 
аса 
пса 
11 lin 
1 BIn 
ll5]n 
1 126 
1 BSn 
ll4çn 
1 Sn 
1 16Sn 
1758 
1 1858 
1 $n 
12090 
2261 
149 
1215, 
1235, 
120Te 
12Te 
123Те 
124Те 
125Те 
D6Te 
128Те 


Atomic Masses and Abundances 


Massinu 


95.9082734(30 
92.9063781(26 
91.906811(4) 
93.9050883(21 
94.9058421(21 
95.9046795(21 
96.9060215(21 
97.9054082(21 
98.9077119(21 
99.907477(6) 
96.906365(5) 
97.907216(4) 
98.9062547(21) 
95.907598(8) 
97.905287(7) 
98.9059393(22) 
99.9042195(22) 
100.9055821(22) 
101.9043493(22) 
103.905433(3 
105.907329(8 
102.905504(3 
101.905609(3 
103.904036(4 
104.905085(4 
105.903486(4 
107.903892(4 
109.905153(12) 
106.905097(5 
108.904752(3 
105.906459(6 
107.904184(6 
109.9030021(29) 
110.9041781(29) 
111.9027578(29) 
112.9044017(29) 
113.9033585(29) 
115.904756(3 
110.905103(5 
112.904058(3 
114.903878(5 
111.904818(5 
112.905171(4 
113.902779(3 
114.903342(3 
115.901741(3 
116.902952(3 
117.901603(3 
118.903308(3 
119.9021947(27 
121.9034390(29 
123.9052739(15 
120.9038157(24 
122.9042140(22 
119.904020(10) 
121.9030439(16 
122.9042700(16 
123.9028179(16 
124.9044307(16 
125.9033117(16 
127.9044631(19 


Abundance in 96 
2.80(9) 
100 
14.77(31) 
9.23(10) 
15.90(9) 
16.68(1) 
9.56(5) 
24.19(26) 


9.67(20) 


5.54(14) 
1.87(3) 
12.76(14) 
12.60(7) 
17.06(2) 
31.55(14) 
18.62(27) 


100 
1.02(1 
1114(8 
22.33(8 
27.33(3 
26.46(9 
11.72(9 
51.839(8 
48.161(8 
1.25(6 
0.89(3 
12.49(18 
12.80(12 
24.13(21 
12.22(12 
28.73(42 
7.49(18 


4.29(5 
95.71(5 
0.97(1 


0.66(1 
0.34(1 
14.54(9 
7.68(7 
24.22(9 
8.59(4 
32.58(9 
4.63(3 
5.79(5 
5721(5 
42.79(5 
0.09(1 
2.55(12) 
0.89(3 
4.74(14) 
7.07(15) 
18.84(25) 
31.74(8) 


Atomic Masses апа Abundances 1-11 


2 Isotope Massinu Abundance in % 2 Isotope Massinu Abundance in % 
130Те 129.9062244(21 34.08(62) 158Gd 157.9241039(27 24.84(7) 
53 1231 122.905589(4) юса 159.9270541(27 21.86(19) 
125] 124.9046302(16 65 Tb 158.9253468(27 100 
127 126.904473(4) 100 66 156Гуу 155.924283(7) 0.056(3) 
1291 128.904988(3) ру 157.924409(4) 0.095(3) 
B 130.9061246(12 юру 159.9251975(27 2.329(18) 
54 Хе 123.9058930(20 0.0952(3) зару 160.9269334(27 18.889(42) 
Хе 125.904274(7) 0.0890(2) ору 161.9267984(27 25.475(36) 
U8Xe 127.9035313(15 1.9102(8) 1зГуу 162.9287312(27 24.896(42) 
Хе 128.9047794(8) 26.4006(82) «Ру 163.9291748(27 28.260(54) 
19Хе 129.9035080(8) 4.0710(13) 67 16Ho 164.9303221(27 100 
Хе 130.9050824(10 21.2324(30) 68 IE, 161.928778(4) 0.139(5) 
Хе 131.9041535(10 26.9086(33) Er 163.929200(3) 1.601(3) 
Хе 133.9053945(9) 10.4357(21) 166Er 165.9302931(27 33.503(36) 
B6Xe 135.907219(8) 8.8573(44) 167 Er 166.9320482(27 22.869(9) 
55 1296$ 128.906064(5) 168Er 167.9323702(27 26.978(18) 
БК Өс 132.905451933(24) 100 Е; 169.9354643(30 14.910(36) 
ICs 133.906718475(28) 69 Тіп 168.9342133(27 100 
I36Cs 135.9073116(20) 70 168Yb 167.933897(5) 0.13(1) 
BCs 136.9070895(5) зөүр 168.935190(5) 
56 Ba 129.9063208(30) 0.106(1) түр 169.9347618(26 3.04(15) 
Ba 131.9050613(11) 0.101(1) түр 170.9363258(26 14.28(57) 
Ba 132.9060075(11) гүр 171.9363815(26 21.83(67) 
Ba 133.9045084(4) 2.417(18) узуђ 172.9382108(26 16.13(27) 
Ва 134.9056886(4) 6.592(12) зү 173.9388621(26 31.83(92) 
Ва 135.9045759(4) 7.854(24) гүр 175.9425717(28 12.76(41) 
137Ва 136.9058274(5) 11.232(24) 71 15Lu 174.9407718(23 97.41(2) 
138Ba 137.9052472(5) 71.698(42) Ly 175.9426863(23 2.59(2) 
Ba 139.910605(9) 72 аң 173.940046(3) 0.16(1) 
57 18а 137.907112(4) 0.090(1) НЕ 175.9414086(24 5.26(7) 
La 138.9063533(26 99.910(1) WHE 176.9432207(23 18.60(9) 
58 Се 135.907172(14) 0.185(2) USHf 177.9436988(23 27.28(7) 
138Ce 137.905991(11) 0.251(2) эң 178.9458161(23 13.62(2) 
Ce 139.9054387(26 88.450(51) оң 179.9465500(23 35.08(16 
Се 140.9082763(26 73 180Ta 179.9474648(24 0.012(2 
12Се 141.909244(3) 11.114(51) IS'Ta 180.9479958(19 99.988(2 
“Се 143.913647 (4) 74. 180\X/ 179.946704(4) 0.12(1 
59 “Pr 140.9076528(26 100 10у 181.9482042(9) 26.50(16 
60 мама 141.9077233(25 27.2(5) Iw 182.9502230(9) 14.31(4 
ма 142.9098143(25 12.2(2) ву 183.9509312(9) 30.64(2 
мама 143.9100873(25 23.8(3) 1867 185.9543641 (19 28.43(19 
Nd 144.9125736(25 8.301) 75 185Re 184.9529550(13 37.40(2 
“Nd 145.9131169(25 17.2(3) 17Де 186.9557531(15 62.60(2 
мама 147.916893(3) 5.7(1) 76 1505 183.9524891(14 0.02(1 
юма 149.920891(3) 5.6(2) 8605 185.9538382(15 1.59(3 
61 рт 144.912749(3) 18705 186.9557505(15 1.96(2 
Pm 146.9151385(26 8805 187.9558382(15 13.24(8 
62 146 т 143.911999(3) 3.07(7 1908 188.9581475(16 16.15(5 
175 т 146.9148979(26 14.99(18) 19005 189.9584470(16 26.26(2 
1485m 147.9148227(26 11.24(10) Os 191.9614807(27 40.78(19) 
“Sm 148.9171847(26 13.82(7 77 91; 190.9605940(18 37.3(2) 
150Sm 149.9172755(26 7.38(1 19]r 192.9629264(18 62.7(2) 
1525m 151.9197324(27 26.75(16) 78 тор 189.959932(6) 0.014(1) 
1545m 153.9222093(27 22.75(29) зэр 191.9610380(27 0.782(7) 
63 Ри 150.9198502(26 47.81(6 зар, 193.9626803(9) 32.967(99) 
Ец 152.9212303(26 52.19(6 1%5р{ 194.9647911(9) 33.832(10) 
64. 12Gd 151.9197910(27 0.20(1 1%р{ 195.9649515(9) 25.242(41) 
маа 153.9208656(27 2.18(3 198pt 197.967893(3) 7.163(55) 
15Gd 154.9226220(27 14.80(12) 79 Au 196.9665687(6) 100 
156Gd 155.9221227(27 20.47(9 Au 197.9682423(6) 
аа 156.9239601(27 15.65(2 80 1%Hg 195.965833(3) 0.15(1) 


7 


81 


82 


83 


84 


85 


86 


87 
88 


89 
90 


91 
92 


Isotope 
Hg 
Но 
На 
20Hg 
На 
22Hg 
Нр 
Нр 
20171 
23T] 
25T] 
204pb 
206Db 
207pb 
208Ph 
210pb 
20971 
291 
209po 
210ро 
210 At 
ПА 
21 
20Rn 
22 8n 
23Er 
23pa 
224Ra 
226Ra 
22 а 
27 АС 
228Th 
20Th 
232Th 
231pa 

233] 
2341) 
23517 


Mass ши 


196.967213(3) 
197.9667690(4 
198.9682799(4 
199.9683260(4 
200.9703023(6 
201.9706430(6 
202.9728725(18 
203.9734939(4 
200.970819(16 
202.9723442(14 
204.9744275(14 
203.9730436(13 
205.9744653(13 
206.9758969(13 
207.9766521(13 
209.9841885(16 
206.9784707(26 
208.9803987(16 
208.9824304(20 
209.9828737(13 
209.987148(8) 

210.9874963(30 
210.990601(7) 

220.0113940(24 
222.0175777(25 
223.0197359(26 
223.0185022(27 
224.0202118 (24 
226.0254098 (25 
228.0310703(26 
227.0277521(26 
228.0287411(24 
230.0331338(19 
232.0380553(21 
231.0358840(24 
233.0396352(29 
234.0409521(20 
235.0439299(20 


Abundance in 96 


9.97(20) 
16.87(22) 
23.10(19) 
13.18(9) 
29.86(26) 


6.87(15) 


29.52(1) 
70.48(1) 
140) 
24.1(1) 
22.1(1) 
52.4(1) 


100 


100 
100 


0.0054(5) 
0.7204(6) 


93 


94 


95 


96 


97 


98 


99 
100 
101 


102 
103 
104 
105 
106 
107 
108 
109 
110 
111 


Isotope 
2361 J 
23817 

27Np 
Мр 
238pu 
239pu 
240pu 
гарц 
22pu 
гарц 
МАТ 
243 Am 
243Ст 
Cm 
245Ст 
246Cm 
Cm 
248Cm 
2278 
291 
29Cf 
250C f 
251Cf 
252Cf 
252Е6 
257Рүүү 
226/60 
258МА 
259Мо 
262] ү 
261Rf 
262Db 
2635 
264Bh 
26518 
268 МЕ 
281Dg 
Rg 


Atomic Masses and Abundances 


Massin u 


236.0455680(20) 
238.0507882(20 
237.0481734(20 
239.0529390(22 
238.0495599(20 
239.0521634(20 
240.0538135(20) 
241.0568515(20 
242.0587426(20 
244.064204(5) 

241.0568291(20 
243.0613811(25 
243.0613891(22 
244.0627526(20 
245.0654912(22 
246.0672237(22 
247.070354(5) 

248.072349(5) 

247.070307(6) 

249.0749867(28) 
249.0748535(24) 
250.0764061(22) 
251.079587(5 
252.081626(5 
252.082980(50) 
257.095105(7 
256.094060(60) 
258.098431(5 
259.10103(11)* 
262.10963(22)* 
261.108770(30)* 
262.11408(20)* 
263.11832(13)* 
264.12460(30)* 
265.13009(15)* 
268.13873(34)* 
281.16206(78)* 
273.15362(36)* 


Abundance in 96 


99.2742(10) 


ELECTRON CONFIGURATION AND IONIZATION ENERGY OF NEUTRAL ATOMS 
IN THE GROUND STATE 


William C. Martin 


The ground state electron configuration, ground level, and ion- References 
ization energy of the elements hydrogen through rutherfordium 
are listed in this table. The electron configurations of elements 1. Martin, W. С, Musgrove, مھ‎ Kotochigova, 5., and Sansonetti, J. E., 
heavier than neon are shortened by using rare-gas element sym- NIST Physical Reference Data Web Site, <http://physics.nist.gov/ 
bols in brackets to represent the corresponding electrons. See the PhysRefData/ lonEnergy/ ionEnergy.html>, October оч. : 1 
ferences for details of the notation for Ра, U, and Np. Ionization و‎ Mortin WC., and. Wiese W. La Atomic Spectroscopy, in Atomit, 
rere ; : nC р. Nu Molecular, & Optical Physics Handbook, ed. by а МЕ Drake (AIP, 
energies to higher states (and more precise values of the first ion- Woodbury, NY, 1996) Chapter 10, pp. 135-153. 
ization energy for certain elements) may be found in the table 


"Ionization Energies of Atoms and Atomic Ions" in Section 10 of 


this Handbook. 
Ground-state Ground Ionization 

Z Element configuration level energy (eV) 
1 H Hydrogen 15 5, 13.5984 
2 Не Helium 1s ЕЯ 24.5874 
3 Li Lithium 182 25 "S 5.3917 
4 Be  Beryllium 152252 ЕЯ 9.3227 
5 В Вогоп 15? 2s? 2p 2105 5 8.2980 
6 C Carbon 1s? 25? 2р? A 11.2603 
7 N Nitrogen 152 2s? 2р? M 14.5341 
8 О Oxygen 1s? 2s? 2p* 2р, 13.6181 
9 Е  Fluorine 1s? 25? 2р” Ре 17.4228 
10 Ме Neon 15? 25? 2р% 15; 21.5645 
11 Na Sodium Ne] 3s 5, 5.1391 
12 Mg Magnesium Ne] 3s? ЕЯ 7.6462 
13 Al Aluminum Ne] 3s? 3p po 5.9858 
14 Si Silicon Ne] 3s? 3p? ар; 8.1517 
15 P Phosphorus Ne] 3s? 3p? УА 10.4867 
16 S Sulfur Ne] 3s? 3p* ?P, 10.3600 
17 C] Chlorine Ne] 3s? 3p? ары 12.9676 
18 Ar Argon Ne] 3s? Зре ЕЯ 15.7596 
19 K Potassium Ar] 45 5, 4.3407 
20 Са Calcium Ar] 4s? ЕЯ 6.1132 
21 Sc Scandium Ar] 3d 4s? 2”, 6.5615 
22 Ті Titanium Ar] За? 4s? T, 6.8281 
23 V Vanadium Ar] 3d? 452 Fu 6.7462 
24 Cr Chromium Ar] 34° 4s 5, 6.7665 
25 Mn Manganese Ar] Зар 45? 55; 7.4340 
26 Fe Iron Ar] 346 4s? °D, 7.9024 
27 Co Cobalt Ar] 3d’ 4s? *E 7.8810 
28 Ni Nickel Ar] 348 482 °F, 7.6398 
29 Cu Copper Ar] 3d" 4s 5, 7.7264 
30 Zn Zinc Ar] 3419 442 ЕЯ 9.3942 
31 Са Gallium Ar] 3d" 4s? 4p pes 5.9993 
32 Ge  Germanium Ar] 3d!° 45? 4p? p. 7.8994 
33 As Arsenic Ar] 3d!° 452 4р? „уа 9.7886 
34 Se Selenium Ar] 3d" 4s? 4р* ?P, 9.7524 
35 Br Bromine Ar] 341° 45? 4р5 PS 11.8138 
36 Kr Krypton Ar] 341° 4s? Дре ЕЯ 13.9996 
37 Rb  Rubidium Kr] 5s 5, 4.1771 
38 Sr Strontium Kr] 5s? ЕЯ 5.6949 
39 Y Yttrium Kr] 4d 5s? 2”, 6.2173 
40 Zr Zirconium Kr] 4d? 5s? T, 6.6339 
4l Nb  Niobium Kr] 4d* 5s О» 6.7589 
42 Mo  Molybdenum Kr] 449 5s 5, 7.0924 
43 Тс Technetium Кг] 447 5s? 52 7.28 
44 Ru Ruthenium Kr] 447 5s °F, 7.3605 


100 
101 
102 
103 
104 


Electron Configuration and Ionization Energy of Neutral Atoms in the Ground State 


Element 
Rhodium 
Palladium 
Silver 
Cadmium 
Indium 

Tin 
Antimony 
Tellurium 
Iodine 
Xenon 
Cesium 
Barium 
Lanthanum 
Cerium 
Praseodymium 
Neodymium 
Promethium 
Samarium 
Europium 
Gadolinium 
Terbium 
Dysprosium 
Holmium 
Erbium 
Thulium 
Ytterbium 
Lutetium 
Hafnium 
Tantalum 
Tungsten 
Rhenium 
Osmium 
Iridium 
Platinum 
Gold 
Mercury 
Thallium 
Lead 
Bismuth 
Polonium 
Astatine 
Radon 
Francium 
Radium 
Actinium 
Thorium 
Protactinium 
Uranium 
Neptunium 
Plutonium 
Americium 
Curium 
Berkelium 
Californium 
Einsteinium 
Fermium 
Mendelevium 
Nobelium 
Lawrencium 


Rutherfordium 


Ground-state 
configuration 

Kr] 44858 

Kr] 449 

Kr] 4d” 5s 

Kr] 4d” 5s? 

Kr] 4d” 5s? 5p 

Kr] 4d” 55 5p? 

Kr] 4d” 55 5p? 

Kr] 4d” 5s? Бр“ 

Kr] 4d” 5s? Бр 

Kr] 4d'? 5s? Бре 
Xe] 6s 

Xe] 6s? 

Xe] 5d 6s? 

Xe] 4f 5d 6s? 

Xe] 4f 6s? 

Xe] 47 6s? 

Xe] 4/5 6s? 

Xe] 4f* 6s? 

Xe] 4f 6s? 

Xe] 4f 5d 6s? 

Xe] 4f 6s? 

Xe] 47° 6s? 

Xe] 4/11 6s? 

Xe] 4f? 6s? 

Xe] 4f? 6s? 

Xe] 4/* 6s? 

Xe] 4/5 5d 6s? 

Xe] 4f'* 542 6s” 

Xe] 4f'* 54° 6s” 

Xe] 4/“ 5d* 6s” 

Xe] 4f'* 54° 6s” 

Xe] 4f'* 5d* 6s? 

Xe] 4f'* 5d’ 6s” 

Xe] 4/5 5d? 6s 

Xe] 4f* 5d'? 6s 

Xe] 4/“ 541° 6s? 
Xe] 4f'* 5d'? 65? бр 
Xe] 4f'* 541° 65? бр? 
Xe] 4f'* 541° 65? бр“ 
Xe] 4f'* 541° 65? бр“ 
Xe] 4f'* 5d'? 65? бр? 
Xe] 4f* 541° 65? бре 
Rn] 7s 

Rn] 7s? 

Rn] 64 75? 

Rn] 64? 752 

Rn] 5/СН,) 6d 7s? 
Rn] 5P(T,.) 64752 
Rn] 5/CL) 64 75? 
Rn] 5f 7s? 

Rn] 5f 7s? 

Rn] 5f 6d 7s? 

Rn] 5f 7s? 

Rn] 5/2 7s? 

Rn] 5?! 7s? 

Rn] 5/? 75? 

Rn] 5/5 7s? 

Rn] 5/^ 7s? 

Rn] 5f^ 7s? 7p? 

Rn] 5/^ 6d? 752? 


Ground 
level 


T, 
(43/2) 

(9/2,3/2)°, 
(4,3/2) 


11/2 


Ionization 
energy (eV) 
7.4589 
8.3369 
7.5762 
8.9938 
5.7864 
7.3439 
8.6084 
9.0096 
10.4513 
12.1298 
3.8939 
5.2117 
5.5769 
5.5387 
5.473 
5.5250 
5.582 
5.6437 
5.6704 
6.1498 
5.8638 
5.9389 
6.0215 
6.1077 
6.1843 
6.2542 
5.4259 
6.8251 
7.5496 
7.8640 
7.8335 
8.4382 
8.9670 
8.9588 
9.2255 
10.4375 
6.1082 
7.4167 
7.2855 
8.414 


10.7485 
4.0727 
5.2784 
5.17 
6.3067 
5.89 
6.1941 
6.2657 
6.0260 
5.9738 
5.9914 
6.1979 
6.2817 
6.42 
6.50 
6.58 
6.65 
4.9? 
6.0? 


INTERNATIONAL TEMPERATURE SCALE OF 1990 (ITS-90) 


B. W. Mangum 


A newtemperature scale, the International Temperature Scale of 
1990 (115-90), was officially adopted by the Comité International 
des Poids et Mesures (CIPM), meeting 26—28 September 1989 
at the Bureau International des Poids et Mesures (BIPM). The 
ITS-90 was recommended to the CIPM for its adoption following 
the completion of the final details of the new scale by the Comité 
Consultatif de Thermométrie (CCT), meeting 12—14 September 
1989 at the BIPM in its 17th Session. The ITS-90 became the of- 
ficial international temperature scale on 1 January 1990. The 
ITS-90 supersedes the present scales, the International Practical 
Temperature Scale of 1968 (IPTS-68) and the 1976 Provisional 0.5 
to 30 K Temperature Scale (EPT-76). 

The ITS-90 extends upward from 0.65 K, and temperatures 
on this scale are in much better agreement with thermodynamic 
values that are those on the IPTS-68 and the EPT-76. The new 
scale has subranges and alternative definitions in certain ranges 
that greatly facilitate its use. Furthermore, its continuity, precision, 
and reproducibility throughout its ranges are much improved over 
that of the present scales. The replacement of the thermocouple 
with the platinum resistance thermometer at temperatures below 
961.78°C resulted in the biggest improvement in reproducibility. 

The ITS-90 is divided into four primary ranges: 


1. Between 0.65 and 3.2 K, the ITS-90 is defined by the vapor 
pressure-temperature relation of ?He, and between 1.25 
and 2.1768 K (the Х point) and between 2.1768 and 5.0 K 
by the vapor pressure-temperature relations of "Не. T, is 
defined by the vapor pressure equations of the form: 


Defining Fixed Points of the ITS-90 


Equilibrium Temperature 
Material? state? T, (K) © CC) 

Не МР 3:05 —270.15 to –268.15 
e-H, TP 13.8033 —259.3467 
e-H,(orHe) VP (or CVGT) «17 ~ —256.15 
е-Н, (ог Не) УР (ог СУСТ) =20.3 = —252.85 
Мес ТР 24.5561 —248.5939 
О, ТР 54.3584 —218.7916 
Аг ТР 83.8058 —189.3442 
Hg* ТР 234.3156 —38.8344 
H,O TP 273.16 0.01 
Ga* MP 302.9146 29.7646 
In* FP 429.7485 156.5985 
$n FP 505.078 231.928 
Zn FP 692.677 419.527 
АГ ЕР 933.473 660.323 
Ав ЕР 1234.93 961.78 
Ац ЕР 1337.33 1064.18 
Си ЕР 1357.77 1084.62 


* e-H, indicates equilibrium hydrogen, that is, hydrogen with the equilibrium 
distribution of its ortho and para states. Normal hydrogen at room temperature 
contains 25% para hydrogen and 75% ortho hydrogen. 

VP indicates vapor pressure point; CVGT indicates constant volume gas 
thermometer point; TP indicates triple point (equilibrium temperature at which 
the solid, liquid, and vapor phases coexist); FP indicates freezing point, and MP 
indicates melting point (the equilibrium temperatures at which the solid and 
liquid phases coexist under a pressure of 101 325 Pa, one standard atmosphere). 
The isotopic composition is that naturally occurring. 

* Previously, these were secondary fixed points. 


= 


9 : 
T, /K= A, + А, [(In(p/Pa)- B)/C] 
i-l 


The values of the coefficients A, and of the constants A , В, 
and C of the equations are given below. 

2. Between 3.0 and 24.5561 K, the 115-90 is defined in terms 
of a?He ог "Не constant volume gas thermometer (СУСТ). 
The thermometer is calibrated at three temperatures — at 
the triple point of neon (24.5561 K), at the triple point of 
equilibrium hydrogen (13.8033 K), and at a temperature 
between 3.0 and 5.0 K, the value of which is determined by 
using either ?He or *He vapor pressure thermometry. 

3. Between 13.8033 K (-259.3467C) and 123493 K 
(961.78*C), the ITS-90 is defined in terms of the specified 
fixed points given below, by resistance ratios of platinum 
resistance thermometers obtained by calibration at speci- 
fied sets of the fixed points, and by reference functions and 
deviation functions of resistance ratios which relate to Т,, 
between the fixed points. 

4. Above 1234.93 K, the ITS-90 is defined in terms of Planck's 
radiation law, using the freezing-point temperature of ei- 
ther silver, gold, or copper as the reference temperature. 


Full details of the calibration procedures and reference func- 
tions for various subranges are given in: 


The International Temperature Scale of 1990, Metrologia, 27, 
3, 1990; errata іп Metrologia, 27, 107, 1990. 


Values of Coefficients in the Vapor Pressure Equations for Helium 


Coef. or ЗНе ^He “Не 
constant 0.65—3.2K 1.25—2.1768 К 2.1768—5.0 К 
A, 1.053 447 1.392 408 3.146 631 
A, 0.980 106 0.527 153 1.357 655 
A, 0.676 380 0.166 756 0.413 923 
A, 0.372 692 0.050 988 0.091 159 
A, 0.151 656 0.026 514 0.016 349 
A, –0.002 263 0.001 975 0.001 826 
4, 0.006 596 -0.017 976 -0.004 325 
4, 0.088 966 0.005 409 -0.004 973 
4, –0.004 770 0.013 259 0 
4, -0.054 943 0 0 
В 7.3 5.6 10.3 
C 4.3 2,9 1.9 


CONVERSION OF TEMPERATURES FROM THE 1948 AND 1968 SCALES ТО ITS-90 


This table gives temperature corrections from older scales to the The references give analytical equations for expressing these re- 
current International Temperature Scale of 1990 (see the preceding lations. Note that Reference 1 supersedes Reference 2 with respect 
table for details оп ITS-90). The first part of the table may be used to corrections in the 630 to 1064°C range. 

for converting Celsius temperatures in the range -180 to 4000°C 


from IPTS-68 or IPTS-48 to ITS-90. Within the accuracy of the References 
corrections, the temperature in the first column may be identified 
with either ty бр OF bo The second part of the table is designed for 1. Burns, G. W. et al., in Temperature: Its Measurement and Control in 
use at lower temperatures to convert values expressed in kelvins Science and Industry, Vol. 6, Schooley, J. F., Ed., American Institute of 
from EPT-76 or IPTS-68 to ITS-90. Physics, New York, 1993. 
2. Goldberg, К. N. and Weir, К. D., Pure and Appl. Chem., 1545, 1992. 
С %-і يبویا‎ °С %-і ж С 27577 یا‎ °С %-і یا‎ 
—180 0.008 0.020 290 —0.039 0.032 760 0.04 0.60 2400 -1.00 32 
-170 0.010 0.017 300 -0.039 0.034 770 0.05 0.63 2500 -1.07 34 
-160 0.012 0.007 310 -0.039 0.035 780 0.05 0.66 2600 -1.15 3.7 
-150 0.013 0.000 320 -0.039 0.036 790 0.05 0.69 2700 -1.24 3.8 
-140 0.014 0.001 330 -0.040 0.036 800 0.05 0.72 2800 -1.32 40 
-130 0.014 0.008 340 -0.040 0.037 810 0.05 0.75 2900 -1.41 42 
—120 0.014 0.017 350 —0.041 0.036 820 0.04 0.76 3000 —1.50 4.4 
-110 0.013 0.026 360 -0.042 0.035 830 0.04 0.79 3100 -1.59 4.6 
-100 0.013 0.035 370 -0.043 0.034 840 0.03 0.81 3200 -1.69 4.8 
-90 0.012 0.041 380 -0.045 0.032 850 0.02 0.83 3300 —1.78 5.1 
—80 0.012 0.045 390 —0.046 0.030 860 0.01 0.85 3400 -1.89 5.3 
—70 0.011 0.045 400 —0.048 0.028 870 0.00 0.87 3500 —1.99 5.5 
—60 0.010 0.042 410 —0.051 0.024 880 —0.02 0.87 3600 —2.10 5.8 
—50 0.009 0.038 420 —0.053 0.022 890 —0.03 0.89 3700 -2.21 6.0 
-40 0.008 0.032 430 -0.056 0.019 900 -0.05 0.90 3800 -2.32 63 
-30 0.006 0.024 440 —0.059 0.015 910 —0.06 0.92 3900 —2.43 6.6 
-20 0.004 0.016 450 -0.062 0.012 920 -0.08 0.93 4000 -2.55 6.8 
-10 0.002 0.008 460 —0.065 0.009 930 -0.10 0.94 
0 0.000 0.000 470 -0.068 0.007 940 -011 0.96 ТК ТТ, Т,-Т, 
10 -0.002 -0.006 480 -0.072 0.004 950 -0.13 0.97 5 -0.0001 
20 -0.005 -0.012 490 -0.075 0.002 960 -0.15 0.97 6 -0.0002 
30 -0.007 -0.016 500 -0.079 0.000 970 -0.16 0.99 7 -0.0003 
40 -0.010 -0.020 510 -0.083 -0.001 980 -0.18 1.00 8 -0.0004 
50 -0.013 -0.023 520 -0.087 -0.002 990 -0.19 1.02 9 -0.0005 
60 -0.016 -0.026 530 -0.090 -0.001 1000 -0.20 1.04 10 -0.0006 
70 -0.018 -0.026 540 -0.094 0.000 1010 -0.22 1.05 11 -0.0007 
80 -0.021 -0.027 550 -0.098 0.002 1020 -0.23 1.07 12 -0.0008 
90 -0.024 -0.027 560 -0.101 0.007 1030 -0.23 110 13 -0.0010 
100 -0.026 -0.026 570 -0.105 0.011 1040 —0.24 1.12 14 -0.0011 -0.006 
110 —0.028 -0.024 580 -0.108 0.018 1050 -0.25 1.14 15 —0.0013 -0.003 
120 —0.030 —0.023 590 —0.112 0.025 1060 —0.25 1.17 16 -0.0014 -0.004 
130 -0.032 -0.020 600 -0.115 0.035 1070 -0.25 119 17 -0.0016 -0.006 
140 -0.034 -0.018 610 -0.118 0.047 1080 -0.26 120 18 -0.0018 -0.008 
150 -0.036 -0.016 620 -0.122 0.060 1090 -0.26 120 19 -0.0020 -0.009 
160 -0.037 -0.012 630 -0.125 0.075 1100 -0.26 12 20 -0.0022 -0.009 
170 -0.038 -0.009 640 -0.11 0.12 1200 -0.30 14 21 —0.0025 -0.008 
180 -0.039 -0.005 650 -0.10 0.15 1300 -0.35 1.5 22 —0.0027 -0.007 
190 —0.039 —0.001 660 —0.09 0.19 1400 —0.39 1.6 23 -0.0030 -0.007 
200 —0.040 0.003 670 —0.07 0.24 1500 -0.44 1.8 24 —0.0032 -0.006 
210 -0.040 0.007 680 -0.05 0.29 1600 -0.49 19 25 -0.0035 -0.005 
220 -0.040 0.011 690 -0.04 0.32 1700 -0.54 21 26 -0.0038 -0.004 
230 -0.040 0.014 700 -0.02 0.37 1800 -0.60 22 27 —0.0041 -0.004 
240 -0.040 0.018 710 -0.01 0.41 1900 -0.66 2.3 28 -0.005 
250 -0.040 0.021 720 0.00 0.45 2000 —0.72 2.5 29 -0.006 
260 -0.040 0.024 730 0.02 0.49 2100 -0.79 2.7 30 -0.006 
270 -0.039 0.028 740 0.03 0.53 2200 -0.85 2.9 31 –0.007 
280 —0.039 0.030 750 0.03 0.56 2300 —0.93 3.1 32 –0.008 


Conversion of Temperatures from the 1948 and 1968 Scales to ITS-90 


T/K Т,- Т, Т,- T T/K Т,- T, Т,- Te T/K Т,- Т, Т,- T 
33 —0.008 57 0.000 81 0.008 
34 —0.008 58 0.001 82 0.008 
35 —0.007 59 0.002 83 0.008 
36 —0.007 60 0.003 84 0.008 
37 —0.007 61 0.003 85 0.008 
38 —0.006 62 0.004 86 0.008 
39 —0.006 63 0.004 87 0.008 
40 —0.006 64 0.005 88 0.008 
41 —0.006 65 0.005 89 0.008 
42 —0.006 66 0.006 90 0.008 
43 —0.006 67 0.006 91 0.008 
44 —0.006 68 0.007 92 0.008 
45 —0.007 69 0.007 93 0.008 
46 —0.007 70 0.007 94 0.008 
47 —0.007 71 0.007 95 0.008 
48 —0.006 72 0.007 96 0.008 
49 —0.006 73 0.007 97 0.009 
50 —0.006 74 0.007 98 0.009 
51 —0.005 75 0.008 99 0.009 
52 —0.005 76 0.008 100 0.009 
53 —0.004 77 0.008 110 0.011 
54 —0.003 78 0.008 120 0.013 
55 —0.002 79 0.008 130 0.014 
56 —0.001 80 0.008 140 0.014 


INTERNATIONAL SYSTEM OF UNITS (SI) 


The International System of Units, abbreviated as SI (from 
the French name Le Système International d'Unités), was estab- 
lished in 1960 by the 11th General Conference on Weights and 
Measures (CGPM) as the modern metric system of measurement. 
The core of the SI is the seven base units for the physical quantities 
length, mass, time, electric current, thermodynamic temperature, 
amount of substance, and luminous intensity. These base units 
are: 


SI base unit 


Base quantity Name Symbol 
length meter m 

mass kilogram kg 

time second 5 
electric current ampere A 
thermodynamic temperature kelvin K 
amount of substance mole mol 
luminous intensity candela cd 


The SI base units are defined as follows: 


meter: The meter is the length of the path travelled by light in 
vacuum during a time interval of 1/299 792 458 of a second. 

kilogram: The kilogram is the unit of mass; it is equal to the 
mass of the international prototype of the kilogram. 

second: The second is the duration of 9 192 631 770 periods 
of the radiation corresponding to the transition between 
the two hyperfine levels of the ground state of the cesium 
133 atom. 

ampere: The ampere is that constant current which, if main- 
tained in two straight parallel conductors of infinite length, 
of negligible circular cross-section, and placed 1 meter 
apart in vacuum, would produce between these conduc- 
tors a force equal to 2-107 newton per meter of length. 

kelvin: The kelvin, unit of thermodynamic temperature, is the 
fraction 1/273.16 of the thermodynamic temperature of 
the triple point of water. 

mole: The mole is the amount of substance of a system which 
contains as many elementary entities as there are atoms in 
0.012 kilogram of carbon 12. When the mole is used, the 
elementary entities must be specified and may be atoms, 
molecules, ions, electrons, other particles, or specified 
groups of such particles. 


Physical quantity Name 


plane angle radian® 


solid angle 


frequency hertz 
force newton 
pressure, stress pascal 
energy, work, quantity of heat joule 
power, radiant flux watt 
electric charge, quantity of electricity coulomb 
electric potential difference, electromotive force volt 
capacitance farad 
electric resistance ohm 
electric conductance siemens 
magnetic flux weber 
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steradian® 


candela: The candela is the luminous intensity, in a given di- 
rection, of a source that emits monochromatic radiation of 
frequency 540-10” hertz and that has a radiant intensity in 
that direction of 1/683 watt per steradian. 


SI derived units 


Derived units are units which may be expressed in terms of base 
units by means of the mathematical symbols of multiplication and 
division (and, in the case of °C, subtraction). Certain derived units 
have been given special names and symbols, and these special 
names and symbols may themselves be used in combination with 
those for base and other derived units to express the units of other 
quantities. The next table lists some examples of derived units ex- 
pressed directly in terms of base units: 


SI derived unit 


Physical quantity Name Symbol 
area square meter m? 
volume cubic meter m? 
speed, velocity meter per second m/s 
acceleration meter per second squared m/s? 
wave number reciprocal meter m! 
density, mass density kilogram per cubic meter kg/m? 
specific volume cubic meter per kilogram m?/kg 
current density ampere per square meter A/m? 
magnetic field strength ampere per meter A/m 
concentration (of amount 

of substance) mole per cubic meter mol/m? 
luminance candela per square meter cd/m? 
refractive index (the number) one 19 


€ Тһе symbol “1” is generally omitted in combination with a numerical value. 


For convenience, certain derived units, which are listed in the 
next table, have been given special names and symbols. These 
names and symbols may themselves be used to express other de- 
rived units. The special names and symbols are a compact form for 
the expression of units that are used frequently. The final column 
shows how the SI units concerned may be expressed in terms of SI 
base units. In this column, factors such as m, kg? ..., which are all 
equal to 1, are not shown explicitly. 


SI derived unit expressed in terms of: 


Symbol Other SI units SI base units 
rad m.m!- 1 

sr? m2. т? = 10 

Hz s! 

N m-kg-s? 

Pa N/m? m” - kg- s? 

J N-m m?-kg-s? 

№ J/s m2. kg. s? 

C 8-А 

У W/A m?.kg.s?. A7 
F C/v m? kg? . 5%. A? 
O V/A m°- kg- 53. A? 
5 АМ m2. kg? - $3. A? 
Wb У. $ 172. kg- 52. A? 


International System of Units (SI) 


magnetic flux density tesla 
inductance henry 
Celsius temperature degree 
Celsius 
luminous flux lumen 
illuminance lux 
activity (of a radionuclide) becquerel 
absorbed dose, specific energy (imparted), kerma gray 
dose equivalent, ambient dose sievert 
equivalent, directional dose equivalent, 
personal dose equivalent, organ equivalent dose 
catalytic activity katal 
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T Wb/m? kg.s?. АЛ 
H Wb/A m?.kg.s?. A? 
“С K 
Im са · sr? m2. m. са = са 
Ix Im/m? m?. т“. cd = m. са 
Bq s! 
Gy J/kg m?. s? 
Sv J/kg т2.82 
kat si. mol 


© Тһе radian and steradian may be used with advantage in expressions for derived units to distinguish between quantities of different nature 
but the same dimension. Some examples of their use in forming derived units are given in the next table. 
® [n practice, the symbols rad and sr are used where appropriate, but the derived unit “1” is generally omitted in combination with a 


numerical value. 


© In photometry, the name steradian and the symbol sr are usually retained in expressions for units. 

@ It is common practice to express a thermodynamic temperature, symbol T, in terms of its difference from the reference temperature Т, = 
273.15 K. The numerical value of a Celsius temperature t expressed in degrees Celsius is given by t/^C = T/K-273.15. The unit °С may be 
used in combination with SI prefixes, e.g., millidegree Celsius, m'C. Note that there should never be a space between the * sign and the 


letter C, and that the symbol for kelvin is K, not *K. 


The SI derived units with special names may be used in com- 
binations to provide a convenient way to express more complex 
physical quantities. Examples are given in the next table: 


SI derived unit 


Physical Quantity Name Symbol As SI base units 
dynamic viscosity pascal second Ра د‎ m!.kg.s? 
moment of force newton meter N-m توو‎ kg- s? 
surface tension newton per meter N/m kg- s? 
angular velocity radian per second rad/s m.m”. 51 = s? 
angular acceleration radian per second rad/s? m.m”. s? =s? 
squared 
heat flux density, watt per square W/m? kg- 53 
irradiance meter 
heat capacity, entropy joule рег kelvin Ј/К m?-kg.s?. К 
specific heat capacity joule per kilogram J/(kg.K) 2.52. Kt 
specific entropy kelvin 
specific energy joule per kilogram J/kg m?.s? 
thermal conductivity watt per meter Wi(m-K) m-kg-s?-K! 
kelvin 
energy density joule per cubic J/m? m!-kg.s? 
meter 
electric field strength volt per meter V/m m- kg-s? At 
electric charge coulomb per cubic C/m? m?-s-A 
density meter 
electric flux density coulomb per C/m? m?.s. A 
square meter 
permittivity farad per meter F/m m?. Ко". st. A? 
permeability henry per meter H/m m-kg-s?- A? 
molar energy joule per mole J/mol т>. kg- s2. mol’ 
molar entropy, molar joule per mole J/(mol- К) m?- kg. s?. К. 
heat capacity kelvin mol! 
exposure (x and y coulomb per C/kg kg!.s.A 
rays) kilogram 
absorbed dose rate gray рег second — Gy/s mê. s? 
radiant intensity watt per steradian W/sr mt. m? kg. s? 
= пр. kg. 53 
radiance watt per square W/(m2.sr) m°. m? kg. s? 
meter steradian = Кр. دک‎ 
catalytic (activity) katal per cubic kat/m? m?.- s. mol 


concentration meter 


In practice, with certain quantities preference is given to 
the use of certain special unit names, or combinations of unit 


names, in order to facilitate the distinction between different 
quantities having the same dimension. For example, the SI unit 
of frequency is designated the hertz, rather than the reciprocal 
second, and the SI unit of angular velocity is designated the ra- 
dian per second rather than the reciprocal second (in this case 
retaining the word radian emphasizes that angular velocity is 
equal to 2л times the rotational frequency). Similarly the SI 
unit of moment of force is designated the newton meter rather 
than the joule. 

In the field of ionizing radiation, the SI unit of activity is desig- 
nated the becquerel rather than the reciprocal second, and the SI 
units of absorbed dose and dose equivalent the gray and sievert, 
respectively, rather than the joule per kilogram. In the field of 
catalysis, the SI unit of catalytic activity is designated the katal 
rather than the mole per second. The special names becquerel, 
gray, sievert, and katal were specifically introduced because of the 
dangers to human health which might arise from mistakes involv- 
ing the units reciprocal second, joule per kilogram and mole per 
second. 


Units for dimensionless quantities, 
quantities of dimension one 


Certain quantities are defined as the ratios of two quantities of 
the same kind, and thus have a dimension which may be expressed 
by the number one. The unit of such quantities is necessarily a 
derived unit coherent with the other units of the SI and, since it 
is formed as the ratio of two identical SI units, the unit also may 
be expressed by the number one. Thus the SI unit of all quantities 
having the dimensional product one is the number one. Examples 
of such quantities are refractive index, relative permeability, and 
friction factor. Other quantities having the unit 1 include "char- 
acteristic numbers" like the Prandtl number and numbers which 
represent a count, such as a number of molecules, degeneracy 
(number of energy levels), and partition function in statistical 
thermodynamics. All of these quantities are described as being di- 
mensionless, or of dimension one, and have the coherent SI unit 
1. Their values are simply expressed as numbers and, in general, 
the unit 1 is not explicitly shown. In a few cases, however, a spe- 
cial name is given to this unit, mainly to avoid confusion between 
some compound derived units. This is the case for the radian, ste- 
radian and neper. 
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SI prefixes 


The following prefixes have been approved by the CGPM for 
use with SI units. Only one prefix may be used before a unit. Thus 
1077 farad should be designated pF, not uuF. 


Factor Name Symbol Factor Мате Symbol 
10% yotta Y 107 deci d 
10? zetta Z 10? centi c 
1018 еха Е 103 milli m 
105 реїа р 10% micro u 
10” tera T 10° nano n 
10° giga G 10? pico р 
106 mega M 1075 femto f 
10? kilo k 1078 atto a 
10? hecto h 10?! zepto 7 
10! дека да 10 yocto y 
The kilogram 


Among the base units of the International System, the unit of 
mass is the only one whose name, for historical reasons, contains 
a prefix. Names and symbols for decimal multiples and submul- 
tiples of the unit of mass are formed by attaching prefix names to 
the unit name "gram" and prefix symbols to the unit symbol “g”. 


Example : 105 kg = 1 mg (1 milligram) but not 1 ukg 
(1 microkilogram). 


Units used with the SI 


Many units that are not part of the SI are important and widely 
used in everyday life. The CGPM has adopted a classification of 
non-SI units: (1) units accepted for use with the SI (such as the 
traditional units of time and of angle); (2) units accepted for use 
with the SI whose values are obtained experimentally; and (3) oth- 
er units currently accepted for use with the SI to satisfy the needs 
of special interests. 


(1) Non-SI units accepted for use with the International System 


Name Symbol  Valuein SI units 

minute min Ішіп = 60 5 

hour h 1 h= 60 min = 3600 s 

дау а 14 =24ћ = 86 400 $ 

degree Ü 1° = (л/180) rad 

minute 1 І = (1/60)° = (1/10 800) rad 
second г 1" = (1/60)' = (1/648 000) rad 
liter LL 1L= 1 dm?- 103 m? 

metric ton t 1t-10?kg 

перег® Мр 1۸ =1 

bel® B 1 B = (1/2) In 10 Np 


9 The neper is used to express values of such logarithmic quantities as 
field level, power level, sound pressure level, and logarithmic decrement. 
Natural logarithms are used to obtain the numerical values of quantities 
expressed in nepers. The neper is coherent with the SI, but is not yet 
adopted by the CGPM as an SI unit. In using the neper, it is important 
to specify the quantity. 

© The bel is used to express values of such logarithmic quantities as field 
level, power level, sound-pressure level, and attenuation. Logarithms to 
base ten are used to obtain the numerical values of quantities expressed 
in bels. The submultiple decibel, dB, is commonly used. 


International System of Units (SI) 


(2) Non-SI units accepted for use with the International system, 
whose values in SI units are obtained experimentally 


Name Symbol Value in SI Units 
electronvolt'? eV 1 eV = 1.602 176 53(14) 107 Је) 
dalton® Da 1 Da = 1.660 538 86(28) - 1077 kg? 
unified atomic mass 

unit? u 1и =1 Ра 
astronomical unit? ua 1 ua = 1.495 978 706 91(06) · 10! m? 


® For the electronvolt and the dalton (unified atomic mass unit), values are 
quoted from the 2002 CODATA set of the Fundamental Physical Constants (p. 
1-1 of this Handbook). The value given for the astronomical unit is quoted 
from the IERS Conventions 2003 (D.D. McCarthy and G. Petit, eds., IERS 
Technical Note 32, Frankfurt am Main: Verlag des Bundesamts für 
Kartographie und Geodäsie, 200). The value of ua in meters comes from the 
JPL ephemerides DE403 (Standish E.M. 1995, "Report of the ТАО WGAS Sub- 
Group on Numerical Standards’, in “Highlights of Astronomy’, Appenlzer ed., 
pp 180-184, Kluwer Academic Publishers, Dordrecht). It has been determined 
in "TDP" units using Barycentric Dynamical Time TDB as a time coordinate 
for the barycentric system. 

"The electronvolt is the kinetic energy acquired by an electron in passing 
through a potential difference of 1 V in vacuum. 

© The Dalton and unified atomic mass unit are alternative names for the same 
unit, equal to 1/12 of the mass of an unbound atom of the nuclide РС, at rest 
and in its ground state. The dalton may be combined with SI prefixes to 
express the masses of large molecules in kilodalton, kDa, or megadalton, MDa. 

Тһе astronomical unit is a unit of length approximately equal to the mean 
Earth-Sun distance. It is the radius of an unperturbed circular Newtonian orbit 
about the Sun of a particle having infinitesimal mass, moving with a mean 
motion of 0.017 202 098 95 radians/day (known as the Gaussian constant). 


(3) Other non-SI units currently accepted for use with the 
International System 
Name Symbol Value in SI Units 
1 nautical mile = 1852 m 
1 nautical mile per hour - (1852/3600) 


nautical mile 


knot m/s 

are la-1dam?-10?m? 

hectare ha 1 Ва = 1 hm? = 10*m? 

Баг Баг 1 bar = 0.1 MPa = 100 kPa = 105 Ра 
ángstróm À 1À-0.1nm- 10719 т 

barn b 1 b = 100 fm? = 10-28 m? 


Other non-SI units 


The SI does not encourage the use of cgs units, but these are 
frequently found in old scientific texts. The following table gives 
the relation of some common cgs units to SI units. 


Name Symbol Value in SI units 

erg erg 1 еге = 10-7] 

дупе дуп 1 dyn 7 

poise P 1P = 1dyn. s/cm? = 0.1 Pa. s 
stokes St 1 St = 1 cm?/s = 107" m?/s 
gauss G 16 ۹ 7 

oersted Oe 1 Oe = (1000/41) A/m 
maxwell Mx 1Мх = 10-5 Wb 

stilb sb 1 sb = 1 cd/cm? = 10* cd/m? 
phot ph 1 ph = 10* Ix 

gal Gal 1 Gal = 1 cm/s? = 10? m/s? 


Note: The symbol = should be read as “corresponds to”; 
these units cannot strictly be equated because of the 
different dimensions of the electromagnetic cgs and 
the SI. 


International System of Units (SI) 


Examples of other non-SI units found in the older literature and 
their relation to the SI are given below. Use of these units in cur- 
rent texts is discouraged. 


Name 

curie 
roentgen 
rad 

rem 

X unit 
gamma 
jansky 

fermi 
metric carat 
torr 
standard atmosphere 
calorie 


micron 


Symbol 
Ci 


Value in SI units 

1 Ci = 37-10 Bq 

1 R = 2.58 .10-* C/kg 

1 rad = 1 cGy = 102 Gy 
lrem=1 сбу = 10? Sv 

1 X unit ~ 1.002 · 107 nm 
ly=1nT=10°T 

Пу = 1072 W . m 2. Hz"! 
1 fermi = 1 fm = 10-5" 

1 metric carat = 200 mg = 2 - 10^ kg 
1 Torr = (101325/760) Pa 
1 atm = 101325 Pa 

1 cal = 4.184 J 

1р= 1 рп = 10% т 


9 Several types of calorie have been used; the value given here is the so-called 
"thermochemical calorie" 
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CONVERSION FACTORS 


The following table gives conversion factors from various 
units of measure to SI units. It is reproduced from NIST Special 
Publication 811, Guide for the Use of the International System of 
Units (SI). The table gives the factor by which a quantity expressed 
in a non-SI unit should be multiplied in order to calculate its value 
in the SI. The SI values are expressed in terms of the base, supple- 
mentary, and derived units of SI in order to provide a coherent 
presentation of the conversion factors and facilitate computations 
(see the table "International System of Units" in this Section). If 
desired, powers of ten can be avoided by using SI Prefixes and 
shifting the decimal point if necessary. 

Conversion from a non-SI unit to a different non-SI unit may be 
carried out by using this table in two stages, e.g., 


1 cal = 4.184] 


1 Btu,, = 1.055056 Е+03 J 
Thus, 
1 Btu,, = (1.055056 E+03 + 4.184) cal, = 252.164 са], 


Conversion factors are presented for ready adaptation to com- 
puter readout and electronic data transmission. The factors are 
written as a number equal to or greater than one and less than ten 
with six or fewer decimal places. This number is followed by the 
letter E (for exponent), a plus or a minus sign, and two digits which 
indicate the power of 10 by which the number must be multiplied 
to obtain the correct value. For example: 


3.523 907 E-02 is 3.523 907 x 10? 


or 
0.035 239 07 
Similarly: 
3.386 389 E403 is 3.386 389 x 10? 
or 


3 386.389 


A factor in boldface is exact; i.e., all subsequent digits are zero. 
АП other conversion factors have been rounded to the figures 
given in accordance with accepted practice. Where less than six 
digits after the decimal point are shown, more precision is not 
warranted. 

It is often desirable to round a number obtained from a conver- 
sion of units in order to retain information on the precision of the 
value. The following rounding rules may be followed: 


1. Ifthe digits to be discarded begin with a digit less than 5, the 
digit preceding the first discarded digit is not changed. 
6.974 951 5 rounded to 3 digits is 6.97 


2. If the digits to be discarded begin with a digit greater than 
5, the digit preceding the first discarded digit is increased 
by one. 


Example: 


Example: 6.974951 5 rounded to 4 digits is 6.975 


3. If the digits to be discarded begin with a 5 and at least one 
of the following digits is greater than 0, the digit preceding 
the 5 is increased by 1. 


Example: 6.974 851 rounded to 5 digits is 6.974 9 


4. Ifthe digits to be discarded begin with a 5 and all ofthe fol- 
lowing digits are 0, the digit preceding the 5 is unchanged 
if itis even and increased by one if it is odd. (Note that this 
means that the final digit is always even.) 


Examples: 
6.974 951 5 rounded to 7 digits is 6.974 952 
6.974 950 5 rounded to 7 digits is 6.974 950 


Reference 


Taylor, B. N., Guide for the Use of the International System of Units (SI), 
NIST Special Publication 811, 1995 Edition, Superintendent of Documents, 
U.S. Government Printing Office, Washington, DC 20402, 1995. 


Factors in boldface are exact 


to 
ampere (A) 
coulomb (C) 
farad (F) ..................... 
henry (Н) ................... 
siemens (S) ................ 
.. ohm ( 
volt (V) 


То convert from 
abampere.... 
abcoulomb 


acceleration of free fall, standard (e) suns 
acre (based on U.S. survey foot)? 
acre foot (based on U.S. survey foot)? 
ampere hour (А · h) 
angstrom (A) 
angstrom (A) 
are (A) i eeepc 
astronomical unit (ua ог لاله‎ 
atmosphere, standard (абт)................................... 


ИА square meter (m?)..... 
cubic meter (m?) ...... 
coulomb (C) .............. 
.. meter (т) 


nanometer (nm)........ 


meter (m) .................. 


atmosphere, standard (аш)... kilopascal (kPa)... 
atmosphere, technical (аб)! .... pascal (Pa) ........... 
atmosphere, technical (аб)! ................................... kilopascal (kPa) ......... 


Multiply by 
1.0 E+01 
1.0 Е+01 
ЕТА 1.0 Е+09 
ООРОО НОЯ 1.0 E-09 
О оО 1.0 Е+09 
а. E-09 
1.0 E-08 
meter per second squared (m/s?) ............. sse 9.806 65 E400 
Е 4.046 873 Е+03 
О RC ОК ЕКОО 1.233 489 Е+03 
EI AAEE 3.6 E+03 
1.0 E-10 
pases ОРЫН СН teet ent ondas 1.0 E-01 
.. square meter (m2).......................................................... a... “4.0 E+02 
а o D PI S LG NR 1.495 979 E411 
pascal (Ра) «esent xe m upa Q u 1.018 25 Е+05 
....1.013 25 E402 
....9.806 65 Е+04 
папа uti دوهي‎ КАЙЫ НИНДЕ. 9.806 65 Е+01 


° The U.S. survey foot equals (1200/3937) m. 1 international foot = 0.999998 survey foot. 
у. q 7 


1° One technical atmosphere equals one kilogram-force per square centimeter (1 at = 1 kgf/cm”). 
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1-24 Conversion Factors 


To convert from to Multiply by 
bar (bar) pascal (Ра) „ннн dem der aen 1.0 Е+05 
Баг (Баг).. kilopascal (kPa)... .... 1.0 E402 
barn (b) square meter (m? 1.0 E-28 
barrel [for petroleum, 42 gallons (U.S.)](bbl) .... cubic meter (m?) .................. ГТ“. 1.589 873 E-01 
barrel [for petroleum, 42 gallons (U.S.)](bbl) ....liter (L) ............... etes ннан 1.589 873 Е+02 
biot (Bl). рнк deterrere pee ee PEN EE .... 1.0 E401 
British thermal ипіє, (Btu,.)!' ....1.055 056 E403 
British thermal unit, (Btu,)" ...1.054 350 E403 
British thermal unit (mean) (Btu) 1.055 87 E403 
British thermal unit (39 °F) (Вёџ) .........................) 1.059 67 E403 
British thermal unit (59 °F) (Вїи).......................... j 1.054 80 E403 
British thermal unit (60 °F) (Btu) .........................joule (J) ининин нинин ннн нин ннн ннен, 1.054: 68 E403 
British thermal unit „foot per hour square foot degree Fahrenheit 

[Btu ft/(h + f£? - °Р)] iss Watt per meter kelvin [W /(m • K)] seen 1.730 735 E400 
British thermal unit, foot per hour square foot degree Fahrenheit 

[Btu - ft/(h ВО Еј] iss Watt per meter kelvin [W /(m - K)] sse 1.729 577 E400 


British thermal unit inch per hour square foot degree Fahrenheit 
[Btu in/(h + f °Р)] sss Watt per meter kelvin [W/m K)] see 1442 9 E-01 
British thermal unit, inch per hour square foot degree Fahrenheit 
[Btu, : in/(h + f£ - °Р)] sss Watt per meter kelvin [W /(m K) see 1,441 4 E-01 
British thermal unit, inch per second square foot degree Fahrenheit 


[Btu in/(s f? *F)] iss Watt per meter kelvin [МУ /(m KR seen 5.192 204 E402 
British thermal unit, inch per second square foot degree Fahrenheit 

[Btu : in/(s - ft? *E)] sss Watt per meter kelvin [W/(m - K)] eee 5.188 732 E402 
British thermal unit, per cubic foot 

(Btu,, /ft?) ... ds emm JOULE per cubic meter (J/M?) .............................................................. 3.725 895 Е+04 
British thermal unit. а Per cubic foot: 

(Btu, /ft?) ... dies emm )оше per cubic meter (J/M?) 3.23 3 E404 
British thermal unit. pper r degree Fahrenheit 

(Btu../ °F) .. Md a jouleperkelvim(]/ Юлиан 1.899 101 E403 
British thermal unit, „per degree Fahrenheit 

(Btu, / *F).... MR sso ole per kelvin (К) aae teret Dente reete etes 1.897 830 E403 
British thermal unit, rper degree Rankine 

(Btu,,./ °R) .. "n مه‎ Oe per kelvin (JFK) i... e eet iere р keeper emori 1.899 101 E403 
British thermal unit, aper degree Rankine 

(Btu, / *R) .. des e, joule per kelvin (J/ k) .......... eene 1.897 830 E403 
British thermal unit. pper t hour (ви, Th) E Watt (Wesen nr ei e to ea edet АЙДЫН a ayka e et 2.930 711 E-01 
British thermal unit a, Per hour (Btu,, Ін)... аман CW): zt не нына алады ех RENTEN хаг 2.928751 Е-01 
British thermal unit, per hour square foot degree Fahrenheit 

[ВАУ УЖЕ] др watt per square meter kelvin 

[ЖЛ АЛЛО MERC M PUR REPE RERO ananaw PEA T aha 5.678 263 E+00 

British thermal unit, per hour square foot degree Fahrenheit 

[Btu, /(h - ft? - eE) see watt per square meter kelvin 

[W/(m2. K)] ныне essc patrc derat 5.674466 E+00 

British thermal unit, per minute (Btu, /min) .... watt (W) w 1.757 250 E+01 
British thermal unit,, per pound (Btu,, /Ib)......... joule per kilogram (J/kg) ................. aba kanapaqqa 2.326 E+03 
British thermal unit, per pound (Btu, ЛЬ) ........ joule per kilogram (J/kg) ................ ٨٨ 2.324 444. Е+03 
British thermal unit,, per pound degree Fahrenheit 

[Вси / (Ib - *F)] een joule per kilogram kelvin (J/(kg - K)] ......................... ss 4.1868 Е+03 
British thermal unit, per pound degree Fahrenheit 

[Btu, /(Ib -°Е)] seen joule per kilogram kelvin [J/(kg - K)].......................... ss 4.184 Е+03 
British thermal unit,, per pound degree Rankine 

[Веи /(1Ь - *R)] eene joule per kilogram kelvin [J/(kg - K)] ......................... ss 4.1868 Е+03 
British thermal unit, per pound degree Rankine 

[Btu, /(Ib - »R)] eene سور‎ рег ни kelvin [J/ 15 КО шырындары ЫН УС и 4,184 Е+03 
British thermal unit, per second (Btu,,./s) ........ watt (W) ............. "e ....1.055 056 Е+03 
British thermal unit, per second (Btu, /s) ......... wat CW) odo aem m Ba я 1.054 350 E403 


п The Fifth International Conference on the Properties of Steam (London, July 1956) defined the International Table calorie as 4.1868 J. Therefore the exact conversion 
factor for the International Table Btu is 1.055 055 852 62 kJ. Note that the notation for International Table used in this listing is subscript “ТТ”. Similarily, the notation for 
thermochemical is subscript “th” Further, the thermochemical Btu, Btu,, is based on the thermochemical calorie, cal, where cal, = 4.184 J exactly. 
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To convert from to Multiply by 
British thermal unit,, per second square foot degree Fahrenheit 
[Btu /(S + f? °Р)]............ Watt per square meter kelvin 


КАНЕ СТЫ р аль А Mi د د‎ ы 2.044 175 Е+04 

British thermal unit, per second square foot degree Fahrenheit 

[Btu, /(s - f? ФЕ) seen watt per square meter kelvin 

КҮ ЫРА была heen рамына ЛК КОО О 2.042 808 Е+04 

British thermal unit, per square foot 

(Виц Р) ананан арынан, joule per square meter (J/M?) .................. зеенин еннен 1.135 653 E404 
British thermal unit, per square foot 

(Btu, /ft?) seen өше рег square meter (J/m?) ¿uu serene 1,134 893 E404 
British thermal unit, per square foot hour 

(Вац /(f? - h)] .. ТҮКТЕ ...... Watt per square meter (W/m2 .............................. u... 2.154 591 E400 
British thermal Ши „per square foot hour. 

[Вси ИЕ) аан t watt per square meter )0۷/( ٠٠٠۳/٠٠٠ 3.152 481 E400 
British thermal unit, per square foot minute 

[Btu, /(ft? + тіп)... ........ Watt per square meter (W/m?) .......... sss 1.891 9 Е+02 
British thermal d per square foot second 

(Вац /(ft? - s)] ... M ..... Watt per square meter (W/M?) ........... sss 1.135 653 E404 
British thermal unit а Per square foot second 

[Btu, /(ft? + s)] s ........ Watt per square meter (W/m?2)....................... ыенен... 1.134 893 Е+04 
British thermal unit, „Рег square Sinh second 

Pta /(in? — — watt per square meter (W/M?) ٢٨٢ ورھؤرخرخرخرخررخ رخ‎ 1.634 246 E406 
bushel (U.S) (bu).... cubic meter (m?) «49.523 907 E-02 
bushel (U.S.) (bu) .... ; liter (L) a as, ....3.523 7 E401 
calorie, (cal...) 77۹7 не каннын ннан IIS ——— (€ 4.1868 E400 
calorie, (cal, )!! ........... joule (J) .. ...4.184 Е +00 
calorie (cal) (mean) ... joule (J) .. ...4.190 02 Е+00 
calorie (15 °C) (cal) joule (J) .. ....4.185 80 Е+00 
calorie (20 °С) (cal, ) ............. ..шюше (J) 4.181 90 E400 
calorie,,, kilogram (пийїйоп)?”..........................ў joule (J) 4.1868 E+03 
calorie, , kilogram (nutrition)” ............ . joule (J) .. 4.184 E403 
calorie (mean), kilogram (nutrition)?.................. jux pe —————— —— 4.190 02 E403 
calorie, per centimeter second degree Celsius 

[са], /(cm · $: هکسه سه(‎ watt per meter kelvin [W/(m - K)]....................... eene 4.184 Е+02 
calorie, per gram {cal /g).................. s joule per kilogram (J/kg) ................. seen 4.1868 Е+03 
calorie, per gram (cal, /g) همسممسمم٨سسسسمسسم‎ joule per kilogram (J/kg) ....................... tete енн ннн 4.184 E403 
calorie „per gram degree Celsius 

[oall,./( -°С)] —Ó joule per kilogram kelvin [J/(kg - K)].......................... sss 4.1868 Е+03 
calorie, per gram degree Celsius 

[cal (Ее) recien quomm joule per kilogram kelvin [J/(kg - K)].......................... ss 4.184 Е+03 
calorie, per gram kelvin [cal,,/(g · K)] .... .joule per kilogram kelvin |) /(kg - K)] ..... ....4.1868 Е +03 
calorie, per gram kelvin [cal, / (g · K)] ............... joule per Е kelvin [J / 5 Ҝ)]. ..4.184 Е+03 
calorie, per minute (cal. /min) نأ‎ watt (W) .. e e Ha RE ....6.973 333 E-02 
calorie, per second (cal, /S) سمسسسهسمسسمممس‎ Watt Wu че 4.184 E400 
calorie, per square centimeter (cal, /cm?) ..........јоше per square meter (J/M?) .............. seen 4.184 E404 
calorie, per square centimeter minute 

[са], ене min)] ........... مس‎ Watt per square meter (W/M?) ......... 73 3 E402 
calorie. „per square 0 second 

| ۵1 /(ст2: $)] سن‎ ыы watt per square meter )0۷/( ۳-٧٢٧ 4.184 E404 
candela per square inch (cd/in?) ........................... candela per square meter (cd/m?)................... sees 1.550 003 Е+03 
carat, Metric l. aasawa rrr terr ee ади kilogram (kg) Уа айу ett tote he pred eene ete ee cora. E-04 
Carat; тен с oue metere reete t gram: (B) «ecrit د‎ ООО mtra qe 2.0 E-01 
centimeter of mercury (0 °C)? .. ... pascal (Ра) ........... ....1.333 22 E403 
centimeter of mercury (0 °C)!š 101635631 (KPa).: ostro petet erben e teh 1.333 22 E400 
centimeter of mercury, conventional (cmHg)?..pascal (Pa)... ٢,٧٠٠, ,,»ًً‫,٨7 1.333 224 Е+03 


12 The kilogram calorie or “large calorie" is an obsolete term used for the kilocalorie, which is the calorie used to express the energy content of foods. However, in practice, the 
prefix "kilo" is usually omitted. 

13 Conversion factors for mercury manometer pressure units are calculated using the standard value for the acceleration of gravity and the density of mercury at the stated 
temperature. Additional digits are not justified because the definitions of the units do not take into account the compressibility of mercury or the change in density caused 
by the revised practical temperature scale, ITS-90. Similar comments also apply to water manometer pressure units. Conversion factors for conventional mercury and water 
manometer pressure units are based on ISO 31-3. 
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To convert from to Multiply by 

centimeter of mercury, conventional (cmHg)?..kilopascal (kPa)............................ n entente ntes 1.333 224 E400 
centimeter of water (4 (٠ .... pascal (Pa) ... ....9.806 38 E401 
centimeter of water, conventional. (cmH, O. . pascal (Pa) ....9.806 65 Е+01 
centipoise (CP) سل‎ pascal second (Ра : s) ............... Eu 0 E-03 
centistokes (cSt) ... о meter squared рег second: (m/s) ПИР AI TOR. 1.0 E-06 
chain (based оп U.S survey foot) (ch)? ................ meter (m) ............. eee «42.011 684 Е+01 
circular ти Б Динар htt ede square meter (m?).............. ....5.067 075 E-10 


circular mill. eser oti pr tene eere square millimeter (mm?) ........................... ....5.067 075 E-04 
Ора asa pe mee Porter e PIOS square meter kelvin per watt (m? - К/\))............ see 1.55 E-01 
cord. (128 ft) eee eet treten eisers cubic meter (m?) елена terat waqsa deno 3.624 556 E400 
cubic foot (ЕВ) uu КУЛУУ ЛК ОУК ОККО КҮ cubic meter (т) еә е илден ӘӘ Reiter 2.831 685 E-02 
cubic foot per minute (ft? /min) ........................... cubic meter per second (т/б... es 4.719 4 E-04 
cubic foot per minute (f? /min) .... liter per second (L/s) «444.719 4 E-01 
cubic foot per second (ft?/s) .................................. cubic meter per second (m?/s) .................. eee 2.831 685 E-02 
cubic inch (in?)'^ n нир иии нини е cübie méter (1113); нш ининди Танаа ЫЫ 1.638 706 E-05 
cubic inch per minute (in? /min)........................... cubic meter per second (m?/s) ................. sse 2.731 177 E-07 
cubic mile (mi?).................. eee cubicmeter (та аи си sawanman eor teet 4,168 182 Е+09 
cubic yard (yd?) ............................. ... Cubic meter (m?) «7.645 549 E-01 
cubic yard per minute (yd?/min) .......................... cubic meter per second (m?/s) ................ eene 1.274 258 E-02 
СИРО: Нн Нн Нн мел енен CADIE meter (m?) oos eade Анн hua ووه‎ йар teen Di GOD! OOD E-04 
cup (U.S) ЕН ен sak uay, liter (D) Ат 2.365 882 E-01 
Cup (US. se ee a E a milliliter (ME) доле 2.365 882 E402 
син (Ci) ueteri e Rr Xe HW ener becquerel (Bq). нии ионами тои ١ ٣ 3.7 Е+10 
аатсу کت و‎ аи ineter squared (т) eter thee ned et en ets 9.869 233 E-13 
day d) айы ЕР petto seconds) s pos ынаны ER REO dE P entes 8.64 E404 
day (sidereal)..........5: eene йи инен second (s)........................ ....8.616 409 E404 


debye (р): reete tete nia an И coulomb meter (С. m) .... ....3.335 641 E-30 
degree (angle) (°) ۰۳٠٠٧٠ radian (rad) .................... ....1.745 329 E-02 
degree Celsius (temperature) (°C) ......................... kelvin (K) ................................ ннн ннн нинин нене нөн T/K = 11 °С+273.15 
degree Celsius (temperature interval) (°С) ......... кем (Kyu ар tot ӘСӘМ ERE RR wa aaa 1.0 Е-00 
degree centigrade (temperature)”....................... degree Celsius (°С)... wut | °C ~ t / deg.cent. 
degree centigrade (temperature interval) . ee degree Celsius (°С) ... ....1.0 Е+00 
degree Fahrenheit (temperature) (°F)..................... degree Celsius (°C) .... wut /°C = (t/ °F -32)/1.8 
degree Fahrenheit (temperature) (*F)..................... Келіп) И И T/K = (t / *F + 459.67)/1.8 
degree Fahrenheit (temperature interval)(°F) ... degree Celsius (°C) ............................ нннееннненнненн ннен 5.555 556 E-01 
degree Fahrenheit (temperature interval) (°F) .. kelvin (K)................. eese tette tentent tentent tent tnnen tennis 5.555 556 E-01 
degree Fahrenheit hour per British thermal unit... 

(CF . а E Kelvin: per watt (K/W) cette peteret ре retento 1.895 634 E400 
degree Fahrenheit hour per British thermal unit, 

CP. hfbtit јин ИН kelvin per watt (КУА). irte eene ee 1.896 903 E400 
degree Fahrenheit hour square foot per British thermal unit, 

URS; — ный square meter kelvin per watt (m? - (۷/ک1‎ ٤٥٠ 1.761 102 E-01 
degree Fahrenheit hour square foot per British thermal unit. 

(CF h «ft? /Btu,) isset square meter kelvin per watt (m? 1 ۷( ٠٠ 1.762 280 E-01 
degree Fahrenheit hour square foot per British thermal unit,, inch 

PF + h ft? /(Btu,, іп) «өнөөөөөөөөөөөөөөөөөөөө meter kelvin per watt (m 1 ٧۷( ٤ 6.933 472 E400 
degree Fahrenheit hour square foot per British thermal unit, inch 

PF h ft? /(Btu, «in)] i. meter kelvin per watt (m 1 ٧۷( ٠7 6.938 112 E400 
degree Fahrenheit second per British thermal ап 

(CF +S к ЖКУ ana КККК kelvin për watt (K/W); sspears ienie aiian 5.265 651 E-04 
degree Fahrenheit second per British thermal unit, 
(CF +S SBUL J „а.н kelvin per watt (К/А). serpere ie 5.269 175 E-04 
degree Rankine (CR). d ..... Kelvin (K) . T/ K = (T/ ?*R)/1.8 
2. Rankine (t emperature interval) (ов) жо keélvin (Юз ОА М t e До нр u qes 5.555 556 E-01 
ейел e tee .... kilogram per meter (kg/m) ................. sse 1.111 111 E-07 
о ПВ gram per meter (в/о) анааан олем ы НЫН 11111111 Е-04 
dyne (dyn) tete ettet eite newton Nearest erea rp PRO eade end 1.0 E-05 
dyne centimeter (дуп. cm) ........................ newton meter (N · m).. 1.0 E-07 


dyne per square centimeter (dyn/cm?) ... ... pascal (Pa) ...................... 1.0 E-01 


14 The exact conversion factor is 1.638 706 4 Е-05. 
5 The darcy is a unit for expressing the permeability of porous solids, not area. 
16 The centigrade temperature scale is obsolete; the degree centigrade is only approximately equal to the degree Celsius. 


Conversion Factors 1-27 


To convert from to Multiply by 
electronvolt (eV) ............. essent JOULE (J) О ОЛ О О О ООО odit ble О 1.602 177 E-19 
EMU of capacitance (abfarad) .............................. Тағай (Fu eerte mode eee ete t cede 1.0 E409 
EMU of current (abampere).................................. anmipere (A) yumuu sa ии 1.0 E401 
EMU of electric potential (abvolt) volt (V) .......... 2.1.0 Е-08 
EMU of inductance (аБћепгу) .............................. henry (Н) ertet prete pod dre masa ee 1.0 E-09 
EMU of resistance (abohm) .................................. ohm (O) oe И RE REPERI И НИИ 1.0 E-09 
erg (erg)... و‎ joule (J) ...... E-07 
erg per second (erg/s)...... watt (W) ... E-07 
erg per square centimeter second 
|1obrkt&1ru|/(cm? . s)] ................. ншнен еннен watt per square meter (W/M?) ................... n annassa 1.0 E-03 
ESU of capacitance (statfarad) .. farad (E) ........ ....1.112 650 E-12 
ESU of current (statampere) ........ ampere (А) ... ....3.335 641 Е-10 
ESU of electric potential (statvolt) ЕИ VOLE Wa) аана ады ы дана ал алаан ийн 2.997 925 Е+02 
ESU of inductance (stathenry) ............................. henry:(H) нда a as ana e eter i даадаалшиан ай хыг 8.987 552 Е+11 
ESU of resistance (statohm)................................... ора) rd 8.987 552 Е+11 
faraday (based on carbon 12) ۲٠٠٠ сомот) (С) pM" 9.648 531 Е+04 
fathom (based on U.S survey foot)? .. .. meter (m) E400 
ferm zd terere ы ыла DER meter (m) : Е-15 
КЫИУУ ЛОК О О ОЛУ ККК К ОУ a femtometer (fm) i.e дуан e en te re ед да дий E E400 
fluid ounce (U.S.) ( cúbic meter (та) 5 nace нека ни аА 2.957 353 E-05 
fluid ounce (U.S.) ( ..... milliliter (mL) ....2.957 353 Е+01 
foot. (ft) «ac oed etie ee ERREUR méter (т) tdeo و‎ 3.048 E-01 
foot (U.S survey ft)? ........... seen meter (m) ayay aQ aa a teet ЛАН as 3.048 006 E-01 
footcandle Тих (Ix) ....1.076 391 Е+01 
footlambért...... оно candela per square meter (cd/m?).................. ses 3.426 259 E400 
foot of mercury, conventional (Нр)! ................ pascal (Ра) 2) qaspapas лиана m eo aS Ше ht н; 4.063 666 E+04 
foot of mercury, conventional (ftHg)? ................ kilopascal (kPa) ....4.063 6 Е+01 
foot of water (39.2 °F)! .......................................... pascal (Pa) ........ ....2.988 98 E403 
foot of water (39.2 °F)? ....... ' ..... kilopascal (kPa) ....2.988 98 E400 
foot of water, conventional (ан, Oo) ORIS pascal (Ра) naa na o Ree ro RU eed nna 2.989 067 E+03 
foot of water, conventional (ЕН, OJE аласара kilopascal (Ха), 52258 у i tnt e Pepe e tete 2.989 067 E400 
foot per hour (ft/h) meter per second (m/s) .... E-05 
foot per minute (ft/min) ..................... sss meter per second )13/5( ٢,٨ 5.08 E-03 
foot per second (ft/s) .................... sse meter per second (m/s) ................................................................... 3.048 E-01 
foot per second squared (ft/s?) . meter per second squared (m/s?) is E-01 
foot poundal........ eee jp ———— ЫИ Ө 4.214 011 E-02 
foot pound-force (ft - Е) ...................................... JOULE: (Ју «erret ten tru bere Poe gre 1.355 818 E400 
foot pound-force per hour (ft - Ibf/h)................... watt (W) ... ....3.766 161 E-04 
foot pound-force per minute (ft - Ibf/min) ......... watt (W) ... ....2.259 697 E-02 
foot pound-force per second (ft - Ibf/s) ............... watt (\/) ۹۹ ٢ ....1.355 818 Е+00 
foot to the fourth power (ft4)!7 .............................. meter to the fourth power )1( 6 8.630 975 E-03 
тапкі (Е) ee rettet А coulomb (С) iecit neret emeret m И 3.335 641 E-10 
ва (ба ДЕ saber eet meter per second squared (m/s?) ................... دور لل‎ 1.0 E-02 
gallon [Canadian and ОК (Imperial)] (gal) ....... cubic meter (m?) ...4.546 09 E-03 
gallon [Canadian and U.K (Imperial)] (gal) ....... Ык ШИ КЕКЕК КЕТ КОККО КУК ap ООЛО ren 4.546 09 Е+00 
gallon (U.S.) (gal) .................... e cubic meter (m?) э. анилинди аала 3.785 412 E-03 
gallon (U.S.) (gal) ..................... liter (уана 9.785 412 E400 
gallon (U.S.) per day (gal/d) ... cubic meter per second (m?/s) .... ....4.381 264 E-08 
gallon (U.S.) per day (gal/d) liter per second (L/S) rre ua u iet tee ames 4.381 264 E-05 
gallon (U.S.) per horsepower hour 

[gal /(hp:sh)] ec оН cubic meter per joule )/1( ٠,٨ 1.410 089 E-09 
gallon (U.S.) per horsepower hour 

[gal / (hp: B) | a eee aa as ente liter. per joule (Л) Lus ۹ te ры 1.410 089 E-06 
gallon (U.S.) per minute (gpm)(gal/min) ............ cubic meter per second (m?/s) .................... sere 6.309 020 E-05 
gallon (U.S.) per minute (gpm)(gal/min) ............ liter per second (L/ s) ....6.309 020 E-02 
gamma (ү): eene eje te o vé tesla (T) «eee recte P ОУ ОК ОО УЛУ ОУ 1.0 E-09 
GAUSS (GS). C) mA tesla ТУ ede et dee ОН НИ 1.0 E-04 
gilbert(Gl) аи E AAE на на alipere (А) um риа 7.957 747 E-01 


17 This is a unit for the quantity second moment of area, which is sometimes called the “moment of section" or "area moment of inertia" of a plane section about a specified axis. 


1-28 Conversion Factors 


To convert from to Multiply by 

gill [Canadian and ОК (Imperial)] (gi) ............... cubic meter (m5): aa sana ега nee mede d e ated e ae 1.420 653 E-04 
gill [Canadian and ОК (Imperial)] (gi) ............... Пе (La): aaa wanana rete ООО ОЛО ООХ КОКК СУ de 1.420 653 E-01 
gill (U.S.) (gi) cubic meter (т) ua eandem ette ae rete tet е е ӨЙ 1.182 941 E-04 
gill (U.S.) (gi) гэгээ, liter (L) ....1.182 941 E-01 
gon (also called grade) (gon).................................. radian (rad), scere atero rhet teret ande edd terit 1.570 796 E-02 
gon (also called grade) (gon).................................. degree (angle) (эии a a etie e eee 9.0 E-01 
grain (gr). u ha aaa ntm e e еледі kilogram (kg) ....... ....6.479 891 E-05 


grati (BE) огнун milligram (mg) .... 6.479 891 E401 
grain per gallon (U.S.) (gr/gal) .............................. kilogram per cubic meter (kg/m? ... 1.711 806 E-02 
grain per gallon (U.S.) (gr/gal) ............. ..... milligram per liter (mg/L)............. ... 1.711 806 Е+01 
gram-force per square centimeter Бос /cm?).. 552 pascal (Рају aa na quna aao ....9.806 65 Е+01 
gram per cubic centimeter (g/cm?) ....................... kilogram per cubic meter (kg/m?) .................. sss 1.0 E403 
hectare (ha) ... ۷" Меннен Square meter (п) ни д ннн и лейк ара a Е+04 
horsepower (550 ft. Ibf/s) (bp)... дайы hts nde Watt (WW) 5 алдана ER ОЛКО ТЕК e КЛ КОО ОООО КА О, 7.456 999 Е+02 
horsepower (boiler) угай ХУ 2, وو‎ СК — 9.809 50 Е+03 
horsepower (electric) watt (\/) ... .7.46 Е+02 
horsepower (metric) S. Watt (W) ... ....7.354 988 E402 
horsepower (U.K.) ....... watt (W) ... 2.7.4570 Е+02 
horsepower (water) Watt (WI) 4a ОККО ОКК ООЛО УОЛУ ОКК ККУ КО RR 7.460 43 Е+02 
hour (ВА) минаны second (sea sau линеарни й 3.6 E+03 
hour (sidereal) ... б ... second (s) ...... ....3.590 170 E403 
hundredweight (long, 112 Ib). Корган (КЕ) sae Crise S Ste ЫЫ 5.080 235 E401 
hundredweight (short, 100 Ib) .............................. kilogram (kg) ................ L... 4.535 924 Е+01 
inch (ШЇ) uite rere deem Тебет (M) е a ee E re пакта йи дыны у. 2.54 E-02 
inch (BY) eee centimeter (cm) .. .2.54 E400 
inch of mercury (32 °F)! .... pascal (Pa) ........ 3.386 38 E403 
inch of mercury (32 Е)3.... kilopascal (kPa) ....3.386 38 E400 
inch of mercury (60 ٠ pascal (Pa): ient eode eti e ede јаје 3.376 85 E403 
inch of mercury (60 ٠ kilopascal (kPa) 3.376 85 E400 
inch of mercury, conventional (inHg)! pascal (Pa) ............ ....3.386 389 Е+03 
inch of mercury, conventional (inHg)? .............. kilopascal (kPa) 3.386 389 E400 
inch of water (39.2 F) w tees PASCAL, (Ра) эш икин нинен ндо нн ори дейт 2.490 82 E402 
inch of water (60 °F)15 pascal (Pa) .... 2.4884 Е+02 
inch of water, conventional (inH,O)?? ................. pascal (Pa) Jes ынкы н нин ынан 2,490 889 E402 
inch per second درو لل‎ meter per second (m/s) iere rrt fenetre 2.54 E-02 
inch per second squared (in/s?) .... ... meter per second squared (m/s?) 2.54 E-02 
inch to the fourth power (in?) meter to the fourth power )1( ۱٠ 4.162 314 E-07 
Каувег (К) ووو‎ reciprocal meter. (D eer tette rr رر‎ ааа 1.0 E402 
kelvin (К) ................ ..... degree Celsius (°С) wel /°C = Т/К - 273.15 
kilocalorie (kcal) JL e 1 81:11:34 инээсээр эмэ ОУ О О К Л УУ aus 4.1868 Е+03 
kilocalorie (Kcal,) ............. eee Тоше EE р ЕДО вина ии 4.184 E403 
kilocalorie (mean) (kcal) ........................................ joule (J) ...... ...4.190 02 Е+03 
kilocalorie, per minute (kcal, /min) ..... ^. Watt (W) ... ....6.973 333 E401 
kilocalorie, per second (kcal, /s) ........................ watt (W) ....... 4.184 E403 
kilogram-force (kgf) ........................ sss newton (N) .......... ЯТ ....9.806 65 Е+00 
kilogram-force meter (kgf - m).............................. newton meter (N- aj. sedo iata tati amd ed 9.806 65 E400 
kilogram-force per square centimeter 

(КЕ ст) РА h ter tee napas pascal (Pa)... ertt Ша дынан eiae 9.806 65 E404 
kilogram-force per square centimeter 

(Жы өзге شوه‎ ОООО ОК С kilopascal (kPa)... à iere retener emet 9.806 65 E401 
kilogram-force per square meter (kgf/m?) .......... pascal (Pa) ٠,٠٠٨ 9.806 65 E400 
kilogram-force per square millimeter 

(kgf/mm?) ... 5 зави pascal (Ра) uu akanan s tn teet te 9806.65 Е+06 
kilogram- force р per square е millimeter 

(kgf/mm?) ... ЖООП гема Me Bapascal: (MPa) andate ertet dete 9.806 65 Е+00 
kilogram- dace second: squared p per r meter 

(kgf - s2/m).... ... kilogram (kg) ...................... ....9.806 65 E400 
kilometer per hour (km/h). meter per second (m/s) .... 242.777 778 E-01 
kilopond (kilogram-force) (kp) ............................. newton (N) ......................... پ٢٨7‎ 9.806 65 E400 
Kilowatt hour (KW + Һ) ٠۶٠٠ joule (олень 3.6 Е+06 


Kilowatt hour (Ә-ә megajoule (МЈ)... DAO E+00 


Conversion Factors 1-29 


To convert from to Multiply by 
kip (1 kip-1000 Ibf) newton (N a ووو‎ 4.448 222 Е+03 
Кір (1 Кір-1000 ЊЕ) .. kilonewton (КМ) .... «4.448 222 E400 
kip per square inch (ksi) (kip/in?) .. pascal (Ра) ........... 6.894 757 E406 
Кір per square inch (ksi) (kip/in?) ......................... kilopascal (kPa) ..................... ГТ“ “(Х...<.394757 E+03 
knot (nautical mile per hour) ................................ meter per second (m/s) estet aret ie 5.144 444 E-01 
JETEN DTA A cese eed А candela per square meter (cd/m?)................... ses 3.183 099 Е+03 
langley (cal, /cm?) ы eee joule per square meter (J/M?) ............. sse 4.184 E404 
light year (Бу)! 3. teer meter (m)... sacer oae лен ара غه توو‎ m 9.460 73 E415 
liter (12 os esee ... Cubic meter (17). ...1.0 Е-03 
lumen per square foot (Im/ft?) Он 1.076 391 Е+01 
maxwell (Мх)... Weber (Wb): ымын рина лен Ын лын يم‎ 1.0 E-08 
inlio sisse ... Siemens (S) .. .... 1.0 E400 
microinch .. meter (т) ............ 2.2.54 Е-08 
microinch ..... ... micrometer (um) 2.2.54 Е-02 
тісгоп (н) meter (111) а а он ни даналарды died iie 1.0 E-06 
micron (н) micrometer (шт) 1.1... нр Кн нн кк ннер 0 Е+00 
mil (0:00 А EDD ARE meter (m) ete REO IE GER И awa ha s 2.54 E-05 
mil (0.001 in)... aaa aa awa as Millimeter (Ir). ы. Дер НЫ 2.54 E-02 
mil (angle) ... radian (rad) ....9.817 477 E-04 
mil (angle) dégree(9) suited وو‎ RR De tei INIRE QE 5.625 E-02 
ТОШ ЛД ea ree ee a URP ERES 1116161) 133 eiecerunt ete Шы КОЛКО ООХ УУ 1.609 344 E403 
mile (mi) .............................. песен a Kilometer (KIM) ;25 rtr tmt re ter en re re eee fees 1.609 344 E400 
mile (based oi on nu 5 survey foot) (mij. meter (т). али иная 1.609 347 Е-03 
mile (based on U.S survey foot) (mi)? ... ... kilometer (km)... ....1.609 347 E+00 
mile, nautical УУ n y aq Qh us asi теѓе: (M) suhu t a e e E و‎ 1.852 E+03 
mile per gallon (U.S.) (mpg) (mi/gal) ..................meter per cubic meter (m/m?) ............... seen 4.251 437 E405 
mile per gallon (U.S.) (mpg) (mi/gal) .................. kilometer per liter (km/L) ................... неее ененнен нене. 4.251 437 E-01 
mile per gallon (U.S.) (mpg) (mi/gal)? liter per 100 kilometer (L/100 km)......................... ٠ divide 235.215 by number 
of miles per gallon 
mile per hour (mi/h) ................................. meter per second )13/5( ٠77 4.4704 E-01 
mile per hour (mi/h) .................... seen kilometer per hour (km/h) . ...1.609 344. E400 
mile per minute (mi/min) ..................... ses meter per second (m/s) ..................... nn ннн нинин. 2.682 24 Е+01 
mile per second (mi/s) .................... ses meter per second (m/s) ........................ nsn... 1.609 344 Е+03 
millibar (mbar) ............... pascal (Pa) .......................... E402 
millibar (mbar) kilopascal (kPa)... E-01 
millimeter of mercury, conventional (mmHg)? pascal (Pa) .. E+02 
millimeter of water, conventional (MMH,O)!> ...pascal (Pa) JLI онон нок но eene наарын ныраак 9. 806 65 E400 
minute (angle) («ient улан AGIAN: (LAG) миннир epe edu cep eed ees secco ta eet tin 2.908 882 E-04 
minute (min) ........... second (s) .6.0 E401 
minute (sidereal) u eese SECON (S) usine roten ette К eee ha ирди ER e 5.983 617 E401 
oersted (Ое) салси e te tede ampere per meter (A /m)....................................... سر‎ 7.957 747 E401 
ohm centimeter (Q · cm) ....... ohm meter (О . m) ............ .1.0 E-02 


.. ohm meter (©. m) ......... PEN ...1.662 426 E-09 
ohm square millimeter р рег егер 

(C аа) tasa bdsm 1,662426 - E-03 
ounce (avoirdupois) (oz) .................... ses kilogram (kg) ... наи 2.834 952 E-02 
ounce (avoirdupois) (oz) ۰ gram (g) ............... .2.834 952 Е+01 
ounce (troy or apothecary) (oz) kilogram (kg) .3.110 348 E-02 
ounce (troy or apothecary) (oz) prami (g) рр нии о си ПТО ЗАВ Е+01 
ounce [Canadian апа ОК fluid (Imperial)] 


ohm circular-mil per foot .... 
ohm circular-mil per foot 


(fl oz)... Хийн w шөнөө cubic meter (m3).............................. u... 2.841 6 E-05 
ounce [Canadian and: U. K fluid (Imperial)] 
(fl oz) ... —————— Mov LLL (ME) ШОУ ОО ООО ОО О ОО ООО О ОО УЛУ BOO Е+01 


18 The exact conversion factor is 10*/л. 


1° This conversion factor is based on 1 d = 86 400 s; and 1 Julian century = 36 525 d. (See The Astronomical Almanac for the Year 1995, page K6, U.S. Government Printing 
Office, Washington, DC, 1994). 


? [n 1964 the General Conference on Weights and Measures reestablished the name "liter" as a special name for the cubic decimeter. Between 1901 and 1964 the liter was 
slightly larger (1.000 028 dm); when one uses high-accuracy volume data of that time, this fact must be kept in mind. 


? The value ofthis unit, 1 nautical mile = 1852 m, was adopted by the First International Extraordinary Hydrographic Conference, Monaco, 1929, under the name "International 
nautical mile” 


? For converting fuel economy, as used in the U.S., to fuel consumption. 


1-30 Conversion Factors 


To convert from to Multiply by 
ounce (U.S. fluid) (fl oz).......................................... cubicameter (15) аи cease omen dd n e Reina 2.957 353 E-05 
ounce (U.S fluid) (fl oz)... milliliter (mL) ووو‎ рен ннн entttntnten ко 2.957 353 Е+01 
ounce (avoirdupois)-force (ozf) ............................ newton д) ыса аны рЫ НО itecto dete eit a 2.780 139 E-01 
ounce (avoirdupois)-force inch (ozf : in) ... newton meter (М. m) ............ .447.061 552 Е-03 
ounce (avoirdupois)-force inch (ozf - in) ............ millinewton meter (MN · m) .......... n нене ннн. 7.061 552 E400 
ounce (avoirdupois) per cubic inch (oz/ in?) ..... kilogram per cubic meter (kg/m?) ٨٨ 1.729 994 E403 
ounce (avoirdupois) per gallon [Canadian and 
ОК (Imperial)] (oz/gal)...................................... kilogram per cubic meter (kg/m?) ...................... ss 6.236 3 E400 
ounce (avoirdupois) per gallon [Canadian and 
ОК (Imperial)] (oz/gal).... "T „grami per liter (о/р eere 6.236 023 E400 
ounce (avoirdupois) per gallon (U. S. )(oz/gal) ... . kilogram per cubic meter (kg/m?) . .....7.489 152 E400 
ounce (avoirdupois) per gallon (U.S.)(oz/gal)..... gram per liter (6/1)... 7.489 152 E400 
ounce (avoirdupois) per square foot (oz/ ft?)...... kilogram per square meter (kg/m)... жоо лалы ы ыы ET 3.051 517 Е-01 
ounce (avoirdupois) per square inch (oz/ in?) ... kilogram per square meter (kg/m?) .002ә2ә2ғ2ғо0ШШ- 4.394 185 E«01 
ounce (avoirdupois) per square yard(oz/yd?) .... kilogram per square meter (kg/m?) .................. sse 3.390 575 E-02 
рагвес (ренално) meter (m) Л. гд akwa ний 3.085 678 Е+16 
peck (U.S.) (pk) .... ... Cubic meter (17). .....8.809 768 E-03 
peck (U.S.) (pk) ..... liter (L) .............. .....8.809 768 Е+00 
Penny weight (AWE) эзи лишин Kilogram (Ко) suan aaa нин е нулы Н 1.555 174 E-03 
pennyweight (dwt) ................. see gram. (E). aaa awana kayamuwaka maqna quare dram trea 1.555 174 E400 
perm (ОС) aasma a een in ee kilogram per pascal second square meter 
[Кап eenn eret teet bietet 5.721 35 E-11 
perm (23 °С) ........ seen Kilogram per pascal second square meter 
[kg/(Pa:«s«m?)] ie prie pe e e n ade. 5.745 25 E-11 
permiinch: (0 9C) «eee rte petere kilogram per pascal second meter 
ikg/ (Pas m) isinen u etie a iks 1.453 22 E-12 
perminch: (23 9C). nasa aaah tee kilogram per pascal second meter 
[kg/ (Passi m) iode tot уннн terret dtes 1.459 29 E-12 
phot (pl) idest eee ertet a aun lux (Ix) хөвөн .... 1.0 E404 
pica (computer) (1/6 in) ٠٠ meter (тт) «teet ККУ КУУЛОО RR ERE TT 4.233 333 E-03 
pica (computer) (1/6 іп) ......................................... Millimeter (mm) ................ нынын ннн инн ннн 1233 3 E400 
pica (printer's) meter (m) 2.4.217 518 E-03 
Pica (Primter’s) ua дийн индин н anan m llimeter (mm) ¿kusakanapak uu бк 518 Е+00 
pint (U.S dry) (dry РӘ... cubic rrieter (Шз) деи 5.506 105 E-04 
pint (U.S dry) (dry pt) wa liter (L) .. ....5.506 105 E-01 
pint (U.S liquid) (liq pt) ......................... ss cubic Deter (m 3). ТЕРЕ ООС 4.731 765 E-04 
pint (U.S liquid) (liq pt); na a liter (1) 2 ни онерин 4.721 765 E-01 
point (computer) (1/72 in) meter (m) ......... «449.527 778 E-04 
point (computer) (1/72 in) millimeter (mm) .... 3.527 778 E-01 
point (printer's) .................... meter (m) ................ ....3.514 598 E-04 
point (printers) i. oem millimeter, (mra) оли не 3.514 598 E-01 
PIOCMD——— pascal:second (Ра: s) ананна НЫ 1.0 E-01 
pound (avoirdupois) (Ib)? ..... Kilogram (kg) .................. «4.535 924 E-01 
pound (troy or apothecary) (lb) ........................... Киовтан (Қо), алында eher ree ERR rer bre 3.732 417 E-01 
ропа osse no ок хо не ы Ee ente ceo newton (М). 1.382 550 E-01 
poundal per square foot pascal (Pa) ....1.488 164 Е-00 
poundal second per square foot ........................... pascal second (Pa · s) wesc 1:488 4 E400 
pound foot squared (Ib - ft?) .............. sss kilogram meter squared (8: nis. E A isa oder КО 4.214 011 E-02 
pound-force (Ib£)? ................... sss newton (N) ...................... нн. «4.448 222 E400 
pound-force foot (ЊЕ. ft) ....................................... newton meter (М. m)... ....1.355 818 E400 
pound-force foot per inch (ІМ. ft/in) ................. newton meter per meter (М. m/m) ...... «45.337 6 Е+01 
pound-force inch (ЊЕ. in) .......................... Newton meter (М. m).......................... ннн ныны ннн н ө 1.129 848 E-01 
pound-force inch per inch (ЊЕ. in/in) ................ newton meter per meter (М. m/m) ........... 8 ۶/٠٠٠ 4.448 222 E400 
pound-force per foot (Ibf/ft) newton per meter (N/m) ....1.459 390 E401 
pound-force per inch (Ibf/in)................................. newton per meter (МА. nan... 1.751 268 Е+02 
pound-force per pound 
(5815) (thrust to mass ratio) ........................... newton per kilogram (М/К®) ................... eene 9.806 65 Е+00 
pound-force per square foot (Ibf/ft?) ................... pascal (Рае 4.788 026 E«01 
pound-force per square inch (psi) (Ibf/in?) ........ pascal (Pa) ............... لیس‎ 6.894 757 E403 


23 The exact conversion factor is 4.535 923 7 Е-01. All units that contain the pound refer to the avoirdupois pound unless otherwise specified. 
м Tf the local value of the acceleration of free fall is taken as g =9.806 65 m/ s? (the standard value), the exact conversion factor is 4.448 221 615 260 5 Е+00. 


Conversion Factors 1-31 


To convert from to Multiply by 
pound-force per square inch (psi) (Ibf/in?) ........ kilopascal (kPa)... ueterem 6.894 757 E400 
pound-force second per square foot 

(Е i q Saa a te asa Pascal second (Pass): онин 4.788 026 E401 
pound-force second per square inch 

(ЇЕ алп јан a аиа ete pascal;second (Pa 5). ttem cen eta 6.894 757 Е+03 
pound inch squared (lb · їп?).................................. kilogram meter squared (kg · m?) ............... sse 2.926 397 E-04 
pound per cubic foot (Ib/ft?) 2222... kilogram per cubic meter (kg/m?) ..... ....1.601 846 E«01 
pound per cubic inch (Ib/in?) .... ..... kilogram per cubic meter (kg/m?) ..... 2.767 990 E404 
pound per cubic yard (Ib/yd?) ............................... kilogram per cubic meter (kg/m?) ..... ....5.932 764 E-01 
pound per foot (Ib/ft) ............... sse kilogram per meter (kg/m) ............. ....1.488 164 Е+00 
pound per foot hour [Ib/(ft - h)] ........................... pascal second (Ра · s) .... «44.133 789 E-04 
pound per foot second [Ib/(ft - s)]......................... pascal second (Ра · s) ................. eene 1.488 4 E400 
pound per gallon [Canadian and 

ОК (Imperial)] (Ib/gal) ..................................... Kilogram per cubic meter (kg/m?) ....................... ses 9.977 637 E401 
pound per gallon [Canadian and 

ОК (Imperial)] (Ib/gal) ..................................... kilogram per liter (kg/L) ................... a... 9.977 637 E-02 
pound per gallon (U.S.) (Ib/gal)............................. kilogram per cubic meter (kg/m?) .................. see 1.198 264 Е+02 
pound per gallon (U.S.) (Ib/gal).... e Kilogram per liter (kg/L) ............... ....1.198 264 E-01 
pound per Шан а hour [Ib/ (hp. H] SAET kilogram per joule (kg/J) ...... w 1.689 659 E-07 
pound per hour (БЛ) . eene Kilogram per second (kg/s) .. ....1.259 979 E-04 
pound per inch (Ib/in)... ООСО, kilogram per meter (kg/m) 1.785 797 E«01 
pound per minute (Ib/min) ... ..... kilogram per second (kg/s) .. ....7.559 873 E-03 
pound per second (15/8) ............. kilogram per second (kg/s) ....4.535 924 E-01 
pound per square foot (Ib/ft?) ... eene Kilogram per square meter (kg/m?) ............... sse 4.882 428 Е+00 
pound per square inch (not pound: force) 

(Ib/in?) ... seen Kilogram per square meter (kg/m?) .............................................-....7.030 696 Е+02 
pound per yard (lb/yd) .. превели kilogram per meter (kg/m) .............. seen 4.960 546 E-01 
psi (pound-force per square inch) (Ibf/in?) ........ pascal (Ра) ............... یلیه و‎ 6.894 757 E403 
psi (pound-force per square inch) (Ibf/in?) ........ kilopascal (kPa)... erret rtr 6.894 757 E400 
иаа (105 Btu Jukqa dass Ге ЕО рОН ayau 1.055 056 Е+18 
quart (U.S dry) (dry qt) .......................................... cubic meter (m3).............................. n... 1.101 221 E-03 
quart (U.S dry) (dry qt) liter (L) ....1.101 221 E400 
quart (U.S liquid) (liq qt) ........................................ cubic meter: (m?) siia eie re a lege de C Deas 9.463 529 E-04 
quart (U.S liquid) (liq qt) ........................................ liter Л ео наре нйн RR DER api REPRE 9.463 529 E-01 
rad (absorbed dose) (rad) ...................................... pray (Су) ce иней ининин ылар йы де да райы مه‎ нений 1.0 Е-02 
rem (rem) .............................. ..... Sievert (Sv) ... .... 1.0 E-02 
revolution (Г) ¿uuu aaa ООУ КУ ООО radian (rad) 220002222000. ....6.283 185 E400 
revolution per minute (rpm) (r/min).. ..... radian per second (rad/s) ............. ....1.047 198 E-01 
lu ————Á—— reciprocal pascal second (Ра. СЕ КК ТКТ 1.0 Е-01 
rod (based оп U.S survey foot) (га)..................... meter )11( ٠٠٠٧,ى,,,0٥٥‎ 5.029 210 E400 
roentgen (R) coulomb per kilogram (C/kg) .. 2.2.58 Е-04 
rpm (revolution per minute) (r/min) ................... radian per second (га4/ө). 1.047 198 E-01 
second (angle) (") ...................... see radian (rad). ¿Ia ree eet re диде genes 4.848 137 E-06 


second (sidereal) ......................... йі second (s) ...... 9.972 696 E-01 
Shake eese МОА res second (s) .......... 1.0 E-08 
а N, nanosecond (ns) .. . 1.0 E401 
slug (slug)......... ..... kilogram (Ке)... ....1.459 390 E401 
slug per cubic foot (slug/ft?)... ЖООЛУ kilogram per cubic meter (kg/m?) .................. see 5.153 788 Е+02 
slug per foot second [slug/(ft · s)] ......................... pascal second (Ра · $) ur, sasa مي‎ ninani ووغه‎ nennen 4.788 026 E401 
square foot (ft?) square meter (m? ....9.290 4 E-02 
square foot per hour (f?/h) ................ sss square meter per second (m?/s)................ n n 2.580 64 E-05 
square foot per second (ft?/s) ................................ square meter per second (m?/s).................. seen 9.290 304 E-02 
square inch (in?) ....................... square meter (т2)....................... 2.6.4516 E-04 
square inch (in?) .... square centimeter (cm?).... 6.4516 E400 
square mile (те)... .. Square meter (m?)............... ....2.589 988 Е+06 
square mile (mi?) square kilometer (Ки?) з... е. шинин ери ннн ннн рен 2.589 988 Е+00 
square mile 

(based оп U.S survey foot) (mi?)?..................... square. METER (m?)... asciende eoe inte 2.589 998 E406 


square mile 
(based оп U.S survey foot) (mi?)?..................... square kilometer (Кип?) зани q tette retentis 2.589 998 E400 


1-32 Conversion Factors 


To convert from to Multiply by 

square yard (yd?) наана 8quareaneter (и?) ius oem repre emer em 8.361 274 E-01 
statampere ... ..ampere (А) ...... ....3.335 641 E-10 
statcoulomb . coulomb (C) «49.335 641 E-10 


státfarad. уне нина дина ннз ала (Ë) à eiie ннен йана Led 12-650 E-12 
stathenry henry (ED: aerario trm ete e enden ete nes 8.987 552 Е+11 
statmho ..... ... Siemens (S) .. ....1.112 650 E-12 
statohm... ohm (О) .... ....8.987 552 E411 
statvolt ... volt (V)................. ....2.997 925 E402 
регент cubic meter (таз) ua wa aw aaa nspa a aaa Шейн 1.0 E+00 
stilb (sb)... nanan enis candela per square meter (cd/m?) ..................... see 1.0 E404 
stokes (SE) 2 ви терен ет e e ay meter squared per second لور لل‎ 1.0 E-04 
tablespoon анай cubic meter (ri); sees ante qiie dere 1.478 676 E-05 
tablespoon... et oett оданда көле де milliliter (mL) q reete eerte eee Reate cta rte edo 1.478 676 E401 
(еавроопи ын па инв asss cubic meter (m?) edocet aee tarea t ete iter 4.928 922 E-06 
TEASPOON 25:55 eene daas Milliliter (ME) weier TR 4.928 922 Е+00 
tex kilogram per meter (kg/m) . 1.0 E-06 
therm (ЕС) re ee eh dene шет) is нй кирши بو وو‎ te net ttti deti oet 1.055 06 E408 
therm (USS) FP ы беки иелен карр ныд joule (J) a a ООЛО ОУ КО € 1.054 804 Е+08 
ton; assay (АЛ) oa n tate teo rn ныгый КИовгап (Ка) гааны cote инша ite pre Rege n vog tr fees 2.916 667 E-02 
ton; assay (AT) onte Bram (а HD PDT oda petes 2.916 667 E+01 
ton-force (2000 ЊЕ) ... ... newton (N) ....8.896 443 E+03 
ton-force (2000 Ibf) ............... seen kilonewton (KN) 526 оу одна ӨМ C нон ttes 8.896 443 Е+00 
ton, long (2240 Ib) ................ seen kilogram (Кр) oe tee ود‎ einer e ту ee AA 1.016 047 E403 
ton, long, per cubic yard ................ sss kilogram per cubic meter (kg/m?) .................. sse 1.328 939 Е-03 
ton, metric (t)..................................... tette kilogram-kg). ere ete Pe leet RR 1.0 E403 
tonne (called “metric ton" іп U.S.) (t) .................. kilogram (kg) ...... 2.1.0 Е+03 
ton of refrigeration (12 000 Btu,, /h) ................... watt (W) .......... ....3.516 853 E403 
ton of TNT (energy equivalent) ......................... joule (J) ٠ ...4.184 Е+09 
tori reglster эго лд сдан ыма лыны ayau cubic meter (m9) елок 000 604064606» 2.831 685 E400 
ton, short (2000 1b) ee ٠٧٠ kilogram (КӘ) ies eer eo Re Uere dn 9.071 847 Е-02 
ton, short, per cubic yard... sss kilogram per cubic meter (kg/m?) ....1.186 553 Е+03 
ton, short, per hour... seen kilogram per second (kg/s) ............ «2.519 958 E-01 
torr (Тог) ылады anaku e ede deep pascal (Ра) «4. sasa tetto tte ettet УНЫ 1.333 224 E402 
О КОЛУК УОЛ ООО О КОО ОС УЛ. међе (WD) НЕТТІ ТТТ 1.256 637 E-07 
watt hour (W • h) Jesse ШЕЛІ) ЕКОО ОЛСО ОУ ООО ОО ОСО д. 3.6 Е+03 
watt per square centimeter (W /ста?)..................... watt per square meter )0۷/( ٠‫///۳٠ 1.0 E+04 
watt per square inch (W /in?) watt per square meter (W/m?) ...... ....1.550 003 E403 
watt second (W +S) ............................ a. je К К ИНИ КОЛО ООО О С 1.0 Е+00 
yard (yd) «sees ннен ндер НИЕ méter (m) kaysa Q во у ер рекну 9.144 E-01 
year (365 days) ..... second (s) ..... 9.1536 Е+07 
year (sidereal) second (s) .. «49.155 815 E+07 
year (tropical) Second (S) сала ен a RR етно дете deli des 3.155 693 Е+07 


25 The therm (EC) is legally defined in the Council Directive of 20 December 1979, Council of the European Communities (now the European Union, EU). The therm (U.S.) is 
legally defined in the Federal Register of July 27, 1968. Although the therm (EC), which is based on the International Table Btu, is frequently used by engineers in the United 
States, the therm (U.S.) is the legal unit used by the U.S natural gas industry. 


26 Defined (not measured) value. 


CONVERSION OF TEMPERATURES 


From To 
Celsius Fahrenheit БРЕ = (9/5) t/°C + 32 
Kelvin T/K = t/°C + 273.15 
Rankine ТРК = (9/5) (t C + 273.15) 
Fahrenheit Celsius t/°C = (5/9) [(¢,/°F) - 32] 
Kelvin TIK = (5/9) [(t,/ F) - 32] + 273.15 
Rankine TI'R = t./°F + 459.67 
Kelvin Celsius t/'C = ТК - 273.15 
Rankine TFR = (9/5) ТК 
Rankine Fahrenheit — £,/'F = T/°R - 459.67 
Kelvin 1/1 = (5/9) TR 
Definition of symbols: 
Т = thermodynamic (absolute) temperature 
t = Celsius temperature (the symbol 0 is also used for Celsius temperature) 


t,- Fahrenheit temperature 


10° 
10° 
102 
105 
1018 
1001% 
امو مون 1 


Designation of Large Numbers 


U.S.A. Other countries 
million million 
billion milliard 
trillion billion 
quadrillion billiard 
quintillion trillion 
googol 
googolplex 
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CONVERSION FACTORS FOR ENERGY UNITS 


If greater accuracy is required, use the Energy Equivalents section of the Fundamental Physical Constants table. 


Wavenumber? Frequency у Energy E Energy E Energy E Molar energy E, Molar energy E. Temperature T 
стг! MHz ај eV E, kJ/mol kcal/mol K 
7:1 "و‎ =1 2.997925 x 10% 1.986447 x 10-5 1.239842 х 107" 4.556335 x 107 11.96266 x 10? 2.85914 x 10? 1.438769 
v: 1 MHz = 3.33564 х 10 1 6.626076 х 107 4.135669 x 10? 1.519830 x 1079 3.990313 x 10-7 9.53708 х10% 4.79922 x 10? 
Тај = 50341.1 1.509189 x 10° 1 6.241506 0.2293710 602.2137 143.9325 7.24292 x 10* 
E:leV — 8065.54 2.417988 x 10* 0.1602177 1 3.674931 x 10? 96.4853 23.0605 1.16045 x 10* 
E» — 219474.63 6.579684 x 10? 4.359748 27.2114 1 2625.500 627.510 3.15773 x 10° 
E :1 kJ/mol = 83.5935 2.506069 х 10° 1.660540 x 10? 1.036427 x 102 3.808798 x 10^ 1 0.239006 120.272 
lkcal| = 349.755 1.048539 x 107 6.947700 x 10? 4.336411 x 10? 1.593601 x 10% 4.184 1 503.217 
mol 
T: 1K = 0.695039 2.08367 х 10* 1.380658 х 107 8.61738 х 1055 3.16683 х 10% 8.31451 x 102 1.98722х10% 1 


Examples of the use of this table: 


1 aJ = 50341 ст“! 
1 eV = 96.4853 kJ mol! 


The symbol = should be read as meaning corresponds to or is equivalent to. 


Е = hv = hc? = KG E, = NE E, is the Hartree energy 
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CONVERSION FACTORS FOR PRESSURE UNITS 


Pa kPa 
Pa 1 0.001 
kPa 1000 1 
MPa 1000000 1000 
bar 100000 100 
atmos 101325 101.325 
Torr 133.322 0.133322 
umHg 0.133322 0.000133322 
psi 6894.757 6.894757 


МРа 

0.000001 
0.001 

1 

0.1 

0.101325 
0.000133322 
1.33322 х 107 
0.006894757 


bar 
0.00001 
0.01 

10 

1 

1.01325 
0.00133322 


atmos Torr 
9.8692 x 107 0.0075006 
0.0098692 7.5006 
9.8692 7500.6 
0.98692 750.06 

1 760 


0.00131579 1 


1.33322 х 10% 1.31579 x 10% 1 


0.06894757 


То convert a pressure value from a unit in the left hand column 
to a new unit, multiply the value by the factor appearing in the 


column for the new unit. For example: 


1 kPa = 9.8692 x 10? atmos 
1 Torr = 1.33322 x 10^ MPa 


0.068046 51.7151 


Notes: umHg is often referred to as "micron" 
Torr is essentially identical to mmHg 


umHg 
7.5006 
7500.6 
7500600 
750060 
760000 
1000 

1 
517151 


рѕі 
0.0001450377 
0.1450377 
145.0377 
14.50377 
14.69594 
0.01933672 
1.933672 x 75 
1 


psi is an abbreviation for the unit pound-force per square 


inch 


psia (as a term for a physical quantity) implies the true 


(absolute) pressure 


psig implies the true pressure minus the local atmospheric 


pressure 
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MULTIPLY | 
by 
appropriate 
factor to 
OBTAIN— 
Btu,, 

biter 
Віш in. 

ha ft? ер 
Btu, 
h^ ft? Фра 
Btu, in. 

h^ ft? Фра 
сайт 
5-1 ст“ 07 


cal, 


ст“ 07‏ او 
kcal,‏ 

hz 1207 
457 ст“ К 
W cm? К 
Wm" K^ 
mW ст“ K^ 
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CONVERSION FACTORS FOR THERMAL CONDUCTIVITY UNITS 


Btu, 
h^? ft! °F 


1 
8.33333х 107 
0.999331 

8.32776х107 
2.41909x10? 
2.41747х10? 


0.671520 
57.7789 
57.7789 
0.577789 
5.77789x10? 


Btu, in. 
hr ft? ер 


12 

1 

11.9920 
0.999331 
2.90291х103 
2.90096х103 


8.05824 
6.93347x10? 
6.93347x10? 
6.93347 
0.693347 


ВШ, 
h^ ft! °F 


1.00067 
8.33891x10? 
1 
8.33333x107 
2.42071x10? 
2.41909x10? 


0.671969 
57.8176 
57.8176 
0.578176 
5.78176x10? 


Btu, in. 
h” ft? *F? 


12.0080 
1.00067 

12 

1 
2.90485x10? 
2.90291х10% 


8.06363 
6.93811x10? 
6.93811x10? 
6.93811 
0.693811 


cal, 87 
em! °C" 


4.13379x10? 
3.44482x104 
4.13102x10? 
3.44252х10 
1 

0.999331 


2.77592x10% 
0.238846 
0.238846 
2.38846x10? 
2.38846x104 


cal, 87 
enr! °C" 


4.13656x10? 
3.44713x104 
4.13379х10% 
3.44482x10* 
1.00067 

1 


2.77778х10% 
0.239006 
0.239006 
2.39006x10? 
2.39006x104 


kcal, h 
m“ °C" 


1.48916 
0.124097 
1.48816 
0.124014 
3.60241х102 
3.6x10? 


1 

86.0421 
86.0421 
0.860421 
8.60421x10? 


4187 
ст“ К 


1.73073x107 
1.44228х103 
1.72958х10-2 
1.44131х10% 
4.1868 

4.184 


1.16222x107 


Wem? К! 
1.73073х10-2 
1.44228х105 
1.72958х10-2 
1.44131х10% 
4,1868 

4.184 


1.16222x107 


W т! К" 
1.73073 
0.144228 
1.72958 
0.144131 
4.1868х102 
4.184x102 
1.16222 
1x10? 
1x10? 


1 
0.1 


mW ст“ 
К! 


17.3073 
1.44228 
17.2958 
1.44131 
4.1868х103 
4.184x10° 
11.6222 
1x108 
1x108 


10 
1 


CONVERSION FACTORS FOR ELECTRICAL RESISTIVITY UNITS 


To convert FROM | 
multiply by appropriate 
factor to OBTAIN — 
abohm centimeter 
microohm centimeter 
ohm centimeter 
statohm centimeter (esu) 
ohm meter 
ohm circular mil per foot 
ohm inch 
ohm foot 


8.987 x 10” 
104 

1.662 x 10? 
2.54 x 10? 
3.048 x 10? 


106 

8.987 х 107 
108 

1.662 x 107 
2.54 x 10% 
3.048 x 107 


Ост 
10 
107 
1 
8.987 x 1011 
10? 
1.662 x 107 
2.54 
3.048 x 107! 


StatO cm 
1.113 x 10?! 
1.113 x 10-8 
1.113 x 10-2 
1 
1.113 x 1079 
1.850 x 1079 
2.827 х 10-2 
3.3924 x 107! 


Om 
10-11 
10° 
1 x 107 
8.987 х 10° 
1 
1.662 x 107 
2.54 x 107 
3.048 x 107! 


6.015 x 10? 
6.015 

6.015 x 10* 
5.406 x 10 
6.015 x 105 
1 

1.528 x 107 
1.833 x 10* 


Qin. 
3.937 x 1079 
3.937 x 107 
3.937 x 107! 
3.538 x 1011 
3.937 x 10! 
6.54 x 107 
1 
12 


© ft 
3.281 x 107: 
3.281 х 10° 
3.281 x 10° 
2.949 x 1070 
3.281 
5.45 x 10? 
8.3 x 10? 
1 
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CONVERSION FACTORS FOR CHEMICAL KINETICS 


Equivalent Second Order Rate Constants 


B cm? 
A cm? то ја ат? то دا‎ m? тог دا‎ molecule's! (тт Нв) 8 абт 8" ррт тип т?КМ 87 


1 ст? mol'!s!- 1 10? 10% 1.66 x 10? 1.604 х 109 T" 1.219x10?T! 2.453x10? 1.203 x10* T? 
1 dm? mol! 57 = 10? 1 10? 1.66 x 10?! 1.604 х 102 T" 12.19 T? 2.453 х 10° 1.203 x 107 Т! 
1 m? mol” s! = 106 109 1 1.66 x 1075 16.04 T 1.2219x10'T! 2.453x10? 12031" 

lcm? molecule !s!= 6.023x10? 6.023 x10? 6.023 x 107 1 9.658 х 108T! 7.34x10? T! 1478х109 7.244х 1097! 
1 (mm Нұ)! $ = 6.236 x 10'T 62.36 T 6236x10?T 1.035х10%7 1 760 4.56x10? 7.500 

1 айт 6? 82.06 Т 8.206 Х102Т 8.206х10°Т 1362х102Т  1316x10? 1 6x10? 9.869 x 10? 

1 ppm? тіп = 4.077 x 105 4.077 x 10° 407.7 6.76 x 10716 21.93 1.667 x 10* 1 164.5 


at 298 K, 1 atm 
total pressure 
1 m’kN's? = 8314 T 8.314 T 8.314x10°T 1.38x10? T 0.1333 101.325 6.079x 10% 1 


To convert a rate constant from one set of units A to a new set B find the conversion factor for the row A under column B and multiply 
the old value by it, e.g.. to convert cm? molecule" s! to m? mol" s+ multiply by 6.023 x 107. 
Table adapted from High Temperature Reaction Rate Data No. 5, The University, Leeds (1970). 


Equivalent Third Order Rate Constants 


B cm? 
A сте mol?s! | dm? mol's! те مو‎ 257 molecule?s! (тт Hg)?s' айп?! ppm?min! m‘kN?s? 


1 сте mol?s?!- 1 10% 1072 2.76 x 1075 2.57 x10" T? 148x10*T? 1.00310 1.477 x 10372 
1 dm‘ mol?s'! = 106 1 10% 2.76 x10? 2.57 x 10372 148 T? 1.003 х 1073 1.477 x10?T? 
1 m$ mol? 67- 10? 109 1 2.76 х 10% 257 T? 1.48 x108T? 1.003x107 1.477 x 10*Т? 
lcm molecule?s!- 3.62810" 3.628 x10“ 3.628 х 10» 1 9.328 х 107732 5.388 х 10872 3.64х10% 5.248 x 10°T? 
1(mmHg)?s!- 3.89 х 10° T? 3.89 х 10° T? 3.89 х10° 7T? 107х10%77 1 5.776 x 10° 346х109 56.25 
latm?s!- 6.733 х 10° T? 6.733x10? T? 6.733x10? T? 186х10“77 7. 1 6x10! 9.74 x 10° 

1 ppm? min?- 9.97 x 1078 9.97 x 10” 9.97 x 10° 2.75 x 102 2.89 x 10* 1.667 x 10” 1 1.623 x 106 


at 298K, 1 atm 
total pressure 
1 т! КМ 8 = 6.91х 10772 6.917 69.1 х 1057? 1.904 х 109 Т? 0.0178 1.027 x 10* 6.16 x 107 1 


From /. Phys. Chem. Ref. Data, 9, 470, 1980, by permission of the authors and the copyright owner, the American Institute of Physics. 
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CONVERSION FACTORS FOR IONIZING RADIATION 


Conversion Between SI and Other Units 


Symbols 
Symbol Expression — Special using Symbol for 
for insymbols namefor special Conventional conventional Value of conventional 
Quantity quantity Expression in SI units forSIunits Slunits names units unit unit in SI units 
Activity A 1 per second s! becquerel Bq curie Ci 37 x 10? Ва 
Absorbed dose D joule per kilogram J kg gray Gy rad rad 0.01 Gy 
Absorbed dose rate D joule per kilogram J kg” s~ Gys? rad rad 87 0.01 Gy st 
second 
Average energy per У јоше ] electronvolt eV 1.602 х 1079 J 
ion pair 
Dose equivalent H joule per kilogram J kg sievert Sv rem rem 0.01 Sv 
Dose equivalent H joule per kilogram J kg” s~ Svs rem рег second rem 51! 0.01 Sv s! 
rate second 
Electric current I ampere A ampere A 10A 
Electric potential U,V watt per ampere WA” volt V volt У 10V 
difference 
Exposure X coulomb per kilogram C kg“ roentgen R 2.58 x 10 C kg! 
Exposure rate x coulomb per kilogram C Ке! 5" roentgen Rs! 2.58 x 10" C kg! s! 
second 
Fluence $ 1 per meter squared m? 1 рег centimeter cm? 1.0 x 10* m? 
squared 
Fluence rate o 1 per meter squared وتوو‎ 1 per centimeter ст $! 1.0 x 10* m? کو‎ 
second squared second 
Kerma K joule per kilogram J kg gray Gy rad rad 0.01 Gy 
Kerma rate K joule per kilogram J kg s! Gys™  radpersecond rad s“ 0.01 Gy s! 
second 
Lineal energy y joule per meter Jm! kiloelectron volt keV шп“ 1.602 x 1079 J m^! 
per 
micrometer 
Linear energy L joule per meter Jm kiloelectron volt keV um! 1.602 х 1079 J тг! 
transfer per 
micrometer 
Mass attenuation Шр meter squared per m? Кр! centimeter cm? рг! 0.1 m? ко“ 
coefficient kilogram squared per 
gram 
Mass energy ш/р meter squared per т? kg? centimeter cm? 67! 0.1 m? kg! 
transfer coefficient kilogram squared per 
gram 
Mass energy M. fp ^ meter squared per m? kg" centimeter cm? рг! 0.1 m? kg? 
absorption kilogram squared per 
coefficient gram 
Mass stopping Sp joule meter squared J m? kg” MeV centimeter MeV сп? 5" 1.602 x 1078 J m? Ко“! 
power per kilogram squared per 
gram 
Power P joule per second Js? watt Ww watt Ww 10W 
Pressure p newton per meter Nm? pascal Pa torr torr (101325/760)Pa 
squared 
Radiation chemical G mole per joule mol J= molecules per molecules 1.04 x 107 mol J“ 
yield 100 electron (100 eV)! 
volts 
Specific energy 2 joule per kilogram (11 gray Gy rad rad 0.01 Gy 
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та 


20 
15 
10 
90 
80 
70 
60 
50 


mCi 
189. 
162. 
135. 
108. 
81. 
54. 
27. 
24. 
21.6 


МВа 
7000 
6000 
5000 
4000 
3000 
2000 
1000 
900 
800 


МВа 
7400 
5550 
3700 
3330 
2960 
2590 
2220 
1850 


0 
0 
0 


100 TBq (10" Ва) 
10 ТВа (10 Ва) 
1 ТВа (10? Ва) 
100 GBq (10" Ва) 
10 GBq (10" Bq) 
1 GBq (10° Ва) 
100 MBq (10° Bq) 
10 МВа (10' Bq) 
1 МВа (106 Bq) 


SI Units 
100 Gy (10? Gy) 
10 Gy (10! Gy) 
1 Gy (10° Gy) 
100 mGy (107! Gy) 
10 mGy (10? Gy) 
1 шбу (107 Gy) 


100 Sv (10? Sv) 
10 Sv (10! Sv) 

1 Sv (10? Sv) 

100 mSv (107! Sv) 
10 mSv (1072 Sv) 
1 mSv (10-3 Sv) 


Conversion Factors for Ionizing Radiation 


Conversion of Radioactivity Units from MBq to mCi and نک‎ 


МВа та 
700 18.9 
600 16.2 
500 13.5 
400 10.8 
300 81 
200 5.4 
100 2.7 
90 24 
80 2.16 


МВа та 
70 1.89 
60 1.62 
50 1.35 
40 1.08 
30 810 
20 540 
10 270 
9 240 
8 220 


МВа 


Ф © кю о ов «л оу мч 


бо ж 


mCi 


189 
162 
135 
108 
81 
54 
27 
24 
21.6 


Conversion of Radioactivity Units from mCi and uCi to MBq 


MBq mCi 
1480 
1110 
740 
370 
333 
296 
259 
222 


== ټم‎ оо = о сл 


MBq uCi 
185 1000 
148 900 
111 800 
74.0 700 
37.0 600 

500 
400 
300 


MBq 
37.0 
33.3 
29.6 
25.9 
22.2 
18.5 
14.8 
11.1 


Conversion of Radioactivity Units 


27 kCi (2.7 x 10? Ci) 
270 Gi (2.7 x 102 Ci) 
27 Gi (2.7 x 10! Ci) 

2.7 Gi (2.7 x 10° Ci) 
270 mCi (2.7 x 10-1 Ci) 
27 mCi (2.7 x 102 Ci) 
2.7 mCi (2.7 x 10? Ci) 
270 Ci (2.7 x 10 Ci) 
27 pCi (2.7 x 10 Ci) 


100 kBq (10° Bq) 
10 kBq (10* Bq) 

1 kBq (10° Ва) 
100 Bq (10? Bq) 
10 Ва (10! Bq) 

1 Bq (10° Bq) 

100 mBq (107! Bq) 
10 mBq (107 Ва) 
1 mBq (10? Ва) 


Conversion of Absorbed Dose Units 


Conventional 
10,000 rad (104 rad) 
1,000 rad (10? rad) 
100 rad (10? rad) 

10 rad (10! rad) 
1 rad (10? rad) 
100 mrad (107! rad) 


SI Units 


uci 
200 
100 
90 
80 
70 
60 
50 
40 


100 uGy (10-4 Gy) 


10 uGy (10 Gy) 
1 uGy (10 Gy) 


100 nGy (107 Gy) 


10 nGy )10 Gy) 
1 псу (10? Gy) 


Conversion of Dose Equivalent Units 


10,000 rem (104 rem) 
1,000 rem (10? rem) 
100 rem (10? rem) 

10 rem (10! rem) 

1 rem (10? rem) 

100 mrem (107! rem) 


100 uSv (10-4 Sv) 
10 uSv (107 Sv) 
1 uSv (107 Sv) 
100 п5у (107 Sv) 
10 п5у (10 8 Sv) 
1 nSv (10° Sv) 


MBq mCi 

0.7 18.9 

0.6 16.2 

0.5 13.5 

0.4 10.8 

0.3 8.1 

0.2 54 

0.1 2.7 

MBq uCi MBq 

74 30 111 
3.7 20 0.74 
3.33 10 0.37 
2.96 5 0.185 
2.59 0.074 
2.22 1 0.037 
1.85 
1.48 


2.7 uCi (2.7 х 10-*Ci) 
270 nCi (2.7 x 107 Ci) 
27 nCi (2.7 x 103 Ci) 
2.7 nCi (2.7 x 10? Ci) 
270 pCi (2.7 x 1079 Ci) 
27 pCi (27 x 10- Ci) 
2.7 pCi (2.7 х 10-2 Ci) 
270 ЕС! (2.7 х 10-3 Ci) 
27 fCi (2.7 х 107^ Ci) 


Conventional 
10 mrad (107 rad) 
1 mrad (10-3 rad) 
100 urad (107 rad) 
10 urad (107 rad) 
1 urad (107 rad) 
100 nrad (107 rad) 


10 mrem (10? rem) 
1 mrem (10? rem) 
100 prem (10-4 rem) 
10 urem (107 rem) 
1 urem (107 rem) 
100 nrem (107 rem) 


VALUES OF THE GAS CONSTANT IN DIFFERENT UNIT SYSTEMS 


In SI units the value of the gas constant, К, is: 1 torr (mm Hg) = 133.322 Pa [at 0°C] 
x ٨ Б а u 1 т Hg = 3386.38 Ра [at 0°C] 
= 8.314472 Рат? К" mol 1 = ° 
Sia TE ED lin H,O - 249.082 Pa [at TC] 
. о 1 ft H,O = 2988.98 Pa [at 4°C] 
= 0.08314472 bar L K! mol? 


This table gives the appropriate value of R for use in the ideal 
gas equation, PV = nRT, when the variables are expressed in other 
units. The following conversion factors for pressure units were 


Reference 


й 1 Mohr, Р. J., and Taylor, В. N., "The 2002 CODATA Recommended Values of 
used in generating the table: the Fundamental Physical Constants’, Rev. Mod. Phys. 77, 1, 2005. See also 


«http://physics.nist.gov/constants» 
1 айт = 101325 Pa P:// phy: g 


1 psi = 6894.757 Pa 


Units of V T, n Units of P 
У Т п КРа айп psi mmHg in Hg in H,O ft H,O 
ft? K mol 0.2936228 0.00289784. 0.0425864 2.20236 0.0867070 1.17881 0.0982351 
Ib-mol — 133.1851 1.31443 19.3168 998.973 39.3296 534.704 44.5587 
°R mol 0.1631238 0.00160990 0.0236591 1.22353 0.0481706 0.654900 0.0545751 
Ibmol 73.99170 0.730242 10.7316 554.984 21.8498 297.058 24.7548 
cm? K mol 8314.472 82.0574 1205.91 62363.8 2455.27 33380.4 2781.71 
Ibmol 3771381 37220.6 546993 282878000 1113690 15141100 1261760 
°R mol 4619.151 45.5875 669.951 34646.5 1364.03 18544.7 1545.39 
Ibmol 2095211 20678.1 303885 15715400 618717 8411730 700979 
L K mol 8.314472 0.0820574 1.20591 62.3638 2.45527 33.3804 2.78171 
Ib-mol 3771.381 37.2206 546.993 28287.8 1113.69 15141.1 1261.76 
°R mol 4.619151 0.0455875 0.669951 34.6465 1.36403 18.5447 1.54539 
Ib-mol 2095.211 20.6781 303.885 15715.4 618.717 8411.73 700.979 
m? K mol 0.008314472 0.0000820574 0.00120591 0.0623638 0.00245527 0.0333804 0.00278171 
Ib-mol 3.771381 0.0372206 0.546993 28.2878 1.11369 15.1411 1.26176 
°R mol 0.004619151 0.0000455875 0.000669951 0.0346465 0.00136403 0.0185447 0.00154539 
Ibmol 2.095211 0.0206781 0.303885 15.7154 0.618717 8.41173 0.700979 
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PERIODIC TABLE OF THE ELEMENTS 


1 2 -« New Notation » 13 14 15 16 17 
Group Previous IUPAC Form > ШВ IVB VB VIB VIIB 
IA ПА CAS Version > IIIA IVA VIIA 
1 2 
3 E 28 ٤ Key to Chart 
Atomic Number —— 50 +2|— Oxidation States 
Symbol ————» Sn ын 
6.941 9.012182 : : 
зд AD 2001 Atomic Weight — ——3» МЕЛІ Electron 
T -|12 p Configuration 13 15 
Na Mg Al ІР 
3 4 5 6 7 8 9 10 1 2 
22.989770 24.3050 ША <> IVA МА МА УПА УША IB HB 68 30.973761 
2-8-1 2-8-2 HIB IVB <>» VB VIB VIB ^ УШ ` IB ПВ 2-8-3 2-8-5 
19 +20 1 33122 1; 23 22 24 Е 25 22 26 = 27 E. 28 22 DO А 304 31 se 99 
K Ca Sc ІШ не миы TS Ee Co Ni Cu Zn Ga As 
45 +7 
39.0983 40.078 44.955910 |47.867 50.9415 |51.9961 54.938049 |55.845 58.933200 | 58.6934 63.546 65.409 69.723 74.92160 
-8-841 -8-8-2 -8-9-2 -8-10-2 23-1152 | ВЕ -8-13-2 -8-14-2 |-8-15-2 -8-16-2 :8:18:1 |68180 |54183 -8-18-5 
37 711138 %|39 +340 1 23 42 +6143 22 44 5 33146 32 47 +1148 349 8 21 2 ДЕ 
Rb Sr Pg Zr Nb Mo Tc 47/Ru Rh Pd Ag Cd In Sb 
85.4678 — 87.62 88.90585 |91.224 92.90638 |95.94 (98) 101.07 102.90550 |106.42 107.8682 ۱112411 658 121.760 126.90447 
-18-8-1 -18-8-2 -18-9-2 -18-10-2 |-18-12-1 |-18-13-1 |-18-13-2  |-18-15-1 |:18161 |-18-18-0  |-18-18-1 |-18-18-2 |-18-18-3 -18-18-5 -18-18-7 
55 +1156 421578 43172 +4473 +574 (56175 33 76 M ТІЛ) 2) 78 1 79 1 81 n 83 a 85 
Gs Ba La Hf Ta W Re = 47/Os Ir Bt Au TI Bi At 
132.90545 |137.327  |138.9055 |17849 180.9479 4 186.207 [190.23 192217 |195.078 — 55 204.3833 208.98038 (210) 
-18-8-1 -18-8-2 -18-9-2 32-102 1171172 | 32122 | 921802 32:42 5 |52452 32171 |32161 -32-18-3 -32-18-5 -32-18-7 
87 +1188 1218977 43104 +4| 105 106 107 108 109 10 111 112 
Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Uub 
(223) (226) Q27) (261) (262) (266) (264) (277) (268) (271) (272) (285) 
-18-8-1 -18-8-2 -18-9-2 -32:10:2/7 | уапы 2212 Емес» [530514-2 | 32152 2 
58 +3159 +3 | 60 +3 | 61 +3 | 62 +2 | 63 32164 +3| 65 +3 | 66 +3 | 67 +3| 68 +3 | 69 33170 42171 +3 
Се Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb "и 
* Lanthanides 
140.16 |140.90765 | 144.24  |(145) 150.36 151.964  |157 25 158.92534 |162.500 | 164.93032 |167.259 |168.93421 | 173.04 174.967 
-19-9-2 2182 220-000 | 25:50 -24-8-2 -25-8-2 |2590 -27-8-2 28-822 |-20-82. |-30-8-2 251520 | ао -32-9-2 -N-O-P 
90 1 +5192 ү 93 и 94 5 05 Е. 96 33197 23 98 +3199 +31100 1 2 102 22 103 +3 
** Actinides Th Pa ШІ 3 Мр + Pu 5 Ат 5 Ст ВК СЕ Es Fm Md No Tr 
232.0381 23103588 |238.02891|(237) | (244) (243) (247) (247) (251) (252) (257) (258) (259) (262) 
-18-10-2 |-20-9-2 221 97 || 22-9:2 -24-8-2 25-82 | 2500 -27-8-2 -28-8-2 |-29-8-2 |-30-8-2 3182 |-32-8-2 -32-8-3 -О-Р-О 


The new IUPAC format numbers the groups from 1 to 18. The previous IUPAC numbering system and the system used by Chemical Abstracts Service (CAS) are also shown. For radioactive 


elements that do not occur in nature, the mass number o 


References 


1. G. J. Leigh, Editor, Nomenclature of Inorganic Chemistry, Blackwell Scientific Publications, Oxford, 1990. 
2. Chemical and Engineering News, 63(5), 27, 1985. 
3. Atomic Weights of the Elements, 2001, Pure & Appl. Chem., 75, 1107, 2003. 


Metallic solids 


Non-metallic solids 
٧ Liquids 
аа Gases 


f the most stable isotope is given in parentheses. Elements 112, 114, and 116 have been reported but not confirmed. 


UNITS FOR MAGNETIC PROPERTIES 


Conversion 
Quantity Symbol Gaussian & cgs emu ^ factor, C^ SI & rationalized mks ° 
Magnetic flux density, magnetic 
induction B gauss (G) 4 104 tesla (Т), Wb/m? 
Magnetic flux o maxwell (Мх), G · cm? 10% weber (Wb), volt second (V · s) 
Magnetic potential difference, 
magnetomotive force ШЕ gilbert (Gb) 10/4 ampere (A) 
Magnetic field strength, 
magnetizing force H oersted (Ое), Gb/cm 10?/4n А/т/ 
(Volume) magnetization * M emu/cm?^ 10? А/ш 
(Volume) magnetization ам G 103/4п A/m 
Magnetic polarization, intensity 
of magnetization 7,4 emu/cm? Ап x 10% T, Wb/m?! 
(Mass) magnetization о, М emu/g 1 Алп Ке 
4n x 107 Wb-m/kg 
Magnetic moment m emu, erg/G 10° А-т? joule per tesla (J/T) 
Magnetic dipole moment j emu, erg/G Ап x 1079 Wb-mi 
(Volume) susceptibility XK dimensionless, emu/cm? 4п dimensionless 
(44) x 107 henry per meter (H/m), 
Wb/(A-m) 
(Mass) susceptibility X,K,  cm/g, emu/g Ап х 10? m?/kg 
(4n? x107?  H-m?/kg 
(Molar) susceptibility Xmor Kmo ©m*/mol, emu/mol Ап х 10% m?/mol 
(41)? x 1025. H-m?/mol 
Permeability 1 dimensionless 4n x 107 H/m, Wb/(A-m) 
Relative permeability u. not defined dimensionless 
(Volume) energy density, energy 
product * W erg/ícm° 101 J/m? 
Demagnetization factor D,N dimensionless 1/4п dimensionless 


- Gaussian units and cgs emu are the same for magnetic properties. The defining relation is B = H + 4nM. 

Multiply a number in Gaussian units by C to convert it to SI (e.g., 1 G x 10° Т/С = 10* T). 

SI (Systéme International d'Unités) has been adopted by the National Bureau of Standards. Where two conversion factors are given, 
the upper one is recognized under, or consistent with, SI and is based on the definition B = u (H + М), where u, = 4л x 107 H/m. The 
lower one is not recognized under SI and is based on the definition В = u, H + J, where the symbol Z is often used in place of J. 

1 gauss = 10° gamma (y). 

Both oersted and gauss are expressed as cm '12.g1/2.çs-1 in terms of base units. 

A/m was often expressed as "ampere-turn per meter" when used for magnetic field strength. 

* Magnetic moment per unit volume. 

- The designation “ети” is not a unit. 

` Recognized under SI, even though based on the definition В = uH + J. See footnote c. 

u, = ШН, = 1+% all in SI. p is equal to Gaussian u. 

В.Н and y, М.Н have SI units Ј/т?; М.Н and В-Н/4т have Gaussian units erg/cm?. 


= 


козо тоо А 6 


EU gu. uel 


R. B. Goldfarb and F. R. Fickett, U.S. Department of Commerce, National Bureau of Standards, Boulder, Colorado 
80303, March 1985, NBS Special Publication 696. For sale by the Superintendent of Documents, U.S. Government 
Printing Office, Washington, DC 20402. 
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SYMBOLS AND TERMINOLOGY FOR PHYSICAL AND CHEMICAL QUANTITIES 


The International Organization for Standardization (ISO), 
International Union of Pure and Applied Chemistry (IUPAC), and 
the International Union of Pure and Applied Physics (IUPAP) have 
jointly developed a set of recommended symbols for physical and 
chemical quantities. Consistent use of these recommended sym- 
bols helps assure unambiguous scientific communication. The list 
below is reprinted from Reference 1 with permission from IUPAC. 
Full details may be found in the following references: 


1. Ian Mills, Ed., Quantities, Units, and Symbols in Physical 
Chemistry, Blackwell Scientific Publications, Oxford, 
1988. 

2. Е. В. Cohenand P. Giacomo, Symbols, Units, Nomenclature, 
and Fundamental Constants in Physics, Document 
ТОРАР-25, 1987; also published in Physica, 146A 1-68, 
1987. 

3. ISO Standards Handbook 2: Units of Measurement, 
International Organization of Standardization, Geneva, 
1982. 


GENERAL RULES 


The value of a physical quantity is expressed as the product of a 
numerical value and a unit, e.g.: 


T-300K 
V = 26.2 сіп? 
С, = 45.3] mol! Kt 


The symbol for a physical quantity is always given in italic (slop- 
ing) type, while symbols for units are given in roman type. Column 
headings in tables and axis labels on graphs may conveniently be 
written as the physical quantity symbol divided by the unit sym- 
bol, e.g.: 


T/K 
V/cm? 
С/ J mol! K! 


The values in the table or graph axis are then pure numbers. 
Subscripts to symbols for physical quantities should be italic if the 
subscript refers to another physical quantity or to a number, e.g.: 


C, — heat capacity at constant pressure 
B, — nth virial coefficient 


Subscripts which have other meanings should be in roman type: 


m. — mass of the proton 
E, — kinetic energy 


The following tables give the recommended symbols for the ma- 
jor classes of physical and chemical quantities. The expression in 
the Definition column is given as an aid in identifying the quantity 
but is not necessarily the complete or unique definition. The SI 
Unit gives one (not necessarily unique) expression for the coherent 
SI unit for the quantity. Other equivalent unit expressions, includ- 
ing those which involve SI prefixes, may be used. 


Name Symbol Definition SI unit 
Space and Time 
cartesian space coordinates x, y, Z m 
spherical polar coordinates ЖТ) т, 1,1 
generalized coordinate 4, q, (varies) 
position vector r r = xi + yj + zk m 
length 1 m 

special symbols: 

height h 

breadth b 

thickness d, 8 

distance а 

radius r 

diameter d 

path length 5 

length of arc E 
area A, A, S m? 
volume У (v) m? 
plane angle а, В, у, Ө, $... a = 577 гад, 1 
solid angle о, (2 о = A/r 851 
time t 5 
period T T-tN s 
frequency v, f у= ИТ Hz 
circular frequency, angular frequency © @ = 2лу rad 57, s! 
characteristic time interval, relaxation time, 

time constant LT T = |dz/dinx| 5 
angular velocity о o= аф/Ш rad 87, 87 
velocity U, U, W, C, F. v = dr/dt ms! 


2-1 


2-2 


Symbols and Terminology for Physical and Chemical Quantities 

Name Symbol Definition SI unit 
speed U, U, W, C v = |v| т 57! 
acceleration a, (g) а = dv/dt ms? 
Classical Mechanics 
mass m kg 
reduced mass и и-тут,/(т,% m.) kg 
density, mass density p p=m/V kg m? 
relative density d d = p/p 1 
surface density Py Ps p, = M/A kg m? 
specific volume U о = V/m = Ир т? Кет! 
momentum Р р=ту Кот 57, 
angular momentum, action L L-rxp Js 
moment of inertia LJ I-Xmr? kgm? 
force F F - dp/dt - ma N 
torque, moment of a force T, (M) T-rxF Nm 
energy E J 
potential energy Е,У,Ф E = fF. ds J 
kinetic energy E, ول‎ K E, = 1/2ту? J 
work Ww W = ЈЕ · ds J 
Hamilton function H На, p) = T (g, p) + Ма) J 
Lagrange function L Ца, а) = T (а, qd) - V (a) J 
pressure p P p = FA Ра, Мт 
surface tension ус у = dW/dA Мт“, ] m 2 
weight G, (W, P) G = mg N 
gravitational constant G F= Ст, myr N m° kg 2 
normal stress с с = F/A Ра 
shear stress T r= F/A Ра 
linear strain, relative elongation ге є = АЛ 1 
modulus of elasticity, Young's modulus E Е = o/€ Ра 
shear strain y у = Ax/d 1 
shear modulus G С=т/у Ра 
volume strain, bulk strain 0 0 = AVV, 1 
bulk modulus, compression modulus K К = - V(dp/dV) Ра 
viscosity, dynamic viscosity ти T, = (dv /dz) Ра$ 
fluidity ф Ф = 171 т Ке 5 
kinematic viscosity ۷ (253777) 2 57! 
friction coefficient и, (f) Еа = ИР, 1 
ромег Р P = dW/dt Ww 
sound energy flux ВР. P = dE/dt Ww 
acoustic factors 

reflection factor р р = Р/Р, 1 

acoustic absorption factor а; (a) a -1-p 1 

transmission factor T т-Р/Р, 1 

dissipation factor ó б-а,-т 1 
Electricity апа Magnetism 
quantity of electricity, electric charge Q C 
charge density p p-Q/V Cm? 
surface charge density с o= Q/A Cm? 
electric potential Vo V = 4W/dQ УС" 
electric potential difference И, ДУ, Аф لما‎ Ү,- V, М 
electromotive force E E = f(E/Q) · ds V 
electric field strength E Е = FQ = - grad V Vm! 
electric flux v V - fD .dA C 
electric displacement D D = برع‎ Ст? 
capacitance C C=QU ЕСУ" 
permittivity ٤ Р” = Е Fm! 
permittivity of vacuum E, E,=Uy Cy” Fm’? 
relative permittivity =, Е, = Е/Е, 1 
dielectric polarization (dipole moment per P P= 1-7 Cm? 

volume) 
electric susceptibility X, Х.==-1 1 
electric dipole moment ри р= Ог Ст 
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Symbols and Terminology for Physical and Chemical Quantities 

Name Symbol Definition SI unit 
electric current 1 I= dQ/dt A 
electric current density iJ I= 4 Am? 
magnetic flux density, magnetic induction B F-QvxB T 
magnetic flux Ф Ф = [B.dA Ата? 
magnetic field strength H B-uH Am? 
permeability и B-uH N A”, Нит“ 
permeability of vacuum Ho Hm" 
relative permeability и, И, = M, 1 
magnetization (magnetic dipole moment 

per volume) M M-B/u-H Ат“ 
magnetic susceptibility X к, x) Х=й,-1 1 
molar magnetic susceptibility 28 Xn = VX m? mol! 
magnetic dipole moment т, и E--m.B Am?JT- 
electrical resistance R К= ИЛ O 
conductance G а = 1⁄R S 
loss angle 6 б = (n/2) + 6,- 6, 1, rad 
reactance X X = (U/I)sin ۵ O 
impedance (complex impedance) z Z=R+iX Q 
admittance (complex admittance) Y У= 1/7 5 
susceptance B Y=G+iB 5 
resistivity p p = Ej От 
conductivity K, y, G к= ١ Sm! 
self—inductance 1, E= - L(dl/dt) H 
mutual inductance M,L,, E, = L, (dI, /dt) H 
magnetic vector potential A В= УхА Wb m~ 
Poynting vector S S-ExH W m? 
Quantum Mechanics 
momentum operator Ё p=-ihV m'Js 
kinetic energy operator T T = —(h2/2m) V? J 
Hamiltonian operator H H=T+V J 
wavefunction, state function Хуф Hy = Ey (m???) 
probability density P Р=у*у (m?) 
charge density of electrons p р -- ер (С m?) 
probability current density S 5 = - ih(y* Vy — y Vy*)2m, (m^? s?) 
electric current density of electrons j j= - eS (А m?) 
matrix element of operator А А, (A|) A, = fy Ау дт (varies) 
expectation value of operator À (А), А (А) = Аат (varies) 
hermitian conjugate of À At (4), = (А, 2 (уагіев) 
commutator of А апа В ГА, В },[А, B 3 ЈА B 1-А В-ВА (уагіев) 
anticommutator ГА, B 1, [А, B 1, -АВ + BÀ (varies) 
spin wavefunction a; В 1 
coulomb integral Н,, Н,-Лу,“Нұ,ат ) 
resonance integral На Hy = fv "Hy dr J 
overlap integral Sis Зв = JV, рт 1 
Atoms and Molecules 
nucleon number, mass number A 1 
proton number, atomic number 2 1 
neutron number N N-A-Z 1 
electron rest mass m, kg 
mass of atom, atomic mass m,m kg 
atomic mass constant т, т, = m (?C)A2 kg 
mass excess A А = т,— Ат, kg 
elementary charge, proton charge e С 
Planck constant h Js 
Planck constant/27 h h = h/2n Js 
Bohr radius 4, а, = Ane h/m e m 
Hartree energy E, E -h/ma? J 
Rydberg constant R. К = E/2hc т! 
fine structure constant a а = e^/4ne hc 1 


2-4 Symbols and Terminology for Physical and Chemical Quantities 
Name Symbol Definition SI unit 
ionization energy E, J 
electron affinity E. J 
dissociation energy E, D J 

from the ground state D, J 

from the potential minimum D, J 
principal quantum number (H atom) n Ez-hcR/m 1 
angular momentum quantum numbers see under Spectroscopy 
magnetic dipole moment of a molecule ти E--m.B JT 
magnetizability of a molecule Š т = £B Шы: 
Bohr magneton Ив и = eh/2m Ші 
nuclear magneton Hy из = (m/m ut, JT! 
magnetogyric ratio (gyromagnetic ratio) у y-wL C kg“ 
g factor g 1 
Larmor circular frequency о, ©, = (e/2m)B s! 
Larmor frequency v, v, = 0/27 Hz 
longitudinal relaxation time Т, 5 
transverse relaxation time Т; 5 
electric dipole moment of a molecule bu E--p:E Cm 
quadrupole moment of a molecule Q;O Е, = 1/20: V” = 1/30: У" Cm 
quadrupole moment of a nucleus eQ eQ - 2۰ (0,„) Cm 
electric field gradient tensor q q,, = - 97У/дадВ Vm? 
quadrupole interaction energy tensor X Xap = eQq,, J 
electric polarizability of a molecule a p (induced) -аЕ Cm ۰ 
activity (of a radioactive substance) A А = - dNydt Bq 
decay (rate) constant, disintegration (rate) 

constant À А = уМ, کي‎ 
half life ty Туз 5 
mean life T 5 
level width Г I-h/r J 
disintegration energy Q J 
cross section (of a nuclear reaction) G m2 
Spectroscopy 
total term T T -E,/hc m?! 
transition wavenumber V (v) Verr m! 
transition frequency v у=(Е' - E”)/h Hz 
electronic term T T. = E/hc nm! 
vibrational term G а = Е | /hc m! 
rotational term F Е-Е she m?! 
spin orbit coupling constant A T =A( L. $) m? 
principal moments of inertia Lib. I SII. kg m? 
rotational constants, 

in wavenumber А;В;С А= Лл/8л2с1, тг! 

in frequency A; В; С А = hwl, Hz 
inertial defect A AzI.-I,-I, kg m? 
asymmetry parameter K (2B- A- C) 1 

= асс) 

centrifugal distortion constants, 

S reduction Dj D Dy; d;d, m! 

А reduction A;A Ag 6; б, m! 
harmonic vibration wavenumber о Q, m! 
vibrational anharmonicity constant 0X, X, 5g, m! 
vibrational quantum numbers 241, 1 
Coriolis zeta constant Co 1 
angular momentum quantum numbers see additional information below 
degeneracy, statistical weight gd p 1 
electric dipole moment of a molecule bu E--p:E Cm 
transition dipole moment of a molecule M,R M = fy 47 Cm 
molecular geometry, interatomic distances, 

equilibrium distance r, m 

zero—point average distance r m 


Symbols and Terminology for Physical and Chemical Quantities 
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Name Symbol Definition SI unit 
ground state distance E, m 
substitution structure distance r, m 

vibrational coordinates, 
internal coordinates К,Р, Ө, еїс. (varies) 
symmetry coordinates S, (varies) 
normal coordinates 

mass adjusted Q. kg!? m 
dimensionless 4. 1 
vibrational force constants, 
diatomic f (k) Ј= Ә?ҮУ/д?? J m>? 
polyatomic, 
internal coordinates f, dj = o? V/ar or, (varies) 
symmetry coordinates Е, Е, = 97//05,05, (varies) 
dimensionless normal coordinates Фф. Қ. тг! 

nuclear magnetic resonance (ММК), 
magnetogyric ratio y y = u/Ih C kg 
shielding constant с, B,=(1-0,)B 1 
chemical shift, ó scale 6 Ó = 10%у — v/v, 1 
(indirect) spin—spin coupling constant Је НИЛ = J لل‎ Hz 
direct (dipolar) coupling constant Di. Hz 

longitudinal relaxation time Т, 8 

transverse relaxation time T, 5 

electron spin resonance, electron 

paramagnetic resonance (ESR, EPR), 
magnetogyric ratio y y = u/sh C kg“ 
factor [4 ћу = gu,B 1 
hyperfine coupling constant, 

in liquids а, А H,,,/h -a$.Í Hz 

in solids T T / =5.Т.1 Hz 

Quantum number symbol 
Angular momentum Operator symbol Total Z-axis z-axis 

electron orbital L L M, А 
one electron only i 1 т, À 

electron spin Š 5 М, > 
one electron only 8 5 т, с 

electron orbital + spin L +Š O=A+> 
nuclear orbital (rotational) R R Ky kp 

nuclear spin 1 M, 

internal vibrational 
spherical top i 11119 К, 
other $ т 140 

sum of R + L(+ j) N N Kk 

sum of N + 5 j J M, Kk 

sum of J + 1 Ё F M, 

Electromagnetic Radiation 

Name Symbol Definition SI unit 

wavelength À m 

speed of light 
in vacuum C, ms! 
їп а medium с с = суп ms! 

wavenumber in vacuum 9 ВЕ v/c, = I/nÀ m! 
wavenumber (in a medium) G а-1/ m! 
frequency v v = сл Hz 
circular frequency, pulsatance © @ = 2лу )ولو‎ 7! 
refractive index n п = сус 1 
Planck constant h Js 


2-6 Symbols and Terminology for Physical and Chemical Quantities 


Name Symbol Definition SI unit 
Planck constant/2x h h=h/2n Js 
radiant energy QW J 
radiant energy density p, w p-Q/V Jm 
spectral radiant energy density 

in terms of frequency р W, p = dp/dv Jm ° Hz" 

in terms of wavenumber Py w, p; = dp / di Jm 2 

in terms of wavelength Ру W р, = 4р/ал Jm* 


Einstein transition probabilities 


spontaneous emission А dN /dt = – А „М, s 

stimulated emission В. dN /dt = - p Pam) х В „М, $ Ке! 

stimulated absorption Ви dN /dt = – p (Vs) B „М, s Ко! 
radiant power, radiant energy per time ФР Ф - dQ/dt Ww 
radiant intensity I 1-4Ф/40 W sr! 
radiant exitance (emitted radiant flux) M M = аАФЛАА. «e W m? 
irradiance, (radiant flux received) E, (I) E= АФ/АА W m? 
emittance ٤ == M/M,, 1 
Stefan—Boltzmann constant с My = oT* МУ m>”? K+ 
first radiation constant с, с, 27 Wm 
second radiation constant 6; c, = hc /k Km 
transmittance, transmission factor ЂЕ т= Ф, /Ф, 1 
absorptance, absorption factor a а-Ф,/Ф, 1 
reflectance, reflection factor p р-Ф,4/Ф, 1 
(decadic) absorbance A A = -lg(1 — a) 1 
napierian absorbance B B = -In(1- z) 1 
absorption coefficient 

(linear) decadic a, K a= A/l т! 

(linear) napierian a а = B/l m! 

molar (decadic) € € = а/с = A/cl m? mol 

molar napierian K к = а/с = B/cl m? тој“! 
absorption index k k = 0/47? 1 
complex refractive index ñ ñ =n +ik 1 
molar refraction R, R = (2 -1) m? mol"! 

(и +2) " 

angle of optical rotation a 1, rad 
Solid State 
lattice vector RR, m 
fundamental translation vectors for the а, a; b; c К = па, +п,а,+п,а, m 

crystal lattice 
(circular) reciprocal lattice vector G С.К=2лт т! 
(circular) fundamental translation vectors bb, b, a% b% с® а, b, = 2лб„ m^ 

for the reciprocal lattice 
lattice plane spacing d m 
Bragg angle 0 nÀ - 2d sin 0 1, rad 
order of reflection 1 
order parameters 

short range с 1 

long range 5 1 
Burgers vector b m 
particle position vector ЂЕ, m 
equilibrium position vector of an ion R, m 
displacement vector of an ion u u-R-R, m 
Debye- Waller factor B,D 1 
Debye circular wavenumber 4, m?! 
Debye circular frequency Op s! 
Grüneisen parameter yT у = ау/КС, 1 

2 
Madelung constant به‎ М وي‎ = SN sz e. 1 
АЕ R, 

density of states N, М, = dN(E)/dE m4 
(spectral) density of vibrational modes Ng N, = dN(o)/do sm? 
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Symbols and Terminology for Physical and Chemical Quantities 

Name Symbol Definition SI unit 
resistivity tensor P Е=р.ј От 
conductivity tensor 27 o=p" Smt 
thermal conductivity tensor Ла Д=-Л. grad T W mK’ 
residual resistivity Pr От 
relaxation time T r= Ио, 5 
Lorenz coefficient L L-AMoT VK? 
Hall coefficient Ар Ка E=p:j+ R (B x j) т? С" 
thermoelectric force ЈЕ. № 
Peltier coefficient П У 
Thomson coefficient и, (т) VK! 
work function Ф Ф-Е-Е, ) 
number density, number concentration n, (p) m? 
gap energy E, J 
donor ionization energy E, J 
acceptor ionization energy E, J 
Fermi energy Ep Бр ] 
circular wave vector, propagation vector Ка К = 2л/А m? 
Bloch function u (r) y(r) = и (r) exp(ik - r) m^ 
charge density of electrons p p(r) = — ew*(r)w(r) Cm? 
effective mass m* kg 
mobility и H = U E m? Vs! 
mobility ratio b د‎ 1 
diffusion coefficient D dN/dt = – DA(dn/dx) т2 57! 
diffusion length L 1-4/рт m 
characteristic (Weiss) temperature 0,0, К 
Curie temperature T K 
Néel temperature T. K 
Statistical Thermodynamics 
number of entities N 1 
number density of entities, number 

concentration и, С п= МУ m^? 
Avogadro constant LN, mol 
Boltzmann constant kk, JK? 
gas constant (molar) R R=Lk ЈК mol! 
molecular position vector r (x, y, z) m 
molecular velocity vector с(с., с, с) ши, и» и,) с = dr/dt ms! 
molecular momentum vector р(р,, Py bj p = тс kg m 5" 
velocity distribution function (Maxwell) fe) fc) = (m/2nkT)'? x exp ms 

)- ?/2kT) 

speed distribution function (Maxwell- Ес) = (m/2nkT)? x 4nc'exp 

Boltzmann) F(c) (- mc?/2kT) m's 
average speed с,и, (c) (и) с = ЈсЕ(с)іс ms 
generalized coordinate 4 (m) 
generalized momentum Р р = 9L/0q (kg m s!) 
volume in phase space Q О = (I/h)fpdq 1 
probability Р 1 
statistical weight, degeneracy 6а, W, o, p 1 
density of states Р(Е) p(E) = dN/dE | 
partition function, sum over states, 

for a single molecule 22 4- У giexp( -е,/КТ) 1 

for a canonical ensemble (system, or 

assembly) QZ 1 
microcanonical ensemble Q 1 
grand (canonical ensemble) E 1 
symmetry number 65 1 
reciprocal temperature parameter В В = 1/КТ р 
characteristic temperature © K 
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Symbols and Terminology for Physical and Chemical Quantities 

Name Symbol Definition SI unit 
General Chemistry 
number of entities (e.g. molecules, atoms, N 1 

ions, formula units) 
amount (of substance) n n, = N,/L mol 
Avogadro constant LN, mol 
mass of atom, atomic mass m,m kg 
mass of entity (molecule, or formula unit) ту m kg 
atomic mass constant т, m, = m (?C)A2 kg 
molar mass M M, = т/п, kg mol 
relative molecular mass (relative molar М, М,.,-т,/т, 1 

mass, molecular weight) 
molar volume LA Vap = У/т, m? mol"! 
mass fraction w w, لت سي‎ 1 
volume fraction $ Pp = V,/XV, 1 
mole fraction, amount fraction, number 

fraction ху х= п/п, 1 
(total) pressure pP Pa 
partial pressure Рь Py = Ур Pa 
mass concentration (mass density) yp y, ЊУ kg m? 
number concentration, number density of 

entities Cn C,=N,/V m^? 
amount concentration, concentration с C, = H, /V mol m? 
solubility 5 5, = С, (saturated solution) mol m? 
molality (of a solute) m, (b) ту = путу mol kg"! 
surface concentration Г T, = n /A mol m? 
stoichiometric number v 1 
extent of reaction, advancement € Ag = Any/V, mol 
degree of dissociation a 1 
Chemical Thermodynamics 
heat 20 1 
work w, W J 
internal energy u ДИ = д+ ۷ J 
enthalpy H H=U+pV J 
thermodynamic temperature T K 
Celsius temperature 0: O/C = ТК - 273.15 °С 
entropy S dS > dg/T JK? 
Helmholtz energy, (Helmholtz function) A A=U-TS J 
Gibbs energy, (Gibbs function) G G=H-TS J 
Massieu function J 1=-=А/Т JK? 
Planck function Y Y=- G/T Jk? 
surface tension ус у-(да/дА), , Пт, М! 
molar quantity X X. Х = Xn (varies) 
specific quantity X x x = X/m (varies) 
pressure coefficient В В = (др/дТ ју Рак“ 
relative pressure coefficient а, а, = (1/p)(0p/0T),, KI 
compressibility, 

isothermal к, к,--(1//)0У/әр), Pa? 

isentropic к; K, = — (1/V)(0 V/0p), Pa? 
linear expansion coefficient a, a, = (1/)(91/9Т) ко 
cubic expansion coefficient аа») а-( 1/У)(ӘУ/ӘТ), к" 
heat capacity, 

at constant pressure C, C, = (‹ 9H/9T), Jk 

at constant volume С, C, = (9И/9Т), JK? 
ratio of heat capacities у (к) у= C/C, 1 
Joule- Thomson coefficient Ms Шт и = (0Т/9р), К Ра" 
second virial coefficient B РУ, = ВТА + В/У, +...) m? mol"! 
compression factor (compressibility factor) Z 2-۷ /RT 1 
partial molar quantity X Xy (X;) X, = (9Х/дп, 2, е (varies) 
chemical potential (partial molar Gibbs и us = (дС/дпь) т, P J mol? 

energy) 
absolute activity À À, = exp (и,/КТ) 1 


Symbols and Terminology for Physical and Chemical Quantities 


Name Symbol Definition SI unit 
standard chemical potential и?, и J mol? 
standard partial molar enthalpy Ht Hj =y + TS,° J тог! 
standard partial molar entropy Sy 5, = – (Ou, 791), Jmol? К" 
standard reaction Gibbs energy (function) АС” А,6°= Улы” J mol 

r B 
affinity of reaction A, (Z) А--(96/0,,- к? Узв J тој 
standard reaction enthalpy AH AH = Ул, ну J mol 
standard reaction entropy AS 4,8 = 25 Jmol! К! 
equilibrium constant KK K = ехр(- AG /RT) 1 


equilibrium constant, 


pressure basis K, К,- Ils Ра” 
B 
concentration basis K, К. = ПЕ" (mol 1-3) 
B 
А ; К = I! Vg EN 
molality basis K, m ту (mol ко“ )> 
B 
fugacity KP А-% Rm (ps Ihe )r Pa 
fugacity coefficient $ Ф-Л/Рр, 1 
i Ma — He * 1 
activity and activity coefficient referenced to a, = ы 
Raoult's law, (relative) activity RE 
activity coefficient f f, = a /xs 1 
activities and activity coefficients referenced 
to Henry’s law, (relative) activity, 
molality basis a = 1 
y » "" Б нь | 
” КТ 
concentration basis а, а,в = exp = 1 
: RT 
А " = Hs = Ив” 
mole fraction basis 4. а,в = ехр RT 1 
activity coefficient, 
molality basis Y, а в Увы" у 1 
concentration basis Y, 4. s 7 Y, с/с" 1 
mole fraction basis Y, а p= У, вв 1 
ionic strength, 
molality basis 1 I نارو‎ 2," mol Ке“ 
concentration basis I, I = 6 Xy mol m 
osmotic coefficient, 
molality basis $, ф = (и-и, МКТМ Em) 1 
mole fraction basis $, @ = (и-и, ЕТ ах) 1 
II = c ВТ (ideal dilute 
osmotic pressure П solution) Pa 


(5) Symbols used as subscripts to denote a chemical process or reaction 
These symbols should be printed in roman (upright) type, without a full stop (period). 


vaporization, evaporation (liquid — gas) vap 
sublimation (solid — gas) sub 
melting, fusion (solid — liquid) fus 
transition (between two phases) trs 
mixing of fluids mix 
solution (of solute in solvent) sol 
dilution (of a solution) dil 
adsorption ads 
displacement dpl 


immersion imm 
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Symbols and Terminology for Physical and Chemical Quantities 
Name Symbol Definition SI unit 
reaction in general r 
atomization at 
combustion reaction с 
formation reaction f 
(ii) Recommended superscripts 
standard e, s 
pure substance * 
infinite dilution oo 
ideal id 
activated complex, transition state t 
excess quantity B 
Chemical Kinetics 
rate of change of quantity X X X = dX/dt (varies) 
rate of conversion 3 6 = дела mol $7! 
rate of concentration change (due to 
chemical reaction) А r, = 4с,/Ш mol ms 
rate of reaction (based on amount 1 
concentration) у у= &v- уу dc/dt mol m? 67! 
partial order of reaction п, v = КПсүв 1 
overall order of reaction n n-Xn, 1 
rate constant, rate coefficient k v = КПс,"в (mol! m?)^-! s! 
Boltzmann constant kk, Jk? 
half life Ён c(t.) = c /2 s 
relaxation time т r= ИК +k) s 
energy of activation, activation energy E, E E = RT’ dln Кат Jmol? 
pre-exponential factor A k = A ехр(– E,/RT) (mol! т2)"-! s! 
volume of activation AV ДУ = – RT x (oln (Әр), m? mol"! 
collision diameter d dj 7r, +7, m 
collision cross-section с ба-ла, m? 
collision frequency 2, s! 
collision number 2,, Zan ms? 
collision frequency factor Е Zap = Z, ٥ m? mol"! 57! 
standard enthalpy of activation AH ©, AH' J тог! 
standard entropy of activation #57, ASt J mol? К 
standard Gibbs energy of activation A'G ۶, AG* J тог! 
quantum yield, photochemical yield ф 1 
Electrochemistry 
elementary charge (proton charge) e C 
Faraday constant F F-eL C mol* 
charge number of an ion 2 Z, = Qe 1 
ionic strength 1,1 І-%Хс2) mol m? 
mean ionic activity а, a = тулт“ 1. 
mean ionic molality т, mr = m "то mol Ке“ 
mean ionic activity coefficient Y. yt e уу 1 
charge number of electrochemical cell n, (z) 1 
reaction 
electric potential difference (of a galvanic АМЕН AV=V,-V, V 
cell) 
emf, electromotive force E E -lim AV V 
1-0 
standard emf, standard potential of the EC Е? = -AG^/nF- 
electrochemical cell reaction (RT/nF)]n K ° V 
standard electrode potential Е? У 
emf of the cell, potential of the ЈЕ: Е-Е? - (КТЛЕ) x Xv]n a, у 
electrochemical cell reaction 
pH pH ан?) 1 
pes 28 
inner electric potential $ Үф = -E У 
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Name Symbol Definition SI unit 
outer electric potential y y = О/Але у У 
surface electric potential X Х-%Ф-у у 
Galvani potential difference Дф Дф = qf — کې‎ У 
volta potential difference Ay A fy = ye — у“ V 
electrochemical potential ph р в. = (0G/on,") Jmol? 
electric current I I= dQ/dt A 
(electric) current density j ј= ГА Am? 
(surface) charge density G о = Q/A Cm? 

k. P I, /(пЕА] | c") 
electrode reaction rate constant k i (varies) 
mass transfer coefficient, diffusion rate 
constant k. ku = [УД /ИЕСА ms? 
thickness of diffusion layer 6 6, = рКа m 
transfer coefficient (electrochemical) a а, = ли 4 аа 1 
nF дЕ 
overpotential 1 й=Е,-Е,_„—1К, у 
electrokinetic potential (zeta potential) [4 У 
conductivity к, (о) к-//Е Sm 
conductivity cell constant Ku Ка = КК m? 
molar conductivity (of an electrolyte) A A, = к/с, $ m? mol"? 
ionic conductivity, molar conductivity of an 
ion À Ла = || Fu, S m? mol"? 

electric mobility и, (и) uy = V,/E m? Уг 5-1 
transport number t د‎ 1 
reciprocal radius of ionic atmosphere K к = (2Е1/®КТ)'? m? 
Colloid and Surface Chemistry 
specific surface area а, 4,8 а= A/m m? kg” 
surface amount of B, adsorbed amount of B nj, ny mol 
surface excess of B ny mol 
surface excess concentration of B Г, (Г,) Г,-п,А mol m? 
total surface excess concentration Г, (Г°) Г= > Г, mol m? 
area per molecule а, G a, = A/N, m2 
area per molecule in a filled monolayer а,,6, а ав = А/М в m? 
surface coverage Ө 9 = М,УМ,, 1 
contact angle 0 1, rad 
film thickness t, h, ó m 
thickness of (surface or interfacial) layer + 0,1 m 
surface tension, interfacial tension ус у =(0G/0A, 22, N m, J m>? 
film tension 5, x, = 2y, Nm! 
reciprocal thickness of the double layer K к = [2F'I/eRT] ? m! 
average molar masses 

number-average M, M, = Zn M/£n, kg mol" 

mass—average M, M, = Xn М?/Уи М, kg тој“ 

7—ауегаве M, M, = En М2/Хи М2 kg тој“ 
sedimentation coefficient 5 s= v/a s 
van der Waals constant А J 
retarded van der Waals constant В, В ] 
van der Waals—Hamaker constant А, 1 
surface pressure л“ л л*= у-у Nm! 
Transport Properties 
flux (of a quantity X) Јој Ј = A^ dX/dt (varies) 
volume flow rate dy V а, = dV/dt т? 57! 
mass flow rate 4 т q, = dm/dt kg s! 
mass transfer coefficient К, ms! 
heat flow rate $ ф = dq/dt w 
heat flux 7: 7, = Ф/А W m? 
thermal conductance G G-9/AT WK! 
thermal resistance R R = 1⁄G kW" 


2-12 Symbols and Terminology for Physical and Chemical Quantities 


Name Symbol Definition SI unit 
thermal conductivity АК А= 7/(4т/41) W m? K? 
coefficient of heat transfer h, (k, K, а) h= Л/А I W کو‎ 
thermal diffusivity a а = Аре, 2 57! 
diffusion coefficient D D =] /(dc/d) т2 57! 


The following symbols are used in the definitions of the dimensionless quantities: mass (m), time (t), volume (V), area (А), den- 
sity (p), speed (v), length (/), viscosity (m), pressure (p), acceleration of free fall (g), cubic expansion coefficient (0), temperature 
(T), surface tension (y), speed of sound (c), mean free path (A), frequency (f), thermal diffusivity (a), coefficient of heat transfer (Л), 
thermal conductivity (K), specific heat capacity at constant pressure (с, diffusion coefficient (D), mole fraction (x), mass transfer 
coefficient (К), permeability (1), electric conductivity (к), and magnetic flux density (В). 


Name Symbol Definition SI unit 
Reynolds number Re Re = pvl/y 1 
Euler number Eu Би = Ap/pv? 1 
Froude number Fr Fr = w(Ig)? 1 
Grashof number Gr Gr = PgaATp?Ap 1 
Weber number We We = руЧ/у 1 
Mach number Ma Ma - v/c 1 
Knudsen number Kn Ки = MI 1 
Strouhal number Sr Sr = ٧ 1 
Fourier number Fo Fo = at/P 1 
Péclet number Pe Pe - vl/a 1 
Rayleigh number Ra Ra = PgaATp/ya 1 
Nusselt number Nu Nu = Кук 1 
Stanton number St St = h/pve, 1 
Fourier number for mass transfer Fo* Бо“ = РЫР 1 
Péclet number for mass transfer Ре“ Ре“ = vI/D 1 
Grashof number for mass transfer Gr* Gr* = Ë g | æ) (=) 1 
ax r N N 
Nusselt number for mass transfer Ми» Ми“ = КИР 1 
Stanton number for mass transfer St* St*- یوي‎ 1 
Prandtl number Pr Pr = n/pa 1 
Schmidt number Sc Sc = у/рр 1 
Lewis number Le Le = a/D 1 
magnetic Reynolds number Кт, Re, Кт = vaxl 1 
Alfvén number AI Al = у(ри)'?/В 1 
Hartmann number Ha Ha = ВІ (к/ђ) > 1 
Cowling number Co Co = B'/upv? 1 


NOMENCLATURE OF CHEMICAL COMPOUNDS 


The International Union of Pure and Applied Chemistry 
(IUPAC) maintains several commissions that deal with the nam- 
ing of chemical substances. In general, the approach of IUPAC is 
to present rules for arriving at names in a systematic manner, rath- 
er than recommending a unique name for each compound. Thus 
there are often several alternative “IUPAC names’, depending on 
which nomenclature system is used, each of which may have ad- 
vantages in specific applications. However, each of these names 
will be unambiguous. 

Organizations such as the Chemical Abstacts Service and the 
Beilstein Institute that prepare indexes to the chemical literature 
must adopt a system for selecting unique names in order to avoid 
excessive cross referencing. Chemical Abstracts Service uses a 
system which groups together compounds derived from a single 
parent compound. Thus most index names are inverted (e.g. 
Benzene, bromo rather than bromobenzene; Acetic acid, sodium 
salt rather than sodium acetate). 

Recommended names for the most common substituent groups, 
ligands, ions, and organic rings are given in the two following ta- 
bles, "Nomenclature for Inorganic Ions and Ligands" and "Organic 
Substituent Groups and Ring Systems" For the basics of macromo- 
lecular nomenclature, see "Nomenclature for Organic Polymers" 
in Section 13. 

Some of the most useful recent guides to chemical nomen- 
clature, prepared by IUPAC and other organizations such as 
the International Union of Biochemistry and Molecular Biology 
(IUBMB) and the American Chemical Society are listed below . 
These books contain citations to the more detailed nomenclature 
documents in each area. Two very useful web sites providing links 
to nomenclature documents are: 


www.iupac.org/publications/index.html 
www.chem.qmul.ac.uk/iupac/ 


Inorganic Chemistry 
Nomenclature of Inorganic Chemistry - ШРАС Recommenda- 
tions 2005. Connelly, N.G., Damhus, T., Hartshorn, R. M., 
and Hutton, A. T. The Royal Society of Chemistry, 2005. 
Block, B. Р, Powell, W. H., and Fernelius, W. C., Inorganic 
Chemical Nomenclature, Principles and Practice, American 
Chemical Society, Washington, 1990. 


Organic Chemistry 
International Union of Pure and Applied Chemistry, A 
Guide to ШРАС Nomenclature of Organic Compounds, 
Recommendations 1993, Panico, R., Powell, W. H., and 
Richer J.-C. Eds. Blackwell Scientific Publications, 
Oxford, 1993. 


International Union of Pure and Applied Chemistry, Glossary 
of Class Names of Organic Compounds and Reactive 
Intermediates Based on Structure, Moss, G. P., Smith, P. A. 
S., and Tavernier, D., Eds., Pure & Appl. Chem, 67, 1307, 
1995. 

Rhodes, P. H., The Organic Chemist's Desk Reference, Chapman 
& Hall, London, 1995. 

International Union of Pure and Applied Chemistry, Basic 
Terminology of Stereochemistry, Moss, С. P., Ed., Pure & 
Applied Chemistry, 68, 2193, 1996. 


Macromolecular Chemistry 

International Union of Pure and Applied Chemistry, 
Compendium of Macromolecular Nomenclature, 
Metanomski, W. V., Ed., Blackwell Scientific Publications, 
Oxford, 1991. 

International Union of Pure and Applied Chemistry, Glossary of 
Basic Terms in Polymer Science, Jenkins, A.D., Kratochvil, 
P, Stepto, К. F. T., and Suter, U. W., Eds., Pure & Appl. 
Chem, 68, 2287, 1996. 


Biochemistry 

International Union of Biochemistry and Molecular Biology, 
Biochemical Nomenclature and Related Documents, 2nd 
Edition, 1992, Portland Press, London, 1993; includes rec- 
ommendations of the IUPAC-IUBMB Joint Commission 
on Biochemical Nomenclature. 

International Union of Biochemistry and Molecular Biology, 
Enzyme Nomenclature, 1992, Academic Press, Orlando, 


FL, 1992. 
IUPAC-IUBMB Joint Commission on Biochemical 
Nomenclature, Nomenclature of Carbohydrates, 


Recommendations 1996, McNaught, A. D., Ed., Pure & 
Appl. Chem., 68, 1919, 1996. 


General 
Principles of Chemical Nomenclature: a Guide to IUPAC 
Recommendations, Leigh, G. J., Favre, H. A.and Metanomski, 
W. V., Blackwell Science, 1998. 
Chemical Abstracts Service, Naming and Indexing Chemical 
Substances for Chemical Abstracts, Appendix IV, Chemical 
Abstracts 1994 Index Guide. 


NOMENCLATURE FOR INORGANIC IONS AND LIGANDS 


Willem H. Koppenol 


The entries below were selected from Table IX of Connelly, N. G., 
Damhus, T., Hartshorn, R. M. and Hutton, A. T., Eds., Nomenclature 
of Inorganic Chemistry. IUPAC Recommendations 2005, The Royal 
Society of Chemistry, 2005. Two changes were made: in the case 
of the hypohalides, the oxidohalogenate names are listed, not the 
new halooxygenate names. Thus, for BrO' the still acceptable name 
*oxidobromate(1—)" is listed, not the more correct, but less palat- 
able, *bromooxygenate(1—)". Similarly, and for reasons of consis- 
tency, СТО“ is not named oxygen (mono)chloride, but chlorine 
mono(o)oxide. The symbol ' С is used for dividing names when this 
is made necessary by a line break. When the name is reconstructed 


from the name given in the table, this symbol should be omitted. 
Thus, all hyphens in the table are true parts of the names. The sym- 
bols ‘>’ and ‘<’ placed next to an element symbol both denote two 
single bonds connecting the atom in question to two other atoms. 
For a given compound, the various systematic names, if applicable, 
are given in the order: stoichiometric names, substitutive names, ad- 
ditive names and hydrogen names. Acceptable names which are not 
entirely systematic (or not formed according to any of the systems 
mentioned above) are given at the end after a semicolon. No order of 
preference is implied by the order in which formulae and names are 
listed. Reprinted by permission of IUPAC. 


Formula 
for 
uncharged 
atom or 
group Name 

Uncharged atoms or molecules Cations (including cation Anions (including anion Ligands* 
(including zwitterions and radicals) or cationic radicals) or anionic substituent 
radicals) or substituent groups" substituent groups" groups" 

H hydrogen hydrogen (general) hydride (general) hydrido 
H°, hydrogen(e), monohydrogen H*, hydrogen(1+), hydron 1 hydride 
(natural or unspecified isotopic (natural or unspecified (natural or unspecified isotopic 
composition) isotopic composition) composition) 
ІН", protium(e), monoprotium 'H*, protium(1+), proton ІН-, protide protido 
°H’ = D’, deuterium(e), 2H*= D*, deuterium(1+), °H- = D5, deuteride deuterido 
monodeuterium deuteron °H- = T-, tritide tritido 
ЭН” = T°, tritium(e), monotritium Н+ T*, tritium(1+), triton 

H, H,, dihydrogen H,**, dihydrogen(e1+) 
D,, dideuterium 'H,*, diprotium(e1+) 
Т,, ditritium D,"*, dideuterium(e1+) 

Ту“, ditritium(e1+) 

D, see Н 

р, see H, 

Т, see Н 

T, see H, 

F fluorine fluorine (general) fluoride (general) fluorido (general) 
F°, fluorine(¢), monofluorine F*, fluorine(1+) F, fluoride(1—); fluoride F, fluorido(1—); fluorido 
—Е, fluoro 

F, Е,, difluorine Еу”, difluorine(e1+) Е;”, difluoride(e1—) F,, difluorine 

Cl chlorine (general) chlorine (general) chloride (general) chlorido (general) 
СІ", chlorine(e), monochlorine СЁ, chlorine(1+) СТ, chloride(1—); chloride СГ, chlorido(1—); chlorido 
—С1, chloro 

CL CL, dichlorine CL", dichlorine(e1+) С”, dichloride(e1—) CL, dichlorine 

CL, dichlorido(e1—) 

Br bromine (general) bromine (general) bromide (general) bromido (general) 
Br’, bromine(e), monobromine Вг", bromine(1+) Вг, bromide(1—); bromide Вг, bromido(1—); bromido 
—Br, bromo 

Br, Br,, dibromine Br;*, dibromine(e1+) Вг,“, dibromide(e1—) Вг,, dibromine 

I iodine (general) iodine (general) iodide (general) iodido (general) 
T’, iodine(€), monoiodine І, iodine(1+) Г, iodide(1—); iodide Г, iodido(1—); 104140 
-1, iodo 

L L, diiodine L**, diiodine(e14) L, diiodide(e1—) L, diiodine 


2-14 


Nomenclature for Inorganic Ions апа Ligands 


2-15 


CIO CIO, chlorine mon(o)oxide C105, oxidochlorate(1—); CIO, oxidochlorato(1—); 
ClO’, oxidochlorine(e); hypochlorite hypochlorito 
chlorosyl 
-СІО, oxo-A3-chloranyl; 
chlorosyl 
-ОСІ, chlorooxy 
clo, СІО,, chlorine dioxide СІО,*, dioxidochlorine(1+) СІО,, dioxidochlorate(1—); СІО,, dioxidochlorato(1—); 
СО)", dioxidochlorine(e) (not chloryl) chlorite chlorito 
CIOO*, chloridodioxygen © 
(0-0) (е), 
-СІО,, Шохо-22-сМогапуі; 
chloryl 
—OCIO, oxo-A3-chloranyloxy 
clo, СІО,, chlorine trioxide СІО,*, trioxidochlorine(1+) СО, trioxidochlorate(1-—); СІО;, trioxidochlorato(1—); 
CIO’, trioxidochlorine(e) (not perchloryl) chlorate chlorato 
-СІО,, trioxo-A"-chloranyl; 
perchloryl 
-ОСІО,, Шохо-22-сШогапу!оху 
CIO A CIO Ж chlorine tetraoxide CIO Ne tetraoxidochlorate(1—); CIO b tetraoxidochlorato(1—); 
СО, tetraoxidochlorine(e) perchlorate perchlorato 
-ОСІО,, trioxo-A’-chloranyloxy 
IO IO, iodine mon(o)oxide IO*, oxidoiodine(1+) ТОС, oxidoiodate(1—); hypoiodite ТОУ, oxidoiodato(1—); 
ІО", oxidoiodine(e); iodosy 1 (not iodosyl) 10'>, oxidoiodate(*2—) hypoiodito 
-ІО, oxo-A?-iodanyl; iodosyl 
—OL iodooxy 
IO, IO,, iodine dioxide IO,*, dioxidoiodine(1+) 10, dioxidoiodate(1—); iodite 107, dioxidoiodato(1—); iodito 
107, dioxidoiodine(e) (not iodyl) 
-ІО,, dioxo-A?-iodanyl; iodyl 
—OIO, oxo-A?-iodanyloxy 
IO, IO,, iodine trioxide 10,7, trioxidoiodine(1+) 107, trioxidoiodate(1—); iodate 107, trioxidoiodato(1—); iodato 
10", trioxidoiodine(e) (not periodyl) 
-109, trioxo-A"-iodanyl; periodyl 
-ОІО,, dioxo-X^-iodanyloxy 
IO, IO, iodine tetraoxide 107, tetraoxidoiodate(1—); 107, tetraoxidoiodato(1—); 
IO,, tetraoxidoiodine(e) periodate periodato 
–010,, trioxo-A’-iodanyloxy 
0 oxygen (general) oxygen (general) oxide (general) O*, oxido 
O, monooxygen О", oxygen(el+) О“, oxidanidyl, охлде(•1—) 
О?, oxidanylidene, O7, oxide(2—); oxide 
monooxygen(2e) -О”, oxido 
>О, oxy, epoxy (in rings) 
=0, oxo 
О, О„ фохугеп O;", dioxidanyliumyl, O, dioxidanidyl, dioxido (general) 
ОЛ, dioxidanediyl, dioxygen(e1+) dioxide(e1—); superoxide O,, dioxygen 
dioxygen(2e) ОЛ, dioxidanebis(ylium), (not hyperoxide) О,“, dioxido(e1—); superoxido 
-ОО-, dioxidanediyl; peroxy dioxygen(2+) O,”, dioxidanediide, O, dioxidanediido, 
dioxide(2—); peroxide dioxido(2-); peroxido 
О, О, trioxygen; ozone О, trioxidanidyl, О, trioxygen; ozone 
-ООО-, trioxidanediyl trioxide(e1—); ozonide O," trioxido(e1—); ozonido 
HO HO’, oxidanyl, НО”, oxidanylium, НО“, oxidanide, hydroxide НО“, oxidanido; hydroxido 
hydridooxygen(e); hydroxyl hydridooxygen(1+); 
-ОН, oxidanyl; hydroxy hydroxylium 
HO, HO,’, dioxidanyl, НО», dioxidanylium, НО,, dioxidanide, НО,, dioxidanido, 
hydridodioxygen(e) hydridodioxygen(1+) hydrogen(peroxide)(1—) hydrogen(peroxido)(1—) 
hydrogen dioxide 
-ООН, dioxidanyl; 
hydroperoxy 
S sulfur (general) sulfur (general) sulfide (general) sulfido (general) 


S, monosulfur 
=S, sulfanylidene; thioxo 
-5-, sulfanediyl 


S*, sulfur(1+) 


5%, sulfanidyl, sulfide(e1—) 
52, sulfanediide, sulfide(2—); 
sulfide 

—S-, sulfido 


5", sulfanidyl, sulfido(e1—) 
52, sulfanediido, sulfido(2—) 
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S, 5,, disulfur 5,7, disulfur(e1+) 5,7, disulfanidyl, disulfide(e1—) 
—SS-, disulfanediyl 527, disulfide(2—), 5,7, disulfido2—), 
>S=S, sulfanylidene-A^- disulfanediide disulfanediido 
sulfanediyl; sulfinothioyl —SS., disulfanidyl 
HS HS’, sulfanyl, hydridosulfur(e) Н$*, sulfanylium, HS-, sulfanide, HS;, sulfanido, 
—SH, sulfanyl hydridosulfur(1+) hydrogen(sulfide)(1—) hydrogen(sulfido)(1—) 
SO SO, sulfur mon(o)oxide 50", ох дози иг(•1+) 50“, oxidosulfate(e1—) [SO], oxidosulfur 
[SO], oxidosulfur (not sulfinyl or thionyl) 
>SO, oxo-A*-sulfanediy]; 
sulfinyl 
SO, SO,, sulfur dioxide З5О,7, dioxidosulfate(e1—) [SO,], dioxidosulfur 
[SO,], dioxidosulfur SO,”, dioxidosulfate(2—), SO,”, dioxidosulfato(2—), 
>SO,, dioxo-A*-sulfanediyl; sulfanediolate sulfanediolato 
sulfuryl, sulfonyl 
SO, SO, sulfur trioxide 50,7, trioxidosulfate(e1—) 
SO,”, trioxidosulfate(2—); SO,”, trioxidosulfato(2—), 
sulfite sulfito 
-5(О),О?, 
oxidodioxo-A*-sulfanyl; 
sulfonato 
SO, -О5(О),О-, sulfonylbis(oxy) 50,7, tetraoxidosulfate(e1—) 
50 >, tetraoxidosulfate(2—); 50 27, tetraoxidosulfato(2—); 
sulfate sulfato 
5,0, 5,0,“ = 50,5“, 5,0," = 50,57, 
trioxido- 11?O- trioxido-1?O- 
disulfate(S—-S)(e1—), disulfato(S—S)(2—), 
trioxidosulfidosulfate(e1—) trioxidosulfidosulfato(2—); 
5,0,“ = 50,57, thiosulfato, sulfurothioato 
trioxido- 11?O- 
disulfate(S—S)(2—), 
trioxidosulfidosulfate(2—); 
thiosulfate, sulfurothioate 
Se Se (general) selenium selenide (general) selenido (general) 
Se, monoselenium Se, selanidyl, selenide(e1—) Se, selanidyl, selenido(e1—) 
>5е, selanediyl Se”, selanediide, selenide(2—); Se”, selanediido, selenido(2-) 
=5е, selanylidene; selenoxo selenide 
SeO SeO, selenium mon(o)oxide [SeO], oxidoselenium 
[SeO], oxidoselenium 
>SeO, seleninyl 
SeO, SeO,, selenium dioxide SeO,”, dioxidoselenate(2-) [SeO,], dioxidoselenium 
[SeO,], dioxidoselenium SeO,”, dioxidoselenato(2-) 
>SeO,, selenonyl 
SeO, SeO,, selenium trioxide SeO,”, trioxidoselenate(e1—) SeO,”, trioxidoselenato(2—); 
SeO,”, trioxidoselenate(2-); selenito 
selenite 
SeO, 5е0 >, tetraoxidoselenate(2—); SeO,”, tetraoxidoselenato(2-); 
selenate selenato 
Te tellurium tellurium telluride (general) tellurido (general) 
>Те, tellanediyl Те”, tellanidyl, telluride(e1—) Те”, tellanidyl, tellurido(e1—) 
=Te, tellanylidene; telluroxo Те”, tellanediide, telluride(2—); Те”, tellanediido, tellurido(2—) 
telluride 
CrO, CrO,, chromium dioxide, 
chromium(IV) oxide 
UO UO, uranium dioxide ОО,» dioxidouranium(1+) 


[not uranyl(1+)] 
СО, dioxidouranium(2+) 
[not uranyl(2+)] 
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NpO, NpO, neptunium dioxide NpO,*, 

dioxidoneptunium(1+) 
not neptunyl(1+)] 

NpO,”, 

dioxidoneptunium(2+) 
not neptunyl(2+)] 

PuO, PuO,, plutonium dioxide Рао, 

dioxidoplutonium(1+) 
not plutonyl(1+)] 

Рио», 

dioxidoplutonium(2+) 
not plutonyl (2+)] 

N nitrogen nitrogen (general) nitride (general) 

N°, пигогеп(е), mononitrogen №, nitrogen(1+) М>, nitride(3—), azanetriide; N”, nitrido(3—), azanetriido 
—N«, azanetriyl; nitrilo nitride 

—N=, azanylylidene =N-, azanidylidene; amidylidene 

=N, azanylidyne —N*, azanediidyl 

N, N,, dinitrogen М,7, dinitrogen(1+) N,”, dinitride(2—) N,, dinitrogen 
=N*=NT-, (azanidylidene)azaniu №", dinitrogen(2+) №, dinitride(4—), N,”, dinitrido(2-) 
mylidene; diazo —№=М, diazyn-1-ium-1-yl diazanetetraide; Nr, dinitrido(4—), 
—N=N-,diazane-1,2-diylidene; hydrazinetetraide diazanetetraido; 
hydrazinediylidene hydrazinetetraido 
=ММ=, diazene-1,2-diyl; azo 

N, Му, trinitrogen(e) Му, trinitride(1—); azide Ма, trinitrido(1—); azido 
—N=N:=N-, azido 

NH МН”, azanylidene, МН“, azanyliumdiyl, МН, azanidyl, NH”, azanediido, 
hydridonitrogen(2e); nitrene hydridonitrogen(1+) hydridonitrate(1—) hydridonitrato(2—); imido 
>МН, azanediyl NH”, azanebis(ylium), NH”, azanediide, 
=NH, azanylidene; imino hydridonitrogen(2+) hydridonitrate(2—); imide 

-АН”, azanidyl; amidyl 

NH, МН, azanyl, МН)", azanylium, NH,, azanide, NH,, azanido, 
dihydridonitrogen(e); aminyl dihydridonitrogen(1+) dihydridonitrate(1—); amide dihydridonitrato(1—), amido 
-NH,, azanyl; amino 

NH, МН,, azane (parent hydride МН,", azaniumyl, NH,“ azanuidyl, NH,, ammine 
name), amine (parent name for trihydridonitrogen(e1+) trihydridonitrate(e1—) 
certain organic derivatives), -NH., azaniumyl; 
trihydridonitrogen; ammonia ammonio 

NH, МН,, X-azanyl, МН, azanium; ammonium 
tetrahydridonitrogen(e) 

H,NO H,NO’, aminooxidanyl, НОМН", hydroxyazanide, 011011 hydroxyazanido, 
dihydridooxidonitrogen(e); hydridohydroxidonitrate(1—) hydridohydroxidonitrato(1—) 
aminoxyl Н,МХОС, azanolate, НО, azanolato, 
НОМН", hydroxyazanyl, aminooxidanide, aminooxidanido, 
hydridohydroxidonitrogen(e) dihydridooxidonitrate(1—) dihydridooxidonitrato(1—) 
-МН(ОН), hydroxyazanyl, 
hydroxyamino 
-ONH,, aminooxy 
-NH,(O), oxo-A*-azanyl; 
azinoyl 

М,Н, НМ=МН, diazene НММН*, diazynediium HNNH-,, diazane-1,2-diide, НМ=МН, diazene 


"NZNH,., diazen-2-ium-1-ide 
H,NN™, diazanylidene, 
hydrazinylidene 

=ММН,, diazanylidene; 
hydrazinylidene 

*НММН", diazane-1,2-diyl; 
hydrazine-1,2-diyl 

—НММН-, diazane-1,2-diyl; 
hydrazine-1,2-diyl 


hydrazine-1,2-diide 
H,NN”. diazane-1,1-diide, 
hydrazine-1,1-diide 


"NzNH,., diazen-2-ium-1-ido 
HNNH^7, diazane-1,2-diido, 
hydrazine-1,2-diido 

H,NN*, diazane-1,1-diido, 
hydrazine-1,1-diido 
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H,NNH’, diazanyl, trihydrido © 
dinitrogen(N-N)(e); hydrazinyl 
—МНМН», diazanyl; hydrazinyl 
TNNH,, 
diazan-2-ium-1,1-diide 


H,N=NH*, diazenium 


H,NNH , diazanide, hydrazinide 


7NNH,, 
diazan-2-ium-1,1-diido 
ВАН“, diazanido, 
hydrazinido 


М,Н 


H,NNH,, diazane (parent 
hydride name), hydrazine 
(parent name for organic 
derivatives) 

"NHNH,', diazan-2-ium-1-ide 


ВАН), diazaniumyl, 
bis(dihydridonitrogen) © 


(М—М)(•1+); hydraziniumyl 


H,N=NH,”, diazenediium 


H,NNH,, diazane, hydrazine 
МАН, diazan-2-ium-1-ido 


NO 


NO, nitrogen mon(o)oxide 
(not nitric oxide) 

МО”, oxoazanyl, 
oxidonitrogen(e); nitrosyl 
-М-О, oxoazanyl; nitroso 
>М(Оу, oxo-2?-azanyl; azoryl 
-М(Оу, oxo-A>-azanylidene; 
azorylidene 

=М(О), охо-А-ағапу1ійупе; 
azorylidyne 

-О-Һ-, 
azanidylideneoxidaniumyl 


МО“, oxidonitrogen(1+) 
(not nitrosyl) 
МО”, oxidonitrogen(2+) 


МО“, oxidonitrate(1—) 
МОС», oxidonitrate(2e1—) 


NO, oxidonitrogen (general); 
nitrosyl = oxidonitrogen-KN 
(general) 

МО“, oxidonitrogen(1+) 
NO;, oxidonitrato(1—) 


NO 


NO,, nitrogen dioxide 

МО, = ONO’, nitrosooxidanyl, 
dioxidonitrogen(e); nitryl 
-NO,, nitro 

—ONO, nitrosooxy 


МО,” dioxidonitrogen(1+) 
(not nitryl) 


МО,, dioxidonitrate(1—); nitrite 
ХО“, dioxidonitrate(e2—) 


МО, dioxidonitrato(1—); 
nitrito 
КО“, dioxidonitrato(e2—) 


NO 


NO,, nitrogen trioxide 

NO, = O,NO', nitrooxidanyl, 
trioxidonitrogen(e) 

ОМОО*, nitrosodioxidanyl, 
(dioxido)oxidonitrogen(e) 
-ONO,, nitrooxy 


NO, , trioxidonitrate(1—); nitrate 
NO; trioxidonitrate(e2—) 
[NO(OO)T, 
(dioxido)oxidonitrate(1—); 
peroxynitrite 


МО, trioxidonitrato(1—); 
nitrato 

КО“, trioxidonitrato(e2—) 
МО(ОО)Г, 
oxidoperoxidonitrato(1—); 
peroxynitrito 


МО 


М,О, dinitrogen oxide (not 
nitrous oxide) 

NNO, oxidodinitrogen(N—N) 
—N(O)ZN-, azoxy 


N,O*, oxidodinitrate(e1—) 


М,О, dinitrogen oxide (general) 
NNO, oxidodinitrogen(N—N) 
ҺМ,О”, oxidodinitrato(e1—) 


МО 


МО, dinitrogen trioxide 
O,NNO, 

trioxido-1«°O,2«O- 
dinitrogen(N—N) 

NO*NO, , oxidonitrogen(1+) 
dioxidonitrate(1—) 

ONONO, dinitrosooxidane, 


L-oxidobis(oxidonitrogen) 


МО =[O,NNO}’, 
trioxido-1k,0,2kO- 
dinitrate(N—N)(2—) 


МО 


МО n" dinitrogen tetraoxide 
O,NNO,, bis(dioxidonitrogen) © 
(N-N) 

ONOONO, 
1,2-dinitrosodioxidane, 
2,5-diazy-1,3,4,6-tetraoxy- 
[6]catena 

NO*NO,, oxidonitrogen(1+) 
trioxidonitrate(1—) 


N,O, 


N.O,, dinitrogen pentaoxide 
O,NONO,, dinitrooxidane, 
NO,*NO,, dioxidonitrogen(1+) 


trioxidonitrate(1—) 


NS 


NS, nitrogen monosulfide 
NS’, sulfidonitrogen(e) 
—N=S, sulfanylideneazanyl; 
thionitroso 


NS*, sulfidonitrogen(1+) 
(not thionitrosyl) 


NS, sulfidonitrate(1—) 


NS, sulfidonitrogen, 
sulfidonitrato, thionitrosyl 
(general) 

NS*, sulfidonitrogen(1+) 
№5, sulfidonitrato(1—) 
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P phosphorus (general) phosphorus (general) phosphide (general) P*, phosphido, phosphanetriido 
Р”, phosphorus(e), Р", phosphorus(1+) P^, phosphide(1—) 
monophosphorus Р“, phosphide(3-), 
>Р-, phosphanetriyl phosphanetriide; phosphide 
PO РО", oxophosphanyl, PO*, oxidophosphorus(1+) РОГ, oxidophosphate(1—) 
oxidophosphorus(e), phosphorus (not phosphoryl) 
топ(о)охійе; phosphoryl 
>Р(О)-, oxo-A>-phosphanetriy]; 
phosphoryl 
-P(0)-, 
oxo-XJ-phosphanylidene; 
phosphorylidene 
=Р(О), oxo-A?-phosphanylidyne; 
phosphorylidyne 
PO, -Р(О),, dioxo-25-phosphanyl РО,, dioxidophosphate(1—) РО,, dioxidophosphato(1—) 
PO, РО,, trioxidophosphate(1—) РО, trioxidophosphato(1—) 
РО,, trioxidophosphate(e2—) РО =, trioxidophosphato(e2—) 
РО“, trioxidophosphate(3—); PO,*, trioxidophosphato(3—); 
phosphite phosphito 
(PO, = (Р(0)20) п", 
catena-poly[(dioxidophosphate- 
H-oxido)(1—)]; metaphosphate 
—Р(О)(О”)„ dioxidooxo-A>- 
phosphanyl; phosphonato 
PO, PO,”, РО“, 
tetraoxidophosphate(e2—) tetraoxidophosphato(3—); 
РО“, tetraoxidophosphate(3—); phosphato 
phosphate 
PS PS*, sulfidophosphorus(e); PS*, sulfidophosphorus(1+) 
—PS, thiophosphoryl (not thiophosphoryl) 
AsO АЅО >, trioxidoarsenate(3—); А50 >, trioxidoarsenato(3-); 
arsenite, arsorite arsenito, arsorito 
-Аз(=О)(О7)„ 
dioxidooxo-A°-arsanyl; arsonato 
А$О А AsO Е tetraoxidoarsenate(3-); AsO Е tetraoxidoarsenato(3—); 
arsenate, arsorate arsenato, arsorato 
vo VO, vanadium(II) oxide, МО», oxidovanadium(2+) 
vanadium mon(o)oxide (not vanadyl) 
CO CO, carbon mon(o)oxide СО", охлдосатбоп(•1+) СО“, oxidocarbonate(e1—) СО, oxidocarbon, 
>С=О, carbonyl СО», oxidocarbon(2+) oxidocarbonato (general); 
-С-0, carbonylidene carbonyl = 
oxidocarbon-«C (general) 
СО", oxidocarbon(e1+) 
СО“, oxidocarbonato(e1—) 
CO, CO,, carbon dioxide, СО,”, oxidooxomethyl, CO,, dioxidocarbon 
dioxidocarbon dioxidocarbonate(e1—) CO,", oxidooxomethyl, 
dioxidocarbonato(e1—) 
CO, СО“, trioxidocarbonate(e1—), СО“, trioxidocarbonato(2-); 
ОСОО“, carbonato 
(dioxido)oxidocarbonate(e1—), 
oxidoperoxidocarbonate(e1—) 
СО 27, trioxidocarbonate(2—); 
carbonate 
CS carbon monosulfide CS", sulfidocarbon(e1+) CS*, sulfidocarbonate(e 1—) CS, sulfidocarbon, 
>C=S, carbonothioyl; sulfidocarbonato, thiocarbonyl 
thiocarbonyl (general); 
=С=5, carbonothioylidene CS**, sulfidocarbon(e1+) 
CS“, sulfidocarbonato(e1—) 
CS CS,, disulfidocarbon, CS", sulfidothioxomethyl, CS,, disulfidocarbon 


carbon disulfide 


disulfidocarbonate(e1—) 


CS," sulfidothioxomethyl, 
disulfidocarbonato(e1—) 
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CN CN’, nitridocarbon(e); cyanyl CN*, СК, nitridocarbonate(1—); nitridocarbonato (general) 
—CN, cyano azanylidynemethylium, cyanide СМ”, nitridocarbonato(1—); 
—NC, isocyano nitridocarbon(1+) cyanido = 

[nitridocarbonato(1—)-KC] 

CNO OCN., nitridooxidocarbon(e) OCN;, OCN;, 
—OCN, cyanato nitridooxidocarbonate( 1—); nitridooxidocarbonato(1—); 
—NCO, isocyanato cyanate cyanato 
ОКС, X-methylidene © ОКС“, carbidooxidonitrate(1—); ОКС“, carbidooxidonitrato(1—); 
azanylylideneoxy fulminate fulminato 
—CNO, (охо-22- ОСЫ, 
azanylidynemethyl nitridooxidocarbonate(e2—) 

CNS SCN’, nitridosulfidocarbon(e) SCN-, SCN’, 
—SCN, thiocyanato nitridosulfidocarbonate(1—); nitridosulfidocarbonato(1-—); 
—NCS, isothiocyanato thiocyanate thiocyanato 
—$МС, 2?-methylidene © МСУ, carbidosulfidonitrate(1—) МСУ, carbidosulfidonitrato(1—) 
azanylylidenesulfanediyl 
—CNS, (sulfanylidene-2?- 
azanylidynemethyl 

CNSe SeCN', nitridoselenidocarbon(e) SeCN-, SeCN-, 
—SeCN, selenocyanato nitridoselenidocarbonate(1—); nitridoselenidocarbonato(1—); 
—NCSe, isoselenocyanato selenocyanate selenocyanato 
—SeNC, A?-methylidene Ç هود یود‎ 


azanylylideneselanediyl 
—CNSe, (selanylidene-A?- 
azanylidynemethyl 


carbidoselenidonitrate(1—) 


carbidoselenidonitrato(1—) 


Where an element symbol occurs in the first column, the unmodified element name is listed in the second and third columns. The unmodified name is generally used 
when the element appears as an electropositive constituent in the construction of a stoichiometric name (Sections IR-5.2 and IR-5.4). Names of homoatomic cations 


consisting of the element are also constructed using the element name, adding multiplicative prefixes and charge numbers as applicable (Sections IR-5.3.2.1 to IR-5.3.2.3). 
The sections mentioned refer to parts of Nomenclature of Inorganic Chemistry. IUPAC Recommendations 2005, see above. 

Where an element symbol occurs in the first column, the fourth column gives the element name appropriately modified with the ending 'ide' (hydride, nitride, etc.). The 
'ide' form of the element name is generally used when the element appears as an electronegative constituent in the construction of a stoichiometric name (Sections IR-5.2 
and IR-5.4). Names of homoatomic anions consisting of the element in question are also constructed using this modified form, adding multiplicative prefixes and charge 
numbers as applicable (Sections IR-5.3.3.1 to IR-5.3.3.3). Examples are given in the Table of names of some specific anions, e.g. chloride(1-), oxide(2-), dioxide(2-). In 
certain cases, a particular anion has the 'ide' form itself as an accepted short name, e.g. chloride, oxide. If specific anions are named, the 'ide' form of the element name with 
no further modification is given as the first entry in the fourth column, with the qualifier '(general): The sections mentioned refer to parts of Nomenclature of Inorganic 
Chemistry. IUPAC Recommendations 2005, see above. 

Ligand names must be placed within enclosing marks whenever necessary to avoid ambiguity, cf. Section IR-9.2.2.3. Some ligand names must always be enclosed. For 
example, if 'dioxido' is cited as is, it must be enclosed so as to distinguish it from two 'oxido' ligands; if combined with a multiplicative prefix it must be enclosed because it 
starts with a multiplicative prefix itself. A ligand name such as 'nitridocarbonato' must always be enclosed to avoid interpreting it as two separate ligand names, ‘nitrido’ 
and 'carbonato: In this table, however, these enclosing marks are omitted for the sake of clarity. Note that the ligand names given here with a charge number can generally 
also be used without if it is not desired to make any implication regarding the charge of the ligand. For example, the ligand name '[dioxido(*1-)]' may be used if one wishes 
explicitly to consider the ligand to be the species dioxide(*1-), whereas the ligand name '(dioxido)' can be used if no such implications are desirable. The section mentioned 
refer to parts of Nomenclature of Inorganic Chemistry. IUPAC Recommendations 2005, see above. 
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ORGANIC SUBSTITUENT GROUPS AND RING SYSTEMS 


The first part of this table lists substituent groups and their line 
formulas. A substituent group is defined by IUPAC as a group 


that replaces one or more hydrogen atoms attached to a parent gous series. 


structure. Such groups are sometimes called radicals, but IUPAC 
now reserves the term radical for a free molecular species with 
unpaired electrons. IUPAC does not recommend some of these 
names, which are marked here with asterisks (e.g., amyl*), but 
they are included in this list because they are often encountered 
in the older literature. Substituent group names which are formed 


acetamido (acetylamino) 
acetoacetyl 

acetonyl 

acetyl 

acryloyl* (1-oxo-2-propenyl) 
alanyl (from alanine) 
B-alanyl 

allyl (2-propenyl) 

allylidene (2-propenylidene) 
amidino (aminoiminomethyl) 
amino 

amyl* (pentyl) 

anilino (phenylamino) 
anisidino 

anthranoyl (2-aminobenzoyl) 
arsino 

azelaoyl (from azelaic acid) 
azido 

azino 

azo 

azoxy 

benzal* (benzylidene) 
benzamido (benzoylamino) 
benzhydryl (diphenylmethyl) 
benzoxy* (benzoyloxy) 
benzoyl 

benzyl 

benzylidene 

benzylidyne 

biphenylyl 

biphenylene 

butoxy 

sec-butoxy (1-methylpropoxy) 


tert-butoxy (1,1-dimethylethoxy) 


butyl 

sec-butyl (1-methylpropyl) 
tert-butyl (1,1-dimethylethyl) 
butyryl (1-oxobutyl) 

caproyl* (hexanoyl) 

capryl* (decanoyl) 

capryloyl* (octanoyl) 
carbamido (carbamoylamino) 
carbamoyl (aminocarbonyl) 
carbamyl (aminocarbonyl) 
carbazoyl (hydrazinocarbonyl) 
carbethoxy (ethoxycarbonyl) 
carbonyl 

carboxy 

cetyl* (hexadecyl) 
chloroformyl (chlorcarbonyl) 
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CH,CONH- 
CH,COCH,CO- 
CH,COCH,- 
CH,CO- 
CH,-CHCO- 
CH,CH(NH,)CO- 
H,N(CH,),CO- 
СН,-СНСН,- 
СН,-СНСН- 
H,NC(-NH)- 
H,N- 
CH,(CH,),- 

C .H.NH- 
CH,OC,H,NH- 
2-Н.МС,Н,СО- 
AsH,- 
-ОС(СН,,СО- 


С,Н,СОМН- 
(C,H,),CH- 


C,H,CH(CH,)O- 
(СН),СО- 
CH,(CH,),- 
CH,CH,CH(CH,)- 
(CH,),C- 
CH,(CH, 
CH,(CH, 
CH,(CH, 
CH,(CH, 
H,NCON H- 
H,NCO- 
H,NCO- 
H,NNHCO- 
C,H,OCO- 
=C=O 
HOOC- 
СНАСН, „- 
CICO- 
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cinnamoyl 


cinnamyl (3-phenyl-2-propenyl) 


cinnamylidene 

cresyl* (hydroxymethylphenyl) 
crotonoyl 

crotyl (2-butenyl) 
cyanamido (cyanoamino) 
cyanato 

cyano 

decanedioyl 

decanoyl 

diazo 

diazoamino 

disilanyl 

disiloxanyloxy 

disulfinyl 

dithio 

enanthoyl* (heptanoyl) 
epoxy 

ethenyl (vinyl) 

ethynyl 

ethoxy 

ethyl 

ethylene 

ethylidene 

ethylthio 

formamido (formylamino) 
formyl 

furmaroyl (from fumaric acid) 
furfuryl (2-furanylmethyl) 


furfurylidene (2-furanylmethylene) 


glutamoyl (from glutamic acid) 
glutaryl (from glutaric acid) 
glycylamino 


glycoloyl; glycolyl (hydroxyacetyl) 


glycyl (aminoacetyl) 

glyoxyloyl; glyoxylyl (oxoacetyl) 
guanidino 

guanyl (aminoiminomethyl) 
heptadecanoyl 

heptanamido 

heptanedioyl 

heptanoyl 

hexadecanoyl 

hexamethylene (1,6-hexanediyl) 
hexanedioyl 

hippuryl (N-benzoylglycyl) 
hydrazino 

hydrazo 

hydrocinnamoyl 


by systematic rules (e.g., methyl from methane, ethyl from ethane, 
etc.) are included here only for the first few members of a homolo- 


In the second part of the table a number of common organic 
ring compounds are shown, with the conventional numbering of 
the ring positions indicated. 

The help of Warren H. Powell in preparing this table is great- 
ly appreciated. Pertinent references may be found in the table 
"Nomenclature of Chemical Compounds” 


С,Н,СН-СНСО- 
C,H,CH-CHCH,- 
C,H,CH-CHCH- 
HO(CH)CH,- 
CH,CH-CHCO- 
CH,CH-CHCH,- 
NCNH- 

NCO- 

NC- 
-OC(CH,),CO- 
CH,(CH,),CO- 


H,SiOSiH,O- 
-S(O)S(O)- 
-SS- 
CH,(CH,),CO- 
-О- 

CH,-CH- 
HCzC- 
C,H,O- 
CH,CH,- 
-CH,CH,- 
CH,CH= 
С,Н,5- 
НСОМН- 
НСО- 
-ОССН=СНСО- 
OC,H,CH,- 
OC,H,CH= 


-OC(CH,),CH(NH,)CO- 


-OC(CH,),CO- 
H,NCH,CONH- 
HOCH,CO- 
H,NCH,CO- 


-HNNH- 
C,H,(CH,),CO- 
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hydroperoxy 

hydroxyamino 

hydroxy 

imino 

iodoso* (iodosyl) 

iodyl 

isoamyl* (isopentyl; 3-methylbutyl) 
isobutenyl (2-methyl-1-propenyl) 
isobutoxy (2-methylpropoxy) 
isobutyl (2-methylpropyl) 
isobutylidene (3-methylpropylidene) 
isobutyryl (2-methyl-1-oxopropyl) 
isocyanato 

isocyano 

isohexyl (4-methylpentyl) 
isoleucyl (from isoleucine) 
isonitroso* (hydroxyamino) 
isopentyl (3-methylbutyl) 
isopentylidene (3-methylbutylidene) 
isopropenyl (1-methylethenyl) 
isopropoxy (1-methylethoxy) 
isopropyl (1-methylethyl) 
isopropylidene (1-methylethylidene) 
isothiocyanato (isothiocyano) 
isovaleryl* (3-methyl-1-oxobutyl) 
lactoyl (from lactic acid) 

lauroyl (from lauric acid) 

lauryl (dodecyl) 

leucyl (from leucine) 

levulinoyl (from levulinic acid) 
malonyl (from malonic acid) 
mandeloyl (from mandelic acid) 
mercapto 

mesityl 

methacryloyl (from methacrylic acid) 
methallyl (2-methyl-2-propenyl) 
methionyl (from methionine) 
methoxy 

methyl 

methylene 

methylthio 

myristoyl (from myristic acid) 
myristyl (tetradecyl) 

naphthyl 

naphthylene 

neopentyl (2,22-dimethylpropyl) 
nitramino (nitroamino) 

nitro 

nitrosamino (nitrosoamino) 
nitrosimino (nitrosoimino) 
nitroso 

nonanoyl (from nonanoic acid) 
oleoyl (from oleic acid) 

oxalyl (from oxalic acid) 

охо 

рат оу! (from palmitic acid) 
pentamethylene (1,5-pentanediyl) 
pentyl 

tert-pentyl 

phenacyl 

phenacylidene 

phenethyl (2-phenylethyl) 
phenoxy 

phenyl 


HOO- 
HONH- 
HO- 


(CH,),CH(CH,),- 
C,H,CH(CH,)CH(NH,)CO- 
HON= 
(CH,),CH(CH,),- 
(CH, „СНСН,СН= 
CH,=C(CH,)- 
(CH,),CHO- 

(CH, 
(CH, 
SCN- 
(CH,),CHCH,CO- 
CH,CH(OH)CO- 
CH,(CH,), ,CO- 
CH,(CH,),,- 
(CH,),CHCH,CH(NH,)CO- 
CH,CO(CH,),CO- 
-OCCH,CO- 
C,H,CH(OH)CO- 

HS- 

2,4,6-(СН,),С,Н,- 
CH,=C(CH,)CO- 
CH,=C(CH,)CH,- 
CH,SCH,CH,CH(NH,)CO- 
сно- 

H,C- 

H,C- 

CHS- 

CH,(CH,),,CO- 
CH,(CH,),,- 

(C,,H.)- 


10 77. 
-)) H2- 


(CH,),CCH,- 
O,NNH- 


ON- 
CH,(CH,),CO- 
CH,(CH,),CH=CH(CH,),CO- 
-OCCO- 

O= 

CH,(CH,),,CO- 

-(CH)),- 

CH,(CH,),- 

CH,CH,C(CH,),- 
C,H,COCH,- 

C,H,COCH= 

C,H,CH,CH,- 

C,H,O- 

CH,- 


phenylene (benzenediyl) 
phosphino* (phosphanyl) 
phosphinyl* (phosphinoyl) 
phospho 

phosphono 

phthaloyl (from phthalic acid) 
picryl (2,4,6-trinitrophenyl) 
pimeloyl (from pimelic acid) 
piperidino (1-piperidinyl) 
pivaloyl (from pivalic acid) 
prenyl (3-methyl-2-butenyl) 
propargyl (2-propynyl) 
1-ргорепуі 

2-propenyl (allyl) 

propionyl* (propanyl) 
propoxy 

propyl 

propylidene 

pyrryl (pyrrolyl) 

salicyloyl (2-hydroxybenzoyl) 
selenyl* (selanyl; hydroseleno) 
seryl (from serine) 

siloxy 

silyl 

silylene 

sorboyl (from sorbic acid) 
stearoyl (from stearic acid) 
stearyl (octadecyl) 

styryl (2-phenylethenyl) 
suberoyl (from suberic acid) 
succinyl (from succinic acid) 
sulfamino (sulfoamino) 
sulfamoyl (sulfamyl) 
sulfanilyl [(4-aminophenyl)sulfonyl] 
sulfeno 

sulfhydryl (mercapto) 

sulfinyl 

sulfo 

sulfonyl (sulfuryl) 
terephthaloyl 

tetramethylene 

thienyl (from thiophene) 
thiocarbonyl (carbothionyl) 
thiocarboxy 

thiocyanato (thiocyano) 
thionyl* (sulfinyl) 

threonyl (from threonine) 
toluidino [(methylphenyl)amino] 
toluoyl (methylbenzoyl) 

tolyl (methylphenyl) 

a-tolyl (benzyl) 

tolylene (methylphenylene) 
tosyl [(4-methylphenyl) sulfonyl)] 
triazano 

trimethylene (1,3-propanediyl) 
trityl (triphenylmethyl) 
valeryl* (pentanoyl) 

valyl (from valine) 

vinyl (ethenyl) 

vinylidene (ethenylidene) 
xylidino [(dimethylphenyl)amino] 
xylyl (dimethylphenyl) 
xylylene [phenelenebis(methylene)] 


-CHp 

H,P- 

H,P(O)- 

ОР- 

(HO),P(O)- 
1,2-C,H,(CO-), 
2,4,6- (NOj,C.H,- 
-OC(CH,),CO- 
C.H, oN- 
(СН),ССО- 
(CH,),C-CHCH,- 
HC'CCH,- 
-СН-СНСН, 
CH,-CHCH,- 
CH,CH,CO- 
CH,CH,CH,O- 
CH,CH,CH,- 
CH,CH,CH- 
C,H,N- 
2-HOC,H,CO- 
HSe- 
HOCH,CH(NH,)CO- 
H,SiO- 

H,Si- 

Н,бі- 
CH,CH-CHCH-CHCO- 
CH,(CH),,CO- 
СН,СН,,- 
С,Н,СН-СН- 
-OC(CH,),CO- 
-ОССН,СН,СО- 
HOSO,NH- 
H,NSO,- 
4-H,NCH,SO,- 
HOS- 

Н5- 

О5= 

HO,S- 

-50 
14-C,H,(COJ, 


-SO- 
CH,CH(OH)CH(NH,)CO- 
CH,C,H,NH- 


CH,C,H,CO- 


3 6 4 


4-CH,C,H,SO,- 
H,NNHNH- 

-(CH,),- 

(C H),C- 
CH,(CH,),CO- 
(CH,),CHCH(NH,)CO- 
CH,=CH- 

CH,=C= 
(CH,),C,H,NH- 


(CH),C.H,- 


276 3 


-CH,C,H,CH,- 


276 4 
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Organic Ring Compounds 
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Cyclopropane Spiropentane Cyclobutane Cyclopentane Furan Thiophene Рутое ELI E Pyrazole 2. 
(Azole) (1,2-Diazole) 


H H О 5 0 
A 3 | | Sy 5 O.. 5 ТМ 512 512 
| Сы Ny Ё 128 É él Ё ! 2 МЕ là 3 : El 


5 4 3 
2H-Imidazole 4 зу | 3 


| | | 1,2-Dithiole 1,3-Dithiole 3H-1,2-Oxathiole 159522016 ^  Thiazole Oxazole 
(1,3-Diazole) 1,2,3-Triazole 1,2,4-Triazole 


(1,2-Oxazole) (1,3-Thiazole) (1,3-Oxazole) 


S. О. О ОЈ О 
[|] р ет NEIN ЕЗ ex Y 


Isothiazole 1,22,3-Oxadiazole  1,2,4-Oxadiazole  1,2,5-Oxadiazole  1,3,4-Oxadiazole  1,2,3,4-Oxatriazole | 1,2,3,5-Oxatriazole 


(1,2-Thiazole) (Furazan) 
0 0 O. „Н О. H. „О О 
бө (е з A Ys A 
4 NL №3 436 ХЁ-20 ته‎ 4 3ç 
H 1,2,4-Dioxazole 1,3,2-Dioxazole 1,3,4-Dioxazole 5H-1,2,5-Oxathiazole 1,3-Oxathiole Benzene Cyclohexane 


3H-1,2,3-Dioxazole 


О О O 0 О Oy О М. 
ЇЕ 53 ВЕ ШЕ 6129 an 3 ЭН 3 
5222 P 542 £3 522 1 ړک‎ 5,2 


2H-Pyran 4H-Pyran 2Н-Ругап-2-опе О 1,2-Рлохт 1,3-Dioxin Pyridine  Pyridazine Pyrimidine — pyrazine 
Уо 4Н-Ругап-4-опе 
(4-Ругопе) 
| 
N N. 0 


М. i N. 0 0 0 0 
' à ($9 د‎ jo 2N ВЕ; an $10 6 12М Sp 
3 NS UN Sa 5,% 53 5 4 3N 3.3 543 528 
1,3,5-Triazine 1,2,4-Triazine 1,2,3-Triazine 4H-1,2-Oxazine 2H-1,3-Oxazine 6H-1,3-Oxazine 6H-1,2-Oxazine 1,4-Oxazine 


(s-Triazine) (as-Triazine) (v-Triazine) 


Piperazine 
у 
O. „Н О 0 „О 0 0 0 ۷ 
6123 612 (s 29 №155 6 | oN an 612 Шы 
8,3 5,3 ЗЕ EE E 15131 5,3 6 3 
N Ñ a N š— 
2H-1,2-Oxazine H 1,2,5-Oxathiazine 1,2,6-Oxathiazine 1,2,4-Oxadiazine 1,3,5-Oxadiazine Morpholine Azepine 


4H-1,4-Oxazine 


O S An 0 2150 5 
= اکتا‎ 5 4 


Indene 2H-Indene Isobenzofuran 


° B 1 
(Твоїпдепе) وو ود‎ 


Oxepin Thiepin 4H-1,2-Diazepine Benzo[b]thiophene 


H H 


| | 
N N. 
CA OA СІЗ Ca CO CY 
— 3 3 51 5 s3 3 3 
N XY 


Benzo[c]thiophene Indole 3H-Indole 19-1199 — Cyclopenta[b]pyridine Pyrano[3,4-b]- Indazole ^ Benzisoxazole 
pyrrole (Indoxazene) 
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^a CS ^ gx 
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Benzoxazole 2,1-Benzisoxazole Naphthalene 1,2,3,4-Тепа- — Octahydronaphthalene 2H-].Benzopyran 2H-1-Benzopyran-2-one 


hydronaphthalene (Decalin) (2H-Chromene) (Coumarin) 
(Tetralin) 


Zo Ms SN Yy in 
WA я А 2 ES 


1H-2-Benzopyran-1-one 3H-2-Benzopyran-l-oné ^ Quinoline  lsoquinoline ^ Cinnoline Quinazoline 
(Isocoumarin) (Isochromen-3-one) 


4H-1-Benzopyran-4-one 
(Chromen-4-one) 


М. М. М. М. О O 
2 | US N75 | US 2% | 1% 28 | 1% | р) | ٢ 
Ss A ©з A 4⁄2 54 42 Ма A. 42 43N 42 


1,8-Naphthyridine 1,7-Naphthyridine 1,5-Naphthyridine 1,6-Naphthyridine 2H-1,3-Benzoxazine 2H-1,4-Benzoxazine 


ох OF of of 8 
н 


1H-2,3-Benzoxazine 4H-3,1-Benzoxazine 2H-1,2-Benzoxazine Anthracene 


4H-1,4-Benzoxazine Phenanthrene 


= 
= 


| | 
М 
E i n . КГ 
10 X Z : | all N 
0 N 
Fluorene Carbazole Xanthene Дааа Norpinane 


(Bicyclo[3.1.1]heptane) 7H-Purine 
Phenalene 


R - Nearly always methyl 
R' = Usually methyl 
Е" = Various groups 


Steroid ring system 


SCIENTIFIC ABBREVIATIONS AND SYMBOLS 


This table lists some abbreviations, acronyms, and symbols 
encountered in the physical sciences. Most entries in italic type 
are symbols for physical quantities; for more details on these, see 
the table "Symbols and Terminology for Physical and Chemical 
Quantities" in this section. Additional information on units may 
be found in the table "International System of Units" in Section 1. 
Many of the terms to which these abbreviations refer are included 
in the tables "Definitions of Scientific Terms" in Section 2 and 
"Techniques for Materials Characterization" in Section 12. Useful 
references for further information are given below. 

Publication practices vary with regard to the use of capital or 
lower case letters for many abbreviations. An effort has been made 
to follow the most common practices in this table, but much varia- 
tion is found in the literature. Likewise, policies on the use of pe- 
riods in an abbreviation vary considerably. Periods are generally 
omitted in this table unless they are necessary for clarity. Periods 
should never appear in SI units. The SI prefixes (m, k, M, etc.) 
are included here, but they should never be used alone. Selected 
combinations of these prefixes with SI units (e.g., mg, kV, MW) 
are also included. 


A ampere; adenine (in genetic code) 

À angstrom 

A absorbance; area; Helmholtz energy; mass number 

A, Hall coefficient 

A, atomic weight (relative atomic mass) 

a atto (SI prefix for 107%) 

а absorption coefficient; acceleration; activity; van der 
Waals constant 

а, Bohr radius 

A/D analog to digital 

AAA acetoacetanilide 

AAO acetaldehyde oxime 

AAS atomic absorption spectroscopy 

ABA abscisic acid 

Abe abequose 

ABL a-acetylbutyrolactone 

abs absolute 

Ac acetyl; acetate 

ac, AC alternating current 

Aces 2-[(2-amino-2-oxoethyl)amino]ethanesulfonic acid 

ACT activated complex theory 

ACTH adrenocorticotropic hormone 

Ad adamantyl 

Ada [(carbamoylmethyl)imino]diacetic acid 

Ade adenine 

Ado adenosine 

ADP adenosine diphosphate 

ads adsorption 

ae eon (10° years) 

AEP 1-(2-aminoethyl) piperazine 

AES atomic emission spectroscopy; Auger electron 
spectroscopy 

AF audio frequency 

AFM atomic force microscopy 

Al artificial intelligence 

AIBN 2,2’-azobis[isobutyronitrile] 


Abbreviations are listed in alphabetical order without regard to 
case. Entries beginning with Greek letters fall at the end of the 


table. 
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AICA 5-amino-1H-imidazole-4-carboxamide 

AIM atoms in molecules (method) 

AIP aluminum isopropoxide 

AI Alfén number 

Ala alanine 

alc alcohol 

ALE atomic layer epitaxy 

aliph. aliphatic 

alk. alkaline 

АП allose 

Alt altrose 

AM amplitude modulation 

Am Amyl 

am amorphous solid 

AMP adenosine monophosphate 

AMPD 2-amino-2-methyl-1,3-propanediol 

AMTCS amyltrichlorosilane [trichloropentylsilane] 

amu atomic mass unit (recommended symbol is u) 

AN acetonitrile 

anh, anhyd anhydrous 

ANOVA analysis of variance 

antilog antilogarithm 

ANTU 1-naphthalenylthiourea 

AO atomic orbital 

AOM angular overlap model 

APAD 3-acetylpyridine adenine dinucleotide 

Api apiose 

APM atomic probe microanalysis 

APS appearance potential spectroscopy; adenosine 
phosphosulfate 

APW augmented plane wave 

aq aqueous 

Ar aryl 

Ara arabinose 

Ara-ol arabinitol 

Arg arginine 
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Ь 

ВА 

ВАТ, 
BAP, BaP 


Bi 
Bicine 
Bistris 


Bistris- 
propane 
BLO 
BN 
BNS 
BO 
BOD 
BON 


bp 


angular resolved photoelectron spectroscopy 
4-(acetylamino)benzenesulfonyl chloride 
American National Standard Code for Information 
Interchange 

aromatic stabilization model 

asparagine 

aspartic acid 

atomization 

N-acetyl-L-tyrosine ethyl ester 

adsorption thin layer chromatography 
standard atmosphere 

adenosine triphosphate 

attenuated total internal reflection 

atomic weight 

astronomical unit (ua is also used) 

average 

avoirdupois 

bel 

magnetic flux density; second virial coefficient; 
susceptance 

barn 

van der Waals constant; molality 
benzyladenine 

British anti-Lewisite [2,3-dimercapto-1-propanol] 
benzo[a]pyrene 

bar (pressure unit) 

barrel 

benzyl butyl phthalate 

bromocresol blue 

body centered cubic 

bromocresol green 
N,N’-bis(2-chloroethyl)-N-nitrosourea 
bromocresol purple 

bromochlorophenol blue 
Bardeen-Cooper-Schrieffer (theory) 

bond dissociation energy 
butyldiethanolamime 

benzyldimethylamine 

Baumé 

bond energy bond order (method) 

biological exposure index 
2-[bis(2-hydroxyethyl)amino]ethanesulfonic acid 
Brunauer-Emmett-Teller (isotherm) 

billion electronvolt (GeV) 

butyl glycidyl ether 
tert-butyl-4-hydroxyanisole 

benzene hexachloride [hexachlorobenzene] 
Brinell hardness number 

butylated hydroxytoluene [2,6-di-tert-butyl-4- 
methylphenol] 

biot 

N,N-bis(2-hydroxyethyl)glycine 
2-[bis(2-hydroxyethyl)amino]-2- 
(hydroxymethyl) propane-1,3-diol 
1,3-bis[tris(hydroxymethyl)methylamino]propane 


y-butyrolactone 

bond number; benzonitrile 

nuclear backscattering spectroscopy 
Born-Oppenheimer (approximation); bond order 
biochemical oxygen demand 
B-hydroxynaphthoic acid 

boiling point 
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bromophenol blue 
2,3-bis(phospho)-D-glycerate 

2,2’-bipyridine 

becquerel 

butyryl 

bond resonance energy 

5-bromouridine 

basis set superposition error 
1,2-bis(trimethylsilyl)acetylene 

British thermal unit 

benzene, toluene, and xylene 

butyl 

bushel 

benzoyl 

benzyl 

coulomb; cytosine (in genetic code) 

degree Celsius 

capacitance; heat capacity; number concentration 
centi (SI prefix for 102); combustion reaction 
amount concentration; specific heat; velocity 
speed of light in vacuum 

approximately 

calorie 

calculated 

adenosine cyclic 3,5'- (hydrogen phosphate) 
ceric ammonium nitrate 

coherent anti-Stokes Raman spectroscopy 
complete active space 

Chemical Abstracts Service Registry Number 


computerized axial tomography; clear air turbulence 


chemical beam epitaxy 

complete basis set (of orbitals) 

coupled cluster 

cubic centimeter (mL) 

charge-coupled device 

circular dichroism 

candela; condensed (phase) 

complete neglect of differential overlap 
cytidine 5’-diphosphate 
1,5,9-cyclododecatriene 
(1,2-cyclohexylenedinitrilo)tetraacetic acid 
monohydrate 

charge density waves 

counter electrophoresis 

coupled electron-pair approximation 
compare 

cubic feet per minute 
centimeter-gram-second system 
3-[3-(cholamidopropyl)dimethylammonio]-1- 
propanesulfonic acid 
2-(N-cyclohexylamino)ethanesulfonic acid 
coupled Hartree-Fock (method) 
chlorophyll 

choline 

1,3,5-cycloheptatriene 

curie 


configuration interaction; chemical ionization, color 
index 


chemically induced dynamic electron polarization 
chemically induced dynamic nuclear polarization 
countercurrent immunoelectrophoresis 

circular 

Cotton-Kraihanzel force field 
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CL 
cm 
c.m. 
c.m.c. 
CMO 
CMP 
CN 
CNDO 
Co 
COD 
conc 
const 
COOP 
cos 
cosh 
COSY 
COT 
cot 
coth 
CP 

Cp 

cP 

ср 
СРА 
СРС 
cpd 
CPR 
срв 
СРТ 


СРО 
cr, cryst 
CRU 


С5А 
csc 
CT 


cathode luminescence (spectroscopy) 
centimeter 

center of mass 

critical micelle concentration 
canonical molecular orbital 

cytidine 5'-monophosphate 
coordination number 

complete neglect of differential overlap 
Cowling number 

chemical oxygen demand; 1,4-cyclooctadiene 
concentrated; concentration 
constant 

crystal orbital overlap population 
cosine 

hyperbolic cosine 

correlation spectroscopy 
1,3,5,7-cyclooctatetraene 

cotangent 

hyperbolic cotangent 

chemically pure 

cyclopentadienyl 

centipoise 

candle power 

coherent potential approximation 
centrifugal partition chromatography 
contact potential difference 
chlorophenol red 

cycles per second 

charge conjugation/space inversion/time inversion 
(theorem) 

central processing unit 

crystalline (phase) 

constitutional repeating unit (in polymer 
nomenclature) 

camphorsulfonic acid 

cosecant 

charge transfer 

carat 

conventional transmission electron microscopy 
cytidine 5’-triphosphate 

controlled thermonuclear reaction 
cubic 

cyclic voltammetry 

chemical vapor deposition 
continuous wave 

hundredweight (112 pounds) 
cyclohexyl 

cytidine 

cylinder 

cysteine 

cytosine 

debye unit 

diffusion coefficient; dissociation energy; electric 
displacement 

day; deuteron; deci (SI prefix for 107) 
distance; density; dextrorotatory 
2,4-dichlorophenoxyacetic acid 
digital to analog 

dalton 

donor-acceptor (complex) 

deka (SI prefix for 10!) 

diacetone alcohol 
4-(dimethylamino)azobenzene 
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trans-1,2-diaminocyclohexane 
diammonium phosphate 
decibel 

dibenz[a,h]anthracene 
1,2-dibromo-3-chloropropane 
database management system 
dibutyl phthalate 
2,6-di-tert-butyl-p-cresol 

direct current 

dicyanobenzene 

dichloroethyl ether 
dicyclohexylamine 
dichloromethane 
dicyclopentadiene 
delocalization energy 

decyl 

decomposes 

diethyltoluamide [N, N-diethyl-3-methylbenzamide] 
degree 

density 

determinant 

deviation 

density functional theory 
2-deoxyglucose 

dihydrouridine 

diameter 

dilute; dilution 

diatomics in molecules (method); digital imaging 
microscopy 

decimeter 

N,N-dimethylaniline 
N,N-dimethylacetamide 
N,N-dimethylformamide 
dimethyl phthalate 

dimethyl sulfide 

dimethyl sulfoxide 

dimethyl terephthalate; dimethyl tartrate 
deoxyribonucleic acid 
deoxyribonuclease 

dynamic NMR spectroscopy 
dinitropyrene 

dodecyl 

dioctyl phthalate 

density of states; digital operating system 
dozen 

degree of polymerization 
displacement 

disintegrations per minute 
disintegrations per second 
dram 

Dewar resonance energy 
2-deoxyribose 

diffuse reflectance infrared Fourier transform 
dynamic reaction path 

diffuse reflectance spectroscopy 
differential scanning calorimetry 
differential thermal analysis 
di-tert-butyl peroxide 
divinylbenzene 

dyne 

double-zeta (type of basis set) 
exa (SI prefix for 10!5) 
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eV 
EXAFS 
EXELFS 
exp 
expt 

ext 


electric field strength; electromotive force; energy; 
modulus of elasticity; entgegen (trans configuration) 
Hartree energy 

electron; base of natural logarithms 

elementary charge; linear strain 

electron affinity 

effective atomic number 

effective core potential 

electron cyclotron resonance 

electron diffraction 

energy dispersive analysis by x-rays 

ethylene dibromide [1,2-dibromoethane] 

ethylene dichloride [1,2-dichloroethane] 
energy-dispersive x-ray spectroscopy 
ethylenediaminetetraacetic acid 

electron energy loss spectroscopy 

empirical force field 

energy factored force field 

extended Hückel molecular orbital (theory) 


electron impact spectroscopy; electrochemical 
impedance spectroscopy 

energy loss spectroscopy 

extended molarity; electron microscopy 
electromotive force 

electron probe microanalysis 


electromagnetic unit system 
ethylenediamine 

electron-nuclear double resonance 

equation of state 

electron paramagnetic resonance 
dipropylcarbamothioic acid, S-ethyl ester 
equation 

quadrupole coupling constant 

error function 

erg (energy unit) 

electron spectroscopy for chemical analysis 
electron stimulated desorption 

estimated standard deviation 

electron spin resonance 

estimated 

electrostatic unit system 

ephemeris time; electron transfer 

ethyl 

ethanolamine 

electron tunneling spectroscopy 

Euler number 

entropy unit 

electronvolt 

extended x-ray absorption fine structure (spectroscopy) 
extended energy loss fine structure 
exponential function 

experimental 

external 

farad 

degree Fahrenheit 

Faraday constant; force; angular momentum 
formation reaction; femto (SI prefix for 10:15) 
activity coefficient; aperture ratio; focal length; force 
constant; frequency; fugacity 

flavine adenine dinucleotide 

face centered cubic 


gem 
GeV 
GIAO 
gl 
GLC 
Glc 
СісА 
Сіс“ 
GIcNAc 
GIcU 
Gln 
Glu 
Gly 
GMP 
GMT 
gpm 
gps 
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free electron laser 

field emission microscopy 

free electron molecular orbital 

field effect transistor 

free induction decay 

field ion microscopy 

far infrared 

fluid (phase) 

frequency modulation 

Fourier number 

freezing point 

feet per minute 

feet per second; foot-pound-second system 
franklin 

Froude number 

fructose 

floating spherical gaussian orbitals 
Fourier transform 

foot 

foot pound 

Fourier transform infrared spectroscopy 
Fourier transform mass spectrometry 
Fourier transform nuclear magnetic resonance 
fusion (melting) 

flash vacuum pyrolysis 

gauss; guanine (in genetic code); giga (SI prefix for 10°) 
electrical conductance; Gibbs energy; gravitational 
constant; sheer modulus 

gram; gas (phase) 

acceleration due to gravity; degeneracy; Landé g-factor; 
statistical weight 

Y-aminobutyric acid 

gal; galactose 

gallon 

galactosamine 

gas chromatography 

gas chromatography-mass spectroscopy 
glow discharge mass spectroscopy 
guanosine 5’-diphosphate 

geminal (on the same carbon atom) 
gigaelectronvolt 

gauge invariant atomic orbital 

glacial 

gas-liquid chromatography 

glucose 

gluconic acid 

glucosamine 

N-acetylglucosamine 

glucuronic acid 

glutamine 

glutamic acid 

glycine 

guanosine 5'-monophosphate 
Greenwich mean time 

gallons per minute 

gallon per second 

Grashof number 

grain 

glyceraldehyde 

glyceric acid 

glycerone [dihydroxyacetone] 

glycerol 

gaussian-type orbital 
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GTP 
Gua 


HRE 
HREELS 
HREM 
HSAB 
HSE 


guanosine 5’-triphosphate 

guanine 

gulose 

guanosine 

grand unified theory 

generalized valence bond (method) 
Glashow-Weinberg-Salam (theory) 

gray; gigayear 

henry 

enthalpy; Hamiltonian function; magnetic field 
Hubble constant 

helion; hour; hecto (SI prefix for 10?) 

Planck constant 

Hartmann number 

hectare 

hydrogenic atoms in molecules 

haversine 

hemoglobin 

heterocyclic amine 

hexagonal closed packed 

high-density lipoprotein 

high-energy ion scattering 

high energy physics 
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 
4-(2-hydroxyethyl)-1-piperazinepropanesulfonic acid 
high frequency; Hartree-Fock (method) 
hexafluoroacetone 

Hartree-Fock orbital 

hyperfine structure 

histidine 

Hückel molecular orbital 
cyclotetramethylenetetranitramine 
2-chloro-N-(2-chloroethyl)-N-ethylethanamine 
acetic acid 

halogenated organic compound(s) 

harmonic oscillator model of aromatic stabilization 
highest occupied molecular orbital 

harmonic oscillator stabilization energy 

heptyl 

horsepower 

high-performance liquid chromatography 
p-hydroquinone 

hour 

Hückel resonance energy 

high resolution electron energy loss spectroscopy 
high resolution electron microscopy 

hard-soft acid-base (theory) 

homodesmotic stabilization energy 

hexyl 

hypoxanthine 

hertz 

inositol 

electric current; ionic strength; moment of inertia; 
nuclear spin angular momentum; radiant intensity 
square root of minus one 

electric current 

input/output 

international atomic time 

integrated circuit 

induced circular dichroism 

inductive-coupled plasma 

ion cyclotron resonance 


IMP 
IMPATT 
in. 
INDO 
Ino 

INS 


Ins 
int 

IP 
IPA 
IPMA 
IPN 
IPR 
IPTS 
IQ 


K 
K 
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inside diameter 

ideal (solution) 

iodose 

iduronic acid 

inosine 5'-diphosphate 

ionization energy 

isoelectric point 

independent electron pair approximation 
intermediate frequency 

individual gauge for localized orbitals 
isoleucine 

imaginary part 

inelastic mean free path (of electrons) 
immersion 

inosine 5'-monophosphate 

impact ionization avalanche transit time 
inch 

immediate neglect of differential overlap 
inosine 

inelastic neutron scattering; ion neutralization 
spectroscopy 

myo-inositol 

internal 

ionization potential 

isopropyl alcohol 

ion probe microanalysis 

interpenetrating polymer network 

isotope perturbation of resonance 
International Practical Temperature Scale 
2-amino-3-methyl-3H-imidazo(4,5-f)quinoline 
infrared 

infrared reflection-absorption spectroscopy 
intrinsic reaction coordinate 

infrared spectroscopy 

intersystem crossing 

ion-selective electrode; isodesmic stabilization energy 
ion scattering spectroscopy 

inosine 5’-triphosphate 

International Temperature Scale (1990) 
international unit 

joule 

angular momentum; electric current density; flux; 
Massieu function 

angular momentum; electric current density 
Jahn-Teller (effect) 

kelvin 

absorption coefficient; bulk modulus; equilibrium 
constant; kinetic energy 

kilo (SI prefix for 10%) 

absorption index; Boltzmann constant; rate constant; 
thermal conductivity; wave vector 

katal (unit of catalytic activity) 

kilobar; kilobases (DNA or RNA) 

kilocalorie 

kinetic energy 

kiloelectronvolt 

kilogram 

kilogram force 

kinetic isotope effect 

kilojoule 

kilometer 

Knudsen number 

kilopascal 


karat 

kilovolt 

kilovolt ampere 

kilowatt 

kilowatt hour 

liter; lambert 

Avogadro constant; inductance; Lagrange function; 
angular momentum 

liter; liquid (phase) 

angular momentum; length; mean free path; 
levorotatory 

lactose 

lithium aluminum hydride 

latitude 

pound 

pound force 

liquid chromatography 

liquid crystal (phase) 

linear combination of atomic orbitals 

lethal dose 

local density approximation; lithium diisopropylamide 
low-density lipoprotein 

laser-Doppler velocimetry 

Lewis function 

localization energy 

liquid exchange chromatography 

light emitting diode 

low-energy electron diffraction 

low-energy ion scattering 

leucine 

linear free energy relationships 

lower flammable limit 

limit 

laser ionization mass spectroscopy; laboratory 
information management system 

liquid 

ligand to ligand charge transfer 

lumen 

ligand to metal charge transfer 

localized molecular orbital 

laser magnetic resonance 

logarithm (natural) 

local neglect of differential overlap 
logarithm (common) 

lowest occupied molecular orbital 
longitude 

linear field stabilization energy 

local sidereal time 

local time 

local thermodynamic equilibrium 

lowest unoccupied molecular orbital 

lux 

langley 

light year 

lysine 

lyxose 

molar (as in 0.1 M solution); mega (SI prefix for 109) 
magnetization; molar mass; mutual inductance; torque; 
angular momentum component; median 
molecular weight (relative molar mass) 
meter; molal (as in 0.1 m solution); metastable 
(isotope); milli (SI prefix for 103) 


Ma 

MA 

Mal 

Man 
MASNMR 


MeCCNU 


мео 
MeIQx 
MEK 
MEP 
MERP 
Mes 
MESFET 
Met 
MeV 
meV 


MMDR 
mmf 
mmHg 
MNDO 
MO 
MODR 
mol 
mol.wt. 
mon 
Mops 
MOS 
MOSFET 
mp 
MPa 
MPA 
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magnetic dipole moment; mass; molality; angular 
momentum component; тега (locant on aromatic 
ring) 

Mach number 

maleic anhydride 

maltose 

mannose 

magic angle spinning nuclear magnetic resonance 
maximum 

myoglobin 

molecular beam epitaxy 

molecular beam electron resonance 

many body perturbation theory 

Monte Carlo (method) 

monochloroacetic acid 

magnetic circular dichroism 
(4-chloro-2-methylphenoxy)acetic acid 
modified coupled pair functional 
multiconfigurational self-consistent field 
(approximation) 

molecular dynamics (method) 

methyl 
1-(2-chloroethyl)-3-(4-methylcyclohexyl)-1- 
nitrosourea 
2-amino-3,4-dimethylimidazo[4,5-f]quinoline 
2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline 
methyl ethyl ketone 

molecular electrostatic potential 

minimum energy reaction path 
4-morpholineethanesulfonic acid 
metal-semiconductor field-effect transistor 
methionine 

megaelectronvolt 

millielectronvolt 

molecular formula 

milligram 

magnetohydrodynamics 

mile 

minimum; minute 

modified INDO (method) 

methyl isopropyl ketone 

mid infrared 

miscible 

meter-kilogram-second system 
meter-kilogram-second-ampere system 
milliliter 

molecular mechanics 

millimeter 

microwave-microwave double resonance 
magnetomotive force 

millimeter of mercury 

modified neglect of diatomic overlap 
molecular orbital; methyl orange 
microwave-optical double resonance 

mole 

molecular weight 

monomeric form 
4-morpholinepropanesulfonic acid 
metal-oxide semiconductor 

metal-oxide semiconductor field-effect transistor 
melting point 

megapascal 

Mulliken population analysis 
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Mpc 
MPTP 
MR 


obs, obsd 
Oc 
OD 
Oe 


megaparsec 
1,2,3,6-tetrahydro-1-methyl-4- phenylpyridine 
methyl red 

multireference double substitution (method) 
magnetic resonance imaging 

messenger RNA 

mass spectroscopy 

millisecond 

methanesulfonic acid 

Material Safety Data Sheet 

mean sea level 

methyl tert-butyl ether 

muramic acid 

millivolt 

methyl vinyl ketone 

megawatt; microwave; molecular weight 
milliwatt 

maxwell 

newton 

angular momentum; neutron number; number density 
Avogadro constant 

neutron; nano (SI prefix for 10°) 

amount of substance; number density; principal 
quantum number; refractive index; normal (in 
chemical formulas) 

nuclear activation analysis 

nicotinic acid adenine dinucleotide 
nicotinamide adenine dinucleotide 
reduced NAD 

NAD phosphate 

N-acetylneuraminic acid 

natural atomic orbital 

natural bond orbital 

normal boiling point 

nuclear electron double resonance 
neuraminic acid 

near-edge x-ray absorption fine structure 
nanogram 

natural hybrid orbital 

nuclear independent chemical shift 

near infrared; ribosylnicotinamide 
nanometer 

B-nicotinamide mononucleotide 

nuclear magnetic resonance 

nonyl 

neglect of nonbonded differential overlap 
natural orbital 

nuclear Overhauser effect 

nitrogen oxides 

nitropyrene 

natural population analysis 

nuclear quadrupole resonance 

nuclear reaction analysis 

nanosecond 

neutron spin echo 

normal temperature and pressure 
nucleophile 

Nusselt number 

ortho (locant on aromatic ring) 

observed 

octyl 

optical density; outside diameter 

oersted 
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outer valence Green’s function (method) 
optical rotatory dispersion 

orotate; orotidine 

ounce 

poise; peta (SI prefix for 105) 

power; pressure; probability; sound energy flux 
proton; pico (SI prefix for 10:12) 

dielectric polarization; electric dipole moment; 
momentum; pressure; bond order; para (as aromatic 
ring locant) 

pascal 

proton affinity 

p-aminobenzoic acid 

polycyclic aromatic hydrocarbon(s) 
polyacrylamide 

1-(2-pyridylazo)-2-naphthol; polyacrylonitrile 
4-(2’-pyridylazo)resorcinol 

photoacoustic spectroscopy 

poly(butyl acrylate) 

polybrominated biphenyl 
poly(1,3-butadiene) 

poly(butyl methacrylate) 

poly(butylene terephthalate) 

paper chromatography 

parsec 

polarizable continuum model 

polymerase chain reaction 

potential difference 

poundal 

poly(dimethylsiloxane) 

pentyl 

Péclet number 

probable error 

poly(ethyl acrylate) 

poly(ethylene glycol) 

permissible exposure limit 

photoelectron spectroscopy; potential energy surface 
positron emission tomography; poly(ethylene 
terephthalate) 

petroleum ether 

power factor 

perfluorooctanoic acid 

picogram 

phenyl 

negative log of hydrogen ion concentration 
phenylalanine 
2-amino-1-methyl-6-phenylimidazo[4,5-b] pyridine 
isoelectric point 

polyisobutylene 
1,4-piperazinediethanesulfonic acid 
particle-image velocimetry 

particle induced x-ray emission 

negative log of ionization constant 

principle of least motion 

picometer 

poly(methyl acrylate) 

poly(methyl methacrylate) 

perturbation MO (theory) 

partial neglect of differential overlap 

pair natural orbitals 

prompt nuclear reaction analysis 

m-orbital axis vector 

polymeric form 
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RBS 
Rbu, Rul 
RCI 
RDA 
Re 
RE 
RED 
REM 
rem 
REPE 
RF 


phosphorus oxides 

parts per billion 

parts per million 

poly(phenylene oxide) 

Pariser-Parr-Pople (method) 

parts per thousand; precipitate 

propyl 

Prandtl number 

partial retention of diatomic differential overlap 
proline 

photoelectron spectroscopy 

picosecond 

photon stimulated desorption 

pounds per square inch 

pounds per square inch absolute 

pounds per square inch gage 

perturbation theory 

pint 

propyltrimethoxysilane 

purine 

poly(vinyl alcohol) 

poly(vinyl acetate) 

poly(vinyl chloride) 

poly(vinylidene fluoride) 

poly(methyl vinyl ether) 
pressure-volume-temperature 

pyrimidine 

electric charge; heat; partition function; quadrupole 
moment; radiant energy; vibrational normal coordinate 
electric field gradient; flow rate; heat; wave vector 
(phonons) 

quantum chromodynamics 

quadratic configuration interaction 

quantum electrodynamics 

quod erat demonstrandum (which was to be proved) 
quantum mechanical resonance energy 
quantitative structure-activity relations 
quasi-stellar object 

quart 

quadrillion BTU )-1.055 10 joules) 

quinovose 

quod vide (which you should see) 

roentgen; alkyl radical (in chemical formulas) 
degree Rankine 


electrical resistance; gas constant; molar refraction; 
Rydberg constant; coefficient of multiple correlation 
reaction (as in AH) 

position vector; radius 

right ascension 

radian 

reflection-absorption infrared spectroscopy 
random access memory 

Rutherford back scattering 

ribulose 

ring current index 

rubidium dihydrogen arsenate 

real part 

resonance energy 

radial electron distribution 

reflection electron microscopy 

roentgen equivalent man 

resonance energy per electron 

radiofrequency 


Rha 
RHEED 
RHF 
RIA 
Rib 
Ribulo 
rms 
RNA 
RNase 
ROHF 
ROM 
RPA 
RPH 
RPLC 
rpm 
rps 
RRK 
RRKM 


SALC 
SALI 
SAM 
SAMS 
SANS 
Sar 

sat, satd 
SAXS 
Sc 

SC 
SCD 
SCE 
SCF 
SCR 
SCRF 
sd 
SDW 
SE 

sec 

sec 
SECSY 
Sed 
SEELFS 
SEM 
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rhamnose 

reflection high-energy electron diffraction 
restricted Hartree-Fock (theory) 
radioimmunoassay 

ribose 

ribulose 

root-mean-square 

ribonucleic acid 

ribonuclease 

restricted open shell Hartree-Fock 
read only memory 

random phase approximation 

reaction path Hamiltonian 
reversed-phase liquid chromatography 
revolutions per minute 

revolutions per second 
Rice-Ramsperger-Kassel (theory) 
Rice-Ramsperger-Kassel-Marcus (theory) 
ribosomal RNA 

resonance Raman spectroscopy 
Raman spectroscopy 

rydberg 

siemens 


area; entropy; probability current density; Poynting 
vector; symmetry coordinate; spin angular momentum 
second; solid (phase) 

path length; spin angular momentum; symmetry 
number; sedimentation coefficient; solubility; 
symmetrical (as stereochemical descriptor) 
symmetry adapted linear combinations 

surface analysis by laser ionization 

scanning Auger microscopy 

self-assembled monolayers 

small angle neutron scattering 

sarcosine 

saturated 

small angle x-ray scattering 

Schmidt number 

spin-coupled (method) 

state correlation diagram 

saturated calomel electrode 

self-consistent field (method) 

silicon-controlled rectifier 

self-consistent reaction field (method) 

standard deviation 

spin density wave 

strain energy 

secant; second 

secondary (in chemical name) 

spin-echo correlated spectroscopy 
sedoheptulose 

surface extended energy loss fine structure 


scanning electron microscopy; standard error of the 
mean 


separation 

serine 

surface-enhanced Raman spectroscopy 

single electron transfer 

surface extended x-ray absorption fine structure 
supercritical fluid chromatography 

Sherwood number 

thiohypoxanthine 

International System of Units 
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SILAR 
SIMS 
sin 

sinh 
SIPN 
SLAM 
SMO 
SMOW 
SNMS 
Sno 
SNU 
SOJT 
sol 

soln, sin 
SOMO 
Sor 

sp gr 
SPM 

Sq 

Sr 

Sr 

Srd 
SSMS 
St 

St 

std, stnd 
STEL 
STEM 
STM 
STO 
STP 
sub, subl 
Suc, Sac 
Sur 


successive ionic layer adsorption and reaction 
secondary-ion spectroscopy 

sine 

hyperbolic sine 
semi-interpenetrating polymer network 
scanning laser acoustic microscopy 
semiempirical molecular orbital 
Standard Mean Ocean Water 
sputtered neutral mass spectroscopy 
thiouridine 

solar neutrino unit 

second-order Jahn-Teller (effect) 
soluble; solution 

solution 

singly occupied molecular orbital 
sorbose 

specific gravity 

scanned probe microscopy 

square 

Strouhal number 

steradian 

6-thioinosine 

source spark mass spectroscopy 
stoke 

Stanton number 

standard (state) 

short-term exposure limit 

scanning transmission electron microscope 
scanning tunneling microscopy 
Slater-type orbital 

standard temperature and pressure 
sublimes; sublimation 

sucrose 

thiouracil 

sievert 

tesla; tera (SI prefix for 1072) 


kinetic energy; period; term value; temperature 
(thermodynamic); torque; transmittance 
metric tonne; triton 


Celsius temperature; thickness; time; transport number 


talose 
tangent 
hyperbolic tangent 


3-([2-hydroxy-1,1-bis(hydroxymethyl)ethylJamino]-1- 


propanesulfonic acid 
1,1,2,2-tetrabromoethane 

tributyl phosphate 

trichloroacetic acid 

trichloroethylene 
tetracyanoquinodimethane 

tricresyl phosphate 

two configuration self-consistent field 
toluene diisocyanate 

transfer DNA 

transverse electric 

triethanolamine; triethylamine 
transferred electron device; transmission electron 
diffraction 


transverse electromagnetic; transmission electron 
microscope 

temperature 

tertiary (in chemical name) 


Tes 


TFD 
TGA 
Thd 
theor 
thf, THF 
Thr 
Thy 
TL 
TLC 
TLV 
™ 
TMAB 
TMS 
tol 
TOPO 
Torr 
Tre 
TRE 
Tricine 
Tris 
tRNA 
Trp 

trs 


кос 
< 
„з 


ns, unsym 
PS, UPES 
ra 
rd 


G< <S 
41% 


%5<<с<с 


viv 


Val 
vap 
VAT 
VB 
VCD 
VDW 
VHF 
vic 
VIS 
vit 
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2-([2-hydroxy-1,1-bis(hydroxymethyl)ethyl]Jamino]-1- 


propanesulfonic acid 

Thomas-Fermi-Dirac (method) 
thermogravimetric analysis 

ribosylthymine 

theoretical 

tetrahydrofuran 

threonine 

thymine 

thermoluminescence 

thin-layer chromatography 

threshold limit value 

transverse magnetic 

tetrabutylanmonium bromide 
tetramethylsilane 

tolyl 

trioctylphosphine oxide 

torr (pressure unit) 

trehalose 

topological resonance energy 
N-[2-hydroxy-1,1-bis(hydroxymethyl)ethyl]glycine 
2-amino-2-(hydroxymethyl)-1,3-propanediol 
transfer RNA 

tryptophan 

transition 

transition state 

transition state spectroscopy 

tyrosine 

uracil (in genetic code) 

electric potential difference; internal energy 
unified atomic mass unit 

Bloch function; electric mobility; velocity 
astronomical unit (AU is also used) 
Urey-Bradley force field 
1,1-dimethylhydrazine 

uridine 5'-diphosphate 

ultrahigh frequency; unrestricted Hartree-Fock 
(method) 

uridine 5'-monophosphate 

unsymmetrical (as chemical descriptor) 
ultraviolet photoelectron spectroscopy 
uracil 

uridine 

United States Pharmacopeia 

universal time 

uridine 5'-triphosphate 

ultraviolet 

volt 

electric potential; potential energy; volume 
reaction rate; specific volume; velocity; vibrational 
quantum number; vicinal (as chemical descriptor) 


volume per volume (volume of solute divided by 
volume of solution, expressed as percent) 
valine 

vaporization 

vibration assisted tunneling 

valence band; valence bond (theory) 
vibrational circular dichroism 

van der Waals interaction 

very high frequency 

vicinal (on adjacent carbon atom) 

visible region of the spectrum 

vitreous (phase) 
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МОС 
VOFF 
VPC 
VSEPR 
VSIP 
VSLI 


XAFS 

Xan 
XANES 
Xao 

Xlu, Xul 
XPS, XPES 
XRD 

XRF 


у, уг 


2 
2 

ZDO 
ZINDO 
ZPE, ZPVE 
ZULU 

a 

a 


volatile organic compound(s) 

valence orbital force field 

vapor phase chromatography 

valence shell electron-pair repulsion (method) 
valence state ionization potential 

very large scale integrated (circuit) 

vacuum ultraviolet 

watt 

radiant energy; statistical weight; work 

energy density; mass fraction; velocity; work 
weight per volume (mass of solute divided by volume of 
solution, usually expressed as g/100 mL) 

weight per weight (mass of solute divided by mass of 
solution, expressed as percent) 

wide angle x-ray scattering 

weber 

Weber number 

Wentzel-Kramers-Brillouin (approximation) 
Williams-Landel-Ferry (equation) 

weight 

X unit; halogen (in chemical formula) 

reactance 

mole fraction 

x-ray absorption fine structure 

xanthine 

x-ray absorption near-edge structure 

xanthosine 

xylulose 

x-ray photoelectron spectroscopy 

x-ray diffraction 

x-ray fluorescence 

x-ray spectroscopy 

xylose 

yotta (SI prefix for 10°) 

admittance; Planck function; Young's modulus 
yocto (SI prefix for 10?*) 

mole fraction for gas (when x refers to liquid phase) 
year 

yard 

zetta (SI prefix for 10?!) 

atomic number; compression factor; collision number; 
impedance; partition function; zusammen (cis- 
configuration) 

zepto (SI prefix for 10?!) 

charge number (of an ion); collision frequency factor 
zero differential overlap 

Zerner's INDO method 

zero point vibrational energy 

Greenwich mean time 

alpha particle 


absorption coefficient; degree of dissociation; electric 
polarizability; expansion coefficient; fine structure 
constant 


ox coo 


= 


м м‏ = و 


O о 
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beta particle 

reciprocal temperature parameter (= 1/KT) 

photon; gamma (obsolete mass unit = ug) 

activity coefficient; conductivity; magnetogyric ratio; 
mass concentration; ratio of heat capacities; surface 
tension 


Grüneisen parameter; level width; surface 
concentration 


chemical shift; Dirac delta function; Kronecker delta; 
loss angle 

inertial defect; mass excess 

emittance; Levi-Civita symbol; linear strain; molar 
absorption coefficient; permittivity 

Coriolis coupling constant; electrokinetic potential 
overpotential; viscosity 

compressibility; conductivity; magnetic susceptibility; 
molar absorption coefficient 

absolute activity; radioactive decay constant; thermal 
conductivity; wavelength 

angular momentum; ionic conductivity 

muon; micro (SI prefix for 10°) 

chemical potential; electric dipole moment; electric 
mobility; friction coefficient; Joule-Thompson 
coefficient; magnetic dipole moment; mobility; 
permeability 

microfarad 

microgram 

micrometer 

microsecond 

frequency; kinematic velocity; stoichiometric number 
neutrino 

wavenumber 

pion 

osmotic pressure; Peltier coefficient 

density; reflectance; resistivity 


electrical conductivity; cross section; normal stress; 
shielding constant (NMR); Stefan-Boltzmann constant; 
surface tension; standard deviation 

transmittance; chemical shift; shear stress; relaxation 
time 

electrical potential; fugacity coefficient; osmotic 
coefficient; quantum yield; wavefunction 


magnetic flux; potential energy; radiant power; work 
function 


magnetic susceptibility 

electric susceptibility 

wavefunction 

circular frequency; angular velocity; harmonic 
vibration wavenumber; statistical weight 

ohm 

axial angular momentum; solid angle 


GREEK, RUSSIAN, AND HEBREW ALPHABETS 


The following table presents the Hebrew, Greek, and Russian alphabets, their letters, the names of the letters, and the English equiva- 


lents. 


ы ы سم‎ 


wo 


a 


Hebrew! 
N aleph 
2 beth 
3 gimel 
7 daleth 
л ће 
] Waw 
T zayin 
m heth 
2 teth 
: yodh 
27 kaph 
5 lamedh 
mo mem 
21 пип 
5 samekh 
D ayin 
БР ре 
57 задће 
P qoph 
7 resh 
Ф sin 
2 shin 
n taw 


Where two forms of a letter are given, the second one is the form used at the end of a word. 
Not represented in transliteration when initial. 


$ 
sh 
t, th 


Кк 


Greek 
alpha 


beta 
gamma 
delta 
epsilon 
zeta 
eta 
theta 
iota 
kappa 
lambda 
mu 

nu 

xi 
omicron 
pi 

rho 
sigma 
tau 
upsilon 
phi 

chi 


Russian 
Аа 
Бб 
В в 
Гг 
ДА 
Ее 
Жж 
Зз 
Иийй 
Кк 
Лл 
Мм 
Нн 
Оо 
Пп 
Рр 
Сс 
Тт 
Уу 
Фф 
Хх 
Цц 
Чч 
Шш 
Щщ 
bp 
Ыы 
b p° 
Ээ 
Юю 
Яя 


љЕетеноовц“- "> 


z ж 
Co E 


The Hebrew letters are primarily consonants; a few of them are also used secondarily to represent certain vowels, when provided at all, by means of a 
system of dots or strokes adjacent to the consonated characters. 
The letter gamma is transliterated "n"only before velars; the letter upsilon is transliterated "u"only as the final element in diphthongs. 

This sign indicates that the immediately preceding consonant is not palatized even though immediately followed by a palatized vowel. 
This sign indicates that the immediately preceding consonant is palatized even though not immediately followed by a palatized vowel. 
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DEFINITIONS OF SCIENTIFIC TERMS 


Brief definitions of selected terms of importance in chemistry, 
physics, and related fields of science are given in this section. The 
selection process emphasizes the following types of terms: 


Physical quantities 

Units of measure 

Classes of chemical compounds and materials 
Important theories, laws, and basic concepts. 


Ф Ф Ф © 


Individual chemical compounds are not included. 

Definitions have taken wherever possible from the recom- 
mendations of international or national bodies, especially the 
International Union of Pure and Applied Chemistry (IUPAC) and 
International Organization for Standardization (ISO). For physical 
quantities and units, the recommended symbol is also given. The 
source of such definitions is indicated by the reference number 
in brackets following the definition. In many cases these official 
definitions have been edited in the interest of stylistic consistency 
and economy of space. The user is referred to the original source 
for further details. 

An asterisk (*) following a term indicates that further informa- 
tion can be found by consulting the index of this handbook under 
the entry for that term. 


Ab initio method - An approach to quantum-mechanical calcula- 
tions on molecules which starts with the Schródinger equation 
and carries out a complete integration, without introducing 
empirical factors derived from experimental measurement. 

Absorbance (A) - Defined as -log(1-a) = log(1/1), where a is the 
absorptance and r the transmittance of a medium through 
which a light beam passes. [2] 

Absorbed dose (D) - For any ionizing radiation, the mean energy 
imparted to an element of irradiated matter divided by the 
mass of that element. [1] 


Absorptance (a) - Ratio of the radiant or luminous flux in a given 
spectral interval absorbed in a medium to that of the incident 
radiation. Also called absorption factor. [1] 

Absorption coefficient (a) - The relative decrease in the intensity 
of a collimated beam of electromagnetic radiation, as a result 
of absorption by a medium, during traversal of an infinitesi- 
mallayer of the medium, divided by the length traversed. [1] 

Absorption coefficient, molar (2) - Absorption coefficient di- 
vided by amount-of-substance concentration of the absorb- 
ing material in the sample solution (e = a/c). The SI unit is 
m?/mol. Also called extinction coefficient, but usually in units 
of خ صی تم امو‎ [2] 

Acceleration - Rate of change of velocity with respect to time. 

Acceleration due to gravity (g)* - The standard value (9.80665 
m/s?) of the acceleration experienced by a body in the earth's 
gravitational field. [1] 

Acenes - Polycyclic aromatic hydrocarbons consisting of fused 
benzene rings in a rectilinear arrangement. [5] 

Acid - Historically, a substance that yields an H* ion when it dis- 
sociates in solution, resulting in a pH«7. In the Brónsted defi- 
nition, an acid is a substance that donates a proton in any type 
of reaction. The most general definition, due to G.N. Lewis, 
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classifies any chemical species capable of accepting an elec- 
tron pair as an acid. 

Acid dissociation constant (K )* - The equilibrium constant for 
the dissociation of an acid HA through the reaction HA + H,O 
= À + HjO*. The quantity pK, = -log K is often used to ex- 
press the acid dissociation constant. 

Actinides - The elements of atomic number 89 through 103, e.g., 
Ac, Th, Pa, U, Np, Pu, Am, Cm, Bk, Cf, Es, Fm, Md, No, Lr. 
[7] 

Activation energy* - In general, the energy that must be added to 
a system in order for a process to occur, even though the pro- 
cess may already be thermodynamically possible. In chemical 
kinetics, the activation energy is the height of the potential 
barrier separating the products and reactants. It determines 
the temperature dependence of the reaction rate. 


Activity - For a mixture of substances, the absolute activity Х of 
substance B is defined as À, = exp(u,/RT), where y, is the 
chemical potential of substance B, Ё the gas constant, and T 
the thermodynamic temperature. The relative activity a is de- 
fined as a, = exp[(u,-u,)/RT], where p, designates the chemi- 
cal potential in the standard state. [2] 

Activity coefficient (y)* - Ratio of the activity а, of component 
B of a mixture to the concentration of that component. The 
value of y depends on the method of stating the composition. 
For mole fraction x,, the relation is a, = y, x, Юг molarity 
ср it is a, = y, c,/c^, where c° is the standard state composi- 
tion (typically chosen as 1 mol/L); for molality m,, it is a, = 
Y m m°, where m° is the standard state molality (typically 1 
mol/kg). [2] 

Activity, of radioactive substance (А) - The average number of 
spontaneous nuclear transitions from a particular energy state 
occurring in an amount of a radionuclide in a small time inter- 
val divided by that interval. [1] 


Definitions of Scientific Terms 


Acyl groups - Groups formed by removing the hydroxy groups 
from oxoacids that have the general structure ВС(=О)(ОН) 
and replacement analogues of such acyl groups. [5] 

Adiabatic process - A thermodynamic process in which no heat 
enters or leaves the system. 

Admittance (У) - Reciprocal of impedance. У = G + iB, where G is 
conductance and B is susceptance. [1] 

Adsorption - A process in which molecules of gas, of dissolved 
substances in liquids, or of liquids adhere in an extremely thin 
layer to surfaces of solid bodies with which they are in contact. 
[10] 

Albedo* - The ratio of the light reflected or scattered from a sur- 
face to the intensity of incident light. The term is often used in 
reference to specific types of terrain or to entire planets. 

Alcohols - Compounds in which a hydroxy group, -OH, is at- 
tached to a saturated carbon atom. [5] 

Aldehydes - Compounds RC(=O)H, in which a carbonyl group is 
bonded to one hydrogen atom and to one R group. [5] 

Aldoses - Aldehydic parent sugars (polyhydroxyaldehydes 
H[CH(OH)] C(=O)H, и>1) and their intramolecular hemiac- 
etals. [5] 

Aldoximes - Oximes of aldehydes: RCH=NOH. [5] 

Alfvén number (Al) - A dimensionless quantity used in plasma 
physics, defined by А! = v(pu)'?/B, where p is density, v is ve- 
locity, џ is permeability, and B is magnetic flux density. [2] 

Alfven waves - Very low frequency waves which can exist in a 
plasma in the presence of a uniform magnetic field. Also 
called magnetohydrodynamic waves. 

Alicyclic compounds - Aliphatic compounds having a carbocy- 
clic ring structure which may be saturated or unsaturated, but 
may not be a benzenoid or other aromatic system. [5] 

Aliphatic compounds - Acyclic or cyclic, saturated or unsaturat- 
ed carbon compounds, excluding aromatic compounds. [5] 

Alkali metals - The elements lithium, sodium, potassium, rubidi- 
um, cesium, and francium. 

Alkaline earth metals - The elements calcium, strontium, bari- 
um, and radium. [7] 

Alkaloids - Basic nitrogen compounds (mostly heterocyclic) oc- 
curring mostly in the plant kingdom (but not excluding those 
of animal origin). Amino acids, peptides, proteins, nucleo- 
tides, nucleic acids, and amino sugars are not normally re- 
garded as alkaloids. [5] 

Alkanes - Acyclic branched or unbranched hydrocarbons having 
the general formula С.Н,, „ and therefore consisting entirely 
of hydrogen atoms and saturated carbon atoms. [5] 

Alkenes - Acyclic branched or unbranched hydrocarbons hav- 
ing one carbon-carbon double bond and the general formula 
С,Н,, Acyclic branched ог unbranched hydrocarbons having 
more than one double bond are alkadienes, alkatrienes, etc. 
[5] 

Alkoxides - Compounds, ROM, derivatives of alcohols, КОН, in 
which R is saturated at the site of its attachment to oxygen and 
M is a metal or other cationic species. [5] 

Alkyl groups - Univalent groups derived from alkanes by remov- 
al of a hydrogen atom from any carbon atom: С,Н,, The 
groups derived by removal of a hydrogen atom from a termi- 
nal carbon atom of unbranched alkanes form a subclass of 
normal alkyl (z-alkyl) groups. The groups RCH,-, R,CH-, and 
R,C- (R not equal to Н) are primary, secondary, and tertiary 
alkyl groups, respectively. [5] 


2-29 


Alkynes - Acyclic branched or unbranched hydrocarbons having 
a carbon-carbon triple bond and the general formula С,Н,, » 
RC=CR’. Acyclic branched or unbranched hydrocarbons 
having more than one triple bond are known as alkadiynes, 
alkatriynes, etc. [5] 

Allotropy - The occurrence of an element in two or more crystal- 
line forms. 

Allylic groups - The group СН,-СНСН,- (allyl) and derivatives 
formed by substitution. The term 'allylic position' or 'allylic 
site' refers to the saturated carbon atom. A group, such as - 
OH, attached at an allylic site is sometimes described as "al- 
lylic” [5] 

Amagat volume unit - A non-SI unit previously used in high pres- 
sure science. It is defined as the molar volume of a real gas 
at one atmosphere pressure and 273.15 K. The approximate 
value is 22.4 L/mol. 

Amides - Derivatives of oxoacids R(C=O)(OH) in which the hy- 
droxy group has been replaced by an amino or substituted 
amino group. [5] 

Amine oxides - Compounds derived from tertiary amines by the 
attachment of one oxygen atom to the nitrogen atom: R,N*- 
О”. By extension the term includes the analogous derivatives 
of primary and secondary amines. [5] 

Amines - Compounds formally derived from ammonia by replac- 
ing one, two, or three hydrogen atoms by hydrocarbyl groups, 
and having the general structures RNH, (primary amines), 
R,NH (secondary amines), К.М (tertiary amines). [5] 

Amino acids* - Compounds containing both a carboxylic acid 
group (-СООН) and an amino group (-МН,). The most im- 
portant are the a-amino acids, in which the -NH, group in 
attached to the C atom adjacent to the -COOH group. In the 
B-amino acids, there is an intervening carbon atom. [4] 

Ampere (A)* - The SI base unit of electric current. [1] 

Ampere's law - The defining equation for the magnetic induction 
В, viz., dF = Idl x B, where ДЕ is the force produced by a cur- 
rent / flowing in an element of the conductor d/ pointing in 
the direction of the current. 

Angstrém (А) - A unit of length used in spectroscopy, crystallog- 
raphy, and molecular structure, equal to 1079 m. 

Angular momentum (Г) - The angular momentum of a particle 
about a point is the vector product of the radius vector from 
this point to the particle and the momentum of the particle; 
ie,L-rxp.[1] 

Angular velocity (о) - The angle through which a body rotates 
per unit time. 

Anilides - Compounds derived from oxoacids R(C=O)(OH) by 
replacing the -OH group by the -NHPh group or derivative 
formed by ring substitution. Also used for salts formed by re- 
placement of a nitrogen-bound hydrogen of aniline by a metal. 
[5] 

Anion - А negatively charged atomic or molecular particle. 

Antiferroelectricity* - An effect analogous to antiferromagnet- 
ism in which electric dipoles in a crystal are ordered in two 
sublattices that are polarized in opposite directions, leading 
to zero net polarization. The effect vanishes above a critical 
temperature. 

Antiferromagnetism* - A type of magnetism in which the mag- 
netic moments of atoms in a solid are ordered into two anti- 
parallel aligned sublattices. Antiferromagnets are character- 
ized by a zero or small positive magnetic susceptibility. The 
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susceptibility increases with temperature up to a critical val- 
ue, the Néel temperature, above which the material becomes 
paramagnetic. 

Antiparticle - A particle having the same mass as a given elemen- 
tary particle and a charge equal in magnitude but opposite in 
sign. 

Appearance potential* - The lowest energy which must be im- 
parted to the parent molecule to cause it to produce a particu- 
lar specified parent ion. This energy, usually stated in eV, may 
be imparted by electron impact, photon impact, or in other 
ways. More properly called appearance energy. [3] 

Appearance potential spectroscopy (APS) - See Techniques for 
Materials Characterization, page 12-1. 

Are (a) - Aunit of area equal to 100 m?. [1] 


Arenes - Monocyclic and polycyclic aromatic hydrocarbons. See 
aromatic compounds. [5] 

Aromatic compounds - Compounds whose structure includes 
a cyclic delocalized m-electron system. Historical use of the 
term implies a ring containing only carbon (e.g., benzene, 
naphthalene), but it is often generalized to include heterocy- 
clic structures such as pyridine and thiophene. [5] 

Arrhenius equation - А key equation in chemical kinetics which 
expresses the rate constant k as k = Аехр(-Е /RT), where E, 
is the activation energy, R the molar gas constant, and T the 
temperature. A is called the preexponential factor and, for 
simple gas phase reactions, may be identified with the colli- 
sion frequency. 


Arsines - AsH, and compounds derived from it by substituting 
one, two or three hydrogen atoms by hydrocarbyl groups. 
RAsH,, R,AsH, К,Аѕ (R not equal to H) are called primary, 
secondary and tertiary arsines, respectively. [5] 

Aryl groups - Groups derived from arenes by removal of a hydro- 
gen atom from a ring carbon atom. Groups similarly derived 
from heteroarenes are sometimes subsumed in this definition. 
[5] 

Astronomical unit (AU)* - The mean distance of the earth from 
the sun, equal to 1.49597870 х 1011 m. 


Atomic absorption spectroscopy (AAS) - See Techniques for 
Materials Characterization, page 12-1. 

Atomic emission spectroscopy (AES) - See Techniques for 
Materials Characterization, page 12-1. 

Atomic force microscopy (AFM) - See Techniques for Materials 
Characterization, page 12-1. 


Atomic mass* - The mass of a nuclide, normally expressed in uni- 
fied atomic mass units (u). 

Atomic mass unit (u)* - A unit of mass used in atomic, molecular, 
and nuclear science, defined as the mass of one atom of "C 
divided by 12. Its approximate value is 1.66054 x 1077 kg. Also 
called the unified atomic mass unit. [1] 

Atomic number (Z) - A characteristic property of an element, 
equal to the number of protons in the nucleus. 


Atomic weight (A )* - The ratio ofthe average mass per atom of an 
element to 1/12 of the mass of nuclide "C. An atomic weight 
can be defined for a sample of any given isotopic composition. 
The standard atomic weight refers to a sample of normal ter- 
restrial isotopic composition. The term relative atomic mass is 
synonymous with atomic weight. [2] 

Attenuated total reflection (ATR) - See Techniques for Materials 
Characterization, page 12-1. 
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Auger effect - An atomic process in which an electron from a 
higher energy level fills a vacancy in an inner shell, transfer- 
ring the released energy to another electron which is ejected. 

Aurora - An atmospheric phenomenon in which streamers of 
light are produced when electrons from the sun are guided 
into the thermosphere by the earth's magnetic field. It occurs 
in the polar regions at altitudes of 95—300 km. 


Avogadro constant (N,)* - The number of elementary entities in 
one mole of a substance. 

Azeotrope - A liquid mixture in a state where the variation of va- 
por pressure with composition at constant temperature (or, 
alternatively, the variation of normal boiling point with com- 
position) shows either a maximum or a minimum. Thus when 
an azeotrope boils the vapor has the same composition as the 
liquid. 

Azides - Compounds bearing the group -М,, viz. -N-N*-N'; usu- 
ally attached to carbon, e.g. PhN,, phenyl azide or azidoben- 
zene. Also used for salts of hydrazoic acid, HN, e.g. NaN, 
sodium azide. [5] 


Azines - Condensation products, R,C=NN=CR,, of two moles ofa 
carbonyl compound with one mole of hydrazine. [5] 

Azo compounds - Derivatives of diazene (diimide), НМ=МН, 
wherein both hydrogens are substituted by hydrocarbyl 
groups, e.g., РАМ=МРЋ, azobenzene or diphenyldiazene. [5] 

Balmer series - The series о lines in the spectrum ofthe hydrogen 
atom which corresponds to transitions between the state with 
principal quantum number и = 2 and successive higher states. 
The wavelengths are given by 1/A = R,(1/4 - 1/n2), where и = 
3,4,... апа R, is the Rydberg constant for hydrogen. The first 
member of the series (и = 2 = 3), which is often called the H, 
line, falls at a wavelength of 6563 А. 

Bar (bar) - A unit of pressure equal to 10° Pa.’ 

Bardeen-Cooper-Schrieffer (BCS) theory - A theory of super- 
conductivity which is based upon the formation of electron 
pairs as a result of an electron-lattice interaction. The theory 
relates the superconducting transition temperature to the 
density of states and the Debye temperature. 

Barn (b) - A unit used for expressing cross sections of nuclear pro- 
cesses, equal to 10-28 m?. 

Barrel - A unit of volume equal to 158.9873 L. 

Baryon - Any elementary particle built up from three quarks. 
Examples are the proton, neutron, and various short-lived hy- 
perons. Baryons have odd half-integer spins. 

Base - Historically, a substance that yields an ОН“ ion when it dis- 
sociates in solution, resulting in a pH»7. In the Bronsted defi- 
nition, a base is a substance capable of accepting a proton in 
any type of reaction. The more general definition, due to G.N. 
Lewis, classifies any chemical species capable of donating an 
electron pair as a base. 


Becquerel (Bq)* - The SI unit of radioactivity (disintegrations per 
unit time), equal to s~. [1] 

Beer's law - An approximate expression for the change in intensity 
ofa light beam that passes through an absorbing medium, viz., 
log(I/I,) = -ecl, where T is the incident intensity, Í is the final 
intensity, £ is the molar (decadic) absorption coefficient, c is 
the molar concentration of the absorbing substance, and / is 
the path length. Also called the Beer-Lambert law 

Binding energy* - A generic term for the energy required to de- 
compose a system into two or more of its constituent parts. 
In nuclear physics, the binding energy is the energy differ- 
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ence between a nucleus and the separated nucleons of which 
it is composed (the energy equivalent of the mass defect). In 
atomic physics, it is the energy required to remove an electron 
from an atom. 

Biot (Bi) - A name sometimes used for the unit of current in the 
emu system. 


Birefringence - A property of certain crystals in which two re- 
fracted rays result from a single incident light ray. One, the 
ordinary ray, follows the normal laws of refraction, while the 
other, the extraordinary ray, exhibits a variable refractive in- 
dex which depends on the direction in the crystal. 

Black body radiation* - The radiation emitted by a perfect black 
body, i.e., a body which absorbs all radiation incident on it and 
reflects none. The wavelength dependence of the radiated en- 
ergy density p (energy per unit volume per unit wavelength 
range) is given by the Planck formula 


8лЛс 
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where Л is the wavelength, | is Planck’s constant, c is the speed 
of light, k is the Boltzmann constant, and T is the tempera- 
ture. 

Black hole - A very dense object, formed in a supernova explo- 
sion, whose gravitational field is so large that no matter or ra- 
diation can escape from the object. 

Bloch wave function - A solution of the Schrödinger equation for 
an electron moving in a spatially periodic potential; used in 
the band theory of solids. 


Bohr magneton (,)* - The atomic unit of magnetic moment, de- 
fined as eh/4nm,, where h is Planck's constant, m, the electron 
mass, and e the elementary charge. It is the moment associ- 
ated with a single electron spin. 

Bohr, bohr radius (а,)%- The radius of the lowest orbit in the Bohr 
model of the hydrogen atom, defined as e J2/mm_e2, where =, 
is the permittivity of a vacuum, Л is Planck's constant, m, the 
electron mass, and e the elementary charge. It is customarily 
taken as the unit of length when using atomic units. 

Boiling point - The temperature at which the liquid and gas phas- 
es of a substance are in equilibrium at a specified pressure. 
The normal boiling point is the boiling point at normal atmo- 
spheric pressure (101.325 kPa). 


Boltzmann constant (k)* - The molar gas constant R divided by 
Avogadro' constant. 

Boltzmann distribution - An expression for the equilibrium dis- 
tribution of molecules as a function of their energy, in which 
the number of molecules in a state of energy E is proportional 
to exp(-E/KT), where К is the Boltzmann constant and T is the 
temperature. 

Bond strength - See Dissociation energy. 


Born-Haber cycle* - A thermodynamic cycle in which a crystal- 
line solid is converted to gaseous ions and then reconverted to 
the solid. The cycle permits calculation of the lattice energy 
of the crystal. 

Bose-Einstein distribution - A modification of the Boltzmann 
distribution which applies to a system of particles that are 
bosons. The number of particles of energy E is proportional 
to [e^-9/2-1]-! , where р is a normalization constant, k is the 
Boltzmann constant, and T'is the temperature. 

Boson - A particle that obeys Bose-Einstein Statistics; specifically, 
any particle with spin equal to zero or an integer. This includes 
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the photon, pion, deuteron, and all nuclei of even mass num- 
ber. 

Boyle's law - The empirical law, exact only for an ideal gas, which 
states that the volume of a gas is inversely proportional to its 
pressure at constant temperature. 


Bragg angle (Ө) - Defined by the equation ил = 24516, which re- 
lates the angle 0 between a crystal plane and the diffracted 
x-ray beam, the wavelength Х of the x-rays, the crystal plane 
spacing d, and the diffraction order п (any integer). 

Bravais lattices* - The 14 distinct crystal lattices that can exist 
in three dimensions. They include three in the cubic crystal 
system, two in the tetragonal, four in the orthorhombic, two in 
the monoclinic, and one each in the triclinic, hexagonal, and 
trigonal systems. 

Breakdown voltage - The potential difference at which an insulat- 
ing substance undergoes a physical or chemical change that 
causes it to become a conductor, thus allowing current to flow 
through the sample. 


Bremsstrahlung - Electromagnetic radiation generated when the 
velocity of a charged particle is reduced (literally, "braking ra- 
diation"). An example is the x-ray continuum resulting from 
collisions of electrons with the target in an x-ray tube. 

Brewster angle - The angle of incidence for which the maximum 
degree of plane polarization occurs when a beam of unpolar- 
ized light is incident on the surface of a medium of refrac- 
tive index п. At this angle, the angle between the reflected 
and refracted beams is 90". The value of the Brewster angle 
is tan “ти. 

Brillouin scattering - The scattering of light by acoustic phonons 
in a solid or liquid. 


Brillouin zone - A region of allowed wave vectors and energy lev- 
els in a crystalline solid, which plays a part in the propagation 
of waves through the lattice. 

British thermal unit (Btu) - A non-SI unit of energy, equal to ap- 
proximately 1055 J. Several values of the Btu, defined in slight- 
ly different ways, have been used. 

Brownian motion - The random movements of small particles 
suspended in a fluid, which arise from collisions with the fluid 
molecules. 


Brunauer-Emmett-Teller method (BET) - See Techniques for 
Materials Characterization, page 12-1. 

Buffer* - A solution designed to maintain a constant pH when 
small amounts of a strong acid or base are added. Buffers usu- 
ally consist of a fairly weak acid and its salt with a strong base. 
Suitable concentrations are chosen so that the pH of the solu- 
tion remains close to the pK, of the weak acid. 

Calorie (cal) - A non-SI unit of energy, originally defined as the 
heat required to raise the temperature of 1 g of water Бу 1°С. 
Several calories of slightly different values have been used. 
The thermochemical calorie is now defined as 4.184 J. 

Candela (cd)* - The SI base unit of luminous intensity. [1] 

Capacitance (C) - Ratio of the charge acquired by a body to the 
change in potential. [1] 

Carbamates - Salts or esters of carbamic acid, H,NC(=O)OH, ог 
of N-substituted carbamic acids: R,NC(=O)OR’, (R^ = hy- 
drocarbyl or a cation). The esters are often called urethanes 
or urethans, a usage that is strictly correct only for the ethyl 
esters. [5] 

Carbenes - The electrically neutral species Н.С: and its deriva- 
tives, in which the carbon is covalently bonded to two univa- 
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lent groups of any kind or a divalent group and bears two non- 
bonding electrons, which may be spin-paired (singlet state) or 
spin-non-paired (triplet state). [5] 

Carbinols - An obsolete term for substituted methanols, in which 
the name carbinol is synonymous with methanol. [5] 


Carbohydrates - Originally, compounds such as aldoses and ke- 
toses, having the stoichiometric formula С.(Н,О), (hence 
"hydrates of carbon"). The generic term carbohydrate now 
includes mono-, oligo-, and polysaccharides, as well as their 
reaction products and derivatives. [5] 

Carboranes - A contraction of carbaboranes. Compounds in 
which a boron atom in a polyboron hydride is replaced by a 
carbon atom with maintenance of the skeletal structure. [5] 

Carboxylic acids - Oxoacids having the structure RC(=O)OH. 
The term is used as a suffix in systematic name formation to 
denote the -C(=O)OH group including its carbon atom. [5] 


Carnot cycle - A sequence of reversible changes in a heat engine 
using a perfect gas as the working substance, which is used 
to demonstrate that entropy is a state function. The Carnot 
cycle also provides a means to calculate the efficiency of a heat 
engine. 

Catalyst - A substance that participates in a particular chemi- 
cal reaction and thereby increases its rate but without a net 
change in the amount of that substance in the system. [3] 


Catenanes, catena compounds - Hydrocarbons having two or 
more rings connected іп the manner of links of a chain, without 
a covalent bond. More generally, the class catena compounds 
embraces functional derivatives and hetero analogues. [5] 


Cation - A positively charged atomic or molecular particle. 


Centipoise (cP) - A common non-SI unit of viscosity, equal to 
mPas. 

Centrifugal distortion - An effect in molecular spectroscopy in 
which rotational levels are lowered in energy, relative to the 
values of a rigid rotor, as the rotational angular momentum in- 
creases. The effect may be understood classically as a stretch- 
ing of the bonds in the molecule as it rotates faster, thus in- 
creasing the moment of inertia. 

Ceramic - A nonmetallic material of very high melting point. 

Cerenkov radiation - Light emitted when a beam of charged par- 
ticles travels through a medium at a speed greater than the 
speed of light in the medium. It is typically blue in color. 

Cgs system of units - A system of units based upon the centime- 
ter, gram, and second. The cgs system has been supplanted by 
the International System (SI). 


Chalcogens - The Group VIA elements (oxygen, sulfur, selenium, 
tellurium, and polonium). Compounds of these elements are 
called chalcogenides. [7] 

Chaotic system - A complex system whose behavior is governed 
by deterministic laws but whose evolution can vary drastically 
when small changes are made in the initial conditions. 

Charge - See Electric charge. 


Charles’ law - The empirical law, exact only for an ideal gas, which 
states that the volume of a gas is directly proportional to its 
temperature at constant pressure. 

Charm - A quantum number introduced in particle physics to ac- 
count for certain properties of elementary particles and their 
reactions. 

Chelate - A compound characterized by the presence of bonds 
from two or more bonding sites within the same ligand to a 
central metal atom. [3] 
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Chemical potential - For a mixture of substances, the chemical 
potential of constituent B is defined as the partial derivative 
of the Gibbs energy G with respect to the amount (number 
of moles) of B, with temperature, pressure, and amounts of 
all other constituents held constant. Also called partial molar 
Gibbs energy. [2] 

Chemical shift* - A small change in the energy levels (and hence 
in the spectra associated with these levels) resulting from the 
effects of chemical binding in a molecule. The term is used 
in fields such as NMR, Mössbauer, and photoelectron spec- 
troscopy, where the energy levels are determined primarily by 
nuclear or atomic effects. 


Chiral molecule - A molecule which cannot be superimposed on 
its mirror image. A common example is an organic molecule 
containing a carbon atom to which four different atoms or 
groups are attached. Such molecules exhibit optical activity, 
i.e. they rotate the plane of a polarized light beam. 

Chlorocarbons - Compounds consisting solely of chlorine and 
carbon. [5] 

Chromatography* - A method for separation of the components 
of a sample in which the components are distributed between 
two phases, one of which is stationary while the other moves. 
In gas chromatography the gas moves over a liquid or solid 
stationary phase. In liquid chromatography the liquid mixture 
moves through another liquid, a solid, or a gel. The mecha- 
nism of separation of components may be adsorption, differ- 
ential solubility, ion-exchange, permeation, or other mecha- 
nisms. [6] 

Clapeyron equation - A relation between pressure and tempera- 
ture of two phases of a pure substance that are in equilibrium, 

viz., dp/dT = A,.S/A,.. V, where А, 5 is the difference in en- 

tropy between the phases and A „У the corresponding differ- 
ence in volume. 


Clathrates - Inclusion compounds in which the guest molecule is 
in a cage formed by the host molecule or by a lattice of host 
molecules. [5] 

Clausius (СІ) - A non-SI unit of entropy or heat capacity defined 
as cal/K = 4.184 J/K. [2] 


Clausius-Clapeyron equation - An approximation to the 
Clapeyron equation applicable to liquid-gas and solid-gas 
equilibrium, in which one assumes an ideal gas with volume 
much greater than the condensed phase volume. For the liq- 
uid-gas case, it takes the form d(Inp)/dT = Д, H/RT^ where 
R is the molar gas constant and А H is the molar enthalpy of 
vaporization. For the solid-gas case, A,,, H is replaced by the 
molar enthalpy of sublimation, A, „Н. 


Clausius-Mosotti equation - A relation between the dielectric 
constant e at optical frequencies and the polarizability о: 


£.-1 pN,a 
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where p is density, N, is Avogadro's number, M is molar mass, 
and є is the permittivity of a vacuum. 

Clebsch-Gordon coefficients - A set of coefficients used to de- 
scribe the vector coupling of angular momenta in atomic and 
nuclear physics. 

Codon - A set of three bases, chosen from the four primary bases 
found in the DNA molecule (uracil, cytosine, adenine, and 
guanine), which specifies the production of a particular amino 
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acid or carries some other genetic instruction. For example, 
the codon UCA specifies the amino acid serine, CAG specifies 
glutamine, etc. There are a total of 64 codons. 

Coercive force - The magnetizing force at which the magnetic 
flux density is equal to zero. [10] 


Coercivity* - The maximum value of coercive force that can be at- 
tained when a magnetic material is symmetrically magnetized 
to saturation induction. [10] 

Coherent anti-Stokes Raman spectroscopy (CARS) - See 
Techniques for Materials Characterization, page 12-1. 

Colloid - Molecules or polymolecular particles dispersed in a me- 
dium that have, at least in one direction, a dimension roughly 
between 1 nm and 1 um. [3] 


Color center - A defect in a crystal that gives rise to optical ab- 
sorption, thus changing the color of the material. A common 
type is the F-center, which results when an electron occupies 
the site of a negative ion. 

Compressibility (k)* - The fractional change of volume as pres- 
sure is increased, viz., к = -(1/V)(dV/dp). [1] 

Compton wavelength (A,)* - In the scattering of electromagnetic 
radiation by a free particle (e.g., electron, proton), ۸ = h/mc 
is the increase in wavelength, at a 90* scattering angle, corre- 
sponding to the transfer of energy from radiation to particle. 
Here | is Planck's constant, c the speed of light, and т the 
mass of the particle. 


Conductance (G)* - For direct current, the reciprocal of resis- 
tance. More generally, the real part of admittance. [1] 


Conductivity, electrical (0)* - The reciprocal of the resistivity. [1] 
Conductivity, thermal - See Thermal conductivity. 


Congruent transformation - A phase transition (melting, vapor- 
ization, etc.) in which the substance preserves its exact chemi- 
cal composition. 

Constitutional repeating unit (CRU) - In polymer science, the 
smallest constitutional unit, the repetition of which constitutes 
a regular macromolecule, 1.е., à macromolecule with all units 
connected identically with respect to directional sense. [8] 

Copolymer - A polymer derived from more than one species of 
monomer. [8] 


Coriolis effect - The deviation from simple trajectories when a 
mechanical system is described in a rotating coordinate sys- 
tem. It affects the motion of projectiles on the earth and in 
molecular spectroscopy leads to an important interaction be- 
tween the rotational and vibrational motions. The effect may 
be described by an additional term in the equations of motion, 
called the Coriolis force. 

Cosmic rays* - High energy nuclear particles, electrons, and pho- 
tons, originating mostly outside the solar system, which con- 
tinually bombard the earth's atmosphere. 

Coulomb (C)* - The SI unit of electric charge, equal to A s. [1] 


Coulomb's law - The statement that the force F between two elec- 
trical charges 4, and q, separated by a distance r is F = (Але) ' 
4,417, where е, is the permittivity of a vacuum. 

Covalent bond - A chemical bond between two atoms whose sta- 
bility results from the sharing of two electrons, one from each 
atom. 

Cowling number (Co) - A dimensionless quantity used in plasma 
physics, defined by Co = B?/upv?, where p is density, у 15 veloc- 
ity, и is permeability, and B is magnetic flux density. [2] 

CPT theorem - A theorem in particle physics which states that 
any local Lagrangian theory that is invariant under proper 
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Lorentz transformations is also invariant under the combined 
operations of charge conjugation, C, space inversion, P, and 
time reversal, T, taken in any order. 

Critical point* - In general, the point on the phase diagram 
of a two-phase system at which the two coexisting phases 
have identical properties and therefore represent a single 
phase. At the liquid-gas critical point of a pure substance, 
the distinction between liquid and gas vanishes, and the 
vapor pressure curve ends. The coordinates of this point 
are called the critical temperature and critical pressure. 
Above the critical temperature, it is not possible to liquefy 
the substance. 


Cross section (c)* - A measure of the probability of collision (or 
other interaction) between a beam of particles and a target 
which it encounters. In rough terms it is the effective area 
the target particles present to the incident ones; however, the 
precise definition depends on the nature of the interaction. A 
general definition of о is the number of encounters per unit 
time divided by nv, where и is the concentration of incident 
particles and v their velocity. 

Crosslink - In polymer science, a small region in a macromolecule 
from which at least four chains emanate, and formed by reac- 
tions involving sites or groups on existing macromolecules or 
by interactions between existing macromolecules. [8] 

Crown compounds - Macrocyclic polydentate compounds, usu- 
ally uncharged, in which three or more coordinating ring at- 
oms (usually oxygen or nitrogen) are or may become suitably 
close for easy formation of chelate complexes with metal ions 
or other cationic species. [5] 


Crust* - The outer layer of the solid earth, above the Mohorovicic 
discontinuity. Its thickness averages about 35 km on the con- 
tinents and about 7 km below the ocean floor. 


Cryoscopic constant (E,)* - The constant that expresses the 
amount by which the freezing point T, of a solvent is lowered 
by a non-dissociating solute, through the relation AT, = E, m, 
where т is the molality of the solute. 

Curie (Ci) - A non-SI unit of radioactivity (disintegrations per unit 
time), equal to 3.7 x 10?? 571. 


Curie temperature (T..)* - For а ferromagnetic material, the criti- 
cal temperature above which the material becomes paramag- 
netic. Also applied to the temperature at which the spontane- 
ous polarization disappears in a ferroelectric solid. [1] 

Cyanohydrins - Alcohols substituted by a cyano group, most 
commonly, but not limited to, examples having a CN and an 
OH group attached to the same carbon atom. They are for- 
mally derived from aldehydes or ketones by the addition of 
hydrogen cyanide. [5] 

Cycloalkanes - Saturated monocyclic hydrocarbons (with or 
without side chains). See alicyclic compounds. Unsaturated 
monocyclic hydrocarbons having one endocyclic double or 
one triple bond are called cycloalkenes and cycloalkynes, re- 
spectively. [5] 

Cyclotron resonance - The resonant absorption of energy from 
a system in which electrons or ions that are orbiting in a uni- 
form magnetic field are subjected to radiofrequency or mi- 
crowave radiation. The resonance frequency is given by v = 
eH/2nm*c, where eis the elementary charge, H is the magnetic 
field strength, m* is the effective mass of the charged particle, 
and c is the speed of light. The effect occurs in both solids 
(involving electrons or holes) and in low pressure gasses (in- 
volving ions) 
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Dalton (Da) - А name sometimes used in biochemistry for the 
unified atomic mass unit (u). 

De Broglie wavelength - The wavelength associated with the wave 
representation of a moving particle, given by И/ту, where | is 
Planck's constant, m the particle mass, and v the velocity. 

De Haas-Van Alphen effect - An effect observed in certain met- 
als and semiconductors at low temperatures and high mag- 
netic fields, characterized by a periodic variation of magnetic 
susceptibility with field strength. 

Debye equation* - The relation between the relative permittivity 
(dielectric constant) е, polarizability а, and permanent dipole 
moment џ in a dielectric material whose molecules are free to 
rotate. It takes the form 


= 2 
£, 1 — eN, a+ H 
&+2 ЗМ, 3kT 


where p is density, N, is Avogadro's number, M is molar mass, 
and є is the permittivity of a vacuum. 


Debye length - In the Debye-Hückel theory of ionic solutions, 
the effective thickness of the cloud of ions of opposite charge 
which surrounds each given ion and shields the Coulomb po- 
tential produced by that ion. 


Debye temperature (0,)* - In the Debye model of the heat capac- 
ity of a crystalline solid, 0, = Лу,/К, where A is Planck's con- 
stant, k is the Boltzmann constant, and v, is the maximum 
vibrational frequency the crystal can support. For T << 0,, the 
heat capacity is proportional to T°. 

Debye unit (D) - A non-SI unit of electric dipole moment used in 
molecular physics, equal to 3.335641 x 1079 C m. 

Debye-Waller factor (D) - The factor by which the intensity of a 
diffraction line is reduced because of lattice vibrations. [1] 


Defect - Any departure from the regular structure of a crystal lat- 
tice. A Frenkel defect results when an atom or ion moves to an 
interstitial position and leaves behind a vacancy. A Schottky 
defect involves either a vacancy where the atom has moved to 
the surface or a structure where a surface atom has moved to 
an interstitial position. 

Degree of polymerization - The number of monomeric units in a 
macromolecule or an oligomer molecule. [8] 

Dendrite - A tree-like crystalline pattern often observed, for ex- 
ample, in ice crystals and alloys in which the crystal growth 
branches repeatedly. 


Density (p)* - In the most common usage, mass density or mass 
per unit volume. More generally, the amount of some quan- 
tity (mass, charge, energy, etc.) divided by a length, area, or 
volume. 

Density of states (№, p) - The number of one-electron states in 
an infinitesimal interval of energy, divided by the range of that 
interval and by volume. [1] 

Dew point* - The temperature at which liquid begins to condense 
as the temperature of a gas mixture is lowered. In meteorolo- 
ву, itis the temperature at which moisture begins to condense 
on a surface in contact with the air. 


Diamagnetism - A type of magnetism characterized by a negative 
magnetic susceptibility, so that the material, when placed in 
an external magnetic field, becomes weakly magnetized in the 
direction opposite to the field. This magnetization is indepen- 
dent of temperature. 
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Diazo compounds - Compounds having the divalent diazo group, 
=N*=N_, attached to a carbon atom, e.g., СН,-М, diazometh- 
ane. [5] 

Dielectric constant (=)* - Ratio of the electric displacement in a 
medium to the electric field strength. Also called permittivity. 
[1] 

Dienes - Compounds that contain two fixed double bonds (usu- 
ally assumed to be between carbon atoms). Dienes in which 
the two double-bond units are linked by one single bond are 
termed conjugated. [5] 

Differential scanning calorimetry (DSC) - See Techniques for 
Materials Characterization, page 12-1. 

Differential thermal analysis (DTA) - See Techniques for 
Materials Characterization, page 12-1. 


Diffusion* - The migration of atoms, molecules, ions, or other 
particles as a result of some type of gradient (concentration, 
temperature, etc.). 

Diopter - A unit used in optics, formally equal to m. It is used in 
expressing dioptic power, which is the reciprocal of the focal 
length of a lens. 

Dipole moment, electric (p,u)* - For a distribution of equal posi- 
tive and negative charge, the magnitude of the dipole moment 
vector is the positive charge multiplied by the distance be- 
tween the centers of positive and negative charge distribution. 
The direction is given by the line from the center of negative 
charge to the center of positive charge. 


Dipole moment, magnetic (ru) - Formally defined in electro- 
magnetic theory as a vector quantity whose vector product 
with the magnetic flux density equals the torque. The mag- 
netic dipole generated by a current J flowing in a small loop 
of area A has a magnetic moment of magnitude ЈА. In atomic 
and nuclear physics, a magnetic moment is associated with 
the angular momentum of a particle; e.g., an electron with 
orbital angular momentum / exhibits a magnetic moment of 
-el/2m, where e is the elementary charge and т, the mass of 
the electron. [1] 


Disaccharides - Compounds in which two monosaccharides are 
joined by a glycosidic bond. [5] 

Dislocation - An extended displacement of a crystal from a regu- 
lar lattice. An edge dislocation results when one portion of the 
crystal has partially slipped with respect to the other, resulting 
in an extra plane of atoms extending through part of the crys- 
tal. A screw dislocation transforms successive atomic planes 
into the surface of a helix. 


Dispersion - Splitting of a beam of light (or other electromagnetic 
radiation) of mixed wavelengths into the constituent wave- 
lengths as a result of the variation of refractive index of the 
medium with wavelength. 


Dissociation constant* - The equilibrium constant for a chemical 
reaction in which a compound dissociates into its constituent 
parts. 

Dissociation energy (D )* - For a diatomic molecule, the differ- 
ence between the energies of the free atoms at rest and the 
minimum in the potential energy curve. The term bond dis- 
sociation energy (Dj), which can be applied to polyatomic 
molecules as well, is used for the difference between the en- 
ergies of the fragments resulting when a bond is broken and 
the energy of the original molecule in its lowest energy state. 
The term bond strength implies differences in enthalpy rather 
than energy. 
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Domain - A small region of a solid in which the magnetic or elec- 
tric moments of the individual units (atoms, molecules, or 
ions) are aligned in the same direction. 

Domain wall - The transition region between adjacent ferromag- 
netic domains, generally a layer with a thickness of a few hun- 
dred àngstróm units. Also called Bloch wall. 


Doppler effect - The change in the apparent frequency of a wave 
(sound, light, or other) when the source of the wave is moving 
relative to the observer. 


Dose equivalent (H) - The product of the absorbed dose of radia- 
tion at a point of interest in tissue and various modifying fac- 
tors which depend on the type of tissue and radiation. [1] 

Drift velocity - The velocity of charge carriers (electrons, ions, 
etc.) moving under the influence of an electric field in a me- 
dium which subjects the carriers to some frictional force. 

Рупе (dyn) - A non-SI (cgs) unit of force, equal to 5 

Ebullioscopic constant (E,)* - The constant that expresses the 
amount by which the boiling point T, of a solvent is raised 
by a non-dissociating solute, through the relation AT, = E, т, 
where т is the molality of the solute. 

Eddy currents - Circulating currents set up in conducting bulk 
materials or sheets by varying magnetic fields. 


Effinghausen effect - The appearance of a temperature gradient 
in a current carrying conductor that is placed in a transverse 
magnetic field. The direction of the gradient is perpendicular 
to the current and the field. 

Eigenvalue - An allowed value of the constant a in the equation 
Au = au, where A is an operator acting on a function и (which 
is called an eigenfunction). In quantum mechanics, the out- 
come of any observation is an eigenvalue of the corresponding 
operator. Also called characteristic value. 

Einstein - A non-SI unit used in photochemistry, equal to one 
mole of photons. 


Einstein temperature (0,) - In the Einstein theory of the heat 
capacity of a crystalline solid, Ө, = /rv/k, where h is Planck's 
constant, K is the Boltzmann constant, and v is the vibrational 
frequency of the crystal. 

Einstein transition probability - A constant in the Einstein rela- 
tion А, + B p for the probability of a transition between two 
energy levels ! and j in a radiation field of energy density p. 
The A, coefficient describes the probability of spontaneous 
emission, while ظ‎ and B, govern the probability of stimulated 
emission and absorption, respectively (В, = B). 

Elastic limit - The greatest stress which a material is capable 
of sustaining without any permanent strain remaining after 
complete release of the stress. [10] 

Elastic modulus - See Young's modulus. 

Electric charge (Q) - The quantity of electricity; i.e., the property 
that controls interactions between bodies through electrical 
forces. 

Electric current (J) - The charge passing through a circuit per 
unit time. [1] 

Electric displacement (D) - A vector quantity whose magnitude 
equals the electric field strength multiplied by the permittivity 
of the medium and whose direction is the same as that of the 
field strength. 

Electric field strength (E) - The force exerted by an electric field 
on a point charge divided by the electric charge. [1] 

Electric potential (V) - A scalar quantity whose gradient is equal 
to the negative of the electric field strength. 
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Electrical conductance - See Conductance 

Electrical resistance - See Resistance 

Electrical resistivity - See Resistivity. 

Electrochemical series* - An arrangement of reactions which 
produce or consume electrons in an order based on standard 
electrode potentials. A common arrangement places metals in 
decreasing order of their tendency to give up electrons. 

Electrode potential* - The electromotive force of a cell in which 
the electrode on the left is the standard hydrogen electrode 
and that on the right is the electrode in question. [2] 


Electrolysis - The decomposition of a substance as a result of 
passing an electric current between two electrodes immersed 
in the sample. 

Electromotive force (emf) - The energy supplied by a source di- 
vided by the charge transported through the source. [1] 

Electron* - An elementary particle in the family of leptons, with 
negative charge and spin of 1/2. 


Electron affinity* - The energy difference between the ground 
state of a gas-phase atom or molecule and the lowest state of 
the corresponding negative ion. 

Electron cyclotron resonance (ECR) - See Techniques for 
Materials Characterization, page 12-1. 

Electron energy loss spectroscopy (EELS) - See Techniques for 
Materials Characterization, page 12-1. 


Electron nuclear double resonance (ENDOR) - See Techniques 
for Materials Characterization, page 12-1. 

Electron paramagnetic resonance (EPR) - See Techniques for 
Materials Characterization, page 12-1. 

Electron probe microanalysis (EPMA) - See Techniques for 
Materials Characterization, page 12-1. 


Electron spectroscopy for chemical analysis (ESCA) - See 
Techniques for Materials Characterization, page 12-1. 

Electron spin (s) - The quantum number, equal to 1/2, that speci- 
fies the intrinsic angular momentum of the electron. 

Electron stimulated desorption (ESD) - See Techniques for 
Materials Characterization, page 12-1. 


Electron volt (eV)* - A non-SI unit of energy used in atomic and 
nuclear physics, equal to approximately 1.602177 x 10"? J. 
The electron volt is defined as the kinetic energy acquired by 
an electron upon acceleration through a potential difference 
of 1 V. [1] 

Electronegativity* - A parameter originally introduced by Pauling 
which describes, on a relative basis, the power of an atom or 
group of atoms to attract electrons from the same molecular 
entity. [3] 

Electrophoresis - The motion of macromolecules or colloidal 
particles in an electric field. [3] 


Emissivity (=)* - Ratio of the radiant flux emitted per unit area 
to that of an ideal black body at the same temperature. Also 
called emittance. [1] 


Emu - The electromagnetic system of units, based upon the cm, 
5, and s plus the emu of current (sometimes called the abam- 
pere). 

Enantiomers - A chiral molecule and its non-superposable mir- 
ror image. The two forms rotate the plane of polarized light 
by equal amounts in opposite directions. Also called optical 
isomers. 


Energy (E,U)* - The characteristic of a system that enables it to 
do work. 


2-36 


Energy gap* - In the theory of solids, the region between two еп- 
ergy bands, in which no bound states can occur. 

Enols, alkenols - The term refers specifically to vinylic alcohols, 
which have the structure HOCR'-CR,, Enols are tautomeric 
with aldehydes (К^ = Н) or ketones (R' not equal to Н). [5] 


Enthalpy (H)* - A thermodynamic function, especially useful 
when dealing with constant-pressure processes, defined by H 
= E + PV, where E is energy, P pressure, and V volume. [1] 

Enthalpy of combustion* - The enthalpy change in a combustion 
reaction. Its negative is the heat released in combustion. 

Enthalpy of formation, standard* - The enthalpy change for the 
reaction in which a substance is formed from its constituent 
elements, each in its standard reference state (normally refers 
to 1 mol, sometimes to 1 g, of the substance). 


Enthalpy of fusion* - The enthalpy change in the transition from 
solid to liquid state. 

Enthalpy of sublimation - The enthalpy change in the transition 
from solid to gas state. 

Enthalpy of vaporization* - The enthalpy change in the transi- 
tion from liquid to gas state. 


Entropy (S)* - A thermodynamic function defined such that when 
a small quantity of heat dQ is received by a system at tempera- 
ture T, the entropy ofthe system is increased by 4О/Т, provid- 
ed that no irreversible change takes place in the system. [1] 

Entropy unit (e.u.) - A non-SI unit of entropy, equal to 4.184 J/K 
mol. 

Ephemeris time - Time measured in tropical years from January 
1, 1900. 


Epoxy compounds - Compounds in which an oxygen atom is di- 
rectly attached to two adjacent or non-adjacent carbon atoms 
of a carbon chain or ring system; thus cyclic ethers. [5] 

Equation of continuity - Any of a class of equations that express 
the fact that some quantity (mass, charge, energy, etc.) cannot 
be created or destroyed. Such equations typically specify that 
the rate of increase of the quantity in a given region of space 
equals the net current of the quantity flowing into the region. 

Equation of state* - An equation relating the pressure, volume, 
and temperature of a substance or system. 


Equilibrium constant (K)* - For a chemical reaction aA + bB = 
cC + ар, the equilibrium constant is defined by: 
ас dy! 


Kz 
a b 
a, ав 


where а, is the activity of component i. To a certain approxi- 
mation, the activities can be replaced by concentrations. The 
equilibrium constant is related to A G°, the standard Gibbs en- 
ergy change in the reaction, Бу RT ШК = -A G°. 

Equivalent conductance - See Conductivity, electrical 

Erg (erg) - А non-SI (cgs) unit of energy, equal to 107 J. 

Esters - Compounds formally derived from an охоас 
ВС(=О)(ОН) and an alcohol, phenol, heteroarenol, or enol 
by linking, with formal loss of water from an acidic hydroxy 
group of the former and a hydroxy group of the latter. [5] 

Esu - The electrostatic system of units, based upon the cm, g, and 
s plus the esu of charge (sometimes called the statcoulomb or 
franklin). 

Ethers - Compounds with formula ROR, where R is not equal to 
H. [5] 
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Euler number (Ez) - A dimensionless quantity used in fluid me- 
chanics, defined by Eu = Ap/pv?, where p is pressure, p is den- 
sity, and v is velocity. [2] 

Eutectic - The point on a two-component solid-liquid phase dia- 
gram which represents the lowest melting point ofany possible 
mixture. A liquid having the eutectic composition will freeze 
ata single temperature without change of composition. 


Excitance (M) - Radiant energy flux leaving an element of a sur- 
face divided by the area of that element. [1] 

Exciton - A localized excited state consisting of a bound electron- 
hole pair in a molecular or ionic crystal. The exciton can prop- 
agate through the crystal. 

Exosphere - The outermost part of the earth's atmosphere, begin- 
ning at about 500 to 1000 km above the surface. It is charac- 
terized by densities so low that air molecules can escape into 
outer space. 


Expansion coefficient - See thermal expansion coefficient. 


Extended electron energy loss fine structure (EXELFS) - See 
Techniques for Materials Characterization, page 12-1. 


Extended x-ray absorption fine structure (EXAFS) - See 
Techniques for Materials Characterization, page 12-1. 


Extinction coefficient - See Absorption coefficient, molar 

F-Center - See Color center 

Fahrenheit temperature (°F) - The temperature scale based on 
the assignment of 32°F = 0°C and a temperature interval of ^F 
=(5/9) С; i.e., t/°F = (9/5)t/°C + 32. 

Farad (F)* - The SI unit of electric capacitance, equal to C/V. [1] 

Faraday constant (F)* - The electric charge of 1 mol of singly 
charged positive ions; i.e., F = Ме, where N, is Avogadro's 
constant and e is the elementary charge. [1] 

Faraday effect* - The rotation of the plane of plane-polarized 
light by a medium placed in a magnetic field parallel to the di- 
rection of the light beam. The effect can be observed in solids, 
liquids, and gasses. 


Fatty acids - Aliphatic monocarboxylic acids derived from or con- 
tained in esterified form in an animal or vegetable fat, oil, or 
wax. Natural fatty acids commonly have a chain of 4 to 28 car- 
bons (usually unbranched and even-numbered), which may be 
saturated or unsaturated. By extension, the term is sometimes 
used to embrace all acyclic aliphatic carboxylic acids. [5] 

Fermat's principle - The law that a ray of light traversing one or 
more media will follow a path which minimizes the time re- 
quired to pass between two given points. 

Fermi (f) - Name sometimes used in nuclear physics for the fem- 
tometer. 


Fermi level - The highest energy of occupied states in a solid at 
zero temperature. Sometimes called Fermi energy. The Fermi 
surface is the surface in momentum space formed by electrons 
occupying the Fermi level. 


Fermi resonance - An effect observed in vibrational spectroscopy 
when an overtone of one fundamental vibration closely coin- 
cides in energy with another fundamental of the same symme- 
try species. It leads to a splitting of vibrational bands. 

Fermi-Dirac distribution - A modification of the Boltzmann dis- 
tribution which takes into account the Pauli exclusion prin- 
ciple. The number of particles of energy 8 is proportional 
to [e*-9^741]-* , where р is a normalization constant, К the 
Boltzmann constant, and Т the temperature. The distribution 
is applicable to a system of fermions. 
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Fermion - A particle that obeys Fermi-Dirac statistics. Specifically, 
any particle with spin equalto an odd multiple of 1/2. Examples 
are the electron, proton, neutron, muon, etc. 

Ferrimagnetism* - A type of magnetism in which the magnetic 
moments of atoms in a solid are ordered into two nonequiva- 
lent sublattices with unequal magnetic moments, leading to a 
nonzero magnetic susceptibility. 


Ferrite - A ferrimagnetic material of nominal formula MFe,O,, 
where M is a divalent metal; widely used in microwave switch- 
es and other solid state devices. 

Ferroelectricity* - The retention of electric polarization by cer- 
tain materials after the external field that produced the polar- 
ization has been removed. 

Ferromagnetism* - A type of magnetism in which the magnetic 
moments of atoms in a solid are aligned within domains which 
can in turn be aligned with each other by a weak magnetic 
field. Some ferromagnetic materials can retain their magneti- 
zation when the external field is removed, as long as the tem- 
perature is below a critical value, the Curie temperature. They 
are characterized by a large positive magnetic susceptibility. 


Fick's law - The statement that the flux / of a diffusing substance is 
proportional to the concentration gradient, i.e., J = -D(dc/dx), 
where D is called the diffusion coefficient. 

Field - A mathematical construct which describes the interaction 
between particles resulting from gravity, electromagnetism, 
or other physical phenomena. In classical physics a field is de- 
scribed by equations. Quantum field theory introduces opera- 
tors to represent the physical observables. 


Field emission microscopy (FEM) - See Techniques for Materials 
Characterization, page 12-1. 


Field ion microscopy (FIM) - See Techniques for Materials 
Characterization, page 12-1. 

Fine structure - The splitting in spectral lines that results from 
interactions of the electron spin with the orbital angular mo- 
mentum. 

Fine structure constant (a)* - Defined as e?/2hce,, where e is the 
elementary charge, /; Planck's constant, c the speed of light, and 
£, the permittivity of a vacuum. It is a measure of the strength 
of the electromagnetic interaction between particles. 


First radiation constant (с, )“ - Constant (= 2пйс”) in the equation 
for the radiant excitance M, of a black body: 


c À ^ AX 
M,- сайт _1 


where À is the wavelength, T'is the temperature, and c, = hc/k 
is the second radiation constant. 


Flash point - The lowest temperature at which vapors above a 
volatile combustible substance will ignite in air when exposed 
to a flame. [10] 

Fluence (F) - Term used in photochemistry to specify the energy 
per unit area delivered in a given time interval, for example by 
a laser pulse. [2] 

Fluorocarbons - Compounds consisting solely of fluorine and 
carbon. [5] 


Fluxoid - The quantum of magnetic flux in superconductivity the- 
огу, equal to #c/2e, where й is Planck's constant, c the velocity 
of light, and e the elementary charge. 


Force (F) - The rate of change of momentum with time. [1] 
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Force constants (f, k)* - In molecular vibrations, the coefficients 
in the expression of the potential energy in terms of atom dis- 
placements from their equilibrium positions. In a diatomic 
molecule, f = d?V/dr?, where V(r) is the potential energy and r 
is the interatomic distance. [2] 

Fourier number (Fo) - A dimensionless quantity used in fluid me- 
chanics, defined by Fo = а Р, where a is thermal diffusivity, t 
is time, and / is length. [2] 

Fourier transform infrared spectroscopy (FTIR) - A technique 
for obtaining an infrared spectrum by use of an interferom- 
eter in which the path length of one of the beams is varied. A 
Fourier transformation of the resulting interferogram yields 
the actual spectrum. The technique is also used for NMR and 
other types of spectroscopy. 


Fractals - Geometrical objects that are self-similar under a change 
of scale; i.e., they appear similar at all levels of magnification. 
They can be considered to have fractional dimensionality. 
Examples occur in diverse fields such as geography (rivers 
and shorelines), biology (trees), and solid state physics (amor- 
phous materials). 

Franck-Condon principle - An important principle in molecu- 
lar spectroscopy which states that the nuclei in a molecule 
remain essentially stationary while an electronic transition 
is taking place. The physical interpretation rests on the fact 
that the electrons move much more rapidly than the nuclei 
because of their much smaller mass. 


Franklin (Fr) - Name sometimes given to the unit of charge in the 
esu system. 

Fraunhofer diffraction - Diffraction of light in situations where 
the source and observation point are so far removed that the 
wave surfaces may be considered planar. 


Fraunhofer lines - Sharp absorption lines in the spectrum of sun- 
light, caused by absorption of the solar blackbody radiation by 
atoms near the sun's surface. 


Free radical - See Radicals. The term "free radical" is often used 
more broadly for molecules that have a paramagnetic ground 
state (e.g., О,) and sometimes for any transient or highly reac- 
tive molecular species. 

Freezing point - See Melting point 

Frequency (v)* - Number of cycles of a periodic phenomenon di- 
vided by time. [1] 

Fresnel diffraction - Diffraction of light in a situation where the 
source and observation point are sufficiently close together 
that the curvature of the wave surfaces must be taken into ac- 
count. 


Froude number (Fr) - A dimensionless quantity used in fluid me- 
chanics, defined by Fr = v/(Ig)'?, where v is velocity, / is length, 
and g is acceleration due to gravity. [2] 

Fugacity (/,) - For a gas mixture, the fugacity of component B is 
defined as the absolute activity À, times the limit, as the pres- 
sure p approaches zero at constant temperature, of p,/A,. [2] 


Fullerenes - Compounds composed solely of an even number of 
carbon atoms, which form a cage-like fused-ring polycyclic 
system with twelve five-membered rings and the rest six-mem- 
bered rings. The archetypal example is [60]fullerene, where 
the atoms and bonds delineate a truncated icosahedron. The 
term has been broadened to include any closed cage structure 
consisting entirely of three-coordinate carbon atoms. [5] 

Fulvalenes - The hydrocarbon fulvalene and its derivatives 
formed by substitution (and by extension, analogues formed 
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by replacement of one ог more carbon atoms of the fulvalene 
skeleton by a heteroatom). [5] 

Fulvenes - The hydrocarbon fulvene and its derivatives formed by 
substitution (and by extension, analogues formed by replace- 
ment of one or more carbon atoms of the fulvene skeleton by 
a heteroatom). [5] 


Fundamental vibrational frequencies* - In molecular spec- 
troscopy, the characteristic vibrational frequencies obtained 
when the vibrational energy is expressed in normal coordi- 
nates. They determine the primary features of the infrared 
and Raman spectra of the molecule. 


y - Name sometimes used for microgram. 


y-rays* - Electromagnetic radiation (photons) with energy greater 
than about 0.1 MeV (wavelength less than about 1 pm). 


g-Factor ofthe electron* - The proportionality factor in the equa- 
tion relating the magnetic moment и of an electron to its total 
angular momentum quantum number J, i.e., и = -gu,J, where 
H, is the Bohr magneton. Also called Landé factor. 

Gal - A non-SI unit of acceleration, equal to 0.01 m/s. Also called 
galileo. 

Gallon (US) - A unit of volume equal to 3.785412 L. 

Gallon (UK, Imperial) - A unit of volume equal to 4.546090 L. 

Gauss (G) - A non-SI unit of magnetic flux density (B) equal to 
107 T. 

Gaussian system of units - A hybrid system used in electromag- 
netic theory, which combines features of both the esu and 
emu systems. 


Gel - A colloidal system with a finite, but usually rather small, yield 
stress (the sheer stress at which yielding starts abruptly). [3] 

Genetic code* - The set of relations between each of the 64 co- 
dons of DNA and a specific amino acid (or other genetic in- 
struction). 

Gibbs energy (G)* - An important function in chemical thermo- 
dynamics, defined by а = H-TS, where H is the enthalpy, S the 
entropy, and T the thermodynamic temperature. Sometimes 
called Gibbs free energy and, in older literature, simply "free 
energy”. [2] 

Gibbs phase rule - The relation F = C - P + 2, where C is the num- 
ber of components in a mixture, P is the number of phases, 
and Р is the degrees of freedom, i.e., the number of intensive 
variables that can be changed independently without affecting 
the number of phases. 


Glass transition temperature* - The temperature at which an 
amorphous polymer is transformed, in a reversible way, from 
a viscous or rubbery condition to a hard and relatively brittle 
one. [10] 

Glow discharge mass spectroscopy (GDMS) - See Techniques 
for Materials Characterization, page 12-1. 


Gluon - A hypothetical particle postulated to take part in the 
binding of quarks, in analogy to the role of the photon in elec- 
tromagnetic interactions. 

Glycerides - Esters of glycerol (propane-1,2,3-triol) with fatty ac- 
ids, widely distributed in nature. They are by long-established 
custom subdivided into triglycerides, 1,2- or 1,3-diglycerides, 
and 1- or 2-monoglycerides, according to the number and po- 
sitions of acyl groups. [5] 

Glycols - Dihydric alcohols in which two hydroxy groups are on 
different carbon atoms, usually but not necessarily adjacent. 
Also called diols. [5] 


Grain (gr) - A non-SI unit of mass, equal to 64.79891 mg. 
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Grain boundary - The interface between two regions of different 
crystal orientation. 

Grashof number (Gr) - A dimensionless quantity used in fluid 
mechanics, defined by Gr = PgaATp?/n?, where T is tempera- 
ture, p is density, / is length, n is viscosity, ه‎ is cubic expansion 
coefficient, and g is acceleration of gravity. [2] 

Gravitational constant (G)* - The universal constant in the equa- 
tion for the gravitational force between two particles, F = 
Gm,m,/r’, where r is the distance between the particles and 
m, and m, are their masses. [1] 

Gray (Gy)* - The SI unit of absorbed dose of radiation, equal to 
J/kg. [1] 

Gregorian calendar - The modification of the Julian calendar in- 
troduced in 1582 by Pope Gregory XII which specified that a 
year divisible by 100 is a leap year only if divisible by 400. 


Grignard reagents - Organomagnesium halides, RMgX, having 
a carbon-magnesium bond (or their equilibrium mixtures in 
solution with R,Mg + MgX.). [5] 

Gruneisen parameter (y) - Defined by y = с/к c, p, where a, is 
the cubic thermal expansion coefficient, к is the isothermal 
compressibility, c, is the specific heat capacity at constant vol- 
ume, and p is the mass density. y is independent of tempera- 
ture for most crystalline solids. [1] 

Gyromagnetic ratio (y) - Ratio of the magnetic moment of a 
particle to its angular momentum. Also called magnetogyric 
ratio. 


Hadron - Any elementary particle that can take part in the strong 
interaction. Hadrons are subdivided into baryons, with odd 
half integer spins, and mesons, which have zero or integral 
spin. 

Hall effect* - The development ofa transverse potential difference 
У ша conducting material when subjected to a magnetic field 
H perpendicular to the direction of the current. The potential 
difference is given by V = R, ВЈ, where В is the magnetic in- 
duction, / the current density, t the thickness of the specimen 
in the direction of the potential difference, and R is called the 
Hall coefficient. 


Halocarbon - А compound containing no elements other than 
carbon, hydrogen, and one or more halogens. In common 
practice, the term is used mainly for compounds of no more 
than four or five carbon atoms. 


Halogens - The elements Е, СІ, Br, I, and At. Compounds of these 
elements are called halogenides or halides. [7] 

Hamiltonian (H) - An expression for the total energy of a mechan- 
ical system in terms of the momenta and positions of constitu- 
ent particles. In quantum mechanics, the Hamiltonian opera- 
tor appears in the eigenvalue equation Hy= Ey, where E is an 
energy eigenvalue and y the corresponding eigenfunction. 

Hardness* - The resistance of a material to deformation, indenta- 
tion, or scratching. Hardness is measured on various scales, 
such as Mohs, Brinell, Knoop, Rockwell, and Vickers. [10] 


Hartmann number (На) - А dimensionless quantity used in plas- 
ma physics, defined by Ha = Bl(x/n)'?, where B is magnetic 
flux density, 115 length, к is electric conductivity, and n is vis- 
cosity. [2] 

Hartree (E,)* - An energy unit used in atomic and molecular sci- 
ence, equal to approximately 4.3597482 x 10-15 Ј. 

Hartree-Fock method - A iterative procedure for solving the 
Schródinger equation for an atom or molecule in which the 
equation is solved for each electron in an initial assumed po- 
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tential from all the other electrons. The new potential that 
results is used to repeat the calculation and the procedure 
continued until convergence is reached. Also called self-con- 
sistent field (SCF) method. 

Heat capacity* - Defined in general as dQ/dT, where dQ is the 
amount of heat that must be added to a system to increase 
its temperature by a small amount dT. The heat capacity at 
constant pressure is C, = 0 D; that at constant volume 
is C, = (OE/0T), , where H is enthalpy, E is internal energy, p 
is pressure, V is volume, and T is temperature. An upper case 
C normally indicates the molar heat capacity, while a lower 
case c is used for the specific (per unit mass) heat capacity. 
[1] 

Heat of formation, vaporization, etc. - See corresponding terms 
under Enthalpy. 

Hectare (Һа) - A unit of area equal to 10* т. [1] 

Heisenberg uncertainty principle - The statement that two ob- 
servable properties of a system that are complementary, in the 
sense that their quantum-mechanical operators do not com- 
mute, cannot be specified simultaneously with absolute preci- 
sion. An example is the position and momentum of a particle; 
according to this principle, the uncertainties in position Aq 
and momentum Ap must satisfy the relation ApAq > 1/47 
where й is Planck's constant. 


Heitler-London model - An early quantum-mechanical model of 
the hydrogen atom which introduced the concept of the ex- 
change interaction between electrons as the primary reason 
for stability of the chemical bond. 


Helicon - A low-frequency wave generated when a metal at low 
temperature is exposed to a uniform magnetic field and a cir- 
cularly polarized electric field. 

Helmholz energy (A) - A thermodynamic function defined by A = 
E-TS, where E is the energy, 5 the entropy, and T' the thermo- 
dynamic temperature. [2] 


Hemiacetals - Compounds having the general formula 
R,C(OH)OR’ (R’ not equal to Н). [5] 
Henry (H)* - The SI unit of inductance, equal to Wb/A. [1] 


Henry’s law * - An expression which applies to an ideal dilute so- 
lution in which one or more gasses are dissolved, viz., p, = Hx, 
where p, is the partial pressure of component i above the solu- 
tion, х, is its mole fraction in the solution, and H, is the Henry's 
law constant (a characteristic of the given gas and solvent, as 
well as the temperature). 


Hermitian operator - An operator A that satisfies the relation 
J u Au dx = (J u,*Au, ах)", where * indicates the complex 
conjugate. The eigenvalues of Hermitian operators are real, 
and eigenfunctions belonging to different eigenvalues are or- 
thogonal. 

Hertz (Hz) - The SI unit of frequency, equal to s~. [1] 

Heterocyclic compounds - Cyclic compounds having as ring 
members atoms of at least two different elements, e.g., quino- 
line, 1,2-thiazole, bicyclo[3.3.1]tetrasiloxane. [5] 


Heusler alloys - Alloys of manganese, copper, aluminum, nickel, 
and sometimes other metals which find important uses as 
permanent magnets. 

Holography - A technique for creating a three-dimensional image 
of a object by recording the interference pattern between a 
light beam diffracted from the object and a reference beam. 
The image can be reconstructed from this pattern by a suit- 
able optical system. 
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Homopolymer - A polymer derived from one species of (real, im- 
plicit, or hypothetical) monomer. [8] 

Hooke’s law - The statement that the ratio of stress to strain is a 
constant in a totally elastic medium. 

Horse power - A non-SI unit of energy, equal to approximately 746 W. 

Hubble constant - The ratio of the recessional velocity of an ex- 
tragalactic object to the distance of that object. Its value is 
about 2 x 10-18 5-1, 

Huckel theory - A simple approximation for calculating the ener- 
gy of conjugated molecules in which only the resonance inte- 
grals between neighboring bonds are considered. Also called 
CNDO method (complete neglect of differential overlap). 


Hume-Rothery rules - A set of empirical rules for predicting the 
occurrence of solid solutions in metallic systems. The rules 
involve size, crystal structure, and electronegativity. 

Hund’s rules - A series of rules for predicting the sequence of en- 
ergy states in atoms and molecules. One of the important re- 
sults is that when two electrons exist in different orbitals, the 
state with their spins parallel (triplet state) lies at lower energy 
than the state with antiparallel spins (singlet). 

Hydrazines - Hydrazine (diazane), H,NNH,, and its hydrocarbyl 
derivatives. When one or more substituents are acyl groups, 
the compound is a hydrazide. [5] 


Hydrocarbon - A compound containing only carbon and hydro- 
gen. [5] 

Hydrolysis - A reaction occurring in water in which a chemical 
bond is cleaved and a new bond formed with the oxygen atom 
of water. 

Hyperfine structure - Splitting of energy levels and spectral lines 
into several closely spaced components as a result of interac- 
tion of nuclear spin angular momentum with other angular 
momenta in the atom or molecule. 


Hysteresis* - An irreversible response of a system (parameter A) 
as a function of an external force (parameter F), usually sym- 
metric with respect to the origin of the A vs. F graph after the 
initial application of the force. A common example is mag- 
netic induction vs. magnetic field strength in a ferromagnet. 

Ideal gas law - The equation of state pV = RT, which defines an 
ideal gas, where p is pressure, V molar volume, T temperature, 
and R the molar gas constant. 

Ideal solution - A solution in which solvent-solvent and solvent- 
solute interactions are identical, so that properties such as vol- 
ume and enthalpy are exactly additive. Ideal solutions follow 
Raoult's law, which states that the vapor pressure p, of compo- 
nent is p, = хр“, where х is the mole fraction of component i 
and р? the vapor pressure of the pure substance i. 


Ignition temperature* - The lowest temperature at which com- 
bustion of a material will occur spontaneously under speci- 
fied conditions. Sometimes called autoignition temperature, 
kindling point. [10] 

Imides - Diacyl derivatives of ammonia or primary amines, espe- 
cially those cyclic compounds derived from diacids. Also used 
for salts having the anion RN, [5] 

Impedence (Z) - The complex representation of potential dif- 
ference divided by the complex representation of current. In 
terms of reactance X and resistance R, the impedance is given 
by Z= В + iX. [1] 

Index of refraction (п)“ - For a non-absorbing medium, the ratio of 
the velocity of electromagnetic radiation іл vacuo to the phase 
velocity of radiation of a specified frequency in the medium. [1] 
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Inductance - The ratio of the electromagnetic force induced in a 
coil by a current to the rate of change of the current. 


Inductive coupled plasma mass spectroscopy (ICPMS) - See 
Techniques for Materials Characterization, page 12-1. 


Inertial defect - In molecular spectroscopy, the quantity I -I -T for 
a molecule whose equilibrium configuration is planar, where 
1,1, and I are the effective principal moments of inertia. The 
inertial defect for a rigid planar molecule would be zero, but 
vibration-rotation interactions in a real molecule lead to a 


positive inertial defect. 


Insulator - A material in which the highest occupied energy band 
(valence band) is completely filled with electrons, while the 
next higher band (conduction band) is empty. Solids with an 
energy gap of 5 eV or more are generally considered as insula- 
tors at room temperature. Their conductivity is less than 107 
S/m and increases with temperature. 


Intercalation compounds - Compounds resulting from reversible 
inclusion, without covalent bonding, of one kind of molecule 
in a solid matrix of another compound, which has a laminar 
structure. The host compound, a solid, may be macromolecu- 
lar, crystalline, or amorphous. [5] 


International System of Units (SI)* - The unit system adopted by 
the General Conference on Weights and Measures in 1960. It 
consists of seven base units (meter, kilogram, second, ampere, 
kelvin, mole, candela), plus derived units and prefixes. [1] 

International Temperature Scale (ITS-90)* - The official inter- 
national temperature scale adopted in 1990. It consists of a 
set of fixed points and equations which enable the thermody- 
namic temperature to be determined from operational mea- 
surements. [9] 

Ion - An atomic or molecular particle having a net electric charge. 
[3] 

Ion exchange - A process involving the adsorption of one or sev- 
eral ionic species accompanied by the simultaneous desorp- 
tion (displacement) of one or more other ionic species. [3] 

Ion neutralization spectroscopy (INS) - See Techniques for 
Materials Characterization, page 12-1. 

Ionic strength (1) - A measure of the total concentration of ions 
in a solution, defined by I = 1/22, z?m, where 2, is the charge 
of ionic species i and m, is its molality. For a 1-1 electrolyte at 
molality т, [= m. 

Ionization constant* - The equilibrium constant for a reaction in 
which a substance in solution dissociates into ions. 

Ionization potential* - The minimum energy required to re- 
move an electron from an isolated atom or molecule (in its 
vibrational ground state) in the gaseous phase. More properly 
called ionization energy. [3] 

Irradiance (E) - The radiant energy flux incident on an element of 
a surface, divided by the area of that element. [1] 


Isentropic process - A thermodynamic process in which the en- 
tropy of the system does not change. 

Ising model - A model describing the coupling between two at- 
oms in a ferromagnetic lattice, in which the interaction energy 
is proportional to the negative of the product ofthe spin com- 
ponents along a specified axis. 

Isobar - A line connecting points of equal pressure on a graphical 
representation of a physical system. 


Isochore - A line or surface of constant volume on a graphical 
representation of a physical system. 
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Isoelectric point* - The pH of a solution or dispersion at which 
the net charge on the macromolecules or colloidal particles is 
zero. In electrophoresis there is no motion of the particles in 
an electric field at the isoelectric point. 

Isomers - In chemistry, compounds that have identical molecular 
formulas but differ in the nature or sequence of bonding of 
their atoms or in the arrangement of their atoms in space. In 
physics, nuclei of the same atomic number Z and mass num- 
ber A but in different energy states. [3] 


Isomorphs - Substances of different chemical nature but having 
the same crystal structure. 


Isotactic macromolecule - A tactic macromolecule, essentially 
comprising only one species of repeating unit which has chiral 
or prochiral atoms in the main chain in a unique arrangement 
with respect to its adjacent constitutional units. [8] 

Isotherm - A line connecting points of equal temperature on a 
graphical representation of a physical system. 


Isothermal process - A thermodynamic process in which the 
temperature of the system does not change. 

Isotones - Nuclides having the same neutron number N but differ- 
ent atomic number Z. [3] 


Isotopes - Two or more nuclides with the same atomic number 
Z but different mass number A. The term is sometimes used 
synonymously with nuclide, but it is preferable to reserve the 
word nuclide for a species of specific Z and A. [3] 


Jahn-Teller effect - An interaction of vibrational and electronic 
motions in a nonlinear molecule which removes the degen- 
eracy of certain electronic energy levels. It can influence the 
spectrum, crystal structure, and magnetic properties of the 
substance. 

Johnson noise - Electrical noise generated by random thermal 
motion of electrons in a conductor or semiconductor. Also 
called thermal noise. 


Josephson effect - The tunneling of electron pairs through a thin 
insulating layer which separates two superconductors. When 
a potential difference is applied to the superconductors, an 
alternating current is generated whose frequency is precisely 
proportional to the potential difference. This effect has im- 
portant applications in metrology and determination of fun- 
damental physical constants. 

Joule (J)* - The SI unit of energy, equal to N m. [1] 

Joule-Thomson coefficient (u) - A parameter which describes the 
temperature change when a gas expands adiabatically through 
a nozzle from a high pressure to a low pressure region. It is 
defined by џ = (9Т/9р),, where H is enthalpy. 

Julian calendar - The calendar introduced by Julius Caeser in 46 
B.C. which divided the year into 365 days with a leap year of 
366 days every fourth year. 

Julian date (JD) - The number of days elapsed since noon 
Greenwich Mean Time on January 1, 4713 B.C. Thus January 
1, 2000, ОЋ (midnight) will be JD 2,451,543.5. This dating sys- 
tem was introduced by Joseph Scaliger in 1582. 
Kaon - One of the elementary particles in the family of mesons. 
Kaons have a spin of zero and may be neutral or charged. 
Kelvin (K)* - The SI base unit of thermodynamic temperature. 
[1] 

Kepler's laws - The three laws of planetary motion, which estab- 
lished the elliptical shape of planetary orbits and the relation 
between orbital dimensions and the period of rotation. 
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Kerr effect* - An electrooptical effect in which birefringence is in- 
duced in a liquid or gas when a strong electric field is applied 
perpendicular to the direction of an incident light beam. The 
Kerr constant k is given by и,-и, = КАЕ, where À is the wave- 
length, Е is the electric field strength, and п, and и, are the 
indices of refraction of the ordinary and extraordinary rays, 
respectively. 

Ketenes - Compounds in which a carbonyl group is connected by 
a double bond to ап alkylidene group: R,C=C=O. [5] 


Ketones - Compounds in which a carbonyl group is bonded to two 
carbon atoms: R R,C=O (neither R may be H). [5] 

Kilogram (kg)* - The SI base unit of mass. [1] 

Kinetic energy (Е,, T) - The energy associated with the motion 
of a system of particles in a specified reference frame. For a 
single particle of mass m moving at velocity v, E, = 1/2mv’. 


Kirchhoff's laws - Basic rules for electric circuits, which state (a) 
the algebraic sum of the currents at a network node is zero 
and (b) the algebraic sum of the voltage drops around a closed 
path is zero. 

Klein-Gordon equation - А relativistic extension of the 
Schródinger equation. 

Klein-Nishima formula - An expression for the scattering cross 
section of a photon by an unbound electron, based upon the 
Dirac electron theory. 


Knight shift - The change in magnetic resonance frequency of a 
nucleus in a metal relative to the same nucleus in a diamag- 
netic solid. The effect is due to the polarization of the conduc- 
tion electrons in the metal. 

Knudsen number (Ки) - А dimensionless quantity used in fluid 
mechanics, defined by Ки = А//, where À is mean free path and 
lis length. [2] 

Kondo effect - A large increase in electrical resistance observed at 
low temperatures in certain dilute alloys of a magnetic metal 
in a nonmagnetic material. 


Kramers-Kronig relation - A set of equations relating the real 
and imaginary parts of the index of refraction of a medium 

Lactams - Cyclic amides of amino carboxylic acids, having a 1- 
azacycloalkan-2-one structure, or analogues having unsatura- 
tion or heteroatoms replacing one or more carbon atoms of 
the ring. [5] 

Lactones - Cyclic esters of hydroxy carboxylic acids, containing a 
1-oxacycloalkan-2-one structure, or analogues having unsatu- 
ration or heteroatoms replacing one or more carbon atoms of 
the ring. [5] 

Lagrangian function (1) - A function used in classical mechanics, 
defined as the kinetic energy minus the potential energy for a 
system of particles. 

Lamb shift - The small energy difference between the ?$, „апа 
7P,, levels in the hydrogen atom, which results from interac- 
tions between the electron and the radiation field. 

Laminar flow - Smooth, uniform, non-turbulent flow of a gas or 
liquid in parallel layers, with little mixing between layers. It is 
characterized by small values of the Reynolds number. 

Landé g-factor - See g-Factor of the electron 

Langevin function - The mathematical function L(x) = (e*+e-%)/ 
(е-е-“)-1/х, which occurs in the expression for the average 
dipole moment of a group of rotating polar molecules in an 
electric field: н = uL(uE/kT), where p is the electric dipole 
moment of a single molecule, £ is the electric field strength, K 
is the Boltzmann constant, and T is the temperature. 
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Lanthanides - The elements of atomic number 57 through 71, 
which share common chemical properties: La, Ce, Pr, Nd, Pm, 
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu. [7] 

Larmor frequency (v,) - The precession frequency of a magnetic 
dipole in an applied magnetic field. In particular, a nucleus in a 
magnetic field of strength В has a Larmor frequency of 8/27 
where y is the magnetogyric ratio of the nucleus. 


Laser* - A device in which an optical cavity is filled with a me- 
dium where a population inversion can be produced by some 
means. When the resonant frequency of the cavity bears the 
proper relation to the separation of the inverted energy levels, 
stimulated emission occurs, producing a highly monochro- 
matic, coherent beam of light. 

Laser ionization mass spectroscopy (LIMS) - See Techniques 
for Materials Characterization, page 12-1. 

Lattice constants* - Parameters specifying the dimensions of a 
unit cell in a crystal lattice, specifically the lengths of the cell 
edges and the angles between them. 


Lattice energy* - The energy per ion pair required to separate 
completely the ions in a crystal lattice at a temperature of ab- 
solute zero. 


Laue diagram - A diffraction pattern produced when an x-ray 
beam passes through a thin slice of a crystal and impinges on 
a detector behind the crystal. 

Lenz's law - The statement that the current induced in a circuit 
by a change in magnetic flux is so directed as to oppose the 
change in flux 


Leonard-Jones potential - A simple but useful function for ap- 
proximating the interaction between two neutral atoms or 
molecules separated by a distance r by writing the potential 
energy as U(r) = 4e((r/r)? - (r,/r)°}, where е and r, are adjust- 
able parameters. In this form the depth of the potential well is 
g and the minimum occurs at 2/6, The (1/7)? term is often 
replaced by other powers of 1/7. 

Lepton - One of the class of elementary particles that do not take 
part in the strong interaction. Included are the electron, muon, 
and neutrino. All leptons have a spin of 1/2. 

Lewis number (Le) - A dimensionless quantity used in fluid me- 
chanics, defined by Le - a/D, where a is thermal diffusivity 
and D is diffusion coefficient. [2] 


Ligand field theory - A description of the structure of crystals 
containing a transition metal ion surrounded by nonmetallic 
ions (ligands). It is based on construction of molecular orbit- 
als involving the d-orbitals of the central metal ion and com- 
binations of atomic orbitals of the ligands. 

Light year (І.у.) - A unit of distance used in astronomy, defined as 
the distance light travels in one year in a vacuum. Its approxi- 
mate value is 9.46073 x 10? m. 


Lignins - Macromolecular constituents of wood related to lignans, 
composed of phenolic propylbenzene skeletal units, linked at 
various sites and apparently randomly. [5] 


Ligroin - The petroleum fraction consisting mostly of C, and C, 
hydrocarbons and boiling in the range 90-140°C; commonly 
used as a laboratory solvent. 

Lipids - A loosely defined term for substances of biological origin 
that are soluble in nonpolar solvents. They consist of saponifi- 
able lipids, such as glycerides (fats and oils) and phospholip- 
ids, as well as nonsaponifiable lipids, principally steroids. [5] 

Lipoproteins - Clathrate complexes consisting ofa lipid enwrapped 
in a protein host without covalent binding, in such a way that 
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the complex has a hydrophilic outer surface consisting of all the 
protein and the polar ends of any phospholipids. [5] 


Liter (L)* - A synonym for cubic decimeter. [1] 


Lithosphere* - The outer layer of the solid earth, extending from 
the base of the mantle to the surface of the crust. 

Lorentz contraction - The reduction in length of a moving body 
in the direction of motion, given by the factor (1-v2/c2)12 , 
where v is the velocity of the body and c the velocity of light. 
Also known as the FitzGerald-Lorentz contraction. 

Lorentz force - The force exerted on a point charge Q moving at 
velocity v in the presence of external fields E and B. It is given 
(іп SI units) by F = Q(E + v x B). 

Loss angle (8) - For a dielectric material in an alternating electro- 
magnetic field, 6 is the phase difference between the current 
and the potential difference. The function tan ó is a measure 
of the ratio of the power dissipated in the dielectric to the 
power stored. 

Low energy electron diffraction (LEED) - See Techniques for 
Materials Characterization, page 12-1. 


Lumen (Im)* - The SI unit of luminous flux, equal to cd sr. [1] 


Luminous flux (Ф) - The intensity of light from a source multi- 
plied by the solid angle. The SI unit is lumen. [1] 

Lux (Ix)* - The SI unit of illuminance, equal to cd sr тг. [1] 

Lyddane-Sachs-Teller relation - A relation between the phonon 
frequencies and dielectric constants of an ionic crystal which 
states that (,/@,)? = ё(о)/6(0), where o, is the angular fre- 
quency of transverse optical phonons, о, that of longitudinal 
optical phonons, e(0) is the static dielectric constant, and (оо) 
the dielectric constant at optical frequencies. 


Lyman series - The series of lines in the spectrum of the hydrogen 
atom which corresponds to transitions between the ground 
state (principal quantum number и = 1) and successive excited 
states. The wavelengths are given by 1/A = К,(1-1/77), where 
n = 2,3,4,... and R is the Rydberg constant for hydrogen. The 
first member of the series (и = 12), which is often called the 
Lyman-a line, falls at a wavelength of 1216 À, and the series 
converges at 912 À, the ionization limit of hydrogen. 

Mach number (Ma) - A dimensionless quantity used in fluid me- 
chanics, defined by Ma = v/c, where у is velocity and с is the 
speed of sound. [2] 

Macromolecule - A molecule of high relative molecular mass 
(molecular weight), the structure of which essentially com- 
prises the multiple repetition of units derived, actually or con- 
ceptually, from molecules of low relative molecular mass [8] 


Madelung constant* - A constant characteristic of a particular 
crystalline material which gives a measure of the electrostatic 
energy binding the ions in the crystal. 

Magnetic field strength (H) - An axial vector quantity, the curl of 
which is equal to the current density, including the displace- 
ment current. [1] 

Magnetic induction (B) - An axial vector quantity such that the 
force exerted on an element of current is equal to the vector 
product of this element and the magnetic induction. [1] 

Magnetic moment - See Dipole moment, magnetic. 

Magnetic susceptibility (x, , к)* - Defined by x, = (и-но/ Цу where 
p is the permeability of the medium and p, the permeability of 
a vacuum. [1] 

Magnetization (M) - Defined by М = (B/u,)-H, where B is mag- 
netic induction, H magnetic field strength, and џ, the perme- 
ability of a vacuum. [1] 
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Magnetogyric ratio (y) - Ratio of the magnetic moment of a parti- 
cle to its angular momentum. Also called gyromagnetic ratio. 


Magneton - See Bohr magneton, Nuclear magneton. 

Magnetostriction* - The change in dimensions of a solid sample 
when it is placed in a magnetic field. 

Magnon - A quantum of magnetic energy associated with a spin 
wave in a ferromagnetic or antiferromagnetic crystal. 

Mantle - The layer ofthe earth between the crust and the liquid outer 
core, which begins about 2900 km below the earth's surface. 


Maser - A device in which a microwave cavity is filled with a medium 
where a population inversion can be produced by some means. 
When the resonant frequency of the cavity bears the proper re- 
lation to the separation of the inverted energy levels, the device 
can serve as an amplifier or oscillator at that frequency. 


Mass (m)* - Quantity of matter. Mass can also be defined as "resis- 
tance to acceleration" 

Mass defect (B) - Defined by В = Zm('H) + Nm, - m,, where Z is 
the atomic number, m(!H) is the mass of the hydrogen atom, 
N is the neutron number, т, is the rest mass of the neutron, 
and т, is the mass of the atom in question. Thus Bc? can be 
equated to the binding energy of the nucleus if the binding 
energy of atomic electrons is neglected. [1] 


Mass excess (A) - Defined by A = m, - Am,, where т, is the mass 
of the atom, A the number of nucleons, and т, the unified 
atomic mass constant (m, = 1 u). [1] 

Mass fraction (w,) - The ratio of the mass of substance B to the 
total mass of a mixture. [1] 

Mass number (A) - A characteristic property of a specific isotope 
of an element, equal to the sum of the number of protons and 
neutrons in the nucleus. 


Mass spectrometry - An analytical technique in which ions are 
separated according to the mass/charge ratio and detected by 
a suitable detector. The ions may be produced by electron im- 
pact on a gas, a chemical reaction, energetic vaporization of a 
solid, etc. [6] 

Massieu function - A thermodynamic function defined by J = -A/ 
T, where A is the Helmholz energy and T the thermodynamic 
temperature. [2] 

Matthiessen's rule - The statement that the electrical resistivity 
p of a metal can be written as р = p,+p, where p, is due to 
scattering of conduction electrons by lattice vibrations and p, 
to scattering by impurities and imperfections. If the impurity 
concentration is small, p, is temperature independent. 

Maxwell (Mx)* - A non-SI unit of magnetic field strength (H) 
equal to 10? Wb. [1] 

Maxwell's equations - The fundamental equations of electromag- 
netism. In a form appropriate to SI units, they are: 

curl H = oD/ot + j 


div B= 0 
curl E = -ӘВ/дї 
аур = р 


where Н is the magnetic field strength, B the magnetic induc- 
tion, E the electric field strength, D the electric displacement, 
j the current density, p the charge density, and t is time. 


Maxwell-Boltzmann distribution - An expression for the frac- 
tion of molecules f(v) in a gas that have velocity v within a 
specified interval. It takes the form 


fo) ¿= 47) 27 ٠ үзе M PRT 
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where M is the molar mass, К the molar gas constant, and T' 
the temperature. 


Mean free path* - The average distance a gas molecule travels be- 
tween collisions. 


Meissner effect - The complete exclusion of magnetic induction 
from the interior of a superconductor. 

Melting point* - The temperature at which the solid and liquid 
phases ofa substance are in equilibrium at a specified pressure 
(normally taken to be atmospheric unless stated otherwise). 

Mercaptans - A traditional term abandoned by IUPAC, synony- 
mous with thiols. This term is still widely used. [5] 


Meson - Any elementary particle that has zero or integral spin. 
Mesons are responsible for the forces between protons and 
neutrons in the nucleus. 

Mesosphere - The part of the earth's atmosphere extending from 
the top of the stratosphere (about 50 km above the surface) 
to 80-90 km. It is characterized by a decrease in temperature 
with increasing altitude. 

Metal - A material in which the highest occupied energy band 
(conduction band) is only partially filled with electrons. The 
electrical conductivity of metals generally decreases with tem- 
perature. 


Metallocenes - Organometallic coordination compounds іп 
which one atom of a transition metal such as iron, ruthenium 
or osmium is bonded to and only to the face of two cyclopen- 
tadienyl ligands which lie in parallel planes. [5] 

Meter (m)* - The SI base unit of length. [1] 

Methine group - In organic compounds, the -C- group. [5] 

Mho - An archaic name for the SI unit siemens (reciprocal ohm). 

Micelle - A particle formed by the aggregation of surfactant mol- 
ecules (typically, 10 to 100 molecules) in solution. For aque- 
ous solutions, the hydrophilic end of the molecule is on the 
surface of the micelle, while the hydrophobic end (often a hy- 
drocarbon chain) points toward the center. At the critical mi- 
celle concentration (cmc) the previously dissolved molecules 
aggregate into a micelle. 

Micron (и) - An obsolete name for micrometer. 

Mie scattering - The scattering of light by spherical dielectric par- 
ticles whose diameter is comparable to the wavelength of the 
light. 

Milky way - The band of light in the night sky resulting from the 
stars in the galactic plane. The term is also used to denote the 
galaxy in which the sun is located. 

Miller indices (ИКО) - A set of indices used to label planes in а 
crystal lattice. [2] 


Millimeter of mercury (mmHg) - A non-SI unit of pressure, 
equal to 133.322 Pa. The name is generally considered inter- 
changeable with torr. 

Mobility (џ)“ - In solid state physics, the drift velocity of electrons 
or holes in a solid divided by the applied electric field strength. 
The term is used in a similar sense in other fields. 


Molality (т) - A measure of concentration of a solution in which 
one states the amount of substance (i.e., number of moles) of 
solute per kilogram of solvent. Thus a 0.1 molal solution (of- 
ten written as 0.1 m) has т = 0.1 mol/kg. 


Molar mass - The mass of one mole of a substance. It is normally 
expressed in units of g/mol, in which case its numerical val- 
ue is identical with the molecular weight (relative molecular 
mass). [1] 
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Molar quantity - It is often convenient to express an extensive 
quantity (e.g., volume, enthalpy, heat capacity, etc.) as the ac- 
tual value divided by amount of substance (number of moles). 
The resulting quantity is called molar volume, molar enthalpy, 
etc 

Molar refraction (R) - A property of a dielectric defined by the 
equation R = У, [(02-1)/(и2+2)], where и is the index of refrac- 
tion of the medium (at optical wavelengths) and У the molar 
volume. It is related to the polarizability о of the molecules 
that make up the medium by the Lorenz-Lorentz equation, 
R = N,a/3e, , where N, is Avogadro's constant and e, is the 
permittivity of a vacuum. 


Molarity (c) - A measure of concentration of a solution in which 
one states the amount of substance (i.e., number of moles) of 
solute per liter of solution. Thus a 0.1 molar solution (often 
referred to as 0.1 M) has a concentration с = 0.1 mol/L. 


Mole (mol)* - The SI base unit of amount of substance. [1] 


Mole fraction (x,) - The ratio of the amount of substance (num- 
ber of moles) of substance B to the total amount of substance 
in a mixture. [1] 

Molecular orbital - See Orbital. 

Molecular weight (AM )* - The ratio of the average mass per mol- 
ecule or specified entity of a substance to 1/12 of the mass 
of nuclide ?C. Also called relative molar (or molecular) mass. 
[1] 

Moment of inertia (J) - The moment of inertia of a body about an 
axis is the sum (or integral) of the products of its elements of 
mass and the squares of their distances from the axis. [1] 


Momentum (p) - The product of mass and velocity. [1] 

Monomer - A substance consisting of molecules which can un- 
dergo polymerization, thereby contributing constitutional 
units to the essential structure of a macromolecule. [8] 

Monosaccharides - A term which includes aldoses, ketoses, and a 
wide variety of derivatives. [5] 


Móssbauer effect - The recoilless emission of y-rays from nuclei 
bound in a crystal under conditions where the recoil energy 
associated with the y emission is taken up by the crystal as a 
whole. This results in a very narrow line width, which can be 
exploited in various types of precise measurements. 

Muon* - An unstable elementary particle of spin 1/2 and mass 
about 200 times that of the electron. 

Naphtha - The petroleum fraction consisting mostly of C, to C, 
hydrocarbons and boiling in the range 80-120°C. Solvents de- 
rived from this fraction include ligroin and petroleum ether. 


Nautical mile - A non-SI unit of length, equal to exactly 1852 m. 

Navier-Stokes equations - A set of complex equations for the 
motion of a viscous fluid subject to external forces. 

Néel temperature (7,)%- The critical temperature above which 
an antiferromagnetic substance becomes paramagnetic. [1] 


Nernst effect - The production of an electric field in a conductor 
subject to an applied magnetic field and containing a trans- 
verse temperature gradient. The electric field is perpendicular 
to the magnetic field and the temperature gradient. 

Network - In polymer science, a highly ramified macromolecule 
in which essentially each constitutional unit is connected to 
each other constitutional unit and to the macroscopic phase 
boundary by many permanent paths through the macromol- 
ecule, the number of such paths increasing with the number 
of intervening bonds. The paths must on the average be coex- 
tensive with the macromolecule. [8] 
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Neutrino - A stable elementary particle in the lepton family. 
Neutrinos have zero (or at least near-zero) rest mass and spin 
1/2. 

Neutron* - An elementary particle on spin 1/2 and zero charge. 
The free neutron has a mean lifetime of 887 seconds. Neutrons 
and protons, which are collectively called nucleons, are the 
constituents of the nucleus. 


Neutronactivation analysis (NAA) - See Techniques for Materials 
Characterization, page 12-1. 

Neutron number (N) - A characteristic property of a specific iso- 
tope of an element, equal to the number of neutrons in the 
nucleus. 

Newton (N)* - The SI unit of force, equal to m kg s^. [1] 


Nitriles - Compounds having the structure RCZN; thus C-substi- 
tuted derivatives of hydrocyanic acid, HCzN. [5] 

Nitrosamines - N-Nitroso amines: compounds of the structure 
R,NNO. Compounds RNHNO are not ordinarily isolatable, 
but they, too, are nitrosamines. The name is a contraction of 
N-nitrosoamine and, as such, does not require the N locant. 
[5] 

Nuclear magnetic resonance (NMR)* - A widely used technique 
in which the resonant absorption of radiofrequency radiation 
by magnetic nuclei in a magnetic field is measured. The re- 
sults give important information on the local environment of 
each nucleus. 


Nuclear magneton (1,)* - The unit of nuclear magnetic moment, 
defined as eh/4nm,, where h is Planck's constant, ит, the pro- 
ton mass, and e the elementary charge. 

Nuclear quadrupole resonance (NQR) - See Techniques for 
Materials Characterization, page 12-1. 

Nuclear reaction analysis (NRA) - See Techniques for Materials 
Characterization, page 12-1. 


Nuclear spin (1) - The quantum number that specifies the intrinsic 
angular momentum of a particular nucleus. The magnitude of 
the angular momentum is given by [I(14-1)]'? И/2п, where Л is 
Planck's constant. 

Nucleic acids* - Macromolecules, the major organic matter of 
the nuclei of biological cells, made up of nucleotide units, and 
hydrolyzable into certain pyrimidine or purine bases (usually 
adenine, cytosine, guanine, thymine, uracil), D-ribose or 2-de- 
oxy-D-ribose. [5] 

Nucleon - A collective term for the proton and neutron. 


Nucleosides - Ribosyl or deoxyribosyl derivatives (rarely, other 
glycosyl derivatives) of certain pyrimidine or purine bases. 
They are thus glycosylamines or N-glycosides related to nu- 
cleotides by the lack of phosphorylation. [5] 

Nucleotides - Compounds formally obtained by esterification of 
the 37 or 5” hydroxy group of nucleosides with phosphoric 
acid. They are the monomers of nucleic acids and are formed 
from them by hydrolytic cleavage. [5] 

Nuclide - A species of atoms in which each atom has identical 
atomic number Z and identical mass number A. [3] 


Nusselt number (Ми) - A dimensionless quantity used in fluid 
mechanics, defined by Nu = НИК, where Л is coefficient of heat 
transfer, 118 length, and k is thermal conductivity. [2] 

Nyquist theorem - An expression for the mean square thermal 
noise voltage across a resistor, given by 4RKTAf where В is the 
resistance, К the Boltzmann constant, T the temperature, and 
Afthe frequency band within which the voltage is measured. 
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Octanol-water partition coefficient (P)* - A measure of the way 
in which a compound will partition itself between the octa- 
nol and water phases in the two-phase octanol-water system, 
and thus an indicator of certain types of biological activity. 
Specifically, P is the ratio of the concentration (in moles per 
liter) of the compound in the octanol phase to that in the wa- 
ter phase at infinite dilution. The quantity normally reported 
is log P. 

Oersted (Oe) - A non-SI unit of magnetic field (Н), equal to 
79.57747 A/m. 

Ohm (Q)* - The SI unit of electric resistance, equal to V/A. [1] 

Ohm’s law - A relation among electric current J, potential dif- 
ference V, and resistance R, viz., 1 = V/R. The resistance is 
constant at constant temperature to high precision for many 
materials. 

Olefins - Acyclic and cyclic hydrocarbons having one or more 
carbon-carbon double bonds, apart from the formal ones in 
aromatic compounds. The class olefins subsumes alkenes and 
cycloalkenes and the corresponding polyenes. [5] 


Oligomer - A substance consisting of molecules of intermediate 
relative molecular mass (molecular weight), the structure of 
which essentially comprises the multiple repetition of units 
derived, actually or conceptually, from molecules of low rela- 
tive molecular mass. In contrast to a polymer, the properties 
of an oligomer can vary significantly with the removal of one 
or a few of its units. [8] 

Oligopeptides - Peptides containing from three to nine amino 
groups. [5] 

Onsager relations - An important set of equations in the ther- 
modynamics of irreversible processes. They express the sym- 
metry between the transport coefficients describing recipro- 
cal processes in systems with a linear dependence of flux on 
driving forces. 


Optical rotary power - Angle by which the plane of polarization 
of a light beam is rotated by an optically active medium, di- 
vided by path length and by concentration of the active con- 
stituent. Depending on whether mass or molar concentration 
is used, the modifier "specific" or “molar” is attached. [2] 

Orbital - A one-electron wavefunction. Atomic orbitals are classi- 
fied as s-, p-, d,- or f-orbitals according to whether the angular 
momentum quantum number / = 0, 1, 2, ог 3. Molecular orbit- 
als, which are usually constructed as linear combinations of 
atomic orbitals, describe the distribution of electrons over the 
entire molecule. 

Oscillator strength (f) - A measure of the intensity of a spectro- 
scopic transition, defined by 
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where v is the frequency, џ, the transition dipole moment, 
т, the mass of the electron, e the elementary charge, and Л 
Planck's constant. 

Osmosis - The flow of a solvent in a system in which two solutions 
of different concentration are separated by a semipermeable 
membrane which cannot pass solute molecules. The solvent 
will flow from the side of lower concentration to that of higher 
concentration, thus tending to equalize the concentrations. 
The pressure that must be applied to the more concentrated 
side to stop the flow is called the osmotic pressure. 
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Osmotic coefficient (ф) - Defined by $ = In a, /(M,Em,), where 
M, is the molar mass of substance A (normally the solvent), a, 
is its activity, and the т, are molalities of the solutes. [1] 

Osmotic pressure (II) - The excess pressure necessary to main- 
tain osmotic equilibrium between a solution and the pure sol- 
vent separated by a membrane permeable only to the solvent. 
In an ideal dilute solution П = c,RT , where c, is the amount- 
of-substance concentration of the solute, R is the molar gas 
constant, and T' the temperature. [1,2] 

Ostwald dilution law - A relation for the concentration depen- 
dence of the molar conductivity A of an electrolyte solution, 
viz., 
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where c is the solute concentration, К is the equilibrium con- 
stant for dissociation of the solute, and Л? is the conductivity 
at cA = 0. 


Ounce (oz) - A non-SI unit of mass. The avoirdupois ounce equals 
28.34952 g, while the troy ounce equals 31.10348 g. 


Overpotential (n) - In an electrochemical cell, the difference 
between the potential of an electrode and its zero-current 
value. 


Oximes - Compounds of structure R,C=NOH derived Кот 
condensation of aldehydes or ketones with hydroxylamine. 
Oximes from aldehydes may be called aldoximes; those from 
ketones may be called ketoximes. [5] 


Oxo compounds - Compounds containing an oxygen atom, =0, 
doubly bonded to carbon or another element. The term thus 
embraces aldehydes, carboxylic acids, ketones, sulfonic acids, 
amides and esters. [5] 

Ozonides - The 1,2,4-trioxolanes formed by the reaction of ozone 
at a carbon-carbon double bond, or the analogous compounds 
derived from acetylenic compounds. [5] 

Pair production - A process in which a photon is converted into a 
particle and its antiparticle (e.g., an electron and positron) in 
the electromagnetic field of a nucleus. 


Paraffins - Obsolescent term for saturated hydrocarbons, com- 
monly but not necessarily acyclic. Still widely used in the 
petrochemical industry, where the term designates acyclic 
saturated hydrocarbons, and stands in contradistinction to 
naphthenes. [5] 

Paramagnetism* - A type of magnetism characterized by a posi- 
tive magnetic susceptibility, so that the material becomes 
weakly magnetized in the direction of an external field. The 
magnetization disappears when the field in removed. In the 
simplest approximation (Curie's law) the susceptibility is in- 
versely proportional to temperature. 

Parity - The property of a quantum-mechanical wave function 
that describes its behavior under the symmetry operation of 
coordinate inversion. А parity of +1 (or even) is assigned if the 
wave function does not change sign when the signs of all the 
coordinates are changed; the parity is -1 (or odd) if the wave 
function changes sign under this operation. 

Parsec (pc) - A unit of distance defined as the distance at which 1 
astronomical unit (AU) subtends an angle of 1 second of arc. 
It is equal to 206264.806 AU or 3.085678 х 4 

Particle induced x-ray emission (PIXE) - See Techniques for 
Materials Characterization, page 12-1. 
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Partition function (q, z) - For a single molecule, 4 = > g exp(e/KT), 
where е, is an energy level of degeneracy g, k the Boltzmann 
constant, and T the absolute temperature; the summation ex- 
tends over all energy states. For a system of N non-interacting 
molecules which are indistinguishable, as in an ideal gas, the 
canonical partition function Q = qN/N!. 

Pascal (Pa)* - The SI unit of pressure, equal to N/m”. [1] 


Paschen series - The series of lines in the spectrum of the hydro- 
gen atom which corresponds to transitions between the state 
with principal quantum number и = 3 and successive higher 
states. The wavelengths are given by 1/Х = А, (1/9-1/n2), where 
и = 4,5,6,... and R, is the Rydberg constant. The first member 
of the series (и = 35-4), which is often called the Р, line, falls 
in the infrared at a wavelength of 1.875 иш. 

Paschen-Back effect - In atomic spectroscopy, the decoupling of 
electron spin from orbital angular momentum as the strength 
of an external magnetic field is increased. 

Pauli exclusion principle - The statement that two electrons 
in an atom cannot have identical quantum numbers; thus if 
there are two electrons in the same orbital, their spin quantum 
numbers must be of opposite sign. 


Pearson symbol - A code for designating crystallographic infor- 
mation, including the crystal system, the lattice type, and the 
number of atoms per unit cell. 

Péclet number (Pe) - A dimensionless quantity used in fluid me- 
chanics, defined by Pe = vl/a, where v is velocity, 115 length, 
and a is thermal diffussivity. [2] 

Peltier effect - The absorption or generation of heat (depending 
on the current direction) which occurs when an electric cur- 
rent is passed through a junction between two materials. 


Peptides - Amides derived from two or more amino carboxylic 
acid molecules (the same or different) by formation of a co- 
valent bond from the carbonyl carbon of one to the nitrogen 
atom of another with formal loss of water. [5] 

Permeability (и) - Magnetic induction divided by magnetic field 
strength; ie. н = В/Н. The relative permeability u, = м/и, 
where p, is the permeability of a vacuum. [1] 

Permittivity (=) - Ratio of the electric displacement in a medium 
to the electric field strength. Also called dielectric constant. 
[1] 

Peroxides - Compounds of structure ROOR in which К may ђе 
any organic group. In inorganic chemistry, salts of the anion 
O, [5] 

Peroxy acids - Acids in which an acidic -OH group has been re- 
placed by an -OOH group; e.g. СН,С(-О)ООН peroxyacetic 
acid, РҺ5(-О),ООН benzeneperoxysulfonic acid. [5] 

Petroleum ether - The petroleum fraction consisting of С, and 
C, hydrocarbons and boiling in the range 35-60°С; commonly 
used as a laboratory solvent. 


pH* - A convenient measure of the acid-base character of a so- 
lution, usually defined by pH = -log [c(H*)/mol L?)], where 
c(H*) is the concentration of hydrogen ions.The more precise 
definition is in terms af activity rather than concentration. [2] 

Phenols - Compounds having one or more hydroxy groups at- 
tached to a benzene or other arene ring. [5] 

Phonon - A quantum of energy associated with a vibrational mode 
of a crystal lattice. 


Phosphines - PH, and compounds derived from it by substitut- 
ing one, two or three hydrogen atoms by hydrocarbyl groups. 
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RPH, R PH and К,Р (R not equal to Н) are called primary, 
secondary and tertiary phosphines, respectively. [5] 
Phosphonium compounds - Salts (and hydroxides) | СР| Х-соп- 
taining tetracoordinate phosphonium ion and the associated 
anion. [5] 
Phosphonium ylides - Compounds having the structure R,P*- 
CR, = R,P=CR ,. Also known as Wittig reagents. [5] 
Phosphoresence - The process by which a molecule is excited 
by light to a higher electronic state and then undergoes a ra- 
diationless transition to a state of different multiplicity from 
which it decays, after some delay, to the ground state. The 
emitted light is normally of longer wavelength than the excit- 
ing light because vibrational energy has been dissipated. 
Photoelectric effect - The complete absorption of a photon by a 
solid with the emission of an electron. 


Photon - An elementary particle of zero mass and spin 1/2. The 
photon is involved in electromagnetic interactions and is the 
quantum of electromagnetic radiation. 

Photon stimulated desorption (PSD) - See Techniques for 
Materials Characterization, page 12-1. 

Pinacols - Tetra(hydrocarbyl)ethane-1,2-diols, R.C(OH)C(OHJ)R,, 
of which the tetramethyl example is the simplest one and is it- 
self commonly known as pinacol. [5] 


Pion - An elementary particle in the family of mesons. Pions have 
zero spin and may be neutral or charged. They participate in 
the strong interaction which holds the nucleus together. 

рК* - The negative logarithm (base 10) of an equilibrium constant 
К. For pK , see Acid dissociation constant. 

Planck constant (/)* - The elementary quantum of action, which 
relates energy to frequency through the equation E = Лу. 

Planck distribution - See Black body radiation 

Planck function - A thermodynamic function defined by Y - 
-G/ T, where G is Gibbs energy and T thermodynamic tem- 
perature. [2] 

Plasma - A highly ionized gas in which the charge ofthe electrons 
is balanced by the charge of the positive ions, so that the sys- 
tem as a whole is electrically neutral. 


Plasmon - А quantum associated with a plasma oscillation in the 
electron gas of a solid. 

Point group* - A group of symmetry operations (rotations, reflec- 
tions, etc.) that leave a molecule invariant. Every molecular con- 
formation can be assigned to a specific point group, which plays 
a major role in determining the spectrum of the molecule. 

Poise (P) - A non-SI unit of viscosity, equal to 0.1 Pa s. 


Poiseuille's equation - A formula for the rate of flow of a viscous 
fluid through a tube: 
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where V is the volume as measured at pressure p,; p, and p, 
are the pressures at each end of the tube; r is the radius and / 
the length of the tube; and n is the viscosity. 

Poisson ratio (и) - The absolute value of the ratio of the trans- 
verse strain to the corresponding axial strain resulting from 
uniformly distributed axial stress below the proportional limit 
(1.е., where Hooke’s law is valid). [10] 

Polariton - A quantum associated with the coupled modes of pho- 
tons and optical phonons in an ionic crystal. 
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Polarizability (a)* - The change in dipole moment of a molecule 
produced by an external electric field; specifically, а, = op / 
дЕ, where p, is the dipole moment component on the a axis 
and E, is the component of the electric field strength along 
the Р axis. [2] 

Polymer - A substance composed of molecules of high relative 
molecular mass (molecular weight), the structure of which 
essentially comprises the multiple repetition of units derived, 
actually or conceptually, from molecules of low relative mo- 
lecular mass. A single molecule of a polymer is called a mac- 
romolecule. [8] 


Polypeptides - Peptides containing 10 or more amino acid resi- 
dues. See also Peptides. [5] 

Polysaccharides - Compounds consisting of a large number of 
monosaccharides linked glycosidically. This term is common- 
ly used only for those containing more than ten monosaccha- 
ride residues. Also called glycans. [5] 

Porphyrins - Natural pigments containing a fundamental skeleton 
of four pyrrole nuclei united through the a-positions by four 
methine groups to form a macrocyclic structure (porphyrin is 
designated porphine in Chemical Abstracts indexes). [5] 


Positron - The antiparticle of the electron. It has the same mass 
and spin as an electron, and an equal but opposite charge. 
Positronium - The hydrogen-like “atom” formed from a positron 

nucleus and an electron. Its lifetime is very short because of 
annihilation of the positron and electron. 
Potential - See Electric potential 


Potential energy (E , V, U) - The portion of the energy of a system 
that is associated with its position in a force field. 


Pound (Ib) - A non-SI unit of mass, equal to 0.4535924 kg. 

Power (P) - Rate of energy transfer. For electrical circuits, this is 
equal to the product of current and potential difference, P = 
IV. [1] 

Poynting vector (S) - For electromagnetic radiation, the vector 
product of the electric field strength and the magnetic field 
strength. [1] 

Prandtl number (Pr) - A dimensionless quantity used in fluid me- 
chanics, defined by Pr = n/pa, where n is viscosity, p is density, 
and a is thermal diffusivity. [2] 

Pressure* - Force divided by area. [1] 


Proteins - Naturally occurring and synthetic polypeptides having 
molecular weights greater than about 10,000 (the limit is not 
precise). See also Peptides. [5] 

Proton* - A stable elementary particle of unit positive charge and 
spin 1/2. Protons and neutrons, which are collectively called 
nucleons, are the constituents of the nucleus. 


Pulsar - A neutron star which rotates rapidly and emits electro- 
magnetic radiation in regular pulses at a frequency related to 
the rotation period. 


Purine bases* - Purine and its substitution derivatives, especially 
naturally occurring examples. [5] 

Pyrimidine bases* - Pyrimidine and its substitution derivatives, 
especially naturally occurring examples. [5] 

Q-switching - A technique for obtaining very high power from a 
laser by keeping the Q factor of the laser cavity low while the 
population inversion builds up, then suddenly increasing the 
Q to initiate the stimulated emission. 


Quad - A unit of energy defined as 1015 Btu, equal to approximate- 
ly 1.055056 x 10°]. 
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Quadrupole moment - A coefficient of the third term (after 
monopole and dipole) in the power series expansion of the 
electric potential of an array of charges. A nucleus of spin 
greater than 1/2 has a non-vanishing nuclear quadrupole mo- 
ment which can interact with the electric field gradient of the 
surrounding electrons. Molecular quadrupole moments have 
an influence on intermolecular forces. 


Quality factor (Q) - The ratio ofthe absolute value ofthe reactance 
of an electrical system to the resistance; thus a measure of the 
energy stored per cycle relative to the energy dissipated. 


Quantum yield - In photochemistry, the number of moles trans- 
formed in a specific process, either physically (e.g., by emis- 
sion of photons) or chemically, per mole of photons absorbed 
by the system. [3] 

Quark - An elementary entity which has not been directly ob- 
served but is considered a constituent of protons, neutrons, 
and other hadrons. 

Quasar - An extragalactic object emitting electromagnetic radia- 
tion at a very high power level and showing a very large red 
shift, thus indicating that the object is receding at a speed ap- 
proaching the speed of light. 


Quasicrystal - A solid having conventional crystalline properties 
but whose lattice does not display translational periodicity. 

Quaternary ammonium compounds - Derivatives of ammoni- 
um compounds, NH,* Үг, in which all four of the hydrogens 
bonded to nitrogen have been replaced with hydrocarbyl 
groups. Compounds having a carbon-nitrogen double bond 
(i.e. R,C=N*R,Y>) are more accurately called iminium com- 
pounds. [5] 

Quinones - Compounds having a fully conjugated cyclic dione 
structure, such as that of benzoquinones, derived from aro- 
matic compounds by conversion of an even number of -CH- 
groups into -С(-О)- groups with any necessary rearrange- 
ment of double bonds. [5] 

Racemic mixture - A mixture of equal amounts of a pair of en- 
antiomers (optical isomers); such a mixture is not optically 
active. 

Rad - A non-SI unit of absorbed dose of radiation, equal to 0.01 
Gy. 

Radiance (L) - The radiant intensity in a given direction from 
an element of a surface, divided by the area of the orthogo- 
nal projection of this element on a plane perpendicular to the 
given direction. [1] 

Radiant intensity (1) - The radiant energy flux leaving an element 
of a source within an element of solid angle, divided by that 
element of solid angle. [1] 

Radicals - Molecular entities possessing an unpaired electron, 
such as -CH,, -SnH,, -Cl. (In these formulas the dot, symbol- 
izing the unpaired electron, should be placed so as to indicate 
the atom of highest spin density, if this is possible). [5] 

Raman effect - The inelastic scattering of light by a molecule, in 
which the incident photon either gives up to, or receives ener- 
gy from, one ofthe internal vibrational modes ofthe molecule. 
The scattered light thus has either a lower frequency (Stokes 
radiation) or higher frequency (anti-Stokes radiation) than the 
incident light. These shifts provide a measure of the normal 
vibrational frequencies of the molecule. 


Rankine cycle - A thermodynamic cycle which can be used to 
calculate the ideal performance of a heat engine that uses a 
condensable vapor as the working fluid (e.g., a steam engine 
or a heat pump). 
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Rankine temperature - A thermodynamic temperature scale 
based on a temperature interval °R = (5/9) K ; ie, Т/°К = 
(9/5)T/K = t/°F + 459.67. 

Raoult's law - The expression for the vapor pressure p, of compo- 
nent i in an ideal solution, viz., p, = хр,» where x, is the mole 
fraction of component í and p, the vapor pressure of the pure 
substance i. 


Rare earth elements - The elements Sc, Y, and the lanthanides 
(La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu). 
[7] 

Rayleigh number (Ra) - A dimensionless quantity used in fluid 
mechanics, defined by Ra = PgaATp/na, where 1 is length, g 
is acceleration of gravity, a is cubic expansion coefficient, Т 18 
temperature, p is density, n is viscosity, and a is thermal dif- 
fusivity. [2] 

Rayleigh scattering - The scattering of light by particles which are 
much smaller than the wavelength of the light. It is character- 
ized by a scattered intensity which varies as the inverse fourth 
power of the wavelength. 


Rayleigh wave - A guided elastic wave along the surface of a solid; 
also called surface acoustic wave. 

Reactance (X) - The imaginary part of impedance. For an induc- 
tive reactance L and a capacitive reactance C in series, the re- 
actance is X = Lo-1/(Co), where o is 2m times the frequency 
of the current. [1] 

Red shift - A displacement of a spectral line toward longer wave- 
lengths. This can occur through the Doppler effect (e.g., in 
the light from receding galaxies) or, in the general theory of 
relativity, from the effects of a star's gravitational field. 


Reflectance (p) - Ratio of the radiant or luminous flux at a given 
wavelength that is reflected to that of the incident radiation. 
Also called reflection factor. [1] 


Reflection high energy electron diffraction (RHEED) - See 
Techniques for Materials Characterization, page 12-1. 

Relative humidity* - The ratio ofthe partial pressure of water va- 
por in air to the saturation vapor pressure of water at the same 
temperature, expressed as a percentage. [10] 

Relative molar mass - See Molecular weight. 

Rem - A non-SI unit of dose equivalent, equal to 0.01 Sv. 

Resistance (R) - Electric potential difference divided by current 
when there is no electromotive force in the conductor. This 
definition applies to direct current. More generally, resistance 
is defined as the real part of impedance. [1] 


Resistivity (p) - Electric field strength divided by current den- 
sity when there is no electromotive force in the conductor. 
Resistivity is an intrinsic property of a material. For a conduc- 
tor of uniform cross section with area A and length L, and 
whose resistance is R, the resistivity is given by p = RA/L. [1] 

Reynolds number (Re) - A dimensionless quantity used in fluid 
mechanics, defined by Ке = pvl/n, where p is density, v is ve- 
locity, / is length, and n is viscosity. [2] 

Rheology - The study of the flow of liquids and deformation of 
solids. Rheology addresses such phenomena as creep, stress 
relaxation, anelasticity, nonlinear stress deformation, and vis- 
cosity. 

Ribonucleic acids (RNA) - Naturally occurring polyribonucleo- 
tides. See also nucleic acids, nucleosides, nucleotides, ribo- 
nucleotides. [5] 

Ribonucleotides - Nucleotides in which the glycosyl group is a 
ribosyl group. See also nucleotides. [5] 
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Roentgen (В) - A unit used for expressing the charge (positive or 
negative) liberated by x-ray or y radiation in air, divided by the 
mass of air. A roentgen is defined as 2.58 x 10-“ C/kg. 

Rotational constants - In molecular spectroscopy, the constants 
appearing in the expression for the rotational energy levels as a 
function of the angular momentum quantum numbers. These 
constants are proportional to the reciprocals of the principal 
moments of inertia, averaged over the vibrational motion. 


Rutherford back scattering (RBS) - See Techniques for Materials 
Characterization, page 12-1. 

Rydberg constant (R )* - The fundamental constant which ap- 
pears in the equation for the energy levels of hydrogen-like 
atoms; i.e., E, = hcR_ Zzu/m^, where h is Planck's constant, с 
the speed of light, 2 the atomic number, и the reduced mass 
of nucleus and electron, and и the principal quantum number 
(п=1,2,.... 

Rydberg series - A regular series of lines in the spectrum of an 
atom or molecule, with the spacing between successive lines 
becoming smaller as the frequency increases (wavelength de- 
creases). The series eventually converges to a limit which usu- 
ally corresponds to the complete removal of an electron from 
the atom or molecule. 


Sackur-Tetrode equation* - An equation for the molar entropy 
S of an ideal monatomic gas: 5, = RIn(e?? У/М ЛЗ), where R is 
the molar gas constant, V is the volume, and N, is Avogadro's 
number. The constant A is given by A = h/(2nmkT)'”, where 
h is Planck's constant, т the atomic mass, k the Boltzmann 
constant, and T the temperature. 

Salinity (S)* - A parameter used in oceanography to describe the 
concentration of dissolved salts in seawater. It is defined in 
terms of electrical conductivity relative to a standard solution 
of KCl. When expressed in units of parts per thousand, S may 
be roughly equated to the concentration of dissolved material 
in grams per kilogram of seawater. 

Salt - An ionic compound formed by the reaction of an acid and 
a base. 

Scanned probe microscopy (SPM) - See Techniques for Materials 
Characterization, page 12-1. 

Scanning electron microscopy (SEM) - See Techniques for 
Materials Characterization, page 12-1. 

Scanning laser acoustic microscopy (SLAM) - See Techniques 
for Materials Characterization, page 12-1. 

Scanning transmission electron microscopy (STEM) - See 
Techniques for Materials Characterization, page 12-1. 

Scanning tunneling microscopy (STM) - See Techniques for 
Materials Characterization, page 12-1. 

Schiff bases - Imines bearing a hydrocarbyl group on the nitrogen 
atom: R,C=NR’ (К' not equal to H). Considered by many to be 
synonymous with azomethines. [5] 

Schmidt number (Sc) - A dimensionless quantity used in fluid 
mechanics, defined by Sc = n/pD, where п is viscosity, p is den- 
sity, and D is diffusion coefficient. [2] 

Schottky barrier - A potential barrier associated with a metal- 
semiconductor contact. It forms the basis for the rectifying 
device known as the Schottly diode. 

Schródinger equation - The basic equation of wave mechanics 
which, for systems not dependent on time, takes the form: 


-(ħ/2m)V лу + Vy = Ey 
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where y is the wavefunction, V is the potential energy ex- 
pressed as a function of the spatial coordinates, E is an energy 
eigenvalue, V? is the Laplacian operator, И is Planck’s constant 
divided by 2л, and m is the mass. 

Second (s)* - The SI base unit of time. [1] 

Second radiation constant (с,)* - See First radiation constant. 


Secondary ion mass spectroscopy (SIMS) - See Techniques for 
Materials Characterization, page 12-1. 

Seebeck effect - The development of a potential difference in a 
circuit where two different metals or semiconductors are 
joined and their junctions maintained at different tempera- 
tures. It is the basis of the thermocouple. 


Selenides - Compounds having the structure RSeR (R not equal to 
H). They are thus selenium analogues of ethers. Also used for 
metal salts of H,Se. [5] 

Semicarbazones - Compounds having the structure 
R,C=NNHC(=O)NH,, formally derived by condensation of al- 
dehydes or ketones with semicarbazide [NH,NHC(=O)NH,]. 
[5] 

Semiconductor - A material in which the highest occupied energy 
band (valence band) is completely filled with electrons at T = 
0 К, and the energy gap to the next highest band (conduction 
band) ranges from 0 to 4 or 5 eV. With increasing temperature 
electrons are excited into the conduction band, leading to an 
increase in the electrical conductivity. 


Semiquinones - Radical anions having the structure -O-Z-O: 
where Z is an ortho- or para-arylene group or analogous het- 
eroarylene group; they are formally generated by the addition 
of an electron to a quinone. [5] 

SI units* - The International System of Units adopted in 1960 and 
recommended for use in all scientific and technical fields. [1] 


Siemens (S)* - The SI unit of electric conductance, equal to 07. 
[1] 

Sievert (Sv)* - The SI unit of dose equivalent (of radiation), equal 
to J/kg. [1] 

Silanes - Saturated silicon hydrides, analogues of the alkanes; i.e. 
compounds ofthe general formula Si Н,, Silanes may be sub- 
divided into silane, oligosilanes, and polysilanes. Hydrocarbyl 
derivatives are often referred to loosely as silanes. [5] 

Silicones - Polymeric or oligomeric siloxanes, usually considered 
unbranched, of general formula [-OSiR,], (R not equal to Н). 
[5] 

Siloxanes - Saturated silicon-oxygen hydrides with unbranched or 
branched chains of alternating silicon and oxygen atoms (each 
silicon atom is separated from its nearest silicon neighbors by 
single oxygen atoms). [5] 

Skin effect - The concentration of high frequency alternating cur- 
rents near the surface of a conductor. 

Slater orbital - A particular mathematical expression for the ra- 
dial part of the wave function of a single electron, which is 
used in quantum-mechanical calculations of the energy and 
other properties of atoms and molecules. 


Small angle neutron scattering (SANS) - See Techniques for 
Materials Characterization, page 12-1. 

Snell’s law - The relation between the angle of incidence i and 
the angle of refraction r of a light beam which passes from a 
medium of refractive index и, toa medium of index H Viz., 
sin i/sin r = n/n,. 

Solar constant* - The mean radiant energy flux from the sun on 
a unit surface normal to the direction of the rays at the mean 
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distance of the earth from the sun. The value is approximately 
1373 W/m’. 


Solar wind - The stream of high velocity hydrogen and helium 
ions emitted by the sun which flows through the solar system 
and beyond. 


Soliton - A spatially localized wave in a solid or liquid that can 
interact strongly with other solitons but will afterwards regain 
its original form. 

Solubility* - A quantity expressing the maximum concentration 
of some material (the solute) that can exist in another liquid 
or solid material (the solvent) at thermodynamic equilibrium 
at specified temperature and pressure. Common measures of 
solubility include the mass of solute per unit mass of solution 
(mass fraction), mole fraction of solute, molality, molarity, and 
others. 

Solubility product constant (K, )* - The equilibrium constant for 
the dissolution of a sparsely soluble salt into its constituent 
ions. 

Space group* - A group of symmetry operations (reflections, ro- 
tations, etc.) that leave a crystal invariant. A total of 230 space 
groups have been identified. 


Spark source mass spectroscopy (SSMS) - See Techniques for 
Materials Characterization, page 12-1. 

Specific gravity - Ratio of the mass density of a material to that 
of water. Since one must specify the temperature of both the 
sample and the water to have a precisely defined quantity, the 
use of this term is now discouraged. 

Specific heat - Heat capacity divided by mass. See Heat capacity. 

Specific quantity - It is often convenient to express an extensive 
quantity (e.g., volume, enthalpy, heat capacity, etc.) as the ac- 
tual value divided by mass. The resulting quantity is called 
specific volume, specific enthalpy, etc. 

Specific rotation [о], - For an optically active substance, defined 
by (01% = a/yl, where a is the angle through which plane po- 
larized light is rotated by a solution of mass concentration y 
and path length /. Here 0 is the Celsius temperature and À the 
wavelength of the light at which the measurement is carried 
out. Also called specific optical rotatory power. [2] 


Spin (s, D* - A measure of the intrinsic angular momentum of a 
particle, which it possesses independent of its orbital motion. 
The symbol s is used for the spin quantum number of an elec- 
tron, while 115 generally used for nuclear spin. 

Spiro compounds - Compounds having one atom (usually a qua- 
ternary carbon) as the only common member of two rings. 
[5] 

Stacking fault - An error in the normal sequence of layer growth 
in a crystal. 


Standard mean ocean water (SMOW) - A standard sample of 
pure water of accurately known isotopic composition which is 
maintained by the International Atomic Energy Agency. It is 
used for precise calibration of density and isotopic composi- 
tion measurements. 

Standard reduction potential (F°) - The zero-current potential 
of a cell in which the specified reduction reaction occurs at 
the right-hand electrode and the left-hand electrode is the 
standard hydrogen electrode. Also called Standard electrode 
potential. 

Standard state - A defined state (specified temperature, pressure, 
concentration, etc.) for tabulating thermodynamic functions 
and carrying out thermodynamic calculations. The standard 
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state pressure is usually taken as 100,000 Pa (1 bar), but vari- 
ous standard state temperatures are used. [2] 

Stanton number (57) - A dimensionless quantity used in fluid me- 
chanics, defined by St = h/pvc,, where h is coefficient of heat 
transfer, p is density, v is velocity, and c, is specific heat capac- 
ity at constant pressure. [2] 

Stark effect - The splitting of an energy level of an atom or mol- 
ecule, and hence a splitting of spectral lines arising from that 
level, as a result of the application of an external electric field. 

Statistical weight (g) - The number of distinct states correspond- 
ing to the same energy level. Also called degeneracy. 

Stefan-Boltzmann constant (o)* - Constant in the equation for 
the radiant exitance M (radiant energy flux per unit area) from 
a black body at thermodynamic temperature T, viz. М = оТ“. 
[1] 

Stibines - SbH, and compounds derived from it by substituting 
one, two or three hydrogen atoms by hydrocarbyl groups: 
R,Sb. RSbH,, R,SbH, and R,Sb (R not equal to H) are called 
primary, secondary and tertiary stibines, respectively. [5] 

Stochastic process - A process which involves random variables 
and whose outcome can thus be described only in terms of 
probabilities. 

Stoichiometric number (v) - The number appearing before the 
symbol for each compound in the equation for a chemical re- 
action. By convention, it is negative for reactants and positive 
for products. [2] 


Stokes (St) - А non-SI unit of kinematic viscosity, equal to 1074 
m?/s. 

Stokes' law - The statement, valid under certain conditions, that 
the viscous force F experienced by a sphere of radius a mov- 
ing at velocity v in a medium of viscosity n is given by F = 
-блпау. 

Strain - The deformation of а body that results from an applied 
stress. 


Stratosphere - The part ofthe earth's atmosphere extending from 
the top of the troposphere (typically 10 to 15 km above the 
surface) to about 50 km. It is characterized by an increase in 
temperature with increasing altitude. 

Stress - Force per unit area (pressure) applied to a body. Tensile 
stress tends to stretch or compress the body in the direction of 
the applied force. Sheer stress results from a tangential force 
which tends to twist the body. 


Strong interaction - The short range (order of 1 fm) attractive 
forces between protons, neutrons, and other hadrons which 
are responsible for the stability of the nucleus. 


Strouhal number (Sr) - A dimensionless quantity used in fluid 
mechanics, defined by Sr = /f/v, where 115 length, fis frequen- 
су, and v is velocity. [2] 

Structure factor - In x-ray crystallography, the sum of the scat- 
tering factors of all the atoms in a unit cell, weighted by an 
appropriate phase factor. The intensity of a given reflection is 
proportional to the square of the structure factor. 

Sublimation pressure - The pressure of a gas in equilibrium with 
a solid at a specified temperature. 

Sulfides - Compounds having the structure RSR (R not equal to 
H). Such compounds were once called thioethers. In an inor- 
ganic sense, salts or other derivatives of hydrogen sulfide. [5] 

Sulfones - Compounds having the structure, RS(=O),R (R not 
equal to H), e.g. C,H,S(=O),CH,, ethyl methyl sulfone. [5] 
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Sulfonic acids - HS(-O),OH, sulfonic acid, and its S-hydrocarbyl 
derivatives. [5] 

Sulfoxides - Compounds having the structure R,S-O (R not equal 
to H), e.g. Ph,S-O, diphenyl sulfoxide. [5] 

Superconductor - A material that experiences a nearly total loss 
of electrical resistivity below a critical temperature T'. The ef- 
fect can occur in pure metals, alloys, semiconductors, organic 
compounds, and certain inorganic solids. 

Superfluid - A fluid with near-zero viscosity and extremely high 
thermal conductivity. Liquid helium exhibits these properties 
below 2.186 K (the Х point). 

Supernova - A star in the process of exploding because of insta- 
bilities which follow the exhaustion of its nuclear fuel. 


Surface analysis by laser ionization (SALI) - See Techniques for 
Materials Characterization, page 12-1. 

Surface tension (y,c)* - The force per unit length in the plane of 
the interface between a liquid and a gas, which resists an in- 
crease in the area of that surface. It can also be equated to the 
surface Gibbs energy per unit area. 


Surfactant - A substance which lowers the surface tension of the 
medium in which it is dissolved, and/or the interfacial tension 
with other phases, and accordingly is positively adsorbed at 
the liquid-vapor or other interfaces. [3] 


Susceptance (B) - Imaginary part of admittance. [1] 


Svedberg - A non-SI unit of time, used to express sedimentation 
coefficients, equal to 10-13 s. 

Syndiotactic macromolecule - A tactic macromolecule, essen- 
tially comprising alternating enantiomeric configurational 
base units which have chiral or prochiral atoms in the main 
chain in a unique arrangement with respect to their adjacent 
constitutional units. In this case the repeating unit consists of 
two configurational base units that are enantiomeric. [8] 


Tacticity - The orderliness of the succession of configurational re- 
peating units of a macromolecule or oligomer molecule. In a 
tactic macromolecule essentially all the configurational repeat- 
ing units are identical with respect to directional sense. See 
Configurational repeating unit, Isotactic, Syndiotactic. [8] 

Tautomerism - Isomerism of the general form G-X-Y-Z — X-Y- 
Z-G, where the isomers (called tautomers) are readily inter- 
convertible; the atoms connecting the groups X, Y, Z are typi- 
cally any of C, H, O, or S, and G is a group which becomes an 
electrofuge (i.e., a group that does not carry away the bonding 
electron pair when it leaves its position in the molecule) or 
nucleofuge (a group that does carry away the bonding elec- 
trons when leaving) during isomerization. The commonest 
case, when the electrofuge is H*, is also known as prototropy. 
А common example, written so as to illustrate the general pat- 
tern given above, is keto-enol tautomerism, such as 


H-O-C(CH,)=CH-CO, Et (enol) = (CH.)C(=O)-CH,-CO,Et (keto) 


In some cases the interconversion rate between tautomers is 
slow enough to permit isolation of the separate keto and enol 
forms. [5] 

Tensile strength* - In tensile testing, the ratio of maximum load a 
body can bear before breaking to original cross-sectional area. 
Also called ultimate strength. [11] 

Terpenes - Hydrocarbons of biological origin having carbon skel- 
etons formally derived from isoprene [CH,=C(CH,)CH=CH,]. 
[5] 
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Terpenoids - Natural products and related compounds formally 
derived from isoprene units. They contain oxygen in various 
functional groups. The skeleton of terpenoids may differ from 
strict additivity of isoprene units by the loss or shift of a meth- 
yl (or other) group. [5] 

Tesla (T)* - The SI unit of magnetic flux density (B), equal to V 
s/m?. [1] 

Thermal conductivity* - Rate of heat flow divided by area and by 
temperature gradient. [1] 

Thermal diffusivity - Thermal conductivity divided by density 
and by specific heat capacity at constant pressure. [1] 

Thermal expansion coefficient (a)* - The linear expansion coef- 
ficient is defined by а, = (1/I)(d//dT); the volume expansion 
coefficient by a, = (1/V)(dV/d7). [1] 

Thermionic emission - The emission of electrons from a solid as 
a result of heat. The effect requires a high enough temperature 
to impart sufficient kinetic energy to the electrons to exceed 
the work function of the solid. 

Thermodynamic laws - The foundation of the science of thermo- 
dynamics: 

First law: The internal energy of an isolated system is con- 
stant; if energy is supplied to the system in the form of heat 
dq and work dw, then the change in energy dU = dq + dw. 

Second law: No process is possible in which the only result is 
the transfer of heat from a reservoir and its complete con- 
version to work. 

Third law: The entropy of a perfect crystal approaches zero 
as the thermodynamic temperature approaches zero. 


Thermoelectric power - For a bar of a pure material whose ends 
are at different temperatures, the potential difference divided 
by the difference in temperature of the ends. See also Seeback 
effect. 


Thermogravimetric analysis (TGA) - See Techniques for 
Materials Characterization, page 12-1. 

Thermosphere - The layer of the earth's atmosphere extending 
from the top of the mesosphere (typically 80-90 km above 
the surface) to about 500 km. It is characterized by a rapid in- 
crease in temperature with increasing altitude up to about 200 
km, followed by a leveling off in the 300—500 km region. 

Thiols - Compounds having the structure RSH (R not equal to H). 
Also known by the term mercaptans (abandoned by IUPAC); 
e.g. CH,CH,SH, ethanethiol. [5] 


Thomson coefficient (u, т) - The heat power developed in the 
Thomson effect (whereby heat is evolved in a conductor when 
a current is flowing in the presence of a temperature gradient), 
divided by the current and the temperature difference. [1] 

Tonne (t) - An alternative name for megagram (1000 kg). [1] 

Torque (Т) - For a force F that produces a torsional motion, T = r 
x Е, where r is a vector from some reference point to the point 
of application of the force. 


Torr - А non-SI unit of pressure, equal to 133.322 Pa. The name is gen- 
erally considered interchangeable with millimeter of mercury. 


Townsend coefficient - In a radiation counter, the number of ion- 
izing collisions by an electron per unit path length in the di- 
rection of an applied electric field. 

Transducer - Any device that converts a signal from acoustical, 
optical, or some other form of energy into an electrical signal 
(or vice versa) while preserving the information content of the 
original signal. 


Definitions of Scientific Terms 


Transistor - A voltage amplifier using controlled electron cur- 
rents inside a semiconductor. 


Transition metals - Elements characterized by a partially filled d 
subshell. The First Transition Series comprises Sc, Ti, V, Cr, 
Mn, Fe, Co, Ni, Cu. The Second and Third Transition Series 
include the lanthanides and actinides, respectively. [7] 

Transition probability* - See Einstein transition probability. 

Transmittance (1) - Ratio of the radiant or luminous flux at a 


given wavelength that is transmitted to that of the incident 
radiation. Also called transmission factor. [1] 

Tribology - The study of frictional forces between solid surfaces. 

Triple point* - The point in p,T space where the solid, liquid, and 
gas phases of a substance are in thermodynamic equilibrium. 
The corresponding temperature and pressure are called the 
triple point temperature and triple point pressure. 

Troposphere - The lowest part of the earth's atmosphere, extend- 
ing to 10-15 km above the surface. It is characterized by a 
decrease in temperature with increasing altitude. The exact 
height varies with latitude and season. 

Tunnel diode - A device involving a p-n junction in which both 
sides are so heavily doped that the Fermi level on the p-side 
lies in the valence band and on the n-side in the conduction 
band. This leads to a current-voltage curve with a maximum, 
so that the device exhibits a negative resistance in some re- 
gions. 

Ultraviolet photoelectron spectroscopy (UPS) - See Techniques 
for Materials Characterization, page 12-1. 

Umklapp process - A process involving the interaction of three or 
more waves (lattice or electron) in a solid in which the sum of 
the wave vectors does not equal zero. 

Unified atomic mass unit (u)* - A unit of mass used in atomic, 
molecular, and nuclear science, defined as the mass of one 
atom of ?C divided by 12. Its approximate value is 1.66054 х 
1077 kg. [1] 

Universal time (t, UT) - Mean solar time counted from midnight 
at the Greenwich meridian. Also called Greenwich mean time 
(GMT). The interval of mean solar time is based on the aver- 
age, over one year, of the time between successive transits of 
the sun across the observer's meridian. 

Vacancy - A missing atom or ion in a crystal lattice. 

Van Allen belts - Two toroidal regions above the earth's atmo- 
sphere containing protons and electrons. The outer belt at 
about 25,000 km above the surface is probably of solar origin. 
The inner belt at about 3000 km contains more energetic par- 
ticles from outside the solar system. 


Van der Waals' equation* - An equation of state for fluids which 
takes the form: 


1 а 

РУ, ШГ ED J 
where p is pressure, У is molar volume, Т is temperature, R is 
the molar gas constant, and a and b are characteristic param- 
eters of the substance which describe the effect of attractive 
and repulsive intermolecular forces, respectively. 

Van der Waals' force - The weak attractive force between two 
molecules which arises from electric dipole interactions. It 
can lead to the formation of stable but weakly bound dimer 
molecules or clusters. 
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Van't Hoff equation - The equation expressing the temperature 
dependence of the equilibrium constant K of a chemical reac- 
tion: 


dnK АН 
dT RT 


where A F° is the standard enthalpy of reaction, R the molar 
gas constant, and T the temperature. Also called van't Hoff 
isochore. 


Vapor pressure* - The pressure of a gas in equilibrium with a liq- 
uid (or, in some usage, a solid) at a specified temperature. 
Varistor - A device that utilizes the properties of certain metal 
oxides with small amounts of impurities, which show abrupt 
nonlinearities at specific voltages where the material changes 

from a semiconductor to an insulator. 


Velocity (v) - Rate of change of distance with time. 


Verdet constants (V)* - Angle of rotation ofa plane polarized light 
beam passing through a medium in a magnetic field, divided 
by the field strength and by the path length. 

Virial equation of state* - An equation relating the pressure p, 
molar volume V. , and temperature T of a real gas in the form 
of an expansion in powers of the molar volume, viz., pV = 
RT(1+BV + CV, + ...), where R is the molar gas constant. 
B is called the second virial coefficient, C the third virial coef- 
ficient, etc. The virial coefficients are functions of tempera- 
ture. 

Viscosity (n)* - The proportionality factor between sheer rate and 
sheer stress, defined through the equation F = n A(dv/dx), 
where F is the tangential force required to move a planar sur- 
face of area A at velocity v relative to a parallel surface sepa- 
rated from the first by a distance x. Sometimes called dynamic 
or absolute viscosity. The term kinematic viscosity (symbol v) 
is defined as n divided by the mass density. 

Volt (V)* - The SI unit of electric potential, equal to W/A. [1] 

Volume fraction (9) - Defined as РА, where ү, is the volume 
of the specified component and the V, are the volumes of all 
the components of a mixture prior to mixing. [2] 

Watt (W)* - The SI unit of power, equal to J/s. [1] 


Wave function - A function of the coordinates of all the particles 
in a quantum mechanical system (and, in general, of time) 
which fully describes the state of the system. The product of 
the wave function and its complex conjugate is proportional 
to the probability of finding a particle at a particular point in 
space. 

Weak interaction - The weak forces (order of 1072 of the strong 
interaction) between elementary particles which are respon- 
sible for beta decay and other nuclear effects. 


Weber (Wb)* - The SI unit of magnetic flux, equal to V s. [1] 


Weber number (We) - A dimensionless quantity used in fluid me- 
chanics, defined by We = ру /ү, where р is density, v is veloc- 
ity, 115 length, and у is surface tension. [2] 

Weight - That force which, when applied to a body, would give it 
an acceleration equal to the local acceleration of gravity. [1] 

Wiedeman-Franz law - The law stating that the thermal conduc- 
tivity k and electrical conductivity o of a pure metal are re- 
lated by k = LoT, where T is the temperature and Г (called the 
Lorenz ratio) has the approximate value 2.45 х 107? V?/K?. 


Wien displacement law - The relation, which can be derived 
from the Planck formula for black body radiation, that 
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À. T = 0.0028978 m K, where À. is the wavelength of maxi- 
mum radiance at temperature T. 

Wigner-Seitz method - А method of calculating electron energy 
levels in a solid using a model in which each electron is subject 
to a spherically symmetric potential. 


Wittig reagents - See phosphonium ylides. 

Work (W) - Force multiplied by the displacement in the direction 
of the force. [1] 

Work function (Ф)“ - The energy difference between an electron 
at rest at infinity and an electron at the Fermi level in the inte- 
rior of a substance. It is thus the minimum energy required to 
remove an electron from the interior of a solid to a point just 
outside the surface. [1] 


X unit (X) - А unit of length used in x-ray crystallography, equal to 
approximately 1.002 x 1073 m. 

X-ray photoelectron spectroscopy (XPS) - See Techniques for 
Materials Characterization, page 12-1. 

Yield strength - The stress at which a material exhibits a specified 
deviation (often chosen as 0.2% for metals) from proportion- 
ality of stress and strain. [11] 


Young's modulus (E) - In tension or compression of a body be- 
low its elastic limit, the ratio of stress to corresponding strain. 
Since strain is normally expressed on a fractional basis, 
Young's modulus has dimensions of pressure. Also called elas- 
tic modulus. [11] 
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Zeeman effect - The splitting of an energy level of an atom or 
molecule, and hence a splitting of spectral lines arising from 
that level, as a result of the application of an external magnetic 
field. 

Zener diode - A control device utilizing a p-n junction with a well 
defined reverse-bias avalanche breakdown voltage. 


Zeotrope - A liquid mixture that shows no maximum or mini- 
mum when vapor pressure is plotted against composition at 
constant temperature. See Azeotrope. 

Zero-point energy - The energy possessed by a quantum me- 
chanical system as a result of the uncertainty principle even 
when it is in its lowest energy state; e.g., the difference be- 
tween the lowest energy level of a harmonic oscillator and the 
minimum in the potential well. 

Zeta potential (6) - The electric potential at the surface of a col- 
loidal particle relative to the potential in the bulk medium at a 
long distance. Also called electrokinetic potential. 


Zwitterions - Neutral compounds having formal unit electrical 
charges of opposite sign. Some chemists restrict the term 
to compounds with the charges on non-adjacent atoms. 
Sometimes referred to as inner salts, dipolar ions (a misno- 
mer). [5] 


THERMODYNAMIC FUNCTIONS AND RELATIONS 


p = pressure У = volume 


n, = amount of substance і 


T = temperature 


х = п] > ир mole fraction of substance i 


Energy 

Entropy 

Enthalpy 

Helmholtz energy 

Gibbs energy 

Isobaric heat capacity 
Isochoric heat capacity 
Isobaric expansivity 
Isothermal compressibility 


Isentropic compressibility 


Gibbs-Helmholtz equation 


Maxwell relations 


Joule-Thomson expansion 


Partial molar quantity 
Chemical potential 


Perfect gas [symbol P] 


Fugacity 
Activity coefficient 


Gibbs-Duhem relation 


u 

S 

H=U+pV 
A=U-TS 
G=U+pV-TS 
С, = (OH/0T), 


C, = (QU/0T),, 

a = اټ‎ 

K, = —V !(0V/op),. 

K, = -V '(0V/op), 

K,-K, = Ta? V/C, 

C, - C, = Тау, 

Н=С- Т(дС/9Т), 

)95/9 = -(ƏV/ƏT), 

(д5/ӘУ)„ = -@p/T), 

Wr = @Т/др)„ = {У – Т(ӘҮ/ӘТ) УС, 
Ф = (дН/др), = У – Т(0У/07), 
X, = (9Х/дн) Тірлігі 

иг سب‎ sy nj 

pV = (Z,n)RT 

u° = u? + RT ln(x р/р?) 

Jf, = (xplexp((u, – и” /ВТ} 

y,- f/f) 

0 = SdT - Vdp + Xn dy, 


[Superscript 9 in above equations indicates standard state] 


Notation for chemical and physical changes (X - H, S, G, etc.): 


Chemical reaction 
Formation from elements 
Combustion 

Fusion (cry—liq) 
Vaporization (liq—gas) 
Sublimation (cry—gas) 
Phase transition 

Solution 

Mixing 


Dilution 


AX 
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PHYSICAL CONSTANTS OF ORGANIC COMPOUNDS 


The basic physical constants and structure diagrams for about 
10,900 organic compounds are presented in this table. An effort 
has been made to include the compounds most frequently encoun- 
tered in the laboratory, the workplace, and the environment. Partic- 
ular emphasis has been given to substances that are considered 
environmental or human health hazards. In making the selection of 
compounds for the table, added weight was assigned to the appear- 
ance of a compound in various lists or reference sources such as: 


• Laboratory reagent lists, e.g., the ACS Reagent Chemicals 
volume (Ref. 1) 

e Тһе DIPPR list of industrially important compounds (Ref. 
2) and the (much larger) TSCA Inventory of chemicals 
used in commerce 

• Тһе Hazardous Substance Data Bank (Ref. 3) 

• The UNEP list of Persistent Organic Pollutants (Ref. 4) 

* Chemicals on Reporting Rules (CORR), a database of 
about 7500 regulated compounds prepared by the Envi- 
ronmental Protection Agency (Ref. 5) 

• The EPA Integrated Risk Information System (IRIS), a 
database of human health effects of exposure to chemicals 
in the environment (Ref. 6) 

e . Compendia of chemicals of biochemical or medical impor- 
tance, such as The Merck Index (Ref. 10) 

* Specialized tables in this Handbook 


It should be noted that the above lists vary widely in their choice 
of chemical names, and even in the use of Chemical Abstracts 
Registry Numbers. To the extent possible, we have attempted to 
systematize the names and registry numbers for this table. 

Clearly, criteria of this type are somewhat subjective, and com- 
pounds considered important by some users have undoubtedly 
been omitted. Suggestions for additional compounds or other 
improvements are welcomed. 

The data in the table have been derived from many sources, 
including both the primary literature and evaluated compilations. 
The Handbook of Data on Organic Compounds, Third Edition 
(Reference 7) and the Chapman & Hall/CRC Combined Chemical 
Dictionary (Reference 8) were important sources. Other useful 
compilations of physical property data for organic compounds are 
listed in References 9-19. Many boiling point values (and some 
melting point and density values) were taken from recent physical 
chemistry literature dealing with fluid properties. Where conflicts 
were found, the value deemed most reliable was chosen. 

The table is arranged alphabetically by substance name, which 
generally is either an IUPAC systematic name or, in the case of 
pesticides, pharmaceuticals, and other complex compounds, a 
simple trivial name. Names in ubiquitous use, such as acetic acid 
and formaldehyde, are adopted rather than their systematic equiv- 
alents. Synonyms are given in the column following the primary 
name, and structure diagrams are given on the page facing the 
data listing. The explanation of the data columns follows: 


. Ко. An identification number used in the indexes. 

• Name: Primary name of the substance 

• Synonym: А synonym in common use. When the primary 
name is non-systematic, a systematic name may appear here. 

e Mol. Form.: The molecular formula written in the Hill 
convention. 


e CAS RN: The Chemical Abstracts Service Registry Num- 
ber for the compound. 

• Mol. Wt: Molecular weight (relative molar mass) as calcu- 
lated with the 2001 IUPAC Standard Atomic Weights. 

• Physical Form: А notation of the physical phase, color, 
crystal type, or other features of the compound at ambient 
temperature. Abbreviations are given below. 

. тр: Normal melting point in °C. A value is sometimes fol- 
lowed by “dec” indicating decomposition is observed at the 
stated temperature (so that it is probably not a true melt- 
ing point). The notation "tp" indicates a triple point, where 
solid, liquid, and gas are in equilibrium. 

• Ыр: Normal boiling point in °C, if it is available. This is the 
temperature at which the liquid phase is in equilibrium 
with the vapor at a pressure of 760 mmHg (101.325 kPa). A 
notation "sp" following the value indicates a sublimation 
point, where the vapor pressure of the solid phase reaches 
760 mmHg. When a notation such as "dec" or "exp" 
(explodes) follows the value, the temperature may not be a 
true boiling point. A simply entry "sub" indicates the solid 
has a significant sublimation pressure at ambient tempera- 
tures. The boiling point at reduced pressure is listed in 
some cases, with or without the normal boiling point. 
Here the superscript indicates the pressure in mmHg. 

• den: Density (mass per unit volume) in g/cm?. The tem- 
perature in 'C is indicated by a superscript. Values refer to 
the liquid or solid phase, and all values are true densities, 
not specific gravities. The number of decimal places gives 
a rough estimate of the accuracy of the value. 

• ny Refractive index, at the temperature іп °C indicated by 
the superscript. Unless otherwise indicated, all values 
refer to a wavelength of 589 nm (sodium D line). Values 
are given only for liquids and solids. 

e Solubility: Qualitative indication of solubility in common 
solvents. Abbreviations are: 


i insoluble 

sl slightly soluble 
5 soluble 

vs very soluble 
msc miscible 

dec decomposes 


Abbreviations for solvents are given below. 
In order to facilitate the location of compounds in the table, 
three indexes are provided: 


• Synonym Index: Includes common synonyms, but not the 
primary name by which the table is arranged. 

e Molecular Formula Index: Lists compounds by molecu- 
lar formula in the Hill Order (see Preface to this Hand- 
book). 

e CAS Registry Number Index: Lists compounds by 
Chemical Abstracts Service Registry Number. Note there 
is some redundancy in this index, because many com- 
pounds have several Registry Numbers associated with 
them. Thus the CAS RN in a table entry may differ from 
the CAS RN that points to it in the index. For example, 
CAS RN 1319-77-3 in the index points to all three cresol 
isomers, each of which has its own specific CAS RN. 
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3-2 Physical Constants of Organic Compounds 


The assistance of Fiona Macdonald in checking names and for- Shackleton, Trupti Desai, Nazila Kamaly, Matt Griffiths, and 
mulas is gratefully acknowledged, as well as the efforts of Janice Lawrence Braschi in preparing the structure diagrams. 


List of Abbreviations 


Ас 


acetyl 


mel monoclinic 
Ас,0 acetic anhydride Me methyl 
AcOEt ethyl acetate MeCN acetonitrile 
ac acid MeOH methanol 
ace acetone misc, msc miscible 
al alcohol (ethanol) mp melting point 
alk alkali n refractive index 
amor amorphous nd needles 
anh anhydrous ос octahedra, octahedral 
aq aqueous oran orange 
bipym bipyramidal orth orthorhombic 
b blue 05 organic solvents 
blk black pa pale 
bp boiling point peth petroleum ether 
br brown Ph phenyl 
b bright РС! chlorobenzene 
Bu butyl PhNH, aniline 
Вион 1-butanol РАМО; nitrobenzene 
bz benzene pl plates 
chl chloroform pow powder 
col colorless Pr propyl 
con, conc concentrated PrOH 1-propanol 
cry crystals pr prisms 
cte carbon tetrachloride purp purple 
cy, cyhex cyclohexane py pyridine 
dec decomposes pym pyramids, pyramidal 
den density reac reacts 
dil dilute rhom rhombic 
diox dioxane 5 soluble 
dk dark за saturated 
DMF dimethylformamide SC Scales 
DMSO dimethyl sulfoxide sl slightly soluble 
efflor efflorescent soln solution 
Et ethyl sp sublimation point 
EtOH ethanol stab stable 
eth diethyl ether sub sublimes 
exp explodes sulf sulfuric acid 
fl flakes Syr Syrup 
fir fluorescent ab ablets 
fum fumes, fuming cl riclinic 
gl glacial etr etragonal 
gr gray fa rifluoroacetic acid 
gran granular hf, THF etrahydrofuran 
grn green ol oluene 
hex hexagonal p riple point 
HOAc acetic acid 10 rigonal 
hp heptane unstab unstable 
hx hexane vap vapor 
hyd hydrate viol violet 
hyg hygroscopic visc viscous 
i insoluble vol volatile 
i- iso- vs very soluble 
iso isooctane w water 
If leaves wh white 
lig ligroin xyl xylene 
liq liquid ye yellow 
lo long 
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3-4 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

1 Abate Temephos C4 Но 0; P,5; 3383-96-08 466.469 30 132 

2 hbietic acid C; Ha 0; 514-10-3 302.451 mcl pl (al-w) 173.5 250% vs асе, bz, eth, 
EtOH 

3 Abscisic acid С Нь 0, 21293-29-8 264318 cry (chl- 160 sub 120 vs ace, eth, chl 

peth) 

4 Acacetin 5,7-Dihydroxy-2-(4- С. 6Н.205 480-44-4 284.263 уе nd (95% 263 vs EtOH 

methoxyphenyl)-4 H-1- al) 
benzopyran-4-one 
5 Acebutolol, (+) (51, М0, 37517-30-9 336426 су 121 
6 Аседарзопе Ci H, N,0,S 77-46-3 332.374 paye nd 290 51 0 
(eth) If (dil 
al) 

7 Acenaphthene 1,2-Dihydroacenaphthylene Cio Hip 83-32-9 54.207 93.4 279 1222? 160485 | H,0; sl EtOH, 
chl; vs bz; s 
HOAc 

8 Acenaphthylene Acenaphthalene Сұң, 208-96-8 52.192 91.8 280 0.898716 i H50; vs EtOH, 
eth, bz; sl chl 

9 1,2-Acenaphthylenedione Со; 82-86-0 82475 уе nd 261 sub 1.48007 i H,0; 51 EtOH, 

(НОАс) bz, НОАс; s lig 

0 Acenocoumarol Nicoumalone C. Hi NO; 152-72-7 353.325 сгу (асе ад) 198 i H,0 

1 Асерћаје Phosphoramidothioic acid, C H, N0.PS 30560-19-1 183466 88 1.352 

acelyl-, O,S-dimethyl ester 

2 Acepromazine C44H5 N08 61-00-7 326.455  oran oil 23005 

3 Acesulfame C,H;NO,S 33665-90-6 163453 nd (bz) 1232 S bz, chl 

4 Acetaldehyde Ethanal C;H,0 75-07-0 44052  volliqorgas -123.37 20.1 0.783418 1.3316? msc ЊО, EtOH, 
eth, bz; sl chl 

5 Acetaldehyde phenylhydrazone Сао 935-07-9 34.178 99.5 150%, 1352! vs EtOH 

6 Acetaldoxime Acetaldehyde oxime C;H.NO 107-29-9 59.067 nd 45 115 0.9656? 1.4264? s H,0, chl; msc 
EtOH, eth 

7 Acetamide Ethanamide C;H.NO 60-35-5 59.067 1910) 80.16 222.0 0.99869 1.4278 vs ЊО, EtOH 

eth) 

8 Acetanilide N-Phenylacetamide CHNO 103-84-4 135.163 114.3 304 1.2190" SI H;O; vs EtOH, 
ace; s eth, s bz, 
lo 

9 Acetazolamide N-[5-(Aminosulfonyl)-1,3,4- С.Н 035» 59-66-5 222.246 260.5 sl 0 

thiadiazol-2-yl]acetamide 

20 Acethion C,H,;0,PS; 919-54-0 272.322 liq 13715 1.1820 

21 Acetic acid Ethanoic acid СНО, 64-19-7 60.052 16.64 117.9 1.04465 1.3720? тс ЊО, EtOH, 
eth, ace, bz; s 
chl, CS; 

22 Acetic acid, 2-phenylhydrazide Сао N,0 114-83-0 50.177 hex pr (eth) 130.0 vs H,0, EtOH; 51 
eth, chl, tfa; s 
bz 

23 Acetic anhydride СНО 108-24-7 02.089 liq -74.1 139.5 1.082? 1.390122 vs H,0; s EtOH 
bz; msc eth; sl 
сіс 

24 Acetoacetanilide СН. NO; 102-01-2 77.200 ргогпа (bz 86 SI Н,0; s EtOH, 

or lig) eth, bz, chl, 
acid, lig 

25 Acetoacetic acid С.Н,0, 541-50-4 02.089 сту (eth) 36.5 dec 100 vs H,0, eth, 
EtOH 

26 2-Acetoacetoxyethyl methacrylate — 2- (Methacryloyloxy)ethyl О аде 21282-97-3 214215 liq 10008 1122 1.456020 

acetoacetate 

27 Acetochlor Cu Ha CINO; 34256-82-1 269.768 уе liq 13404 152729 5160 

28 Acetohexamide Ci sH,N,0,S 968-81-0 324.396 cry (EtOH 188 i H0, eth; sl 

ад) EtOH, chl; s py 

29 Acetohydrazide СНО 1068-57-1 74.081 67 1375 S Н,0, EtOH; sl 
ећ 

30 Acetohydroxamic acid N-Hydroxyacetamide С,НМО, 546-88-3 75.067 hyg cry 90 

31 1-Acetonaphthone СА 0 941-98-0 170.206 34 297 14171? 1.628022 i H,0; s EtOH, 
eth, ace, ch 

32 2-Acetonaphthone Ci Hi 0 93-08-3 170.206 па (lig, dil 56 302 sl EtOH, сіс 

al) 

33 Acetone 2-Propanone CH,O 67-64-1 58.079 liq -94.7 56.05 0.784525 1.3588?  mscH;O, EtOH, 
eth, ace, bz, 
ch 

34 Acetone cyanohydrin C,H;NO 15-86-5 85.105 -19 823 0.9327? 1.399220 vs ЊО, EtOH, 
eth; s ace, bz, 
chl; i peth 

35 Acetone (2,4-dinitrophenyl) CoH, №0, 1567-89-1 238200 yendorpl 128 i H,0; s EtOH, 

hydrazone (al) eth, bz, chl, 
AcOEt 

36 Acetone (1-methylethylidene) Dimethyl ketazine CHiN; 627-70-3 112.172 liq -12.5 133 0.8390? 145352 msc H,0, EtOH, 

hydrazone eth; s ace 

37 Acetone thiosemicarbazide ДЕ 1752-30-3 131499 уе cry 176 $ асе 
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2-Acetonaphthone 
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Acetone thiosemicarbazide 


3-6 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
38 Acetonitrile Methyl cyanide CH,N 75-05-8 41.052 liq -43.82 81.65 0.78577? 1.3442? msc H,0, EtOH, 
eth, ace, bz, 
cic 
39 Acetophenone Methyl phenyl ketone C H,0 98-86-2 120149 mel prorpl 20.5 202 1.0281? 1.5372? 5ІН,0;5 EtOH, 
eth, ace, bz, 
con sulf, chl 
40 Acetophenone azine Methylphenyl ketazine C, H, № 729-43-1 236.311 120 
41 Acetoxon Acetophos C,H,;0;PS 2425-25-4 256257 ٩ fom 
42 N-Acetylacetamide C,H;NO; 625-77-4 01.105 па (eth) 79 2235 S HO, EtOH, 
eth, chl, lig 
43 N-Acetyl-L-alanine 0-0; 97-69-8 31.130 125 
44 4-(Acetylamino)benzenesulfony| ^ Acetylsulfanilyl chloride C4H&CINO;S 121-60-8 233.673 па (bz), рг 149 vs EtOH, eth; s 
chloride (bz-chl) bz, chl 
45 2-(Acetylamino)benzoic acid CIH МО, 89-52-1 79.172 па (НОАс) 187.5 SI Н,0; 5 EtOH; 
vs eth, ace, bz, 
HOAc 
46 4-(Acetylamino)benzoic acid ҮШІ 556-08-1 79.172 nd(HOAc) 256.5 ІН,0;5 EtOH; sl 
eth, tfa 
47 2-(Acetylamino)-2-deoxy- D- N-Acetyl- D-glucosamine C.H, NO, 7512-17-6 221.208 205 
glucose 
48 2-(Acetylamino)-2-deoxy-D- N-Acetyl-D-mannosamine C.H, NO, 3615-17-6 221208 cry(aceaq) 128 deca 
mannose 
49 2-(Acelylamino)fluorene С.Н. МО 53-96-3 223270 сгу (dil al) 193 i H,0; s EtOH, 
eth, HOAc 
50 4-(Acetylamino)fluorene C,5H,,NO 28322-02-3 223.270 br cry (bz) 200 
51 6-(Acetylamino)hexanoic acid e-Acetamidocaproic acid CIH, NO; 57-08-9 73210 cry (ace) 104.5 
52 4-Acelylanisole Сон (0; 100-06-1 50.174 pl (peth) 385 258 1.08184 1.5474 slH,0; $ EtOH, 
eth, асе, chl 
53 2-Acetylbenzoic acid C;H;0; 577-56-0 64.158 па (м), pr 114.5 1112 vs H,0, eth, 
(bz) EtOH 
54 3-Acetylbenzoic acid Сао 586-42-5 64.158 172 111° $ Н,0: msc 
EtOH 
55 4-Acetylbenzoic acid ولاو‎ 586-89-0 64.158 па (м) 208 sub vs 0 
56 Acetyl benzoylperoxide Acetozone СО, 644-31-5 80.158 wh nd (lig) 37 130" vs eth 
57 Acetyl bromide Ethanoyl bromide CHBrO 506-96-7 22.948 0 -96 76 1.66256 1448620 msc eth, bz, chl; 
S асе 
58 Acetyl chloride Ethanoyl chloride CoH,CI0 75-36-5 78.497 liq -112.8 50.7 1.105120 1.3886? msc eth, ace, 
bz, chl; s ctc 
59 Acetylcholine bromide CH, BrNO; 66-23-9 226.112 һуд cry 146 vs Н;0 
60 Acetylcholine chloride CH, CIN0; 60-31-1 181.661 150 S НО, EtOH; i 
ећ 
61 Acetylcholine iodide СН МО, 2260-50-6 273112 0 163 
62 2-Acetylcyclohexanone C IH, 0; 874-23-7 140.180 -11 1128, 10174 1.078225 1.513820 5 ctc 
63 2-Acetylcyclopentanone С.Н, 0 1670-46-8 126153 73% 1.0431? 1.490620 
64 N-Acetyl-L-cysteine Acetylcysteine C.H,NO,S 616-91-1 163.195 cry (w) 109.5 
65 3-Acetyldihydro-2(3/]-furanone ^ oc-Acetylbutyrolactone C H,0; 517-23-7 128.126 1075 1.1846? 145852 0 
66 1-Acetyl-2,5-dihydroxybenzene 2,5-Dihydroxyacetophenone (1,0, 490-78-8 152.148 yegrnnd(dil 205.3 sl 60, eth, bz; 
al or w) s НОН 
67 Acetylene Ethyne CH; 74-86-2 26.037 col gas -80.7 (triple -84.7 sp 0.37725 sl Н,0, EtOH, 
point) (p»1 CS; s ace, bz, 
atm) chl 
68 N-Acetylethanolamine C H,N0; 142-26-7 103.120 63.5 1668 1.107925 1.4674? msc Н,О; s асе; 
sl bz, lig 
69 Acetyl fluoride Ethanoyl fluoride C,H,FO 557-90-3 62.042 vol liq or gas -84 20.8 1,0322 msc EtOH, eth; 
S bz, chl; sl 
CS, 
70 N-Acetylglutamic acid C;HN0; 1188-37-0 89.166 pr (w) 199 $ ЊО, EtOH 
71 N-Acetylglycine Aceturic acid C,H;NO; 543-24-8 17104 lo nd (w, 206 vs H,0, ace, 
MeOH) EtOH 
72 trans-1-Acetyl-4-hydroxy-L- Oxaceprol СНАМО, 33996-33-7 173.167 cry (Ac) 132 vs H,0, MeOH 
proline 
73 1-Acetyl-1H-imidazole СНО 2466-76-4 10.114 104.5 SI H,O; s EtOH, 
eth, chl, ТНЕ 
74 Acetyl iodide Ethanoyl iodide C;H4IO 507-02-8 69.948 108 2.06739 1.549120 vs eth 
75 Acetyl isothiocyanate CHNOS 13250-46-9 101.127 1325 1.15233 1523111 зай, CS; 
76 N6-Acetyl-L-lysine CIH, N.O; 692-04-6 88.224 265 dec 
77 N-Acetyl- DL-methionine C;H,4NO,S 1115-47-5 91.248 114.5 
78 N-Acetyl- L-methionine Methionamine C;H,4NO,S 65-82-7 91.248 105.5 
79 1-Acetyl-17- Aspidospermine Со На МО; 466-49-9 354.485  ndorpr(al) 208 220? 51 H0, eth; s 
methoxyaspidospermidine nd (peth) EtOH, bz, chl 
80 N-Acetyl- V-methylacetamide С.Н,№О, 1113-68-4 15.131 liq -25 195; 114.59 1.066325 1.450225 msc H,0; i eth 
81 1-Acetyl-3-methylpiperidine C H, МО 4593-16-2 141211 liq -13.6 239 0.968425 147315 vs ЊО 
82 3-Acetyl-6-methyl-2 H-pyran- Dehydroacetic acid CH0; 520-45-6 68.148 109 270 vs H,0, eth; sl 
2,4(3H)-dione EtOH, chl 
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phosphate) 


Mol. Physical 
Name Synonym Mol. Form. CASRN Wt. Form mp/'C Solubility 
4-Acetylmorpholine Сен, „№, 1696-20-4 29.157 145 msc 56 
EtOH, ace, ctc 
N-Acetylneuraminic acid Aceneuramic acid C4 Hg NO, 131-48-6 309.271 186 
Acetyl nitrate C;HNO, 591-09-3 05.050 
2-(Acetyloxy)benzoic acid Acetylsalicylic acid Сао, 50-78-2 80.158 nd (w), пс! 135 S H,0, eth, chl; 
tab (w) vs НОН; sl bz 
4-(Acetyloxy)benzoic acid СО, 2345-34-8 80.158 188.5 
2-(Acetyloxy)-5-bromobenzoic 5-Bromoacetylsalicylic acid C;H;BrO, 1503-53-3 259.054 па (al) 60 i H,0; vs EtOH, 
acid eth 
4-(Acetyloxy)-3- CigH 00, 881-68-5 94.184 78 SI H;O; vs EtOH, 
methoxybenzaldehyde eth 
2-(Acetyloxy)-1-phenylethanone С.Н 2243-35-8 78.184 orth pl 49 i H,O; vs EtOH, 
eth, chl; sl bz, 
lig 
1-(Acetyloxy)-2-propanone Acetoxyacetone C5H,0, 592-20-1 16.116 vs H,0, eth, 
EtOH 
2 (Acetyloxy)tributylstannane Tributyltin acetate C, H, 0,Sn 56-36-0 349.097 84.7 
3 (Acetyloxy)triphenylstannane Triphenyltin acetate C.H, 0,Sn 900-95-8 409.066 121.5 
4-Acelylphenyl acetate С.Н. 003 13031-43-1 178.184 s ctc, CS, 
N-Acetyl- L-phenylalanine Сан; М0; 2018-61-23: 207.226 173.5 5 НОН 
N-Acetyl-L-phenylalanine, ethyl C,H, NO; 2361-96-8 235279 cry (EtOH 93 
ester aq) 
N-Acetyl-L-phenylalanine, methyl СН, NO; 3618-96-0 221.252 па (ре) ог 91 
ester visc oil 
(chl) 
Асеу! phosphate C;HO;P 590-54-5 140.032  unstab in 
soln 
1-Acetylpiperidine CH, NO 618-42-8 127.184 liq -134 vs HO, НОН 
1-Acetyl-4-piperidinone C;H,,NO, 32161-06-1 141.168 
3-Acetylpyridine adenine 3-Acetyl NAD С„Н„№0,„Рә 86-08-8 662.436 solid 
dinucleotide 
4-Acetylthioanisole Сон 0S 1778-09-2 166.239 81.5 
Acetyl thiocholine iodide CH, IN0S 1866-15-5 289.177 205 
N-Acetyl-L-tryptophan Са ٢٢ 1218-34-4 246.261 nd (dil 189.5 S Н,0, EtOH, alk 
Me0H) 
N-Acetyl-L-tyrosine Сан; М0, 537-55-3 223.226 сту (w); pl 153 
(diox) 
N-Acetyl-L-tyrosine ethyl ester Сан, 0, 840-97-1 251.279 80.5 
N-Acetyl- L-valine C;H,3NO, 96-81-1 59.183 164 
Acid Fuchsin Fuchsin, acid СаН,/М-Ма,05; 3244-88-0 585.539 SI Н,0, EtOH 
Acifluorfen 5-[2-Chloro-4-(trifluoromethyl) | Ci H;CIFJNO; 50594-66-6 361.658 150 
phenoxy]-2-nitrobenzoic acid 
0 6 ار‎ (٧0و‎ 509-20-6 499.596 amor 132 S H,0, EtOH, 
chl; sl eth, lig 
1 Aconitine C4 H4 NO; 302-27-2 645.737 orth If 204 vs bz, EtOH, chl 
2 9-Acridinamine Aminacrine Cis Hao; 90-45-9 94231 yend(aceor 241 S EtOH, ace; sl 
al) DMSO; vs dil 
HCl 
3 Acridine Dibenzo[b,e]pyridine Сан; 260-94-6 79.247 orthndorpr 106(form а); i H50; sl ctc; vs 
(al) 110(form b) EtOH, eth, bz 
4 3,6-Acridinediamine Proflavine Ci Hi № 92-62-6 209.246 yend(alor 285 S H50; vs EtOH 
w) sl eth, bz 
5 9(10H)-Acridinone C,3H NO 578-95-0 95.216 уе If (al) »300 i H,O, eth, bz; sl 
EtOH; s НОАс, 
alk 
6 Acrolein 2-Propenal C.H,0 107-02-8 56.063 liq -87.7 vs Н,0; s EtOH, 
eth, ace; sl chl 
7 Acrylamide 2-Propenamide С-Н.МО 19-06-1 71.078 If (bz) 84.5 vs Н,0, chl; s 
EtOH, eth, ace 
8 Acrylic acid 2-Propenoic acid С-Н,0, 19-10-7 72.063 125 msc Н,0, EtOH 
eth; s ace, bz, 
cic 
9 Acrylonitrile Propenenitrile C.H; 107-13-1 53.063 liq -03.48 S Н,0: vs ace, 
bz, eth, EtOH 
Acyclovir Сани МО4 59277-89-3 225205 cry (EtOH) 225 
Adenine 1H-Purin-6-amine СНЫ 73-24-5 135.128  orth nd 360 dec S HO; sl EtOH; 
(+3w) i eth, chl 
Adenosine B-D-Ribofuranoside, адепте-9 Сена МО, 58-61-7 267.242 m(w43/2) 235.5 sl Н,0; i EtOH 
3 Adenosine cyclic 3,5-(hydrogen САМР Саона ОР 60-92-4 329.206 сгу 219 
phosphate) 
4 Adenosine 3’,5’-diphosphate 3'-Adenylic acid, 5-(dihydrogen | CH; N.O.;P; 1053-73-2 427.200 amor pow 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
125 Adenosine 5- Adenosine, 5’-[hydrogen САН МО 3768-14-7 425.229 cry (м) 204 $ Н,0 
methylenediphosphonate (phosphonomethyl) 
phosphonate] 
126 Adenosine 3-phosphate 3-Adenylic acid C4 На МЕ ОР 84-21-9 347.222 col nd 195 dec 
127 Adenosine 5’-triphosphate ATP С.Н МО зРз 56-65-5 507.181 144 дес 
128 S-Adenosyl-L-homocysteine С.Н №055 979-92-0 384.411 210 дес 
129 5’-Адепуйс acid Adenosine 5-monophosphate ۳ 61-19-8 347.222 195 dec vs Н;0; s EtOH, 
10% НО! 
130 Adipamic acid CIH, МО; 334-25-8 45.156 па (w) 161.5 
131 Adiphenine hydrochloride C4 Ha CINO; 50-42-0 347.879 cry 113.5 vs Н;0; sl ОН, 
eth 
132 Adipic acid 1,6-Hexanedioic acid С.Н оба 124-04-9 46.141 mel pr (w, 1525 337.5 1.3605 SI H,O; vs EtOH; 
ace, lig) $ eth; i HOAc, 
lig 
133 Adiponitrile Hexanedinitrile Са 111-69-3 08.141 па (eth) 1 295 0.9676? 1.4380? <ІН,0, eth; s 
chl, EtOH 
134 Adrenalone Сони МО; 99-45-6 81.188 nd 235 dec SI HO, EtOH, 
eth 
135 Affinin N-(2-Methylpropyl)-2,6,8- С.Н МО 25394-57-4 221.339 уе oil 23 16205 151345 0 
decatrienamide 
136 Aflatoxin B1 САО 162-65-8 312.273 су 268 
137 Aflatoxin B2 Си 05 7220-81-7 9 287.5 
138 Aflatoxin G1 Ci H0; 165-39-5 328.273 су 245 
139 6 L-Glutamic acid, 5-[2-[4- C; Hz; NO, 2757-90-6 267281 cry (dil al) 207 dec vs 0 
(hydroxymethyl)phenyl] 
hydrazide] 
140 Ajmalan-17,21-diol, (178210) — Ajmaline C; Ho №0» 43600127 326.432 pl(«35w) 6 i H50; s EtOH, 
(aq AcOEt) chl; sl eth, bz 
141 Alachlor C H, CINO; 5972-60-8 269.768 40 100202 1.13325 
142 DI-Alanine DL-2-Aminopropanoic acid САМО; 302-72-7 89.094  orthprornd 300 дес sub 250 1.42425 S Н,0; vs EtOH 
(м) 
143 D-Alanine 2-Aminopropanoic acid, (F) С.Н,МО, 338-69-2 89.094 па (w, al 314 дес sub S H,0; sl EtOH; 
i eth 
144 L-Alanine 2-Aminopropanoic acid, (5) С.Н,МО, 56-41-7 89.094 orth (w) 297 dec Sub 250 1.4322 S H,0; sl EtOH, 
py; i eth, ace 
145 p-Alanine 3-Aminopropanoic acid С.Н,МО, 107-95-9 89.094 па orth pr 200 dec 1.4379 $ H,0; sl EtOH; 
(ађ i eth, асе 
146 Alantolactone C4 Но 546-43-0 232.349 nd 76 275 vs bz, eth, EtOH, 
ch 
147 Aldicarb C;H,4N,0;S 116-06-3 190.263 99 1.1955 
148 Aldosterone C Ho 05 52-39-1 360.444 cry (НОАс) 166.5 
149 Aldoxycarb S,S-dioxide و‎ ٢ ١ 1646-88-4 222262 сту 141 SI 0 
150 Aldrin و‎ Cl, 309-00-2 364.910 104 i H50; s EtOH, 
eth, ace, bz 
151 Alizarin 1,2-Dihydroxy-9,10- C,,H,0, 72-48-0 240.212 огап ог гед 5 sl Н,0, s EtOH, 
anthracenedione ісі nd or pr eth, ace, bz; i 
(al) ch 
152 Alizarin Red S Sodium alizarinesulfonate С.,Н,Ма0,5 130-22-3 342.257 vs H,0; s EtOH 
153 Alizarin Yellow R C H,N,0; 2243-76-7 287227  oran-brnd 253 dec vs HO, НОН 
(dil НОАс) 
154 Alizurol purple 1-Hydroxy-4-[(4-methylphenyl) | CH, NO, 81-48-1 329.349 flat viol nd s Н,50, 
amino]-9,10-anthracenedione 
155 Alkannin Ci H, 0; 23444-65-7 288.295  br-redpr(bz) 149 sub 140 vs НОН 
156 Allantoic acid Bis[(aminocarbonyl)amino] СМО, 99-16-1 76132 nd 170 dec SI H,0, os, dil 
acetic acid acid 
157 Allantoin СНО 97-59-6 58116  mclplor 239 SI Њ0; s EtOH, 
NaOH; i eth, 
MeOH 
158 Allene C.H, 463-49-0 40.064 со! gas -136.6 -34.4 0.5845 1.4168 vs bz, peth 
(p»1 
atm) 
159 Allethrin Ci Ha 0; 584-79-2 302.407 1.0102 
160 Allicin C H, 0S; 539-86-6 62.272 dec 1.112% 1.5612 ٥0 
161 Allopregnane-3B,21-diol-11,20- CA Ha 04 566-02-9 348.477 сту (ад, ac, 190 
dione ам) nd (bz, 
ac) 
162 АПоргедпап-20В-0|-3-опе Бо-Ргедпап-208-01-3-опе C4:H440; 516-58-5 318.494 185 
163 Allopurinol 1,5-Dihydro-4H-pyrazolo[3,4-d] СНО 315-30-0 136.112 cry 350 
pyrimidin-4-one 
164 D-Allose C.H 20; 2595-97-3 180.155 сту (w) 128 vs Н,0 
165 Alloxanic acid C H,N,0; 470-44-0 160.085 tcl pr (eth) 162 дес vs Н,0, НОН 
166 Alloxantin CIH N 0, 76-24-4 286.156 orth pr (w+2) 254 дес SI Н,0, EtOH, 


eth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
167 Allyl acetate C5H,0, 591-87-7 100.117 103.5 0.9275? 1.4049? 51 H,0; s ace; 
msc EtOH, eth 
168 Allyl acetoacetate C;H440; 1118-04-09 142.152 liq -85 196; 66.5“ — 1.0366? 1.4398? s H,0, lig; msc 
EtOH, bz 
169 Allyl acrylate C H,0; 999-55-3 112127 121 0.9441? — 1.4320? 51 Н,0; s EtOH, 
eth, acid 
170 Allyl alcohol 2-Propen-1-ol С-Н,0 107-18-6 58.079 liq -129 97.0 0.8540? 1.4135? msc H,0, EtOH, 
eth; s ch 
171 Allylamine 2-Propen-1-amine C3H3 107-11-9 57.095 liq -88.2 53.3 0.758 142052 msc H,0, EtOH, 
eth; s ch 
172 0 9۹6 Allylphenylamine СМ 589-09-3 33.190 219; 10612 097365 1.5630 <ІН,0;5 EtOH, 
ace; msc eth 
173 Allylbenzene 2-Propenylbenzene СН 300-57-2 18.175 liq -40 156 0.8920? 1.5131? i H,0; s EtOH, 
eth, bz, ctc 
174 o-Allylbenzenemethanol Сл 0 936-58-3 48.201 228.5 1.00418 .5289?! 
175 Allyl benzoate СН 0, 583-04-0 62.185 1.05695 1.517822 i НО; s EtOH, 
eth, ace, 
еон 
176 Allyl butanoate (-Н,,0, 2051-78-7 28.169 42; 44.55 0.901720 1.4158? i НО; msc 
EtOH, eth; s 
ctc 
177 Allyl carbamate ШІН 2114-11-6 01.105 SI ctc 
178 Allylchlorodimethylsilane С.Н,,С151 4028-23-3 34.680 11 0.89642 1.419520 
179 Allyl chloroformate C,H&CIO; 2937-50-0 20.535 hyg liq 09.5 1.136 42200 
180 Allyl trans-cinnamate Allyl trans-3-phenyl-2- CH, 0; 1866-31-5 88.222 dec 268; 16377 1.04823 530% iH,0; vs ОН, 
propenoate msc eth; sl ctc 
181 1-Allylcyclohexanol C;H440 1123-34-8 40.222 90 0.934122 1.475622 
182 1-Allylcyclohexene 1-(2-Propenyl)cyclohexene "m 13511-13-2 122.207 liq 56 
183 Allylcyclopentane CH 3524-75-2 10497 0 -110.7 25 0.793% 44129  schl 
184 Allyldiethoxymethylsilane CIH, 0,Si 18388-45-9 174.314 55 0.857225 756 
185 Allyldiethylamine N,N-Diethyl-2-propen-1-amine С.Н, 5666-17-1 13.201 10 0.747725 1.420920 
186 Allyldimethylamine N,N-Dimethyl-2-propen-1- СН 2155-94-4 85.148 63.5 0.709425 1.401020 
атіпе 
187 Allyl ethyl ether СНО 557-31-3 86.132 67.6 0.765120 1.3881? i H,0; msc 
НОН, eth; s 
ace 
188 Allyl formate СНО, 1838-59-17 86.090 83.6 0.946020 SI H,O; 8 EtOH; 
msc eth 
189 Allyl 2-furancarboxylate Allyl 2-furanoate C H,0, 4208-49-5 52.148 207.5 41189 49459 s eth, ace; sl ctc 
190 Allyl glycidyl ether Сен 70 106-92-3 14.142 154 0.969822 1.433220 
191 АПУ! hexanoate С-Н,,0, 123-68-2 56.222 186 0.886920 
192 Allyl (hydroxymethyl)carbamate C.HNO; 24935-97-5 131.130 суу (tol) 57 
193 Allyl isocyanate C,H;NO 1476-23-9 83.089 88 
194 Allyl isothiocyanate C H;NS 57-06-7 99.155 liq -80 152 1.01262 1.5306? vs bz, eth, ОН 
195 Allyl methacrylate С.Н 0, 96-05-9 26.153 6750, 5530 0.933522 1.436020 
196 4-Allyl-2-methoxyphenol Eugenol Сад 0; 97-53-0 64201 lig -7.5 253.2 1.06522 1.5405? i H,0; msc 
EtOH, eth; s 
chl, НОАс, oils 
197 4-Allyl-2-methoxyphenyl acetate — 1,3,4-Eugenol acetate CH, 0, 93-28-7 206.237 рг (al) 30.5 281, 1276 .0806 — 1.5205? ІН,0;5 EtOH; $1 
cte 
198 Allyl 3-methylbutanoate СаН,,0 2835-39-4 42.196 154 
199 Allylmethyldichlorosilane ЛЕР 873-92-3 55.099 1195 1.075822 856 
200 2-(Allyloxy)ethanol Ethylene glycol monoallyl ether C;H,,0, 11-45-5 02.132 158.5 0.95802 1.4350? msc Н,0; vs 
НОН; s bz, ctc, 
еон 
201 2-Allylpheno Сан 00 745-81-9 34174 liq -6 220 1.02465 151812 vs eth 
202 4-Allylpheno Chavicol CgH,.0 501-92-8 34.174 15.8 238 02035 1.54418 — vs eth, EtOH, 
chl 
203 Allyl phenyl ether CgH,.0 746-13-0 34.174 1917 0.9811? 1.5223? іН,0; s EtOH; 
msc eth; sl ctc 
204 Allyl propanoate 2-Propenyl propanoate Сен 0, 2408-20-0 14.142 123 0.9140? 1.4105? s EtOH, eth, ace 
205 N-Allyl-2-propen-1-amine Diallylamine C; Hu 24-02-7 97.158 111 4387? 5 EtOH, eth 
206 Allyl propyl disulfide Gatos 2179-59-1 48.289 7913 52190 
207 3-(Allylsulfinyl)- L-alanine, (5) Alliin ام‎ ۱٧5 556-27-4 77.221 па (ЧИ ас) 165 vs 0 
208 8 Thiosinamine C H,N,S 09-57-9 16.185  mcloroth 78 217% 59368 5Н,0, EtOH; sl 
pr (w) eth; i bz 
209 Allyltrichlorosilane Trichloro-2-propenylsilane C5H,CI,Si 07-37-9 75.517 35 117.5 1.201122 1.446020 
210 90 9 9096 Са 059! 2550-04-1 204.339 1009, 828 ^ 0.9030? 1.407220 
211 0076 ام‎ 762-72-1 14.261 85 0.715825 14074? i H,0 
212 Allylurea СНО 557-11-9 00.119 па (al) 85 msc Н,0, EtOH; 
sl eth, chl; i 


peth 
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3-14 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C g cm? Solubility 
213 Allyl vinyl ether 3-(Ethenyloxy)-1-propene СНО 3917-15-55 84117 66 0.7900% i H30; s eth, ace, 
chl 
214 Aloin A ЛІП 1415-73-2 418.395 149.3 S Н,0, EtOH, 
ace; sl eth, bz; 
i chl 
215 Alphaprodine C4 H, М0; 15867-21-7 261360 cry 103 
216 Alstonidine СоНиЊО, 25394-75-6 380.437 cry (eth) 189 vs ace, EtOH 
217 6 C; Ho №03 642-18-2 348.395 уе па (асе) 207 dec 
218 D-Altrose (51150, 1990-29-0 180155 pr(MeOH,al) 103.5 vs Н,0 
219 Aluminum 2-butoxide 2-Butanol, aluminum salt Сун; А0, 2269-22-90 246.322 1972) 
220 Aluminum distearate Hydroxyaluminum distearate Са Hz, AIO; 300-92-5 610.928 wh pow 145 i HO 
221 Aluminum ethanolate Aluminum ethoxide (51,540, 555-/5-9 162.163  lig/wh solid 140 2007 dec Н,0; sl ху! 
222 Aluminum isopropoxide Сан; А0; 555-31-7 204.243 һуд wh solid 119 13570, 9405 reac Н„0; 8 
EtOH, bz, peth, 
chl 
223 6 N-Ethyl-bis(3-phenylpropyl) СН 150594 281.435 oil 16603 
amine 
224 а-Атап п СаНыМ(0,45: 23109-05-9 918.970 па 254 dec 
225 Amaranth dye CH, N)Na404,5,. 915-67-3 604.472 dk red pow $ Н,0 
226 Ametryn СН 5 834-12-8 227330 88 
227 Amminetrimethylboron C.H,;BN 1830-95- 45 135 
228 19-Amino-8,11,13-abietatriene C; H4 N 1446-61-3 285467 cry 445 
229 2-Aminoacetamide СНО 598-41-4 74.081 hyg па (chl) 67.5 vs HO, EtOH; sl 
eth, bz; s ace, 
chl 
230 Aminoacetonitrile СНА 540-61-4 56.066 585 vs EtOH 
231 Aminoacetonitrile СНС 6011-14-9 92.527 hyg cry (а) 165 dec 
monohydrochloride 
232 o-Aminoacetophenone C H, СМО 5468-37-1 4 194 dec 
hydrochloride 
233 1-Aminoadamantane Adamantanamine hydrochloride ١ 665-66-7 187.710 cry (al-eth) 360 dec vs H,0, EtOH 
hydrochloride 
234 2-Aminoadipic acid Сени МО, 626-71-1 161.156 pl (w) 207.0 SI Н,0, EtOH, 
eth 
235 3-Aminoalanine 2,3-Diaminopropionic acid СНО; 515-94-6 104.108 hyg rosettes 110 vs Н,0 
236 1-Amino-9,10-anthracenedione 1-Атіпоапіћгадиіпопе Ca الوا‎ 82-45-1 223227 rednd(a) 2535 sub vs ace, bz 
EtOH, chl 
237 2-Amino-9,10-anthracenedione 2-Атіпоапіһгадиіпопе Cu H ,N0; 117-79-3 223.227 red nd (al, 3045 sub i H0, eth; sl 
HOAc) EtOH; s ace, 
bz, chl 
238 4-Aminoazobenzene Сон, 60-09-3 97.235 огап те! па 127 >360 SI ЊО, lig; 5 
(al) EtOH, eth, bz, 
chl 
239 2-Aminobenzaldehyde C;H;NO 529-23-7 21137 silv If 40.5 80? SI H30; vs EtOH, 
eth; s bz, chl; i 
lig 
240 3-Aminobenzaldehyde C;H;NO 1709-44-0 21137 nd(AcOEt) 29 S eth, acid 
241 4-Aminobenzaldehyde САО 556-18-3 214137 pl (w) 71.5 s H,0, EtOH, 
eth, acid 
242 2-Aminobenzamide CH NO 88-68-6 36.151 110.5 dec S Н,0, EtOH; sl 
eth, bz; vs 
AcOEt 
243 4-Aminobenzamide CH NO 2835-68-9 36.151 уе сту (+1/ 183 SI Н,0; 8 EtOH, 
4w) eth 
244 o-Aminobenzeneacetic acid, (+) ^ o-Phenylglycine C H,N0, 2835-06-5 51463 pl 292 dec sub 255 S alk; sl os 
245 4-Aminobenzeneacetic acid p-Aminophenylacetic acid C4H,NO, 1197-55-3 51.163 pl (w) 200 dec i H0; sl EtOH, 
DMSO 
246 5-Amino-1,3-benzenedicarboxylic ШІ 99-31-0 81147  pr(al рім) 360 sub i H0; sl EtOH 
acid 
247 4-Aminobenzeneethanol CIH, NO 104-10-9 37.179 nd (al) 108 
248 2-Aminobenzenemethanamine CHiN, 4403-69-4 22.167 61 269 vs EtOH 
249 2-Aminobenzenemethanol 0 5344-90-1 23.152 835 273 S HO, EtOH, 
eth, HOAc; vs 
bz, ch 
250 4-Aminobenzenesulfonamide Sulfanilamide C H ,N0,S 63-/4-1 72205 (014) 1655 1.085 $ H,0, EtOH, 
eth, ace; sl chl, 
peth 
251 2-Aminobenzenesulfonic acid Orthanilic acid CH;NO,S 88-21-1 73.190 pr(+1/2w) >320 dec SI Н,0; i EtOH, 
eth 
252 3-Aminobenzenesulfonic acid Metanilic acid (51:10:55 121-47-1 73.190 па, pr(w+1) dec sl Н,0, EtOH; | 
eth 
253 4-Aminobenzenesulfonic acid Sulfanilic acid (51:05 121-67-3 73.190 orthplor 288 1.48525 SI Н,0, i EtOH, 
mcl (w+2) eth 
254 4-Aminobenzenesulfonyl fluoride — p-Sulfanilyl fluoride C H FN0,S 98-62-4 75.181 68.5 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
255 2-Aminobenzenethiol ІЗ 137-07-5 25.192 26 234 1.4606% 5 EtOH, eth 
256 4-Aminobenzenethiol CH;NS 1193-02-8 125.192 46 1437 $ ЊО, EtOH 
257 2-Aminobenzonitrile ТІЛІП 1885-29-6 18.136 уерг(С5) 51 263 SI H;O; vs EtOH, 

nd (peth) eth, ace, bz; i 
peth 
258 3-Aminobenzonitrile C; HN; 2237-30-1 18.136 па (dil al or 543 289 sl H,0; vs EtOH, 
CCI) eth, ace, chl 
259 4-Aminobenzonitrile ЛІП 873-74-5 18.136 pror pl (м) 87.0 SI Н,0, ctc; vs 
EtOH, eth, ace, 
bz 
260 4-Aminobenzophenone C, H, NO 1137-41-3 97232 If (dil al) 124 24615 sl Н,0, Ча; s 
EtOH, eth, 
НОАс 
261 A-(4-Aminobenzoyl)-L-glutamic САМО, 4271-30-1 266.249 cry (м) 173 
acid 
262 N-(4-Aminobenzoyl)glycine p-Aminohippuric acid Со №05 61-78-9 194186 pror nd (м) 198.5 vs ace, bz, EtOH 
263 2-Aminobiphenyl СН 90-41-5 169.222 If (dil al) 51 299 i H,0; $ EtOH, 
eth, bz; sl 
DMSO, peth 
264 3-Aminobiphenyl С.Н, 2243-47-2 169.222 па 31.5 SI H,O; s EtOH, 
eth, ace, bz 
265 4-Aminobiphenyl p-Biphenylamine CH; 92-67-1 169.222 If (dil al) 53.5 302 SI H,O; s EtOH, 
eth, ace, chl 
266 2-Amino-5-bromobenzoic acid 5-Bromoanthranilic acid CHBrNO, 5794-88-7 216033 nd 219.5 s DMSO 
267 1-Amino-4-bromo-9,10-dihydro- 1-Атіпо-4- C HBrNO,S 116-81-4 382.187 тей nd (м) 
9,10-dioxo-2-anthracenesulfonic ^ bromoanthraquinone-2- 
acid sulfonic acid 
268 DL-2-Aminobutanoic acid ҮШ 2835-81-6 103.120 If (w) 304 dec sub 1.230020 vs H,0; sl EtOH; 
i eth, bz 
269 L-2-Aminobutanoic acid C,H,NO, 1492-24-6 103120 If (dil al), cry 292 dec S H,0; sl EtOH, 
(al) eth; i bz 
270 DL-3-Aminobutanoic acid ) H,N0; 2835-82-7 103.120 па (al) 194.3 vs Н,0:1 EtOH, 
eth, bz 
271 4-Aminobutanoic acid y-Aminobutyric acid C H,N0; 56-12-2 103.120 pr or nd (al) 203 dec vs H,0; sl EtOH, 
If (MeOH- ace; i eth, bz 
eth) 
272 2-Amino-1-butanol, (+) C,H,,NO 13054-87-0 89.136 liq -10 178 0.916220 144895 msc HO, EtOH, 
eth; sl chl 
273 4-Amino-1-butanol C,H,,NO 13325-10-5 89136 205; 125% 0.96712 1.4625% s ЊО, EtOH; i 
eth 
274 4-Amino-A-[(butylamino) Carbutamide С.Н. №3035 339-43-5 271.336 144.5 
0 бепгепези опат! де 
275 Aminocarb و‎ ٢٢ 2032-59-90 208.257 су 94 SI H,0, bz; s ace 
276 N-(Aminocarbonyl)acetamide СНО, 591-07-1 102.092 218 sub 180 sl Н,0, eth; s 
EtOH 
277 |4-(Aminocarbonyl)amino] Carbarsone С.Н.АЗМ0, 121-59-5 260.079 па (м) 174 51 H,0, DMSO, 
phenylJarsonic acid EtOH; i eth, 
chl; s alk 
278 N-(Aminocarbonyl)-2-bromo-2- ^ Carbromal С.Н. ВИО, 11-65-6 237.094 orth (dil al) 118 1.5445 51 H0, chl; s 
ethylbutanamide ace, bz 
279 N-(Aminocarbonyl)-2-bromo-3- ^ Bromisovalum С.Н,,81М,0, 496-67-3 223.067 nd or lf (to) 154 sub 1569 vs ace, bz, eth, 
methylbutanamide EtOH 
280 [2-(Aminocarbonyl)phenoxylacetic Salicylamide O-acetic acid Сон МО, 25395-22-6 195.172 221 S alk 
acid 
281 7-Aminocephalosporanic acid СН. №055 957-68-6 272.277 су 
282 1-Amino-5-chloro-9,10- 1-Amino-5-chloroanthraquinone C,,HgCINO, 117-11-3 251.673 212 
anthracenedione 
283 4-Amino-6-chloro-1,3- Chloraminophenamide C H, CIN;0,S; 121-30-2 285.729 254.5 
benzenedisulfonamide 
284 5-Amino-2-chlorobenzenesulfonic 6-Chlorometanilic acid C H CIN0,S 88-43-7 207.635 па (w) 280 dec 
acid 
285 2-Amino-5-chlorobenzoic acid C;H&CINO, 635-21-2 171.582 211 
286 5-Amino-2-chlorobenzoic acid C;H,CINO, 89-54-3 171.582 188 1.5195 vs EtOH 
287 2-Amino-5-chlorobenzophenone _ 2-Benzoyl-4-chloroaniline C44H4CINO 719-59-5 231.677 уе nd 100.5 vs Н;0, EtOH, 
peth, chl 
288 2-Amino-4-chloro-5- 2-Chloro-p-toluidine-5-sulfonic ۹٧56 88-51-7 221.662 short nd (w) 
methylbenzenesulfonic acid acid 
289 2-Amino-4-chlorophenol 2-Hydroxy-5-chloroaniline C H CINO0 95-85-2 143.571 140 si DMS0 
290 1-Aminocyclopentanecarboxylic — Cycloleucine C H, МО; 52-52-8 129457 cry (al-w) 330 дес 
acid 
291 7- C H, N,0,S 22252-43-3 214241 241 dec 
Aminodeacetoxycephalosporanic 
acid 
292 1-Amino-1-deoxy- D-glucitol Glucamine C H, NO; 488-43-7 181.187 cry (MeOH) 127 vs HO, EtOH 
293 2-Amino-2-deoxy- D-glucose D-Glucosamine C H, NO, 3416-24-8 179.171 vs HO 
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3-18 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
294 1-Amino-2,4-dibromo-9,10- C, H;Br,NO; 81-49-2 381.020 тей па (ху) 226 
anthracenedione 
295 3-Amino-2,5-dichlorobenzoic acid Chloramben C;H,CI,NO, 133-90-4 206.027 200 51 DMSO 
296 2-Amino-2’,5- C. H ,CLN0 2958-36-3 266122 =80 
dichlorobenzophenone 
297 2-Amino-4,6-dichlorophenol C H,CILN0 527-62-8 78.006 long nd 95.5 sub 70 
(05) 
298 4-Amino-2,6-dichlorophenol ЛЕЙДІ) 5930-28-9 78.016 nd or If (w, 168 sub i H30; vs EtOH, 
bz) eth; s ace; sl 
bz, НОАс 
299 2-Amino-1,7-dihydro-7-methyl- ^ 7-Methylguanine C H;NO 578-76-7 65.153 370 
6H-purin-6-one 
300 5-Amino-2,3-dihydro-1,4- Luminol Сану МО; 521-31-3 77161 уе па (а) 3305 i H5O; 51 EtOH, 
phthalazinedione eth; vs alk; s 
HOAc 
301 2-Amino-1,7-dihydro-6/-purine- — Thioguanine C:H;NSS 154-42-7 67.193 >360 
6-thione 
302 6-Amino-1,3-dihydro-2/-purin-2- Іѕодиапіпе АЛҚ 3313-53-3 51.127 >360 i 0 
опе 
303 2-Amino-3,4- Ме-І0 ЛІП 77094-11-2 212250 су 297 
dimethylimidazo[4,5-flquinoline 
304 2-Amino-4,6-dinitrophenol Picramic acid СМО. 96-91-3 99.121  dkrednd(al) 169 vs bz, EtOH 
pr (chl) 
305 2-Aminoethanesulfonic acid aurine C;H;NO,S 07-35-7 25147 mclpr (w) 328 vs H,0 
306 1-Aminoethanol Acetaldehyde ammonia C;H;NO 75-39-8 61.083 orth (eth-al) 97 dec 110 S H,0; sl eth 
307 2-(2-Aminoethoxy)ethanol Diglycolamine С.Н, „№, 929-06-6 05.136 -12.5 221 1.057220 
308 A-(2-Aminoethyl)acetamide С.Н, N,0 001-53-2 02.134 51 $H,0, EtOH, bz; 
i eth 
309 6-Amino-3-ethyl-1-allyl- Aminometradine СМО 642-44-4 95218 cry (+1w, w) 143 
2,4(1H3H)-pyrimidinedione 
310 1-[(2-Aminoethyl)amino]-2- N-(2-Hydroxypropyl) С.Н,,М,0 23-84-2 18.177 943 0.983725 1.473820 
ргорапо! ethylenediamine 
311 4-(2-Aminoethyl)-1,2- Dopamine hydrochloride C4H44CINO; 62-31-7 89.640 nd (w) 241 dec vs Н,0, MeOH 
benzenediol, hydrochloride 
312 o-(1-Aminoethy| Со МО 492-39-7 51205 pl(MeOH) 775 vs eth, EtOH, 
benzenemethanol, [S-(R*,R*)]- chl 
313 o-(1-Aminoethy| C;H,4CINO 53631-70-2 187.666 198.5 sH,0 
benzenemethanol, hydrochloride 
314 N-(2-Aminoethyl)ethanolamine و‎ ٢٢ 11-41-1 04.150 239; 10510 1.0286? 1.4863? msc ЊО, EtOH; 
S ace; sl bz, lig 
315 4-(2-Aminoethyl)phenol Tyramine Са АМО 51-67-2 37179 plornd(bz 1645 206% sl Н,0, bz, 
w), cry (al) DMSO; 5 
EtOH, xyl; i tol 
316 A-(2-Aminoethyl)-1,3- N-(3-Aminopropyl) СН, № 13531-52-7 117.193 873 1.480525 
ргорапейїатїпе ethylenediamine 
317 2-Amino-2-ethyl-1,3-propanediol C;H, NO; 115-70-8 19.163 37.5 152% 1.099? 1490? төс Н,0 
318 L-2-Aminohexanedioic acid 2-Aminoadipic acid C.H. ЛО, 542-32-5 61.156 — cry (EtOH, м) 205 дес sl Н,0, EtOH, 
eth 
319 6-Aminohexanenitrile 5-Cyano-1-pentylamine ШІЛ 2432-74-8 12472 liq 118'6 
320 6-Aminohexanoic acid e-Aminocaproic acid CIH, NO; 60-32-2 31.173 If (eth) 205 vs HO; i EtOH; 
sl MeOH 
321 6-Amino-1-hexanol C H,;NO 4048-33-3 17.189 57 137% 
322 1-Amino-4-hydroxy-9,10- CHNO; 116-85-8 239.226 216.5 s EtOH, ace 
anthracenedione 
323 3-Amino-4- C H,N0,S 98-37-3 89490 orth (м-1) 0 sl Н,0; i EtOH, 
hydroxybenzenesulfonic acid eth 
324 4-Amino-2- p-Aminosalicylic acid hydrazide C;H,N,0; 6946-29-8 67.165 nd (al) 195 vs EtOH 
hydroxybenzohydrazide 
325 2-Amino-3-hydroxybenzoic acid C;H;NO, 548-93-6 53.136 If (w) 253.5 SI 0; 8 EtOH, 
eth, chl 
326 4-Amino-2-hydroxybenzoic acid ^ p-Aminosalicylic acid C;H;NO, 65-49-6 53.136 nd,pl(al- 150 дес S H,0, EtOH, 
eth) eth, ace; i bz, 
peth, chl 
327 5-Amino-2-hydroxybenzoic acid ^ Mesalamine СН, 89-57-6 53.136 283 SI Н,0, i EtOH 
328 3-Amino-4-hydroxybutanoic acid — y-Hydroxy-B-aminobutyric acid C,H,N0; 589-44-6 19.119 pr 216 vs H,0; sl ОН, 
chi, eth, AcOEt 
329 4-Amino-3-hydroxybutanoic acid, C,HNO; 924-49-2 19119 pr(w) cry 218 vs 0 
(+) (dil al) 
330 4-(2-Amino-1-hydroxyethyl)-1,2- C4H,,NO, 138-65-8 69.178 189 dec 
benzenediol, (+) 
331 1-Amino-4-hydroxy-2-methoxy- C,5H,,NO, 2379-90-0 269.253 sl chl 
9,10-anthracenedione 
332 4-Amino-5-(hydroxymethyl)- 5-Hydroxymethylcytosine С.Н.М,0, 1123-95-1 41.129 >300 dec 


2(1H)-pyrimidinone 
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N-(2-Aminoethyl)acetamide 6-Amino-3-ethyl-1-allyl-2,4(1H,3H)-pyrimidinedione 
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2-Amino-3-hydroxybenzoic acid 4-Amino-2-hydroxybenzoic acid 
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4-(2-Amino-1-hydroxyethyl)-1,2-benzenediol, (+) 
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1-Amino-4-hydroxy-2-methoxy-9,10-anthracenedione 
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3-Amino-4-hydroxybenzenesulfonic acid 4-Amino-2-hydroxybenzohydrazide 
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3-Amino-4-hydroxybutanoic acid 
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4-Amino-5-(hydroxymethyl)-2(1H)-pyrimidinone 
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acid 


Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
333 4-Amino-5-hydroxy-2,7- 1-Naphthol-8-amino-3,6- C, H ,N0;S; 90-20-0 319.311 SI НО, EtOH, 
naphthalenedisulfonic acid disulfonic acid eth 
334 4-Amino-3-hydroxy-1- 1-Amino-2-naphthol-4-sulfonic 65 116-63-2 239.248 gray nd 1Н,0, EtOH, bz; 
naphthalenesulfonic acid acid s alk 
335 2-Amino-4-hydroxypteridine СНМ 2236-60-4 163.137 уе cry >360 
336 5-Amino-1H-imidazole-4- C,H,N,O 360-97-4 126.117 cry (EtOH) 170 
carboxamide 
337 0-[(Aminoiminomethyl)amino]-L-  Canavanine СН, №03 543-38-4 176.174 cry (al) vs H,0 
homoserine 
338 (Aminoiminomethyl)urea CH,N,0 141-83-3 102.095 pr 105 dec 160 S H0, py; sl 
EtOH; i eth, bz, 
chl, CS, 
339 2-Amino-5-iodobenzoic acid CH, IN0; 5326-47-6 263.033 220 dec sl Н,0, tfa; vs 
EtOH, eth, ace; 
s bz 
340 4-Amino-1H-isoindole-1,3(2.A)- CIH NO, 2518-24-3 62.146 269.5 
dione 
341 4-Amino-3-isoxazolidinone, (Я) — Cycloserine C H NO, 68-41-7 02.092 155 dec S B,0; 51 MeOH 
342 1-Amino-2-methyl-9,10- 1-Amino-2- СН NO; 82-28-0 237.254 205.5 i H,0; $ EtOH, 
anthracenedione methylanthraquinone bz, chl; sl eth 
343 a-(Aminomethyl) Phenylethanolamine CIH, NO 7568-93-6 37.179 56.5 16077 vs ЊО; s EtOH 
benzenemethano 
344 B-(Aminomethyl) 4-Amino-3-phenylbutyric acid C44H,4NO; 1078-21-3 79.216 252 dec 
benzenepropanoic acid 
345 2-Amino-5-methylbenzenesulfonic CHNOS 88-44-8 87.216 It ye па 132 dec vs Н,0 
acid 
346 trans-4-(Aminomethyl) Tranexamic acid CIH, МО; 1197-18-8 57.211 >300 vs HO 
cyclohexanecarboxylic acid 
347 4-Amino-4-methyl-2-pentanone ^ Diacetonamine CIH, NO 625-04-7 15.173 2504 $ ЊО; msc 
EtOH, eth 
348 2-Amino-4-methylphenol CH ,N0 95-84-1 23.152 сгу (w), orth 136 sub sl H,0, bz; s 
(bz), If or EtOH, eth, chl; 
nd i lig 
349 4-Amino-2-methylphenol C;HNO 2835-96-3 23.152 nd or If (bz) 176.5 sub 51 ЊО, bz; $ 
EtOH, eth 
350 4-Amino-3-methylphenol МЕЛІ 2835-99-6 23152 pr(dilal)cry 179 SI H;O; vs EtOH, 
(bz) eth; s DMSO 
351 (Aminomethyl)phosphonic acid CH4NO;P 066-51-9 11.038 cry 309 
352 2-Amino-2-methyl-1,3- C,H,,NO, 15-69-5 05.136 110 15110 vs H,0; s EtOH 
propanediol 
353 L-3-Amino-2-methylpropanoic C,H,NO, 44-90-1 03.120 сгу (м) 182 
acid 
354 2-Amino-2-methyl-1-propanol 2-Aminoisobutanol CH, NO 24-68-5 89.136 25.5 1655 0.934? 1.4490 msc Н,0; s сіс 
355 4-Amino-5-methyl-2(1H)- 5-Methylcytosine СНО 554-01-8 25129 рг(м+1/2) 270 dec S Н,0, acid; sl 
pyrimidinone EtOH; i eth 
356 3-(Aminomethyl)-3,5,5- 1-Hydroxy-3-aminomethyl- C4 H4NO 5647-11-7 171.280 45.5 265 0.969% 1.490420 
trimethylcyclohexanol 3,5,5-trimethylcyclohexane 
357 3-Amino-2-naphthalenecarboxylic 3-Amino-2-naphthoic acid CHNO, 5959-52-4 87195 ye lf (dil al) 2165 s EtOH, eth 
acid 
358 2-Amino-1,4-naphthalenedione Са МО; 2348-81-4 73.169 207 i H0, alk; 5 
EtOH, eth, 
HOAc 
359 7-Amino-1,3- Amido-G-Acid Сон ,N0,S; 86-65-7 303.311 mclprornd 274 vs HO, EtOH 
naphthalenedisulfonic acid (w+4) 
360 2-Amino-1,5- 2-Naphthylamine-1,5-disulfonic CgHgNO,S, 117-62-4 303.311 >300 
naphthalenedisulfonic acid acid 
361 4-Amino-1,6- 1-Naphthylamine-4,7-disulfonic CgHgNO,S, 85-75-6 303.311 vs 0 
naphthalenedisulfonic acid acid 
362 4-Amino-1,7- 1-Naphthylamine-4,6-disulfonic CgHgNO,S, 85-74-5 303.311 vs Н,0, EtOH 
naphthalenedisulfonic acid acid 
363 2-Amino-1-naphthalenesulfonic — 2-Naphthylamine-1-sulfonic C,gHgNO,S 81-16-3 223.248  sc(hot w) s DMSO 
acid acid 
364 4-Amino-1-naphthalenesulfonic — 1-Naphthylamine-4-sulfonic C, HN0,S 84-86-6 223248 wh nd (w+1/ dec 1.670325 ІН,0; sl EtOH; 
acid acid 2) red-br S МеОН, ру 
Cry 
365 5-Amino-1-naphthalenesulfonic ^ 1-Naphthylamine-5-sulfonic C, H,N0.S 84-89-9 223.248 wh cry $ H5O; i eth 
acid acid 
366 6-Amino-1-naphthalenesulfonic ^ 2-Naphthylamine-5-sulfonic C gHgNO,S 81-05-0 223.248  nd(w) i H,O, EtOH, eth 
acid acid 
367 7-Amino-1-naphthalenesulfonic Badische acid C,gHgNO,S 86-60-2 223.248 па (w+), pl vs 6 
acid (aq ace) 
368 8-Amino-1-naphthalenesulfonic ^ 1-Naphthylamine-8-sulfonic Сон Мо 5 82-75-7 223.248 nd vs gl HOAc 
acid acid 
369 6-Amino-2-naphthalenesulfonic Bronner acid C, H Мо 5 93-00-5 223.248 |f i cold H,0; sl 


hot H,0 
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O-[(Aminoiminomethyl)amino]-L-homoserine (Aminoiminomethyl)urea 2-Amino-5-iodobenzoic acid 
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5-Amino-1-naphthalenesulfonic acid 6-Amino-1-naphthalenesulfonic acid T-Amino-1-naphthalenesulfonic acid 
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2-Amino-1-naphthalenesulfonic acid 


8-Amino-1-naphthalenesulfonic acid 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

370 8-Amino-2-naphthalenesulfonic —— 1,7-Cleve's acid C oH ,N0.S 119-28-8 223.248 nd or pr (w) 51 НОН; s eth 

acid 

371 5-Amino-1-naphthol 1-Amino-6-hydroxynaphthalene | C4,HNO 83-55-6 59.184 170 si DMSO 

372 1-Amino-2-naphthol Сон Мо 2834-92-46 159184 silvery If (bz, 150 dec sl Н,0, eth; s 

ећ) НОН; vs di 
alk, acid 

373 8-Amino-2-naphthol 8-Amino-B-naphthol Само 118-46-7 59.184 па (ма) 6 sub S Н,0, eth; vs 
НОН; sl bz, lig 

374 2-Amino-4-nitrobenzoic acid СНО, 619-17-0 82134 oran pr (dil 269 i H30; vs EtOH, 

al) eth, ace; s xyl 

375 2-Amino-5-nitrobenzoic acid CH NO, 616-79-5 82.134 If (al), ye nd 269 i B,0, bz, chl, 

(w, dil al) ху! s EtOH, 
eth 

376 2-Amino-5-nitrobenzonitrile СН 0, 17420-30-3 163.134 203.5 51 DMSO 

377 3-Amino-1-nitroguanidine CH;N.O; 18264-75-0 119.084 187.8 sl Н,0 

378 2-Amino-4-nitrophenol C H N.O, 99-57-0 54.123 oran pr (+w) 146 51 Њ0, ace; vs 
EtOH; s eth, 
bz, НОАс 

379 2-Amino-5-nitrophenol C H NO, 121-88-0 54.123 205.8 S ЊО, EtOH, bz 

380 4-Amino-2-nitrophenol C H N.O, 119-34-6 54123 dkredplor 131 110? $ Н,0, EtOH, 

nd (w, al) eth; 51 DMSO 

381 2-Aminooctanoic acid, (+) C.H; NO; 644-90-6 59227 If (w) 270 sub 51 HO, EtOH, 
eth, bz; s 
НОАс 

382 Aminooxoacetohydrazide Semioxamazide C,H;N30> 515-96-8 03.080 221 dec SI Н,0, i EtOH, 
eth; vs alk, 
acid 

383 cis-A-Amino-4-oxo-2-butenoic Maleamic acid C H;N0; 557-24-4 15.088 cry (al) 172.5 vs HO, НОН 

acid 

384 5-Amino-4-oxopentanoic acid 5-Aminolevulinic acid C;H,N0, 106-60-5 31.130 cry (EtOH) 118 

385 (Aminooxy)acetic acid, С.Н,,СМ,0, 2921-14-4 218.592 152.5 

hydrochloride (2:1) 

386 6-Aminopenicillanic acid Penicin CIH, N.0,S 551-16-6 216257 cry (w) 208 

387 5-Aminopentanoic acid С.Н МО; 660-88-8 17.147 If (dil al) 157 dec dec S Њ0; sl EtOH; 
i eth, bz, lig 

388 5-Amino-1-pentanol СМО 2508-29-4 03.163 385 2215 0.9488" — 1.4618" — msc ЊО, ОН, 
ace 

389 2-Aminophenol C H,N0 95-55-6 09426 wh orth 174 sub 153 1.3285 S H0, eth; vs 

bipym nd EtOH; sl bz, tfa 
(bz) 

390 3-Aminophenol C H,N0 591-27-5 09.126 pr (to) 123 1641 S Н,0, tol; vs 
EtOH, eth; s 
bz, DMSO 

391 4-Aminophenol ШЙ 123-30-8 09.126 whpl(w) 187.5 11003 SI H,0, На; vs 
EtOH; i bz, chl; 
S alk 

392 N-(3-Aminophenyl)acetamide CIH, N,0 102-28-3 50.177 nd or pl (bz) 88 vs Н,0, НОН, 
ace; sl eth, bz 

393 N-(4-Aminophenyl)acetamide p-Aminoacetanilide CIH, N,0 122-80-5 50.177 па (м) 166.5 267 S H,O; vs EtOH, 
eth 

394 (4-Aminophenyl)arsonic acid Arsanilic acid C H&ASNO; 98-50-0 217.055  mclnd(w, 232 1.957110 S H,O, eth; 8 

al) EtOH, DMSO; i 
ace, bz 

395 N-(4-Aminophenyl)-1,4- 44'-Diaminodiphenylamine Co Ha NS 537-65-5 99.251 If (w) 158 dec vs eth, EtOH 

benzenediamine 

396 2-Amino-1-phenylethanone Phenacylamine C H,N0 613-89-8 35.163 уе cry 20 251 1.6160? 1Н,0:8 eth; sl 
cte 

397 1-(3-Aminophenyl)ethanone m-Aminoacetophenone CHNO 99-03-6 35.163 paye pl (al), 98.5 289.5 SI H0; 8 EtOH 

If (eth) 

398 1-(4-Aminophenyl)ethanone p-Aminoacetophenone C,H,NO 99-92-3 35.163 ye mcl pr (al) 106 294; 19515 vs eth, EtOH 

399 1-(4-Aminophenyl)-1-pentanone C4 Hi NO 38237-74-0 177.243 сгу (bz-peth) 74.5 1613 1620; s EtOH, 
eth 

400 1-(4-Aminophenyl)-1-propanone — p-Aminopropiophenone C.H, NO 70-69-9 49.189  pl(al,w), nd 0 s 0М50 

W 
401 N-[(4-Aminophenyl)sulfonyl] Sulfacetamide CIH, N,0,S 44-80-9 214.241 183 SI H,0; 8 EtOH; 
acetamide i eth; vs ace, 
alk 

402 5-[(4-Aminophenyl)sulfonyl]-2- ^ Thiazolsulfone Сао М 05» 473-30-3 255.316 nd (al) 220 dec уз ace, eth, 

thiazolamine НОН, diox 

403 4-Aminophthalimide 5-Amino-1 H-isoindole-1,3(2H)- C,H,N,O; 3676-85-52 162446 22405 

dione 

404 3-Amino-1,2-propanediol, (+) CHNO, 3552-31-3 91.109 dec 265; 145? 1.17522 149105 5Н,0, EtOH; i 
eth, bz 

405 3-Aminopropanenitrile 3-Aminopropionitrile С.Н, 51-18-8 70.093 185; 8820 0.9584? 1.439620 

406 2-Amino-1-propanol, (+) CHNO 6168-72-5 75.109 174.5 1.4502? — vs H,0, EtOH, 
eth; sl chl 
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8-Amino-2-naphthalenesulfonic acid 5-Amino-1-naphthol 1-Amino-2-naphthol 8-Amino-2-naphthol 2-Amino-4-nitrobenzoic acid 
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5-[(4-Aminophenyl)sulfonyl]-2-thiazolamine 4-Aminophthalimide 3-Amino-1,2-propanediol, (+) 3-Aminopropanenitrile 2-Amino-1-propanol, (+) 
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3-24 Physical Constants of Organic Compounds 
Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
407 3-Amino-1-propanol Propanolamine C,H,NO 156-87-6 75109 124 187.5 0.98245 14617? H,0, EtOH, eth 
408 1-Amino-2-propanol Isopropanolamine C,H,NO 1674-56-2 75109 0.9 159.4 0.9611? — 1.4479? msc H;O, EtOH, 

eth, ace, bz, 
ctc 
409 oc-(1-Aminopropyl) oc (o-Aminopropyl)benzyl Ci Hi NO 5897-76-7 165.232 pl(bz-eth) 795 
benzenemethanol alcohol 
410 N-(3-Aminopropyl)- N-methyl-1,3- CH, N; 105-83-9 45.246 232.5; 1126 0.902322 1.4705? 
propanediamine 
411 Aminopropylon C4 H5N40; 3690-04-8 302.372 рг (bz) 181 vs 0 
412 4-(2-Aminopropyl)phenol, (+) Hydroxyamphetamine Со МО 1518-86-1 51.205 cry (bz) 125.5 $H,0, EtOH, bz, 
Chl, AcOEt 
413. N-(3-Aminopropyl)-1,3- Bis(3-aminopropyl)amine Сен, Ns 56-18-8 31.219 -14 151% 0.9385 1.4810? schl 
propanediamine 
414 Aminopterin Ca9H20N605 54-62-6 440.413 ye cry 262 dec 
415 4-Amino-N- Sulfapyrazine C4 Hq9N40,S 116-44-9 250.277 nd(PhNO;) 251 1620, EtOH, 
pyrazinylbenzenesulfonamide eth, bz, chl; s 
py; sl ace 
416 3-Amino-1H-pyrazole-4- 3-Amino-4-cyanopyrazole C,H,N, 16617-46-2 108.102 cry (w) 173 
carbonitrile 
417 2-Amino-3-pyridinecarboxylic C H N,0; 5345-47-1 38.124 296 дес sl 0 
acid 
418 6-Amino-3-pyridinecarboxylic 6-Aminonicotinic acid C H ,N,0; 3167-49-5 38124 cry (dil 312 
acid НОАс, 
428) 
419 4-Amino-A-2- Sulfapyridine С.Н. №055 144-83-2 249.289 уе огап (al) 192 160, bz, ctc; s 
pyridinylbenzenesulfonamide EtOH 
420 5-Amino-2,4(1H,3H)- 5-Aminouracil СаН: №0; 932-52-5 127.102 па (м) дес i H50; $ alk, acid 
pyrimidinedione 
421 6-Amino-2,4(1H,3H)- Сан №0; 873-83-6 127.102 сту (м dec vs Н;0 
pyrimidinedione 
422 4-Amino-2(1H)-pyrimidinethione 2-Тһіосуіоѕіпе С.Н.М,5 333-49-3 127.168 51 DMSO 
423 5-Amino-2,4,6(1H,3H,5H)- Uramil СНО 118-78-5 143101 nd or pl (м) >400 $H,0, chl; i eth, 
pyrimidinetrione bz 
424 4-Amino-N-2- Sulfadiazine C4 H44N40;S 68-35-9 250.277 сту (м), wh 255 dec SI НО, EtOH, 
pyrimidinylbenzenesulfonamide pow ace, DMSO 
425 Aminopyrine СНО 58-15-1 231.293 pror pl (lig 134.5 vs H,0, bz, 
or AcOEt) EtOH 
426 4-Amino-N-2- Sulfaquinoxaline C44H12N40,S 59-40-5 300.336 247.5 SI НО, EtOH, 
quinoxalinylbenzenesulfonamide ace; s aq alk 
427 4-(Aminosulfonyl)benzoic acid Carzenide C;H;NO,S 138-41-0 201201 pror lf (w) 291 dec i H,0; vs EtOH; 
sl eth; i bz 
428 N-[4-(Aminosulfonyl)phenyl] Acetylsulfanilamide CIH, N,0,S 121-61-9 214.241 па(НОАс) 2195 S Н,0, EtOH, 
acetamide ace 
429 5-Amino-1,3,4-thiadiazole-2(3/)- С-Н.М,5, 2349-67-9 33.195 243.0 
thione 
430 2-Amino-4(5A)-thiazolone С-Н,М,05 556-90-1 16.141 pror nd (м) 256 дес SI H,0; i EtOH, 
eth 
431 N-(Aminothioxomethyl)acetamide Acetylthiourea С-Н,М,05 591-08-2 18.157 рг(у), orth 165 SI Н,0, eth; s 
(al) DMSO, EtOH 
432 N-Amino-2-thioxo-4- 3-Aminorhodanine C H,N0S; 1438-16-0 48.206 101.5 s DMS0 
thiazolidinone 
433 1-Amino-2,2,2-trichloroethanol Chloral ammonia C;H,CINO 507-47-1 64.418 nd (al) 73 дес 100 vs bz, eth, EtOH 
434 4-Amino-3,5,6-trichloro-2- Picloram C H,CI,N,0, 1918-02-1 241459 218.5 
pyridinecarboxlic acid 
435 11-Aminoundecanoic acid C4 H4 NO; 2432-99-7 201.307 189.0 
436 Amiton Сао МО Р5 78-53-5 269.342 liq 7600 1.4655? 
437 Amitraz N-Methylbis(2,4- Ci H, N, 33089-61-1 293406 86 1.12820 
xylyliminomethyl)amine 
438 Amitriptyline СН» 50-48-6 277.404 су 196 (НСІ) 
439 Ammonium ferric охајаје Сен, Ее№0, 14221-47-7 374.017 165 дес 1.7875 vs H50; i EtOH 
440 Ammonium perfluorooctanoate СНА МО, 3825-26-1 431.100 solid 
441 Ammonium propanoate CHNO, 17496-08-1 91109 hyg cry 45 s Н,0 
442 Amobarbital 5-Ethyl-5-isopentyl- و‎ ٧٢٢ 57-43-2 226.272 157 vs bz, EtOH, chl 
246(1H3H5H)- 
pyrimidinetrione 
443 Amolanone 3-[2-(Diethylamino)ethyl]-3- СН М0; 76-65-3 309.403 cry (peth) 4 19320 1.561425 
phenyl-2(3H)-benzofuranone 
444 Amoxicillin C4 Hg 40:8 26787-78-0 365.404 cry (м) s Н,0 
445 Amphecloral C, HUN 5581-35-1 264.579 96.05 1.530 
446 Amphotericin В Cu H;NO;; 1397-89-3 924.080 ye pr (DMF) 170 dec ІН,0; sI DMF; s 
DMSO 
447 Ampicillin C4 H, 40,8 69-53-4 349.405 су 200 dec sl Н,0 
448 Ampyrone СНО 83-07-8 203.240 paye cry (bz) 109 s ЊО, EtOH, bz, 


chl; sl eth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
449 Amygdalin Co Ho NO; 29883-15-6 457.428 2245 vs H,0; sl ОН, 
i eth, chl 
450 Anacardic acid 8 و‎ ٧٢ 11034-77-8 344487 cry (ace) 35.5 vs eth, 1, 
peth 
451 Anagyrine و‎ О 486-89-5 244.332 ре ye glass 26577, 2124 S Н,0, eth, bz; 
vs EtOH, chl; i 
lig 
452 Androstane Dig 24887-75-0 260.457 If (ace- 50 600.003 уз ace, eth, 
MeOH) EtOH, peth 
453 Androstane-17-carboxylic acid, — Etiocholanic acid Сан ٢ 438-08-4 304.467 па (gl HOAc) 228.5 sub 160 
(58,17) 
454 Androstane-3,17-diol, Epiandrostanediol C45 H0; 1852-53-5 292.456 па (асе ад) 223 
(30,50,17p) 
455 5So.-Androstane-3,17-dione Ci Ho 0; 846-46-8 288.424 cry (MeOH) 135 
456 5p-Androstane-3,17-dione C. |H, 0; 1229-12-5 288424 cry (ace-hx) 135 
457 Androst-4-ene-3,17-dione 4-Androstene-3,17-dione C Ha 0; 63-05-8 286.408 143(form a); 
173(form b) 
458 Androst-4-ene-3,11,17-trione Adrenosterone Са Оз 382-45-6 300.392 па (al) 222 sub SI Н,0; s EtOH, 
eth, ace, chl 
459 Anemonin trans-1,7-Dioxadispiro[4.0.4.2) Сон, 508-44-1 192.169 orth pl (chl) 158 vs chl 
dodeca-3,9-diene-2,8-dione nd (al or bz) 
460 Anhalamine C4 Hi NO, 643-60-7 209.242 па (al) 187.5 vs eth, EtOH 
461 Anhalonidine C,.H,NO; 7627-77-9 223.268 осі cry (02, 160.5 vs H,0, EtOH 
eth) 
462 Anhalonine C4; Hyg 0, 519-04-0 221.252  rhom nd 86 14000? vs EtOH, bz, chl, 
eth, peth 
463 2,5-Anhydro-3,4-dideoxyhexitol ^ Tetrahydro-2,5-furandimethanol C,H,,0, 04-80-3 132.157 <-50 265 1.1542 vs Н,0, ace, bz, 
EtOH 
464 6 2,4-Dichloro-6-(0- ЛЕЙ? 01-05-3 275.522 160 1.820 
chloroanilino)- s-triazine 
465 Anileridine Со و‎ МО; 44-14-9 352.469 cry 83 s Н,0 
466 Aniline Benzenamine C.H; 62-53-3 93.127 oily liq -6.02 18417 1.021720 S Н,0, ctc, lig; 
msc EtOH, eth, 
ace, bz 
467 Aniline-2-carboxylic acid 0-Anthranilic acid C;H;NO, 18-92-3 37137 If (al) 146.5 sub 1.41220 $ H,0, EtOH, 
eth; sl bz, На; 
vs chl, py 
468 Aniline-3-carboxylic acid m-Anthranilic acid C;H;NO; 99-05-8 37.137 173 1.512 51 HO, EtOH; s 
eth, tfa; vs ace; 
i bz 
469 Aniline-4-carboxylic acid p-Anthranilic acid C;HNO, 150-13-0 37137 mclpr(w) 188.2 1.37420 او‎ EtOH, 
eth; sl ace; | 
bz, ch 
470 Aniline hydrobromide СеНВІМ 542-11-0 74.039 286 
471 Aniline hydrochloride Benzenamine hydrochloride C H, CIN 142-04-1 29.588 If or nd 198 1.22154 vs Н,0, EtOH; | 
eth, chl; sl 
DMSO 
472 Aniline nitrate СНО 542-15-4 56.139 orth 190 дес 1.3564 vs H,0, eth, 
EtOH 
473 Aniline sulfate (2:1) CH, N,0,S 542-16-5 284.331 1.3774 S Њ0; sl EtOH, 
fa; i eth 
474 Anisole Methoxybenzene СНО 100-66-3 08.138 liq -37 13 153.7 0.994020 i H,0; $ EtOH, 
eth, chl; vs 
ace, bz 
475 Anisotropine methylbromide Octatropine methylbromide СА ВО; 80-50-2 362.346 cry (асе) 329 
476 Antazoline CH, N, 91-75-8 265.353 су 122 
477 Anthra[9,1,2-cde]benzo[rst] Ca Hi 05 116-71-2 456.490  viol-blorblk 492 dec i EtOH, bz, 
pentaphene-5,10-dione nd (PhNO;) НОАс; 5 xyl, 
py, sulf 
478 2-Anthracenamine С.Н, „№ 613-13-8 193.244 уе If (al) 238.8 sub 160; s EtOH; i 
con sulf 
479 Anthracene Слао 120-12-7 178.229 tabormclpr 215.76 339.9 1.285 i و‎ ٢ 51 EtOH, 
(al) eth, ace, bz, 
chl, ctc 
480 9-Anthracenecarbonitrile C4 НАМ 1210-12-4 203.239 177.5 1.300020 
481 9-Anthracenecarboxaldehyde Ci H0 642-31-9 206.239 огап nd (dil 1045 i 50; s bz, 
HOAc) HOAc 
482 1-Anthracenecarboxylic acid 1-Anthroic acid С.Н (0, 607-42-1 222.239 ye nd 251.5 sub ІН,0; s EtOH, 
(НОАс) ye eth; sl bz, chl 
pr (al) 
483 2-Anthracenecarboxylic acid 2-Anthroic acid Cic Н 00; 613-08-1 222.239 уе lf (al) nd, 281 sub vs HOAc 
If (sub) 
484 9-Anthracenecarboxylic acid 9-Anthroic acid Cic Н 00; 723-62-6 222.239 217 дес sub i H50; s EtOH 
485 9,10-Anthracenedicarbonitrile Са واو‎ 1217-45-4 228.248 337 dec 
486 9,10-Anthracenediol СлаН 00; 4981-66-2 210.228 broryend 180 vs eth, EtOH 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
487 9,10-Anthracenedione Anthraquinone CuH, 0; 84-65-1 208.213 yeorth nd 286 377 1.43820 i B,0; sl EtOH, 
(al, bz) eth, bz, chl 
488 9-Anthracenemethanol Ci Н 0 1468-95-7 208.255 160.5 
489 1,4,9,10-Anthracenetetrol Cu 0, 416-60-8 242.227 148 
490 1,2,10-Апћгасепе о! Anthrarobin С.Н 005 577-33-3 226.227 ye If, па (al- 208 SI H30; vs EtOH, 
w) eth, ace; s bz 
491 1,8,9-Anthracenetriol Anthralin СлаН 0; 1143-38-0 226.227 yeplornd 179 i H50; s EtOH, 
(lig) ace, bz; sl eth; 
vs ру 
492 1-Anthracenol СлаН 00 610-50-4 194.228 сгу (bz), br 158 23415 i H,0; vs EtOH, 
nd or If (al) eth; s NaOH 
493 9-Anthracenol Anthranol С.Н 00 529-86-2 194.228 ye red If (dil 152 
al) 
494 9(10H)-Anthracenone Anthrone CH, 0 90-44-8 194228 па (bz-lig, 55 s ace, bz, con 
HOAc) sulf, dil alk 
495 Antimony potassium tartrate Tartar emetic СаН око О „56;  28300-74-5 667.873 col cry 2.6 sl Н,0 
rihydrate 
496 Apholate С.2Н№Рз 52-46-0 387.300 48 
497 6 C4 НО 577-37-7 248.364 сгу 52.5 200^ vs ace, bz, eth, 
EtOH 
498 Apigenin 5,7-Dihydroxy-2-(4- C Н 05 520-36-5 270.237 уе па (aq ру) 347.5 ІН,0; $ EtOH, 
hydroxyphenyl)-4 H-1- Dy; vs dil alk 
benzopyran-4-one 
499 Apoatropine Cu و‎ ٧٢ 500-55-0 271.355 рг (chl) 62 sl Н,0, lig; vs 
EtOH, eth, ace, 
bz 
500 6 و‎ МО, 641-36-1 281.350 pr (MeOH) 1235 51 НОН; s eth, 
ace, bz, lig 
501 Apomorphine СМО, 58-00-4 267.323  hexpl(chl- 195 dec SI Њ0; s EtOH, 
peth) rods eth, ace, bz, 
(eth) alk 
502 Apomorphine, hydrochloride С Нас МО; 314-19-2 303.784  grninairmcl 205 dec 
pr 
503 Aprobarbital 5-Isopropyl-5-allyl- СОН №03 77-02-1 210.229 су 141 vs ace, eth, 
24,6(1H3H5H)- EtOH, chl 
pyrimidinetrione 
504 L-Arabinitol C; H0; 7643-75-6 152.146 102.5 vs Н;0; sl ОН, 
i eth 
505 o-D-Arabinopyranose C;H, 0; 608-45-7 50.130 cry (MeOH) 155.5 1.5855 
506 6-0-o--L-Arabinopyranosyl- D- Vicianose СН, 040 14116-69-9 312.271 nd(dilal) 210 dec vs 0 
Glucose 
507 DL-Arabinose С-Н 0; 20235-19-2 150.130 рг, па (al) 1645 1.58520 vs H,0; sl EtOH; 
i eth, bz 
508 o-D-Arabinose СЕН 0; 31178-68-4 150.130 156 1.5855 vs H,0; sl EtOH; 
i eth, ace, 
еон 
509 B-D-Arabinose С-Н (0; 31178-69-5 150.130 156 1.625% vs H,0; sl EtOH; 
i eth, ace, 
еон 
510 Aramite C4 Ha CI0,S 140-57-8 334.860 -37.3 195? 1.144329 451002 vs ace, bz, eth, 
EtOH 
511 Arecaidine 1,2,5,6-Tetrahydro-1-methyl-3- С;Н,,№О, 499-04-7 141.168  pl(dilal)tab 232 dec vs HO; i EtOH, 
pyridinecarboxylic acid (dil al +1м) eth, bz, chl 
512 Arecoline CIH, NO; 63-75-2 155.195 209 1.0485?  1.486-? төс H,0, EtOH, 
eth; $ chl 
513 D-Arginine CIH, N,0; 7200-25-1 174.201 217 dec i B,0, EtOH, 
eth, bz 
514 L-Arginine CIH, N,0; 74-79-3 174.201 244 dec S Њ0; sl EtOH; 
i eth 
515 L-Arginine, monohydrochloride Сен СМО; 1119-34-2 210.662 219 
516 Artemisin 8-Hydroxysantonin Cic Hi, 481-05-0 262.302 cry 203 26001 sl HO, chl; s 
AcOEt; i peth 
517 Ascaridole 1-Methyl-4-isopropyl-2,3- Ci Hi 05 512-85-6 68.233 liq 33 exp; 1155, — 1.0103? 1.4769? i H,0; s EtOH, 
dioxabicyclo[2.2.2]oct-5-ene 3902 ace, bz, tol; sl 
ch 
518 L-Ascorbic acid Vitamin C Сена Os 50-81-7 76.124 191 dec 1555 vs Н,0, s EtOH; 
i eth, bz, chl, 
peth 
519 Ascorbyl palmitate 6-Hexadecanoylascorbic acid С,,1,,0, 137-66-6 414.533 112 
520 L-Asparagine о-Атіпоѕиссіпатіс acid C H NO, 70-47-3 32.118 orth (041) 235 1.54315 $ НО; i EtOH, 
eth, MeOH 
521 D-Asparagine, monohydrate C H, N,0; 5794-24-1 50.133 215 1.52315 51 B,0; i EtOH, 
eth, bz, MeOH 
522 1-Аѕрагадіпе, monohydrate СНО 5794-13-8 50.133 234 1.5435 51 Н,0, i EtOH, 
eth, bz, MeOH 
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3-30 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
523 Aspartame L-o-Aspartyl-L-phenylalanine, ^ C, H4 NO; 22839-47-0 294.303 па (м) 246.5 
2-methyl ester 
524 DL-Nspartic acid C,H;NO, 617-45-8 133.104 mel pr (w) 5 1.66227 SI B,0; i EtOH, 
eth, bz, py 
525 L-Aspartic acid L-Aminosuccinic acid C,H;NO, 56-84-8 133.104 orth If (w) 270 1.6603" SI Н,0, i EtOH, 
eth, bz; s dil 
НСІ, py 
526 Aspergillic acid Со و‎ ٢٢ 490-02-8 224.299 payerods 98 vs bz, eth, EtOH 
527 Astemizole СНз ЕМО 68844-77-9 458.570 wh cry 149.1 i H30; s os 
528 7 Methyl [(4-aminophenyl) CIH, N,0,S 3337-71-31 230.241 144 
sulfonyl]carbamate 
529 Atenolol (./Н»М0, 29122-68-7 266.336 cry (AcOEt) 147 51 ЊО, diox, 
ace; i chl; s 
eOH, НОАс 
530 Atisine Anthorine СН МО, 466-43-3 343.503 orth bipym 585 vs eth, EtOH, 
ch 
531 Atrazine CIHuCIN; 1912-24-9 215.684 173 
532 6 CH, NO; 51-55-8 289.370 orth nd (dil 5 sub 95 vs H0, EtOH; | 
al) eth; sl chl 
533 Auramine hydrochloride Ci; Ha CINO 2465-27-2 321.845 yend(w) 267 sl 0 
534 Aureothin Со МО; 2825-00-5 397421 yepr 158 vs асе, EtOH, 
ch 
535 Aurin C. H, 0; 603-45-2 290.312 dk red Ног 309 dec ГНО, bz; s 
orth EtOH, alk; sl 
eth, chl 
536 Aurin tricarboxylic acid, Aluminon Са و‎ МО 569-58-4 473.433  red-br pow S H,0; sl EtOH; 
triammonium salt i peth 
537 Avermectin Bla Abamectin Ca H7 0s 71751-41-2 873.078 152 
538 3-Azabicyclo[3.2.2]nonane C; His 283-24-9 25.212 166500 
539 1-Azabicyclo[2.2.2]octane Quinuclidine C; His 00-76-5 11.185 сту (eth) 158 vs H0, ace, eth, 
EtOH 
540 1-Azabicyclo[2.2.2]octan-3-ol 3-Quinuclidinol СМО 619-34-7 27.184 сгу (bz) 221 sub 120 S ace 
541 6 4-Amino-1-B-D-ribofuranosyl- C.H,,N,0; 320-67-2 244.205 су 229 
1,3,5-triazine-2(1 Н)-опе 
542 Azacyclotridecan-2-one C, H, N0 947-04-6 97.317 152.5 
543 8-Azaguanine C,H,N.O 34-58-7 52.114 300 
544 Атазеппе СНО, 15-02-6 73.128  ye-grnorth 150 dec vs Н;0; 51 EtOH, 
Cry ace, MeOH 
545 Azathioprine 6-[(1-Methyl-4-nitro-1 H- C H,N.0,S 446-86-6 277.263 ув cry 243 дес sl Н,0, EtOH, 
imidazol-5-yl)thio]-1 H-purine chl 
546 6-Azauridine 2-B-D-Ribofuranosyl-1,2,4- (4 N.O; 54-25-1 245.189 158 s Н,0 
triazine-3,5(2H,4H)-dione 
547 Azetidine C.H; 503-29-7 57.095 liq -10.0 63 084360 1.428725 vs ace, bz, eth, 
EtOH 
548 2-Azetidinecarboxylic acid C,H;NO, 2517-04-6 01.105 сту (95% 217 дес 
MeOH) 
549 2-Azetidinone бан 0 930-21-2 71.078 73.5 10615 vs eth, EtOH, 
chl 
550 Azidobenzene АН 622-37-7 19.124 ра ye oil -27.5 70" 1.0860? 155895 i H,0; sl EtOH, 
eth 
551 1-Azido-4-chlorobenzene СНОМ 3296-05-7 153.569 20 9670 1.263425 i B,0; s eth 
552 2-Azidoethanol С.Н: 0 1517-05-1 87.080 7540 1.146% vs H,0 
553 1-Azido-4-methylbenzene СН 2101-86-2 133.151 -29.0 dec 180; 800 1.052723 vs eth, EtOH 
554 (Azidomethyl)benzene СН 622-79-7 33.151 10823, 7812 1.07309 1.53415 ІН,0; msc 
EtOH, eth 
555 Azinphos ethyl CiH,4N,0,PS, 2642-19 345377 nd 53 11190 1.28420 reac alk 
556 Azinphos-methyl CigHyN303PS, 86-50-0 317.324 73 1.4420 
557 1-Aziridineethanol САНМО 1072-52-2 87.120 168 1.0885 — 1.4560? 
558 trans-Azobenzene trans-Diphenyldiazene C; HN; 17082-12-1 182.220  oran-redmcl 67.88 293 1.203? 162663 51 H,0; s EtOH, 
If (al) eth, bz, chl; vs 
Dy 
559 cis-Azobenzene cis-Diphenyldiazene Ci; و٢‎ 1080-16-6 182.220 oran-redpl 71 SI Н,0; s EtOH, 
(peth) eth, bz, НОАс, 
ig 
560 3,3-Azobenzenedisulfonyl С.5Н,01М,0,5, 104115-88-0 379.239 red па (eth) 5 vs eth 
chloride 
561 1,1- Cu А Ма 2094-98-6 244336 100 i B,0; s lig 
Azobiscyclohexanecarbonitrile 
562 2,2-Azobis[isobutyronitrile] 2,2-Azobis[2- C, HN, 78-67-1 164.208 i H50; 51 EtOH, 
methylpropionitrile] eth 
563 6 CIH, N; 2159-75-3 142.242 607% 
564 Azopropane CH, N; 821-67-0 114.188 114 
565 cis-Azoxybenzene Diphenyldiazene 1-oxide, (5) СНО 21650-65-7 198.219 87 1.166 1.63320 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
566 trans-Azoxybenzene Diphenyldiazene 1-oxide, (7) C Hi N,0 20972-43-4 198.219 346 1.159075 i H,0; $ EtOH, 
eth 
567 Azoxyethane Diethyldiazine 1-oxide C H, N,0 16301-26-1 102.134 liq 46 
568 6 Bicyclo[5.3.0]decapentaene С 275-51-4 128.171 blorgr-blkIf 99 dec 270; 12510 i H,0; s EtOH, 
(al) eth, ace, acid; 
sl chl 
569 Balan N-Butyl-A-ethyl-2,6-dinitro-4- СаНҒ;0, 1861-40-14 335.279 66 12105, 1487 
(trifluoromethyl)aniline 
570 Barban C4 HCINO; 101-27-9 258.101 75 
571 Barbital 5,5-Diethylbarbituric acid Сан 25,0; 57-44-3 184.192 па (w) 190 1.2205 SI Н,0: s EtOH, 
eth, ace, chl, 
lig, tfa 
572 Barbituric acid С,Н,М,0, 67-52-7 128.086 orth pr (w 248 dec 260 s Њ0, eth; sl 
+2) EtOH 
573 Bayleton Triadimefon Cu Hi CIN,0, 43121-43-3 293.749 82 1.2220 
574 Bebeerine СН Об 477-60-1 594.606 сту (bz, eth, 221 $ EtOH, MeOH, 
chl-Me0H) eth; vs асе, chl 
575 Benactyzine 2-(Diethylamino)ethyl benzilate ^ Са МО, 302-40-9 327418 су 51 
576 Benactyzine hydrochloride 2-Diethylaminoethyl benzilate ^ Сун. о, 57-37-4 363.878 1775 S H,0; i eth 
hydrochloride 
577 Benalaxyl CH; МО, 71626-11-4 325.402 79 1275 
578 Bendiocarb 1,3-Benzodioxol-4-ol, 2,2- C Hj МО, 22781-23-3 223.226 130 1.2520 
dimethyl-, methylcarbamate 
579 Bendroflumethiazide CiHuF4N,0,S, — 73-48-3 421.415 cry 225 1620, bz, eth; s 
EtOH, ace 
580 Вепоту! Сл و‎ N40; 17804-35-2 290.318 дес 
581 Bensulfuron-methyl Ci H, №4075 83055-99-6 410402 187 
582 Bensulide CyyHoyNO,PS, “741-58-2 397.514 34.4 1.22420 
583 Bentazon СН. №0:5 25057-89-0 240.278 138 
584 6 12-Azabenz[ajanthracene СН, 225-51-4 229.276 nd (dilal) 32 vs bz, eth, EtOH 
585 Benzaldehyde Benzenecarboxaldehyde C;H,0 100-52-7 06.122 liq -57.1 178.8 1.040125 1.546322 <ІН,0; msc 
EtOH, eth; vs 
ace, bz 
586 Benzaldehyde hydrazone Benzylidene hydrazine ШТИ 5281-18-5 20452 | 6 14014 s НОН 
587 cis-Benzaldehyde oxime САО 622-32-2 21137 pr 36.5 200 111119 1.590822 vs bz, eth, EtOH 
588 frans-Benzaldehyde oxime C;H;NO 622-31-1 21437 nd (eth) 35 11910 11452 S H,0; vs EtOH, 
eth 
589 Benzaldehyde, phenylhydrazone СМ 588-64-7 96.247 па (lig), pr 157.0 sl EtOH, eth; s 
ace, bz, liq 
Mg 
590 Benzaldehyde, (phenylmethylene) С.Н -% 588-68-1 208.258 уе pr (al) 93 1620; s EtOH, 
hydrazone eth, ace, bz, 
chl; sl ctc 
591 Benzamide Benzoic acid amide C;H;NO 55-21-0 121137 та ргогр! 1273 290 1.079219 51 H,0, eth, bz; 
(w) vs EtOH, ctc, 
CS, 
592 Benz[ajanthracene 1,2-Benzanthracene Сан; 56-55-3 228.288 If (al) 160.5 438 i B,0; vs EtOH 
593 Benz[ajanthracene-7,12-dione С 1,0, 2498-66-0 258271 170.5 sl EtOH, eth, lig; 
S ace; vs Dz, 
ch 
594 Benzanthrone C,;H40 82-05-3 230.260 170 si bz 
595 Benzene [6]Annulene CoH, 11-43-2 78.112 orth pr or liq 5.49 80.09 0.87652 1.501122 sl H,0; msc 
EtOH, eth, ace, 
chl; s ctc 
596 Benzeneacetaldehyde Phenylacetaldehyde Сан О 22-78-1 20149 33.5 195 1.027220 1.5255? 58|Н,0:8 ace; 
msc EtOH, eth 
597 Benzeneacetamide oc-Phenylacetamide CIH МО 03-81-1 35.163 157 sl Н,0, eth, bz; 
S EtOH 
598 Benzeneacetic acid Phenylacetic acid Сао; 03-82-2 36149 |, pl (peth) 765 265.5 1.2288 sl Н,0, chl; vs 
EtOH, eth; s 
ace; i lig 
599 Benzeneacetic acid, hydrazide Сао N,0 937-39-3 50.177 115.5 
600 Benzeneacetic anhydride C H,,0; 555-80-2 254280  prornd(eth) 73.3 19512 vs eth, chl 
601 Benzeneacetonitrile Benzyl cyanide СМ 40-29-4 17.449 Па -23.8 2335 102055 1.521125 
602 Вептепеасе!у! chloride Phenylacetyl chloride C,H;CIO 03-80-0 54.594 170250, 1054 1.1682? 1.5325? vs eth 
603 Benzenearsonic acid C H;As0, 98-05-5 202.040 cry (w) 158 dec vs Н,0, НОН 
604 Benzeneboronic acid (51580, 98-80-6 21.930 219 SI Њ0; s EtOH, 
eth, bz 
605 Benzenebutanoic acid Сад 0; 821-12-1 64201 If (w) 52 290 S H0, EtOH, eth 
606 Benzenebutanol C4 H, 0 3360-41-6 150.217 1404 1.521420 
607 Benzenecarboperoxoic acid Perbenzoic acid С-Н,0, 93-59-4 38.121 mcl р (peth) 42 1004 vs ace, bz, eth, 
EtOH 
608 Benzenecarbothioamide C;H;NS 2227-79-4 37.203 117 
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3-34 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

609 Benzenecarbothioic acid C;H,0S 98-91-9 38.187 уе pl (HOAc) 24 8610 1.2820 1.6040? vs ace, bz, eth, 
EtOH 

610 Benzenecarboximidamide, СНС 1670-14-0 56.612 orthpr(w 169 S ЊО, EtOH; sl 

monohydrochloride +2) tfa 

611 1,2-Benzenediamine 0-Phenylenediamine Са 95-54-5 08.141  brshyelf(w) 102.1 257 S H,O, eth, bz, 

pl (chl) chl; vs EtOH 

612 1,3-Benzenediamine m-Phenylenediamine C H ,N 108-45-2 08.141 orth (al) 66.0 285 1.009655 1,6339% 1, 
eth, bz 

613 1,4-Benzenediamine p-Phenylenediamine АЙ 106-50-3 08141 whpl(bz, 141.1 267 SI Њ0; s EtOH, 

eth) eth, bz, chl 

614 1,2-Benzenediamine, Со N; 615-28-1 81.062 250 дес 

dihydrochloride 

615 1,3-Benzenediamine, C H, CIN; 541-69-5 81.062 s Н,0 

dihydrochloride 

616 1,4-Benzenediamine, C H, CIN; 624-18-0 81.062 s Н,0 

dihydrochloride 

617 1,2-Benzenedicarbonyl dichloride — Phthaloyl chloride Сан „СО; 88-95-9 203.023 15.5 2811 1.4089? 1.568420 

618 1,3-Benzenedicarbonyl dichloride Сан, СО; 99-63-8 203.023 — pr(eth) 43.5 276 1.3880" 1.5707 5ІН,0, EtOH; s 
eth 

619 1,4-Benzenedicarbonyl dichloride Сан, СО; 100-20-9 203.023 nd or pl (lig) 83.5 258; 125? s eth 

620 1,2-Benzenedicarboxaldehyde Сан О; 643-79-8 34133 yecryornd 558 8308 vs eth, EtOH 

(lig) 

621 1,3-Benzenedicarboxaldehyde CH,O; 626-19-7 34.133 па (dil al) 89.5 246; 13613 SI Н,0, eth, chl; 
vs EtOH; sace, 
bz 

622 1,4-Benzenedicarboxaldehyde CIH ,0; 623-27-8 34133 па (w 117 246 SI H;O; vs EtOH; 
S eth, chl, alk 

623 1,2-Benzenedicarboxamide Phthalamide ШТІ 88-96-0 64.162 сту 222 dec sl Н,0, EtOH; i 
eth 

624 1,4-Benzenedicarboxamide C H,N.0, 3010-82-0 64.162 па (м), рр 3223 

(НОАс) 
625 1,2-Benzenedicarboxylic acid, Bis(2-butoxyethyl) phthalate CaoH3006 17-83-9 366.448 270 
bis(2-butoxyethyl) ester 

626 1,2-Benzenedicarboxylic acid, Bis(2-methoxyethyl) phthalate 6 17-82-8 282.289 -60.0 23019 1.1596% 

bis(2-methoxyethyl) ester 

627 1,2-Benzenedicarboxylic acid, Diallyl phthalate Сана, 31-17-9 246.259 1614 

diallyl ester 

628 1,2-Benzenedicarboxylic acid, Dipropyl phthalate CaHi 0, 31-16-8 250.291 liq -31.0 304.5 1.076720 i H,0; $ EtOH, 

dipropyl ester eth 

629 1,3-Benzenedimethanamine m-Xylene diamine و‎ ٢٢ 477-55-0 36.194 247 1.05220 vs Н,0, eth 
EtOH 

630 1,2-Benzenedimethano| Сан (0; 612-14-6 38.164 рі (eth, peth) 64.8 1458 S H50, EtOH; vs 
eth; sl bz 

631 1,3-Benzenedimethano| Сан, 0, 626-18-6 38.164 па (bz) 57 15613 1.161018 vs Н,0, eth 
EtOH 

632 1,4-Benzenedimethano| Сан, 70» 589-29-7 38.164 nd (м) 117.5 140' vs H,0, ace, eth, 
EtOH 

633 1,2-Benzenediol, diacetate Ci Ha, 635-67-6 94.184 nd (al) 645 1429 i H20; vs EtOH, 
eth, chl; s peth 

634 1,4-Benzenediol, diacetate С.Н 0, 1205-91-0 94.184 pl (w, al) 123.5 0.87312 S H50; vs EtOH, 
eth, chl, lig 

635 1,3-Benzenediol, monobenzoate СН 0; 136-36-7 214216 134.5 

636 1,3-Benzenedisulfonic acid C H,0,S; 98-48-6 238.238 hyg cry 

637 1,3-Benzenedisulfonyl dichloride Сен 20,5» 585-47-7 275.130 61.8 195105 

638 1,2-Benzenedithiol C H.S; 17534-15-5 142242 28.5 238.5 vs EtOH, eth, bz 
S AcOEt 

639 1,3-Benzenedithiol 645; 626-04-0 42242 |f 27 245 vs bz, eth, EtOH 

640 Benzeneethanamine 1-Amino-2-phenylethane "m 64-04-0 21480 liq «0 195 0.96405 1.52905 s H,0, ctc; vs 
EtOH, eth 

641 Benzeneethanamine, hydrochloride C H,CIN 156-28-5 57.641 рог (а) 2185 vs HO, EtOH 

642 Benzeneethanol Phenethyl alcohol С.Н, 0 60-12-8 22164 0 -27 218.2 1.0202? 1,5325? 5ІН,0; msc 
EtOH, eth 

643 Benzenehexacarboxylic acid Mellitic acid СНО 517-60-2 342.169 па (al) 287 dec vs H,0; s EtOH 
sul 

644 Benzenemethanamine, C;H4CIN 3287-99-8 43.614 258.3 vs Н,0, EtOH 

hydrochloride 

645 Benzenemethanesulfonyl chloride C;H;CIO,S 1939-99-7 90.648  pr(eth) nd 93 vs eth, bz 

(bz) 

646 Benzenemethanesulfonyl fluoride C;H;F0,S 329-98-6 74.193 92.0 

647 Benzenemethanethiol Thiobenzyl alcohol 5 100-53-8 24204 liq -30 1945 1.058? 1.5151% ІН,0; vs EtOH, 
eth; 51 ctc; 5 
CS, 

648 Benzenepentanoic acid 5-Phenylvaleric acid С.Н. 2270-20-4 78.228 рі (м), рг 575 190% SI HO; vs EtOH; 

(peth) 505 
649 Benzenepentanol و‎ ٧ 10521-91-2 164244 155%, 15011 0.972520 1.5156? vs eth, EtOH 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
650 Benzenepropana Hydrocinnamic aldehyde Сон 0 104-53-0 34174 mel 47 224; 1178 019020 i H30; vs EtOH; 
msc eth 
651 Benzenepropanenitrile Hydrocinnamonitrile 92:71) 645-59-0 31174 liq -1 261; 141% 1.0016 1.526628 5 EtOH, eth; sl 
chl 
652 Benzenepropanethiol Сан 5 24734-68-7 152.256 1215,109? 5 1.549420 
653 Benzenepropanoic acid Hydrocinnamic acid CyH,,0, 501-52-0 50.174 па (w) 48 2798 1.071249 $ Н,0, EtOH, 
eth, ctc, CS,; 
vs bz 
654 Benzenepropano Hydrocinnamyl alcohol С-Н,0 122-97-4 36.190 «18 235 0.995% 153575 $H,0, ctc; msc 
EtOH, eth 
655 Benzenepropanol carbamate Phenprobamate Са NO; 673-31-4 79.216 102 i H,0; s EtOH, 
ch 
656 Вептепергорапоу! chloride C,H,CIO 645-45-4 68.619 dec 225; 10510 1.135?! s eth, CS; 
657 Benzeneseleninic acid Phenylseleninic acid C H 0,Se 6996-92-5 89.07 1245 1.9320 SI Н,0: i bz; vs 
al 
658 Benzeneselenol Сене 645-96-5 57.07 183.6; 84% 1.486575 i H50; s EtOH; 
vs eth, ctc 
659 Benzenesulfinic acid Сен0,5 618-41-7 42476 рг (м) 84 dec SI Њ0; s EtOH, 
eth, bz; i peth 
660 Benzenesulfinyl chloride С.Н,С105 4972-29-6 60.621 pl (peth) 38 1115 1.34695 1.3470 s eth, chl 
661 Benzenesulfonamide C H;NO,S 98-10-2 57.191 И, па (м) 156 sl H;O, tfa; s 
EtOH, eth 
662 Benzenesulfonic acid Besylic acid C H,0.S 98-11-3 58.175 па (bz) 65 vs Н,0, EtOH; | 
eth; sl bz; s 
НОАс 
663 Benzenesulfonyl chloride Phenylsulfonyl chloride C;H&CIO;S 98-09-9 76.621 145 dec 251 1.34705 i H5O; vs EtOH; 
S eth, ctc 
664 Benzenesulfonyl fluoride Phenylsulfonyl fluoride C H;F0,S 368-43-4 60.166 203.5 1.328620 1.49328 5 EtOH, eth 
665 1,2,4,5-Benzenetetracarboxylic Pyromellitic acid С.оН60; 89-05-4 254.150 tcl pr(w«2) 276 SI НО; s EtOH 
acid 
666 Benzenethiol Phenyl mercaptan CHS 108-98-5 10.177 liq -14.93 169.1 1.0775? 1.5893? i H,0; s EtOH, 
eth, bz; sl ctc 
667 1,3,5-Benzenetricarbony CoH,Cl,0, 4422-95-1 265477 36.3 18019 s chl 
trichloride 
668 1,2,3-Benzenetricarboxylic acid Hemimellitic acid CHO; 569-51-7 210.140 pr (al) 200 1.54620 vs eth, НОН 
669 1,2,4-Benzenetricarboxylic acid rimellitic acid Сон Об 528-44-9 210440 nd(w)cry 219 vs Н,0, eth, 
(al) cry FtOH 
(HOAc) 
670 1,3,5-Benzenetricarboxylic acid Сон Об 554-95-0 210.140 pr or nd 380 SI HO; vs EtOH, 
(w+1) eth 
671 1,2,4-Benzenetricarboxylic acid 4-(Chloroformyl)phthalic С-Н:010, 1204-28-0 210.571 66 
1,2-anhydride, 4-chloride anhydride 
672 1,2,4-Benzenetricarboxylic acid, Ci H, Os; 2694-54-4 330.332 «30 1.16420 
triallyl ester 
673 1,2,3-Benzenetrio Pyrogallol C H, 0, 87-66-1 126.110 If or nd (bz) 133 309 1.4531 15612 vs H,0, EtOH, 
eth, МН; 8 
асе; 1 bz 
674 1,2,4-Benzenetrio Hydroxyhydroquinone СеН03 533-73-3 126.110 pl (eth), Ifor 5 vs Н,0, EtOH, 
pl (w) eth; i bz, chl 
675 1,3,5-Benzenetrio Phloroglucinol C H,0,; 108-73-6 126110 Iforpl(w+2) 218.5 sub 1.4625 SI H;O; vs EtOH, 
eth, bz, py; 5 
ace 
676 1,2,4-Benzenetriol triacetate C4 H4,0; 613-03-6 252.219 99 300 S EtOH, chl, 
еон 
677 Benzestrol Сан 0; 85-95-0 298.419 cry (al) 164 vs ace, eth, 
EtOH, НОАс 
678 Benzethonium chloride СН, МО, 121-54-0 448.081  pl(chl/eth) 165 (hyd) vs Н,0; s ace, 
chl, EtOH 
679 Benzidene-3,3-dicarboxylic acid — 3,3-Dicarboxybenzidine САО, 2130-56-5 272256 nd 300 dec 
680 p-Benzidine [1,1-Biphenyl]-4,4-diamine Co HN, 92-87-5 184.286 nd (w) 120 401 SI Н,0, eth, 
DMSO; s EtOH 
681 Benzil Diphenylethanedione Ca Hi 0; 134-81-6 210.228 уе pr (al) 94.87 347 1.08410 i H,0; vs EtOH, 
eth; s ace; sl 
cic 
682 1H-Benzimidazol-2-amine СН 934-32-7 133.151 pl (w) 224 s Н,0, EtOH, 
ace; sl eth, bz, 
DMSO 
683 1H-Benzimidazole N,N"-Methenyl-o- СНА 51-17-2 118.136 orth Брут 170.5 >360 51620, eth; vs 
phenylenediamine pl (w) EtOH; i bz; s 
dil alk 
684 1H-Benzimidazole-2-acetonitrile СН 4414-88-4 157.172 208.4 
685 1H-Benz[de]isoquinoline-1,3(2 H)- C, H;NO; 81-83-4 197.190  nd(chl-al) 300 
dione 
686 Benzo[c]chrysene СН 194-69-4 278.346 па (AcOH) 126.5 
687 Benzo[g]chrysene Benzo[a]triphenylene Син 196-78-1 278.346 па (AcOH) 1145 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

688 1H,3H-Benzo[1,2-c:4,5-c |difuran- Со H;0; 89-32-7 218.119 285.3 

1,3,5,7-tetrone 

689 1,3,2-Benzodioxaborole (51580, 274-07-7 19.914 12 88755, 50% 127000 1.5070? 

690 1,3-Benzodioxol-5-amine СНО, 14268-66-7 137.137 42 14416 

691 1,3-Benzodioxole СНО 274-09-9 22.122 172.5; 777 1.06425 1.539820 

692 1,3-Benzodioxole-5- Piperonal С.Н03 120-57-0 50.132 37 263 SI H;O; vs EtOH; 

carboxaldehyde msc eth; s ace, 
chl 

693 1,3-Benzodioxole-5-carboxylic Piperonylic acid C4H;O, 94-53-1 66.132 229 

acid 

694 1,3-Benzodioxole-5-ethanamine Сони МО; 1484-85-1 65.189 166%, 101! 1.2259 7 

695 1,3-Benzodioxole-5-methanamine Сан МО, 2620-50-0 51.163 1395,10009 1.21425 1.563520 

696 1,3-Benzodioxole-5-methanol (51504 495-16-1 52448 па (рей) 58 15718 SI Н,0; s EtOH, 
eth, bz, chl; i 
ig 

697 1,3-Benzodioxol-5-ol (5,0, 533-31-3 38.121 64.9 

698 trans,trans-5-(1,3-Benzodioxol-5- Рірегіпіс acid СА, 136-72-1 218.205 па (а), уеп 215.8 sub vs EtOH 

yl)-2,4-pentadienoic acid (sub) 

699 7,8-Benzoflavone 2-Phenyl-4-naphtho[1,2-b] Сан о 604-59-1 272.207 ye pl (al) 157 sl EtOH, chl; $ 

pyran-4-one sulf 

700 Benzo[b]fluoranthene Benz[eJacephenanthrylene СН; 205-99-2 252.309 па (62) 168 i H0; msc bz 

701 Benzo[j|fluoranthene Dibenzo[a,jk]fluorene СН. 205-82-3 252.309 уе р! (а!) nd 166 i H5O; sl EtOH, 

(НОАс) HOAc 

702 Benzo[k]fluoranthene 2,3,1,8--Binaphthylene б 207-08-9 252.309 paye па (bz) 217 480 1620; s EtOH, 
bz, НОАс 

703 11H-Benzo[a]fluorene Сү» 238-84-6 216.277 pl(aceor 1895 405 i H50; 51 EtOH; 

HOAc) S eth, bz, chl 

Сү» 243-17-4 216.277 212 401 1Н,0‏ 6 ا04/ 

705 Benzofuran Coumarone (160 271-89-6 18.133 <18 174 1.091325 1.5615" i НО; $ EtOH, 
eth 

706 2-Benzofurancarboxylic acid Coumarilic acid Сонг О, 496-41-3 62142 nd (w) 192.5 312.5 vs EtOH 

707 2(3H)-Benzofuranone (5160, 553-86-6 34.133 50 249 1.2236" 

708 3(2H)-Benzofuranone C4H;O; 7169-34-8 34133 red па (al) 1025 1525 vs bz 

709 1-(2-Benzofuranyl)ethanone Сл; 1646-26-0 60.170 76 126! s Н,0 

710 Benzofurazan, 1-oxide СНО; 480-96-6 36.108 15 1.28080 

711 Benzohydrazide Benzoic acid, hydrazide СНО 613-94-5 36.151 рі (w) 115 dec 267 $ H0, EtOH; sl 
eth, ace, chl 

712 Benzoic acid Benzenecarboxylic acid C;H,0, 65-85-0 22.122 те огпа 5 249.2 1.26595 1.50412 — sIH,O; vs EtOH, 
eth; s ace, bz, 
chl 

713 Benzoic anhydride СлаН 004 93-97-0 226.227 рг (eth) 425 360 1.989 1.576775 iHj,lig;s 
EtOH, eth; sl 
chl 

714 Benzoin 2-Hydroxy-1,2- CH, 0; 579-44-2 212.244 137 344; 19472 1.31020 vs НОН, chl 

diphenylethanone, (+) 

715 Benzonitrile Phenyl cyanide C;H;N 100-47-0 103.122 liq -13.99 191.1 1.00935 1.528922  s| H,0; msc 
EtOH; vs ace, 
bz; $ сіс 

716 Benzo[ghi]perylene 1,12-Benzperylene (Нь 191-24-2 276.330  ye-grn If (bz) 2725 i H,0 

717 Benzo[c]phenanthrene etrahelicene Сан; 195-19-7 228.288 68 #Њ0; 51 EtOH, 
ig 

718 Benzophenone Diphenyl ketone C,4H40 119-61-9 182.217 (o)orh pr 47.9 (а); 305.4 1.3319 — 1.60779 1ЊО; vs EtOH, 

(4) (В) теі 26 (B) eth, chl, ace; s 
pr bz 

719 Benzophenone hydrazone Са 5350-57-2 196.247 97.3 2275 

720 Benzophenone, oxime Diphenyl ketoxime C, H, NO 574-66-3 197.232 па (al) 144 i H,0; vs EtOH, 
eth, chl, ace; s 
bz 

721 33,44- 4,4'-Carbonyldiphthalic CH 0; 2421-28-5 322.226 216 

Benzophenonetetracarboxylic anhydride 
acid dianhydride 
722 Benzo-2-phenylhydrazide СНО 532-96-7 212.246 pr(al),nd 168 314 SI Н,0, eth; s 
(w) EtOH, bz, chl 
723 Benzopurpurine 4B C.l. Direct Red 2, disodium salt CH; N;Na;0,5, 992-59-6 724.716 br pow SH,O, EtOH, ac, 
Н,50 
DANS 
724 2H-1-Benzopyran 1,2-Chromene Сан; 254-04-6 132.159 13202 913 1.09938 1.5869" 0 
725 [2]Benzopyrano[6,5,4-def][2] 1,4,5,8- C.4H40; 81-30-1 268.178 па (al) 450 sub 320 ІН,0;5 Na;CO;, 
benzopyran-1,3,6,8-tetrone Naphthalenetetracarboxylic HOAc 
acid anhydride 

726 1H-2-Benzopyran-1-one Isocoumarin CH,0, 491-31-6 146.143 pl (bz) 47 286 i H,0; vs EtOH, 
eth, bz, CS, 

727 2H-1-Benzopyran-2-one Coumarin CH ,0; 91-64-5 146143  orth pym 71 301.7 0.93520 S Н,0, EtOH, 

(eth) alk; vs eth, chl, 
Dy 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
728 4H-1-Benzopyran-4-one CH ,0; 491-38-3 146.143 па (рей м) 59 sub 1.290020 SI Н,0; s EtOH, 
eth, bz, chl 
729 Benzo[a]pyrene 2,3-Benzopyrene СН; 50-32-8 252.309 181.1 i B,0; vs chl 
730 Benzo[e]pyrene 1,2-Benzpyrene CH, 192-97-2 252.309 payend(bz- 181.4 311 i HO 
Me0H) 
731 Benzo[f]quinoline B-Naphthoquinoline C, H,N 85-02-9 79217 If (peth or w) 94 352; 2038 519,0; vs EtOH, 
bz, eth; s ace 
732 Benzo[h]quinoline СНМ 230-27-3 79.217 If (eth), pl 52 339; 233 1.234020 SI Н,0; $ EtOH, 
(peth) eth, ace, bz, 
cte 
733 p-Benzoquinone 2,5-Cyclohexadiene-1,4-dione ^ C,H,0; 106-51-4 08.095 ye mcl pr (w) 115 sub 1.3182 sl H,0, peth 
EtOH, eth, chl 
734 2,1,3-Benzothiadiazole C ;H,N.S 273-13-2 36.174 43 206 
735 2-Benzothiazolamine 2-Aminobenzothiazole CH ,N,S 136-95-8 50201 pl (w), If (w) 132 sl Н,0; s EtOH 
eth, chl, con 
736 6-Benzothiazolamine 6-Aminobenzothiazole СНУ 533-30-2 50.201 pr (w) 87 i H50, eth; $ 
EtOH 
737 Benzothiazole Benzosulfonazole C;H;NS 95-16-9 35.187 10 231 1.2460? 1.6379? — H,0; vs EtOH, 
eth, CS;; s ace 
738 2(3H)-Benzothiazolethione 2-Mercaptobenzothiazole CH;,NS; 149-30-4 67.252 payemcl 181 1.4220 ІН,0;5 EtOH; sl 
nd(al, eth, bz, DMSO 
MeOH) 
T39 2(3H)-Benzothiazolethione, C;H,NNaS, 2492-26-4 89.234 sl Н,0 
sodium salt 
740 2(3H)-Benzothiazolone C;H;NOS 934-34-9 51.186 pr (dil al), nd 139 360 i H,0; vs EtOH 
eth 
741 2(3H)-Benzothiazolone, hydrazone CHAS 615-21-4 65.216 202.8 
742 2-(2-Benzothiazolyl)phenol C4H,NOS 3411-95-8 227281 nd or If (al) 131 17% 5 НОН 
743 Benzo[b]thiophene Thianaphthene C H,S 95-15-8 34199 If 32 221 1.148482 1603/47  iH,0; vs EtOH; 
S eth, ace, bz; 
sl chl 
744 Benzo[b]thiophene-2-carboxylic Thionaphthene-2-carboxylic С-Н,0,5 6314-28-9 78.208 па (м) 240.5 vs eth 
acid acid 
745 1H-Benzotriazole 1,2,3-Triaza-1 H-indene Сена МУ 95-14-7 19.124 nd (chl or bz) 0 2045 51 Њ0; s EtOH, 
bz, chl, tol, 
DMF 
746 Benzo[b]triphenylene CH; 215-58-7 278.346 па (al, 205 i B,0; vs bz 
HOAc) 
747 3H-2,1-Benzoxathiol-3-one 1,1- С-Н,0,5 81-08-3 84170 nd or pr (bz) 129.5 184% vs bz, chl 
dioxide 
748 2H-3,1-Benzoxazine-2,4(14)- С.Н.МО, 118-48-9 63.131 pr (al, gl 243 dec sl Н,0, EtOH, 
dione НОАс) cry ace; i eth, bz, 
(al) ch 
749 Benzoxazole 1-0xa-3-azaindene АЛТЫ 273-53-0 19.121 рг(@ а) 31 182.5 1.175420 1.559420 |Н,0; $ EtOH, 
sulf 
750 2(3H)-Benzoxazolethione C;H,NOS 2382-96-9 51.186 па (w) 196 sl Н,0, ace, 
EtOH; vs eth, 
HOAc 
751 2(3H)-Benzoxazolone CHNO, 59-49-4 35.121 138 335; 230% 51 60; s EtOH 
eth, tfa 
752 2-(2-Benzoxazolyl)phenol Са NO, 835-64-3 211.216 pink nd (а, 123.5 338 SI H;O; vs EtOH; 
HOAc) S eth, ace, bz 
753 N-Benzoyl- DL -alanine Со МО 1205-02-3 93199 р,ргогЇ 165.5 dec $ H0, EtOH; sl 
(eth) eth, DMSO 
754 4-(Benzoylamino)-2- Benzoylpas СН, МО, 13898-58-3 257.242 260.5 
hydroxybenzoic acid 
T55 Benzoyl azide Benzazide СНО 582-61-6 47134 pl (ace) 32 exp 1.168035 vs eth, НОН 
T56 2-Benzoylbenzoic acid СлаН 004 85-52-9 226.227 tcl nd (841) 129.0 vs EtOH, eth; s 
bz; sl chl 
757 4-Benzoylbenzoic acid СлаН 005 611-95-0 226.227 па (НОАс), 199 sub SI HO, На, bz; s 
pl (al) mel If EtOH, eth, 
(w) HOAc 
758 2-Benzoylbenzoic acid, hydrazide Са О; 787-84-8 240.257 па (al) 242.3 SI H,0; i EtOH, 
eth, chl; s 
MeOH 
759 4-Benzoylbiphenyl 4-Phenylbenzophenone C, H, 0 2128-93-0 258313 101.5 420; 156% 
760 Benzoyl bromide Benzoic acid, bromide C;H;Br0 618-32-6 185.018 0 -24 218.5 1.5705 1.58685 msc eth 
761 Benzoyl chloride Benzoic acid, chloride C;H&CIO 98-88-4 140.567 liq -0.4 197.2; 71? 1.21202 1.553722 тс eth; s bz, 
ctc, CS, 
762 Benzoyl cyclohexane Cyclohexyl phenyl ketone C, H, 0 712-50-5 188.265 nd (peth) 59.5 16418 
763 Benzoylecgonine Ci МО, 519-09-5 289.327 па (w) 195 vs bz, EtOH 
764 Benzoylferrocene СүН,Ғе0 1272-M-2 290137 110.0 
765 Benzoyl fluoride Benzoic acid, fluoride СЊЕО 455-32-3 124442 liq -28 1545 1.140020 vs EtOH, eth; s 


ctc 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
766 N-Benzoylglycine Hippuric acid СМО 495-69-2 179172 pr(woral) 191.5 1.3712 S H,0, EtOH; sl 
eth, bz, chl; i 
peth 
767 Benzoyl iodide Benzoic acid, iodide СНО 618-38-2 232.018 nd 15 12820 1.74618 vs eth, EtOH 
768 2-Benzoylmethy|-6(2-hydroxy-2- Cj Ha CINO; 63990-84-1 373.916 183.5 SI Њ0; 8 EtOH; 
phenylethyl)-1-methylpiperidine, vs chl 
hydrochloride 
769 3-(Benzoyloxy)-8-methyl-8- Cocaethylene C4 H3 NO, 529-38-4 317.381 pr (eth) 109 vs eth, EtOH 
azabicyclo[3.2.1]octane-2- 
carboxylic acid, ethyl ester, [1А- 
(exo,exo)] 
770 Benzoyl peroxide С.Н (0; 94-36-0 242.227 orth (eth), рг 105 exp 1.543 sl Н,0, $ EtOH, 
eth, ace, bz, 
CS, 
771 1-Benzoylpiperidine Сон NO 776-75-0 189.253 tcl 49 320.5 1Н,0, s EtOH, 
eth; sl ctc 
772 N-Benzoyl-L-tyrosine ethyl ester СН NO, 3483-82-7 313.349 119.5 
773 Benzphetamine СН 156-08-1 239.356 127002 1.551519 уз eth, EtOH, 
e0H, chl 
774 Benzpiperylon Со МО 53-89-4 347.453 cry (al) 182 dec 
775 Benzquinamide Со و‎ ٢٢ 63-12-7 404.499 су 131 
776 Benzthiazide C, H,CIN,O,S, — 91-33-8 431.938 cry (EtOH) 236 i H,0; s al 
777 N-Benzylacetamide C.H, NO 588-46-5 49.189 61 157? vs EtOH, eth 
778 Benzyl acetate Сон (0; 140-11-4 50174 ٩ -513 213 1.055020 1.523222  s| H,0; msc 
EtOH; s eth, 
ace, chl 
779 Benzyl acrylate CigH 00; 2495-35-4 62.185 228 1.057320 1.5143? i H,0; $ EtOH, 
eth, ace, ctc 
780 Benzyl alcohol Benzenemethanol С-Н,0 00-51-6 08.138 liq -154 205.31 104192 1.53962 s HO, EtOH, 
eth, ace, bz, 
eOH, ch 
781 Benzylamine Benzenemethanamine CHN 00-46-9 07.153 185; 9012 0.98132 1.5401? msc ЊО, EtOH, 
eth; vs ace; 5 
bz; sl chl 
782 4-(Benzylamino) NA-Benzylsulfanilamide Сан, №05 04-22-3 262.327 171 
benzenesulfonamide 
783 2-[Benzylamino]ethanol CIH, NO 04-63-2 151.205 225; 15412 1.06525 1.543020 
784 4-Benzylaniline Сана 135-12-2 183.249 mcl (lig) 345 300 1.038% vs eth, EtOH, lig 
785 N-Benzylaniline N-Phenylbenzenemethanamine C.H; 03-32-2 183.249 pr 375 306.5 1.0298 1.611825 уз eth, EtOH 
786 o-Benzylbenzenepropanoic acid C4 H, 0; 618-68-8 240.297 pl (peth 90 23518 vs bz, eth, EtOH 
HOAc) nd 
(w) 
787 2-Benzyl-1H-benzimidazole Bendazol С.Н -% 621-72-7 208.258 па (02) 187 vs bz, EtOH, gl 
HOAc 
788 Benzyl benzoate Cu 0; 120-51-4 212.244 ndor If 21 323.5 1.11215 1.5680? i H,0; $ EtOH, 
eth, ace, bz, 
601, chl 
789 4-Benzyl-1,1"-biphenyl UM 613-42-3 244.330 If 85 285110 1.1710 ІН,0; s EtOH, 
ctc; vs eth, bz 
790 Benzyl butanoate С.Н. 03-37-7 178.228 239 1.011120 1.4920?  iH,0; vs EtOH 
eth; s ctc 
791 Benzyl buty! phthalate Butyl benzyl phthalate (61504 85-68-7 312.360 liq 370 1.1195 i H,0 
792 Benzyl chloroacetate Сан 10, 40-18-1 184.619 1479, 8504 2223: 1.542618 vs eth, EtOH 
T93 Benzyl chloroformate Carbobenzoxy chloride C.H; 010, 501-53-1 170.594 oily liq 10320 195% 51909 5 eth, ace, bz 
794 Benzyl trans-cinnamate Benzyl trans-3-phenyl-2- C4 H0; 78277-23-3 238281 pr 39 dec 350; 2445 7 i H50; s EtOH, 
propenoate eth; sl bz 
795 Benzyl dodecanoate Benzyl laurate C4, H0; 40-25-0 290.440 8.5 2107? 0.94295 1.481221 vs bz, eth, EtOH, 
peth 
796 Benzylethylamine N-Ethylbenzenemethanamine CH, N 4321-27-8 135.206 194 0.9942" 1.51172 <ІН,0, сіс; s 
EtOH, eth, bz, 
chl 
797 N-Benzyl-N-ethylaniline Ethylbenzylaniline C4 HN 92-59-1 211.303 pa ye oil 35 288; 18522 100155 59433 i H,0; s EtOH, 
eth, chl 
798 Benzyl ethyl ether Сон 0 539-30-0 136.190 186 0.94782 1.49552 i H0; msc 
EtOH, eth 
799 Benzyl formate СеО, 104-57-4 136.149 203; 8410 1.0812 51540 i H,O; s EtOH, 
ace; msc eth; 
sl сіс 
800 Benzyl fumarate С.Н, 538-64-7 296.318 cry pow 59 2105 vs eth, EtOH, 
chl 
801 Benzylidene diacetate Toluene-c,c-diol, diacetate C4 H0, 581-55-5 208.211 рі (eth) 46 220 111% vs bz, eth, EtOH 
802 Benzylimidobis(p-methoxyphenyl) Со و‎ МО, 524-96-9 331.408 ра ye cry 90 vs eth, chl 
methane 
803 2-Benzyl-1H-isoindole-1,3(2)- Са АМО, 2142-01-0 237.254 уе па (а) 116 1.34318 $ НОН, НОАс; 
dione 51 0М50 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
804 Benzylisopropylamine N- Cio HN 102-97-6 49.233 200; 937 0.892% 150252 
Isopropylbenzenemethanamine 
805 Benzyl isothiocyanate (Isothiocyanatomethyl)benzene ۹56 622-78-6 49.214 уе oil 243 1.124616 1.60495 1 H,0; msc 
EtOH; s eth 
806 Benzyl methacryalate C4 H0; 2495-37-6 76.212 144% 
807 Benzyl 3-methylbutanoate Со О; 103-38-8 92.254 245; 1365 0.99835 1.488420 
808 Benzyl methyl ether C,H40 538-86-3 22464 0 -52.6 170 0.9634? 1.5008? i H,0, lig; vs 
EtOH, eth; s bz 
809 1-Benzyl-2-methylhydrazine 1-Methyl-2- CoH oN, 10309-79-2 136.194 Па 11720 
phenylmethylhydrazine 
810 Benzyl 2-methylpropanoate Benzyl isobutyrate БАЊА 103-28-6 78.228 228; 114? 1.015918 148832 
811 Benzyl nitrite C;H;NO,; 935-05-7 37137 ой 815 1.0755 „49895 
812 N-Benzyloxycarbonylaspartame C.H, ,N,0; 33605-72-0 428435 су 122 
813 Benzyloxycarbonyl- L-glutamine Ci H, 5 №05 2650-64-8 6 1345 s DMSO 
814 Benzyloxycarbonylglycine CH, NO, 1138-80-3 209.199 121 S ace 
815 Benzyloxycarbonylglycyl-L- Сао МО 1421-69-8 322.356 100 
leucine 
816 Benzyloxycarbonylglycyl-L- Ci H, О 1170-76-90 356.372 126 
phenylalanine 
817 2-(Benzyloxy)ethanol Ethylene glycol monobenzyl Сан 0; 622-08-2 152.190 oil «15 256 1.0640? 1.5233? vs H,0, eth, 
ether EtOH 
818 Benzylpenicillin sodium С.Н N,NaO,S 69-57-8 356.372 nd(BuOH 215 141 vs 56 
ag) eOH; i ace, 
eth, chl 
819 2-Benzylphenol o-Benzylphenol Са 0 28994-41-4 184.233 21 312 1.5994? vs ace, bz, EtOH 
820 4-Benzylphenol p-Benzylphenol Са 0 101-53-1 84.233 84 322 S HO, EtOH, 
eth, bz, ctc, 
НОАс, chl 
821 Benzyl phenyl ether СаНр0 946-80-5 84233 |f (al) 40 286.5 
822 1-Benzylpiperazine C, H, N; 2759-28-6 76.258 146? .543028 5 H,0, EtOH, 
eth; sl chl 
823 1-Benzylpiperidine С.Н. 2905-56-8 75.270 245 0.962516 1.522720 
824 4-Benzylpiperidine СН 31252-42-3 175.270 16.8 270; 1507 0.9970? 1.533725 i H,0; s EtOH, 
eth 
825 Benzyl propanoate Сан 0; 122-63-4 64.201 221 1.033520 
826 2-Benzylpyridine С.Н, 101-82-6 69.222 nd 12.5 277; 1491 1.0670 57859  iH,0; s EtOH, 
eth, chl 
827 4-Benzylpyridine CH; 2116-65-6 69.222 124 288; 1803! 1.06122 1.5818? i H,0; $ EtOH, 
ctc; vs eth 
828 Benzyl 3-pyridinecarboxylate Benzyl nicotinate С.Н. МО, 94-44-0 213.232 1708 
829 1-Benzyl-1H-pyrrole CH; 2051-97-0 157.212 15 247 1.018320 1.5655"  iH,0; vs EtOH, 
eth 
830 Benzyl 1,2- N-(Benzyloxycarbonyl)- L- СН, NO, 1148-11-4 249.263 78.5 53102 — sl chl 
pyrrolidinedicarboxylate, (5) proline 
831 Benzyl salicylate Сл 04 118-58-1 228.243 320 1.1799? 1.5805? 51 Н,0; s EtOH, 
eth, ctc 
832 0-Benzyl-L-serine 3-(Benzyloxy)- L-alanine Са а NO; 4726-96-9 195.215 218 дес 
833 Benzylsulfonic acid C; H0, 100-87-8 172.202 һуд cry 
834 4-[(Benzylsulfonyl)amino]benzoic — p-(Benzylsulfonamido)benzoic ۹.5 536-95-8 291.323 229.5 vs EtOH 
acid acid 
835 (Benzylsulfonyl)benzene و‎ 0,9 3112-88-7 232.298 па (al) 146 1.12615 i H50; 51 EtOH, 
eth, bz 
836 (Benzylthio)benzene Са 8 831-91-4 200299 If (al) 435 1977 i H5O; $ EtOH, 
eth, con sulf 
837 Benzyl thiocyanate a-Thiocyanatotoluene C4H;NS 3012-37-1 149.214 рг (al) 43 232 i H,0; s EtOH, 
eth, chl, CS; 
838 Benzyltrimethylammonium Со CIN 56-93-9 185.694 243 vs H,0; s ace 
chloride 
839 Benzylurea Сао МО 538-32-9 150.177 па (al) 148 dec 200 vs ace, EtOH 
840 Bephenium chloride СА МО 13928-81-9 291.816 cry (ace) 135 
841 Berberine CoH NO; 2086-83-1 353369 red-yend 145 vs eth, EtOH 
(w+6) cry 
(chl) 
842 Berberine chloride dihydrate СА СМО 633-65-8 407.845 уе cry 
843 Bergenin С.Н. Oo 477-90-7 328.272 сгу (MeOH) 238 vs HO, НОН 
844 Beryllium 2,4-pentanedioate Beryllium acetylacetonate Сад увео, 10210-64-7 207.228 108 270 1.16820 
845 Веате 1-Carboxy-N,N,N- C;H NO; 107-43-7 17147 pror If (al) 293 dec vs Н,0, МеОН; 
trimethylmethanaminium, inner S EtOH; sl eth, 
salt ch 
846 Betaine, hydrochloride CH, СМО, 590-46-5 53.608 тс! cry (al) 2275 vs Н,0 
847 Betamethasone 8 و‎ F0; 378-44-9 392.460 cry (АсОМе) 232 дес 
848 Bethanidine Со 55-73-2 77.246 сгу (aq 196 


Me0H) 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

849 Betonicine CH, 0, 515-25-3 159.183 pr (dil al, 252 dec vs EtOH 

418) 

850 Betulaprenol 9 Nonaisoprenol СНО 13190-97-1 631.069 ой ог cry 41 s chl 

851 9,9-Bianthracene Cos Hg 1055-23-8 354443 3213 

852 (8H,3H)-Bibenzo[b] Durindone Red Ci H;0,5; 522-75-8 296.364 brnd (ху) 359 sub i B,0, EtOH; sl 

thiophene-3,3'-dione red mcl nd chl, CS,; s bz, 
(bz) xyl 

853 6 СІН, 279-23-2 96.170 87.5 105.3 vs ace, bz, eth, 
EtOH 

854 Bicyclo[4.1.0]heptane Norcarane СІН» 286-08-8 96.170 116.5 0.853% „45642 

855 Bicyclo[2.2.1]heptan-2-one C;H440 497-38-1 10.153 89.5 170 

856 Bicyclo[2.2.1]hept-2-ene C; Hi 498-66-8 94.154 45 96 

857 Bicyclo[2.2.1]hept-5-ene-2- CIH N 95-11-4 19.164 13 8410 0.999% 48852 

carbonitrile 

858 Bicyclo[2.2.1]hept-5-ene-2- C,H40 5453-80-5 122164 71% 1.0185 48932 

carboxaldehyde 

859 Bicyclo[2.2.1]hept-5-ene-2- C4H4,0 95-12-5 24.180 103? 

methanol 

860 [1,1-Bicyclohexyl]-2-one 2-Cyclohexylcyclohexanone С.Н 90-42-6 80.286 liq -32 264 0.96965 1.487725 

861 1,1’-Bicyclopenty! M 1636-39-1 38.250 s ctc, CS, 

862 [1,1-Bicyclopentyl]-2-0l 2-Hydroxybicyclopentyl لام‎ 4084-25-7 54.249 20 235.5 097855 14884" 

863 [1,1-Bicyclopentyl]-2-one C4 H0 4884-24-6 152233 liq -13 232.5 0.9745? 1.4763 

864 Bifenox Methyl 5-(2,4-dichlorophenoxy) C, H,CLNO; 42576-02-3 342131 85 

-2-nitrobenzoate 

865 Bifenthrin Сан; СТО; 82657-04-3 422.868 69 1.215 

866 Biguanide Imidodicarbonimidic diamide ^ C;H;Ns 56-03-1 01411 prornd (al) 136 dec 142 vs Н,0, s EtOH; 
i bz, chl 

867 Bikhaconitine 3-Deoxypseudaconitine Ca Ha NO; 6078-26-8 673.790 164 vs eth, EtOH, 
chl 

868 Bilirubin СааН N40; 635-65-4 584.662 red mel pr or i H50; 51 EtOH, 

pl (chl) eth; s bz, ch 

869 Biliverdine Dehydrobilirubin Са و‎ ٧٢٢ 114-25-0 582.646 dk grn plor >300 1Н,0, $ EtOH, 

рг (MeOH) bz; sl eth, chl, 
5 
870 Binapacryl Са ٧٢٢ 485-31-4 322.313 70 1.2720 
871 1,1-Binaphthalene 1,1-Binaphthyl Co Hu 604-53-5 254.325 (i) р(НОАс) 160 2360; 240? 1.3000? i H5O; 51 EtOH; 
(ii) orth S eth, ace, bz, 
(peth) CS, 

872 2,2-Binaphthalene Co Hu 612-78-2 254.325 bl flr pl (al) 1879 452 i H,0; 51 EtOH; 
s eth, bz, CS, 

873 [1,1-Binaphthalene]-2,2"-diol СНО 602-09-5 286.324 па (al), cry 220 1Н,0, $ EtOH, 

(w) eth, alk; sl chl 

874 Biotin Coenzyme R Сл N,0,S 58-85-5 244.310 па (w) 232 dec S Њ0, EtOH; sl 
eth, chl 

875 2,2-Вірхігапе Diepoxybutane СНО, 1464-53-5 86.090 2.0 144 1.1132 1.4352 . vs ЊО, ОН 

876 Biphenyl Diphenyl С 92-52-4 54207 If (dil al) 68.93 256.1 1.0420 1.5887 ІН,0; s EtOH, 
eth; vs bz, ctc, 

еон 

877 [1,1-Biphenyl]-4-acetic acid Felbinac C4 0; 5728-52-9 212244 160.5 

878 [1,1-Biphenyl]-4-carbonitrile C44HN 2920-38-9 79.217 88 1902 i H30; vs EtOH, 
eth 

879 [1,1-Biphenyl]-4-carbonyl C44H,CIO 4002-51-8 216.662 111 160? 

chloride 

880 [1,1-Biphenyl]-2,2'-diamine 8 و‎ ٢٢ 454-80-4 84.236  prornd(al) 81 1621 1.309020 S H0, ace, bz 

881 [1,1-Biphenyl]-2,4-diamine C HN, 492-17-1 84.236 nd(dilal) 545 363 ІН,0; s EtOH, 
eth 

882 [1,1-Biphenyl]-4,4-diamine, Ci АС 531-85-1 257.158 >300 

dihydrochloride 
883 [1,1-Biphenyl]-2,2-dicarboxylic ^ o,0-Diphenic acid СлаН 0, 482-05-3 242227 mel prorlf 233.5 sub i H,0; $ EtOH, 
acid (w) cry eth 
(HOAc) 

884 [1,1-Biphenyl]-2,2-diol C.H, 0; 806-29-7 186.206 109 320 1.342020 $ H,0, EtOH, 
eth, ace, bz; sl 
peth, chl 

885 [1,1-Biphenyl]-2,5-diol СА 00; 079-216 186.206 nd(dilal) 975 vs EtOH 

886 [1,1-Biphenyl]-4,4-diol Со H0; 92-88-6 186.206 278 dec sl HO, bz, 
DMSO; $ 
EtOH, eth 

887 [1,1-Biphenyl]-4,4-disulfonic C H40;5, 5314-37-4 314333 pr 72.5 >200 vs HO 

acid 
888 [1,1’-Biphenyl]-3,3',4,4’-tetramine, C.H, 01М, 7411-49-6 360.110 245 dec 
etrahydrochloride 
889 [1,1-Biphenyl]-3,3 5,5"tetrol Diresorcinol СА, 531-02-2 218.205 plor nd 310 vs H,0, eth, 
(w+2) EtOH 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
890 M[1,1"-Biphenyl]-4-ylacetamide С.Н, №О 4075-79-0 211.259 cry (dil 172.8 i H,0; vs EtOH, 
Me0H) се, MeOH 
891 1-[1,1-Biphenyl]-4-ylethanone С.Н,0 92-91-1 96.244 pr (ace), cry 121 326 1.25100 i H,0; vs EtOH, 
(al) ace; sl ch 
892 2-[1,1-Biphenyl]-4-yl-5-phenyl- Co H, N,0 852-38-0 298.337 168 
1,3,4-oxadiazole 
893 2,2-Bipyridine о, oc-Dipyridyl СМ» 366-18-7 56.184 рг (peth) T2 2735 SI H;O; vs EtOH, 
eth, bz, chl 
894 2,3-Bipyridine 2,3--Bipyridy! Соны; 581-50-0 56.184 295.5 1.140? 162230 ІН,0; vs EtOH, 
eth, bz, chl; sl 
peth 
895 2,4-Bipyridine 2,4 -В!рупду Со ЊЕ 581-47-5 56.184 61.5 281 SI H;O; vs EtOH, 
eth, chl 
896 3,3-Bipyridine 3,3 -Врупау Со 581-46-4 56.184 68 2915 1.161420 vs ЊО, EtOH; sl 
eth 
897 4,4’-Bipyridine y.Y-Dipyridy C4 ЊЕ 553-26-4 56484 nd (w+2) 114 305 SI H;O; vs EtOH, 
bz, chl; s eth 
898 2,2--Biquinoline Са 119-91-5 256.301 pl or If (al) 6 i H5O; vs EtOH; 
s eth, ace, bz 
899 4,4'-Bis(acetoacetamido)-3,3- N,N-Bis(acetoacetyl)-3,3'- C;; Ho N,O, 91-96-3 380.437 212 sl DMSO 
dimethyl-1,1'-biphenyl dimethylbenzidine 
900 Bisacodyl Со МО, 603-50-9 361.391 133.5 
901 Bis(4-amino-3-chlorophenyl) 4,4-Methylene-bis(2- C44 Hj с 101-14-4 267.153 s cic 
methane chloroaniline) 
902 Bis(4-aminocyclohexyl)methane C, H, N; 1761-71-3 210.358 15 320 0.9275 
903 Bis(2-aminoethyl)amine Diethylenetriamine CH, N; 111-40-0 103466 уе hyg liq -39 207 0.9569? 1.4810? тзс H,0, EtOH; 
i eth; s lig 
904 N,N-Bis(2-aminoethyl)-1,2- Triethylenetetramine CoH aN, 112-24-3 146.234 12 266.5 14971? 5 H,0, EtOH, 
ethanediamine acid 
905 Bis(2-aminophenyl)disulfide C,H, NS, 1141-88-4 248366 93 i H,0; vs EtOH 
eth 
906 Bis(4-aminophenyl)disulfide Сон NS, 722-27-0 248.366 85 S H,O; vs EtOH, 
eth, chl; sl bz, 
ig 
907 1,2-Bis(4-aminophenyl)ethane و8‎ № 621-95-4 212.290 рі (м) 137 sub i B,0; vs EtOH 
908 Bis(4-aminophenyl) sulfone Dapsone رلا‎ 80-08-0 248.300 cry (95% al) 175.5 S EtOH; sl 
DMSO 
909 Bis(4-aminophenyl) sulfoxide 4,4’-Sulfinyldianiline C H, N,0S 119-59-5 232300 рг (w, al) 175 dec s H,0, EtOH 
910 1,4-Bis(3-aminopropoxy)butane ^ 1,4-Butanediol bis(3- C49 H54N;0; 7300-34-7 204.310 19 1353 0.9620 1.461920 
атіпоргору!) ећег 
911 N,N-Bis(3-aminopropyl)-1,4- Spermine СН» 71-44-3 202.340 29 150° 
butanediamine 
912 N,N-Bis(3-aminopropyl)-1,4- C4 СМ, 306-67-2 348.184 301.5 s Н,0 
butanediamine, 
tetrahydrochloride 
913 Bis(2-bromoethyl) ether Bromex C H,Br,0 5414-19-7 231914 1152, 922 144520 7 
914 1,2-Bis(bromomethy!)benzene ҮЙ 91-13-4 263.958  orth (chl) 95 12945 1.988% i H,0; $ EtOH, 
eth, ctc, chl, 
peth, lig 
915 1,3-Bis(bromomethyl)benzene CHBr 626-15-3 263.958 па (chl), pr 77 13720 1.95925 1620; s EtOH, 
(ace) eth, chl, lig 
916 1,4-Bis(bromomethyl)benzene Сан; Во 623-24-5 263.958 mcl pr (al), 1445 245 2.012% i H,O; vs EtOH, 
cry (chl, bz) chl; sl eth; s bz 
917 2,2-Bis(bromomethyl)-1,3- Pentaerythritol dibromide СЕН Br, 0; 3296-90-0 261.940 па (bz) 113 
propanediol 
918 1,3-Bis(bromomethyl) C H, Br,0Si, 2351-13-5 320.169 233; 1035 1.391825 5 
tetramethyldisiloxane 
919 Bis(4-bromophenyl) ether C, Н;Вљ0 2050-47-7 327.999 If (al) 60.5 339 1.85 1620; s EtOH, 
bz; vs eth; sl 
chl 
920 Bis(2-(2-butoxyethoxy)ethyl) Со НО а 141-17-3 434.563 19 115 
adipate 
921 1,-Bis(o-(fert-butyldioxy) Co Ha 04 2781-00-2 338482 су 79 
isopropyl)benzene 
922 Bis(3-tert-butyl-5-ethyl-2- Са о 88-24-4 368.553 cry 123 
hydroxyphenyl)methane 
923 Bis(4-chlorobenzoyl) peroxide C H&CLO, 94-17-7 311.118. pr cry (bz) 141 
924 1,2-Bis(2-chloroethoxy)ethane СеНС10, 112-26-5 187.064 232 1.195? 1.459225 08 
925 Bis(2-chloroethoxy)methane САН СО; 111-91-1 173.037 215.0 
926 N,N-Bis(2-chloroethyl)aniline Aniline mustard СНз CEN 553-27-5 218.123 pr 45 16414 sl eth; s EtOH, 
MeOH 
927 Bis(2-chloroethyl) carbonate C;H,Cl,0, 623-97-2 187.021 8 241 1.350622 1.4612 0 
928 Bis(2-chloroethyl) 2- С.Н,,01,0.Р 6294-34-4 269.490 170.25 1.48825 


chloroethylphosphonate 


Physical Constants of Organic Compounds 3-49 


OOF боб. c7 79 оо QQ G0 


A-[1,1-Biphenyl]-4- E 1-[1,1"-Biphenyl]-4-ylet hs 2-[1,1"-Biphenyl]-4-yI-5-phenyl-1,3,4-oxadiazole 22- d. 2,3'-Bipyridine 2,4-Bipyridine 


нм-4 \4 À NH e 


0 
3,3'-Bipyridine 4,4'-Bipyridine 2,2'-Biquinoline 4,4'-Bis(acetoacetamido)-3,3 -dimethyl-1,1'-biphenyl Bisacodyl 
СІ СІ NH? HN 
i a н TOOG. 
N. 2 N > NH = 
HN NH, Нм NH, нм >“ мн, H 2 5—5 
Bis(4-amino-3-chlorophenyl)methane Bis(4-aminocyclohexyl)methane Bis(2-aminoethyl)amine N,N-Bis(2-aminoethyl)-1,2-ethanediamine Bis(2-aminophenyl)disulfide 


0 
HN C )ويام‎ | NH; id ©) Ç 2 Мн; си لا‎ 1 2 27 Eo: ШЫ 


Bis(4-aminophenyl)disulfide 1,2-Bis(4-aminophenyl)ethane Bis(4-aminophenyl) sulfone 


Bis(4-aminophenyl) sulfoxide 


H H 
HoN. — N. سب‎ — "pos NH; Нм —. N. — — no NH, 


О. АНС 
НМ. „єз `> o С NH; 
1,4-Bis(3-aminopropoxy)butane N,N-Bis(3-aminopropyl)-1,4-butanediamine N,N-Bis(3-aminopropyl)-1,4-butanediamine, tetrahydrochloride 
Br 
Вг OH 
B B 
^^ r OH 
Bis(2-bromoethyl) ether 1,2-Bis(bromomethyl)benzene 1,3-Bis(bromomethyl) ca 1,4-Bis(bromomet! i5 )benzene 2,2-Bis(bromomethyl)-1,3-propanediol 
0 
N / N / шээж 
Вы. Si Sh „Вг Ó 
1,3-Bis(bromomethyl)tetramethyldisiloxane Bis(4-bromophenyl) ether Bis(2-(2-butoxyethoxy)ethyl) adipate 
0 ار‎ 
0 
EN OH OH 
( (12-12 
ОО 
o2 тағды / Ng 
CI O 
Ж = ОСО Sg ^g 
1,4-Bis(o.-(tert-butyldioxy)isopropyl)benzene Bis(3-tert-butyl-5-ethyl-2-hydroxypheny|)methane Bis(4-chlorobenzoyl) peroxide 1,2-Bis(2-chloroethoxy)ethane 
СІ СІ 
О نت‎ 
1 
O—P-O 
N. f 
СІ СІ а СІ 1 СІ СІ 
~ у Со С з.Ф”-о о СІ 


Bis(2-chloroethoxy)methane N,N-Bis(2-chloroethyl)aniline Bis(2-chloroethyl) carbonate Bis(2-chloroethyl) 2-chloroethylphosphonate 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
eth, ace; msc 
bz 

930 Bis(2-chloroethyl)methylamine Nitrogen mustard hydrochloride . C:H,; CIN 55-86-7 92515  hyg nd 111.5 
hydrochloride 
931 N,N-Bis(2-chloroethyl)-- Carmustine СНО МО 154-93-8 214049 Ityepow 31 vs HO, НОН 
nitrosourea 
932 Bis(2-chloroethyl) sulfide Mustard gas C,H,CI,S 505-60-2 59.078 13.5 216 127419 1.531320 
933 1,2-Bis(2-chloroethylsulfonyl) C H, CI04S; 3944-87-4 283493 cry (MeOH/ 205 
ethane НОАс) 
934 1,2-Bis(chloromethyl)benzene Са ЊаСђ 612-12-4 75.056 mcl (lig) 55 239.5 1.393% i H,0; vs EtOH, 
eth, chl; s сіс 
935 1,3-Bis(chloromethyl)benzene ЛЕЙ 626-16-4 75.056 cry 342 251.5 1.30220 i H,O; vs EtOH, 
eth; sl chl 
936 1,4-Bis(chloromethyl)benzene ЛЕЙ 623-25-6 75.056 рі (al) 100 dec 245; 13516 5 i H,O; vs EtOH, 
eth, ace, chl; sl 
HOAc 
937 Bis(chloromethyl) ether C;H,CLO 542-88-1 14.958 liq -41.5 06 1.3235 14353 тѕс ОН, eth 
938 3,3-Bis(chloromethyl)oxetane (51,010 78-71-7 55.022 liq 18.7 0127 1.2955 
939 2,2-Bis(chloromethyl)-1 ,3- Pentaerythritol dichlorohydrin ^ СНС, 2209-86-1 73.037 су 83 5912 
propanedio 
940 1,3-Bis(chloromethy! C.H, CL,0Si, 2362-10-9 231.267 liq -90 204; 9221 1.045? 1.439820 
tetramethyldisiloxane 
941 Bis(4-chlorophenoxy)methane Di(4-chlorophenoxy)methane Ci H, CL0; 555-89-5 269123 cry (peth) 705 916 уз ace, bz 
942 Bis(4-chlorophenyl) disulfide Ci) H&CLS; 1142-19-4 287.228 72.8 s chl 
943 Bis(4-chlorophenyl)ethanedione C4 و‎ ٢ 3457-46-3 279.119 197.8 
944 1,1-Bis(4-chlorophenyl)ethanol Cu А ٢ ٧ 80-06-8 267.150 70 i H5O, EtOH; 8 
eth, bz 
945 1,2-Bis(2-chlorophenyl)-hydrazine 2,2’-Dichlorohydrazobenzene С Ас 782-74-1 253.126 87 
946 Bis(4-chlorophenyl)methane Ci H, Cl; 01-76-8 237.124 55.5 8819 1.36517 5 НОН 
947 Bis(4-chlorophenyl) sulfone C H CL,0,S 80-07-9 287.162 147.9 25070 SI Њ0; s EtOH, 
ch 
948 N,N-Bis(4-chlorophenyl)thiourea — Di(p-chlorophenyl)thiourea C, H, CLN,S 220-00- 297.202 nd 176 
949 1,1-Bis(4-chlorophenyl)-2,2,2- C HCIO 15-32-2 370.485 cry (petr) 71.5 8001 i H,0, os 
trichloroethanol 
950 Bis(3-chloropropyl) ether 3-Chloropropyl ether СеН.С0 629-36-7 171.064 216; 90.511 1.1362 1.415822 5 EtOH, eth 
951 Bis(2-cyanoethyl) ether C H,N0 656-48-0 124140 615, 11195 1.050420 1.44052 
952 Bis(2-cyanoethyl) sulfide C H,N.S 11-97-7 140.206 6315 1.504720 
953 Bis(m-cyclopentadienyl)titanium Са от 271-19-8 248.959 red cry 289 25810 1.60 5160, bz; s chl, 
chloride EtOH, tol 
954 Bis(m-cyclopentadienyl)zirconium و‎ ٤ 291-32-3 292.316 8005 
chloride 
955 1,2-Bis(dibromomethyl)benzene СаНеви 3209-15-29 421750 то 116.5 SI HO; vs chl; i 
lig 
956 Bis(2,4-dichlorobenzoyl) peroxide C4 و‎ ٢ 33-4-2 380.008 106 
957 1,3-Bis(dichloromethyl) С.Н,461,05і, 2943-70-6 300157 1499, 117 1.221320 1.4660? 
tetramethyldisiloxane 
958 Bis(2,4-dichlorophenyl)ether 2,2,4,4- Tetrachlorodiphenyl СНОО 28076-73-5 307.987 cry (eth) 7 
ether 
959 4,4’-Bis(diethylamino Michler's ethyl ketone C.H, №0 90-93-7 324459 If (al) 95.3 
benzophenone 
960 Bis(diethyldithiocarbamate)nickel C4 H9 МЕ 4267-17-5 355.232 20200? 
961 Bis(diethyldithiocarbamate)zinc C44 H9 N,S,Zn 4324-55-1 361.948 178065 
962 Bis(difluoromethyl) ether Difluoromethyl ether СНО 6091174 118.030 со! gas 2 1.4320 
963 Bis(2-dimethylaminoethyl) ether — 2,2-Охуб ГМ N- Са МО 3033-62-3 160257 liq 8015 
dimethylethanamine] 
964 Bis[4-(dimethylamino)phenyl] Michler's Base ТАЛАЙ 01-61-1 254.370 plortab (а, 91.5 dec 390; 1833 i H50; 51 EtOH; 
methane lig) vs eth, bz; s 
acid 
965 Bis[4-(dimethylamino)phenyl] 4,4-Bis(dimethylamino) Саро 226-46-6 284419 р 204 i H50, EtOH, lig; 
methanethione thiobenzophenone sl eth; s bz, 
Chl, НОАс 
966 Bis(4-dimethylaminophenyl) 4,4’-Bis(dimethylamino) СО 19-58-4 270.369 102.0 i H,O; vs EtOH; 
methano benzhydrol S eth, bz, 
HOAc 
967 1,3-Bis(dimethylamino)-2- С-Н,,М,0 5966-51-8 0 1815 087880 1.44182 vs H,0 
propano 
968 4,4’-Bis(dimethylamino) Са 129-73- 330.465 nd or If (al, 102 vs bz, eth 
triphenylmethane bz) 
969 Bis(dimethyldithiocarbamate) C.H; CuN,S, 137-29-1 303.978 206001 
copper 
970 Bis(dimethyldithiocarbamate) Сен, №9, 15521-65-0 299.125 2080.002 
nickel 
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N,N-Bis(2-chloroethyl)--nitrosourea 
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Bis(2-chloroethyl) ether Bis(2-chloroethyl)methylamine hydrochloride 


O O 
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EN 


CLA, ACI 


Bis(2-chloroethyl) sulfide 1,2-Bis(2-chloroethylsulfonyl)ethane 


СІ 

СІ СІ сі 

СІ / 

а а с ТО а а го 
1,2-Bis(chloromethyl)benzene 1,3-Bis(chloromethyl)benzene 1,4-Bis(chloromethyl)benzene Bis(chloromethyl) ether 3,3-Bis(chloromethyl)oxetane 

СІ 
СІ ОН 5 / V CI V / О = = = 
СІ 1 СІ о СІ СІ 5 СІ 
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2,2-Bis(chloromethyl)-1,3-propanediol 


ов фы 


Bis(4-chlorophenyl)ethanedione 


1,3-Bis(chloromethyl)tetramethyldisiloxane 


i О 


ыг 1-Bis(4-chlorophenyl)ethanol 


/ ۱ 


| 
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Bis(4-chlorophenyl) sulfone N,N-Bis(4-chlorophenyl)thiourea 


ملا 
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Bis(n-cyclopentadienyl)titanium chloride 
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Bis(2-cyanoethyl) ether 


N 
Bis(2-cyanoethyl) sulfide 


Bis(4-chlorophenoxy)methane 


1,2-Bis(2-chlorophenyl)-hydrazine 


CI | | а 


1,1-Bis(4-chlorophenyl)-2,2,2-trichloroethanol 


Bis(4-chlorophenyl) disulfide 


ATU, 


27 (4-chlorophenyl)methane 


N-N 


CLC, OH 


Cl. Ох м 
Bis(3-chloropropyl) ether 
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Bis(n-cyclopentadienyl)zirconium chloride 1,2-Bis(dibromomethyl)benzene 
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Bis(2,4-dichlorobenzoyl) peroxide 
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— (€ )nickel 


1,3-Bis(dichloromethyl)tetramethyldisiloxane 
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Bis(diethyldithiocarbamate)zinc 
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Bis[4-(dimethylamino)phenyl]methane Bis[4-(dimethylamino)phenyl]methanethione 


Ch хаёс 
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4,4"-Bis(dimethylamino)triphenylmethane 


Bis(2,4-dichlorophenyl)ether 


Bis(4-dimethylaminophenyl)methanol 


Bis(dimethyldithiocarbamate)copper 


4,4’-Bis(diethylamino)benzophenone 


AS dd | | 
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Bis(difluoromethyl) ether Bis(2-dimethylaminoethyl) ether 


1,3-Bis(dimethylamino)-2-propanol 


N S. „8 / 
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Bis(dimethyldithiocarbamate)nickel 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
971 25-Bis(1,1-dimethylpropyl)-1,4- — 2,5-Di-tert-pentylhydroquinone 0,4,0; 79-74-3 250.376 180 
benzenediol 
972 2,4-Bis(1,1-dimethylpropyl) Ci H, 0 120-95-6 234.376 26.0 1692 
рћепо! 
973 1,2-Bis(diphenylphosphino)ethane Diphos C sH;,P; 1663-45-2 398.417 143.5 
974 1,3-Bis(2,3-epoxypropoxy) Diglycidyl resorcinol ether C.H, 0, 101-90-6 222.237 425 14704 1.21839 1.540820 
benzene 
975 Bis(2-ethoxyethyl) phthalate С.6Н05 605-54-9 310.342 34 345 1.1229?! 
976 Bis(ethoxymethyl) ether C.H, „05 5648-29-3 134.173 140.6 
977 N,N-Bis(4-ethoxyphenyl) Phenacaine hydrochloride C4 На СМО 620-99-5 334841 cry (841) 191 vs Н,0, EtOH, 
ethanimidamide chl 
monohydrochloride 
978 Bis(ethylenediamine)copper Cupriethylenediamine dichloride C,H,,Cl,CuN, 15243-01-3 254.649 dk bl cry s EtOH 
dichloride 
979 Bis(2-ethylhexyl) adipate Со ٢ 103-23-1 370.566 -67.8 2145 0.92225 44742 vs ace, eth, 
EtOH 
980 Bis(2-ethylhexyl)amine C4 HN 106-20-7 241.456 161?! 
981 Bis(2-ethylhexyl) azelate Co На, 103-24-2 412.647 -18 2375 0.91525 4465 iH; $ EtOH, 
ace, bz; sl ctc 
982 Bis(2-ethylhexyl) ether 2,2"-Diethyldihexyl ether C, Ha 10143-60-9 242.440 269; 14413 .4325? sl ctc 
983 Bis(2-ethylhexyl) phosphate СОР 298-07-7 322.420  visc liq 1550015 0.97525 SI H5O; s bz, hx 
984 Bis(2-ethylhexyl) phosphonate Bis(2-ethylhexyl) phosphite С ОР 3658-48-8 306421 liq 150! 0.93% 44202 
985 Bis(2-ethylhexyl) C4 Ha, 0; PS, 5810-88-8 354.552 су S bz, hp, chl 
phosphorodithioate 
986 Bis(2-ethylhexyl) phthalate Di-sec-octy! phthalate СА 117-81-7 390.557 liq -55 384 0.9815 40532 81 ctc 
987 Bis(2-ethylhexyl) sebacate Cos H0, 122-62-3 426.673 -48 2565 0.9125 4515 vs асе, bz, EtOH 
988 Bis(2-ethylhexyl) sodium Docusate sodium C:Hs;Na0;S 577-11-7 444.559 маху solid s peth, ctc, eth, 
sulfosuccinate ace 
989 Bis(2-ethylhexyl) terephthalate [OA 6422-86-2 390.557 383 
990 2,2-Bis(ethylsulfonyl)butane Sulfonethylmethane Сан 0.52 76-20-0 242.357 рі (w) 76 dec 1.19985 s chl 
991 Bis[4-(hexyloxy)phenyl]diazene, C, H,N,0, 2587-42-0 398.538 s chl 
1-oxide 
992 N,N-Bis(2-hydroxybenzylidene)- ^ Disalicylidene-1,2- C, H, О; 94-93-9 268.310 125.5 sl EtOH, eth; s 
1,2-ethylenediamine ethanediamine bz, chl 
993 Bis(2-hydroxy-3-tert-butyl-5- (541550, 119-47-1 340.499 nd (рећ) 131 
methylphenyl)methane 
994 Bis(2-hydroxy-5-chlorophenyl) Fenticlor С.2Н8С105 97-24-5 287.162 174 ІН,0; $ EtOH, 
sulfide eth, gl НОАс 
995 2-[Bis(2-hydroxyethyl)amino] Triethanolamine hydrochloride ^ C.H; CIN0; 637-39-8 85.649 сту (al) 179.5 vs 0 
ethanol hydrochloride 
996 N,N-Bis(2-hydroxyethy Butylbis(2-hydroxyethyl)amine — C;H,4NO; 02-79-4 61.243 275; 8035 0.9601? 1.4625? s chl 
butylamine 
997 Bis(2-hydroxyethyl) disulfide C4H40;5; 892-29-1 54.251 26 16095 
998 N,N-Bis(2-hydroxyethy C, МО, 20-40-1 287.438  waxysolid 387 
dodecanamide 
999 N,N-Bis(2-hydroxyethy N-Ethyldiethanolamine C H, МО; 39-87-7 33.189 ye liq -50 247 1.0135? 1.466322  vsH,O, EtOH; sl 
ethylamine eth 
000 V, N-Bis(2-hydroxyethyl) C H, N,0; 4439-20-7 48.203 975 136! $ Н,0 
ethylenediamine 
001 A,N-Bis(2-hydroxyethyl)glycine ^ Bicine СМО, 50-25-4 63.172 па (al) 194 dec vs Н,0: i EtOH 
002 Bis(2-hydroxyethyl)methylamine ^ Methyldiethanolamine СМО; 05-59-9 19.163 Па -21 247 1.0435 146852 vs H,0 
003 N,N-Bis(2-hydroxyethyl)-3- Diethanol-m-toluidine C,,H,,NO, 91-99-6 95.259 64.5 160! sl chl 
methylaniline 
004 N,N-Bis(2-hydroxyethyl)-1,3- 3-(Aminopropyl)diethanolamine | С,Н,,М,0, 4985-85-7 62.230 1601 
ргорапейїатїпе 
005 Bis(2-hydroxyethyl) sulfide 2,2--Thiodiethanol C4H,,0,S 11-48-8 22.186 Па -10.2 282 1.179325 1.521122 msc H,0, EtOH, 
chl, AcOEt; s 
eth; sl bz 
006 Bis(2-hydroxyethyl) terephthalate  Bis(2-hydroxyethyl) 1,4- CH, 0, 959-26-2 254235 сау (w) 109.5 
benzenedicarboxylate 
007 1,2-Bis(2-hydroxyethylthio)ethane 4,0,5; 5244-34-8 182.304 64.8 17005 8,0, EtOH, bz, 
peth 
008 Bis(2-hydroxy-4-methoxyphenyl) — 2,2’-Dihydroxy-4,4’- Ci H, 0; 131-54-4 274.269 139.5 
methanone dimethoxybenzophenone 
009 1,3-Bis(hydroxymethyl)-2- 1,3-Dimethylolethyleneurea СНО 136-84-5 146.144 cry (MeOH) 101 
imidazolidone 
010 2,2-Bis(4-hydroxy-3- Bisphenol C Со 79-97-0 256.340 па (хуђ 140 
methylphenyl)propane 
011 2,2-Bis(hydroxymethyl)-1,3- Pentaerythritol tetraacrylate Ба ок 4986-89-4 352.336 17.3 1.1855 
propanediol, tetra(2-propenoyl) 
ester 
012 2,2-Bis(hydroxymethyl)-1,3- Pentaerythritol triacrylate Бан); 3524-68-3 298.289 1.18020 


propanediol, tri(2-propenoyl) 
ester 
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2,5-Bis(1,1-dimethylpropyl)-1,4-benzenediol 2,4-Bis(1,1-dimethylpropyl)phenol ^ 1,2-Bis(diphenylphosphino)ethane — 1,3-Bis(2,3-epoxypropoxy)benzene Bis(2-ethoxyethyl) phthalate D Doer ee 
Bis(ethoxymethyl) ether 
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N,N-Bis(4-ethoxyphenyl)ethanimidamide monohydrochloride — Bis(ethylenediamine)copper dichloride e 2-ethylhexyl) adipate Bis(2-ethylhexyl)amine 
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oe SN 2 717177 20 нек a 
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Bis(2-ethylhexyl) azelate Bis(2-ethylhexyl) ether Bis(2-ethylhexyl) phosphate Bis(2-ethylhexyl) phosphonate — Bis(2-ethylhexyl) phosphorodithioate Bis(2- pem phthalate 
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Bis(2-ethylhexyl) sebacate Bis(2-ethylhexyl) sodium sulfosuccinate Bis(2-ethylhexyl) terephthalate 
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2.2-Bis(ethylsulfonyl)butane Bis[4-(hexyloxy)phenyl]diazene, 1-oxide N,N-Bis(2-hydroxybenzylidene)-1,2-ethylenediamine ^ Bis(2-hydroxy-3-fert-butyl-5-methylphenyl)methane Bis(2- maed 54 ШЫНЫ ) sulfide 
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2-[Bis(2-hydroxyethyl)amino]ethanol hydrochloride ^ N,N-Bis(2-hydroxyethyl)butylamine Bis(2-hydroxyethyl) disulfide N,N-Bis(2-hydroxyethy!)dodecanamide N,N-Bis(2-hydroxyethyl)ethylamine 
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N,N-Bis(2-hydroxyethyl)ethylenediamine N,N-Bis(2-hydroxyethyl)glycine Bis(2-hydroxyethyl)methylamine N,N-Bis(2-hydroxyethyl)-3-methylaniline N,N-Bis(2-hydroxyethyl)-1,3-propanediamine 
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Bis(2-hydroxyethyl) sulfide Bis(2-hydroxyethyl) terephthalate 1,2-Bis(2-hydroxyethylthio)ethane Bis(2- be 4-methoxyphenyl) dn 
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1,3-Bis(hydroxymethyl)-2-imidazolidone 2,2-Bis(4-hydroxy-3-methylphenyl)propane 2,2-Bis(hydroxymethyl)-1,3-propanediol, tetra(2-propenoyl) ester — 2,2-Bis(hydroxymethyl)-1,3-propanediol, tri(2-propenoyl) ester 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
013 2,2-Bis(4-hydroxyphenyl)butane ^ Bisphenol В СН 0; 77-40-7 242.313 120.5 vs асе, MeOH 
014 Bis(4-hydroxyphenyl)methane Bisphenol AD 8 و‎ ٧٢ 620-92-8 200.233 162.5 sub S EtOH, eth, chl, 

alk; 51 DMSO; 
i CS; 

015 2,2-Bis(4-hydroxyphenyl)propane Bisphenol A C4 5Нив 0» 80-05-7 228.287 cry or fl 153 220^, 2223 i H,0; vs EtOH, 
eth, bz, alk; 5 
HOAc 

016 2,2-Bis(4-hydroxyphenyl)propane Bisphenol А dimethacrylate (551540: 3253-39-2 364.435 73 

dimethacrylate 
017 Bis(4-hydroxyphenyl) sulfone Bisphenol 5 C, H, 0,5 80-09-1 250.270 па (w), orth 2405 1.366315 1620; s EtOH, 
bipym eth; sl bz, 
DMSO 

018 Bis(2-mercaptoethyl) sulfide 2,2--Dimercaptodiethyl sulfide ^ С.Ноз 3570-55-6 154.317 -1 13518 1.183% 1.598220 

019 Bis(2-methallyl) carbonate СО, 64057-79-0 170.205 201.3 663 0.943% 1.437120 

020 Bis(2-methoxyethyl)amine 2-Methoxy-N-(2-methoxyethyl) | СН, NO; 11-95-5 133.189 S cic 

ethanamine 

021 Bis(4-methoxyphenyl)diazene, 1- C, Hu N,0, 562-94-3 258.272 уе па (al) 14711" S EtOH, ace, bz; 

oxide sl chl 

022 Bis(4-methoxyphenyl)ethanedione С 1,0, 226-42-2 270.280 133 sl EtOH, chl 

023 1,4-Bis(methylamino)-9,10- Ci H, №0, 2475-44-7 266294 sl chl 

anthracenedione 

024 1,3-Bis(1-methylethenyl)benzene — 1,3-Diisopropenylbenzene Ci H; 3748-13-8 158.239 liq 231 0.925 1.557020 

025 Bis(4-methylphenyl) disulfide Di-p-Tolyl disulfide С.Н; 03-19-5 246.391 nd or lf (al) 475 21220 1.11451 i H,0; s EtOH, 
ace; vs eth 

026 Bis(4-methylphenyl) ether p-Tolyl ether СНО 579-40-4 198.260 51 285 vs bz, eth, EtOH 

027 Bis(1-methyl-1-phenylethyl) Dicumyl peroxide C H,0; 80-43-3 270.367 cry (EtOH) 40 10092 

peroxide 

028 Bis(4-methylphenyl)mercury Di-p-tolylmercury C HuHg 537-64-4 382.85 245.7 

029 1,4-Bis(4-methyl-5-phenyloxazol- 2,2'-p-Phenylenebis(4-methyl- ^ C4 H,N,0; 3073-87-8 392.449 232 sl chl 

2-yl)benzene 5-phenyloxazole) 
030 Bis(4-methylphenyl) sulfide Di-p-tolyl sulfide Са 620-94-0 214.326 nd (al) 573 >300; 17516 ІН,0; s EtOH, 
ace, bz, HOAc; 
sl chl 
031 Bis(4-methylphenyl) sulfone Di-p-tolyl sulfone C, H40,S 599-66-6 246.325  pr(bz), 159 406 sl H0, eth; s 
nd(w,al) EtOH, bz, chl, 
CS, 
032 N,N-Bis(2-methylphenyl)thiourea Cis Hi N.S 37-97-3 256.366 па (al, sub) vs bz, EtOH, chl 
033 1,3-Bis(1-methyl-4-piperidyl) C, 5Нз М 64168-11-2 238.412 13.7 21550 0.896225 1.480425 
ргорапе 

034 Bis(methylthio)methane C. HS; 618-26-4 108.226 148 

035 1,2-Bis(W-morpholino)ethane Сао МО; 723-94-0 200278  wh-ye 75 285; 1602 vs НО, ace, bz, 
(eth, lig) EtOH 

036 Bismuth acetate C HoBi0, 22306-37-2 386411 col tablets 0 1Н,0 

037 Bismuth subsalicylate НВО, 4882-18-9 362.093 рг 1,0, EtOH; 
reac alk 

038 Bis(2-nitrophenyl) disulfide СНО, 155-00-6 308.333 198.5 i H0, eth; sl 
EtOH, ace, bz, 
HOAc 

039 Bis(3-nitrophenyl) disulfide Nitrophenide Со H N,0,S; 537-91-7 308.333 84 sl EtOH, chl; s 
eth 

040 Bis(4-nitrophenyl) disulfide Со а МО, 5; 00-32-3 308.333 82 25591 51 EtOH, НОАс 

041 1,2-Bis(4-nitrophenyl)ethane 4,4'-Dinitrobibenzyl САО, 736-30-1 272.256  yend(albz) 181.8 i НОН; sl eth, 
bz, chl, НОАс 

042 N,N-Bis(4-nitrophenyl)urea 4,4'-Dinitrocarbanilide СізН (М0; 587-90-6 302.242 312 дес 

043 Bis(2,4-pentanedionato)cobalt Cobalt(Il) bis(acetylacetonate) ^ С,,Н,,С00, 4024-48-7 257.149  bl-viol cry 67 

044 Bis(1-phenylethyl)amine бай 0024-74-5 225.329 296.5 1.0185 1.573 

045 1,2-Bis(2,4,6-tribromophenoxy) C, НВО, 37853-59-1 687.637 па (bz/EtOH) 222 

ethane 

046 N,N-Bis(2,2,2-trichloro-1- С.Н,С1,М,0, 16-52-9 354.831 96 vs ace, EtOH 

hydroxyethyl)urea 

047 1,4-Bis(trichloromethyl)benzene С.н, 68-36-0 312.836 cry (bz, eth) 109 s chl 

048 Bis(trichloromethyl) carbonate Triphosgene C.CI,0, 32315-10-9 296.748 cry (eth, 79 203 1.6290% 

peth) 

049 Bis(tridecyl) thiodipropanoate Ditridecyl thiodipropionate ӘЛЕ 10595-72-9 542.897 265025 vs EtOH 

050 3,5-Bis(trifluoromethyl)aniline CIH; N 328-74-5 229.123 855; 76" 14875 1.433520 

051 1,3-Bis(trifluoromethyl)benzene Сан, 402-31-3 214.108 116 137905 1.39165 0 

052 1,4-Bis(trifluoromethyl)benzene КЛУ 433-19-2 214108 liq 115 

053 Bis(trifluoromethyl) disulfide CF S; 372-64-5 202.141 346 vs EtOH, peth 

054 1,2-Bis(trimethylsilyl)acetylene C H, Si; 14630-40-1 170.400 26 134 0.7709 1.41320 

055 Bis(2,4,6-trinitrophenyl) sulfide ^ Dipicryl sulfide C4;HjN404,S 2217-06-3 456.258 уе cry 230 exp 

056 Bis[2-(vinyloxy)ethyl] ether Diethylene glycol divinyl ether С,Н,0, 764-99-8 158.195 817) 

057 Bithiono С,2НС1,0,5 97-18-7 356.052 188 1.7325 vs ace 
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2,2-Bis(4-hydroxyphenyl)butane Bis(4-hydroxyphenyl)methane 2,2-Bis(4-hydroxyphenyl)propane 2,2-Bis(4-hydroxyphenyl)propane dimethacrylate 
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Bis(4-hydroxyphenyl) sulfone Bis(2-mercaptoethyl) sulfide Bis(2-methallyl) carbonate Bis(2-methoxyethyl)amine Bis(4-methoxyphenyl)diazene, 1-oxide — Bis(4-methoxyphenyl)ethanedione 
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1,4-Bis(methylamino)-9,10- к 1,3-Bis(1-methylethenyl)benzene Bis(4-methylphenyl) disulfide Bis(4-methylphenyl) ether Bis(1-methyl-1-phenylethyl)peroxide 
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Bis(4- OR mercury 1,4-Bis(4-methyl-5-phenyloxazol-2-yl)benzene Bis(4- д Bis(4-me Ro ) sulfone N,N-Bis(2- moe )thiourea 


(79 о 9 0 0 N=O 0 
Ві о- 
о буйг caer دا د‎ 
Bi S 
AS о “So 07 СОН 
1,3-Bis(1-methyl-4-piperidyl)propane Bis(methylthio)methane 1,2-Bis(N-morpholino)ethane Bismuth acetate Bismuth subsalicylate Bis(2-nitrophenyl) disulfide 
O-N N H 
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Bis(3-nitrophenyl) disulfide Bis(4-nitrophenyl) disulfide 1,2-Bis(4-nitrophenyl)ethane N,N-Bis(4-nitrophenyl)urea 
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Bis(2,4-pentanedionato)cobalt Bis(1-phenylethylJamine 1,2-Bis(2,4,6-tribromophenoxy)ethane N,N-Bis(2,2,2-trichloro-1-| Xd hylurea — 1,4-Bis(trichloromethyl)benzene 
Е 
О Е 
F 
F 
0 NH) 
5 
сы! 2 Тао S 8 F 
ci 56 О СІ о 5 Е Е А Е y F F F 
Bis(trichloromethyl) carbonate Bis(tridecyl) thiodipropanoate 3,5-Bis(trifluoromethylJaniline ^ .1,3-Bis(trifluoromethyl)benzene — 1,4-Bis(trifluoromethyl)benzene 
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кеВ hyl) disulfide 1,2-Bis(trimethylsilyl)acetylene Bis(2,4,6-trinitrophenyl) sulfide Bis[2-(vinyloxy)ethyl] ether Bithionol 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
058 2,2’-Bithiophene (511695 492-97-7 166.264 33 260 i H30; vs EtOH; 
S eth, ctc, 
HOAc 
059 Bixin (5550, 6983-79-5 394.504 viol pr (асе) 198 i HO; s EtOH, 
ace; sl eth, bz, 
HOAc 
060 Boldenone Dehydrotestosterone C H, 0, 846-48-0 286.408 165 
061 Boldine C,H, МО, 476-70-0 327.375 сгу (eth) 163 vs EtOH, chl 
062 Bomyl CIH, ОР 122-10-1 282184 ye oil 1607 sl H,0; vs ace, 
НОН, ху! 
063 Borane carbonyl CH4BO 13205-44-2 41.845 col gas -137 -64 dec H,0 
064 Borneol, (+) لی‎ 6627-72-1 54.249 If (lig) 208 sub 1.0112 i H30; vs EtOH, 
eth, bz 
065 +Bornyl acetate С.Н 5655-61-8 196.286 27 223.5 0.982% 1.4626? 51 H,0; $ EtOH, 
ећ 
066 Bornylamine CIH, N 32511-34-5 153.265 163 vs асе, bz, eth, 
EtOH 
067 Bornyl chloride 2-Chloro-1,7,7- Санио! 464-41-5 72.695 nd 132 207.5 vs bz, eth, EtOH, 
trimethylbicyclo[2.2.1]heptane, peth 
endo 
068 Bornyl 3-methylbutanoate, (14) — a-Bornyl isovalerate Cis Ha 0; 53022-14-3 238.366 251.5 0.9555 vs eth, EtOH 
069 Boron trifluoride - dimethyl ether CH BF,0 353-42-4 13.874 -14 дес 127 1.241020 1.30220 
complex 
070 Boron trifluoride etherate C Hi BF;O 109-63-7 41.927 liq -60.4 125.5 11255 1.3482  decH;0;vseth, 
EtOH 
071 Brilliant Green Cj;H44N,0,8 633-03-4 482.635 small gold vs H0, EtOH 
Cry 
072 Brilliant Yellow C. H,N,Na,0,S, 3051-11-4 626569 уе cry (w) $ Н,0, EtOH; sl 
ace 
073 Brodifacoum С, НВгО, 56073-10-0 523.417 ой-мһ pow 230 ІН,0; sl EtOH, 
bz; s ace, chl 
074 Bromacil 5-Bromo-3- sec-butyl-6- CoH, BrN,0; 314-40-9 261.115 158 1.55% 
methyluracil 
075 Bromadiolone СзоНзВгО, 28772-56-7 527.406 ye-wh pow 205 vs ОМЕ; sl ace, 
chl, EtOH, eth; 
i hx 
076 Bromal hydrate С,Н.Вг,0, 507-42-6 298756 mcl pr (w+1) 53.5 dec 2.5661 vs eth, EtOH 
077 Bromdian Tetrabromobisphenol А СНүВг,0› 79-94-7 543.871 179 S EtOH, eth, bz, 
chl 
078 N-Bromoacetamide C;H,BrNO 79-15-2 137.963 nd(chl-hx) 1035 vs eth 
079 Bromoacetic acid C,H,Br0, 79-08-3 138.948 hex or orth 50 208 1.933599 148040 msc H,0, EtOH, 
cry eth; s ace, bz; 
sl chl 
080 Bromoacetone C.H;BrO 598-31-2 136.975 liq -36.5 138; 31.58 1.6343 1.46975 $ H;0; s EtOH, 
eth, ace 
081 o-Bromoacetophenone «-Bromoacetophenone С,Н,Вг0 10-11-1 199.045 па (al) orth 50.5 135% 1.647% i ЊО; $ EtOH, 
pr (al) peth; vs eth, 
pl(peth) bz, chl 
082 4-(Bromoacetyl)biphenyl 2-Bromo-4- C,4H,,Br0 135-73-9 275140 па (95% al) 127 
phenylacetophenone 
083 Bromoacetyl bromide С›Н;Вг;0 598-21-0 201.844 148.5 2.312% 1.544920 sace, ctc 
084 Bromoacetylene C;HBr 593-61-3 104.933 col gas 47 vs eth 
085 5-(2-Bromoallyl)-5- sec- Butallylonal СНВ 03 1142-70-7 2 131.5 vs eth, EtOH 
butylbarbituric acid 
086 5-(2-Bromoallyl)-5- Propallylonal Са ВО 545-93-7 289.125 cry (dil 181 51 Њ0, eth, bz; 
isopropylbarbituric acid НОАс, dil vs НОН, ace, 
al) HOAc 
087 2-Bromoaniline اا‎ 615-36-1 72.023 32 229 1.57820 611320 i H,0; s EtOH, 
eth 
088 3-Bromoaniline اا‎ 591-19-5 72.023 18.5 251 1.579320 1.6260? <ІН,0; s EtOH, 
eth 
089 4-Bromoaniline اا‎ 106-40-1 72.023 опћбрут 4 dec 1.497010 i H,0; $ EtOH, 
nd (6096 al) eth; sl ch 
090 2-Bromoanisole C;H;BrO 578-57-4 87.034 13 216 1.50182 1.5727?  iH,0; vs EtOH, 
eth 
091 3-Bromoanisole C;H;BrO 2398-37-02: 187.034 211; 10576 56359  iH,0; s EtOH, 
eth, bz, CS; 
092 4-Bromoanisole C;H;BrO 104-92-7 87.034 13.5 215 1.4564? 1.564222 51,0; vs ОН, 
eth, chl; s ctc 
093 2-Bromobenzaldehyde C;HSBrO 6630-33-7 185.018 215 230 5925? i H;0; vs EtOH, 
7, S| сіс 
094 3-Bromobenzaldehyde C;H;Br0 3132-99-8 85.018 234 .5935?  iH,0; vs EtOH, 
eth; sl ctc 
095 4-Bromobenzaldehyde C;H;BrO 1122-91-4 85.018 If (dil al) 58 67 i H5O; vs EtOH, 


bz; sl chl 
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2-Вготоап пе 3-Вготоап пе 4-Вготоап пе 2-Bromoanisole 3-Bromoanisole 4-Bromoanisole 2-Bromobenzaldehyde 3-Bromobenzaldehyde 4-Bromobenzaldehyde 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
096 Bromobenzene Phenyl bromide ЫЫ 108-86-1 57.008 liq -30.72 156.06 14950? 1.55972  iH;0; vs EtOH, 
eth, bz; s ctc 
097 4-Bromobenzeneacetic acid CHBrO, 1878-68-8 215.045 па (w) 116 sub SI H;O; vs EtOH, 
eth, CS, 
098 4-Bromobenzeneacetonitrile CIH BIN 16532-79-9 196.045 pa ye cry (al) 48.0 vs bz, EtOH 
099 о-Вготобепгепеасејоп те о-Вготоһелгуі cyanide C H BIN 5798-79-8 96.045 ye cry (dil al) 29 dec 242; 13312 1.53929 i H,O; vs EtOH, 
eth, ace, bz, 
ch 
100 2-Bromo-1,4-benzenediol C رلا انام‎ 583-69-7 89.007 If (lig), cry 5 sub vs Н,0, EtOH, 
(chl) eth, bz; sl chl, 
ig; s HOAc 
101 4-Bromobenzenesulfonyl chloride — p-Brosyl chloride C H,BrCI0,S 98-58-8 255.517 Iclormclpl 76 15355 ГНО; vs eth; 8 
(eth ch 
102 4-Bromobenzenethiol C H;BrS 106-53-6 189.073 If (al) 13 230.5 1.52608 51Н,0, EtOH; vs 
eth, ctc, chl 
103 2-Bromobenzoic acid C;H;BrO; 88-65-3 201.018 mcl pr (w), 150 sub 1.9295 $1 Н,0, DMSO; 
nd S EtOH, eth, 
ace, chl 
104 3-Bromobenzoic acid C;HsBrO; 585-76-2 201.018 те! па (dil 155 >280 1.84520 i H50; $ EtOH, 
al) eth 
105 4-Bromobenzoic acid C;H,Br0, 586-76-5 201.018 па (eth), If 5 1.89420 51 Н,0, DMSO; 
(w), mcl pr S НОН, eth 
106 2-Bromobenzonitrile C;H,Br 2042-37-7 182.018 па (м) 55.5 252 S Н;0; vs EtOH; 
sl chl 
107 3-Bromobenzonitrile C;H,Br 6952-59-6 8 39.5 225 vs EtOH, eth; sl 
chl 
108 4-Bromobenzonitrile СНВ 623-00-7 182.018 па (w, al) 114 236 S Н,0, EtOH, 
eth, chl 
109 6-Bromobenzo[a]pyrene CoH, ;Br 21248-00-0 331205 cry (ace/ 223 
Me0H) 
110 2-Bromobenzoyl chloride C;H,BrCIO 7154-66-7 219463 nd 11 243 1.5963? sl ctc 
111 4-Bromobenzoyl chloride C;H,BrCIO 586-75-4 219.463 nd (peth) 42 246; 181125 vs EtOH, eth, bz, 
ig 
112 2-Bromobiphenyl و‎ 2052-07-5 233103 0.8 297 1.217528 1.6248? vs eth, EtOH 
113 3-Bromobiphenyl و‎ 2113-57-7 233.103 300; 17177 164112? 0 
114 4-Bromobiphenyl C HSBr 92-66-0 233.103 pl (al) 91.5 310 0.93272 i НО; $ EtOH, 
eth, bz, HOAc; 
sl chl 
115 1-Bromo-2-(bromomethyl) CHBr, 3433-80-5 249.931 cry (al, lig) 31 129% vs eth, НОН 
benzene HOAc 
116 1-Bromo-3-(bromomethyl) CHBr; 823-78-9 249.931 nd or If 42 122? s chl 
benzene 
117 1-Bromo-4-(bromomethyl) p-Bromobenzyl bromide C;HBr, 589-15-1 249.931 nd (al) 63 SI Њ0; s EtOH, 
benzene bz, chl; vs eth, 
CS, 
118 2-Bromo-2-(bromomethyl) 1,2-Dibromo-2,4-dicyanobutane C,H,Br,N, 35691-65-7 265.933 52 i Н;0; vs ace, 
pentanedinitrile bz, DMF 
119 2-Bromo-1-(4-bromophenyl) р-Вготорїїепасу! bromide CIH Br,0 99-73-0 277.941 nd (al) 111 1620; s EtOH, 
ethanone eth, chl 
120 2-Bromo-1,3-butadiene C H;Br 1822-86-2 132.987 42165 1.39720 49882 vs eth, EtOH 
121 1-Bromobutane Buty! bromide СаН,Вг 109-65-9 37.018 liq -112.6 101.6 1.2758? 14401? | H,0; msc 
EtOH, eth, ace; 
sl ctc; s chl 
122 2-Bromobutane, (+) (+)-sec-Buty! bromide ЛУ! 5787-31-5 37.018 Па -112.65 913 1.2585? 1.4366? vs ace, eth, chl 
123 Bromobutanedioic acid, (+) Bromosuccinic acid C,H;BrO, 584-98-5 96.985 161 2.0735 $ Н,0, EtOH; 51 
HOAc 
124 4-Bromobutanenitrile CHBrN 5332-06-9 148.002 206 1.496722 14818? $ EtOH, eth, chl 
125 2-Bromobutanoic acid, (+) DL-o--Bromobutyric acid C,H,Br0, 2385-70-8 67.002 -2.0 dec 217; 127% 1.564120 S HO, EtOH, eth 
126 4-Bromobutanoic acid C,H,Br0, 2623-87-2 67.002 33 142%, 1257 
127 3-Bromo-2-butanone C,H;BrO 814-75-5 51.002 36" 
128 cis-1-Bromo-1-butene C,H;Br 31849-78-2 135.003 86.1 1.32655 1.4536? i 6 
bz, chl; sl ctc 
129 trans-1-Bromo-1-butene C,H;Br 32620-08-9 135.003 iq -100.3 947 1.32095 1.4527? i H,0; seth, асе, 
bz, chl; sl ctc 
130 2-Bromo-1-butene C,H;Br 23074-36-4 135.003 liq -133.4 88 132095 1.4527? i H,0; seth, ace, 
bz, chl; sl ctc 
131 4-Bromo-1-butene C,H;Br 5162-44-7 135.003 98.5 1.3230? 1.462220  s| H,0; vs bz, 
eth, EtOH 
132 1-Bromo-2-butene C,H;Br 4784-77-4 135.003 104.5 1.33715 14822? |Н,0; $ EtOH, 
eth, ctc; vs chl, 
bz 
133 cis-2-Bromo-2-butene C,H;Br 3017-68-3 135.003 liq -1115 93.9 134165 14631? ІН,0; $ EtOH, 
eth, ctc; vs chl, 
bz 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

134 trans-2-Bromo-2-butene C,H;Br 3017-71-8 135.003 liq -114.6 85.6 1.33235 1.460218 ІН,0; $ EtOH, 
eth, ctc; vs chl, 
bz 

135 (4-Bromobutoxy)benzene Cig, ,Br0 200-03-9 229113 cry (al) 4 154% sl EtOH, cic 

136 1-Bromo-4-fert-butylbenzene CH, Br 3972-65-4 213.114 19 231.5 122860 1.5436? ІН,0;5 eth, bz, 
chl 

137 2-Bromo-3-chloroacetophenone  3-Chlorophenacyl bromide С.Н,ВгС10 41011-01-2 233.490 па 40 397.5 vs EtOH 

138 1-Bromo-2-chlorobenzene СІН 694-80-4 91453 0 -12.3 204 1.63872 1.5809? i H,0; vs bz; sl 
сіс 

139 1-Bromo-3-chlorobenzene اا‎ 08-37-2 91.453 liq -21.5 196 163020 1.577122 |Н,0; vs EtOH, 
eth 

140 1-Bromo-4-chlorobenzene C.H,BrC 06-39-8 91453 nd or pl (al, 68 196 1.576" 55310 | H,0; sl EtOH; 

eth) S eth, bz, ctc, 
chl 

141 1-Bromo-4-chlorobutane C H,BrC 6940-78-9 71.464 175; 6310 1.48920 488520  iH,0; s EtOH, 
eth, chl; sl ctc 

142 Bromochlorodifluoromethane Halon 1211 CBICIF, 353-59-3 65.365 col gas -159.5 -3.7 

143 3-Bromo-1-chloro-5,5- C.H,BrCIN,O; 126-067 241471 162 

dimethylhydantoin 

144 1-Bromo-1-chloroethane C;H,BrC 593-96-4 43.410 83 1.66710 1.4660? 

145 1-Bromo-2-chloroethane ЕГІН 107-04-0 43.410 0 -16.7 107 1.739220 1.4908?  s| Н;О; s EtOH, 
eth, chl 

146 Bromochlorofluoromethane CHBrCIF 593-98-6 47.374 liq -115 36 1.97719 1.414425 зећ, ace, 
chl 

147 Bromochloromethane Halon 1011 CH,BrCl 74-97-5 29.384 liq -87.9 68.0 1.934420 1.483822 ІН,0; s EtOH, 
eth, ace, bz 

148 1-Bromo-4-(chloromethyl) p-Bromobenzyl chloride СНВ 589-17-3 205.480 па (al, peth) 50 236 i H,0; vs EtOH, 

benzene eth; s peth 

149 2-Bromo-1-(4-chlorophenyl) D-Chlorophenacyl bromide C H,BrCI0 536-38-9 233490 nd 96.5 

ethanone 

150 1-Bromo-2-chloropropane С-Н,ВгС 3017-96-7 57.437 118 1.53120 47452) vs ace, bz, eth, 
EtOH 

151 1-Bromo-3-chloropropane С-Н,ВгС 109-70-6 57437 19 -58.9 143.3 1.5969? 1.4864? i H,0; vs EtOH, 
eth, chl 

152 2-Bromo-1-chloropropane С-Н,8гС 3017-95-6 57.437 17 1.53720 4795? i H0; vs EtOH, 
eth; s ace, bz 

153 2-Bromo-2-chloropropane C.H BrC 2310-98-7 57.437 9 1.49520 44575? vs ace, bz, eth, 
EtOH 

154 1-Bromo-2-chloro-1,1,2- C;HBrCIF, 354-06-3 97.381 525 1.5745 13738? 

trifluoroethane 

155 2-Bromo-2-chloro-1,1,1- Halothane C;HBrICIF, 151-67-7 97.381 50.2; 2028 185635 1.3697? <ІН,0; s peth 

trifluoroethane 

156 Bromocresol Green Bromcresol Green CA و‎ ٢٢٣٢ 76-60-8 698.014 whorred 2185 SI HO; vs EtOH, 

(+7w) ye eth, ACOEt; s 
(HOAc) bz 

157 Bromocresol Purple Bromcresol Purple C و‎ Br,0:S 115-402 540.222 241.5 

158 Bromocycloheptane Cycloheptyl bromide ШЕ? 2404-35-5 77.082 01%, 7512 1.3080? 1.4996? i НО; vs eth, 
chl 

159 Bromocyclohexane Cyclohexyl bromide СеН Вг 108-85-0 63.055 liq -56.5 66.2 1.335920 14957? |Н,0; msc 
НОН, eth, ace, 
bz, lig, ctc 

160 trans-4-Bromocyclohexanol C; H, Br0 32388-22-0 179.054 pl (hx) 81.5 

161 2-Bromocyclohexanone ТУІ) 822-85-5 17.038 14%, 90^ 1.3405 50855 

162 3-Bromocyclohexene C H,Br 521-51-3 61.039 81%, 56" 1.3890? 1.5320? ІН,0; s eth, bz, 
chl 

163 Bromocyclopentane Cyclopentyl bromide C.HjBr 37-43-9 49.029 37.5 1.3873 1.4886? sl ctc 

164 1-Bromodecane C4 Ha,Br 12-29-8 221.178 liq -292 240.6 1.07022 1.455722 iH; vs eth, 
chl; s ctc 

165 2-Bromodecanoic acid С.Н. Br; 2623-95-2 251.161 2.0 402 1.191221 1459524 vs eth 

166 1-Bromo-3,5-dichlorobenzene ) وا۲0 وام‎ 9752-55-7 225.898  pr(al) 83 232 i H50; $ EtOH, 
eth, chl; vs bz 

167 4-Bromo-1,2-dichlorobenzene КЕЗДЕЙ 8282-59-2 225.898 рг 25 237 i H50; 51 EtOH; 
vs eth, bz, chl 

168 Bromodichlorofluoromethane Halon 1121 CBrCl,F 353-58-2 81.819 Па 52.8 1.95? 

169 Bromodichloromethane CHBrCl, 75-27-4 63.829 liq -57 90 1.98020 4964? i H0; vs ОН, 
eth, ace, bz; sl 
cte 

170 4-Bromo-2,5-dichlorophenol C,H,BrCl,0 1940-42-7 241.897 nd 15 

171 2-Bromo-1,1-diethoxyethane C H, Br0; 2032-35-1 97.070 170; 6618 1.28320 „43870 s EtOH, eth 

172 4-Bromo-N,N-diethylaniline C H, BIN 2052-06-4 228429 nd or pr 38 270 i НО; vs EtOH, 
eth 

173 Bromodifluoromethane CHBIF, 1511-62-2 30.920 -145 -14.6 1.55% $ H,0; vs НОН 

174 3-Bromo-4,5-dihydro-2(3H)- a-Bromo-y-butyrolactone C,H,Br0, 5061-21-2 64.986 1307 1.82 505920 


furanone 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
175 5-Bromo-N2- 5-Bromosalicylhydroxamic acid C7H,BrNO; 5798-94-7 232032 cry (al) 232 dec 
dihydroxybenzamide 
176 2-Bromo-1,4-dimethoxybenzene Сановго, 25245-34-5 217060 01 262; 13070 1.445 570020 
177 4-Bromo-1,2-dimethoxybenzene C H,Br0; 2859-78-1 217.060 254.5 1.70225 574320 
178 2-Bromo-1,1-dimethoxyethane C,H,BrO, 7252-83-7 69.017 149 1.43020 44509 د‎ ace, ch 
179 4-Bromo-N,N-dimethylaniline C,H,,BrN 586-77-6 200.076 55 264 1.322010 i H50; s EtOH; 
vs eth 
180 1-Bromo-2,4-dimethylbenzene الوا‎ 583-70-0 85.061 liq -17 205 1.9419? 1.5501? i H,0; vs EtOH, 
eth, ace 
181 1-Bromo-3,5-dimethylbenzene CHBr 556-96-7 85.061 204 1.36220 54622 — vs eth; s ace, bz 
182 2-Bromo-1,3-dimethylbenzene CH Br 576-22-7 85.061 203.5; 10020 55528 vs eth; s ace, bz 
183 2-Bromo-1,4-dimethylbenzene Сановг 553-94-6 85.061 If or pl 8 199, 8813 1.358218 155149 i H,0; vs EtOH; 
sbz 
184 4-Bromo-1,2-dimethylbenzene СаНовг 583-71-1 85.061 liq -0.2 214.5 1.3708? 1.5530?  iH,0; vs EtOH, 
eth 
185 trans-1-Bromo-3,7-dimethyl-2,6- — trans-Geranyl bromide د رن‎ 6138-90-5 217.146 10112, 47005 1.0940? 1.502720 
octadiene 
186 1-Bromo-2,2-dimethylpropane С.Н Вг 630-17-1 51.045 106 11997? 14370? ІН,0; s EtOH, 
eth, ace, bz; vs 
chl 
187 2-Bromo-4,6-dinitroaniline C; H,BrN4O, 1817-73-8 262.018 уе па (а ог 153.5 sub vs EtOH, ace; s 
НОАс) НОАс 
188 1-Bromo-2,4-dinitrobenzene C H,BrN,0, 584-48-5 247.003 уе па (а) 75 vs EtOH 
189 o-Bromodiphenylmethane C44H,4Br 776-74-9 247.130 45 18420, 1522 S EtOH, chl; vs 
bz 
190 1-Bromododecane Lauryl bromide С.2НВг 143-15-7 249231 liq -9.5 276 1.0399? 1.4583? ІН,0; $ EtOH, 
eth, ctc; msc 
ace 
191 2-Bromododecanoic acid C. H, Br0, 111-56-8 279.214 pl 32 1582 1.1474^ 1.4585% vs bz, eth, ОН, 
ig 
192 Bromoethane Ethyl bromide C;H.Br 74-96-4 108.965 liq -118.6 38.5 14604? 1.4239? 5ІН,0; msc 
EtOH, eth, chl 
193 2-Bromoethanol Ethylene bromohydrin C;H;BrO 540-51-2 124.964 150; 514 1./629? 1.491522 msc H,0, EtOH, 
eth; sl lig 
194 Bromoethene Vinyl bromide CHBr 593-60-2 106.949 vol liq or gas -139.54 15.8 14933? 14380? i H,0; $ EtOH, 
eth, ace, bz, 
chl 
195 1-Bromo-2-ethoxybenzene CHBrO 583-19-7 201060 223 1.422320 vs eth, EtOH 
196 1-Bromo-4-ethoxybenzene Сановго 588-96-5 201.060 2.0 231 140715 155172 H,0; vs EtOH, 
eth; s chl 
197 (2-Bromoethoxy)benzene Сановго 589-10-6 201.060 39 dec 240; 12820 1.3555? i H,0; vs EtOH, 
eth 
198 1-Bromo-2-ethoxyethane 2-Bromoethyl ethyl ether CHBrO 592-55-2 53.017 127.5 1.38520 14447?  s| Н,0; msc 
EtOH, eth 
199 2-Bromoethyl acetate C,H,Br0, 927-68-4 67.002 liq -13.8 162.5 1 4579 ٣٢01 
msc EtOH, eth 
200 2-Bromoethylamine hydrobromide 2-Bromoethanamine СВ 2576-47-8 204892 174.0 
hydrobromide 
201 (1-Bromoethyl)benzene СаНовг 585-71-7 85.061 219; 92" 1.35355 1.55435 
202 (2-Bromoethyl)benzene Сановг 03-63-9 85.061 liq -55.9 219; 1058 — 136430 1537220 i H,0; s eth, bz; 
sl ctc 
203 1-Bromo-2-ethylbenzene ТУ! 973-22-4 85.061 liq -67.9 199.3 1.3548? 1.547220 vs ace, bz, eth, 
EtOH 
204 1-Bromo-3-ethylbenzene Сановг 2725-82-8 85.061 202 1.349320 1.546520 
205 1-Bromo-4-ethylbenzene الوا‎ 585-07-5 85.061 liq -435 204 1.94283? 1.5445? vs асе, bz, eth, 
EtOH 
206 (2-Bromoethyl)cyclohexane СаЊВг 647-26-3 91109 liq -57 212 1.2357? 1.4899? 
207 N-(2-Bromoethyl)phthalimide C4, ВО; 574-98-1 254.081 па (м) 83 vs eth; sl ch 
208 1-Bromo-4-ethynylbenzene CHBr 766-96-1 81.030 64.5 89% s chl 
209 1-Bromo-2-fluorobenzene ЕЛІН 072-85-1 74,998 54 1.07387 1.533720 
210 1-Bromo-3-fluorobenzene СН. ВЕ 073-06-9 74.998 50 1.7081? 1.525722 s ctc 
211 1-Bromo-4-fluorobenzene C. H,BrF 460-00-4 74998 liq -17.4 51.5 1.5935 53105 i H,0; s EtOH, 
eth, chl 
212 1-Bromo-2-fluoroethane C;H,BrF 762-49-2 26.955 15 1.70445 1.4236? vs eth, EtOH 
213 Bromofluoromethane CH,BrF 373-52-4 12.929 vol liq or gas 9 S EtOH; vs chl 
214 2-Bromofuran C H.Br0 584-12-3 46.970 03 165000 149802 51 Н,0; s EtOH, 
eth, ace, bz 
215 3-Bromofuran C H.Br0 22037-28-1 146.970 03 166060 149582 vs ace, bz, eth, 
EtOH 
216 5-Bromo-2-furancarboxaldehyde С.Н,ВгО, 1899-24-7 74.981 cry (50% al) 83.5 201; 11216 vs eth, EtOH 
217 1-Bromoheptadecane CH, Br 3508-00-7 319.364 29.6 349 099160 1.4625? ІН,0; vs ch 
218 1-Bromoheptane Heptyl bromide СІН, Вг 629-04-9 79.098 liq -56.1 78.9 1.1400? 1.450222 i H,0; vs EtOH, 
eth; 51 ctc; 5 
chl 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
219 2-Bromoheptane 2-Heptyl bromide CH, Br 1974-04-5 79.098 47 66 142779 145039 ІН,0; vs bz; $ 
ctc, chl 
220 4-Bromoheptane 4-Неріуі bromide CH, Br 998-93-6 79.098 61; 8472 11351? 1.4495? H,0; 5 bz, clc, 
chl 
221 1-Bromohexadecane C4 H, Br 112-82-3 305.337 18 336 0.9991? 1.46185 8 
222 2-Bromohexadecanoic acid C H, Br0; 18263-25-7 335.320 52.8 
223 1-Bromohexane Hexyl bromide C H, Br 111-25-1 65.071 liq -83.7 55.3 1.174420 14478? | H,0; msc 
НОН, eth; s 
ace; vs chl 
224 2-Bromohexane C H, Br 3377-86-4 65.071 43; 78% 1.1658? 1.483225 |Н,0; vs EtOH; 
S eth, ace; sl 
cic 
225 3-Bromohexane СН Вт 3377-87-5 65.071 42 1.1799? 1.4472? vs ace, eth, 
EtOH, chl 
226 2-Bromohexanoic acid, (+) C H, Br0, 2681-83-6 95.054 2.0 240; 1403 1.28109 S НОН, eth 
227 6-Bromohexanoic acid Сен, „ВгО, 4224-70-8 95.054 cry (peth) 35 6720 үѕ рећ 
228 6-Вготоћехапоу! chloride СеНзоВгСІО 22809-37-6 213.499 015 
229 1-Bromo-4-(hexyloxy)benzene Ca H,;BrO 30752-19-3 257.166 5613 1.23062 1.526220 
230 5-Bromo-2-hydroxybenzaldehyde C;H;Br0, 1761-61-1 201.018 па (al), If 105.5 1620; s EtOH, 
(eth) eth; sl chl 
231 4-Bromo-o.-hydroxybenzeneacetic -Bromomandelic acid CHBrO; 7021-04-7 231.044 119 vs H,0, EtOH, 
acid, (+) eth, bz, chl 
232 5-Bromo-2- Bromosaligenin C;H;BrO; 2316-64-5 203.034 If (bz) 113 vs bz, eth, EtOH, 
hydroxybenzenemethanol chl 
233 5-Bromo-2-hydroxybenzoic acid C;HsBrO, 89-55-4 217.017 па (w, dil al) 169.8 sub 100 SI HO, ace; vs 
EtOH, eth 
234 3-Bromo-4-hydroxy-5- C,H;BrO, 2973-76-4 231.044 pl(HOAc, 167.0 i H50; $ EtOH, 
methoxybenzaldehyde nd, pl (al) DMSO: sl eth, 
bz 
235 1-Bromo-2-iodobenzene C; H,BrI 583-55-1 282.904 9.5 257; 1205 — 225705 1.66182 i H,0; sl EtOH, 
НОАс; s ace 
236 1-Bromo-3-iodobenzene ام‎ 591-18-4 282904 Па -9.3 252; 12018 i H0; sl EtOH, 
HOAc 
237 1-Bromo-4-iodobenzene C;H,BrI 589-87-7 282.904 pr or pl (eth- 92 252 i B,0; 51 EtOH, 
al) chl; s eth 
238 Bromoiodomethane CH;BrI 557-68-6 220.835 139.5 2.926" 64102 — vs chl 
239 1-Bromo-4-isocyanatobenzene ^ 2-Вготорћепу! isocyanate C;H,BrNO 2493-02-9 198.017 nd 226 vs eth 
240 1-Bromo-4-isopropylbenzene C.H, Br 586-61-8 199087 liq -22.5 2187 1.3145? 1.5569? H,0; s eth, bz, 
chl; sl ctc 
241 4-Bromoisoquinoline C, HEB 1532-97-4 208.055 cry (peth) 415 282.5 vs eth 
242 Bromomethane Methyl bromide CHBr 74-83-9 94.939 col gas -93.68 35 1675520 1.421822 $1 Н,0; msc 
EtOH, eth, chl, 
CS, 
243 1-Bromo-2-methoxyethane C.H;BrO 6482-24-2 138.991 110 1.462320 1.447532 
244 Bromomethoxymethane С›Н;ВгО 13057-17-5 124.964 87 1.59762 1.456220 
245 2-Bromo-4-methylaniline С,Н,8г 583-68-6 86.050 If 26 240 1.51020 59999 | H,0; s EtOH, 
eth 
246 4-Bromo-2-methylaniline CHBr 583-75-5 86.050 сту (al) 59.5 240 sl H30, chl; $ 
EtOH; vs eth, 
НОАс 
247 (Bromomethyl)benzene Benzyl bromide C;H;Br 100-39-0 71.035 0 -15 201 143805 1.5752? ІН,0; msc 
EtOH, eth; s 
cic 
248 4-(Bromomethyl)benzoic acid C,H;BrO,; 6232-88-8 215.045 226.3 
249 3-(Bromomethyl)benzonitrile C H BIN 28188-41-2 196.045 96.5 304 
250 4-(Bromomethyl)benzonitrile C H BIN 17201-43-3 196.045 114 
251 1-Bromo-2-methylbutane, DL СН, „Вг 5973-11-5 151.045 19 1.2205? 1.445220 |Н,0; s EtOH, 
eth; vs chl 
252 1-Bromo-3-methylbutane Isopentyl bromide СН, Вг 107-82-4 51.045 liq -112 20.4 1.207120 144202 ІН,0; $ EtOH, 
eth; sl ctc; vs 
chl 
253 2-Bromo-2-methylbutane tert-Pentyl bromide С.Н, „Вг 507-36-8 51.045 08 1.19718 4421 
254 3-Bromo-3-methylbutanoic acid B-Bromoisovaleric acid С.Н,ВгО, 5798-88-9 81.028 nd (lig) 74 vs bz, eth, EtOH 
255 1-Bromo-3-methyl-2-butene C.HjBr 870-63-3 49.029 dec 131; 50% 129305 149305 vs ace, bz, eth, 
EtOH 
256 1-(Bromomethyl)-2- ШІН 611-17-6 205.480 0910 
chlorobenzene 
257 (Bromomethyl) С.Н,8гС15) 16532-02-8 187.539 31 1.3755 46302 
chlorodimethylsilane 
258 1-Bromo-3-methylcyclohexane 3-Methylcyclohexy! bromide C;H44Br 13905-48-1 177.002 81; 60" 1.26765 1.4979? |Н,0; vs eth; s 
bz 
259 (Bromomethyl)cyclohexane С-Н, Вг 2550-36-9 77.082 7628 1.28320 „49073 үѕ bz, eth, chl 
260 1-(Bromomethyl)-3-fluorobenzene СІҢ, ТЕ 456-41-7 89.025 8820 547420 
261 3-(Bromomethyl)heptane C,H,;Br 18908-66-2 193.125 6719 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

262 1-(Bromomethyl)-2- Сановг 89-92-9 185.061 рг 21 217; 1086 1.38112 1.5730? i H,0; s EtOH, 

methylbenzene eth, ace, bz 

263 1-(Bromomethyl)-3- Сановг 620-13-3 185.061 212.5 1.371122 1.5660?  iH,0; vs EtOH 

methylbenzene eth 

264 1-(Bromomethyl)-4- Сановг 104-81-4 185.061 nd (al) 35 220 1.3245 i H50; s EtOH; 

methylbenzene vs eth, chl 

265 1-(Bromomethyl)naphthalene C, H Br 3163-27-7 221093 сгу (peth, al) 56 18318, 16710 vs ace, bz, eth, 
EtOH 

266 2-(Bromomethyl)naphthalene C Вг 939-26-4 221.093 f (al) 56 21310 167" S EtOH, eth, chl, 
HOAc 

267 1-(Bromomethyl)-3-nitrobenzene СНЕВМО, 3958-5974 216.033 nd or pl (al) 593 16213 1Н,0: s EtOH 

268 1-(Bromomethyl)-4-nitrobenzene СНЕВМО, 100-11-8 216.033 nd (al) 99.5 sl Н,0, chl; vs 
EtOH, eth; s 
HOAc 

269 2-(Bromomethyl)-4-nitrophenol CHBrNO, 772-33-8 232.032 148 

270 (Bromomethyl)oxirane, (+) C.H;BrO 82584-73-4 136.975 liq -40 137 1.615" 1484120 ІН,0; $ EtOH, 
eth, bz, chl 

271 1-Bromo-2-methylpentane 2-Methylpentyl bromide САН Вг 25346-33-2 165.071 141 1.1624? 1.449522 vs eth, chl 

272 1-Bromo-4-methylpentane СН Вг 626-88-0 165.071 145 1.1603? 1.4490 vs eth, chl 

273 2-Bromo-2-methylpentane СеН. Вг 4283-80-1 165.071 142.5; 70100 1.4423 vs eth, chl 

274 3-Bromo-3-methylpentane C,H,Br 25346-31-0 165.071 130; 7610 1.1835? 1.4525? vs eth, chl 

275 2-Bromo-4-methylphenol C;H;BrO 6627-55-0 187.034 па (peth) 56.5 213.5 1.54225 1.577220 51| H,0; s EtOH, 
bz, chl 

276 1-(Bromomethyl)-3- 3-Phenoxybenzyl bromide C,3H,,Br0 51632-16-7 263129 ой 

phenoxybenzene 

277 2-Bromo-1-(4-methylphenyl) С,Н,Вго 619-41-0 213.070 па or If (а) 51 1574 vs eth, НОН 

ethanone 

278 N-(Bromomethyl)phthalimide 2-(Bromomethyl)-1 H-isoindole- C,H,BrNO, 5332-26-3 240.054 pr (chl, bz) 151.5 S ace; sl bz, chl; 

1,3(2H)-dione vs AcOEt 

279 1-Bromo-2-methylpropane Isobutyl bromide C,H,Br 78-77-3 37.018 liq -119 91.1 12725 1.434820 | H,0; vs EtOH, 
eth, ace, chl, 
bz; s ctc 

280 2-Bromo-2-methylpropane tert-Butyl bromide СаН,Вг 507-19-7 37.018 liq -16.2 73.3 1.42782 14278? ІҢ,0; sl сіс 

281 2-Bromo-2-methylpropanoic acid о-Вгото1500Шугіс acid C,H;BrO; 2052-01-9 67.002 cry (peth) 5 199; 1152 1.496980 

282 2-Bromo-2-methylpropanoyl CH Br,0 20769-85-1 229.898 163 1.406714 уз ace, CS; 

bromide 

283 1-Bromo-2-methylpropene C,H;Br 3017-69-4 35.003 91 1.3362 

284 3-Bromo-2-methylpropene C,H;Br 1458-98-6 35.003 95 1.3132 

285 2-(Bromomethyl)tetrahydrofuran C.H,BrO 1192-30-9 65.028 170; 7022 1.4679? 1.4850? 5 EtOH, eth 

286 (Bromomethyl)trimethylsilane C H, BrSi 18243-41-9 167.120 116.5 14705 1.446020 

287 1-Bromonaphthalene 1-Naphthyl bromide C4;H;Br 90-11-9 207.067 oily liq 6.1 281 1.478522 1.658? 85 Њ0, асе; msc 
EtOH, eth, bz; 
sl сіс 

288 2-Bromonaphthalene ТҰС 580-13-2 207.067 plororth № 55.9 281.5 1.6055 1.63829 i H,0; $ EtOH, 

(al) eth, bz, CS; sl 
cic 

289 4-Bromo-1,8- C,,H;BrO, 81-86-7 277.070 222 

naphthalenedicarboxylic 
anhydride 
290 1-Bromo-2-naphthol 1-Bromo-B-naphthol C4 H;BrO 573-97-7 223.066 orth pr (bz- 84 130 i HO; s EtOH, 
lig) nd eth, bz; sl chl; 
(НОАс) уз НОАс 

291 4-Bromo-2-nitroaniline C H;BrN,0; 875-51-4 217.020 oran-yend 1115 sub vs EtOH 
(w) 

292 1-Bromo-2-nitrobenzene C. H,BrNO,; 577-19-5 202.006 ра уе (а) 43 258 1.624580 i H5O; vs EtOH; 
S eth, ace, bz; 
sl chl 

293 1-Bromo-3-nitrobenzene C. H,BrNO,; 585-79-5 202.006 orth 56 265 1.703620 1.5979?  s| H,0; s EtOH, 
eth, bz 

294 1-Bromo-4-nitrobenzene p-Nitrobromobenzene C;H,BrNO, 586-78-7 202.006 orth or mel 127 256 1.948% i H,0; $ EtOH, 

рг (al) eth, bz; sl ch 

295 Bromonitromethane CHBrNO, 563-70-2 39.937 149; 71% 488007 уз EtOH 

296 2-Bromo-2-nitro-1,3-propanediol Bronopol CHBrNO, 52-51-7 99.989 131.5 

297 1-Bromononane CH, Br 693-58-3 207.151 liq -29.0 221.4; 884 1.08455 1.452225 

298 1-Bromooctadecane C,H Br 112-89-0 333.391 cry (al) 28.2 362; 21070 0.9848? 1.4631? i H,0; $ EtOH, 
eth; sl ctc 

299 1-Bromooctane Octyl bromide C,H,;Br 111-83-1 93.125 lig -55.0 200.8 1.10725 145035 i H,0; msc 
EtOH, eth; sl 
cic 

300 2-Bromooctane, (+) C,H,;Br 60251-57-2 193125 188.5 1.08785 144425 1Н,0, msc 
EtOH, eth 

301 8-Bromooctanoic acid C H, Br0; 17696-11-6 223.108 па (peth) 385 147° vs bz, eth, EtOH 

302 1-Bromopentadecane Ci Ha Br 629-72-1 291.311 19 322 1.0675? 1.461122 H,0; $ асе; vs 
chl 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
304 Bromopentafluoroethane СВЕ 354-55-2 98.917 col gas -21 1.8098 
305 1-Bromopentane Pentyl bromide CoH, Br 10-53-2 51.045 liq -88.0 29.8 1.218220 1.444720 | H,0; s ВОН, 
bz, chl; sl ctc; 
msc eth 
306 2-Bromopentane ШІ 07-81-3 51.045 liq -955 174 12075? 14413? vsbz, eth, EtOH, 
chl 
307 3-Bromopentane С.Н, „Вг 809-10-5 51.045 Па -126.2 18.6 1.21420 44419 i H,0; $ EtOH, 
eth, bz, chl 
308 5-Bromopentanenitrile ШҮУ 5414-21-1 62.029 1112, 1030 1.398920 2۹ 
309 5-Bromopentanoic acid C;H,Br0, 2067-33-6 81.028 40.0 4213 s chl 
310 5-Bromo-1-pentene С.Н,Вг 119-51-3 49.029 25.5 1.258120 1.464020 
311 9-Bromophenanthrene 9-Phenanthryl bromide Ca H.Br 573-17-1 257125 pr (al) 64.5 2360 1.40930 160; s EtOH, 
eth, CS; sl chl 
312 2-Bromophenol C. H,Br0 95-56-7 73.007 5.6 945 1.4924? 15899 sl H,0, chl; s 
EtOH, eth, alk 
313 3-Bromophenol C.H;BrO 591-20-8 73.007 33 236.5 SI НО, ctc; vs 
EtOH, eth; s 
chl, alk 
314 4-Bromophenol C H;Br0 106-41-2 73.007 66.4 238 1.84015 $ Н,0, chl; vs 
FtOH, eth 
315 Bromophenol Blue Bromphenol Blue С.Н. Вт055 115-39-9 669.960 hex pr 279 dec SI Н,0; s EtOH, 
(HOAc-ace) bz, НОАс 
316 1-Bromo-4-phenoxybenzene 4-Вготорћепу! phenyl ether C4,H4BrO 101-55-3 249.102 18.72 12635 1.6088? 1.608422 ІН,0;5 eth, ctc 
317 (4-Bromophenoxy)trimethylsilane С.Н,,8г051 17878-44-3 245,188 1265 1.26199 1.514520 
318 N-(4-Bromophenyl)acetamide p-Bromoacetanilide CIH BrNO 103-88-8 214.060 па (60% al) 168 1.717% 1620; s EtOH, 
chl; sl eth, bz 
319 1-(3-Bromophenyl)ethanone C,H;BrO 2142-63-4 199.045 75 13319 1.57559  iHj0; s асе, bz 
320 1-(4-Bromophenyl)ethanone p-Bromoacetophenone C,H;BrO 99-90-1 199.045 If (al 50.5 257, 130" 1.6475 47 1620; s EtOH, 
eth, bz, ctc, 
HOAc 
321 (4-Bromophenyl)hydrazine (p-Bromophenyl)hydrazine C H BIN; 589-21-9 187.037 nd (w), If 108 vs eth, EtOH, lig 
(lig), cry 
(al) 
322 2-(4-Вготорһепу!)-1 Н-іпйепе- ^ Bromindione C4: H,BrO; 1146-98-1 301435 cry (lig) 138 
1,3(2H)-dione 
323 (4-Вготорћепу!) СааНВго 90-90-4 261.113 If (al 825 350 i H0; sl EtOH, 
phenylmethanone eth, bz, peth 
324 2-Bromo-1-phenyl-1-propanone C,H,BrO 2114-00-3 213.070 247.5 1.429822 1.5720? i H,0; s EtOH, 
eth, ace, bz, 
ctc 
325 Bromophos C,H;BrCLPS 2104-96-3 317.999 ye cry 54 141001 SI Н,0: s eth, 
cic, tol 
326 Bromophos-ethyl C, H,BrCI,O;PS 4824-78-6 394.049  pale-ye liq 1220004 
327 1-Bromopropane Propyl bromide C.H;Br 106-94-5 22.992 liq -110.3 714 1.353720 1.4343? 51 H,0; s EtOH, 
eth, ace, bz, 
chl, ctc 
328 2-Bromopropane Isopropyl bromide C.H;Br 75-26-3 22.992 liq -89.0 59.5 1.93140? 1.425122 <ІН,0; s ace, 
bz, chl; msc 
EtOH, eth 
329 3-Bromopropanenitrile الا‎ 2417-90-5 33.975 925, 697 1.615220 1.4800? vs EtOH, eth; sl 
ctc 
330 2-Bromopropanoic acid, (+) С-Н-Вг0; 10327-08-0 152.975 рг 257 203.5 1.700022 1.475322 vs H,0, EtOH, 
eth; sl ch 
331 3-Bromopropanoic acid B-Bromopropionic acid (41,810, 590-92-1 52975 pl (CCI) 62.5 141% 1.48% $ Н,0, EtOH, 
eth, bz, ch 
332 3-Bromo-1-propanol CHBrO 627-18-9 38.991 10578, 807 1.5374% 148345 s H,0; msc 
EtOH, eth 
333 1-Bromo-2-propanol C. H;BrO 19686-73-8 138.991 146.5 1.5585? 1.4801?  sH,0; vs EtOH, 
eth 
334 2-Вготоргорапоу! bromide СзН,Вг,0 563-76-8 215.871 153 2.061115 
335 2-Вготоргорапоу! chloride C.H,BrCIO 7148-74-5 71.420 132 1.6971 47800 s eth, chl; sl ctc 
336 cis-1-Bromopropene CHBr 590-13-6 20.976 liq -113 57.8 14291? 1.4560? ۳6 
chl 
337 trans-1-Bromopropene С-Н,Вг 590-15-8 20.976 632 
338 2-Bromopropene CHBr 557-93-7 20.976 liq -126 48.4 139656 1.44675 i 6 
chl 
339 3-Bromopropene Allyl bromide C.H.Br 106-95-6 20.976 liq -119 70.1 1.39820 4697? i H,0; msc 
EtOH, eth; s 
ctc, chl, CS; 
340 (3-Bromo-1-propenyl)benzene C,HjBr 4392-24-9 97.071 па (al, eth) 34 13070 1.34289 1.613% vs HOH 
341 (3-Bromopropoxy)benzene Сон, „ВгО 588-63-6 215.086 10.7 1278 1.36416 vs eth 
342 3-Bromopropylamine 3-Bromo-1-propanamine C.H ,Br,N 5003-71-4 218.918 1715 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
343 Bromopropylate 4,4'-Dibromobenzilic acid C; Hy Br,0, 8181-80-1 428.115 17 1.5920 
isopropyl ester 
344 (3-Bromopropyl)benzene CoH, „Вг 637-59-2 99.087 219.5; 117% 131063 1.54405 i H,0; vs eth 
345 3-Bromo-1-propyne Propargyl bromide СзН,Вт 06-96-7 18.960 89 15799? 4922? 5 EtOH, eth, bz, 
cic, chl 
346 2-Bromopyridine اا‎ 09-04-6 57.997 liq -40.1 193; 7513 1.633720 1.573420 51 H,0; $ EtOH, 
eth, ctc 
347 3-Bromopyridine ЕЗІ 626-55-1 57.997 liq -27.3 173; 6918 1.6450 56949 H,0; vs EtOH, 
eth 
348 4-Bromopyridine CsH4Bri 120-87-2 157.997 0.5 2904 1.6450? 1.569422 sace, bz 
349 5-Bromo-2,4(1H,3H)- 5-Bromouracil С,Н,8ММ,0, 51-20-7 90.983 310 
pyrimidinedione 
350 3-Bromoquinoline اما‎ 5332-24-1 208.055 ye oil 13.3 275 66412 — s chl; vs 6 
351 6-Bromoquinoline CHBr 5332-25-2 208.055 24 281 s EtOH, eth, 
acid 
352 N-Bromosuccinimide C,H,BrNO, 128-08-5 77.985 cry (bz) 174 2.098% SI НО, AcOEt, 
eth; vs ace; i 
hx 
353 1-Bromotetradecane و‎ Br 112-71-0 277.284 5.6 307 1.0170? 1.4603? vs ace, bz, EtOH 
354 2-Bromothiazole C.H;BrNS 3034-53-5 64.024 71 1.822 592720 
355 1-(5-Bromo-2-thienyl)ethanone C H;Br0S 5370-25-2 205.072 nd (al) 945 034 sl EtOH; s ctc 
356 2-Bromothiophene 2-Thienyl bromide C H.BrS 1003-09-4 63.036 50 1.68420 58680 i H,0; vs eth, 
ace; s ctc 
357 3-Bromothiophene C H,BrS 872-31-1 63.036 59.5 1.73520 59190 |Н,0; $ асе, bz; 
sl chl 
358 Bromothymol Blue Bromthymol Blue C; HaBr,0;S 76-59-5 624.381 201 vs eth, EtOH 
359 2-Bromotoluene C;H;Br 95-46-5 71.035 liq -27.8 81.7 1.423220 1.5565?  iH,0; vs EtOH 
eth, bz; msc 
cic 
360 3-Bromotoluene C;H;Br 591-17-3 71.035 liq -39.8 83.7 14099? 1.551022 ІН,0; $ EtOH, 
ace, chl; msc 
eth; sl ctc 
361 4-Bromotoluene C;H;Br 106-38-7 71.035 cry (al) 28.5 84.3 1.39599 154779 |Н,0; $ EtOH, 
eth, ace, bz, 
chl; sl ctc 
362 Bromotrichloromethane CBrCl, 75-62-7 98.274 liq -5.65 05 2.0125 .5065? vs eth, EtOH 
363 1-Bromotridecane Саны Вг 165-09-3 263.257 6.2 292 1.02345 1.457425 iHj0;vsch 
364 Bromotriethylsilane C H, ;BrSi 1112-48-7 95.173 liq -493 63; 66% 1.1432 „45612 
365 2-Bromo-1,1,1-trifluoroethane C,H;BrF, 421-06-7 62.936 мо! liq or gas -93.9 26 1.7881? 1.333120 
366 Bromotrifluoroethene C;BrF, 598-73-2 60.920 col gas -25 
367 Bromotrifluoromethane CBrF, 75-63-8 48.910 со! gas -172 -57.8 1.58007 i B,0; vs chl 
368 1-Bromo-2-(trifluoromethyl) C;HjBrF, 392-83-6 225.006 167.5 1.652% 48172 
benzene 
369 1-Bromo-3-(trifluoromethyl) СНВ 401-78-5 225.006 1 151.5 1.6135 471620 
benzene 
370 1-Bromo-4-(trifluoromethyl) СНВ 402-43-7 225.006 160 1.6075 „47055 
benzene 
371 2-Bromo-1,3,5-trimethylbenzene CoH, „Вг 576-83-0 199.087 liq -i 225 1.3191? 1.5510? ІН,0; vs eth; s 
bz; sl ctc 
372 Bromotrinitromethane CBrN,0, 560-95-2 229.931 175 56179 203129 1.480820 уз EtOH, chl 
373 Bromotriphenylmethane Triphenylmethyl bromide C, H, Br 596-43-0 323.226 153 23015 1.550020 
374 1-Bromoundecane СНГ 693-67-4 235205 liq -97 2588 1.049425 1.455225 $ ctc 
375 11-Bromoundecanoic acid C و‎ Br0O; 2834-05-1 265488 nd (liq) 57 18818 vs ace, bz, eth, 
EtOH 
376 (1-Bromovinyl)benzene Санувг 98-81-7 183.046 -44 86", 713 1.402522 1.5881? 
377 (cis-2-Bromovinyl)benzene C,H;Br 588-73-8 183.046 -7 552 1.432210 1.599022 
378 (trans-2-Bromovinyl)benzene Санувг 588-72-7 183.046 7 dec 219, 10820 1.42695 1.6093? i H,0; msc 
EtOH, eth; s 
ch 
379 1-Bromo-2-vinylbenzene C,H;Br 2039-88-5 183.046 liq -52.8 209.2; 982) 1.4160? 1.592720 
380 1-Bromo-3-vinylbenzene CHBr 2039-86-3 183.046 92% 1.4059? 75 
381 1-Bromo-4-vinylbenzene C,H;Br 2039-82-09 183.046 77 212; 103% 1.398420 1.594720 i H,0; vs chl; s 
HOAc 
382 Brompheniramine СВМ 86-22-6 319.289 ye oily liq 15005 $ dil acid 
383 Brucine Cj H, МО, 357-57-3 394463 mclpr(w+4) 178 SI Н,0, eth, bz; 
vs EtOH, chl 
384 Brucine hydrochloride 2,3-Dimethoxystrychnidin-10- CjH;CIN,0, 5786-96-9 430924 рг vs Н,0, ЕЮН 
one, monohydrochloride 
385 Brucine sulfate heptahydrate 2,3-Dimethoxystrychnidin-10- — C4 Hg N,0. S 60583-39-3 1013413 nd (w) S HO; sl EtOH, 
one, sulfate, heptahydrate chl, На; vs 
МеОН; i bz 
386 Bucolome 5-Butyl-1-cyclohexyl- C, H,N,0; 841-73-6 266.336 па (MeOH) 84 18608 


2446(1H3H5H)- 
pyrimidinetrione 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

387 Bufotalin Cog Os 471-95-4 444.560 cry (+1 al) 223 dec i HO; s EtOH, 
chl 

388 Bulbocapnine Со МО, 298-45-3 325.359 pr (al) 199.5 i H50; s EtOH; 
vs chl 

389 sec-Bumeton N-sec-Butyl- V-ethyl-6- СН 990 26259-45-0 225.291 87 

methoxy-1,3,5-triazine-2,4- 
diamine 

390 BUSAN 72A (2-Benzothiazolylthio)methyl CIH N.S; 21564-17-0 238.352 liq dec 

thiocyanate 

391 Butachlor Ci; Ha CINO; 23184-66-9 311.847 <5 1565 .070% 

392 1,2-Butadiene Methylallene C.H; 590-19-2 54.091 vol lig or gas -1362 10.9 0.676? 4205!  iH,0; msc 
EtOH, eth; vs 
bz 

393 1,3-Butadiene Divinyl C.H; 106-99-0 54.091 col gas -108.91 -441 0.61495 1.429275 i H,0; s EtOH, 

(p»1 atm eth, bz; vs ace 

394 1,3-Butadien-1-ol acetate 68,0; 1515-76-0 112127 589 0.9455 4690 

395 (trans)-1,3-Butadienylbenzene Садо 16939-57-4 130.186 23 76" 0.9286? 1.608925 ІН,0; s EtOH, 
eth, ace, bz 

396 1,3-Butadiyne Diacetylene C,H, 460-12-8 50.059 vol liq or gas -36.4 10.3 0.73640 41895 — vsH;O, eth, асе; 
S chl, EtOH 

397 Butalbital 5-Isobutyl-5-allyl- СНО 77-26-9 224.256 рг 138.5 SI Н,0; s EtOH, 

24,6(1H3H5H)- eth, ace, chl; i 
pyrimidinetrione ig 

398 Butana Butyraldehyde C H,0 123-72-8 72.106 liq -96.86 74.8 0.80162 1.384322 $Н,0; msc 
EtOH; vs ace, 
bz; sl chl 

399 Butanal oxime C H ,N0 110-69-0 87.120 liq -29.5 154 0.923% vs H,0, ace, bz; 
msc EtOH, eth; 
schl 

400 Butanamide Butyramide 97:11) 541-35-5 87.120 If (bz) 114.8 216 0.88501 1.408779 <ІН,0, eth; i bz; 
s НОН 

401 Butane СН 106-97-8 58122 col gas -138.3 -0.5 0.57325 .3326? i H,0; vs EtOH, 

(p»1 eth, chl 
atm) 

402 Butanedial C,H,0, 638-37-9 86.090 dec 170; 58° 1.06520 4260218 — vs H;O, ace, eth, 
EtOH 

403 1,4-Butanediamine Putrescine CHiN, 110-60-1 88.15 | 21.91 58.5 0.877% 4969? 0 

404 1,4-Butanediamine CH, CLN, 333-93-7 161.073 nd or If (al, 280 dec sub vs Н,0, EtOH; i 

dihydrochloride w) eth, bz, MeOH 

405 1,2-Butanediol, (+) САН 26171-83-5 90.12 90.5 1.0024? 1.4378? 5 H,0, EtOH, 
ace 

406 1,3-Butanedio 1,3-Butylene glycol САН; 107-88-0 90.12 <-50 207.5 1.00532 1.440120 

407 1,4-Butanedio Tetramethylene glycol САН; 110-63-4 90.12 204 235 10171? 14460? msc H,0; s 
EtOH, DMSO; 
sl eth 

408 2,3-Butanedio САН; 6982-25-8 2 cry (eth) 7.6 182.5 1.0033? 1.4310? msc ЊО, EtOH; 
S eth, ace, chl 

409 1,4-Butanediol diacetate Сен, 628-67-1 174.195 12 229 1.04795 142515 

410 1,4-Butanediol diacrylate CigH 0, 1070-70-8 6 8303 1.105% 

411 1,4-Butanediol diglycidyl ether 1,4-Bis(2,3-epoxypropoxy) CigH 20, 2425-79-8 202.248 266; 155" 1.1% 46112 

butane 

412 1,3-Butanediol dimethacrylate Санио, 1189-08-8 226.269 290 „44955 vs ace, eth, 
EtOH, lig 

413 1,4-Butanediol dimethacrylate Со 0, 2082-81-7 226.269 liq 1334, 76097 1.02520 45607 0 

414 1,4-Butanediol dimethylsulfonate 40 64,405; 55-98-1 246.3001 сту 116 i H50; 51 EtOH, 
ace 

415 2,3-Butanedione Diacetyl C,H,0, 431-03-8 86.090 liq -12 88 0980811 139512 у5Н,0; msc 
НОН, eth; s 
bz, ctc 

416 2,3-Butanedione monooxime C,H;NO, 57-71-6 01.105 pr (chl), № 76.8 855 SI H;O; vs EtOH, 

(w) eth, chl; s alk 

417 Butanedioyl dichloride Succinyl chloride C,H,CI;0; 543-20-4 54.980 pl or If 20 93.3 1.3748? 1.4683? s eth, асе, bz 

418 1,4-Butanedithio| Tetramethylenedithiol C H.S; 191-08-8 122252 liq -53.9 95.5 1.0021? 152902  iH,0; vs EtOH; 
sl сіс 

419 Butanenitrile Propyl cyanide C.H; 09-74-0 69106 liq -111.9 17.6 0.79362 1.384220 <ІН,0, ctc; msc 
EtOH, eth; s bz 

420 1-Butanesulfonyl chloride 45010,5 2386-60-9 156.631 7510 1.455920 

421 1,4-Вщапе sultone 1,2-Oxathiane 2,2-dioxide C,H,0S 633-83-6 36.170 liq 13.5 354 1.331% 14640? 

422 1,2,3,4-Butanetetracarboxylic acid C Hi 0s 703-58-8 234.160 If(w)cry 236.5 vs H,0, EtOH 

(ace) 
423 1,2,3,4-Butanetetrol Erythritol САН 0, 49-32-6 22420  bipym tetr pr 121.5 330.5 1.45120 S H,0; i eth, bz 
424 1,2,3,4-Butanetetrol tetranitrate, — Erythrityl tetranitrate СНО» 7297-25-8 302111 61 vs EtOH 
(855) 

425 1-Butanethiol Butyl mercaptan СН, 09-79-5 90.187 liq -115.7 98.5 0.841622 1.4440? <ІН,0, chl; vs 

EtOH, eth 


Physical Constants of Organic Compounds 3-73 
О 
| O 
Ч о 
Ln 
| 2. Ж 
`н p 
ӛн = HO N ON N N 
ва 0 © Cel dt Еу фа S—s / 
H `o H s 5 
Bufotalin Bulbocapnine Sec-Bumeton BUSAN 72A 
О 
p Ы O JUSSI © 
0 SA 
= 
ЖТ SA gl. ——— 
Butachlor 1,2-Butadiene 1,3-Butadiene 1,3-Butadien-1-ol acetate (trans)-1,3-Butadienylbenzene 1,3-Butadiyne 
| 0 
Н 
М 
N 0 
9 N 9 N. fee О. NH 
H Vo zo И А ^OH Мн» 22779 УУ HN — — 2 
Butalbital Butanal Butanal oxime Butanamide Butane Butanedial 1,4-Butanediamine 
OH 
on OH E О. О 
HN — 2 ОН و‎ но OO ОН 
1,4-Butanediamine dihydrochloride 1,2-Butanediol, (+) 1,3-Butanediol 1,4-Butanediol 2,3-Butanediol 1,4-Butanediol diacetate 
JE 
Ох „О D 0 D O Ox, „О 
т S О о О 0—5 ^ ~ ТЕ У “о О 
27 0 0 
1,4-Butanediol diacrylate 1,4-Butanediol diglycidyl ether 1,3-Butanediol dimethacrylate 1,4-Butanediol dimethacrylate 
O 0 
0 A Ses | ( له‎ 
Ser М لست‎ Cl 
S О 
EN N “а 
А Ó о мон а HS — su SN 
1,4-Butanediol dimethylsulfonate 2,3-Butanedione 2,3-Butanedione monooxime Butanedioyl dichloride 1,4-Butanedithiol Butanenitrile 
COOH CHOH CHONO, 
а e HOOC Н ОН Н—— ONO, 
120 + соон нон H——ONO; 
~ 4 
ђе 1 COOH CH;OH СН,ОМО, SH 


1-Butanesulfonyl chloride 1,4-Butane sultone 1,2,3,4-Butanetetracarboxylic acid 1,2,3,4-Butanetetrol 


1,2,3,4-Butanetetrol tetranitrate, (R* S”) 


1-Butanethiol 


3-74 Physical Constants of Organic Compounds 


Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
peth; sl ctc 

427 1,2,4-Butanetriol САН (0; 3068-00-6 0 19078, 17212 1.1820 .4688? — vs Н,0, EtOH 

428 Butanilicaine 2-(Butylamino)-A-(2-chloro-6- C.H, СМО 3785-21-5 254.755 су 46 1450001 

methylphenyl)acetamide 

429 Butanoic acid Butyric acid C,H,0, 107-92-6 88.106 — liq -5.1 163.75 0.952825 1.398022 msc HO, EtOH, 
eth; sl ctc 

430 Butanoic anhydride Butyric anhydride C.H, 0; 106-31-0 158.195 liq -75 200 0.9668? 1.4070? s eth; sl сіс 

431 1-Butanol Buty! alcohol САН 0 71-36-3 74121 liq -88.6 117.73 0.8095? 1.3988? 5Н,0, bz; msc 
EtOH, eth; vs 
ace 

432 2-Butanol Sec-Butyl alcohol САН 0 78-92-2 74121 lig -88.5 99.51 0.8063? — 1.3978? уз ЊО; msc 
НОН, eth; s 
bz, cic 

433 2-Butanone Methyl ethyl ketone C H,0 78-93-3 72.106 liq -86.64 79.59 0.799925 137880 vs Н,0; msc 
EtOH, eth, ace 
bz; sch 

434 2-Butanone (1-methylpropylidene) C H, N 5921-54-0 140.226 715 0.8404? 14511? 

hydrazone 

435 2-Butanone oxime ҮЛЫ 96-29-7 87.120 — liq -295 52.5 0.923220 1.441022 5Н,0, chl; msc 
EtOH, eth 

436 2-Butanone peroxide Methyl ethyl ketone peroxide (5160, 336-234 176.211 0 ехр 110 51 Н,0; misc os 

437 Butanoyl chloride r-Butyryl chloride C,H;CIO 41-75-3 106.551 liq -89 02 1.027720 14121? msc eth 

438 Butaperazine C; Hs N08 653-03-2 409.587 27505 

439 Butazolamide N-[5-(Aminosulfonyl)-1,3,4- C H, N,0.S; 6790-49-1 250298 су 261 дес 

thiadiazol-2-yl]butanamide 

440 trans-2-Butenal trans-Crotonaldehyde C,H,0 23-73-9 70.090 liq -76 02.2 085160 1.436622 s НО, chl; vs 
EtOH, eth, ace; 
msc bz 

441 1-Butene 1-Butylene C,H, 06-98-9 56.107 _ col gas -185.34 -6.26 0.5882 .3962? i H,0; vs ОН, 

(p>1 eth; s bz 
atm) 

442 cis-2-Butene C,H, 590-18-1 56.107 col gas -138.88 3.71 0.616% 393125 160; vs EtOH, 
(p>1 eth; s bz 
atm) 

443 trans-2-Butene СІН; 624-64-6 56.107 _ col gas -105.52 0.88 0.59925 38489 52 
(p»1 
atm) 

444 trans-2-Butenedinitrile СНМ 764-42- 78.072 nd(bz-peth) 96.8 86 0.9416"! 1.43491" s Н,0, EtOH, 
eth, ace, bz, 
chl; sl рей 

445 cis-2-Butene-1,4-diol C H,0; 6117-80-2 6 20 235 1.06982 1.478222 $ H,0; vs EtOH 

446 trans-2-Butene-1,4-diol C,H,0, 821-11-4 88.106 25 313 1.070020 1.4755? vs ЊО, EtOH 

447 frans-2-Butenedioyl dichloride Fumaric acid dichloride С,Н,01,0, 627-63-4 152.964 pa ye lig 59 1.4082 50048 

448 cis-2-Butenenitrile Isocrotononitrile C, Hs 1190-76-7 67.090 liq 07.4 

449 trans-2-Butenenitrile Crotononitrile C.H; 627-26-9 67.080 liq -51.5 20 0.8239? 1.4225? s eth, ace 

450 3-Butenenitrile Allyl cyanide C,H, 109-75- 67.090 liq -87 19 0.8341? 1.406020 <ІН,0; msc 
EtOH, eth 

451 cis-2-Butenoic acid Isocrotonic acid C,H,0, 503-64-0 86.090 nd or pr 15 69 1.02677 1.4450? vs H,0; s ОН 

(peth) 
452 trans-2-Butenoic acid Crotonic acid СНО 107-93-7 86.000  mclprornd 715 847 0.96047 1.42497 уз H,0, EtOH; s 
(w, lig) eth, ace, lig 

453 3-Butenoic acid 0.60, 625-38-7 86090 liq -35 69 .0091? 1.4239? s H0; msc 
EtOH, eth 

454 2-Butenoic anhydride Crotonic acid anhydride Сан (0; 623-68-7 154.163 247; 1299 1.03972 1.4745 vs eth 

455 cis-2-Buten-1-0l cis-Crotyl alcohol C H,0 4088-60-2 72106 23 086620 143425 0 

456 trans-2-Buten-1-ol trans-Crotyl alcohol C,H,0 504-61-0 72.106 <30 21.2 0.8521? 1.4288? уз H,0; msc 
EtOH, eth; s 
ch 

457 3-Buten-1-ol C,H,0 627-27-0 72.106 13.5 0.8424? 1.4224? 5 H,0, асе; msc 
EtOH, eth; sl 
ch 

458 3-Buten-2-ol C H,0 598-32-3 72.106 97 

459 3-Buten-2-one Methyl vinyl ketone C H,0 78-94-4 70.090 81.4 0.86420 408122 5 ЊО, EtOH, bz; 
vs eth, ace; sl 
сіс 

460 2-Butenoyl chloride C,H;CIO 10487-71-5 104535 124.5 1.0905? 1.460 vs асе 

461 (trans-1-Butenyl)benzene M 1005-64-7 132202 liq -43.1 198.7 0.901920 1.5420? ІН,0; $ EtOH, 
eth, bz, ctc 

462 2-Butenylbenzene M 1560-06-1 132.202 176 0.8831? 54 

463 3-Butenylbenzene С; 768-56-9 132.202 liq -70 177 0.8831? 1.5059? i H,0; s eth, bz 

464 1-Buten-3-yne Vinylacetylene С.Н, 689-97-4 52.075 col gas 5.1 0.70940 4161! ГНО; s bz 

465 Butethamine hydrochloride 2-Isobutylaminoethyl 4- C44H4CIN)O; 553-68-4 272771 су 194 S H,0; sl EtOH, 

aminobenzoate bz, chl; i eth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
466 Buthalital sodium СиН.5№М№ 055 510-90-7 262.304 vs H,0; sl EtOH; 
i eth, bz 
467 Buthiazide 0 وک لیا 0۱م‎ 2043-38- 6 221.5 
468 Buthiobate Denmert C.H, N,S; 51308-54-4 372590 yeoil 32 1.08655 1.596 ІН,0; s os 
469 Butonate Сан СКОР 26-22-7 327.527 2905 
470 Butoxyacetylene C H40 3329-56-4 98.142 04 0.8200? 1.4067 vs eth, EtOH 
471 4-Butoxyaniline СМО 4344-55-2 165.232 324 
472 4-Butoxybenzaldehyde СНО; 5736-88-9 178228 4810 
473 2-Butoxyethanol Ethylene glycol monobutyl ether C,H,,0, 11-76-2 118.174 liq -74.8 68.4 0.9015? 141980 msc H,0, EtOH, 
eth; sl ctc 
474 2-[2-(2-Butoxyethoxy)ethoxy] Ci H0, 43-22-6 206.280 278 0.989022 1.438922 уз EtOH, MeOH 
ethanol 
475 2-(2-Butoxyethoxy)ethyl Lethane 384 C,H,;NO,S 12-56-1 203.302 liq 22025 i B,0; vs os 
thiocyanate 
476 1-(2-Butoxyethoxy)-2-propanol C.H, 0, 24-16-3 176.253 col liq -90 230 0.93120 s Н,0 
477 2-Butoxyethyl acetate Ethylene glycol monobutyl ether C,H,,0, 12-07-2 160.211 19 92 
acetate 
478 2-Butoxyethyl (2,4- 2,4-D 2-Butoxyethyl ester Cu ИСО, 929-73-3 321.197 59! 1.23220 
dichlorophenoxy)acetate 
479 2-Butoxyethyl (2,4,5- 2,4,5-T Butoxyethyl ester С,,Н, 1,0, 2545-59-7 355.642 64! 1.28020 s ctc 
trichlorophenoxy)acetate 
480 4-Butoxy-A- Bufexamac С,Н,М0, 2438-72-4 223268 па (ace) 154 
hydroxybenzeneacetamide 
481 1-Butoxy-4-methylbenzene СНО 10519-06-9 164.244 229.5 092055 1.4970?  seth 
482 4-Butoxyphenol Ci Hi 0; 122-94-1 66.217 65.5 254 vs ace, bz, eth, 
EtOH 
483 4-[3-(4-Butoxyphenoxy)propyl] Pramoxine Cu HxN0,; 140-65-8 293.401 968 
morpholine 
484 1-Butoxy-2-propanol C; H0; 5131-66-8 32.201 71.5; 712 0.88220 .4168? 5 EtOH, eth, bz, 
ctc, MeOH 
485 Butralin 4-tert-Buty|-N-sec-butyl-2,6- — СНО, 33629-47-9 295.335 60 3505 
dinitroaniline 
486 N-Butylacetamide CIH, NO 119-49-9 15.173 229 0.8960? 1.438825 
487 Butyl acetate C, H0; 23-86-4 16.158 liq -78 26.1 0.8825? 1.3941? $1 H,0; msc 
EtOH, eth; s 
ace, chl 
488 sec-Butyl acetate Сен 0; 05-46-4 16.158 liq -98.9 12 0.8748 1.3880? sl H,O, ctc; s 
EtOH, eth 
489 tert-Butyl acetate (51150, 540-88-5 16.158 95.1 0.8665? 1.385522 s EtOH, eth, chl, 
НОАс 
490 tert-Butylacetic acid Сен 0; 070-83-3 16.158 65 90 0.912420 1.4096? 5 EtOH, eth 
491 Butyl acetoacetate Сан 40; 591-60-6 58.195 -35.6 2750, 858 0.96715 1.413722 51 H,0; msc 
EtOH, bz, lig 
492 Butyl acrylate C; H0; 41-32-2 28.169 0 -64.6 45 0.8898? 1.41852 i H,0; s EtOH, 
eth, ace; sl ctc 
493 fert-Butyl acrylate C; H0; 663-39-4 28.169 liq 20; 6280 0.8795 41102 
494 Butylamine 1-Butanamine C Hi 09-73-9 73.137 liq -49.1 77.00 0.7414? 1.403122 msc H,0; s 
EtOH, eth 
495 sec-Butylamine 2-Butanamine, (+)- C Hi 33966-50-6 73.137 «T2 62.73 072460 1.3932? H,0, chl; msc 
EtOH, eth; vs 
ace 
496 tert-Butylamine 2-Methyl-2-propanamine СН 75-64-9 73137 liq -66.94 44.04 0.6958? 1.378422 тѕсН,0, EtOH, 
eth; s chl 
497 Butylamine hydrochloride 1-Butanamine hydrochloride C H, CIN 3858-78-4 09.598 213 0.98220 51 Н,0, EtOH 
498 Butyl 4-aminobenzoate Butamben C,,H,.NO, 94-25-7 93.243 cry (al or bz) 58 738 i H,0; s EtOH, 
eth, bz, chl 
499 2-(Butylamino)ethanol CIH, NO 111-75-1 17.189 99; 91" 0.89077? 1.443722 уз HO, EtOH, 
eth 
500 2-(tert-Butylamino)ethanol CIH, NO 4620-70-6 17.189 44 76.5; 72^ 0.881820 
501 N-tert-Butylaminoethyl Само, 3775-90-4 85.264 0272 s chl 
methacrylate 
502 2-(tert-Butylaminothio) N-tert-Butyl-2- C4H4NS; 95-31-8 238.372 108 
benzothiazole benzothiazolesulfenamide 
503 2-sec-Butylaniline Со 55751-54-7 149.233 20% 0.957420 S ОН, ace, bz; 
sl cic 
504 4-Butylaniline Саны 104-13-2 49233 рауе 261 0.94520 sl ctc 
505 4-sec-Butylaniline Са 30273-11-1 149.233 238; 1185 0.9495 1.536029 уз bz, eth 
506 4-tert-Butylaniline C, Hug 769-92-6 49.233 ув rd (peth) 17 241 0.95255 1.5380? sl H,0; msc 
EtOH, eth; vs 
bz; s cic 
507 N-Butylaniline С.Н. 1126-78-9 49233 0 -144 243.5 0.932320 1.534122 vs eth, EtOH 
508 N-tert-Butylaniline Сы 937-33-7 49.233 215; 959 1.5270? 5 НОН; vs ace, 
bz, chl 
509 2-tert-Butyl-9,10-anthracenedione Ci H, 0; 84-47-9 264.319 99 s ctc, CS; 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
{510 ferButylazidoformate  tertBulyl carbonazidale 6407 100195 14314 unsabo80 738 о ооо 
511 4-Butylbenzaldehyde СНО 1200-14-2 62.228 23' 5265 
512 4-fert-Butylbenzaldehyde СНО 939-97-9 62.228 liq 07,1305 0.970 52702 
513 Butylbenzene Сада 104-51-8 34218 0 -87.85 83.31 0.8601? 1.4898? i H,0; msc 
EtOH, eth, ace, 
bz, peth, ctc 
514 sec-Butylbenzene, (+) 2-Phenylbutane Cio Hau 36383-15-0 134.218 ٩ -82.7 73.3 0.8621? 1.4902? | ЊО; msc 
EtOH, eth, ace, 
bz, peth, ctc 
515 tert-Butylbenzene Cio Hau 98-06-6 34218 liq -57.8 69.1 0.866520 149272 H,0; vs EtOH, 
eth; msc ace, 
bz 
516 4-fertButyl-1,2-benzenediol Сл 0; 98-29-3 66.217 54.3 285; 16022 s На 
517 2-tert-Butyl-1,4-benzenediol С.0Н0 1948-33-0 66.217 128 
518 A-tert-Butylbenzenemethanamine C4 HN 3378-72-1 63.260 755 1.495125 
519 4-fert-Butylbenzenemethanol C4 H4 877-65-6 64.244 236; 1402 0.9285 1.517920 
520 Butyl benzoate С.Н. 136-60-7 78.228 liq -224 250.3 1.000? 149405 ІН,0; msc 
EtOH, eth; s 
ace; sl ctc 
521 2-tert-Butylbenzoic acid СНА 1077-58-3 78.228 pl(dilal) 80.5 vs EtOH 
522 3-tert-Butylbenzoic acid CuH, 0; 7498-54-6 78228 па (peth) 128.8 vs EtOH, peth 
523 4-fert-Butylbenzoic acid САНА; 98-73-7 78.228 па (0 а) 1645 160; vs EtOH, 
bz; s chl 
524 4-Butylbenzoyl chloride СиН.зС10 28788-62-7 196.673 155% 10515 153512 
525 4-tert-Butylbenzoyl chloride СНОО 1710-98-1 96.673 266; 135% 1.0075 1.536420 
526 2-Butyl-1,1"-biphenyl СН 54532-97-7 210314 liq -9.65 291.2 0.9676? 1.560420 
527 tert-Butyl bromoacetate C; H4BrO, 5292-43-3 95.054 73% 1.443022 vs eth, EtOH 
528 Butyl butanoate CH, 0; 109-21-7 44212 liq -91.5 66 0.870020 1.4075? 1 H,0; msc 
НОН, eth; s 
cic 
529 Butyl cis-2-butenedioate Monobutyl maleate С.Н.0, 925-21-3 72479 oil 1.095 
530 Butyl carbamate CHNO; 592-35-8 17.147 pr 53 dec 204; 10814 vs EtOH; sl chl 
531 Butyl chloroacetate СНА 10, 590-02-3 50.603 83 1.0704? 1.42972 үс eth, EtOH 
532 tert-Butyl chloroacetate Сен. „010, 107-59-5 50.603 50; 50" .4260? dec H,0 
533 Butylchlorodimethylsilane C H, CISi 1000-50-6 150.722 39 0.87620 51459 
534 Butyl chloroformate 0555010; 592-34-7 36.577 42 1.07425 4114 msc eth; s ace; 
sl ctc 
535 N-Butyl-4-chloro-2- Buclosamide C4 HuCINO; 575-74-6 227.688 915 
hydroxybenzamide 
536 Butyl 2-chloropropanoate СН, 3010, 54819-86-2 164.630 84 1.0253? 1.426322 vs eth 
537 Butyl 3-chloropropanoate C;H44CIO; 27387-79-7 0 0422, 926 1.037022 1.4321? — vs H,0, eth 
538 tert-Butyl chromate CIH, Cr0, 1189-85-1 230.223 red cry -5 reac H,0 
(peth) 
539 Butyl citrate Cis 107 77-94-1 360.443 -20 2332 1.0432 44602 
540 Butyl cyanoacetate C;H,,NO, 5459-58-5 141168 231; 115% 1.001022 1.420020 
541 Butylcyclohexane Сао 1678-93-9 140.266 0 -74.73 180.9 0.790220 14408? 1Н,0 
542 sec-Butylcyclohexane Со 7058-01-7 40.266 179.3 0.8131? 1.446722 i Њ0; s ace 
543 fert-Butylcyclohexane 227177 3178-22-1 40.266 liq -41.2 1715 0.8127? 1.4469? 0 
544 2-fert-Butylcyclohexanol Cio Ha 0 13491-79-7 156.265 45 1395 0.9022 
545 cis-4-tertButylcyclohexanol Cio Ha 0 937-05-3 56.265 83 1125 
546 trans-4-tert-Butylcyclohexanol Cio Ha 0 21862-63-5 156.265 83 1125 
547 4-lert-Butylcyclohexanone Ci H0 98-53-3 54.249 48 90? 
548 Butylcyclohexylamine N-Butylcyclohexanamine C4 HN 10108-56-2 155.281 208.3 SI H,0, ctc; vs 
EtOH, eth 
549 Butyl cyclohexyl phthalate Слао 84-64-0 304.382 col liq 2055 1.076% 51 Њ0; misc os 
550 Butylcyclopentane (“НЫ 2040-95-1 26.239 Па -108 156.6 0.7846? 1.431622 vs ace, bz, eth, 
EtOH 
551 Butyl dichloroacetate (560150, 29003-73-4 185.048 193.5 „18202 14420% — vs eth, EtOH 
552 Butyl (2,4-dichlorophenoxy) 2,4-D Butyl ester Со و‎ ٢ ٢ 94-80-4 277.143 9 133' 
acetate 
553 5-Butyldihydro-2(3H)-furanone Сан 40; 104-50-7 42.196 13220 097969 144519 s EtOH; sl ctc 
554 Butyldimethylamine N,N-Dimethyl-1-butanamine C H, N 927-62-8 01.190 95 0.7206® 1.397022 msc Н,0, EtOH, 
eth, ace, bz 
555 1-tert-Butyl-3,5-dimethylbenzene бота 98-19-1 62271 Па -18 207 0.86682 S сіс 
556 4-fert-Butyl-2,6-dimethyl-3,5- Musk ketone С.Н М0, 81-14-1 294303 уе cry 135.5 vs chl 
dinitroacetophenone 
557 2-fert-Butyl-4,6-dimethylphenol Ci H0 1879-09-0 78.270 22.3 249 0.917? 1.518322 ial 
558 4-fert-Butyl-2,5-dimethylphenol C. О 17696-37-6 178.270 712 264 0.939% 1.531122 зак 
559 4-fert-Butyl-2,6-dimethylphenol CH, 0 879-97-0 78.270 82.4 248 0.916% зак 
560 1-fert-Butyl-3,5-dimethyl-2,4,6- Со МО 81-15-2 297.263 pl па (а) 110 i H50; 51 EtOH; 
trinitrobenzene S eth, chl 
561 2-fert-Butyl-4,6-dinitrophenol С,/15М0, 1420-07-1 240212 уе solid 126 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
562 5-Butyldocosane (5615, 55282-16-1 366.707 208 24410 0.8058? 1.4503? 
563 11-Butyldocosane 9717 13475-76-8 366.707 242.50 0.8041? 1.449920 
564 Butyl dodecanoate Ci Ha) 0; 106-18-3 256.424 180% 
565 Butylethylamine N-Ethyl-1-butanamine C His 13360-63-9 101190 107.5 0.7398? 1.4040? тс EtOH, eth, 
ace, bz 
566 1-fert-Butyl-4-ethylbenzene Са 7364-19-4 62.271 liq -384 211 0.864120 
567 Butyl ethyl ether Сена 628-81-9 02.174 liq -124 923 0.749520 1.3818? ІН,0; msc 
EtOH, eth; vs 
ace 
568 sec-Butyl ethyl ether СеН0 2679-87-0 02.174 81 0.7503? 1.380220 ІН,0; vs EtOH, 
eth 
569 (ел-Вшуі ethyl ether Ethyl tert-butyl ether Сен 637-92-3 02474 Па -94 72.6 0.73625 37560 |Н,0; vs EtOH, 
eth 
570 2-tert-Butyl-4-ethylphenol C,.H,,0 96-70-8 78.270 23 250 
571 2-Butyl-2-ethyl-1,3-propanediol C, H0; 115-84-4 60.254 wh cry 43.8 262 0.927% 45875 s in асе; S 
EtOH 
572 5-Butyl-5-ethyl-2,4,6(1H,3H,5H)-  Butethal CH, №03 77-28-1 212.245 128.5 
pyrimidinetrione 
573 Butyl ethyl 6 C; HS 638-46-0 18.240 liq -95.1 144.3 0.8376? 1.44920 у5 EtOH; s chl 
574 tert-Butyl ethyl sulfide 2-Methyl-2-propanethiol CH S 14290-92-7 118.240 liq -08.9 120.4; 56109 
575 N-tert-Butylformamide С.Н, МО 2425-74-3 01.147 liq 16 202 0.903 43302 
576 Butyl formate СН,» 592-84-7 02.132 liq -91.5 106.1 0.8958? 1.3887? 5ІН,0; s ace; 
msc EtOH, eth 
577 sec-Butyl formate СН,» 589-40-2 02.132 97 0.8846? 1.3865? $1 H,0; s ace; 
msc EtOH, eth 
578 tert-Butyl formate 1,1-Dimethylethyl formate C;H440; 762-75-4 02432 liq 82 0.872 37900 
579 Butyl glycidyl ether CH, 0, 2426-08-6 130185 169; 75% 0.91820 
580 Butyl heptanoate Butyl enanthate C4H50; 5454-28-4 86.292 liq -675 226.2 0.8638? 1.4204? ٩ ne bz, eth, 
EtOH 
581 Butyl hexanoate Butyl caproate С.0Н02 626-82-4 72.265 liq -64.3 208 0.865320 1.4152? i H,0; $ EtOH; 
msc eth 
582 fert-Butylhydrazine hydrochloride C H, СМ, 7400-27-3 24.612 192.5 
583 Bulyl hydrogen succinate Monobutyl succinate CIH, 0, 5150-93-6 74.195 8.6 136.53 0732% 1.436020 
584 tert-Butyl hydroperoxide C,H440; 75-91-2 90.121 6 dec 89; 36" 0.896022 1.4015? $ H,0, EtOH, 
eth, ctc, chl 
585 fert-Butyl-4-hydroxyanisole Butylated hydroxyanisole 0,Н,0, 25013-16-5 180244 мах 51 268 | ЫН S peth, 
EtOH 
586 Butyl 2-hydroxybenzoate C4 Hu05 2052-14-4 94227 liq -5.9 271 1.0728? 1.511520  slctc 
587 Butyl 4-hydroxybenzoate Butylparaben C,,H,,0; 94-26-8 94.227 68.5 SI Н,0, ctc; s 
EtOH 
588 Butyl cis-12-hydroxy-9- Butyl ricinoleate Со Оз 51-13-3 354.566 2158 0.90582 1.4566% vs eth 
octadecenoate, (А) 
589 fert-Butyl hypochlorite C H,CI0 507-40-4 08566 yeliq 71.5 0.95838 1.4030 i H,0; vs eth, bz; 
s ace 
590 Butyl isobutyl ether CIH, 0 7071-47-5 130.228 liq 51 0.763" 40777 vs a eth, 
EtOH 
591 tert-Butyl isobutyl ether C H, 0 33021-02-2 130.228 ٩ 12.0 
592 Butyl isocyanate CHNO 11-36-4 99131 15 0.8802 40602 
593 Butyl isocyanide ҮП 2769-64-4 83.132 20 0.7820 vs eth, EtOH 
594 fert-Butyl isopropyl ether C;H440 7348-59-3 116.201 iq -88 87.6 0.73652 s ch 
595 Butyl isothiocyanate 1-Isothiocyanatobutane C.HNS 592-82-5 15.197 68 0.9546? 1.5019 vs eth, HOH 
596 sec-Butyl isothiocyanate, (+) 2-|sothiocyanatobutane, (+) ШІ 16724-11-9 115.197 59,5 0.94412 vs eth, НОН 
597 tert-Butyl isothiocyanate 2-|sothiocyanato-2- C;H,NS 590-42-1 15.197 10.5 40 0.918710 
methylpropane 
598 Butyl lactate CH, 0, 34451-18-8 146184 779 0.974427 vs eth, EtOH 
599 Butyl methacrylate Сан 0; 97-88-1 42.196 60 0.8936? 1.4240? vs eth, EtOH 
600 fert-Buty! methacrylate Сан 10; 585-07-9 42.196 35.2 
601 1-tert-Butyl-4-methoxybenzene СНО 5396-38-3 64.244 19.0 238 0.9383? 754 
602 1-tert-Butyl-2-methoxy-4-methyl- С МО 83-66-9 268.265 ра уе lf (al) 85 85% i B,0; 51 EtOH; 
3,5-dinitrobenzene s eth, ch 
603 2-tert-Butyl-4-methoxyphenol Ci Hi 0; 121-00-6 80.244 8450 
604 3-tert-Butyl-4-methoxyphenol Ci H, 0; 88-32-4 80.244 65 
605 Butylmethylamine N-Methyl-1-butanamine C. His 110-68-9 87.164 91 0.763715 
606 1-fert-Butyl-2-methylbenzene 2-tert-Butyltoluene Cy Hig 1074-92-6 48.245 iq -50.3 200.4 0.88972 1.50762 vs ҮН bz, eth, 
EtOH 
607 1-tert-Butyl-3-methylbenzene 3-tert-Butyltoluene Ci Hg 1075-38-3 48.245 iq -41.4 189.3 086572 1.4944? ٩ ШІ bz, eth, 
EtOH 
608 1-tert-Buty|-4-methylbenzene 4-tert-Butyltoluene CuHis 98-51-1 48.245 iq -52 190 0.861220 1.4918? i H,0; 51 EtOH; 
vs eth, chl; s 
ace, bz 
609 Butyl 2-methylbutanoate Butyl o-toluate CoH, 0; 15706-73-7 158.238 179 0.8620 1.413520 
610 Butyl 3-methylbutanoate Butyl p-toluate CH, 0, 109-19-3 58.238 „40585 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

611 Butyl methyl ether С5Н.20 628-28-4 88.148 liq -115.7 70.16 0.7392% 1.3736? i H,0; msc 
EtOH, eth; s 
ace 

612 sec-Butyl methyl ether لااو‎ 116783-23-4 88.148 59.1 0.7415% 1.36807 vs ace, eth, 
EtOH 

613 2-tert-Butyl-4-methylphenol СНО 2409-55-4 64.244 515 237 092475 149695 s| H0; s ace, 
bz, chl 

614 2-tert-Butyl-5-methylphenol و‎ ٧ 88-60-8 64.244 46.5 127" 0.92280 52509 i H,0; s EtOH, 
eth, ace 

615 2-tert-Butyl-6-methylphenol СНО 2219-82-1 64.244 31 230 0.92409 1.519520 

616 4-tert-Butyl-2-methylphenol C,,H,.0 98-27-1 64.244 275 237; 13220 0.9652 52300 ۳6 
bz 

617 Butyl methyl sulfide C: HS 628-29-5 04.244 liq -97.8 123.4 0.8426? 1.447722 vs EtOH, MeOH 

618 tert-Butyl methyl sulfide C; HS 6163-64-0 04.214 liq 98.9 

619 4-Butylmorpholine CH,;NO 1005-67-0 43227 liq -57.1 213.5 0.9068? 1.4451? уз НО, ace, bz, 
EtOH 

620 1-Butylnaphthalene СН 1634-09-9 84277 liq -19.8 289.3 0.9738? 1.5819? ІН,0; $ EtOH, 
eth, ace, bz 

621 2-Butylnaphthalene байн 1134-62-9 84277 liq -25 292 0.9673? 1.577720 vs ace, bz, EtOH 

622 Butyl nitrate ҮШІН 928-45-0 19.119 133 1.0228? 1.401322 i H,0; s EtOH, 
eth; sl ctc 

623 Butyl nitrite ҮШІ 544-16-1 03.120 78 0.911425 — 1.3762? msc EtOH, eth 

624 tert-Butyl nitrite (C H,N0; 540-80-7 03.120 ра ye liq 63 0.8670? 1,3680 5160; s EtOH, 
eth, chl, CS; 

625 sec-Butyl 6 СаНМО; 924-43-6 03.120 68.5 0.872620 1.3710? уз eth, EtOH, 
chl 

626 4-(Butylnitrosoamino)-1-butanol ^ A-Butyl-N-(4-hydroxybutyl) CIH, N,0; 3817-11-6 74.241 11500! 

nitrosamine 

627 5-Butylnonane Са Hos 17312-63-9 184.361 217.5 0.763518 56 

628 Butyl nonanoate Butyl рејагдопаје C Ha 0; 50623-57-9 214.344 -38 1239 085205 75 

629 Butyl octanoate Со О; 589-75-3 200.318 liq -42.9 2405 0.862820 1.423225 vs ace, eth, 
EtOH 

630 2-Butyl-1-octanol و‎ ٧ 3913-02-8 86.333 246.5; 1325 0.89120 

631 Butyl oleate Butyl cís-9-octadecenoate СНО 142-77-8 338.567 уе cry -26.4 227% 0.8704 1.448025 уз ОН 

632 tert-Butyl 3-oxobutanoate Сан 405 1694-31-1 58.195 715" 0.975622 1.418020 

633 Bulyl 4-oxopentanoate Bulyl levulinate C, Hi 0, 2052-15-5 72.221 237.5 0.973520 1.4290? sl chl 

634 Butyl palmitate Butyl hexadecanoate СНО 111-06-8 312.531 cry (dil а) 16.9 43129 | H,0; s EtOH, 
eth 

635 Butyl pentanoate CH, 0, 591-68-4 58238 liq -92.8 185.8 087105 1412820 51 H,0; s EtOH, 
eth 

636 sec-Bulyl pentanoate Сан 0; 116836-32-9 158.238 174.5 0.8605? 1.4070? vs bz, eth, py, 
EtOH 

637 4-(1-Butylpentyl)pyridine С.Н 2961-47-99 205.340 265; 161% 0.88785 585 

638 fert-Butyl peroxybenzoate Benzoyl tert-butyl peroxide C, Hu04 614-45-9 94.227 7502 1.0215 49902 

639 2-Butylphenol СН. 3180-09-4 50.217 1 -20 235 0.97520 51805 i H,0; s EtOH, 
eth, alk 

640 2-sec-Butylpheno Сану 0 89-72-5 50.217 16 228; 116?! 0.980425 56 

641 2-tert-Butylpheno СНО 88-18-6 50217 liq -6.8 228 0.9783? 1.5160? 5 EtOH, ctc, alk; 
vs eth 

642 3-Butylphenol C44 H0 4074-43-5 50.217 248 0.97420 vs eth, EtOH 

643 3-tert-Butylpheno Ci H0 585-342 50.217 па (peth) 42.3 240 S EtOH, alk; vs 
eth 

644 4-Butylphenol СНО 1638-22-8 50.217 22 248 0.97622 516525 | H,0; s EtOH, 
eth, alk; sl ctc 

645 4-sec-Butylpheno 4-(1-Methylpropyl)phenol !و‎ 99-1-8 50.217 615 241 0.98620 51822 i H,0; s EtOH, 
alk; vs eth 

646 4-fert-Butylpheno C44 ٧ 98-54-4 50.217 па (lig) 98 237 0.90880 478774 s H50, EtOH, 
eth, chl, а 

647 4-tert-Butylphenol, phosphate Сао ОР 78-33-1 494.602 i EtOH; sl eth, bz 

(31) 
648 [(4-tert-Butylphenoxy)methyl] C.H, 0; 3101-60-8 206.281 167“, 14505 1.0365 514520 
oxirane 

649 N-Butyl- V-phenylacetamide С.›Н №0 91-49-6 91.269 24.5 281 0.9912? 1.5146? sl chl 

650 1-(4-tert-Butylphenyl)ethanone C Hi 0 943-27-1 76.254 17.7 263; 13720 0.9635? 57 

651 Butyl phenyl ether Butoxybenzene CigH,,0 1126-79-0 50.217 iq -194 210 0.9351? 1.4969? s eth, ace 

652 N-Butylpiperidine C; His 4945-48-6 41.254 176 0.8245 1.446720 

653 Butylpropanedioic acid Butylmalonic acid C7H,.0, 534-59-8 60.168 — pr (w) 104.5 vs Н;0; s EtOH, 
eth 

654 Butyl propanoate Buty! propionate СНА 590-01-2 30.185 0 -89 146.8 087540 1.401422 5|Н,0, ctc; msc 
EtOH, eth 

655 sec-Butyl propanoate C; H0, 591-34-4 30.185 133 0.86577 1.3952? 5 EtOH, eth 

656 N-tert-Butyl-2-propenamide N-tert-Butylacrylamide СМО 107-58-4 27.184 сгу (bz) 128 SI Н,0; i peth 
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657 Butyl propyl ether СНО 3073-92-5 16.201 184 0.77720 i H,0; vs EtOH, 
eth 
658 4-fert-Butylpyridine CIH, N 3978-81-2 135.206 0 -41 96.5 0.915% 4958” s ctc, CS, 
659 5-Butyl-2-pyridinecarboxylic acid — Fusaric acid С H, МО» 536-69-6 79.216 97 
660 Butyl stearate СНО 123-95-5 340.583 27 343 0.85425 43289 | Н,0; s EtOH; 
VS асе 
661 Butyl thiocyanate 1-Thiocyanobutane C.HNS 628-83-1 15.197 86 0.95635 1.4360? i H,0; s EtOH, 
eth 
662 2-Butylthiophene САН 5 1455-20-5 140.246 81.5 0.95377? 1.509020 
663 Butyl thiophene-2-carboxylate Butyl 2-thiophenecarboxylate — C,H;;0;S 56053-84-0 184255 5805 
664 Butyl 4-toluenesulfonate Cu Hi 0,5 778-28-9 228.308 655 113199 1.5050? i H0; s eth; sl 
cic 
665 Butyl trichloroacetate C H,Cl,0; 3657-07-6 219.493 204 27780 145255 86 
666 Butyl (2,4,5-trichlorophenoxy) 2,4,5-T Butyl ester Сон CL0; 93-79-8 311.588 28.5 337 
acetate 
667 Butyltrichlorosilane Trichlorobutylsilane C,HsCl;Si 7521-80-4 191.559 148.5 1606? 1.4363? 5 eth, bz, tol, 
AcOEt 
668 Butyl trifluoroacetate CeH,F 30, 367-64-6 70.129 102 1.026822 1.3532 chl 
669 Butylurea СНО 592-31-4 16.161 tab (м), nd 97.0 vs HO, EtOH; sl 
(bz) chl 
670 sec-Butylurea (1-Methylpropyl)urea CH, МО 689-11-2 16.161  pr(w) 169 
671 tert-Butylurea СНО 1118-12-3 16.161 176 дес S H,0; vs EtOH; 
sl bz 
672 1-tert-Butyl-4-vinylbenzene p-tert-Butylstyrene СН 1746-23-2 60.255 liq -36.9 اوو‎ 0.8920 
673 Butyl vinyl ether 1-(Ethenyloxy)butane لام‎ 111-34-2 00.158 liq -92 94 0.788822 1.402622 ІН,0; vs EtOH, 
ace; msc eth; s 
bz 
674 tert-Butyl vinyl ether 2-(Ethenyloxy)-2-methylpropane C,H,,0 926-02-3 00.158 liq -112 75 0.7691? 1.392220 
675 1-Butyne Ethylacetylene C4 Hg 107-00-6 54.091 col gas -125.7 8.08 0.67839 1.396222 i H,0; s EtOH, 
eth 
676 2-Butyne Dimethylacetylene C, Hg 503-17-3 54.091 vol liq or gas -32.2 26.9 0.69102 1.3921? i H,0; s EtOH, 
eth, ctc 
677 2-Butynediamide Cellocidin C H,N,0; 543-21-5 112.087 cry (dil 217 dec 51 Н,0, chl, 
MeOH) EtOH, eth, g 
HOAc 
678 2-Butynedinitrile C N 1071-98-3 76.056 20.5 765 0.970825 85 
679 2-Butynedioic acid C H,0, 142-45-0 114.057 183 дес vs Н,0, EtOH, 
ећ 
680 2-Butyne-1,4-diol Bis(hydroxymethyl)acetylene С.Н,0, 110-65-6 86.090 pl (bz, 50 238 4804? vs H,0, EtOH, 
AcOEt) ace; sl eth; | 
bz, peth 
681 2-Butyne-1,4-diol diacetate 1,4-Diacetoxy-2-butyne СН 0, 1573-17-7 170163 2210 4611? $ ctc 
682 2-Butynoic acid C,H,0, 590-93-2 84.074 pl (eth, peth) 78 203 0.96412 vs H,0, eth, 
EtOH, chl 
683 2-Butyn-1-ol СНО 764-01-2 70.090 liq -1.1 48 0.93702 1.453020 vs eth, EtOH 
684 3-Butyn-1-ol C,H,0 927-74-2 10.090 liq -63.6 29 0.925720 1.4409? vs ЊО, EtOH 
685 3-Butyn-2-ol СНО 2028-63-9 70.090 liq -15 06.5 0.8618? 1.420722 vs H0, eth 
EtOH 
686 3-Butyn-2-one Ethynyl methyl ketone C,H,0 1423-60-5 68074 84 0.8793? 140702 
687 3-Butynylbenzene Садо 16520-62-0 130.186 90 0.9258? 1.520820 
688 y-Butyrolactone Oxolan-2-one С.Н,0, 96-48-0 86.090 д -43.61 204 1.1296? 1.434120 vs асе, bz, eth, 
EtOH 
689 Cacotheline C و‎ М0; 561-20-6 427.408 уе cry >300 sl 0 
690 y-Cadinene Cic Ho, 39029-41-9 204.352 2672 0.918215 1.316620 
691 Cadmium СұыНыСаМ,5, 14239-68-0 408.950 wh cry 255 
bis(diethyldithiocarbamate) 
692 Caffeine СаН ом 0; 58-08-2 194491 wh nd (w«1) 238 sub 90 2318 51 Н,0, EtOH; | 
, hex pr eth, ctc; s chl, 
(sub) py 
693 Calactin 19-Oxogomphoside CogH 009 20304-47-6 532623 small pr 271 
(асе) 
694 Calcium ascorbate Со Аба; 5743-27-14 390.310  tricl cry (w) S H,O; i MeOH, 
EtOH 
695 Calcium citrate Со ба 0. 7693-13-2 498.433 сту (w) =100 дес SI Н,0, i EtOH 
(hyd) 
696 Calcium cyanamide Calcium carbimide CCaN, 156-62-7 80.102 — colhexcry -1340 sub 229 dec H,0 
697 Calcium cyclamate Ci Hj CaN,0,S, 139-06-0 396.535 шу vs 0 
698 Calcium gluconate Со Ho; 080,4 299-28-5 430.373 шу i EtOH, os 
699 Calcium iodobehenate lododocosanoic acid, calcium _ CygHgqCal,0, 1319-91-1 971.023 wh-ye pow i H,O, EtOH, 
salt eth; s chl 
TOO Calcium lactate C H, Ca, 814-80-2 218.217 wh pow (w) $ НО; i EtOH 
701 Calcium 2,4-pentanedioate Calcium acetylacetonate ТҮЛЕДІ) 19372-44-2 238.294 со! cry dec 


(MeOH) 
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702 Calcium thioglycollate C H Ca0,S; 814-71-1 222.297 pr (w) 220 dec s ЊО, chl; sl 
EtOH; i eth, bz 
703 Calotoxin 4'B-Hydroxy-19- C.H, Оно 20304-49-8 548.622 cry (EtOH) 268 
oxogomphoside 
704 Calotropin CogH 009 1986-70-5 532.623 pl (EtOH) 221 S Н,0, EtOH; i 
eth 
705 Calusterone СаНа0 17021-26-0 400.680 cry (ace) 157.5 
706 Camphene, (+) 2,2-Dimethyl-3- 0.16 5794-03-6 136.234 па 52 161 0.89505 1.457025 vs eth 
methylenebicyclo[2.2.1] 
heptane, (1R)- 
707 Camphene, (-) 2,2-Dimethyl-3- Се 5794-04-7 4 52 158 0.84469 145647 vs eth 
methylenebicyclo[2.2.1] 
heptane, (15)- 
708 d-Camphocarboxylic acid C.H, 0; 18530-30-8 196243 pr(eth,50% 1275 vs bz, eth, EtOH 
al) 
709 Camphor, (+) 1,7,7-Trimethylbicyclo[2.2.1] Со 21368-68-3 152.233 whrhomcry 178.3 sub i H5O; vs EtOH, 
heptan-2-one, (+) (EtOH) eth; s ace, bz, 
cic 
710 Camphor, (4) 1,7,7-Trimethylbicyclo[2.2.1] Со 464-49-3 52233 pl 178.8 207.4 0.9905 1.5460 ІН,0; vs EtOH, 
heptan-2-one, (18) eth; s ace, bz 
711 Camphor, (-) 1,7,7-Trimethylbicyclo[2.2.1] C4 H4 ,0 464-48-2 52.233 178.6 0.985316 i H30; vs EtOH, 
heptan-2-one, (15) eth, НОАс; 5 
ace, bz 
712 Camphoric acid, (+) 1,2,2-Trimethyl-1,3- Ci Hi 0, 5394-83-2 200.232 pr, If 202 1.186 SI Н,0: s chl, 
cyclopentanedicarboxylic acid, eth, EtOH 
1RS, 358) 
713 d-Camphorsulfonic acid (61, 0,5 3144-16-9 232.297 pr(HOAc) 195 dec vs Н,0: i eth; sl 
НОАс 
714 Canadine, (+) DL-Tetrahydroberberine C4: МО, 29074-38-2 339.386 mcl nd (al) 4 vs EtOH, chl 
715 Cannabidiol Cj Ha 0; 13956-29-1 314.462 rods (peth) 67 1882 1.0409 1.540422 ІН,0; $ EtOH, 
eth, bz, chl 
716 Cannabinol 6,6,9-Trimethy|-3-pentyl-6H- ^ С,Нь 0, 521-35-7 310.430 рі, If (peth) 77 185905 1Н,0, s EtOH, 
dibenzo[b,d]pyran-1-ol eth, ace, bz, 
peth, alk 
71117 6 CH, 0; 976-71-6 340.455 cry (AcOEt) 150 
718 Cantharidin Сл 0, 56-25-7 196.200 orth p 218 sub 84 i H5O; 51 EtOH, 
eth, ace, bz; s 
НОАс 
719 Саргојасјат 6-Hexanelactam CIH NO 05-60-2 113.157 If (lig) 69.3 270 vs HO, bz, 
EtOH, chl 
720 Capsaicin Са М0; 404-86-4 305.412 mclplorsc 65 21500 i H5O; vs EtOH; 
(peth) S eth, bz, peth; 
sl con НО! 
721 Capsanthin 3,3-Dihydroxy-B,x-caroten-8- С„Нь0; 465-42-9 584.871 176 
one, (38,3:5,58) 
722 Captafol C,4H,CI,NO,S — 2425-06-1 349.061 су 161 
723 Captan С5Н,01,М0,5 33-06-2 300.590 сгу (CCI) 172.5 1.7425 vs chl 
724 Captopril 1-(3-Mercapto-2-methyl-1- CIH, NO.S 62571-86-2 217285 cry (AcOEt) 105 5,0, EtOH, chl 
oxypropyl)proline 
725 Carbachol Сен СМО; 51-83-2 182.648 210 дес vs Н,0, MeOH; 
sl EtOH; i eth, 
chl 
726 Carbamic chloride Carbamyl chloride CH;CINO 463-72-9 79.486 дес 62 
727 Carbamodithioic acid CH,NS; 594-07-0 93.172 vs EtOH, eth 
728 Carbamoyl dihydrogen phosphate CH,NO;P 590-55-6 141.021  unstab in 
soln 
729 Carbaryl CH, NO; 63-25-2 201.221 145 1.2285 vs ace, DMF 
730 Carbazole Dibenzopyrolle Ci Hg 86-74-8 167.206 pl or If 246.3 354.69 i H,0; 51 EtOH, 
eth, bz, chl; s 
ace 
731 9H-Carbazole-9-acetic acid C4 H4 NO; 524-80-1 225.243 If (AcOEt) 215 vs eth, EtOH, 
chl, HOAc 
732 Carbendazim Carbamic acid, 1Н- САО 10605-21-7 191.186 300 dec 145 
benzimidazol-2-yl-, methyl 
ester 
733 Carbetapentane Pentoxyverine Си МО, 77-23-6 333.465 165001 
734 N-Carbethoxyphthalimide N-(Ethoxycarbonyl)phthalimide C,,H МО, 22509-74-6 219.194 91 
735 Carbic anhydride 0-8,0, 129-64-6 164.158  orth cry 164.5 14175 48 ace, bz, 
(peth) EtOH, chl 
736 Carbimazole C;H,4N,0,S 22232-04-8 186.231 сту, pow 123.5 vs ace, chl 
737 Carbobenzoxyhydrazine Benzyl carbazate Сао МО 5331-43-1 166.177 69.5 
738 Carbofuran Со و‎ NO; 1563-66-2 221252 151 118 
739 Carboimidic difluoride CHF; 2712-98-3 65.023 gas -90 -13 dec 
740 y-Carboline 5H-Pyrido[4,3-b]indole و‎ N; 244-69-9 168.195 па 225 1.352 51 H0, bz; vs 


МеОН, s EtOH 
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3-88 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

741 Carbon dioxide Carbonic anhydride CO, 124-38-9 44.010 col gas -56.56 tp -78.5 5р 0.72025 si Н,0 

(p»1 
atm) 
742 Carbon diselenide Carbon selenide CSe, 506-80-9 169.93 уе liq -43.7 125.5 2.682320 1.845420 
743 Carbon disulfide Carbon bisulfide CS, 75-15-0 76141 col liq -112.1 46 1.2632? 1.6319? 5Н,0, chl; msc 
EtOH, eth 

744 Carbonic acid CH;0, 463-79-6 62.025 Aq. soln. of CO, 

745 Carbonic dihydrazide Carbohydrazide CH,N,O 497-18-7 90.085  nd(dila) 154 1.61620 vs Н,0, EtOH 

746 Carbon monoxide Carbon oxide CO 630-08-0 28.010 col gas -205.02 -191.5 0.7909:9 SI Н,0: s bz, 

НОАс 
747 Carbonochloridic acid, 4- C;H,CINO, 7693-46-1 201.565 80 16019 
nitrophenyl ester 

748 Carbonochloridic acid, (4- С.Н,СЇМО, 4457-32-3 215.592 328 
nitrophenyl)methyl ester 

749 Carbonochloridic acid, 2,2,2- C5H,CI,0, 7341-93-4 211.859 63" 
trichloroethyl ester 

750 Carbonothioic dichloride Thiophosgene (015 463-71-8 114.982 red liq 73 1.5085 — 1.5442? dec H,0, EtOH; 

$ eth 

751 Carbonothioic dihydrazide 1,3-Diamino-2-thiourea СН,М,5 2231-57-4 106151 nd,pl(w)nd, 170 dec vs Н,0 
pl (w) 

752 Carbon oxyselenide Carbonyl selenide COSe 603-84-5 10697 со! gas; -122 -215 dec Н,0 
unstab 

753 Carbon oxysulfide Carbonyl sulfide COS 463-58-1 60.075 col gas -138.8 -50 1.028 1249 ^ 5160; s EtOH; 

vs KOH 

754 Carbon suboxide 1,2-Propadiene-1,3-dione C30, 504-64-3 68.031 col gas -107 6.8 1.1140 1.45380  seth, bz, CS, 

755 Carbonyl bromide Bromophosgene СВг,0 593-95-3 187.818 64.5 2509 

756 Carbonyl chloride Phosgene CCI,0 75-44-5 98.916 _ col gas -127.78 8 1.371925 S bz, ctc, chl, 

(p»1 atm tol, HOAc 

757 Carbonyl chloride fluoride Carbonic chloride fluoride CCIFO 353-49-1 82461 _ со! gas -148 -47.2 reac H,0 

758 Carbonyl dicyanide С.№0 1115-12-4 80.044 liq -36 65.5 11240 . 1.3919? s eth, ace, сіс, 

chl 

759 N,N-Carbonyldiimidazole C;H,N,0 530-62-1 162.149 сту (bz) 119 

760 Carbonyl fluoride СР,0 353-50-4 66.007 со! gas -1112 -84.5 1.1395 

761 Carbophenothion СН, 10,Р5, 786-19-6 342.866 80001 1.27120 

762 Carbosulfan Co H.N,0,S 55285-14-8 380.544 126 1.05620 

763 Carboxin C. H, №055 5234-68-4 235.302 94 

764 2-Carboxybenzeneacetic acid СНО, 89-51-0 80.158 184.5 1.410020 S Њ0, EtOH; sl 

eth; i bz, chl 

765 N-(D-1-Carboxyethyl)-L-arginine — Octopine Са №04 34522-32-2 246.264 па (ш) 281 

766 L-y-Carboxyglutamic acid CIH МО; 53861-57-7 191.138 cry 167 

767 S-(Carboxymethyl)-L-cysteine Carbocysteine C;H,N0,S 638-23-3 79.195 nd 206 

768 2-Carboxyphenyl 2- Salsalate و‎ 005 552-94-3 258.226 147 8| ace 

hydroxybenzoate 

769 3-Carene, (+) СН 498-15-7 36.234 171; 1237 085491 1.469 — vs ace, bz, eth 

770 Carisoprodol C,.H,,N,0, 78-44-4 260.330 сту 92 505 

771 Carminic acid CopH 043 1260-17-9 492.386 red mcl pr 136 дес S Њ0, EtOH; sl 
(aq, MeOH) eth; i bz, chl 

772 Carnitine 4-Amino-3-hydroxybutanoic CH, №0 541-15-1 61.199 cry (al-ace), 197 dec vs Н,0, НОН 

acid trimethylbetaine hyg 

773 Carnosine N--Alanyl-L-histidine C;H,4N40; 305-84-0 226.232 260 vs Н,0 

774 а-Сагојепе СаНе 7488-99-5 536873 redplorpr 187.5 1.002 vs bz, eth, chl 
(peth, bz- 

MeOH) 

775 B-Carotene СН 7235-40-7 536.873  redbrhexpr 183 1.002 i H50; 51 EtOH, 
(bz-MeOH) chl; s eth, ace, 

bz 

776 7-6 y-Carotene СН 472-93-5 536.873 гей рг (62 153 i H5O, EtOH; sl 
MeOH), eth, peth; s bz, 
viol pr (eth) chl 

777 млу-Сагојепе trans-Lycopene СН 502-65-86 536873 redprornd 175 sl EtOH, peth; s 
(peth eth; vs bz, chl, 

CS, 

778 £,B-Carotene-3,3'-diol, (ЗА,З А) — 7 C, H, 0; 144-68-3 568.872 7 215.5 227006 i B,0; 51 EtOH; 
(MeOH) s eth, ace, bz, 
orth (chl- py, chl 
eth) 

779 B,e-Carotene-3,3'-diol, Xanthophyll C4) Hg 0; 127-40-2 568.872 уе or viol pr 196 vs bz, eth, ОН, 

(3838,68) (eth- peth 
MeOH) 

780 p,B-Caroten-3-ol, (3A) Cryptoxanthin [NU 472-70-8 552.872 garnetredpr 0 vs bz, chl 
(bz-MeOH) 

781 Влу-Сагоеп-3-01, (38) Rubixanthin СНО 3763-55-1 552.872 dkrednd 160 sl EtOH, peth; s 
(bz-MeOH) bz, chl 
oran-red 


(bz-peth) 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
782 w,w-Caroten-16-0l Lycoxanthin СНО 19891-74-8 552.872 red pl (07- 168 i B,0; sl EtOH; 
Me0H) s bz, CS; 
783 Caroverine Со و‎ ٧٢٢ 23465-76-1 365468 су 69 202001 sl i-PrOH 
784 Carpaine СН №504 3463-92-1 478708 mcl pr (а, 121 vs асе, bz, eth, 
ace) EtOH 
785 Сапар hydrochloride C;H,,CIN,O,S, 22042-59-7 273.804 су 180 S H,O; sl EtOH, 
еон 
786 Carvenone, (S) Ci H0 10395-45-6 152.233 233 0.9289? 1.480522 1 H,0; s ace 
787 (R)-Carvone D-Mentha-1,8-dien-6-one, (А) 0 6485-40-1 150.217 25.2 231 0.9593? 1.4988? — vs EtOH; 
S eth, ctc, chl 
788 (S)-Carvone p-Mentha-1,8-dien-6-one, ($) Cu HO 2244-16-48 7 «15 231 0.965? — 1.4989? sI ВОН; 
S eth, chl 
789 Caryophyllene Са а 87-44-5 204.352 122135 0.9075? 1.4986? уз bz 
790 Casimiroin 6-Methoxy-9-methyl-1,3- C; Hu NO, 477-89-4 233.220 sl ch 
dioxolo[4,5-h]quinolin-8(9)- 
one 
T91 Cassaine CH. NO, 468-76-8 405.572 fl (eth) 1425 S EtOH, ace, chl, 
eth, bz, MeOH 
792 Caulophylline С.Н N,0 486-86-2 204267 cry(w+2),nd 137 vs Н,0, ace, bz, 
(al, bz) EtOH 
793 а-Седгепе Сыны 469-61-4 204352 ой 262.5; 12512 
794 Cedrol C Но 77-53-2 222.366 86 0.9479% 1.4824% 
795 Cefazolin С.Н. №093 25953-19-9 454.508 па (асе ад) 200 dec s DMF, ру; sl 
eOH; i chl, 
bz, eth 
796 B-Cellobiose СО 3360-52-6 342.296 cry (dil al) 225 dec S НО; i EtOH, 
eth, ace, bz 
797 Cellotriose С.Н О.в 33404-34-1 504437 208 
798 Серпаехт СЫН № 0:5 5686-71-2 347.389 су 
799 Cephaloglycin Kafocin C, H, №3055 3577-01-3 405.425 сту (м) =220 dec 
800 Cephaloridine 0 HyN;0,S; 50-59-9 415486 шу s Н,0 
801 Cephalothin Ci H, №5055» 53-61-7 7 160 
802 Cephapirin Сун МО» 21593-23-7 423.463 cry (ace ад) 155 
803 Cepharanthine Са مل‎ 481-49-2 606.707 уе amor pow 0 
804 Cephradine Ci H, №3045 38821-53-3 349.405 col cry (w) 141 dec 
805 Cerulenin 2,3-Ероху-4-охо-7,10- СМО, 7397-89-6 223268 wh nd 94 sl H30; 8 bz, 
dodecadienamide, (28,35)- EtOH, ace; i 
peth 
806 Cevadine C.H, NO; 62-59-9 591.733 flat nd (eth) 213 dec 
807 Chavicine CH, NO; 495-91-0 285.338 vs eth, EtOH, 
peth 
808 Cheirolin (5Н410,5, 505-34-0 179.261 cry (eth) 415 200% vs НОН, chl 
809 Chelerythrine C.H, NO; 34316-15-9 365.380 cry (chl- 207 vs chl 
Me0H) 
810 Chelidonine Stylophorine CogH NO; 476-32-4 353.369 mcl pr (al) 1355 2200.002 1620; s EtOH, 
eth, chl 
811 Chinomethionat Ci oH ,N.0S; 2439-01-2 234.297 170 
812 Chloral hydrate C,H,C1,0, 302-17-0 165.403 57 dec 96 1.908120 vs H50, bz, eth, 
EtOH 
813 Chlorambucil C4 СМО; 305-03-3 304.213 65 
814 Chloramine В N-Chlorobenzenesulfonamide ^ C&H;CINNaO;S ^ 46 213.618 рг (w) 190 sl EtOH; i chl, 
sodium eth 
815 Chloramine T N-Chloro-4- C,H,CINNaO;S 127-65-1 227.645 рг (hyd) 180 (һуа) s H,0; i bz, chl, 
methylbenzenesulfonamide eth 
sodium 
816 Chloramphenicol СиНСЬ№05 56-75-7 323.129 payeplor 150.5 sub vs ace, EtOH, 
nd (w) chl 
817 Chloramphenicol palmitate CH CLN;O, 530-43-8 561.537 cry (bz) 90 vs bz, eth, EtOH 
818 Chloranilic acid 2,5-Dichloro-3,6-dihydroxy- C H,Cl,0, 87-88-7 208.984 red If (842) 283.5 s Н,0 
2,5-cyclohexadiene-1,4-dione 
819 Chlorbenside 1-Chloro-4[[(4-chlorophenyl) او‎ CES 103-17-3 269.189 75 1.421020 
methyl]thio]benzene 
820 Chlorbicyclen الاو‎ 2550-75-6 397.768 pow 105 1742 
821 Chlorbromuron N’-(4-Bromo-3-chlorophenyl)- ^ C,H,,BrCIN;O; 13360-45-7 293.544 96 1.6920 
N-methoxy-N-methylurea 
822 Chlorbufam 1-Methyl-2-propynyl(3- СН, CINO; 1967-16-4 223656 су 45.5 SI H0; s MeOH, 
chlorophenyl)carbamate EtOH, ace 
823 Chlorcyclizine Са Ho, CIN; 82-93-9 300.826 oil 140012 
824 Chlordane ТАСЫ 57-74-9 409.779 106 175' 1.60% 
825 Chlordantoin C,H,ClN,O,S 5588-20-5 347.689 5 CS, 
826 Chlordene Сб 3734-48-3 338.873 сгу (EtOH) 155 
827 Chlordimeform СНС 6164-98-3 196.676 35 15604 1.105% 158855 vs bz, eth, EtOH 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
828 Chlorendic acid 1,4,5,6,7,7-Hexachloro-5- ЛЕГІ? 115-28-6 388.844 сту (м) 232 
norbornene-2,3-dicarboxylic 
acid 
829 Chlorendic anhydride Со ЊСО 115-27-5 370.828 235 
830 Chlorfenvinphos CyH,4Cl,0,P 470-90-6 359.569 170°% 
831 Chlorflurecol 9H-Fluorene-9-carboxylic acid, C¿H,CI0, 2464-37-1 260.672 14962 
2-chloro-9-hydroxy- 
832 Chloridazon 3(2H)-Pyridazinone, 5-amino-4- C. H,CIN,0 1698-60-8 221.643 205 
chloro-2-phenyl- 
833 Chlorimuron-ethyl C, H,,CIN,O;S — 90982-32-4 414.821 186 
834 Chlormephos Chloromethyl O, O-diethyl و8‎ 24934-91-6 234705 oil 839! 15244 51 H0; misc os 
dithiophosphate 
835 Chlormequat chloride СН СМ 999-81-5 158.069 239 дес 
836 Chlormezanone C,,H,CINO,S 80-77-3 273.736 су 117 sl EtOH 
837 Chlornaphazine Cu Hi CLN 494-03-1 268.182 рі (рей) 55 2105 vs асе, bz, eth, 
EtOH 
838 Chloroacetaldehyde C;H4CIO 107-20-0 78497 liq -16.3 855 1:19 s eth 
839 2-Chloroacetamide C;H,CINO 79-07-2 93.512 121 225 5,0; vs EtOH; 
sl eth 
840 Chloroacetic acid СНОО, 79-11-8 94.497 тор 63 189.3 140430 1.435155 vs H,0; s ОН, 
eth, bz, chl; sl 
сіс 
841 Chloroacetic anhydride СНОО 541-88-8 170.979 pr (bz) 46 203 1.549720 
842 4-Chloroacetoacetanilide N-Acetoacetyl-A-chloroaniline ^ C.H, CINO; 01-92-8 211.645 132 
843 Chloroacetone C,H&CIO 78-95-5 92524 liq -445 119 1.1520 $ Н,0, EtOH, 
eth, chl 
844 Chloroacetonitrile Chloromethyl cyanide СС 07-14-2 75.497 126.5 1.193020 1.420225 us eth, EtOH 
845 a-Chloroacetophenone w-Chloroacetophenone C H,CI0 532-27-4 54594 pl(dilal), 565 247 1.3245 160; vs EtOH, 
thom, If eth, bz; s ace, 
(peth) peth 
846 4-(2-Chloroacetyl)acetanilide Сад CINO; 40-49-8 211.645 218 
847 Chloroacetyl chloride C;H;CLO 19-04-9 12.942 liq -22 106 1.420220 1.4530? msc eth; s ace, 
cic 
848 0 6 CHCI 593-63-5 60.482 col gas -126 -30 sl EtOH 
849 9-Chloroacridine CIH, CI 207-69-8 213.663 па (al) 121 sub vs HO, НОН 
850 2-Chloroaniline C H.C 95-51-2 27.572 liq -1.9 208.8 58952 | Н,0; msc 
EtOH; s eth, 
ace 
851 3-Chloroaniline Сенс 08-42-9 27.572 0 -10.28 230.5 12161? 1.594122 Hj; msc 
EtOH, eth, ace, 
bz; s chl 
852 4-Chloroaniline 97:19 06-47-8 27.572 orth pr 70.5 232 1.429? „55467 $ H,0, EtOH, 
eth, chl 
853 2-Chloroaniline hydrochloride CHCl; 37-04-2 64.033 pl (w, aqal) 235 1.505'8 vs H,0 
854 3-Chloroaniline hydrochloride C H,CI, 41-85-5 64033 pl 222 vs ЊО, EtOH 
855 2-Chloroanisole 1-Chloro-2-methoxybenzene C;H;CIO 766-51-8 42.583 liq -26.8 198.5 1.191120 1.5480? i H,0; s EtOH, 
eth; sl chl 
856 3-Chloroanisole 1-Chloro-3-methoxybenzene C;H,CI0 2845-89-8 42.583 193.5 1.1759? 1.5365? | Њ0; s EtOH, 
eth 
857 4-Chloroanisole 1-Chloro-4-methoxybenzene C;H;CIO 623-12-1 42.583 «18 197.5 1.2012 53909 ін,0; vs EtOH, 
eth, chl; s ctc 
858 1-Chloroanthracene СНС! 4985-70-0 212.674 If (HOAc) 5 147079 1.6959? | H,0; $ EtOH, 
eth, bz, ctc 
859 1-Chloro-9,10-anthracenedione C,4H;CIO; 82-44-0 242.658 ye па (toor 163 sub i H,0; 51 EtOH, 
al) ctc; msc eth; s 
bz 
860 2-Chloro-9,10-anthracenedione СаЊСО; 131-09-9 242.658 payend(al, 211 sub i H0, eth; sl 
HOAc) EtOH, bz; vs 
ol; s РАМО, 
861 2-Chlorobenzaldehyde СНОО 89-98-5 40.567 nd 124 211.9 1.248320 1.566220 51 Н,0; s EtOH, 
eth, ace, bz, 
cic 
862 3-Chlorobenzaldehyde СНОО 587-04-2 40567 pr 17.5 213.5 1.241020 1.5650? 51 Н,0, chl; s 
EtOH, eth, ace, 
bz 
863 4-Chlorobenzaldehyde C;H;CIO 04-88-1 40.567 ام‎ 475 213.5 1.1965! 5558 ЅН,0, ace, chl; 
vs НОН, eth, 
bz 
864 2-Chlorobenzamide C;H,CINO 609-66-5 55.582 ойһ па (м) 141.8 S Н,0, EtOH, eth 
865 Chlorobenzene Phenyl chloride СНС 08-90-7 12.557 liq -45.31 131.72 1.1058? 1,5241? ІН,0; msc 
EtOH, eth; vs 
bz, ctc 
866 2-Chlorobenzeneacetic acid Сан; 010, 2444-36-2 70.594 па (м) 9% SI НО; vs EtOH 
867 3-Chlorobenzeneacetic acid (51,010, 878-65-5 70.594 pl(dilal),nd 77.5 SI Н,0, bz, ctc, 
(lig) EtOH; msc eth 
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3-94 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

868 4-Chlorobenzeneacetic acid Сан; 010, 1878-66-6 70.594 па (w) 105.5 S Н,0, EtOH, 
eth, bz 

869 2-Chlorobenzeneacetonitrile C H,C 2856-63-5 51.594 24 251 1.17378 

870 3-Chlorobenzeneacetonitrile СС 1529-41-5 151594 115 261; 13510 1.18060 1.543720 

871 4-Chlorobenzeneacetonitrile CIH, C 140-53-4 51.594 29 265.0 1.177830 $ сіс 

872 а-Согобепгепеасеју! chloride (516010 2912-62-1 89.039 12028, 11074 1,1969 1.5440? 

873 3-Chlorobenzenecarboperoxoic C;H.CIO, 937-14-4 72.566 92 dec 

acid 
874 4-Chloro-1,2-benzenediamine 4-Chloro-o-phenylenediamine — C,H;CIN; 95-83-0 42.586 рі (bz-lig) № 76 SI H;O; vs EtOH, 
(w) eth; s bz, lig 

875 4-Chloro-1,3-benzenediamine Сен;СІМ№ 5131-60-2 42.586 plor nd 91 vs EtOH 

876 2-Chloro-1,4-benzenediamine 2-Chloro-p-phenylenediamine ^ С,Н,С1М, 615-66-7 42.586 nd 64 

877 3-Chloro-1,2-benzenediol C H,CI0, 4018-65-9 44.556 cry (lig) 48.5 110" vs lig 

878 4-Chloro-1,2-benzenediol (515010, 2138-22-9 44.556 If (bz-peth) 90.5 13975 vs Н,0, ace, eth, 
EtOH 

879 4-Chloro-1,3-benzenediol C6H;C10, 95-88-5 44.556 257 vs Н,0, EtOH, 
eth, ace, bz, 
CS, 

880 2-Chloro-1,4-benzenediol Сен5С10, 615-67-8 44.556 тей If (chl), 108 263 vs Н,0, chl; 5 

nd (bz) FtOH, eth; vs 
bz 

881 2-Chlorobenzenemethanamine СС 89-97-4 41.599 72 1.559425 

882 3-Chlorobenzenemethanamine CHC 4152-90-3 41.599 892 1.557025 

883 4-Chlorobenzenemethanamine Сонс 104-86-9 41.599 10913 1.556625 

884 4-Chlorobenzenemethanethiol C;H;CIS 6258-66-08 158.649 19.5 1137 12025 1.589320 

885 2-Chlorobenzenemethanol C;H,CI0 17849-38-6 142583 If or nd (dil 73 230 SI H;O; vs EtOH, 

al) eth, lig 

886 4-Chlorobenzenemethanol C;H;CIO 873-76-7 42.583 nd(w),pl(bz 75 235 vs bz, eth, EtOH 

or bz-lig) 

887 2-Chlorobenzenesulfonamide C H CIN0,S 6961-82-6 91.636 If (al) 188 vs EtOH 

888 4-Chlorobenzenesulfonamide C H CIN0,S 98-64-6 91636 pror pl (eth) 146 vs bz, eth 

889 4-Chlorobenzenesulfonic acid p-Chlorobenzenesulfonic acid ^ C;H;CIO;S 98-66-8 92.620 па (w+1) 67 1475 $ НО, EtOH; i 
eth, bz 

890 4-Chlorobenzenesulfonyl chloride C H,Cl,0,S 98-60-2 211.066 51 14155 vs eth, bz 

891 2-Chlorobenzenethiol Сен 015 6320-03-2 144.622 205.5 1.2752" sl Н,0, EtOH 

892 3-Chlorobenzenethiol (515015 2037-31-2 144.622 206 1.26373 i H,0; $ EtOH, 
eth, chl, рей 

893 4-Chlorobenzenethiol СНІ 106-54-7 44.622 61 206 1.19112 1.548020 i H,0; vs EtOH, 
eth, bz; sl chl 

894 Chlorobenzilate CigH,4C1,0, 510-15-6 325.186 37 157007 1.281620 

895 2-Chloro-1,3,2- C H,CIO;P 1641-40-3 74.522 30 802 14650? 1.571220 

benzodioxaphosphole 

896 2-Chlorobenzoic acid СНОО, 118-91-2 56.567 mclpr (w) 1402 sub 1.54420 S HO, bz; vs 
EtOH, eth, ace; 
51 CS; 

897 3-Chlorobenzoic acid СНОО, 535-80-8 56.567 pr (w) 158 sub 1.496% SI H,0, bz, ctc, 
(5, $ EtOH, 
eth 

898 4-Chlorobenzoic acid СНОО, 74-11-3 56.567 tcl pr(al-eth) 243 1Н,0, bz, ctc; vs 
EtOH; sl eth, 
ace 

899 2-Chlorobenzonitrile СНС 873-32-5 37.567 nd 46.3 232 SI H,0; s EtOH 
eth, chl 

900 3-Chlorobenzonitrile СНС 766-84-7 37.567 4 1001 ІН,0; $ EtOH, 
eth 

901 4-Chlorobenzonitrile СНС 623-03-0 37.567 nd (al) 95 223; 955 1.113317 sl Н,0, lig; s 
EtOH, eth, bz, 
chl 

902 2-Chlorobenzophenone 2-Chlorophenyl phenyl ketone C.,.H,CI0 5162-03-8 216.662  pl(chl-lig) 54 330 

903 4-Chloro-2-benzothiazolamine СНОМ 19952-47-7 184.646 204 

904 6-Chloro-2-benzothiazolamine C;H,CIN,S 95-24-9 84.646 200 

905 2-Chlorobenzothiazole СНС 615-20-3 69.632 24 248 1.37150 163380 vs ace, eth, 
EtOH 

906 5-Chloro-1H-benzotriazole C H,CIN; 94-97-3 53.569 158 

907 6-Chloro-2H-3,1-benzoxazine- 5-Chloroisatoic anhydride Сан, СМО, 4743-17-3 97.576 280 дес 

2,4(1H)-dione 

908 5-Chloro-2-benzoxazolamine Zoxazolamine C;H;CIN,O 61-80-3 68.580 ام‎ (bz) 1845 vs EtOH 

909 2-Chlorobenzoxazole C;H,CINO 615-18-9 53.566 7 201.5 1.34538 1.567820 

910 5-Chloro-2(3H)-benzoxazolone Chlorzoxazone C;H,CINO; 95-25-0 69.566 сту (ace) 191.5 vs EtOH, MeOH 

911 2-Chlorobenzoyl chloride C;H,CIO 609-65-4 75.012 liq 4 238 1.572655 806 

912 3-Chlorobenzoyl chloride C;H,CLO 618-46-2 75.012 225 1.567720 

913 4-Chlorobenzoyl chloride و٧‎ 122-01-0 75.012 16 222 13770? 1,5756? sl chl 

914 1-Chloro-4-benzylbenzene Ca HC 831-81-2 202.679 75 299; 1478 1.124720 vs асе 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gcm? л, Solubility 
915 o-Chlorobenzylidene malononitrile СС 2698-41-1 188.613 wh cry 96 312 SI B,0; s bz, 
diox, EtOAc, 
ace 
916 2-Chlorobiphenyl C H,C 2051-60-7 188.652 mcl (dil al) 34 274 1.149932 i B,0; vs eth, 
EtOH, lig 
917 3-Chlorobiphenyl С.2ЊС 2051-61-8 188.652 16 284.5 1.15795 1.618125 у5 ace, eth, 
EtOH 
918 4-Chlorobiphenyl С.2ЊС 2051-62-99 188.652 If (lig ога) 78.8 292.9; 14610 i H50; s EtOH, 
eth, lig 
919 4'-Chloro-[1,1'-biphenyl]-4-amine 4-Amino-4'-chlorodiphenyl CH, CIN 135-68-2 203.667 cry (peth) 134 vs ace, bz, eth 
920 3-Chloro-[1,1'-biphenyl]-2-ol 2-Phenyl-6-chlorophenol 6610 85-97-2 204.651 6 дес 317 1.2425 .6237 i H,0; s EtOH, 
eth, ace, bz 
921 4-Chloro-1,2-butadiene C,H;C 25790-55-0 88.536 88 0.9891? 1.4775? vs ace, bz, eth 
922 1-Chloro-1,3-butadiene 0,150 627-22-5 88.536 68 096060 1.471222 vs eth, EtOH, 
chl 
923 2-Chloro-1 ,3-butadiene Chloroprene С.Н 126-99-8 88.536 1 -130 59,4 0.9562 45830 5ІН,0; msc eth, 
ace, bz 
924 4-Chlorobutanal C,H;CIO 6139-84-0 106.551 513 .1068 „44668 — vs ace, eth, 
EtOH 
925 1-Chlorobutane Butyl chloride 040 109-69-3 92567 liq -123.1 78.4 0.88577? 1.402322 ІН,0; msc 
НОН, eth; s 
cte 
926 2-Chlorobutane (+)-sec-Butyl chloride СНС 53178-20-4 92.567 liq -131.3 68.2 0.873220 13971? vs bz, eth, EtOH, 
chl 
927 4-Chlorobutanenitrile 97:19 628-20-6 03.551 92 109345 1.413? ІН,0; $ EtOH, 
eth; sl ctc 
928 2-Chlorobutanoic acid C,H;CIO; 4170-24-5 22.551 8997. 10115 1.179620 1.44122 <ІН,0;у5 ОН, 
eth 
929 3-Chlorobutanoic acid C,H,CI0, 625-68-3 22.551 cry (eth) 16 162 1.1898? 1.4221? 5 EtOH; vs eth; 
sl сіс 
930 4-Chlorobutanoic acid C,H,CI0, 627-00-9 22.551 16 9622, 6802 2236® 1.4642? уз EtOH 
931 4-Chloro-1-butanol C H, CI0 928-51-8 08.566 8416 1.0883? 1.4518? vs eth, EtOH 
932 1-Chloro-2-butanol oc-Butylene chlorohydrin C H, CI0 1873-25-2 08.566 41 1.0685 44000 5 EtOH, eth 
933 3-Chloro-2-butanone C,H;CIO 4091-39-8 06.551 15 05545 1.421920 
934 4-Chlorobutanoyl chloride C H CL0 4635-59-0 40.996 73.5 2581? 1.4616? s eth 
935 2-Chloro-1-butene C,H,C 2211-70-3 90.552 58.5 0.910775 1.416527 ув ace, bz, eth, 
EtOH 
936 3-Chloro-1-butene Санс 563-52-0 90.552 645 0.8978? 141492 vs eth, асе; s chl 
937 4-Chloro-1-butene C,H,C 927-73-1 90.552 75 0.921120 1.4233? vs ace, eth, chl 
938 cis-1-Chloro-2-butene C,H,C 4628-21-1 90.552 84.1 0.94267 1.4390? ІН,0; s EtOH, 
ace, chl 
939 trans-1-Chloro-2-butene Санс 4894-61-5 90.552 85 0.9295? 1.4350? іН,0; $ ace, chl 
940 cis-2-Chloro-2-butene C,H;C 2211-69-0 90.552 liq -1173 70.6 0.9239? 142408 i H,0; msc 
НОН; s ace, 
ch 
941 trans-2-Chloro-2-butene Санс 2211-68-9 90.552 liq -105.8 62.8 0.9138? 1.4190? ІН,0; msc 
НОН; s ace, 
ch 
942 1-Chloro-4-fert-butylbenzene الم‎ 3972-56-3 168.663 213 1.007518 1.512320 
943 Chloro-(terf-butyl)dimethylsilane CoH, CISi 18162-48-6 150.722 89.5 125 
944 Chloro(‘ert-butyl)diphenylsilane C4 Hi 0151 58479-61-1 274.861 12000 1.072 56752 
945 2-Chloro-4-fert-butylphenol Сл 3010 98-28-2 84.662 1148 
946 3-Chloro-1-butyne C,H,Cl 21020-24-6 88.536 68.5 142185 1.421825 
947 2-Chloro-N-(2-chloroethyl) C Hi СЕМ 821-48-7 78.488 215.0 
ethanamine, hydrochloride 
948 2-Chloro-N-(2-chloroethyl)-N- НМ CIH, CLN 538-07-8 70.080 сої liq -34 6672 1.086122 1.46535 0 
ethylethanamine 
949 2-Chloro-N-(2-chloroethyl)-N- Mechlorethamine C5H,,ClN 51-75-2 56.053 -60 871%, 645 و‎ msc ctc, 
methylethanamine DMF 
950 1-Chloro-2-(chloromethyl) 2-Chlorobenzyl chloride СНО 611-19-8 61.029 liq -17 217 1.2699? 1.5530? i H,0; 51 EtOH, 
benzene ctc; vs eth, bz 
951 1-Chloro-3-(chloromethyl) 3-Chlorobenzyl chloride СНО 620-20-2 61.029 216; 110% 1.269555 1.5554? vs EtOH 
benzene 
952 1-Chloro-4-(chloromethyl) 4-Chlorobenzyl chloride C-H;Cl; 104-83-6 61.029 па (dila) 3 223 sl ctc 
benzene 
953 Chloro(chloromethyl) CH&CLSI 1719-57-9 143.088 115.5 1.0865? 1.436020 
dimethylsilane 
954 3-Chloro-2-(chloromethyl)-1- CH, CI, 1871-57-4 124.997 liq -14 138 1.178220 14753 мо EtOH, chl 
propene 
955 1-Chloro-4-((chloromethyl)thio] C;H,CLS 1205-90-5 93.094 215 12872 1.3465 ‚60552 
benzene 
956 2-Chloro-1-(4-chlorophenyl) (51,010 937-20-2 89.039 nd (al) 101.5 270 S EtOH, bz, 
ethanone Меон 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gcm? л, Solubility 
957 3-Chlorocholest-5-ene, (3p) ЖАЛЫН 910-31-6 405.099 па (al, ace) 96 ІН,0; $ EtOH, 
ace, bz, chl; vs 
CS, 
958 trans-o-Chlorocinnamic acid Сан; 010, 939-58-2 82.604 212 vs eth, EtOH 
959 trans-m-Chlorocinnamic acid C.H; 010, 14473-90-6 182.604 165 S EtOH, eth 
960 trans-p-Chlorocinnamic acid C,H;CIO; 940-62-5 82.604 2495 vs ace, eth, 
EtOH 
961 Chlorocyclohexane Cyclohexyl chloride ІШІН 542-18-7 18.604 liq -43.81 142 1.00020 462620 | H,0; msc 
EtOH, eth, асе, 
bz; vs chl 
962 2-Chlorocyclohexanone СНС! 822-87-7 32.587 23 8275 1.16020 48252 s eth, bz, diox; 
sl сіс 
963 1-Chlorocyclohexene Сене! 930-66-5 16.588 1425 103619 1.479722 s eth, ace, сіс, 
chl 
964 Chlorocyclopentane Cyclopentyl chloride СНО 930-28-9 04.578 114 1.0051? 1.4510?  iH,O;seth, ace, 
bz, cic 
965 2-Chlorocyclopentanone C;H;CIO 694-28-0 18.562 875137 11855 475029 
966 3-Chlorocyclopentene C;H;CI 96-40-2 02.563 40%, 27% 1.0388 1.470828 уз eth, EtOH, 
chl 
967 4-Chloro-2-cyclopentylphenol Dowicide 9 СНОО 13347-42-7 196.673 8318 
968 1-Chlorodecane C, HC 1002-69-3 76.727 0 -313 225.9 0.86962 1438020 i H,0; vs eth, 
chl; s ctc 
969 10-Chloro-1-decanol C, HClO 51309-10-5 — 192.726 12.5 875 0.96302 1457820 vs eth, ОН 
970 2-Chloro-N,N-diallylacetamide __ ۹7 СеН,СІМО 93-71-0 73.640 Па 161, 9207 1.08825 493225 51 Н,0; $ ОН 
971 Chlorodiazepoxide C4 H. СМО 58-25-3 299.754 236.2 
972 Chlorodibromomethane CHBr;C 124-48-1 208.280 liq -20 20 2.45120 54820 i H,0; s EtOH, 
eth, ace, bz 
973 Chloro(dichloromethyl) (Dichloromethyl) ШЕРІ 18171-59-0 177.533 liq -48 49 1.2369? 1.46120 
dimethylsilane dimethylchlorosilane 
974 5-Chloro-N-(3,4-dichlorophenyl)- 3,4 5-Trichlorosalicylanilide C44 H;CINO; 642-84-2 316.568 247 
2-hydroxybenzamide 
975 2-Chloro-1,1-diethoxyethane Сена СТ; 621-62-5 52.619 574 1.018020 141702 — 5160, ctc; msc 
EtOH, eth 
976 3-Chloro-1,1-diethoxypropane C; Ha. (10, 35573-93-4 166.646 845 0.9951? 1.42682 vs асе, bz 
977 2-Chloro-N,N-diethylacetamide C H, СМО 2315-36-8 49.618 9225 
978 2-Chloro-N,N-diethylethanamine, C H, 011 869-24-9 72.096 200 sl Н,0 
hydrochloride 
979 Chlorodifluoroacetic acid CoHCIF,0; 76-04-0 30.478 "уд 25 22 .3559? s chl 
980 1-Chloro-1,1-difluoroethane Refrigerant 142b C;H&CIF, 75-68-3 00.495 col gas -130.8 -9.1 1.107% i H,0; s bz 
981 1-Chloro-2,2-difluoroethane C,H,CIF, 338-65-8 00.495 35.1 
982 1-Chloro-2,2-difluoroethene 1-Chloro-2,2-difluoroethylene  C,HCIF, 359-10-4 98.479 col gas -138.5 -18.5 
983 Chlorodifluoromethane Refrigerant 22 CHCIF, 75-45-6 86.469 сої gas -157.42 -40.7 1.4909 SI Н,0: s eth, 
ace, chl 
984 7-Chloro-2,3-dihydro-1H-inden- ^ Chlorindanol Сен 010 145-94-8 68.619 па (peth) 92 
4-0 
985 10-Chloro-5,10- Phenarsazine chloride C,H ASCIN 578-94-9 277.581 ув cry 195 1.65 1Н;0; sl ctc, bz, 
dihydrophenarsazine ху! 
986 5-Chloro-2,4-dimethoxyaniline CIH, СМО, 97-50-7 87.624 91 
987 2-Chloro-1,1-dimethoxyethane ) H,CI0; 97-97-2 24.566 127.5 1.0682 1.4150?  sI EtOH, eth, bz, 
cic 
988 N-(4-Chloro-2,5- С.Н, СІМО, 4433-79-8 271.697 107 s chl 
dimethoxyphenyl)-3- 
oxobutanamide 
989 Chlorodimethylaluminum Dimethylaluminum chloride СВА 1184-58-3 92.504 hyg liq -21 126 0.996 reac Њ;0; s hx 
990 2-Chloro-10-(3- Aminazin hydrochloride Ci ٢ ٢٢ 69-09-0 355.325 195 дес و‎ ٢ i eth, bz; 
dimethylaminopropyl) vs chl, EtOH 
phenothiazine 
monohydrochloride 
991 2-Chloro-N,N-dimethylaniline Сан ос! 698-01-1 55.625 205 1.10672 1.5578? vs bz, ОН 
992 3-Chloro-N,N-dimethylaniline Сан ос! 6848-13-1 55.625 232 SI Њ0; s EtOH, 
ace, bz 
993 4-Chloro-N,N-dimethylaniline Сан ос! 698-69-1 55.625 nd (al) 355 231 1.04807 5 НОН 
994 2-Chloro-1,4-dimethylbenzene САНС! 95-72-7 40.610 0.8 187 1.05895 160; s ace, сіс; 
vs bz 
995 4-Chloro-1,2-dimethylbenzene СНС! 615-60-1 40.610 Па -6 194 1.068215 10; sace, ctc; 
vs bz 
996 2-Chloro-N,N- МЛН) 4584-46-7 144.043 201.0 51 Н,0 
dimethylethanamine, 
hydrochloride 
997 (2-Chloro-1,1-dimethylethyl) Neophyl chloride Ca H4 CI 515-40-2 68.663 223; 1058 1.0479 1.524720 vs ace, bz, eth, 
benzene EtOH 
998 4-Chloro-2,5-dimethylphenol 0 1124-06-7 56.609 1۷-0010 745 SI H,0; vs bz, 
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3-100 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
1999 4-Chloro-2,6-dimethylphenol (56010 1123-63-3 56.609 nd (w) 83 SI H,0; vs bz, 
EtOH, НОАс 
2000 4-Chloro-3,5-dimethylphenol Chloroxylenol Сан, 010 88-04-0 56.609 115 246 SI Н,0, bz, рей; 
S EtOH, eth 

2001 Chlorodimethylphenylsilane C,H, ,CISi 768-33-2 70.712 195; 826 1.032% 150822 

2002 1-Chloro-N, N-dimethyl-2- C;H, CLN 17256-39-2 158.069 sch 

propanamine, hydrochloride 

2003 1-Chloro-2,2-dimethylpropane ІШІН 753-89-9 06.594 liq -20 843 0.86607 1.404422  vsbz,eth, ОН, 

chl 

2004 3-Chloro-2,2-dimethylpropanoic 0555010; 13511-38-1 136.577 415 110% vs сіс 

acid 

2005 Chlorodimethylsilane C;H;CISi 1066-35-9 94616 liq -111 347 0.852 1.383020 

2006 2-Chloro-4,6-dinitroaniline C H,CIN;0, 3531-19-9 217.567 ye cry (DMF 157 
aq) 

2007 4-Chloro-2,6-dinitroaniline C H,CIN;0, 5388-62-5 217567 oran-yend 147 s НОН 
(al) 

2008 1-Chloro-2,4-dinitrobenzene C H,CIN,0, 97-00-7 202.552  yeorth (eth) 53 315 149825 1.58579 i H,0; sl EtOH; 
nd (al) ye s eth, bz, CS; 
cry 

2009 2-Chloro-1,3-dinitrobenzene C H,CIN,0, 606-21-3 202.552 уе па (а, 88 315 1.686716 i H50; s EtOH, 
HOAc) eth, tol; sl chl 

2010 1-Chloro-2,4-dinitronaphthalene C4 H&CIN;O, 2401-85-6 252.611 ye nd (bz) 5 

2011 4-Chloro-2,6-dinitrophenol C H,CIN,0, 88-87-9 218551 рауесу 8 1.742 vs eth, EtOH, 

chl 

2012 2-Chloro-3,5-dinitropyridine C;H,CIN;0, 2578-45-2 203541 66.5 

2013 2-Chloro-1,3-dinitro-5- С.Н,ОР М/0,  393-75-9 210.550 57 

rifluoromethyl)benzene 

2014 4-Chloro-1,3-dioxolan-2-one Chloroethylene carbonate ول ان واا‎ 3967-54-2 122.507 Па 110 213; 12218 1.504 45409 

2015 2-Chloro-1,2-diphenylethanone C H, CI0 447-31-4 230.689 па (al) 68.5 dec S EtOH; sl chl; i 

alk 

2016 Chlorodiphenylmethane Са HC 90-99-3 202.679 16 403 11405 59519 s chl 

2017 1-Chlorododecane Lauryl chloride CH C 112-52-7 204.780 0 -9.3 263.2 086730 1.4434? | H,0; vs EtOH; 

msc ace, ctc; s 
bz 

2018 Chloroethane Ethyl chloride СНС 75-00-3 64.514 vol lig or gas -138.4 2.3 0.89022 1.3676% 5ІН,0, chl; vs 

(p>1 atm EtOH; msc eth 

2019 2-Chloroethanesulfonyl chloride C;H,C,0,S 1622-32-8 163.023 201.5 1.55520 49202 

2020 2-Chloroethanol Ethylene chlorohydrin СНОО 107-07-3 80513 liq -675 28.6 12019? 14419?  mscH;O, EtOH; 

sl eth; s chl 

2021 2-Chloroethanol, 4- Сон 16105 80-41-1 234.699 2107 i H50; s ctc 

methylbenzenesulfonate 

2022 Chloroethene Vinyl chloride СНС 75-01-4 62.498 col gas -153.84 -13.8 0.910620 1.3700% — s| H0; s EtOH 

vs eth 

2023 1-Chloro-4-ethoxybenzene C H,CI0 622-61-7 56.609 21 213 1.125420 1,5252? s EtOH, eth, 

HOAc; vs bz; sl 
cic 

2024 (2-Chloroethoxy)benzene Сан 10 622-86-6 56.609 28 2185 i H,0; vs EtOH, 

eth, ace, bz; sl 
сіс 

2025 1-Chloro-1-ethoxyethane C H,CI0 7081-78-9 08.566 93.5 0.9655? 1.4053? 

2026 2-(2-Chloroethoxy)ethanol 0,5010; 628-89-7 24.566 80; 805 1.185 4529? vs ЊО; msc 

EtOH, eth 

2027 2-Chloroethyl acetate p-Chloroethyl acetate C,H;CIO; 542-58-5 22.551 45 1.17820 4234 | НО; msc 

НОН, eth; s 
cic 

2028 2-Chloroethyl acetoacetate ږل ان وام‎ 54527-68-3 164.586 98; 12079 1.2055? 1.4430? vs bz, eth, EtOH 

2029 2-Chloroethylamine hydrochloride 2-Chloroethanamine ЛЕЙ 870-24-6 15.990 146.3 vs Н,0, ace, 

hydrochloride FtOH 
2030 (1-Chloroethyl)benzene C H,C 672-65-1 40.610 0550 
2031 (2-Chloroethyl)benzene СНС 622-24-2 40.610 97.5; 922 1.0695 52760 i H,0; s EtOH, 
eth, ace, bz, 
CS, 

2032 1-Chloro-2-ethylbenzene НІ 89-96-3 40.610 liq -82.7 78.4 1.05692 1.521822 |Н,0; sace, bz, 
ctc, 1 

2033 1-Chloro-3-ethylbenzene 040 620-16-6 40.610 Па -55 83.8 1.0529? 1.519520 vs ace, bz, eth, 
EtOH 

2034 1-Chloro-4-ethylbenzene 040 622-98-0 40.610 liq -62.6 844 1.0455? 15175? | H,0; msc 
EtOH, eth, ace, 
peth; s HOAc 

2035 2-Chloroethyl chloroformate C3H,C1,0, 627-11-2 42.969 55 1.3847? 1.448322 H,0; $ EtOH, 

eth, ace, bz; sl 
cic 

2036 1-(2-Chloroethyl)-3-cyclohexyl-1- Lomustine Сон. СМО; 13010-47-4 233695 ye pow 90 1620; s EtOH 

nitrosourea 

2037 N-(2-Chloroethyl)dibenzylamine ^ Dibenamine C4 H, CIN 51-50-3 259.774 oily liq 169? 
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3-102 Physical Constants of Organic Compounds 


Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
2038 N-(2-Chloroethyl)dibenzylamine ^ Dibenamine hydrochloride ТЕН) 55-43-6 296.235 сту 194 i HO; s EtOH, 
hydrochloride dil acid 
2039 Chloroethyldimethylsilane C H, CISi 6917-76-6 122.669 89.5 0.8675 1.410520 
2040 2-Chloroethyl ethyl ether C H,CI0 628-34-2 08.566 107.5 0.9895? 1.411322 1 
schl 
2041 2-Chloroethyl isocyanate C.H,CINO 1943-83-5 05.523 447 
2042 1-(2-Chloroethyl)-3-(4- Semustine C49 а МО; 13909-09-6 247.722 сту 64 dec 
methylcyclohexyl)-1-nitrosourea 
2043 5-(2-Chloroethyl)-4- Clomethiazole C H CINS 533-45-9 61.653 oil 92' 1.233% 
methylthiazole 
2044 N-(2-Chloroethyl)morpholine C H, CIN0 3240-94-6 49.618 42' 
2045 4-(2-Chloroethyl)morpholine, Сена СМО 3647-69-6 86.079 185 
hydrochloride 
2046 1-Chloro-2-(ethylthio)ethane C H,CIS 693-07-2 24.632 57 1.06632 
2047 2-Chloroethyl vinyl ether C,H;CIO 110-75-8 06.551 liq -70 08 1.0495? 1.4378? үс EtOH, eth; sl 
chl 
2048 3-Chloro-4-fluoroaniline C H;CIF 367-21-5 45.562 45.0 227.0 
2049 1-Chloro-2-fluorobenzene C H,CIF 348-51-6 30.547 liq -43 37.6 1.22339 1.4918? | Њ0; $ ace, bz 
2050 1-Chloro-3-fluorobenzene C H4CIF 625-98-9 30.547 21.6 12215 1.4911 
2051 1-Chloro-4-fluorobenzene C H,CIF 352-33-0 30.547 liq -26.8 30 149905 149905 ІН,0; $ EtOH, 
eth, bz 
2052 1-Chloro-1-fluoroethane C;H,CIF 1615-75-4 82.504 vol liq or gas 6.2 
2053 1-Chloro-2-fluoroethane CH,CIF 762-50-5 82504 52.8 147479 13775? vs eth, EtOH 
2054 Chlorofluoromethane CH;CIF 593-70-4 68.478 col gas -135.1 -9.1 SI H5O; vs chl 
2055 1-Chloro-3-fluoro-2- CH, CIF 443-83-4 44.574 54 1.1915 50269 
methylbenzene 
2056 2-Chloro-1-fluoro-4-nitrobenzene  3-Chloro-4-fluoronitrobenzene — C;H,CIFNO; 350-30-1 75.545 415 229.5 
2057 4-Chloro-1-(4-fluorophenyl)-1- Сон CIF0 3874-54-2 200.636 365 1.2225 52552 
butanone 
2058 3-Chloro-2,5-furandione C,HCIO, 96-02-6 32.502 33 96 1.53755 1.498020 
2059 1-Chloro-1,2,2,3,3,4,4- Refrigerant C317 C CIF; 377-413 216485 liqorgas -391 25 602% 
heptafluorocyclobutane 
2060 1-Chloroheptane Heptyl chloride СНС 629-06-1 34047 liq -69.5 60.4 087620 1.4264? i H,0; msc 
НОН, eth; sl 
ctc; s chl 
2061 2-Chloroheptane и 1001-89-4 34.647 61%, 4619 0.867222 1.221? |Н,0; vs eth; s 
bz, chl, НОАс 
2062 3-Chloroheptane СНС 999-52-0 34.647 44, 4820 0.8690? 1.422822 vs bz, eth 
2063 4-Chloroheptane СНС 998-95-8 34.647 44 0.87102 1.4237% уз bz, eth 
2064 7-Chloro-1-heptanol Heptamethylene chlorohydrin اا‎ ( 55944-70-2 150.646 cry (peth, bz) 11 5020 0.999815 1.453725 vs EtOH, peth 
2065 1-Chlorohexadecane Слано! 4860-03-1 260.886 17.9 326.6 0.8635? 1.4503? 0 
2066 1-Chlorohexane Hexyl chloride CIH, C 544-10-5 20.620 iq -94.0 35.1 0.8781% — 1.4200? i H0; s EtOH, 
eth, ace, bz; vs 
chl; sl ctc 
2067 2-Chlorohexane 2-Hexyl chloride C; His C 638-28-8 20.620 225 0.8694? 1.414222 vs ace, bz, eth, 
EtOH 
2068 3-Chlorohexane 3-Hexyl chloride C; His C 2346-81-8 20.620 23 0.868422 1.4163? vs ace, bz, eth, 
EtOH 
2069 6-Chloro-1-hexanol CIH, CI0 2009-83-8 136.619 072 02419 1.455022 5ІН,0;/5 ОН, 
eth 
2070 4-Chloro-17-hydroxyandrost-4- _ Clostebol Ci Ho CIO; 1093-58-90 322.869 189 
en-3-one, (170) 
2071 5-Chloro-2-hydroxybenzaldehyde C;H;CIO; 635-93-8 56.567 рі (al) 100.3 0512 i H0; vs EtOH; 
S eth, alk 
2072 4-Chloro-c-hydroxybenzeneacetic Сан; 010, 492-86-4 86.593 120.3 vs bz, НОН 
acid 
2073 3-Chloro-4-hydroxybenzoic acid СНОО, 3964-58-7 72.566 па (м) 171 sub SI Н,0, bz, chl; 
vs НОН, eth, 
ace 
2074 5-Chloro-2-hydroxybenzoic acid СНОО, 321-14-2 72.566 па (м, а) 174.8 S Н,0, eth; vs 
EtOH, bz; s 
ace 
2075 2-Chloro-5-hydroxybenzophenone C44H,CIO, 85-19-8 232.662 95.3 i H,0 
2076 3-Chloro-4-hydroxy-5- C,H;CIO; 19463-48-0 186.593  tetr 165 160; s EtOH, 
methoxybenzaldehyde HOAc 
2077 1-Chloro-2-iodobenzene Сен, 615-41-8 238.453 0.7 234.5 1.95155 1.633125 i НО; s ace; sl 
cic 
2078 1-Chloro-3-iodobenzene ناو‎ 625-99-0 238.453 230 1.925520 i B,0; s ace 
2079 1-Chloro-4-iodobenzene C HIC 637-87-6 238453 If (ace, а) 57 227 1.88627 i H,0; s EtOH, 
PANO,; $1 chl 
2080 1-Chloro-4-iodobutane C H,C 10297-05-9 218.464 liq 116; 8919 1.785 1.540020 
2081 Chloroiodomethane CH,CI 593-71-5 176.384 109 2.4222 1.582220 vs ace, bz, eth, 
EtOH 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л Solubility 
2082 1-Chloro-3-iodopropane C3H,Cll 6940-76-7 204437 171 1.904% 1.547222 | H,0;s eth, bz, 
chl; sl ctc 
2083 5-Chloro-7-iodo-8-quinolinol lodochlorhydroxyquin C;H&CIINO 130-26-7 305.499 ye br nd (al) 178.5 sl EtOH; s HOAc 
2084 1-Chloro-2-isocyanatobenzene C;H,CINO 3320-83-0 86 30.5 200; 1158 8| 6 
2085 1-Chloro-3-isocyanatobenzene C;H,CINO 2909-38-8 153.566 1139 sl chl 
2086 1-Chloro-2-isopropylbenzene Сао! 2077-13-6 154636 liq -74.4 191.1 1.0841? 1.516822 vs асе, bz, eth, 
EtOH 
2087 1-Chloro-4-isopropylbenzene CoH,,Cl 2621-46-7 154636 liq -12.3 198.3 1.0208? 15117? ІН,0; msc 
FtOH, eth, ace, 
ctc; vs bz 
2088 1-Chloro-4- C;H,CINS 2131-55-7 169.632 nd (al) 46 249.5 i H,0; s EtOH 
isothiocyanatobenzene 
2089 Chloromethane Methyl chloride СНС 74-87-3 50.488 сої gas 2:01 -24.09 0.9115 1.338920 51 H,0; s EtOH; 
(р>1 msc eth, асе, 
atm) bz, chl 
2090 4-Chloro-2-methoxyaniline 4-Chloro-2-anisidine C;H,CINO 93-50-5 57.598 nd or pr (dil 52 260 s EtOH, eth, bz, 
al) ch 
2091 5-Chloro-2-methoxyaniline C;H,CINO 95-03-4 57.598 nd(dilal) 84 S EtOH; sl lig 
2092 (Chloromethoxy)ethane Chloromethyl ethyl ether C.H;CIO 3188-13-4 94.540 83 1.0188" 140402 
2093 1-Chloro-2-methoxyethane C. H;CIO 627-42-9 94.540 92.5 1.034522 1.411122 vs H,0, eth 
2094 [(Chloromethoxy)methyl]benzene C4HSCIO 3587-60-8 56.609 1038 1.1350 1.519220 
2095 1-(Chloromethoxy)propane C H,CI0 3587-57-3 08.566 109 0.988422 1.4125? vs eth, EtOH 
2096 Chloromethyl acetate С-Н.С10, 625-56-9 08.524 116 1.19420 409202 vs eth, EtOH 
2097 5-Chloro-2-(methylamino) N-Methyl-2-amino-5- Сан СМО 1022-13-55: 245.704 92 
benzophenone chlorobenzophenone 
2098 4-Chloro- V-methylaniline CHC 932-96-7 41.599 240 1.169" 58352 s EtOH, асе, bz 
2099 2-Chloro-4-methylaniline CHC 615-65-6 41.599 ٨ 220 11512 57482 sl ОН, bz 
2100 2-Chloro-6-methylaniline СНС 87-63-8 41.599 215; 971° 
2101 3-Chloro-2-methylaniline СНС 87-60-5 41.599 1 245 58809 $ H,0, EtOH; | 
eth, bz 
2102 3-Chloro-4-methylaniline СС 95-74-9 41.599 26 243 S НОН; sl сіс 
2103 4-Chloro-2-methylaniline p-Chloro-o-toluidine CHC 95-69-2 41.599 If (al) 30.3 244 s EtOH; sl ctc 
2104 5-Chloro-2-methylaniline CHC 95-79-4 41.599 26 239; 140% vs EtOH 
2105 1-Chloro-2-methyl-9,10- C4 H&CIO; 129-35-1 256.684 170.5 i EtOH, eth; sl 
anthracenedione py 
2106 (Chloromethyl)benzene Benzyl chloride C;H;C 100-44-7 26.584 liq -45 179 1.10042 1.53912 i H,0; msc 
EtOH, eth, chl; 
sl cic 
2107 3-Chloro-V- C H, CIN 39191-07-6 155.625 884 535029 sch 
methylbenzenemethanamine 
2108 o-(Chloromethyl) C4HSCIO 1674-30-2 56.609 12817, 121" 1.1926? 1.552320 5 EtOH; vs eth 
benzenemethanol 
2109 4-Chloro-oc- C4HSCIO 3391-10-4 56.609 1215 55059 5 ctc 
methylbenzenemethanol 
2110 5-(Chloromethyl)-1,3- C,H;CIO, 20850-43-5 170.594 20.5 1344 1.3125 566020 
benzodioxole 
2111 1-Chloro-3-methylbutane Isopentyl chloride СНО 107-84-6 06.594 liq -1044 98.9 087500 1.408422 <ІН,0; msc 
EtOH, eth; vs 
chl 
2112 2-Chloro-2-methylbutane C5H,,Cl 594-36-5 06.594 liq -735 85.6 0.865322 1.4055? <ІН,0; s EtOH, 
eth, ctc 
2113 2-Chloro-3-methylbutane C5H,,Cl 631-65-2 06.594 91.5 0.87820 
2114 1-Chloro-3-methyl-2-butene 92:19) 503-60-6 04.578 109 0.9273? 1.448520 vs ace, eth, 
EtOH, chl 
2115 3-Chloro-3-methyl-1-butyne СНС! 111-97-3 02.563 liq -61 76 0.906120 
2116 (Chloromethyl)cyclopropane М/Н 5911-08-0 90552 liq -90.9 88 0.985 „43502 
2117 1-(Chloromethyl)-2,4- CgH,,C 824-55-5 54.636 215.5; 11020 1.05807? vs bz, eth, EtOH 
dimethylbenzene 
2118 (Chloromethyl) C;H44CISÍ 833-51-8 84.738 225 1.02407 5 ctc, CS; 
dimethylphenylsilane 
2119 Chloromethyldiphenylsilane СНС 44-79-6 232.781 295 142779 1.574220 
2120 1-Chloro-3-(1-methylethoxy)-2- Сена сто; 4288-84-0 52.619 182; 8720 1.091022 1.437025 5 EtOH, eth 
propanol 
2121 1-(Chloromethyl)-4-ethylbenzene C; HC 467-05-6 54.636 9515 520005 vs bz, EtOH, chl 
2122 (1-Chloro-1-methylethyl)benzene СНС 934-53-2 54.636 98! 1.1925 5290 
2123 1-(Chloromethyl)-2-fluorobenzene СНЕ 345-35-7 44.574 172; 86 1.216% 51502 
2124 1-(Chloromethyl)-4-fluorobenzene C;H,CIF 352-11-4 44.574 82%, 7620 1.2143? 1.5130 
2125 2-(Chloromethyl)furan C.H&CIO 617-88-9 16.546 49% 117830 1.494122 — vs bz, eth, ОН 
2126 3-(Chloromethyl)heptane С,Н,0 123-04-6 48.674 172 0.876920 14319? ІН,0; s EtOH, 
eth, ace, bz; sl 


ctc 


Physical Constants of Organic Compounds 


CI 


а 
1-Chloro-3-iodopropane 


OH 


5-Chloro-7-iodo-8-quinolinol 1-Chloro-2-isocyanatobenzene 


NH; 


H 
na 
H 


Chloromethane 


а 
1-Chloro-4-isothiocyanatobenzene 


СІ 
4-Chloro-2-methoxyaniline 


о 
Жарым 


Chloromethyl acetate 


سه سه شو 
1-(Chloromethoxy)propane‏ 


One 


{(Chloromethoxy)methyl]benzene 


NH; 
NH; 


NH, 
pen 
а 


2-Chloro-6-methylaniline 


2 


(Chloromethyl)benzene 


СІ 


3-Chloro-2-methylaniline 3-Chloro-4-methylaniline 


TZ 


СІ 
3-Chloro-N-methylbenzenemethanamine 


de. 


СІ 
2-Chloro-3-methylbutane 


Ра 


1-Chloro-3-methylbutane 


с 


1-(Chloromethyl)-2,4-dimethylbenzene 


Ги 


2-Chloro-2-methylbutane 


NZ 
Si 


Cl 


(Chloromethyl)dimethylphenylsilane 


а а 


(1-Chloro-1-methylethyl)benzene 1-(Chloromethyl)-2-fluorobenzene 1 


oc-(Chloromethyl)benzenemethanol 


| 


Chloromethyldiphenylsilane 


-(Chloromethyl)-4-fluorobenzene 


а 


СІ 
1-Chloro-3-isocyanatobenzene 


NH; 


CI 
5-Chloro-2-methoxyaniline 


So C 


5-Chloro-2-( v benzophenone 


NH; 
NH; 


СІ 
4-Chloro-2-methylaniline 


CI 
5-Chloro-2-methylaniline 


OH OH 


CI 


CI 
4-Chloro-o.-methylbenzenemethanol 


CI 


E AA 


1-Chloro-3-methyl-2-butene 


OH 


is УП 


1-Chloro-3-(1-methylethoxy)-2-propanol 


CI 


Жэ 


Е О 
2-(Chloromethyl)furan 


1-Chloro-2-isopropylbenzene 


со ~ 


(Chloromethoxy)ethane 


4-Chloro-N- Ponta 


3-Chloro-3-methyl-1-butyne 


3-105 


CI 


1-Chloro-4-isopropylbenzene 


а 
1-Chloro-2-methoxyethane 


NH; 
CI 


2-Chloro-4-methylaniline 


1-Chloro-2-methyl-9,10-anthracenedione 
5-(Chloromethyl)-1,3- шог 


CI 


(Chloromethyl)cyclopropane 


CI 


1-(Chloromethyl)-4-ethylbenzene 


iu^ 


Cl 
3-(Chloromethyl)heptane 


3-106 


Physical Constants of Organic Compounds 


Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
2127 4-Chloro-5-methyl-2- Chlorothymol C49 H44CIO 89-68-9 84.662 63 258.5 vs Н,0; s EtOH, 
isopropylphenol eth, bz, ctc, 
peth, alk 
2128 1-(Chloromethyl)-4- C,H,CIÓ 824-94-2 56.609 nd 245 262.5 1.261% 1,580? ^ уз ace, bz, eth 
methoxybenzene 
2129 1-(Chloromethyl)-2- сас 552-45-4 40.610 198; 902 1.0635 541025 vs eth, EtOH 
methylbenzene 
2130 1-(Chloromethyl)-3- C H,C 620-19-9 40.610 195.5 1.06420 53459 |Н,0; s EtOH, 
methylbenzene eth 
2131 1-(Chloromethyl)-4- C H,C 104-82-5 40.610 201; 9020 1.0512? 1.5380 ІН,0;5 EtOH; 
methylbenzene msc eth 
2132 Chloromethyl methyl ether C;H&CIO 107-30-2 80513 liq -103.5 59.5 1.0631 3979 SEtOH, eth, ace, 
chl 
2133 2-(Chloromethyl)-2-methyloxirane C,H;CIO 598-09-4 06.551 22 1.10117 1.4310? — vs H;O, eth 
2134 1-(Chloromethyl)naphthalene C,,H,Cl 86-52-2 76.642 pr 32 291.5 1.181320 1.6380? i H,0; $ EtOH, 
ctc, peth 
2135 2-(Chloromethyl)naphthalene CHI 2506-41-4 76.642 If (al) 48.5 6920 1620; s EtOH, 
peth 
2136 1-(Chloromethyl)-2-nitrobenzene C;H;CINO; 612-23-7 71.582 сгу (lig) 50.0 25^ 55572 |Н,0; s EtOH, 
eth, HOAc; vs 
ace, bz 
2137 1-(Chloromethyl)-3-nitrobenzene C;H,CINO, 619-23-8 71.582  payend(lig) 46 73% 55779 vs асе, bz, eth, 
EtOH 
2138 1-(Chloromethyl)-4-nitrobenzene — 4-Nitrobenzyl chloride C;H, CIN0; 100-14-1 71582 ріогпа (а) 71 56472 |Н,0; s EtOH, 
eth; vs ace, bz, 
AcOEt 
2139 1-Chloro-2-methyl-3- C;H,CINO, 83-42-1 71.582 nd(dilal 378 238 53779 — i H,0; s EtOH 
nitrobenzene 
2140 1-Chloro-2-methyl-4- C;H,CINO, 13290-74-9 171.582 уе cry 42.5 249 vs eth 
nitrobenzene 
2141 1-Chloro-4-methyl-2- 4-Chloro-3-nitrotoluene C;H,CINO; 89-60-1 71.582 7 261; 118" 59/2? 10; $ cte 
nitrobenzene 
2142 2-Chloro-1-methyl-4- СМО, 121-86-8 71.582 па (al) 66.5 260 .54709 51 Н,0, chl; s 
nitrobenzene EtOH, eth, 
НОАс 
2143 4-Chloro-1-methyl-2- C;H,CINO; 89-59-8 71.582 mcl nd 38 242:115.5 1.255980 1Н,0, $ EtOH, 
nitrobenzene eth; sl chl 
2144 2-Chloro-4-methylpentane ШЕН 25346-32-1 120.620 113 0.8610? 1.4113? vs eth 
2145 3-(Chloromethyl)pentane Сао! 4737-41-1 20.620 126; 832? 0.891420 1.422220 vs bz, eth, ch 
2146 2-Chloro-4-methylphenol 2-Chloro-p-cresol C;H;CIO 6640-27-3 42.583 195.5 1.1785? 152007 уз bz, eth, EtOH 
2147 2-Chloro-5-methylphenol 6-Chloro-m-cresol C;H;CIO 615-74-7 42.583 pr (peth) 45.5 196 1.2155 уз Н,0, EtOH 
2148 2-Chloro-6-methylphenol 6-Chloro-o-cresol C;H;CIO 87-64-9 42.583 189; 802 1.5449?  s| H0; s eth 
2149 3-Chloro-4-methylphenol 3-Chloro-p-cresol C;H;CIO 615-62-3 42.583 nd (al) 55.5 228 vs bz, eth, EtOH 
2150 4-Chloro-2-methylphenol 4-Chloro-o-cresol C;H;CIO 1570-64-5 42.583 nd (peth) 51 223 SI Н,0: s peth 
2151 4-Chloro-3-methylphenol 4-Chloro-m-cresol C;H;CIO 59-50-7 42.583 па (peth) 67 235 sl Н,0, chl; 5 
EtOH, eth, рей 
2152 (4-Chloro-2-methylphenoxy)acetic MCPA ږل ان واو‎ 94-74-6 200.618 рі (bz, to) 0 SI H;O; vs EtOH, 
acid eth; s bz, ctc 
2153 4-(4-Chloro-2-methylphenoxy) ٢ و‎ ٢٢ 94-81-5 228.672 100 
butanoic acid 
2154 Chloromethylphenylsilane СНС! 1631-82-9 156.685 1189 0432 51719 
2155 (Chloromethyl)phosphonic acid CH,CIO;P 2565-58-4 130.468 па (bz/ 90 
Мемо,) 
2156 N-Chloromethylphthalimide C;HCINO; 17564-64-6 195.603 135.5 
2157 2-Chloro-2-methylpropanal C,H;CIO 917-93-1 106.551 90 053° 4160% — vs eth, EtOH 
2158 1-Chloro-2-methylpropane Isobutyl chloride C H,C 513-36-0 92567 liq -130.3 68.5 087730 1.3984? $1 H,0, ctc; s 
eth, ace, chl 
2159 2-Chloro-2-methylpropane tert-Butyl chloride C H,C 507-20-0 92567 liq -25.60 50.9 0.8420? 1.385722 <ІН,0; msc 
EtOH, eth; s 
bz, ctc, chl 
2160 1-Chloro-2-methylpropene Dimethylvinyl chloride C,H,C 513-37-1 90.552 68 0.91862 1.422122 5160; s chl 
2161 3-Chloro-2-methylpropene C,H,C 563-47-3 90.552 15 0.916520 1.42912 msc EtOH, eth; 
S ace; vs chl 
2162 3-(Chloromethyl)pyridine, СеН;СІ,М 6959-48-4 64.033 hyg 143.8 
hydrochloride 
2163 Chloromethylsilane CH,CISi 993-00-0 80.590 col gas -135 T; -4563 
2164 1-Chloro-4-(methylsulfonyl) 4-Chlorobenzenethiol, S-methyl, ۹5 98-57-7 90.648 98 
benzene S,S-dioxide 
2165 1-Chloro-4-(methylthio)benzene C;H;CIS 123-09-1 58.649 10510 
2166 1-Chloro-2-(methylthio)ethane C4H;CIS 542-81-4 10.606 140; 6030 1.1230 1.490222 5 EtOH, eth, ace 
2167 Chloro(methylthio)methane C;H&CIS 2373-51-5 96.79 105 1.153% 1.496320 
2168 (Chloromethyl)trimethylsilane C,H,,CISi 2344-80-1 22.669 98.5 0.8795 1.417520 
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2169 1-Chloronaphthalene 1-Naphthyl chloride ТН 90-13-1 62.616 ойу liq -25 259; 106.55 — 1.18805 1.6326? i H,0; s EtOH, 
eth, bz, CS; sl 
cic 
2170 2-Chloronaphthalene Cy HCl 91-58-7 62.616 pl (dil al), № 58.0 256 14377? 1.60795 ІН,0; $ EtOH, 
eth, bz, chl, 
CS, 
2171 4-Chloro-1-naphthol C4,H;CIO 604-44-4 78.615 па (сћ, ад 1205 5 ОН, eth, ace, 
al) bz, chl 
2172 Chloroneb 1,4-Dichloro-2,5- Сан СО; 2675-77-6 207.055 134 268 
dimethoxybenzene 
2173 2-Chloro-4-nitroaniline C H;CIN;O; 121-87-9 72.569 ye nd (w) 08 vs eth, EtOH, 
HOAc 
2174 2-Chloro-5-nitroaniline C; H;CIN;O; 6283-25-6 72.569 yend(lig) 121 vs eth, EtOH, 
HOAc 
2175 4-Chloro-2-nitroaniline C; H;CIN;O; 89-63-4 72.569 dkoran-ye 1165 vs EtOH, eth, 
pr (dil al) HOAc; sl асе, 
lig 
2176 4-Chloro-3-nitroaniline C; H;CIN;O; 635-22-3 72.569 yendorpr 103 s Н,0, eth, chl; 
(w) nd vs EtOH; sl lig 
(peth) 
2177 5-Chloro-2-nitroaniline C H,CIN,0, 635-61-6 72.569 уе па (CS,) 1278 sub vs eth, EtOH 
ye If (al, bz) 
2178 1-Chloro-5-nitro-9,10- C, HCINO, 29-40-8 287.656 315.3 i H,O, EtOH, 
anthracenedione eth, lig; 51 bz; 
5 ру 
2179 2-Chloro-5-nitrobenzaldehyde C;H,CINO, 6361-21-3 85.565 cry (al) 81.3 vs EtOH, chl 
2180 4-Chloro-3-nitrobenzaldehyde C;H,CINO; 6588-34-4 185.565 64.5 SI Н,0: s chl 
2181 1-Chloro-2-nitrobenzene 0-Chloronitrobenzene C H,CINO; 88-73-3 57.555 mcl nd 32.1 245.5 1.36822 1Н,0, $ EtOH, 
eth, bz; vs ace, 
ol, py 
2182 1-Chloro-3-nitrobenzene m-Chloronitrobenzene C H,CINO; 21-73-3 57.555 payeorthpr 444 235.5 1.34350 1.53749 |Н,0; s EtOH, 
(al) eth, bz, chl, 
CS, 
2183 1-Chloro-4-nitrobenzene p-Chloronitrobenzene C; H,CINO; 00-00-5 57.555 mel pr 82 242 1.29799 1.5376 9 ІН,0; sl EtOH; 
s eth, chl, CS, 
2184 5-Chloro-3-nitro-1,2- C H, CIN;0; 42389-30-0 187.584 167 
benzenediamine 
2185 4-Chloro-3- (511501М,0,5 97-09-6 236.633  yecry(EtOH) 175 
nitrobenzenesulfonamide 
2186 4-Chloro-3-nitrobenzenesulfonyl C H,CLN0,S 97-08-5 256.064 60.8 
chloride 
2187 2-Chloro-4-nitrobenzoic acid C;H,CINO, 99-60-5 201.565 nd (w) 141.8 S Н,0, EtOH, 
eth, bz 
2188 2-Chloro-5-nitrobenzoic acid C;H,CINO, 2516-96-3 201565 ndorpr(w) 5 1.60819 sl Н,0, ace; 8 
EtOH, eth, bz 
2189 4-Chloro-3-nitrobenzoic acid C;H,CINO, 96-99-1 201.565 nd or pl (w) 182.8 1.645'8 i B,0; 51 EtOH, 
се 
2190 1-Chloro-1-nitroethane C;H,CINO; 598-92-5 09.512 124.5 1.2837? 14224? i H,0; $ EtOH, 
сіс, ак 
2191 2-Chloro-4-nitrophenol CH,CINO, 619-08-9 73.554 whnd (50% 111 S Н,0, EtOH, 
al) eth, chl; sl bz 
2192 4-Chloro-2-nitrophenol C H,CIN0, 89-64-5 73.554 yemclpr(al) 88.5 ІН,0; s EtOH, 
eth, chl; sl асе 
2193 5-Chloro-2-nitrophenol C H,CIN0, 611-07-4 73.554 yeprornd 41 sub SI Н,0, s EtOH, 
(w) eth, НОАс 
2194 1-Chloro-1-nitropropane C H CIN0; 600-25-9 23.539 142 1.20720 425120 51 Н,0, chl; s 
ЕКОН, eth, oils 
2195 2-Chloro-2-nitropropane C H CIN0; 594-71-8 23.539 “215 dec 134; 575° 1.220 4378 51 Н,0; s EtOH, 
eth, ctc, oils; i 
KOH 
2196 2-Chloro-3-nitropyridine C;H,CIN,0, 5470-18-8 158.543 па (w) 104.0 
2197 1-Chloro-2-nitro-4- СН СІБ0; 121-17-5 225.553 liq -13 222; 9510 1.5115 48932 
(trifluoromethyl)benzene 
2198 1-Chloro-4-nitro-2- СС МО; 717-37-71 225.553 22 232 1.5275 5083 
(trifluoromethyl)benzene 
2199 1-Chlorononane C Hi C 2473-01-0 62.700 liq -394 205.2 0.8706 1.4343? ІН,0; s eth, chl 
2200 9-Chloro-1-nonanol CIH, CI0 51308-99-7 178.699 28 47" 44575? vs eth, EtOH 
2201 1-Chlorooctadecane Ci sHyCI 3386-33-2 288.940 28.6 352 0.86162 1.4524? i H,0; sl ctc 
2202 1-Chlorooctane Octyl chloride СНС 111-85-3 48.674 liq -57.8 83.5 087340 1.4309?  iH,0; vs EtOH, 
eth; sl ctc 
2203 2-Chlorooctane Сенс 628-61-5 48.674 72; 7528 0.8658" 1.427321 H,0; уз EtOH, 
ећ 
2204 8-Chloro-1-octanol C,H,;CIO 23144-52-7 164.673 39? 45632 vs eth, EtOH 
2205 Chloropentafluoroacetone СО 79-53-8 82.476 col gas -133 8 
2206 Chloropentafluorobenzene C CIF, 344-07-0 202.509 17.96 1.5685 „42562 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
eth 
2208 1-Chloropentane Pentyl chloride C. HC 543-59-9 06.504 liq -99.0 108.4 0.8820? 141262 i H,0; msc 
EtOH, eth; s 
bz, ctc; vs chl 
2209 2-Chloropentane, (+) sec-Pentyl chloride CHC 29882-57-3 106.594 liq -137 97.0 0.869822 1.4069? i H,0; s EtOH, 
eth, bz; vs chl 
2210 3-Chloropentane C; HC 616-20-6 06.594 liq -105 97.5 0873120 1.4082? i H,0; s EtOH, 
eth, bz; sl ace 
2211 5-Chloropentanoic acid C;H&CIO, 1119-46-6 36.577 18 230 34165 1.455522 vs eth, EtOH 
2212 5-Chloro-1-pentanol C;H44CIO 5259-98-3 22.593 112? 44518? — vs eth, EtOH 
2213 5-Chloro-2-pentanone C;H,CI0 5891-21-4 20.577 106110 76:4 1.052320 1.4375? зай, ace; sl сіс 
2214 1-Chloro-3-pentanone C;H&CIO 32830-97-0 120.577 6820 43612 — vs eth, EtOH 
2215 5-Chloropentanoyl chloride لارنم‎ 575-61-7 155.022 837 12108 4639? vs eth 
2216 4-Chloro-2-pentene C;H,C 458-99-7 04.578 103; 475 0.8988? 1.4322? vs ace, eth, chl 
2217 2-Chlorophenol Се СТО 95-57-8 28.556 94 174.9 1.263420 1.552420 51 Н,0, chl; s 
EtOH, eth; vs 
bz 
2218 3-Chlorophenol C H,CI0 08-43-0 28.556 32.6 214 1.245% 55659 s| H50, chl; s 
EtOH, eth; vs 
bz 
2219 4-Chlorophenol C. H,CI0 06-48-9 28.556 42.8 220 1.2651 1.55799  s[H,O; vs ОН, 
eth, bz; s alk 
2220 Chlorophenol Red و‎ ٢ ۳٣ 4430-20-0 423266 дгп-рг cry 261 51 НО; s EtOH 
2221 2-Chloro-10H-phenothiazine C, H CINS 92-39-7 233.717 198.5 
2222 2-Chlorophenoxyacetic acid C4H;CIO; 614-61-9 86.593 па (м, а) 148.5 S ЊО, НОН 
2223 3-Chlorophenoxyacetic acid C4H;CIO, 588-32-9 86.593 сту (м) 110 i H,0 
2224 (4-Chlorophenoxy)acetic acid C.H; CIO, 22-88-3 86.593 ргогпа (м) 156.5 vs Н,0: sl chl 
2225 1-Chloro-4-phenoxybenzene 4-Chlorophenyl phenyl ether СНОО 7005-72-3 204.651 284.5 120265 9 
2226 3-(4-Chlorophenoxy)-1,2- Chlorphenesin C;H4,CIO, 04-29-0 202634 су 78 214? i H50; vs EtOH, 
propanediol eth; s bz, con 
sulf 
2227 2-(3-Chlorophenoxy)propanoic  Cloprop ږل ان واو‎ 01-10-0 200.618 cry 113 10015 
acid 
2228 2-Chloro- A-phenylacetamide С.Н,СЇМ0 587-65-5 169.609 па (dil sub vs bz, eth, EtOH 
HOAc) 
2229 N-(2-Chlorophenyl)acetamide С,Н,ОМО 533-17-5 169.609 88.3 i H,0; s EtOH, 
bz, chl; vs eth 
2230 N-(3-Chlorophenyl)acetamide CH&CINO 588-07-8 169.608 nd 79 333 SI H;O; vs EtOH, 
eth, bz, С9;; s 
ch 
2231 N-(4-Chlorophenyl)acetamide CH&CINO 539-03-7 169.609 179 333 1.38522 i H50; s EtOH; 
vs eth; sl ctc 
2232 4-Chloro-o- СазН СТО 119-56-2 218.678 59 sl chl 
phenylbenzenemethanol 
2233 4-Chlorophenyl benzenesulfonate С. HCIO4S 80-38-6 268.715 colcry 62 1.33 si Н,0 
2234 4-Chloro-1-phenyl-1-butanone C4,H,,CIO 939-52-6 182.646 195 1314 11375 1.545920 
2235 4-Chlorophenyl 4- Ovex ) ولارانام اا‎ 5 80-33-1 303.161 86.5 i H0; sl EtOH; 
chlorobenzenesulfonate S ace 
2236 (2-Chlorophenyl)(4-chlorophenyl) 2,4'-Dichlorodiphenyl ketone (41,010 85-29-0 251.108 рг (al) 67 214? 1.3934 S EtOH; sl chl 
methanone 
2237 N-(4-Chlorophenyl)- N,N- Monuron CH4CIN;O 150-68-5 198.648 wh pl 170.5 i H50; 51 EtOH, 
dimethylurea (MeOH) ace 
2238 1-(3-Chlorophenyl)ethanone m-Chloroacetophenone C,H;CIO 99-02-5 154.594 244, 12930 1.2130" 1.549422 s EtOH, eth, ace 
2239 1-(4-Chlorophenyl)ethanone p-Chloroacetophenone C,H,CIO 99-91-2 154.594 20 232 1.192220 1,5550? | H,0; msc 
EtOH, eth; s 
chl 
2240 5-(4-Chlorophenyl)-6-ethyl-2,4- — Pyrimethamine Ci و‎ СІМ, 58-14-0 248.711 233.5 
pyrimidinediamine 
2241 2-(4-Chlorophenyl)-1H-indene- ^ Clorindione C, H;CIO, 146-99-2 256.684 dkrednd(al) 145.5 vs bz, eth, EtOH 
1,3(2H)-dione 
2242 4-Chlorophenyl isocyanate C;H,CINO 04-12-1 153.566 313 11645 
2243 1-(2-Chlorophenyl)-2-methyl-2- ^ Clortermine Ci Hu СМ 0389-73-8 183.678 iq 11716 
propylamine 
2244 N-(2-Chlorophenyl)-3- Сад МО; 93-70-9 211.645 106.5 S EtOH; i eth, lig 
oxobutanamide 
2245 (4-Chlorophenyl) C,H C10 34-85-0 216.662 nd (al) 71.5 332 S НОН, eth, ace; 
phenylmethanone sl ctc 
2246 3-(2-Chlorophenyl)propanoic acid CH,Cl0, 643-28-3 184619 ndorlf(w) 102 
2247 3-(3-Chlorophenyl)propanoic acid Сан 010, 21640-48-2 184.619 If (peth) TI 
2248 3-(4-Chlorophenyl)propanoic acid رل ان واا‎ 2019-34-3 184.619 126 
2249 3-Chloro-1-phenyl-1-propanone ^ 2-Chloroethyl phenyl ketone CoH,CI0 936-59-4 168619 If (eth), cry 495 1134 


(al, peth) 
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3-112 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
2250 1-(4-Chlorophenyl)-1-propanone CoH,CI0 6285-05-8 68.619 37.3 1359), 1142 | 0 S НОН, 
CS; sl chl 
2251 3-(3-Chlorophenyl)-2-propynoic C,H;CIO; 7396-28-3 180588 сгу (НОАс, 1445 vs 6 
acid bz-peth) 
2252 Chlorophenylsilane Phenylchlorosilane C H;CISi 4206-75-1 42.659 162.5 1.068322 1.534020 
2253 1-Chloro-4-(phenylsulfonyl) Sulphenone C,4H,CIO,S 80-00-2 252.716 94 i H0; sl EtOH; 
benzene S eth; vs ace, 
bz 
2254 5-Chloro-1-phenyltetrazole СОЊОМ, 14210-25-4 180.595 123 
2255 (2-Chlorophenyl)thiourea C;H;CIN,S 5344-82-1 86.662 nd or pl 146 vs bz, НОН 
2256 o-Chlorophyll С5Н,М0М,0, 479-61-8 893.490 bl blk hex р! 1523 i H,O; vs EtOH, 
eth; s lig 
2257 B-Chlorophyll СН, MgN,0, 519-62-0 907.473 bl-blkorgrn 125 i H,0; vs EtOH, 
pow eth, py; s 
еон 
2258 Chloropropamide 4-Chloro-A-[(propylamino) C, H,CIN0;S 94-20-2 276.739 cry (EtOH) 128 i H;0; s EtOH; sl 
carbonyl]benzenesulfonamide eth, bz 
2259 2-Chloropropanal СНОО 683-50-1 92.524 86 1825 431 vs bz, eth 
2260 1-Chloropropane Propyl chloride C,H;C 540-545 — 78541 liq -1229 46.5 0.8899? 138792 <ІН,0, ctc; msc 
EtOH, eth; s 
bz, chl 
2261 2-Chloropropane Isopropyl chloride C4H;C 75-29-6 78541 liq -11718 35.7 0.86172 1.377722  s| НО; msc 
EtOH, eth; s 
bz, ctc, chl 
2262 3-Chloro-1,2-propanediol ac-Chlorohydrin С-Н,С10, 96-24-2 110.540 уе lig dec 213; 116" 757 .4809 5Н,0, EtOH, eth 
2263 2-Chloro-1,3-propanediol Glycerol B-chlorohydrin C4H;CIO,; 497-04-1 110.540 4678, 12414 32199 1.4831? vs ЫН асе 
EtOH 
2264 3-Chloro-1,2-propanediol dinitrate Clonitrate C,H,CIN,0, 2612-33-1 200.534 sl ye liq 92.5 5112 vs ace, EtOH, 
ch 
2265 3-Chloropropanenitrile B-Chloropropionitrile СНС 542-76-7 89.524 liq -51 75.5 1.1573 1.4360? sl ctc 
2266 2-Chloropropanoic acid 2-Chloropropionic acid СНОО, 598-78-7 108.524 85 1.2585? 1.4380? msc НО, EtOH 
eth; s ace 
2267 3-Chloropropanoic acid B-Chloropropionic acid С-Н.С10, 107-94-8 108.524 If (w), hyg 41 dec 204 s Н,0, EtOH, 
cry (lig) chl; msc eth 
2268 2-Chloro-1-propanol Propylene chlorohydrin C.H;CIO 78-89-7 94.540 33.5 11032 43909 vs 0 ећ 
EtOH 
2269 3-Chloro-1-propanol C.H;CIO 627-30-5 94.540 65 1.1309? 1.4459? vs H,0; s EtOH, 
eth; sl ctc 
2270 1-Chloro-2-propanol Sec-Propylene chlorohydrin C.H;CIO 21-00-4 94.540 27 1187 .4392 тс H,0, EtOH 
eth; sl ctc 
2211 3-Chloropropanoyl chloride C.H,CIO 625-36-5 126.969 44 1.33073 1.4549? sl H,0; vs ОН, 
eth, chl 
2272 cis-1-Chloropropene 0:96 6136-84-8 76.525 liq -134.8 32.8 0.93477? 1.4055? i 6 
bz, chl 
2273 trans-1-Chloropropene СНС 6136-85-9 76.525 liq -99 374 0.9349? 1.4054? i H,0; seth, ace, 
bz, chl 
2274 2-Chloropropene Isopropenyl chloride СНС 557-98-2 76.525 vol liq or gas -137.4 22.6 0.90172 1.397322 66 
bz, chl 
2215 3-Chloropropene Allyl chloride CH. 07-05-1 76.525 liq -134.5 45.1 0.93769 14157? | H,0; msc 
НОН, eth, асе 
bz, lig; sl ctc 
2276 2-Chloro-2-propenenitrile С.Н,СЇМ 920-37-6 87.508 _ liq -65 88.5 1.096% 42902 
2277 2-Chloropropenoic acid 2-Chloroacrylic acid СНОО, 598-79-8 06.508 66 sub 
2278 trans-(3-Chloro-1-propenyl) СНС 21087-29-6 152.620 8.5 10613 1.0926? 1.5851% vs асе, bz, eth, 
benzene EtOH 
2279 Chloropropham Сл СМО; 101-21-3 213.661 41 1492 1.1830 53882 
2280 Chloropropylate C; Hy CLO, 5836-10-2 339213 ром 73 SI Н,0: s os 
2281 (3-Chloropropyl)benzene Сао! 104-52-9 54.636 219.5 1.056?! 51605 $1 ctc 
2282 3-Chloropropyl chloroformate C4H6Cl,0, 628-11-5 56.996 177 1.29265 14456? 0 
2283 (3-Chloropropyl)trimethoxysilane C.H, 01055] 2530-87-2 98.720 91 1.0775 41835 
2284 (3-Chloropropyl)trimethylsilane C.H, CISi 2344-83-4 50.722 151 0.878922 1.431920 
2285 3-Chloro-1-propyne Propargyl chloride C.H. 624-65-7 74.509 -78 58 1.030% 4349? iH,0; msc 
EtOH, eth, bz; 
S clc 
2286 6-Chloro-1H-purine 6-Chloropurine СОЊОМ, 87-42-3 54.558 па (w) 176 дес 
2287 6-Chloro-3-pyridazinamine С.Н,СЇМ, 5469-69-2 29.548 220 
2288 5-Chloro-2-pyridinamine ЊОМ 1072-98-6 28.560 pl 137 127" S Н,0, EtOH; sl 
DMSO; i рећ, 
lig 
2289 2-Chloropyridine СНС 109-09-1 13.546 ой 170 1.2055 — 1.5320? 51 Н,0; s EtOH, 
eth 
2290 3-Chloropyridine C;H,C 626-60-8 13.546 148; 8610 1.5304? 0 
2291 4-Chloropyridine СНС 626-61-9 13.546 Па -435 1475 1.200025 $ Н,0: msc 
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3-114 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
2292 2-Chloro-3-pyridinecarboxylic C H,CIN0; 2942-59-8 57.555 >175 дес 
acid 
2293 6-Chloro-3-pyridinecarboxylic C H,CIN0; 5326-23-8 57.555 198 dec 
acid 

2294 4-Chloropyridine, hydrochloride C;H.CLN 1379-35-3 50.006 sub 210 

2295 Chloroquine Са ОМ 54-05-7 319.872 90 

2296 2-Chloroquinoline 97:19 612-62-4 63.604 па (aqal) 38 266; 15322 1.24645 1.63425  iH,0; vs EtOH, 
eth; s bz, chl 

2297 4-Chloroquinoline 97:19 611-35-8 63.604 сту 345 262; 13015 1.2515 SI HO; vs EtOH, 
eth; s dil HCI 

2298 6-Chloroquinoline ناو‎ 612-57-7 63.604  pr(eth) nd 43.8 263 .611056 

(al) 

2299 8-Chloroquinoline СНС 611-33-6 63.604 liq -20 288.5 1.2834" 1.6408" 5Н,0;у5 EtOH, 
eth, ace, bz, 
chl 

2300 5-Chloro-8-quinolinol Cloxyquin С.Н,СЇМО 130-16-5 79.603 cry (al) 130 

2301 2-Chlorostyrene Сенс 2039-87-4 38.595 liq -63.1 188.7 1.1000? 1.5649? s EtOH, eth, ace, 
ctc, НОАс; 
msc peth 

2302 3-Chlorostyrene Сенс 2039-85-2 138.595 63 11033® 1.5625? i H,0; s EtOH, 
eth 

2303 4-Chlorostyrene C,H;C 1073-67-2 138.595 15.9 192 1.0868? 1.5660? ІН,0; s EtOH, 
eth; msc ace, 
bz, ctc 

2304 N-Chlorosuccinimide C,H,CINO, 128-09-6 33.534 pl (CCI) 150 1.65% 51 Н,0, EtOH, 
bz, lig; 5 ace, 
HOAc 

2305 1-Chlorotetradecane ТТЫ 2425-54-9 232.833 49 296.8 0.865420 14474? |Н,0; s EtOH, 
chl; vs ace, bz; 
sl сіс 

2306 6-Chloro-N, N,N’ N-tetraethyl- C Ha CIN; 580-48-3 257.764 oily liq 27 1559 1.095620 1.532022 vs bz, chl, ОН, 

1,3,5-triazine-2,4-diamine ig 

2307 1-Chloro-1,1,2,2-tetrafluoroethane СНС, 354-25-6 136.476 col gas -117 -11.7 

2308 1-Chloro-1,2,2,2-tetrafluoroethane C;HCIF, 2837-89-0 136476 col gas -12 

2309 Chlorothalonil C C N 1897-45-6 265.911 250 350 1.72 i B,0; sl ace, 
cyhex 

2310 Chlorothen Chloromethapyrilene Ca H44CINSS 148-65-2 295.831 15519, 1925 1.175125 

2311 Chlorothiazide C;H,CIN,O,S, 58-94-6 295.724 350 dec 

2312 2-Chlorothiophene 2-Thienyl chloride C,H4CIS 96-43-5 18.585 liq -71.9 128.3 1.286320 1.54877? i H,0; msc 
НОН, eth; sl 
chl 

2313 5-Chloro-2- С-Н,0105 7283-96-7 146.595 77.55 .6036% 51 chl 

thiophenecarboxaldehyde 

2314 2-Chloro-9H-thioxanthen-9-one C44H;CIOS 86-39-5 246.712 153.5 

2315 2-Chlorotoluene C;H;C 95-49-8 26.584 0 -358 159.0 1.0825? 1.5268? ІН,0; s EtOH, 
bz; msc eth, 
ace, chl 

2316 3-Chlorotoluene C;H;C 108-41-8 26.584 liq -47.8 161.8 1.07520 52148 1Н,0,8 EtOH, 
bz, ctc, chl; 
msc eth 

2317 4-Chlorotoluene C;H;C 106-43-4 26.584 7.5 162.4 1.0697? 1.5150? i H,0; $ EtOH, 
ctc, chl; msc 
eth 

2318 6-Chloro-1,3,5-triazine-2,4- ЛЕГЕ 3397-62-4 145.551 >330 

diamine 

2319 1-Chloro-2-(trichloromethyl) СНО 2136-89-2 229.919 294 264.3 1.51872 1.5836? i H,0; seth, ace; 

benzene sl ctc 

2320 1-Chloro-4-(trichloromethyl) СНО 5216-25-1 229.919 245 1.446320 vs ace, eth 

benzene 

2321 Chlorotriethoxysilane Сен نآ ږل اناو‎ 4667-99-6 98.720 liq -51 156 1.0307 .3999? vs EtOH 

2322 Chlorotriethylplumbane Lead triethyl chloride СЕН СТР 067-14-7 3298 123 дес s H,0 

2323 Chlorotriethylsilane C H, CISi 994-30-9 50.722 1445 0.8967? 1.431420 

2324 1-Chloro-1,1,2-trifluoroethane C;H;CIF, 421-04-5 18.485 vol liq or gas 12 

2325 1-Chloro-1,2,2-trifluoroethane C,H,CIF; 431-07-2 18.485 vol liq or gas 17.3 

2326 2-Chloro-1,1,1-trifluoroethane СНО 75-88-7 18.485 col gas -105.5 64 1.3890 3090° 

2327 Chlorotrifluoroethene Chlorotrifluoroethylene C;CIF, 79-38-9 16.469 col gas -158.2 -27.8 1549 38° S bz, chl 

2328 Chlorotrifluoromethane Refrigerant 13 CCIF; 75-72-9 04.459 col gas -181 -814 i H,0 

2329 2-Chloro-5-(trifluoromethyl) C;H,CIFN 21-50-6 95.570 103% 1.428% 4975? 

aniline 
2330 4-Chloro-3-(trifluoromethyl) СоНСІЕ,М 320-51-4 95.570 36.5 13227 
aniline 

2331 1-Chloro-2-(trifluoromethyl) o-Chlorobenzotrifluoride C;H,CIF, 88-16-4 80.555 liq -6 1522 1.25409 1.45135 s chl 

benzene 

2332 1-Chloro-3-(trifluoromethyl) m-Chlorobenzotrifluoride СНС 98-15-7 80.555 liq -56 1375 1.331125 1.4430? 

e 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
benzene 
2334 3-Chloro-1,1,1-trifluoropropane C3H,CIF; 460-35-5 32.512 0 -106.5 45.1 1.3253? 13350? 0 
2335 2-Chloro-2,4,4-trimethylpentane اناو‎ 6111-88-2 148.674 -26 dec 147; 4416 0.8746? — 1.4308? vs EtOH 
2337 2-Chloro-1,3,5-trinitrobenzene Picryl chloride СОМ О 88-88-0 247.549 мп па огр! 83 1.79720 i H50; $ EtOH, 
(chl, al-lig) bz; sl eth; vs 
ace, tol 
2338 Chlorotrinitromethane СС: 0, 1943-16-4 85.480 28 dec 134; 56 1.6769? 1.4500? vs eth, EtOH, 
chl 
2339 Chlorotriphenylmethane Ci Ha C 76-83-5 278.775 nd or pr (bz- 113.5 310 i H,0; 51 EtOH; 
peth) vs eth, bz, chl; 
s ace 
2340 Chlorotriphenylsilane Сан CISi 76-86-8 294.851 241% 
2341 Chlorotriphenylstannane Triphenyltin chloride و‎ 0150 639-58-7 385.475 103.5 s chl 
2342 Chlorotripropylstannane Сони СТ5п 2279-76-7 283426 -23.5 1235 1.267828 1491022 s сіс, os 
2343 Chlorovinyldimethylsilane C Ho CISi 1719-58-0 120.653 83.5 0.87442 88 
2344 7 N*[4-(4-Chlorophenoxy)phenyl] C45H45CIN;0, 1982-47-4 290.745 151 
-N,N-dimethylurea 
2345 Chlorozotocin C.H, СМО; 54749-90-5 313.692 су 147 дес s Н,0 
diox 
2347 Chlorpheniramine C4 Hg CIN; 132-22-9 274.788 oily liq 142! 
2348 Chlorpheniramine maleate Chloroprophenpyridamine СН СІМ,0, 113-92-8 390.861 132.5 
2349 Chlorphentermine 2-(4-Chlorobenzyl)-2- Ci HC 461-78-9 183.678 ٩ 231; 101? 
propylamine 
2350 Chlorpromazine 2-Chloro-N, N-dimethyl-10H- Сан CIN;S 50-53-3 318.864 20208 i HO; vs EtOH, 
phenothiazine-10-propanamine eth, bz, chl; s 
dil НСІ 
2351 Chlorprothixene C44 H, CINS 113-59-7 315.861 pale ye cry 97 i H30, EtOH, 
eth, chl 
2352 Chlorpyrifos C,H4CINO,PS — 2921-88-2 350.586 42 
2353 Chlorpyrifos-methyl C,H;ClNO,PS — 5598-13-0 322.534 43 
2354 Chlorsulfuron С„Н.›С№ 0,5 64902-72-3 3 176 
2355 Chlortetracycline C) Hj СМО 57-62-5 478.879  gold-ye 168.5 i H0, eth; sl 
НОН, ace, bz; 
S diox 
2356 Chlorthalidone C aH CINO0S 77-36-1 338765 whpowor 225 дес s alk, EtOH; sl 
cry eth 
2357 Chlorthion C aH CINO,PS 500-28-7 297.653 ye cry 21 12501 1437? 1.566122 i H,0; vs bz, eth, 
EtOH 
2358 Chlorthiophos C4H,,CLO,PS, 21923-23-9 361.245 150000 
2359 Chlortoluron N-(3-Chloro-4-methylphenyl)- — C4 H4, СМО 15545-48-9 212.675 шу 147 SI Н,0, s os 
N,N-dimethylurea 
2360 Cholane Ca Ho 548-98-1 330.590 pr (al) 90 19000 
2361 Cholan-24-oic acid Cholanic acid C.H, 0, 25312-65-6 360.574 па (al), cry 1635 $ EtOH, chl, 
(HOAc) HOAc 
2362 Cholesta-3,5-diene СН 747-90-0 368.638 wh па (al) 0 26013 0.925100 i H,0; s EtOH; 
msc eth, bz, 
chl; vs lig 
2363 Cholesta-5,7-dien-3-ol, (30) T-Dehydrocholesterol СыН,0 434-16-2 384.637 рі (+1w), 150.5 i H50; 51 EtOH; 
(eth- S eth, ace 
Me0H) 
2364 Cholesta-8,24-dien-3-ol, (3В,50) C H0 128-33-6 384.637 pl(MeOH) 110 16000 5 ү, chl, 
snd е0Н 
2365 Cholestane, (50) 28,29,30-Trinorlanostane C»; Has 481-21-0 372.670 sc or pl (eth- 80 250' 0.90909 148879 i H,0; sl EtOH; 
al, ace) vs eth, bz, chl 
2366 Cholestane, (58) Coprostane C»; Has 481-20-9 372.670 orth s ) 2 0.91199 1.488488 — vs eth, chl 
ace 
2367 Cholestanol Dihydrocholesterol Су! 80-97-7 388.669 sc (al,+1w) 141.5 vs eth, chl 
2368 Cholestan-3-ol, (305500) Epicholestanol (55 0 516-95-0 388.669 nd (al) 185.5 s chl 
2369 Cholest-4-en-3-ol, (3B) Allocholesterol C5 H40 517-10-2 386.653 па (eth- 132 i H,0; s EtOH; 
eOH) vs eth, ace, bz, 
chl 
2370 Cholest-5-en-3-ol, (30) Epicholesterol (5510 414-11-1 386.653 су 5 | 141.5 sl EtOH 
01 
2371 Cholest-5-en-3-ol (ЗВ), acetate CogH а 0; 604-35-3 428.690 whnd(ace, 115.5 vs bz, eth, chl 
al) 
2372 Cholest-5-en-3-ol (ЗВ), benzoate Cu H0; 604-32-0 490.760 wh nd 151.3 0.941320 i EtOH; s eth, 
chl 
2373 Cholest-5-en-3-ol (38)-, Cag 0, 601-34-3 625.062 whnd(eth 3 vs bz, chl 
hexadecanoate al) 
2374 Cholest-5-en-3-ol (3)-, cis-9- Са О; 303-43-5 651.100 46.3 s chl 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

2375 Cholest-4-en-3-one СыН,0 601-57-0 384637 па or pl (al) 815 245003 

2376 Cholesterol C H40 57-88-5 386.653 orth or tcl If 1485 dec 360; 1.06720 i H50; sl EtOH, 

(al) nd (eth) 23305 ace; s bz, 
HOAc; vs diox 
2377 Cholic acid 3,7,12-Trihydroxycholan-24-0i¢ С,,Но05 81-25-4 408.572 198 SI Њ0; s EtOH, 
acid, (30,58, 7,1204) асе, alk; vs 
eth, chl 
2378 Choline chloride CsH44CINO 67-48-1 139.624 hyg cry 305 dec vs Н,0, ЕЮН 
2379 Choline chloride dihydrogen Phosphorylcholine С.Н,СЇМО,Р 107-73-3 219.605  visc liq 
phosphate 

2380 Chorismic acid CigH 05 617-12-9 226.182 сгу 148 s Н,0 

2381 Chromium carbonyl 05010, 13007-92-6 220.056 col orth cry dec 130 sub 1.77 i B,0, EtOH; 8 
eth, chl 

2382 Chromium(Il) oxalate C;CrO, 814-90-4 140.015  ye-grn pow 1620, EtOH; s 

(ћуд) dil acid 

2383 Chromium(Ill) 2,4-pentanedioate ^ Chromium acetylacetonate Са ٧٢ 21679-31-2 349.320 тей mel cry 208 345 1.34 i H0; s bz 

2384 Chromotrope 2B Ca HÓN,Na,0, S, 548-80-1 513.366  red-brpow 0 $ НО; i EtOH 

2385 Chrysamminic acid 1,8-Dihydroxy-2,4,5,7- САМО 517-92-0 420.202 yeplorlf 0 dec vs eth, EtOH 

tetranitro-9,10- 
anthracenedione 

2386 6-Chrysenamine 6-Aminochrysene Сан; 2642-98-0 243.303 If (al) 210.5 

2387 Chrysene Benzo[a]phenanthrene СН, 218-01-9 228.288 red bl flor 2555 448 1.2742 i H0; 51 EtOH, 

orth pl (bz, eth, ace, bz, 
HOAc) CS, s to 
2388 Ciafos C; H4)NO;PS 2636-26-2 243.219 ye to red-ye 15 120999 dec 1.5404? 51 HO; vs chl, 
liq EtOH, ace, 
еон 

2389 Cicutoxin 8,10,12-Нергадеса епе-4,6- 0,8,0, 505-75-9 258.356 рг (eth/peth) 54 $ hot Н,0, 

diyne-1,14-diol EtOH, eth, chl 
2390 C.l. Direct Blue 6, tetrasodium salt. Direct Blue 6 CH; NNa,0,,S, 2602-46-2 932.752 dk bronze 
pow 

2391 Cimetidine C.H, NS 51481-61-9 252.339 сту 142 

2392 Cinchonamine Са ٥0 482-28-0 296.406 orth nd (al) 186 i H,0; vs EtOH, 
orth pr eth; s bz, chl 
(MeOH) 

2393 Cinchonidine C. H.N,0 485-71-2 294.380 orplorpr 210.5 sub i B,0, bz; s 
(al) НОН, chl, py; 

51 eth 

2394 Cinchonine С О 118-10-5 294.390 pr nd (al 265 
eth) 

2395 Cinchotoxine С NO 69-24-9 294.390 nd or pr (eth) 59 i Н,0: vs EtOH, 
eth, ace, bz, 
chl 

2396 trans-Cinnamaldehyde 3-Phenyl-2-propenal, (E)- C,H,O 4371-10-9 132.159 уе liq -7.5 246 1.049720 1.6195? $ H,0; $ EtOH, 
eth, chl; i lig 

2397 Cinnamedrine ac-[1-[Methyl(3-phenylallyl) C, МО 90-86-8 281.392 75 

aminoJethyl]benzenemethanol 

2398 cis-Cinnamic acid 3-Phenyl-2-propenoic acid, (7) 054,0, 02-94-3 148.159 mcl pr (w) 42 vs EtOH, НОАс, 
lig 

2399 trans-Cinnamic acid 3-Phenyl-2-propenoic acid, (E) 054,0, 40-10-3 148.159 mcl pr (dil 3 300 1.24754 i Н,0, lig; vs 

al) EtOH; s eth, 
ace, bz 

2400 trans-Cinnamyl anthranilate Ci H, NO; 87-29-6 253.296 cry 64 

2401 Cinnamyl cinnamate Ci H, 0; 22-69-0 264.319 па (al) 44 1.15654 i HO; $ EtOH, 
chl; vs eth 

2402 Cinnamyl formate 3-Phenyl-2-propen-1-ol, С.Н 505 04-65-4 162.185 0 252 1.086» 

formate 
2403 Cinnoline 1,2-Benzodiazine СНА 253-66-7 130.147 рауесу 38 11403 vs eth, НОН 
(lig) 
2404 Cinoxate 3-(4-Methoxyphenyl)-2- و‎ ٢ 04-28-9 250.291 col liq -25 185? 1.1025 1.567?  iH,0; msc EtOH 
propenoic acid, 2-ethoxyethyl 
ester 

2405 Cinquasia Red Quinacridone CogH МО; 047-16-1 312.321 red-violory 390 i H5O, os 

2406 Ciodrin СН. О6Р 7700-17-6 314271 135003 1.195 

2407 C.l. Pigment Red 170 C; Ho МАО, 2786-76-7 454478 гей solid 

2408 C.l. Pigment Yellow 1 ٧٢٢ 2512-29-0 340.334 уе cry 256 

2409 C.l. Pigment Yellow 12 C.H, CN O, 6358-8566 629.492 ye cry 317 

2410 Cisapride Са А CIFN,O, 81098-60-4 465.945 сту (hp) 132 

2411 Citral 3,7-Dimethyl-2,6-octadienal Собе 5392-40-55 152.233 228.3 0.8888? 1.4898? i H,0; msc 
EtOH, eth 

2412 B-Citraurin Сан 00» 650-69-1 432.638  pl(bz-peth), 147 i H20; vs EtOH, 

cry (al) eth, ace, bz; sl 
lig 

2413 Citrazinic acid 1,2-Dihydro-6-hydroxy-2-oxo- — С,Н,МО, 99-11-6 55.109 ye pow >300 dec S Н,0, alk; sl 

4-pyridinecarboxylic acid HCI 


Physical Constants of Organic Compounds 3-119 


| © о 
о ځا‎ CI 
Ч О-Р-ОН 
о НО oH OH 
Cholest-4-en-3-one Cholesterol ic aci 


Cholic acid Choline chloride Choline chloride dihydrogen phosphate 


Š 8 9 о оно оно 
Shy hae Ns 2 š 
@ Сг он он `o o^ پا‎ 
со о о” | Хо 
6 CO Ох O Ns. 
OH xx с2® о) 1 
2. “со et 
CO o "o 


SO?NÓ 


ар a Chromium carbonyl — Chromium(Il) oxalate Chromotrope 2B 


Chromium(Ill) 2,4-pentanedioate Chrysamminic acid 


ж OH‏ په 
"perc манай‏ 
| 


OH 
6- а со; Ciafos Cicutoxin 
e 
4 Ма о S 
© 
= НО, ‚ 
di 2 8 н н Е қ 
0 — N. N. H 
k бан | 
19 N р 
N پل‎ NH 
27 
Н CN H 5 N 
C.I. Direct Blue 6, tetrasodium salt Cimetidine Cinchonamine Cinchonidine 


NH 
О: 
та қыша 1 
S Cu 
o КАУ СА Ibat Мы oH 
N^ OH 
Cinchotoxine trans-Cinnamaldehyde 


Cinnamedrine cis-Cinnamic acid trans-Cinnamic acid 


H 0 
о 9 N. 
~ e o ^o^ Фе Бона а e e Ч e 
ona 27 NON `o Ú H 


Cinnamyl cinnamate 


trans-Cinnamyl anthranilate 


Cinnamyl formate Cinnoline Стохаје Cinquasia Red 
0 UNH) 
BS 
(112110 
Ж 
Ауу ДА а а 
~ H H [0] 
: ^N O "NH N 
OH 


О 
~ о = №} тана, 
oo ee ees ° د‎ ٢ = 
r — 8 ос “© 
NN Ó 
Ciodrin 


С.1. Pigment Red 170 C.I. Pigment Yellow 1 С.І. Pigment Yellow 12 


í 
a T N O. „ОН 
Нм == 
2 ` / - > So پک‎ 
: د‎ 17 ci : | 
О 27 
/ НО НО N OH 
Cisapride Citral 


B-Citraurin Citrazinic acid 


3-120 Physical Constants of Organic Compounds 


Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
2414 Citric acid 2-Hydroxy-1,2,3- СеН0; 11-92-9 192.124 orth (м-1) 153 dec 1.66520 vs Н,0, EtOH; $ 
propanetricarboxylic acid eth, AcOEt; i 
bz, chl 
2415 Citric acid monohydrate 2-Нуагоху-1,2,3- Сен 0, 5949-29-1 210.138 cry (м 135 1.542 vs Н,0: vs 
propanetricarboxylic acid, НОН, eth 
monohydrate 

2416 Citrinin Antimycin C,3H,,0; 518-75-2 250.247 уе nd 178 dec i H5O; 51 EtOH, 

(MeOH) eth; s ace, bz 

2417 Citrulline N5-(Aminocarbonyl)-L-ornithine СНО 372-75-8 175.185 рг (aq 222 S H,0; i EtOH, 

MeOH) еон 
2418 Citrus Red 2 Са МО 6358-53-8 308.331 су 156 SI Н,0, s EtOH 
2419 C.l. Vat Blue 6 7,16-Dichloro-6,15-dihydro- Cog Cl NO, — 130-20-1 511.312 — viol-bl pow 
5,9,14,18-anthrazinetetrone 

2420 C.l. Vat Yellow 4 Anthanthrone СА 0; 128-66-5 332.351 уе cry 

2421 Clayton Yellow Thiazol Yellow G C.H, N,Na,0,S, 1829-00 695.721  ye-br pow $ Њ0, EtOH, 
H,S0, 

2422 Clemastine fumarate Cos Ha C INO; 14976-57-9 459.963 181 

2423 Clindamycin CisHa3CIN,0;S 18323449 424.983 уе amorp 

solid 
2424 Cloconazole Сан 01М,0 77175-51-0 310.777 73 S НОАс 
2425 Clofentezine 3,6-Bis(2-chlorophenyl)- Cu H CLN, 74115-24-5 303.147 182 
1,2,4,5-tetrazine 

2426 Clofibrate C, H, CIO; 637-07-0 242.698 1492 

2427 Cloforex Са و‎ МО; 4261-75-7 255.741 cry 52.8 890205 

2428 Clomazone 2-(2-Chlorobenzyl)-4,4- C Hu СМО, 81777-89-1 239.698 1.19220 

dimethyl-1,2-oxazolidin-3-one 

2429 Clomiphene СНС INO 911-45-5 405.959 117 

2430 Clonazepam СН, СМО, 622-61-3 315711 wh cry 237.5 iH,0, bz; sl ace, 

eOH, chl 

2431 Clonidine CIH 01: , 4205-90-7 230.093 су 137 

2432 Clopidol C;H;ClNO 2971-90-6 192043 ром 2320 1Н,0 

2433 Clopyralid 3,6-Dichloro-2- Сен СМО, 702-17-6 0 151 

pyridinecarboxylic acid 

2434 Clorophene C. H4CIÓ 20-32-1 218.678 48.5 16135 1.18558 5 ctc, CS; 

2435 Clotrimazole СН, ОМ; 23593-75-1 344836 су 148 SI H,0, bz; s 
ace, chl, 
AcOEt, DMF 

2436 Clozapine Clozaril Слао ИМ, 5786-21-0 326.824 ye cry 183.5 

2437 Cobalt carbonyl Dicobalt octacarbonyl СаС0;0; 10210-68-1 341.947 огап cry 51 dec 1.78 i H50; s EtOH, 
eth, CS, 

2438 Cobalt hydrocarbonyl Tetracarbonylhydrocobalt C,HCo0, 16842-03-8 171.982 уе liq or gas =-30 10 505 

2439 Соба) 2,4-pentanedioate Сора! (111) acetylacetonate С.Н Со0; 21679-46-9 356.257 240 

2440 Cocaine و‎ NO, 50-36-2 303.354 mcl pr (al) 98 187% 1.50229 <5ІН,0;у5 EtOH, 
eth, bz, py; s 
М2: 

2441 Coclaurine CH, NO; 486-39-5 285.338 рі (al) 220.5 

2442 Codamine CH; NO, 21040-59-5 343.418 pr (bz, eth) 127 vs eth, 1, 
chl 

2443 Codeine Са و‎ ٧٧٢ 76-57-3 299.365 orth cry (м, 1575 2502, 1405 1.325 S H,0, eth, bz, 

dil al, eth) chl, tol; vs 
EtOH; i peth 
2444 Codeine phosphate Сара ОР 52-28-8 397.361 If or pr (dil 227 dec vs EtOH, chl 
а 
2445 Coenzyme А CAH4N;O,,P,S — 85-61-0 767.535 pow; unstab $ Н,0 
in air 

2446 Coenzyme | Nicotinamide adenine Са وکل‎ 53-84-9 663.425 hyg pow s Н,0 

dinucleotide 

2447 Coenzyme || Nicotinamide adenine Сара ћу وکل‎ 53-59-8 743405 gray-wh pow s Н,0 

dinucleotide phosphate 

2448 Colchiceine C На МО; 477-27-0 385.411 pa ye па 178.5 1.24% SI H,0; vs EtOH, 

(diox) chl; i eth, bz 

2449 Colchicine CH NO; 64-86-8 399.437 yepl(w+1⁄ 156 vs H,0, EtOH 

2) ye cry 
(bz) 

2450 Colistin A СН вове 7722-44-3 1169.47 атогр pow sl Н,0, EtOH, 
hx; s acids, 

еон 

2451 Collinomycin СНО, 27267-69-2 536.441 огап рг (chl- 281 vs асе, diox, chl 

Me0H) 

2452 Columbin СаН»06 546-97-4 358385 nd(MeOH) 195.5 i H5O; sl ace, 
AcOEt, MeOH; 
schl 

2453 Conessine 8 و‎ N; 546-06-5 356.588 If or pl (асе) 125.5 166% SI Н,0: s chl, 
НОАс 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
2454 Congo Red СаНрМеМа 0,5; 573-58-0 696.663 ром >360 SI Н,0; s EtOH; 
i eth 
2455 Conhydrine CH,;NO 3238-62-8 143.227 па (peth) 121 226 SI НО; vs bz, 
eth, EtOH 
2456 Conhydrine, (+) 2-(o-Hydroxypropyl)piperidine _ САН „МО 495-205 143227 If (eth) 121 226 SI Њ0; vs eth, 
EtOH, chl 
2457 80 و‎ ٧٢ 531-29-3 342.341 па (w+2) 186 S H0, ру; sl 
EtOH; i eth 
2458 Conquinamine Са МО; 464-86-8 312.406 ye tetr 123 SI Н,0; s EtOH, 
eth, chl 
2459 Convallatoxin СНО 508-75-8 550.637 pr (eth/ 238 S EtOH, ace; sl 
Me0H) chl; i eth 
2460 Copaene CH, 3856-25-5 204352 248.5 0.89962 148940 i H,0; seth, ace, 
НОАс, lig 
2461 Copper(ll) ethylacetoacetate Bis(ethylacetoacetato)copper ЛЕТ 14284-06-1 321.813 gin cry 192 S ОН, chl 
(НОН) 
2462 Copper(ll) gluconate Cupric gluconate Са НрСио 527-09-3 453.841 bl-grncry 156 51 EtOH; i os 
2463 Соррег(1) 2,4-pentanedioate Copper(Il) acetylacetonate C4H,,Cu0, 13395-16-9 261.762 bl pow 284 dec sub SI Н,0: s chl 
2464 Copper phthalocyanine Pigment Blue 15 Сән СИМ, 147-14-8 576.069 — bl-purp cry i Н,0, EtOH; 8 
onc 4 
2465 Coronene Са Ho 191-07- 300.352 уе па (bz) 4374 525 1.3715 i HO, con sulf; 
si bz 
2466 Corticosterone C Ha, 50-22-6 346.461 nd (al, pl) 181 1,0: s EtOH, 
(ace) eth, ace 
2467 Corybulbine ҮЛГІ 518-77-4 355.429 па (al) 237.5 i B,0; 51 EtOH, 
eth; s ace, bz, 
HCI 
2468 Corycavamine CH; NO; 521-85-7 367.396 pr (eth, al) 149 vs НОН, chl 
2469 Corydaline C; H5; NO, 518-69-4 369.454 pr (al) 136 vs bz, eth, EtOH 
chl 
2470 Corydine Са МО, 476-69-7 341.402 tetr pr (eth) 149 vs eth, EtOH 
chl 
2471 Corynantheine CH, N,0; 18904-54-6 366.452 165.5 vs EtOH 
2472 Cotarnine СН, 82-54-2 237.252 па (bz), cry 132 dec SI H,0; s EtOH 
(eth) eth, bz, chl, 
NH,OH 
2473 Coumaphos CuH4CIO;PS 56-72-4 362.766 93 1474 
2474 Coumestrol 3,9-Dihydroxy-6H- С.Н05 479-13-0 268.222 сгу гойѕ 385 дес ІН,0; sl EtOH, 
benzofuro[3,2-c][1] ace; i eth 
benzopyran-6-one 
2475 Creatine ГЕЙ 57-00-1 31.133 mcl pr (w+1) 303 dec 1.33% S Њ0; sl EtOH 
i eth 
2476 Creatinine СНО 60-27-5 13118 orth pr (w+2) 300 дес S Њ0; sl EtOH; 
If (w) i eth, ace, ch 
2477 o-Cresol 2-Methylphenol C; H0 95-48-7 08.138 31.03 191.04 1.03275 1.53865  sH,0; vs ОН, 
eth; msc ace, 
bz, clc 
2478 m-Cresol 3-Methylphenol СНО 108-39-4 08.138 12.24 202.27 1.033920 1.5401?  s| ЊО; msc 
EtOH, eth, ace, 
bz, cic 
2479 p-Creso 4-Methylphenol СНО 106-44-5 08.138 pr 34.77 201.98 101850 1.5312?  s| H,0; msc 
EtOH, eth, ace, 
bz, cic 
2480 o-Cresolphthalein C.H, 0, 596-27-0 346.376 сгу (al) 223 vs EtOH 
2481 o-Cresolphthalein complexone Metalphthalein Сао МО 2411-89-4 636.602 yecrypow 186 i H50; $ EtOH, 
ace, alk 
2482 Cresol Red 0-Cresolsulfonphthalein С و‎ 0,5 733-12-6 382430 гей- cry >300 vs HO, EtOH 
pow 
2483 p-Cresyl diphenyl phosphate 05, 0Р 78-31-9 340.309 col liq -40 1.208% i H,0; s os 
2484 Crimidine СНС 535-89-7 171.627 br wax 87 1434 vs EtOH 
2485 Cromolyn Cromoglicic acid Cost 60,1 6110-51-3 468.366 col cry 241 dec 
2486 Crufomate С.Н,ОМОР — 299-86-5 291.711 60 118001 
2487 Cryptopine Cryptocavine Са H, МО, 482-74-6 369.412 prorpl(bz) 223 1.31520 i H0; sl EtOH, 
nd (chl- eth, bz; 5 chl, 
MeOH) HOAc 
2488 Crystal Violet Gentian violet C; Ha CIN; 548-62-9 407.979  grn pow 215 dec vs H,0, chl 
2489 Cubebin С»Н»®в 8423-69-3 356.369 па (al, bz) 5 vs eth, EtOH, 
chl 
2490 Cucurbitacin B Co Ha ٧٢ 6199-67-3 558.702 cry (EtOH) 181 
2491 Cucurbitacin C C.H, ول‎ 5988-76-1 560.718 cry (AcOEt) 2075 
2492 Cupferron Сена МО; 35-20-6 155.154 163.5 51 DMSO 
2493 Cupreine Са А МО; 524-63-0 310.390 ام‎ (eth) 202 vs EtOH 
2494 Curan-17-ol, (160) Geissoschizoline И) 8397-07-4 298.421 payeamor 135 дес i НО; vs EtOH, 
pow eth, chl 
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3-124 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
2495 Curcumin Turmeric C; Аоба 458-37-7 368.380 oran ye pr, 183 vs EtOH, НОАс 
orth pr 
(MeOH) 
2496 Curine Са а Об 436-05-5 594.696 pr, nd (chl- 221 vs ace, bz, py 
Me0H) 
2497 Cuscohygrine С.3Н,4У0 454-14-8 224342 oil 16923, 1222 0.973320 1.483220 vs Н,0, bz, eth, 
EtOH 
2498 Cusparine 2-[2-(1,3-Benzodioxol-5-yl) C,H, МО, 529-92-0 307.343 (о) whorye 92(о form); i Н,0: vs ace, 
ethyl]-4-methoxyquinoline па (peth); —— 111(B form) bz, eth, EtOH 
(B) amber 
pr 
2499 Cyamemazine С.Н, 3546-03-0 323.455 уе pow 92 212025 ІН,0; s EtOH 
2500 Cyanamide Cyanogenamide CHN, 420-04-2 42.040 nd 45.56 14079 1.282? 144188  vsH,0, EtOH; s 
eth, ace, bz; sl 
CS, 
2501 Cyanazine C;H44CIN; 21725-46-2 240.692 168 
2502 Cyanic acid Hydrogen cyanate CHNO 420-05-3 43.025  unstabliqor -86 23 1.14020 vs Н,0, bz, eth, 
085 ch 
2503 2-Cyanoacetamide С-Н,М,0 07-91-5 84.076 рі (м) 121.5 vs HO 
2504 Cyanoacetic acid САМО; 372-09-8 85.062 66 dec 160; 10875 $ Њ0, EtOH, 
eth; sl chl, 
HOAc 
2505 Cyanoacetohydrazide Cyacetacide СНО 40-87-4 99.091 pr (al) 114.5 vs Н,0, EtOH 
2506 Cyanoacetylene CHN 070-71-9 51.047 5 42.5 0.81677 1.386825 51 H,0; s EtOH 
2507 3-Cyanobenzoic acid АЛТ 877-72-1 47.132 па (м) 219 sub SI 60; s EtOH 
eth 
2508 4-Cyanobenzoic acid Са; МО; 619-65-8 47.132 219 S Н,0, EtOH, 
eth, HOAc; sl 
a 
2509 4-Cyanobutanoic acid (51510, 39201-33-7 113116 — hyg cry 45 $ Њ0, EtOH, 
eth, bz 
2510 2-Cyanoethyl acrylate CH;NO; 06-71-8 25.126 10812 1.06220 
2511 Cyanofenphos Ci ЊАМОР5 3067-93-1 303.317 83 1.58395 sl H0 
2512 Cyanogen CN, 460-19-5 52.034 col gas -27.83 -21.1 0.953721 S Н,0, EtOH, eth 
2513 Cyanogen bromide Bromine cyanide CBr 506-68-3 05.922 nd 52 61.5 2.015% 5,0, EtOH, eth 
2514 Cyanogen chloride Chlorine cyanide С 506-77-4 61471  colvolliqor -6.5 13 1.18620 S H50, EtOH; vs 
gas eth 
2515 Cyanogen fluoride Fluorine cyanide CFN 495-50-7 45.016 col gas -82 -46 
2516 Cyanogen iodide lodine cyanide CIN 506-78-5 52.922 па (al, eth) 7 sub 2,8418 vs eth, НОН 
2517 Cyanoguanidine Dicyanodiamide CH,N, 461-58-5 84.080 211 1.404" $ Н,0, EtOH, 
ace; i eth, bz, 
chl 
2518 Cyanomethylmercury Methylmercurynitrile C;H;HgN 2597-97-9 24164 cry (chl) 92 subl vs Н,0, EtOH, 
bz; s eth 
2519 (4-Cyanophenoxy)acetic acid C;H;NO; 878-82-6 177.157 cry (м) 178 
2520 2-Cyano-N-phenylacetamide СНО 621-03-4 160.172 па (al) 199.5 
2521 4-Cyanothiazole С,Н.М,5 452-15-9 110137 па 58 
2522 Cyanuric acid 1,3,5-Triazine-2,4,6(1H,3H,5H)- СНО 08-80-5 129.074 wh cry >330 sub 1.755 sl hot H,0, ace, 
trione bz, НОН; s 
conc HCI 
2523 Суапигіс fluoride 2,4,6-Trifluoro-1,3,5-triazine СБ 675-14-9 135.047 72.8 
2524 Cycasin C H, N,0; 4901-08-7 252.222 па (асе ад) 154 dec 
2525 Cyclandelate CH, 0, 456-59-7 276.371 52 1934 i HO 
2526 Cyclizine Сан 82-92-8 266.381 сту (peth) 106 i B,0; s chl; s 
EtOH 
2527 Cycloate Carbamothioic acid, C, H4,NOS 134-23-2 215.356 115 14510 1.015630 
cyclohexylethyl-, S-ethyl ester 
2528 Cyclobarbital CH, N,0; 52-31-3 236.266 If (w) 173 i H,0; vs EtOH; 
seth, dil alk; sl 
HOAc 
2529 Cyclobutanamine Aminocyclobutane C, Hj 2516-34-9 71121 82 0.8328? 143631 
2530 Cyclobutane Tetramethylene C,H, 287-23-0 56.107 vol lig or gas -90.7 2.6 0.70389 375% iH,0; vs EtOH, 
ace; msc eth; s 
bz 
2531 Cyclobutanecarbonitrile Cyanocyclobutane бан; 4426-11-3 81117 49.6 
2532 Cyclobutanecarboxylic acid СНО, 3721-95-7 100.117 ٩ -1.0 90; 742 1.0599? 1.4400? <ІН,0; msc 
EtOH, eth 
2533 1,1-Cyclobutanedicarboxylic acid СеН0, 5445-51-2 144.126 рг (м, eth) 158.0 vs H,0; s EtOH, 
eth, bz; sl lig 
2534 Cyclobutanol Hydroxycyclobutane C H,0 2919-23-5 72106 24 0.921815 1.437120 
2535 Cyclobutanone C,H,0 1191-95-3 — 70.090 liq -50.9 99 0.95479 1.4215? H,0, eth, bz, 
chl, tol; vs 


EtOH; Грей 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
2536 Cyclobutene C4 Hs 822-35-5 54.091 col gas 2 0.7330 vs ace; s bz, 
peth 
2537 Cyclochlorotine Cj و‎ СМО; 2663-46-6 572.439 па (MeOH) 255 dec 
2538 Cyclodecane Сао 293-96-9 40.266 10 202 0.85385 1.471620 
2539 1,2-Cyclodecanedione Sebacil Ci Hic; 96-01-5 68.233 40.5 1047 
2540 Cyclodecanol Cio Ha 0 502-05-2 156.265 40.5 125? 0.9606? — 1.4926? 5 EtOH 
2541 Cyclodecanone C. H, 0 502-06-3 54249 amorpow 28 1063 0.9654? 1480620 vs bz, eth, chl 
2542 o-Cyclodextrin Cyclomaltohexaose Сз Ньо0зо 0016-20-3 972.843 hx pl or nd vs cold H0; i 
hot H,0 
2543 B-Cyclodextrin Cyclomaltoheptaose СоНт0% 7585-39-9 134.984 mcl cry (м) 260 dec 
2544 y-Cyclodextrin Cyclomaltooctaose 971707) 7465-86-0 1297.125 sq pl or rods 
2545 Cyclododecane СН 294-62-2 68.319 па (al) 60.4 247 0.8280 
2546 Cyclododecanol C О 724-39-6 84.318 286 
2547 Cyclododecanone СО 830-13-7 82.302 59 272 0.905986 1.457180 
2548 1,5,9-Cyclododecatriene CDT Са 4904-61-4 62.271 liq 17 240 0.84100 
2549 cis-Cyclododecene Cio Hoo 129-89-1 66.303 33%, 71? .4840? — vs bz, chl 
2550 trans-Cyclododecene СН 486-75-5 66.303 137 „48508 vs bz, chl 
2551 cis-9-Cycloheptadecen-1-one Civetone Ci; Ha 0 542-46-1 250.419 325 343; 159? 
2552 1,3-Cycloheptadiene C; Hi, 4054-38-0 94154 liq -1104 20.5 0.868% 4978? 
2553 Cycloheptanamine CH, N 5452-35-7 13.201 54" 472420 
2554 ۳ ۳996 СН 291-64-5 98.186 liq -8.46 184 0.8098? 1.4436?  iH,0; vs EtOH, 
eth; s bz, chl 
2555 1,2-Cycloheptanedione C;H40; 3008-39-7 126.153 -40 087 1.05832 1.4689? 41 
2556 Cycloheptanol C;H,0 502-41-0 14.185 72 85 0.9554? 1407052 5ІН,0;у5 EtOH, 
ећ 
2557 Cycloheptanone Suberone CH, 0 502-42-1 12.169 78.5 0.9508? 1.4608? ІН,0; vs EtOH, 
eth 
2558 1,3,5-Cycloheptatriene Tropilidene СІҢ; 544-25-20 92.139 ig; cub cry -79.5 17; 60.5122 0.8875 1.5343% ІН,0; $ EtOH, 
(-80 C) eth; vs bz, chl 
2559 2,4,6-Cycloheptatrien-1-one (5,0 539-80-0 06.122 -7 1315, 846 0052 617022 — vs bz, chl 
2560 Cycloheptene C; Hi; 628-92-2 96.170 — liq -56 15 0.8228? 4455220 1Н,0,8 EtOH, 
eth, bz, chl; sl 
cte 
2561 1,3-Cyclohexadiene СН, 592-57-4 80.128 liq -89 80.5 0.8405? 1.4755? ІН,0; $ EtOH, 
bz, chl, peth; 
vs eth 
2562 1,4-Cyclohexadiene 1,4-Dihydrobenzene C; Hs 628-41-1 80128 liq -492 85.5 0.847120 1.4725? |Н,0; msc 
EtOH, eth; s 
bz, chl, peth 
2563 3,5-Cyclohexadiene-1,2-dione СНО; 583-63-1 108.095  redplorpr =65 dec s eth, ace, bz; i 
peth 
2564 2,5-Cyclohexadiene-1,4-dione, C H NO, 105-11-3 138.124 pa ye nd (м) 240 dec s Н,0 
dioxime 
2565 Cyclohexane Hexahydrobenzene C; Hi 110-82-7 84.159 6.59 80.73 0.773925 142355 | Н,0; msc 
EtOH, eth, ace, 
bz, lig, ctc 
2566 Cyclohexaneacetic acid Санио 5292-21-7 142.196 па (HCO,H) 33 245 1.04238 14775? 5ІН,0;5 eth, 
ace 
2567 Cyclohexanecarbonitrile Cyclohexyl cyanide C; Ha 766-05-2 09.169 Па 11 184; 7616 0.919 450520 
2568 Cyclohexanecarbonyl chloride СН, „10 2719-27-9 46.614 180 1.09625 1.471129 
2569 Cyclohexanecarboxaldehyde С.Н 2043-61-0 12.169 159.3 0.9035? 1.4496? s H,0, eth 
2570 Cyclohexanecarboxylic acid Hexahydrobenzoic acid C; H0; 98-89-5 28.169 7 315 232.5 03302 1.453020 slH,O, сіс; vs 
EtOH, bz, chl 
2571 cis-1,2-Cyclohexanediamine cis-1 ,2-Diaminocyclohexane C H Np 1436-59-5 14188 liq 40? 0.95220 495120 
2572 trans-1,2-Cyclohexanediamine trans-1,2-Diaminocyclohexane — С,Н,,М, 1121-22-8 14.188 148 807, 41? 0.95120 
2573 trans-1,4- Сан 0; 619-82-9 72179  pr(w) 312.5 sub 300 SI Н,0, eth; vs 
Cyclohexanedicarboxylic acid НОН; s ace; i 
ch 
2574 1,3-Cyclohexanedimethanamine CIH, N; 2579-20-6 42.242 <-70 220 0.94520 vs Н,0, eth, 
EtOH 
2575 1,4-Cyclohexanedimethanol Сан 0, 105-08-8 44.212 43 283; 16770 
2576 cis-1,2-Cyclohexanediol C H, 0; 1792-81-0 16.158 100 1205 1.029710! S EtOH, ace, bz; 
sl chl 
2571 trans-1,4-Cyclohexanediol Сен 0; 6995-79-5 16.158 mcl pr (ace) 143 1.182 S Н,0, EtOH, 
eOH; i eth; sl 
ace 
2578 1,2-Cyclohexanedione 1,2-Dioxocyclohexane C H,0; 765-87-7 12427 cry (peth) 40 194 111872 1.4995? s ЊО, EtOH, 
eth, bz 
2579 1,3-Cyclohexanedione Dihydroresorcinol C H,0; 504-02-9 12427 рг (bz) 105.5 1.0861? 1457602 s H,O, EtOH, 
ace, chl; sl eth, 
bz 
2580 1,4-Cyclohexanedione Tetrahydroquinone C H,0; 637-88-7 12427  mclpl(w)nd 78 132% 1.0861" S Н,0, EtOH, 
(peth) eth, ace, bz, 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
2581 1,2-Cyclohexanedione dioxime Nioxime C H, N,0; 492-99-9 42155 nd(w,HOAc) 192 s Н,0, ace, chl; 
sl На 
2582 Cyclohexaneethanol C H, 0 4442-79-9 28.212 208 0.9229? 1.464122 5 EtOH, eth, bz 
2583 Cyclohexanemethanamine C; Hi 3218-02-8 13.201 60 0.87% „46302 
2584 Cyclohexanemethanol Cyclohexylcarbinol CH, 0 00-49-2 14485 liq -43 83 0.92972 1.464420 vs eth, EtOH 
2585 Cyclohexanepropanoic acid CoH, О; 701-97-3 56.222 16 276.5 0.912% 4638 5Н,0, eth; sl ctc. 
2586 Cyclohexanethiol Cyclohexyl mercaptan Сен 569-69-3 16.224 58.8 0.9782? 1.492120 vs ace, bz, eth, 
EtOH 
2587 Cyclohexanol Cyclohexyl alcohol لام‎ 08-93-0 00.158 hyg nd 25.93 60.84 0.9624? 1.464122 s HO, EtOH, 
eth, ace; msc 
bz; sl chl 
2588 Cyclohexanone Pimelic ketone С.Н 10 08-94-1 98.142 liq -27.9 55.43 0.94782 1.45072 5 ЊО, EtOH, 
eth, ace, bz, 
chl, ctc 
2589 Cyclohexanone oxime C H, NO 00-64-1 113457  hexpr(lig) 90 206 S Н,0, EtOH, 
eth, MeOH; sl 
chl 
2590 Cyclohexanone peroxide С.2Н,05 78-18-2 246.300 cryorlong 79 
nd 
2591 Сусіоһехепе Tetrahydrobenzene C; Hi 10-83-8 82.143 liq -103.5 82.98 0.8110? — 1.4465? i H,0; msc 
EtOH, eth, ace, 
bz, lig, ctc 
2592 1-Cyclohexenecarbonitrile 1-Cyanocyclohexene C;HN 855-63-6 07.153 81? 
2593 1-Cyclohexene-1-carboxaldehyde С-Н, 0 192-88-7 10.153 698 0.9694? 150052 s EtOH, eth 
2594 3-Cyclohexene-1-carboxaldehyde C;H, 0 00-50-5 10.153 10 105 0.969222 1.4745? sace, MeOH; sl 
сіс 
2595 1-Cyclohexene-1-carboxylic acid C; Hi 0; 636-82-8 26.153 38 241 1.10920 „49020 51 Н,0; s EtOH, 
ace 
2596 3-Cyclohexene-1-carboxylic acid C; Hi 0; 4711-80-6 26.153 17 234.5 1.08202 1.481422 уз H,0; s ОН, 
ace 
2597 4-Cyclohexene-1,2-dicarboxylic СН 0, 88-98-2 70.163  pr(w) 173.0 
acid 
2598 2-Cyclohexen-1-0 С H40 822-67-3 98.142 64 0.99235 147905 5 EtOH, ace 
2599 2-Cyclohexen-1-one C 1,0 930-68-7 96127 liq -53 70 0.96205 1.4883? уз EtOH; s ace 
2600 1-Cyclohexen-1-ylbenzene Са 771-98-2 58239 liq -11 252 0.993922 1.571822 үѕ MeOH 
2601 2-(1-Cyclohexen-1-yl) و‎ ٧ 1502-22-3 78.270 163 507020 
cyclohexanone 
2602 1-(1-Cyclohexen-1-yl)ethanone Сан 0 932-66-1 24.180 73 201.5 0.9655? 1.488122 s EtOH, eth 
2603 3-Cyclohexenylmethyl 3- С Но; 2611-00-9 220308 liq 537, 10926 
cyclohexenecarboxylate 
2604 4-(3-Cyclohexen-1-yl)pyridine СиНаз 70644-46-1 159.228 224 226 1.02225 1.546625 
2605 Cycloheximide C4 HNO, 66-81-9 281.349 pl (al) 119 vs EtOH 
2606 Cyclohexyl acetate C H, 0; 022-7 42.196 73; 965 0.968 442 vs eth, EtOH 
2607 Cyclohexyl acrylate CoH, 40> 3066-71-5 54.206 83; 8820 1.02752 1.467320 ІН,0; msc 
EtOH, eth; s 
chl 
2608 Cyclohexylamine Cyclohexanamine СЕН а 108-91-8 99174 liq -178 34 0.8191? 1.4625 s H,0, ctc; vs 
EtOH; msc eth, 
ace, bz 
2609 Cyclohexylamine hydrochloride СусІоһехапатіпе hydrochloride СНОМ 4998-76-9 35.635 nd (w, al-eth) 206.5 vs Н,0, EtOH 
2610 2-(Cyclohexylaminothio) Сања, 95-33-0 264.409 103 
benzothiazole 
2611 N-Cyclohexylaniline С.Н 1821-36-9 75.270 7 16 279; 1923 1.0155? 1.561020 i H,0; s EtOH, 
eth, bz 
2612 Cyclohexylbenzene СН 827-52-1 60.255 рі 7.07 240.1 0.942720 1.5329?  iH,0; vs EtOH; 
S eth; sl ctc 
2613 Cyclohexyl benzoate C H, 0; 2412-73-9 204265 <-10 285 1.0429? 1.5200? i H,0; s EtOH, 
eth 
2614 Cyclohexyl butanoate Cic His 0; 1551-44-6 70.249 213 0.95720 ІН,0;5 EtOH; sl 
сіс 
2615 3-Cyclohexyl-2-butenoic acid Cicrotoic acid Ci Hi 05 25229-42-9 168.233 рг (aq- 85.5 
MeOH) 
2616 Cyclohexyl chloroformate C;H4CIO; 13248-54-9 162.614 87.5? vs eth 
2617 Cyclohexylcyclohexane СН 92-51-3 66.303 4 238 SI Н,0; s EtOH, 
eth 
2618 Cyclohexyldiethylamine N,N-Diethylcyclohexanamine C44 HN 91-65-6 55.281 192; 852 0.84432 S EtOH; sl ctc 
2619 Cyclohexyldimethylamine N,N-Dimethylcyclohexanamine ١ 98-94-2 27.228 162 
2620 2-Cyclohexyl-4,6-dinitrophenol Ci, HN 0; 131-89-5 266.249 cry 104 SI H,O; $ bz, 
DMF 
2621 (1,2-Cyclohexylenedinitrilo) CDTA С..Н,М0, 13291-61-7 364349 cry (w) 215 
tetraacetic acid monohydrate 
2622 1-Cyclohexylethanone CIH, 0 823-76-7 126.196 180.5 0.917620 1.45656 i H,0; s eth 
2623 Cyclohexylethylamine N-Ethylcyclohexanamine Саны 5459-93-8 127.228 164 0.8680 SI Н,0, ctc; msc 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
triazole 

2625 Cyclohexyl formate C7H,.0, 4351-54-6 28.169 162 1.00577 1.4430? ІН,0; s EtOH, 
НОАс, 
НСООН; vs 
ећ 

2626 Cyclohexyl hydroperoxide 4,0, 766-07-4 16.158 -20 4201 0192 46455 vs eth, EtOH, 
HOAc 

2627 Cyclohexylideneacetonitrile МШ 4435-18-1 21.180 1072 0.94835 1.438225 vs eth, ОН 

2628 2-Cyclohexylidenecyclohexanone СНО 011-12-7 78.270 cry(MeOH 56.5 

ад) 

2629 Cyclohexyl isocyanate Isocyanatocyclohexane САМО 3173-53-3 25.168 172 0.985 45519 

2630 Cyclohexylisopropylamine N-Isopropylcyclohexanamine C; His 195-42-2 41.254 6212 0.8595 „44802 

2631 Сустоћеху! isothiocyanate Isothiocyanatocyclohexane C-H; NS 22-82-3 41.234 221 1.033922 1.537522 i H,0; 5 EtOH, 
eth; sl ctc 

2632 Cyclohexylmagnesium chloride CgH,,CIMg 931-51-1 42.909 hyg liq S eth 

2633 Cyclohexyl methacrylate Ci Hi 05 01-43-9 68.233 210 0.962622 1.4578? 

2634 Cyclohexylmethylamine N-Methylcyclohexanamine C;His 00-60-7 13.201 147 086603 1.456022  sIH;O; vs EtOH; 
msc eth; s chl 

2635 Cyclohexyl 2-methylpropanoate Сао 0; 129-47-1 70.249 204 0.94899 vs eth, EtOH 

2636 2-Cyclohexylphenol бео 19-42-6 76.254 nd (lig) 56.5 vs EtOH, НОАс 

2637 4-Cyclohexylphenol C,.H,,0 131-60-8 76.254 па (bz) 133 294; 1334 160; vs EtOH, 
eth; s bz; sl lig 

2638 o-Cyclohexyl-oc-phenyl-1- Trihexphenidyl Си МО 44-11-6 301.466 114 

piperidinepropanol 

2639 Сустоћеху! propanoate СоНив 0» 6222-35-1 56.222 93; 935 0.9359? 1.4403? ІН,0; $ EtOH, 
eth, ace, ctc 

2640 Cyclohexylsulfamic acid Cyclamic acid CIH, NO.S 00-88-9 79.237 169.5 vs alk 

2641 Cyclononane C; His 293-55-0 26.239 11 784 084635 1.466620 

2642 Cyclononanone CH, 0 3350-30-9 40.222 34 484 942 (095607 1472920 5 EtOH 

2643 1,4-Cyclooctadiene С.Н. 073-07-0 08.181 liq -53 45 0.875420 

2644 cis,cis-1,5-Cyclooctadiene С.Н. 11-78-4 08.181 liq -564 50.5 0.88320 49055 vs bz 

2645 Cyclooctanamine Aminocyclooctane Сан 7 5452-37-9 27.228 iq -48 90 0.928% 480420 

2646 6 Са 292-64-8 12.213 14.59 49 0.8349? 1.4586? i H,0; s bz, lig 

2647 Cyclooctanol C H, 0 696-71-9 28.212 251 اوو‎ 0.974022 1.4871? 1 

2648 6 СО 502-49-8 26.196 29 96 0.9581? 1.4694? i Њ0; s EtOH, 
ace, bz; sl ctc 
bz 

2650 1,3,5-Cyclooctatriene C; Hi 1871-52-9 06.165 liq -83 45.5 0.897125 1.503525 

2651 cis-Cyclooctene CH 931-87-3 10497 0 -12 38 0.8472? 1.4698? s EtOH, eth, ctc 

2652 trans-Cyclooctene C; Hi 931-89-5 10497 0 -59 43 0.84832 1.474125 «КОН, chl; sl 
cte 

2653 Cyclooctyne Сен 1781-78-8 08.181 58 0.86820 485020 

2654 Cyclopamine 11-Deoxojervine 8 او‎ ٢٧٢ 4449-51-8 411.621 па (EtOH) 237 

2655 Cyclopentadecane Cic Has 295-48-7 210.399 nd (MeOH) 61.3 0.83649! — 7 

2656 Cyclopentadecanol Exaltol C,4H40 4727-17-7 226398 cry (MeOH) 805 77", 14503 0.93020 455598 

2657 Cyclopentadecanone СН»0 502-72-7 224.382 63 2003 088955 1.46379 51 Н,0; s EtOH, 
асе 

2658 1,3-Cyclopentadiene Pyropentylene С.Н 542-92-7 66.102 Па -85 4 0.8021? 1.4440? i H,0; msc 
EtOH, eth, bz; 
S ace 

2659 Cyclopentane Pentamethylene C; Hi 287-92-3 70433 liq -93.4 49.3 0.745720 1.4065? | H,0; msc 
EtOH, eth, ace, 
bz, peth, ctc 

2660 Cyclopentaneacetic acid C;H4;0; 1123-00-8 28.169 pl 13.5 228 02168 1.452318 

2661 Cyclopentanecarbonitrile Cyanocyclopentane СЫМ 4254-02-8 95.142 0 -76 70; 677) 0.912 44108 

2662 Cyclopentanecarboxaldehyde СН. 0 872-53-7 98.142 33.5 0.98719 1.443220 vs НО, eth, 
EtOH 

2663 Cyclopentanecarboxylic acid Cyclopentanoic acid C. H, 0; 3400-45-1 14442 liq ST 212; 104"! 1.052720 1.453220 sl iem ctc; 5 
MeOH 

2664 cis-1,2-Cyclopentanediol C; H40; 5057-98-7 02.132 30 2429, 10010 

2665 trans-1,2-Cyclopentanediol С-Н,0; 5057-99-8 02.132 54.7 226; 13621 

2666 Cyclopentanemethanol لام‎ 3637-61-4 00.158 63 0.93322 1.457920 

2667 Cyclopentanepropanoic acid CIH, О 140-77-2 42.196 5826, 4312 1.0100" 1.4570? 

2668 Cyclopentanethiol Cyclopentyl mercaptan СН 1679-07-8 02.198 32.1 0.955020 

2669 Сус!орепїапо! Cyclopentyl alcohol СНО 96-41-3 86132 liq -17.5 40.42 0.948822 1.4530% sl H,O, ctc; s 
EtOH, eth, ace 

2670 Cyclopentanone Adipic ketone C;H,0 120-92-3 84117 liq -51.90 30.57 0.9487? 1.4366? ІН,0; s EtOH, 
ace, ctc, hx; 
msc eth 

2671 Cyclopentanone oxime CHNO 1192-28-5 99131 57.8 96 vs Н,0, bz 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
eth, bz, ctc, 
peth 

2673 1-Cyclopentenecarbonitrile 1-Cyanocyclopentene СЫН 3047-38-9 93.127 liq 8130 

2674 1-Cyclopentene-1-carboxaldehyde C H,0 6140-65-4 96.127 liq -32 146 0.970" 7 

2675 2-Cyclopentene-1-tridecanoic Chaulmoogric acid С. НО» 29106-32-9 280.446 plor lf (al, 68.5 24720 vs eth, chl 

acid, (S) НОАс) 

2676 2-Cyclopentene-1-undecanoic Hydnocarpic acid Ci H, 0; 459-67-6 252.392 60.5 vs EtOH, chl, 

acid, (8) peth 

2677 2-Cyclopenten-1-one C. HO 930-30-3 82.101 36; 4012 0.98915 „46295 үѕ eth, EtOH 

2678 3-Cyclopenten-1-one C;H,0 14320-37-7 82401 liq 287 

2679 N-(1-Cyclopenten-1-yl)pyrrolidine  1-Pyrrolidinylcyclopentene Т 7148-07-4 137.222 0515 512820 

2680 Cyclopenthiazide C, H, CIN40,S, — 742-20-1 379.883 238 

2681 Cyclopentobarbital С,Н,М0, 76-68-6 234.250 cry (w, dil al) 139.5 SI Н,0; vs НОН 

2682 Cyclopentylamine Cyclopentanamine НАМ 1003-03-8 85.148 liq -82.7 08 0.8689? 147285 s ace, bz, chl 

2683 Cyclopentylbenzene C4 Hj 700-88-9 46.229 219 0.9462? 1.5280? vs eth 

2684 2- СұН,0 825-25-2 50.217 355 1.017918 1.521518 

Cyclopentylidenecyclopentanone 

2685 Cyclopentyl methyl sulfide C4 HS 7133-36-0 16.224 56.2 

2686 Cyclophosphamide Cyclophosphane (С/Н,01М20Р 50-18-0 261.086 43 vs H,0; sl bz, 
chl, diox, КОН 

2687 Cycloposine C. Ha МО, 23185-94-6 573.761 268 

2688 Cyclopropane Trimethylene CH; 75-19-4 42.080 со! gas -127.58 -32.81 0.617% 1.379942 8 H,0, bz, рей; 

(p»1 vs НОН, eth 
atm) 

2689 Cyclopropanecarbonitrile Cyclopropyl cyanide C, Hs 5500-21-0 67.090 35.1 0.8946? 1.4229? s eth, hx; sl ctc 

2690 Cyclopropanecarbonyl chloride C,H&CIO 4023-34-1 04.535 19 1.151620 

2691 Cyclopropanecarboxaldehyde Formylcyclopropane C H,0 1489-69-6 70.090 liq 00 0.938 1.429820 

2692 Cyclopropanecarboxylic acid C H, 0; 1759-53-1 86.090 185 83 1.0885? 1.4890? s H,0, EtOH, 
eth; sl ctc 

2693 1,1-Cyclopropanedicarboxylic acid C;H,0, 598-10-7 30.100 ргогпа(сћ) 140.5 vs Н,0, eth 

pr (w +1) 
2694 Cyclopropanemethanol C,H,0 2516-33-8 72.106 24 0.911% sl ctc 
2695 Cyclopropanone С-Н,0 5009-27-8 56.063 stable only at 
low temp. 

2696 Cyclopropene С.Н, 2781-85-353 40.064 gas дес -36 

2697 Cyclopropylamine СусІоргорапатіпе ЕШ 765-30-0 57.095 Па -35.39 50.5 0.8240? 14210? msc Н,0;5 
EtOH, eth, chl 

2698 Cyclopropylbenzene C; Hi 873-49-4 118.175 liq -31 73.6; 807 0.9317? 152855 66 
chl 

2699 Cyclopropyl methyl ether C H,0 540-47-6 72106 liq -119 44.7 0.8100? — 1.3802? vs О. bz, eth, 
EtOH 

2700 Cyclopropy! methyl ketone C;H,0 765-435 84117 Па -68.3 113 0.8984? 142512 үз Ын eth, 
EtOH 

2701 Cyclotetramethylenetetranitramine ۸ C H,N,0, 2691-41-0 296456 cry 286 exp 

2702 Cyclothiazide CyyHygCIN30,S, 2259-96-3 389.878 234 

2703 Cycluron N-Cyclooctyl-N,N-dimethylurea 60 2163-69-1 98.305 cry 138 SI Н,0: s bz, 
ace; vs MeOH 

2704 Oyfluthrin CjH,,CLFNO, 68359-37-5 434.287 60 

2705 Cygon С.Н,5М0Р5, 60-51-5 229.258 52 117% 1.2776 

2706 Cyhalothrin 22- C.H, CIENO, 91465-08-6 449.850 492 

Dimethylcyclopropanecarboxyl 
ate 

2707 Cyhexatin Stannane, tricyclohexylhydroxy- ۹1 13121-70-5 385.172 196 

2708 Cypermethrin CH, CL NO; 52315-07-8 416.297 70 1,25% 

2709 Сургагіпе Сон, „СІМ, 22936-86-3 227.694 167 

2710 Cyproheptadine СМ 129-03-3 287.399 cry (КОН 3 

ад) 
2711 Cyromazine N-Cyclopropyl-1,3,5-triazine- ^ CH N; 66215-27-8 166.183 cry 220 
246-0٩6 

2712 Суѕіатіпе dihydrochloride و8‎ ٢٢٢ 56-17-7 225.203 nd (MeOH) 218 dec vs Н,0, EtOH 

2113 Cysteamine ШІ 60-23-1 77.149 cry (sub) 99.5 dec vs Н,0, EtOH 

2714 L-Cysteic acid C.H;NO;S 13100-82-8 169157 шу 260 dec S H,0; i EtOH 

2715 1-Суѕівіпе Propanoic acid, 2-amino-3- C;H;NO,S 52-90-4 21.159 cry (w) 240 dec vs Н,0, ace, 

mercapto-, (А)- EtOH 

2716 L-Cysteine, ethyl ester, С-Н,С1М0,5 868-59-7 85.673 125.8 vs 0 

hydrochloride 

2717 L-Cysteine, hydrochloride C,H,CIN0,S 52-89-1 57.620 cry 175 dec $ Њ0 

— 2718 018106 تت‎ 33-DihibisO- СН, 56893 240300 hexplorp 260% + ‘16/7 SiHAO;i EtOH, 
aminopropanoic acid) (w) eth, bz; s acid, 
al 

2/19 ۹6 Cytosine arabinoside CoH, №05 147-94-4 243.216 pr (EtOH ад) 212 $ Н,0 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
2720 6 4-Amino-1-B-D-ribofuranosyl- — C,H,4N.0; 65-46-3 243.216  nd(dilal) 230 dec vs Н,0; sl EtOH 
2(1H)-pyrimidinone 
2721 2'-Oytidylic acid Cytidine 2'-топорћозрћаје C, H,4N,0;P 85-94-9 323.196 239 dec 
2122 3-Oytidylic acid Cytidine 3-monophosphate Сон № 0зР 84-52-6 323.196 233 дес S ЊО, EtOH 
2723 5'-Oytidylic acid Cytidine 5'-топорћозрћаје C, H,4N,0;P 63-37-6 323.196 orth nd 233 dec vs Н,0, EtOH 
2724 Cytisine Sophorine و‎ ٢٢ 485-35-8 90.241 рг 153 2182 vs Н,0, EtOH, 
Me0H; s bz, 
ace 
2725 Cytochalasin В CoH МО; 14930-96-2 479.608 nd (ace) 219 
2726 Cytochalasin D Zygosporin A C4 Ha NOS 22144-77-0 507618 па (асе/ 270 
peth) 
2727 Cytochalasin E Са а МО, 36011-19-5 495.565 207 
2728 Cytosine C H;N.0 71-30-7 11.102 = mel or tcl pl 322 дес S H,0; sl EtOH, 
(м+1) chl; i eth 
2729 Dacarbazine 5-(3,3-Dimethyl-1-triazenyl)- СМО 4342-03-4 82.182 су 205 
1Himidazole-4-carboxamide 
2730 Dactinomycin Се На 2046 50-76-0 255.416 245 dec 
2731 Daidzein T-Hydroxy-3-(4-hydroxyphenyl) С.Н. 90, 486-66-8 254.238 pa ye pr 323 дес sub S EtOH, eth 
-4H-1-benzopyran-4-one (50% al) 
2732 Daminozide Butanedioic acid, mono(2,2- МЕТІН 596-84-5 60.170 154.5 
dimethylhydrazide) 
2733 Dantrolene C. Hu NO; 7261-97-4 314253 cry (DMF aq) 280 
2734 Datiscetin Сав Н 005 480-15-9 286.236 payend(al, 2775 vs ace, eth, 
aq HOAc) EtOH 
2735 Daucol СН%0» 887-06-1 238.366 cry 114 1282 
2736 Daunorubicin C; Ha МО 20830-81-3 527.520 тей nd 208 
2737 Dazomet С-Н М5; 533-74-4 62.276 па (bz) 106 reac 565 
EtOH 
2738 Decabromobiphenyl ether Bis(pentabromophenyl) ether С Вл 163-19-5 959467 ye pr (tol) 305 i H,0 
2739 Decachlorobiphenyl (501, 2051-24-3 498.658 сту (bz) 309 1Н,0 
2740 1,3-Decadiene 1-Hexyl-1,3-butadiene Са 2051-25-4 38.250 69 0.75230 vs bz 
2741 1,9-Decadiene Сада 647-16-1 38.250 67 0.7525 43259 
2742 2,2'3,3,4,4,5,5',6,6 -Decafluoro- 0.5, 434-90-2 334.112 67.5 206 1.7852 
1,1-biphenyl 
2743 cis-Decahydronaphthalene cis-Decalin Сада 493-01-6 38250 iq -42.9 95.8 0.8965? 148102 ІН,0; msc 
EtOH; vs eth, 
ace, chl 
2744 trans-Decahydronaphthalene trans-Decalin Сада 493-02-7 38250 iq -30.4 87.3 0.865925 1.4695?  iH,0; vs EtOH, 
eth, ace; msc 
bz; 51 MeOH 
2745 Decahydro-2-naphthol Decahydro-B-naphthol می‎ 825-51-4 54.249 09^ 0.996» „49922 
2746 Decamethonium dibromide C4 Ha Br, N; 541-22-0 418.294 cry (MeOH/ 269 dec i eth 
ace) 
2747 Decamethylcyclopentasiloxane CIH, 055i; 541-02-6 370.770 6 -38 210 0.9593? 1.3982? 1Н,0 
2748 Decamethyltetrasiloxane Ci Ha 05S, 41-62-8 310.685 liq -16 94 0.85365 1.3895? i H,0; sl EtOH; 
S bz, peth 
2749 Decanal Capraldehyde Cio ٧ 12-31-2 56.265 liq -4.0 208.5 0.83075 428720  iH,0; s EtOH, 
eth, ace; sl сіс 
2750 Decane СН» 24-18-5 42282 liq -29.6 74Л5 072665 1.409025 i H,0; msc 
EtOH; s eth; sl 
cic 
2151 1,10-Decanediamine Cic HN; 646-25-3 72.311 59.73 4072 
2752 Decanedinitrile Сл 871-96-1 64.247 7.6 20416 0.91320 4474? i H,0; s chl 
2153 1,10-Decanediol Decamethylene glycol Сон; 12-47-0 74281 па (м, dil al) 74 9220 sl Н,0, eth; vs 
EtOH; 8 
DMSO; i lig 
2754 Decanedioyl dichloride C4 H4 СО 11-19-3 239.139 -13 2205 165 1.121220 1.468418 
2755 Decanenitrile Caprinitrile C4 H4 М 975-78-6 53265 liq -17.9 243; 10610 0.8199? — 1.4296? vs ace, eth, 
EtOH, chl 
2156 1-Decanethiol Decyl mercaptan Ci HS 43-10-2 74.347 liq -26 240.6 0.8443? 1.45090 i H0; s EtOH, 
eth 
2757 Decanoic acid Capric acid Са 00» 334-48-5 72.265 па 314 268.7 0.8850^ 142880 i H,0; vs ace, 
bz, eth, EtOH 
2758 1-Decano Capric alcohol C4 0 12-30-1 58.281 6.9 2311 0.8297? 14372? |Н,0; msc 
EtOH, eth, ace, 
bz, chl; s ctc 
2759 2-Decano Cau H50 74742-10-2 158.281 liq -12 211 0.8250? 1.432625 5 EtOH, bz; msc 
eth, ace; sl ctc 
2760 3-Decano Cau H50 1565-81-7 158281 iq -7.5 213; 1012 0.82720 „4342 
2761 4-Decano 1-Propylheptyl alcohol Cau H50 2051-31-2 158281 liq -11 210.5 0.8261? 1.4320? ІН,0; s EtOH, 
cic 
2762 5-Decano Cau H50 5205-3945 158.281 liq 8.7 201 0.82420 „43330 
2763 2-Decanone Methyl octyl ketone СН 693-54-9 56.265 па 14 210; 9612 0.8248? 1.4255? i H,0; s EtOH, 
eth; sl ctc 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
2764 3-Decanone Ethyl heptyl ketone Ot) 928-80-3 56.265 iq 13 203 0.8251? 1.4252? s EtOH, eth, ctc 
2765 4-Decanone Hexyl propyl ketone С.Н 624-16-8 56.265 liq -9 206.5 0.82420 4240 | ч, msc 
EtOH, eth 
2766 Decanoyl chloride Caprinoyl chloride 061, 010 112-13-0 90.710 Па -34.5 95 0.9195 44109 s eth, сіс 
2767 trans-2-Decenal Ci H0 3913-81-3 154.249 230; 107" 
2768 1-Decene 227177 872-05-9 40.266 liq -66.3 70.5 0.740820 1.4215? ІН,0; msc 
EtOH, eth 
2769 cis-2-Decene 927377 20348-51-0 140266 col liq 742 
2770 írans-2-Decene CH; 20063-97-2 140.266 col liq 73.3 
2771 cis-5-Decene СН» 7433-78-5 140266 col liq -112 71; 7320 0.7445? 1.4258? i H,0; msc 
НОН, eth; sl 
cic 
2772 trans-5-Decene Со 1433-56-9 140266 col liq -73 71 0.740120 1.4243? i H,0; msc 
EtOH, eth; sl 
cte 
2773 9-Decenoic acid Caproleic acid Сао 0; 14436-32-9 170.249 26.5 5821, 142^ 092385 1.45075 уз eth, EtOH 
2774 9-Decen-1-ol Decylenic alcohol Cio Ha 0 13019-22-2 156.265 236 0.87625 448020 
2775 3-Decen-2-one Heptylidene acetone Ci H0 10519-33-2 154.249 02153 0.84737 8 
2776 Declomycin Demeclocycline СОМ О 127-33-3 464.853 cry 176 dec 
2777 Deoyl acetate Ci О; 112-17-4 200318 8 -15 244 0.8671? 14273? ІН,0; $ EtOH, 
eth, bz, ctc, 
HOAc 
277/8 ۹6 1-Decanamine C H, N 2016-57-1 57.297 17 220.5 0.793622 1.4369? 51 Н,0; msc 
EtOH, eth, ace, 
bz, chl 
27719 06 Ci H; 104-72-3 218.377 liq -14.4 293 0.8555? 1.483220 vs асе, bz, eth, 
EtOH 
2780 Decylcyclohexane С 1795-16-0 224.425 Па -0.9 299 0.81862 1.453420 
2781 Decylcyclopentane СН 1795-21-7 210.399 liq -22 279 0.8110? 1.4486? vs 70 bz, eth, 
EtOH 
2782 Decyl decanoate CogH 00» 1654-86-0 312.531 9.7 2195 0.8586? 1.4423? vs eth 
2183 Deoyl formate C Ho 0; 5451-52-5 186.292 liq 243 
2784 11-Decylheneicosane баНы 55320-06-4 436.840 10.0 282.07 0.811622 1.454020 
2785 1-Decylnaphthalene 927177 26438-27-7 268.436 15 379 0.9322? 1.543520 
2/86 6 Со О 2855-19-8 184318 43474 81 ctc 
2787 Deoyl vinyl ether 1-(Ethenyloxy)decane СНО 765-05-9 184.318 -41 1017) 0.81220 4346? 
2788 1-Decyne Octylacetylene M 764-93-2 138.250 liq -44 174 0.7655? 1,4265? i H,0; s EtOH, 
eth 
2189 5-Decyne Dibutylacetylene Cio Hag 1942-46-7۶ 138.250 liq -73 177; 78.8% 0.769020 1.4331? ІН,0; $ EtOH, 
eth 
2790 Dehydroabietic acid 8,11,13-Abietatrien-18-oic acid C, О; 1740-19-8 300435 cry (EtOH 172 
ад) 
2791 Delphinidin Са НА 010, 528-53-0 338.697 >350 vs Н,0, EtOH, 
eOH; $ 
AcOEt 
2792 Delphinine C. H, МО, 561-07-9 599.712 orth (al) 199 iH,O; s chl, ace 
eth; vs EtOH 
2793 Deltamethrin C.H, 810, 52918-63-5 505.199 99 
2794 Demecarium bromide С.,Н,81М,0, 56-94-0 716.588 ћуд pow 165 dec vs Н,0: sl ace; i 
ace, eth 
2795 Demeton Systox C H, 0,PS; 8065-48-3 258.339 oily liq 134 i H50; s EtOH, 
tol 
2796 Demeton-S-methyl C H, ,0,PS; 919-86-8 230.285 уе liq 89015, 118! 1.20? 1.5063? iHj0;sos 
2797 2'-Deoxyadenosine Са NO, 958-09-8 251.242 sl Н,0 
2798 2'-Deoxyadenosine 5"-triphosphate С.оН,е№0,Рз 1927-31-7 491.182 cry (EtOH 
ад) 
2799 6-Deoxy-L-ascorbic acid СНО, 528-81-4 160.125  pr(AcOEt) 168 sub 160 vs Ки асе, 
EtOH 
2800 Deoxycholic acid 3,12-Dihydroxycholan-24-0ic —— 0,Н,0, 83-44-3 392.573 cry (al) 177 
acid, (30,50,120) 
2801 2'-Deoxycytidine 5- 2"-Deoxy-5"-cytidylic acid СМОР 032-65-1 307.197 ром 183 dec 
monophosphate 
2802 2'-Deoxy-5-fluorouridine Floxuridine САО, 50-91-9 246.191 су 150 
2803 2-Deoxy-D-glucose Сен 20; 54-17-6 164.156 146.5 
2804 2'-Deoxyguanosine 5- 2'-Deoxy-5 -guanylic acid C4 H4 МЕ ОР 902-04-5 347.222 sH,0 
monophosphate 
2805 2-Deoxy-D-chiro-inositol D-Quercitol C; H0; 488-73-3 164.156 pr (w, dil al) 236 1.5845" vs 0 
2806 1-Deoxy-1-(methylamino)- D- N-Methylglucamine C;H,;NO; 6284-40-8 195.214 cry (MeOH) 128.5 s Н,0 
glucito 
2807 6-Deoxy-3-0-methylgalactose Digitalose С:Н 40; 4481-08-7 178.183 па (AcOEt) 119 vs Н,0 
2808 D-2-Deoxyribose С.Н (0; 533-67-5 134.131 90 
2809 Deserpidine С-Н.,М,0, 31-01-1 578652 ndor pr 230.5 i H,0; $ EtOH, 


chl 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form mp/"C 1749 уста m Solubility 
2810 Desethyl atrazine 6-Chloro-A-isopropyl-1,3,5-  CgHy CIN, 6190-65-4 187.630 cry 136 
triazine-2,4-diamine 
2811 Desferrioxamine Deferoxamine CosHagg0g 70-51-9 560.684 cry (НОН 139 
aq) 
2812 Desipramine 8 و‎ ٢٢ 50-47-5 266.38 17309 
2813 Desmedipham C, H, N,0, 13684-56-5 300.309 120 
2814 Desmetryne Са №5 1014-69-3 213.304 су 85 
2815 Desthiobiotin CigH №03 533-48-2 214.261 lo па (Њ0) 157 s Н,0 
2816 Dexamethasone CH, F0; 50-02-2 392.460 262 
2817 Dexon Sodium СаНомамао5 — 140-56-7 251.238 ye-Dr pow sl Н,0,5 0 
dimethylaminobenzenediazosul 
fonate 
2818 Dexpanthenol C.H, 0, 81-13-0 205.252 hyg oil dec 1.200 14979 vs H,0, EtOH, 
601: sl eth 
2819 Dextroamphetamine sulfate C4 H, N,0,S 51-63-8 368.491 >300 1.155 vs 0 
2820 Dextromethorphan hydrobromide C44 H4 BrNO 125-69-9 352.309 wh cry ром 3 s EtOH, chl; i 
eth 
2821 Diacetone alcohol 4-Hydroxy-4-methyl-2- С,Н,,0, 123-42-2 16.158 0 -44 167.9 0.93877 1.4213? msc H,0, EtOH 
pentanone eth; s chl 
2822 3,3-Diacetoxy-1-propene لما‎ 869-29-4 58152 liq -37.6 180 1.07607 1.4193? vs асе, bz, eth, 
EtOH 
2823 1,3-Diacetylbenzene ШІЛ 6781-42-6 62.185 32 1525 sl Н,0, peth; s 
EtOH, bz, chl, 
НОАс 
2824 1,4-Diacetylbenzene 4-Acetylacetophenone C4, H 0; 009-61-6 62.185 113.0 1283 vs EtOH; sl chl 
2825 N,N-Diacetyl-4,4- Ci МО; 613-35-4 268.310 па (НОАс) 3 
diaminobiphenyl 
2826 Diacetylmorphine C.H, NO; 561-27-3 369412  orth 173 2137 1.5625 vs bz, chl 
2827 Diacetylperoxide Acetyl peroxide C4H,0, 10-22-5 18.089 па (еп) If 30 63? vs eth, EtOH 
2828 Dialifor C,H,CINO,PS, 10311-84-9 393.846 68 
2829 Diallate C,4H,;ClNOS 2303164 270.219 509 
2830 Diallylcyanamide CHiN, 538-08-9 22.167 42%, 959 S EtOH; sl eth, 
cic 
2831 Diallyl diethylene glycol carbonate  Diethylene glycol bis(allyl C4; Но; 42-22-3 274.267 col liq -4 61? 1.1420 i H,0; s os 
carbonate) 
2832 Diallyldimethylsilane Сан бі 113-12-8 40.299 37; 6850 0.767922 8 
2833 Diallyl disulfide СЕН (9; 2179-57-9 46.273 008, 796 477 
2834 Diallyl ether Allyl ether СеН0 557-40-4 98.142 liq -6 94 0.8260? 1.4163? ІН,0; msc 
EtOH, eth; vs 
ace; s chl 
2835 Diallyl fumarate CoH 0, 2807-54-7 0 408 1.0768 146702 vs ace, bz, eth, 
EtOH 
2836 Diallyl isophthalate Di-2-propenyl 1,3- Санио, 1087-21-4 246.259 765 
benzenedicarboxylate 
2837 Diallyl maleate CigH 0, 999-21-3 96.200 297,109? 1.0752 46999 s chl 
2838 Diallyl oxalate Сан 0; 615-99-6 70.163 217 1.158220 14481? ІН,0; $ EtOH, 
ace, bz; 51 chl 
2839 N,N-Diallyl-2-propen-1-amine Triallylamine СМ 102-70-5 37.222 94 55,5 0.8092 45027 5 EtOH, eth, ace, 
bz, acid 
2840 5,5-Diallyl-2,4,6(14,3H,5H)- Allobarbital Со М0; 52-43-7 208.213 If 172 51 Н,0, DMSO; 
pyrimidinetrione S EtOH, eth, bz 
2841 Diallyl sulfide CIH o S 592-88-1 14.208 liq -85 38.6 0.88777 1.48705 уз eth, EtOH 
2842 Diallyl trisulfide CH (53 2050-87-5 78.338 1219 1.08455 vs eth 
2843 Diamantane Congressane C. Hos 2292-79-7 88.309 cry 236 
2844 1,2-Diamino-9,10- Сл و‎ ٧٢٢ 758-68-5 238241 viol nd 303.5 sl EtOH, eth, 
anthracenedione chl, xyl; s py, 
con sulf 
2845 1,4-Diamino-9,10- Сл АМО; 28-95-0 238.241 dkviolnd 268 SI Н,0; s EtOH, 
anthracenedione (py) bz, РАМО,; vs 
ру 
2846 1,5-Diamino-9,10- СО, 29-44-2 238.241 dkrednd(al, 319 sub i H5O; 51 EtOH, 
anthracenedione HOAc) eth, ace, bz; s 
РАМО; 
2847 1,8-Diamino-9,10- Сл و‎ ٧٢٢ 29-42-0 238.241 red nd (al, 5 1Н,0, s EtOH, 
anthracenedione НОАс) ру; sl eth, 
HOAc 
2848 2,6-Diamino-9,10- Сл و‎ ٢٢ 31-4-6 238.241  red-br pr 320 dec SI Њ0; s EtOH, 
anthracenedione (ад-ру) chl, con sulf, 
xyl, ру 
2849 4,4-Піатіпоагобепгепе ТАТ! 538-41-0 212.250 уе nd (al), 2505 SI Н,0, lig; s 
огап-уе рг EtOH; vs bz, 
(al) chl 
2850 3,5-Diaminobenzoic acid СНО; 535-87-5 152.151 па («1w) 228 SI H;0, tfa; 5 
EtOH; vs eth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
2851 2,4-Diaminobutanoic acid C H, N,0; 305-62-4 118.134 ћуд cry S Њ0; sl EtOH, 
еон 
2852 cis-2,3-Diamino-2-butenedinitrile ЛІ? 1187-42-4 108.102 178.5 1.4120 
2853 1,8-Diamino-4,5-dihydroxy-9,10- Сао, 128-94-9 270.240 bl nd (xyl) 160; $ bz, xyl, 
anthracenedione EtOH 
2854 4,4-Diaminodiphenyl ether 4,4-Oxydianiline САО 101-80-4 200.235 189 дес >300 
2855 44"-Diaminodiphenylmethane 4,4-Methylenedianiline 8 و٢‎ 101-77-9 198.263 plor nd (м) 5 398; 25718 SI H;O; vs EtOH, 
р! (02) eth, bz 
2856 44'-Diaminodiphenyl sulfide 4,4-Thiodianiline 8 و‎ ٢٢ 139-65-1 216301 па (w) 108.5 SI HO; vs EtOH, 
eth, bz; s tfa 
2857 3,3-Diaminodiphenyl sulfone 3,3'-Sulfonyldianiline С.Н,М,0,5 599-61-1 248.300 168.5 vs Н,0, EtOH 
2858 meso-2,6-Diaminoheptanedioic ^^ 2,6-Diaminopimelic acid СНО, 922-54-3 190.197 nd (w) 314 dec s H,0 
acid 
2859 1,4-Diamino-2-methoxy-9,10- СМО, 2872-48-2 268.267 235 
anthracenedione 
2860 1,4-Diamino-5-nitro-9,10- САМО 82-33-7 283.239 278 
anthracenedione 
2861 2,4-Diaminopheno СНО 95-86-3 124.140 | 79 dec vs Н,0, ace, 
EtOH 
2862 2,4-Diaminophenol, C 1,010 137-09-7 197.061 nd 235 dec vs H,0 
dihydrochloride 
2863 3,7-Diaminophenothiazin-5-ium Thionine Ca Hi CIN.S 581-64-6 263.745 SI Н,0, EtOH, 
chloride eth; s bz, chl, 
acid 
2864 4-[(2,4-Diaminophenyl)azo] Prontosil CiH,CIN.O;S — 103-12-8 327.790 249.5 SI Н,0; 8 EtOH, 
benzenesulfonamide ace, oils, fats 
2865 1,3-Diamino-2-propanol C.H, №0 616-29-5 90.128 оу 42.8 i eth, bz 
2866 4,4-Піатіпо-2,2- Amsonic acid و‎ N,0,S; 81-11-8 370.400 уе nd 300 sl 0 
stilbenedisulfonic acid 
2867 4,6-Diamino-1,3,5-triazin-2(1 H)- бан М0 645-92-1 127.105 nd (aq dec i H5O, EtOH, 
one Ма,С0:) eth, bz, HOAc; 
S acid, alk 
2868 8,8-Diapo-w,w-carotenedioicacid Crocetin Co Ho 04 27876-94-4 328.403 brick red 286 51 НО, EtOH; | 
orth eth, 07; 5 py; 
vs Na0H 
2869 Diatrizoic acid N,N-Diacetyl-3,5-diamino- C4 Hg N50, 117-96-4 613.913 су (EtOH 300 
2,4,6-triiodobenzoic acid aq) 
2870 Diazenedicarboxamide Azodicarbonamide C;H,N,O; 123-77-3 116.079 212 дес 
2871 Diazinon CH, N,0,PS 33345 304.345 87005 1.10887 1.492220 
2872 Diazomethane CHN, 334-88-3 42.040 уе gas -145 -23 vs eth, diox 
2873 Dibenz[a,h]acridine CA H, N 226-36-8 279.335 уе cry 228 
2874 ۳99.6 T-Nzadibenz[a,jJanthracene C4 H4N 224-42-0 279.335 216 i ١0 
2875 Dibenz[c,h]acridine C HN 224-53-3 279.335  yecry(EtOH) 189 
2876 9 999.6 1,2:5,6-Dibenzanthracene CH; 53-70-3 278.346 pl (91 асе) 2695 i H,0; 51 EtOH; 
s ace, bz, CS, 
2877 Dibenz[a,jlanthracene Ca 224-41-9 278.346 oranlfornd 197.5 i H0, HOAc; sl 
(bz) EtOH, eth, bz; 
S peth 
2878 5H-Dibenz[b,f]azepine-5- Carbamazepine СНО 298-46-4 236.268 190.2 
carboxamide 
2879 Dibenzepin С.Н МО 4498-32-2 295.379 117 18500 
2880 7H-Dibenzo[c,g]carbazole C.H, N 194-59-2 267.324 cry (EtOH) 158 
2881 13H-Dibenzo[a,ilcarbazole C; HN 239-64-5 267.324 2213 i H0 
2882 Dibenzo[b,k]chrysene СН 217-54-9 328.405 400 
2883 Dibenzo[b,e][1,4]dioxin Diphenylene dioxide С.2Н,0, 262-12-4 184.191 па (MeOH) 120.5 
2884 Dibenzofuran 2,2--Biphenylene oxide СО 32-64-9 168.191 If or па (al) 86.5 287 1.0886? 1.6079? i H,0; s EtOH, 
ace, bz; vs eth, 
HOAc 
2885 Dibenzo[a,e]pyrene aphtho[1,2,3,4-def]chrysene СН; 92-65-4 302.368 pa ye nd(xyl) 233.5 SI EtOH, ace, bz, 
НОАС: 8 tol, 
con sulf 
2886 Dibenzo[a,h]pyrene Dibenzo[b,def]chrysene CH; 89-64-0 302.368 oran pl 315 
2887 Dibenzo[a,i]pyrene Benzo[rst]pentaphene Clu 89-55-9 302.368 2815 27505 
2888 Dibenzo[a,l]pyrene Dibenzo[def,p]chrysene Ca Hu 91-30-0 302.368 ye рі (bz/ 164.5 
EtOH) 
2889 Dibenzothiophene و8‎ 32-65-0 184.257 nd(dilal, 98.2 332.5 i B,0; s chl, 
lig МеОН: vs 
EtOH, bz 
2890 Dibenz[c,e]oxepin-5,7-dione СНО 6050-13-1 224.212 па (НОАсог 217 sub i H50; sl eth 
bz 
2891 Dibenzoyl disulfide Benzoyl disulfide С.Н 05 644-32-6 274.358  pr(al), 1345 dec i Н,0; 51 EtOH, 
sc(chl- eth; s CS, 
peth) 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
2892 Dibenzylamine N-Benzylbenzenemethanamine ^ ۳4۱ 103-49-1 197.276 -26 dec 300; 1.02567 1.5781? ІН,0; vs EtOH, 
270250 eth; $ ctc 
2893 Dibenzyl disulfide С.Н 150-60-7 246.391 f (al) 715 SI Њ0; s EtOH, 
eth, bz, MeOH 
2894 N,N-Dibenzyl-1,2-ethanediamine ^ Benzathine C4 Hoo; 140-28-3 240.343 oily lig 26 95% 1.024? ^ 1.5635? vs bz, eth, ОН 
2895 Dibenzyl ether Benzyl ether СНО 103-50-4 198.260 18 298 1.0428? 1.5168? i H,0; msc 
EtOH, eth; s 
cte 
2896 2,6-Dibenzylidenecyclohexanone CogH 0 897-78-9 274.356 117.5 902 51 EtOH; s bz, 
НОАс 
2897 Dibenzyl malonate Со, 15014-25-2 284.307 87 14375 154472 
2898 Dibenzyl phosphite ولا‎ 17176-77-1 262.241 -25 6201 1.552118 
2899 Dibenzyl sulfide Benzyl sulfide С.Н, 538-74-9 214.326 рі (ёћог 495 dec 1.05835 i H,0; $ EtOH, 
chl) eth, CS, 
2900 Dibenzyl sulfone Сл 0,S 620-32-6 246.325 па (а1-02) 152 dec 290 i H50; 51 EtOH; 
үз ace; 5 bz, 
НОАс 
2901 Dibenzyl sulfoxide С 405 621-08-9 230.325 If (al, w) 134 dec 210 i H,0; vs EtOH, 
eth 
2902 1,3-Dibenzylurea و‎ №50 1466-6077 240.300 па (al) 169.5 vs EtOH, НОАс 
2903 Dibromoacetic acid С,Н,Вг,0, 631-64-1 217.844 hyg cry 49 952%, 13016 vs H,0; vs 
EtOH, eth 
2904 Dibromoacetonitrile C;HBr,N 3252-43-5 198.844 69; 6824 2.3692 1.539320 
2905 2,4-Dibromoaniline C H;Br,N 615-57-6 250.919 orth bipym 79.5 5674 2.26020 S EtOH, eth, chl, 
(chl) nd or HOAc 
If (al) 
2906 3,5-Dibromoaniline C H;Br,N 626-40-4 250.919 nd(dilal) 57 vs EtOH, eth, bz 
2907 9,10-Dibromoanthracene C. Во 523-27-3 336.022 ye nd (to ог 226 sub i H50; 51 EtOH, 
ху) eth, bz; s chl 
2908 o-Dibromobenzene 1,2-Dibromobenzene C. H.Br; 583-53-9 235.904 ТЛ 225 1.9843? 1.6155? ІН,0; s EtOH; 
msc eth, ace, 
bz, ctc 
2909 m-Dibromobenzene 1,3-Dibromobenzene C.H.Br; 108-36-1 235.904 0 -7 218 1.9523? 1.6083" ІН,0; s EtOH; 
msc eth 
2910 p-Dibromobenzene 1,4-Dibromobenzene C. H.Br; 106-37-6 235.904 pl 87.43 218.5 22617 1.5742 1Н,0,8 EtOH, 
bz; vs eth, ace, 
CS, 
2911 44"-Dibromobenzophenone Bis(4-bromophenyl) ketone C4 H,Br,O 3988-03-2 340.010 pl (al) 177 395 vs bz, НОАс, chl 
2912 4,4-Dibromo-1,1"-biphenyl 8 و‎ Br, 92-86-4 312.000 7 164 357.5 i Н,0; 51 EtOH; 
(MeOH) sbz 
2913 1,3-Dibromo-2,2- Ретаегуйг 01 tetrabromide C. Her, 3229-00-3 387734 сгу (асе), nd 163 305.5 2.59615 S ВОН, bz, tol; 
bis(bromomethyl)propane (lig) sl eth, chl 
2914 3,5-Dibromo-A-(4-bromophenyl)- Tribromsalan C4H,Br4NO; 87-10-5 449.921 227 
2-hydroxybenzamide 
2915 1,1-Dibromobutane C,H,Br, 62168-25-6 215.915 158; 91101 1.784% 49882 
2916 1,2-Dibromobutane oc-Butylene dibromide СНВ 533-98-2 215.915 liq -65.4 166.3 1.791522 1.4025? i НО; s eth, chl 
2917 1,3-Dibromobutane CHBr 107-80-2 215.915 174 1.80020 507? — ۳17 
sl сіс 
2918 1,4-Dibromobutane СНВ 110-52-1 215.915 liq -16.5 197 1.819925 151675 1 НО; sl ctc; 5 
ch 
2919 2,3-Dibromobutane CHBr 5408-86-6 215315 0 -24 161 1.789322 1.513322 ІН,0;5 eth 
2920 írans-1,4-Dibromo-2-butene CHBr 821-06-7 213.899 pl (peth) 534 203; 744 SI H,0, chl; vs 
НОН, peth; 5 
асе 
2921 1,4-Dibromo-2-butyne C,H,Br, 2219-66-1 211.883 925 2.01418 5888 — seth, асе; vs chl 
2922 o,o'-Dibromo-d-camphor C4 H,4Br,0 514-12-5 310.025 61 1.8542! i H5O; vs EtOH, 
eth, bz, chl; s 
AcOEt 
2923 Dibromochlorofluoromethane CBr;CIF 353-55-9 226.270 80.3 2.3473? 1.457020 
2924 1,2-Dibromo-3-chloropropane C.H;Br;CI 96-12-8 236.333 96 2.093" 553^  iHj0 
2925 1,2-Dibromo-1-chloro-1,2,2- CBr,CIF, 354-51-8 276.277 50 93 
trifluoroethane 
2926 2,2-Dibromo-2-cyanoacetamide СНВ МО 10222-01-2 241.868 cry (bz) 126 
2927 írans-1,2-Dibromocyclohexane, Са Во 5183-77-7 241.951 -20 4510, 1052 1.775920 154459 vs ace, bz, eth, 
3 EtOH 
2928 1,10-Dibromodecane Decamethylene dibromide СОН ВР 4101-68-2 300.074 pl (al) 28 619, 128 1.335% 49275 | H,0; 51 EtOH; 
s eth 
2929 1,2-Dibromo-1,1-dichloroethane C;H;Br;CI; 75-81-0 256.751 liq -26 95 21355 56600 — vs ace, bz, eth, 
EtOH 
2930 1,2-Dibromo-1,2-dichloroethane C;H;Br;CI, 683-68-1 256.751 liq -26 95 2.1352 56629 | H,0; s EtOH, 
eth, ace, bz 
2931 Dibromodichloromethane СВг,С1, 594-18-3 242.725 38 50.2 2.425 i H,0; s EtOH, 
eth, ace, bz 
2932 1,2-Dibromo-1,1-difluoroethane _ Genetron 132b-B2 CoH,Br,F; 75-82-1 223.842 liq -61.3 92.5 2.2238 1.445620 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
2933 Dibromodifluoromethane Свођу 75-61-6 209.816 мо! Па or gas -110.1 22.76 S Н,0, eth, ace, 
bz 
2934 1,3-Dibromo-5,5-dimethyl-2,4- ^ Dibromantine СНВ МО; 77-48-5 285.922 198 дес 
imidazolidinedione 
2935 1,3-Dibromo-2,2-dimethylpropane С.Н во 5434-27-55 229.941 84; 8025 1.6775? 1.5090 
2936 1,12-Dibromododecane CH, Br, 3344-70-5 328.127  nd(alHOAc) 41 2155 i H,0; уз ЕО 
chl; s eth 
HOAc 
2937 1,1-Dibromoethane Ethylidene dibromide CHBr, 557-91-5 87.861 liq -63 08.0 2.0555? 1.5128? i H,0; s EtOH, 
ace, bz; sl chl; 
vs eth 
2938 1,2-Dibromoethane Ethylene dibromide C;HBr; 106-93-4 87.861 9.84 31.6 2.1683 153565 vs ace, bz, eth, 
EtOH 
2939 cis-1,2-Dibromoethene cis-1,2-Dibromoethylene CHBr, 590-11-4 85.845 liq -53 12.5 2.246420 1.5428? ІН,0; vs EtOH, 
eth; s ace, bz, 
ch 
2940 trans-1,2-Dibromoethene trans-1 ,2-Dibromoethylene CHBr; 590-12-5 85.845 liq -6.5 08 2.2308? 1550518 i H,0; vs ОН, 
eth; s ace, bz, 
ch 
2941 1,2-Dibromo-1-ethoxyethane C H Br,0 2983-26-8 231914 8020 1.732020 1.5044? vs ОН, chl 
2942 1,2-Dibromoethyl acetate C H,Br,0; 24442-57-7 245.898 liq 89.56 1.912 
2943 (1,2-Dibromoethyl)benzene C H,Br, 93-52-7 263.958 75 1339 S EtOH, eth, bz, 
chl, НОАс, 
eOH, lig 
2944 Dibromofluoromethane CHBr;F 1868-53-7 191.825 liq -78 64.9 2.421% 44685? 1Н,0;5 EtOH, 
eth, ace, bz, 
ch 
2945 1,2-Dibromoheptane САН Во 42474-21-5 257.994 228 1.5086? 1.498620 
2946 1,7-Dibromoheptane Heptamethylene dibromide CH, Br, 4549-31-9 257.994 41.7 263 1.5306? 1.5084? iH,O;seth,ace, 
bz, сіс, chi 
2947 2,3-Dibromoheptane C;H, Br, 21266-88-6 257.994 1017 1.5139? 1.499220 
2948 3,4-Dibromoheptane و‎ Br, 21266-90-0 257.994 10724 1.518220 1.501020 
2949 1,2-Dibromo-1,1,2,3,3,3- الا‎ 661-95-0 309.830 72.8 2.1630? 1Н,0 
hexafluoropropane 
2950 1,2-Dibromohexane C.H. Br, 624-20-4 243.967 103% 15774? 1.5024? vs bz, eth, chl 
2951 1,6-Dibromohexane СЕН уво 629-03-8 243.967 liq -12 245.5 1.60255 1.505425 6 
chl; sl ctc 
2952 3,4-Dibromohexane СЕН уво 89583-12-0 243.967 805 1.602720 1.504320 
2953 3,5-Dibromo-2- 3,5-Dibromosalicylaldehyde C;H,Br;0; 90-59-5 279.914 pa ye pr 86 sub vs bz, eth, chl 
hydroxybenzaldehyde 
2954 3,5-Dibromo-2-hydroxybenzoic ^ 3,5-Dibromosalicylic acid C;H,Br,0, 3147-55-5 2959173 па 228 sace 
acid 
2955 3,5-Dibromo-4- Bromoxynil CHBrNO 1689-84-5 276.913 190 
hydroxybenzonitrile 
2956 Dibromomethane Methylene bromide CH,Br, 74-95-3 173.835 liq -52.5 97 2.4969? 1.5420?  s| H0; msc 
EtOH, eth, ace; 
s clc 
2957 1,-Dibromo-2-methylbenzene 2,5-Dibromotoluene СНВ 615-59-8 249.931 5.6 236 181277 1.598218 0 
2958 2,4-Dibromo-1-methylbenzene СНВ 31543-75-6 249.931 -9.7 103" 181765 1.59645 
2959 (Dibromomethyl)benzene СНВ 618-31-5 249.931 1.0 15623 1.9365? 1.614722 ІН,0; msc 
EtOH, eth 
2960 2,3-Dibromo-2-methylbutane САН Во 594-51-4 229.941 7 627 16717? 1.57295 
2961 2,4-Dibromo-6-methylphenol CH ,Br,0 609-22-3 265.930 па (peth) 58 dec 265; 105* s chl 
2962 1,2-Dibromo-2-methylpropane CyH,Br, 594-34-3 215.915 10.5 150 1./8279 1.511922 s EtOH, eth, chl 
2963 1,4-Dibromonaphthalene Саво 83-53-4 285.963 83 310 i H,0; s EtOH, 
eth; 51 6 
2964 2,6-Dibromo-4-nitroaniline Сен, Во МО; 827-94-1 295.916 уе па (а, 207 51 Н,0, $ НОАс 
HOAc) 
2965 2,6-Dibromo-4-nitrophenol Сен Во МО, 99-28-5 296.901 рауергог 145 dec i H5O; vs EtOH, 
(al) eth; sl ace, bz, 
НОАс 
2966 1,9-Dibromononane CH, Br, 4549-33-1 286047 0 -225 285; 15410 1.422920 
2967 1,4-Dibromooctafluorobutane C,Br.F, 335-48-8 359.838 97 
2968 1,8-Dibromooctane Octamethylene dibromide CIH, Br; 4549-32-0 272.021 15.5 271 1.45945 1.497125  iH;0;seth, сіс, 
ch 
2969 1,2-Dibromopentane С.Н во 3234-49-9 229,941 184 1.668" 
2970 1,4-Dibromopentane С.Н во 626-87-9 229.941 -34.4 14615, 994 — 1.6222? 1.5086? 
2971 1,5-Dibromopentane С-Н во 11-24-0 229.941 liq -39.5 222.3 1.69285 1.510225 16,0; s bz, chl; 
sl сіс 
2972 2,4-Dibromopentane С-Н во 9398-53-9 229.941 75%, 6012 1.6659? 1.498720 
2973 2,4-Dibromophenol С,1,81,0 615-58-7 251.903 па (peth) 38 238.5 2.07002 51 H,0, ctc; vs 
EtOH, eth, bz 
2974 2,6-Dibromophenol C H,Br,0 608-33-3 251.903 па (w) 56.5 255; 1627 S H50; vs EtOH, 
eth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
2975 1,2-Ототоргорапе Propylene dibromide C,H,Br, 78-75-1 201.888 liq -55.49 419 1.9324? 1.5201? s EtOH, eth, chl; 
sl cic 
2976 1,3-Dibromopropane CHBr; 109-64-8 201.888 liq -34.5 67.3 1.97012 1.52045 ІН,0; $ EtOH, 
eth, chl; sl ctc 
2977 2,2-Dibromopropane CHBr, 594-16-1 201.888 13 1.8802 vs eth, EtOH 
chl 
2978 2,3-Dibromopropanoic acid СзН,Вг,0; 600-05-5 231.871 66.5 6020, 13812 vs bz, eth, EtOH 
2979 2,3-Dibromo-1-propanol СзН,Вг,0 96-13-9 217.887 219 2.12020 
2980 1,3-Dibromo-2-propanol CHBrO 96-21-9 217.887 уе liq dec 219; 10578 2.1364? 1.54955 vs ү ећ, 
EtOH 
2981 2,3-Dibromo-1-propanol, Tris(2,3-dibromopropyl) CoH 8г,0,Р 126-72-7 697.610 s ch 
phosphate (3:1) phosphate 
2982 1,3-Dibromo-2-propanone 1,3-Dibromoacetone С-Н,8г,0 816-39-7 215.871 nd 26 97? 21167018 vs eth, CS; 
2983 1,1-Dibromo-1-propene C,H,Br, 13195-80-7 199.872 125 197672 1.526022 bz сіс, 
ch 
2984 1,2-Dibromo-1-propene C.H,Br; 26391-16-2 199872 131.5 2.007620 
2985 2,3-Dibromo-1-propene CHBr, 513-31-5 199.872 141; 37.7" 2.03452 1.54165  iH;0;seth, ace, 
chl 
2986 3,5-Dibromopyridine CHBrN 625-92-3 236.893 nd (al) 112 222 SI Њ0; s EtOH, 
eth 
2987 5,7-Dibromo-8-quinolinol Broxyquinoline С.Н,Вг,МО 521-74-4 302.950 nd (al) 196 sub 1620; s EtOH, 
ace, bz, chl, 
НОАс; sl eth 
2988 2,6-Dibromoquinone-4- 2,6-Dibromo-4-(chloroimino)- — C;H;Br;CINO 537-45-1 299.347 yepr(alor 83 vs EtOH 
chlorimide 2,5-cyclohexadien-1-one НОАс) 
2989 1,14-Dibromotetradecane Tetradecamethylene dibromide C¿H,Br; 37688-96-3 356480 If ШШ 50.4 1908 vs eth, EtOH, 
(al chl 
2990 1,2-Dibromotetrafluoroethane Refrigerant 114B2 C;BrF, 124-732 259.823 liq -110.32 47.35 24495 13615 0 
2991 2,3-Dibromothiophene C H,Br,S 3140-93-0 241932 liq -17.5 218.5; 8913 1.630422 
2992 2,5-Dibromothiophene C H,Br,S 3141-27-3 241.932 liq -6 210.3 2.1428 1.6288? ІН,0; vs ОН, 
eth; s ctc 
2993 3,4-Dibromothiophene C H,Br,S 3141-26-2 241932 45 2215 
2994 1,2-Dibromo-1,1,2-trifluoroethane Halon 2302 C;HBr;F, 354-04-1 241.832 76 22747 141912 
2995 2,6-Dibromo-3,4,5- Dibromogallic acid C;H,Br;O; 602-92-6 327.912 па, ргогії 0 vs H,0, eth, 
trihydroxybenzoic acid (141) EtOH 
2996 3,5-Dibromo-L-tyrosine СонфВљ МО, 300-38-9 338.980 nd or pl 245 51 Н,0, EtOH; | 
eth; s alk, acid 
2997 Dibucaine Cinchocaine СоН №0» 85-79-0 343.463 hyg cry 64 
2998 Dibucaine hydrochloride ام‎ СМО; 61-12-1 379.924 94 dec s chl 
2999 1,4-Dibutoxybenzene СА 0; 04-36-9 222.324 455 585 S ctc 
3000 1,2-Dibutoxyethane Ethylene glycol dibutyl ether Ci H0; 12-48-1 74281 liq -69.1 203.3 083195 855 
3001 Dibutoxymethane Butylal Соро; 2568-90-3 60.254 liq -58.1 792 0.8339? 1.407217 
3002 Dibutyl adipate C Ha 04 05-99-7 258.354 -324 6510 0.96132 — 1.4369? i H,0; msc 
EtOH, eth 
3003 Dibutylamine N-Butylbutanamine CIH, N 11-92-2 29.244 liq -62 59.6 0.7670? 1.41772 s Њ0, ace, bz; 
vs EtOH, eth 
3004 Di-sec-butylamine N-sec-Butyl-2-butanamine CIH, N 626-23-3 29.244 34 0.7534? 1.416222 vs Н,0; s ОН 
3005 2-Dibutylaminoethanol C4 H5; NO 02-81-8 73.296 148 
3006 N,N-Dibutylaniline Ca H, N 613-29-6 205.840 liq -322 2748 0.903720 1.5186? i H,0; msc 
EtOH, eth; vs 
ace, bz; s ctc 
3007 1,4-Di-tert-butylbenzene С.Н» 012-72-2 90.325 nd(MeOH) 795 238; 1095 0.985020 i H,0; $ EtOH, 
ећ 
3008 2,5-Di-fert-butyl-1,4-benzenediol C,4H,,0, 88-58-4 222.324 cry (ад 213.5 
HOAc) 
3009 Dibutylbis(dodecylthio)stannane ^ Dibutyltin bis(dodecyl sulfide) اد اوا‎ 185-81-5 635.722 col liq 12203 1.052 s tol, hp 
3010 Dibutyl carbonate Сон 0, 542-52-9 174.237 207 0.925120 1.411722 ІН,0; $ EtOH, 
eth 
3011 Di-fert-butyl carbonate СН. 05 34619-03-9 174.237 cry (al) 40 158 vs EtOH 
3012 2,5-Di-fer-butyl-2,5- C H, 0; 2460-77-7 220.308 ye cry (al) 5 i H,0; s EtOH, 
cyclohexadiene-1,4-dione eth, bz, chl, 
HOAc 
3013 2,6-Di-tert-butyl-2,5- С.Н 719-22-2 220.308 69 6002! 
cyclohexadiene-1,4-dione 
3014 2,6-Di-tert-butyl-4- СМО 88-27-7 263.418  pl(EtOH) 94 179% 
(dimethylaminomethyl)phenol 
3015 22-Dibutyl-1,3,2-dioxastannepin- С. و‎ п 78-04-6 346.995 ye solid 110 
4,7-dione 
3016 Dibutyl disulfide C H, S; 629-45-8 178.359 oil 226; 117% 0.93802 14923® i H,0; msc 
EtOH, eth 
3017 Di-fert-butyl disulfide C H, S. 110-06-5 178.359 -25 88?! 0.92262 1.489920 
3018 cis-1,2-Di-tert-butylethene cis-2,2,5,5-Tetramethyl-3- 927177 692-47-7 140.266 liq 144 0.7442 1.427020 
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2,2-Dibutyl-1,3,2-dioxastannepin-4,7-dione Dibutyl disulfide Di-tert-butyl disulfide cis-1,2-Di-tert-butylethene 
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No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
EtOH, eth; vs 
ace; sl ctc 

3020 Di-sec-butyl ether CH, 0 6863-58-7 130.228 liq 121.1 0.75625 

3021 Di-fert-butyl ether Сан 0 6163-66-2 130.228 liq 107.23 0.765822 1.394920 

3022 N,N-Di-fert-butylethylenediamine N,NV-Di-tert-butylethanediamine СНМ; 4062-60-6 172.311 су 53.3 189 0.69 

3023 2,6-Di-tert-butyl-4-ethylphenol Слао 4130-42-1 234.376 44 272 ia 

3024 N,N-Dibutylformamide Со МО 761-65-9 157.253 s ctc, CS; 

3025 Dibutyl fumarate СО 105-75-9 228.285 liq -135 285; 1504 0.9775? 1.4469?  iH;0; $ ace, chl 

3026 N,N-Dibutyl-1,6-hexanediamine Cu HN; 4835-11-4 228417 13835 44105 

3027 3,5-Di-tert-butyl-2- Са H0; 19715-19-6 250.334 163.3 s chl 

hydroxybenzoic acid 

3028 Di-fert-butyl ketone CH, 0 815-24-7 142238 liq -25.2 152 0.8240'8 1.4194? i H,0; $ EtOH, 
eth, ace, chl, 
НОАс 

3029 Dibutyl maleate و‎ ٧٢ 105-76-0 228.285 <-80 280; 14270 

3030 Dibutyl malonate بل‎ 1190-39-2 216275 liq -83 251.5 0.9824? 1.4262? i H,0; $ EtOH, 
eth, ace, bz, 
НОАс, ctc 

3031 Di-fert-butyl malonate C H, 0, 541-16-2 216.275 -6 1139), 662 141849 14184? $ ace, chl 

3032 Dibutylmercury ТЫ 629-35-6 314.82 223; 10510 719% 1.505720 

3033 2,4-Di-tert-butyl-5-methylpheno| _ DBMC Ci О 497-39-2 220.351 62.1 282 0.912% i H50; s EtOH, 
eth, ace, bz, 
cte 

3034 2,4-Di-tert-butyl-6-methylphenol Ci О 616-55-7 220.351 51 269 0.891% ia 

3035 2,6-Di-fert-butyl-4-methylphenol Ci О 128-37-0 220.351 1 265 089375 148595 ІН,0; s EtOH, 
ace, bz, peth; i 
al 

3036 Dibutyl nonanedioate Ci Ha 04 2917-73-9 300.434 70? sl chl 

3037 Dibutyl oxalate Ci Hi 0, 2050-60-4 202248 liq -305 241; 96? 0.98732 1.234? ІН,0; $ EtOH, 
eth 

3038 Di-fert-butyl peroxide DTBP C H, 0» 10-05-4 146.228 liq -40 11 0.70420 .3890? i H0; msc ace; 
S сіс, lig 

3039 2,6-Di-sec-butylphenol С„Н»0 5510-99-6 206324 liq -42 2515 50802 

3040 2,4-Di-tert-butylphenol СА ٧ 96-76-4 206.324 56.5 263.5 5080” 51 ctc; i alk 

3041 2,6-Di-tert-butylphenol СО 28-39-2 206.324 pr (al) 39 61%, 13320 .5001? — 51 EtOH; $ ctc; i 
alk 

3042 3,5-Di-tert-butylphenol Cu H;0 138-52-9 206.324 88 

3043 Dibutyl phosphate CIH, ОР 07-66-4 210.208 oi 3605 1.0620 s сіс, BuOH 

3044 Dibutyl phosphonate C H, ОР 809-19-4 194209 oi 230;131? 09855 422020 

3045 Dibutyl phthalate Ci 0, 84-74-2 278.344 iq -35 340 .0465? 14911? i H,0; msc 
EtOH, eth, bz; 
s сіс 

3046 2,6-Di-tert-butylpyridine СМ 585-48-8 191.313 2020 

3047 Dibutyl sebacate Cis Ha 04 109-43-3 314461 liq -10 3445 094055 144335 ІН,0; s eth, ctc 

3048 Dibutyl succinate ЛІП 141-037 230301 liq -292 2745 0.9752? 1.429922 |Н,0; s EtOH, 
eth, bz, ctc 

3049 Di-tert-butyl succinate C و‎ ٢ 926-26-1 230.301 36.5 09? 

3050 Dibutyl sulfate Butyl sulfate CIH, 0,S 625-22-9 210.282 liq 156 

3051 Dibutyl sulfide CIH, S 544-40-1 46.294 liq -79.7 85 0.8386? 145302 vs eth, EtOH, 
chl 

3052 Di-sec-butyl sulfide CIH, S 626-26-6 46.294 65 0.8348? 1.4506? ІН,0; vs EtOH, 
eth 

3053 Di-fert-butyl sulfide CIH, S 107-47-1 46.294 0 -9.0 491 0.8155 45062 

3054 Dibutyl sulfite Butyl sulfite C H, 035 626-85-7 94.292 230 0.99577? 1.431022 5 EtOH, eth 

3055 Dibutyl sulfone C H, 0,5 598-04-9 78.293 45 291 0.988547 i H,0; $ EtOH, 
ећ 

3056 Dibutyl sulfoxide Сан 405 2168-93-6 62.293 па (dil al) 32.6 dec 0.831722 1.4669? i H,0; s EtOH, 
eth 

3057 Dibutyl tartrate С.2Н,06 87-92-3 262.299 рг 22 320 1.0909? 1.451? vs n ace, 
EtOH 

3058 N,N-Dibutylthiourea CIH, N.S 109-46-6 88333 nd (al) 78 

3059 Dibulyltin dichloride Dibutyldichlorostannane C H, CLSn 683-18-1 303.845 solid 43 13510 $ hx, eth, thf 

3060 Dibutyltin dilaurate C.H, Оп T1-58-7 631.558 ув Па or cry 23 160, MeOH; 8 
eth, bz, ctc 

3061 Dicapthon С.Н,СЇМО,Р5 2463-84-5 297.653 cry (MeOH) 53 1Н,0: sace, tol, 
ху, AcOEt 

3062 Dicentrine Со и МО 517-66-8 339.386 s chl 

3063 Dichlofenthion C,H,CLO,PS — 97-17-6 315.153 5 сіс, CS; 

3064 Dichlofluanid C,H4CLFN,O,S, 1085-98-9 333.229 7 105.3 1Њ0; s ace, 

eOH, ху! 

3065 Dichloroacetaldehyde С,НС1,0 79-02-7 112.942 90.5 1.43625 51 EtOH 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3066 2,2-Dichloroacetamide C;H,CIUNO 683-72-7 27.957 99.4 234 S Н,0, EtOH, 
eth; sl ace 
3067 Dichloroacetic acid СНОО 79-43-6 28.942 13.5 94; 1022 1.563420 1.4658? msc H,0, EtOH, 
eth; s ace; sl 
cic 
3068 Dichloroacetic anhydride C,H;CI,O, 4124-30-5 239.869 18.0 dec 215; 10010 157424 
3069 1,1-Dichloroacetone C.H,CIO 513-882 26.969 20 1.304" 51 Њ0; s EtOH; 
msc eth 
3070 1,3-Dichloroacetone C.H,CIO 534-07-6 26.969 pror nd 45 734 1.3826 147160 s H,0, EtOH, eth 
3071 Dichloroacetonitrile C;HCIN 3018-12-0 09.942 12.5 13690 1.439125 5 MeOH 
3072 Dichloroacetyl chloride C;HCLO 79-36-7 47.387 08 153156 1.4591? (ес ЊО, EtOH; 
msc eth 
3073 Dichloroacetylene 0,01, 7572-29-4 94.927 liq -66 33 1.261202 1.42790? s EtOH, eth, ace 
3074 4-[(Dichloroamino)sulfonyl] Halazone C;H.CINO,S 80-13-7 270.091 pr(HOAc) 195 dec SI Н,0, chl; vs 
benzoic acid HOAc; i peth 
3075 2,3-Dichloroaniline C.H,Cl, 608-27-5 62.017 nd (lig) 24 252 S НОН, ace; vs 
eth; sl bz, ctc, 
ig 
3076 2,4-Dichloroaniline CeH5Cl; 554-00-7 62.017 pr(ace) nd 635 245 1.567% sl H,0, chl; s 
(dil al) (lig) EtOH, eth 
3077 2,5-Dichloroaniline C H,CI, 95-82-9 62.017 па (lig) 50 251 SI Н,0, $ EtOH, 
eth, bz, chl, 
CS, 
3078 2,6-Dichloroaniline (515014 608-31-1 62.017 39 SI H,0; s EtOH 
eth 
3079 3,4-Dichloroaniline (515014 95-76-1 62.017 па (lig) 72 272 S EtOH, eth; sl 
bz, chl 
3080 3,5-Dichloroaniline ЛЕЙ 626-43-7 62.017 па (lig, dil 52 261 i HO; $ EtOH, 
al) eth, ctc, lig 
3081 9,10-Dichloroanthracene C,,H,Cl, 605-48-1 247.120 ye nd 2135 8| EtOH, eth 
(MeCOEtor chl; s bz 
CCI) 
3082 1,5-Dichloro-9,10- Cu او‎ ٢ 824-2 277103 уе па (to) 252 i H50; 51 EtOH, 
anthracenedione ace; s bz, 
НОАс 
3083 1,8-Dichloro-9,10- C,4H,C1,0, 82-43-9 277.103 ye nd 202.5 i H50; 51 EtOH; 
anthracenedione (НОАс) S bz, tol, 
РАМО, 
3084 trans-4,4-Dichloroazobenzene Со ЊОМ 1602-00-2 251.111 уе па (асе) 189 
3085 4,4’-Dichloroazoxybenzene C, H, CLN,0 614-26-6 267.110 ye nd (EtOH) 158 
3086 2,3-Dichlorobenzaldehyde C;H,CLO 6334-18-5 75.012 cry (dil al) 66 vs eth, EtOH 
3087 2,4-Dichlorobenzaldehyde C;H,CIO 874-42-0 75.012 pr 138 1055 i H50; s EtOH, 
eth, bz, chl, 
HOAc 
3088 2,6-Dichlorobenzaldehyde C;H,CLO 83-38-5 75.012 nd (lig) 11.8 vs eth, EtOH, lig 
3089 3,4-Dichlorobenzaldehyde C;H,CI,O 6287-38-3 75.012 44 2475 i H50; s EtOH, 
eth; sl ctc 
3090 3,5-Dichlorobenzaldehyde C;H,CIO 10203-08-4 175.012 nd or If (dil 65 240 vs ace, bz, eth, 
HOAc) EtOH 
3091 2,6-Dichlorobenzamide C;H;CIUNO 2008-58-4 90.027 cry 198 
3092 o-Dichlorobenzene 1,2-Dichlorobenzene ЛЕЙ 95-50-1 47.002 liq -17.0 180 1.305920 1.5515? ІН,0; s EtOH, 
eth; msc ace 
bz, cic 
3093 m-Dichlorobenzene 1,3-Dichlorobenzene C,H,Cl, 541-73-1 47.002 0 -248 173 1.28840 1,5459? i H,0; $ EtOH, 
eth, bz; msc 
ace 
3094 p-Dichlorobenzene 1,4-Dichlorobenzene Сен, О 106-46-7 47.002 mcl pr, If 53.09 174 1.24755 1.5285? | H,0; msc 
(ace) FtOH, ace, bz; 
s eth, ctc 
3095 2,5-Dichloro-1,4-benzenediamine СНС 20103-09-7 177.081 pr (w) 170 
3096 2,6-Dichloro-1,4-benzenediamine C;H,CLN; 609-20-1 71.031  nd,pr(dilal) 125 8 ОН, eth, ace, 
bz 
3097 3,5-Dichloro-1,2-benzenediol C,H,CI,0, 3673-92-2 179.001 pr 83.5 SI Н,0, s EtOH; 
VS ace 
3098 4,5-Dichloro-1,2-benzenediol C H,CL0; 3428-24-8 79001 pr(chl-CS;) 1165 S Н;0; vs EtOH, 
nd(bz-peth) bz 
3099 4,6-Dichloro-1,3-benzenediol C H,CI,O,; 37-19-9 79.001 113 254 vs Н,0, EtOH, 
eth, ace; sl lig 
3100 2,5-Dichloro-1,4-benzenediol Сен СО; 824-69-1 79.001 ndorprw, 172.5 1.815024 S Н,0; vs EtOH, 
ace, bz) eth, ace 
3101 4,5-Dichloro-1,3- Dichlorphenamide C H СМО, 9; 20-97-8 305.159 228.7 
benzenedisulfonamide 
3102 2,4-Dichlorobenzenemethanamine C;H;CLN 95-00-1 76.044 1258 1.57625 schl 
3103 2,4-Dichlorobenzenemethanol 2,4-Dichlorobenzyl alcohol C;H,CI,0 771-82-8 77.028 59.5 150% s chl 
3104 N,N-Dichlorobenzenesulfonamide C H;CINO;S 473-29-0 226.081 yemclorpl 76 S НОН; sl ctc 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3105 2,5-Dichlorobenzenethiol ЛЕЙ 5858-18-4 179.067 1159 
3106 2,2'-Dichloro-p-benzidine [1,1-Biphenyl]-4,4"-diamine, Ci Hi CL; 84-68-4 253.126 па (м), pr 165 vs eth, EtOH 
2,2'-dichloro- (al) 
3107 3,3'-Dichloro-p-benzidine [1,1-Biphenyl]-4,4"-diamine, С H, CEN; 91-94-1 253.126 nd 132.5 i H,0; s EtOH, 
3,3'-dichloro- bz, HOAc 
3108 3,3'-Dichloro-p-benzidine С С1,№, 612-83-9 326.048 i H,0; vs EtOH 
dihydrochloride 
3109 2,4-Dichlorobenzoic acid C7H,C1,0, 50-84-0 91012 nd(worbz) 1642 sub S Н,0, EtOH, 
eth, bz, chl; sl 
ace 
3110 2,5-Dichlorobenzoic acid C;H,Cl,0; 50-79-3 91.012 па (м) 1544 301 $! Н,0, DMSO; 
5 НОН, ећ 
3111 2,6-Dichlorobenzoic acid (-Н,01,0, 50-30-6 91012 па (al), pr 144 sub S Н,0, EtOH, 
(w) eth, bz, chl 
3112 3,4-Dichlorobenzoic acid C;H,CI,O, 51-44-5 91.012 па (м, al, bz) 208.5 $ Н,0, eth; vs 
EtOH; sl 
DMSO 
3113 3,5-Dichlorobenzoic acid C;H,Cl;0; 51-36-5 91.012 па (а, м) 188 sub 51 ЊО, lig, 
50: $ 
EtOH, eth 
3114 2,6-Dichlorobenzonitrile Dichlobenil СНІ, 1194-65-6 72.012 cry (peth) 144.5 270 
3115 4,4-Dichlorobenzophenone Bis(4-chlorophenyl) ketone С.Н,010 90-98-2 251.108 pl (al) 147.5 353 1.450020 ІН,0; s EtOH; 
vs eth, chl; 51 
ace 
3116 3,4-Dichlorobenzotrifluoride 1,2-Dichloro-4-(trifluoromethyl) C,HCI.F, 328-04-7 215.000 iq 173.5; 644 147295 
benzene 
3117 2,3-Dichlorobenzoyl chloride C;H,C1,0 2905-60-4 209457 ٩ 1404 
3118 2,4-Dichlorobenzoyl chloride СНОО 89-75-8 209.457 16.5 1508, 11175 1.5895? s ctc 
3119 2,5-Dichlorobenzoyl chloride С-Н,01,0 2905-61-5 209457 liq دو‎ 
3120 3,4-Dichlorobenzoyl chloride СНОО 3024-72-4 209.457 25 242 SI cic 
3121 2,5-Dichlorobiphenyl Cu HCl; 34883-39-1 223.098 1823, 1715 1Н,0 
3122 2,6-Dichlorobiphenyl CH, Cl, 33146-45-1 223098 су 35.5 i НО 
3123 3,3'-Dichlorobiphenyl CH, Cl, 2050-67-1 223.098 nd(dilal) 29 320 vs bz, eth, EtOH 
3124 4,4’-Dichlorobiphenyl СНС 2050-68-2 223.098 prornd(al, 1493 317 1.4420? i B,0; 51 EtOH, 
to-peth) chl; s bz 
3125 1,1-Dichloro-2,2-bis(p- С.Н, оС1, 72-54-8 320.041 109.5 193' sl chl 
chlorophenyl)ethane 
3126 2,2-Dichloro-1,1-bis(4- ССЦ 72-55-9 318.026 89 
chlorophenyl)ethene 
3127 2,3-Dichloro-1,3-butadiene C4H,Cl, 1653-19-6 122.981 98 1.1829? 1.4890? vs chl 
3128 1,1-Dichlorobutane Butylidene chloride ЛЕЙ 541-33-3 27.013 13.8 1.0863? 1.435522 i H,0; s chl 
3129 1,2-Dichlorobutane C H, Cl, 616-21-7 27.013 24.1 1.11165 1.4450? iH,0; seth, chl; 
sl сіс 
3130 1,3-Dichlorobutane C H, Cl, 1190-22-3 127.013 34 1.1158? 1.445? 1 
sl cic 
3131 1,4-Dichlorobutane C H, CI, 110-56-5 27.013 liq -37.3 61 1.13315 145225 1 H,0; vs chl 
3132 2,2-Dichlorobutane ЛЕЙ 4279-22-5 127013 liq -74 04 110485 14295 1ЊО s chl 
3133 2,3-Dichlorobutane, (+) C H, Cl, 2211-67-8 127.013 liq -80 19; 5380 1.105% „44095 iHj0 
3134 1,4-Dichloro-2,3-butanediol 0,Н,0150, 2419-73-0 159012 126.5 50% vs EtOH 
3135 3,4-Dichloro-1-butene ЛЕЙ 760-23-6 24997 liq -61 16 1.117020 1.464122 i H,0; s EtOH, 
eth, ctc; vs chl, 
bz 
3136 cis-1,3-Dichloro-2-butene C,H,Cl, 0075-38-4 124.997 30; 342) 1.1605 1.473520 vs ace, bz, eth, 
EtOH 
3137 trans-1,3-Dichloro-2-butene CH, CI, 7415-31-8 24.997 32; 53% 1.16020 4719? vs ace, bz, eth, 
EtOH 
3138 cis-1,4-Dichloro-2-butene C,H,Cl, 476-11-5 24.997 liq -48 52.5 1.1885 „48875 vs ace, bz, eth, 
EtOH 
3139 trans-1,4-Dichloro-2-butene ЛЕЙ 10-57-6 24.997 1.0 55.4 11835 48/15 Ns ace, bz, eth, 
EtOH 
3140 1,4-Dichloro-2-butyne САНС 821-10-3 22.981 65.5 1.25820 505820 seth, асе; sl ctc; 
vs chl 
3141 2,6-Dichloro-4-(chloroimino)-2,5- Gibbs’ reagent ЛЕРДІ) 01-38-2 210.445 66 
cyclohexadien-1-one 
3142 1,2-Dichloro-4-(chloromethyl) СНО 02-47-6 95.474 37.5 241 i H50; s EtOH, 
benzene cic 
3143 2,4-Dichloro-1-(chloromethyl) СНС 94-99-5 95.474 1203 
benzene 
3144 Dichloro(chloromethyl) C;H.Cl;Si 558-33-4 63.506 121.5 1.2858? 1.445002 
methylsilane 
3145 Dichloro(2-chlorovinyl)arsine С.Н,А801, 541-25-3 207.318 liq 0.1 190 1.88820 
3146 2,5-Dichloro-2,5-cyclohexadiene- 6801,0; 615-93-0 76.985 рауетсірг 162.3 i B,0; 51 EtOH; 


14-dione fal) s eth, chi 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3147 2,6-Dichloro-2,5-cyclohexadiene- CH;CIO; 697-91-6 176.985 уе orth (lig, 121.8 51 Н,0, EtOH; $ 
1,4-dione bz) chl 
3148 1,1-Dichlorocyclohexane CH, Cl; 2108-92-1 153.049 liq -47 71 1.1559? 1.480320 
3149 cis-1,2-Dichlorocyclohexane C H, CI; 10498-35-8 153.049 liq -15 206.9 1.202120 1.496722 vs bz 
3150 1,10-Dichlorodecane 0.61, Cl, 2162-98-3 211.172 15.6 678 0.994525 85 
3151 2,7-Dichlorodibenzo- p-dioxin Со و‎ ٢ 33857-26-0 253.081 су 201 
3152 1,2-Dichloro-4-(dichloromethyl) СНО 56961-84-3 229.919 257 1.5152 vs bz, eth, EtOH 
benzene 
3153 Dichloro(dichloromethyl) C;H,CLSI 1558-31-2 97.951 49 1.41162 1.470020 
methylsilane 
3154 2,3-Dichloro-5,6- C,CI,N,0, 84-58-2 227.004 уе-огап (гу 214.5 vs bz, HOAc, 
dicyanobenzoquinone diox 
3155 Dichlorodiethylsilane CH, CLSi 1719-53-5 57114 -96.5 дес 129 1.0504? 1.430920 
3156 1,1-Dichloro-1,2-difluoroethane C)H;CLF; 25915-78-0 134.940 liq 48.4 
3157 1,2-Dichloro-1,1-difluoroethane С,ЊС1,Р, 1649-08-7 34.440 Па -101.2 46.2 1.416320 1.361939 sl Н,0 
3158 1,2-Dichloro-1,2-difluoroethane С,Н01,Р, 431-06-1 34.940 Па -101.2 59.6 1.41632 1.361920 
3159 1,1-Dichloro-2,2-difluoroethene —— 1,1-Dichloro-2,2- C,CLF; 79-35-6 32.924 vol liq or gas -116 9 1555? 1383? 
difluoroethylene 
3160 cis-1,2-Dichloro-1,2- Fluorocarbon 1112 C;CLF; 311-81-9 32.924 vol liq -119.6 211 1.495° 
difluoroethene 
3161 trans-1,2-Dichloro-1 ,2- C;CLF; 381-71-5 32.924 vol liq -93.3 22 1.4940 
difluoroethene 
3162 Dichlorodifluoromethane Refrigerant 12 CCIF, 75-71-8 20.914 col gas -158 -29.8 sl Н,0, $ EtOH, 
eth, НОАс 
3163 2,2-Dichloro-1,1-difluoro-1- Methoxyflurane C.H,CLF;O 76-38-0 64.966 col liq -35 105 1.4320 1.386120 
methoxyethane 
3164 2,2"-Dichlorodiisopropyl ether (512010 08-60-1 71.064 187 1.1032 1.450520 ІН,0; msc 
EtOH, eth, асе; 
vs bz 
3165 1,4-Dichloro-2,5-dimethylbenzene C.H,Cl, 124-05-6 75.056 71 222 s chl 
3166 2,5-Dichloro-2,5-dimethylhexane C IH, Cl, 6223-78-5 83419 If, nd 67.5 0.954320 vs bz, eth, EtOH, 
chl 
3167 1,3-Dichloro-5,5-dimethyl СНО МО; 18-52-5 97.019 pr 132 520 SI H5O; s chl, 
hydantoin ctc, bz 
3168 2,4-Dichloro-3,5-dimethylphenol ^ Dichloroxylenol C4H,CLO 33-53-9 91.055 83 vs eth 
3169 Dichlorodimethylsilane C;H,CLSI 75-78-5 29.061 0 -16 70.3 1.0645 .4038? dec Н,0, EtOH 
3170 2,3-Dichloro-1,4-dioxane C,H,C1,0, 95-59-0 56.996 30 810 „4682 „49280 i H,0; vs eth, 
ace, bz, ctc 
diox 
3171 Dichlorodiphenylmethane СН Cl, 2051-90-3 237.124 dec 305; 19021 1.23518 s eth, bz, cic 
3172 Dichlorodiphenylsilane C4; Hg CLSi 80-10-4 253.199 305 204% 58000 s EtOH, eth, ace, 
bz, cic 
3173 1,1-Dichloroethane Ethylidene dichloride МАЛЫЙ 75-34-3 98.959 liq -96.9 57.3 1.175720 14164?  s|H;0; vs ОН, 
eth; s ace, bz 
3174 1,2-Dichloroethane Ethylene dichloride СНО 107-06-2 98.959 liq -35.7 83.5 1.24545 144225  s|H;0; vs ОН, 
msc eth; s ace, 
bz, chl 
3175 2,2-Dichloroethanol АЛАЙЫ) 598-38-9 114.958 146 140405 1.462625 slH,O, ctc; s 
EtOH, eth 
3176 1,1-Dichloroethene Vinylidene chloride 8,61; 75-35-4 96.943 liq -122.56 31.6 1.2132 4249? |Н,0; s EtOH, 
асе, bz; vs eth, 
ch 
3177 cis-1,2-Dichloroethene Cis-1,2-Dichloroethylene C-H;Cl, 56-59-2 96.943 liq -80.0 60.1 1.28372 1.4490? <ІН,0; msc 
EtOH, eth, ace; 
vs bz, chl 
3178 trans-1,2-Dichloroethene trans-1 ,2-Dichloroethylene (5Н50), 56-60-5 96.943 liq -49.8 48.7 1.2565? 1.4454?  s| Н,0; msc 
EtOH, eth, ace; 
vs bz, chl 
3179 1,2-Dichloro-1-ethoxyethane С,Н,010 623-46-1 43.012 145 1.137020 1.4435? sl chl 
3180 1,2-Dichloroethyl acetate (160150, 0140-87-1 156.996 Па 7933, 3210 
3181 Dichloroethylaluminum Ethylaluminum chloride C;H;AICI; 563-43-9 26.949 hyg solid or 32 115° 1.207 reac H,0 
liq 
3182 Dichloroethylmethylsilane CH&CLSI 4525-44-4 43.088 101 1.004722 14197? 
3183 2'7-Dichlorofluorescein 2^ T-Dichloro-3,6-fluorandio! ^ Са H44Cl;0; 76-54-0 401.196 si DMSO 
3184 1,1-Dichloro-1-fluoroethane C;H,CLF 717-00-6 16.949 liq -103.5 32.0 1.25070 36009 iHj0 
3185 1,2-Dichloro-1-fluoroethane СН.СЬЕ 430-57-9 16.949 liq -60 73.8 1.381420 1.413220 
3186 1,1-Dichloro-2-fluoroethene 1,1-Dichloro-2-fluoroethylene _ C;HCLF 359-02-4 14933 0 -108.8 37.5 1.373216 1.403116 
3187 Dichlorofluoromethane Refrigerant 21 CHCLF 75-43-4 02.923 col gas -135 8.9 1.4059 3/249 |Н,0; s EtOH, 
eth, ctc, chl, 
HOAc 
3188 (Dichlorofluoromethyl)benzene СНЕСЕ 498-67-9 79.009 Па -26.8 179 1.93138" 1.5180" vs EtOH 
3189 1,1-Dichloro-2-fluoropropene C4H,CLF 430-95-5 28.960 78 1.30265 585 
3190 1,7-Dichloroheptane C7H,4Cl, 821-76-1 69.092 1245 1.040825 1.456525 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3191 1,2-Dichloro-1,2,3,3,4,4- С,СЬЬ 356-18-3 232.939 liq -242 595 
hexafluorocyclobutane 
3192 1,2-Dichloro-3,3,4,4,5,5- СС 706-79-6 244.949 liq -105.8 90.7 1.6546 1.3676? 
hexafluorocyclopentene 
3193 1,2-Dichloro-1,1,2,3,3,3- СзС1Е5 661-97-2 220.928 34.1 1Н,0 
hexafluoropropane 
3194 1,3-Dichloro-1,1,2,2,3,3- Refrigerant 216 04015; 662-01-1 220.928 ٩ -1254 35.7 1.573% 1.3030? 
hexafluoropropane 
3195 1,5-Dichloro-1,1,3,3,5,5- C,H,Cl0;Si, 3582-76 277.369 liq -53 184 1.01820 dec 0 
hexamethyltrisiloxane 
3196 1,2-Dichlorohexane و‎ ٢ 2162-92-7 155.065 173 1.08515 vs eth, chl 
3197 1,6-Dichlorohexane Сені 2163-00-0 155.065 204 1.067625 1.455525 |Н,0; seth, ctc, 
chl 
3198 3,5-Dichloro-2- C;H,CI;0; 90-60-8 191.012 уе orth 95 i HO 
hydroxybenzaldehyde (HOAc) 
3199 3,5-Dichloro-2-hydroxybenzoic С.Н. СО, 320-72-9 207.011 nd(dilal) 2205 sub SI H;O; vs EtOH, 
acid orth pr eth 
3200 2,6-Dichloroindophenol, sodium — Tillman's reagent C oH ,CLNNaO, 620-45-1 290.078 dk grn cry S Н,0, EtOH, 
sal ace 
3201 5,6-Dichloro-1,3- 4,5-Dichlorophthalic anhydride C,H,Cl,0, 942-06-3 217.006 tab or pr (to) 188 313 vs eth, EtOH, tol 
isobenzofurandione 
3202 Dichloromethane Methylene chloride CH,Cl, 75-09-2 84933 liq -97.2 40 1.32667 1.4242? І H,0; msc 
EtOH, eth; s 
cic 
3203 1,2-Dichloro-3-methoxybenzene C;H,CLO 1984-59-4 177.028 32 
3204 1,3-Dichloro-2-methoxybenzene — 2,6-Dichloroanisole 0,9610 1984-65-2 177.028 liq 10 105% 1.291 543020 
3205 2,4-Dichloro-1-methoxybenzene СНОО 553-82-2 177.028 pr 28.5 282: 1259 si ch 
3206 3,6-Dichloro-2-methoxybenzoic ^ Dicamba Сан СО 1918-00-9 221038 cry (реп) 115 1.5725 
асій 
3207 (Dichloromethyl)benzene Benzal chloride ЛЕЙ 98-87-3 161.029 ٩ -17 205 1.265 5502? i H,0; vs eth, 
EtOH 
3208 N,N-Dichloro-4- Dichloramine-T C;H,CI,NO,S 473-34-7 240.108 — pr(chl-peth) 83 i H50; $ EtOH, 
methylbenzenesulfonamide eth, bz, ctc, 
HOAc 
3209 Dichloromethylborane Methyldichloroborane CH,BCI; 7318-78-7 96.752 col gas 11 
3210 2,3-Dichloro-2-methylbutane Amylene dichloride СН Cl, 507-45-9 41.038 129 1.06965 144509 | H,0; vs eth, 
EtOH 
3211 1,1-Dichloromethy! methyl ether _ Methoxydichloromethane C;H,CLO 4885-02-3 14.958 85 12715 1.4300? 
3212 24-Dichloro-3-methylphenol С-Н,01,0 17788-00-0 177.028 рг (peth) 58 236; 77^ vs eth, chl 
3213 2,4-Dichloro-6-methylphenol C;H,CI,0 1570-65-6 77.028 па (w, peth) 55 SI HO; vs EtOH, 
eth, chl, CS, 
3214 2,6-Dichloro-4-methylphenol C;H,CI,0 2432-12-4 77.028 па (lig) 39 231; 1388 i H5O; vs eth, 
EtOH, HOAc 
3215 Dichloromethylphenylsilane ЛЕРІ 149-74-6 91.131 206.5 1.18662 1.518020 
3216 Dichloromethylphosphine Methylphosphonous dichloride CH,CIP 676-83-5 16.915 129 1.3049 1.494020 
3217 1,2-Dichloro-2-methylpropane 1,2-Dichloroisobutane C H, CI, 594-37-6 27.013 106.5 1.093 14370? ІН,0; msc 
EtOH, eth, ace, 
bz, ctc 
3218 2,4-Dichloro-5-methylpyrimidine С.Н,С1М, 1780-31-0 63.004 pl (al) 26 235 SI H;O; vs EtOH, 
eth, bz, chl 
3219 2,4-Dichloro-6-methylpyrimidine С.Н,С1М, 5424-21-5 63.004 па (lig) 46.5 219 vs bz, eth, EtOH, 
chl 
3220 Dichloromethylsilane CH,CI,Si 15-54-7 15.035 liq -93 41 1.105% 
3221 1,2-Dichloronaphthalene ТАТЫП 2050-69-3 97.061 рі (al) 36 296.5 1.31479 1.53389 5 EtOH, eth 
3222 1,3-Dichloronaphthalene CIH, Cl 2198-75-6 97.061 nd or pr (al) 62.3 291 s EtOH 
3223 1,4-Dichloronaphthalene Cy HeCl, 1825-31-6 97.061 nd or pr (al, 5 288; 14712 1.299775 162286 ІН,0; 51 EtOH; 
ace) S eth, bz, 
HOAc; vs ace 
3224 1,5-Dichloronaphthalene (6160, 1825-30-5 97.061 nd or If (al) 107 sub 1.49002 i B,0; 51 EtOH; 
pr (sub S eth 
3225 1,6-Dichloronaphthalene СНС 2050-72-8 97.061 nd or pr (al, 49 sub 
peth 
3226 1,7-Dichloronaphthalene Ci HCl 2050-73-89 197.061 nd or pr (al, 63.5 285.5 126119 1.60927? s EtOH, eth, bz, 
HOAc) HOAc 
3227 1,8-Dichloronaphthalene Cog Ol; 2050-74-0 97.061 orth р! (hx) 89 sub 1.2924"? 1.623619 s EtOH, рей 
nd (al, sub) 
3228 2,3-Dichloronaphthalene Cy HgCl, 2050-75-1 97.061 orth If (al) 0 i H,0; 51 EtOH; 
vs eth 
3229 2,6-Dichloronaphthalene CIH, Cl, 2065-70-5 97.061 nd or If (al) 140.5 285 sl EtOH; 8 eth, 
pl (eth, bz) bz, chl, HOAc 
3230 2,7-Dichloronaphthalene ТАТЫП 2198-77-8 97.061 plorlf(al) ٨40 vs НОН; s hx, 
НОАс 
3231 2,3-Dichloro-1,4- Dichlone СұН,61,0; 117-80-6 227.044 уе па (al) 195 i B,0; 51 EtOH, 
naphthalenedione eth, bz; s chl 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3232 2,4-Dichloro-1-naphthol 2,4-Dichloro-oc-naphthol (516010 2050-76-2 213.060 па (al, bz) 107.5 180 vs bz, eth, EtOH 
3233 2,6-Dichloro-4-nitroaniline Сен СМО; 99-30-9 207.014 уе па (а, 19 S EtOH, acid; sl 
HOAc) DMSO 
3234 1,2-Dichloro-3-nitrobenzene C H,CLN0, 3209-22-1 92.000 mclnd(peth, 61.5 257.5 1.7214 ІН,0; s EtOH, 
HOAc) eth, ace, bz, 
peth; 81 ch 
3235 1,2-Dichloro-4-nitrobenzene Сен; СМО, 99-54-7 92.000 па (al) 43 255.5 1.4558/5 i H50; s EtOH, 
eth; sl ctc 
3236 1,3-Dichloro-5-nitrobenzene Сен; СМО, 618-62-2 92.000 mclprorif 65.4 1.400070 i H,0; $ EtOH, 
(НОАс, al) eth 
3237 1,4-Dichloro-2-nitrobenzene Сен; СМО, 89-61-2 92.000 plor pr (al) 56 267 14395 1.43905 ІН,0; $ EtOH, 
pl (AcOEt) eth, bz, CS,; sl 
cte 
3238 2,4-Dichloro-1-nitrobenzene Сен; СМО, 611-06-3 92.000 па (al) 34 258.5 147909 1.551270 ІН,0; s EtOH, 
eth; sl chl 
3239 1,1-Dichloro-1-nitroethane Ethide C;H,CLNO; 594-72-9 43.957 123.5 s ctc 
3240 2,6-Dichloro-4-nitrophenol Сен СМО, 618-80-4 207.999 brnd (w) 127 exp 1.822% vs eth, ch 
3241 1,1-Dichloro-1-nitropropane C.H; ارا ن‎ 595-44-8 57.984 145 1.31220 s сіс 
3242 1,9-Dichlorononane CH, Cl, 821-99-8 97.145 260; 138" 1.01735 585 
3243 1,8-Dichlorooctane C H, Cl, 2162-99-4 83.119 241 1.024825 1.457225 
3244 1,3-Dichloro-1,1,2,2,3- ووا لالا‎ 507-55-1 202.938 liq 52 1.555 
pentafluoropropane 
3245 3,3-Dichloro-1,1,1,2,2- Refrigerant 225ca ووا لالا‎ 422-56-0 202.938 liq 45.5 1.545 
pentafluoropropane 
3246 1,2-Dichloropentane C; Hg Cl; 1674-33-5 41.038 148.3 1.0872? 1.4485? i H,0; s EtOH; 
vs chl 
3247 1,5-Dichloropentane C; Ha Cl; 628-76-2 41.088 0 -72.8 179 1.095625 1.45455 i H,0; $ EtOH, 
eth, bz, ctc 
3248 2,3-Dichloropentane CHCl, 600-11-3 41.038 0 -77.3 139 10789? 14464? iHj0 
3249 Dichlorophene C, H, CLO; 97-23-4 269.123 сгу (bz, peth) 177.5 1620; s EtOH, 
ace 
3250 2,3-Dichloropheno Сен СО 576-24-9 63.001 cry (lig, bz) 58 S НОН, eth, bz, 
ig 
3251 2,4-Dichloropheno CH,CIO 120-83-2 63001 ћех па (bz) 45 210 SI Њ0; s EtOH, 
eth, bz, chl 
3252 2,5-Dichloropheno Сен СО 583-78-8 63.001 pr (bz, peth) 59 211 SI H;O; vs EtOH, 
eth; s bz, peth 
3253 2,6-Dichloropheno C H,CIO 87-65-0 63.001 па (peth) 68.5 220; 824 1.65320 vs EtOH, eth; 8 
bz, peth 
3254 3,4-Dichloropheno С 1,010 95-77-2 63.001 па (bz-peth) 68 253 5160; vs EtOH, 
eth; s bz, peth 
3255 3,5-Dichloropheno CH,CIO 591-35-5 63.001 pr (peth) 68 233 sl H30; vs EtOH, 
eth; s peth 
3256 (2,4-Dichlorophenoxy)acetic acid 24-0 Сан СО, 94-75-7 221.038 cry (bz) 140.5 16004 ІН,0;5 EtOH; sl 
bz, DMSO 
3257 4-(2,4-Dichlorophenoxy)butanoic — Butyrac 118 C.H, CL50; 94-82-6 249.090 118 
acid 
3258 2-(2,4-Dichlorophenoxy) Dichlorprop C;H&CL;0, 120-36-5 235.064 117.5 SI Н,0, lig; 5 
propanoic acid EtOH, eth 
3259 Dichlorophenylarsine (515480, 696-28-6 222.932 liq -19 255 1.65162 163865 vs bz, eth, EtOH 
3260 2,4-Dichlorophenyl Genite ولارانام اا‎ 97-16-5 303.161 455 s ctc, CS; 
benzenesulfonate 
3261 2,2-Dichloro-1-phenylethanone CIH ,Cl,0 2648-61-5 189.039 amor 20.5 249 1.3406 — 1.5686? s EtOH, bz, ctc 
3262 1-(2,4-Dichlorophenyl)ethanone (51,010 2234-16-4 189.039 33.5 1.564022 iHj0 
3263 1-(2,5-Dichlorophenyl)ethanone (516010 2476-37-51 189.039 12 11872 13219 1.559530 
3264 1-(3,4-Dichlorophenyl)ethanone C4HSCLO 2642-63-90 189.039 па (peth) 76 13512 1Н,0: s ctc, lig 
3265 3,4-Dichloropheny! isocyanate 1,2-Dichloro-5- АНАТ 102-36-3 188.011 су 42 112? 
isocyanatobenzene 
3266 3,5-Dichlorophenyl isocyanate 1,3-Dichloro-5- C;H,CIUNO 34893-92-0 188.011 33 1.380 
isocyanatobenzene 
3267 N-(8,4-Dichlorophenyl)-2-methyl- Dicryl Со СМО 2164-09-2 230.090 cry (al-peth) 128 vs ace, НОН 
2-propenamide 
3268 3-(2,4-Dichlorophenyl)-2- Сон СО; 1201-99-6 217.049 234 s DMSO 
propenoic acid 
3269 Dichlorophenylsilane Phenyldichlorosilane АЛҚ 1631-84-1 177404 181 12215 dec H,0 
3270 1,1-Dichloropropane Propylidene chloride ЛЕЙ 78-99-09 112.986 88.1 1.1321? 1.4289? 5 EtOH, eth, bz, 
ch 
3271 1,2-Dichloropropane, (+) Propylene dichloride СНО 26198-63-0 112986 liq -100.53 96.4 1.156020 1.4394? 51 H,0; s EtOH, 
eth, bz, chl 
3272 1,3-Dichloropropane С-Н,0), 142-28-9 112.986 liq -99.5 120.9 1.17855 1.445525  s|H;0; vs ОН, 
eth; s bz, chl 
3273 2,2-Dichloropropane CH, CI, 594-20-7 112.986 liq -33.9 69.3 1.113620 1.414822 ІН,0; s EtOH, 
bz, chl; msc 
eth 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

3274 2,2-Dichloropropanoic acid 2,2-Dichloropropionic acid C5H,C1,0, 15-99-0 42.969 875;92^ 75 vs H,0, alk, 
EtOH; s eth, 
cic 

3275 2,3-Dichloro-1-propanol C;HCLO 616-23-9 28.985  visc 84 1.36072 1.481922 sl H,0, lig; msc 
EtOH, eth, ace, 
bz 

3276 1,3-Dichloro-2-propanol С-Н,01,0 96-23-1 28.985 16 1.3506" 1.483722 vs ЊО, EtOH; 
msc eth; s ace, 
chl 

3277 2,3-Dichloro-1-propanol, СН, СОР 78-43-3 430.904 9001 1.51722 

рћозрћаје (3:1 

3278 2,3-Dichloropropanoyl chloride СНОО 7623-13-4 61.414 537 14757?» 1.476420 

3279 1,1-Dichloropropene ЛЕЙ 563-58-6 10.970 76.5 1.18642 1.443025 iH,O;seth,ace, 
ch 

3280 cis-1,2-Dichloropropene C3H,Cl, 6923-20-2 10.970 93 4549? 10; $ асе, bz, 
ch 

3281 trans-1,2-Dichloropropene C3H,Cl, 7069-38-7 10.970 п 11818? 14471? | НО; vs EtOH, 
сіс, MeOH 

3282 cis-1,3-Dichloropropene cis-1,3-Dichloropropylene С-Н,0|, 10061-01-5 0 104.3 1.22420 .4682? 160; s eth, bz, 
ch 

3283 trans-1,3-Dichloropropene trans-1,3-Dichloropropylene C5H,Cl, 10061-02-6 110.970 112 1.21720 47300 i H0; s eth, bz, 
ch 

3284 2,3-Dichloropropene C3H,Cl, 78-88-6 10.970 10 94 1.2112 46032 i H,0; msc 
EtOH; s eth, 
bz, chl 

3285 3,6-Dichloropyridazine C,H,CIN, 141-30-0 48.978 68.8 8902 s chl 

3286 2,6-Dichloropyridine СНО 2402-78-0 47.990 87 21 

3287 4,6-Dichloro-2-pyrimidinamine Сан СІМ 56-05-3 63.993 215 s DMSO 

3288 2,4-Dichloropyrimidine C H,CLN 3934-20-1 48.978 59 198; 1012 

3289 4,7-Dichloroquinoline ЛЕЙ 86-98-6 98.049 cry (MeOH), 93 14810 sl chl 

nd (80% al) 

3290 5,7-Dichloro-8-quinolinol Chloroxine C;H;CLNO 773-76-2 214.048 cry (al) 179.5 sl EtOH, ace, 
chl, DMSO; s 
alk, bz, peth 

3291 2,3-Dichloroquinoxaline Сан ОБ 2213-63-0 99.037 cry (al, bz) 152 i H20; vs EtOH, 
bz, chl, HOAc 

3292 2,5-Dichlorostyrene C H, CI, 1123-84-8 73.040 8.0 935, 743 1.24620 57982 

3293 1,2-Dichloro-3,4,5,6- وان‎ 1198-59-0 218.964 157.7 

etrafluorobenzene 
3294 1,1-Dichloro-1,2,2,2- Refrigerant 114a 0.01, 374-07-2 70.921 сої gas -56.6 34 1.4555 30922 уз bz, eth, EtOH 
etrafluoroethane (p»1 
atm) 
3295 1,2-Dichloro-1,1,2,2- Refrigerant 114 C;ChF, 76-14-2 70.921 col gas -92.53 35 1.4555 309%  iH,0; vs eth, 
etrafluoroethane (p»1 FtOH 
atm) 

3296 1,2-Dichloro-1,1,2,2- C H,CLSi, 4342-61-4 87.215 148; 498 010% 45482 

etramethyldisilane 

3297 1,3-Dichloro-1,1,3,3- СН 201,051; 2401-73-2 203.214 liq -37.5 138 1.03820 

etramethyldisiloxane 

3298 2,5-Dichlorothiophene СаНС1,5 3172-52-9 53.030 0 -40.5 162 44220 1.5626? i H,0; msc 
НОН, eth; s 
cic 

3299 2,3-Dichlorotoluene ТЕЙ 32768-54-0 161.029 6 207.5 1.2458? 15511? үѕ bz 

3300 2,4-Dichlorotoluene ЛЕЙ 95-73-8 61.029 liq -135 201 24769 155119 i H,0; s ctc 

3301 2,5-Dichlorotoluene СНО 19398-61-9 161.029 25 200 1.2535? 15449? | H,0; s bz 

3302 2,6-Dichlorotoluene ЛЕЙ 118-69-4 61.029 258 198 1.268620 1.550722 i H,0; s chl 

3303 3,4-Dichlorotoluene СНО 95-75-0 61.029 На -15.2 208.9 1.2564? 15471? ІН,0; msc 
EtOH, eth, ace, 
bz, lig, ctc 

3304 1,3-Dichloro-1,3,5-triazine- Dichlorocyanuric acid СНСЬМ:0; 2782-57-2 97.964 сту 226.6 

2,4,6(1 H.3H,5H)-trione 

3305 1,2-Dichloro-4-(trichloromethyl) C; HsCl; 13014-24-9 264.364 25.8 283.1 1.5913? 1.588620 

benzene 

3306 1,2-Dichloro-1,1,2-trifluoroethane Refrigerant 123a СНО 354-23-4 52.930 мо! liq or gas -78 29.5 1.5025 

3307 2,2-Dichloro-1,1,1-trifluoroethane C;HCLF, 306-83-2 52.930 vol liq or gas -107 27.82 1.4638% sl Н,0 

3308 2,2-Dichloro-1,1,2-trifluoroethane Refrigerant 1230 ЫНЫ 812-04-4 52.930 30.2 

3309 2,4-Dichloro-1-(trifluoromethyl) — 2,4-Dichlorobenzotrifluoride C;H,CLF, 320-60-5 215.000 1.480220 

benzene 
3310 4,5-Dichloro-2-(trifluoromethyl)- — Chloroflurazole Сан СЕМ; 3615-21-2 255.024 213.5 

1H-benzimidazole 
3311 Dichlorovinylmethylsilane CH&CLSI 124-70-9 141.072 925 1.0868? 1.4270? (ес Н,0 
3312 Dichlorvos Phosphoric acid, 2,2- C,H;CLO;P 62-73-7 220.976 1402, 841 1.4155 


dichloroethenyl dimethyl ester 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3313 Diclofop-methyl Methyl 2-[4-(2,4- С, 1,010, 51338-27-3 341.186 40 1760 
dichlorophenoxy)phenoxy] 
propanoate 
3314 Dicrotophos C H, NO.P 141-66-2 237.191 400; 13097 12165 
3315 Dicumarol و‎ ٧٢ 66-76-2 336.204 nd 290 
3316 Dicyanamide Cyanocyanamide CHN; 504-66-5 67.049 ад soln only 
3317 o-Dicyanobenzene o-Phthalodinitrile C H,N; 91-15-6 28131 па (w, lig) 141 15010 1.125025 sl 60, lig; vs 
EtOH, bz; s 
eth, ace 
3318 m-Dicyanobenzene m-Phthalodinitrile C H,N 626-17-5 28131  nd(al) 162 sub 0.99240 SI HO; vs EtOH; 
S eth, bz, chl; i 
peth 
3319 p-Dicyanobenzene p-Phthalodinitrile СНА 623-26-7 28.131 nd (w, 224 sub ІН,0; sl EtOH, 
Me0H) eth; s bz; vs 
HOAc 
3320 Dicyclohexyl adipate Cis Ha 04 849-99-0 310.429 35 sch 
3321 Dicyclohexylamine N-Cyclohexylcyclohexanamine CH, N 101-83-7 81.318 -0.1 dec 256; 1149 0.9123? 1.4842? $1 Н,0, ctc; 5 
EtOH, eth, bz 
3322 Dicyclohexylamine nitrite N-Cyclohexylcyclohexanamine, CH, МО, 3129-91-7 228.331 су 182 дес 
nitrite 
3323 Dicyclohexylcarbodiimide Саны 538-/5-0 206.327 345 1235, 9905 
3324 Dicyclohexyl disulfide ٩و‎ 2550-40 5 230.433 liq 19520 
3325 Dicyclohexyl ether Сао 4645-15-2 182.302 liq -36 242.5 0.92279 84 
3326 Dicyclohexylmethanone C H0 19-60-8 194.313 57 1592 0.986? 148607 s eth, ace, clc 
3327 Dicyclohexylphosphine و‎ 829-84-5 198.285 281; 1298 0.904% 728 
3328 Dicyclohexyl phthalate CH, 04 84-61-7 330.418 рг (al) 66 2254 1.3832 1431? ІН,0; s EtOH, 
eth; sl chl 
3329 N,N-Dicyclohexylthiourea Ci H,,N.S 212-29-9 240408 cry (MeOH) 180 
3330 1,3-Dicyclohexylurea C. H,N,0 2387-23-7 224342 233.8 
3331 Dicyclomine hydrochloride Dicycloverine hydrochloride C, H, МО; 67-92-5 345.948 cry 165 
3332 Dicyclopentadiene СН» 755-01-7 132.202 32 dec 170; 654 0.930225 1.50509 vs eth, EtOH 
3333 Dicyclopentyl ether Cyclopentyl ether C4 H0 0137-73-2 154249 0 805 
3334 Dicyclopropyl ketone CH, 0 121-37-52 110.153 161 0.9775 146702 
3335 Didecylamine N-Decyl-1-decanamine CH, N 120-49-6 297.562 359.0 
3336 Didecyl ether СНО 2456-28-2 298.546 16 196155 0.818720 
3337 Didecyl phthalate СНО, 84-77-5 446.663 25 2403 0.963920 
3338 3,4-Didehydro-B,w-caroten-16- — Torularhodin СНО 514-92-1 564.840 purp nd 211 у$ py, chl, CS; 
oic acid (MeOH- 
eth) 
3339 2'3-Dideoxyinosine Didanosine СМ Оз 69655-05-6 236.227  whory(EtOH 2 
ад) 
3340 2,6-Dideoxy-3- O-methyl-ribo- Cymarose C; H0, 579-0447 162484 pr(eth-peth) 101 vs H50, ace, 
hexose nd (ace) EtOH 
3341 Didodecanoyl peroxide Lauroyl peroxide C. Ha 04 105-74-8 398.620 wh pl 49 i H5O; s chl 
3342 Didodecylamine N-Dodecyl-1-dodecanamine C HN 3007-31-6 353.669 53.7 26327 vs bz, eth, EtOH, 
chl 
3343 Didodecy! phosphate СА ОР 7057-92-3 434.633 cry (MeOH) 59 
3344 Didodecyl phthalate 1,2-Benzenedicarboxylic acid, C.H, 0, 2432-90-8 9 22.0 256! 0.9389 
didodecyl ester 
3345 Dieldrin Со СО 60-57-1 380.909 175.5 1.75% i H50; 51 EtOH; 
S асе, bz 
3346 Dienestrol Cis His 0; 84-17-3 266.335 cry (dil al) 2275 sub 130 vs ace, ећ, 
EtOH 
3347 1,2:8,9-Diepoxy- p-menthane Limonene diepoxide Ci Hi 05 96-08-2 168.233 242 
3348 Diethanolamine Bis(2-hydroxyethyl)amine С.Н МО, 111-42-2 105.136 28 268.8 1.0966? 1.4776? vs H,O, EtOH; sl 
eth, bz 
3349 Diethatyl, ethyl ester C4 Ho; CINO, 38727-55-8 311.804 cry 49.5 
3350 4,4’-Diethoxyazobenzene Ci H, N,0; 588-52-3 270.826 ye If (al) 162 dec i H50; 51 EtOH; 
S eth, bz, chl; 
vs HOAc 
3351 3,4-Diethoxybenzaldehyde C4 Hu05 2029-94-9 94.227 22 279; 20050 1.010022 vs EtOH 
3352 1,2-Diethoxybenzene Сану 0; 2050-46-6 66.217 pr (peth, dil 44 219 1.0075? 150835 5 EtOH, ctc; vs 
al) eth 
3353 1,4-Diethoxybenzene CH, 0, 122-95-2 66.217 pl(dila) 72 246 vs НОН; s eth, 
bz, сіс, chl 
3354 4,4-Diethoxy-1-butanamine CIH, NO; 6346-09-4 61.243 196 0.93325 427520 
3355 1,1-Diethoxy-N,N- C;H.;NO; 1188-33-6 41.216 129 0.8595 40072 
dimethylmethanamine 
3356 Diethoxydimethylsilane Dimethyldiethoxysilane C.H, 0,Si 78-62-6 48.276 liq -87 114 0.86525 381120 s ctc 
3357 Diethoxydiphenylsilane C4 0091 2553-19-7 272415 302; 1675 1.0329? 152692 
3358 2,2-Diethoxyethanamine C H, МО; 645-36-3 33489 liq -78 163 0.915925 1.41235 vs ЊО, eth, 


EtOH, chl 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3359 1,1-Diethoxyethane Acetal CIH, 0; 105-57-7 18.174 Па -100 102.25 0.8254? 1.3834? 6Н,0,С1 msc 
EtOH, eth; vs 
ace 
3360 1,2-Diethoxyethane Ethylene glycol diethyl ether СЕН 629-14-1 18.174 liq -74.0 121.2 083512 1.3898? vs ace, bz, eth, 
EtOH 
3361 1,1-Diethoxyethene (51120, 2678-54-8 16.158 68100 0.79322 1.36432 
3362 Diethoxymethane C; H0, 462-95-3 04.148 0 -66.5 88 0.8319? 1.37488 s H,0; msc 
EtOH; vs ace, 
bz; sl chl 
3363 2-(Diethoxymethyl)furan Сон 0, 13529-27-6 170.205 191.5 0.99767 1.4451? vs EtOH 
3364 Diethoxymethylphenylsilane و‎ ٢ 775-56-4 210.346 218 0.9627? 1.469020 
3365 Diethoxymethylsilane C5H,40,Si 2031-62-1 34.250 98 0.8295 
3366 1,1-Diethoxypentane C, H50; 3658-79-5 60.254 5912 0.8292 ‚40292 
3367 1,1-Diethoxypropane C;H40, 4744-08-5 132.201 23 0.82520 39249 s H,0, ace, bz; 
vs EtOH, eth 
3368 2,2-Diethoxypropane C; H0, 126-84-1 32.201 14 0.8200? 1.389122 5 EtOH, ace, bz; 
vs eth; sl ctc 
3369 3,3-Diethoxy-1-propene Acrolein, diethyl acetal CH, 0; 3054-95-3 30.185 23.5 085435 1.4000?  s| H,0; msc 
EtOH, eth 
3370 3,3-Diethoxy-1-propyne C; H0; 10160-87-9 128.169 39 0.8942? 1.4140? vs ace, eth, 
EtOH, chl 
3371 N,N-Diethylacetamide CIH, NO 685-91-6 15.173 85.5 091307 143/47 s H,0, ОН, 
msc eth, ace, 
bz; sl ctc 
3372 Diethyl 2-acetamidomalonate CIH, NO; 068-90-2 217.219 сту (а1,67- 96.3 85% SI H,0, eth; s 
peth) fa, НОН 
3373 N,N-Diethylacetoacetamide CIH, МО; 2235-46-3 157.211 liq 765 
3374 Diethyl acetylphosphonate СеН. О.Р 919-19-7 180.138 149 1.1005? 56 
33/5 Diethyl 2-acetylsuccinate Ci H, 0s 115-30-6 216.231 255; 1337 1.0819 143460 ІН,0; $ EtOH, 
eth, bz; sl chl 
3376 Diethyl adipate C.H, 0, 41-28-6 202.248 liq -19.8 245 1.007620 14272? |Н,0; s EtOH, 
eth 
3377 Diethyl 2-allylmalonate Ci Hi 0, 2049-80-1 72 222.5; 935 1.0098? 1.4305? ІН,0; vs EtOH, 
eth; s ctc 
3378 Diethylamine N-Ethylethanamine САНЫ 09-89-7 73137 liq -49.8 555 0.705622 1.386422 vs Н,0; msc 
EtOH; s eth, 
cic 
3379 Diethylamine hydrochloride N-Ethylethanamine C,H,.CIN 660-68-4 109.598 — If (al-eth) 228.5 1.047722 vs Н,0, НОН 
hydrochloride 
3380 (Diethylamino)acetonitrile ШІЛ 3010-02-4 112.172 170 0.86600 1.426022 0 
3381 4-(Diethylamino)benzaldehyde C4 Hg NO 120-21-8 177243 yend(w) 41 1727 vs Н;0; s EtOH, 
eth, bz, ctc 
3382 2-(Diethylamino)-A-(2,6- Lidocaine Ca H;>N,0 137-58-6 234.337 nd (bz, al) 5 1814 vs bz, eth, EtOH, 
dimethylphenyl)acetamide ch 
3383 2-(Diethylamino)-A-(2,6- C و‎ СМО 73-78-9 270.798 128 vs 0 
dimethylphenyl)acetamide, 
monohydrochloride 
3384 2-Diethylaminoethanol C H,;NO 00-37-8 17.189 hyg 163 0.8921? 1.441222 msc Н,0; $ 
EtOH, eth, ace, 
bz, peth; sl ctc 
3385 2-[2-(Diethylamino)ethoxy]ethanol CIH, 0, 40-82-9 61.243 221.5; 92' 0.94215 1.448020 
3386 2-(Diethylamino)ethyl acrylate Сон МО; 2426-54-2 71.237 <-60 8170 0.937? 143765 
3387 2-Diethylaminoethyl 4- Ргосаіпе СО; 59-46-1 236.310 nd(w42)pl 61 sl Н,0, $ EtOH, 
aminobenzoate (lig or eth) eth, bz, chl 
3388 2-(N,N-Diethylamino)ethyl СМО, 05-16-8 85.264 8070 0.9230 
methacrylate 
3389 2-(Diethylamino)ethyl 2- Butethamate C4 Њ NO; 4007-64-8 263.376 168" 1.490920 
phenylbutanoate 
3390 4-(Diethylamino)-2- C Hi NO; 7754-90-4 193.243 65.0 
hydroxybenzaldehyde 
3391 Diethyl 2-aminomalonate НЕРІ 6829-40-9 75.183 12216, 11612 1.1008 143536 vs ЊО, EtOH, 
eth; sace, bz; i 
lig 
3392 7-(Diethylamino)-4-methyl-2 H-1- С.Н, NO; 91-44-1 231.291 сту (al, bz- SI Н,0; 8 EtOH, 
benzopyran-2-one lig) eth, ace 
3393 3-(Diethylamino)pheno Со МО 91-68-9 165.232 orth bipym 78 276; 1705 S Н,0, EtOH, 
(CS;-lig) eth, CS;; sl lig 
3394 2-(Diethylamino)-1-phenyl-1- Diethylpropion C,H, NO 90-84-6 205.296 liq 1114 
propanone 
3395 3-(Diethylamino)-1-propanol СН 622-93-5 131.216 189.5 0.86007 1.443922 5 EtOH; s eth, 
ace, bz; sl chl 
3396 3-(Diethylamino)-1-propyne N,N-Diethyl-2-propargylamine СҢ; 4079-68-9 111185 liq 120 
3397 2,6-Diethylaniline С.Н. 579-66-8 149.233 1.5 243 0.906% 1.545220 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gcm? л, Solubility 
ace, ctc; vs 
eth, chl 

3399 Diethylarsine C,H,,As 692-42-2 34.052 05 1.1338 1.4709 vs асе, bz, eth, 
EtOH 

3400 N,N-Diethylbenzamide C, H4 NO 1696-17-9 71.243 325 

3401 o-Diethylbenzene 1,2-Diethylbenzene Cio Hau 135-01-3 34218 liq -312 84 0.8800? 1.503522 i H,0; msc 
FtOH, eth, ace, 
bz, lig, ctc 

3402 m-Diethylbenzene 1,3-Diethylbenzene Cio Hu 141-93-5 34218 liq -83.9 81.1 0.860220 1.4955? i H,0; msc 
FtOH, eth, ace, 
bz, lig, ctc 

3403 p-Diethylbenzene 1,4-Diethylbenzene Са 105-05-5 34218 liq -42.83 83.7 0.8620? 1.49672 i H,0; msc 
FtOH, eth, ace, 
bz, lig, ctc 

3404 N,N-Diethyl-1,4-benzenediamine Со 93-05-0 64.247 261 vs bz 

3405 Diethyl benzylidenemalonate Diethyl benzalmalonate СыНь0, 5292-53-5 248275 32 216%, 196" 1.1045? 1.5389? i H,0; s EtOH, 
eth, ace, bz 

3406 Diethyl benzylmalonate و‎ 0, 607-81-8 250.291 300 07615 4872 1Н,0,5| chl 

3407 Diethyl benzylphosphonate C,,H,70,P 1080-32-6 228225 1102 49300 $ ctc 

3408 Diethylbromoacetamide 2-Bromo-2-ethylbutanamide C H,;BrNO 511-70-6 194.069 67 SI H,0, chl; vs 
EtOH, eth, bz 

3409 Diethyl 2-bromomalonate Ethyl bromomalonate СН, „ВгО, 685-87-0 239.064 -54 дес 254 40225 1.452120 | H,0; msc 
EtOH, eth; s 
ace, ctc 

3410 N,N-Diethylbutanamide CH,;NO 114-76-7 43.227 206 0.8884? 1.440325 уз НО, EtOH 

3411 Diethyl 2-butylmalonate Pentane-1,1-dicarboxylic acid, بل‎ 33-08-4 216.275 238 0.9764? 1.4250? vs EtOH, eth 

diethyl ester 

3412 Diethyl 2-butynedioate (5160, 162-21-0 70.163 0.8 8420 1.0075? 1.4425? s EtOH, eth, ctc 

3413 Diethylcarbamazine citrate C; H,N,0, 642-54-2 391.416 су 138 

3414 Diethylcarbamic chloride СН СМО 88-10-8 35.592 86 

3415 N,N-Diethylcarbanilide CH, N,0 85-98-3 268353 cry (al) 79 i H,0; vs EtOH; 
sch 

3416 Diethyl carbonate Ethyl carbonate CH, 0, 05-58-8 18131 Па -43 26 0.96925 1.3845? ІН,0; s EtOH, 
eth, chl 

3417 0,0-Diethyl Diethyl thiophosphoryl chloride 7۹6 2524-04-1 88.613 453 S сіс 

chloridothionophosphate 

3418. Diethylchloroaluminum C,H, AICI 96-10-6 20.557 3470 

3419 Diethyl chloromalonate Ethyl chloromalonate C7H,,C10, 14064-10-9 194.613 222 1.2040? 1.4327? i H,0; msc 
FtOH, eth, chl; 
s CS; 

3420 Diethyl chlorophosphonate Diethoxyphosphoryl chloride C.H, СЮЗР 814-49-3 72.547 93.5 1.205? 417020 

3421 Diethylcyanamide СН 9 617-83-4 98.146 ٩ -80.6 88 0.85420 41265  iH,0; s EtOH, 
ећ 

3422 Diethyl 1,1- Cic Hi 04 3779-29-1 200.232 224 1.0456? 1.433028 үс EtOH; sl ctc 

cyclobutanedicarboxylate 

3423 1,1-Diethylcyclohexane СН 78-01-3 40.266 79.5 

3424 Diethyl 1,1- Сон 40; 1559-02-0 86.205 215; 10072 1.0555 43451 уз EtOH, eth 

cyclopropanedicarboxylate 

3425 Diethyl dibutylmalonate Са А о, 596-75-8 212.381 5012 0.945720 14341? ІН,0; $ EtOH, 
eth, ctc 

3426 Diethyl dicarbonate Pyrocarbonic acid diethyl ester ^ C.H, 0; 1609-47-8 62.140 93% 1.1202 .3960? — vsace, EtOH, lig 

3427 Diethyl [(diethanolamino)methyl] C;H;,NO;P 2781-11-5 255.249 liq 50001 

phosphonate 

3428 5,5-Diethyldihydro-2 7-1,3- Diethadione CIH, МО; 702-54-5 71.194 cry (eth) 97.5 

oxazine-2,4(3H)-dione 

3429 Diethyl 1,4-dihydro-2,4,6- 3,5-Diethoxycarbonyl-1,4- C4H4NO, 632-93-9 267.322 НЫ flr pl (al) 131 sl Н,0, EtOH, 

rimethyl-3,5- dihydrocollidine eth, CS,; vs 
pyridinedicarboxylate chl 

3430 Diethyldimethyllead Diethyldimethylplumbane C. Hi Pb 1762-27-29 2954 col liq 515 1.7920 

3431 Diethyl 2,6-dimethyl-3,5- Сан, 0, 1149-24-2 251.279 71 301; 208% i H,0; s EtOH, 

pyridinedicarboxylate eth, bz, chl, lig 

3432 Diethyl 3,5-dimethylpyrrole-2,4- СМО, 2436-79-5 239.268 nd (dil а) 137.8 i H5O; 51 EtOH, 

dicarboxylate eth; s ace, bz, 
HOAc 

3433 Diethyl disulfide САН;9; 10-81-6 122.252 liq -101.5 154.0 0.9931? 1.5073? 51 H,0; msc 
EtOH, eth 

3434 N,N-Diethyldodecanamide C, МО 3352-87-2 255.439 166? 0.847% 1.45452 sch 

3435 Diethylene glycol Diglycol САН ба 11-46-6 106.120 liq -104 245.8 1.11975 1.4472? s H,0, EtOH, 
eth, chl 

3436 Diethylene glycol, Oxydi-2,1-ethanediyl (510150, 06-75-2 231.031 liq 1265 1.3920 1.454220 

bischloroformate carbonochloridate 
3437 Diethylene glycol diacetate ولا‎ 628-68-2 190.194 18 200 1.1068" 1.4340? үс EtOH 


3438 Diethylene glycol dibenzoate CigH 20s, 20-55-8 314.333 33.5 280%, 2501 47 vs Н,0, EtOH 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7 3439 Diethylene glycol dibutyl ether — Bis(2-butoxyethyl) ether б, 112732 218332 liq 60 26 08855 (142359 
3440 Diethylene glycol diethyl ether Bis(2-ethoxyethyl) ether CIH, 0; 12-36-7 162227 liq -45 188 0.90632 1.4115? vs H,0, EtOH; s 
eth 
3441 Diethylene glycol dimethacrylate ^ Oxydiethylene methacrylate ЛІП 2358-84-17 242.268 >200; 1508 1.0821? 1.457125 
eth 
3443 Diethylene glycol dinitrate 2,2-Oxybisethanol, dinitrate C H NO; 693-21-0 196.116 4409 
3444 Diethylene glycol monobutyl ether С,Н,0, 12-34-5 162.227 ٩ -68 231 0.9553? 1.4306? msc Н,0; vs 
EtOH, eth, ace; 
sbz 
3445 Diethylene glycol monobutyl ether  2-(2-Butoxyethoxy)ethyl acetate | С,Н%0, 24-17-4 204.264 iq -32 245 0.98520 .4262? уз асе, eth, 
acetate EtOH 
3446 Diethylene glyco 2-(2-Hydroxyethoxy)ethyl C44 О, 41-20-8 288.423 ۴6 17:5 >270 0.96% msc EtOH, eth, 
monododecanoate laurate ace; 5 bz, tol 
3447 Diethylene glycol monoethyl ether Carbitol ІШІН 11-90-0 34173  hyg liq 196 0.988522 1.4300? msc ЊО, EtOH, 
ace, bz; vs eth 
3448 Diethylene glycol monoethyl ether  Carbitol acetate C, H0, 12-152 76.211 liq -25 218.5 .0096? — 1.4213? vsH,0, ace, eth, 
acetate EtOH 
3449 Diethylene glycol топоћеху! ether 2-[2-(Hexyloxy)ethoxylethanol ^ C. H,,0, 12-59-4 90.280 col liq -28 258; 192100 
3450 Diethylene glycol monomethy 2-(2-Methoxyethoxy)ethanol С.Н.05 11-77-3 20.147 193 1.03520 426420 msc H,0, ace; 
ether vs EtOH, eth 
3451 Diethylene glycol топоргору СНО 6881-94-3 48.200 Па -53.3 213; 1244 
ећег 
3452 N,N-Diethyl-1,2-ethanediamine N,N-Diethylethylenediamine C; Hs; 00-36-7 16.204 144 0.82802 — 1.43409 msc H0; s 
EtOH, eth, ctc, 
ol 
3453 N,N-Diethyl-1,2-ethanediamine C Hi N; 11-74-0 16.204 146 082800 1.43409 vs ЫН ећ, 
EtOH, tol 
7 3454 Diehyleher — — — Ehylehr — GHO 602927 74121 liq — — -1162 345 071389 135269 9101186 | 
EtOH, bz, eth; 
уз ace 
3455 Diethyl (ethoxymethylene) 2-Ethoxy-1,1- Cu H440; 87-13-8 216.231 dec 280; 16579 „46009 i H,0; s EtOH, 
malonate bis(ethoxycarbonyl)ethene eth; sl chl 
3456 Diethyl ethylidenemalonate CH, 40, 1462-12-0 86.205 16", 863 1.0404? 1.4308" уз eth, EtOH 
3457 Diethyl ethylmalonate Сон 0, 133-13-1 88.221 208; 982 1.00620 4166” 51,0; vs EtOH, 
eth, асе, chl 
3458 Diethyl ethylphenylmalonate С. 5Н004 76-67-5 264.318 70° 1.0712 „48965 i H,0; s EtOH, 
eth; sl chl 
3459 Diethyl ethylphosphonate C. ЊЕ ОР 78-38-6 66.155 98; 9016 1.0259? 1.4163? sl H,0; s EtOH, 
eth 
3460 N,N-Diethylformamide C;H NO 617-84-5 01147 775 0.908019 1.43215 тс НО, ace, 
bz; vs EtOH, 
eth 
3461 Diethyl fumarate C4H4,0, 623-91-6 72479 0.8 214 04529 14412?  iH;0; sace, chl 
3462 Diethyl glutarate CH, 0, 818-38-2 88221 syrliq -24.1 236.5 02200 142412 vs eth 
3463 3,4-Diethylhexane СН» 19398-77-7 142.282 163.9 0.74725 1.419020 
3464 Di-2-ethylhexyl maleate СаН,0, 142-16-5 340.498 1567 0.9420 
3465 1,2-Diethylhydrazine САН; 1615-80- 88.151 85.5 0.797% 42040 — vs bz, eth, EtOH 
3466 Diethyl 1,2-hydrazinedicarboxylate Diethyl bicarbamate СМО 4114-28-7 76.170 па Py pr 135 dec 250 1.3248 vs eth, НОН 
(w 
3467 Diethyl hydrogen phosphate Diethyl phosphate C,H,,0,P 598-02-7 54101 syr dec 203; 18000 — 1.4170? vs eth 
870.0001 
3468 N,N-Diethyl-4-hydroxy-3- Ethamivan САМО 304-84-7 223.268 95 s chl 
methoxybenzamide 
3469 Diethyl iminodiacetate C4H NO, 6290-05-7 89.210 orth cry 247 dec 
3470 Diethyl isobutylmalonate (54150: 10203-58-4 216.275 0.9804? 1.4236? 1 H,0; vs EtOH, 
eth; s chl 
3471 Diethyl isophthalate Ca2H4404 636-53-3 222.237 11.5 302 112397 15088 i H,0 
3472 Diethyl isopropylidenemalonate Ci Hi 04 6802-75-1 200.232 176.5; 116" 1.028218 — 1.4486" у5 ace, EtOH 
3473 Diethyl isopropylmalonate Ethyl isopropylmalonate Слао, 759-36-4 202.248 215 0.9961? 1.418827 5ІН,0, ctc; vs 
EtOH, eth; s 
chl 
3474 Diethyl ketomalonate Ethyl mesoxalate C;H40; 609-09-6 174151 pa ye grn ой -30 210; 10579 1.14196 1.431022 7 и 
eth, chl; i CS; 
3475 Diethyl malate Diethyl hydroxybutanedioate С4Н 40; 7554-12-3 4 253; 12413 1.12907 
3476 Diethyl maleate Сан 0, 141-05-9 172479 liq -8.8 223 1.066222 1.4416? i H0; s EtOH, 
eth; sl ch 
3477 Diethyl malonate С/Н,0, 105-53-3 160.168 liq -50 200 1.055120 1.4139?  s| Н,0; msc 
EtOH, eth; vs 
ace, bz 
3478 Diethyl mercury C,H, Hg 627-44-1 258.71 159; 576 2.4370 s eth; 51 EtOH 
3479 Diethylmethylamine N-Ethyl- V-methylethanamine быны 616-39-7 87.164 ја -196 66 0.703% .38795 үѕ НО, EtOH, 
ећ 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3480 N,N-Diethyl-2-methylaniline C4 HN 606-46-2 163.260 liq -60 209 0.9286? 1.5153?  s| H,0; msc 
EtOH, eth; s 
cic 
3481 N,N-Diethyl-4-methylaniline C4 HN 613-48-9 163.260 229 0.924216 51 НО; msc 
EtOH, eth 
3482 N,N-Diethyl-3-methylbenzamide DEET Со Мо 134-62-3 191.269 716079, 1117 0.99620 1.521220  vsH,O, bz, eth, 
EtOH 
3483 1,3-Diethyl-5-methylbenzene CuHis 2050-2440 148.245 liq -74.1 205 087480 1.5027? i H,0; msc 
EtOH, eth, ace, 
bz, lig, ctc 
3484 ЛА, NA-Diethyl-2-methyl-1,4- 4-N,N-Diethyl-1,4-diamino-2- С.Н СІМ, 2051-7908 214.735 су 250 дес 
benzenediamine, methylbenzene, hydrochloride 
monohydrochloride 
3485 N,N-Diethyl-3-methylbutanamide — Isovaleryl diethylamide C H, NO 533-32-4 57.253 21 0.87642 1.44220 vs eth, EtOH 
3486 Diethyl methylenesuccinate C.H, 0, 2409-52-1 86.205 58.5 228 1.0467? 14377? төс EtOH; s 
eth, bz; vs ace 
3487 Diethyl methylmalonate С4Н 40; 609-08-5 74.195 201 1.0225? 1.4126?  s|H;0; vs EtOH, 
eth, ace, chl 
3488 Diethyl methylphosphonate CH, ОР 683-08-9 52.129 194 1.0406% 1.4101? 8Н,0, EtOH, 
eth; i bz 
3489 N,N-Diethyl-4-methyl-1- Diethylcarbamazine Сун, NO 90-89-1 99.293 48 1108 
piperazinecarboxamide 
3490 3,3-Diethyl-5-methyl-2,4- Сао, 125-64-4 83.248 75.5 S ЊО, bz, chl, 
piperidinedione EtOH 
3491 N,N-Diethyl-1-naphthalenamine 8 84-95-7 99.292 285 1.0132 1.596122 s EtOH, eth, bz; 
sl cic 
3492 N,N-Diethyl-4-nitroaniline C4 Hu №0, 2216-15-1 94230 уепа (10) 5 1.22555 S EtOH; sl lig 
(al) 
3493 N,N-Diethyl-4-nitrosoaniline C4 H4 N,O 120-22-9 78.280 от тсірг 875 12455 sl Н,0, 5 EtOH, 
(eth) grn If eth, ace, chl 
(ace) 
3494 Diethyl nonanedioate Diethyl azelate C.H, 0, 624-17-9 244328 liq -18.5 2915 097290 14351? i H0; $ EtOH, 
eth 
3495 Diethyl oxalate (5160, 95-92-1 146.141 liq -40.6 185.7 1.0785? 1.410122 51 H,0; msc 
EtOH, eth, ace; 
s clc 
3496 Diethyl oxobutanedioate Diethyl oxalacetate C, H0; 108-56-5 188.178 13124 11319 145617 ІН,0; msc 
EtOH, eth, bz; 
VS ace 
3497 Diethyl 3-oxo-1,5-pentanedioate Diethyl 1,3-acetonedicarboxylate C, H;,0; 105-50-0 202.204 250 111320 sl Н,0: msc 
EtOH 
3498 3,3-Diethylpentane etraethylmethane СН, 1067-20-5 128.255 liq -33.1 1463 075360 1.4206? іН,0; s eth, bz 
3499 N.,N'-Diethyl-1,4-pentanediamine Novoldiamine СоН,№ 140-80-7 158.284 201 0.814% 1.44292 
3500 2,2-Diethyl-4-pentenamide омопа! CH,;NO 512-48-1 155.237 wh pow 75.5 vs eth, EtOH 
3501 Diethyl 2-pentenedioate Diethyl glutaconate Сан 40, 2049-67-4 186.205 237 1.0496? 1.4411? vs eth, EtOH 
3502 Diethylperoxide С.Н 628-37-5 90.121 № -70 65 0.8240 1.3715" 51 H,0; msc 
EtOH, eth 
3503 N,N-Diethyl-10H-phenothiazine- ^ Diethazine Са о 60-91-3 298.446 01 16705 i B,0; s dil НСІ 
10-ethanamine 
3504 N,N-Diethyl-a- N,N-Diethylbenzhydrylamine Сану 519-72-2 239.356 58.5 1707 
phenylbenzenemethanamine 
3505 Diethyl phenylmalonate C. Hi 04 83-13-6 236.264 16.5 dec 205; 16812 109502 1.4977? үѕ ace, EtOH 
3506 Diethyl phenylphosphonite Сон ФР 1638-86-4 198.199 235; 62' 1.03216 
3507 5,5-Diethyl-1-phenyl- Phenetharbital C H, N,0; 357-67-5 260.288 178 vs EtOH 
246(1H3H5H)- 
pyrimidinetrione 
3508 Diethylphosphine C H, P 627-49-6 90.104 85 0.78620 
3509 Diethyl phosphonate C4H,,05P 762-04-9 38.102 546 s ctc 
3510 0,0-Diethyl phosphorodithionate C4H,,0,PS, 298-06-6 86.233 s Н,0 
3511 Diethyl phthalate Со 0, 84-66-2 222.237 liq -40.5 295 1.2324 1.500027 ІН,0; msc 
EtOH, eth; s 
ace, bz, ctc 
3512 3,3-Diethyl-2,4-piperidinedione ^ Piperidione Со МО; 77-03-2 69.221 па (w) 104 vs Н,0, НОН, 
chl, MeOH 
3513 N,N-Diethylpropanamide C;H,4NO 1114-51-8 129.200 191 0.897220 1.4425? vs EtOH 
3514 N,N-Diethyl-1,3-propanediamine CH, N, 104-78-9 30.231 168.5 0.82220 443% 
3515 Diethylpropanedioic acid Diethylmalonic acid C7H,,0, 510-20-3 60.168 рг (w,bz) 127 dec vs H,0, EtOH, 
eth; sl bz, chl 
3516 2,2-Diethyl-1,3-propanediol CH, 0, 115-76-4 32.201 61.5 240.5 1.0502 45745 vs H,0, EtOH, 
eth; s chl 
3517 Diethyl 2-propylmalonate C.H, 0, 2163-48-6 202.248 221; 1142 0.98920 419722 51,0; vs EtOH, 
ећ 
3518 N,N-Diethyl-3- Nikethamide C OH, N,0 59-26-7 78.230 уе зоћд ог 25 dec 280; 175% 1.060% 5259 — s| DMSO 
pyridinecarboxamide visc liq 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3519 N,N-Diethyl-4- Isonicotinic acid diethylamide С,Ң,М,0 5930405 178.230 119! 15259 vsH,0,ace, eth, 
pyridinecarboxamide EtOH 

3520 3,3-Diethyl-2,4(1H,3H)- Pyrithyldione Сон а МО; 77-04-3 167.205 90.7 
pyridinedione 
3521 Diethyl sebacate C H; 0, 110-40-7 258.354 25 305; 18879 0.9646? 1.4306? 51 Н0, ctc; $ 
EtOH, ace; i bz 
3522 Diethyl selenide C,H, Se 627-53-2 137.08 рауе 55 108 12300? 1.476820 
3523 Diethylsilane (C HuoSi 542-91-6 88.224 liq -134.3 57 068430 1.392122 iHj0 
3524 trans-Diethylstilbestrol Слао 56-53-1 268.351 pl (bz) 170.5 vs eth, EtOH 
chl 
3525 trans-Diethylstilbestrol Clinestrol Cj Ho 04 130-80-3 380477 pr (MeOH) 104 vs bz, eth, EtOH 
dipropanoate 
3526 trans-Diethylstilbestrol Mestilbol CigH об, 18839-90-2 282.377 па (bz-peth) 117.5 19003 vs ace, eth, 
monomethyl ether EtOH 
3527 Diethyl succinate Ethyl succinate Сен, 123-25-1 741% liq -21 217.7 1.0402? 14201? ІН,0; msc 
EtOH, eth; s 
ace, chl 
3528 Diethyl sulfate САН 90,5 64-67-5 54.185 oi -24 208 11725 13989? | in msc 
EtOH, eth 
3529 Diethyl sulfide СН, 352-93-2 90.187 liq -103.91 92.1 0.8362? 144302 s n Cic; 5 
EtOH, eth 
3530 Diethyl sulfite Ethyl sulfite САН 0,5 623-81-4 38.185 158; 5113 1:12 14310? 5 EtOH, eth 
3531 Diethyl sulfone Ethyl sulfone С.Н (0,5 597-35-3 22186 orth pl 735 248 1.3572 S Н,0, eth; vs 
bz; i peth 
3532 Diethyl sulfoxide САН 05 70-29-1 06.186 syr 14 104%, 905. 1.009222 vs H,0, eth, 
EtOH 
3533 Diethyl DL-tartrate C; H0; 57968-71-5 206.193 18.7 281; 15814 1.20462 1.4438?  s| H,0; msc 
EtOH, eth; s 
ace, ctc 
3534 Diethyl telluride C.H. Te 627-54-3 85.72  red-ye 137.5 1.5995 51825 vs EtOH 
3535 Diethyl terephthalate Са, 636-09-9 222.237 псі | (al, 44 302 1.0989% i H30; vs EtOH, 
peth eth 
3536 Diethyl thiodipropionate Сл 0,5 673-79-0 234.313 174%, 1212 1.103420 1.4655? 
3537 N,N-Diethylthiourea C;H N.S 105-55-5 32.227 78 dec S H50, EtOH; vs 
eth; sl ctc 
3538 N,N-Diethyl-1,1,1- (Diethylamino)trimethylsilane ^ C.H,NSi 996-50-9 45.319 126.3 0.76272 8 
trimethylsilanamine 
3539 Diethyltrisulfide СН (93 3600-24-6 54,317 -12.6 85% 1.10822 1.568973 
3540 N,N-Diethylurea СНО 634-95-7 16.161 pl. па (eth) 75 95002 vs Н;0, EtOH, 
bz, lig; s eth 
3541 N,N-Diethylurea СНО 623-76-7 16.161 tab (lig), hyg 112.5 263 1.04155 146160 vs ЊО, EtOH, 
nd (al) eth 
3542 Diethyl vinylphosphonate C H, ОР 682-30-4 64.139 1102 1.068% 4290 
3543 Diethyl zinc Zinc diethyl C H. Zn 557-20-0 23.531  colliq -28 118; 80200 1.2065? 1.4936? dec Н,0; msc 
eth, peth, bz 
3544 Difenoconazole С СМО, 119446-68-3 406.262 76 220003 
3545 Difenzoquat methyl sulfate 1H-Pyrazolium, 1,2-dimethyl- Сан N,0,S 43222-48-6 360.428 157 
3,5-diphenyl-, methyl sulfate 
3546 Diflubenzuron N-[[(4-Chlorophenyl)amino] CaH CIENO,  35367-38-5 310.683 239 
carbonyl]-2,6- 
difluorobenzamide 
3547 Difluoroacetic acid СНО 381-73-7 96.033 _ liq -1 133 15265 1.347020 
3548 2,4-Difluoroaniline C H;F,N 367-25-9 29408 liq -7.5 170 1.2685 1.506320 
3549 o-Difluorobenzene 1,2-Difluorobenzene A 367-11-3 14093 lig -47.1 94 1.159918 1.445178 i H,0; s ace, bz, 
chl 
3550 m-Difluorobenzene 1,3-Difluorobenzene ІЛЕ 372-18-9 14.093 liq -69.12 82.6 1.15722 1.437422 i H,0; s ace, bz 
3551 p-Difluorobenzene 1,4-Difluorobenzene ІЛЕ 540-36-3 14093 liq -23.55 89 1.1701? 1.4422? H,0; s ace, bz; 
sl ctc 
3552 44'"-Difluoro-1,1'-biphenyl 4,4'-Difluorodiphenyl Со 398-23-2 90.189 mcl pr (al) № 945 254.5 i H,0; vs EtOH, 
(w) bz, chl; s eth, 
ace 
3553 1,1-Difluorocyclohexane Cs Hass 371-90-4 20.140 liq 99.5 
3554 3,3-Difluorocyclopropene واا‎ 56830-75-2 76.045 liq 34 
3555 Difluorodimethylsilane ادم ما ان‎ 353-66-2 96.152 _ col gas -87.5 25 
3556 1,5-Difluoro-2,4-dinitrobenzene СЕЊ МО 327-92-4 204.088 75.5 1322 51 EtOH 
3557 Difluorodiphenylsilane اا‎ oF اک‎ 312-40-3 220.290 246; 157% 11457 152215 
3558 1,1-Difluoroethane Ethylidene difluoride CHF, 75-37-6 66.050 col gas -117 -24.05 0.8962 13011? 
>1 
pf 
3559 1,2-Difluoroethane Ethylene difluoride С.Н, 624-72-6 66.050 vol liq 26 vs bz, eth, chl 
3560 1,1-Difluoroethene Vinylidene fluoride واا‎ 75-38-7 64.034 со! gas -144 -85.7 vs eth, EtOH 
3561 cis-1,2-Difluoroethene Cis-1,2-Difluoroethylene CHF, 1630-77-9 64.034 col gas -26 
3562 trans-1,2-Difluoroethene trans-1,2-Difluoroethylene CHF, 1630-78-0 64.034 col gas -53.1 
3563 Difluoromethane Methylene fluoride CHF, 15-10-5 52.024 _ со! gas -136.8 1р -51.6 1.213952 i B,0; s EtOH 
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3-174 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3564 2-(Difluoromethoxy)-1,1,1- Difluoromethyl 2,2,2- СЊЕО 1885-48-90 150.047 col liq 29 
trifluoroethane trifluoroethyl ether 
3565 Difluoromethylborane СН.ВЕ, 373-64-8 63.843 gas -18.5287 reac Н,0 
3566 2,4-Difluoro-1-nitrobenzene C ;H,F,N0, 446-35-5 159.091 9.8 207 1.457174 1.51494 slchi 
3567 2,2-Difluoropropane CHF; 420-45-1 80.077 col gas -104.8 -0.4 0.9205? 1.290420 
(p»1 atm) 
3568 1,3-Difluoro-2-propanol CH F,0 453-13-4 96.076 127; 55% 1.245 1.372520 
3569 Di-2-furanylethanedione Сао, 492-94-4 190.153 уе па (а), 166.3 SI Н,0; $ EtOH, 
cry (bz) eth, bz, chl 
3570 Di-2-furanylethanedione dioxime — oc-Furildioxime С.оНа№0, 522-27-0 220.182 167 sl EtOH, eth, bz, 
ig 
3571 1,5-Di-2-furanyl-1,4-pentadien-3- СаН,0; 886-77-1 214216 hyg pr (peth) 60.5 1814 vs eth, НОН, 
one ye pr (lig) ch 
3572 Difurfuryl disulfide Furfuryl disulfide C H, 0,S; 4437-20-1 226.315 10 16713, 11205 vs EtOH 
3573 Difurfuryl ether Furfuryl ether С.Н, 003 4437-22-3 178.184 1012 1.1405? 1.50882 0 
3574 Digitonin СН 05s 11024-24-1 1229.312 237.5 
3575 Digitoxigenin СА 0, 143-62-4 374.514 253 S НОН; vs 
еон 
3576 Digitoxin СиНы Оз 11-63-6 764939  pr(dilal) 2555 8|Н,0:48 EtOH; 
S eth, chl, 
e0H, py 
3577 Digitoxose Сен 0, 527-52-6 148.157 шу 112 vs Н,0, ace; s 
(MeOH«eth) py, AcOEt 
3578 Diglycidyl ether Bis(2,3-epoxypropyl) ether (5Н0з3 2238-07-5 130.141 260 1.119520 
3579 Diglycolic acid 2,2'-Oxydiacetic acid C,H,0; 110-99-6 134.088 mcl pr (w+ 148 dec vs НО, eth, 
1 EtOH 
3580 Digoxigenin СаН;06 1672-46-4 390.513 pr (AcOEt) 222 vs EtOH, MeOH; 
$1 ch 
3581 Digoxin Са Нол 20830-75-5 780.939 trc pl (dil al, 249 dec vs EtOH 
py) 
3582 Diheptylamine N-Heptyl-1-heptanamine ІЛ! 2470-68-0 213403 nd 315 271; 135? 0.79567! SI Њ0; s EtOH; 
vs eth 
3583 Diheptyl ether Heptyl ether CH 0 629-64-1 214.387 258.5 0.8008 1.4275? vs eth, EtOH 
3584 Diheptyl phthalate C» Ha 04 3648-21-3 362.503 360 
3585 Diheptyl sulfide Heptyl sulfide و‎ 629-65-2 230.453 70 298 0.8416? 1.4606% i H,0; s eth 
3586 Dihexylamine N-Hexyl-1-hexanamine C HN 143-16-8 185.849 liq -13.1 236; 75! 0.78892 1.4339 5 EtOH, eth 
3587 Dihexyl ether Hexyl ether CH; 0 112-58-3 186.333 226 079360 1.4204? 1 H,0; s eth; sl 
cic 
3588 Dihexyl hexanedioate Cis Ha 04 110-33-8 314461 liq -9 348; 182.5^ 0.94120 
3589 Dihexyl phthalate Cos Ha 04 84-75-3 334.450 2105 
3590 Dihexyl sulfide Hexyl sulfide CH; S 6294-31-1 9 230; 13620 0.8411? 1.458620 
3591 15,16-Dihydroaflatoxin б, Aflatoxin G; САО; 7241-98-7 9 239.3 
3592 9,10-Dihydroanthracene CH; 613-31-0 180.245 tab or pr 111 305 215% i H,0; $ EtOH, 
eth, bz, chl 
3593 6,15-Dihydro-5,9,14,18- Indanthrene СН. №0, 81-77-6 442422 Ы nd 485 dec i H5O, EtOH, 
anthrazinetetrone eth, ace, bz; s 
PhNO,, dil alk 
3594 1,2-Dihydrobenz[jlaceanthrylene  Cholanthrene СН. 479-23-2 254325 payelf(bz- 174 1620; s EtOH, 
al) bz, НОАс, lig, 
tol 
3595 9,10-Dihydro-9,10[12']- Triptycene Сан 417-15-8 254.325 cry (cyhex) 256 
benzenoanthracene 
3596 1,3-Dihydro-2H-benzimidazole-2- 2-Benzimidazolethiol CH, ,N,S 583-39-1 50.201 pl(dilalor 298 vs EtOH 
thione NH) 
3597 1,3-Dihydro-2 H-benzimidazol-2- СНО 615-16-7 34435 If(woral) 318 дес 51 Њ0, eth, bz; 
one S ace; vs EtOH 
3598 2,3-Dihydro-1,4-benzodioxin (1,0, 493-09-4 36.149 212: 1039 1180? 154852 
3599 2,3-Dihydrobenzofuran Coumaran C,H,0 496-16-2 20449 liq -215 188.5 1.0585 1.549722 vs eth, EtOH, 
chl 
3600 3,4-Dihydro-1H-2-benzopyran Isochroman C;H4,0 493-05-0 34.174 4 11025, 9012 1.0075 1.544420 
3601 3,4-Dihydro-2 H-1-benzopyran C;H4,0 493-08-3 34174 48 215; 988 1.0729 1.5444? sH,0; msc os 
3602 3,4-Dihydro-2H-1-benzopyran-2- C, H,O; 19-84-6 48.159 | 25 272 11698 1.556320 1 H,0; sl EtOH, 
one eth, ctc; s chl 
3603 2,3-Dihydro-4H-1-benzopyran-4- 4-Сһготапопе Сао; 491-37-2 48.159 36.5 16050, 1273 11291'@ 1,5750 5 EtOH; vs eth, 
опе ace, bz, chl; sl 
cic 
3604 6,7-Dihydrobenzo[b]thiophen- 4,5,6,7-Tetrahydro-4- C H,0S 3414-95-4 152.214 sl chl 
4(5H)-one benzothiophenone 
3605 2,3-Dihydro-4H-1- C H,0S 3528-17-4 64.224 29 154? 1.2487" 1.639520 
benzothiopyran-4-one 
3606 4,5-Dihydro-2-benzyl-1 H- Tolazoline СН № 59-98-3 60.215 cry (peth) 67 
imidazole 
3607 7,8-Dihydrobiopterin СМО 6779-87-9 239231  hyg nd (м) $ Н,0 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3608 Dihydrocodeine C Ho NO; 25-28-0 301.381 cry (ад, 1125 248° 
Me0H) 
3609 16,17-Dihydro-15/-cyclopenta[a] 1,2-Cyclopentenophenanthrene Сун, 482-66-6 218.293 па (al, petr) 1355 i H20; s EtOH, 
phenanthrene peth 
3610 10,11-Dihydro-5H-dibenz[b,f] Са 494-19-9 195.260 s chl 
azepine 
3611 10,11-Dihydro-5H-dibenzola,d] C4 H0 210-35-1 208.255 30 203! 1.163522 1.632420 
cyclohepten-5-one 
3612 2,5-Dihydro-2,5-dimethoxyfuran C.H, 0, 332-77-4 130.141 161 10735 1.433920 
3613 3,4-Dihydro-6,7-dimethoxy-1(2H) Corydaldine Ca H, NO, 493-49-2 207.226 mcl pr (w, al) 175 vs Н,0, bz, eth, 
-isoquinolinone EtOH 
3614 1,2-Dihydro-1,5-dimethyl-2- Antipyrine СНО 60-80-0 188.225 Ifor sc (eth, 114 319 vs Н,0, EtOH 
рїїепу!-3Н-руга201-3-опе bz) 
3615 2,3-Dihydro-1,4-dioxin C,H,0, 543-75-9 86.090 941 1.08362 1.43720 s ctc 
3616 9,10-Dihydro-9,10-dioxo-2- Ci H&O, 117-78-2 252.223 уе nd 291 sub sl EtOH, HOAc; 
anthracenecarboxylic acid (НОАс) i eth, bz; s асе 
3617 9,10-Dihydro-9,10-dioxo-1,5- С.,Н,0,5, 117-14-6 368.339 ув па (НСІ 310 dec vs Н,0, ЕЮН, 
anthracenedisulfonic acid +4w) pl (dil HOAc 
HOAc) 
3618 9,10-Dihydro-9,10-dioxo-2,6- 0.405; 84-50-4 368.339 vs Н,0:5 НОН; 
anthracenedisulfonic acid i eth, bz 
3619 9,10-Dihydro-9,10-dioxo-1- C H,0,S 82-49-5 288276 If (HOAc) ye 216.0 vs ЊО, НОАс; s 
anthracenesulfonic acid If (conc EtOH 
HCI, +3w) 
3620 9,10-Dihydro-9,10-dioxo-2- С.4Нз055 84-48-0 288.276 уе If («3w) vs H,0; s EtOH; 
anthracenesulfonic acid i eth 
3621 9,10-Dihydro-9,10-dioxo-1- Sodium anthraquinone-1- С,Н,М00,5 28-56-3 310.258 уе If (w) sl 0 
anthracenesulfonic acid, sodium sulfonate 
sal 
3622 9,10-Dihydro-9,10-dioxo-2- C H,Na0,S 31-08-8 310.258 si DMS0 
anthracenesulfonic acid, sodium 
за 
3623 7,8-Dihydrofolic acid САМО 4033-27-6 443413 yecry 
3624 2,3-Dihydrofuran C,H,0 191-99-7 70.090 54.5 0.927% 1.423920 
3625 2,5-Dihydrofuran C,H,0 708-29-8 0 1.431120 
3626 2,3-Dihydro-3-hydroxy-1-methyl- Adrenochrome СНО; 54-06-8 79.172 125 dec vs Н,0, EtOH; i 
1H-indole-5,6-dione eth, bz 
3627 2,3-Dihydro-1 H-inden-5-amine СМ 24425-40-9 133190 па (peth) 37.5 248; 1315 sl Н,0, chl; s 
eth, ace, bz 
3628 2,3-Dihydro-1 H-inden-1-0l Сан 0 6351-10-6 34174 pl (peth) 548 220; 12872 vs bz, НОН, chl 
3629 2,3-Dihydro-1 H-inden-5-ol C;H4,0 1470-94-6 34174 58 253 51 Н,0, peth; vs 
EtOH, eth; s 
sulf 
3630 2,3-Dihydro-1 H-inden-1-one С-Н,0 83-33-0 32.159 Ча, па (м+3) 42 243; 129? 1.0943? 1.561% <ІН,0;/5 ОН, 
eth, ace, chl 
3631 1,3-Dihydro-2 H-inden-2-one 2-Indanone СО 615-13-4 32.159 па (al, eth) 59 дес 218 1.07129 1538 i H,0; vs EtOH, 
eth, ace, chl 
3632 1a,6a-Dihydro-6H-indeno[1 ,2-b] СО 768-22-9 32.159 245 11320, 986 1.1255% s chl 
oxirene 
3633 2,3-Dihydro-1 H-indole Сан 496-15- 19.164 229 1.069? 1.592322 sl H,0; s eth, 
ace, bz 
3634 1,3-Dihydro-2 H-indol-2-one C,H;NO 59-48-3 33.148 па (м) 128 22723, 19517 S H5O, EtOH, eth 
3635 2,3-Dihydro-1 H-isoindol-1-one C,H;NO 480-91- 33.148 па (м) 151 338; 10319 vs eth, НОН, 
chl 
3636 Dihydro-o-lipoic acid 6,8-Dimercaptooctanoic acid Сан 605; 462-20-4 208.342 уе liq 14502 
3637 34-Dihydro-6-methoxy-1(2H)- ^ 6-Methoxy-a--tetralone 0,Н,0, 078-19-9 76.212 cry (MeOH, 78 1711 
naphthalenone lig) 
3638 3,4-Dihydro-2-methoxy-2 H-pyran СН, 0» 4454-05-1 14442 liq 128 1.006 44209 
3639 1,2-Dihydro-3-methylbenz[j] 3-Methylcholanthrene СН» 56-49-5 268.352 yend(bz 0 2808 1.2820 i H,0 
aceanthrylene 
3640 2,3-Dihydro-2-methylbenzofuran Сан 00 746-11-8 34.174 197.5 1.0615 5308 
3641 Dihydro-3-methylene-2,5- С-Н,0; 2170-03-8 12.084 orth Брут 69 13930, 11418 Sl eth; vs chl 
furandione pr (eth, chl) 
3642 Dihydro-3-methylene-2(3 H)- о-Мвілуіепе butyrolactone C5H,0, 547-65-9 98.101 857) 1.120622 1.4650? 5Н,0, eth, ace, 
furanone bz; sl ctc; vs 
EtOH 
3643 Dihydro-3-methyl-2,5-furandione С.Н03 4100-80-5 114.100 34 239 1.228 
3644 Dihydro-3-methyl-2(3A)-furanone  2-Methyl-y-butyrolactone ШІЛ 1679-47-6 100117 liq 200; 0 1.05709 1.432520 
3645 Dihydro-4-methyl-2(3H)-furanone 3-Methyl-y-butyrolactone C;H,0; 1679-49-8 100417 liq 76" 1.05820 „43392 
3646 Dihydro-5-methyl-2(3H)- (3)-y-Valerolactone C;H,0; 57129-69-8 100.117 liq -31 206 1.0551? 1.4320? msc Н,0; $ 
furanone, (+) EtOH, ace; sl 
ctc 
3647 4,5-Dihydro-2-methyl-1 H- Lysidine و٢‎ 534-26-9 84120 уд 107 196.5 vs Н,0, EtOH; i 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3648 1,3-Dihydro-1-methyl-2 H- Methimazole CH N.S 60-56-0 114169 If (al) 146 dec 280 vs H,0; s EtOH, 
imidazole-2-thione chl; sl eth, bz, 
lig 
3649 2,3-Dihydro-1-methyl-1 H-indene Сә 767-58-8 132.202 190.6 0.938% 1.526620 1Н,0 
3650 3,4-Dihydro-2-methyl-1(2H)- C, !و‎ 1590-08-5 160.212 15 13616 1.0575 1.553520 
naphthalenone 
3651 4-(4,5-Dihydro-3-methyl-5-oxo- CIH, N,0,S 89-36-1 254.262 па (w+1) =300 дес 
1H-pyrazol-1-yl)benzenesulfonic 
acid 
3652 1,2-Dihydro-5-methyl-2-phenyl- - 5-Hydroxy-3-methyl-1- СНО 19735-89-8 174198 128 28705 1917 126009 1.637 $ H,0, EtOH; sl 
3H-pyrazol-3-one phenylpyrazole bz; i peth 
3653 2,4-Dihydro-5-methyl-2-phenyl- Сао N,0 89-25-8 74198  mclpr(w) 127 2875, 19177 637 
3H-pyrazol-3-one 
3654 3,6-Dihydro-4-methyl-2 H-pyran C.H, 0 16302-35-5 98442 1175 0.912% 449520 
3655 4,5-Dihydro-2-methylthiazole C,H;NS 2346-00-1 01471 Па -101 145 1.0675 520020 
3656 1,2-Dihydronaphthalene Ооо 441-53-0 30.186 liq -8 206.5 0.99742 1.581420 
3657 1,4-Dihydronaphthalene А 2-Dialin CigHig 612-17-9 30.186 р 25 2115 0.99289 1.557720 
3658 3,4-Dihydro-2(1H)-naphthalenone لم‎ 530-93-8 46.185 18 237 1055? 155980 i НО; s eth, bz 
3659 1,2-рћудго-5- Са HNO, 602-87-9 99.205 103 S H,0, EtOH, 
nitroacenaphthylene eth, lig 
3660 1,6-Dihydro-6-oxo-3- СНО, 5006-66-6 139409  nd(w) 310 dec sub sl H0, На; i 
pyridinecarboxylic acid EtOH, eth, bz, 
chl 
3661 Dihydro-5-pentyl-2(3A)-furanone — 4-Hydroxynonanoic acid lactone C; H440; 104-61-0 56.222 oil 13412 
3662 9,10-Dihydrophenanthrene С.Н 776-35-2 80.245 па (MeOH) 345 168" 1.0757" 1.6415? sch 
3663 2,3-Dihydro-2-phenyl-4H-1- Ci Н 0; 487-26-3 224255 nd (lig) 76 1620; s ace, bz; 
benzopyran-4-one sl cic 
3664 4,5-Dihydro-2-(phenylmethyl)- СН СІМ, 59-97-2 96.676 174 
1H-imidazole, 
monohydrochloride 
3665 4,5-Dihydro-5-phenyl-2- Aminorex CoH oh, 2207-50-3 62.187 cry (bz) 137 
oxazolamine 
3666 1,4-Dihydro-1-phenyl-5 А 1-Phenyl-5-mercapto-1 H- C;H,N,S 86-93-1 78.215 145 
tetrazole-5-thione tetrazole 
3667 Dihydro-5-propyl-2(3H)-furanone  »y-Propyl-y-butyrolactone C;H4)0; 105-21-5 28.169 845 1.43855 
3668 2,3-Dihydro-6-propyl-2-thioxo- ^ Propylthiouracil CH, N,0S 51-52-5 70.231 мром(м) 219 sl H,0, chl, 
4(1H)-pyrimidinone DMSO, EtOH; i 
eth, bz 
3669 1,7-Dihydro-6H-purine-6-thione  6-Mercaptopurine C.H,N,S 50-44-2 52.178 ye pr (w, +1 313 дес i H0; s alk 
w) 
3670 3,4-Dihydro-2 Н-ругап C;H,0 10-87-2 84117 86 0.921 144029 s H;0, EtOH; sl 
ch 
3671 3,6-Dihydro-2 Н-ругап C;H,0 3174-74-1 84.117 liq 9 0.9419 
3672 Dihydro-2H-pyran-2,6(3)-dione СНО, 08-55-4 14.100 56.3 1585 1.411020 
3673 4,5-Dihydro-1H-pyrazole 2-Pyrazoline ШИ 09-98-8 70.093 144 1.02007 1.4796" уз H,0, eth, 
EtOH 
3674 1,2-Dihydro-3,6-pyridazinedione  Maleic hydrazide C H,N,0; 23-33-1 12087 cry (w) 307 81.620, EtOH, На 
3675 Dihydro-2,4(1H,3H)- 5,6-Dihydrouracil C H ,N,0; 504-07-4 14.103 па (м) 275.5 vs Н,0; s EtOH, 
pyrimidinedione chl, MeOH 
3676 2,5-Dihydro-1 H-pyrrole 3-Pyrroline C.H; 09-96-6 6 90.5 0.9097? 1.4664? vsH,0, ace, eth, 
EtOH 
3677 3,4-Dihydro-2(1H)-quinolinone __ Hydrocarbostyril CHNO 553-03-7 47.173 pr (al, eth) 1635 201% vs eth, НОН 
3678 1,4-Dihydro-2,3-quinoxalinedione . 2,3-Quinoxalinediol CIH NO; 5804-19-0 162446 па (м) 410 vs Н,0:8| EtOH, 
eth; s bz, 
DMSO, HOAc 
3679 Dihydrotachysterol Cog yO 67-96-9 398.664 cry (MeOH) 131 i H,0; s os 
3680 Dihydrothebaine СН М0; 561-25-1 313.391 162.5 i H,0; s EtOH, 
bz, АсОЕ 
3681 4,5-Dihydro-2-thiazolamine C,H4N;S 719-81-3 02.158 nd or If (bz) 853 dec vs Н,0, EtOH, 
bz, chl 
3682 2,3-Dihydrothiophene С.Н 120-59-8 86.156 1121 
3683 2,5-Dihydrothiophene С.Н 708-32-3 86156 122.4 
3684 2,5-Dihydrothiophene 1,1-dioxide  3-Sulfolene C,H,0;S 11-19-2 18.155 645 s chl 
3685 Dihydro-2(3H)-thiophenone C H,0S 003-10-7 02.155 1115, 391 118% 1.523020 
3686 Dihydro-2-thioxo-4,6(1H,5H)- 2-Thiobarbituric acid C H,N,0,S 504-17-6 44152 pl (м) 235 дес SI Н,0; $ EtOH, 
pyrimidinedione dil alk, dil НСІ 
3687 2,3-Dihydro-2-thioxo-4(1 H)- 2-Thiouracil C,H,N,0S 41-90-2 28.152 рг (w, al) >340 dec SI Н,0, EtOH, 
pyrimidinone DMSO; s anh 
HF 
3688 1,2-Dihydro-3H-1,2,4-triazole-3- CH,N.S 3179-31-5 01.130 222.5 s DMS0 
thione 
3689 (1,3-Dihydro-1,3,3-trimethyl-2 H- C4 His NO 84-03-3 201.264 schl 
indol-2-ylidene)acetaldehyde 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form mp/'C bp/'C gcm? n, Solubility 
3690 2,3-Dihydro-1,1,3-trimethyl-3- байж 3910-35-8 236352 tcl pr (al) 525 308.5 1.0009? 1.5681? i H0; s EtOH, 
phenyl-1 H-indene bz, Me0H 
3691 1,2-Dihydro-2,2,4- Соны 147-47-7 173.254 26.5 260; 13213 
trimethylquinoline 
3692 1,4-Dihydroxy-9,10- Quinizarin CuH, 0, 81-64-1 240.212 увгей!Цейт) 200 S Н,0, EtOH, 
anthracenedione dk red nd eth, bz, KOH, 
sulf 
3693 1,5-Dihydroxy-9,10- Anthrarufin C4H40, 117-12-4 240.212 paye pl (01 280 sub i H0; sl EtOH, 
anthracenedione HOAc) eth, ace, CS; S 
bz 
3694 1,8-Dihydroxy-9,10- Danthron 0,410, 117-10-2 240.212 redorred-ye 193 sub i H,0; 51 EtOH, 
anthracenedione nd or If (al) eth; s ace, 
HOAc, alk 
3695 2,6-Dihydroxy-9,10- C,,H,0, 84-60-6 240.212 уе nd (al) 360 dec SI Н,0, EtOH; | 
anthracenedione eth, bz, chl; s 
alk 
3696 2,7-Dihydroxy-9,10- CuH, 0, 572-93-0 240.212 уе па (+1м, 353.8 sub iH;0; s EtOH; sl 
anthracenedione dil al) nd eth, bz, chl 
(sub) 
3697 2,2-Dihydroxyazobenzene CH, О; 2050-1448 214219 gold-yelf 173 14000 i B,0; 51 EtOH, 
(bz), nd (al) bz; vs eth; s 
con alk 
3698 2,3-Dihydroxybenzaldehyde С-Н,0, 24677-18-9 138.121 ye nd 108 235; 12016 vs ace, EtOH, 
HOAc 
3699 2,4-Dihydroxybenzaldehyde B-Resorcylaldehyde С-Н,0, 95-01-2 38.121  nd(eth-lig) 5 226? s Н;0, НОАс; vs 
EtOH, eth, chl; 
sl bz 
3700 2,5-Dihydroxybenzaldehyde С-Н,0, 1194-98-5 38121 уе nd (bz) 1000 vs Н,0, EtOH, 
ch 
3701 3,4-Dihydroxybenzaldehyde Protocatechualdehyde C; HO, 139-85-5 38.121 If (w, to) 153 dec s H,O; vs EtOH, 
eth 
3702 N2-Dihydroxybenzamide Salicylhydroxamic acid C;H;N0, 89-73-6 53436 па (НОАс) 168 sub 51 Н,0, DMSO; 
vs EtOH, eth; s 
HOAc 
3703 2,5-Dihydroxybenzeneacetic acid ^ Homogentisic acid С.Н0, 451-13-8 68.148 рг(м+1), If 153 vs Н,0, EtOH, 
(al-chl) eth; i bz, chl 
3704 2,3-Dihydroxybenzoic acid СНО, 303-38-8 54.121 pr or nd 205.5 1.54220 $ Н,0, EtOH, 
(w+) eth; sl ace 
3705 2,4-Dihydroxybenzoic acid B-Resorcylic acid СНО, 89-86-1 54121 cry («w) 226 dec S Н,0, EtOH, 
eth, bz; i CS; 
3706 2,5-Dihydroxybenzoic acid Gentisic acid СНО, 490-79-9 54121 ndorpr(w) 1995 vs Н,0, ЕЮН, 
eth; s ace; i bz, 
chl, CS; 
3707 2,6-Dihydroxybenzoic acid СНО, 303-07-1 54421 па (+w) 167 dec S ЊО, EtOH, 
eth; i chl; sl tfa 
3708 3,4-Dihydroxybenzoic acid Protocatechuic acid СНО, 99-50-3 54121 mclnd(w+1) 201 dec 1.5244 SI H;O; vs EtOH; 
s eth; i bz 
3709 3,5-Dihydroxybenzoic acid СНО, 99-10-5 54.121 pror nd 239 SI Њ0, ace; vs 
EtOH, eth 
3710 2,2'-Dihydroxybenzophenone Bis(2-hydroxyphenyl) ketone С.Н,0, 835-11-0 214.216 59.5 333 i H,0; s EtOH, 
eth, chl 
3711 44"-Dihydroxybenzophenone Bis(4-hydroxyphenyl) ketone Сао 611-99-4 214.216 па (lig), cry 210 1.133131 SI Н,0; s EtOH, 
(w) eth, ace; i bz, 
5, 
3712 6,7-Dihydroxy-2H-1-benzopyran- Esculetin Сабо, 305-01-1 178.142 па (м), рг 276 sub SI Н,0, eth; s 
2-0ne (НОАс) If EtOH, ace, chl, 
(sub) AcOEt 
3713 7,8-Dihydroxy-2H-1-benzopyran- Daphnetin Сабо, 486-35-1 178.142 уе nd (dil al) 262 sub S НО, EtOH; sl 
2-опе eth, bz, chl, 
CS, 
3714 2,4-Dihydroxybutanoic acid C,H,0, 518-62-3 120105 liq 963 
3715 3,6-Dihydroxycholan-24-oic acid, Hyodeoxycholic acid (5419 83-49-8 392.573 cry (AcOEt) 1985 SI Н,0, eth, ace, 
(30,58, 60x) bz; s EtOH, 
HOAc 
3716 3,7-Dihydroxycholan-24-oic acid, Ursodiol СА 0, 28-13-2 392.573 рі (al) 203 vs EtOH; sl eth 
(Зо,5В,7В) 
3717 3,7-Dihydroxycholan-24-oic acid, 00101 (5150, 474-25-9 392.573 nd 119 i H5O, bz; vs 
(30,5, 70) (EtOAc+he EtOH, ace; s 
p) eth, HOAc 
3718 1,25-Dihydroxycholecalciferol Calcitriol C; H0; 32222-06-3 416.636 whcrypow 115 sl EtOH, MeOH, 
hf, AcOEt 
3719 2,5-Dihydroxy-2,5- СНО, 615-94-1 140.094 dk ye nd 211 SI H;O, ace, 
cyclohexadiene-1,4-dione DMSO; $ 
EtOH, НОАс; i 
eth 
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3-182 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C g cm? Solubility 
3720 2,3-Dihydroxy-2-cyclopenten-1- ^ Reductic acid 0580; 80-72-8 114.100 212 S Н,0, EtOH; sl 
one eth, ace, 
AcOEt; i bz 
3721 2,6-Dihydroxy-2,6-dimethyl-4- Di(2-hydroxy-2-methylpropyl) 04Ң;0; 3682-91-5 174.237 pale уе cry 
heptanone ketone 
3722 2,2-Dihydroxydiphenylmethane ^ 2,2'-Methylenebisphenol C, H,,0; 2467-02-9 200.233 118.3 363 1.28025 
3723 4,4-Dihydroxydiphenyl sulfide 4,4-Thiobisphenol Со و‎ 09 2664-63-3 218271 тсіргогії 151 51 HO, EtOH, 
(al) eth, CS, 

3724 1,8-Dihydroxy-3-(hydroxymethyl)- Aloe-emodol С.Н 0; 481-72-1 270.237 огап уе па 223.5 sub vs bz, eth, EtOH 

9,10-anthracenedione (to, al) 

3725 2,3-Dihydroxymaleic acid Dihydroxymaleic acid C,H,0, 526-84-1 148.071 pl (w+2) 155 dec SI Н,0, eth, 
МеОН, s EtOH 

3726 о,4-Піһуйгоху-3- Vanilmandelic acid С.Н, 05 55-10-7 198.172 sc(bz-eth) 132 дес vs Н,0, ace, eth 

methoxybenzeneacetic acid 

3727 7,8-Dihydroxy-6-methoxy-2H-1- ^ Fraxetin C H;0; 574-84-5 208.168 pl (dil al) 231 vs EtOH 

benzopyran-2-one 

3728 5,7-Dihydroxy-3-(4- C, H4;0; 491-80-5 284.263 2148 

methoxyphenyl)-4 H-1- 
benzopyran-4-one 

3729 (2,6-Dihydroxy-4-methoxyphenyl) Cotoin СНА, 479-21-0 244243  yepr(chl) 35 vs ace, bz, eth, 

phenylmethanone or nd (w) EtOH 

3730 1,7-Dihydroxy-3-methoxy-9 H- Gentisin СНО 437-50-3 258.226 ye orth 266.5 i Н,0: vs EtOH; 

xanthen-9-one i ace; s py 

3731 1,8-Dihydroxy-3-methyl-9,10- Chrysophanic acid Da. 481-74-3 254.288  yehexormcl 196 sub 0.92% vs bz, HOAc 

anthracenedione nd (sub) 

3732 2,4-Dihydroxy-6-methylbenzoic — o-Orsellinic acid ШІЛ 480-64-8 68.148 па (dil 176 dec s EtOH, eth 

acid НОАс, 
+1w) 

3733 5,7-Dihydroxy-4-methyl-2 H-1- Ci HO, 2107-76-8 92.169 па (al), If 283 SI Н,0, eth, bz, 

benzopyran-2-one (НОАс) chl; vs EtOH, 
al 

3734 6,7-Dihydroxy-4-methyl-2 H-1- Сао, 529-84-0 92.169 уе па (dil al) 275 S Н,0, EtOH, 

benzopyran-2-one HOAc 

3735 5,8-Dihydroxy-1,4- Соко, 475-38-7 90.153  dkredmclpr 232 sub 51 Н,0, EtOH, 

naphthalenedione (bz) red-br eth; s НОАс 
nd (al) 

3736 4,5-Dihydroxy-2,7- Chromotropic acid Ci HQ 04S; 148-25-4 320.296 nd or If 8 Н,0, alk; i 

naphthalenedisulfonic acid (142) EtOH, eth 

3737 5,6-Dihydroxynaphtho[2,3-f] Alizarin Blue СНМ, 568-02-5 291.258 br-violnd 269 vs bz, gl НОАс 

quinoline-7,12-dione (bz) 

3738 1,2-Dihydroxy-3-nitro-9,10- Alizarin Orange Ca H;N0s 568-93-4 285.209 oranndorpl 244 dec sub SI Њ0; s EtOH, 

anthracenedione (НОАс) bz, chl, sulf, 
HOAc 
3739 9,10-Dihydroxyoctadecanedioic ^ Phloionic acid С 4,0, 23843-52-9 346459 cry (al) 126 
acid, (R*,R*)-(+) 

3740 9,10-Dihydroxyoctadecanoic acid — 9,10-Dihydroxystearic acid C H, 0, 120-87-6 316.477 90 i H,0; 51 EtOH, 
eth 

3741 5,7-Dihydroxy-2-phenyl-4 Н-1- Chrysin 0410 480-40-0 254.238  Ityepr 285.5 1620; s EtOH, 

benzopyran-4-one (MeOH) ace; sl eth, bz, 
CS, 

3742 1-(2,4-Dihydroxyphenyl)ethanone — Resacetophenone C,H,0; 89-84-9 152.148 nd or If 146 118"! 1620, chl; s 
EtOH, py; sl 
eth, bz 

3743 (2,4-Dihydroxyphenyl) Benzoresorcinol Са 131-56-6 214.216 nd (w 144 i Н,0: s EtOH; 

phenylmethanone vs eth; sl bz, 
chl 

3744 3-(3,4-Dihydroxyphenyl)-2- Caffeic acid ҮЗІ) 331-39-5 180158 ye pr, р (м) 225 dec vs EtOH 

propenoic acid 

3745 Dihydroxyphenylstibine oxide Benzenestibonic acid С,Н:0:50 535-46-6 248.878 nd(HOAc) 139 

3746 17,21-Dihydroxypregna-1,4- Prednisone C.H, 0; 53-03-2 358.428 234 дес 

diene-3,11,20-trione 

3747 17,21-Dihydroxypregn-4-ene- 11-Deoxy-17- C5 H0, 152-58-9 346.461 215 vs ace, EtOH, 

3,20-dione hydrocorticosterone chl 

3748 17,21-Dihydroxypregn-4-ene- Cortisone C.H, 0; 53-06-5 360.444 222 sl H50, eth, bz, 

3,11,20-trione chl; s EtOH, 
ace 

3749 2,3-Dihydroxypropanal, (+) С-Н,0, 56-82-6 90.078 nd or pr 145 14508 1.453" S НО; sl EtOH, 

(40% eth; i bz, peth, 
MeOH) lig 

3750 2,3-Dihydroxypropanoic acid, (А) — Glyceric acid С-Н,0, 6000-40-4 106.078 thick gum dec 

3751 1,3-Dihydroxy-2-propanone Dihydroxyacetone СНО 96-26-4 90.078 90 $ Н,0, EtOH, 
eth, ace; i lig 

3752 2,3-Dihydroxypropy! decanoate Оесапоіс acid glycerol 54150, 2277-23-8 246.343 pr (peth) 53 

monoester 
3753 2,3-Dihydroxypropyl octanoate Octanoic acid glycerol C,:H50, 26402-26-6 218.291 cry (peth) 40 


monoester 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3754 48-Dihydroxy-2- Xanthurenic acid C4 4H;NO, 59-00-7 205.168 уе тісгу cry 289 i H,0; $ EtOH, 
quinolinecarboxylic acid (w) dil НСІ; sl eth, 
bz 
3755 Dihydroxytartaric acid C, HO, 76-30-2 182.086 1145 
3756 3,4-Dihydroxy-5-[(3,4,5- Digallic acid С.Н (06 536-08-3 322.224 nf(dilal 269 dec vs ace, EtOH 
trihydroxybenzoyl)oxy]benzoic 1w) 
acid 
3757 2-(3,6-Dihydroxy-9H-xanthen-9- — Fluorescin СаН,406 518-44-5 334.322 col or yend 126 i H50; s EtOH, 
yl)benzoic acid (eth), pl eth, ace, bz, 
(bz) НОАс 
3758 Diiodoacetylene 02, 624-74-8 277.830 orth nd (lig) 81.5 exp vs ace, bz, eth, 
EtOH 
3759 24-Diiodoaniline СЕМ 533-70-0 344.920 brndororth 95.5 2.74825 уз ace, bz, eth, 
cry (al) EtOH 
3760 o-Diiodobenzene 1,2-Diiodobenzene Сна, 615-42-9 329.905 plorpr(lig) 27 287; 1003 2540 1.717920 i НО; sl ОН 
3761 mrDiiodobenzene 1,3-Diiodobenzene СН, 626-00-6 329.905 orth pl or pr 404 285 2.475 i H,0; vs eth, 
(eth-al) EtOH, chl 
3762 p-Diiodobenzene 1,4-Diiodobenzene Сени, 624-38-4 329.905 orth (а) 131.5 285 i B,0; s EtOH; 
vs eth; sl chl 
3763 1,4-Diiodobutane C Hil; 628-21-7 309.916 58 12515 dec 2.84945 1.61845 16,0; sl ctc; $ 
08 
3764 1,2-Diiodoethane Сни, 624-73-7 281.862 ye mcl pror 83 200 3.3250 1.87122 51 H,0; s ОН, 
orth (eth) eth, ace, chl 
3765 cis-1,2-Diiodoethene cis-1 ,2-Diiodoethylene СН, 590-26-1 279.846 -14 72.516 3.062520 i Н,0: s eth, chl 
3766 4,4-Diiodofluorescein ام‎ 05 38577-97-8 584099 1-0 SI H,0; s alk, 
pow EtOH 
3767 1,6-Diiodohexane Hexamethylene diiodide CoH ial 629-09-4 337.968 па 9.5 1637, 1410 2.034225 1.58375 ІН,0; vs EtOH, 
ећ 
3768 Diiodomethane Methylene iodide СН, 75-11-6 267.836 yendorif 6.1 182 3.32119 1.7411? sl H,0, ctc; s 
EtOH, eth, bz, 
ch 
3769 2,6-Diiodo-4-nitrophenol Disophenol C H,L,N0; 305-85-1 390.902 ув сгу (gl 157 vs ВОН 
НОАс) 
3770 1,5-Diiodopentane Pentamethylene diiodide C: Hil 628-77-3 323.942 9 14920, 1018 2.16925 1.59875 i H,0; $ eth, chl 
3771 1,2-Ойодоргорапе САН 598-29-8 295.889 2.4906 vs eth, EtOH 
3772 1,3-Diiodopropane Trimethylene diiodide САН 627-31-6 295.889 -20 dec 227; 1109 2.56125 163915 556 
ch 
3773 5,7-Diiodo-8-quinolinol lodoquinol Соны А0 83-73-8 396.951 уепа(НОАс, 210 SI Н,0, bz, chl, 
xyl) eth; vs EtOH; s 
alk 
3774 3,5-Diiodo-L-tyrosine Сон NO, 300-39-0 432981 yend(w, 213 SI Н,0; i EtOH, 
70% al) eth, bz 
3775 Diisobutyl adipate C Ha 04 141-04-8 258.354 293; 1875 0.954319 1.430120 
3776 Diisobutylaluminum chloride С,Н АС 1779-25-5 76.664 hyg col liq -40 5210 0.905 1.4506”  seth, hx 
3777 Diisobutylaluminum hydride C H, Al 1191-15-7 42.219 liq 404, 8505 S сућех, eth, bz, 
tol 
3778 Diisobutylamine 2-Methyl-A-(2-methylpropyl)-1- СН, 110-96-3 29.244 iq -73.5 39.6 14090? sl HO, ctc; s 
propanamine EtOH, eth, ace, 
bz 
3779 Diisobutyl carbonate CIH, 0, 539-92-4 74.237 90 0.9038? 1.4072? ІН,0; msc 
EtOH, eth 
3780 Diisobutyl ether 1,1-Oxybis[2-methylpropane]  C,H,,0 628-55-7 30.228 22.6 0.76175 i H0; msc 
EtOH, eth 
3781 Diisobutyl phthalate C4 О, 84-69-5 278.344 296.5; 1594 049015 S cic 
3782 Diisobutyl sulfide CIH, S 592-65-4 46.294 0 -105.5 71 0.83630 
3783 1,3-Diisocyanatobenzene C,H,N,O; 123-61-5 60.130 сту 51 03 
3784 1,4-Diisocyanatobenzene C,H,N,O; 104-49-4 60.130 cry 95 17^ 
3785 Diisodecyl phthalate Bis(8-methylnonyl)phthalate (551504 26761-40-0 446.663 liq -50 2534 0.96620 ІН,0; s os 
3786 Diisononyl phthalate Bis(7-methyloctyl)phthalate СН0, 28553-12-0 418.609 со! liq i H0; s ace, 
e0H; bz, eth 
3787 Diisooctyl adipate Со О, 1330-86-5 370.566 2104 
3788 Diisooctyl phthalate C» Ha 04 27554-26-3 390.557 370 
3789 Diisopentylamine 3-Methyl-A-isopentyl-1- 27:21 544-00-3 57297 liq -44 188 0.767221 14235? i H,0; s EtOH; 
butanamine msc eth 
3790 Diisopentyl ether Diisoamyl ether C4 0 544-01-4 58.281 1725 0.777722 14085? i H,0; vs асе, 
EtOH, chl 
3791 Diisopentyl phthalate Diisoamyl phthalate Слао, 605-50-5 306.397 дес 334 02096 148712 уз EtOH 
3792 Diisopentyl sulfide C H.S 544-02-5 74347 liq -74.6 21 0.832320 1.4520? ІН,0; msc 
EtOH; vs eth 
3793 Diisopropanolamine 1,1-Iminobis-2-propanol CIH, МО; 110-97-4 33.189 сгу 445 250; 15123 0.98920 s Њ0, EtOH; sl 
ећ 
3794 Diisopropyl adipate С.2Н,04 6938-94-9 230.301 -0.6 12085 0.9569? 1.424720 vs ace, eth, 
EtOH 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3795 Diisopropylamine N-Isopropyl-2-propanamine CIH, N 108-18-9 01.190 liq -61 83.9 0.7153? 1.392420 vs ace, bz, eth, 
EtOH 
3796 2,6-Diisopropylaniline АТЫ 24544-04-5 177286 liq -45 257 0.9425 53320 
3797 1,2-Diisopropylbenzene Са 577-55-9 62.271 liq -57 204 0.870122 1.496022 | Н,0; msc 
EtOH, eth, ace, 
bz, ctc 
3798 1,3-Diisopropylbenzene Са 99-62-7 62271 liq -63.1 203.2 0.8559? 1.4883? 1 H,0; msc 
EtOH, eth, ace, 
bz, ctc 
3799 1,4-Diisopropylbenzene СН 100-18-5 62271 liq -17 210.3 0.8568? 1.4898? 1 H,0; msc 
EtOH, eth, ace, 
bz, ctc 
3800 p-Diisopropylbenzene Ci Hi 0; 98-49-7 94270 махусу 1 1231 0.99322 i H,0 
hydroperoxide 
3801 N,N-Diisopropyl-2- Са а 9; 95-29-4 266.425 59.0 
benzothiazolesulfenamide 
3802 N,N-Diisopropylcarbodiimide 8 (٢ 693-13-0 26.199 147 0.80625 43209 
3803 Diisopropyl disulfide СН 45 4253-89-8 150.305 0 -69 177 0.9435? 1.491620 
3804 N,N-Diisopropylethanolamine N,N-Diisopropyl-2- C |H, NO 96-80-0 45.243 190 0.826% 441720 
aminoethanol 
3805 Diisopropyl ether Isopropyl ether CgH,40 08-20-3 02.174 liq -85.4 68.4 0.71925 1.365825 sl H,0; msc 
EtOH, eth; s 
ace, ctc 
3806 Diisopropyl methylphosphonate C HOP 445-75-6 80.182 663 „41206 
3807 2,6-Diisopropylnaphthalene Ci H; 24157-81-1 212.330 cry (MeOH) 70 
3808 Diisopropyl oxalate CIH, 0, 615-81-6 74.195 190 1.00220 4100 уз eth, EtOH 
3809 Diisopropyl phosphonate C H, 0-Р 809-20-7 66.155 97%, 7610 0.997018 
3810 0,0-Шізоргору C H, ,0,PS; 07-56-2 214286 iq 713 1.09? S EtOH, bz, ace, 
phosphorodithioate ctc, chl 
3811 Diisopropyl phthalate 1,2-Benzenedicarboxylic acid, 6,40, 605-45-8 250.291 1307 1.0615 — 82 
diisopropyl ester 
3812 Diisopropyl sulfide C; HS 625-80-9 118.240 liq -78.1 120.0 0.8142? 1.4438? ІН,0; s EtOH, 
eth 
3813 Diisopropyl tartrate, (+) CH, 0, 58167-01-4 6 34 275; 1542 1.1166% vs ace, eth, 
EtOH 
3814 Diisopropyl thioperoxydicarbonate Diisopropyl dixanthogen Сана 69, 105-65-7 210.456 52 S chl 
3815 1,4-Diisothiocyanatobenzene Bitoscanate CIH N.S; 4044-65-9 92261 па (ace, 132 
HOAc) 
3816 6 C H,0; 674-82-8 84.074 liq -6.5 126.1 1.08772 1.437920 
3817 Dilactic acid 2,2-Oxybispropanoic acid (5160, 19201-34-4 162440 orth 1125 vs Н,0, eth 
3818 Dimefline CH; М0; 1165-48-6 323.386 109.5 s chl 
3819 Dimefox Tetramethylphosphorodiamidic ۳0۳7 115-26-4 54.122 liq 865 1.115120 1.426722 vs Н,0, bz, eth 
fluoride 
3820 Dimemorfan 3,17-Dimethylmorphinan, (9 Саны 36309-01-0 255.399 ye oil 92 13393 
0,13 0,14 о)- 
3821 2,3-Dimercaptobutanedioic acid С.Н,0,5, 2418-14-6 82219 wh cry 193 
(MeOH) 
3822 1,4-Dimercapto-2,3-butanediol СаН 0,S; 7634-42-6 154251 425 s chl 
3823 2,2"-Dimercaptodiethyl ether 2-Mercaptoethyl ether C H, 0S; 2150-02-9 138.251 liq -80 217; 64° 111420 
3824 2,3-Dimercapto-1-propanol Dimercaprol C,H,0S, 59-52-9 24.225 8308 1.2463? 1.5749? $ EtOH, eth, 
015; $1 chl 
3825 76 C4 و٢‎ 122-15-6 211.258 су 46 175" $H,0, cyhex; vs 
EtOH, eth, ace 
3826 Dimethipin 2,3-Dihydro-5,6-dimethyl-1,4- CH,0,S; 55290-64-7 210.271 165 
dithiin, 1,1,4,4-tetraoxide 
3827 Dimethirimol 5-Butyl-2-(dimethylamino)-6- ^ 0 5221-53-4 209288 nd 102 SI Н,0: vs chl, 
methylpyrimidin-4(1 H)-one xyl; s EtOH, 
ace 
3828 Dimethisoquin 2-[(8-Butyl-1-isoquinolinyl)oxy] СМО 86-80-6 272.385 146 1563 1.5486? s ЊО, EtOH 
-N,N-dimethylethanamine 
3829 Dimethoxane 2,6-Dimethyl-1,3-dioxan-4-ol ^ С,Н,,0, 828-00-2 741% liq 8679 1.0655? 1.431022 msc H,0; s os 
acetate 
3830 2'5'-Dimethoxyacetophenone бан; 1201-38-3 80.200 cry 21 15614 1.139 1.544120 
3831 1,2-Dimethoxy-4-allylbenzene САНА 93-15-2 78.228 liq -20 254.7 1.039620 1.5340? ІН,0; $ EtOH, 
eth 
3832 4,7-Dimethoxy-5-allyl-1,3- Apiole Са, 523-80-8 222237 nd 29.5 294; 179% 1.0152 1.5360? уз асе, bz, 
benzodioxole EtOH, lig 
3833 2,4-Dimethoxyaniline C,H, N0; 2735-04-8 153179 pl (lig) 335 262.0 SI Н,0, chl; s 
EtOH, eth, bz, 
lig 
3834 2,5-Dimethoxyaniline C.H, NO; 102-56-7 53.179 82.5 210 S HO, EtOH, 
chl, lig 
3835 3,4-Dimethoxyaniline C,H, NO; 6315-89-5 153.179 If (eth) 87.5 159" s eth, chl 


Physical Constants of Organic Compounds 


dd NH) 


Diisopropylamine 2,6-Diisopropylaniline 1,2-Diisopropylbenzene 


OH 


\ ча 
Фед = 


p-Diisopropylbenzene hydroperoxide N,N-Diisopropyl-2-benzothiazolesulfenamide 


PUT. 


N,N-Diisopropylethanolamine 


pun 


Diisopropyl ether Diisopropyl methylphosphonate 


rie 


Diisopropy! phosphonate 


SH 
Diisopropyl phthalate 


s-c-N— \ 


1 4-Diisothiocyanatobenzene 


N-C-S 


~ б | 0 | 
0 0 (2 х. 1147 =: 
N Z ЛЕХ Фе 


| Е 


Оте пе Dimefox Dimemorfan 


1,3-Diisopropylbenzene 


N-C-N 
N,N-Diisopropylcarbodiimide 


2,6-Diisopropylnaphthalene 


© 
Сс ٢ 


Diisopropyl sulfide 


0 
m 


Diketene 


0 SH 


OH 
HO 


SH O 
2,3-Dimercaptobutanedioic acid 


AP 


Dimethipin 


2'.5'-Dimethoxyacetophenone 


0 
5 Hs — "OH - cil E `S 
Hs SH SH до 
2,2'-Dimercaptodiethyl ether 2,3-Dimercapto-1-propanol Dimetan® 
< 
di A 
Ó О О O 
> t. 
М Avs 
Dimethisoquin Dimethoxane 
o NH, 
د‎ 0 О 


о 


~ 
4,7-Dimethoxy-5-allyl-1,3-benzodioxole 2,4-Dimethoxyaniline 


о 


2,5-Dimethoxyaniline 


3-187 


1,4-Diisopropylbenzene 


Др 


Diisopropyl disulfide 


O 
o 2, ke 
d O 
O 
Diisopropyl oxalate 


. 


OH O 
Diisopropyl tartrate, (+) 


O O 


wh dus 


Dilactic acid 


OH 


HS 
^s 


OH 
1,4-Dimercapto-2,3-butanediol 


OH 
i 
vw 


Dimethirimol 


1,2-Dimethoxy-4-allylbenzene 


NH; 


оќ 


~ 
3,4-Dimethoxyaniline 


3-188 Physical Constants of Organic Compounds 


Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

3836 2,4-Dimethoxybenzaldehyde СоН (0; 613-45-6 66.173 па (al or lig) 72 290; 16570 ІН,0; s EtOH, 
eth, bz; sl chl 

3837 2,5-Dimethoxybenzaldehyde Сон (0; 93-02-7 66.173 52 270; 14670 SI Њ0; s EtOH, 
eth 

3838 3,4-Dimethoxybenzaldehyde Veratraldehyde СН. 0, 120-14-9 66.173 па (eth, lig, 43 281; 15510 sl Н,0, chl; vs 

10) EtOH, eth 

3839 3,5-Dimethoxybenzaldehyde Сон (0; 7311-34-4 66.173 46.3 15116 51 Њ0, peth; s 
EtOH, bz 

3840 1,2-Dimethoxybenzene Veratrole Сан (0; 91-16-7 38.164 22.5 206 1.08107 — 1.58277 5ІН,0;5 EtOH, 
eth, ctc 

3841 1,3-Dimethoxybenzene C H, 0; 51-10-0 38.164 liq -52 2175 1.052175 152312 5ІН,0;5 EtOH, 
eth, bz, ctc, 
Su 

3842 1,4-Dimethoxybenzene C H, 0; 50-78-7 38.164 If (w) 59 212.6 1.037555 SI Н,0: s EtOH, 
chl; vs eth, bz 

3843 3,4-Dimethoxybenzeneacetic acid Сад 04 93-40-3 96.200  cry(bz-peth) 98 $ ЊО, chl; vs 

nd (w+1) EtOH, eth 

3844 3,4-Dimethoxybenzeneethanamine Ci Hi МО; 20-20-7 81.232 1645 15464? 8 

3845 3,4- Сон а МО; 5763-61-1 67.205 1567, 1208 5 sch 

Dimethoxybenzenemethanamine 

3846 3,4-Dimethoxybenzenemethanol С.Н. 205 93-03-8 68.189 visc oil 298; 172? 11787 1.5557 8Н,0, ОН 

3847 3,3-Dimethoxybenzidine Dianisidine و‎ N,0; 19-90-4 244289 Ifornd(w) 137 i H,0; s EtOH, 
eth, ace, bz, 
chl 

3848 3,3-Dimethoxybenzidine-4,4'- و‎ №0, 91-93-0 296.277 сгу 112 

diisocyanate 
3849 2,4-Dimethoxybenzoic acid لاو‎ 91-52-1 182.173 108.5 SI Њ0; s EtOH, 
eth, chl, HOAC 
3850 2,6-Dimethoxybenzoic acid Сан 104 466-76-8 1824173 186 dec 
3851 3,4-Dimethoxybenzoic acid Veratric acid Сон об, 93-07-2 182.173 па (w or 181 sub i H,O; vs EtOH, 
HOAc) orth eth; sl ch 
(sub) 

3852 3,5-Dimethoxybenzoic acid Сон (0; 132-21-4 182173 па (м), pr 185.5 sub vs eth, EtOH 
(al) 

3853 44"-Dimethoxybenzoin p-Anisoin Ca H440, 19-52-8 272.296 pr(dilal) 114.0 51 H,0, chl, 
EtOH, eth; s 
ace 

3854 5,7-Dimethoxy-2H-1-benzopyran- Limettin СА 0, 487-06-9 206.195 pror nd (al) 149 dec 200 sl H30; vs EtOH, 

2-one ace, chl; i eth, 
lig 

3855 4,4'-Dimethoxy-1,1'-biphenyl СлаН 0; 2132-80-1 214260 If (bz) 175 sub i H5O, peth; vs 
EtOH, bz, chl; 
sl eth 

3856 Dimethoxyborane C;H;BO, 4542-61-4 73.887 vol liq or gas -130.6 25.9 dec H,0 

3857 4,4-Dimethoxy-2-butanone CeH:20; 5436-21-5 32.157 505 s ctc 

3858 2,6-Dimethoxy-2,5- 2,6-Dimethoxy-p-quinone CHO, 530-55-2 68.148 yemclpr 256 sub SI Н,0, EtOH, 

cyclohexadiene-1,4-dione (НОАс) eth; s На; vs 
alk, НОАс 

3859 Dimethoxydimethylsilane СН 0,51 1112-39-6 120.223 82 086460 1.3708? (ес Н,0 

3860 Dimethoxydiphenylsilane СыНь0;5! 6843-66-9 244.362 286; 1615 107719 8 

3861 1,1-Dimethoxydodecane Lauraldehyde, dimethyl acetal С,/Н;0; 14620-52-1 230.387 335 143105 vs eth, EtOH 

3862 2,2-Dimethoxyethanamine C,H,,NO, 22483-09-6 105.136 -78 37% 0.9665 1.417020 

3863 1,2-Dimethoxyethane Ethylene glycol dimethyl ether C.H,,0; 110-71-4 90.121 liq -69.20 84.50 0.863725 137705 $ HO, EtOH, 
eth, ace, bz, 
chl, ctc 

3864 (2,2-Dimethoxyethyl)benzene Сану 0; 101-48-4 66.217 93.5 

3865 4,8-Dimethoxyfuro[2,3-b] Fagarine Сан, М0; 524-15-2 229231 pr (al) 142 sl Њ0, peth; 5 

quinoline EtOH, eth, bz, 
chl 

3866 1,1-Dimethoxyhexadecane Palmitaldehyde, dimethyl acetal 0.51. 0, 2791-29-9 286494 10 442 0.854220 1.438225 vs ace, eth, 
EtOH 

3867 2,4-Dimethoxy-6- Xanthoxylin Сад 04 90-24-4 196.200 cry (al) 82 85% vs eth, EtOH 

hydroxyacetophenone 

3868 5,6-Dimethoxy-1-indanone САН 04 2107-69-9 192211 119.5 sl ctc 

3869 6,7-Dimethoxy-1(3H)- Meconin Сон 569-31-3 194.184 whnd(w) 5 SI Њ0; s EtOH, 

isobenzofuranone eth, ace, bz, 
НОАс, chl 

3870 Dimethoxymethane Methylal С-Н,0, 109-87-5 76.095 liq -105.1 42 0.859320 1.3513? s H,0; vs ace, 
bz, eth, EtOH 

3871 1,2-Dimethoxy-4-methylbenzene C;H4,0; 494-99-5 152.190 pr (eth) 24 220 1.0509 1.52575 |Н,0; sl ctc; vs 
08 

3872 1,3-Dimethoxy-5-methylbenzene Сан 0; 4179-19-5 152490 244 1.047819 1.523420) vs bz, eth, ОН 

3873 1,4-Dimethoxy-2-methylbenzene Сан 0; 24599-58-4 152.190 21 214.0 

3874 N-(Dimethoxymethyl) Dimethylformamide dimethyl СМО; 4637-24-5 119.163 104 0.8972 1.397220 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3875 2,2-Dimethoxy- N- C.H М0, 122-07-6 19.163 140 0.928% 1.411520 
methylethanamine 
3876 Dimethoxymethylphenylsilane 8٧ ٢ لت‎ 3027-21-2 182.292 12979 1.479520 
3877 1,2-Dimethoxy-4-nitrobenzene CHNO, 709-09-1 83.162 ye nd (al-w) 98 23075 1.186815 i H,0; vs EtOH, 
eth; s chl; sl lig 
3878 1,4-Dimethoxy-2-nitrobenzene CHNO, 89-39-4 83.162 gold-yend 725 1.1666? i H,0; s EtOH, 
(dil al) bz, chl, sulf 
3879 2,6-Dimethoxyphenol Сан, 0, 91-10-1 54163 mcl pr (w) 565 261 vs eth, EtOH 
3880 3,5-Dimethoxyphenol ولا‎ 500-99-2 54.163 37 199%, 17010 S eth, bz; sl lig 
3881 1-(3,4-Dimethoxyphenyl)ethanone Ci Hi)0; 1131-62-0 180.200 pr(dilal) 51 287 vs H,0, bz, 
НОН, chl 
3882 1,1-Dimethoxypropane C;H,,0, 4744-10-9 04.148 86 0.864820 
3883 2,2-Dimethoxypropane СН. 0 77-76-9 04.148 liq -47 83 0.8475 378020 
3884 3,3-Dimethoxy-1-propene CH, 0; 6044-68-4 02.132 88 0.86225 :395420 
3885 1,2-Dimethoxy-4-(1-propenyl) C. H, 0; 93-16-3 78.228 18 270.5 1.0521? 1.561620 
benzene 
3886 4,5-Dimethoxy-6-(2-propenyl)- - Apiole (Dill) Са 484-31-1 222237 oi 29.5 285 115985 — 57 
1,3-benzodioxole 
3887 1,2-Dimethoxy-4-vinylbenzene CigH,.0, 6380-23-0 64.201 57119 schl 
3888 Dimethylacetal СН 0, 534-15-6 90.121 liq -1132 64.5 0.8501? 1.3660? s H,0, EtOH, 
eth, ctc, chl; vs 
ace 
3889  N,N-Dimethylacetamide N,N-Dimethylethanamide C,H NO 127-19-5 87.120 liq -18.59 165 0.937225 1.434125 — msc H,0, EtOH, 
eth, ace, bz, 
chl 
3890 2,7-Dimethyl-3,6-acridinediamine, Acridine Yellow Са ОМ 135-49-9 273.761 red cry pow S hot НО, EtOH 
monohydrochloride 
3891 Dimethyl adipate СаН,0, 627-93-0 174195 cry 10.3 1158 1.060022 1.4283? i H,0; s EtOH, 
eth, ctc, 6 
3892 3,3-Dimethylally! diphosphate 3-Methyl-2-butenyl ОН ОР; 358-72-5 246.092 cry (MeOH) 
pyrophosphate 
3893 Dimethylamine N-Methylmethanamine 92:11 124-40-3 45.084 _ col gas -92.18 6.88 0.68040 3507 у H,0; s ОН, 
ећ 
3894 Dimethylamine hydrochloride N-Methylmethanamine CHC 506-59-2 81.545 orth па (а) 171 vs Н,0, EtOH, 
hydrochloride chl 
3895 (Dimethylamino)acetonitrile Са 926-64-7 84.120 137.5 0.8649? 1.4095? vs H,0, EtOH 
3896 4’-(Dimethylamino)acetophenone — 4-Acetyl- N, V-dimethylaniline Со МО 2124-31-4 163216  nd(w,peth) 105.5 vs Н,О, eth, lig; 
sl chl 
3897 10-[(Dimethylamino)acetyl]-10H- — Ahistan C4 H, N.0S 518-61-6 284375 cry 1445 
phenothiazine 
3898 p-(Dimethylamino)azobenzene Ci Hi Ns 60-11-7 225.289 уе If (al) 117 dec i H,0; vs EtOH, 
py; s eth; sl 
chl, lig 
3899 2'3-Dimethyl-A-aminoazobenzene 4-o-Tolylazo- o-toluidine C, HN, 97-56-3 225.289 уе If (al) 102 vs eth, EtOH 
3900 4-(Dimethylamino)benzaldehyde ^ Ehrlich's reagent САМО 100-10-7 149189 If (w) 74.5 17617 1.025410 SI Н,0, chl; s 
EtOH, eth, ace, 
bz 
3901 p-(Dimethylamino) С.2Н,№05 536-17-4 264.365 др гед па 270 дес i B,0; sl EtOH, 
benzalrhodanine (xyl) bz; vs eth, ctc; 
S ace 
3902 2-(Dimethylamino)benzoic acid СМО; 610-16-2 165.189 рг па (eth) 2 sub vs H,0, eth, 
EtOH 
3903 3-(Dimethylamino)benzoic acid C.H, N0, 99-64-9 165489 nd(w) 152.5 sl Н,0, chl; s 
EtOH, eth 
3904 4-(Dimethylamino)benzoic acid Сон МО; 619-84-1 165.189 па (al) 242.5 S EtOH; sl eth 
3905 4,4- Brilliant Oil Yellow 8 و‎ N, 492-80-8 267.369 yeorcolpl 136 i H;0; s EtOH; sl 
Dimethylaminobenzophenonimid (al) eth 
e 
3906 (Dimethylamino)dimethylborane C,H,.BN 113-30-0 84.956 liq -92 65 vs eth, ace 
3907 6-(Dimethylamino)-4,4-diphenyl- Са H;;NO 76-99-3 309.445 99.5 vs EtOH 
3-heptanone 
3908 6-(Dimethylamino)-4,4-diphenyl- | Normethadone СН NO 467-85-6 295.449 oily liq 1653 
3-ћехапопе 
3909 2-(Dimethylamino)ethyl acrylate СМО; 2439-35-2 143.184 «-60 959 0.9382 
3910 3-[2-(Dimethylamino)ethyl]-t 7- 0۹6 СНО 487-93-4 204.267 рг (EtOAc) 1465 32001 vs eth, НОН 
indol-5-ol 
3911 2-(Dimethylamino)ethyl CIH, МО; 2867-47-2 157211 635 
methacrylate 
3912 4-[2-(Dimethylamino)ethyl]phenol  Hordenine C4 HNO 539-15-1 165.232 orth pr (al), 117.5 173" vs eth, EtOH, 
nd (w) chl 
3913 N-[2-(Dimethylamino)ethyl]- Соба № 3030-47-5 173.299 84" 1.441325 
МА, N-trimethyl-1,2- 
ethanediamine 
3914 5-(Dimethylamino)-1- Dansyl chloride Сон СМО5 605-65-2 269.747 70 
naphthalenesulfonyl chloride 
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3-192 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3915 3-(Dimethylamino)phenol Са АМО 99-07-0 137.179 па (lig) 86 266.5 1.5895 i H,0; s EtOH, 
eth, ace, bz, 
CS, 
3916 4-(Dimethylamino)phenol Са АМО 619-60-3 137.179 17 16530 SI Н,0; s EtOH, 
ећ 
3917 [4-(Dimethylamino)phenyl] 4-(Dimethylamino) C4 Hi NO 530-44-9 225.286  yelf(al) nd 925 i H0; sl EtOH; 
phenylmethanone benzophenone (peth) vs eth; s chl, 
peth 
3918 3-(Dimethylamino)-1-phenyl-1- C4 Hi CINO 879-72-1 213.704 153.5 
propanone, hydrochloride 
3919 3-[4-(Dimethylamino)phenyll--2- — 4-(Dimethylamino) СН NO 6203-18-5 75.227 139.5 
propenal cinnamaldehyde 
3920 3-(Dimethylamino)propanenitrile СМ 1738-25-6 98446 173 0.870520 
3921 2-(Dimethylamino)-1-propanol C;H, NO 15521-18-3 103463 150.3 0.8820% s Н,0 
3922 3-(Dimethylamino)-1-propanol C;H, NO 3179-63-3 03.163 163.5 0.8725 1436020 sclc 
3923 1-(Dimethylamino)-2-propanol C.H, NO 108-16-7 03.163 1245 0.8375 1.419322 86 
3924 3-(Dimethylamino)-1-propyne N,N-Dimethyl-2-propargylamine C,H,N 7223-38-3 83.132 80 0.7792? 1.419520 
3925 2-Dimethylaminopurine N,N-Dimethyl-1 H-purin-6- С 938-55-6 63.180 263 
amine 
3926 2-(p-Dimethylaminostyryl) Сао 1628-58-6 280.387 уе па 207 dec 
benzothiazole (MeOH) 
3927 2,3-Dimethylaniline 2,3-Xylidine CH; 87-59-2 21.180 «-15 2215 0.993120 1.5604?  sIH;O; vs EtOH, 
eth; s ctc 
3928 2,4-Dimethylaniline 2,4-Xylidine Саны 95-68-1 21180 Па -143 214 097230 1.5569? sl H,O, ctc; s 
EtOH, eth, bz 
3929 2,5-Dimethylaniline 2,5-Xylidine СН, 95-78-3 21180 уе If (lig) 15.5 214 0.9790? — 1.5591? — sIH;O; s eth, сіс 
3930 2,6-Dimethylaniline 2,6-Xylidine Саны 87-62-7 21.180 112 215 0.9842? 1.5610% vs eth, ОН 
3931 34-Dimethylaniline 3,4-Xylidine Саны 95-64-7 21180 plor pr (lig) 51 228 1.07618 sl Н,0, chl; s 
eth; vs lig 
3932 3,5-Dimethylaniline 3,5-Xylidine CH; 108-69-0 21.180 9.8 220.5 097060 1.5581?  sIH;O; s eth, сіс 
3933 N2-Dimethylaniline Саны 611-21-2 21.180 207.5 0.9709? 1.5649? i H,0; msc 
НОН, eth; s 
ace 
3934 N3-Dimethylaniline Саны 696-44-6 21.180 206.5 0.9660? 1.55575 i H0; msc 
EtOH, eth; s 
ace 
3935 МА-Отећујап пе Саны 623-08-5 21.180 210 0.934855 1.5568?  iH,0; msc 
EtOH, eth; 5 
ace 
3936 N,N-Dimethylaniline CH; 121-69-7 21180 paye 2.42 194.15 0.955720 1.5582? 51 Н,0; $ EtOH, 
eth, ace, bz; vs 
chl 
3937 N,N-Dimethylaniline hydrochloride C4H44CIN 5882-44-0 57.641 hyg pl (w, bz) 90 115679 vs Н,0, НОН, 
chl 
3938 2,6-Dimethylanisole C,H,,0 1004-66-6 36.190 182.5 0.96194 1.505377 ІН,0; s EtOH, 
eth, bz, ctc 
3939 3,5-Dimethylanisole لام اا‎ 874-63-5 36.190 194; 895 0.96275 1.511020 i H0; s EtOH, 
eth, bz, CS,; sl 
сіс 
3940 9,10-Dimethylanthracene Ci Hu 781-43-1 206.282 183.6 360.0 i H,0 
3941 1,4-Dimethyl-9,10- Ci H,,0; 1519-36-4 236.265 уе па (al, 140.5 sub i H0; sl EtOH; 
anthracenedione sub) S bz, хуі, НОАс 
3942 Dimethylarsine C;H;As 593-57-7 05.999 liq, ign in air -136.1 36 1.200? vs ace, bz, eth, 
EtOH 
3943 Dimethylarsinic acid Cacodylic acid C,H,AsO, 75-60-5 37.998 195 >200 vs Н,0 $ EtOH; 
i eth 
3944 2,4-Dimethylbenzaldehyde 0 15764-16-6 134.174 liq ы; 218 S НОН; s eth, 
ace, bz; sl chl 
3945 2,5-Dimethylbenzaldehyde Isoxylaldehyde Сан 00 5779-94-2 34.174 220 0.950020 vs EtOH; s eth, 
ace, bz, ctc 
3946 3,5-Dimethylbenzaldehyde Сан 00 5779-95-3 34.174 9 221 vs ace, bz, eth, 
EtOH 
3947 N,N-Dimethylbenzamide САМО 611-74-5 49.189 448 272.0 
3948 7,12-Dimethylbenz[a]anthracene 9,10-Пітеіһуі-1,2- юм 57-97-6 256.341 paye pl (al, 122.5 vs ace, bz 
benzanthracene НОАс) 
3949 4,5-Dimethyl-1,2-benzenediamine СН № 3171-45-7 36.194 128 
3950 N,N-Dimethyl-1,2- СН № 2836-03-5 36194 oil 218; 90? 0.9952 SI H;O; vs EtOH, 
benzenediamine eth, ace, bz 
3951 N,N-Dimethyl-1,3- СН № 2836-04-6 36.194 <-20 270; 13810 0.99525 SI H;O; vs EtOH, 
benzenediamine eth 
3952 N,N-Dimethyl-1,4- Dimethyl-p-phenylenediamine — C,H,.N, 99-98-9 36.194 nd (bz) 53 263 1.03620 S Н,0, chl; vs 
benzenediamine EtOH, eth, bz; 
sl lig 
3953 2,5-Dimethyl-1,3-benzenediol С.Н» 488-87-9 38.164 па (bz), pr 163 278.5 S HO, EtOH, eth 
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3-194 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
3954 2,6-Dimethyl-1,4-benzenediol CIH, 0, 654-42-2 38.164  nd(xyl) cry 152.3 vs eth, НОН 
(м) 
3955 N,B-Dimethylbenzeneethanamine ^ Phenylpropylmethylamine C, Hs 93-88-9 49.233 207.5 0.915% vs bz, eth, EtOH 
3956 o.,c1-Dimethylbenzeneethanamine Phentermine Сыны 122-09-8 49.233 oily liq 205; 100?! 
3957 o,a- ОН; 585-32-0 35.206 196.5 0.94232 7 
Dimethylbenzenemethanamine 
3958 1,4-Dimethylbenzenemethanol ^ 1-(4-Methylphenyl)ethanol C,H4)0 536-50-5 36.190 219 0.96685 1.5246? ІН,0; vs EtOH 
eth 
3959 o,o-Dimethylbenzenemethano! о-Ситу! alcohol Сон О 617-94-7 36.190 рг 36 202 0973520 1.5325? 1Н,0,8 EtOH, 
ећ, 52, НОАс 
3960 o,o-Dimethylbenzenepropano! ^ Benzyl-fert-butanol С.Н, 103-05-9 64.244 nd 245 1218 0.9626? 1.50777 i H,0; vs EtOH 
eth, ace, bz 
3961 M4-Dimethylbenzenesulfonamide CIH, 0,5 640-61-9 85244 pl(dilal) 5 1.3405 vs eth, EtOH 
3962 5,6-Dimethyl-1--benzimidazole Dimedazole C.H, N, 582-60-5 46488 сту (eth) 205.5 sub S ЊО, EtOH, 
eth, chl, 
DMSO 
3963 2,4-Dimethylbenzoic acid Сон (0; 611-01-8 50.174 mclortcind 90 268 SI Н,0: s EtOH, 
(w) ace, bz, chl, 
НОАс, tol 
3964 2,5-Dimethylbenzoic acid Сон (0; 610-72-0 50.174 па (al) 132 sub 1.069?! i H50; s EtOH, 
eth, ace, bz 
3965 2,6-Dimethylbenzoic acid С,Н,,0, 632-46-2 50.174 па (lig) 116 274.5; 15517 SI Н,0, lig; s 
EtOH, eth 
3966 3,4-Dimethylbenzoic acid Сон (0; 619-04-5 50.174 pr (al) 167.3 1Н,0, s EtOH, 
eth, bz 
3967 3,5-Dimethylbenzoic acid Mesitylenic acid Сон (0; 499-06-9 50.174 nd(wa) 1711 sub SI H30; vs EtOH, 
eth 
3968 4,4'-Dimethylbenzophenone Bis(4-methylphenyl) ketone C4 H0 611-97-2 210.271  orth (al) 96.5 334 vs ace, bz, eth, 
EtOH 
3969 7,8-Dimethylbenzo[g]pteridine- ^ Lumichrome C; Hu NO; 086-80-2 242.233 уе cry (chl) 300 sl Н,0, EtOH, 
2,4(1H,3H)-dione chl 
3970 2,5-Dimethylbenzoxazole СН МО 5676-58-4 47.173 2185 1.088018 1.5412? s ctc 
3971 N,N-Dimethylbenzylamine Dimethylbenzylamine C; His 03-83-3 35.206 81 0,9150 50112 51 Н,0; msc 
EtOH, eth 
3972 N,N-Dimethyl-N-benzyl-1,2- N-Benzyl-N,N-dimethyl-1,2- — 0۳٠٠٧ 03-55-9 78.274 459.123" 0.93432) 1,5089? 
ethanediamine ethanediamine 
3973 N,N-Dimethyl-N-benzyl-N-2- Tripelennamine СН № 91-81-6 255.358 уе oil 409 5/65 misc Н,0 
pyridinyl-1,2-ethanediamine 
3974 6,6-Dimethylbicyclo[3.1.1]heptan- CoH, 40 38651-65-9 138.206 liq -1 209 0.98077 1.4787? vs eth, EtOH 
2-опе, (18) 
3975 2,3-Dimethylbicyclo[2.2.1]hept-2-  2,3-Dimethyl-2-norbornene C Hu 529-16-8 22.207 40.5 0.8698 146887 s eth, ace, bz 
ene 
3976 6,6-Dimethylbicyclo[3.1.1]hept-2- و‎ ٧ 128-7 66.260 235; 1100 75 .4930? s chl 
ene-2-ethanol 
3977 2,2'-Dimethylbiphenyl CuHu 605-39-0 82.261 сту (al) 19.5 256 0.990620 1.575220  iH,0; vs EtOH, 
eth, bz; s ace 
3978 3,3-Dimethylbiphenyl CuHu 612-75-9 82.261 9 280 0.9995? 1.594620 ІН,0; vs ОН, 
eth, bz; s ace 
3979 4,4-Dimethylbiphenyl Сана 613-33-2 82.261 mcl pr (eth) 125 295 0.91711 i H,0; 51 EtOH; 
s eth, ace, bz, 
CS, 
3980 4,4’-Dimethyl-2,2'-bipyridine С 1134-35-6 84.236 1715 sch 
3981 2,3-Dimethyl-1,3-butadiene Diisopropenyl СН 513-81-5 82.43 liq -16 68.8 0.72225 1.4394? s ctc 
3982 N,N-Dimethylbutanamide CIH, NO 760-79-2 15173 liq -40 186; 125190 0.90645 1.439125 vs асе, bz, eth, 
EtOH 
3983 3,3-Dimethyl-2-butanamine C H, N 3850-30-4 01.190 liq -20 102 0.7668 141055 ٤0 
3984 2,2-Dimethylbutane Neohexane CH 75-83-2 86.175 _ liq -98.8 49.73 0.644425 1.3688? i H,0; s EtOH, 
eth; vs ace, bz, 
peth, ctc 
3985 2,3-Dimethylbutane C; Hu 19-29-8 86.175 liq -128.10 57.93 0.661620 1.3750? ІН,0; s EtOH, 
eth; vs ace, bz, 
peth, ctc 
3986 2,3-Dimethyl-2,3-butanediol Pinacol 068,40; 76-09-5 18.174 nd(aleth) 43.32 74.4 SI Н,0, CS,; vs 
EtOH, eth 
3987 2,3-Dimethyl-2-butanethiol CIH S 1639-01-6 18.240 liq 26.1 
3988 2,2-Dimethylbutanoic acid СЕН 0; 595-37-9 16.158 liq -14 86 0.927620 1.414520 51 H,0; $ EtOH, 
eth 
3989 2,2-Dimethyl-1-butano Сен 1185-33-7 02.174 <-15 36.5 0.828320 1.4208? 51 H,0; s EtOH, 
eth 
3990 3,3-Dimethyl-1-butano CIH, 0 624-95-3 02.174 liq -60 43 0.8445 43235 51 Н,0; s ОН, 
eth, ace 
3991 2,3-Dimethyl-2-butano СеН0 594-60-5 02.174 liq -14 184 0.82362 1.41769  sH,0; msc 
EtOH, eth 
3992 3,3-Dimethyl-2-butanol, (+) СеН0 20281-91-8 102.174 5.6 20.4 0.81225 1.4148? $1 H,0; vs ОН, 
eth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
eth, ace, ctc 
3994 3,3-Dimethylbutanoyl chloride Сени СТО 7065-46-5 134.603 130; 68100 0.969? 42109) vs eth 
3995 2,3-Dimethyl-1-butene CH; 563-78-0 84.159 liq -157.3 55.6 0.68032 — 1.3995? i H,0; s EtOH, 
eth, ace, ctc, 
CS, 
3996 3,3-Dimethyl-1-butene C; Hi 558-37-2 84.159 liq -1152 412 0.6529? 1.3763? ІН,0; s EtOH, 
eth, ctc, ch 
3997 2,3-Dimethyl-2-butene C; Hi; 563-79-1 84.159 liq -7419 73.3 0.708020 1.4122? ІН,0; $ EtOH, 
eth, ace, chl 
3998 N-(1,3-Dimethylbutyl)- V-phenyl- Сан; 793-24-8 268.397 46 64! 
1,4-benzenediamine 
3999 3,3-Dimethyl-1-butyne tert-Butylacetylene C; His 917-92-0 82.143 iq -78.2 37.7 0.66235 1.373620 
4000 Dimethyl 2-butynedioate C H,0, 762-42-5 142.110 dec 197; 982 1.1564? 1.443420 s EtOH, eth, сіс 
4001 Dimethyl cadmium CH Cd 506-82-1 142.480 -45 05.5 (exp 198466 1.5488 47 
150( 
4002 Dimethylcarbamic chloride Dimethylcarbamoyl chloride C,H,CINO 79-44-7 107.539 liq -33 67 1685 145402 
4003 Dimethylcarbamothioic chloride C,H,CINS 16420-13-6 123.605 pr 425 9810 vs eth; $ chl, 
peth 
4004 Dimethyl carbate СНО, 39589-98-5 210227 cry 38 37125 1.1642! 4852? |Н,0 
4005 Dimethyl carbonate Methyl carbonate С4Ң;0; 616-38-6 90.078 0.5 90.5 06365 1.368722  iH,0; s EtOH, 
eth; sl ctc 
4006 Dimethylcyanamide С.Н, 1467-79-4 70.093 63.5 40899 5 ace, eth, 
EtOH 
4007 2,3-Dimethyl-2,5-cyclohexadiene- (1,0, 526-86-3 36149 ye nd 55 sub SI Њ0; s EtOH, 
1,4-dione eth, chl 
4008 2,5-Dimethyl-2,5-cyclohexadiene- Сао; 137-18-8 36.149 уе па (а) 126.0 $! ЊО, EtOH; 8 
1,4-dione eth, bz, chl 
4009 2,6-Dimethyl-2,5-cyclohexadiene- CH,O; 527-61-7 36.149 уе nd 72.5 sub 1.047928 s chl 
1,4-dione 
4010 1,1-Dimethylcyclohexane C; His 590-66-9 12.213 liq -333 19.6 0.780920 1.4290? ІН,0; s EtOH, 
eth, ace, bz; 
msc ctc 
4011 cis-1,2-Dimethylcyclohexane C; His 2207-01-4 12.213 0 -49.8 29.8 0.796320 1.4360? i Њ0; s EtOH, 
bz, ctc; msc 
eth, ace 
4012 trans-1,2-Dimethylcyclohexane C; His 6876-23-9 12213 0 -88.15 235 0.7760? — 1.4270? i H0; s EtOH, 
eth; msc ace, 
bz; vs lig 
4013 cis-1,3-Dimethylcyclohexane С.Н.5 638-04-0 12213 Па -15.53 20.1 0.7660% 1.4229? i H,0; msc 
EtOH, eth, ace, 
bz, lig, ctc 
4014 trans-1,3-Dimethylcyclohexane Саб 2207-03-6 12213 Па -90.07 245 0.7915 42845 
4015 cis-1,4-Dimethylcyclohexane C; His 624-29-3 12.213 0 -87.39 24.4 078290 1.230? i H,0; msc 
EtOH, eth, ace 
bz, lig, ctc 
4016 trans-1,4-Dimethylcyclohexane C; His 2207-04-7 12213 0 -36.93 194 0.7715 41855 iHj0 
4017 Dimethyl trans-1,4- C.H, 0, 3399-22-2 200.232 nal (eth) 711 s eth 
cyclohexanedicarboxylate 
4018 5,5-Dimethyl-1,3- 5,5-Dimethyldihydroresorcinol ^ Сан „о; 26-81-8 40.180 па (w) 150 dec SI Н,0, eth; s 
cyclohexanedione ace, ctc; vs 
chl, HOAc 
4019 Мо- Propylhexedrine Сын; 01-40-6 55.281 205; 8210 0.8501? 1.460022 уз EtOH 
Dimethylcyclohexaneethanamine 
4020 3,3-Dimethylcyclohexanol C H, 0 767-12-4 28.212 11.5 185; 99.5% 0.9128" 7 
4021 2,2-Dimethylcyclohexanone Са О 193-47-1 26.196 0 -20.5 172 0.9145? 1.448620 
4022 2,6-Dimethylcyclohexanone Са О 2816-57-1 26.196 175 0.92525 44602 
4023 3,3-Dimethylcyclohexanone CIH, 0 2979-19-3 26.196 180; 722 0.909" „44827 
4024 4,4-Dimethylcyclohexanone CIH, 0 4255-62-3 26.196 39 138 0.9320 453724 
4025 1,2-Dimethylcyclohexene Са 674-10-8 10497 liq -84.1 138 082205 1.4620% 
4026 1,3-Dimethylcyclohexene CH 2808-76-6 10.197 127 0.79925 449% 
4027 3,5-Dimethyl-2-cyclohexen-1-one СаН 0 123-09-7 24.180 208.5 0.940020 1.481220 5 EtOH, eth 
4028 1,1-Dimethylcyclopentane СІН, 638-26-2 98186 liq -69.8 87.5 0.74995 1.413620 
4029 cis-1,2-Dimethylcyclopentane СІН, 192-18-3 98.186 liq -54 99.5 0.768025 1.422220 
4030 trans-1,2-Dimethylcyclopentane СІН, 822-50-4 98.186 Па -117.6 91.9 0.74685 8 
4031 cis-1,3-Dimethylcyclopentane СІН, 2532-58-3 98.186 Па -133.7 90.8 0.740225 — 756 
4032 trans-1,3-Dimethylcyclopentane СІН, 759-58-6 98486 0 -134 91.7 0.74435 8 
4033 Мо- Cyclopentamine CIH, N 02-45-4 141.254 171 45002 
Dimethylcyclopentaneethanamine 
4034 1,2-Dimethylcyclopentene СІН, 765-47-9 96170 liq -90.4 105.8 0.79285 1.444820 
4035 1,5-Dimethylcyclopentene C; Hi; 6491-15-9 96.170 liq -118 99 0.78020 43312 
4036 1,1-Dimethylcyclopropane C.H 630-94-0 70.133 vol liq or gas -109 20.6 0.6604? 1.3668? ІН,0; s EtOH; 
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2,5-Dimethyl-2,5-cyclohexadiene-1,4-dione 2,6-Dimethyl-2,5-cyclohexadiene-1,4-dione 1,1-Dimethylcyclohexane Cis-1,2-Dimethylcyclohexane trans-1,2-Dimethy|cyclohexane 
О. 0 
' 
` | “оо 
cis-1,3-Dimethylcyclohexane trans-1,3-Dimethylcyclohexane cis-1,4-Dimethylcyclohexane trans-1,4-Dimethylcyclohexane Dimethyl trans-1,4-cyclohexanedicarboxylate 
0 он 0 0 
5,5-Dimethyl-1,3-cyclohexanedione N,o-Dimethylcyclohexaneethanamine 3,3-Dimethylcyclohexanol 2,2-Dimethylcyclohexanone 2,6-Dimethylcyclohexanone 
О 
| N on 21 
3,3-Dimethylcyclohexanone 4,4-Dimethylcyclohexanone 1,2-Dimethylcyclohexene 1,3-Dimethylcyclohexene 3,5-Dimethyl-2-cyclohexen-1-one 
1,1-Dimethylcyclopentane cis-1,2-Dimethylcyclopentane trans-1,2-Dimethy|cyclopentane cis-1,3-Dimethylcyclopentane trans-1 '3-Dimethylcyclopentane 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
4037 cis-1,2-Dimethylcyclopropane С.Н, 930-18-7 70433 19 -140.9 37.0 0.6889? 1.3829? i H0; s EtOH; 
vs eth; sl ctc 
4038 trans-1,2-Dimethylcyclopropane C; Hs 2402-06-4 70.133 vol liq or gas -149.6 28.2 0.6648 137139 vs eth, EtOH 
4039 Dimethyldecylamine N,N-Dimethyl-1-decanamine C HN 120-24-7 85.349 234.5 
4040 Dimethyldiacetoxysilane Bis(acetyloxy)dimethylsilane C; H440,Si 2182-66-3 76.243 19 -12.5 65 1.054029 1.403020 
4041 (rans-Dimethyldiazene Azomethane СНА 4143-41-3 58.082 gas -78 5 0.743? — 141999 vs ace, EtOH, 
eth; s ctc, hp 
4042 2,2-Dimethyl-1,3-dioxane-4,66- — Meldrum's acid С 1,0, 2033-24-1 44.126 94 
dione 
4043 cis-3,6-Dimethyl-1,4-dioxane- СеН0, 4511-42-6 44126 orth (eth) 96.8 50% 
2,5-dione 
4044 2,2-Dimethyl-1,3-dioxolane-4- Isopropylidene glycerol Сен 0; 00-79-8 32.157 8210 1.06049 1.438320 
methano| 
4045 Dimethyldiphenoxysilane Cu H, 0,Si 3440-02-6 244362 -23 315 1.059925 1.533020 
4046 2,3-Dimethyl-2,3-diphenylbutane — Dicumene Ci H> 889-67-4 238.368 cry (MeOH) 1195 
4047 3,3-Dimethyldiphenylmethane C4; Hu N50; 39-25-3 278.305 s chl 
4,4'-diisocyanate 
4048 2,9-Dimethyl-4,7-diphenyl-1,10- Co о 4733-39-5 360.450 280 дес 
phenanthroline 
4049 Dimethyldiphenylsilane Се 778-24-5 212.363 277, 1735 0.98672 1.564420 
4050 N,N-Dimethyl-N,N-diphenylurea СНО 611-92-7 240.300 pl (al) 122 350 vs H,0, EtOH, 
ace; sl eth, bz, 
CS, 
4051 Dimethyl disulfide Methyl disulfide C; HS; 624-92-0 94199 liq -04.67 109.74 1.0625? 1.5289? i H,0; msc 
НОН, eth 
4052 0,0-Dimethy! dithiophosphate 0,0-Dimethyl C,H,0,PS, 756-80-9 158.180 liq 564 29% 
phosphorodithionate 
4053 N,N-Dimethyldodecylamine oxide Са H4 МО 643-205 229402 hyg nd (tol) 1305 
4054 1,2-Dimethylenecyclohexane Са; 2819-48-9 108.181 127, 60% 0.8361? 1.4718? 16,0; s EtOH, 
eth, bz, chl; vs 
ace 
4055 N,N-Dimethyl-1,2-ethanediamine C HN; 08-00-9 88.151 104 0.803% 1.426020 
4056 N,N-Dimethyl-1,2-ethanediamine А 10-70-3 88.151 120 0.8285 S EtOH, eth, dil 
НО! 
4057 N,N-Dimethylethanolamine Deanol С.Н. NO 08-01-0 89136 liq -59 134 0.8866? 1.4300? msc H,0, EtOH, 
eth; s chl 
4058 Dimethyl ether Methyl ether СНО 15-10-6 46.068 _ col gas -1415 -248 S ЊО, EtOH, 
eth, асе, chl; sl 
bz 
4059 (1,1-Dimethylethoxy)benzene С.Н 6669-13-2 150.217 ٩ -24 185.5 0.921420 
4060 [(1,1-Dimethylethoxy)methyl] C; H0; 7665-72-7 130.185 liq -70 152 0.8982 
oxirane 
4061 N,N-Dimethylformamide DMF C.H;NO 68-12-2 73.004 liq -60.48 153 0.944525 1.4305? msc H,0, EtOH, 
eth, ace, bz; sl 
lig 
4062 Dimethyl fumarate ШІЛ 624-49-7 44.126 103.5 193 1.3720 1.4062" i H,0; s ace, chl 
4063 2,5-Dimethylfuran СНО 625-86-5 96.127 liq -62.8 93 0.8883? 1.436322 i H,0; s EtOH, 
eth, ace, bz, 
НОАс, ch 
4064 3,4-Dimethyl-2,5-furandione СеН03 766-39-2 26110  plorif (dil ۴6 223 1.107100 SI H;O; vs EtOH, 
al) eth, bz, chl 
4065 Dimethyl germanium sulfide CH ,GeS 16090-49-6 13477 сої су 545 302 
4066 Dimethyl glutarate C7H,.0, 1119-40-0 60.168 liq -42.5 214; 1097 1.0876? 1.424220 vs EtOH, eth; s 
chl 
4067 N,N-Dimethylglycine C H,N0, 1118-68-9 03.120 hyg nd 185.5 vs ЊО, MeOH; 
(PrOH) $ EtOH, eth, 
ace 
4068 Dimethylglyoxime СНО; 95-45-4 16.119 па (to or dil 5 sub 234 i H30; vs EtOH, 
al) eth; sl bz, tol 
4069 2,6-Dimethyl-1,5-heptadiene CoH, 6709-39-3 24223 liq -70 43 0.764825 
4070 2,2-Dimethylheptane Са» 1071-26-7 28.255 liq -113 32.7 0.71052 1.401622 i H,0; s eth, ctc; 
vs ace, chl; 
msc bz 
4071 2,3-Dimethylheptane "M 3074-71-3 28.255 liq -116 40.5 0.7260? 1.4080? i H,0; msc 
EtOH, eth, ace 
bz, peth, chl 
4072 2,4-Dimethylheptane Са» 2213-23-2 28.255 32.9 071155 1.4034? | H,0; msc 
НОН, eth, асе 
bz, chl, peth 
4073 2,5-Dimethylheptane СН» 2216-30-0 128.255 36 0.719820 1.403322 vs ace, bz, eth, 
EtOH 
4074 2,6-Dimethylheptane "m 1072-05-5 28.255 liq -102.9 35.2 0.7089? 1.4011? sl chl 
4075 3,3-Dimethylheptane Сар 4032-86-4 28.255 37.3 0.7254? 1.4087? i H,0; msc 
FtOH; s eth; vs 
ace, bz 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
4076 3,4-Dimethylheptane Cs Hos 922-28-1 28.255 40.6 073140 1.4108? ІН,0; s eth, ctc; 
vs ace, chl; 
msc bz 
4077 3,5-Dimethylheptane Со» 926-82-9 28.255 36 0.722520 1.40839  iH;0;seth, сіс; 
vs ace, chl; 
msc bz 
4078 4,4-Dimethylheptane C; Hos 068-19-5 28.255 352 0.722120 1.407622 i H,0; seth, ctc; 
vs ace, chl; 
msc bz 
4079 Dimethyl heptanedioate Dimethyl pimelate CH, 0, 732-08-7 88.221 -21 200, 80' .0625? 1.4309? 5ІН,0; s EtOH, 
eth, bz 
4080 2,6-Dimethyl-2-heptanol Сан 3254-34-77 144.254 73 081860 1.424220 
4081 2,6-Dimethyl-4-heptanol Diisobutylcarbinol Сон 08-82-7 44.254 745 0.81142 1.424220 i H0; s EtOH, 
eth; sl ctc 
4082 3,5-Dimethyl-4-heptanol Сон 9549-79-2 144254 86 0.836" 4283” 51 Н,0 
4083 2,6-Dimethyl-4-heptanone Diisobutyl ketone CH, 0 08-83-8 42238 liq -41.5 69.4 0.8062? 1.412“ ІН,0; msc 
НОН, eth; s 
cic 
4084 2,6-Dimethyl-5-heptenal С-Н,,0 06-72-9 40.222 oi 200 
4085 M6-Dimethyl-5-hepten-2-amine ^ Isometheptene C; His 503-01-5 41.254 TT vs eth, EtOH 
4086 2,5-Dimethyl-1,5-hexadiene Соц 627-58-7 10.197 Па -75.6 14.3 0.74320 .43995 | H0; $ ace, chl 
4087 2,5-Dimethyl-2,4-hexadiene C; Hi 764-13-6 10.197 14 345 0.7577% 14785? |Н,0; $ EtOH, 
eth, bz, chl 
4088 2,2-Dimethylhexane С.Н.в 590-73-8 14229 liq -121.1 06.86 0.6953? 1.393520 vs асе, bz, eth, 
EtOH 
4089 2,3-Dimethylhexane Са а 584-94-1 14.229 15.62 069125 1.401122 — vs ace, bz, 
EtOH, lig 
4090 2,4-Dimethylhexane C; His 589-43-5 14.229 09.5 0.69622 1.392925 
4091 2,5-Dimethylhexane C; His 592-13-2 14.229 liq -91 09.12 0.69015 1.392520 i H,0; msc 
НОН, ace, bz; 
S eth 
4092 3,3-Dimethylhexane Cs His 563-16-6 14.229 liq -126.1 11.97 0.710020 1.4001? ІН,0; msc 
НОН; vs eth, 
ace, bz 
4093 3,4-Dimethylhexane C; His 583-48-2 14.229 17.73 0.71512 1.404122 | НО; s eth; 
msc EtOH, 
ace, bz 
4094 2,5-Dimethyl-2,5-hexanediamine CIH. N; 23578-35-0 144258 84; 63% 08485 1.445920 
4095 2,5-Dimethyl-2,5-hexanediol 1,1,4,4- Tetramethyl-1,4- Сан 0; 110-03-2 46.228 pr (AcOEt) fl 88.50 214 0.89820 S Н,0: vs EtOH, 
butanediol (peth) bz, chl 
4096 2,2-Dimethyl-1-hexanol C H, 0 2370-13-0 30.228 952 
4097 2,3-Dimethyl-1-hexene СН, 16746-86-4 112.213 10.5 0.71725 14113? 
4098 5,5-Dimethyl-1-hexene C; His 7116-86-1 12.213 04 0.705% 404922 
4099 2,3-Dimethyl-2-hexene C; His 1145-20-2 12.213 liq -115.1 21.8 0.73662 1.426820 
4100 2,5-Dimethyl-2-hexene C; His 3404-78-2 12.213 122 0.7182? 1.414020 
4101 cis-2,2-Dimethyl-3-hexene C; His 690-92-6 12.213 liq -1374 05.5 0.70865 1.409920 
4102 trans-2,2-Dimethyl-3-hexene C; His 690-93-7 12.213 00.8 0.699525 1.406320 
4103 3,5-Dimethyl-1-hexen-3-ol C IH, 0 3329-48-4 28.212 46.5 0.838220 1.434220 
4104 1-(1,5-Dimethyl-4-hexenyl)-4- о-Сигситепе СН» 644-30-4 202.336 40% 0.8805? 1.4989? |Н,0; s bz 
methylbenzene 
4105 2,5-Dimethyl-3-hexyne-2,5-diol Сан 0; 142-30-3 42.196 95 205 0.94720 S ЊО, chl; vs 
EtOH, eth, ace, 
bz 
4106 1,1-Dimethylhydrazine C; HN, 57-14-7 60.098 liq, fumes in -57.20 63.9 0.7912 „40752 vs HO, EtOH, 
air eth, MeOH 
4107 1,2-Dimethylhydrazine C; HN; 540-73-8 60.098 fumes (air) -89 81 0.8274? 1.4209? msc H,0, EtOH, 
eth 
4108 1,2-Dimethylhydrazine C; Hg CIN; 306-37-6 133.019 pr (w) 170 dec vs Н,0, EtOH 
dihydrochloride 
4109 Dimethyl hydrogen phosphate Dimethyl phosphate C,H;0,P 813-78-5 126.048 dec 174 3225 14085 vs H,0, ace, 
EtOH 
4110 Dimethyl hydrogen phosphite C;H;0.P 868-85-9 110.049 170.5 1.2002? 1.4036? 5 EtOH, py; sl 
cic 
4111 1,2-Dimethyl-1 H-imidazole АЛ 1739-84-0 9613 206 1.0051" vs H,0, eth, 
EtOH 
4112 2,4-Dimethyl-1 H-imidazole АЛЫН 930-62-1 96.13 92 267 
4113 5,5-Dimethyl-2,4- СНО; 77-71-4 128.130 рг (dil а) 178 sub vs Н,0, EtOH, 
imidazolidinedione eth, ace, bz, 
chl; s DMSO 
4114 1,1-Dimethylindan CuHu 4912-92-9 146.229 191 0.9199 151355 
4115 1,3-Dimethyl-1 H-indole C HN 875-30-9 145.201 nd 142 258.5 s eth 
4116 2,3-Dimethyl-1 H-indole C4 HN 91-55-4 145.201 107.5 287 
4117 N,N-Dimethyl-1 H-indole-3- N,N-Dimethyltryptamine CH, N; 61-50-7 188.268 46 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

4118 N,N-Dimethyl-1 H-indole-3- Gramine СН, № 87-52-5 74.242 ndorpl(ace) 138.5 160; s EtOH, 

methanamine eth, chl; i peth 

4119 Dimethyl isophthalate С.Н. 0, 1459-93-4 94.184 nd(dilal) 5 282 1.19420 51680 0 

4120 1,4-Dimethyl-7-isopropylazulene  Guaiazulene Cic Hg 489-84-9 98.304  bl-viol pl (al) 31.5 672 0.9732 s EtOH, eth, 
AcOEt 

4121 1,6-Dimethyl-4- Cadalene Cic Hag 483-78-3 98.304 294; 14970 0.96672 1.578525 vs oils 

isopropyInaphthalene 

4122 2,4-Dimethyl-3-isopropylpentane СцН» 13475-79-1 142282 liq -81.7 57.1 0.75455 1.424620 

4123 3,5-Dimethylisoxazole СНО 300-87-8 97.116 43 0.9925 442120 

4124 Dimethylmagnesium Magnesium dimethyl C; Hg 2999-74-8 54374 solid 220 dec subl 

4125 Dimethyl maleate Methyl cis-butenedioate СеН0, 624-48-6 44.126 liq -19 202 1.160622 1.4416? <ІН,0, lig; s 
eth, ctc 

4126 Dimethyl malonate Methyl malonate СНО, 108-59-8 32.116 liq -61.9 814 1.52820 4135? sl H,0; msc 
EtOH; vs ace, 
bz; sch 

4127 Dimethylmalonic acid Dimethylpropanedioc acid C5H,0, 595-46-0 32.116  pr(bz/peth) 192.5 subl s hot H,0 

4128 Dimethyl mercury C;H.Hg 593-74-8 230.66 93 3.17% 54520 H,0; vs ОН 
eth 

4129 Dimethyl cis-2-methyl-2- Dimethyl citraconate CH, 0. 617-54-9 58.152 210.5 1.1153 1.4473? vs ace, eth, 

butenedioate EtOH 

4130 Dimethyl methylenesuccinate بل‎ 617-52-7 58.152 һу то! 38 208 112418 1.4457? s EtOH, eth, 

(MeOH) eOH; vs ace 

4131 Dimethyl methylmalonate 0804 609-02-9 46.141 74 1.097720 14128? ٩5 vh eth, 
EtOH, chl 

4132 Dimethyl methylphosphonate "لال‎ 756-79-6 24.075 81; 79.50 . 1.1684? 14099% 5Н,0, EtOH, eth 

4133 trans-2,2-Dimethyl-3-(2-methyl- Cic Hi 0; 4638-92-0 68.233 рг 20.0 245 vs eth, EtOH, 

1-propenyl) chl 
cyclopropanecarboxylic acid 

4134 Dimethyl 2-methylsuccinate C;Hi,0, 1604-11-1 60.168 96 1.076% 42002 

4135 Dimethyl p-(methylthio)phenyl CgH,,0,PS 3254-63-5 248.235 iq 1.27321 SI Н,0: s ace, 

phosphate EtOH, diox, 
ctc, Ху! 

4136 2,6-Dimethylmorpholine CIH, NO 141-91-3 15173 liq -88 46.6 0.9329? 1.4460? msc ЊО, EtOH, 
bz, lig; s ace; 
sl chl 

4137 Dimethyl Dimethyl 4- C H, NO, P 597-25-1 95.153 liq 96! 

morpholinophosphoramidate morpholinylphosphonate 

4138 1,2-Dimethylnaphthalene СА 573-98-8 56.223 0.8 266.5 10179? 16166? i H,0; s eth, bz 

4139 1,3-Dimethylnaphthalene СН 575-41-7 56223 liq -6 263 10144? 1.6140? i H,0; s eth, bz 

4140 1,4-Dimethylnaphthalene СН, 571-58-4 56.223 76 268 1.0166? 1.612722 |Н,0; vs EtOH; 
msc eth, ace, 
bz, cic 

4141 1,5-Dimethylnaphthalene Ci Hs; 571-61-9 56.223 82 265 i H,0; vs bz, eth 

4142 1,6-Dimethylnaphthalene C Hio 575-43-9 56223 liq -16.9 264 1.0021? 1.6166? i H,0; s eth, bz 

4143 1,7-Dimethylnaphthalene СН; 575-37-1 56223 liq -13.9 263 1.0115? 1.608322 i H,0; 5 eth, bz 

4144 1,8-Dimethylnaphthalene Сын; 569-41-5 56.223 65 270 1.00320 i H0; s eth, bz 

4145 2,3-Dimethylnaphthalene Guajen СЫН; 581-40-8 56.223 |f (al) 105 268 1.003% 50607 i H,0; vs bz, eth 

4146 2,6-Dimethylnaphthalene eum 581-42-0 56.223 112 262 1.00320 i 0 

4147 2,7-Dimethylnaphthalene Ci Hs; 582-16-1 56.223 97 265 1.00320 

4148 N,N-Dimethyl-1-naphthylamine СНз 86-56-6 71.238 viol flr cry 250; 57 1.042320 1.6245 ІН,0; s EtOH, 
eth, ctc 

4149 N,N-Dimethyl-2-naphthylamine Cio Haa 2436-85-3 71.238 dkrednd 525 305 1.02799 1.64439 i H,0; $ EtOH, 
eth 

4150 N,N-Dimethyl-2-nitroaniline Сао МО 610-17-3 66.177  ye-oran -20 14620 1.17942 1.61029 5 ЫН eth; vs 
EtOH, ch 

4151 N,N-Dimethyl-3-nitroaniline C IH, N,0; 619-31-8 66.177 red ٧ pr 605 282.5 13137 1Н,0, s EtOH, 

(eth eth 

4152 N,N-Dimethyl-4-nitroaniline Сао МО 100-23-2 66.177 yend(al) 1645 1620; s EtOH, 
eth, 6 

4153 1,2-Dimethyl-3-nitrobenzene Сан МО; 83-41-0 51.163 nd (al) 15 240 1.140220 1.544122 i H,0; s EtOH, 
cic 

4154 1,2-Dimethyl-4-nitrobenzene 4-Nitro-o-xylene CHNO, 99-51-4 51.163 ye pr (al) 30.5 251; 143?! 1.112" 520229) i H,0; msc EtOH 

4155 1,3-Dimethyl-2-nitrobenzene Сан МО; 81-20-9 51.163 15 226 1.1125 520220 i H,0; vs ОН, 
s clc 

4156 1,3-Dimethyl-5-nitrobenzene Сан МО; 99-12-7 51.163 па (al) 75 274 i H,0; vs EtOH, 
eth 

4157 1,4-Dimethyl-2-nitrobenzene CIH МО; 89-58-7 51.163 pa ye liq -25 240.5 1.1325 54139 |Н,0; s EtOH 

4158 2,4-Dimethyl-1-nitrobenzene Сан МО; 89-87-2 51.163 9 247; 12218 1.1355 54735  1Н,О; seth, асе, 
bz, chl 

4159 1,2-Dimethyl-5-nitro-1H- Dimetridazole C;H,N.0; 551-92-8 41.129 па (w) 138.5 vs eth, EtOH 

imidazole 

4160 N,N-Dimethyl-4-[2-(4- Ci ٧٢٢ 4584-57-0 268.310 258.3 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
— 61 МА-ОтећуМ р QHNOS 8015 2428 ву | 00 ПЕН. 
nitrosobenzenesulfonamide Tolylsulfonylmethylnitrosamide eth 
4162 Dimethyl nonanedioate Methyl azelate C Ho0, 732-10-1 5 -0.8 15620 1.008220 1.436722 ІН,0; $ EtOH, 
ace, bz, ctc 
4163 6,6-Dimethyl-2-norpinene-2- Myrtenal Cig 0 564-94-3 50.217  unstab oil 9915 
carboxaldehyde 
4164 cis-3,7-Dimethyl-2,6-octadienal C4 H0 06-26-3 52.233 120° 0.8869? 1.486922 i H,0; msc 
EtOH, eth 
4165 trans-3,7-Dimethyl-2,6-octadienal C4 H0 41-27-5 52.233 229 0.8888? 1.4898? i H,0; msc 
EtOH, eth 
4166 3,7-Dimethyl-1,6-octadiene Citronellene Сада 2436-90-0 38.250 0.760122 84 
4167 3,7-Dimethyl-2,6-octadienoic acid  Geranic acid СъНь0» 459-80-3 68.233 oil 
4168 cis-3,7-Dimethyl-2,6-octadien-1- Nerol Слао 06-25-2 54,249 <-15 225, 125% 0.8756? 1.4746? уз EtOH 
ol 
4169 cis-3,7-Dimethyl-2,6-octadien-1- C Ho0; 41-12-8 96.286 3425, 933 0.905" 452% 
ol acetate 
4170 trans-3,7-Dimethyl-2,6-octadien- СНО; 05-86-2 82.260 dec 229; 113% 0.9086 1.4659% i H,0; vs EtOH; 
1-0l formate S eth, ace 
4171 2,2-Dimethyloctane СұН» 5869-87-1 142.282 55 0.7208 1.408220 
4172 2,3-Dimethyloctane СН» 1146-60-3 42.282 64.3 0.73772 1.414620 
4173 2,4-Dimethyloctane Со 4032-94-4 42.282 56 0.722655 140912 
4174 2,5-Dimethyloctane Cio Ho; 5869-89-3 142.282 58.5 0.726425 8 
4175 2,6-Dimethyloctane Со 2051-30-1 42.282 60.4 0.73132 1.409720 
4176 2,7-Dimethyloctane (Нь 072-16-8 42.282 liq -549 59.9 0.720225 1.4086? $ eth, НОАС 
4177 3,4-Dimethyloctane СН» 5869-92-8 142.282 63.4 0.741025 84 
4178 3,6-Dimethyloctane Со 5869-94-0 142.282 60.8 0.73245 1.413920 
4179 Dimethyl octanedioate Dimethyl suberate Саон О, 732-09-68 202248 liq -1.6 268 1.0217? 1.434122 ІН,0; $ EtOH, 
eth, ace; sl сіс 
4180 3,7-Dimethyl-1,7-octanediol СО; 07-74-4 74.281 265 0.9372 .4599? 5167, tol 
4181 2,2-Dimethyloctanoic acid (51:50, 29662-90-6 172.265 408 
4182 2,2-Dimethyl-1-octanol СұН0 2370-14-1 58.281 liq 97 0,8420 
4183 3,7-Dimethyl-1-octanol C4 0 06-21-8 58.281 212.5 0.832% 438%  seth 
4184 2,6-Dimethyl-2-octanol Tetrahydromyrcenol Ci 0 8479-57-7 158.281 80.510 0.80235 757 
4185 3,6-Dimethyl-3-octanol C4 0 51-19-9 58.281 0 -67.5 202.2 083472 1.437020 
4186 3,7-Dimethyl-3-octanol C4 H0 18-69-3 58.281 205.1 0.82625 433% 
4187 cis-3,7-Dimethyl-1,3,6-octatriene cis-B-Ocimene С оће 3338-55-4 36.234 0.79920 
4188 trans-3,7-Dimethy|-1,3,6- trans-B-Ocimene NM 3779-61-1 36.234 0.79920 
octatriene 
4189 3,7-Dimethyl-1,3,7-octatriene о-Осітепе M 502-99-8 36.234 dec 177 0.8000? 1.4862? i H,0; s EtOH, 
eth, chl, HOAC 
41% cis, cis-2,6-Dimethyl-2,4,6- cis-allo-Ocimene СН 7202-20-90 136.234 ٩ 
octatriene 
4191 trans,trans-2,6-Dimethyl-2,4,6- trans-allo-Ocimene СН 3016-19-1 36.234 liq -35.4 88; 912 0.811820 1.544620 
octatriene 
7 4192 37-Dimethy-G-odena Citronela ________онно __ 106230 154240 00009 2075 08539 144739 05017 
Cry 
4193 3,7-Dimethyl-1-octene Со 4984-01-4 40.266 col lig 54 0.73962 1.421220 
4194 3,7-Dimethyl-6-octenoic acid Citronellic acid CigH 0; 502-47-6 70.249 257; 1573 0.92347 
4195 3,7-Dimethyl-6-octen-1-ol, (А) Citronellol, (+) Cio Ha 0 117-61-9 56.265 oil 224; 10810 — 0.8550? 1.4565? 5ІН,0; msc 
EtOH, eth 
4196 3,7-Dimethyl-6-octen-1-ol, (S) Citronellol, (-) Cic Ha 0 1540-51-4 56.265 oil 224; 10870 0.859 .4576'8 — vs eth, EtOH 
4197 3,7-Dimethyl-7-octen-1-ol, (S) ^ Rhodinol C4 Ha 0 6812-78-8 56.265 114? 0.8549? 1.4556? vs eth, EtOH 
4198 3,7-Dimethyl-6-octen-3-ol C4 H, 0 8479-51-1 156.265 944 086955 7 
4199 3,7-Dimethyl-6-octen-1-ol, acetate Citronellol acetate C H,0; 50-84-5 98.302 1159 
4200 Dimethyloldihydroxyethyleneurea — 4,5-Dihydroxy-1,3- СНО 854-26-8 78143  hyg cry 
bis(hydroxymethyl)-2- 
imidazolidinone 
4201 Dimethyl oxalate C H,0, 553-90-2 18089 то! tab 548 163.5 1.1716 1,3792 — 5160; s EtOH, 
eth, ace, chl 
4202 5,5-Dimethyl-2,4- Dimethadione СН; 695-53-4 29.115 76.5 
oxazolidinedione 
4203 3,3-Dimethyloxetane САН 0 6921-35-3 86.132 80.6 0.8345 39659 
4204 3,3-Dimethyl-2-oxetanone СНО, 1955-45-9 00.117 585 
4205 2,2-Dimethyloxirane 2-Methyl-1,2-epoxypropane C H,0 558-30-5 72.106 52 081120 1.371222 $ EtOH, eth 
4206 cis-2,3-Dimethyloxirane C,H,0 1758-33-4 72406 liq -80 60 082265 1.3802? уз eth, ace, bz 
4207 trans-2,3-Dimethyloxirane C H,0 6189-41-9 72106 liq -85 56.5 0.80102 1.373620 vs eth, ace, bz 
4208 3,3-Dimethyl-2-oxobutanoic acid C H, 0, 815-17-8 130.141 90.5 189; 8015 si нші 
chl, CS; 
4209 N-(1,1-Dimethyl-3-oxobutyl)-2- ^ Diacetone acrylamide Со МО; 2873-97-4 169.221 s chl 
propenamide 
4210 Dimethyl 3-oxo-1,5-pentanedioate Dimethyl 1,3- C;H40; 1830-54-2 174.151 1505, 7798 1,1809 1.443420 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л Solubility 
4212 N,N-Dimethylpentanamide СН NO 6225-06-5 29.200 -51 141100 089625 1.44195 vs НО, eth, 
EtOH 
4213 2,2-Dimethylpentane C; Ha 590-35-2 00.202 liq -123.7 79.2 0.67392 1.382220 i H,0; s EtOH, 
eth; msc ace 
bz, hp, chl 
4214 2,3-Dimethylpentane C; Hi 565-59-3 00.202 89.78 0.69085 1.389425 i H,0; s EtOH, 
eth; msc ace 
bz, chl 
4215 2,4-Dimethylpentane СІН, 108-08-7 00.202 І -1192 80.49 0.672722 1.3815? i H,0; s EtOH, 
eth; msc ace 
bz, chl, hp 
4216 3,3-Dimethylpentane C; Hi 562-49-2 00.202 liq -134.4 86.06 0.69362 1.39092  iH,0; $ EtOH, 
eth; msc асе 
bz, hp, chl 
4217 3,3-Dimethylpentanedioic acid Dihydro-4,4-dimethyl-2 H- ولا‎ 4160-82-1 42.152 125.8 18125, 15620 
anhydride pyran-2,6(3H)-dione 
4218 3,3-Dimethylpentanedioic acid C7H,,0, 4839-46-7 60.168 mcl pl, пй 103.5 12645, 89? 1.427820 vs Н,0, EtOH, 
(bz) eth; sl bz; i lig 
4219 2,2-Dimethylpentanoic acid СНА 1185-39-3 30.185 0 98? 0.918920 
4220 2,2-Dimethyl-1-pentano CH, 0 2370-12-9 16.201 s chl 
4221 2,3-Dimethyl-2-pentano (-Н, 0 4911-70-0 16.201 0.80420 51 Н,0 
4222 2,4-Dimethyl-2-pentano C;H440 625-06-9 16.201 <-20 331 081030 1.4172? 5ІН,0; s EtOH, 
eth, ctc 
4223 2,2-Dimethyl-3-pentano C;H440 3970-62-5 16.201 liq -25 35 0.8253? 1.4223? i H,0; s EtOH, 
eth 
4224 2,3-Dimethyl-3-pentano C;H440 595-41-5 16.201 «30 397 0.83320 4287? 5160, bz; $ 
EtOH, eth 
4225 2,4-Dimethyl-3-pentano C;H440 600-36-2 16.201 «10 38.7 0.8288? 1.4250? $1 ЊО; s EtOH, 
eth 
4226 4,4-Dimethyl-2-pentanone С-Н,,0 590-50-1 14.185 Па -64 26 0.80925 4036? 
4227 2,2-Dimethyl-3-pentanone CH, 0 564-04-5 14185 liq -45 25.6 081250 1.406522 <5ІН,0; s EtOH, 
eth, ace, chl 
4228 2,4-Dimethyl-3-pentanone Diisopropyl ketone C;H,0 565-80-0 14185 lig -69 254 0.81082 1.399922  s| H,0; msc 
EtOH, eth; s 
bz; sl сіс 
4229 2,3-Dimethyl-1-pentene C; Hi 3404-72-6 98486 liq -134.3 84.3 0.705120 1.4033? ІН,0; msc 
EtOH, eth; vs 
dil sulf 
4230 2,4-Dimethyl-1-pentene СІН, 2213-32-3 98.186 liq -1241 81.6 0.6943? 1.3986? i H,0; msc 
EtOH, eth; 8 
bz, ctc, chl 
4231 3,3-Dimethyl-1-pentene СІН, 3404-73-7 98.186 liq -134.3 77.5 0.6974? 1.3984? i H,0; msc 
EtOH, eth; s 
bz, chl 
4232 3,4-Dimethyl-1-pentene СІН, 7385-78-6 98.186 80.8 0.693425 1.399220 
4233 4,4-Dimethyl-1-pentene СІН, 762-62-9 98.186 Па -136.6 725 0.6827? 1.3818? 1iH,0; msc 
НОН, eth; s 
bz, ctc, chl 
4234 2,3-Dimethyl-2-pentene СІН, 0574-37-5 98.186 liq -118.3 97.5 0.7277? 1.4208? i H,0; s EtOH, 
eth, bz, chl 
4235 2,4-Dimethyl-2-pentene СІН, 625-65-0 98.186 Па -127.7 834 0.6954? 1.4040? i H,0; s EtOH, 
eth, bz, ctc 
4236 cis-3,4-Dimethyl-2-pentene C; Hu 4914-91-4 98.186 liq -1134 89.3 0.709225 756 
4237 trans-3,4-Dimethyl-2-pentene C; Hi 4914-92-5 98.186 liq -1242 915 0.712425 1.412820 
4238 cis-4,4-Dimethyl-2-pentene СІН, 762-63-0 98.186 Па -135.4 804 0.69515 1.402620 
4239 trans-4,4-Dimethyl-2-pentene СІН, 690-08-4 98.186 liq -1152 76.7 0.6889? 1.398222 i H,0; s EtOH, 
eth, bz, chl 
4240 4,4-Dimethyl-1-pentyne СІН, 3361-63-2 96.170 liq -15.7 76.1 0.7142? 1.3983? vs bz, eth, chl 
4241 44-Dimethyl-2-pentyne СІН, 999-78-0 96170 liq -824 83 0.71762 1.407122  iH;0;seth, bz, 
chl; sl ctc 
4242 Dimethylperoxide СҢ, 690-02-8 62.068 мо! liq or gas -100 14 0.8677? .3503° sl EtOH, eth; s 
ol, НОАс 
4243 2,9-Dimethyl-1,10-phenanthroline  Neocuproine СН, 484-11-7 208.258 cry, 1/2w(w, 1595 
lig) 
4244 3,4-Dimethylphenol phosphate "لوا‎ 3862-11- 410.442 72 2617 i B,0; 51 EtOH, 
(3:1) chl, hx; s bz 
4245 5-(2,5-Dimethylphenoxy)-2,2- Gemfibrozil Ci H0; 25812-30-0 250.334 су 62 159202 
dimethylpentanoic acid 
4246 N-(2,4-Dimethylphenyl)acetamide CI H, NO 2050-43-3 163.216 nd (al) 129.3 1707) vs EtOH, chl 
4247 1-[(2,4-Dimethylphenyl)azo]-2- — 1-(2,4-Xylylazo)-2-naphthol Сао 3118-97-6 276.332 red nd (al) 166 vs eth, НОН 
парћћо 
4248 1-[(2,5-Dimethylphenyl)azo]-2- — 1-(2,5-Xylylazo)-2-naphthol C4 H, N,0 85-82-5 276.332 па (al) 153 
пар Ао 
4249 1-(2,4-Dimethylphenyl)ethanone — 2,4-Dimethylacetophenone لام ام‎ 89-74-7 148.201 228 101215 1.534020 vs eth, EtOH 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
4250 1-(2,5-Dimethylphenyl)ethanone — 2,5-Dimethylacetophenone Сао 2142-73-6 48.201 Па -18.1 232.5 0.9963 1.5291% i H,0; vs EtOH, 
eth, bz, CS; 
4251 1-(3,4-Dimethylphenyl)ethanone — 3,4-Dimethylacetophenone Сао 3637-01-2 48.201 Па -15 246.5 1.0090“ 154135 i H,0; vs EtOH, 
eth, bz; s ctc, 
HOAc 
4252 44-Dimethyl-1-phenyl-1-penten- Ci H, 0 538-44-3 88.265 43 1545 0.95084 1.552325 
3-one 
4253 2,2-Dimethyl-1-phenyl-1- С,Н,0 938-16-9 62.228 220 0.963% 50869 5 ace 
ргорапопе 
4254 3,5-Dimethyl-1-phenyl-1- СН № 1131-16-4 72.226 272; 145125 1.056622 (157389 уз eth, EtOH, 
ругагоје chl 
4255 44-Dimethyl-1-phenyl-3- 4,4-Dimethylphenidone С,Н,М0 2654-58-2 90.241 176 
pyrazolidinone 
4256 N,N-Dimethyl-y-phenyl-2- Pheniramine Са Hoo; 86-21-5 240.343 1817, 13505 1.00812 1.551925 vs bz, eth, ОН, 
pyridinepropanamine chl 
4257 1,3-Dimethyl-3-phenyl-2,5- Methsuximide СН, 0, 77-41-8 203.237 525 1219 
pyrrolidinedione 
4258 Dimethylphenylsilane Сан 9] 766-77-8 136.267 156.5 0.8891? 1.4995? iHj0 
4259 N,N-Dimethyl- N-phenylurea Fenuron СМО 101-42-8 164.203 cry (hx) 132 
4260 Dimethylphosphine C;H;P 676-59-5 62.051 vol liq or gas 25 i H,0; s EtOH, 
eth 
4261 Dimethylphosphinic acid C;H;0;P 3283-12-3 94.050 сгу (bz) 92 377 vs Н,0, ЕЮН, 
eth; s bz 
4262 0,0-Dimethy! Dimethyl chlorothiophosphate С,Н,010,Р5 2524-03-0 60.560 hyg liq 6812 1.322 48209 
phosphorochloridothioate 
4263 Dimethyl phthalate Саон 0, 131-11-3 94184 paye 55 283.7 1.1905? 1.5138? | H,0; msc 
EtOH, eth; s 
bz; sl сіс 
4264 1,4-Dimethylpiperazine CoH N; 106-58-1 14.188 liq -0.59 31 0.86007 144742 vs Н,0, EtOH, 
eth 
4265 cis-2,5-Dimethylpiperazine Сена 6284-84-0 14188 опћбрут 114 62 4720" — vs HO, EtOH, 
nd or pr chl; sl eth, bz 
(chl) 
4266 1,2-Dimethylpiperidine, (+) СІН, 2512-81-4 13.201 275 0.82415 4395? үѕ Н,0, eth, 
EtOH 
4267 2,6-Dimethylpiperidine С 504-03-0 13.201 27 081585 143772 msc ЊО, EtOH, 
eth; sl ctc; 5 
acid 
4268 3,5-Dimethylpiperidine 3,5-Lupetidine CH, 35794-11-7 113.201 44 0.853% 445420 
4269 2,2-Dimethylpropanal Pivaldehyde СН, 0 630-19-3 86.132 6 775 0.7923" — 1.3791? 5 EtOH, eth 
4270 2,2-Dimethylpropanamide C.H,NO 754-10-9 01.147 s tfa 
4271 N,N-Dimethylpropanamide СН МО 758-96-3 01.147 liq -45 75 0.926920 
4272 N,N-Dimethyl-1-propanamine Dimethylpropylamine СН 926-63-6 87.164 66 0.7152? 1.386022 vs bz, eth, EtOH 
4273 N,N-Dimethyl-1,3- С.Н, „№ 109-55-7 02.178 32 0.827220 
propanediamine 
4274 2,2-Dimethyl-1,3-propanediol eopentyl glycol С-Н;0; 126-30-7 04148 па (bz) 129.13 208 S Н,0, bz, chl; 
vs EtOH, eth 
4275 2,2-Dimethylpropanenitrile tert-Butyl cyanide C HN 630-18-2 83.132 15 06.1 0.75865 1.377420 
4276 2,2-Dimethyl-1-propanethiol еорету! mercaptan C;H4S 1679-08-9 04.214 19 03.7 
4277 2,2-Dimethylpropanoic acid rimethylacetic acid C; H40; 75-98-9 02.132 па 35 64 0.90550 .39319 — sIH;0; vs ОН, 
eth 
4278 2,2-Dimethyl-1-propanol eopentyl alcohol لام‎ 75-84-3 88.148 52.5 135 0.81220 SI H;O; vs EtOH, 
eth; s ctc 
4279 2,2-Dimethylpropanoyl chloride ^ Рмаћс acid chloride C;H,CI0 3282-30-2 20.577 07 1.0032 413920 vs eth 
4280 N,N-Dimethyl-2-propenamide N,N-Dimethylacrylamide С.Н,МО 2680-03-7 99131 Па 812 0.96225 „47307 
4281 2,2-Dimethylpropylamine 2,2-Dimethyl-1-propanamine ОН 5813-64-9 87.164 82 0.7455? 1.402322 vs eth 
4282 (1,1-Dimethylpropyl)benzene СН» 2049-95-8 48.245 924 0.8748 1.495820 
4283 (2,2-Dimethylpropyl)benzene бийг 1007-26-7 48.245 85 085818 45. 
4284 4-(1,1-Dimethylpropyl) C, H40 16587-71-6 168.276 96 2515, 109" 0.92025 467720 
cyclohexanone 
4285 1,1-Dimethylpropyl 3- tert-Pentyl isopentanoate Cic 00» 542-37-0 72.265 73.5 0.87299 vs НОН 
methylbutanoate 
4286 2-(1,1-Dimethylpropyl)phenol C4H4í0 3279-27-4 64.244 sl cic 
4287 4-(1,1-Dimethylpropyl)phenol p-tert-Pentylphenol СаН,0 80-46-6 64.244 95 262.5 
4288 4,6-Dimethyl-2 Н-ругап-2-опе C;H,0; 675-09-2 24438 I (eth) 51.5 245 vs H,0, eth, 
EtOH 
4289 2,6-Dimethyl-4H-pyran-4-one C;H,0; 1004-36-0 24438 рі, па (sub) 132 251, 1405 0.9953137 S Н,0, EtOH, 
eth, ace 
4290 2,3-Dimethylpyrazine Са 5910-89-4 08.141 156 1.02819 5,0, EtOH, eth 
4291 2,5-Dimethylpyrazine Са 123-32-0 08.141 15 155 0.988722 1498020 msc ЊО, EtOH, 
eth; s асе, chl 
4292 2,6-Dimethylpyrazine Са 108-50-9 08.141 pr 475 155.6 0.964750 S Н,0, EtOH, 
eth; sl ctc 
4293 1,3-Dimethyl-1 H-pyrazole Са 694-48-4 96.131 137 0.95617 1.47345 0 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
4294 3,5-Dimethyl-1 H-pyrazole С.Н, 67-51-6 96.131 — cry (рей, al) 107.5 218 0.883916 S HO, ace; vs 
EtOH, eth, bz, 
MeOH 
4295 2,7-Dimethylpyrene Ci Hu 5679-24-0 230.304 230 
4296 4,6-Dimethyl-2-pyridinamine СН № 5407-87-4 22.167 61 235 
4297 N,N-Dimethyl-2-pyridinamine C; Hj, 5683-33-0 22.167 182 96 01494 1.566322 5 EtOH, eth, bz 
4298 N,N-Dimethyl-4-pyridinamine СНМ 122-58-3 22.167 рі (eth) 114 vs Н,0, ЕОН, 
bz, chl; s eth 
4299 2,3-Dimethylpyridine 2,3-Lutidine С 583-61-9 07.153 6112 0.9319% 1.505722  sH,O, EtOH, eth 
4300 2,4-Dimethylpyridine 2,4-Lutidine С 08-47-4 07153 liq -64 58.38 0.9309? 1.5010? vs HO, EtOH, 
eth; s ace 
4301 2,5-Dimethylpyridine 2,5-Lutidine C;Hj 589-93-5 07153 liq -16 56.98 0.92972 1.500622 <ІН,0;у5 EtOH; 
msc eth; s ace 
4302 2,6-Dimethylpyridine 2,6-Lutidine C;Hj 08-48-5 07153 liq -6.1 44.01 0.92262 1.4953? msc HO; sl 
EtOH; s eth, 
ace, ch 
4303 3,4-Dimethylpyridine 3,4-Lutidine C,H, 583-58-4 07.153 liq -11 7910 0.9201? 1.5096? <ІН,0, ctc; s 
EtOH, eth, ace 
chl 
4304 3,5-Dimethylpyridine 3,5-Lutidine С 591-22-0 07153 liq -6.6 71.84 0.94197 1.5061? 5Н,0, EtOH, 
eth, ace; sl ctc 
4305 2,6-Dimethylpyridine-1-oxide CH ,N0 1073-23-0 23452 hyg 35 332 1.0735 570629 
4306 4,6-Dimethyl-2-pyrimidinamine C HN, 767-15-7 23.155 153.5 S Н,0, EtOH, 
ace, bz; i eth; 
vs chl 
4307 2,6-Dimethyl-4-pyrimidinamine Kyanmethin C H,N, 461-98-3 23.155 па (а), pl 183 sub SI H0, EtOH, 
(bz) bz, chl 
4308 4,6-Dimethylpyrimidine CHN, 1558-17-4 08.141 25 159 48802 vs H,0 
4309 1,3-Dimethyl-2,4(1H,3H)- C H ,N,0; 874-14-6 40.140 123.5 SI EtOH; s eth, 
pyrimidinedione chl 
4310 2,4-Dimethylpyrrole C.H 625-82-1 95.142 pa bl flr cry 168 0.923622 1.504822 sIH;O; vs EtOH, 
eth, bz; s chl 
4311 2,5-Dimethylpyrrole Сен 625-84-3 95.142 6.5 171; 518 0.9353? 1.5036? i H,0; vs ОН, 
eth 
4312 1,2-Dimethylpyrrolidine C H, N 765-48-0 99174 oil 99 0.79920 $ Н,0 
4313 2,4-Dimethylquinoline 4-Methylquinaldine САЊА 1198-37-4 57.212  orth pr (eth) 265 1.06115 1.607522 51 Н,0, chl; vs 
EtOH, eth 
4314 2,6-Dimethylquinoline C, HN 877-43-0 57.212 orth pr (eth) 0 266.5 SI Н,0, EtOH, 
eth, chl; vs bz 
4315 2,7-Dimethylquinoline m-Toluquinaldine СНМ 93-37-8 57.212 61 264.5 SI Н,0; s EtOH, 
eth, chl 
4316 2,3-Dimethylquinoxaline Сао 2379-55-7 58.199 nd (м3, 106 S НОН, eth, ace, 
ace) bz, chl, acid 
4317 Dimethyl sebacate Соро, 06-79-6 230.3001 lo pr 38 1752, 1445 0.988222 1.435522  iH,0; s EtOH, 
eth, ace, ctc 
4318 Dimethyl selenide Methyl selenide C;H,Se 593-79-3 09.03 57 1.40775 vs eth, EtOH, 
chl 
4319 Dimethylsilane 2-Silapropane CH,Si 111-74-6 60171 col gas -150 -20 0.68:80 
4320 Dimethylstearylamine Dymanthine CH, N 24-28-7 297.562 22.9 
4321 Dimethyl succinate (51:60: 06-65-0 46.141 19 196.4 1.1198? 1.419722 $1 H,0, ctc; s 
EtOH, ace; vs 
eth 
4322 Dimethylsulfamoyl chloride Dimethylaminosulfonyl chloride С,Н,СІМО,5 3360-57-1 143.593 8016 
4323 Dimethyl sulfate (-Н,0,5 11-18-1 26.132 -21 dec 188; 7615 1.3322? 1.387422 s НО, eth, bz, 
ctc; msc EtOH; 
i CS, 
4324 Dimethyl sulfide CHS 75-18-3 62434 liq -98.24 37.33 084830 1.4430? 51 Н,0; s EtOH, 
ећ 
4325 Dimethyl 6 C,H,0,S 616-42-2 110.132 126 1.2129? 1.4083? H,0, EtOH, eth 
4326 2,4-Dimethylsulfolane Сан 08 1003-78-7 148.223 liq -15 281 1.1362? 1.473222 ү lig 
4327 Dimethyl 6 C;H,0;S 67-71-0 94133 pr 108.9 238 1.1700? 1.4226 s H,0, EtOH, bz 
4328 Dimethyl sulfoxide DMSO CHOS 67-68-5 78.133 17.89 189 1.101025 1479320 s HO, EtOH, 
eth, ace, ctc, 
AcOEt 
4329 Dimethyl L-tartrate Dimethyl 2,3- СеН,о06 608-68-4 178.139 (1) cry (bz) —50(forma); 280 1.306% vs HO, ace, eth, 
dihydroxybutanedioate, [ R- (ii) сту (w) 61(їот b) EtOH 
qmm 
4330 Dimethyl telluride C;H,Te 593-80-6 157.67 paye 94 vs EtOH 
4331 Dimethyl terephthalate Саноо: 120-61-6 194.184 141 288 1.075" SI Н,0, EtOH, 
e0H; s eth 
ch 
4332 Dimethyl tetrachloroterephthalate С.0НеС1,О, 1861-32-1 331.965 155 
4333 2,7-Dimethylthiachromine-8- C44H,4N40S 92-35-3 262.330 ye pr (chl) 2288 sub s H20, MeOH; 51 
ethano EtOH, eth, асе 
ch 
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3-212 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
4334 2,5-Dimethyl-1,3,4-thiadiazole ҮДЕ 27464-82-0 114.169 65 202.5 SI Н,0, EtOH, 
eth 
4335 2,7-Dimethylthianthrene Mesulphen Ci 9 135-58-0 244.375 па (HOAc,al) 123 84 vs ace, eth, 
peth, chl 
4336 2,4-Dimethylthiazole C.H;NS 541-58-2 13.182 46; 71% 1.05625 1.509122 sl H,0; s EtOH, 
eth, chl 
4337 4,5-Dimethylthiazole C.H;NS 3581-91-7 13.182 83.5 58 1.06997 vs eth, EtOH 
4338 N,N-Dimethylthioacetamide C H,NS 631-67-4 03.186 745 
4339 Dimethyl thiodipropionate CIH, 0,S 4131-74-2 206.260 6218, 1488 1.1559? 1.474020 
4340 2,3-Dimethylthiophene 0685 632-16-6 12193 liq -49 41.6 1.0021? 1.519220  iH,0; vs EtOH, 
eth; s bz 
4341 2,4-Dimethylthiophene C ;H,S 638-00-6 12.193 40.7 0.9938? — 1.5104? i H,0; s EtOH, 
eth, bz 
4342 2,5-Dimethylthiophene (1,9 638-02-8 12.193 liq -62.6 36.5 0.9850? 1.5129? i H,0; $ EtOH, 
eth, bz 
4343 3,4-Dimethylthiophene 685 632-15-5 12.193 45 0.9935 52069 i H,0; s EtOH; 
vs eth 
4344 N,N-Dimethylthiourea КУ 6972-05-0 04.174 сту (w) 161.5 
4345 N,N-Dimethylthiourea С-Н,М,5 534-13-4 04174 пудр 62 vs Н,0, ЕОН, 
ace; sl eth, bz; 
i CS, 
4346 2,6-Dimethyl-4- Tridemorph СН, NO 24602-86-6 297.519 14113 0.86 
tridecylmorpholine 
4347 N,N-Dimethyl-N-[3- Fluometuron C4 Ha АМО 2164-17-2 232201 164 vs ace, EtOH 
(trifluoromethyl)phenyl]urea 
4348 Dimethyl trisulfide CH, S; 3658-80-8 126.264 416 
4349 6,10-Dimethyl-3,5,9-undecatrien- _ Pseudoionone Сао 141-106 192297 paye oil 1447 0.8984? 153352 s EtOH, eth, chl, 
2-опе еон 
4350 N,N-Dimethylurea СНО 598947 88.108 mcl pr (al, 182.1 1.255525 S Њ0; sl EtOH, 
chl) tfa; i eth 
4351 N,N-Dimethylurea СНО 96-31-1 88.108 orth bipym 1066 269 1.1425 vs Н,0, EtOH; i 
(chl-eth) eth; sl chl 
4352 Dimethyl zinc C.H ,Zn 544-97-8 95.478 liq, ign in air -43.0 46 1.3860 S eth; msc peth 
4353 Dimetilan Сын Оз 644-64-4 240.259 со! solid 69 2053 $ ЊО, chl, 
НОН, асе, ху! 
4354 Dimorpholamine Coo Ha №0. 119-482 398.541 cry (peth) 5 22904 vs 0 
4355 N,N-Di-2-naphthyl-1,4- СНМ 93-46-9 360.450 235 i EtOH, eth, bz 
benzenediamine 
4356 Di-2-naphthyl disulfide C.H, S; 5586-15-2 318.455 nd 139.5 1.144 5 1.455520 |Н,0; vs EtOH, 
eth; i lig 
4357 N,N-Di-1-naphthylurea CH, №0 607-56-7 312.364 па (py, 296 sub VS ру 
HOAc) 
4358 Diniconazole C4 Hi CEN 0 83657-24-3 326.221 су 149 S Н,0, ace, 
eOH, xyl 
4359 Dinitramine C Has М0, 29091-05-2 322.241 98 
4360 2,3-Dinitroaniline КЕЗГІ 602-03-9 83.122 128 1.64650 i H0; s EtOH; sl 
eth 
4361 2,4-Dinitroaniline КЕЗГІ 97-02-9 83.122 ye па (ace) 180.0 1.615" i H50; 51 EtOH, 
grn ye tab ace, HCI 
(al) 
4362 2,5-Dinitroaniline КЕЗГІ 619-18-1 83.122 огап па (al) 138.0 vs EtOH 
4363 2,6-Dinitroaniline ЛІГІ? 606-22-4 83.122 gold If 141.5 i H0, lig; sl 
(НОАс) ye НОН; s eth, bz 
nd (al) 
4364 3,5-Dinitroaniline C H;N.0, 618-87-1 83422 yend(dilal) 163 1.60150 1Н,0, $ EtOH, 
eth; sl ace, bz 
4365 1,5-Dinitro-9,10-anthracenedione Cu و‎ (٢ ٢٢ 82-35-9 298.207 paye па 385 sub i H50; 51 EtOH, 
(xyl) eth, bz; vs 
РАМО; 
4366 1,8-Dinitro-9,10-anthracenedione СНО 129-39-5 298.207 312 
4367 24-Dinitrobenzaldehyde НО, 528-75-6 96.117 payepr(al), 72 20015 51 Н,0, chl, lig; 
pl (bz) S EtOH, eth, bz 
4368 3,5-Dinitrobenzamide Nitromide СНО. 121-81-3 211432 If (w) 184 vs Н,0 
4369 1,2-Dinitrobenzene 0-Dinitrobenzene C H,N0, 528-29-0 68107 па (62), рр 1165 318; 19430 131197» 1.565" ІН,0; s EtOH, 
(al) bz, chl, AcOEt; 
51 DMSO 
4370 1,3-Dinitrobenzene m-Dinitrobenzene ШЕЛІГІ? 99-65-0 68107 orth pl (al) 903 291; 16714 157519 SI H30; vs EtOH, 
ace, py; s eth, 
0 
4371 1,-Dinitrobenzene p-Dinitrobenzene СНО, 100-25-4 68.107 па (al) 173.5 297; 183% 1.625" i H,0; sl EtOH, 
chl; s ace, bz, 
0 
4372 2,-Dinitro-1,3-benzenediol 2,4-Dinitroresorcinol СНО 519-44-8 200.105 уе! (al) 147.5 51 Н,0, EtOH 
4373 2,-Dinitrobenzenesulfenyl C H,CIN;0,S 528-76-7 234.617 yepr(bz- 99 vs bz, chl, 
chloride peth) НОАс; sl peth 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

4374 2,4-Dinitrobenzenesulfonic acid СНО 5 89-02-1 248170 nd (w+3) 108 vs Н,0, EtOH; sl 
eth; i bz, peth 

4375 2,4-Dinitrobenzoic acid C;H,N,0; 610-30-0 212.116 па (w) 183 1.67220 SI H50, EtOH, bz 

4376 3,4-Dinitrobenzoic acid СНО 528-45-0 212.116 cry (dil al) 166 519,0; vs EtOH, 
eth 

4377 3,5-Dinitrobenzoic acid ЛІМІ 99-34-3 212.116 mcl pr (al) 205 519,0; vs EtOH, 
НОАс 

4378 3,5-Dinitrobenzoyl chloride C;H4CIN;O; 99-33-2 230.562 уе па (bz) 74 19612 s eth, chl 

4379 2,2"-Dinitro-1,1'-biphenyl Со МО 2436-96-6 244.203 уе mcl pror 126 305 1.455 i H,0; vs EtOH; 

nd (al) S eth, bz; sl 
ace, lig 

4380 4,4'-Dinitro-1,1'-biphenyl C МО 528-74-1 244203 па (al) 2423 i H50; 51 EtOH; 
S bz, НОАс 

4381 1,4-Dinitrobutane ЛІГІ 4286-49-1 148.118 pl (al) 335 1768 1Н,0, 51 EtOH; 
S eth, bz, 

еон 

4382 4,'"-Dinitrodiphenylamine 4-Nitro-A-(4-nitrophenyl)aniline C ,H,N.0, 821-27-8 259217 yend(al) 217.5 1620, tol; sl 
EtOH, bz; s 
ace, HOAc 

4383 4,4’-Dinitrodipheny| ether Bis(4-nitrophenyl) ether СО 01-63-3 260.202 146.0 i H,0; sl EtOH, 
eth; s bz, 
НОАс 

4384 44'"-Dinitrodiphenyl sulfide Bis(4-nitrophenyl) sulfide СО 223-31-0 276.268  oran pl 160.5 i H0; sl EtOH; 

(HOAc) 5 con sulf 

4385 1,1-Dinitroethane СНО, 600-40-8 120.064 уе mcl (bz, 185.5 1.349% SI Н,0: s EtOH, 

MeOH) eth 

4386 1,2-Dinitroethane СНО, 7570-26-5 120.064 39.5 955 145977? 1.468? vs eth, EtOH 

4387 Dinitromethane CH,N,0, 625-/6-3 106.038 ye па <-15 ехр 100 i H0; s EtOH, 
eth 

4388 1,3-Dinitronaphthalene Сон о, 606-37-1 218.166 уе па (bz, 148 sub i H,0; s EtOH, 

py-w) ace 

4389 1,5-Dinitronaphthalene С.оН№0, 605-71-0 218.166 hex па (асе, 219 sub 1.586020 i H0; sl EtOH, 

НОАс) ace; $ bz, ру; 
vs eth 

4390 1,8-Dinitronaphthalene С.оН№0, 602-38-0 218.166 yeorthpl 173 дес 445 i H50; 51 EtOH, 

(chl) bz; s ace, chl, 
py 

4391 2,4-Dinitro-1-naphthol Сон О 605-69-6 234165 уе па (а, 138.8 

chl) 

4392 2,3-Dinitropheno C H,N0, 66-56-8 84.106 уе па (м) 1445 1.6812 51 Н,0, DMSO; 
vs EtOH, eth; s 
bz 

4393 2,4-Dinitropheno ЛІГІН 51-28-5 84106 payeplorif 1148 sub 1.683% SI Њ0; s EtOH, 

(w) eth, ace, bz, 
ol, chl, py 

4394 2,5-Dinitropheno C. H,N,0; 329-71-5 84106 уе mcl pror 108 vs bz, eth 

nd (w,lig) 

4395 2,6-Dinitropheno КЕЛГЕН 573-56-8 84106  payeorthnd 63.5 i H5O; vs EtOH, 

or If (dil al) eth; s bz, chl; 
sl ctc 

4396 3,4-Dinitropheno C H,N,0, 577-71-9 84.106 ісі па (м) 134 1.6725 vs bz, eth, EtOH 

4397 2,4-Dinitrophenol, acetate СНО 4232-27-3 226.143 cry (MeOH) 725 

4398 4-[(2,4-Dinitrophenyl)amino] C4;HgN40s 119-15-3 275.216 red If 195.5 зак 

рћепо! 

4399 2,-Dinitro- М-рћепујап пе САМО 961-68-2 259217  yerednd(al) 157.8 1Н,0, s EtOH, 
ace; sl eth, bz, 
DMSO 

4400 2,4-Dinitrophenyl CIH МО, 5 89-37-2 287.315 152.5 1.5420 i H,0; $ EtOH, 

dimethylcarbamodithioate ace, bz 

4401 (2,4-Dinitrophenyl)hydrazine C H,N,0, 119-26-6 98.137 blsh-red (al) 194 ІН,0;5 НОН; sl 
eth, bz, chl, 
DMSO 

4402 1,1-Dinitropropane C H,N,0, 601-76-3 34091 liq -42 184 1.26105 1.4339? зак 

4403 1,3-Dinitropropane CH NO, 6125-21-9 134.091 -214 103! 13536 14654? i H,0; s eth 

4404 2,2-Dinitropropane CH NO, 595-49-3 34.091 53 185.5 1.30% sl 0 

4405 2,2-Dinitro-1,3-propanediol C.H ,N,0, 2736-80-3 66.089 wh pl (bz) 142 

4406 1,6-Dinitropyrene Сан О, 42397-64-8 292246 >300 

4407 1,8-Dinitropyrene C,,H,N,0, 42397-65-9 292.246 300 

4408 Dinitrosopentamethylenetetramine С-Н 0560; 01-25-7 86.172 cry (MeOH) 207 

4409 1,4-Dinitrosopiperazine C H,N,0; 40-79-4 44133 payepl(w) 159.0 vs EtOH 

4410 4,4-Dinitro-2,2"-stilbenedisulfonic СН №0105» 28-42-7 430.366 сту (AcOH) 266 

acid 

4411 Dinobuton Dessin C44H18N207 973-21-7 326.302 уе cry (EtOH) 60 

4412 Dinocap و‎ Об 6119-92-2 364.393 13600 

4413 Dinonyl adipate Cj Ha 04 51-32-6 398.620 205' 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

4414 Dinonyl ether (-5Н 0 2456-27-1 270494 liq 318 0.81 1.435620 

4415 Dinonyl phthalate СНО, 84-76-4 418.609 413 

4416 80 Phenol, 2-(1-methylpropyl)-4,6- СаН;У06 88-85-7 240.212 40 1.2654 

dinitro- 

4417 Dioctadecylamine Distearylamine Ca Hj N 12-99-2 521.988 72.9 2682 vs chl 

4418 Dioctylamine N-Octyl-1-octanamine Ci HN 120-48-55 241.456 па 35.5 297.5 0.796325 1.4415% vs eth, ОН 

4419 Dioctyl ether C4 О 629-82-3 242.440 liq -7.6 283 0.806320 1.43279 <ІН,0; s EtOH, 
eth, ctc 

4420 Dioctyl hexanedioate Со О, 23-79-5 370.566 9.6 1912 0.9225 

4421 Dioctyl maleate Co Ha 04 2915-5939 340.498 liq 242000 0.9420 1.453920 

4422 Dioctyl phthalate Cj Ha 0, 17-84-0 390.557 25 220* 

4423 Dioctyl sebacate Dioctyl decanedioate (550, 2432-87-3 426.673 18 21805 0.90747 S ctc 

4424 Dioctyl sulfide Octyl sulfide MS 2690-08-6 258.506 2022, 1800 0.8429 1.4610? 

4425 Dioctyl terephthalate C, Ha 0, 4654-26-6 390557 су 425 1:21% 

4426 Dioscorine Са МО, 3329-91-7 221296 (т-уер 34 5,0, асе, chl, 

(eth) EtOH; sl eth, 
bz 

4427 1,3-Dioxane 1,3-Dioxacyclohexane C H,0; 505-22-6 88106 liq -45 106.1 1.02862 1.4165? msc ЊО, EtOH, 
eth, ace, bz 

4428 1,4-Dioxane 1,4-Dioxacyclohexane C H,0; 123-91-1 88.106 11.85 101.5 1.03377? 1.4224? msc H,0, EtOH, 
eth, ace, bz; s 
cic 

4429 1,4-Dioxane-2,5-dione C,H,0, 502-97-6 116.073 If (al, al-chl) 85.4 vs ace 

4430 1,4-Dioxane-2,6-dione Diglycollic anhydride C,H,0, 4480-83-5 116.073 сту (bz) 92.5 240.5; 12012 

4431 Dioxathion Со 0,P;S, 78-34-2 456.538 -20 1.25728 

4432 1,3-Dioxepane CH, 0; 505-65-7 102.132 s chl 

4433 1,3-Dioxolane 1,3-Dioxacyclopentane С-Н,0, 646-06-0 74079 liq -97.22 78 1.060% 1.397422 msc H,0; $ 
EtOH, eth, асе 

4434 1,3-Dioxol-2-one С-Н50, 872-36-6 86.046 liq 22 62; 73% 1.3525 

4435 Dioxybenzone (2-Hydroxy-4-methoxyphenyl) 6,4,0, 131-53-3 244.243 72! 

(2-hydroxyphenyl)methanone 

4436 Dioxypyramidon Са МО 519-65-3 263.292 pr 105.5 97° S ЊО, НОН 

4437 Dipentaerythritol Сад ٢ 126-58-9 254.278 сгу (м) 221 1.3665 s hot 0 

4438 Dipentene p-Menthadiene СН 7705-14-8 136.234 liq -95.5 78 0.84027" 1.472720 

4439 Dipentylamine Diamylamine C4, HN 2050-92-2 157.297 202.5 0.77712 1.427222 H,0; vs EtOH; 
msc eth; s ace 

4440 Dipentyl cis-2-butenedioate Dipentyl maleate Ca H, 04 10099-71-5 256.339 liq 617) 0.97420 

4441 Dipentyl ether Amyl ether C4 H0 693-65-2 158.281 liq -69 90 078330 14119? i H,0; msc 
EtOH, eth; s 
chl 

4442 2,6-Di-tert-pentyl-4-methylphenol 2,6-Bis(1,1-dimethylpropyl)-4- — C4;H540 56103-67-4 248.403 283 0.93125 495029 

methylphenol 

4443 Di-fert-pentyl peroxide (210; 10508-09-5 174281 -55 58", 38? 0.80820 „40952 

4444 Dipentyl phthalate C. H, 0, 131-18-0 306.397 205" s ctc, CS, 

4445 Dipentyl sulfide Ci HS 872-10-6 174.347 -513 8637 0.84079 1.456122 i H,0; s eth 

4446 Dipentyl sulfoxide С.0Н,05 1986-90-9 190.346 58 120' 

4447 Diphenamid Benzeneacetamide, N,N- Са H;;NO 957-51-7 239.312 35 17283 

dimethyl-o-phenyl- 

4448 Diphenidol 1,1-Diphenyl-4-piperidinyl-1- С, НМ 972-02-1 309.445 па (peth) 104.5 

butanol 

4449 Diphenolic acid СН. 0, 126-00-1 286323 сту (м) 115 vs H,0, ace, 
EtOH 

4450 1,2-Diphenoxyethane Ethylene glycol diphenyl ether C44H440; 104-66-5 214.260 f (al) 98 18272 i H0; sl EtOH; 
s eth, ch 

4451 N,N-Diphenylacetamide С.Н, МО 519-87-9 211.259 whory pow 103 sub SI Н,0, eth, chl; 
S EtOH 

4452 Diphenylacetylene Сао 501-65-5 178.229 mcl prorpl 625 300 0.965700 i H50; 51 EtOH, 

(al) chl; vs eth 

4453 2-(Diphenylacetyl)-1 H-indene- Diphenadione C.H, 0, 82-66-6 340.871 payemcl 1465 1.670 vs ace, HOAc 

1,3(2H)-dione (al) 

4454 Diphenylamine N-Phenylbenzenamine Со HN 122-39-4 169.222 mcl ЖАН al) 53.2 302 1.1582 i H,0; vs EtOH, 
ace; s eth; sl 
chl 

4455 Diphenylamine-2,2'-dicarboxylic C4 H4NO, 579-92-0 257.242 уе сту (а) 296 dec 

acid 

4456 Diphenylamine-4-sulfonic acid, Sodium diphenylamine-4- C4H,,NNa0,S 6152-67-6 271.267 ye cry 

sodium salt sulfonate 

4457 9,10-Diphenylanthracene баны 1499-10-1 330.421 246.5 

4458 Diphenylarsinous chloride Chlorodiphenylarsine C. H, АС 712-48-1 264582 orth pl (peth) 44 337 1.482016 1.633256 vs ace, bz, eth, 
EtOH 

4459 N,N-Diphenyl-1,4- N,N-Diphenyl-p- Са 74-31-7 260.333 150 22205 sl EtOH, eth, bz, 


benzenediamine 


phenylenediamine 


chl; i acid 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
4460 o,o-Diphenylbenzeneethanol ЛІГІ 4428-13-1 274.356  nd(bz-lig) рг 895 2221 i H,0; vs EtOH; 
(peth) sl eth, chl, 
peth 
4461 о,о- Triphenylmethyl mercaptan Ci H; S 3695-77-0 276.395 105.8 
Diphenylbenzenemethanethiol 
4462 N,N-Diphenyl-[1,1"-biphenyl]- N,N-Diphenylbenzidine Сао 531-91-9 336.429 If or pl 247 i H0; sl EtOH, 
4,4’-diamine eth, bz; vs tol, 
HOAc 
4463 trans,trans-1,4-Diphenyl-1,3- Cu Hu 538-81-8 206.282 If (al, НОАс) 154.3 352 vs bz, eth, EtOH, 
butadiene peth 
4464 1,4-Diphenyl-1,3-butadiyne Diphenyldiacetylene Ci H; 886-66-8 202.250 86.5 
4465 1,1-Diphenylbutane Сл а 719-79-9 210.314 27 287 0.9928? — 1.5664? i H,0; s EtOH, 
eth, bz, chl 
4466 1,2-Diphenylbutane Сена 5223-59-6 210.314 291; 152" 0.9673? 1.5554? i H,0; s EtOH, 
eth, bz, chl 
4467 1,4-Diphenylbutane СН 1083-56-3 210.314 52.5 317 0.988020 i H50; s EtOH, 
eth, chl 
4468 1,3-Diphenyl-1-butene С.Н. 7614-93-9 208.298 415 311 0.9996? 6757 
4469 trans-1,4-Diphenyl-2-butene-1,4- Ci H, 0; 959-28-4 236.265 yend(a,bz) 111 sl EtOH; s bz, 
dione НОАс; vs chl; i 
ig 
4470 1,3-Diphenyl-2-buten-1-one Dypnone САО 495-45-4 222.281 342.5 1.10805 1.6343? уз eth, ОН 
4471 Diphenylcarbamic chloride C, H, СМО 83-01-2 231.677 If (al) 84.5 
4472 Diphenylcarbazone СНО 538-62-5 240.260  огапогаппа 157 dec i H50; vs EtOH, 
(bz) pr (al) bz, chl 
4473 N,N-Diphenylcarbodiimide СН» 622-16-2 194.231 169 331; 17520 SI HO, EtOH, 
eth; s bz 
4414 Diphenyl carbonate Phenyl carbonate С.Н 0; 102-09-0 214216 па (al, bz) 83 306 1.12159 ІН,0; s EtOH, 
eth, ctc, 6 
4475 2,2'-Diphenylcarbonic dihydrazide sym-Diphenylcarbazide СМО 140-22-7 242.276 cry(al+1) 170 dec SI HO, eth; s 
cry (HOAc) EtOH, ace, bz 
4476 Diphenyl chlorophosphonate Cu СПОР 2524-64-3 268.632 314272 1.2965 1.55000 sila 
4477 Diphenyl diselenide Phenyl diselenide Саре; 1666-13-3 31213 ye nd 63.5 202" 15579 1,7430 5 EtOH, eth, xyl, 
еон 
4478 Diphenyl disulfide Phenyl disulfide CH; S; 882-33-7 218.337  nd(al)ororth 62 310 1.3532 1Н,0, $ EtOH, 
eth, bz, CS; 
4479 1,1-Diphenylethane CuHu 612-00-0 182261 liq -17.9 272.6 0.99972 1.5756? i H,0; msc 
EtOH, eth; s bz 
4480 1,2-Diphenylethane Dibenzyl CuHu 103-29-7 182261 mcl pr 525 284 0.9780? — 1.54769? ІН,0; $ EtOH, 
(MeOH) eth, CS, 
4481 N,N-Diphenylethanediamide و‎ О 620-81-5 240.257 If (bz) 254 >360 vs bz 
4482 N,N-Diphenyl-1,2-ethanediamine —1,2-Dianilinoethane CH N; 150-61-8 212.290 cry (dilal) 74 2287, 1782 i H,0; $ EtOH, 
eth; sl tfa 
4483 1,2-Diphenyl-1,2-ethanediol, CyyH 0; 655-48-1 214.260 nd(wal)tab 122.5 >300 i H0, lig; vs 
(R*,R*)-(+) (eth) EtOH, eth; s 
ace 
4484 1,1-Diphenylethene CH; 530-48-3 180.245 82 27 1.023220 1.6085?  iH,0; s eth, chl 
4485 Diphenyl ether C.H, 0 101-84-8 170.206 26.87 258.0 1.066130 1.578725 ІН,0; s EtOH, 
eth, bz, HOAc; 
sl chl 
4486 Diphenyl 2-ethylhexyl phosphate С ОР 1241-94-7 362.399 2325 1.0905 15105 
4487 N,N-Diphenylformamide Са АМО 607-00-1 197.232 orth (dil al) 735 337.5; 18913 1Н,0, s EtOH, 
eth, bz; sl ctc 
4488 2,5-Diphenylfuran C4 0 955-83-9 220.265 nd or lf (dil 91 344 i H,0; vs EtOH, 
al) eth; s ace, bz 
4489 N,N-Diphenylguanidine 1,3-Diphenylguanidine C. H, N; 102-06-7 211262 mcl па (al, 150 dec 170 1.132 SI Њ0; s EtOH, 
to) cte chl, tol; vs 
eth 
4490 1,6-Diphenyl-1,3,5-hexatriene Са ће 1720-32-7 232.320 If (ace) 202.3 i B,0, EtOH, 
ећ, НОАс; s 
ace; sl bz, chl 
4491 1,1-Diphenylhydrazine C H; N; 530-50-7 184236 tab (lig) 50.5 220% 1.19016 vs bz, eth, EtOH, 
chl 
4492 1,2-Diphenylhydrazine Hydrazobenzene СН, 122-66-7 184236 tab (al-eth) 131 1.15816 vs EtOH; 81 bz, 
DMSO; i HOAc 
4493 5,5-Diphenyl-4-imidazolidinone 7 و‎ ٢٧٢ 3254937 238.284 pl(MeOH) 183 
4494 Diphenyl isophthalate СНО, 744-45-6 318.323 138 schl 
4495 Diphenylketene Diphenylethenone Cu Hi 0 525-06-4 194228  red-ye liq 267.5 111073 1.615" 
4496 Diphenyl maleate CigH 0, 7242-17-3 268264 pl (lig) 73 2265 vs ace, bz, eth, 
EtOH 
4497 Diphenylmercury Mercuriodibenzene Со Hg 587-85-9 354.80 20410 2.3185 i H,0; 51 EtOH, 
eth; s bz, chl 
4498 Diphenylmethane Са; 101-81-5 168.234 pr nd 254 265.0 1.00128 — 1.5753? i H,0; s EtOH, 


eth, chl 
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Diphenyl isophthalate Diphenylketene 2 тајеаје Diphenylmercury Diphenylmethane 


3-220 Physical Constants of Organic Compounds 
Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

4499 4,4-Diphenylmethane Methylene diphenyl diisocyanate C.H.) №0, 101-68-8 250.252 37 196° 11977? ^ 1.59069 sace, bz, 

diisocyanate PhNO, 

4500 Diphenylmethanethione CG Hi S 1450-31-3 198.283 53.5 174" sl EtOH, eth, 
peth; vs bz, chl 

4501 N,N-Diphenylmethanimidamide Са № 622-15-1 196.247 па (al) 142 >250 SI Н,0, peth; 8 
EtOH, ace, bz; 
vs eth 

4502 Diphenylmethanol Benzohydrol СНО 91-01-0 184.283 nd (lig) 69 298; 18020 SI H;O; vs EtOH, 
eth, ctc, chl; s 
HOAc 

4503 2-(Diphenylmethoxy)- M, N- Diphenhydramine Симо 58-73-1 255.355 oil 1653 

dimethylethanamine 
4504 Diphenyl methylphosphonate Са НОР 7526-26-3 248214 35 2053 1.205120 i H,0 
4505 2-(Diphenylmethyl)-1- Diphemethoxidine CH; NO 13862-07-2 295.419 06.5 18001 

piperidineethanol 

4506 2,5-Diphenyloxazole CH, № 92-71-7 221.254 nd (lig) 74 360 1.0940? 1.62311 i H,0; vs EtOH, 
eth; sl chl 

4507 1,5-Diphenyl-1,4-pentadien-3-one Dibenzalacetone C; Hu0 538-58-9 234292 plor lf (ace, 113 dec dec 160; sl EtOH, 

AcOEt) eth: s ace, chl 

4508 4,7-Diphenyl-1,10-phenanthroline C H, N, 662-01-7 332.397 220 dec 

4509 Diphenylphosphinous chloride Chlorodiphenylphosphine CH, CIP 079-66-9 220.634 hyg ye liq 320; 174 1.229 1.63602 

4510 Diphenyl phosphonate Со ОР 4712-55-4 234487 2 218% 12235 1,5575? 

4511 Diphenyl phthalate Phenyl phthalate СНО, 84-62-8 318.323 pr (al, lig) 73 253^ i H5O; 51 EtOH, 
eth, ctc 

4512 о,о.-Рірһепуі-2- Pipradrol Са МО 467-60-7 267.366 cry (hx) 97.5 

piperidinemethanol 

4513 1,3-Diphenylpropane С.Н 081-75-0 196.288 liq 6 300; 12317 1.0070 2 

4514 2,2-Diphenylpropane СН, 778-22-3 196.288 29 282.5 0.998020 

4515 1,3-Diphenyl-1,3-propanedione ^ Dibenzoylmethane C; Hi)0; 20-46-7 224.255 70.5 S EtOH, eth, chl, 
dil NaOH 

4516 1,3-Diphenyl-1-propanone Phenethyl phenyl ketone C4 H, 0 083-30-3 210271 If (EtOH) 72.5 360 

4517 1,1-Diphenyl-2-propanone 1,1-Diphenylacetone C, H0 781-35-1 210.271 46 307; 17410 1.536116 5 EtOH, eth, bz, 
chl, lig 

4518 1,3-Diphenyl-2-propanone Dibenzyl ketone C, Hu0 02-04-5 210271 cry (al, peth) 35 381 1.195? i H,0; s EtOH, 
eth, peth 

4519 3,3-Diphenyl-2-propenal B-Phenylcinnamaldehyde СНО 210-39-5 208255 paye pr (lig) 44.8 2054 

4520 1,1-Diphenyl-1-propene Ci Hu 118-66-5 194.272 52 280; 149" 1.025020 1.5880? ІН,0; s EtOH, 
bz 

4521 trans-1,3-Diphenyl-2-propen-1- ^ Chalcone C, Н 0 614-47-1 208.255 paye № pr, 59 дес 346 1.07128 i H5O; 51 EtOH; 

one nd (peth) S eth, bz, chl, 
CS, 

4522 1-(3,3-Diphenylpropyl)piperidine  Fenpiprane СМ 3540-95-2 279.420 415 2158 

4523 3,5-Diphenyl-1 H-pyrazole Cis HN; 1145-01-83 220.269 cry (al) 200 

4524 1,4-Diphenyl-3,5- Phenopyrazone Сану О; 3426-01-5 252268 cry (EtOAc, 2335 

pyrazolidinedione Diox) 

4525 Diphenyl selenide Сон обе 1132-39-4 233.17 ye nd (bz) 13 301.5 13510 1.5500? ІН,0; msc 
НОН, eth; s 
bz, xyl 

4526 Diphenylsilane СН 115-12-2 184.309 1346 963 099699 1.5800? 5 ctc, CS, 

4527 Diphenylsilanediol C4) 09] 947-42-2 216.308 51 DMSO 

4528 Diphenyl succinate Cu H, 0, 621-14-7 270.280 If (al) 121 330; 222.51 ІН,0; $ EtOH, 
eth, ace, bz 

4529 Diphenyl sulfide Phenyl sulfide СА S 139-66-2 186.272 liq -259 296 1.113629 1.6334? i H,0; s EtOH, 
ctc; msc eth, 
bz, CS, 

4530 Diphenyl sulfone СА 05 127-63-9 218.271 mcl pr(bz) 128.5 379 12529 i НО; s EtOH, 

pl(al) eth, bz 

4531 Diphenyl sulfoxide C,:H440$ 945-51-7 202271  pr(lig) 712 34016 vs НОН, eth, bz, 
НОАс; sl chl; i 
peth 

4532 N,N-Diphenylthiourea sym-Diphenylthiourea С.Н. 5 102-08-9 228.312 154.5 1.32% 519,0; vs EtOH, 
eth, chl, oils 

4533 1,3-Diphenyl-1-triazene Diazoaminobenzene C, HN, 136-35-6 197.235 ye If or pr (al) 98 i H,O; vs EtOH, 
eth, bz, py 

4534 N,N-Diphenylurea Са О 603-54-3 212.246 tab (al) 189 dec 1.2765 51 H,0; s EtOH 
eth, chl 

4535 N,N-Diphenylurea Carbanilide Са О 102-07-8 212.246 orth pr (al) 239 260 dec 1.23925 51 Н,0, КОН; 5 
ећ, ру, НОАс; 
i bz 

4536 Diphosgene Carbonochloridic acid, 0,00; 503-38-8 197.832 0 -57 128 1.6525" 1.456622 vs eth, EtOH 

trichloromethyl ester 

4537 1,2-Dipiperidinoethane CH, N; 1932-04-3 196.332 iq -0.5 265 0.91605 1.485325 

4538 1,1’-Dipiperidinomethane 1,1-Methylenedipiperidine Ca HN; 880-09-1 182.306 230; 12215 0.9269? 1.48202 

4539 1,3-Di-4-piperidylpropane 4,4’-Trimethylenedipiperidine Са № 16898-52-5 210.358 67.1 329 vs Н,0 
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Diphosgene 1,2-Dipiperidinoethane 1,1-Dipiperidinomethane 1,3-Di-4-piperidylpropane 


3-222 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
4540 Diploicin Ci Но 01405 527-93-5 424.059 232 
4541 Di-2-propenoyldiethyleneglycol ЕТШІ 4074-88-8 214215 200 111105 1.45955 
4542 Di-2-propenoyl-2,2-dimethyl-1,3- 2-Propenoic acid, 2,2-dimethyl- 0.Н,0, 2223-82-7 212.243 1.454255 
propanediol 1,3-propanediyl ester 
4543 Di-2-propenoyl-1,6-hexanediol 2-Ргорепоіс acid, 1,6- Сон, 3048-33-4 226.269 0105 
hexanediyl ester 
4544 Dipropetryn 6-(Ethylthio)-', V-diisopropyl- C. H,N,S 4147-51-7 255.384 105 
1,3,5-triazine-2,4-diamine 
4545 1,2-Dipropoxyethane C H, 0; 8854-56-3 146.228 liq 163.2 dec 0.83125 140135 
4546 Dipropoxymethane Formaldehyde, dipropyl acetal C;H, 0; 505-84-0 132.201 liq -97.3 140.5 0.8345? 1.39399 vs ace, bz, eth, 
EtOH 
4547 N,N-Dipropylacetamide CoH; NO 116-24-1 143227 209.5 0.89927 1,4197 vs EtOH 
4548 Dipropyl adipate С.2Н04 06-19-4 230.301 -15.7 151" 0.979020 1.431422 vs eth, EtOH, 
chl 
4549 Dipropylamine N-Propyl-1-propanamine C Hi, 42-84-7 101.190 liq -63 109.3 0.7400% 1.4050? 50, EtOH; 
msc eth; vs 
ace, bz 
4550 4-[(Dipropylamino)sulfonyl] Probenecid C4 H, 55 57-66-9 285.360 195 
benzoic acid 
4551 N,N-Dipropylaniline Cio Hag 2217-07-4 77.286 уе! 242 0.9104? 1.5271? ІН,0; s EtOH, 
eth, ace, bz; sl 
cte 
4552 Dipropylcarbamothioic acid, S- ЕРТС C H, №05 759-94-4 89.318 2720 0.954630 
ethyl ester 
4553 Dipropyl carbonate C; H0; 623-96-1 46.184 68 0.9435? 1.4008? <ІН,0; msc 
EtOH, eth 
4554 Dipropyl disulfide C; HS; 629-19-6 50.305 liq -85.6 95.8 0.9599? 1.498120 
4555 Dipropylene glycol Сен 03 25265-71-8 134473 230.5 1.020620 msc Н,0; 5 
EtOH 
4556 Dipropylene glycol dibenzoate 271232 27138-31-4 656 97! 
4557 Dipropylene glycol monomethyl ^ 1-(2-Methoxyisopropoxy)-2- С,Н,0, 34590-94-8 148.200 Па -80 88.3 0.95 41902 
ether propanol 
4558 Dipropyl ether Propyl ether CH, 0 111-43-3 02.174 liq -114.8 90.08 0.74662 1.3809? 5ІН,0; vs eth, 
EtOH 
4559 Dipropyl fumarate ТТІ 14595-35-8 200.232 105 01290 1.4435? 5 EtOH, eth 
4560 Dipropyl maleate Ci Hi 04 2432-63-5 200.232 267 1.0245? 14434? |Н,0; s EtOH, 
eth, ace, bz 
4561 Dipropyl oxalate С4Н 40; 615-98-5 74195 liq -443 21 101880 1.4158? 51 H,0; msc 
EtOH; s eth 
4562 5,5-Dipropyl-2,4-oxazolidinedione Сон МО; 512-12-9 85.220 425 49? 
4563 Dipropyl succinate CigH 0, 925-15-5 202.248 liq -5.9 250.8 1.002022 1.4250? vs ace, bz, eth 
4564 Dipropyl sulfate C.H, 0,S 598-05-0 82.238 2020 1.106422 1.413522 уз рей 
4565 Dipropyl sulfide C; HS 111-47-7 18.240 liq -102.5 42.9 0.8147 4487?  iH,0; s EtOH, 
eth 
4566 Dipropyl sulfone کلام‎ 598-03-8 50.239 сту 29.5 1.027899 1.44569? 51 Н,0; $ EtOH, 
eth 
4567 Dipropyl sulfoxide Сен 405 4253-91-2 134239 па 225 802 0.965420 1.466322 vs eth, EtOH 
4568 Dipyridamole C; H4 N40, 58-32-2 504.627 163 
4569 Di-2-pyridinyl disulfide, M,N- Dipyrithione Ci H4N;0,S; 3696-28-4 252313 cry (MeOH) 205 
dioxide 
4570 2,2'-Dipyrrolylmethane CHiN, 21211-65-4 146.188 ІҒогпа(а) 73 164? vs bz, eth, EtOH 
4571 Diquat Сон 2764-72-9 84.236 Cation 
4572 Diquat dibromide Со уво 85-00-7 344.044 337 1.2420 
4573 Disodium calcium EDTA Edetate calcium disodium C. H, CaN,Na,0, 62-33-9 374.268 pow s Н,0 
4574 Disodium hydrogen citrate Sodium acid citrate Сене Ма; 0; 144-33-2 236.088 wh ром (м) 149 dec vs Н,0 
4575 Disperse Blue No. 1 1,4,5,8-Tetraamino-9,10- C, Hi МО; 2475-45-8 268.271  red-brnd 331 
anthracenedione 
4576 Distearyl thiodipropionate Dioctadecyl thiobispropanoate С,Н;0,5 693-36-7 683463 cry 6 
4571 Disulfiram Ci Ho, S, 97-77-8 296.539 15 1177 1H;0; s EtOH; sl 
eth; vs chl 
4578 Disulfoton C H, 0,PS; 298-04-4 274405 -25 108001, 1281 1.14420 
4579 1,2-Dithiane САН; 505-20-4 120.237 nd 325 80", 605 1.5981? s eth, bz, chl 
4580 1,3-Dithiane C,H,S, 505-23-7 120.237 54 8914 1.59812 үс bz, eth, chl 
4581 1,4-Dithiane و‎ 505-29-3 120.237 7 112.3 199.5 sl Н,0, s EtOH, 
eth, ctc, CS,, 
HOAc 
4582 Dithianone С.4Н,М,0,5, 3347-22-6 296.324 па (ace) 220 
4583 Dithiazanine iodide 8٤ و‎ ٢٢ 514-73-8 518.476 отпа 248 dec 1Н,0 
(MeOH) 
4584 2,2"-Dithiobisbenzoic acid Diphenyl disulfide-2,2'- CyyH 04S; 119-80-2 306.357 289.5 i H,0; s EtOH, 
dicarboxylic acid eth 
4585 3,3-Dithiobispropanoic acid C, H4048; 1119-62-6 210.271 158 
4586 3,3'-Dithiobis-D-valine Са о №0452 20902-45-8 296.407 204.5 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

4587 2,5-Dithiobiurea 1,2-Hydrazinedicarbothioamide ^ CəH,N,S; 142-46-1 150.226 nd (w) 214 

4588 4,4’-Dithiodimorpholine C H, N,0,S; 103-34-4 236.355 124.5 s chl 

4589 1,2-Dithiolane CH S; 557-22-2 106.210 77 9027 

4590 1,3-Dithiolane 1,3-Dithiacyclopentane CHS; 4829-04-3 106.210 liq -50 175 1.2597 159/55 5 EtOH, eth, ху! 

4591 1,3-Dithiolane-2-thione C.H,S, 822-38-8 136.259 35 307 

4592 Dithiopyr C, H,F.NO,S, 97886-45-8 401.416 65 

4593 Dithizone و8‎ ٢٣٢ 60-10-6 256.326  bl-blk(chl- 167 dec i و‎ ٢ 51 EtOH, 

al) eth; s chl, alk 

4594 Di(p-tolyl)carbodiimide Сын, 726-42-1 222.285 58.5 221% 1.15007 

4595 1,2-Di(p-tolyl)ethane 1,2-Bis(p-tolyl)ethane Сл а 538-39-6 210.314 If (al) 85 178% i H50; 51 EtOH; 
S bz, peth 

4596 N,N-Di(o-tolyl)guanidine Ci Hi Ns 97-39-2 239.316 cry (dil al) 179 102 SI Н,0, tfa, 
EtOH; vs eth; s 
chl 

4597 Ditridecyl phthalate C. H, 0 119-06-2 530.823 liq 28535 0.95225 

4598 Diundecyl phthalate СН 04 3648-20-2 474.716 сгу (EtOH) 355 

4599 Diuron CIH, СМО 330-54-1 233.093 158 

4600 o-Divinylbenzene 1,2-Divinylbenzene СН 91-14-5 130.186 82" 0.93252 1.5767? s ace, bz 

4601 mrDivinylbenzene 1,3-Divinylbenzene СН 108-57-6 6 -52.3 121%, 523 0.9204? 1.5760? засе, bz 

4602 p-Divinylbenzene 1,4-Divinylbenzene M 105-06-6 130.186 31 9578, 3402 0.913 158355 засе, bz 

4603 cis-1,2-Divinylcyclobutane C; Hi 16177-46-1 108.181 38% 0.80102 1.456320 

4604  trans-1,2-Divinylcyclobutane Сан 6553-48-6 108.181 112.5 0.781722 1.445120 

4605 Divinyl ether C,H,0 109-93-3 70.090 ^ vol liq or gas -100.6 28.3 0.7732 1.3989? 1 H,0; msc 
EtOH, eth, ace, 
chl 

4606 Divinyl sulfide Vinyl sulfide С.Н 627-51-0 86.156 20 84 0.9174" SI H5O; s ace; 
msc EtOH, eth 

4607 Divinyl sulfone Vinyl sulfone C,H,0;S 77-77-0 118.155 liq -26 2345 1775 56 

4608 1,3-Divinyl-1,1,3,3- (5,505), 2627-95-4 186.399 liq -99.7 39 0.81120 1.412320 

tetramethyldisiloxane 

4609 Djenkolic acid CH, N0,.S; 498-59-9 254.327 nd(w) =325 dec 

4610 DMPA C,4H,CLNO;PS 299-0854 314469 solid 514 150? SI H5O; vs bz, 
ctc, ace 

4611 Docosane СН, 629-97-0 310.600 pl(to), cry 43.6 368.6 0.794420 1.4455? i H,0; s EtOH, 

(eth) chl; vs eth 

4612 Docosanoic acid Behenic acid C Hu0; 112-85-6 340.583 nd 81.5 30650 0.82239? 1.4270 9 51 Н,0, EtOH, 
eth 

4613 1-Docosanol CHO 661-19-8 326.599 cry (ace, chl) 72.5 180022 sl H0, eth; vs 
EtOH, MeOH; 
schl 

4614 13-Docosenamide Erucamide СНМ 12-84-5 337.582 су 94 

4615 1-Docosene СН 599-67-35 308.584 38 367 0.79425 

4616 cis-13-Docosenoic acid Erucic acid (5,0, 12-86-7 338.567 nd (al) 347 265° 0.8605 147580 ІН,0; s EtOH, 
ctc; vs eth, 

еон 

4617 trans-13-Docosenoic acid Brassidic acid Со О; 506-33-2 338.567 pl (al) 61.9 2829. 2560 0.85855 1434710 

4618 5,7-Dodecadiyne Dibutylbutadiyne Ci Hg 120-29-2 62.271 1038 

4619 Dodecamethylcyclohexasiloxane С.2Нз06916 540-97-6 444823 liq -15 245 0.967225 1.401522 ٥0 

4620 Dodecamethylpentasiloxane Ci Ha 04S; 41-63-9 384.840 liq -80 232; 10512 087552 1.3925? s ctc, CS, 

4621 Dodecanal Lauraldehyde Ci О 12-54-9 84318 If 445 18570, 10025 0.835215 1.4352 i H0; sl EtOH; 
s eth 

4622 Dodecanamide C H, NO 120-16-7 99.333 nd 110 19912 4287170 | H,0; s EtOH, 
ace, ctc; sl eth, 
bz 

4623 Dodecane Со 12-40-3 70.334 liq -9.57 216.32 0.749520 1.421020 ІН,0; vs EtOH, 
eth, ace, ctc, 
chl 

4624 1,12-Dodecanediamine C H, N; 2783-17-7 3 67.38 1353 

4625 Dodecanedioic acid 8 و‎ ٧۷ 693-23-2 230.301 128 222% 15% s tfa 

4626 1,12-Dodecanediol Ci) Ha 0; 5675-51-4 202.333 cry (bz, dil 81.3 18972 s tfa 

al) 

4627 Dodecanenitrile Lauronitrile Са ам 2437-25-4 181.318 4 277; 198100 0.8240? 1.436120 i H,0; msc 
EtOH, eth, ace, 
bz, chl 

4628 1-Dodecanethiol Cu HS 12-55-0 202.399 liq -6.7 277; 1435 0.84420 4589?  iH,0; s EtOH, 
eth, chl 

4629 Dodecanoic acid Lauric acid Сао 43-07-7 200.318 па (al) 43.8 225100 0.86799 1.418382 i H,0; vs ОН, 
eth; s ace; msc 
bz 

4630 Dodecanoic anhydride С.Н,0; 645-66-9 382.620 If (al, eth) 41.8 0.853370 1.429270 уз EtOH 

4631 1-Dodecanol Lauryl alcohol CH, 0 12-53-8 186.333 If (dil al) 23.9 260 0.830924 i H,0; s EtOH, 
eth; sl bz 

4632 2-Dodecanol CH, 0 0203-28-8 186.333 19 252 0.8286? 144002 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

4633 2-Dodecanone Decyl methyl ketone Со О 6175-49-1 8 21 246.5 0.8198? 1.4330? ІН,0; $ EtOH, 
eth, ace; sl ctc 

4634 Dodecanoyl chloride ٢ و‎ ٢ 112-16-3 218.763 -17 145% 0.91695 144580 уз eth 

4635 1-Dodecene Ci Ho, 112-41-4 168.319 liq -35.2 213.8 0.75842 1.4300? іН,0; s EtOH, 
eth, ace, ctc, 
peth 

4636 trans-2-Dodecenedioic acid Traumatic acid Ci Ho04 6402-36-4 228.285 cry(alace) 5 vs eth, EtOH, 
ch 

4637 2-Dodecenylsuccinic anhydride Ci H; 0, 19780-11-1 266.375 hyg cry 42 1815 

4638 Dodecyl acetate Cu Ha 0; 112-66-3 228.371 0.7 265; 180 0.865222 8 

4639 Dodecyl acrylate Lauryl 2-propenoate Ci А 0; 2156-97-0 240.382 4 12098 0.87272) 

4640 Dodecylamine 1-Dodecanamine Со HN 124-22-1 185.349 28.3 259 0.80152 1.442122 5] H,0; msc 
EtOH, eth, bz, 
ch 

4641 Dodecylamine, acetate 1-Dodecanamine, acetate СМО, 2016-56-0 245402 69.5 vs Н,0, ЕЮН 

4642 Dodecylamine hydrochloride Lauryl amine hydrochloride Сұ НСІ 929-73-7 221.810 186 vs Н,0, EtOH 

4643 4-Dodecylaniline Слим 04-42-7 261446 415 211106 

4644 Dodecylbenzene Laurylbenzene СНз 23-01-3 246.431 3 328 0.8551? 14824? 0 

4645 4-Dodecylbenzenesulfonic acid (-51 045 21-65-3 326.494 >205 

4646 Dodecylcyclohexane Са!» 795-17-1 252479 12.5 331 0.8223? 145592 

4647 Dodecyl mercaptoacetate C H, 0,S 3746-39-2 260.436 15 1713 

4648 Dodecy! methacrylate СНз 42-90-5 254.408 1424 0.86620 

4649 6 1,2-Epoxytetradecane Ca H, 0 3234-28-44 212.371 oil 9504 0.845 1.4408? 

4650 2-(Dodecyloxy)ethanol Cu Ha 0; 4536-30-5 230.387 14308 

4651 4-Dodecyloxy-2- C Ha 03 2985-59-3 382.536 435 

hydroxybenzophenone 

4652 4-Dodecylpheno Ci sH,0 04-43-8 262.430 па (bz) 66 1752 

4653 1-Dodecylpiperidine C; HN 5917-47-5 253.467 pa ye 1615, 11506 0.837820 1.458820 

4654 Dodecyl sulfate Lauryl sulfate Со H40,S 51-41-7 266.397 шу s Н,0 

4655 Dodecyltetraethylene glycol 3,6,9,12-Tetraoxatetracosan-1- ^ Сун ог 5274-68-0 362.544 247" 

monoether ol 

4656 Dodecyl 3,4,5-trihydroxybenzoate Са 05 166-52-5 338.438 96.5 S ace 

4657 Dodecyltrimethylammonium C4 Ha4CIN 12-00-5 263.891 246 dec vs H0, ace, 

chloride EtOH, chl 

4658 1-Dodecyne Decylacetylene СН» 165-03-7 166.303 liq -19 215 077880 82 

4659 6-Dodecyne СН» 6975-99-1 166.303 210; 100% 0.785% 1.44422 vs ace, eth, 
EtOH 

4660 Dodine Dodecylguanidine, monoacetate | Ci Hs4N40; 2439-10-3 287442 136 

4661 Dopamine 4(2-Aminoethyl)-1,2- Сан „МО; 51-61-6 153.179 pr 

benzenediol 
4662 Dothiepin Со H NS 113-53-1 295.442 56 17200 
4663 Dotriacontane Bicetyl Cao Не 544-85-4 450.866 ام‎ 69.4 467 0.812420 1.4550? i H,0; 51 EtOH, 
(bz,chl,HO chl; s eth, ctc; 
Асећ) vs bz 

4664 Doxepin Со МО 1668-19-5 279376 oily liq 155005, 26502 

4665 Doxorubicin Adriamycin Соро МО. 23214-92-8 543519 cry 230 

4666 Doxorubicin hydrochloride Adriamycin hydrochloride Со МО 25316-40-9 579980 огап-гей nd 204 dec 5,0, MeOH; i 
ace, bz, chl, 
eth, peth 

4667 Doxylamine و‎ ٧٢٢ 469-21-6 270.369 liq 13905 

4668 Drimenin C Ho 0; 2326-89-8 234.335 су 133 1109 i H,0 

4669 Dromostanolone propanoate 2-Мећу!-17-(1-охоргороху) СаН,0; 521-12-0 360.530 128 

androstan-3-one, (20,50,17В) 

4670 Droperidol Dehydrobenzperidol ٨ و‎ МО 548-73-2 379.427 cry (м) 146 (hyd) i H0; sl EtOH, 
eth, bz; s chl, 
DMF 

4671 Dydrogesterone Cj Ha 0; 152-62-5 312.446 cry (ace/hx) 170 

4672 Dyphylline و‎ МО, 479-18-5 254.243 161.5 

4673 Ecgonidine Сон а МО; 484-93-5 167.205 cry (MeOH) 228 dec vs Н,0 

(Меон- 
ећ) 

4674 Ecgonine CH, NO, 481-37-8 185.220 то рг 205 уз Н,0, НОН 

4675 Echimidine СНз. NO; 520-68-3 397.463 glass 

4676 Echinochrome A 2-Ethyl-3,5,6,7,8-pentahydroxy- CH, 0; 517-82-8 266.203 red nd 220 dec sub 120 SI Н,0: s EtOH, 

1,4-naphthalenedione (Diox-w) ace; vs eth, bz 

4677 6 Со و‎ №05 6871-44-9 402.483 206 S Н,0, EtOH, 
eth, chl, con 
sulf; i peth 

4678 Edrophonium chloride Са МО 116-38-1 201.693 cry 162 vs H,0; $ EtOH; 
i eth, chl 

4679 Efloxate Ethyl [(4-oxo-2-phenyl-4H-1- 0,5Н,,0, 119-41-5 324.327 123.7 s chl 

benzopyran-7-yl)oxylacetate 

4680 Eicosamethylnonasiloxane СоНы 05 2652-13-3 681.455 307.5; 1988 091739 1.3980? vs bz 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
peth, bz; sl chl; 
vs ace 

4682 Eicosanedioic acid 1,18-Octadecanedicarboxylic Cos Ha 04 2424-92-2 342.514 cry(bzal) 125.5 233? зећ 

acid 

4683 Eicosanoic acid Arachidic acid НО, 506-30-9 312.531 pl (al) 76.5 dec 328; 2041 0.82401 1.425199 — | H0; sl ОН, 
vs eth; s bz, 
ch 

4684 1-Eicosanol Arachic alcohol СНО 629-96-9 298.546 wax (al), cry 65.4 356; 2223 0.8405? 1.4350? i H,0; sl EtOH, 

(chl) chl; vs ace; 8 
bz, peth 

4685 5,8,11,14-Eicosatetraenoic acid, Arachidonic acid (541 50, 506-32-1 304.467 -49.5 163' 0.9082? 1.4824? i H0; vs ace, 

(all-cis) eth, EtOH, peth 

4686 6 Coo Has 3452-07-1 280.532 28.5 341, 1512 0.78823 — 1.44409  iH,0; s bz, peth 

4687 cis-9-Eicosenoic acid С»Нзв0› 29204-02-2 310.515 245 2206 0.888225 

4688 trans-9-Eicosenoic acid С»Нзв0› 506-31-0 15 54 

4689 11-Eicosenoic acid Сао 2462-94-4 310.515 24 2675 0.882625 vs EtOH, MeOH 

4690 Elaidic acid trans-9-Octadecenoic acid Cu Ha0, 112-79-8 282.462 ام‎ (al) 45 288100 2345 087345 1.44995 i H,0; s EtOH, 
eth, bz, chl 

4691 Elaiomycin C, H, N,0; 23315-05-1 258.356 ув oil 147985 sl H,0; s os 

4692 1,3-Elemadien-11-0l Elemol C, H0 639-99-6 222.366 cry (al) 52.5 14212 0.934518 1.449801 

4693 В-Нетепе Сын, 33880-83-0 204.352 12015, 104" 0.874920 1.493520 

4694 Embelin 2,5-Dihydroxy-3-undecyl-2,5- ^ 0.:Н, 0, 550-24-3 294.386 oran pl (al) 5 vs bz, eth, EtOH 

cyclohexadiene-1,4-dione 

4695 Emetine 6',7',10,11-Tetramethoxyemetan | Сон №0, 483-18-1 480.639 атогром 74 i H,0; $ EtOH, 
eth, ace; sl bz, 
chl 

4696 Emylcamate 3-Methyl-3-pentanol, carbamate С,Н, NO; 78-28-4 45.200 nd 57 35! SI H5O; vs bz, 
eth, EtOH 

4697 Enallylpropymal C,H N05 1861-21-8 224.256 cry (w, dil al) 56.5 177? vs bz, eth, ОН, 
chl 

4698 Endosulfan С-Н,С1,0,5 115-29-7 406.925 106 106°” 1.74520 

4699 Endosulfan sulfate Сон 01045 1031-07-8 422.925 сту (суһех) 181 

4700 Endothall disodium CIH, Na,0; 145-73-3 232.142 144 431% 

4701 Endrin Со و‎ ٤٢ 72-20-8 380.909 cry dec 245 vs асе, bz, xyl; s 
ctc, hx 

4702 Enflurane C H,CIF,0 13838-16-9 184.492 liq 56.5 1.512125 1.3025? vs os 

4703 Ephedrine, (+) a-[1-(Methylamino)ethyl] C4 His NO 90-81-3 65.232 nd (eth, 76.5 13512 .122020 S Н,0, EtOH, 

benzenemethanol, (R*,S*)-(+)- peth) eth, bz, chl 

4704 d-Ephedrine a-[1-(Methylamino)ethyl] Сао NO 321-98-2 65.232 рі (м) 40 225 S Н,0, EtOH, 

benzenemethanol, [S-(A*,5*)]- eth, bz, chl 

47/05 6 a-[1-(Methylamino)ethyl] СМО 299-42-3 65232 pl(w+1) 40 225 .00852 S Н,0, EtOH, 

benzenemethanol, [R-(A*,S*)]- eth, bz, chl 

4706 Ephedrine hydrochloride 2-(Methylamino)-1-phenyl-1- ^ C.H, CIN0 50-98-6 201.693  orth nd 219 1.020820 

propanol, hydrochloride 

4707 Epichlorohydrin (Chloromethyl)oxirane С-Н,С10 13403-37-7 92.524 liq -26 118; 62700 118120 1.4350? 51 H,0; msc 
EtOH, eth; s 
bz, сіс 

4708 Epinephrine D-Adrenaline СН, NO, 51-43-4 183.204 br (inair) 5 51 Н,0, i EtOH; 
s HOAc, acid 

4709 Epiquinidine Са О; 572-59-8 324.417 cry(AcOEt)If 3 vs EtOH; s eth 

(eth) 

4710 1,2-Epoxybutane Ethyloxirane C,H,0 06-88-7 72.106 1 -150 634 0.8297? 1.3851? уз EtOH, ace; 
msc eth 

4711 1,2-Epoxy-4-(epoxyethyl) 4-Vinyl-1-cyclohexene dioxide  C,H,,0, 06-87-6 140.180 <-55 227 1.0966? 147872 vs H,0 

сусјоћехапе 

4712 1,2-Ерохућехадесапе Tetradecyloxirane Слано 7320-37-8 240.424 hyg cry or liq 24.1 178? 0.846 2240) 

4713 1,2-Epoxyoctadecane Hexadecyloxirane СаН,0 7390-81-0 268.478 hyg cry 261 13705 

4714 2,3-Ероху-о-ріпапе СұН,0 686-14-2 152.233 85% 

4715 2,3-Epoxypropyl acrylate Glycidyl acrylate (1,0, 06-90-1 128.126 5310 111099 1.4490? vs bz 

4716 2,3-Epoxypropy! methacrylate Glycidol methacrylate C;H, 0; 06-91-2 142.152 189; 7510 1.04220 4482 vs bz, eth, EtOH 

4717 Equo СлаН 403 531-95-3 230.259 cry (aq, al) 1895 

4718 Ergocornine C, Њом О 564-36-3 561.673 cry (MeOH) 183 dec ІН,0; s EtOH, 
ace, bz, chl, 
AcOEt 

4719 Ergocorninine C4: Нам 0; 564-37-4 561.673 lo pr (al) 228 dec vs ace, bz, 
НОН, ch 

4720 Ergocristine Сао №505 511-08-0 609.716 — orth (bz) 175 dec i H,O; s EtOH, 
ace, chl 

4721 Ergocristinine C; H, №505 511-07-9 609.716 — pr (al) 237 dec ІН,0; sl EtOH, 
ace, chl 

4722 Ergocryptine C) H4 М0, 511-09-1 575.699 pr (al) 213 dec i H,0; s EtOH, 
chl 


4723 Ergocryptinine C44 На МО, 511-10-4 587.710 lo pr (al) 245 dec vs ace, ch 
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No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C g cm? Solubility 
4724 Ergometrinine C, H, М0; 479-00-5 325405 pr (ace) 196 dec vs chl 
4725 Ergonovine Ergometrine СН М0; 60-79-7 325.405 pl or nd 162 dec S HO, ace; vs 
EtOH; sl chl 
4726 Ergosine СаН;0; 561-94-4 547.646 pr (MeOH, 228 dec $ асе, chl; sl 
AcOEt) еон 
4727 Ergostane, (50) Cos Hao 511-20-6 386.697 If or pl (ace, 85 vs ace, eth, chl 
eth- MeOH) 
4728 Ergostane, (5B) Coproergostane Сао 511-21-7 386697 nd (ace) 64 vs eth, chl 
4729 Ergostan-3-ol, (38,50) Ergostanol СаНы0 6538-02-9 402.696 па (Меон- 5 i H50; s eth, chl 
eth) 
4730 Ergosta-5,7,9(11),22-tetraen-3-ol, Dehydroergosterol СаНр0 516-85-8 394.632 If (al) nd 146 23005 vs ace, bz, eth, 
(30,225) (ећ),р! (al) EtOH 
4731 Ergosta-5,7,22-trien-3-ol, Ergosterol СНО 57-87-4 396.648 рі (+w,al)nd 0 25009 i و‎ ٢ 51 EtOH, 
(3,228) (ећ) eth, peth; s bz, 
ch 
4732 Ergosta-5,7,22-trien-3-ol, Pyrocalciferol СНО 128-27-8 396.648 па (Меон) 94 i H50; s EtOH, 
(3,100,225) chl, MeOH 
4733 Ergosta-5,7,22-trien-3-ol, Lumisterol СНО 474-69-1 396.648 па (асе- 118 1Н,0, $ EtOH, 
(38,98 ,100,226) Me0H) НОАс; vs eth, 
ace, chl 
4734 Ergost-5-en-3-ol, (38,248) Campesterol (5410 474-62-4 400.680 сау (ace) 157.5 
4735 Ergost-7-en-3-ol, (38,50) y-Ergostenol 054 0 516-78-9 400.680 nd (MeOH) 146 s eth 
cry (PrOH 
4736 Ergost-8(14)-en-3-ol, (38,50) a-Ergostenol СаНа0 632-32-6 400.680 If or nd 131 51 EtOH; s eth, 
eOH) bz, chl 
4737 Ergotamine C4 ولاو اوو‎ 113-15-5 601.821 па (al), pr 213 dec vs bz, eth, chl 
(bz) pl (ace) 
4738 Ergotamine tartrate (2:1) Gynergen C. H, N,0, 379-79-3 656.706 192 дес 
4739 Ergotaminine Са №505 639-81-6 581.662  orth p 252 dec i H50; 51 EtOH, 
(MeOH) pl ace, bz; s chl; 
(al) vs py 
4740 Ergothioneine CH, №055 497-30-3 229.299 nd or If (dil 290 дес vs H,0; sl EtOH, 
EtOH ace; i eth, bz, 
chl 
4741 Eriochrome Black T CH, №№ 0,5 — 1787-61-7 461.380  br-blk pow $ Н,0, EtOH, 
еон 
4742 Eriodictyol 34 ,5,7- Tetrahydroxyflavanone, С,Н,,0; 552-58-9 288.252 plor nd 267 dec vs EtOH, HOAc 
(S) (EtOH) 
4743 Erythorbic acid Isoascorbic acid Сен О 89-65-6 176.124 gran cry 168 s Н,0, py; sl ace 
4744 6 C4 H, NO, 466-81-9 273.327 cry (al) 99.5 S Н,0, eth, chl; 
vs EtOH, bz 
4745 Erythromycin Propiocine Ca Hg Он 114-07-8 733.927 сгу (w 191 уз ace, eth, 
EtOH, chl 
4746 Erythromycin ethyl succinate Са МО 1264-62-6 862053 cry (асе ад) 222 
4747 Erythromycin stearate C.H, МО 643-22-1 1018.405 cry 92 ІН,0; sl EtOH, 
eth, ch 
4748 Erythrophleine Norcassamidine C; H3 NO; 36150-73-9 421.571 (1855 115 S ЊО, EtOH 
4749 D-Erythrose بل‎ 583-50-6 120.405 syr S Н,0; vs EtOH 
4750 L-Erythrose СНО, 533-49-3 120105 syr vs Н,0, ЕЮН 
4751 D-Erythrose 4-phosphate 2,3-Dihydroxy-4- C,H,0;P 585-18-2 200.084 stab in aq s Н,0 
(phosphonooxy)butanal soln only 
4/52 6 Са 05 15905-32-5 835.893 br pow (Ма S H,; vs eth, 
salt) EtOH 
4753 L-Erythrulose C,H,0, 533-50-6 120.105 syr dec dec vs Н,0, EtOH 
4754 Esaprazole N-Cyclohexyl-1- Со و‎ ٧٢٢ 64204-55-3 225.330 112 19005 
piperazineacetamide 
4755 Esculin 6-(B-D-Glucopyranosyloxy)-7- — C.H, O; 531-75-9 340.283 рг (м+2) 205 SI H,0, EtOH, 
hydroxy-2H-1-benzopyran-2- (pentahydrate) eth; s chl, py, 
one HOAc 
4756 Eserine sulfate Physostigmine sulfate C. Ha МО 5 64-47-1 648.770 ћуд cry (асе- 141 vs ace, EtOH 
eth) 
4757 Estra-1,3,5(10)-triene-3,17-diol, ^ ox-Estradiol С.,Н, 0, 57-91-0 272.383 па (+1/2 м) 2215 1Н,0, s EtOH, 
170) (80% al) ace; sl eth, bz 
4758 Estra-1,3,5(10)-triene-3,17-diol ^ p-Estradiol СНО 50-28-2 272.383 рг (80% al, 178.5 vs асе, EtOH, 
178 Diox 
4759 Estra-1,3,5(10)-triene-3,17-diol, ^ Isoestradiol Cis 0; 517-04-4 272.383 cry (dil 181 s EtOH, diox 
8о,17) MeOH-chl) 
4760 Estra-1,3,5(10)-triene-3,17-diol 3- Estradiol benzoate (51550, 50-50-0 376.488 196 
benzoate, (17) 
4761 Estra-1,3,5(10)-triene-3,16,17- — — Estriol Сао 50-27-1 288.382 If (al), mcl 288 dec 1275 S НОН; sl eth, 
riol, (16,17) (dil al) bz, На; vs py 
4762 Estra-1,3,5(10)-triene-3,16,17- — 16-Epiestriol Cis Оз 547-81-9 288.382 cry (MeOH- 290 
riol, (16,17) bz) 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

4763 Estrone C45 Ho; 05 53-16-7 270.367 mcl, orth (al) 260.2 1.2365 i B,0; 51 EtOH, 
eth, bz; s ace, 
diox 

4764 Ethacrynic acid Са СО, 58-54-8 303.138 122.5 

4765 Ethalfluralin Са АЊА МО 55283-68-6 333.263 57 дес 256 

4766 Ethambutol С.оН№0, 74-55-5 204.310 сту 89 SI Н,0: s bz, chl 

4767 Ethane CH, 74-84-0 30.069 _ col gas -182.79 -88.6 0.544689 i B,0; vs bz 

4768 Ethanearsonic acid АСАР 507-32-4 153.997 па (al), orth 99.5 210? vs Н,0, EtOH 

nd (w) 

4769 Ethanedial dioxime СНО; 557-30-2 88.065 orth pl (w) 178 дес sub vs Н,0, EtOH, 
eth 

4770 1,2-Ethanediamine Ethylenediamine ІЙ 107-15-3 60.098 11.14 117 0.8979? 1.45652 vs H,0; msc 
EtOH; i eth, bz; 
s сіс 

4771 1,2-Ethanediamine, Ethylenediamine dihydrochloride C,H, CI,N, 333-18-6 133.019 1.633 vs 0 

dihydrochloride 

4772 1,2-Ethanedio Ethylene glycol СНО, 107-21-1 62.068 ٩ -12.69 197.3 1.1135? 14318? msc ЊО, EtOH, 
ace; s eth, chl; 
sl bz 

4773 1,2-Ethanediol, bis(4- Ci 069; 6315-5922 370.440 cry (bz) 128 

methylbenzenesulfonate) 

4774 1,1-Ethanediol, diacetate Ethylidene diacetate Сен 0, 542-10-9 46.141 18.9 169 1.0705 139852 vs eth, EtOH 

4775 1,2-Ethanediol, diacetate Ethylene glycol diacetate С.Н оба 111-55-7 46141 liq -31 190 1.10432 1.415922 vs Н,0; msc 
EtOH, eth, ace, 
bz, CS, 

4776 1,2-Ethanediol, diacrylate Ethylene glycol diacrylate СН 0, 2274-11-5 70.163 liq 5506 1.093526 

4777 1,2-Ethanediol, dibenzoate Ethylene glycol dibenzoate Cu H, 0, 94-49-5 270.280 orth pr (eth) 73.5 dec 360 ГНО; s eth, chl 

4778 1,2-Ethanediol, didodecanoate Ethylene glycol didodecanoate _ СНО, 624-04-4 426.673 pl (al) 56.6 18820 vs eth, EtOH 

4779 1,2-Ethanediol, diformate Ethylene glyco! diformate C,H,0, 629-15-2 18.089 174 11939 1.3580 sl H,0; s EtOH, 
eth 

4780 1,2-Ethanediol, dihexadecanoate Ethylene glycol dipalmitate СНО, 624-03-3 538.886 If or па (а1- 72 0.859478 1,0, КОН; 8 

chl) eth; vs ace 

4781 1,2-Ethanediol, dimethacrylate Ethylene glycol dimethacrylate 1 97-90-5 98216 liq -40 260 1.053% 1.453225 vs bz, EtOH, lig 

4782 1,2-Ethanediol, dinitrate Ethylene glycol dinitrate СНО 628-96-6 52.062 уе liq -22.3 198.5 1.491820 vs eth, НОН 

4783 1,2-Ethanediol, distearate Ethylene glycol distearate СНО, 627-83-8 594.993 |f 79 241% 0.85817 i H5O, EtOH; vs 
eth, ace 

4784 1,2-Ethanediol, ditetradecanoate Ethylene glycol ditetradecanoate С.,Н,,0, 627-84-9 482.780 сгу (eth, ace) 65 20820 0.86009? i H,0, EtOH; 8 
eth; vs ace, bz, 
cic 

4785 1,2-Ethanediol, dithiocyanate Ethylene glycol dithiocyanate C H,N,S; 629-17-4 44218 orthplornd 90 dec 1.42000 sl H,0, bz; 8 

(w) НОН, eth; vs 
ace 

4786 1,2-Ethanediol, monoacetate Ethylene glycol monoacetate C,H,0; 542-59-6 04.105 188 1.10815 msc Н,0, НОН, 
eth 

4787 1,2-Ethanediol, monobenzoate Ethylene glycol monobenzoate C.H, O, 94-33-7 66.173 45 150” 1.11013 vs EtOH 

4788 1,2-Ethanediol, monostearate Ethylene glycol monostearate ^ C4 H40; 111-60-4 328.530 сгу (peth) 605 1903 0.878099 — 1.431099 | EtOH; s eth 

4789 1,2-Ethanediol, monosulfite Ethylene glycol monosulfite C,H,0;S 3741-38-6 08.116 liq -11 173 1.440220 1.446322 vs H,0, EtOH, 
eth, ace, bz, 
AcOEt; sl chl 

4790 1,2-Ethanediphosphonic acid 1,2-Diphosphonoethane C; HOP, 6145-31-9 90.029  nd(EtOH/ 223 

eth) 

4791 1,2-Ethanedisulfonic acid Ethylene disulfonic acid C;H,0;S; 110-04-3 90.195 173 vs diox 

4792 Ethanedithioamide Rubeanic acid 8 و٢‎ 79-40-3 20196 тей cry 170 dec 51 Н,0, EtOH; s 
con sulf 

4793 1,2-Ethanedithiol Ethylene dimercaptan C; HS; 540-63-6 94199 liq -41.2 1461 1.2349 155909 ІН,0; $ EtOH, 
eth, ace, bz; vs 
alk 

4794 1,2-Ethanediy! mercaptoacetate C; H4048; 123-81-9 210.271 13815 

4795 Ethanesulfonic acid Ethylsulfonic acid CH, 0,;S 594-45-6 110.132 hyg -17 123! 1.33412 1.4335? vs Н,0, EtOH 

4796 Ethanesulfonyl chloride C;H&CIO;S 594-44-5 128.578 paye 174 13572 14531? vs eth; s CS, 

4797 Ethanethiol Ethyl mercaptan С.Н 75-08-1 62434 liq -147.88 35.0 0.83155 1.4310% <ІН,0;5 EtOH, 
eth, ace, dil alk 

4798 Ethanimidamide CHN; 143-37-3 58.082 -35 SI Њ0; s EtOH, 
acid 

4799 Ethanimidamide Acetamidine hydrochloride СНОМ 124-42-5 94.543 ndorpr(al) 1775 vs Н,0, EtOH 

monohydrochloride hyg lo pr 
(al) 

4800 Ethano Ethyl alcohol СНО 64-17-5 46.068 liq -11414 78.29 078930 1.3611? msc ЊО, EtOH, 
eth, ace, chl; 5 
bz 

4801 Ethanolamine Glycinol C;H;NO 141-43-5 61.083 10.5 171 1.018020 1.454122 msc HO, EtOH; 
sl eth, lig, bz; 
schl 

4802 Ethanolamine hydrochloride 2-Aminoethanol hydrochloride ^ C;H,CINO 2002-24-6 97.544 hyg cry 85 


(EtOH) 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
4804 Ethaverine 1-[(3,4-Diethoxyphenyl)methyl]- СНО, 486-47-5 395.492 100 ІН,0;5 EtOH; sl 
6,7-diethoxyisoquinoline eth, chl 
4805 Ethchlorvynol 1-Chloro-3-ethyl-1-penten-4- _ C, H,CIO 113-18-8 144598 liq 181; 3004 1075 14745 8 
yn-ol 
4806 Ethephon Phosphonic acid, (2-chloroethyl) 0,Н,010,Р 16672-87-0 144494 74 12 
4807 Ethinylestradiol 19-Norpregna-1,3,5(10)-trien- — C, H;,0; 57-63-6 296.404 sl chl 
20-yne-3,17-diol, (170)- 
4808 Ethion СоН;0,Р;5, 563-12-2 384.476 -13 16503 1.2220 
4809 D-Ethionine 3-Ethylhomocysteine, (А) C H, N0,S 535-32-0 163.238 cry(H,0) 86 
4810 L-Ethionine 3-Ethylhomocysteine, (5) C H, 5ل‎ 3073-35-3 163.238 сту (H,0) 273 дес 
4811 Ethirimol 4(1H)-Pyrimidinone, 5-butyl-2- Cu H4 N,0 23947-60-6 209.288 160 1.215 
(ethylamino)-6-methyl- 
4812 Ethisterone Cj Ha 0; 434-03-7 312.446 272 
4813 Ethoate-methyl CIH u М0,Р5, 16-01-8 243.284 сгу (tol/hp) 67 
4814 Ethofumesate Са 0,5 26225-79-6 286.344 7 1.14 
4815 Ethoheptazine 4-Carbethoxymethyl-4- Ci Ho; NO; 11-15-6 261.360 liq 134! 1.038 75 
phenylazacycloheptane 
4816 Ethoprop Phosphorodithioic acid, O-ethyl C.H, 0,Р5, 3194-48-4 242.340 8802 1.09420 
S,S-dipropyl ester 
4817 Ethotoin СНО 86-35-1 204.225 рг (w) 94 s hot H,0; vs 
EtOH, bz, eth 
4818 Ethoxyacetic acid СНО 627-03-2 04.105 206.5 1.102120 1.419422 уз ЊО, EtOH, 
eth; s chl 
4819 4-Ethoxyacetophenone Сан 0; 676-63-7 64.201 pl (eth) 39 268 vs eth, EtOH 
4820 Ethoxyacetylene C H,0 927-80-0 70.090 50 0.80002 1.379620 
4821 7-Ethoxy-3,9-acridinediamine Ethacridine C4 Hu NO 442-16-0 253.299 ye nd 226 
4822 2-Ethoxyaniline o-Phenetidine CIH, NO 94-70-2 37179 <-21 232.5 556072 sl HO, ctc; 5 
EtOH, eth 
4823 3-Ethoxyaniline m-Phenetidine CIH, NO 621-33-0 37.179 248 vs eth, EtOH 
4824 4-Ethoxyaniline p-Phenetidine CIH NO 56-43-4 37.179 12 254 1.065216 1.552820 51 H,0; s EtOH, 
eth, chl 
4825 2-Ethoxybenzaldehyde Сон (0; 613-69-4 50.174 21 248 msc EtOH, eth; 
sl chl 
4826 4-Ethoxybenzaldehyde Сон (0; 0031-82-0 150.174 13.5 249 1.0821 vs EtOH, eth, bz 
4827 2-Ethoxybenzamide Ethenzamide C.H, МО, 938-73-8 65.189 па (w, а) 133 sl Н,0, chl; vs 
EtOH, eth 
4828 Ethoxybenzene Phenetole C H, 0 03-73-1 22464 0 -29.43 169.81 0.965120 1.50762 i H0; s EtOH, 
eth, ctc 
4829 4-Ethoxy-1,2-benzenediamine CIH, N,0 197-37-1 52.193 15 295 vs Н,0; s EtOH, 
eth, chl 
4830 2-Ethoxybenzoic acid Сон (0; 34-11-2 66.173 20.7 211% 51 НО, EtOH, 
cic 
1831 4-Ethoxybenzoicacid н» 69862. 166173 nd(w | 1995 — ë Oas 2 
EtOH, eth, bz 
4832 6-Ethoxy-2- Ethoxzolamide Сон (М05, 452-35-7 258.316 189 
benzothiazolesulfonamide 
4833 3-Ethoxy-N,N-diethylaniline C. H, N0 864-92-2 93.285 286; 9798 53255 Жан bz, 
HOAc 
4834 2-Ethoxy-3,4-dihydro-2 Н-ругап С.Н. 20, 03-75-3 28.169 32; 4216 0.9658 1.439420 
4835 6-Ethoxy-1,2-dihydro-2,2,4- Ethoxyquin C H, N0 91-53-2 217.307 242 1.0265 569% 
trimethylquinoline 
4836 Ethoxydimethylsilane Dimethylethoxysilane C,H,,0Si 4857-34-2 104.223 liq 54 0.7620 
4837 2-Ethoxy-1,2-diphenylethanone Ci H, 0; 574-09-4 240.297 nd (lig) 62 9420 110167 1.5727"  vsbz,eth, ОН, 
lig 
4838 2-Ethoxyethanamine CH, N0 10-76-9 89.136 07 085120 1.410122 msc ЊО, EtOH, 
eth; s ace, bz; 
51 chl 
4839 2-Ethoxyethanol Ethylene glycol monoethyl ether C,H,,0, 10-80-5 90.121 0 -70 35 0.92535 140545 vs ав, ћ, 
EtOH 
4840 2-(2-Ећохуећохујећу! 2- Diethylene glycol ethyl ether Сао, 7328-17-8 88.221 13% 
ргорепоаје асгујаје 
4841 2-Ethoxyethyl acetate Ethylene glycol monoethyl ether С,Н,0, 11-15-9 32.157 liq -61.7 56.4 0.974022 1.405422 vs H,0, ace, eth, 
acetate EtOH 
4842 2-Ethoxyethyl acrylate Ethylene glycol monoethyl ether C,H,,0, 06-74-1 44.168 liq -47 74 0.98320 42742 
acrylate 
4843 3-Ethoxy-2-hydroxybenzaldehyde Сан 705 492-88-6 66.173 65.3 264 
4844 3-Ethoxy-4-hydroxybenzaldehyde — Ethyl vanillin C; Hi 05 21-32-4 66.173 77.5 285 sl Н,0, s EtOH, 
eth, bz, chl 
4845 4-Ethoxy-3-methoxybenzaldehyde Сон О; 20-25-2 80.200 mcl pr 64.5 16813 sl Н,0, s EtOH, 
eth, bz, chl, 
HOAc 
4846 1-Ethoxy-2-methoxyethane C; H0; 5137-45-1 04.148 iq 103.5 0.846022 75 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л Solubility 
4847 1-Ethoxy-3-methylbenzene СоН.20 621-32-9 36.190 192 0.94920 5132 — iH,0; s EtOH, 
eth 
4848 1-Ethoxy-4-methylbenzene Сон 0 622-60-6 36.190 188.5 0.950918 1505811 ІН,0; s EtOH, 
eth; sl ctc 
4849 2-Ethoxy-2-methylbutane Ethyl tert-penty! ether C;H440 919-94-8 16.201 101.4 0.76062 1.388625 уз eth, HOH 
4850 (Ethoxymethylene)propanedinitrile C H NO 123-06-8 22.124 66 16072 S НОН, eth; sl 
chl 
4851 (Ethoxymethyl)oxirane 2,3-Epoxypropyl ethyl ether C;H, 0; 4016-11-9 02.132 128 0.970022 143200 5Н,0, EtOH, 
eth; sl ctc 
4852 1-Ethoxynaphthalene СНО 5328-01-8 72.222 nd 55 280.5 06020 59535 i H,0; vs EtOH, 
eth 
4853 2-Ethoxynaphthalene C H, 0 93-18-5 72.222 pl (al) 375 282 1.064020 1.59759 i H,0; s EtOH, 
eth, tol, lig, 
CS, 
4854 2-Ethoxy-5-nitroaniline 5-Nitro-o-phenetidine C H, N,0; 136-79-8 82.176 ye nd (dil al) 965 205^ vs eth, EtOH 
4855 1-Ethoxy-2-nitrobenzene Сан МО, 610-67-3 67162 br ye 11 267 1.19035 1.542522 vs eth, EtOH 
4856 1-Ethoxy-4-nitrobenzene Сан МО, 100-29-8 67.162 pr (dil al, 60 283 1.117679 SI H30, EtOH; vs 
eth) eth; msc ace, 
bz; s peth 
4857 N-(4-Ethoxy-3-nitrophenyl) Соб бо, 1777-84-0 224213 nd(dilal) 1240 vs ace, bz, EtOH 
acetamide 
4858 2-Ећохурћепо! Catechol monoethyl ether C H, 0; 94-71-3 38.164 29 217 1.090375 SI HO, ctc; msc 
EtOH, eth 
4859 3-Ethoxyphenol Resorcinol monoethyl ether С4Н (0; 621-34-1 38.164 246; 13170 1.1055 i H50; $ EtOH, 
eth, bz; sl chl 
4860 4-Ethoxyphenol Hydroquinone monoethyl ether — С,Н, 0, 622-62-8 38164 prorif(w) 665 246.5 SI H;O; vs EtOH, 
eth; s chl 
4861 N-(2-Ethoxyphenyl)acetamide СМО, 581-08-8 79.216 — If(dil al) 79 2240 i H,0; s EtOH, 
eth, chl 
4862 N-(4-Ethoxyphenyl)acetamide Phenacetin C, H, 0, 62-44-2 79.246 7 137.5 1.571 51 Н,0, eth, bz; 
S EtOH, ace; vs 
Dy 
4863 N-(A-Ethoxyphenyl)-2- p-Lactophenetide C4 Hyg NO; 539-08-2 209.242 118 5,0; vs EtOH; 
hydroxypropanamide sl eth, bz, chl, 
peth 
4864 (4-Ethoxyphenyl)urea Dulcin СНО 50-69-6 180.203 If (dil al), pl 173.5 dec 51 Н,0; s ЕОН; 
(м) vs AcOEt 
4865 3-Ethoxypropanal СН,» 2806-85-1 102.132 1352 0.9165? 
4866 3-Ethoxypropanenitrile СНО 2141-62-0 99131 171 0.92855 1406820 vs eth, EtOH 
4867 8-Ethoxy-5-quinolinesulfonic acid  Actinoquinol C4H4N0,S 5301-40-3 253.275 brnd(w) 286 dec зак 
4868 Ethoxytrimethylsilane C5H,,0Si 825-62-3 118250 76 0.7573 1.3741? 160; s EtOH, 
eth, ace 
4869 Ethoxytriphenylsilane СаН»05і 516-80-9 304.458 65 344 sch 
4870 N-Ethylacetamide Сі 0 625-50-3 87.120 205; 10418 0.9424 „43380 төс ЊО, EtOH; 
s chl, НОАс 
4871 Ethyl acetate C H,0; 41-78-6 88.106 — liq -83.8 77.11 0.90032 13/239 H,0; msc 
EtOH, eth; vs 
ace, bz 
4872 Ethyl acetoacetate Сен, 0, 41-97-9 30.141 Па -45 180.8 1.036810 1.417122 $ НО; msc 
НОН, eth; s 
bz, chl 
4873 4-Ethylacetophenone لام‎ 937-30-4 48.201 114" 
4874 Ethyl 2-acetylhexanoate CigH 03 540-29-0 86.248 221.5 0.9523? 1.4301? vs ace, eth 
4875 Ethyl 2-acetyl-3-methylbutanoate Сон 0; 522-46-9 72.221 201; 9720 096486 142569 i H,0; msc 
EtOH, eth 
4876 Ethyl 2-acetylpentanoate Сан 0 540-28-9 72.221 224, 90% 0.9661 1.425522 уз eth, EtOH 
4877 Ethyl 2-acetyl-4-pentenoate Ethyl 2-allylacetoacetate СН 40; 610-89-09 70.205 208 0.989822 143888 msc EtOH, eth, 
bz 
4878 Ethyl acrylate Ethyl propenoate СНО; 40-88-5 00.117 liq - 2 99.4 0.9234? 1.4060? slH,0, DMSO; 
msc EtOH, eth; 
s chl 
4879 Ethylamine Ethanamine C;H;N 75-04-7 45.084 vol liq or gas -80.5 16.5 0.677% 36639 төс ЊО, EtOH, 
(p»1 eth 
atm) 
4880 Ethylamine hydrochloride Ethanamine hydrochloride СОЊОМ 557-66-4 81.545 mcl pl (а) 1095 1.216020 vs Н,0, EtOH 
4881 Ethyl 2-aminoacetate Glycine, ethyl ester ҮШ 459-73-4 03.120 149; 5818 1.027510 1.424210 msc HO, EtOH, 
eth, ace, bz; vs 
lig 
4882 Ethyl 2-aminobenzoate C;H..NO, 87-25-2 65.189 13 268 1.117420 1,5646? уз eth, EtOH 
4883 Ethyl 3-aminobenzoate Сони МО; 582-33-2 65.189 294; 1605 1.1712 56002 sl H,0; vs EtOH, 
eth; s ctc 
4884 Ethyl 4-aminobenzoate Ethyl aminobenzoate Сони МО; 94-09-7 65.189 па (w), orth 92 310 i НО; vs EtOH, 
(eth) eth; s chl, acid 
4885 Ethyl (aminocarbonyl)carbamate СМО 626-36-8 32.118 nd (w, bz) 196.5 dec i H50, eth; sl 
EtOH, bz, tfa 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
4886 2-(Ethylamino)ethanol CH, NO 110-73-6 89.136 169.5 0.9149 1.44450 vs ЊО, EtOH, 
eth; s chl 
4887 2-Ethylaniline Сани 578-54-1 21480 liq -43 209.5 0.983% 1.558422  slH;O, chl; vs 
EtOH, eth 
4888 3-Ethylaniline pum 587-02-0 21480 liq -64 214; 946 0.989625 vs eth, EtOH 
4889 4-Ethylaniline C; Hu 589-16-2 21480 0 -24 217.5 0.967920 1.5554?  s| Н,0, ctc; vs 
EtOH, eth 
4890 N-Ethylaniline МШ 103-69-5 21480 0 -63.5 203.0 0.9625? 1.5559? |Н,0; msc 
EtOH, eth; vs 
ace, bz; s 86 
4891 2-Ethyl-9,10-anthracenedione Ci H, 0; 84-51-5 236.265 108.8 
4892 4-Ethylbenzaldehyde Сон 0 4748-78-1 34.174 221 0.979020 
4893 N-Ethylbenzamide CoH; NO 614-17-5 49.189 па (w) 70.5 
4894 Ethylbenzene Phenylethane C; Hi 100-41-4 06.165 liq -94.96 136.19 0.86262 1.4959? | H,0; msc 
НОН, eth; sl 
ch 
4895 oc-Ethylbenzeneacetamide a-Phenylbutyramide C, H, NO 90-26-6 63.216 сту 86 18515 S Н,0, ctc; sl 
ace 
4896 oc-Ethylbenzeneacetic acid CigH 205 90-27-7 64.201 pl (eth) 475 271 s eth, bz, cic 
4897 o-Ethylbenzeneacetonitrile Сони 769-68-6 45.201 241 0.9774 ІН,0; $ EtOH, 
eth, bz 
4898 4-Ethyl-1,3-benzenediol (5 (0; 2896-60-8 38.164 pr (chl, bz) 985 16024, 1315 SI Н,0, EtOH, 
eth 
4899 o-Ethylbenzenemethanol оЕћуђепгу! alcohol C,H4)0 93-54-9 36.190 219 0.991525 1.5169 vs bz, eth, EtOH, 
еон 
4900 Ethyl benzenesulfonate СаН (05 515-46-8 86.228 15675 1.2167? 1.508122 5160; s EtOH; 
vs eth, ch 
4901 4-Ethylbenzenesulfonic acid CIH, 0059 98-69-1 86.228 1.23 
4902 2-Ethyl-1H-benzimidazole CH, N, 1848-84-6 46.188 176.5 sl chl 
4903 Ethyl benzoate Сон (0; 93-89-0 50.174 0 -34 212 1.04155 1.5007? i H,0; s EtOH, 
ace, bz; msc 
eth; sl ctc 
4904 Ethyl 1,3-benzodioxole-5- Сан 0, 6951-08-2 94184 pr 18.5 285.5; 1356 vs eth, EtOH, 
carboxylate peth 
4905 Ethyl benzoylacetate САН 05 94-02-0 92.211 <0 dec 267; 16720 1.120215 153175 51 Њ0; s EtOH, 
eth 
4906 Ethyl N-benzylglycinate C4 Hg NO; 6436-90-4 93.243 7750 50410 vs EtOH, eth, bz 
4907 Ethyl 2-benzylideneacetoacetate C. H, 0; 620-80-4 218248 orth pl (dil 35 296; 18077 i B,0; 51 EtOH, 
al) eth, bz; vs chl 
4908 Ethyl bromoacetate C,H,Br0, 105-36-2 67.002 68.5 1.503220 14489? | H,0; msc 
EtOH, eth; s 
ace; sl ctc 
4909 Ethyl 4-bromoacetoacetate С.Н,ВгО, 13176-46-0 209.037 1544100 1.527818 1.5281? уз eth, EtOH 
4910 Ethyl 4-bromobenzoate ҮЗІ 5798-75-4 229.070 liq -18 263; 125% 1.332" 1.5438" 51 Н,0; s EtOH, 
eth, ace, bz 
4911 Ethyl 2-bromobutanoate CHBrO, 533-68-6 95.054 77; 435 132739 1.475? i H,0; msc 
НОН, eth; 5 
chl 
4912 Ethyl 4-bromobutanoate Сен, „ВгО, 2969-81-5 95.054 92; 827 1.3540? 1.455920 
4913 Ethyl trans-4-bromo-2-butenoate ҮЗЕ 37746-78-4 193.038 00“ 1.40216 .4925? vs EtOH 
4914 Ethyl 6-bromohexanoate Ethyl 6-bromocaproate CH4:BrO; 25542-62-5 223408 cry (peth) 3 26?! 1.2385 „45662! 
4915 Ethyl 2-bromo-3-methylbutanoate C;H,;BrO, 609-12-1 209.081 86 1.27602 1.4496? vs eth, EtOH 
4916 Ethyl 2-bromo-2- СН. ВгО, 600-00-0 95.054 63 1.326320 14446? ІН,0; s EtOH; 
methylpropanoate msc eth 
4917 Ethyl 3-bromo-2-oxopropanoate Ethyl 3-bromopyruvate C.H;BrO, 70-23-5 95.012 879 
4918 Ethyl 2-bromopentanoate 8 و‎ 3Вг0; 615-83-8 209.081 91 1.22676 44960 i H0; 5 EtOH, 
eth 
4919 Ethyl 5-bromopentanoate C;H44BrO; 14660-52-7 209.081 295.107? 1.308520 1.454320 sl ctc 
4920 Ethyl 2-bromopropanoate Ethyl o-bromopropionate С.Н,ВгО, 535-11-5 81.028 dec 160; 7126 1.4135? 1.4490? 1 H,0; msc 
EtOH, eth; s 
ch 
4921 Ethyl 3-bromopropanoate С.Н.ВгО, 539-74-2 81.028 79; 655 1.41238 1.451622 s EtOH, eth, ace; 
sl сіс 
4922 2-Ethylbutanal Diethylacetaldehyde СеН0 97-96-1 00.158 1819 0.81102 1.402522 5ІН,0, ctc; msc 
EtOH, eth 
4923 Ethyl butanoate (680; 105-54-4 16.158 liq -98 213 0.8735% 1.389825 sl Н0, ctc; $ 
EtOH, eth 
4924 2-Ethylbutanoic acid Diethylacetic acid С5Н;0› 88-09-5 16.158 liq -31.8 94 0.9239? 1.413222 sl H,O, ctc; msc 
EtOH, eth 
4925 2-Ethylbutanoic acid, Cis Hag 95-08-9 346.459 8135 
triethyleneglycol diester 
4926 2-Ethyl-1-butanol C H,0 97-95-0 02.174 «15 4 0.8326? 1.4220? 5160; s EtOH, 
eth, chl 
4927 2-Ethylbutanoyl chloride Сен, СТО 2736-40-5 34.603 40 0.9825? 1.4284? vs eth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
bz, chl 
4929 Ethyl cis-2-butenoate Ethyl isocrotonate Сен 0 6776-19-8 14.142 136 0.918220 1424220 ys ae eth, 
EtOH 
4930 Ethyl trans-2-butenoate Ethyl crotonate (5160, 623-10-1 14142 138 0.9175? 14243? | H,0; $ EtOH, 
eth 
4931 Ethyl 3-butenoate (560, 1617-18-1 14.142 119 0.912220 1.105? 41 
4932 2-Ethylbutyl acetate (5160, 10031-87-5 144.212 <-100 162.5 0.87902 1.4109? i H0; s EtOH, 
eth, ctc 
4933 2-Ethylbutyl acrylate CH, 0; 3953-10-4 156.222 liq 8020 
4934 2-Ethylbutylamine 2-Ethyl-1-butanamine Co Has 617-79-8 01.190 liq 125 
4935 Ethyl N-butylcarbamate СНО, 591-62-8 45.200 liq -22 202; 100% — 0.94345 1.427826 
4936 Ethyl 2-butynoate 680; 4341-76-8 12.127 63 0.9641? 1.437220 
4937 Ethyl carbamate Urethane C,H;NO; 51-79-6 89.004 pr (bz, to) 49 85 0.986227 141447 уз H50, EtOH, 
eth, bz, chl, py; 
sl lig 
4938 9-Ethyl-9H-carbazol-3-amine С.Н 4М; 132-32-1 210.274 99 
4939 9-Ethyl-9H-carbazole Сыз 86-28-2 95.260 па (al) 68 9070 1.059% 63940 — | H,0; vs EtOH, 
eth 
4940 Ethyl chloroacetate C H,CI0, 105-39-5 22551 liq -21 44.3 1.1585? 14215? | H,0; msc 
EtOH, eth, ace; 
s bz 
4941 Ethyl 4-chloroacetoacetate 065010; 638-07-3 64.586 -8 dec 220; 11514 1.2185 45209 
4942 Ethyl 4-chlorobenzoate C,H,CIO; 7335-27-5 184.619 231.5 1.187314 vs НОН 
4943 Ethyl 4-chlorobutanoate C,H4CIO; 3153-36-4 150.603 84 10756? 14311? vs ав ећ, 
EtOH 
4944 Ethyl chlorofluoroacetate C H, CIF0; 401-56-9 40.541 29 1.22520 39279 
4945 Ethyl chloroformate СНОО, 541-41-3 08.524 liq -80.6 95 1.135220 1.3974? уз bz, eth, chl 
4946 Ethyl 2-chloro-2-oxoacetate Ethyl охају! chloride C,H;CIO; 4755-77-5 136.534 0 37 1.222620 vs bz, eth 
4947 Ethyl 2-chloropropanoate Ethyl o-chloropropionate 08010; 535-13-7 36.577 47 107930 14178? ІН,0; msc 
EtOH, eth; sl 
cte 
4948 Ethyl 3-chloropropanoate C;H&CIO; 623-71-2 36.577 62 1.10867 1.4254?  s| H,0; msc 
EtOH, eth 
4949 Ethyl chlorosulfinate С,НС10,5 6378-11-6 128.578 52.5%, 326 1.283722 1.45505 vs eth 
4950 Ethyl chlorosulfonate C;H.CIO,S 625-01-4 44.577 52.5; 93 135025 1.4160 vs eth, chl, lig 
4951 S-Ethyl chlorothioformate С3Н5С10$ 2941-64-2 124589 liq 36 1.19520 48202 
4952 Ethyl trans-cinnamate Ethyl trans-3-phenyl-2- ІШТЕЙ 4192-77-2 76.212 10 2715 1.0491? 1.5598?  iH,0; vs EtOH, 
propenoate eth, ace; s bz, 
cic 
4953 Ethyl cyanate Сан М0 627-48-5 71.078 dec 162; 302 0.8920 37885 — vs eth, EtOH 
4954 Ethyl cyanoacetate C.H;NO, 105-56-6 13.116 Па -22.5 205 1.0654? 1.417522 s ЫН vs eth, 
EtOH 
4955 Ethyl 2-cyanoacrylate Ethyl 2-cyano-2-propenoate ШТ 7085-85-0 25.126 19 558 
4956 Ethyl 2-cyano-3,3-diphenyl-2- Etocrilene C4 Hyg NO; 5232-99-5 277.318 110.5 953 
ргорепоаје 
4957 Ethyl 2-cyano-3-ethoxyacrylate Сани МО; 94-05-3 69.178 52 90.5 
4958 Ethyl cyanoformate CHNO, 623-49-4 99089 155 1.0035 .3820? 1 H,0; s EtOH, 
eth, ctc 
4959 Ethyl 2-cyano-2-phenylacetate C,,H,,NO0, 4553-07-5 89211 oil dec 275; 16520 1.09120 50125 vs Шш bz, eth, 
EtOH 
4960 Ethyl 2-cyano-3-phenyl-2- Ethyl 2-benzylidene-2- САМО, 2025-40-3 201.221  (i)nd(al)(ii) 51 885 1.1076% 1.5033 vs асе, chl 
ргорепоаје cyanoacetate oil 
4961 Ethylcyclobutane CH; 4806-61-5 84.159 liq -142.9 70.8 0.728420 14020? ІН,0; msc 
НОН, eth; s 
ace, bz, peth 
4962 Ethylcyclohexane C; His 1678-91-7 12.213 liq -1113 31.9 078800 1.4330? ІН,0; $ EtOH, 
ace, bz; vs lig; 
msc ctc 
4963 Ethyl cyclohexanecarboxylate C;H440; 3289-28-9 56.222 96 0.9362? 1.45015 vs ш, ећ, 
EtOH, chl 
4964 1-Ethylcyclohexene C; Hi 1453-24-3 10.197 На -109.9 37 0.81765 8۹ 
4965 Ethyl 3-cyclohexene-1-carboxylate Сон; 15111-56-5 154.206 945 0.968822 1.457820 
4966 Ethyl cyclohexylacetate Сад 0; 5452-15-5 70.249 211 0.9537" 57 
4967 Ethylcyclopentane C; Hi, 1640-89-7 98486 liq -138.4 03.5 0.766520 1.4198? i H,0; msc 
EtOH, eth, ace; 
S bz, tol 
4968 Ethyl 2-cyclopentanone-1- Сан 205 611-10-9 56.179 221; 11016 1.0701? — 1.4519? s eth, bz 
carboxylate 
4969 1-Ethylcyclopentene C; Hi; 2146-38-5 96.170 iq -118.5 106.3 079365 8 
4970 Ethylcyclopropane C. Hi 1191-96-4 70.133 liq -1492 35.9 0.679025 1.378620 
4971 ЕПу! cyclopropanecarboxylate СН, 0» 4606-07-9 14.142 134 0396085 1.419020 
4972 Ethyl decanoate Ethyl caprate Ci Hj 0; 110-38-3 200.318 liq -20 2415 0.8650? 1.4256? | H,0; vs eth, 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
4973 Ethyl diazoacetate Diazoacetic ester C H 0 623-73-4 114.103 увойһ су -22 дес 140 1.085218 1.4605? 5ІН,0; msc 
EtOH, eth, bz, 
lig 
4974 Ethyl dibromoacetate C H,Br,0; 617-33-4 245.898 194 1.8991? 1.50173 i H,0; msc 
НОН, eth 
4975 Ethyl 2,3-dibromobutanoate C H, Br; 0; 609-11-0 273.950 nd 58.5 1139 1.680020 SI H,0, ctc; s 
EtOH, eth 
4976 Ethyl 2,4-dibromobutanoate Сен 850, 36847-51-5 273.950 14952 1.69872 1.4960? i H,0; s EtOH, 
eth 
4977 Ethyl 2,3-dibromopropanoate С.Н,Вг,0, 3674-13-32 259.925 2145 1.7966? 1.5007? s EtOH, eth 
4978 Ethyl 3,6-di(fert-butyl)-1- Ethyl dibunate С»Нз039 5560-69-0 348499 sch 
naphthalenesulfonate 
4979 Ethyl dichloroacetate C,H,CI,0, 535-15-9 56.996 55; 5610 1.28272 1.4386? 51 H,0; msc 
EtOH, eth; s 
ace, chl 
4980 Ethyldichloroarsine Dichloroethylarsine С.Н.А801, 598-14-1 74.889 55.3; 740 1.6620 $ H,0; misc 
EtOH, bz 
4981 Ethyl dichlorocarbamate С-Н.С10, 13698-16-3 157.984 66% 5515 1.3049 1.459520 
4982 Ethyl 2,3-dichloropropanoate СНОО 6628-21-3 71.022 83.5 1.2401? 1.4482? vs eth, EtOH 
4983 Ethyl diethoxyacetate CH, 0, 6065-82-3 76.211 99 0.9855 1.410020 
4984 Ethyl diethylmalonate C H, 0, 71-25-8 216.275 230 096430 1.424022 H,0; msc 
EtOH, eth; s 
ctc 
4985 Ethyl difluoroacetate C H,F,0; 454-31-9 24.087 00 1.176520 1Н,0 
4986 Ethyldifluoroarsine СОЊА 430-40-0 41.980 liq, fumes іп -38.7 943 1.708" 
air 
4987 5-Ethyldihydro-5- sec-butyl-2- Thiobutabarbital C4 Hi N,0,S 2095-57-0 228311 169 
hioxo-4,6(1H,5A)- 
pyrimidinedione 
4988 5-Ethyldihydro-2(3)-furanone С.Н об; 695-06-7 114442 liq -18 215.5 1.026120 1.4495? vs НО, EtOH 
4989 Ethyl dihydrogen phosphate C;H;0,P 1623-14-90 126.048 hyg cry dec 14305 1427 vs H,0, ace, eth, 
EtOH 
4990 5-Ethyldihydro-5-phenyl- Primidone C و‎ ٢٢ 125-33-7 218.251 2815 
4,6(1H,5H)-pyrimidinedione 
4991 Ethyl 2,4-dihydroxy-6- Сад 04 2524-37-0 196200 If (HOAc), рг 132 sub vs eth, EtOH 
methylbenzoate (al) 
4992 O-Ethyl S-[2-(diisopropylamino) УХ Nerve agent C4 H4NO;PS 50782-69-9 267.369 very toxic liq 
ethyl] methylphosphonothioate 
4993 Ethyldimethylamine N,N-Dimethylethanamine С.Н, 598-56-1 734137 19 -140 36.5 0.67520 .3705% 
4994 Ethyl 4-(dimethylamino)benzoate C4 Hg NO; 10287-53-3 193.243 66.5 9014 1.009910 
4995 1-Ethyl-2,4-dimethylbenzene Соња 874-41-9 34218 Па -62.9 88.4 087630 1503820 us ace, bz, eth, 
EtOH 
4996 1-Ethyl-3,5-dimethylbenzene Сада 934-74-7 34218 liq -84.3 83.6 0.860825 1.4981? i H,0; msc 
EtOH, eth, ace, 
bz; s peth, ctc 
4997 2-Ethyl-1,3-dimethylbenzene ТІЛ 2870-04-4 342 iq -16.2 90 0.88645 1.510720 
4998 2-Ethyl-1,4-dimethylbenzene Сада 1758-88-9 34218 liq -53.7 86.9 0.873225 1.5043? ІН,0; msc 
EtOH, eth, асе 
bz; s peth, ctc 
4999 3-Ethyl-1,2-dimethylbenzene Со 933-98-2 34218 Па -49.5 94 0.8801? 8 
5000 4-Ethyl-1,2-dimethylbenzene Сена 934-80-5 34218 liq -66.9 89.5 087065 1.5031? i H,0; msc 
EtOH, eth, ace 
bz; s peth, ctc 
5001 N-Ethyl-N, N-dimethyl-1,2- C Hi N; 23-83-1 16.204 345 0.73825 422220 
ethanediamine 
5002 Ethyl 4,4-dimethyl-3- Ethyl pivaloylacetate СНО 7094-34-7 172.221 liq 837 0.97% 
oxopentanoate 
5003 3-Ethyl-2,2-dimethylpentane СоН» 6747-32-3 128.255 liq -99.3 33.8 0.743822 1.412320 
5004 3-Ethyl-2,3-dimethylpentane СН 6747-33-4 128.255 44.7 0.750825 1.422120 
5005 3-Ethyl-2,4-dimethylpentane CoH.» 068-87-7 28.255 liq -1224 36.7 0.7365? 1.413120 
5006 Ethyl 2,2-dimethylpropanoate Ethyl 2,2-dimethylpropionate СНА 3938-95-2 30.185 liq -89.5 18.4 0.85620 .3906 EtOH, eth 
5007 3-Ethyl-2,5-dimethylpyrazine СН № 3360-65-1 136.194 80.5 0.96572 1.5014% sI H,0, EtOH, 
ећ 
5008 3-Ethyl-2,4-dimethyl-1 H-pyrrole КІ 517-22-6 23196 pr 0 99; 9616 0.9132 49612 5160; s ОН, 
eth, bz, ch 
5009 Ethyl 3,5-dimethylpyrrole-2- Со МО; 2199-44-2 67.205 cry (al) 125 35105 $ EtOH, асе 
carboxylate 
5010 Ethyl 2,4-dimethylpyrrole-3- Со МО; 2199-51-1 67.205 cry (eth-lig, 78.5 291 vs eth, НОН 
carboxylate peth) 
5011 Ethyl 2,5-dimethylpyrrole-3- Со МО; 2199-52-2 67.205 orth (al) 117.5 291; 130% vs EtOH 
carboxylate 
5012 Ethyl 4,5-dimethylpyrrole-3- Со МО; 2199-53-3 67205 cry(dilal) 1113 vs eth, EtOH, 
carboxylate chl 
5013 Ethyl 2,4-dioxopentanoate C;H40, 615-79-2 58.152 18 214 1.1251? 1.7577 vs eth, EtOH 


Physical Constants of Organic Compounds 


0 


М. О 
< 
т и 


Ethyl diazoacetate 


Br 


Ethyl 3,6-di(fert-butyl)-1-naphthalenesulfonate 


[9] 


ми 


0 


Я 


Ethyl diethoxyacetate 


О 


BE o ^ 


Ethyl dibromoacetate 


Ethyl dichloroacetate 


Ethyl 2,3-dibromobutanoate 


О 


СІ СІ 
ж 7 


Ав 
СІ — "c 


Ethyldichloroarsine 


Ећу! diethylmalonate 


О 


BRN NS 


Br 
Ethyl 2,4-dibromobutanoate 


О 


с سیا‎ 


Cl 
Ethyl dichlorocarbamate 


F 

e^ 
F 

Ethyl difluoroacetate 


О 


NH 9 
ې‎ Сеп Нос ОН 
Н 


О > O 


0 


BON 


Br 
Ethyl 2,3-dibromopropanoate 


aro 


СІ 
Ethyl 2,3-dichloropropanoate 


Ethyldifluoroarsine 


2 


O N 
H 


5-Ethyldihydro-5-sec-butyl-2-thioxo-4,6(1H,5H)-pyrimidinedione 


5-Ethyldihydro-2(3H)-furanone 


Ethyl dihydrogen phosphate 5-Ethyldihydro-5-phenyl-4,6(14,54)-pyrimidinedione 


О 
o 
HO OH 
Ећу! 2,4-dihydroxy-6-methylbenzoate O-Ethyl S-[2- 


© д 


-Ethyl-2,4-dimethylbenzene 1-Ethyl-3,5-dimethylbenzene 


H 
~ УМ 


id 


1 
of ан 


(diisopropylamino)ethyl] methylphosphonothioate 


2 


2-Ethyl-1,3-dimethylbenzene 


о о 
د وزی‎ 


/ 
М 
А 


Ethyldimethylamine 


2-Ethyl-1,4-dimethylbenzene 


o 


~ 


| 


Ethyl 4-(dimethylamino)benzoate 


3-Ethyl-1,2-dimethylbenzene 


4-Ethyl-1,2-dimethylbenzene 


3-Ethyl-2,4-dimethylpentane 


MÀ 


N 
H 


Ethyl 2,4-dimethylpyrrole-3-carboxylate 


o 7 


N-Ethyl-N,N-dimethyl-1,2-ethanediamine 


Цэн 


Ethyl 2,2-dimethylpropanoate 3-Ethyl-2,5-dimethylpyrazine 


meum 


N 
H 


Ethyl 2,5-dimethylpyrrole-3-carboxylate 


Ethyl 4,4-dimethyl-3-oxopentanoate 


3-Ethyl-2,2-dimethylpentane 3-Ethyl-2,3-dimethylpentane 


mh Е 
| йо 


3-Ethyl-2,4-dimethyl-1 H-pyrrole Ethyl 3,5-dimethylpyrrole-2-carboxylate 


7 Ç о?- О 
o 
N 
H O O 
Ethyl 4,5-dimethylpyrrole-3-carboxylate Ethyl 2,4-dioxopentanoate 


3-243 


3-244 Physical Constants of Organic Compounds 
Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

5014 O-Ethyl dithiocarbonate Xanthogenic acid С-Н,05, 151-01-9 122209 unstabliq -53 25 

5015 Ethylene Ethene C;H, 74-85-1 28.053 col gas -169.15 -103.77 0.56787% 1.36379 — i H,0; sl EtOH, 
bz, ace; s eth 

5016 Ethylenebisdithiocarbamic acid C,H NLS, 111-54-6 212.380  unstab liq 

5017 Ethylene carbonate Vinylene carbonate С-Н,0, 96-49-1 88.062 mcl pl (al) 364 248 1.321439 1.41409 msc H,0, EtOH, 
eth, bz, chl, 
AcOEt 

5018 Ethylenediaminetetraacetic acid EDTA Солев 60-00-4 292.242 сгу (м) 245 дес 

5019 Ethylenediaminetetraacetic acid, EDTA disodium СН. ММ 0, — 6381-9246 7 242 dec 

disodium salt, dihydrate 
5020 N,N-Ethylene distearylamide N,N- C.H, О» 10-30-5 593.022 сгу (EtOH) 149 
Dioctadecanoylethanediamine 

5021 Ethyleneimine Aziridine СНА 51-56-4 43.068 1 -77.9 56 0.832% msc Н,0: 8 
EtOH; vs eth; 
sl ch 

5022 Ethylestrenol CogH 390 965-90-2 288.467 шу 7 

5023 N-Ethyl-1,2-ethanediamine На 10-72-5 88.151 129 0.83725 43859 

5024 Ethyl ethoxyacetate Сен, 05 817-95-8 32.157 158 0.970222 1.403922 5 EtOH, eth, ace 

5025 Ethyl 3-ethoxypropanoate САО 763-69-9 46.184 166; 48° 0.9490? 1.40652 

5026 Ethyl 2-ethoxy-1(2H)- EEDQ C.H; NO, 6357-59-8 247.290 56.5 12601 s chl 

quinolinecarboxylate 

5027 Ethyl 2-ethylacetoacetate Санио 607-97-6 58.195 198.0; 809 0.98475 1.421425 msc EtOH, eth 

5028 Ethyl ethylcarbamate CHNO; 623-78-9 17.147 176 0.981320 1.4215? vs Н,0, eth 
EtOH 

5029 Ethyl 2-ethylhexanoate Ethyl 2-ethylcaproate Са 00» 2983-37-1 72.265 902 0.85865 141235 

5030 2-Ethyl-N-(2-ethylphenyl)aniline С.Н. 64653-59-4 225.329 29 33699, 17370 55505 i H,0; vs EtOH, 
eth; sl chl; s 
acid 

5031 0-Нһуі ethylthiophosphonyl С.Н CIOPS 1497-68-3 72613 liq 3507 15% 

chloride 

5032 Ethyl fluoroacetate C H,F0; 459-72-3 06.096 120 1.091220 1.3755? vs Н,0 

5033 Ethyl 4-fluorobenzoate CHFO, 451-46-7 68.164 mcl pr (м) 26 210 1.1465 „48642 vs eth, EtOH 

5034 N-Ethylformamide C.H;NO 627-45-2 73.094 198 0.9552? 1.4320? msc H50, EtOH 
eth 

5035 Ethyl formate б4Ң;0; 109-94-4 74.079 liq -19.6 544 0.9208? — 1.3609? $ H,0; msc 
EtOH, eth; vs 
ace; sl ctc 

5036 2-Ethylfuran СеН0 3208-16-0 96.127 925 0.90182 1.440322 66 
bz 

5037 Ethyl 2-furancarboxylate Ethyl 2-furanoate (5,0, 614-99-3 40.137 If or pr 34.5 196.8 1.117421 1.479721 |Н,0; msc 
EtOH, eth, асе 
sbz 

5038 y-Ethyl L-glutamate C;H,3NO, 1119-33-1 75.183 191 51 0 

5039 Ethyl heptafluorobutanoate ول واا‎ 356-27-4 242.092 95 1.39420 .3011? 51 Н,0; s eth, 
ace 

5040 3-Ethylheptane Са» 15869-80-4 128.255 iq -114.9 43.0 0.7225% 1.4093? 

5041 4-Ethylheptane C, Hos 2216-32-2 128.255 412 0.72412 1.409622 i H,0; s eth 
msc EtOH, 
ace, bz 

5042 Ethyl heptanoate Ethyl oenanthate C, H 440; 106-30-9 58238 liq -66.1 87 0.8817? 14100? 5ІН,0, ctc; $ 
EtOH, eth 

5043 2-Ethylheptanoic acid C, H0; 3274-29-1 58.238 0 5331 425527 

5044 4-Ethyl-4-heptanol СоН»0 597-90-0 44.254 82 0.83502 1.433220 vs eth, ОН 

5045 Ethyl trans,trans-2,4-hexadienoate Ethyl sorbate Сан. 0; 2396-84-1 40.180 955 095060 1.4951? үѕ eth, ОН, 
chl 

5046 2-Ethylhexanal C,H,,0 123-05-7 28.212 «-100 63 0.85409 14142? |Н,0; $ EtOH, 
eth; sl ctc 

5047 3-Ethylhexane С.Н 619-99-8 14.229 18.6 071360 1.4018? i H0; msc 
EtOH, eth, ace, 
bz, chl; s ctc 

5048 2-Ethyl-1,3-hexanediol Ethohexadiol CH, 0» 94-96-2 46.228 0 -40 244 0.93252 1.4497? 51 Н,0; s EtOH, 
eth 

5049 Ethyl hexanoate Сан 0; 123-66-0 44212 liq -67 67 0.87320 4073? 51 Н,0; vs eth, 
EtOH 

5050 2-Ethylhexanoic acid Сан 0; 149-57-5 44.212 228; 120% 0.903175 1.424122 s H,O, eth, ctc; 
sl EtOH 

5051 2-Ethyl-1-hexanol CH, 0 104-76-7 30.228 0 -70 84.6 0.83195 1.4300? ІН,0; $ EtOH, 
eth, ace, bz, 
chl 

5052 2-Ећућехапоу! chloride CIH, СТО 760-67-8 62.657 01", 67" 0.9392 43359 

5053 2-Ethyl-2-hexenal CH, 0 645-62-5 26.196 75 0.855420 

5054 Ethyl 3-hexenoate Ethyl hydrosorbate C, H0; 2396-83-0 142196 66.5 0.895720 1.425520 

5055 2-Ethylhexyl acetate Cic 00» 103-09-3 72.265 liq -80 99 0.87187 1.4204? i H,0; $ EtOH, 


eth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
5056 2-Ethylhexyl acrylate C4 ;Ho 0, 03-11-7 184.276 -90 259 0.880% 75 
5057 2-Ethylhexylamine 2-Ethyl-1-hexanamine CIH, N 04-75-6 129.244 69.2 si Н,0 
5058 2-Ethylhexyl butyl phthalate Butyl 2-ethylhexyl phthalate С Њој 85-69-8 334450 col liq si Н,0 
5059 2-Ећућеху! dihydrogen Mono(2-ethylhexyl) phosphate  CgH,0,P 070-03-7 210.208 liq $ Њ0, bz 
phosphate 
5060 2-Ethylhexyl diphenyl phosphite — Forstab C oO: 5647-08-2 346.400 52015 1.0549 152077 
5061 Ethyl hexyl ether 1-Ethoxyhexane C H, ,0 5756-43-4 30.228 43 0.7722? 4400820 — vs eth, EtOH 
5062 2-Ethylhexyl 2-hydroxybenzoate ^ Octisalate Ci H0; 18-60-5 250.334 liq 90" 1.01 
5063 2-Ethylhexyl methacrylate C و‎ ٢ 688-84-6 98.302 2078, 110% 0.8809 14365 
5064  2-[(2-Ethylhexyl)oxy]ethanol Ethylene glycol mono(2- C4,H5;0; 559-35-9 74.281 227.7 
ethylhexyl) ether 
5065 Ethylhydrazine Са 624-80-6 60.098 01 VS DOE 
EtOH 
5066 Ethyl hydrazinecarboxylate Ethyl carbazate C.H ,N,0; 4114-31-2 04108 су 46 dec 198; 939 s НОН, eth; sl 
ch 
5067 Ethyl hydrogen adipate ІШТЕЙ 626-86-8 74195  hygcry(eth, 29 285 0.9796? 143112 s EtOH, eth, 
peth) peth 
5068 Ethyl hydrogen fumarate СеН0, 2459-05-4 44.126 70 476 1.110987 S EtOH, асе; sl 
ch 
5069 Ethyl hydrogen succinate Butanedioic acid, monoethyl Сен 0, 1070-34-4 46141 pror nd 8 729.119? 1.1466? 14327? vs kd eth 
ester EtOH 
5070 Ethyl hydroperoxide Ethyl hydrogen peroxide CH,0; 3031-74-1 62068 liq -100 95 0.9332? — 1.3800? vs E eth, 
EtOH 
5071 Ethyl hydroxyacetate C,H;0, 623-50-7 04.105 60 1.0826 1.4180? vs eth, EtOH 
5072 Ethyl 3-hydroxybenzoate Сон (0; 7781-98-8 66.173 ام‎ (bz) 74 1.068013! 51 HO, chl; s 
EtOH, eth 
5073 Ethyl 4-hydroxybenzoate Ethylparaben Сан, 0, 120-47-8 66.173 cry (dilal) 117 297.5 SI Н›0, chl, На; 
vs EtOH, eth; i 
CS, 
5074 Ethyl 3-hydroxybutanoate, (+) Сен 0; 35608-64-1 132157 185; 765 1.0172 „41820 5 ЊО, EtOH; sl 
cic 
5075 Ethyl 2-hydroxy-3-butenoate (51:60: 91890-87-8 130.141 dec 173; 6815 1.0470 1.4303 — vs H,0, eth, 
EtOH 
5076 o-Ethyl-1- Cyclobutyrol Ci H440; 512-16-3 86.248 cry (eth- 81.5 16424 .0010'8 — 1.46805 vs ace, eth, 
hydroxycyclohexaneacetic acid peth) EtOH, chl 
5077 N-Ethyl-N-hydroxyethanamine N,N-Diethylhydroxylamine C,H,,NO 3710-84-7 6 10 133 0.866922 1.419520 
5078 2-Ethyl-3-hydroxyhexanal Сан 50; 496-03-7 44.212 13850, 1019 
5079 Ethyl 4-hydroxy-3- Сл 0, 617-05-0 96.200 nd(dila) 44 292 i H,O; vs EtOH, 
methoxybenzoate eth; s chl 
5080 Ethyl cis-12-hydroxy-9- Ethyl ricinoleate Co Ha 05 55066-53-0 326.514 2583 0.9180? 1.461922 
octadecenoate, (А) 
5081 Ethylidenecyclohexane C; Hi 1003-64-1 10.197 136 0.822% 46182 
5082 5-Ethylidene-2-norbornene 5-Ethylidenebicyclo[2.2.1]hept- CH,» 16219-75-3 120191 iq 146 0.893 49002 
2-епе 
5083 1-Ethyl-1H-imidazole АЙ 7098-07-9 96.131 208 0.99925 msc 0 
5084 Ethyl iodoacetate С.Н, 623-48-3 214.002 oil 179 1.81733 1.507913 5 EtOH, eth 
5085 Ethyl isobutylcarbamate Isobutyl urethane C;H,sNO, 539-89-9 45.200 «-65 1109 0.9432? 1.4288? vs eth, EtOH 
5086 Ethyl isocyanate Сан 0 109-90-0 71.078 60 0.9031? 1.3808? 1 H,0; msc 
EtOH, eth 
5087 Ethyl isocyanide СНА 624-79-3 55.079 <-66 79 0.7402? 1.3622? vs H,0; msc 
НОН, eth; s 
ace 
5088 N-Ethyl-1H-isoindole-1,3(24)- Са МО; 5022-29-7 75.184 nd (al) 79 285.5 S EtOH, eth 
dione 
5089 Ethyl isopentyl ether CH, 0 628-04-6 16.201 12.5 0.7688?! vs eth, EtOH 
5090 Ethylisopropylamine N-Ethyl-2-propanamine С-НЫ 19961-27-4 87.164 69.6 .387225 
5091 1-Ethyl-2-isopropylbenzene СН» 18970-44-0 148.245 93 0.88820 5080 vs де bz, eth, 
EtOH 
5092 Ethyl isopropyl ether لا‎ 625-54-7 88.148 541 0.72025 36985 ЅН,0, ace, chl; 
msc EtOH, eth 
5093 N-Ethyl-A-isopropyl-2- СН, 7087-68-5 29.244 26.5 0.74225 41389 5 ctc 
ргорапатїпе 
5094 Ethyl isopropyl sulfide СН 95 5145-99-3 04.244 liq -1222 07.5 0.824620 
5095 Ethyl isothiocyanate (51515 542-85-8 87.144 ٩ -5.9 31.5 0.999020 1.513022 i ЊО; msc 
FtOH, eth 
5096 Ethyl lactate Ethyl 2-hydroxypropionate С-Н,0; 2676-33-7 18431 Па -26 54.5 03280 141240 уз Н,0, eth, 
EtOH 
5097 Ethyl laurate CH, 0; 106-33-2 228371 liq -10 271; 1545 0.86182 1.43119 ІН,0; vs EtOH; 
msc eth; sl ctc 
5098 Ethyl levulinate C; H0, 539-88-8 44.168 205.8 1.011120 1.4229? vs ЊО, EtOH 
5099 Ethyl mercaptoacetate C H,0,S 623-51-8 20171 157 109645 145822 5 EtOH, eth; sl 
cic 
5100 Ethyl methacrylate Сен 0, 97-63-2 14.142 17 0.90135? 1.414722 sl که‎ HUS 
EtOH, eth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
5102 1-Ethyl-4-methoxybenzene СН,:0 1515-95-35 136.190 198 0.9624 1.5120? уз bz, eth 
5103 o-Ethyl-4- Сану 05 5349-60-0 66.217 143% 52770 0156 
methoxybenzenemethanol 
5104 Ethyl 2-methoxybenzoate CIH, 0; 7335-26-4 80.200 261 11240 1.522420 уз eth, EtOH 
5105 Ethyl 4-methoxybenzoate Сад 04 94-30-4 80.200 7.5 269.5 1.1038? 1.5254? i H,0; $ EtOH, 
eth 
5106 4-Ethyl-2-methoxyphenol Сон 0; 2785-89-9 52490 0 -7 236.5 093179 
5107 Ethyl (4-methoxyphenyl)acetate СН 40; 14062-18-1 194.227 13970 09725 50752 
5108 Ethyl 2-methylacetoacetate C; H0; 609-14-3 44.168 187 0.9941? 1.418520 <ІН,0;5 EtOH, 
eth; vs ace 
5109 A-Ethyl-2-methylallylamine N-Ethyl-2-methyl-2-propen-1- СН, 18328-90-0 99.174 liq 104.7 0.753 42219 msc H,0 
amine 
5110 5-Ethyl-5-(2-methylallyl)-2- Methallatal С.оН, №05 115-56-0 226.295 160.5 
thiobarbituric acid 
5111 Ethylmethylamine N-Methylethanamine СМ 624-78-2 59.110 36.7 vs Н,0, ace, eth, 
EtOH 
5112 Ethylmethylamine hydrochloride — A-Methylethanamine САН СІМ 624-60-2 95.571  pl(aketh) 128 1.0874? vs H,0, EtOH; i 
hydrochloride eth; s chl 
5113 2-Ethyl-6-methylaniline C; His 24549-06-2 135206 liq -33 231 0.9685 1.552520 
5114 N-Ethyl-2-methylaniline Cs Hag 94-68-8 35.206 <-15 216 0.948% 1.545620 5 EtOH, eth 
5115 N-Ethyl-3-methylaniline C; His 102-27-2 35.206 221 0.92635 1.5451? 5 EtOH, eth 
5116 A-Ethyl-4-methylaniline N-Ethyl-4-toluidine C; His 622-57-1 35.206 217 0.939116 s НОН, eth 
5117 N-Ethyl-A-methylaniline ОН; 613-97-8 35.206 204 0,9255 i H0; msc 
EtOH, eth; s 
cic 
5118 A-Ethyl-o- N-Ethylamphetamine CH 457-87-4 63.260 105" 1.498625 
methylbenzeneethanamine 
5119 N-Ethyl-4- CIH, NO.S 80-39-7 99.270 64 5 НОН 
methylbenzenesulfonamide 
5120 1-Ethyl-2-methyl-1 H- Са N; 5805-76-5 60.215 51 296 1.073% 
benzimidazole 
5121 Ethyl 2-methylbenzoate Сад 0; 87-24-1 64.201 <-10 227; 11378 03257 1.5072 i H,0; msc 
EtOH, eth 
5122 Ethyl 4-methylbenzoate Сан 0; 94-08-6 64.201 232 1.0269? 450899 ІН,0; msc 
EtOH, eth 
5123 Ethyl 3-methylbutanoate Ethyl isovalerate CH, 0; 108-64-5 30.185 liq -99.3 135.0 0.86567 1.396220  s|H,O; vs EtOH, 
eth 
5124 2-Ethyl-2-methylbutanoic acid С.Н. «0» 19889-37-3 130.185 <-20 207 4250” уз EtOH 
5125 2-Ethyl-3-methyl-1-butene C; Hi 7357-93-9 98.186 89 0.71502 1410? 6 
bz, chl 
5126 Ethyl trans-2-methyl-2-butenoate C; H0; 5837-78-5 28.169 56 0.92007? 1.434020 
5127 Ethyl 3-methyl-2-butenoate C;H,;0; 638-10-8 28.169 53.5 0.9199? 1.43452 
5128 5-Ethyl-5-(1-methylbutyl)- СО, 76-74-4 226.272 130 SI H,O; 8 EtOH, 
24,6(1H3H5H)- eth 
pyrimidinetrione 
5129 Ethyl N-methylcarbamate ) H,N0; 105-40-8 03.120 70 1.0115? 1.4183? уз ЊО, EtOH 
5130 Ethyl methyl carbonate 0.10, 623-53-0 04.105 liq -14 07.5 1.01220 37780 — vs eth, EtOH 
5131 trans-1-Ethyl-4- C; His 6236-88-0 26.239 0 -80.8 49 077980 1.430420 
methylcyclohexane 
5132 1-Ethyl-1-methylcyclopentane C His 16747-50-5 112.213 liq -143.8 21.6 0.776725 14272? vs ace, bz, eth, 
EtOH 
5133 cis-1-Ethyl-2-methylcyclopentane um 930-89-2 12213 liq -106 28 0.7852? 1.429320 
5134 trans-1-Ethyl-2- C; His 930-90-5 12.213 liq -105.9 212 0.764925 8 
methylcyclopentane 
5135 cis-1-Ethyl-3-methylcyclopentane Со 2613-66-3 12.213 21 0.772420 1.4203? vs ace, bz, eth, 
EtOH 
5136 frans-1-Ethyl-3- C; His 2613-65-2 12.213 liq -108 21 0.76192 1.418620 
methylcyclopentane 
5137 1-Ethyl-1-methylcyclopropane CoH, 53778-43-1 84159 iq -130.2 56.8 0.696822 1.388720 
5138 2-Ethyl-2-methyl-1,3-dioxolane و‎ ٢ 126-39-6 16.158 18 0.936020 
5139 Ethyl methyl ether C,H,0 540-67-0 60.095 col gas -113 74 0.72519 1.34201 5Н,0, ace, chl; 
msc EtOH, eth 
5140 3-Ethyl-2-methylhexane Са» 16789-46-1 128.255 38 0.73102 1.410620 
5141 3-Ethyl-3-methylhexane CoH 3074-76-8 28.255 40.6 0.737122 8 
5142 3-Ethyl-4-methylhexane 2,3-Diethylpentane "m 3074-77-9 28.255 40 0.7420% 1.413420 
5143 4-Ethyl-2-methylhexane Са» 3074-75-7 28.255 33.8 0.71955 1.406320 
5144 Ethyl 4-methylhexanoate Ethyl 4-methylcaproate CoH, 0; 1561-10-0 58.238 80 0.8708 1.405120 
5145 Ethyl 4-methyl-3-oxopentanoate Сан 0, 7152-15-0 58.195 Па -9 73 0.9875 250% 
5146 3-Ethyl-2-methylpentane C; His 609-26-7 14.229 liq -114.9 15.66 071930 1.404022 | H,0; s eth; 


msc EtOH, 
ace, bz 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

5147 3-Ethyl-3-methylpentane C; His 1067-08-9 14.229 liq -90.9 118.27 0.727420 14078? ІН,0; s eth; 
msc EtOH, 
ace, bz 

5148 Ethyl 4-methylpentanoate Сан 0» 25415-67-2 144.212 163; 5210 0.87052 1.405020 

5149 3-Ethyl-2-methyl-1-pentene C; His 19780-66-6 112213 liq -112.9 109.5 0.7262? 1.414020 

5150 2-[Ethyl(3-methylphenyl)amino] СЫН М0 91-88-3 79.259 11815 55409 s ctc 

ethanol 

5151 Ethyl 3-methyl-3- Ethyl 3-methyl-3- Ci H, 0; 77-83-8 206.237 273.5 1.04420 51822 

phenyloxiranecarboxylate phenylglycidate 

5152 4-Ethyl-4-methyl-2,6- Bemegride Сън, МО 64-65-3 55.195 pl (w, ace- 126.5 sub 100 s chl 

piperidinedione eth) 

5153 Ethyl 2-methylpropanoate Ethyl isobutanoate СеН.0, 97-62-1 16.158 liq -88.2 1101 0.86820 .3869'8 5160, ctc; msc 
EtOH, eth; $ 
ace 

5154 2-Ethyl-5-methylpyrazine CH, N, 13360-64-0 122467 liq 7958 

5155 3-Ethyl-4-methylpyridine 3-Ethyl-4-picoline Саны 529-21-5 21.180 198 0.928617 SI Н,0; s EtOH, 
eth, chl; vs ace 

5156 4-Ethyl-2-methylpyridine 4-Ethyl-2-picoline Са 536-88-9 21.180 179 0.913025 vs ace, bz, eth, 
EtOH 

5157 3-Ethyl-3-methyl-2,5- Ethosuximide C;H,,NO; 77-67-8 41.168 сгу (ace-eth) 64.5 vs Н,0 

pyrrolidinedione 

5158 Ethyl methyl sulfide CHS 624-89-5 76.161 liq -105.93 66.7 0.8422? 14404? i H,0; msc 
EtOH; s eth, 
chl 

5159 N-Ethylmorpholine CIH, NO 100-74-3 115.173 138.5 0.8996? 1.4400% msc H,0, EtOH, 
eth; s ace, bz 

5160 Ethyl myristate С.6Нз205 124-06-1 256.424 12.3 295 085735 1.4362? ІН,0; $ EtOH, 
ctc, lig; sl eth 

5161 A-Ethyl-1-naphthalenamine С.Н, № 118-44-5 171.238 305; 19176 1.06525 1.6477 vs eth, EtOH 

5162 1-Ethylnaphthalene С.Н 1127-76-0 156.223 liq -13.9 258.6 1.008220 1.606222 i H,0; msc 
EtOH, eth 

5163 2-Ethylnaphthalene СН 939-27-5 156.223 liq -74 258 0.992220 1.5999? H,0; msc 
EtOH, eth; sl 
chl 

5164 Ethyl 1-naphthylacetate و‎ 0; 2122-70-5 214260 ой 88.5 22270, 1183 S EtOH, eth 

5165 Ethyl nitrate C;H;NO, 625-58-1 91.066 — liq -94.6 872 1.1084? 1.385222 s H,0; msc 
EtOH, eth 

5166 Ethyl nitrite C;H;NO; 109-95-5 75.067 ye vol liq or 18 0.8995 34189 msc EtOH, eth 

gas 

5167 Ethyl nitroacetate C,H;NO, 626-35-7 33.104 10625, 836 1.195320 1.4250?  s| H,0; msc 
НОН; vs eth; s 
dil alk 

5168 1-Ethyl-2-nitrobenzene Сан МО; 612-22-6 51.163 liq -123 232.5 1.12072 1.5356? ІН,0; vs EtOH, 
eth; $ асе; sl 
сіс 

5169 1-Ethyl-4-nitrobenzene ҮШІ 100-12-9 51.163 liq -123 245.5 1.119220 1.5455? |Н,0; vs ОН, 
eth; s ace; sl 
cic 

5170 Ethyl 3-nitrobenzoate Сон МО, 618-98-4 95.172 47 297 i НО; vs EtOH, 
eth 

5171 Ethyl 4-nitrobenzoate Сон МО, 99-77-4 95.172 57 86.3; 1538 i H50; $ EtOH, 
eth 

5172 Ethyl p-nitrophenyl C,H,NO,PS 2104-64-5 323.304 36 1275 59780 үс bz, eth, EtOH 

benzenethiophosphate 

5173 2-Ethyl-2-nitro-1,3-propanediol C.H, NO, 597-09-1 49.146 nd (w) 575 dec vs H0, eth, 
EtOH 

5174 Ethyl 2-nitropropanoate C;H,N0, 2531-80-8 47.130 90.5 42102 — vs bz, eth, EtOH 

5175 A-Ethyl-Mnitrosourea N-Nitroso- N-ethylurea 8 و٢‎ 759-73-9 17.107 100 дес s ch 

5176 Ethyl nonanoate C4 Ho0; 23-29-5 86.292 liq -36.7 221.0 0.8657? 14220? ІН,0; s EtOH, 
eth, ace, ctc 

5177 5-Ethyl-2-norbornene CH 5403-89-1 122.207 liq 43.6 0.86 46302 

5178 Ethyl cis,cis-9,12- Ethyl linoleate CogH 30, 544-35-4 308.499 уе or со! 272180 21212 0.886520 vs eth, EtOH 

octadecadienoate 

5179 Ethyl cis,cis,cís-9,12,15- Ethyl linolenate C Ha 05 191-41-9 306.483 2185 0.89192 — 1.4694? уз eth, EtOH 

octadecatrienoate 

5180 Ethyl trans-9-octadecenoate Сана 6114-18-7 310.515 5.8 2185 0.8664? 144805 vs eth, EtOH 

5181 3-Ethyloctane СН» 5881-17-4 142.282 166.5 0.73595 1.415620 

5182 4-Ethyloctane Са 5869-86-0 142.282 163.7 0.734325 1.415120 

5183 Ethyl octanoate С. 00» 06-32-1 172.265 liq -43.1 208.5 0.866" 4178? i H0; vs EtOH, 
eth; sl ctc 

5184 Ethyl 1-octyl sulfide 1-(Ethylthio)octane Соро 3698-94-0 174347 liq 109" 

5185 Ethyl oleate Ethyl cís-9-octadecenoate Co Ha 05 11-62-6 310.515 21675, 2073 087209 1.4515? vs eth, EtOH 

5186 Ethyl 5-oxohexanoate Сан 40; 3984-57-1 158.195 2215 0.98925 „42779 

5187 Ethyl 3-oxopentanoate C; H0, 4949-44-4 144.168 181 1.012020 1.4230? уз bz, eth, EtOH 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
5188 Ethyl 2-0xo-2-phenylacetate Ethyl phenylglyoxylate Сао 1603-79-8 178484 256.5 112229 6757 
5189 Ethyl 2-oxopropanoate Ethyl pyruvate С,Н,0, 617-35-6 116.116 liq -50 155 1.05965 1.405222 <ІН,0; s ace; 
msc EtOH, eth 
5190 Ethyl palmitate C, H, 0; 628-97-7 284478 nd 24 19170 0.85775 1.4347% 1Н,0,8 EtOH, 
eth, ace, bz, 
chl 
5191 3-Ethylpentane Cathe 617-78-7 00.202 liq -118.55 93.5 069820 1.3934? i H,0; s EtOH, 
eth; msc ace, 
bz, hp, chl 
5192 3-Ethyl-2,4-pentanedione C;H,,0, 1540-34-7 28.169 178.5 0.953179 144089 уз eth, EtOH, 
chl 
5193 Ethyl pentanoate Ethyl valerate CH, 0; 539-82-2 30.185 liq -91.2 146.1 0.8770% 1.4120? ІН,0; msc 
НОН, eth; sl 
ctc 
5194 3-Ethyl-3-pentanol C;H440 597-49-9 16.201 liq -125 142 0.840722 1.4294? $1 H,0; s EtOH, 
eth 
5195 2-Ethyl-1-pentene CH, 3404-71-5 98186 94 0.7079? 1.405? vs bz, eth, EtOH 
5196 3-Ethyl-1-pentene СІН, 4038-04-4 98.186 Па -127.5 841 0.691725 1.398220 
5197 3-Ethyl-2-pentene СІН, 816-79-5 98.186 96 0.7204? 1.414822 i H0; s EtOH, 
eth, bz, chl 
5198 Ethyl pentyl ether C;H440 17952-11-3 116.201 117.6 0.76222 1.392722 vs eth, ОН 
5199 Ethyl 2-pentynoate С.Н, 0, 55314-57-3 126.153 678 0.96225 
5200 2-Ethylpheno' C H, 0 90-00-6 22.164 18 204.5 1.014625 1.536722 vs ace, bz, eth, 
EtOH 
5201 3-Ethylpheno Сан 00 620-17-7 22164 0 E 2184 1.028320 SI Н,0, chl; vs 
EtOH, eth 
5202 4-Ethylpheno, Сан 00 123-07-9 22.164 nd 450 217.9 52395 51 Н,0, chl; vs 
EtOH, eth, bz; 
S ace 
5203 Ethyl phenoxyacetate Сл 05 2555-49-9 80.200 247, 1108 1.09589? 150802 
5204 N-Ethyl-\-phenylacetamide CoH, NO 529-65-7 63.216 55 260 0.99388 S H,0, eth, 6 
5205 Ethyl phenylacetate Benzeneacetic acid, ethyl ester — C H4;0; 101-97-3 64201 lig -29.4 227 1.0333? 1.4980? vs eth, EtOH 
5206 2-(Ethylphenylamino)ethanol C4 Hi NO 92-50-2 65.232 sch 
5207 Ethyl phenylcarbamate Phenylurethane Соб МО; 101-99-5 65189 wh nd (w) 53 dec 237 10649 — 1,5376? i H,0; vs ОН, 
(dil al) eth; s bz; sl ctc 
5208 Ethyl N-phenylformimidate САМО 6780-49-0 49.189 214; 871° 1.0051? 1.5279? s eth, bz 
5209 Ethyl N-phenylglycinate С МО, 2216-92-4 79216 If (dil al) 58 273.5 vs eth, EtOH 
5210 1-(4-Ethylphenyl)-2-phenylethane Сев 7439-15-8 210.314 су 294 02850 
5211 Ethyl 3-phenylpropanoate С.Н. 2021-28-5 78.228 247.2 1.014722 1.4954? vs eth, EtOH 
5212 Ethyl 3-phenylpropynoate Ethyl phenylacetylenecarboxylate С..Н.0> 2216-94-6 74.196 265; 12815 1.0555 55209 s eth 
5213 Ethyl phenyl sulfone C H, 0,S 599-70-2 70.229 (а) 47 1607 14102? vs bz, eth, EtOH, 
ch 
5214 Ethylphosphonic acid C;H;0,P 6779-09-5 10.049 hygplornd 61.5 3358 vs Н,0, eth, 
EtOH 
5215 Ethyl phosphorodichloridate Ethylphosphoric acid dichloride С,Н,С1,0,Р 498-51-7 62.940 627 „43382 
5216 5-Ethyl-2-picoline СН 04-90-5 21Л80 178.3 0.920220 1.4971? 5160; s EtOH, 
eth, bz; vs ace 
5217 Ethyl 1-piperazinecarboxylate 1-Carbethoxypiperazine С-Н,,М,0, 20-43-4 58.198 237 „47605 уз H,0, eth, 
EtOH 
5218 1-Ethylpiperidine [И 766-09-6 13.201 130.8 0.82377 56 
5219 Ethyl 4-piperidinecarboxylate C Hi NO; 126-09-6 157.211 col oil 10070 4591? vs H,0, bz, eth, 
EtOH 
5220 Ethyl 1-piperidinepropanoate C4 Hg NO; 9653-33-9 185.264 217; 139% 0.96275 1.45255 0 
5221 1-Ethyl-3-piperidinol С.Н. NO 3444-24-1 129.200 945 47774 
5222 N-Ethyl-1-propanamine ОНЫ 20193-20-8 87.164 81 0.7204" 1.385825 <ІН,0; vs ace, 
EtOH 
5223 Ethylpropanedioic acid СН, 601-75-2 32.116 рг (w+) 114 180°% vs H,0; s EtOH, 
eth, bz; i ace; 
sl tfa 
5224 Ethyl propanoate Ethyl propionate С5Нь0› 105-37-3 02.132 liq -73.9 99.1 0.88432 1.383922 sI H,0, ctc; msc 
EtOH, eth; s 
ace 
5225 Ethyl propyl ether СНО 628-32-0 88.148 liq -127.5 63.21 073860 1.3695? vs eth, НОН, 
НОАс 
5226 2-(1-Ethylpropyl)pyridine ТЕТІ 7399-50-0 149.233 1954 0.898120 1.485025 
5227 4-(1-Ethylpropyl)pyridine CIH; N 35182-51-5 149233 125.5 217; 80" 090855 1409052 
5228 Ethyl propyl sulfide С:Н.5 4110-50-3 104.214 liq -117 118.6 0.83707? 1.4462? 41 
5229 Ethyl 2-propynoate (Ethoxycarbonyl)acetylene C5H,0, 623-47-2 98.101 120 096456 1.410522 i H,0; vs EtOH, 
eth, chl 
5230 2-Ethylpyrazine Са 13925-00-3 108.141 112200 
5231 2-Ethylpyridine C;HN 100-71-0 107453 liq -63.1 148.6 0.95025 1.4964? 5Н,0; msc 
EtOH; vs eth, 


ace; sl сіс 
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3-254 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
5232 3-Ethylpyridine С 536-78-7 07.153 liq -16.9 165 0.95395 1.5021? s H,0, EtOH, 
eth; vs ace; sl 
ctc 
5233 4-Ethylpyridine АН 536-75-4 07.153 liq -90.5 168.3 0.94177? 1.5009? s ЊО, EtOH, 
eth; vs ace; sl 
ctc 
5234 2-Ethyl-4-pyridinecarbothioamide — Ethionamide ШЕЛІГІ 536-33-4 66.243 163 
5235 Ethyl 2-pyridinecarboxylate Ethyl 2-picolinate C H,N0, 2524-52-9 51.163 yecryinair 1 243 1.11942 1.510422 — vs H;O, eth, 
EtOH 
5236 Ethyl 3-pyridinecarboxylate Ethyl nicotinate C H,N0, 614-18-6 51.163 85 224 1.1070? — 1.5024? vs H;O, EtOH, 
eth, bz; sl ctc 
5237 Ethyl 4-pyridinecarboxylate Са МО; 1570-45-2 51.163 23 219.5 1.00915 1.501722 5160; s EtOH 
bz; vs eth, chl 
5238 N-Ethylpyridinium bromide و‎ BrN 1906-79-2 88.065 cry (al) 111.5 $ H,0, EtOH; i 
eth 
5239 1-Ethyl-1H-pyrrole Сен 617-92-5 95.142 129.5 0.900922 148412 уз EtOH 
5240 1-Ethyl-1/-pyrrole-2,5-dione N-Ethylmaleimide СеН;МО, 128-53-0 25.126 cry (bz) 45.5 SI H;O; vs EtOH, 
eth; s chl 
5241 1-Ethyl-2-pyrrolidinemethanamine C; Hug, 26116-12-1 128215 5915, 4010 0.8875 466520 
5242 Ethyl Red 2-(4-Diethylaminophenylazo) — C.H, МО; 76058-33-8 297.352 135 
benzoic acid 
5243 Ethyl salicylate CoH, 0; 118-61-6 66.173 45 5019 13260 1.5296? i H,0; msc 
FtOH; vs eth; s 
ctc 
5244 Ethyl silicate СаН,0,51 78-10-4 208.329 liq -82.5 68.8 0.9320? 1.3928? (ес Н,0 
5245 Ethyl stearate Ethyl octadecanoate СН, 111-61-5 312.531 33 9910 057% 4349?  iH,0; s EtOH, 
eth, chl; vs ace 
5246 2-Ethylstyrene Cio Hs; 7564-63-8 32202 liq -75.5 87.3; 682 0.901725 2 
5247 3-Ethylstyrene Сә 7525-62-4 32202 liq -101 90.0 0.894520 153512 
5248 4-Ethylstyrene Бе 3454-07-7 32202 liq -49.7 92.3; 86° 0.888425 1.5376? 
5249 Ethyl sulfate СНО 540-82-9 26.132 dec 280 1.36579 14105? ٤0 
5250 2-(Ethylsulfonyl)ethanol Ethylsulfonylethy! alcohol C H, 0,S 513-12-2 38.185 8| chl 
5251 2-Ethyl-5-(3-sulfophenyl) Woodward's Reagent K C4 H4 МО, 4156-16-5 253.275 dec 207 
isoxazolium hydroxide, inner salt 
5252 Ethyl tartrate Ethyl tartrate, acid C.H обе 608-89-9 78.139 90 vs Н,0, ЕЮН 
5253 2-Ethyltetrahydrofuran C H, 0 1003-30-1 00.158 09 085709 1.41473 ув ace, bz, eth, 
EtOH 
5254 5-Ethyl-1,3,4-thiadiazol-2-amine C H,N.S 14068-53-2 129.184 200.8 
5255 S-Ethyl thioacetate C H,0S 625-60-5 04.171 16.4 0.979220 1.4583?"  iH,0; vs EtOH, 
eth 
5256 (Ethylthio)acetic acid С.Н,0,5 627-04-3 20.171 -8.5 6483, 109° 1.149720 vs Н,0, EtOH, 
ећ 
5257 (Ethylthio)benzene Thiophenetole (5109) 622-38-8 38.230 205 1.0211? — 1.5670? $ EtOH 
5258 Ethyl thiocyanate C H;NS 542-90-5 87144 liq -855 46 1.00723 46845 | H,0; msc 
НОН, eth; s 
ch 
5259 2-(Ethylthio)ethanol С.Н (05 110-77-0 06.186 — liq -100 84 1.01662 1.486722 51 Н,0; s EtOH; 
vs ace 
5260 1-(Ethylthio)-4-methylbenzene C; HS 622-63-9 52.256 220 0.999622 1.55520 
5261 2-Ethylthiophene С 1,9 872-55-9 12.193 34 0.9930? 1.5122?  iH,0; vs EtOH, 
eth 
5262 Ethyl thiophene-2-carboxylate C;H,0;S 2810-04-0 56.203 218 1.16236 1.5248? 5 EtOH, ace; sl 
ctc 
5263 3-Ethyl-2-thioxo-4-thiazolidinone — 3-Ethylrhodanine C;H;NOS; 7648-01-3 61.246 35.5 
5264 2-Ethyltoluene C; Hi; 611-14-3 20.191 liq -19.83 65.2 0.88077 1.5046? ІН,0; msc 
FtOH, eth, ace, 
bz, peth, ctc 
5265 3-Ethyltoluene "m 620-14-4 20.191 liq -95.6 61.3 0.8645? 1.4966? 1 H,0; vs EtOH, 
eth; msc ace, 
bz 
5266 4-Ethyltoluene Calls 622-96-8 20.191 liq -62.35 62 0.8614? 1.4959? i H,0; vs EtOH, 
eth; msc ace, 
bz 
5267 Ethyl p-toluenesulfonate Сон 09 80-40-0 200.254 345 7315 166% 1Н,0, s EtOH, 
eth, AcOEt; s 
ctc 
5268 Ethyl trichloroacetate C,H;CI,0, 515-84-4 191.441 67.5 1.383620 1.4505? H,0; s EtOH, 
eth, bz; sl ch 
5269 Ethyl trifluoroacetate С.Н.Б,0, 383-63-1 142.077 61 1.1942 1.30820 
5270 Ethyl 4,4,4-trifluoroacetoacetate C4 H;F,0, 372-31-6 184113 liq -39.1 32 1.2586" 1.3703 s EtOH, eth 
5271 Ethyl trifluoromethanesulfonate C5H,F,0,S 425-75-2 178.130 15 1.3740? s eth 
5272 Ethyl 3,4,5-trihydroxybenzoate CoH, 0; 831-61-8 198.172 mcl pr (w+2 163.0 sl Н,0, chl; s 
1/2) nd EtOH, eth, 
(chl) AcOEt 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
5273 Ethyltrimethoxysilane ولا امن‎ 5314-55-6 150.249 1243 0.9488? 1.3830? vs EtOH 
5274 1-Ethyl-2,4,5-trimethylbenzene СН» 17851-27-3 148.245 liq -135 213 0.883? 1.507520 vs ар bz, eth, 
EtOH 
5275 2-Ethyl-1,3,5-trimethylbenzene Ci Hig 3982-67-0 148.245 liq -155 212.4 0.8830. 1.507420 vs ace, bz, eth, 
EtOH 
5276 Ethyltrimethyllead Ethyltrimethylplumbane С.Н,Рр 1762-26-1 2814 col liq 2705 1.8820 
5277 3-Ethyl-2,4,5-trimethylpyrrole СМ 520-69-4 137.222 |f (eth) 66.5 214; 1105 
5278 4-Ethyl-2,6,7-trioxa-1- Trimethylolpropane phosphite "للا‎ 824-11-3 162.123 53.7 s chl 
phosphabicyclo[2.2.2]octane 
5279 Ethyl undecanoate Ethyl undecylate C Ha 0; 627-90-7 214.344 -15 131" 0.8633? 1.4285? i H,0; s EtOH, 
eth, ace, bz 
5280 Ethyl 10-undecenoate САО; 692-86-4 212.329 liq -38 264.5 0.88275 1.44495 i H,0; s EtOH, 
eth, HOAc; sl 
ctc 
5281 N-Ethylurea СНО 625-52-5 88.108 па (bz, al- 925 dec 1.213076 vs Н,0, EtOH, 
eth) bz; s eth; i CS; 
5282 Ethyl vinyl ether C H,0 109-92-2 72106 liq -115.8 355 075890 1.3767? 5ІН,0, ctc; s 
EtOH; msc eth 
5283 Ethyl Violet 8 او‎ ٢٧٢ 2390-59-2 492138  gray-viol cry $ Н,0, EtOH 
5284 a-Ethynylbenzenemethanol 1-Рїїепуїргорагду! alcohol Сао 4187-87-5 32.459 pr 22 14? 1.065520 1.550820 
5285 o-Ethynylbenzenemethanol Саттаје Сао МО; 3567-38-2 75.184 cry (al) 86.5 
carbamate 
5286 1-Ethynylcyclohexanamine Сан, 30389-18-5 123.196 652 0.913% 4817? 
5287 1-Ethynylcyclohexanol C .H,0 78-27-3 24180 cry (peth) 315 74 0.987322 1.4822? ІН,0; s ВОН, 
bz, peth; sl chl 
5288 1-Ethynylcyclohexanol, carbamate Ethinamate C.H, М0, 26-52-3 67.205 nd 97 205 4441? — sIH;O; vs EtOH; 
$ hx 
5289 1-Ethynylcyclopentanol C;H, 0 7356-19-3 110.153 27 57.5 0.9625 47512 
5290 о-Ећупу!-о- Сан 00 27-66-2 46.185 52.3 217.5; 102" 1.031420 
methylbenzenemethanol 
5291 Ethynylsilane Silylacetylene CH,Si 066-27-9 56.139 сої gas -22.5 
5292 Etioporphyrin C.H N, 448-71-5 418.671 362 
5293 6 С,Н,„№0; 519-37-9 224.216 158 vs Н,0; s EtOH; 
sl eth, bz 
5294 Etoglucid Oxirane, 2,2-(2,5,8,11- و‎ 05 954-28-5 262.299 col liq -13 196? 113120 1.462220 
tetraoxadodecane-1, 12-diyl) 
bis- 
5295 Etoposide СНО, з 33419-42-0 588.556 сту (MeOH) 3 S MeOH 
5296 Etrimfos C,4H,;N,O,PS 38260547 292.291 417 1.19520 
5297 Eucalyptol Стеоје Ci H0 470-82-6 154.249 0.8 176.4 0.92677? 1.4586? 1 H,0; $ EtOH, 
eth, chl; $1 ctc 
5298 Euparin 1-[6-Hydroxy-2-(1-methylvinyl) | 04:10, 532-48-9 216.232 121.5 S eth, bz, chl; sl 
-5-benzofuranyl]ethanone NaOH 
5299 Evans Blue Ca H, N,Na,0uS, 314-13-6 960.806 S Н,0, EtOH, 
acid 
5300 Evodiamine لی‎ 518-17-2 303.357 уе! (al) 28 
5301 Famotidine C4H44N;0,S, 76824-35-6 337.446 су 163 i EtOH, chl; vs 
DMF; s НОАс; 
sl MeOH 
5302 Famphur C, H,NO,PS, 52-85-7 325.342 53 
5303 о-Ғагпеѕепе Са а 502-61-4 204.352 3072 0.8410? — 1.4836?  iH;O;seth, ace; 
msc peth, lig 
5304 6 Cic Ho, 8794-84-8 204.352 219 0.8363? 1.4899? vs ace, eth, chl 
5305 Farnesic acid Cic Ho 05 7548-13-2 236.351 oil 20416 
5306 2-cis,6-trans-Farnesol C Ha 0 3790-71-4 222.366 oil 567, 12093 0.8908? 1.4877? vs Т ећ, 
EtOH 
5307 2-trans,6-trans-Farnesol С.5Н50 06-28-5 222.366 oil 607,137? 0.888? 148772 ІН,0; vs EtOH; 
S eth, ace 
5308 Farnesol acetate Ci Ha 0; 29548-30-9 264.403 68" 
5309 Fenadiazole 2-(1,2,4-Oxadiazol-2-yl)phenol _ СНО, 008-65-7 194.145 cry 112 8001 
5310 Fenamiphos C44H;;NO;PS 22224-92-6 303.358 49 1.1520 
5311 Fenarimol Сұн;0,М,0 60168-88-9 331.195 118 
5312 Fenbuconazole CogH CIN, 14369-43-6 350.845 125 
5313 Fenbutatin oxide Distannoxane, hexakis(2- СыНт05п, 3356-08-6 1052.680 138 
methyl-2-phenylpropyl)- 
5314 a-Fenchol, (+) 1,3,3-Trimethylbicyclo[2.2.1] СұН0 36386-49-9 154.249 39 199,5 0.9420% vs eth, EtOH 
heptan-2-ol, endo-(+) 
5315 (+)-Fenchone Слао 8492-37-0 152.233 oily liq 6.1 193.5 0.949215 1.470220  iH,0; vs EtOH; 
S eth, ace 
5316 Fenfluramine СМ 458-24-2 231.257 cry (AcOEt) 11072 
5317 Fenitrothion CIH N0,PS 22-14-5 277.234 11805, 164! 1.322725 
5318 Fenoxaprop-ethyl Са ће МО, 82110-72-3 361.777 85 2000001 sl HO, hx; s 


eth; vs ace, tol 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
5319 Fenoxycarb Ethyl 2-(4-phenoxyphenoxy) C,H, NO, 79127-80-3 301.338 53 
ethylcarbamate 
5320 Fenpropathrin Со و‎ МО, 64257-84-7 349.423 47 1.155 
5321 Fensulfothion C, H,0,PS; 115-90-2 308.354 14090! 1.20220 
5322 Fentanyl CH, NO 437-38-7 336.469 87.5 
5323 Fenthion C4 H4:0;PS,; 55-38-9 278.328 T5 8700 1.24620 
5324 Fenvalerate C; На СИМО, 51630-58-1 419.901 dec 1.155 
5325 Ferbam Iron, CoH, FeN;,S; 14484-64-1 416.494 180 dec 
tris(dimethylcarbamodithioato- 
5,5)-, (0C-6-11)- 
5326 Ferrocene Dicyclopentadienyl iron СлоНноге 102-54-5 186.031 1725 249 i HO 
5327 Ferrous gluconate ӨРЛЕП 299-29-6 446.140  ye-gray pow S H,0; i EtOH 
(w) 
5328 Ferrous lactate КІМНЕН 5905-52-2 233.984  grn-wh pow S H,0; i EtOH 
(hyd) 
5329 Fichtelite 18-Norabietane СұНу 2221-95-6 262473 су 46 236% 0.938022 1,505220 
5330 Finasteride Proscar C Hs МО; 98319-26-7 372.544 wh cry 252 SI НО; s ch 
EtOH, MeOH, 
DMSO 
5331 Fisetin Ci Hos 528-48-3 286.236 It ye nd (dil 330 ІН,0; $ EtOH, 
al, + 1 w) ace; sl eth, bz, 
peth 
5332 Flavine adenine dinucleotide FAD C5H4NO,P, 146-14-5 785.550 ye cry (w) 
5333 Florantyrone CogH 04 519-95-9 302.323 уе cry 208 S НОН, MeOH 
(HOAc) 
5334 Fluazipop-butyl C, H, NO, 79241-46-6 383.362 рае уе liq 5 
5335 Flubenzimine C; Hg F о 37893-02-0 416.343 ye cry 119 si Н,0 
5336 Fluchloralin Ca H, CIENO, — 33245-39-5 355.697 42 
5337 Flucythrinate Cythrin С ЊЕ М0, 70124-77-5 451.463 108035 1.1892 
5338 Fludrocortisone 8 و‎ F0; 127-31-1 380.450 cry (EtOH) 261 dec 
5339 Flumethiazide Trifluoromethylthiazide C H F.N.0,S; 148-56-1 329277 сту 306 SI Н,0: i bz, tol 
s MeOH, 
EtOH, DMF 
5340 Fluocinolone acetonide (54115050, 67-13-2 452.488 cry (ace/hx) 266 dec 
5341 Fluoranthene 1,2-(1,8-Naphthylene)benzene С.Н; 206-44-0 202.250 payendor 110,19 384 1.2520 1620; s EtOH, 
pl (al) eth, bz, chl, 
CS, 
5342 9H-Fluoren-2-amine Са 153-78-6 81.233 plor па (dil 130.3 ІН,0; $ EtOH, 
al) eth, ctc, CS; 
5343 9H-Fluorene 2,2-Methylenebiphenyl Са 86-73-7 66.218 — If (al) 114.77 295 1.203) i B,0; sl EtOH; 
S eth, ace, bz, 
CS, 
5344 9H-Fluorene-9-carboxylic acid СлаН 00; 1989-33-09 210.228 226 
5345 9H-Fluorene-2,7-diamine 2,7-Diaminofluorene С.Н № 525-64-4 96.247 па (м), г 166 i H,0; $ EtOH, 
(bz), pl chl 
(eth) 
5346 9H-Fluorene-9-methanol СНО 24324-17-2 196.244 105.0 
5347 9H-Fluoren-9-ol Ci H, 0 1689-64-1 82.217 ћех па (м, 156.0 sl H,O, peth, 
peth) EtOH; s eth, 
ace; vs bz 
5348 9H-Fluoren-9-one C44H;0 486-25-9 80.202 уе orth 84 341.5 1.13009 1.6309? i НО; $ EtOH, 
bipym (al, ace, bz; vs tol; 
bz-peth) sl ctc 
5349 Fluorescein Сун 05 2321-07-5 332.306 red orth pr 315 dec sl HO, EtOH, 
eth; vs ace; s 
py, MeOH 
5350 Fluorescein sodium CI Acid Yellow 73 СН. Ма›05 518-47-8 376.270 уе pow $ H,0, EtOH, 
glycerol, dil 
acid 
5351 2-Fluoroacetamide Fluoroacetic acid amide C;H,FNO 640-19-7 77.057 108 sub S H0, ace; sl 
chl 
5352 Fluoroacetic acid Fluoroethanoic acid C;H;FO, 144-49-0 78.042 nd 352 68 1.369336 S Н,0, EtOH 
5353 Fluoroacetyl chloride C;H,CIF 359-06-8 96.487 liq 72; 23105 
5354 Fluoroacetylene Fluoroethyne C;HF 2713-09-9 44.027 gas -196 -105 exp 
5355 2-Fluoroaniline CHF 348-54-9 11117 pa ye liq -34.6 75; 55? 1.151321 1.542122 ІН,0; s EtOH, 
eth; sl ctc 
5356 3-Fluoroaniline CHF 372-19-0 11117 88 1.156119 1.5436? 5ІН,0, chl; s 
EtOH, eth 
5357 4-Fluoroaniline CHF 371-40-4 11117 pa ye liq -0.8 82; 8519 1.172520 15195? sl Н,0, ctc; 5 
EtOH, eth 
5358 2-Fluorobenzaldehyde C;H.FO 446-52-6 24412 liq -44.5 75 11785 1.523420 
5359 3-Fluorobenzaldehyde C;H.FO 456-48-4 24.112 73 1.1725 1.520620 
5360 4-Fluorobenzaldehyde C;H.FO 459-57-4 24412 liq -10 81.5 1.18107 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
5361 Fluorobenzene C H;F 462-06-6 96.102 liq -4218 84.73 1.0225? 1.46849? $1 H,0; vs bz, 
eth, EtOH, lig 
5362 4-Fluorobenzeneacetic acid С.Н;РО, 405-50-5 54.139 cry (chl) 86 1642 
5363 2-Fluorobenzeneacetonitrile C H,FN 326-62-5 35.139 232; 10270 1.0595 150092 
5364 4-Fluorobenzeneacetonitrile CIH FN 459-22-3 35.139 86.0 228; 11918 1.13902 1.500220 
5365 4-Fluorobenzenemethanamine CH FN 40-75-0 25.144 183 1.513920 
5366 4-Fluorobenzenemethanol C;H,FÜ 459-56-3 26.128 23 210 1.508020 
5367 4-Fluorobenzenesulfonyl chloride C H,CIF0,S 349-88-2 94611 plor nd 30 106? vs bz, eth, chl 
5368 2-Fluorobenzoic acid С.Н.ГО, 445-29-4 40112 nd (a) 126.5 1.46025 SI H;O; vs EtOH, 
eth; i bz; s chl 
5369 3-Fluorobenzoic acid C;H;F0; 455-38-9 40.112 If (w) 124 14745 51 H5O; s eth 
5370 4-Fluorobenzoic acid C;H;F0; 456-22-4 40112 рг(м), mc 185 1.479% 51 HO, ace; s 
pr (w) EtOH, eth 
5371 2-Fluorobenzonitrile C;H,FN 394-47-8 21.112 932 
5372 4-Fluorobenzonitrile C;H,FN 194-02-1 21112 па (peth) 348 188.8 1.10705 1.492555 sI chl; s peth 
5373 2-Fluorobenzoyl chloride C;H,CIFO 393-52-2 58.557 20 9115 1.328% 1.536520 
5374 3-Fluorobenzoyl chloride C;H,CIFO 711-07-5 58.557 liq -30 189 13045 152852 
5375 4-Fluorobenzoyl chloride C;H,CIFO 403-43-0 58.557 9 82% 13425 1.5296? 
5376 2-Fluoro-1,1'-biphenyl CHF 321-60-8 72.197 73.5 248 1.245225 S EtOH, eth, chl, 
peth; sl lig 
5377 4-Fluoro-1,1'-biphenyl CHF 324-74-3 72.497 pr 742 253 1.24725 51 НОН; s eth, 
gl НОАс 
5378 1-Fluorobutane Butyl fluoride СНЕ 2366-52-1 76.112 liq -134 32.5 0.7789? 1.3396? уз EtOH 
5379 2-Fluorobutane Sec-Butyl fluoride СОЊЕ 359-01-3 76.112 vol liq or gas -121.4 25.1 0.7559 
5380 Fluorocyclohexane Cyclohexyl fluoride C; HF 372-46-3 02.149 13 101 0.9279? 1.4146?  iHj0;s py 
5381 1-Fluorocyclohexene СЕНЕ 694-51-9 00.133 96.5 44415 
5382 5-Fluorocytosine 4-Amino-5-fluoro-2- C H,FN,0 2022-85-7 29.092 мћ cry 296 dec 
hydroxypyrimidine 
5383 1-Fluorodecane "есуі fluoride Сл 334-56-5 60.272 liq -35 186.2 0.8194? 1.4085 8 
5384 Fluorodifen 2-Nitro-1-(4-nitrophenoxy)-4- — C, H;F4N,0s 15457-05-3 328.200 94 
(trifluoromethyl)benzene 
5385 1-Fluoro-2,4-dinitrobenzene 2,4-Dinitrophenyl fluoride C H,FN,0, 70-34-8 86.097 25.8 296 1.4718% 1.5690? s EtOH; sl chl 
5386 Fluoroethane Ethyl fluoride СОЊЕ 353-36-6 48.059 сої gas -M32 -37.7 0.7182 1.2656? sl H0; vs EtOH, 
(p>1 atm eth 
5387 2-Fluoroethanol Ethylene fluorohydrin C;H.FO 371-62-0 64.058 liq -264 103.5 1.1040? 136479 msc HO, EtOH, 
eth; vs ace; sl 
chl 
5388 Fluoroethene Vinyl fluoride СОЊЕ 15-02-5 46.043 сої gas -160.5 -72 i H,0; s EtOH, 
ace 
5389 1-Fluoroheptane СОЊЕ 661-11-0 18.192 1 -73 117.9 0.8062? 1.3854? i 6 
bz; vs peth 
5390 1-Fluorohexane Hexyl fluoride C ЊЕ 373-14-8 04.165 liq -103 915 0.7995? 1.3730? s eth, bz 
5391 1-Fluoro-2-iodobenzene ТІЛЕ 348-52-7 221998 liq -41.5 188.6 59102 — s ace, bz, chl 
5392 1-Fluoro-4-iodobenzene СЕЊА 352-34-1 221.998 liq -27 183 1.95235 1.527022 ІН,0; s EtOH, 
eth, ace 
5393 1-Fluoro-3-isothiocyanatobenzene C;H,FNS 404-72-8 53.177 227 27% 61867 
5394 1-Fluoro-4-isothiocyanatobenzene C;H,FNS 1544-68-9 53.177 27 228 
5395 Fluoromethane Methyl fluoride СЮЕ 593-53-3 34.033 со! gas -141.8 -78.4 0.55725 „16745 51Н,0, bz, chl; 
(p>1 vs EtOH, eth 
atm) 
5396 1-Fluoro-2-methoxybenzene C;H;FÜ 321-28-8 26.128 liq -39 1545 1.5489" 1.4969" i НО; s eth, ctc 
5397 1-Fluoro-3-methoxybenzene СНО 456-49-5 26.128 liq -35 159; 5114 1.104% 48762 
5398 1-Fluoro-4-methoxybenzene C;H,FÜ 459-60-9 26.128 liq -45 157 1.17818 1.48867 s eth 
5399 4-Fluoro-2-methylaniline C;H,FN 452-71-1 25.144 142 9416 1.12638 1.536318 s eth, ace, bz, 
сіс 
5400 (Fluoromethyl)benzene СОЊЕ 350-50-5 10.129 Па -35 140; 404 1.02285 148925 5 ctc 
5401 2-Fluoro-4-methyl-1-nitrobenzene 3-Fluoro-4-nitrotoluene СЊЕМО, 446-34-4 55127 nd (al) 532 973 1.438025 
5402 2-Fluoro-2-methylpropane tert-Butyl fluoride СОЊЕ 353-61-7 76.112 col gas 12.1 
5403 1-Fluoronaphthalene C4 H;F 321-38-0 46.161 liq -9 215; 80" 1.132220 1.5939? | H,0; $ EtOH, 
eth, bz, chl, 
HOAc 
5404 2-Fluoronaphthalene C4 H;F 323-09-1 46.161 па (al) 6 212; 9016 i HO; $ EtOH, 
eth, bz, chl, 
НОАс 
5405 1-Fluoro-2-nitrobenzene 0-Fluoronitrobenzene CH,FNO; 1493-27-2 41.100 уе liq -6 dec 215 1.328518 1.5489" us eth, EtOH 
5406 1-Fluoro-3-nitrobenzene m-Fluoronitrobenzene CH,FNO; 402-67-5 41100 уе cry 4 199; 8679 1.3254? 1.52625 ІН,0; s EtOH, 
eth; sl bz 
5407 1-Fluoro-4-nitrobenzene p-Fluoronitrobenzene ЛДЕ 350-46-9 41.100 ye nd 2 205 1.33007? 1.5316? i H,0; s EtOH, 
eth; sl ctc 
5408 1-Fluorooctane Octyl fluoride CHF 463-11-6 32219 0 -64 1423 0.81167 1.394620 
5409 1-Fluoropentane Pentyl fluoride СНА 592-50-7 90139 liq -120 62.8 079072  1.3591* vs eth, EtOH 
5410 2-Fluorophenol C H;F0 367-12-4 12.10 16.1 151.5 11205 15144? 0 
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3-262 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
5411 3-Fluorophenol C H;F0 372-20-3 112.101 13.7 178 1.238» 51402 
5412 4-Fluorophenol C H;F0 371-41-5 112.101 48 185.5 1.188956 SI Њ0; s ace, 
peth 
5413 2-Fluoro-1-phenylethanone C H,F0 450-95-3 138.139 рі 29 9012 1.15220 520020 
5414 1-(4-Fluorophenyl)ethanone CH;FÜ 403-42-9 138.139 liq -45 196 1.138225 1.5081? 1Н,0: s bz, chl 
5415 1-Fluoropropane Propyl fluoride СОЊЕ 460-13-9 62.086 со! gas -159 -25 0.7596? 1.3115?  sIH;O; vs EtOH, 
(p»1 atm eth 
5416 2-Fluoropropane Isopropyl fluoride СОЊЕ 420-26-8 62.086 045 -94 sl Н,0 
5417 1-Fluoro-2-propanone Fluoroacetone САЊЕО 430-51-3 76.069 77 1.028822 1.3700? 
5418 cis-1-Fluoropropene СНЕ 9184-10-2 60.070 сої gas =-20 
5419 trans-1-Fluoropropene СНЕ 20327-65-5 60.070 сої gas =-20 
5420 2-Fluoropropene СОЊЕ 184-60-7 60.070 со! gas -24 
5421 3-Fluoropropene СНЕ 818-92-8 60.070 со! gas -3 SI H;O; vs EtOH, 
eth; s chl 
5422 2-Fluoropyridine C.H,FN 372-48-5 97.091 25 112800 1.457420 
5423 3-Fluoropyridine C.H,FN 372-47-4 97.091 liq 07 .130 „47202 
5424 2-Fluorotoluene C;H;F 95-52-3 10.129 liq -62 15 1.00419 — 1.4704? ІН,0; vs EtOH 
eth 
5425 3-Fluorotoluene C;H;F 352-70-5 10.129 1 -87 15 0.9974? 1.469122  iH,0; vs EtOH 
eth 
5426 4-Fluorotoluene C;H;F 352-32-9 10.129 Па -56 16.6 0.9975? 1.4699? i H,0; vs EtOH 
eth 
5427 1-Fluoro-2-(trichloromethyl) C;H,CLF 488-98-2 213.464 9512, 75° 4535 543220 
benzene 
5428 1-Fluoro-2-(trifluoromethyl) КЛУ 392-85-8 64.101 145 1.29325 40405 
benzene 
5429 1-Fluoro-3-(trifluoromethyl) КЛУ 401-80-9 64401 liq -815 015 302177 
benzene 
5430 1-Fluoro-4-(trifluoromethyl) СН, 402-44-8 64401 liq -41.7 03.5 20325 402520 
benzene 
5431 Fluorotrimethylsilane C.H,FSi 420-56-4 92.187 vol liq or gas 64 
5432 5-Fluorouracil 5-Fluoro-2,4(1H,3H)- C H,FN,0; 51-21-8 30077 су (w, 283 sub 190 
Pyrimidinedione MeOH-eth) 
5433 Fluoxetine C; HF; МО 54910-89-3 309.326 oil 
5434 Fluoxymesterone Co: Ha 05 76-43-7 336.440 270 
5435 Fluphenazine Cj HF. N08 69-23-8 431.520 25103 
5436 Fluprednisolone С.Н» ولا‎ 53-34-9 370.434 210 
5437 Flurandrenolide Fludroxycortide C H, FO, 1524-88-5 436.513 сту (ace/hx) 251 
5438 Flurazepam C و‎ CIFN4O 17617-23-1 387.878 wh rods (eth/ 80 
peth) 
5439 6 СыН F,N0 59756-60-4 329.315 155 
5440 Fluroxypyr [(4-Amino-3,5-dichloro-6- C;H.CLFN;0, 69377-81-7 255.030 232 
fluoro-2-pyridyl)oxy]acetic acid 
5441 Fluvalinate C; H5CIFJN;0,  102851-06-9 502.912 >450 1.295 
5442 Folic acid Vitamin Bc مل لو‎ 59-30-3 441.397  ye-oran nd 250 dec vs py, EtOH, 
(w) HOAc 
5443 Folinic acid 5-Formyl-5,6,7,8-tetrahydrofolic C H,N,0; 58-05-9 473.440 cry (w+3) 245 dec sl 0 
acid 
5444 Folpet 1H-Isoindole-1,3(2H)-dione, 2-  C;H,CIINO;S 133-07-3 296.558 177 
[(trichloromethyl)thio]- 
5445 Fomesafen C, H4 CIFJN;O;S 72178-02-0 438.762 220 1.2820 
5446 Fomocaine 4-[3-[4-(Phenoxymethyl)phenyl] Сун; МО, 17692-39-6 311.419 col cry 53 23911 
ргору тогрћо те 
5447 Fonofos Phosphonodithioic acid, ethyl-, C, H,,0PS; 944-22-9 246.329 1300 1.165 
O-ethyl S-phenyl ester 
5448 Formaldehyde Methanal СН,0 50-00-0 30.026 col gas -92 -191 0.81570 S Н,0, EtOH, 
chl; msc eth, 
ace, bz 
5449 Formaldehyde oxime CH,NO 75-17-2 45.041 13 109" 1.1335 S Н;0; vs EtOH, 
eth 
5450 Formamide Methanamide CH,NO 75-12-7 45.041 249 220 1.133420 1.447222  mscH;O, EtOH; 
5| eth; s ace; i 
bz, ch 
5451 Formamidinesulfinic acid Aminoiminomethanesulfinic acid CH,N,0,S 1758-73-2 08.120 па (al) 144 dec vs H,0; i eth, bz 
5452 Formetanate hydrochloride C4 Hi CIN4O; 23422-53-9 257717 pow 201 dec vs 56 
eOH; sl ace, 
hx, chl 
5453 Formic acid Methanoic acid СН,0, 64-18-6 46.026 8.3 101 1.22020 1.371422 mscH,0, EtOH 
eth; vs ace; s 
bz, to 
5454 N-Formimidoyl-L-glutamic acid ^ V-(Iminomethyl)- /-glutamic СеН,о№0, 816-90-0 74154 90 
acid 
5455 Formononetin T-Hydroxy-3-(4-methoxyphenyl) C. H,,0, 485-72-3 268.264 256.5 
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3-264 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
5456 Formothion C H, NO, PS; 2540-82-1 257267 visc ye oil 255 dec 13619 1.554122  s| H,0; misc os 
5457 2-Formylbenzoic acid СНО 119-67-5 50.132 98 1.40425 S Н;0; vs EtOH, 
ећ 
5458 3-Formylbenzoic acid КҮШ 619-21-6 50432 nd (w) 175 vs Н,0, eth, 
EtOH 
5459 4-Formylbenzoic acid CH,O; 619-66-9 50.132 247 SIH,O; vs EtOH; 
S eth, chl 
5460 3-Formylbenzonitrile CHNO 24964-64-5 131.132 76.5 210 vs Н,0, EtOH, 
eth, chl 
5461 4-Formylbenzonitrile CH;NO 105-07-7 31.132 100.5 13312 S Н;0; vs EtOH 
eth, chl 
5462 6-Formyl-2,3-dimethoxybenzoic Оріапіс acid CigH 005 519-05-1 210.183 па (w) 150 s НОН, eth 
acid 
5463 Formylferrocene C,,H, Fe0 12093-10-6 214.041 118.5 7001 
5464 Formyl fluoride Fluoroformaldehyde CHF 1493-02-3 48.016 col gas -142.2 -26.5 1.195030 
5465 N-(4-Formylphenyl)acetamide СМО, 122-85-0 163.173 рг (м) 158.0 vs Н,0, bz 
5466 Fosetyl-Al Aluminum tris( 0- C H, ده‎ 39148-24-8 354.105 >300 
ethylphosphonate) 
5467 Fosthietan C H, М0;Р5; 21548-32-3 241.268 ye oil 1.35 1.534825 s ace, chl, 
eOH, tol 
5468 Fraxin СН e010 524-30-1 370308 уе па (al) 205 
5469 DL-Fructose о-Асгоѕе (5120, 6035-50-3 180.155 па 130 1.6658 
5470 L-Fructose C;H бе 7776-48-93 180.155 wh cry 102 s Н,0 
5471 B-D-Fructose B-Levulose Са 0; 53188-23-1 180455  prornd(w) 103 dec 1.60? vs Н,0, ace; 5 
orth pr (al) EtOH, MeOH, 
Dy 
5472 D-Fructose 6-phosphate Нехозе monophosphate و‎ ОР 643-13-0 260.135 vs 0 
5473 Fucoxanthin CoH; 0; 3351-86-8 658.905 red pl (eth) 168 vs eth, EtOH 
hex pl (dil 
al) 
5474 Fulminic acid Carbyloxime CHNO 506-85-4 43.025 unstable in S eth 
pure form 
5475 Fulvene C.H; 497-20-1 78.112 7% 0.8241? 1.4920? іН,0; 5 bz, chl 
5476 Fumaric acid trans-2-Butenedioic acid СНО, 110-17-8 116.073  nd,mclpror 287 дес Sub 165 1.63520 sl H,0, eth, ace; 
If (w) S EtOH, con 
sul 
5477 Fumigatin 3-Hydroxy-2-methoxy-5- ШІЛ 484-89-09 168148 brndorpl 116 vs ace, bz, eth, 
methyl-2,5-cyclohexadiene- (peth) EtOH 
1,4-dione 
5478 Furan Oxacyclopentadiene C,H,0 110-00-9 68.074 liq -85.61 315 0.9514? 1.4214? <ІН,0, chl; vs 
EtOH, eth; s 
ace, bz 
5479 2-Furanacetic acid C4 HO, 2745-26-8 26.110 Крећ) 68.5 10204 s Н,0, bz, 
eOH, рей 
5480 2-Furancarbonitrile CHNO 617-90-3 93.084 147 1.082220 1.4798? 5 EtOH, eth 
5481 2-Furancarbonyl chloride С-Н;010, 527-69-5 30.530 0 -10 173 13245 1.531022 i H,0; seth, chl; 
sl cic 
5482 3-Furancarboxaldehyde C: H,0, 498-60-2 96.085 145; 718 1.110% 149452 
5483 2-Furancarboxylic acid 2-Furoic acid C; H,0; 88-14-2 12.084 те пог! 133.5 231 S H50, EtOH; vs 
(w) eth; sl ace 
5484 3-Furancarboxylic acid С-Н,0, 488-93-7 12.084 па (w) 122.5 sub 105 SI Њ0; s EtOH, 
AcOEt; vs eth 
5485 2,5-Furandicarboxylic acid Dehydromucic acid СНО, 3238-40-2 56.093 nd (w), If (al) 342 sub 1.740020 sl H,0, EtOH 
5486 2-Furanmethanamine Furfurylamine C.H,NO 617-89-0 97.116 45.5 1.0995? 1.4908? msc H,0, EtOH; 
S eth, chl 
5487 2-Furanmethanediol diacetate Сан 05 613-75-2 98.172  ndorpl(eth- 53.3 220 vs bz, eth, EtOH 
peth) 
5488 2-Furanmethanethiol C:H,0S 98-02-2 14.166 57 1.13192 1.532922 i H,0; sl chl 
5489 2-Furanmethanol acetate C;H,0; 623-17-6 40.137 79 111750 1.4327? i H,0; s EtOH, 
eth 
5490 4-(2-Furanyl)-2-butanone Сан 0; 699-17-2 38.164 oil 203 1.0361? 67 
5491 4-(2-Furanyl)-3-buten-2-one CH,O; 623-15-4 36.149 39.5 dec 229; 11310 1.049657 15/885 i H,0; vs EtOH, 
eth, chl; s peth 
5492 1-(2-Furanyl)ethanone Сенг О; 1192-62-7 10.111 — cry (lig) 33 15 1.09820 50170 i H,0; s EtOH, 
eth 
5493 2-Furanylmethyl pentanoate Furfuryl valerate Сану 05 36701-01-6 76 228; 82! 1.028420 уз ей, НОН 
5494 3-(2-Furanyl)-1-phenyl-2-propen- СН 717-21-5 98.217 47 317 1.114020 $ EtOH, eth 
1-one 
5495 1-(2-Furanyl)-1-propanone Са; 3194-15-8 24138 cry 28 88" 1.062628 1.49225 s eth; sl ctc 
5496 1-(2-Furanyl)-2-propanone 2-Furfuryl methyl ketone СНО, 6975-60-6 24.138 29 179.5 110429 1.503520 
5497 3-(2-Furanyl)-2-propenal СНО 623-30-3 22.122 54 13514 i H0; msc 
EtOH; s eth; sl 
chl 
5498 3-(2-Furanyl)-2-propenenitrile 2-Furanacrylonitrile СНО 7187-01-1 19.121 38 96 1.58245 vs tol 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
5499 3-(2-Furanyl)-2-propenoic acid 2-Furanacrylic acid C;H,0,; 539-47-9 138121 па (м) 141 286 vs eth, EtOH 
5500 Furazolidone 3-[((5-Nitro-2-furanyl) Сану МО; 67-45-8 225.159 255 
methylene]amino]-2- 
oxazolidinone 
5501 Furethidine Cj H4 NO, 2385-81-1 361.476 28 21005 1.52197 
5502 Furfural 2-Furaldehyde СНО, 98-01-1 96.085 iq -38.1 161.7 1.159420 1.526122 s H,0, bz, chl; 
vs НОН, ace; 
msc eth 
5503 Furfuryl alcohol 2-Furanmethanol СНО, 98-00-0 98.101  colyeliq — -146 171 11296? 1.4869? msc H;0; vs 
EtOH, eth; s 
ch 
5504 Furfuryl propanoate 2-Furanmethanol, propanoate _ САН 0; 623-19-8 154.163 195 1.108520 SI Њ0; s EtOH, 
ace; msc eth 
5505 Furoin 1,2-Di-2-furanyl-2- Слао, 552-86-3 192.169 nd (al) 138.5 SI HO, EtOH, 
hydroxyethanone chl; s eth, 
еон 
5506 Furonazide С و‎ N40; 3460-67-1 229.234 202.3 
5507 Furosemide CioH,CIN)O;S 54-31-9 330.743 204 dec 
5508 Fursultiamine C; Ho N,0,S; 804-30-8 398.543 col pr 132 dec 129 51 0 
5509 Furylfuramide, (E) 2-(2-Furanyl)-3-(5-nitro-2- С,,Н,М,0, 18819-45-9 248.192 су 154 
furanyl)-2-propenamide 
5510 Fusarenon X Ci; Ho 0s 23255-69-8 354352 су 182 
5511 Galactaric acid Mucic acid C. Hi 0s 526-99-8 210.138 pr (w) 255 dec 
5512 Galactitol Dulcose C; H0; 608-66-2 82.171 cry (dil 189.5 271 1.4720 S Њ0; sl EtOH, 
Me0H) py; i eth, bz 
5513 D-Galactonic acid, y-lactone Са 05 2782-07-2 78.139 па(м+1), па 112 vs 0 
(al) 
5514 a-D-Galactopyranose (51,506 3646-73-9 80.155 167 
5515 4-0-B-D-Galactopyranosyl- D- Lactobionic acid СО 96-82-2 358.296 syr vs H,0; sl ОН, 
gluconic acid eOH, HOAc; 
i eth 
5516 D-Galactose C; H;0; 59-23-4 80.155  plorpr(al)pr 0 vs H,0; sl EtOH; 
or nd (w+1) i eth, bz; s ру 
5517 D-Galacturonic acid C; H40; 685-73-4 94.139 па (м) 166 (В) s НО, EtOH; i 
ећ 
5518 Galanthamine Lycoremine CH NO; 357-70-0 287.354 cry (bz) 126.5 vs ace, НОН 
ch 
5519 Galipine 2-[2-(3,4-Dimethoxyphenyl) СН NO, 525-68-8 323.386 рг (al, eth) 115.5 vs ace, bz, eth, 
ethyl]-4-methoxyquinoline nd (peth) EtOH 
5520 Gallamine triethiodide Cac HaglN; 0, 65-29-2 891.528 147.5 vs Н,0, EtOH; 51 
eth, ace, bz, 
ch 
5521 Gallein CogH 05 2103-64-2 332.306 br-red pow >300 vs ace, EtOH 
(41.5) red 
(anh) 
5522 Ganciclovir СМО, 82410-32-0 255.231 cry (MeOH) 250 dec 
5523 Gardol Ci H;,NNaO, 137-16-6 293.378 51 Н,0 
5524 Gelsemine CH; МО 509-15-9 322.401 cry (ace) 178 vs ace, bz, eth, 
EtOH 
5525 Gelsemine, monohydrochloride Со а СМО; 35306-33-3 358.862 326 S ЊО; sl EtOH 
5526 Genistein 5,7-Dihydroxy-3-(4- С 1,0, 446-12-0 270.237 па(ећ), 301 дес 
һуагохурһелуі)-4Н-1- pr(dil al) 
benzopyran-4-one 
5527 26 6-0-p-D-Glucopyranosyl- D- СО 554-91-6 342.296 cry (EtOH) 192 s hot H,0, hot 
glucose MeOH 
5528 frans-Geraniol Ci H0 106-24-1 154.249 <5 230 0.8894? 1.4766? ІН,0; s EtOH, 
eth, ace, chl 
5529 Geranyl 2-methylpropanoate C H, 0, 2345-26-8 224340 13613 089975 1.4576? 
5530 Geranyl acetate Су 0; 16409-44-2 196.286 115? 0.916315 1.462420 
5531 Germine 8 و‎ NO; 508-65-6 509.632 pror cry 220 S bz, MeOH, alk, 
(MeOH) acid 
5532 Gibberellic acid Ci А Об 77-06-5 346.374 cry (EtOAc) 234 vs асе, EtOH, 
еон 
5533 Gitoxigenin C. H, 0; 545-26-6 390.513 рг(АсОЕ)рг 234 i H5O; sl eth; s 
(+w, dil al) ch 
5534 Gitoxin 971707) 4562-36-1 780939 pr (chl- 285 dec 
Me0H) 
5535 d-Glaucine CH; NO, 475-81-0 355.429 pl, pr (ей, 120 vs ace, EtOH, 
AcOEt) ch 
5536 D-Glucaric acid D-Tetrahydroxyadipic acid С.Н оба 87-73-0 210.138 па (45% al) 125.5 vs HO, EtOH; sl 
eth, chl 
5537 D-Glucitol Sorbitol C; H0; 50-70-4 182171 nd (w 111 29535 1.4890 1.3330? vs ЊО, ace 
5538 D-Glucitol, hexaacetate Sorbitol hexaacetate Cas Hos 0,5 7208-47-1 434.392 рг (м) 100.8 1.3020 SI Н,0, eth; vs 
EtOH; s chl, 
AcOEt 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
5539 D-Gluconic acid Сен 0; 526-95-4 196.155  nd(al-eth) 131 S HO; sl EtOH; 
i eth, bz 
5540 p-D-Glucopyranose ملا‎ 492-61-5 180.155 cry (hot 149 
EtOH) 
5541 6-0-a-D-Glucopyranosyl- D- Palatinose СО 13718-94-0 342296 s Н,0 
fructose 
5542 2-(B-D-Glucopyranosyloxy) Helicin Ci H, 0; 618-65-5 284262 па (w) 175 vs Н,0, EtOH 
benzaldehyde 
5543 7-(B-D-Glucopyranosyloxy)-2H- ۹ C4 Нов 93-39-0 324.283 cry(w+1) 220 S Њ0, EtOH; i 
1-benzopyran-2-one eth, chl 
5544 2-(B-D-Glucopyranosyloxy)-2- Linamarin C4 NO; 554-35-8 247245 па (м, а) 145 VS ace 
methylpropanenitrile 
5545 1-[4-(B-D-Glucopyranosyloxy) Picein С.Н. 0; 530-14-3 298.289 nd(w+1),nd 1955 SI H,O; 8 EtOH, 
phenylJethanone (MeOH) eth, НОАс; i 
ch 
5546 o-D-Glucose C.H 120, 26655-34-5 180.155 146 dec 1.562078 vs H,0; sl EtOH; 
i ace, AcOEt; 5 
ру 
5547 o-D-Glucose pentaacetate С, 150 604-68-2 390.339 pl or nd (al) 3 sub 51 HO, EtOH, 
CS, s eth, chl, 
HOAc 
5548 B-D-Glucose pentaacetate МҮЛІП 604-69-3 390.339 па (al) 134 sub 1.274020 i H50; 51 EtOH, 
peth, eth; s bz; 
msc chl 
5549 a-D-Glucose 1-phosphate СеН.05Р 59-56-3 260.135 vs H,0 
5550 D-Glucuronic acid CIH, 0; 6556-12-3 94.139 па (al) 165 vs Н,0, EtOH 
5551 D-Glucuronic acid ү-!асїопе D-Glucuronolactone ولا‎ 32449-92-6 176.124 mcl pl (w) 5 1.76? S H50; sl EtOH, 
cry (al) DMSO, 
eOH; i bz 
5552 DL-Glutamic acid CsHyNO, 617-65-2 47.130 orth (alw) 199 dec 1.46017 sl Н,0, eth; i 
EtOH, CS,, lig 
5553 D-Glutamic acid CHNO, 6893-26-1 47130 If (w) 213 dec 1.53820 SI Н,0; i EtOH, 
eth, ace, bz, 
HOAc, MeOH 
5554 L-Glutamic acid (S)-2-Aminopentanedioic acid CH NO, 56-86-0 47.130 orth (dil al) 160 дес sub 175 1.53820 sl Н,0 
5555 L-Glutamic acid, hydrochloride ШЕШІ) 138-15-8 83.591 orth pl (w) 214 дес vs H,0, EtOH 
5556 L-Glutamine 2-Aminoglutaramic acid СНО 56-85-9 46.144 nd (w, dil al) 185 dec S НО; i EtOH, 
eth, bz, MeOH 
5557 Glutaric acid Pentanedioic acid C; HO, 110-94-1 32.116 па (bz) 97.8 dec 303 14295 1,41881% vs Н,0, EtOH, 
eth; i bz; s chl 
lig 
5558 Glutathione L-y-Glutamyl-L-cysteinylglycine 65 70-18-8 307.323 cry (50% al) 195 vs Н,0 i EtOH, 
eth; s DMF 
5559 Glutathione disulfide L-y-Glutamyl-L-cysteinylglycine СыН№0.›5  27025-41-8 612.631 сту (КОН 179 
disulfide aq) 
5560 Glutethimide Ci H, NO; 77-21-4 217.264 cry (eth) 84 i НО; s EtOH; 
vs eth, ace 
5561 Glycero 1,2,3-Propanetriol ЗІП 56-81-5 92.094  syrorthpl 18.1 290 1.2613? 1.4746? msc Н,0, EtOH; 
sl eth; i bz, ctc, 
chl 
5562 Glycerol 1-acetate, (DL) 1,2,3-Propanetriol 1-acetate, (+) CH, 90, 93713-40-7 134131 15819, 1303 1.206020 1.415722 H,0, EtOH; sl 
eth; i bz 
5563 Glycerol 1-butanoate СНО, 557-25-5 162.184 280; 11710 1.12918 44531? үѕ ЊО, EtOH 
5564 Glycerol 1,3-dinitrate 1,2,3-Propanetriol, 1,3-dinitrate C.H,N,0; 623-87-0 182.089 pr(w) cry 26 1485, 11608 1.52320 4715 ма Н,0, eth 
(eth) EtOH 
5565 Glycerol 1,3-di-9-octadecenoate, Сад 05 2465-32-9 620.986 сту (eth/ 50.1 
Cis, Cis НОН) 
5566 Glycerol 1-oleate 1-Monoolein СА 0, 111-03-5 356.541 ام‎ (al) 35 23% 0.9420? 1.4626? ІН,0; s EtOH, 
eth, chl 
5567 L-Glycerol 1-phosphate ac-Glycerophosphoric acid "لال‎ 5746-57-6 172.073 syr dec dec H,0 
5568 Glycerol tridecanoate Decanoic acid glycerol triester С.Ң;0; 621-71-6 554841 cry (peth) 32 
5569 Glycerol trielaidate rielaidin Cs7H10406 537-39-3 885.432 vs bz, eth, chl 
5570 Glycerol trilaurate rilaurin Сану О; 538-24-9 639.001 па (al) 0.898655 — 1.44049 i H,0; s EtOH, 
eth, peth; vs 
ace, bz 
5571 Glycerol tri-3-methylbutanoate riisovalerin Cig 305 620-63-3 344.443 332.5 0.9984? 1.435422 vs eth, EtOH 
5572 Glycerol trioleate riolein Cs; Hio 0g 122-22-1 885.432 col-yeoil -4 2378 0.91515 46765 i H,0; 51 EtOH; 
vs eth; s chl, 
peth 
5573 Glycerol tripalmitate ripalmitin Ca H; 0; 555-44-2 807.320 nd (eth) 66.5 315 0.875270 1.43819 ІН,0; sl EtOH; 
vs eth; s bz, 
chl 
5574 Glycerol tristearate ristearin Cs7H11006 555-43-1 891.479 0.8559% 1.43959 i H,0, EtOH; sl 
bz, ctc; s ace, 
chl 
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No. Name Synonym Mol. Form. CASRN Wr. Form тр/°б bp/'C gem? л, Solubility 
5575 Glycerol tritetradecanoate Trimyristin Са На Об 555-45-3 723.161 wh-yesolid 5 311 0.8848 1.442880 ІН,0; sl EtOH, 
lig; s eth, ace, 
bz 
5576 Glycerone phosphate 1-Hydroxy-3-(phosphonooxy)- — C.H;0;P 57-04-5 70.058 dec H,0 
2-ргорапопе 
5577 Glycine Aminoacetic acid CoH;N0; 56-40-6 75.067 mclortrgpr 290 dec 11612 vs H,0; i EtOH, 
(dil al) eth; $1 ace, py 
5578 Glycine, ethyl ester, hydrochloride  Ethyl aminoacetate САН CIN0; 623-33-6 39.581 144 vs Н,0, ЕЮН 
hydrochloride 
5579 Glycine, hydrochloride C;H;CINO; 6000-43-7 11.528 hygorthnd 2005 vs 0 
(м) 
5580 Glycocholic acid CogHysNOg 475-31-0 465.622 па (w) 166.5 sl Н,0, eth; vs 
EtOH 
5581 Glycocyamine C3H;N30> 352-97-6 17107 ріогпа (м) 282 51 HO, EtOH, 
eth 
5582 Glycogen 0Н,05), 9005-79-2 62.140 wh pow vs H,0; i EtOH, 
eth 
5583 Glycolaldehyde C;H,0, 41-46-8 60.052 ام‎ 97 13660 14772? sch 
5584 Glycolic acid C;H,0; 79-14-1 76.051 orthnd(w)If 79.5 100 S Н,0, EtOH, eth 
(eth) 
5585 N-Glycolylneuraminic acid N-(Hydroxyacetyl)neuraminic C4 Hg NO; 113-83-3 325.270 186 
acid 
5586 Glycopyrrolate Ci Ha BrNO, 596-51-0 398.334 192.5 
5587 Glycylalanine N-Alanylglycine СН М0; 188-01-8 46.144 237 дес $ НО; i EtOH, 
eth 
5588 L-Glycylasparagine СН. №04 999-33-3 89.169 па (EtOH aq) 216 $ Н,0; sl EtOH 
5589 N-Glycylglycine 2-(Aminoacetamido)acetic acid С,Н,М,0, 556-50-3 32.118 263 dec $ Н,0 
5590 N-(N-Glycylglycyl)glycine СН. №04 556-33-2 89.169 па (dil al) 246 дес S H,0; i EtOH, 
eth 
5591 M-Glyoyl-L-leucine CIH, N50; 869-19-2 88.224 pl (dil al) pl 256 dec vs H,0; i EtOH 
(dil al) 
5592 N-Glycyl-L-phenylalanine C4 Hu N,0, 3321-03-7 222.240 266 s Н,0 
5593 N-Glycylserine, (DL) СНО 687-38-7 62.144 198 dec 
5594 Glycyrrhizic acid СНО: 405-86-35 822.931 7 220 дес vs H0, EtOH; | 
(НОАс) ећ 
5595 Glyodin 1H-Imidazole, 2-heptadecyl-4,5- С.Н,4М0, 556-22-9 368.596 1.03520 
dihydro-, monoacetate 
5596 Glyoxal C;H,0, 07-22-2 58.006 ye pr 15 50.4 1.142 1.3826 уз ЊО; $ EtOH, 
eth 
5597 Glyoxal bis(2-hydroxyanil) 2,2--Benzoxazoline ٢ و‎ О; 149-16-2 240.257 202 s DMSO 
5598 Glyoxylic acid С›Н;0; 298-12-4 74035 orthpr(w+1/ 98 vs H,0; sl EtOH, 
2) eth, bz 
5599 Glyphosate Glycine, V-(phosphonomethyl)- C,H,N0,P 071-83-6 4 230 dec 
5600 Glyphosate isopropylamine salt СМОР 38641-94-0 228183 су vs H,0 
5601 Glyphosine Glycine, ۳ C,H,,NO,P, 2439-99-8 263.080 wh cry $ Њ0 
bis(phosphonomethyl)- 
5602 Grayanotoxin | C; Ha; 4720-09-6 412517 cry (AcOEt/ 8 
C; Hi) 
5603 Griseofulvin, (+) C47H,7C105 26-07-8 352.766 осі огой 0 i H,0; 51 EtOH, 
cry (bz eth, ace, bz, 
AcOEt, chl 
5604 Guaiol C, H40 489-86-1 222.366 trgpr(a) 91 dec 288: 165" 0.90749 1.47161 160; $ EtOH, 
eth 
5605 Guanabenz ЛЕЙ? 5051-62-7 231083 wh solid 228 dec 
5606 Guanadrel sulfate (2:1) Соб о №085 22195-34-2 524632 cry (MeOH/ 214 
EtOH) 
5607 Guanethidine СНМ 55-65-2 198.309 wh cry 226 
(MeOH) 
5608 Guanidine Aminomethanamidine СНМ; 113-00-8 59071 су 50 vs Н,0, EtOH 
5609 Guanidine monohydrochloride CH,CIN, 50-01-1 95.532 orth bipym 3 1.35470 vs H,0, EtOH 
(al) 
5610 Guanidine mononitrate CH,N,O, 506-93-4 122.084 f (w) 217 dec vs H,0, EtOH 
5611 Guanidine, sulfate (2:1) CH, N,0,S 594-14-9 216.219 292 dec 
5612 2-Guanidinoethanesulfonic acid Taurocyamine C H N,0.S 543-18-0 167.186 су (КОН, 227 
асе) 
5613 3-Guanidinopropanoic acid N-Amidino-B-alanine Сан МО; 353-09-3 131.133 cry (EtOH) 210 
5614 Guanine СНО 73-40-5 151.127 па or pl (ад 360 dec sub 160, HOAc; sl 
NHj) EtOH, eth; s 
alk, acid 
5615 Guanosine 2-Amino-1,9-dihydro-9-B-D- ^ Сон О, 118-00-3 283.241 па (w) 239 dec sl B,0; i EtOH, 
ribofuranosyl-6 H-purin-6-one eth; vs 6 
5616 Guanosine 5"-diphosphate Guanosine 5’-(trinydrogen Са ОР; 146-91-8 443.201 атогр solid 
diphosphate) 
5617 Guanosine 5'-топорћозрћаје 5-Guanylic acid С.Н. « №5 ОР 85-32-5 363.221 hyg cry 190 dec sl Н,0 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7 5618 Guanosine 5-monophosphate, __ 5-Guanylicacid, disodium salt CyH;N,Na,O,P 5550129 40718 — dde уш ات‎ 
disodium salt 
5619 Guinea Green B C.I. Acid Green 3 C.H, N)Na0,S, 4680-78-8 690.803 dk grn pow S НО; sl EtOH 
5620 D-Gulose СЕН 0 4205-23-6 80.155 syr dec vs Н,0 
5621 L-Gulose C.H D, 6027-89-0 80.155  syr dec vs H,0 
5622 Haloperidol CAHACIFNO, — 52-86-8 375.865 151.5 
5623 Harmaline 4,9-Dihydro-7-methoxy-1- C H,,N,0 304-21-2 214262 tab (MeOH) 230 sl Н,0, EtOH, 
methyl-3/7-pyrido[3,4-b]indole orth pr (al) eth; s chl, py 
5624 Harman 1-Methyl-9/-pyrido[3,4-b] Ci; Но 486-84-0 82.220 blflrorthcry 236.5 
indole (hp 
5625 Harmine T-Methoxy-1-methyl-9 H- САО 442-51-3 212246 orth (al), рг 273 sub 5160, chl, 
pyrido[3,4-b]indole (MeOH) EtOH, eth; s py 
5626 HC Blue No. 1 СНО, 2784-94-3 255.271 blk cry 100 
5627 HC Blue Мо. 2 Со و‎ ٧٢ 33229-34-4 285.296 dk bl-blk cry 110 
5628 Hectane CrogHoo 6703-98-6 1404.67 117 
5629 Hederagenin Cas Ha 04 465-99-6 472.700 pr (al) 333 
5630 Helenalin Cic Hi, 6754-13-8 262302 cry (EtOH) 226 51 Н,0; s EtOH, 
ch 
5631 Helminthosporal C А 0; 723-61-5 234.335 58 117005 
5632 Helvolic acid СаНаОа 29400-42-8 568697 nd (dil 212 dec 51 Н,0, EtOH; s 
HOAc) eth, ace, bz, 
diox 
5633 Hematein C, Hi 0s 475-25-2 300.262  red-brcry 250 dec i HO, eth, bz, 
chl; sl EtOH, 
НОАс 
5634 Hematin C. و‎ FeN,0s 5489-90-4 633495 brpow (py) >200 i B,0, eth; s 
EtOH, alk; sl 
py, HOAc 
5635 Hematoporphyrin C و‎ М,0, 4459-29-1 598.689 deep red cry 1725 ІН,0;5 EtOH; sl 
eth, chl 
5636 Hematoxylin Ci H, 05 517-28-2 302.278 ув cry 140 51 H0, eth; s 
alk, EtOH 
5637 Hemin См АС Рем,О, 16009-13-5 651.941 long blades >300 
(0! НОАс) 
5638 Heneicosane m 629-94-7 296.574 сту (м) 40.01 356.5 0.7919? 1.444122 i H0; sl EtOH; 
S peth 
5639 Hentriacontane Untriacontane C Hg. 630-04-6 436.840 If (AcOEt) 67.9 458 0.7818 — 1.42789 sI EtOH, eth, bz, 
chl; s peth 
5640 Heptachlor C4 H«CI; 76-44-8 373.318 wh cry 95.5 1.579 vs bz, eth, EtOH, 
19 
5641 Heptachlor epoxide C49 H&CI;O 1024-57-3 389.317 160 
5642 2,2,3,3,4,4,6- АСЫН 52663-71-5 395.323 су 117.5 1Н,0 
Heptachlorobiphenyl 
5643 1,1,1,2,3,3,3-Heptachloropropane CHCl; 3849-33-0 285211 11 249 1.7921% 1.542721 vs chl 
5644 Heptacontane Ci Ho 7719-93-9 6 107 647 
7 5645 Hepacosane ________-__-_ Сл 593497 380734 cy(,b)l 5923 42 077960 143455 ІН,0, EtOH; si 
(AcOEt) eth 
5646 Heptadecanal Margaric aldehyde C,;H40 629-90-3 254451 nd ЙГ 36 204% vs bz, eth 
cry (al 
5647 1-Heptadecanamine Ci; HN 4200-95-7 255.483 49 336 0.851020 1.4510? i H,0; s EtOH, 
eth 
5648 Heptadecane Ci Has 629-78-7 240468 7 22.0 302.0 0.7780? — 1.4369? — 160; 51 EtOH, 
ctc; s eth 
5649 Heptadecanenitrile Сам 5399-02-0 251.451 cry (al) 34 349 0.831520 1.446722 i H,0; 51 EtOH, 
chl; vs eth 
5650 Heptadecanoic acid Margaric acid Ci Ha 0; 506-12-7 270.451 pl (peth) 61.3 22710 0.853299 1.434280 i H,0; 51 EtOH; 
S eth, ace, bz, 
chl 
5651 1-Heptadecanol Магдагу! alcohol CH, 0 1454-85-9 256467 (А cry 5339 324 0.847520 1620; 8 EtOH, 
(ace eth 
5652 2-Нерадесапопе Pentadecyl methyl ketone Сао 2922-51-2 254.451 рата) 48 320 0.8049% i H50; 51 EtOH; 
S ace, peth; vs 
bz, eth 
5653 9-Heptadecanone Санио 540-08-9 254.451 pl(MeOH) 53 251.5; 14215 6 5 id 5 
еон 
5654 1-Heptadecene Hexahydroaplotaxene Баћа 6765-39-5 238452 15 300 0.785220 1.443220 160; vs eth; s 
bz; msc lig 
5655 Heptadecylbenzene 1-Phenylheptadecane Callas 14752-75-1 316.564 32 397 0.8546? 1.481020 
5656 trans, trans-2,4-Heptadienal C;H40 4313-03-5 110.153 845 08815 1.5315? 
5657 1,6-Heptadiene C; Hi 30/0539 96170 liq 90 
5658 1,6-Heptadiyne CH; 2396-63-6 92.139 liq -85 112 081647 7 ШЫ 
HOAc 
5659 Heptafluorobutanoic acid C,HF,0, 375-22-4 214.039 liq -17.5 121 16519 12955  sHj,eth tol; i 


peth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
5660 Heptafluorobutanoic anhydride CaF 440, 336-59-4 410.062 11 -43 106.5 1.6650 1.28520 
5661 2,2,3,3,4,4,4-Heptafluoro-1- C H.F,0 375-01-9 200.055 9 16000 1.294 5 EtOH, ace 
butanol 
5662 Heptafluorobutanoy! chloride C,CIF,0 375-16-6 232.484 38.5 1.5520 1.28820 
dimethyl-3,5-octanedione 
5664 Heptafluoro-2-iodopropane Perfluoroisopropyl 6 اون‎ 677-69-0 295.925 38 1.329820 
5665 1,1,1,2,3,3,3-Heptafluoropropane Refrigerant 227ea C; HF, 431-89-0 70.029 col gas -131 -16.4 
5666 2,2,4,4,6,8,8-Нергате ћу! попапе CigHsy 4390-04-9 226.441 246.3 
5667 1,1,1,3,5,5,5- CH, 0,Si; 873-88-7 222.506 42 0.8194? 1.381820 
Heptamethyltrisiloxane 
5668 Нерїапа! Heptaldehyde CH, 0 11-71-7 14485 liq -43.4 52.8 0.81325 1.41139 s ЫН ctc; msc 
EtOH, eth 
5669 Heptanal oxime Enanthaldoxime C;H,4NO 629-31-2 29.200 pl (al) 575 95 0.85839 1.421020  s| H,0; $ EtOH, 
eth 
5670 2-Heptanamine Tuaminoheptane СН 23-82-0 15.217 42 0.766519 14199? 5ІН,0, chl; s 
EtOH, eth, peth 
5671 4-Heptanamine C;Hi; 6751-59-0 115217 39.5 0.76720 41722 
5672 Heptane C; His 42-82-5 00.202 liq -90.55 984 0.67955 1.38552 |Н,0; vs ОН, 
msc eth, bz, 
chl; s ctc 
5673 1,7-Heptanediamine C; HN, 646-19-5 30.231 25.32 224 S EtOH, eth, ace 
5674 Heptanedinitrile CHiN 646-20-8 22.167 -31.4 1554 0.9498 44722 i H,0; msc 
НОН, eth, chl 
5675 Heptanedioic acid Pimelic acid СНО, 111-16-0 60.168 рг (w) 106 27210, 2120 1.32915 S Н,0, EtOH, 
eth; i bz 
5676 1,7-Heptanediol C; H0; 629-30-1 32.201 225 262 0.95695 — 1.45205 уз eth, EtOH 
5677 2,3-Heptanedione Acetyl valeryl C; H0, 96-04-8 28.169 44; 5 0.9197 415018 
5678 3,5-Heptanedione Dipropionylmethane (-Н,,0, 7424-54-6 28.169 75; 79% 0.94520 
5679 Heptanedioyl dichloride СН 61,0; 142-79-0 97.059 375 
5680 Heptanenitrile СН 629-08-3 11.185 liq -64 83; 719 081060 1.41043 6 
bz, НОАс 
5681 1-Heptanethiol Heptyl mercaptan C; H5 1639-09-4 32267 0 -43 76.9 0.842722 1.4521? i H,0; msc 
НОН, eth; s 
ch 
5682 2,4,6-Heptanetrione C;H, 0, 626-53-9 42152 | 49 210 1.0599% 1.493022 уз НО, eth, 
EtOH 
5683 Heptanoic acid Enanthic acid C; H0, 111-14-8 30.185 0 -717 2222 0.91245 1.4170? 51 H,0, ctc; s 
EtOH, eth, ace 
5684 Heptanoic anhydride Cu И 0; 626-27-7 242.354 liq -124 269.5 0.9321? 1.43355 ІН,0; s EtOH, 
eth 
5685 1-Heptanol Heptyl alcohol CH, 0 111-70-6 16.201 lig -332 76.45 0.8219? 1.424922  s| H;0, ctc; msc 
EtOH, eth 
5686 2-Heptanol, (+) CH, 0 52390-72-4 116.201 59 0.816720 142109 5 HO, tc, S 
EtOH, eth 
5687 3-Heptanol, (5) CH, 0 26549-25-7 116201 liq -70 57; 6618 0.82279 1.42012 5 vn ctc; 5 
EtOH, eth 
5688 4-Heptanol Dipropylcarbinol СНО 589-55-9 16.201 lig -41.2 56 0.818320 1.4205?  s| H,0; $ EtOH, 
eth 
5689 2-Heptanone Methyl pentyl ketone С/Н,0 110-43-0 14.185 Па -35 51.05 0.8111? 1.4088? уз H0; s ОН, 
eth 
5690 3-Heptanone Ethyl butyl ketone C;H,0 106-35-4 14185 0 -39 47 0.8183? 1.405722 5 n ctc; msc 
EtOH, eth 
5691 4-Heptanone Dipropyl ketone CH, 0 123-19-3 14.185 liq -33 44 0.8174? 1.4069? i H,0; msc 
НОН, eth; s 
cic 
5692 Heptanoyl chloride СН, 3010 2528-61-2 48.630 Па -83.8 25.2 0.9590? 1.43458 s eth; sl ctc; vs 
19 
5693 2-Нерїепа! Butylacrolein C7H,0 2463-63-0 12.169 66 0.8647 44687 
5694 1-Неріепе C; Hi 592-76-7 98.186 liq -118.9 93.64 0.69707? 1.3998? i H,0; $ EtOH, 
eth; sl ctc 
5695 сіѕ-2-Неріепе C; Hi 6443-92-1 98.186 984 0.70820 406? 1Њ0; s EtOH, 
eth, ace, bz, 
chl; sl ctc 
5696 frans-2-Heptene C; Hi 14686-13-6 98.186 liq -109.5 98 0.7012? 14045® i H0; s EtOH, 
eth, ace, bz, 
peth, ch 
5697 cis-3-Heptene C; Hi 7642-10-6 98.1866 liq -136.6 95.8 0.703029 1.4059? i H,0; s EtOH, 
eth, ace, bz, 
peth, ch 
5698 frans-3-Heptene C; Hi 14686-14-7 98.186 liq -136.6 95.7 0.6981? 1.404322 160; s EtOH, 
eth, ace, bz, 
chl; sl ctc 
5699 6-Heptenoic acid C; H0; 1119-60-4 128.169 liq -6.5 226 0.9515 1.44044 
5700 1-Hepten-4-ol C;H,0 3521-91-3 114.185 152.1 0.838422 1.434720 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
5701 trans-2-Hepten-1-ol C;H,0 33467-76-4 114485 178; 7510 0.8516® 1.4460? $ EtOH, ace 
5702 Неру acetate C, H 0, 112-06-1 58.238 0 -50.2 193 087505 1.4150? i H0; s EtOH, 
eth, ctc 
5703 Heptylamine 1-Heptanamine НЕМ 111-68-2 15.217 liq -18 156 0.77542 1.425120  sIH,O, chl; msc 
EtOH, eth 
5704 Heptylbenzene С.Н» 1078-71-3 76.298 liq -48 240; 10970 0.8567? 1.4865? H,0; 5 bz, chl 
5705 Неру! butanoate C4 Ho0; 5870-93-9 86.292 liq -57.5 225.8 0.86377? 1.4231? vs EtOH 
5706 Heptylcyclohexane С.Н 5617-41-4 82.345 liq -30 244 0.810922 1.448420 
5707 Heptylcyclopentane Сон, 5617-42-5 68.319 Па -53 224 0.8010? — 1.4421? vs ace, bz, eth, 
EtOH 
5708 5-Heptyldihydro-2(3H)-furanone — 4-Hydroxyundecanoic acid С 104-67-6 84.276 286 0.949420 1451220 vs EtOH 
lactone 
5709 Неру! formate Сан 0» 112-23-2 44.212 1781 0.878420 14140? ІН,0; msc 
EtOH, eth 
5710 Heptyl pentanoate Ci Hj 0, 5451-80-90 200.318 ٩ -46.4 245.2 0.8623? 142545 vs ace, eth, 
EtOH 
5711 6-Heptyltetrahydro-2H-pyran-2-  5-Dodecanolide СА об 713-95-1 98.302 liq -12 101°® 
опе 
5712 1-Heptyne СН» 628-71-7 96.170 — liq -81 99.7 0.7328? 1.408722 <ІН,0; msc 
EtOH, eth; s 
bz, chl, peth 
5713 2-Heptyne 1-Methyl-2-butylacetylene СІН, 1119-65-9 96.170 112 0.744% 42302 i H,0; msc 
EtOH, eth; s 
bz, chl, peth 
5714 3-Heptyne 1-Ethyl-2-propylacetylene Со 2586-89-2 96170 liq -130.5 107.2 073365 1.4189? i H,0; msc 
EtOH, eth; s 
bz, chl, peth 
5715 Hesperetin СНО; 520-33-2 302278 pl (dilal+1/ 227.5 sub 205 vs eth, EtOH 
2 w) 
5716 Hesperidin C Ha 520-26-3 610561 wh nd (dil 2 vs py, EtOH, 
MeOH, HOAc 
НОАс) 
5717 Hexabromobenzene С,8г, 87-82-1 551.488 mcl nd (02) 327 i H50; 51 EtOH, 
eth; s bz, chl 
5718 2,2,4,4,5,2-Нехаһготорірһелуі C4; HjBrg 59080-40-9 627584 cry (ctc) 160 
5719 1,2,5,6,9,10- СНВ 3194-55-6 641.695 су 167 
Hexabromocyclododecane 
5720 Hexabromoethane ,الا‎ 594-73-0 503.445 orth pr (bz) dec 200 3.8203? 1.863 sl EtOH, eth, 
CS, 
5721 Hexabutyldistannoxane Bis(tributyltin) oxide CH. 0Sn; 56-35-9 596.105 45 1802 
5722 Нехасепе СН. 258-31-1 328.405  dkbl-grnery 380 sub i B,0, EtOH 
(sub) 
5723 Hexachloroacetone 0610 116-16-5 264.749 liq -1.0 203 1.74342 1.511220 51 H,0; s ace 
5724 Hexachlorobenzene Perchlorobenzene CCl, 118-74-1 284.782 па (sub) 228.83 325 2.0448 1.569122 i H,0; sl ОН, 
S eth, chl; vs 
bz 
5725 2,23,34,4-Hexachlorobiphenyl СНС 38380-07-3 360878 су 151 i H,0 
5726 2,2',4,4,6,6'-Hexachlorobiphenyl Со 33979-03-2 360878 су 112.5 i 0 
5727 2,23,36,6 -Hexachlorobiphenyl АЛЫ 38411-22-2 360.878 сту (hx) 114.2 1Н,0 
5728 2,2,4,4,5,5-Hexachlorobiphenyl Сун 35065-27-1 360.878 су 103.5 
5729 Hexachloro-1,3-butadiene CCl, 87-68-3 260.761 liq -21 215 1.5565 1.554220 i H,0; $ EtOH, 
eth 
5730 1,2,3,4,5,6- Lindane C H, Cl, 58-89-9 290.830 па (al) 112.5 3234 vs ace, bz 
Hexachlorocyclohexane, 
10,20,3p,40,50,6p 
5731 1,2,3,4,5,6- oc-Hexachlorocyclohexane C H, Ој 319-84-6 290.830 cry 158 
Hexachlorocyclohexane, 
10,20,30,4о,50,60 
5732 1,2,3,4,5,6- B-Hexachlorocyclohexane C H, Clg 319-85-7 290.830 — cry (bz, al, 60050 1.89" i H,0; 51 EtOH, 
Hexachlorocyclohexane, xyl) bz, chl, HOAc 
10,28,30,48,50,68 
5733 1,2,3,4,5,6- 6-Цпдапе C H, Cl, 319-86-8 290.830 pl 141.5 60036 
Hexachlorocyclohexane, 
10,20,30,4p,50,6p 
5734 Hexachloro-1,3-cyclopentadiene — Perchlorocyclopentadiene 0.0, 77-47-4 272.772 уе дт ћа -9 239; 4803 1.701925 1.565820 
5735 1,2,3,6,7,8-Hexachlorodibenzo- p- C 2H,Cl 0, 57653-85-7 390.861 су 285 
dioxin 
5736 1,2,3,7,8,9-Hexachlorodibenzo- p- С H;CI,O; 19408-74-3 390.861 сту 243 
dioxin 
5737 Hexachloroethane Perchloroethane УЛ 67-72-1 236.739 orth (а-ећ) 186.8 tp 184.7 sp 2.09120 i H,0; vs EtOH, 
eth; s bz; sl liq 
HF 
5738 Hexachlorophene C44 H;CI; 0; 70-30-4 406.904 nd (bz) 166.5 i H50; s EtOH, 
eth, ace, chl, 


dil alk 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
5739 Hexachloropropene С3С16 1888-71-7 248.750 liq -72.9 209.5 ./632? 1.509120 i H0; s ctc, chl 
5740 Hexacontane быз 7667-80-3 843.611 993 
5741 Нехасозапе (5504 630-01-3 366.707  mcl,tclor 561 412.2 0.778399 1.435760 vs bz, lig, ch 
orth (bz) 
cry (eth) 
5742 Hexacosanoic acid Cerotic acid C. H0; 506-46-7 396.690 88.5 0.81980 1430100 1620; vs EtOH, 
eth 
5743 1-Hexacosanol СНО 506-52-5 382.706 orth pl (dil 0 305? dec i Н,0; s EtOH, 
al) eth 
5744 Hexadecamethylheptasiloxane Cic Ha sS; 541-01-5 533.147 0 -78 270 0.9012? 1.3965? vs bz, lig 
5745 Hexadecanal C4 H0 629-80-1 240.424 pl(eth) nd 35 2007 i H,0; s EtOH, 
(peth) eth, ace, bz 
5746 Hexadecanamide Сл а МО 629-54-9 255439 |f 107 23612 1.00007 i H,0; 51 EtOH, 
bz, ace, eth 
5747 6 Cetane Cic Ha 544-76-3 226.441 If(HOAc) 18.12 286.86 0.77012 143295 i H50; sl EtOH; 
msc eth; s ctc 
5748 Hexadecanedioic acid و‎ ٢ 505-54-4 286.407 pl (al) 126.6 vs ace, НОН 
5749 Hexadecanenitrile C4 HN 629-79-8 237.424 hex 31 333 083030 1.4450? ІН,0; vs EtOH, 
eth, ace, bz, 
chl 
5750 1-Hexadecanethiol Cetyl mercaptan Ci H, S 2917-26-2 258506 cry (lig) 19 12505 i H5O; 51 EtOH, 
ctc; s eth 
5751 Hexadecanoic acid Palmitic acid Ci А 0; 57-10-3 256.424 nd (al) 62.5 351.5 0.85279? 1.433458 i H,0; $ EtOH, 
ace, bz; msc 
eth; vs chl 
5752 Hexadecanoic anhydride C3 H0; 623-65-4 494.832 If (peth) 64 0.83889 1.43648 vs eth 
5753 1-Hexadecanol Cetyl alcohol C4 H0 36653-82-4 242.440 fi (AcOEt) 492 312 0.81875 1.428379 i H,0; 51 EtOH; 
vs eth, bz, chl; 
S ace 
5754 3-Hexadecanone C, H0 18787-64-9 240424 |f (peth) 43 18477, 1402 s chl 
5755 Нехадесапоу! chloride Ca Ha CIO 112-67-4 274.869 12 1992 0.90165 1.4514? vs eth 
5756 6 1-Cetene Cic Ha, 629-73-2 224425 |f 24 284.9 0.7811% 1.4412? i H,0; $ EtOH, 
eth, ctc, peth 
5757 cis-9-Hexadecenoic acid Palmitoleic acid С. 6Нзо 05 373-49-9 254.408 0.5 1821 
5758 Нехадесу! acetate С H, 0; 629-70-9 284.478 -18.5 22295 0.85745 1.4438? i H,0; 51 EtOH; 
s сіс 
5759 Hexadecylamine 1-Hexadecanamine ТЕЗІ 143-27-1 241456 | 46.8 322.5 0.8129? 1.4496? |Н,0; vs EtOH, 
eth, bz; s ace 
5760 Hexadecylbenzene C») Has 1459-09-2 302.537 27 385 0.8547? 1.4813? i H,0; 51 EtOH; 
vs eth, bz, CS; 
5761 Hexadecyldimethylamine N,N-Dimethyl-1- C4 HN 112-69-6 269.510 330.0 
hexadecanamine 
5762 Нехадесу! hexadecanoate Cetyl palmitate Ca Hg 05 540-10-3 480.849 mcl If 54 0.9897 4398” — vs eth, EtOH 
5763 Hexadecyl 3-hydroxy-2- Нехадесу! 3-hydroxy-2- Co7H 05 531-84-0 412.605  grn-wh fl 725 vs bz, НОАс 
naphthalenecarboxylate naphthoate 
5764 Hexadecyl 2-hydroxypropanoate ^ Cetyl lactate C H, 04 35274-05-6 314503 wax 41 2197), 170! 441090 
5765 Нехадесу! 2-methyl-2-propenoate С»НзвО0» 2495-27-4 310.515 24 1832 0.87% 
5766 3-(Нехадесујоху)-1,2- Chimyl alcohol (60110: 506-03-6 316.519 If (hx) 64 12090 vs ace, peth, chl 
propanediol, (5) 
5767 1-Hexadecylpyridinium bromide С авг 140-72-7 384.438 61 
5768 1-Hexadecylpyridinium chloride Cetylpyridinium chloride C.H, CIN 123-03-5 339.987 wh pow 80 vs Н,0, chl 
5769 Нехадесу! stearate Cetyl stearate Cu Ha; 1190-63-2 508.903 If or pl (eth, 57 4410” ув ace, eth, chl 
НОАс) 
5770 Hexadecyltrichlorosilane C4 Ha CLSi 5894-60-0 359.878 269 
5771 Hexadeoyl vinyl ether 1-(Ethenyloxy)hexadecane Ci H, 0 822-28-6 268.478 16 1602 0.82127 44445 
5772 1-Hexadecyne Ci H> 629-74-3 222.409 15 284 079650 1.444022 vs bz 
5773 trans,trans-2,4-Hexadienal Sorbinaldehyde C H,0 142-83-6 96.127 iq -16.5 174; 76% 0.89820 5384 
5774 1,2-Hexadiene Propylallene CoH 592-44-9 82.143 76 0.7149? 1.428220 vs eth, chl 
5775 cis-1,3-Hexadiene C; Hi 14596-92-0 82.143 73.1 0.7033 1.437920 
5776 trans-1,3-Hexadiene C; Hi 20237-34-7 82443 liq -1024 73.2 0.699555 1.440620 
5777 cis-1,4-Hexadiene C; Hi 7318-67-4 82.143 66.3 0.695% 404920 vs eth 
5778 trans-1,4-Hexadiene СН 7319-00-8 82.143 liq -138.7 65.0 0.69525 4104 
5779 1,5-Hexadiene Biallyl C; Hi 592-42-7 82.443 liq -140.7 59.4 0.687825 1.4042? ІН,0; $ EtOH, 
eth, bz, chl; sl 
cte 
5780 cis,cis-2,4-Hexadiene СН 6108-61-8 82.143 liq 85 0.72985 — 1.4606? i H,0; s EtOH, 
eth, chl 
5781 trans,cis-2,4-Hexadiene C; His 5194-50-3 82.143 liq -96.1 83.5 0.71855 — 1.4560? i H0; s EtOH, 
eth, chl 
5782 trans,trans-2,4-Hexadiene M 5194514 82.143 0 - 9 82.2 0.71012 1.4510? ІН,0; $ EtOH, 
eth, chl 
5783 2,4-Hexadienoic acid Sorbic acid 680; 110-44-1 112.127  nd(dilal) nd 1345 dec 228: 15350 1.20419 S Н,0, EtOH, 
(w) chl; vs eth 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

5784 2,4-Hexadien-1-ol Sorbic alcohol C H, 0 111-28-4 98142 nd 30.5 76? 0.896722 1.498122 ІН,0; s EtOH, 
eth 

5785 trans,trans-2,4-Hexadienoyl C;H;CIO 2614-88-2 130.572 822 106669 1.554522 vs ace 

chloride 

5786 1,5-Hexadien-3-yne Divinylacetylene C Hg 821-08-9 78112 liq -88 85 0.7851? 1.5035? i H,0; s bz 

5787 1,5-Hexadiyne Вїргорагду! CoH, 628-16-0 78.112 — liq -6 86 0.8049? 143803 ІН,0; $ EtOH, 
eth, ace, bz 

5788 2,4-Hexadiyne Dimethyldiacetylene Ce Hg 2809-69-0 78.112 pr (sub) 67.8 129.5 vs EtOH, eth 

5789 Hexaethylbenzene 21177 604-88-6 246.431 mcl pr (alor 129 298 0.8305? 1.473670 i H,0; s EtOH, 

bz) sulf; vs eth, bz 

5790 Hexaethyldisiloxane С.2Нз,051, 994-49-0 246.536 233; 129? 084579 1.4340? 

5791 Hexaethyl tetraphosphate Ethyl tetraphosphate САО P, 757-58-4 506.253 hyg -40 dec 150 1.29177 1.427327 уз ace, bz, EtOH 

5792 Hexafluorenium bromide C4 H4 Br,N; 317-52-2 662539 cry (PrOH) 188 

5793 Hexafluoroacetylacetone C;H,F,0; 1522-22-1 208.059 54,15 1.4852 33332 

5794 Hexafluorobenzene Perfluorobenzene Coke 392-56-3 86.054 5.03 80.32 161759 1.437772 

5795 1,1,2,3,4,4-Hexafluoro-1 ,3- С, 685-63-2 62.033 со! gas -132 6 1.55320 1378? 

butadiene 

5796 1,1,1,4,4,4-Hexafluoro-2-butyne С, 692-50-2 62.033 col gas -117.4 -24.6 5 ОН, eth, ace, 
ctc, НОАс 

5797 Hexafluorocyclobutene С, 697-11-0 62.033 col gas -60 55 1602? 1298? 

5798 Hexafluoroethane Perfluoroethane СБ 76-16-4 38.011 col gas -100.05 -78.1 1.59078 i H,0; sl EtOH, 
eth 

5799 1,1,1,2,3,3-Hexafluoropropane Refrigerant 236ea CHF, 431-63-0 52038 col gas 6.1 1.50260 

5800 1,1,1,3,3,3-Hexafluoropropane Refrigerant 236fa СНБ 690-39-1 52.038 col gas -93.6 -1.0 1.43430 

5801 1,1,1,3,3,3-Hexafluoro-2-propanol C;H,F,0 920-66-1 68037 liq -2.0 59 1.4600?! 

5802 Hexahydro-1 Н-агеріпе Hexamethylenimine CIH, N 11-49-9 99.174 138 0.86432 1.463122 s H,0; vs ОН, 
eth 

5803 Hexahydro-1H-1,4-diazepine СН № 505-66-8 00.162 0 40.5 169 

5804 1,5а,6,9,9а,96-Нехаһудго-4а(4А)- C H, 0; 26-15-8 204.265 liq -80 307 1.1020 52549 |Н,0 

dibenzofurancarboxaldehyde 

5805 cis-1,2,3,5,6,8a-Hexahydro-4,7- СЫН, 483-76-1 204.352 125? 0.9160 — 7 

dimethyl-1- 
isopropyInaphthalene, (15) 
5806 1,2,4a,5,8,8a-Hexahydro-4,7- Сана 523-47-7 204.352 274; 136" 0.9230? — 1.5059? vs eth, lig 
dimethyl-1- 
isopropylnaphthalene, [1 S- 
10,438,830(1 
5807 Hexahydro-1,3- Hexahydrophthalic anhydride 0,Н,0; 85-42-7 154.163 32 14518 
isobenzofurandione 

5808 Hexahydro-1-methyl-1H-1,4- G ;H N, 4318-37-0 114488 154 0.911122 1.476920 

diazepine 

5809 2,3,4,6,7,8-Hexahydropyrrolo[1,2- C; Hi N; 3001-72-7 124.183 967, 812 1.0055 151902 

a]pyrimidine 

5810 Hexahydro-1,3,5-trinitro-1,3,5- ^ Cyclonite СНО; 121-82-4 222416 orth cry (ace) 205.5 1.8220 1620, EtOH, bz; 

riazine 51 eth, MeOH; 
s ace, HOAc 
5811 Hexahydro-1,3,5-triphenyl-1,3,5- СН, № 91-78-1 315.412 144 185; 6029 i B,0; sl EtOH; 
riazine S eth, ace, bz, 
ol 
5812 1,2,3,5,6,7-Нехаћудгоху-9,10- Rufigallol C,4H,0, 82-12-2 304.209 red rhom, Sub i H0; sl EtOH, 
anthracenedione red-ye nd eth; s ace, alk 
(sub) 
5813 Hexamethylbenzene Mellitene СН 87-85-4 162.271 orthprornd 165.5 263.4 1.063075 i H50; s EtOH, 
(al) eth, ace, bz, 
НОАс, chl 
5814 2,2,4,4,6,6- Сен №5 009-93-4 219.508 liq -10 88 0.91962 1.44820 
Hexamethylcyclotrisilazane 

5815 Hexamethylcyclotrisiloxane Dimethylsiloxane cyclic trimer ^ C.H, 0355 541-05-9 222.462 64.5 34 1.12007 1Н,0 

5816 Hexamethyldisilane و‎ 695 450-14-2 46.378 13.5 13.5 0.724722 1.4229? i H,0; seth, ace, 
bz; dec alk 

5817 Hexamethyldisilathiane С,Н,,55, 3385-94-2 78.443 62.5 0.8512 

5818 Hexamethyldisilazane C H, NSi, 999-97-3 61.393 25 0.774125 56 

5819 Hexamethyldisiloxane C H, 0Si, 07-46-0 62377 liq -66 99 0.7638 13774? 0 

5820 Hexamethylenediamine carbamate (6-Aminohexyl)carbamic acid ^ C;H44N,0; 43-06-6 60.214 сту 150 

5821 Hexamethylene diisocyanate СМО, 822-06-0 68.193 221), 94! 1.0528? 1.4585? 

5822 Hexamethylenetetramine Methenamine Сеном, 00-97-0 40.186 опћ (al) >250 sub 3315 vs Н;0; s EtOH, 
ace, chl; sl eth, 
bz 

5823 Hexamethylolmelamine Са №06 531-18-0 306.275 137 vs H,0 

5824 Hexamethylphosphoric triamide __ Tris(dimethylamino)phosphine _ C,H,4N,OP 680-31-9 79.200 232.5 1.0320 1.4579? s EtOH, eth 

oxide 

5825 Hexamethylphosphorous triamide — Tris(dimethylamino)phosphine ۳ 1608-26-0 63.201 s chl 
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5826 2,6,10,15,19,23- Squalane Cao Hoo 111-01-3 422.813 liq -38 350 081155 145305 ІН,0; sl EtOH, 
Hexamethyltetracosane ace; s eth, chl; 
msc bz 
5827 Hexanal Caproaldehyde СеН0 66-25-1 00.158 liq -56 131 0.8335? 1.403920 510; vs EtOH, 
eth; s ace, bz 
5828 Hexanamide CIH, NO 628-02-4 15.173 сту (ace) 101 255 0.99920 420010 — vs bz, eth, ОН, 
chl 
5829 Нехапе Соц 110-64-3 86.175 liq -95.35 68.73 0.660625 1.372725 1 Н,О; vs EtOH; 
S eth, chl 
5830 Hexanedial C H, 0; 1072-21-5 14.142 -8 9% 003% 43509 vs bz, eth, EtOH 
5831 Hexanediamide СМО 628-94-4 44171 pl 220 vs EtOH 
5832 1,6-Hexanediamine Hexamethylenediamine C; Hs; 124-09-4 16.204 orth bipym 3913 205 vs H,0; s EtOH, 
pl bz 
5833 Hexanedioic acid, dihydrazide Сен. „№0 1071-93-8 74.201 181.8 
5834 1,2-Hexanediol 06840; 6920-22-5 18.174 45 224; 8715 443120 
5835 1,6-Hexanediol Hexamethylene glycol 6840; 629-11-8 18.174 415 208 45795 5 H,0, EtOH, 
ace; sl eth; | bz 
5836 2,5-Hexanediol Diisopropanol 68,40; 2935-44-6 18.174 cry (eth) 43 218; 86! 0.961020 1.4475? s H,0, EtOH, 
eth; sl ctc 
5837 1,6-Hexanediol dimethacrylate Hexamethylene methacrylate Cu Ho, 6606-59-3 254.323 0.9985 
5838 2,3-Hexanedione Acetylbutyryl C H, 0, 3848-24-6 114.142 28 0.93419 
5839 2,4-Hexanedione Propionylacetone C H, 0 3002-24-2 14.142 oi 60 0.95920 45162 
5840 2,5-Нехапедопе Acetonylacetone C H, 0; 10-13-4 14142 liq -5.5 94 0.7370? 1.4282? vs H,0, bz, eth, 
EtOH 
5841 3,4-Hexanedione Bipropionyl СНО 4437-51-8 114.142 liq -10 30 0,9412! „41307! 
5842 Hexanedioyl dichloride C H,CL,0; 11-50-2 83.033 2672 sl chi 
5843 1,6-Hexanedithiol C; HS; 191-43-1 50.305 liq -21 237; 118% 0.988625 1.511020 
5844 Hexanenitrile Capronitrile C; Hu 628-73-9 97.158 liq -80.3 63.65 0.8051? 1.4068? ІН,0; $ EtOH, 
eth; sl chl 
5845 1-Hexanethiol Hexyl mercaptan C; HS 11-31-9 18.240 Па -81 52.7 0.8424? 1.4496? H,0; vs EtOH, 
eth 
5846 2-Hexanethiol C; HS 679-06-7 18.240 liq -147 42 0.8345? 14451? ІН,0; $ EtOH, 
eth, bz 
5847 1,2,6-Hexanetriol 1,2,6-Trihydroxyhexane C.H, 0; 06-69-4 34.173 703, 161! 1.1049? 1.5820 
5848 Hexanoic acid Caproic acid (51120, 42-62-1 16.158 Па -3 205.2 0.921225 1416320 $ H,0; s EtOH, 
eth, chl 
5849 Hexanoic anhydride Со Н»0; 2051-49-22: 214.301 -41 dec 255 0.9240 1.4297% vs eth, ОН 
5850 1-Hexanol Саргоу! alcohol CH,0 11-27-3 02.174 liq -47.4 57.6 0.8136 1417820  s| H,0; s EtOH, 
ace, chl; msc 
eth, bz 
5851 2-Hexanol CH,0 20281-86-1 102.174 40 0.8159? 14144? $1 H,0, ctc; s 
EtOH, eth 
5852 3-Hexanol CIH, 0 17015-11-1 102474 35 0.8182? 1.4167? _slH,O;s EtOH 
ace; msc eth 
5853 2-Hexanone Butyl methyl ketone (5Н;0 591-78-6 00.158 liq -55.5 27.6 081130 1.400722 5ІН,0; s ace; 
msc EtOH, eth 
5854 3-Hexanone Ethyl propyl ketone (5Н;0 589-38-86 00.158 liq -55.4 23.5 0.8118? 1.400422 51 H,0; s ace; 
msc EtOH, eth 
5855 Hexanoyl chloride Caproyl chloride СН. СО 142-61-0 34.603 liq -87 53 0.9784? 1.4264? s eth, ace 
5856 Hexatriacontane Cac Hz 630-06-8 506.973 75.8 298.43 0.78038 1.439780 
5857 cis-1,3,5-Hexatriene СН, 2612-46-6 80.128 Па -12 78 0.7175? 1.4577? 160; s EtOH, 
ace, chl, peth 
5858 frans-1,3,5-Hexatriene СЫН; 821-07-8 80.128 liq -12 78.5 073695 1.5135? i H,0; $ EtOH, 
ace, chl, peth 
5859 Hexazinone C) و‎ N40; 51235-04-2 252.313 99 dec 1.25 
5860 trans-2-Hexenal (51:60 6728-26-3 98442 146.5; 50? 0.849120 1.448020 
5861 cis-3-Hexenal CH40 6789-80-6 98142 121 0.85332 1.43002 
5862 1-Hexene C; Hi; 592-41-6 84.159 liq -139.76 63.48 0.66055 13852535 vs bz, eth 
EtOH, peth 
5863 сіѕ-2-Нехепе CH; 7688-21-3 84.159 iq -141.11 68.8 0.68245 1.3979? i H,0; s EtOH, 
eth, bz, chl, lig 
5864 trans-2-Hexene СН» 4050-45-7 84159 liq -133 67.9 0.673325 1.3936? ІН,0; s EtOH, 
eth, bz, chl, lig 
5865 cis-3-Hexene C; Hi 7642-09-3 84.159 liq -137.8 66.4 0.67782 1.394722 |Н,0; s EtOH, 
eth, bz, chl, lig 
5866 frans-3-Hexene C; Hi 3269-52-8 84459 liq -1154 6741 0.677220 1.3943? |Н,0; $ EtOH, 
eth, bz, chl, lig 
5867 trans-3-Hexenedinitrile trans-1,4-Dicyano-2-butene Сене, 119-85-53 106.125 cry 76 
5868 2-Hexenoic acid (560, 191-044 114.142 па (м, аі) 365 216.5 0.96520 4460" vs eth 
5869 3-Hexenoic acid Hydrosorbic acid (5160, 4219-24-3 114142 12 208 0.96405 1.493520 
5870 5-Hexenoic acid (560, 577-22-6 114142 liq -87 203 0.96107 1.434322 vs eth, EtOH 
5871 1-Hexen-3-ol C H, 0 4798-44-1 100158 134 0.83422 „42978 51 Н,0; vs ace, 


eth, НОН 
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5872 cis-2-Hexen-1-ol СеН0 928-94-9 00.158 57 0.8472? 14397? H,0; vs ОН, 
S eth, ace; sl 
cte 

5873 frans-2-Hexen-1-ol СеН0 928-95-0 00.158 57 0.849016 1.434020 

5874 cis-3-Hexen-1-ol СеН0 928-96-1 00.158 56.5 0.847822 1.4380?  sH,0; vs EtOH, 
eth 

5875 trans-3-Hexen-1-ol (5Н;0 928-97-2 00.158 54,5 437420 

5876 trans-4-Hexen-1-ol СеН0 928-92-7 00.158 59 0.851320 1.440220 

5877 4-Нехеп-2-01 СЕН 52387-50-5 100.158 37.5 08405 1.4392? 0 

5878 5-Hexen-2-ol (5Н;0 626-94-8 00.158 39 0.84216 sl 0 

5879 с/5-3-Нехел-1-01, acetate Сан 10; 3681-71-8 42.196 liq 6612 

5880 trans-2-Hexen-1-ol, acetate C.H, 0, 2497-18-9 42.196 Па 66; 7 0.898 4270 

5881 5-Hexen-2-one C H40 109-49-9 98.142 29.5 0.83327 41787 

5882 4-Hexen-3-one C H40 2497-21-4 98.142 38.5 0.8559? 1.4388? 5 EtOH, eth; vs 
ace 

5883 Hexestrol ام‎ 0; 84-16-2 270.367 па (bz) 186.5 6 a eth, 
EtOH 

5884 Hexobarbital Со و‎ ٢٢ 56-29-1 236.266 146.5 

5885 Hexocyclium methyl sulfate C: H4 №5055 15-63-9 428.586 сгу 205 8| chl; i eth 

5886 Hexyl acetate (5160, 42-92-1 44212 liq -80.9 171.5 087795 1.40922 | im vs eth 
EtOH 

5887 sec-Hexyl acetate CIH, 0; 08-84-9 44.212 1475 0.880525 1.3980? 5 i vs eth 
EtOH 

5888 Неху! acrylate CH, о; 2499-95-8 156.222 -45 40 0.87820 

5889 Hexylamine 1-Нехапатїпе КІН 11-26-2 01.190 Па -229 132.8 0.7660? 1.4180? <ІН,0; msc 
EtOH, eth; s 
ch 

5890 Hexylbenzene Cul 077-16-3 62271 liq -61 226.1 0.8575? 1.4864? ІН,0; msc eth; 
S bz, peth 

5891 4-Hexyl-1,3-benzenediol 4-Hexylresorcinol СН 0; 36-77-6 94270 па (bz) 68 334 6 | ећ, 
EtOH, chl 

5892 Неху! benzoate С.Н. 0; 6789-88-4 206.281 272; 1398 0.979320 i H,0; s EtOH, 
ace 

5893 Hexyl butanoate Cic 00» 2639-63-6 72.265 liq -78 208 0.8652? 1.41605 ІН,0;5 EtOH; sl 
chl 

5894 Hexylcyclohexane Ci Ho, 4292-15-5 68.319 liq -43 224 0.80762 1.446220 

5895 Hexylcyclopentane С.Н 4457-00-5 54293 liq -73 203 0.7965? 143929 ٩ ан bz, eth, 
EtOH 

5896 2-Hexyldecanoic acid Сл! 0; 25354-97-6 256424  visc oil 145002 44324 

5897 Hexyl formate C;H,0; 629-33-4 30.185 0 -62.6 155.5 0.881320 1.407122 ІН,0; msc 
EtOH, eth 

5898 Нехуі hexanoate Неху! саргоаје Со О; 6378-65-0 200318 ٩ -55 246 0.865" 42645 vs он bz, eth, 
EtOH 

5899 Hexyl isocyanate CH, NO 2525-62-4 127.184 447 

5900 Нехуі methacrylate СН 0; 42-09-6 70.249 162; 867 0.88025 429% ٩ a bz, eth, 
EtOH 

5901 Hexyl methyl ether CH, 0 4747-07-3 16.201 126.1 

5902 1-Hexylnaphthalene С.Н 2876-53-1 212.330 liq -18 322 0.9566? 86 

5903 Hexyl octanoate C H, 0; 117-55-1 228371 liq -30.6 2714 0.8603? 1.43235 ІН,0; $ EtOH, 
eth, ace 

5904 4-(Hexyloxy)benzoic acid C H, 0; 142-39-8 222280 су 106 

5905 2-(Hexyloxy)ethanol Ethylene glycol monohexyl ether С,Н, 0, 12-25-4 146228 liq -45Л 208 0.8878? 1.4291?  sIH,O; vs EtOH, 
eth 

5906 Hexyl pentanoate C Ho0; 117595 186.292 ٩ -63.1 226.3 0.8635? 1.42285 ٩ an eth, 
EtOH 

5907 4-Hexylphenol و‎ 0 2446-69-7 0 148? 

5908 1-Неху! propanoate CH, 0, 2445-76-3 158238 liq -57.5 190 0.8698? 1.41625 ІН,0; $ EtOH, 
eth, ace, AcOEt 

5909 1-Hexyl-1,2,3,4- Са 66325-11-9 216.362 liq 305 0.91765 1.512725 

tetrahydronaphthalene 

5910 1-Hexyne Butylacetylene C; Hi 693-02-7 82.143 liq -131.9 713 0.715525 1.3989? i H,0; s EtOH, 
eth, bz, chl; sl 
cte 

5911 2-Hexyne 1-Methyl-2-propylacetylene СН 764-35-2 82.143 iq -89.6 845 0.7315? 1.4130? i H,0; msc 
EtOH, eth; s 
bz, chl, peth 

5912 3-Hexyne Diethylacetylene C; Hi 928-49-4 82.143 liq -103 81 0.72312 1.4115? i H,0; s EtOH, 
eth, bz, chl, 
peth 

5913 3-Hexyne-2,5-diol (560, 3031-66-1 114.142 12155 1.018022 1.469120 

5914 3-Нехуп-1-01 3-Нехупо! С.Н 10 1002-28-4 98.142 162; 6512 0.89822 5 

5915 1-Нехуп-3-01 СеНо0 105-31-7 98.142 liq -80 142 0.8704? 143405 8 

5916 5-Нехуп-2-опе C 1,0 2550-28-90 96.127 149 0.9065? 1.436620 
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5917 Histamine Сен 51-45-6 111.145 wh nd (chl) 83 20978 S Н,0, EtOH, 
chl; sl eth 
5918 L-Histidine Glyoxaline-5-alanine Сена МО; 71-00-1 155.154 nd or pl (dil 287 dec S HO; sl EtOH; 
al) i eth, ace, bz, 
ch 
5919 L-Histidine, monohydrochloride C H, СМО; 645-35-2 191.615 245 dec s Н,0 
5920 Homatropine СН МО, 87-00-3 275.343 pr (al, eth) 995 sl H,0, bz; s 
EtOH, eth, ace, 
ch 
5921 Homatropine hydrobromide Тгорапо! mandelate C4 ВО, 51-56-9 356.255 د‎ or 217 дес vs Н,0, ЕЮН 
pl (w 
5922 Homochlorocyclizine СН СІМ, 848-53-3 314852 oil 177% 
5923 DL-Homocysteine DL-2-Amino-4- C,H,NO;S 454-29-5 135.185 272 dec S H,0; i eth, bz 
mercaptobutanoic acid 
5924 L-Homocysteine 1-2-Amino-4-mercaptobutanoic | C;H,NO,S 6027-13-0 135.185 platelets 232 
acid 
5925 Homocystine CIH, N,0,S; 870-93-9 268.354 264 SI Н,0: i eth, bz 
5926 L-Homoserine 2-Amino-4-hydroxybutanoic C,HNO; 672-15-1 119119 рг(90% al) 203 дес vs H,0; 51 ОН, 
acid, (S) i eth, bz 
5927 Humulene Са а 6753-98-6 204352 12310 0.8905? 1.503820 
5928 оп Со; 26472-41-3 362.460 уе сту (eth) 66.5 sl H,0; s EtOH, 
eth, ace, bz, 
alk 
5929 Hydralazine 1-Hydrazinophthalazine С.Н, 86-54-4 160.177 уе n4 172 s acid 
(MeOH) 
5930 Hydramethylnon C; а F N, 67485-29-4 494476 190 
5931 Hydrastine Са Ни NO; 118-08-1 383.395 ye pr (al) 132 i H0; s ace, bz 
5932 Hydrastinine C Hi NO; 6592-85-4 207.226 nd (lig), cry 116.5 S H,0; vs EtOH, 
(eth) eth, chl 
5933 Hydrazinecarbothioamide Thiosemicarbazide СНО 79-19-6 91.136 — lo nd (м) 183 vs HO, EtOH 
5934 Hydrazinecarboxaldehyde CH,N,0 624-84-0 60.055  yelfornd 54 vs bz, eth, EtOH 
(al) ch 
5935 Hydrazinecarboxamide СНО 57-56-7 75.070 pr (al) 96 1.4848 vs Н,0; s EtOH 
i eth, bz, chl 
5936 Hydrazinecarboximidamide Aminoguanidine CHN, 79-17-4 74.086 су дес vs H,0, EtOH 
5937 1,2-Hydrazinedicarboxaldehyde СНО; 628-36-4 88.065 pr (al) 161.0 vs H,0; sl EtOH, 
DMSO; i eth 
5938 1,2-Hydrazinedicarboxamide СНМ 10-21-4 118.095 ام‎ (м) 258 1.6047 
5939 4-Hydrazinobenzenesulfonic acid — Phenylhydrazine-4-sulfonic acid СДН МО 5 98-71-5 188.204 па, If (w) 286 sl Н,0, EtOH 
5940 4-Hydrazinobenzoic acid СНО; 619-67-0 152451 ye |: orpl 221 дес SI H5O; i eth 
(w 
5941 2-Hydrazinoethanol C;H4N;O 09-84-2 76.097 ٩ -70 21912075 1,19% vs Ёл EtOH, 
еон 
5942 Hydrindantin Ci H, Os 5103-42-4 322.268 pr (ace) 250 dec 
5943 Hydrochlorothiazide C;H,CIN,O,S, 58-93-5 297.740 274 
5944 Hydrocinchonidine (-4154М,0 485-64-3 296.406 — If (al) 229 vs EtOH 
5945 Hydrocinchonine ТЕЛІП 485-65-4 296.406 pr 268.5 S H,0; sl EtOH; 
i eth 
5946 Hydrocodone С.Н. М0; 25-29-1 299.365 198 i B,0; s EtOH 
5947 Hydrocortisone (51:50, 50-23-7 362.460 pl(alori- 0 SI Н,0; s EtOH, 
PrOH) diox, НОАс 
5948 Hydrocortisone 21-acetate Cortisol acetate СА 0; 50-03-3 404.496 223 дес 1.28920 
5949 Hydrocotarnine Со МО, 550-10-7 221.252 56 i H,0; s EtOH, 
eth, ace, bz, 
chl 
5950 Hydroflumethiazide C H; F;N,0,S; 35-09-1 331.293 270.5 
5951 Hydrofuramide Са ٧٢٢ 494-47-3 268.267 nd (al) 117 i H5O; vs EtOH, 
eth 
5952 Hydrogen cyanide Hydrocyanic acid CH 74-90-8 27.026 vol liq or gas -13.29 26 0.68762 1.2614? msc H,0, EtOH, 
eth 
5953 Hydrohydrastinine C H, N0; 494-55-3 191.227 па (lig), cry 66 303 уз ace, bz, eth, 
(peth) EtOH 
5954 Hydromorphone 7,8-Dihydromorphin-6-one C,H, NO, 466-99-9 285.338 cry (EtOH) 2665 
5955 6 Ci Ha 0; 41096-46-2 266.419 1749 0.895520 
5956 Hydroquinidine Сода №50» 435-55-8 326.432 па (al) 168.5 5 ОН, eth, ace, 
chl 
5957 Hydroquinine Се N,0; 522-66-7 326.432 па (eth, chl) 5 vs n eth, 
EtOH, chl 
5958 p-Hydroquinone 1,4-Benzenediol 58,0, 23-31-9 110.111 mcl pr (sub) 1724 285 1.3302 1.63225 560, eth; vs 
nd(w) pr EtOH, ace; i bz 
(MeOH) 
5959 Hydroxocobalamin Vitamin B-12a 0011وا او‎ 0,۳ 13422-51-0 1346.355 red сту (ace 200 dec S Н,0, EtOH; i 
aq) ace, eth, bz 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л Solubility 
5960 Hydroxyacetonitrile Glyconitrile C;H.NO 107-16-4 57.051 <-72 дес 183; 1192 1.41179 — vs H,0, EtOH, 
eth; i bz, chl 
5961 (Hydroxyacetyl)benzene Сао; 582-24-1 136.149  hexpl(al) pl 90 12512, 561 1.0963% S H,0, EtOH, 
(w or dil al) eth, chl; sl lig 
5962 17-Hydroxyandrostan-3-one, Stanolone Cis Ha 0; 521-18-6 290.440 181 sub 135 
(5о,17) 
5963 3-Hydroxyandrostan-17-0ne, Androsterone Са 00; 53-41-8 290440 Мог nd (а, 185 sl ЊО, chl; s 
(30,50) асе) EtOH, eth, ace, 
bz 
5964 3-Hydroxyandrostan-17-one, Epiandrosterone Слао 481-29-8 290.440 cry(bz-peth, 178 
(38,50) асв) 
5965 17-Hydroxyandrost-4-en-3-one, Testosterone Ci H, 0; 58-22-0 288424 nd(dilace) 155 i H50; s EtOH, 
(178) ећ, асе 
5966 1-Hydroxy-9,10-anthracenedione CuH, 0; 129-43-1 224212 red-oran па 1938 sub i H,0; s EtOH, 
(al) eth, bz; sl liq 
H; 
5967 2-Hydroxy-9,10-anthracenedione C4 На Оз 605-32-3 224.212 yeplornd 306 sub i H50; s EtOH, 
(al or eth, aq NH, 
НОАс) KOH 
5968 3-Hydroxybenzaldehyde 3-Formylphenol C;H,0; 100-83-4 122422 па (м) 108 240 1.1179130 SI Н,0; s EtOH, 
eth, ace, bz; i 
ig 
5969 4-Hydroxybenzaldehyde 4-Formylphenol СНО, 123-08-0 122.122 па (м) 117 1.129130 1.570510 $1 Н,0, ace; vs 
НОН, eth; s bz 
5970 2-Hydroxybenzaldehyde, [(2- C H, N0; 959-36-4 240.257 214 i H,0; $ EtOH, 
hydroxyphenyl)methylene] chl; vs bz, alk 
hydrazone 
5971 2-Hydroxybenzamide Salicylamide СНО; 65-45-2 37.137 142 181.5% 1.1751 51 НО, eth, 
DMSO; s EtOH 
5972 N-Hydroxybenzamide C;H;NO, 495-18-1 37137 orth ta, If 131 exp S Н;0, EtOH; sl 
(eth) eth, bz 
5973 o-Hydroxybenzeneacetic acid, (+)  DL-Mandelic acid C4 H;0; 611-72-3 52.148 orth pl 119 1.289020 S H0, eth, 
EtOH, i-PrOH 
5974 2-Hydroxybenzeneacetic acid (51504 614-75-5 52.148 148 240 51 Н,0, chl; s 
eth 
5975 3-Hydroxybenzeneacetic acid С.Н03 621-37-4 52.148 па (02-10) 132 190" vs Н,0, EtOH, 
eth; s bz; sl lig 
5976 4-Hydroxybenzeneacetic acid (51504 156-38-7 52.148 па (w) 152 sub SI H30; vs EtOH, 
eth 
5977 o-Hydroxybenzeneacetonitrile Mandelonitrile C,H;NO 532-28-5 33.148 уе oily liq — -10 112 i Н,0: vs chl, 
eth, EtOH 
5978 2-Hydroxybenzenecarbodithioic ^ Dithiosalicylic acid C;H,0S, 527-89-9 70.252 огап-уе па 49 vs bz, eth, EtOH 
acid 
5979 4-Hydroxy-1,3- 4-Hydroxyisophthalic acid C4H;O; 636-46-4 82431  nd(w) If (dil 0 i Н,0, chl; vs 
benzenedicarboxylic acid al) EtOH, eth; 8 
HOAc 
5980 5-Hydroxy-1,3- C H,0; 618-83-7 82131 nd(w+2 sub vs bz, eth, EtOH 
benzenedicarboxylic acid cr(aq-al) 
5981 4-Hydroxy-1,3-benzenedisulfonic ^ Phenoldisulfonic acid 6Н;0,5; 96-77-5 254.238 nd (w) »100 dec vs Н,0, EtOH 
acid 
5982 4-Hydroxybenzeneethanol СН 0; 501-94-0 38.164 91.8 310.0 
5983 2-Hydroxybenzenemethanol Salicyl alcohol СНО, 90-01-7 24138 If (bz), nd or 87 sub 1.161325 $ Н,0, EtOH, 
pl (w, eth) eth, bz; vs chl 
5984 3-Hydroxybenzenemethanol 3-Hydroxybenzyl alcohol СНО, 620-24-6 24138 nd(bz,cry 73 dec 300 1.161% vs H,0, EtOH, 
(ССІ,) eth; sl ch 
5985 4-Hydroxybenzenemethanol 4-Hydroxybenzyl alcohol C;H,0, 623-05-2 24138 pror nd (м) 124.5 252 vs H,0, EtOH, 
bz, chl; s eth; 
51 DMSO 
5986 4-Hydroxybenzenepropanoic acid — p-Hydroxyhydrocinnamic acid С.Н,,0, 501-97-3 66.173 130.8 20914 S H,0, EtOH, 
eth, bz; i CS; 
5987 o-Hydroxybenzenepropanoicacid, (+)-3-Phenyllactic acid CH, 05 828-01-3 66.173 cry (chl, bz), 98 1495 vsH,0, ace, eth, 
(+ pr (w) EtOH 
5988 3-Hydroxybenzenesulfonic acid ^ m-Phenolsulfonic acid Сен0,5 585-38-6 74175 па (w+2) 
5989 4-Hydroxybenzenesulfonic acid ^ p-Phenolsulfonic acid C H,0,S 98-67-9 74175 па vs Н,0, ЕОН 
5990 2-Hydroxybenzoic acid Salicylic acid СНО 69-72-7 38.121 па (м), те! 159.0 2112 14430 1.565 SI H,0, bz, chl, 
pr (al) ctc; vs EtOH, 
eth, ace 
5991 3-Hydroxybenzoic acid С-Н,0, 99-06-9 38121 nd(w)pl,pr 2025 1.4855 SI Н,0; s EtOH, 
(8) eth, ace; i bz 
5992 4-Hydroxybenzoic acid С-Н,0, 99-96-7 38.121 prorpl(w, 2145 1.46% sl H,0, bz; vs 
al) cry (ace) EtOH; s eth, 
ace 
5993 2-Hydroxybenzoic acid, hydrazide СНО; 936-02-7 52.151 148 vs bz, EtOH 
5994 2-Hydroxybenzonitrile АЛТЫ 611-20-1 19121 98 149" 1.105270 1.537210 s| H0; vs EtOH, 
eth, bz, chl 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
5995 3-Hydroxybenzonitrile СНО 873-62-1 19121 pr (al, eth) № 828 vs Н,0, EtOH, 
(w) eth, bz, chl 
5996 4-Hydroxybenzonitrile СМО 767-00-0 19121 If (w) 113 148! 51 Н,0, DMSO; 
vs EtOH, eth, 
chl 
5997 4-Hydroxybenzophenone 4-Hydroxyphenyl phenyl ketone C,,H,,0, 1137-42-4 98217 па (al), рг 135 1.133172 SI H;O; vs EtOH, 
(dil al) eth, НОАс 
5998 4-Hydroxy-2H-1-benzopyran-2- Сабоа 1076-38-6 62.142 па (w) 213.5 S Н,0, EtOH, 
one eth; 51 DMSO 
5999 7-Hydroxy-2H-1-benzopyran-2- ^ Umbelliferone Сабоа 93-35-6 62142 nd (w) 230.5 sub vs ОН, НОАс, 
опе ch 
6000 1-Hydroxy-1H-benzotriazole C H;N.0 2592-95-2 35.123 157.8 
6001 2-Hydroxybenzoyl chloride СНОО, 1441-87-8 56.567 19 925 4.31122 158129 vs eth 
6002 4-(2-Hydroxybenzoyl)morpholine — 4-Salicyloylmorpholine C,H, NO; 3202-84-4 204.202 s DMSO 
6003 2-Hydroxybiphenyl [1,1’-Biphenyl]-2-ol СНО 90-43-7 70.206 575 286 1.213» 1620; s EtOH, 
ace, 52; vs eth, 
ру 
6004 3-Hydroxybiphenyl [1,1-Biphenyl]-3-ol САО 580-51-8 70.206 78 >300 SI H;O; vs EtOH, 
eth, bz, py; 5 
chl 
6005 4-Hydroxybiphenyl [1,1-Biphenyl]-4-ol СНО 92-69-3 70.206 166 305 51 H,0, DMSO; 
vs EtOH, eth, 
chl, py 
6006 3-Hydroxybutanal Aldol C,H,0, 107-89-1 88.106 8320 1.10320 42380 тѕсН,0, EtOH; 
S eth; vs ace 
6007 2-Hydroxybutanoic acid, (+) 0,604 600-15-7 104.105 442 dec 260; 140% 1.12520 S ЊО, EtOH, eth 
6008 3-Hydroxybutanoic acid, (+) C,H.03 625-71-8 104.105 49 3012, 9401 .4424? vs HO, EtOH, 
eth; i bz 
6009 4-Hydroxybutanoic acid C,H;0, 591-81-1 104.105 «7 dec 180 
6010 1-Hydroxy-2-butanone C,H,0, 5077-67-8 88106 60; 785 1.027220 1.418922 vs ЊО, EtOH, 
eth 
6011 3-Hydroxy-2-butanone, (+) Acetoin C H,0; 52217-02-4 88.106 15 48 1.00449 1.4171? msc Н,0; sl 
EtOH, eth; s 
ace, chl; i lig 
6012 4-Hydroxy-2-butanone C H,0; 590-90-9 88.106 82; 90" 1.0233? 1.4585" msc H,0, EtOH, 
eth; vs ace 
6013 2-Hydroxy-3-butenenitrile C,H;NO 5809-59-6 83.089 liq 947 
6014 4-Hydroxybutyramide C H,N0; 927-60-6 103.120 52 
6015 3-Hydroxycamphor 3-Нудгоху-1,7,7- Се 10373-81-6 168.233 па (bz-peth) 2055 vs eth, EtOH, 
trimethylbicyclo[2.2.1]heptan- chl 
2-one 
6016 3-Hydroxycholan-24-oic acid, Lithocholic acid Cj H0; 434-13-9 376.573 һех If (al) рг 186 i H0, lig; 5 
(30,58) (dil al) НОН, chl, 
HOAc; sl eth 
6017 Hydroxycodeinone C,H, NO, 508-54-3 313.349 215 dec 
6018 2-Hydroxycyclodecanone Sebacoin СН 0; 96-00-4 170.249 cry (peth) 385 36% 
6019 2-Hydroxy-2,4,6-cycloheptatrien- СНО, 533-75-5 122.122 nd 50.8 sub 40 S ЊО, eth, ace 
1-one 
6020 1-Hydroxycyclohexanecarbonitrile С-Н, „МО 931-97-5 125.168 35 3220 1.01722 1.469322 у5Н,0, eth 
6021 2-Hydroxycyclohexanone (560, 533-60-8 114142 nd (al) 1.478521 vs HO, EtOH; i 
eth, bz, peth 
6022 1-(1-Hydroxycyclohexyl)ethanone Са 40; 1123-27-90 142.196 25.5; 91! 1.02482 1467/05 уз eth, EtOH 
6023 4-Hydroxydecanoic acid y-lactone  5-Hexyldihydro-2(3H)-furanone C4, H,,0; 706-14-9 170.249 liq 281 
6024 2-Hydroxy-3,5-diiodobenzoic acid 3,5-Diiodosalicylic acid C;H4l,0; 133-91-5 389.914 nd (al) 235.5 SI H;O; vs EtOH, 
eth; i bz, ch 
6025 4-Hydroxy-3,5-diiodobenzoic acid C;H,,0; 618-76-8 389.914 237 dec 260 i НО; vs EtOH, 
eth; sl bz, chl, 
ig 
6026 4-Hydroxy-3,5-diiodobenzonitrile C;H,,N0 1689-83-4 370.914 201 dec 
6027 4-Hydroxy-3,5-diiodo-o- lodoalphionic acid Са ٧٢ 577-91-3 494.063 164 1Н,0, s EtOH, 
phenylbenzenepropanoic acid eth; sl bz, ch 
6028 2-Hydroxy-4,6- Сан 704 708-76-9 82.173 70 1932, 16510 i H,0; vs EtOH, 
dimethoxybenzaldehyde eth, bz, chl, 
НОАс 
6029 4-Hydroxy-3,5- Syringaldehyde Сану 00, 134-96-3 82173 brnd (lig) 3 19214 sl H,0, lig; vs 
dimethoxybenzaldehyde EtOH, eth, bz, 
chl 
6030 4-Hydroxy-3,5-dimethoxybenzoic Сон (0; 530-57-4 98.172 па (w) 204.5 SI НО; vs EtOH 
acid 
6031 7-Hydroxy-3,7-dimethyloctanal Со 107-75-5 72.265 1033 092200 1.44942 s|H,0; s EtOH, 
ace 
6032 3-Hydroxy-2,2-dimethylpropanal | Hydroxypivaldehyde СН. 0, 597-31-9 02.132 па (м) 89.5 173; 6814 
6033 2-Hydroxy-3,5-dinitrobenzoic acid C;H,N,0; 609-99-4 228.116 yendorpl 182 S Н,0, EtOH, 
(iw) eth, bz 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
6034 11-Hydroxy-9,15-dioxoprosta- ^ 15-Oxo-prostaglandin E2 CooHa Os 26441-05-4 350.449 cry 
5,13-dien-1-oic acid, 
(5Z110,13E) 
6035 1-Hydroxy-1,1- Etidronic acid (5Н,05Р, 2809-21-4 206.028 cry (м) 105 S Н,0, EtOH, 
diphosphonoethane MeOH 
6036 3-Hydroxyestra-1,3,5,7,9- Equilenin C H, 0; 517-09-9 266.335 258.5 sub 170 sl EtOH, ace, chl 
pentaen-17-one 
6037 3-Hydroxyestra-1,3,5(10),7- Equilin Бао 474-86-2 268.351 pl (AcOEt) 239 sub 170 SI Н,0; s EtOH, 
tetraen-17-one ace, diox, 
AcOEt 
6038 2-Hydroxyethyl acrylate 2-Hydroxyethyl 2-propenoate  C;H,0, 818-61-1 16.116 Па 191; 9172 1.0113 
6039 V-(2-Hydroxyethyl)dodecanamide С.Н МО 142-78-9 243.386 88.5 
6040 М-(2-Нудгохуећћу! C H, МО; 150-39-0 278259 су 165 дес 
ethylenediaminetriacetic acid 
6041 2-Hydroxyethyl 2-hydroxybenzoate Glycol salicylate Сон 0, 87-28-5 82.173 37 17315 1.252615 SI H,O; vs EtOH, 
eth, bz, chl 
6042 2-Hydroxyethyl methacrylate Ethylene glycol СН, 0, 868-77-9 30.141 1038, 673 1.079» 1.451520 
monomethacrylate 
6043 A-(2-Hydroxyethyl)phthalimide Саон МО; 3891-07-4 91.183 па (al), If (w) 1303 sl Н,0 
6044 1-(2-Hydroxyethyl)-2- Сен, „№, 3445-11-2 29.157 20 295 1.143520 
pyrrolidinone 
6045 4-Hydroxy-AH-furo[3,2-c]pyran- ^ Patulin С-Н,0, 149-29-1 54121 plorpr(eth, 111 S Н,0, EtOH, 
2(6H)-one chl) eth, ace, bz; i 
peth 
6046 16-Hydroxyhexadecanoic acid 16-Hydroxypalmitic acid Беноа 506-13-8 272.423 96.5 i H,0; s EtOH, 
ace; 51 eth, bz 
6047 2-Hydroxyhexanoic acid СеН.05 6064-63-7 132.157 pr (eth) 60 vs 0 
6048 6-Hydroxyhexanoic acid Сен 0; 1191-25-9 132157 № 
6049 3-Hydroxy-2-(hydroxymethyl)-2- — Dimethylolpropionic acid С5Нь0, 4767-03-7 134.131 190 
methylpropanoic acid 
6050 5-Hydroxy-2-(hydroxymethyl)-4H- Kojic acid СНО, 501-30-4 142110 prnd(ace) 1535 SI H,0, bz; s 
pyran-4-one EtOH, eth, ace, 
DMSO 
6051 8-Hydroxy-7-iodo-5- Ferron Са 0,5 547-91-1 351.118 ye pr, If (al) 260 dec SI H,0, EtOH; i 
quinolinesulfonic acid eth, bz, chl; s 
con sulf 
6052 2-Hydroxy-1 H-isoindole-1 ,3(2H)- ҮЛТ 524-38-9 63.131 232 s DMS0 
dione 
6053 2-Hydroxy-4-isopropyl-2,4,6- Сл 0; 499-44-5 64.201 paye (peth) 51.5 13710 1.060685 SI HO, bz, lig; s 
cycloheptatrien-1-one cte 
6054 Hydroxylupanine Ci МО; 15358-48-2 264364 сту (ace) 169.5 vs Н,0, EtOH, 
chl 
6055 N-Hydroxymethanamine N-Methylhydroxylamine CH,NO 593-77-1 47.057 hyg nd 87.5 62.5% 1.00032 1.416422 vs H,0, EtOH 
6056 2-Hydroxy-3- С.Н03 148-53-8 52448 Тус! от 44.5 265.5 SI Н,0, lig; vs 
methoxybenzaldehyde nd (w, lig) EtOH, eth, ctc 
6057 2-Нуагоху-4- С.Н03 673-22-3 52.148 па (w), cry 42.0 S EtOH, eth, bz, 
methoxybenzaldehyde (al) ig 
6058 2-Hydroxy-5- С.Н03 672-13-9 52148 yeliq(w) 4 241.5 vs eth, EtOH 
methoxybenzaldehyde 
6059 3-Hydroxy-4- С.Н03 621-59-0 52.148 114 1795 1.19625 SI Н,0; s EtOH, 
methoxybenzaldehyde eth, bz, НОАс; 
vs chl 
6060 4-Нудгоху-3- Vanillin С.Н03 121-33-5 52.148 tetr (w, lig) 81.5 285 1.056» SI H;O; vs EtOH, 
methoxybenzaldehyde eth, ace; s bz, 
ig 
6061 4-Hydroxy-3- Homovanillic acid Сан 004 306-08-1 82.173 143.5 
methoxybenzeneacetic acid 
6062 4-Hydroxy-3- СаН ба 498-00-0 54163 pr(w),nd 115 dec S Н,0, EtOH, 
methoxybenzenemethanol (bz) eth, bz 
6063 4-Hydroxy-3- СН 40; 2305-13-7 82.216 65 19715 1.55455 үѕ eth, EtOH 
methoxybenzenepropanol 
6064 2-Hydroxy-5-methoxybenzoic acid ٧ 2612-02-4 68.148 142 
6065 4-Hydroxy-3-methoxybenzoic acid Vanillic acid C H,0, 21-34-6 68.148 wh nd 2115 sub SI H,0; vs EtOH; 
s eth, DMSO 
6066 7-Hydroxy-6-methoxy-2 H-1- Scopoletin C0H0; 92-61-5 92.169 nd or pr (al) 204 SI Н,0, EtOH; s 
benzopyran-2-one chl; i bz, CS; 
6067 4-(4-Hydroxy-3-methoxyphenyl)- ۴6 САНА 22-48-5 94.227 cry (ace, eth) 40.5 1874 vs eth 
2-butanone 
6068 1-(2-Hydroxy-4-methoxyphenyl) Сан, 704 552-41-0 66173 nd (al) 52.5 15820 4.31028 1.54521 vs bz, eth, ОН, 
ethanone ch 
6069 1-(4-Hydroxy-3-methoxyphenyl) 7 СН, 0, 498-02-2 66.173 pr (w) 115 297; 234% SI Н;0; s EtOH, 
ethanone ace, bz; vs eth, 
ch 
6070 (2-Hydroxy-4-methoxyphenyl) Oxybenzone (бн 508 31-57-7 228.243 65.5 S cic 
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6071 3-(4-Hydroxy-3-methoxyphenyl)- Соба 458-36-6 78.184 сту (bz) 84 1.15621 vs bz, eth, EtOH 
2-propenal 
6072 N-Hydroxymethylamine N-Methylhydroxylamine CH,CINO 4229-44-1 83.518 83.5 
hydrochloride hydrochloride 
6073 4-Hydroxy-o--[(methylamino) Synephrine Со МО; 94-07-5 67.205 184.5 
methyl]benzenemethanol 
6074 17-Hydroxy-17-methylandrostan- — Mestanolone و‎ ٢ 521-11-9 304.467 192.5 sl AcOEt 
3-one, (50,170) 
6075 М-Нудгоху-4-тећујап пе C;H,NO 623-10-9 23.152 | (bz) 96 dec 117 vs eth, EtOH, 
chl 
6076 2-Hydroxy-5-methylbenzaldehyde Сао; 613-84-3 36.149 рі (ад, al) 56 217.5 1.09139 1.5479 vs eth, EtOH, 
chl 
6077 o-(Hydroxymethyl)benzeneacetic Tropic acid Сон оба 552-63-6 66.173 nd, pl (al, bz, 118 dec vs H,0, eth, 
acid, (+) w) EtOH 
6078 o-Hydroxy-c- Atrolactic acid Сон (0; 4607-38-9 66173 па, р! (lig) 94 vs ace, bz 
methylbenzeneacetic acid, (4) 
6079 2-Hydroxy-5-methyl-1,3- CoH:203 91-04-3 68.189 130.5 
benzenedimethano 
6080 2-(Hydroxymethyl)-1,4- Gentisyl alcohol C;H,0; 495-08-9 40.137 nd (chl) 100 Sub 75 vs H,0, EtOH, 
benzenediol ch 
6081 2-Hydroxy-5-methylbenzoic acid — p-Cresotic acid (51504 89-56-5 52.148 151 5160; s EtOH 
eth, bz, chl; i 
CS, 
6082 2-Hydroxy-3-methylbenzoic acid — o-Cresotic acid CgH,0, 83-40-9 52.148 165.5 SI H,0; s EtOH 
eth, bz, chl 
6083 2-Hydroxy-4-methylbenzoic acid m-Cresotic acid (511504 50-85-1 52.148 сгу, If 177 SI Н,0; 8 EtOH, 
bz, chl; vs eth 
6084 7-Hydroxy-4-methyl-2 H-1- Hymecromone Сл О 90-33-5 76.169 nd (al) 194.5 SI H;O, eth, chl; 
benzopyran-2-one S EtOH, alk, 
НОАс 
6085 3-Hydroxy-3-methylbutanoic acid C. Hi 0; 625-08-1 18.131 <-32 627 0.9384? 150813 уз H,0, eth, 
EtOH 
6086 3-Hydroxy-3-methyl-2-butanone С-Н,0; 115-22-0 02.132 40 0.95262 s chl 
6087 2-Hydroxy-3-methyl-2- C H,0; 80-71-7 12.127 104.8 
cyclopenten-1-one 
6088 5-(Hydroxymethyl)-2- 5-(Hydroxymethyl)-2- C4 HO, 67-47-0 26.110 па (ећ-рећ) 31.5 15' 1.206225 1.5627?  sH,O, EtOH, bz, 
furancarboxaldehyde furaldehyde chl; sl eth, ctc 
6089 2-Hydroxy-6-methyl-3- o-Thymotic acid СН Оз 548-51-6 94227 па (м, bz, 127 sub vs bz, eth, EtOH 
isopropylbenzoic acid lig) 
6090 2-Hydroxy-3-methyl-6-isopropyl- Diosphenol CigH 50, 490-03-9 68.233 83 09" 
2-cyclohexen-1-one 
6091 2-(Hydroxymethyl)-2-methyl-1,3- 0:905 77-85-0 20.147 мһ ром ог 204 365 msc H,0, EtOH; 
propanediol nd (al) i eth, bz; vs 
HOAc 
6092 2-Hydroxy-3-methyl-1,4- Phthiocol C4 Hg; 403-55-6 88.180 yepr(eth- 1735 Sub vs ace, eth 
naphthalenedione peth) 
6093 5-Hydroxy-2-methyl-1,4- Plumbagin СНО 481-42-5 88.180 goldpror 78.5 sub vs ace, bz, eth, 
naphthalenedione oran-ye nd EtOH 
(dil al) 
6094 2-(Hydroxymethyl)-2-nitro-1,3- ^ Tris(hydroxymethyl) C H,N0; 26-11-4 51.118 паогрг 165 dec vs H,0, eth, 
propanediol nitromethane EtOH 
6095 2-Hydroxy-4-methylpentanoic L-Leucic acid СеН.05 3748-90-8 132.157  orth (eth) 81.5 vs Н,0, eth, 
acid, (S) EtOH 
6096 1-(2-Hydroxy-4-methylphenyl) С,Н,,0, 6921-64-8 50.174 21 245 130129 155275 
ethanone 
6097 1-(2-Hydroxy-5-methylphenyl) Сан, 70 450-72-2 50.174 pí (lig) 50 210; 12020 1.07975 vs bz, eth, ОН, 
ethanone chl 
6098 2-(Hydroxymethyl)phenyl-B-D- 7 C. H, 0; 38-52-3 286278 orth nd or If 207 dec 240 1.43420 vs Н,0, EtOH, 
glucopyranoside (w) HOAc 
6099 1-(2-Hydroxy-5-methylphenyl)-1- Сл 0; 938-45-4 64.201 1.0 129165 1.08414 1.5498  schl 
propanone 
6100 N-(Hydroxymethyl)phthalimide Сон; МО, 18-29-6 77.157 If, pr (to) 141.5 i H50, eth, ctc; 
sl EtOH, bz; s 
lo 
6101 3-Hydroxy-2-methylpropanal САН; 38433-80-6 88.106 о! 
6102 2-Hydroxy-2-methylpropanoic C,H;0, 594-61-6 04105 hyg pr (eth) 82.5 212 vs H,0, EtOH, 
acid nd (bz) eth; 51 bz 
6103 3-Hydroxy-2-methylpropanoic С.Н:0, 2068-83-9 04105 oil 
acid 
6104 N-(Hydroxymethyl)-2- N-(Hydroxymethyl)acrylamide С.Н; 924-42-5 01.105 cry 76 
propenamide 
6105 4-Hydroxy-6-methyl-2/-pyran-2-  Triacetic acid lactone 0-60; 675-10-5 26110 189 дес 
опе 
6106 3-Нудгоху-2-тећу!-4 Н-ругап-4- Maltol 0-60; 118-71-8 26110 mcl pr (chl) 1615 sub 93 sl 60, eth, bz; 
one vs chl; s alk; 
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6107 5-Hydroxy-6-methyl-3,4- Pyridoxin С.Н, NO, 65-23-6 169.178 па (НОАс) 160 1409001 
pyridinedimethanol 
6108 4-Hydroxy-1-methyl-2- 4-Hydroxy-N-methylcarbostyril C, H,N0; 1677-46-06 175.184 265 si DMS0 
quinolinone 
6109 2-Hydroxy-4-(methylthio)butanoic Methionine hydroxy analog С5Н. 0:5 583-91-5 150.196 ой 
acid 
6110 3-Hydroxy-c-methyl-/-tyrosine Methyldopa C4 H,,NO, 555-30-6 211.215 cry (MeOH) 300 dec 
6111 (Hydroxymethyl)urea CH ,N,0; 1000-82-4 90.081 pr (al) 111 vs Н,0; $ EtOH, 
eOH, HOAc; 
i eth 
6112 2-Hydroxy-1- C,,H,0, 708-06-5 72181 pr(al),nd 83 19277 1620; s EtOH, 
naphthalenecarboxaldehyde (AcOEt) eth, aq alk, 
sulf, peth 
6113 2-Hydroxy-1- 2-Hydroxy-1-naphthoic acid СаЊО 2283-08-1 88.180 157.3 5160; vs EtOH; 
naphthalenecarboxylic acid S eth, ace, bz, 
ig, chl 
6114 1-Hydroxy-2- 1-Hydroxy-2-naphthoic acid C44 H40; 86-48-6 88.180 cry (а) nd 195 SI H;O; vs EtOH, 
naphthalenecarboxylic acid (al, eth, bz) eth; s bz 
6115 3-Hydroxy-2- 3-Hydroxy-2-naphthoic acid C,,H,0, 92-70-6 88.180 nd(dilal) ye 5 SI H;O; vs EtOH, 
naphthalenecarboxylic acid If (dil al) eth; s bz, chl, 
0 
6116 2-Hydroxy-1,4-naphthalenedione _ ۴6 С 83-72-7 74153  yepr(HOAc) 195 дес vs EtOH; i eth, 
bz, chl; 5 
HOAc 
6117 5-Hydroxy-1,4-naphthalenedione ^ Juglone Са 481-39-0 74153 уе па (bz) 155 sub 1620; s EtOH, 
peth eth, bz; vs chl; 
sl lig 
6118 7-Hydroxy-1,3- 2-Naphthol-6,8-disulfonic acid لام‎ 118-32-1 304.297 $ Н,0 
naphthalenedisulfonic acid 
6119 3-Hydroxy-2,7- 2-Naphthol-3,6-disulfonic acid С,5Н,0,5, 148-75-4 304.297 hyg nd dec vs H,0, EtOH 
naphthalenedisulfonic acid 
6120 6-Hydroxy-2- Allenolic acid Са 04 553-39-9 216.232 cry (dil 180.5 vs py, EtOH, 
naphthalenepropanoic acid MeOH) еон 
6121 4-Hydroxy-1-naphthalenesulfonic — 1-Naphthol-4-sulfonic acid 0,4Н,0,5 84-87-7 224.234 “аһ or pl (w) 170 dec vs Н,0; i eth 
acid 
6122 7-Hydroxy-1-naphthalenesulfonic Стосвіс acid СО, 5 132-57-0 224.234 s Н,0 
acid 
6123 1-Hydroxy-2-naphthalenesulfonic — 1-Naphthol-2-sulfonic acid C49H40,8 567-18-0 224234 pl (w) >250 SI H0, dil НСІ; 
acid S EtOH; i eth 
6124 6-Hydroxy-2-naphthalenesulfonic — 2-Naphthol-6-sulfonic acid C4 9H,0,S 93-01-6 224234 1, cry (841) 125 vs H,0, EtOH; | 
acid eth; s HOAc 
6125 Hydroxynaphthol blue, trisodium CH, N)Na,0,,S, 63451-35-4 623.495 dk red cry 
salt 
6126 N-(2-Hydroxy-1-naphthyl) Сон, NO; 117-93-1 201.221 If (w, dil al) 235 дес sub vs ace, bz, eth, 
acetamide EtOH 
6127 1-(1-Hydroxy-2-naphthyl) С.Н 0; 711-79-5 86.206 рг (bz, lig 101 дес 325 vs bz, HOAc 
ethanone grn-ye nd 
(al) 
6128 2-Hydroxy-3-nitrobenzaldehyde C;H;NO, 5274-70-4 67.120 па (НОАс) 1095 vs bz, EtOH 
6129 2-Hydroxy-5-nitrobenzaldehyde СО, 97-51-8 67120 cry (dil 127.0 $ ace 
НОАс) 
6130 2-Hydroxy-3-nitrobenzoic acid 3-Nitrosalicylic acid САМО, 85-38-1 83.119 yend(HOAc, 148 SI H,O; vs EtOH, 
w+1) eth; s ace, bz, 
chl 
6131 2-Hydroxy-5-nitrobenzoic acid ^ 5-Nitrosalicylic acid C;HsNOs 96-97-9 83.119 nd (w) 229.5 1.650” 510: vs EtOH, 
eth, ace, bz; s 
chl 
6132 2-Hydroxy-1,2,3- Agaricic acid АЛ 666-99-9 416.549 cry pow 142 dec $ H,0; sl EtOH, 
nonadecanetricarboxylic acid eth; i bz, ch 
6133 12-Hydroxyoctadecanoic acid 12-Hydroxysteric acid Ci H, 0, 06-14-9 300477 cr (al) 82 1620; s EtOH, 
eth, chl 
6134 cis-12-Hydroxy-9-octadecenoic ^ Ricinoleic acid СНО 41-22-0 298.461 visc liq 55 2270 0.9450? 14716? i H0; vs eth, 
acid, (A) EtOH 
6135 2-Hydroxyoctanoic acid C H, 0, 617-73-2 60.211 ام‎ 70 16210 SI H,0, chl; vs 
EtOH, eth 
6136 5-Hydroxy-4-octanone Butyroin C H, 0; 496-77-5 44212 liq -10 185 0.910716 — 1.434515 
6137 [2-Hydroxy-4-(octyloxy)phenyl] ^ Octabenzone C.H, Оз 843-05-6 326.429 48.5 
phenylmethanone 
6138 3-Hydroxy-2-oxopropanoic acid Hydroxypyruvic acid СНО, 113-60-6 04.062 81 дес 
6139 3-Нудгоху-4-охо-4 Н-ругап-2,6- Месопіс acid с; 497-59-6 200.103  orthpl(w,dil 120 dec SI Н,0, MeOH, 
dicarboxylic acid HCI) (+3w) ace, eth; s 
НОН, bz 
6140 2-Hydroxypentanoic acid C;H, 0; 617-31-2 18131  hyg pl 34 sub 5,0, EtOH, eth 
6141 5-Hydroxy-2-pentanone C;H, 0; 071-73-4 102132 209; 117% — 100712 1.4390? msc H,0; s 
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6142 T-Hydroxy-3H-phenoxazin-3-one — 6 С.2Н;МОз 635-78-9 213.189 br nd i H50; sl EtOH; i 
(РАМО;) pr eth; vs alk 
(НСІ) 
6143 N-(2-Hydroxyphenyl)acetamide C НУМ, 614-80-2 151.163 рі (dil al) 209 SI H;O; vs EtOH, 
eth, bz; s 
DMSO 
6144 N-(3-Hydroxyphenyl)acetamide Сан МО; 621-42-1 151.163 па (м) 148.5 vs HO, EtOH; sl 
eth, bz, chl, 
DMSO 
6145 N-(4-Hydroxyphenyl)acetamide Acetaminophen C H,N0, 103-90-2 151.163 mcl pr (w) 0 1.293?! i Н,0: vs EtOH 
6146 2-[(4-Hydroxyphenyl)azo]benzoic Ci H, №03 1634-82-8 242.229 206 51 DMSO 
acid 
6147 2-Hydroxy-M-phenylbenzamide = Salicylanilide C4 Hu МО, 87-17-2 213.232 рг (w, al) 136.5 S H,0; sl EtOH, 
eth, bz, chl 
6148 N-Hydroxy-N-phenylbenzamide C, H, МО, 304-88-1 213.232 120.3 
6149 а-Нудгоху-о- Benzilic acid С.Н, 04 76-93-7 228.243 тс! па (м) 150 дес 180 SI Н,0, ace; vs 
phenylbenzeneacetic acid EtOH, eth; s 
con sulf 
6150 3-Hydroxy-2-phenyl-4 H-1- Со 577-85-5 238.238 pa ye па (al) 1695 S EtOH 
benzopyran-4-one 
6151 N-(4-Hydroxyphenyl)butanamide — 4'-Hydroxybutyranilide C4 H,,NO, 101-91-7 179.216 па (w) 139.5 уз Н,0, EtOH 
6152 4-(4-Hydroxyphenyl)-2-butanone Сон 0; 54/1512 164.201 82.5 
6153 1-(2-Hydroxyphenyl)ethanone С.О, 118-93-4 136.149 25 218 1.13072 1.558420 vs eth, EtOH 
HOAc 
6154 1-(3-Hydroxyphenyl)ethanone C3H,0, 121-71-1 136.149 nd or If 96 296; 153° 1.099219 1.53481 51Н,0; vs EtOH, 
eth, bz, chl; i 
lig 
6155 1-(4-Hydroxyphenyl)ethanone C,H,0; 99-93-4 136.149 па (eth, dil 1095 1473 1.109019 1.557719 sl H0, DMSO; 
al) vs EtOH, eth 
6156 4-Hydroxyphenyl-B- D- Arbutin СНО, 497-76-7 272.251 па (w+1) 199.5 vs Н;0; s EtOH; 
glucopyranoside sl eth; i bz, chl, 
CS, 
6157 2-(4-Hydroxyphenyl)-D-glycine 2 6 CHNO; 22818-40-2 167.162 су 240 дес 
6158 N-(4-Hydroxyphenyl)glycine C H,NO0, 122-87-2 167.162 If (w) pl (w) 246 дес SI Н,0, EtOH; i 
eth; s AcOEt, 
ch 
6159 2(2-Hydroxyphenyl)-2(4- 2,4"-Isopropylidenediphenol C4 Hg; 837-08-1 228.287  cty (bz) 111 
hydroxyphenyl)propane 
6160 2-[[(2-Hydroxyphenyl)imino] N-Salicylidene-o-aminophenol ^ Сана МО; 761-56-4 213.232 185 
methyl]pheno 
6161 N-Hydroxy-N-(phenylmethyl) СН, МО 621-07-8 213.275 122.5 sch 
benzenemethanamine 
6162 N-(4-Hydroxyphenyl) СН NO; 03-99-1 375.589 133.8 239.510 1620; sl eth, bz, 
octadecanamide chl; s ace 
6163 3-(4-Hydroxyphenyl)-2- 4-Нуйгоху-о- Сао, 56-39-8 180.158 сту (м) 220 dec S Н,0: dec alk 
oxopropanoic acid oxobenzenepropanoic acid 
6164 (2-Hydroxyphenyl) C, H, 0; 17-99-7 198217 pl (dil al) 40 25090 i H,0; vs EtOH, 
phenylmethanone eth, bz; sl chl, 
peth 
6165 1-(2-Hydroxyphenyl)-3-phenyl-2- 2'-Hydroxychalcone С 150» 214-47-7 224255 90 
propen-1-one 
6166 2-Hydroxy-1-phenyl-1-propanone Сану 00 5650-40-8 50.174 ye oil 251 1.108518 1.5362 
6167 1-(2-Hydroxyphenyl)-1- Сон об; 610-99-1 50.174 15080, 11515 1.5501? — s| H0; s EtOH, 
propanone eth, ctc, alk 
6168 1-(4-Hydroxyphenyl)-1- Paroxypropione С.Н» 70-70-2 50.174 whndorpl 149 51 HO, асе; s 
propanone (w) EtOH, eth, alk 
6169 3-(4-Hydroxyphenyl)-2-propenoic p-Coumaric acid C; H;0, 7400-08-0 64.158 nd 211.5 vs eth, EtOH 
acid 
6170 3-Hydroxy-2-phenyl-4- Oxycinchophen C4 Hu NO; 485-89-2 265.263 ye pr (al) 206 dec vs bz, EtOH, 
quinolinecarboxylic acid HOAc 
6171 N-Hydroxypiperidine 1-Piperidinol C.H, NO 4801-58-5 01147 hyg 39.3 1105 
6172 3-Hydroxypregnan-20-one, Allopregnan-3oc-0l-20-one C4 H40; 516-54-1 318.494 cry (al) 177 
(30,50) 
6173 3-Hydroxypregnan-20-one, Allopregnan-3B-ol-20-one Са Н;0; 516-55-2 318.494 189.5 
(38,50) 
6174 17-Hydroxypregn-4-ene-3,20- 17a-Hydroxyprogesterone Са Ноа 68-96-2 330.461 sl chl 
dione 
6175 21-Hydroxypregn-4-ene-3,20- Deoxycorticosterone 05.0, 64-85-7 330.461 pl (eth) 141.5 SI Н,0, eth; vs 
dione EtOH, ace; 8 
ch 
6176 21-Hydroxypregn-4-ene-3,11,20- — 11-Dehydrocorticosterone Сао, 72-23-1 344445  pr(ace-w,al, 183.5 1620; s EtOH, 
trione ace-eth) ace, bz 
6177 cis-4-Hydroxy-L-proline CH NO, 618-27-9 131430 па (w+) 239.5 vs 0 
6178 írans-4-Hydroxy-L-proline C;H,N0, 51-35-4 131430 If (dil al) pr 274 vs ЊО; sl EtOH 


(w) 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
6179 3-Hydroxypropanal Hydracrolein С-Н,0, 2134-29-4 74079 90", 3802 vs ae eth, 
EtOH 
6180 Hydroxypropanedioic acid Tartronic acid C5H,0; 80-69-3 120.061 рг (w+1) 157 sub S H0, EtOH; sl 
eth 
6181 2-Hydroxypropanenitrile Acetaldehyde cyanohydrin С-Н.МО 78-97-7 71078 liq -40 183 0.987722 14058 msc ЊО, EtOH; 
S eth, chl; i 
CS,, peth 
6182 3-Hydroxypropanenitrile Hydracrylonitrile С-Н.МО 109-78-4 71078 ٩ -46 221 1.040425 — 1.4248? — msc H,0, EtOH; 
sl eth; s chl; i 
CS, 
6183 3-Hydroxypropanoic acid Hydracrylic acid С-Н,0, 503-66-2 90.078 зуг dec 44890 vs Н,0; s ОН 
msc eth 
6184 1-Hydroxy-2-propanone Acetone alcohol C3H,0, 116-09-6 74.079 hyg liq 7 145.5 1.0805? 1.429522 vs H,0, EtOH, 
eth 
6185 4-(3-Hydroxy-1-propenyl)-2- Coniferyl alcohol Ci Hi)0; 458-35-5 180.200 pr(eth-lig 74 1643 i H,0; s EtOH, 
methoxyphenol alk; vs eth 
6186 2-Hydroxypropyl acrylate СН, 0, 999-61-1 130.141 liq 70? 
6187 (2-Hydroxypropyl) C H, СМО 2382-43-6 153650 рг(Ви ОН) 165 dec vs HO, EtOH 
trimethylammonium chloride 
6188 3-Hydroxy-1 H-pyridin-2-one ЛТ 16867-04-2 111.100 245 дес 
6189 1-Hydroxy-2,5-pyrrolidinedione © N-Hydroxysuccinimide C H;N0, 6066-82-6 115.088 hyg 96.3 si DMS0 
6190 4-Hydroxy-2-quinolinecarboxylic Kynurenic acid C4,H;NO, 492-27-3 189.168 yend(+w,dil 5 sl Н,0; s EtOH; 
acid al) i eth; vs alk 
6191 8-Hydroxy-5-quinolinesulfonic C;H;NO,S 84-88-8 225.222 ув |і, па (+ 3225 sl Н,0 
acid 1w) (dil 
HCl) 
6192 4-Hydroxy-2-quinolinone 2,4-Quinolinediol Сон; МО; 86-95-3 161.158 360 дес si ول سن‎ 
gl HOAc 
6193 3-Hydroxyspirostan-12-0ne, Hecogenin (55104 467-55-0 430.620 ام‎ (eth) 266.5 уз ace, eth, 
(3B,50,255) EtOH 
6194 4-Hydroxystyrene 4-Vinylphenol СН: 2628-17-3 120.149 73.5 
6195 2-Hydroxy-5-sulfobenzoic acid 5-Sulfosalicylic acid C;H,0,S 97-05-2 218.184 hyg nd 120 vs Н,0: vs 
НОН, eth 
6196 2-Hydroxy-5-sulfobenzoic acid 5-Sulfosalicylic acid dihydrate C.H,,0,S 5965-83-3 254.214 wh cry (w) vs H,0; vs 
dihydrate EtOH, eth 
6197 4-Hydroxy-2,2,6,6- 2,2,6,6-Tetramethyl-4- Со МО 2403-88-5 157.253 130 2135 
etramethylpiperidine piperidinol 
6198 5-Hydroxytryptamine 3-(2-Aminoethyl)indol-5-ol СНО 50-67-9 176.214 $ Н,0 
6199 5-Hydroxy-DL-tryptophan C4 H9 N,0, 114-03-4 220.224 rod or nd (al) 300 dec 
6200 Hydroxyurea СНО, 127-07-1 76.055 па (al) 141 dec vs Н,0 
6201 Hydroxyzine Сл HxCIN,0; 68-88-2 374904 oil 22005 
6202 Hymecromone 0,0-diethyl Ca Hí0;PS 299-45-6 328321 nd 38 21072 dec 1.260% 1.56857 уз H,0; sl рей 
phosphorothioate 
6203 Hymenoxone С. 5Н»205 57377-32-9 282.333 су 
6204 Hyoscyamine CH, NO; 101-31-5 289.370 tetr nd (dil 108.5 SI Н,0, eth, bz; 
al) vs EtOH, chl 
6205 Hypoglycin A САМО; 156-56-9 141.168  yepl (Meaq) 282 
6206 Hypoxanthine С-Н,М,0 68-94-0 136.112 octnd(w) 150 dec SI H5O; s alk, dil 
acid 
6207 Ibuprofen 2-(4-Isobutylphenyl)propanoic C.H, O; 15687-27-1 206.281 col cry 76 sl Н,0: s os 
acid 
6208 Icosylamine 1-Eicosanamine C.H, N 10525-37-8 297.562 3724 
6209 D-ldose СеН.06 5978-95-0 180.155 зуг vs Н,0 
6210 1-14086 Сан 0; 5934-56-5 180155 syr vs H,0 
6211 Imazalil CH, CEN;O 35554-44-0 297179 50 dec 12433 
6212 |тагаруг Са МО 81334-34-1 261.276 171 
6213 Imazaquin Сұ 1180, 81335-37-7 311.335 221 
6214 Imazethapyr C4 Hy Оз 81335-77-5 289.330 173 
6215 Imidazole 1,3-Diazole CHiN, 288-32-4 68.077 mcl pr (bz) 895 257 1.030310" 1.480110! vs H,0, EtOH; s 
eth, ace, py; sl 
bz 
6216 1H-Imidazole-4,5-dicarboxylic ЛІГІ? 570-22-9 56.097 рг 290 дес 1.7495 sl B,0, py; i 
acid EtOH, eth, bz 
6217 1H-Imidazole-4-ethanamine, КІМНЕН 56-92-8 84.066 рі (eth- 2513 1.4320 vs Н,0, MeOH 
dihydrochloride HOAC), pr 
(w) 
6218 2,4-Imidazolidinedione Hydantoin C H,N,0; 461-/2-3 00076 nd (MeOH), 220 S Н,0, EtOH, 
If (w) alk; sl eth; i 
peth 
6219 2-Imidazolidinethione Ethylene thiourea CHNS 96-45-7 02.158 nd (al), pr 203 vs Н,0: s EtOH; 
(al) i eth, bz, chl; sl 
DMSO 
6220 Imidazolidinetrione Parabanic acid СНО 120-89-8 14.059 те! па (м) 244 dec sub 100 S ЊО; vs EtOH 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

6221 2-Imidazolidinone Ethylene urea СНО 120-93-4 86.092 131 vs HO, EtOH; sl 
eth, chl 

6222 Imidodicarbonic diamide Biuret СНО; 108-19-0 103.080 pl (al), nd 190 дес SI H;O; vs EtOH; 

(w+) i eth 

6223 3,3'-Iminobispropanenitrile Bis(2-cyanoethyl)amine C H,N, 111-94-4 123.155 -6 1625 1.016520 

6224 Iminodiacetic acid С,Н,МО, 142-73-4 133.104 orth pr 2475 sl H,0; i EtOH, 
ећ 

6225 Iminodiacetic acid, dinitrile 2,2"-Iminobisacetonitrile C H;N, 628-87-5 95.103 78 S НО, EtOH; sl 
eth, bz, ch 

6226 Imipramine C; HN; 50-49-7 280.407 1600: 

6227 Imipramine hydrochloride Tofranil Со Ho; CIN; 13-52-0 316.868 1745 vs Н,0 $ EtOH; 
sl ace 

6228 Imperatorin CigH 40, 482-44-0 270.280 — cry (al) 102 SI Н,0: s EtOH, 
eth, bz, peth; 
vs chl 

6229 Indaconitine Ca H4 NO; 4491-19-4 629.738 су 202 dec vs eth, EtOH, 
chl 

6230 Indalone Butopyronoxyl Сао, 532-34-3 226.269  ye-red liq 263 1057? 14755  iHj; vs EtOH, 
eth, chl 

6231 Indan C; Hi 496-11-7 18.175 liq -51.38 177.97 0.9639? 1.5378? i H,0; msc 
EtOH, eth; sl 
chl 

6232 1-Indanamine 1-Aminoindane CIH, N 34698-41-4 133.190 221; 968 1.0385 1.561322 51 H,0; s eth 
ace, bz 

6233 1H-Indazole 1H-Benzopyrazole CHN 271-44-3 18.136 па (а, м) 148 269 S HO, EtOH, eth 

6234 1H-Indazol-3-ol 1,2-Dihydro-3H-indazol-3-one C.H ,N,0 7364-25-2 34.135 nd or If 252.5 51 H,0, eth; s 

(MeOH) pl eOH, EtOH 
or nd (al) 

6235 Indene Indonaphthene Со 95-13-6 16.160 lig -1.5 182 099605 — 1.5768? i H,0; msc 
EtOH, eth; s 
ace, bz, py; sl 
ch 

6236 1H-Indene-1,3(2H)-dione CH ,0; 606-23-5 46.143 па (eth, lig) 131 дес 1.3721 SI Н,0, ctc; vs 
EtOH; s eth, 
bz, alk 

6237 1H-Indene-1,2,3-trione Ninhydrin СНО, 485-47-2 78.142 paye pr (w, 242 dec vs H0; s EtOH 

monohydrate al) alk; sl eth 

6238 Indeno[1,2,3-cd]pyrene 1,10-(1,2-Phenylene)pyrene Сун; 193-39-5 276.330 уе сту (су) 162 

6239 Indigo و‎ №0» 482-89-3 262.262 dkblpow 390 дес sub 300 

6240 5,5'-Indigodisulfonic acid, Indigo Carmine C, eHgN,Na;0,S, 860-22-0 466.353 dk-bl pow 51 Н,0, EtOH; | 

disodium salt 05 

6241 Indocyanine green CH, N)Na0,S, 3599-3924 774.962 pow 244 dec 

6242 1H-Indol-5-amine Сан 5192-03-0 132463 132 

6243 1H-Indole 2,3-Benzopyrrole СН 120-72-9 17.149 И (w, peth) 5 253.6 1.22% s НО, bz; vs 

cry (eth) EtOH, eth, tol; 
sl сіс 

6244 1H-Indole-3-acetic acid ndoleacetic acid СМО; 87-51-4 75.184 If (bz), pl 168.5 i H30; vs EtOH; 

(chl) s eth, ace, bz; 
sl chl 

6245 1H-Indole-3-acetonitrile Соб 771-51-7 56.184 36 16002 

6246 1H-Indole-3-butanoic acid ndolebutyric acid Со و‎ NO; 133-32-4 203.237 1245 vs bz; s DMSO; 
i peth 

6247 1H-Indole-3-carboxaldehyde Сон МО 487-89-8 45.158 197.8 

6248 1H-Indole-2,3-dione satin C H,N0; 91-56-5 47132 oran mcl pr 203 dec S Н,0, ace, bz; 
vs EtOH; sl eth 

6249 1H-Indole-2,3-dione, 3- satin, 3-thiosemicarbazone C H,N,0S 487-16-1 220.251 283 

thiosemicarbazone 

6250 1H-Indole-3-ethanamine, ryptamine hydrochloride CIH, CIN; 343-94-2 96676 па (al-bz or 255 vs ace, EtOH 

monohydrochloride lig) 

6251 1#-Indole-3-ethanol ryptophol C4 IH, N0 526-55-6 61.200 рг (62-рећ) 59 1742 vs ace, eth, 
EtOH, chl 

6252 1H-Indole-3-lactic acid, (5) о-Нуйгоху-1 H-indole-3- СН М0; 7417-65-4 205.210 cry (peth) 100 

propanoic acid 

6253 1H-Indole-3-propanoic acid Cy Hi NO; 830-96-6 89.211 1345 sl Н,0, DMSO; 
vs EtOH, eth, 
ace, bz 

6254 Indolizine Сен; 274-40-8 17.149 рі 75 205 i H,0; s EtOH 

6255 1H-Indol-3-ol, acetate C49HNO; 608-08-2 75.184 129 

6256 1-(1H-Indol-3-yl)ethanone C, H,N0 703-80-0 59.184 nd (bz) 192.3 144% vs EtOH 

6257 1-(1H-Indol-3-yl)-2-propanone ^ 3-Indolylacetone СН, NO 1201-26-9 73211 br orth (bz), 116 

nd (aq 
Me0H) 
6258 3-(1H-Indol-3-yl)-2-propenoic 3-Indolylacrylic acid CHNO, 1204-06-4 87.195 185 dec 


acid 
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3-304 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
6259 Indomethacin C4 H, СМО, 53-86-1 357.788 155 (form а); 
162 (form b 
6260 Inosine Hypoxanthine riboside Са МО 58-63-9 268.226 pl(w+2),nd 218 dec SI ЊО; vs EtOH 
(80% al) 
6261 Inosine 5'-monophosphate 5 -Іповіпіс acid С.Н, ОР 31-99-7 348.206 міѕс liq or vs H,0; sl ОН, 
glass eth 
6262 myo-Inositol (10,20,30,4В,50.6В)- СеН,05 87-89-8 80.155 сту (м) 225 1.752 s Н,0 
Cyclohexanehexol 
6263 locetamic acid Со و‎ МО 6034-77-8 613.955  wh-yepow 225 i و‎ ٢ 51 EtOH, 
bz, eth, ace 
6264 lodipamide СаН,415У0; 606-17-7 139.761 307 дес i Н,0, bz; sl 
НОН, eth, ace 
6265 2-lodoacetamide АЛША 44-48-9 84.963 93.0 S Њ0; sl tfa 
6266 lodoacetic acid СНО, 64-69-7 85.948 825 dec S HO, EtOH, 
peth; sl eth, 
chl 
6267 lodoacetone СНО 3019-04-3 83.975 6272 2175 5 НОН 
6268 lodoacetonitrile АЛЫ 624-75-9 66.948 85 2075 1.574420 
6269 lodoacetylene C;HI 14545-08-5 151.933 32 
6270 2-lodoaniline C; HIN 615-43-0 219.023 па (91 al) 605 sl HO; vs EtOH, 
eth, ace 
6271 3-lodoaniline ҮЛ 626-01-7 219.023 ٢ 33 45% 1.68112 i H,0; s EtOH, 
chl 
6272 4-lodoaniline ҰШ 540-37-4 219.023 па (м) 67.5 sl H,0, peth; 8 
EtOH, eth 
6273 2-lodobenzaldehyde СНО 26260-02-6 232.018 37 29" SI Њ0; s ace 
6274 4-lodobenzaldehyde СНО 15164-44-0 232.018 71.5 265 SI Н,0; s EtOH, 
bz 
6275 lodobenzene Сен; 591504 204008 liq -31.3 88.4 1.9308? 1.6200? ІН,0; $ EtOH; 
msc eth, ace, 
bz, ctc 
6276 2-lodobenzenemethanol 0 5159-41- 234.034 92 48% 1.634920 
6277 4-lodobenzenesulfonyl chloride Р рву! chloride C;H,CIIOS 98-61-3 302.517 85 
6278 2-lodobenzoic acid СНО, 88-67-5 248.018 па (w) 163 exp 233 2.255 SI Њ0, ace; vs 
EtOH, eth 
6279 3-lodobenzoic acid C;HiO; 618-51-9 248.008 mcl pr (ace) 188.3 sub sl Н,0, eth; vs 
EtOH 
6280 4-lodobenzoic acid СНО, 619-58-9 248.018 mcl pr (dil 270 sub 2.1842 i H,0; 51 EtOH; 
al) If (sub) s eth, DMSO 
6281 4-lodobenzonitrile C;H,IN 3058-39-7 229.018 127.5 
6282 2-lodobenzoyl chloride C;H,CIIO 609-67-6 266.463 38.3 5927, 13519 
6283 4-lodobenzoyl chloride C;H,CIIO 1711-02-0 266.463 65.5 64% 
6284 2-lodo-1,1'-biphenyl бұны 2113-51-1 23 90%, 1697 1.551125 1.6620? i H,0; s EtOH, 
eth, bz, НОАс 
6285 3-lodo-1,1'-biphenyl А) 20442-79-9 280.103 26.5 8816 1.596725 
6286 4-lodo-1,1'-biphenyl Сыны 1591-31-7 280103 nd (al, 113.5 320; 183" i H,0; s EtOH, 
HOAc) eth, bz, НОАс 
6287 1-lodobutane Butyl iodide СНУ 542-69-8 184.018 liq -103 30.5 1.615420 1.500122 ІН,0; msc 
EtOH, eth; vs 
chl 
6288 2-lodobutane, (+) (+)-sec-Butyl iodide СНУ 52152-71-3 184.018 liq -104.2 20.1 1.592020 1.499122 | H,0; msc 
EtOH, eth; vs 
chl 
6289 lodocyclohexane Cyclohexyl iodide СЕН 626-62-0 210.055 dec 180; 8120 1.624420 1.547720 i H,0; s EtOH, 
eth, ace, bz 
6290 lodocyclopentane Cyclopentyl iodide C. Hil 556-18-9 196.029 66.5 1.709622 1.54479 |Н,0; s eth, bz; 
sl сіс 
6291 1-lododecane ТІЛ 2050-77-3 268.178 liq -163 263.7; 1325 1.2546? 1.485820 i H,0; s EtOH, 
eth, ctc 
6292 1-lodo-2,4-dimethylbenzene Сао! 4214-28-2 232.061 dec 231; 111" 162826 160086 i H,0; s асе, bz 
6293 2-lodo-1,3-dimethylbenzene Сана! 608-28-6 232.061 ой 112 229.5 1.6158? 1.6035? i H0; s ace, bz 
6294 2-lodo-1,4-dimethylbenzene МШ 122-42-55 232.061 дес 227 1.61687 1.59927 ІҢ,0; s ace, bz 
6295 1-lodo-2,2-dimethylpropane Сани! 5501-33-4 198.045 dec 128 14940? 1.489022 ІН,0; s EtOH, 
eth 
6296 1-lodododecane Lauryl 6 С.Н] 4292-19-7 296.231 0.3 298.2 1.1999? 1.4840? i H,0; s EtOH, 
eOH; msc 
eth, ace, ctc 
6297 lodoethane Ethyl iodide СНЫ 15-03-6 155.965 liq -111.1 72.3 1.93579 1.513322 51 H,0; msc 
EtOH; s eth, 
chl 
6298 2-lodoethanol СНО 624-76-0 171.964 дес 176 219670 1.57139 vs H,0, eth, 
EtOH 
6299 6 Vinyl iodide CHI 593-66-8 153.949 56 2.03720 53859 vs eth, EtOH 
6300 (2-lodoethyl)benzene Сао! 17376-04-4 232061 liq 1228 1.603 501020 
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3-306 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л Solubility 
6301 2-(1-lodoethyl)-1,3-dioxolane-4- — lodinated glycerol СЕН 10 5634-39-9 258.053 рае ye liq 197 547 s eth, chl, thf, 
methanol AcOEt 
6302 686 С5Н,0140,Р5 18181-70-9 412.997 wh cry 76 i H0; sace, ху; 
sl EtOH 
6303 1-lodoheptane СН 4282-40-0 226.098 liq -48.2 204.0 379120 1.4904? | H0; s EtOH, 
eth, ace, chl; sl 
cic 
6304 3-lodoheptane C;His 31294-92-5 226.098 8930 1.367620 
6305 1-lodohexadecane Са а! 544-774 352.337 ра ye lig 247 357; 21215 12135 14797? i H0; sl EtOH; 
S eth, ace; msc 
bz; vs chl 
6306 6 Hexyl iodide C; His 638-45-9 212.071 liq -74.2 181.3 14397? 14928? 0 
6307 lodomethane Methyl iodide СН 74-88-4 141.939 liq -66.4 42.43 2.278920 1.530820 51 H,O; s ace, 
bz, chl; msc 
EtOH, eth 
6308 1-lodo-2-methoxybenzene o-lodoanisole C;H;lO 529-28-2 234.034 241; 91? 182) vs EtOH, eth, 
ace, bz, chl, lig 
6309 1-lodo-3-methoxybenzene m-lodoanisole СНО 766-85-8 234.034 244.5 1.9650 vs EtOH, eth 
6310 1-lodo-4-methoxybenzene p-lodoanisole СНО 696-62-8 234.034 If (al), nd 53 238; 138% s EtOH, eth, chl 
(MeOH) 
6311 1-lodo-2-methylbenzene C;H; 615-37-2 218.035 2115 1.71320 60792 | Н,0; msc 
НОН, ећ 
6312 1-lodo-3-methylbenzene CH; 625-95-6 218035 liq -27.2 213 1.70520 .6053? i H,0; msc 
EtOH, eth 
6313 (lodomethyl)benzene m 620-05-3 218.035 coloryend 245 93" 173355 163345 ув bz, eth, EtOH 
(MeOH) 
6314 1-lodo-3-methylbutane Isopentyl iodide С.Н 541-28-6 198.045 147 1.511820 1.939? 5ІН,0, ctc; msc 
EtOH, eth 
6315 2-lodo-2-methylbutane "m 594-38-7 198.045 1245 14937? 14981? ІН,0; msc 
EtOH, eth 
6316 1-lodo-2-methylpropane Isobutyl iodide C, Hil 513-38-2 184.018 121.1 1.6035? 1.495920 
6317 2-lodo-2-methylpropane tert-Butyl iodide C, Hil 558-17-8 184.018 liq -38.2 100.1 1.5712 491820 msc EtOH, eth 
6318 lodomethylsilane CHsISi 18089-64-0 172.041 col liq -109.5 71.8 
6319 1-lodonaphthalene Са 90-14-2 254.067 24 302 1.739920 1.7026? ІН,0; msc 
EtOH, eth, bz 
CS, 
6320 2-lodonaphthalene Са 612-55-5 254.067 If (dil al) 54.5 308 1.63199 1.6662?  iH,0; vs EtOH 
eth, 6 
6321 1-lodo-2-nitrobenzene C H,IN0; 609-73-4 249.006 yeorthnd 54 290; 1627 1.918675 1Н,0, $ EtOH, 
(al) eth 
6322 1-lodo-3-nitrobenzene C H,IN0; 645-00-1 249.006 7۷ 38.5 280 1.9477% i H50; $ EtOH, 
eth 
6323 1-lodo-4-nitrobenzene C H,IN0; 636-98-6 249.006 уе па (al) 1747 288 1.8090" i H,0; $ EtOH, 
HOAc; sl 
DMSO 
6324 1-lodononane C; Hi 4282-42-2 254.151 col liq -20 245.0 1.28365 1.4848 
6325 1-lodooctadecane Са Њу 629-93-6 380.391 If (lig), nd 34.0 383 1.0994? 1.4810? ІН,0; sl EtOH, 
(ace, al- eth 
ace) 
6326 1-lodooctane C, Hi; 629-27-6 240.125 liq -45.7 225 1.3298? 1.4885? 5 EtOH, eth 
6327 2-lodooctane, (+) 2-Octyl iodide, (+) Сану 36049-78-2 240125 210; 9516 1.3251? 1.489622 i H,0; s EtOH, 
eth, lig 
6328 1-lodopentane Pentyl iodide C: Hu 628-17-1 198.045 1 -85.6 51.0 1.516120 1.495922 s chi 
6329 3-lodopentane СН 1809-05-8 198045 45.5 1.5176? 1.4974? vs ace, bz, eth 
6330 2-lodophenol ІЛІК 533-58-4 220007 па 43 8619, 912 1.875780 S Н,0; vs EtOH, 
eth, 05, 
6331 3-lodophenol (1510 626-02-8 220.007 па (lig) 118 86100 SI Н,0; s EtOH, 
eth 
6332 4-lodophenol СНО 540-38-5 220.007 nd(worsub) 93.5 39° dec 1.857312 SI H;O; vs EtOH, 
eth 
6333 1-(3-lodophenyl)ethanone 3-lodoacetophenone СНО 14452-30-3 246.045 298, 117^ 1.6220 7 
6334 1-(4-lodophenyl)ethanone 4-lodoacetophenone С,Н40 13329-40-3 45 86 53% S EtOH, bz, 05, 
HOAc; sl lig, 
eth 
6335 1-lodopropane Propyl iodide C.H; 107-08-4 69.992 liq -101.3 02.5 1.7489 1.5058? 5ІН,0, ctc; msc 
EtOH, eth 
6336 2-lodopropane Isopropyl iodide C.H; 75-30-9 69.992 а -90 89.5 1.7042? 1.5020? $1 Н,0; msc 
EtOH, eth, bz, 
ch 
6337 3-lodopropanoic acid СНО, 141-76-4 99.975 If (w) 85 SI H,0, chl; vs 
EtOH; s eth, 
ace 
6338 3-lodo-1-propanol C.H;IO 627-32-7 85.991  visc oil 226; 1158 1.9976? 1.558520 
6339 3-lodopropene Allyl iodide C.H; 556-56-9 67.976 ye liq -99.3 103 1.9487? 1.554027 ІН,0; s EtOH, 
eth, chl 
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3-308 Physical Constants of Organic Compounds 
Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

6340 2-lodopyridine СНМ 5029-67-4 204.997 10075,9355 1.9282 1.6366% s EtOH, eth, ace, 
bz 

6341 5-lodo-2,4(1H,3H)- 5-lodouracil С.Н.М0, 696-07-1 237.983 275 дес 

pyrimidinedione 

6342 1-lodo-2,5-pyrrolidinedione N-lodosuccinimide C H,IN0; 516-12-1 224985 cry (ace) 200.5 2.24555 vs Н;0; s EtOH, 
ace; sl eth, 
DMSO 

6343 lodosylbenzene СНО 536-80-1 220.007 ye pow 210 exp $ Н,0, EtOH; i 
eth, ace, bz, 
peth 

6344 2-lodothiophene C,H,IS 3437-95-4 210.036 liq -40 181 2.05952 1.646525 vs EtOH, eth; sl 
chl 

6345 4-lodotoluene НЕН 624-31-7 218.035 If (al) 36.5 211 1.6782 1620; s EtOH, 
eth, 65;; sl chl 

6346 1-3-lodotyrosine CH, lNO; 70-78-0 307.084 cry (w) 205 dec 

6347 trans-a-lonone, (+) Сао 30685-05-1 192.297 146% 0.92987? 1.5041? — vs ace, eth, 
EtOH 

6348 trans-B-lonone Сао 79-77-6 192.297 1247, 739 — 0.945? 1.519822 sl НО; msc 
EtOH, eth; s 
chl 

6349 lopanoic acid C4 Hil; NO; 96-83-3 570.932 wh solid 156 i H50; s dil alk, 
EtOH 

6350 lophendylate Ethyl 10-(4-iodophenyl) Сао 0, 99-79-6 416.336 міѕс liq 197! hese 1.5255 5ІН,0; s EtOH, 

undecanoate bz, chl 

6351 lopodic acid Ipodate Со МО; 5987-89-3 597.956 су 168 i H,0; vs EtOH, 

eOH, chl, 
ace 

6352 Iprodione С.Н,01М,0, 36734-19-7 330.166 136 

6353 Iridomyrmecin Hexahydro-4,7- С.о, 485-43-8 168.233 рг 61 10615 146079 51 Н,0; s eth 

dimethylcyclopenta[c]pyran- 
3(1H)-one 

6354 a-lrone 4-(2,5,6,6-Tetramethyl-2- Cu H,0 79-69-6 206.324 9004 0.9362? 1.500220 

cyclohexen-1-yl)-3-buten-2- 
one 

6355 В-1гопе 4-(2,5,6,6-Tetramethyl-1- Cu H,0 79-70-9 206.324 125" 0.9434? 1.5162%  sIH;O; vs EtOH, 

cyclohexen-1-yl)-3-buten-2- eth, bz, chl 
one 

6356 Iron hydrocarbonyl Hydrogen tetracarbonylferrate(Il) C,H,Fe0, 7440-90-3 169.902 liq; -70 dec S alk 

unstab 

6357 Iron nonacarbonyl Diiron nonacarbonyl (5 6:0, 5321-51-4 363.781 огап-уе cry 100 дес 2.85 

6358 1гоп(11) NTA itrilotriacetatoiron(III) КҮЛЕДІ 6448-54-7 243.960 5010 s Н,0 

6359 Iron pentacarbonyl С-Ғе0; 3463-40-6 195.896  coltoyeoily -20 103 1.520 14532  iH;0;sl EtOH; 

liq S bz, ace, ctc 

6360 Iron(IIl) 2,4-pentanedioate Ferric acetylacetonate (51560, 4024-18-1 353.169 179 524 

6361 Isanic acid 17-Octadecene-9,11-diynoic Ci H, 0; 506-25-2 274.398 шу 39.5 093095 — 1.491489? s ace, EtOH, i- 

acid PrOH; sl peth 

63602 6 Retrorsine 6 ووا‎ 7 5503-86-3 367.395 су 145 

6363 6 N-Isopropyl-2-pyrimidineamine 0,Н,М, 4214-72-6 137.182 28 9372 

6364 Isazophos C,HjCIN,O,PS 67329-01860 41 170; 1000% 122% 

6365 Isobenzan С-Н,01,0 297-78-9 411.751 сту (hp) 121 S eth, bz, xyl, tol 

6366 1(3H)-Isobenzofuranone C3H,0, 87-41-2 134133 nd or pl (м) 75 290 1.16369 1.5369 s H,0; vs ОН, 
eth; sl chl 

6367 Isoborneol 1,7,7-Trimethylbicyclo[2.2.1] Ci H0 24393-70-2 154.249 tab (рей) 212 sub 1.102 i H,0; vs EtOH, 

heptan-2-0l, exo-(+) eth, chl; $1 bz 
6368 Isobornyl thiocyanoacetate C44H44N0;S 115-31-1 253.361 уе oily liq 95006 1.14655 1.512%  iHj0; vs EtOH, 
bz, chl, peth 
6369 6-Isobornyl-3,4-xylenol Xibornol С 1,0 13741-18-9 258.398 шу 95 1673 1.0240? 1.538220 
6370 Isobutanal 2-Methyl-1-propanal C H,0 78-84-2 72406 liq -65.9 645 0.7891? 1.3730? 5Н,0, eth, ace, 
chl; sl ctc 
6371 6 2-Methylpropane СН 75-28-5 58.122 col gas -1594 -11.73 0.5510% 1.351825 5ІН,0;5 EtOH, 
(p>1 atm eth, ch 

6372 Isobutene C,H, 115-11-7 56.107 сої gas -140.7 -6.9 0.5895 .39265 | H0; vs EtOH, 
(р>1 eth; 5 bz, sulf 
atm) 

6373 Isobutyl acetate C, H0; 110-19-0 116.158 ٩ -98.8 116.5 087120 1.3902? 5ІН,0, ctc; msc 
EtOH, eth; s 
ace 

6374 Isobutyl acrylate C7H,,0, 106-63-8 128.169 liq -61 132 0.8896? 1.4150? 51 Н,0; s EtOH, 
eth, MeOH 

6375 5-Isobutyl-3-allyl-2-thioxo-4- Albutoin CigH №05 830-89-7 212.311 210.5 

imidazolidinone 
6376 Isobutylamine 2-Methyl-1-propanamine МІ 78-81-9 73437 ٩ -86.7 67.75 0.72425 .398819 
6377 lsobutyl 4-aminobenzoate Isobutyl p-aminobenzoate C4 Hg NO; 94-14-4 193.243 64.5 
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3-310 Physical Constants of Organic Compounds 
Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

6378 Isobutylbenzene Саона 538-93-2 34218 Па -514 172.79 0.8532? 1.4866? i H,0; msc 
EtOH, eth, ace, 
bz, peth, ctc 

6379 Isobutyl benzoate СНО; 120-50-3 78.228 242 0.999020 i H0; msc 
НОН, eth; s 
ace, ch 

6380 Isobutyl butanoate Сан; 539-90-2 44.212 56.9 0.836418 1.403222  s| H,0; msc 
EtOH, eth 

6381 Isobutyl carbamate C5H,,NO, 543-28-2 17147 | 67 207 „40985 — vs eth, EtOH 

6382 Isobutyl chlorocarbonate C;H&CIO; 543-27-1 36.577 28.8 .0426 440718 5 EtOH, bz, chl; 
msc eth 

6383 Isobutyl 2-chloropropanoate C;H44CIO; 114489-96-2 164.630 76 1.031222 1.424720 

6384 Isobutyl 3-chloropropanoate CH, CI0, 62108-68-3 164.630 91.3 1.0323? 1.4295? vs eth, НОН 

6385 Isobutylcyclohexane СН 1678-98-4 40.266 Па -95 713 0.79522 1.4386? i H,0; s EtOH, 
ace, chl; vs 
eth, bz 

6386 Isobutylcyclopentane (516 3788-32-7 26.239 Па -115.2 48 0.776925 1.429820 

6387 Isobutyldimethylamine N,N2-Trimethyl-1-propanamine C,H,.N 7239-24-9 01.190 80.5 0.709722 1.3907? 0 

6388 Isobutyl formate C;H440; 542-55-2 02432 liq -95.8 98.2 0.87762 1.385722 sI H,0, chl; msc 
EtOH, eth; vs 
ace 

6389 Isobutyl heptanoate Isobutyl enanthate و0‎ ٢ 7779-80-8 186292 208 0.859320 vs ace, bz, eth, 
EtOH 

6390 Isobutyl 2-hydroxybenzoate Isobutyl salicylate C1140, 87-19-4 94.227 5.9 261 1.0639? 1.5087? i H,0; $ EtOH, 
eth, ctc 

6391 Isobutyl isobutanoate C H, 0; 97-85-8 44212 liq -80.7 486 0.854220 1.3999? 51 H,0, ctc; $ 
EtOH, асе; 
msc eth 

6392 Isobutyl isocyanate C.H NO 1873-29-6 99131 06 

6393 Isobutyl isothiocyanate 1-Isothiocyanato-2- C.H,NS 591-82-2 15.197 60 0.9631“ — 1.5005" 

methylpropane 

6394 Isobutyl methacrylate CIH 0; 97-86-9 42.196 55 0.8858? 1.4199? | H,0; msc 
EtOH, eth 

6395 Isobutyl 3-methylbutanoate Isobutyl isovalerate Сон 0, 589-59-3 58.238 68.5 0.85320 40579 | Н,0; msc 
EtOH, eth; vs 
ace; s chl 

6396 Isobutyl methyl ether СНО 625-44-5 88.148 58.6 0.731120 vs eth, НОН 

6397 Isobutyl nitrate C H,N0, 543-29-3 19.119 23.4 1.015220 56 

6398 Isobutyl nitrite C,H,NO, 542-56-3 03.120 col liq 67 0.8699? 1.371522 sl H,0; s EtOH, 
eth 

6399 Isobutyl pentanoate CH, 0, 10588-10-0 158.238 79 0.862525 1.4046? i H,0; msc 
EtOH; s eth, 
ace 

6400 Isobutyl phenylacetate Ci Hi 0; 102-13-6 92.254 247 0.999" i H,0; s EtOH, 
eth 

6401 Isobutyl propanoate Isobutyl propionate C;H40; 540-42-1 30.185 liq -71.4 137 0.888? 1.3973? 51Н,0; vs ОН, 
eth; s ace, bz, 
chl, ctc 

6402 Isobutyl stearate СНО 646-13-9 340.583 мах 28.9 2235 0.849820 vs eth 

6403 Isobutyl thiocyanate CHNS 591-84-4 15197 liq -59 175.4 vs eth, EtOH 

6404 Isobutyl trichloroacetate 065010; 33560-15-5 219.493 188 126360 1.4483? vs bz, eth, EtOH 

6405 Isobutyl vinyl ether СеН.0 109-53-5 00.158 liq -112 83 0.7645? 1.3966?  sIH;O; vs EtOH, 
ace, bz; msc 
eth 

6406 Isocitric acid СН0; 320-77-4 92.124 уе syr 105 

6407 Isocorybulbine СНМ, 22672-74-8 355.429 If (al) 187.5 04520 1Н,0: s EtOH, 
chl, acid 

6408 6 Са МО 475-67-2 341.402 pl 185 vs chl 

6409 2-Isocyanato-1,3-dimethylbenzene 2,6-Dimethylphenyl isocyanate CHNO 28556-81-2 147.173 0 0013 

6410 1-lsocyanato-2-methoxybenzene C,H;NO, 700-87-8 49.148 947 

6411 1-Isocyanato-3-methoxybenzene Сану МО, 18908-07-1 149.148 025 

6412 1-Isocyanato-2-methylbenzene 2-Tolyl isocyanate CH; NO 614-68-6 33.148 85 1.5282? į H,0; s eth 

6413 1-Isocyanato-3-methylbenzene 3-Tolyl isocyanate CIH,N0 621-29-4 33.148 96.5 1.033020 vs bz, eth 

6414 1-Isocyanato-4-methylbenzene 4-Tolyl isocyanate C,H;NO 622-58-2 33.148 87 vs bz, eth 

6415 2-Isocyanato-2-methylpropane tert-Butyl isocyanate CHNO 1609-86-5 99.131 85.5 0.86707 1.406120 

6416 1-Isocyanatonaphthalene 1-Naphthyl isocyanate C4 H;NO 86-84-0 69.180 269 1.177420 S eth, bz 

6417 1-Isocyanato-2-nitrobenzene 2-Nitrophenyl isocyanate C;H,N,0; 3320-86-3 64118 wh nd (peth) 41 378 vs bz, eth, chl 

6418 1-Isocyanato-3-nitrobenzene 3-Nitrophenyl isocyanate C;H,N,0, 3320-87-4 64118 wh If (lig) 51 30" vs bz, eth, chl 

6419 1-Isocyanato-4-nitrobenzene 4-Nitrophenyl isocyanate C;H,N,O, 100-28-7 64.118 pa ye nd 57 622, 1371 vs bz, eth, chl 

6420 2-Isocyanatopropane Isopropyl isocyanate C,H;NO 1795-48-8 85.105 74.5 0.8665 1.382520 

6421 1-Isocyanato-3-(trifluoromethyl) ^ 3-(Trifluoromethyl)phenyl БІЛЕП 329-01-1 87.119 54" 1.345522 1.4690? 

benzene isocyanate 
6422 1в0суапорептепе Phenyl isocyanide C,H, 931-54-4 03.122  unstab liq 80% 0.985 
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3-312 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
6423 Isocyanomethane Methyl isocyanide CH,N 593-75-9 41.052 -45 exp 59.6 0.7564 
6424 (Isocyanomethyl)benzene Benzyl isocyanide C H,N 10340-91-7 117.149 dec 199; 93% 0.972" 51932 
6425 2-Isocyanopropane Isopropyl isocyanide ИШ 598-45-8 69.106 87 0.759625 i Н,0: msc 
EtOH, eth 
6426 Isodecyl acrylate C H,,0; 1330-61-6 212.329 -100 58% 0.8852 44162 
6427 Isodecyl diphenyl phosphate Со و‎ ОР 29761-21-5 390.452 249" dec 
6428 Isodecyl methacrylate C, H, 0, 29964-84-9 226.355 2610 0.87620 
6429 8-Isoestrone CigH)0; 517-06-6 270.367 pr(MeOH) 254 vs eth, Diox 
6430 Isoeugenol Сад 0; 97-54-1 164.201 266 1.080% 57399 vs eth, EtOH 
6431 Isofenphos Ci H;NO,PS 25311-71-1 345.395 <-12 2000 1.13420 
6432 Isoflurophate C H,FO;P 55-91-4 184.145 629 1.055% .3830% 51 H,0, lig; $ 
eth; vs oils 
6433 1H-lsoindole-1,3(2H)-dione Phthalimide C4H&NO, 85-41-6 147.132 nd(w)pr 238 vs bz 
(НОАс) If 
(sub) 
6434 Isolan Сл; 19-38-0 211.261 col lig 11825 1.0720 msc Н,0; 5 
НОН, ху 
6435 DL-Isoleucine C H, NO; 443-79-8 131.173 292 dec 
6436 L-Isoleucine 2-Amino-3-methylpentanoic C H, NO; 13-32-5 131.173 284 dec $ НО; i EtOH 
acid 
6437 Isolongifolene Cic Ho, 135-66-6 204352 liq 8204 
6438 Isolysergic acid Ci МО; 478-95-5 268.310 cry (w+2) 218 дес SI HO, EtOH; $ 
Dy 
6439 a-lsomaltose 6-0-a-D-Glucopyranosyl-D- الوا‎ 499-40-1 342.296 120 
glucose 
6440 Isoniazid 4-Pyridinecarboxylic acid C;H;N.O 54-85-3 37.139 cry (al) 1714 vs Н,0, НОН 
hydrazide 
6441 Isopentane 2-Methylbutane СН, 78-78-4 72149 | volliqorgas -159.77 27.88 0.6201? 1.3537? i H0; msc 
EtOH, eth 
6442 Isopentyl acetate CH, 0; 123-92-2 30.185 liq -78.5 42.5 08/65 1.4000? 5ІН,0; msc 
EtOH, eth; s 
ace, chl 
6443 Isopentylbenzene СН» 2049-94-7 48.245 95 0.85620 4867?  iH,0; s EtOH, 
eth; vs bz 
6444 Isopentyl butanoate Са 0; 106-27-4 58.238 79 0.8659 41102 i H,O; vs EtOH, 
eth 
6445 1ворету! formate Сен 0; 110-45-2 16.158 liq -93.5 23.5 0.87720 .3967 51 Н,0, ctc; s 
EtOH; msc eth 
6446 Isopentyl hexanoate sopentyl caproate و‎ ٢ 2198-61-0 86.292 225.5 0.8612 i و‎ ٢ s EtOH, 
eth 
6447 1в0рету! œ- sopentyl mandelate C H, 0; 5421-04-5 222.280 oily liq 121 
hydroxybenzeneacetate 
6448 Isopentyl isopentanoate soamyl isovalerate Cic 00» 659-70-1 72.265 904 0.85839 1.41307 
6449 Isopentyl lactate (5160: 19329-89-6 160.211 202.4 0.95892 — 1.42405 vs eth, ОН 
6450 1ворету! 2-methylpropanoate sopentyl isobutyrate СН. 0; 2050-01-3 58.238 68.5 0.862720 sl H,0; s EtOH, 
eth, ace 
6451 Isopentyl nitrite soamyl nitrite CHNO; 110-46-3 17.147 99.2 0.8828? 1.3918?  s| H,0; msc 
EtOH, eth 
6452 Isopentyl pentanoate Са 00» 2050-09-1 72.265 93 
6453 Isopentyl propanoate CIH, 0; 105-68-0 44.212 60.2 0.86972 1.4069? үѕ eth, EtOH 
6454 Isopentyl salicylate Ci Hi 0; 87-20-7 208.253 278; 1515 1.0535? 1.5080?  iH,0; vs EtOH 
S eth, chl; sl 
cic 
6455 Isopentyl trichloroacetate СН 050 57392-55-9 233.520 217 1.231420 1.4521? vs eth, EtOH 
6456 Isophorone 3,5,5-Trimethyl-2-cyclohexen-  CgH,,0 78-59-1 138.206 1 -81 215.2 0.9255? 1.47669 
1-one 
6457 Isophorone diisocyanate Со و‎ N,0; 4098-71-9 222283 60 21770 1.06220 
6458 Isophthalic acid 1,3-Benzenedicarboxylic acid СНО, 121-91-5 166.132 па (м, а) 347 sub SI Н,0: s EtOH, 
HOAc; i eth, 
bz, lig 
6459 Isopilosine Ci H, N,0, 491-88-3 286.325 pl (al), pr(w, 187 vs EtOH 
dil al) 
6460 Isopropalin Benzenamine, 4-(1-methylethyl) | Ci H;4N.O, 33820-53-0 309.362  red-oran liq i Н,0; s os 
-2,6-dinitro- N, N-dipropyl- 
6461 Isopropamide iodide C А №50 71-81-8 480.424 cryorpow 190 S Н,0, EtOH, 
eOH; i chl 
6462 |зоргорепу! acetate СНО, 108-22-5 00.117 liq -92.9 94 0.909020 1.403322 <ІН,0; s EtOH, 
chl, ace; vs eth 
6463 Isopropenylbenzene oc-Methyl styrene CoHio 98-83-9 18.175 Па -23.2 165.4 0.91062 1.538622  iH,0; s EtOH, 
eth; msc ace, 
bz, ctc 
6464 p-Isopropenylisopropylbenzene Ci Hsc 2388-14-9 60.255 liq -30.6 220.8 0.8936? 1.5238? vs ace, bz, eth, 
EtOH 
6465 p-lsopropenylstyrene би а 16262-48-9 144213 liq 242 0.93 1.568420 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

6466 4-Isopropoxydiphenylamine 4-Isopropoxy-A-phenylaniline ^ C,;H,;NO 101-73-5 221.302 83 

6467 2-lsopropoxyethanol С:Н.0, 109-59-1 104.148 145 0.9030% 1.409522 msc H,0, EtOH, 
eth; s ace 

6468 3-Isopropoxypropanenitrile 1-Cyano-2-isopropoxyethane СН NO 110-47-4 113.157 6510 sch 

6469 Isopropyl acetate CH, 0; 108-21-4 102432 liq -73.4 88.6 0.87182 1.377322 s H,0, EtOH, 
ace, chl; msc 
eth 

6470 Isopropyl acrylate Isopropyl 2-propenoate C H, 0; 689-12-3 114.142 liq 5118 

6471 6 2-Propanamine CHN 75-31-0 59.110 — liq -95.13 31.76 0.6891? 1.374222 msc H,0, EtOH, 
eth; vs ace; s 
bz, ch 

6472 Isopropylamine hydrochloride 2-Propanamine hydrochloride C,H, CIN 15572-56-2 95.571 164 s DMSO 

6473 2-(Isopropylamino)ethanol C.H,4NO 109-56-8 03.163 128.5 173 0.8970? 1.43952  mscH;O, EtOH, 
eth 

6474 2-lsopropylaniline CIH, N 643-28-7 35.206 221; 953 0.9760" 160; s eth, bz, 
cte 

6475 4-Isopropylaniline Cumidine CH, N 99-88-7 35.206 225 0.95320 

6476 М4зоргорујап пе СМ 768-52-5 35.206 203 0.952625 1.5380? s EtOH, eth, ace, 
bz 

6477 4-Isopropylbenzaldehyde Cuminaldehyde Cu H440 122-03-2 48.201 235.5 0.975520 1.530122 ІН,0; s EtOH, 
eth; sl сіс 

64/8 6 Ситепе СН, 98-82-8 20.191 0 -96.02 15241 0.864025 1.4915? i H,0; msc 
EtOH, eth, ace, 
bz, peth, ctc 

6479 Isopropylbenzene hydroperoxide Ситепе hydroperoxide C9 H4,0; 80-15-9 52.190 liq 153; 848 1.0320 

6480 4-Isopropylbenzenemethanol Cumic alcohol C44 H0 536-60-7 50.217 28 249 0.9818? 1.5210? i H,0; msc 
EtOH, eth; vs 
bz 

6481 o-Isopropylbenzenemethanol 1-Phenyl-2-methylpropyl C, H, 0 611-69-8 50.217 223 0.9869“ 1.5193 ІН,0;5 EtOH, 

alcohol ace 

6482 Isopropyl benzoate C, H4,0; 939-48-0 64.201 216 1.01635 1.489022 i H,0; $ EtOH, 
eth, ace 

6483 4-Isopropylbenzoic acid Cumic acid Сан 0; 536-66-3 64.201 tcl pl (al) 1175 sub 1.162 SI HO; vs EtOH, 
eth; s peth 

6484 Isopropyl butanoate C7H,40, 638-11-9 30.185 30.5 0.8588? 1.3936? i ЊО; s EtOH 

6485 Isopropyl carbamate C,H,NO, 1746-77-6 03.120 па 93 83 0.995186 

6486 Isopropyl chloroacetate C;H,CI0; 105-48-6 36.577 50.5 1.088822 1.4382? vs eth 

6487 Isopropyl chloroformate C,H,CI0, 108-23-6 22.551 05 4013? vs eth 

6488 Isopropyl 2-chloropropanoate С.Н, С, 40058-87-5 150.603 51.5 1.0315 14149? ІН,0;5 EtOH, 
ећ 

6489 Isopropylcyclohexane СОН. в 696-29-7 26.239 liq -89.4 54,8 0.8023? 1.4410? i НО; vs EtOH, 
eth; msc ace, 
bz 

6490 4-Isopropylcyclohexanone C, H,,0 5432-85-9 40.222 214; 139 ^ 0.90999 75 

6491 Isopropylcyclopentane C; His 3875-51-2 12213 liq -111.4 26.5 0.77652 1.4258? i H0; msc 
НОН, ace, ctc; 
S eth, bz 

6492 Isopropylcyclopropane CoH, 3638-35-5 84.159 liq -112.9 58.3 0.69365 1.3865? 

6493 Isopropyl (2,4-dichlorophenoxy) СНС ٢ 94-11-1 263.117 5 40! 1.26% 52095 

acetate 
6494 М4зоргору!-4,4- Pramiverin CA ا(‎ 14334-40-8 293.446 70 65005 
diphenylcyclohexanamine 

6495 Isopropyl dodecanoate Isopropyl! laurate Ci А 00; 10233-13-3 242398 96%, 10508 0.8536? 1.4280 уз eth, EtOH 

6496 Isopropyl formate C,H,0, 625-55-8 88.106 68.2 0.87282 1.367820 51 Н,0; msc 
EtOH, eth; vs 
ace; s chl 

6497 Isopropyl 2-furancarboxylate Isopropyl 2-furanoate Сан (0; 6270-34-4 54.163 98.5 1.0655" 1.468221 i Њ0; s EtOH, 
eth, ace, bz 

6498 Isopropyl glycidyl ether (1-Methylethoxy)methyloxirane  C,H,,0, 4016-14-2 16.158 37 0.918620 S Н,0, ace, 
EtOH 

6499 4-Isopropylheptane СН» 52896-87-4 142282 58.9 0.735425 1.415320 

6500 Isopropylhydrazine Ср 2257-52-5 74124 liq 07 $H,0, bz, EtOH; 
sl eth 

6501 Isopropyl 2-hydroxybenzoate Isopropyl salicylate Соба 607-85-2 80.200 238 1.0729? 1.5065? i H,0; msc 
EtOH, eth 

6502 Isopropyl isobutanoate Isopropyl isobutyrate C;H,0; 617-50-5 30.185 20.7 0.847121 i H50; $ EtOH, 
eth, ace 

6503 Isopropyl lactate Сен 05 617-51-6 32.157 67 0.9980? 1.40825 vs H,0, bz, eth, 
EtOH 

6504 Isopropyl methacrylate Isopropyl 2-methyl-2- С.Н. 0, 4655-34-9 28.169 25 0.8847? 1.412220 vs ace, bz, eth, 

propenoate EtOH 
6505 Isopropyl methanesulfonate C H, 0,S 926-06-7 38.185 826 
6506 Isopropylmethylamine Methylisopropylamine СН, 4747-21-1 73.137 50.4 
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3-316 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
6507 1-Isopropyl-2-methylbenzene 0-Cymene Cio Hua 527-84-4 34218 liq -f15 78.1 087660 1.5006? i H,0; msc 
EtOH, eth, ace, 
bz, peth, ctc 
6508 1-Isopropyl-3-methylbenzene m-Cymene Саона 535-77-3 34218 liq -63.7 75.1 0.8610? — 1.4930? i H,0; msc 
EtOH, eth, ace, 
bz, peth, ctc 
6509 1-Isopropyl-4-methylbenzene p-Cymene Са 99-87-6 34218 Па -67.94 ША) 085730 1.490922 | H,0; msc 
EtOH, eth, ace, 
bz, peth, ctc 
6510 Isopropyl 3-methylbutanoate C4H440; 32665-23-9 144.212 42; 7055 0.8538" — 1.3960? vs ace, eth, 
EtOH 
6511 5-Isopropyl-2-methyl-1,3- Cio Hag 4221-98-1 36.234 73 0.84219 147729 
cyclohexadiene, (А) 
6512 5-Isopropyl-3-methyl-2- Homocamfin C H, 0 535-86-4 52233 paye 244; 1215 0.9340? 148657 vs ace, EtOH 
cyclohexen-1-one, (+) 
6513 6-Isopropyl-3-methyl-2- (+)-Piperitone CIH, 0 6091-52-7 152233 liq -19 232.5 0.9331? — 1.4845? vs ace, EtOH 
cyclohexen-1-one, (+) 
6514 Isopropyl methyl ether 2-Methoxypropane C H, 0 598-53-8 74.121 30.77 0.7237 1.3576? $1 Н,0; msc 
EtOH, eth 
6515 5-Isopropyl-2-methylphenol Carvacrol اا‎ 499-75-2 50.217 nd 1 237.7 0.977220 1.5230? 51 H,0; s EtOH, 
eth, ctc; vs ace 
6516 2-Isopropyl-6-methyl-4- C; Hi NO 2814-20-2 152193 cry 173 
pyrimidinol 
6517 Isopropyl methyl sulfide C Hias 551-21-9 7 iq -101.5 848 0829120 1.4932? 5 EtOH, eth, ace 
6518 1-Isopropylnaphthalene Ci Hu 6158-45-8 70.250 Па -16 268 0.995620 1.595220 
6519 2-Isopropylnaphthalene Са 2027-17-0 70.250 145 268.2 0.975320 1.5848?  iH,0; vs EtOH, 
eth; s bz 
6520 Isopropyl nitrate C H,N0; 712-64-7 05.093 00 034% 39129 5 EtOH, eth 
6521 Isopropyl nitrite CH;NO; 541-42-4 89.094 paye oil 40 0.868415 i H50; $ EtOH, 
eth 
6522 1-Isopropyl-4-nitrobenzene Сони МО; 817-47-6 65.189 pa ye oil 223 1.08420 53670 |Н,0; $ асе, bz, 
lig 
6523 N-Isopropyl- A-nitroso-2- Сена N,0 601-77-4 30.187 сгу (ethw) 48 945 0.942220 SI Н,0; s EtOH, 
propanamine eth, bz 
6524 Isopropyl 3-oxobutanoate Isopropyl acetoacetate C,H,20, 542-08-5 44.168 liq -27.3 86 0.9835? 1.4173? vs eth, EtOH, lig 
6525 Isopropyl palmitate Isopropyl hexadecanoate C, H, 0; 142-91-6 298.504 13.5 602 0.840438 1.436425 vs ace, bz, eth, 
EtOH 
6526 Isopropyl pentanoate C H, 0» 18362-97-5 144.212 0.8579? 1.40612 i H,0; $ EtOH, 
eth, ace 
6527 2-lsopropylpheno 0 88-07 36.190 15.5 213.5 1.01220 53150 51 Н,0; s EtOH, 
eth, bz, ctc 
6528 3-Isopropylpheno Сон О 618-45-1 36.190 26 228 52612 — vs eth 
6529 4-Isopropylpheno CoH, 20 99-89-8 36.190 па (peth) 3 230; 11070 0.99020 52280 51 Н,0; s EtOH, 
chl 
6530 N-Isopropyl- V-phenyl-1,4- C H, № 101-72-4 226.317 725 482 
benzenediamine 
6531 Isopropyl phenylcarbamate Propham C, H, 0, 122-42-9 79216 whnd(al) 0 1.092 .4989?! vs bz, EtOH 
6532 1-(4-Isopropylphenyl)ethanone C,,H,,0 645-13-6 62.228 254 097535 1.523520 
6533 Isopropyl propanoate Сен 0; 637-78-5 16.158 09.5 0.8660? 1.387222 sl H,0; msc 
EtOH, eth 
6534 М4зоргору!-2-ргорепат!де CIH, NO 2210-25-5 13.157 645 105 
6535 Isopropylpropylamine N-Propyl-2-propanamine ТІН 21968-17-2 101.190 96.9 
6536 1воргору! propyl sulfide C; HS 5008-73-1 18.240 32.1 0.826920 
6537 4-Isopropylpyridine СН 696-30-0 21480 0 -549 78 0.938225 1.496222  s| H,0; msc 
EtOH, eth; vs 
ace 
6538 Isopropyl 3-pyridinecarboxylate Isopropyl nicotinate СМО; 553-60-6 65.189 269.9255 1.062420 1.49262 
6539 Isopropyl silicate Tetra(isopropoxy)silane Сұ Ha 0,Si 1992-48-9 264.434 84 0.877020 s ctc, CS; 
6540 Isopropyl stearate СНО 112-10-7 326.557 28 2075 0.840338 vs ace, eth, 
EtOH, chl 
6541 4-Isopropylstyrene бин 2055-40-5 46.229 liq -44.7 204.1 0.8850% 152892 ув ace, bz, eth, 
EtOH 
6542 Isopropyl tetradecanoate Isopropyl myristate CH, 0; 110-27-0 270.451 1932, 140? 0.853220 1.43255 i H,0; $ EtOH, 
eth, chl; vs 
ace, bz 
6543 (Isopropylthio)benzene Сон 95 3019-20-3 152.256 208 0.985220 1.5464? 
6544 Isopropyl trichloroacetate C;H,C1,0, 3974-99-0 205.468 175; 6615 29115 1.4428? vs bz, eth, EtOH 
6545 Isopropylurea C H, N,0 691-60-1 102434 nd 10301 S Н,0, EtOH, 
chl, ace; sl eth 
6546 Isopropyl vinyl ether 2-(Ethenyloxy)propane С.Н.0 926-65-8 86.132 liq -140 55.5 0.7534? 1.3840? vs ace, bz, eth, 
EtOH 
6547 Isoproterenol 4-[1-Hydroxy-2- C4 Hi N0; 7683-59-2 211258 170.5 


[isopropylamino]Jethyl]-1,2- 


benzenediol 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
6548 7 C4 Hg0; 523-50-2 86.164 139 
6549 1-Isoquinolinamine Сон 1532-84-9 44173  pl(w) 123 1648 SI Њ0, eth; vs 
EtOH 
6550 3-Isoquinolinamine СНА 25475-67-6 144.173 178.5 
6551 Isoquinoline Benzo[c]pyridine Сању 119-65-3 29.159 hyg pl 26.47 243.22 1.09109 1.614822 i H,0; vs EtOH, 
chl; msc eth, 
bz 
6552 7-Isoquinolinol C,H,NO 7651-83-4 145.158 230 SI H;O, eth; s 
EtOH 
6553 Isosorbide (%Н0, 652-67-5 46.141 63 1702 
6554 Isosorbide dinitrate 1,4:3,6-Dianhydroglucitol C H N,O, 87-33-2 236.136 со! cry 52 vs EtOH, eth, 
ace 
6555 Isosystox Demeton-S CIH, 0.PS; 126-75-0 258.339 liq 1332 T1329 s Н,0 
6556 Isothebaine С МО, 568-21-8 311.375 orth cry (al) 2035 i H0; msc 
НОН, chl; sl 
eth; s MeOH 
6557 Isothiocyanic acid CHNS 3129-90-6 59.091  unstab gas 
6558 [-Isovaline 2-Amino-2-methylbutyric acid СН, МО, 595-40-4 117.147 па (м) =300 S НОН; sl eth 
6559 Isoxaben و‎ М0, 82558-50-7 332395 wh cry 173 S EtOAc, MeCN, 
еон 
6560 Isoxazole 1-0xa-2-azacyclopentadiene CHNO 288-14-2 69.062 95 1078? 14298" 0 
6561 Isoxsuprine Са МО, 395-28-8 301.381 су 103.0 
6562 Jacobine Са М0; 6870-67-3 351.395 pl (EtOH) 228 
6563 Javanicin С.Н, Ов 476-45-9 290.268 геа сгу (al) 208 дес зак 
6564 Jervine C; Ha NO; 469-59-0 425.604 243 dec i H,0; $ EtOH, 
ace, chl; 51 eth 
6565 Kaempferol С. 5:00 520-18-3 286.236 уепа (а, +1 277 SI H,0, chl; vs 
w) НОН, eth, асе; 
i bz 
6566 Каіпіс acid C, Hy NO, 487-79-6 213.231 cry (EtOH 253 dec s H,0; i EtOH 
aq) 
6567 Kanamycin A Са МО 59-01-8 484.499 — cry (EtOH) 
0568 6 Chlordecone С,501,60 143-50-0 490.636 350 дес 1.615 
6569 Ketamine 2-(2-Chlorophenyl)-2- Ci H, CINO 6740-88-1 237.725 cry (eth- 92.5 
(methylamino)cyclohexanone, pentane) 
(9 
657/0 6 СНО 463-51-4 42036 со! gas -151 -49.8 51 eth, ace 
6571 Khellin 4.9-Dimethoxy-7-methyl-5bH- —C,,H,,0; 82-02-0 260.242 — eth, al 154 dec 19005 i H,0; s EtOH, 
furo[3,2-g][1]benzopyran-5- ace; sl eth, chl 
one 
6572 L-Kynurenine Benzenebutanoic acid, о,2- CigH №03 343-65-7 208.213 If (+1/2w) 191 dec sl 0 
diamino-y-oxo- 
6573 Labetalol C, |H, №03 36894-69-6 328.405 cry (MeOH) 164 
6574 DL-Lactic acid 2-Hydroxypropanoic acid, (=) СНО 598-82-3 90.078 ye cry 16.8 1221 1.2060? 1.4392? vs H,0, EtOH; sl 
eth 
6575 D-Lactic acid D-2-Hydroxypropanoic acid С-Н,0, 10326-41-7 90078 pl (chl) 53 1032 vs Н,0, EtOH 
6576 L-Lactic acid 1-2-Нудгохургорапојс acid С-Н,0, 19-33-4 90.078 hyg pr (eth) 5 vs Н,0, EtOH 
6577 Lactofen Са H, CIENO, — 77501-63-4 461.773 уе ром (bz) 93 
6578 6-Lactone-D-gluconic acid 8-D-Gluconolactone C; H0; 90-80-2 178.139 nd (al) 
6579 a-Lactose СО 14641-93-1 342296 wh pow 222.8 vs H,0; sl EtOH; 
i eth, ch 
6580 B-D-Lactose СО 5965-66-2 342.296 254 1.5920 vs H,0; sl EtOH; 
i eth, ch 
6581 o-Lactose monohydrate C,.H,,0,. 5989-81-1 360.312 тс! (м) 201 dec 1.54720 vs Н,0: i EtOH, 
eth, chl, MeOH 
6582 Lactulose 4-0-p-D-Galactopyranosyl-D- — 0.,Н,,0,, 4618-18-2 342.296 hx pl 169 vs Н;0 
fructose (MeOH) 
6583 6 3-0-p-D-Glucopyranosyl- D- СО 34980-39-7 342.296 205 
glucose 
6584 Lanosta-8,24-dien-3-ol, (33) Lanosterol СНы0 79-63-0 426.717 па (eth), cry 140.5 vs eth, EtOH, 
(Меон- ch 
ace) 
6585 Lantadene A Rehmannic acid Ca H0; 467-81-2 552.785 сгу (MeOH) 297 
6586 Lantadene B Ca Но 05 467-82-3 552.785 cry (EtOH) 302 
6587 L-Lanthionine L-Cysteine, S-(2-amino-2- C H,4N,0,S 922-55-4 208.235 hex pl 294 dec sl 0 
carboxyethyl)-, (R)- 
6588 Lapachol 2-Нудгоху-3-(3-тећу!-2- С.Н 40; 84-79-7 242.270 уе pr (ей, 139.5 1620; s EtOH, 
butenyl)-1,4-naphthalenedione bz) pl (al) eth, bz, chl; vs 
HOAc 
6589 Lappaconitine Со و‎ МО 32854-75-4 584699 hex pl (al) 2175 i و‎ ٢ 51 EtOH, 
eth; s bz, chl 
6590 6 Са амо, 303-34-4 411.490 col pl (peth) 955 SI Њ0; s EtOH, 
bz, eth 
6591 Laudanidine СН М0, 301-21-3 343.418 hex pr (al) 1845 vs Н,0, bz 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
6592 Laudanine CH; NO, 85-64-3 343.418 ye wh pr (dil 167 1.2620 SI Н,0, EtOH, 
al, al-chl) eth; s bz, chl 
6593 Laudanosine ЕЛІЛДЕЛ 2688-77-90 357.444 па (peth), рг 89 vs ace, eth, 
(al) EtOH, chl 
6594 Laureline Со NO; 81-38-9 309.359 tab (al) 114 1Н,0, s EtOH, 
cubes eth, dil acid, 
(peth) con sul 
6595 Laurocapram 1-Dodecylhexahydro-2 H- C H. NO 59227-89-3 281.477 col liq 7 1609 0.91 1470 0 
azepin-2-one 
6596 Lead bis(dimethyldithiocarbamate) C HoN,PbS, 19010-66-3 447.6 рае уе па 258 
6597 Ledol C Но 577-27-5 222.366 па (al) 105 292 0.907870? 1.4667! vs ace, eth, 
EtOH 
6598 Lenacil C. H, N,0, 2164-08-1 234294 290 1.325 vs py 
6599 Leptophos CygHypBrCl0,PS 21609-90-5 412.066 tan waxy 71 1.535 i Н,0: vs 5 
solid ace, 2-PrOH, 
Xy 
6600 DL-Leucine CIH, МО; 328-39-2 31.173 If (w) 293 sub 1.293'8 S HO; 51 EtOH; 
i eth 
6601 D-Leucine CIH, МО; 328-38-1 31173 рі (al) 293 sub sl 0 
6602 L-Leucine 2-Amino-4-methylpentanoic C H, NO, 61-90-5 31.173 hex pl (dil al) 293 sub 1.29318 sl Н,0, i EtOH, 
acid eth 
6603 A-Leucylglycine C H, N,0,; 686-50-0 88.224 248 dec S H,0; sl EtOH, 
eth; i ace, bz, 
ch 
6604 6 و‎ ٢٧٢ 53714-56-0 1209.398 fluffy solid 
6605 Leurosine СНО 23360-92-1 808.959 cry 203 
6606 Levallorphan 17-Allylmorphinan-3-ol Сао МО 152-02-3 283.408 cry (EtOH 181 
aq) 
6607 Levodopa L-3,4-Dihydroxyphenylalanine ^ C,H,,NO, 59-92-7 97.188 pl (dil al) рг 277 дес S H,0; i EtOH, 
or nd eth, ace, bz; s 
(w+SO,) alk, MeOH 
6608 Levopimaric acid (54160) 19-54-9 302.451 orth cry 150 
6609 Levorphanol 17-Methylmorphinan-3-ol Сао 11-01-6 257.371 шу 198 
6610 d-Limonene p-Mentha-1,8-diene, (A) СН 5989-27-5 136.234 oi -74.0 178 0.8411? 1.4730? 1Н0;тзс 
EtOH, eth; s 
cic 
6611 Limonene p-Mentha-1,8-diene, (5) 0.16 5989-54-8 36.234 oi 178; 64.45 0.84320 4746? i H0; vs eth, 
EtOH 
6612 Linalol 3,7-Dimethyl-1,6-octadien-3-ol, 60 22564-99-4 154.249 198, 86? 0.87075 „4627 
(=)- 
6613 Linalyl acetate 3,7-Dimethyl-1,6-octadien-3-yl С,5Н, 0; 115-95-7 96.286 liq 220; 440? 0.8952 „44609  iH,0; misc 
acetate EtOH, eth 
6614 Lincomycin و‎ №5055 154-21-2 406.537 amor solid SI Њ0; s EtOH, 
ace, chl 
6615 Linoleic acid cis,cis-9,12-Octadecadienoic  0,НҢ,0, 60-33-3 280.446 ЗГ 22916 090220 1.4699? vs ace, bz, eth, 
acid EtOH 
6616 Linolenic acid cis,cis,cis-9,12,15- Cis А 0; 463-40-1 278.430 -11 23117, 129005 0.9164? 1.4800? i H,0; s EtOH, 
Octadecatrienoic acid eth; sl bz 
6617 Linuron N-(3,4-Dichlorophenyl)-N- CIH, СМО; 330-55-2 249.093 93 
methoxy- M-methylurea 
6618 Liothyronine Са Hifl NO, 6893-02-3 650.974 су 236 дес i B,0, EtOH; 8 
dil alk 
6619 Lipoamide 1,2-Dithiolane-3-pentanamide _ САН, МО5, 940-69-2 205.341 сту 128 
6620 o-Lipoic acid 1,2-Dithiolane-3-pentanoic acid С,Н,,0,5, 1077-28-7 206.326 уе pl (су) 0 87% i H,0 
6621 Lisinopril C.H, N40; 83915-83-7 441519 wh сту ром 159 i EtOH, chl, ace; 
51 MeOH 
6622 Lithium oxalate (5150, 30903-87-8 101.901 дес 21217 S НО; i EtOH, 
eth 
6623 Lobelanidine CH; NO; 552-72-7 339471 sc (al, ей) 150 ІН,0;5 EtOH; sl 
eth; vs ace, bz, 
Dy 
6624 Lobelanine Со МО, 579-21-5 335.440 па (eth, 99 уз ace, bz, 
peth) EtOH, chl 
6625 Lobeline Со Hj; NO; 90-69-7 337.455 па (al, bz) 130.5 SI Н,0; 8 EtOH, 
eth, bz, chl; vs 
ace 
6626 Loflucarban Ci H ,CLFN,S 790-69-2 315.192 163.5 
6627 Longifolene Kuromatsuene С.Н 475-20-7 204.352 258; 12615 0.931918 1.50409 19,0; $ bz 
6628 Loratadine Claritin Со و‎ СМО; 79794-75-5 382.883 cry (MeCN) 132 
6629 Lovastatin Mevacor C.H; 0; 75330-75-5 404.540 wh сту (ace 4 160; vs chl; s 
aq) DMF; sl ace, 
EtOH 
6630 Lovozal СНОО, 14255-88-0 375.130 ye cry 103 s ace, diox 
6631 Loxapine C4 H, СМО 1977-10-2 327.808 уе cry (peth) 109.5 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
6632 40 o-Methyl-4-[(2-oxocyclopentyl) 0,510, 68767-14-6 246.302 col oil 110 19205 
methyl]benzeneacetic acid 
6633 Luciculine Napelline C;; Ha NO; 5008-52-6 361518 cry (+1w, 149 1650€ vs ВОН 
ace) 
6634 Lunacrine C4 H, NO; 82-40-6 273.327 s chl 
6635 Lup-20(29)-ene-3,28-diol, (3B) 7 CH 0; 473-98-3 442.717 nd(al+1) 250 sub 240 i H5O; 51 EtOH, 
bz; s eth, 
Ac0Et, lig 
6636 Lup-20(29)-en-3-ol, (ЗВ) Lupeol СзО 545-47-1 426.717 па (al, асе) 216 0.945728 1.491028 | H0; vs EtOH, 
eth, асе, bz, 
ch 
6637 Lupulon Cog yy 468-28-0 414.578 pr(MeOH) 93 i H,0; s EtOH, 
peth, hx 
6638 Luteolin Cic Н 0 491-70-3 286.236 ye nd (dil al, 329 дес SI Њ0; s EtOH, 
+1w) eth, alk, con 
sulf 
6639 Luteoskyrin 8,8-Dihydroxyrugulosin (441:06 21884-44-6 574.489 уе па (EtOH) 278 dec 
6640 6 Сар 20316-18-1 242.359 orth pr 99 19016 $ ЊО, chl, eth, 
EtOH; i peth 
6641 Lycomarasmine ҮШТІ 7611-43-0 277.231 228 dec 
6642 Гусогіпе C4 МО, 476-28-8 287.311 pr (al, py) 0 sub i H50; 51 EtOH, 
eth, chl 
6643 Lysergamide Са МО 478-94-4 267.325  cry(MeOH), 137.5 51 EtOH, ace, os 
pr (aq, ace) 
6644 Lysergic acid Ci ٧٢٢ 82-58-6 268.310  Iforhexsc 240 dec 51 Њ0, eth, bz; 
(w) S НОН, py 
6645 6 С МО 50-37-3 323.432 82 
6646 DL-Lysine 2,6-Diaminohexanoic acid, (+) CH,,N.0, 70-54-2 146.187 224 SI H,0 
6647 D-Lysine 2,6-Diaminohexanoic acid, (D) ^ C;H.,N,0; 923-27-3 146.187 218 дес $ Н,0 
6648 L-Lysine 2,6-Diaminohexanoic acid, (L) C,H,,N 0; 56-87-1 146.187 па (м, dil al) 224 dec $ НО; i EtOH, 
eth, ace, bz 
6649 L-Lysine, hydrochloride Сен СМО; 10098-89-2 182.648 263 dec 
6650 D-Lyxose С-Н (0; 1114-34-7 150.130 108 1.5452 
6651 L-Lyxose С-Н (0; 1949-78-6 150130 110 
6652 7 (34-Dihydroxyphenyl)(2,4,6- — لم‎ 519-34-6 262.214 уепа(а) 2225 vs eth, EtOH 
rihydroxyphenyl)methanone 
6653 Magenta base Rosaniline C.H, N; 3248-93-9 301.385 br-red cry 186 dec 
6654 Magenta | Rosaniline hydrochloride CogHogCIN3 632-99-5 337.846 grn cry 200 dec sl Н,0, EtOH; | 
eth 
6655 Magnesium stearate agnesium octadecanoate C4 H;9MgO, 557-04-0 591.244 wh pow 132 i H5O; reac acid 
6656 Malachite Green C و‎ CIN; 569-64-2 364.911 от cry vs H,0, EtOH, 
еон 
6657 Malaoxon (Dimethoxyphosphinylthio) СН ұ0/Р5 1634-78-2 314293 liq 13231 
butanedioic acid 
6658 Malathion С.Н. ОР» 121-75-5 330.358 — ye-br liq 14 15607 dec 1.20762 1.4960? 51 H,0; s EtOH, 
eth, bz 
6659 Maleic acid cis-2-Butenedioic acid C,H,0, 110-16-7 116.073 mel pr (w) 139 1.5902 vs Н,0, EtOH, 
ace; s eth; i bz, 
chl 
6660 Maleic anhydride C,H,03 108-31-6 98.057 nd (chl, eth) 52.56 202 1.314% S H,0; s eth, 
ace, chl; sl lig 
6661 Maleonitrile cis-Butenedinitrile ІЙ 928-53-0 78.072 рг(НОН) 31.5 1112 
6662 Malic acid Hydroxybutanedioic acid C,H,0; 617-48-1 134.088 132 1.60120 S H,0; vs eth, 
EtOH, MeOH 
6663 Malonaldehyde 1,3-Propanedial С-Н,0, 542-18-9 72.063 һуд nd 73 
6664 Malonic acid C3H,0, 141-82-2 104.062 tcl (al) 135 dec sub 1.6190 vs НО, ру; s 
EtOH, eth; i bz 
6662 6 CHN; 109-77-3 66.061 32 218.5 1.191020 1.4146% 5 H,0, ace, bz, 
chl; vs EtOH, 
eth 
6666 Maltopentaose СзО 34620-76-3 828.718 cry (м) 78 (ћуд) 
6667 о-Ма!056 СО 4482-75-1 342296 па (al) 162.5 1.5462 vs Н,0 
6668 6-0-c-Maltosyl-B-cyclodextrin Ca Hag 0s 104723-60-6 1459.266 cry (MeOH) 
6669 Maltotetraose СНО 34612-38-9 666.577 атогр 5010 170 dec 
6670 Malvidin chloride Ci Hg 010, 643-84-5 366.750 >300 SI Н,0; s EtOH, 
MeOH 
6671 Mandelic acid a-Hydroxybenzeneacetic acid C,H,O; 90-64-2 152.148 orth pl 119 1.289020 $ Н,0, eth, 
EtOH, i-PrOH 
6672 Mandelonitrile glucoside CH; NO; 138-53-4 295.288 whndorpl 122 vs HO, НОН 
(al) 
6673 Maneb Manganese, [[1,2- С.Н,МпМ,5, 12427-38-2 265.302 dec 200 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
6674 Manganese(Il) acetate C H ,0,Mn 638-38-0 173.027 гей cry (w) 210 s H,0, MeOH, 
НОАс; i ace 
6675 Manganese carbonyl Dimanganese decacarbonyl C Mn,0;o 10170-69-1 389.977 уе mel cry 154 1.75 i B,0; s os 
6676 Manganese cyclopentadienyl CH. MnO, 12079-65-1 204062 paleyecry 770 subl 505 
tricarbonyl 
6677 Manganese 2- C, H;MnO, 12108-13-3 218.088 ye liq 15 233; 10210 1.38820 i H0; misc bz 
methylcyclopentadienyl 
tricarbonyl 
6678 D-Mannitol Cordycepic acid C; H0; 69-65-8 182171 опппаогрг 8 29535 1489? 1,3330 vsH,O;sl ОН, 
(w) py; i eth 
6679 D-Mannitol hexanitrate СНО в 15825-70-4 452.157 па (al) 107 ехр 1.820 vs bz, eth, EtOH 
6680 D-Mannose Seminose С.Н. 0% 3458-28-4 180155 nd or orth pr 132 dec 1.53920 vs НО; sl EtOH, 
(al) вон; i eth, 
bz 
6681 L-Mannose (5120, 10030-80-5 180.155 cry (al) 132 vs Н,0 
6682 Matridin-15-one Matrine و8‎ ٢٢ 519-02-8 248.364 а-па or pl; 2236 1.52865 s H,0, eth, ace; 
B-orth pr, vs EtOH, bz; sl 
peth 
6683 Mazindol Ci а CINO 22232-71-9 284739 сгу (ace/hx) 198 ІН,0; s EtOH 
6684 Mebendazole Ci а N40; 31431-39-7 295.292 сту (НОАс/ 2885 i H50, EtOH, 
Me0H) eth, chl 
6685 Mebhydroline C H, № 524-81-2 276.375 су 95 211! #60; sl eth; vs 
EtOH, ace, 
еон 
6686 Mecarbam Са NO;,PS, 2595542 329.374 ye oil 144002 1.2232 sl 0 
6687 Meclizine Со و‎ ٢٢ 569-65-3 390.948 230 s CS; 
6688 Medroxyprogesterone С»Н3»0» 520-85-4 344.487 2145 vs chl 
6689 Mefenamic acid 2-[(2,3-Dimethylphenyl)amino] | Сан МО; 61-68-7 241286 hyg cry 230 dec s alk; sl eth, chl 
benzoic acid 
6690 Mefloquine Соб О 53230-10-7 378.311 cry (MeOH 178.2 
ад) 
6691 6 C4H,,FJN,0S 53780340 92 184 
6692 Melezitose (-51 0,6 597-12-6 504437 сту (w+2) 153 1.5565% vs Н,0 
6693 o-D-Melibiose 6-0-a-D-Galactopyranosyl-D- — СрНрој 585-99-9 342.296 vs Н;0; sl ОН, 
glucose dec acid 
6694 Melinamide N-(1-Phenylethyl)-9,12- Са NO 14417-88-0 383.610 oil 4 202007 1.5050% 
octadecadieneamide, (Z Z)- 
6695 Melphalan L-Phenylalanine, 4-[bis(2- С.Н. СЬ№0, 148-82-3 305.200 nd 183 дес 1Н,0, s EtOH 
chloroethyl)amino]- 
6696 Menaquinone 7 Vitamin К,(35) СНО 2124-57-4 648.999 су 54 
6697 Menazon CIH NOS,  78-57-9 281.296 сгу (MeOH) 160 SI H5O; s thf 
6698 p-Menthane hydroperoxide 1-Methyl-1-(4- Cio Ha 0; 80-47-7 172.265 259 0.92 
methylcyclohexyl)ethyl 
hydroperoxide 
6699 p-Menth-8-en-2-one 2-Methyl-5-(1-methylethenyl) ^ C.H, 0 7764-50-3 152.233 223.0 
cyclohexanone 
6700 Menthol 3-methylbutanoate Menthol, isovalerate Са H, 0; 16409-46-4 240382 1295 09085 1.4860 ІН,0; 5 EtOH, 
асе 
6701 Meperidine Pethidine ЛЕЙ 57-42-1 247.334 30 1555 
6702 Mephenytoin Со و‎ N,0; 50-12-4 218.251 136 
6703 Mephobarbital C44H,4N,0; 115-38-8 246.261 мһ сгу (м) 176 SI Н,0, eth, chl; 
vs EtOH 
6704 Mephosfolan C H, N0.PS; 950107 269.322 уе liq 12002001 1.535426 s ace, EtOH, bz 
6705 Mepiquat chloride Piperidinium, 1,1-dimethyl-, CH, CIN 24307-26-4 149.662 223 
chloride 
6706 Mepivacaine N-(2,6-Dimethylphenyl)-1- C4 НрћО 96-88-8 246.348 сту (eth) 150.5 s CS, 
methyl-2- 
piperidinecarboxamide 
6707 Mepivacaine monohydrochloride _ Carbocaine hydrochloride Ci Ha СМО 722-62-9 282.809 су 263 sH,0 
6708 Mercaptoacetic acid, 2-ethylhexyl Ci Ha 0,5 7659-86-1 204.330 133.5 0,972 
ester 
6709 2-Mercaptobenzoic acid o-Thiosalicylic acid کولم‎ 47-93-3 154187 Ног па (а, 168.5 sub S Н,0, EtOH, 
w, НОАс) eth; sl DMSO, 
lig 
6710 Mercaptobenzthiazyl ether 2,2"-Dithiobis[benzothiazole] CuH,N,S, 20-78-5 332.487 уе nd 180 1.50 i H50; 51 EtOH, 
bz, cic, ace 
6711 2-Mercaptoethanol C;H,0S 60-24-2 78.133 158; 5513 1.114320 1.4996? s H,0, EtOH, 
eth, bz 
6712 2-Mercapto-2-methylpropanoic C,H,0;S 4695-31-2 120171 47 1015 vs Н,0 
acid 
6713 2-Mercapto-A-2- Thionalide СЫН, NOS 93-42-5 217.286 111.5 i H,O; vs EtOH, 
naphthylacetamide 05 
6714 2-Mercaptophenol (51,605 121-24-0 126176 о! 55 217; 895 1.23710 vs bz, eth, EtOH 
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No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
6715 4-Mercaptophenol ЛЗ 637-89-8 26.176 су 29.5 167%, 135" 1.12855 1.51015 s H,0, EtOH, 
alk, con sulf 
6716 3-Mercapto-1,2-propanediol Thioglycerol СН:0,5 96-27-5 08.160 6 100! 1.2455? 1.5268 sl HjO, eth, bz, 
chl; msc EtOH; 
vs ace 
6717 3-Mercaptopropanoic acid C.H,0,S 07-96-0 06.144 amor 18 11115, 865 1218? 1.4940 50, EtOH, 
eth, ctc 
6718 3-Mercapto- D-valine Penicillamine СН. №0,5 52-67-5 49.212 198.5 
6719 Mercury(Il) benzoate Mercuric benzoate СН, 00, 583-15-3 44281 cry pow (w) 4125 i EtOH 
6720 Mercury(ll) oleate Mercuric oleate Cs Hsc Hg04 191-80-6 763.35  ye-br solid i H5O; 51 EtOH, 
eth 
6721 Мегсигу(И) phenyl acetate Phenylmercuric acetate C3HsHg0, 62-38-4 336.74 153 i H0; s chl 
6722 Merphos Phosphorotrithious acid, 5,5,5- C H;;PS, 50-50-5 298.511 100 13707, 1765 102% 
tributyl ester 
6723 Mesityl oxide Isobutenyl methyl ketone C.H, 0 41-79-7 98.142 liq -59 130 0.8653? 1.4440? s H,0, ace; msc 
EtOH, eth 
6724 Mesoridazine ٤ و‎ N,0S; 5588-33-0 386.573 ой 
6725 Mestranol C Ha 0; 12-33-3 310.430 cry 151 i H5O; s (ох, 
eth, EtOH, chl 
6726 [2.2]Metacyclophane Tricyclo[9.3.1.1]hexadeca-1(15) ٥٤ 2319-97-3 208298  orth pr 132.5 290 SI EtOH; s bz, 
,4,6,8(16),11,13-hexaene eth 
6727 Metalaxyl ЛГІ 57837-19-1 279.333 71 
6728 Metaldehyde Metacetaldehyde (polymer) C;H40), 37273-91-9 tetr nd or pr 246 sub 115 i Н,0, ace; sl 
(al) EtOH, eth, bz, 
chl 
6729 Metanil Yellow С.Н. №№а0:5 587-98-4 375.377  br-ye pow vs H50, EtOH; s 
bz, eth; sl ace 
6730 Metaraminol 2-Amino-1-(3-hydroxyphenyl)- — Сон МО, 54-49-9 167.205 hyg cry sH,0 
1-propanol, (15,25) (НСІ) 
6731 Metaxalone СН, МО, 1665-48-1 221252 cry (AcOEt) 122 22315 
6732 Methacholine chloride C H, ОМ, 62-51-1 195.688 hyg cry 172 vs Н,0, EtOH, 
ch 
6733 Methacrylic acid 2-Methylpropenoic acid СНО, 79-41-4 86.090 pr 16 162.5 1.015320 1.431422 H,0, chl; msc 
EtOH, eth 
6734 Methacycline CoH NO, 914-00-1 442.48 cry 205 dec 
6735 Methadone hydrochloride 6-(Dimethylamino)-4,4- C.H, СМО 1095-90-5 345.906 pl(al-eth) 235 vs Н,0, НОН 
diphenyl-3-heptanone 
hydrochloride 
6736 Methallenestril С.аН03 517-18-0 286.366 cry (MeOH 139 s eth 
ад) 
6737 Methamidophos Phosphoramidothioic acid, 0,5- 956 10265-92-6 141130 46 1.3120 
dimethyl ester 
6738 Methamphetamine Сұм 537-46-2 49.233 212 
6739 Methamphetamine hydrochloride М,о- Сұ H, CIN 51-57-0 85.694 173.8 vs ЊО, EtOH, 
Dimethylbenzeneethanamine, chl 
hydrochloride, (5)- 
6740 Methandrostenolone CH, 0, 72-63-9 300.435 166 
6741 Methane CH, 74-82-8 6.043 colgas -182.47 -161.48 0.4228:182 SI Н,0, ace; $ 
EtOH, eth, bz, 
ol, MeOH 
6742 Methanearsonic acid CH,AsO3 124-58-3 39.971 160.5 S ЊО, EtOH 
6743 Methanedisulfonic acid ethionic acid СН,0,5, 503-40-2 16.169 98 i H0; s HNO, 
6744 Methanesulfonic acid ethylsulfonic acid СН,0.5 15-15-2 96.106 20 1677) 1.481218 14317? 0 
6745 Methanesulfonyl chloride CH;CIO,S 124-63-0 14.552 162; 55" 1.480518 1.457322 ІН,0; $ EtOH, 
eth 
6746 Methanesulfonyl fluoride CH;F0;S 558-25-8 98.097 123.5 
6747 Methanethiol ethyl mercaptan CH,S 74-93-1 48.108 _ col gas -123 5.9 0.866520 sl Н,0, chl; vs 
EtOH, eth 
6748 Methanimidamide Formamidine СНА 463-52-5 44056 pr 81 dec vs Н,0, ЕЮН 
6749 Methanimidamide, monoacetate ^ Formamidine acetate СНО, 3473-63-0 04.108 61.5 vs ЊО 
6750 Methanol ethyl alcohol CH,0 67-56-1 32.042 liq -97.53 64.6 0.79142 1.3288? msc H,0, EtOH, 
eth, ace; vs bz; 
sch 
6751 Methantheline bromide C Ha BrNO, 53-46-3 420.340 cry (i-PrOH) 174.5 S Н,0, EtOH, 
chl; i eth 
6752 Methapyrilene CyyHygN3S 91-80-5 261.386 174 1.591520 
6753 Metharbital 5,5-Diethyl-1-methyl- CIH, N,0; 50-11-3 98218 nd 50.5 S ЊО; sl chl 
24,6(1H3H5H)- 
pyrimidinetrione 
6754 Methazolamide С-Ң;М,0:5; 554-57-4 236.273 сгу (м) 213 дес 
6755 Methazole Сон МО 20354-26-1 261.061 23 1.245 
6756 Methenamine allyl iodide Allylhexamethylenetetramine CoH, № 36895-62-2 308.162 су 148 дес vs НО; i chl, 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
6757 Methestrol Сад 0; 130-73-4 298.419 cry (dil 145 
HOAc) 
6758 Methidathion СН М0,Р5, 950-37-8 302.330 39 
6/59 0 Phenol, 3,5-dimethyl-4- C H, N0,S 2032-65-7 225.308 120 
(methylthio)-, methylcarbamate 
6760 L-Methionine C;H,,N0,S 63-68-3 149.212 hex pl (dil al) 281 dec S НО; i EtOH, 
eth, ace, bz, 
peth; 51 6 
6761 Methocarbamol Guaifenesin-1-carbamate C Hi NO; 532-03-6 241.241 cry (bz) 93 s EtOH 
6762 Methomyl C;H, N,0,S 16752-77-5 162210 78 1.294624 
6763 Methoprene C А 04 40596-69-8 310.471 100905 0.92620 
6764 Methoprotryne C+ H4N.0S 841-06-5 271.383 cry 69 5160; s os 
6765 Methotrexate C; Ho; N40; 59-05-2 454.440 уе сту (w) 190 дес 
6766 Methoxamine hydrochloride СНО МО, 61-16-5 247.719 cry 214 vs НО; i eth, bz, 
ch 
6767 Methoxsalen 9-Methoxy-7H-furo[3,2-g][1] ^ СО, 298-81-7 216.190  pr(dilal) nd 148 SI HO, eth, ace, 
benzopyran-7-one (peth) peth; vs EtOH 
6768 Methoxyacetaldehyde СНО, 10312-83-1 74.079 92 1.0055 1.3950%  vsH;O, ace, eth, 
EtOH 
6769 Methoxyacetic acid СНО, 625-45-6 90.078 уд 203.5 1.17682 1.416822  sH,O, EtOH, eth 
6770 Methoxyacetonitrile ҰЛТЫ 1738-36-9 71.078 119 0.949220 1383120 <ІН,0; s EtOH, 
eth, асе, chl, 
alk, acid 
6771 Methoxyacetyl chloride (515010, 38870-89-2 108.524 1125 1.1871? 1.4199? s eth, ace, ctc; 
vs chl 
6772 2-Methoxyaniline 0-hnisidine CHNO 90-04-0 23.152 6.2 224 1.092320 1.571510 <ІН,0; s EtOH, 
eth, ace, bz 
6773 3-Methoxyaniline m-hnisidine САО 536-90-3 23152 liq -1 251 1.09620 57949 s| Н,0, ctc; s 
EtOH, eth, асе, 
bz 
6774 4-Methoxyaniline p-Anisidine C;H,NO 104-94-9 23.152 ойр! 57.2 243 1.07157 55599 s H,0, ace, bz; 
vs EtOH, eth 
6775 2-Methoxyaniline hydrochloride o-Anisidine hydrochloride ӨТІНІШІ) 134-29-2 59.613 па 225 
6776 1-Methoxy-9,10-anthracenedione Сав Н 004 82-39-3 238.238 170.3 sl EtOH; vs bz, 
chl 
6777 2-Methoxybenzaldehyde (1,0, 135-02-4 36.149 рг 37.5 243.5 1.132620 1.5600? i H,0; s EtOH, 
bz, ctc; vs eth, 
ace, chl 
6778 3-Methoxybenzaldehyde (1,0, 591-31-1 36.149 231 1.11877 1.5530? i H,0; $ EtOH, 
bz; vs eth, ace, 
ch 
6779 4-Methoxybenzaldehyde p-Anisaldehyde (5150, 123-11-5 36.149 0 248, 1347 14195 57307 i H,0; msc 
EtOH, eth; vs 
ace, chl; s bz 
6780 4-Methoxybenzamide СМО; 3424-93-9 151.163 nd or tab (м) 166.5 295 vs ЊО, EtOH 
6781 4-Methoxybenzeneacetaldehyde Сан, 0, 5703-26-4 50.174 255.5 1.09620 53592 
6782 2-Methoxybenzeneacetic acid Сану 005 93-25-4 66.173 па (м) 124 100? S H,O; vs EtOH, 
eth, ace, bz, 
ch 
6783 4-Methoxybenzeneacetic acid Сон (0; 104-01-8 66.173 рі (w) 87 138? i H30; vs EtOH; 
S eth, bz; sl 
chl, lig 
6784 4-Methoxybenzeneacetonitrile CIH МО 104-47-2 47.173 286.5 1.0845? 1.530922 5 EtOH, eth, chl 
6785 4-Methoxy-1,2-benzenediamine — 4-Methoxy-o-phenylenediamine С-Н,М,0 102-51-2 38.166 grn pl 51 20021, 168" vs eth 
6786 4-Methoxy-1,3-benzenediamine ^ 4-Methoxy-m- СНО 615-05-4 38.166 — nd (eth) 67.5 S НОН, eth; sl 
phenylenediamine DMSO 
6787 2-Methoxy-1,4-benzenediamine ^ 2,5-Diaminoanisole C;H44N)O 5307-02-8 38.166 су 107 
6788 3-Methoxy-1,2-benzenediol С-Н,0, 934-00-9 40137 па 428 163%, 12910 sch 
6789 4-Methoxybenzeneethanamine CH, NO 55-81-2 51.205 13920 537920 
6790 4-Methoxybenzeneethanol С,Н,,0, 702-23-8 52.190 29 335 
6791 2-Methoxybenzenemethanamine CIH, NO 6850-57-3 37.179 228 1.0515 547159 
6792 4-Methoxybenzenemethanamine CIH NO 2393-23-9 137.179 236.5 1.0505 54629  s| Н,0, EtOH, 
ећ 
6793 2-Methoxybenzenemethanol Сан (0; 612-16-8 38.164 249 1.03862 1.5455? i H,0; s EtOH; 
msc eth 
6794 3-Methoxybenzenemethanol (51 (0; 6971-51-3 38.164 30 252 11125 54402 
6795 4-Methoxybenzenemethanol Anise alcohol Сан, 0, 105-13-5 38.164 па 25 259.1 1.10925 54205 — s H,0, ctc; vs 
EtOH, eth 
6796 4-Methoxybenzenesulfonyl C;H;CIO,S 98-68-0 206.647 nd or pr (bz) 5 10305 S EtOH, eth, bz 
chloride 
6797 3-Methoxybenzenethio C;H,0S 15570-12-4 140.203 224.5; 11420 58749 schl 
6798 4-Methoxybenzenethio C;H,0S 696-63-9 40.203 228 1.131325 1.580125 s EtOH, eth, bz; 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gcm? л, Solubility 
7 6799 2-Methoybemoicadd — و‎ GRAO 57959 152148 шу т 20 — НОО 
eth, chl; s bz, 
ctc 
6800 3-Methoxybenzoic acid С.Н03 586-38-9 52.148 па (м) 107 17010 SI H,0, ctc; s 
EtOH, eth, bz; 
vs ch 
6801 4-Methoxybenzoic acid p-Anisic acid ШІН 100-09-4 52.148 185 216.5 i H,0; vs EtOH, 
eOH, eth; s 
chl 
6802 2-Methoxybenzonitrile Сану МО 6609-56-9 33.148 245 255.5 1.106320 $ НОН; vs eth 
6803 3-Methoxybenzonitrile C,H;NO 1527-89-5 33.148 1409, 1115 1.08925 1.540220 
6804 4-Methoxybenzonitrile C4H;NO 874-90-8 33.148 па (м) If (al) 61.5 256.5 i H,0; vs EtOH, 
eth; s bz 
6805 7-Methoxy-2H-1-benzopyran-2- C49 H40, 531-59-90 76.169 lf (w, MeOH) 118.3 SI Њ0; s EtOH, 
one eth, con sulf, 
alk 
6806 6-Methoxy-2-benzothiazolamine CHN OS 1747-60-0 80.227 166 
6807 2-(4-Methoxybenzoyl)benzoic acid o-(p-Anisoyl)benzoic acid С 1151-15-1 256.254 M 146 vs eth, EtOH, tol 
10 
6808 2-Methoxybenzoyl chloride C,H;CIO; 21615-34-9 170.594 254 
7 6809 4-Methoxybenzoyl chloride —  p-Anisoylchloride  O,H;Cl0, 100072 170599 nd _ 245 265 12610 15809 — 77 
sl ctc 
6810 4-Methoxybenzyl acetate Саон 104-21-2 80.200 84 270; 15028 1.1055 S сіс 
6811 2-Methoxy-1,1’-biphenyl C, H,0 86-26-0 84233 pr (peth) 29 274 102339 1.56419 i H,0; s EtOH, 
peth; sl ctc 
6812 4-Methoxy-1,1’-biphenyl СөНр0 613-37-6 84.233 pl (al) 90 157% .0278' 457440 jH,0;s EtOH, 
eth 
6813 1-Methoxy-1,3-butadiene C;H,0 3036-66-6 84117 91.5 0.82962 1.4594? 5 H,0, EtOH 
EtOH 
6815 3-Methoxy-1-butanol С-Н;0; 2517-43-3 104.148 157 0.92323 41485 уз EtOH, асе; 5 
eth; sl ch 
6816 1-Methoxy-1-buten-3-yne (1,0 2798-73-4 82101 dec 123; 39% 0.90620 4818? Hj; s chl 
6817 Methoxychlor ) لام‎ СО; 72-43-5 345.648 cry (dil al) 87 41% 1Н,0: s EtOH, 
ctc; vs eth, bz 
6818 Methoxycyclohexane C;H,0 931-56-6 114185 liq -74.4 133 087560 1.4355? vs eth, EtOH 
7 6819 1-Methoxy-2,4-dinitrobenzene ОНО, 119277 198133 nd(aorw) 945 202 133049? 15465 0:307 
eth, ace, bz; vs 
ру 
6820 1-Methoxy-3,5-dinitrobenzene 3,5-Dinitroanisole СНО, 5327-44-6 198133 nd (al) 105.3 1.55812 45 ace, bz, 
еон 
6821 2-Methoxy-1,2-diphenylethanone CisH, 0; 3524-62-7 226271 nd (lig) 49.5 1885 1.1278" vs bz, eth, EtOH 
6822 2-Methoxyethanol Ethylene glycol monomethyl С.н, 09-86-4 76.095 liq -85.1 124.1 0.96477? 1.4024? msc Н,0, eth, 
ether bz; vs EtOH; s 
ace; sl ch 
6824 2-[2-(2-Methoxyethoxy)ethoxy] — Triethyleneglycol monomethyl ^ C;H440, 12-35-6 64.200 246 
ethanol ether 
6825 2-Methoxyethyl acetate Ethylene glycol monomethyl НО 10-49-6 18.131 Па -70 143 1.007419 1.4002? $ ЊО, EtOH, 
ether acetate eth; sl ctc 
6826 2-Methoxyethyl acrylate 2-Methoxyethyl 2-propenoate ^ СЕН О 3121-61-7 30.141 6716, 5612 1.01220 
6827 2-Methoxyethylamine 1-Amino-2-methoxyethane Са NO 09-85-3 75.109 95 vs Н,0, EtOH; 51 
ch 
6829 2-(2-Methoxyethyl)pyridine Metyridine С.Н. NO 14-91-0 37.179 203; 967 0.988 1.4975% vs H,0, EtOH 
6830 2-Methoxyfuran С-Н0; 25414-22-6 98.101 110.5 1.064625 1.446825 
6831 4-Methoxyfuro[2,3-b]quinoline Dictamnine СМО; 484-29-7 99.205 рг (al) 133.5 SI HO; vs EtOH; 
S eth, chl, 
AcOEt 
6832 12-Methoxyibogamine Ibogaine (54156150 83-74-9 310.432 148 s ch 
6833 5-Methoxy-1 H-indole-3- 5-Methoxytryptamine С,Н,М0 608-07-1 90.241 cry (al) 121.5 
ethanamine 
6834 N-[2-(5-Methoxy-1-indol-3-yl) Melatonin C, На МО; 73-31-4 232278 paye lf (bz) 117 
ethyllacetamide 
6835 3-Methoxyisopropylamine 1-Methoxy-2-propanamine C,H,,NO 37143-54-7 89136 97 1.40312 
6836 4-Methoxy-A-(4-methoxyphenyl) — 4,4-Dimethoxydiphenylamine ^ С.„Н№0> 101-70-2 229.275 If (EtOH) 103 
aniline 
6837 N-Methoxymethylamine N-Methoxymethanamine C;H;NO 1117-97-1 61.083 liq 424 
6838 2-Methoxy-5-methylaniline 5-Methyl-o-anisidine CIH, NO 120-71-8 137179 53 235 SI Н,0, chl; s 
EtOH, eth, bz, 
peth 
6839 4-Methoxy-2-methylaniline Са АМО 102-50-1 137.179 cry (lig) 29.5 2485 1.065% 1.5647? vs ОН 
6840 4-Methoxy-oc- Сан 0; 3319-15-17 152.190 dec 310; 14077 1.0794? 153102 86 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л Solubility 
6841 2-Methoxy-2-methylbutane Methyl fert-penty! ether СО 994-05-8 02.174 86.1 0.7660% 138622 sl H,O; vs eth, 
EtOH 
6842 2-(Methoxymethyl)furan ولوا ام‎ 13679-46-4 112.127 132 1.016322 1.4570? i H0; s EtOH; 
vs eth 
6843 2-(Methoxymethyl)-5-nitrofuran СеН;МО, 586-84-5 57.125 1043 1.281? 15325® vs ОН 
6844 (Methoxymethyl)oxirane C,H,0, 930-37-0 88.106 113 0.9890? 1.432022 vsH,0, ace, eth, 
EtOH 
6845 3-Methoxy-5-methyl-4-oxo-2,5- ^ Penicillic acid Сан (0; 90-65-3 70.163  orthorhexpl 83 S ЊО, ace; vs 
hexadienoic acid (+ Iw) EtOH, eth, bz; 
sl peth 
6846 4-Methoxy-4-methyl-2-pentanone Репіохопе C7H,,0, 107-70-0 30.185 160 0.89805 14182 
6847 2-Methoxy-4-methylphenol Creosol (5 (0; 93-51-6 38164 pr 55 221 1.098% 153535 vs eth, ОН 
6848 1-Methoxynaphthalene СН о 2216-69-5 58.196 <-10 269 1.0963" 169405 i H0; s EtOH, 
eth, bz, chl; vs 
CS, 
6849 2-Methoxynaphthalene С.Н, 0 93-04-9 58196 If (eth), pl 735 214 vs bz, eth, chl 
(peth) 
6850 2-Methoxy-1,4-naphthalenedione ЕНГЕН 2348-82-5 88.180 183.0 
6851 4-Methoxy-1-naphthol C, Но 84-85-5 74.196 129.8 
6852 2-Methoxy-4-nitroaniline СНО 97-52-9 68.150 141.0 s DMSO 
6853 2-Methoxy-5-nitroaniline 5-М 0-0-аа 6 СНО 99-59-2 68.150 118 1.206815 S Н,0, eth; vs 
EtOH, ace, bz; 
sl lig 
6854 4-Methoxy-2-nitroaniline СНО 96-96-8 68.150 dk red pr (w 129 vs Н,0, ace, eth, 
or al) EtOH 
6855 2-Methoxypheno Guaiacol СНО; 90-05-1 24.138 hex pr 32 205 1.128721 1.5429?  s| H,0; s EtOH, 
eth, ctc, ch 
6856 3-Methoxypheno СНО 150-19-6 24.138 «17 114° 1.131% 155102 sl H,O, chl; msc 
EtOH, eth 
6857 4-Methoxypheno С; 150-76-5 24138 pl 57 243 S Н,0, bz, ctc; 
vs EtOH, eth 
6858 2-Methoxyphenol benzoate Guaiacol benzoate Сл 04 531-37-3 228.243 575 vs eth, chl 
6859 2-Methoxyphenol carbonate (2:1) Guaiacol carbonate Cic Н 05 553-17-3 274.269 cry (al) 89 i H,0; 51 EtOH; 
S eth; vs ch 
6860 2-Methoxyphenol phosphate (3:1) Guaiacol phosphate САНА БР 563-03-1 416.362 91 2113 vs асе, tol, chl 
6861 5-[(2-Methoxyphenoxy)methyl]-2- Mephenoxalone C4 Hg NO, 70-07-5 223.226 144 
oxazolidinone 
6862 3-(2-Methoxyphenoxy)-1 ,2- Guaifenesin баны, 93-14-1 98.216 orth pr (eth, 78.5 215", 12794 S Н,0, bz, chl 
propanediol eth-peth) vs EtOH; i peth 
6863 M-(2-MethoxyphenylJacetamide ^ o-Acetanisidine C;H,,NO; 93-26-5 65.189 nd (w) 87.5 304 vs H50, EtOH; 8 
eth, ace, HOAc 
6864 A-(3-Methoxyphenyl)acetamide m-Acetanisidine СМО; 588-16-9 65.189 nd or pl (м) 81 vs H50, EtOH; s 
eth, ace 
6865 A-(4-Methoxyphenyl)acetamide — p-Acetanisidine Сон „МО; 51-66-1 65.189 рі (w) 131 vs ace, НОН 
chl 
6866 2-Methoxyphenyl acetate 2-Acetoxyanisole C; Hi 05 613-70-7 66.173 315 1233 1.12855 1.510125 ІН,0;5 EtOH, 
ећ 
6867 4-(4-Methoxyphenyl)-3-buten-2- САН 943-88-4 76.212 (а, ей, 74.0 187.519 i H30; vs EtOH 
one HOAc) eth; s bz, 
НОАс, sulf 
6868 2-Methoxy-1-phenylethanone Сон (0; 4079-52-1 50.174 уе lig 8 245; 12579 1.08977 1.539322 51,0; s EtOH 
ace 
6869 1-(3-Methoxyphenyl)ethanone Сон 0; 586-37-8 50.174 95.5 240 1.034319 1.541022 s H,0, ОН, 
ace, ctc 
6870 2-(4-Methoxyphenyl)-1/-indene- — Anisindione C4 H0, 117-37-3 252.264 ра ye cry 156.5 
1,3(2H)-dione (НОАс, al) 
6871 4-Methoxyphenyl isocyanate CH;NO, 5416-93-3 49.148 11019 
6872 2-Methoxyphenyl isothiocyanate — 1-Isothiocyanato-2- C4H;NOS 3288-04-8 65.213 264, 131" 1.1870? 1.645820 
methoxybenzene 
6873 N-(4-Methoxyphenyl)-3- C4 Hy NO, 5437-98-9 207.226 117.3 S EtOH, chl; 5 
oxobutanamide eth 
6874 2-Methoxyphenyl pentanoate Guaiacol мајегаје Ci Hi 0; 531-39-5 208.253 265 1.0525 vs bz, eth, EtOH 
6875 (4-Methoxyphenyl)phenyldiazene СНО 2396-60-3 212.246 огап-гей pl, 56 340 112% 1Н,0, s EtOH, 
If (al, peth) eth, ace 
6876 N-(p-Methoxyphenyl)-p- N-(4-Methoxyphenyl)-1,4- C. H, N,0 101-64-4 214262 nd 102 23812 51 Н,0, peth; vs 
phenylenediamine benzenediamine bz, eth, EtOH 
6877 N-(4-Methoxyphenyl)-p- Сан СМО 3566-44-7 250.723 cry 245 dec 
phenylenediamine hydrochloride 
6878 (4-Methoxyphenyl) 0,,Н,0, 611-94-9 212.244 pr (eth) 615 355; 16812 i H,0; vs EtOH, 
phenylmethanone eth; s ace, bz, 
НОАс 
6879 3-(4-Methoxyphenyl)-1-phenyl-2- CigH,,0, 959-33-1 238.281 уе па (а) 79 187% i H,0; vs EtOH; 
propen-1-one s eth, ctc, chl, 
HOAc 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
6880 1-(4-Methoxyphenyl)-1- Ethyl 4-methoxyphenyl ketone С„Н0, 121-97-1 164.201 255 266 1.079815 8 ctc 
propanone 
6881 1-(4-Methoxyphenyl)-2- Anisyl methyl ketone CIH, О 122-84-9 164.201 <-15 268 1.06947 1.5253? vs eth, EtOH 
propanone 
6882 trans-3-(4-Methoxyphenyl)-2- trans-4-Methoxycinnamic acid С„Нь0; 943-89-5 178.184 173.5 sl B,0, EtOH, 
propenoic acid bz, DMS0; s 
ctc, НОАс 
6883 frans-1-Methoxy-4-(2- C4 H0 1694-19-5 210.271 136.5 42.55 i H,0; vs EtOH, 
phenylvinyl)benzene eth, ace, bz; s 
peth 
6884 1-Methoxy-1,2-propadiene Methoxyallene C H, 0 13169-00-1 70.090 ой 51.5 
6885 3-Methoxy-1-propanamine САНАМО 5332-73-0 89136 175 0.872720 14391? s H,0, ace, bz, 
сіс, chl, MeOH 
6886 3-Methoxy-1,2-propanediol Glycerol 3-methyl ether САН 0, 623-39-2 106.120 hyg liq 220 3149 — 14425 — vs ЊО, EtOH, 
ace; s eth 
6887 3-Methoxypropanenitrile C,H;NO 10-67-8 85.105 63 0.9379? — 1.4043? s EtOH, eth, chl 
6888 2-Methoxy-1-propanol C H, 0; 589-47-5 1 30 0.93820 407020 
6889 1-Methoxy-2-propanone Methoxyacetone C,H,0, 5878-19-3 88.106 16 0.957% 39702 
6890 2-Methoxy-1-propene C,H,0 16-11-0 72.106 38 0.737220 
6891 3-Methoxy-1-propene C H,0 627-40-7 72.106 44 077" 37780 | H,0; msc 
НОН, eth; s 
ace 
6892 trans-1-Methoxy-4-(1-propenyl) ^ Anethole C4 0 4180-23-8 48.201 col oily liq 225 235; 8123 0.988220 1.561522 51 H,0; msc 
benzene EtOH, eth; s 
ace; vs bz 
6893 1-Methoxy-4-(2-propenyl)benzene Estragole СНО 40-67-0 48.201 215.5 0.96525 51959) — vs EtOH, chl 
6894 cis-2-Methoxy-4-(1-propenyl) Сад 0; 5912-86-7 64.201 13413 08370 1.5726? 51 Н,0; s EtOH, 
phenol eth 
6895 frans-2-Methoxy-4-(1-propenyl) Сан 0; 5932-68-3 64.201 33.5 1418 1.085220 1.5784? 51 H;0; s EtOH, 
phenol eth, chl 
6896 1-Methoxy-4-propylbenzene СНО 104-45-0 50.217 211.5 0.947220 1.504520 51 H,0; s EtOH, 
асе, bz, chl; vs 
eth 
6897 2-Methoxy-4-propylphenol Сану 0; 2785-87-7 66.217 121% 
6898 3-Methoxy-1-propyne C,H,0 627-41-8 70.090 63 0.8312 50350 vs eth, EtOH 
6899 5-Methoxypsoralen Bergaptene СНО, 484-20-8 216.190 nd (EtOH) 188 i H5O; sl EtOH, 
bz, chl 
6900 6-Methoxy-3-pyridinamine СНО 6628-77-9 24.140 30 12510, 871 57450 
6901 2-Methoxypyridine CH;NO 1628-89-3 09.126 142.5 1.045720 1.504220 
6902 3-Methoxypyridine CH;NO 7295-76-3 09.126 liq 178.5; 655 1.083 518020 
6903 4-Methoxypyridine CH;NO 620-08-6 09.126 192; 955 msc 0 
6904 6-Methoxyquinoline Само 5263-87-6 59184  hyg If 26.5 306; 15312 1.15220 S EtOH, eth, chl, 
dil НО! 
6905 6-Methoxy-4-quinolinecarboxylic ^ Quininic acid C,;H NO, 86-68-0 203.194 pa ye pr (dil 285 dec sub sl Н,0, eth, bz, 
acid al) fa; i chl; s 
EtOH 
6906 2-Methoxy-1,3,5-trinitrobenzene Methyl picrate СНО; 606-35-9 243.131 па (dil 69 „49478 i H,0; vs EtOH, 
MeOH) chl, bz; s eth 
6907 (2-Methoxyvinyl)benzene Сон 0 4747-15-3 134.174 2115 0.9894? 1562024 
6908 Methscopolamine bromide Scopolamine methobromide CygHogBrNO, 55-41-9 398.293 cry (EtOH) 215 dec S НО; 51 EtOH 
6909 Methyl abietate СыНз205 27-25-3 316.478 pa ye If (liq) 22516 049% 5344 ІН,0;5 EtOH, 
HOAc 
6910 A-Methylacetamide C;H;NO 79-16-3 73.094 28 205 0.9371? 1.430122 vs ace, bz, eth, 
EtOH 
6911 4-Methylacetanilide Сон, NO 03-89-9 49489 mclcryornd 152 307 1.2120% vs eth, EtOH 
(dil al) 
6912 Methyl acetate С4Ң;0; 79-20-9 74.079 — liq -98.25 56.87 0.9342? 1.3614? уз H,0, eth, 
EtOH 
6913 Methyl acetoacetate С.Н03 05-45-3 16.116 275 1717 .0762 — 1.4184? vs H,0; msc 
НОН, eth; s 
cic 
6914 4-Methylacetophenone C,H40 22-00-9 34174 nd 28 226; 93.57 1.00517? 1.533522 vs bz, eth, ОН, 
ch 
6915 Methyl 2-(acetyloxy)benzoate Methyl o-acetylsalicylate 54,9; 580-02-9 94.184 ام‎ (peth) 515 135? vs eth, EtOH, 
ch 
6916 Methyl acrylate Methyl propenoate C,H,0, 96-33-3 86.090 liq <-75 80.7 0.9535? 1.4040? sl H,0; s EtOH, 
eth, ace, bz, 
ch 
6917 2-Methylacrylonitrile 2-Methylpropenenitrile C, Hs 126-98-7 67.090 liq -35.8 90.3 0.800120 1.400322 sl H,O, chl; msc 
EtOH, eth, ace, 
tol 
6918 26 о-Атіпоіѕобиугіс acid ҮШ 62-57-7 103.120 mcl pr 335 sub 280 vs H,0; sl EtOH; 
i eth 
6919 5-Methyl-3-allyl-2,4- Aloxidone Сі 0; 526-35-2 155.151 13835, 8605 1.468825 
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Mol. Physical den/ 
Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л Solubility 
ethylamine Methanamine СНМ 74-89-5 31.058 сої gas -93.5 -6.32 0.656» vs Н;0; s EtOH, 
(р>1 ace, bz; msc 
atm) eth 
ethylamine hydrochloride Methanamine hydrochloride CH,CIN 593-51-1 67.519 hyg tetr tab 2275 2275 s H,O, EtOH; | 
(al) chl, ace 
1-(Methylamino)-9,10- С.Н. №, 82-38-2 237.254 ye-rednd 171.0 S НОН, bz, chl, 
anthracenedione HOAc 
ethyl 2-aminobenzoate Methyl anthranilate CHNO, 134-20-3 51.163 24.5 256 1.16820 1.5810 H,0; vs EtOH, 
eth 
ethyl 3-aminobenzoate СНМ, 4518-10-9 51.163 39 152" 1.23220 vs EtOH, eth, bz, 
chl; s lig; sl 
peth 
ethyl 4-aminobenzoate C НУМ, 619-45-4 51163 Рог па (ад 1130 sch 
МеОН) 
2-(Methylamino)benzoic acid C H,N0, 19-68-6 51463 рі (al or lig) 5 8000! SI H;O; vs EtOH, 
eth, bz, chl 
3-(Methylamino)benzoic acid C H,N0, 51524-84-6 151463 pl (peth) 127 vs ace, bz, 
EtOH, chl 
4-(Methylamino)benzoic acid Сан МО; 0541-83-0 151.163 па (bz, w, dil 8 s HO, bz, 
al) AcOEt; vs 
НОН, eth; sl 
tfa 
Methyl 3-amino-2-butenoate CHNO, 4205-39-1 115.131 sch 
N-[(Methylamino)carbonyl] C H,N,0; 623-59-6 16119 tcl (w, al), рг 180.5 dec s Н,0, chl; sl 
acetamide (w) EtOH, eth 
2-(Methylamino)-2-deoxy-o.-L-  MN-Methyl-æ-L-glucosamine СМО, 42852-95-9 193.198 glass s MeOH 
glucopyranose 
2-(Methylamino)ethanesulfonic ۳ ۳۷۴6 C H N0,S 07-68-6 39.173 2415 vs H50; i EtOH, 
acid eth 
4-[2-(Methylamino)ethyl]-1,2- Deoxyepinephrine Со МО; 501-15-5 67.205 188.5 
benzenediol 
Methyl 3-amino-4- Orthocaine С,Н 0, 536-25-4 67.162 па (bz or 143 i H5O; vs EtOH; 
hydroxybenzoate HOAc) S eth, alk; sl bz 
4-(Methylamino)phenol sulfate С.Н» №055 1936-57-8 344.383 шу 260 дес sl EtOH; i eth 
3-(Methylamino)propanenitrile И 693-05-0 84.120 10249, 7416 0.8992? 1.4320? s H,0, ace, bz, 
chl, MeOH 
4-[2-(Methylamino)propyl]phenol — Pholedrine C4 4H; NO 370-14-9 65.232 cry (MeOH) 161 vs eth, EtOH 
2-Methylaniline 0-Toluidine Со 95-53-4 07153 liq -14.41 200.3 0.9984? 1.5725? $1 H,0; msc 
EtOH, eth, ctc 
3-Methylaniline m-Toluidine С-Н; 108-44-1 07.153 liq -813 203.3 0.988922 156812 vs ace, bz, eth, 
EtOH 
4-Methylaniline p-Toluidine С 106-49-0 07453 (мн) 43.6 200.4 0.9619? 1.5534 — sIH;O; vs ОН, 
Dy; S eth, ace, 
ctc 
N-Methylaniline C,H, 100-61-8 07.153 liq -57 196.2 0.9891? 1.5684? ІН,0; s EtOH, 
eth, ctc, ch 
2-Methylaniline, hydrochloride 0-Toluidine, hydrochloride СНОМ 636-21-5 43614 mclpr(w) 215 vs Н,0, НОН 
4-Methylaniline, hydrochloride CH, CIN 540-23-8 43.614 те! па (eth- 244.5 258 1.193018 vs Н,0, EtOH, 
HOAc) HOAc 
2-Methylanisole C.H, 0 578-58-5 22.164 liq -341 171 09855 1.516122 ІН,0; $ EtOH, 
eth, ace, ctc 
3-Methylanisole C H, 0 100-84-5 22464 0 -47 175.5 0.969% 1.5130% ІН,0; $ EtOH, 
eth, ace, bz; sl 
ctc 
4-Methylanisole САН О 104-93-8 22.164 liq -32 175.5 0.969% 15112? ІН,0; $ EtOH, 
eth, chl 
1-Methylanthracene Gitte 610-48-0 92256 bl nd 85.5 199.5 1.0471 168029 i H,0; $ EtOH, 
(MeOH) If eth, bz, chl, 
(al) sulf 
2-Methylanthracene Сә 613-12-7 92256 grn bl flr If 209 sub 1.80? i HO, ace; sl 
(sub) EtOH, eth; 5 
bz, CS, 
9-Methylanthracene Сын» 779-02-2 92256  yend(dilal) 81.5 19612 1.0659 1469599 s EtOH, eth, ace, 
pr (bz, al) bz, chl 
2-Methyl-9,10-anthracenedione — 2-Methylanthraquinone CH, 0; 84-54-8 222239 yend(a, 1/7 sub vs bz, ЕОН, 
НОАс) HOAc 
Methylarsine СН,А8 593-52-2 91.973 col gas -143 2 vs ace, eth, 
EtOH 
9-Methyl-9-azabicyclo[3.3.1] Pseudopelletierine C.H, NO 552-70-5 153.221 orth pr (peth) 54 246 1.0019 1.47601% vs H,O, eth, 
nonan-3-one EtOH 
8-Methyl-8-azabicyclo[3.2.1] Tropane С.Н, 529-17-9 125.212 166 0.925115 
осјапе 
8-Methyl-8-azabicyclo[3.2.1] CIH, МО 532-24-1 139.195 43 227, 1135 1.987210 1.45981 $ EtOH, eth, ace, 
octan-3-one bz, peth; sl chl 
Methyl azide CHN; 624-90-8 57.055 exp 20.5 0.869" 
Methylazoxymethanol acetate СМО 592-62-1 132.118 191; 49045 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
6957 2-Methylbenzaldehyde 0-Tolualdehyde Сан О 529-20-4 20.149 200; 9410 1.0328? 1.5462? 51 Н0, ctc; 5 
EtOH, eth, bz; 
vs ace 
6958 3-Methylbenzaldehyde m-Tolualdehyde C,H,0 620-23-5 20.149 199 1.01892 1,4137 <ІН,0; msc 
EtOH, eth; vs 
ace; s bz, chl 
6959 4-Methylbenzaldehyde p-Tolualdehyde C H,0 104-87-0 20.149 204; 10610 1.01947 — 1.5454?  s| Н,0; msc 
EtOH, eth, ace 
vs chl 
6960 2-Methylbenzamide 0-Toluamide CIH МО 527-85-5 35.163 147 SI H,O, eth, На, 
bz; vs EtOH 
6961 4-Methylbenzamide p-Toluamide CHNO 619-55-6 35.163 162.5 51 Н,0, bz, chl; 
vs EtOH, eth; s 
a 
6962 N-Methylbenzamide CIH МО 613-93-4 35.163 82 291; 1671 S НОН, ace 
6963 7-Methylbenz[a]anthracene Сана 2541-69-7 242.314 ye pl (al) 141 i H,0; $ EtOH, 
eth, ace, ctc, 
НОАс, CS; 
6964 8-Methylbenz[a]anthracene Сана 2381-31-9 242.314 pl(bz-al),nd 1565 2723, 160%! 1.23100 i H,0; s EtOH, 
(bz-lig) eth, bz, ху 
6965 9-Methylbenz[a]anthracene СН 2381-16-0 242.314 nd (al) 152.5 ІН,0; s EtOH, 
eth, ctc, chl, 
CS,, ху! 
6966 10-Methylbenz[a]anthracene Ci Hu 2381-15-9 242314 184 i H50; s EtOH, 
HOAc 
6967 12-Methylbenz[a]anthracene СН 2422-79-9 242.314 pl (al) 150.5 i H50; s EtOH, 
CS,, НОАс 
6968 2-Methylbenzeneacetaldehyde С.Н, 0 10166-08-2 134.174 221; 9210 1.02411 vs eth, EtOH 
chl 
6969 4-Methylbenzeneacetaldehyde C, H40 104-09-6 34174 40 2215 1.00522 1.52552 vs eth, EtOH 
chl 
6970 o-Methylbenzeneacetaldehyde Сон 0 93-53-8 34174 203.5 1.0089? 1.517622 vs EtOH 
6971 2-Methylbenzeneacetic acid СН, 05 644-36-0 50.174 па (w) 89 $ Н,0, chl 
6972 3-Methylbenzeneacetic acid Сон (0; 621-36-3 50.174 па (w) 62 12125 $ Н,0, chl 
6973 4-Methylbenzeneacetic acid Сон (0; 622-47-9 50.174 nd or pl (al, 93 265 vs bz, eth, EtOH 
w) 
6974 o-Methylbenzeneacetic acid, (+) Сон (0; 2328-24-7 4 <-20 263 110 1.523720 
6975 4-Methylbenzeneacetonitrile 97:11) 2947-61-7 31.174 18 242.5 0.9925 1.519020 i H,0; s EtOH, 
eth, bz, ctc 
6976 o-Methylbenzeneacetonitrile Сом 1823-91-2 31.174 231 0.9854? 150955 vs eth, НОН 
6977 3-Methyl-1,2-benzenediamine Toluene-2,3-diamine CHiN, 2687-25-4 22.167 63.5 255 vs ace, bz, EtOH 
6978 4-Methyl-1,2-benzenediamine Toluene-3,4-diamine CHiN, 496-72-0 22.167 рі (lig) 89.5 265 vs H,0; s lig 
6979 2-Methyl-1,3-benzenediamine Toluene-2,6-diamine СН N; 823-40-5 22467 pr(bz w) 106 S ЊО, ЕОН, bz 
6980 2-Methyl-1,4-benzenediamine Toluene-2,5-diamine C; Hi; 95-70-5 22.167 pl (bz) 64 273.5 s ЊО, EtOH, 
eth; sl bz, 
HOAc 
6981 3-Methyl-1,2-benzenedio СНО, 488-17-5 24438 If (bz) 68 248 SH,O, EtOH, bz, 
ch 
6982 4-Methyl-1,2-benzenedio C;H,0, 452-86-8 24438 If (bz-lig), рг 65 258 1.1287" 1.5425" s H,0, EtOH, 
(bz) eth, ace, chl; sl 
lig 
6983 2-Methyl-1,3-benzenedio C;H;0; 608-25-3 24.138 рг (bz) 120 265 vs Н,0, bz, eth, 
EtOH 
6984 4-Methyl-1,3-benzenedio C;H,O; 496-73-1 24138 cry (bz-peth) 105 270 S HO, EtOH, 
eth; sl bz, peth 
6985 5-Methyl-1,3-benzenedio Orcinol C;H,0; 504-15-4 24138 prí(w+1), 107 287 1.2904 S H,0, EtOH, 
If(chl) eth, bz; sl lig, 
peth 
6986 2-Methyl-1,4-benzenedio СНО, 95-71-6 24138 125 283; 163" vs Н,0, EtOH, 
eth; s асе; sl 
bz, lig 
6987 4-Methyl-1,2-benzenedithiol Toluene-3,4-dithiol CHS; 496-74-2 56.269 29 sch 
6988 B-Methylbenzeneethanamine CoH, 582-22-9 35.206 210 0.94334 — 1.5255? vs bz, eth, EtOH 
6989 A-Methylbenzeneethanamine (51 589-08-2 35.206 206 0.935 516220 
6990 2-Methylbenzeneethanol Сон О 9819-98-8 136.190 1.0 243.5 1.016% 535520 
6991 4-Methylbenzeneethanol Сон „О 699-02-5 36.190 244.5; 946 1.0028? 1.526720 
6992 2-Methylbenzenemethanamine Саны 89-93-0 21180 Па -30 206; 815 097669 — 7 
6993 3-Methylbenzenemethanamine C; Hu 00-81-2 21.180 203.5 0.966» 536029 
6994 4-Methylbenzenemethanamine CH, 04-84-7 21.180 125 195 0.95220 53402 
6995 A-Methylbenzenemethanamine Саны 03-67-3 21.180 180.5 0.944218 vs 0 
6996 o-Methylbenzenemethanol 1-Phenylethanol С.Н, 0 98-85-1 22.164 20 205 1.013% 5265 i H,0; vs EtOH, 
eth 
6997 2-Methylbenzenemethanol 0-Tolyl alcohol Сан 00 89-95-2 22.164  nd(peth-eth) 38 224; 11820 1.0239 vs eth, EtOH, 


chl 


Physical Constants of Organic Compounds 


On 


2-Methylbenzaldehyde 


T-Methylbenz[a]anthracene 


Ч 


2-Methylbenzeneacetaldehyde 


5 


н 
4-Methylbenzeneacetic acid 


z 
T 


2 
N 


E» 


2 


-Q 


4-Methyl-1,2-benzenediamine 


OH 


HK 


H 
2-Methyl-1,3-benzenediol 


NH; 


Q 


B-Methylbenzeneethanamine 


2 
= 


O4 


3-Methylbenzenemethanamine 


А 


3-Methylbenzaldehyde 


8-Methylbenz[a]anthracene 


2 


4-Methylbenzeneacetaldehyde 


О 
OH 


a-Methylbenzeneacetic acid, (+) 


NH; 


NH; 
2-Methyl-1,3-benzenediamine 


OH 
| OH 


4-Methyl-1,3-benzenediol 


H 
Cc 


N-Methylbenzeneethanamine 


1 


4-Methylbenzenemethanamine 


3-339 


H 
1 : 


N-Methylbenzamide 


12-Methylbenz[aJanthracene 


О 
(7 4 


3-Methylbenzeneacetic acid 


NH; 


3-Methyl-1,2-benzenediamine 


4-Methylbenzaldehyde 2-Methylbenzamide 4-Methylbenzamide 


10-Methylbenz[a]anthracene 


9-Methylbenz[aJanthracene 


0 
(2-4, 


2-Methylbenzeneacetic acid 


су ~ 


o-Methylbenzeneacetonitrile 


o-Methylbenzeneacetaldehyde 


4-Methylbenzeneacetonitrile 


NH; 
OH 
OH OH 
OH 
NH 


2-Methyl-1,4-benzenediamine 3-Methyl-1,2-benzenediol 


OH 
OH 


2-Methyl-1,4-benzenediol 


4-Methyl-1,2-benzenediol 


SH 
эн 


4-Methyl-1,2-benzenedithiol 


5 


2-Methylbenzenemethanamine 


sou 


5-Methyl-1,3-benzenediol 


om 


4-Methylbenzeneethanol 


eon 


2-Methylbenzeneethanol 


HO. 


к 


N-Methylbenzenemethanamine oc-Methylbenzenemethanol 2-Methylbenzenemethanol 


3-340 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
6998 3-Methylbenzenemethanol m-Tolyl alcohol C,H40 587-03-1 22.164 «20 215.5 0.9157 SI HO; vs EtOH, 
eth; s chl 
6999 4-Methylbenzenemethanol p-Tolyl alcohol Сан 00 589-18-4 22.164 па (lig) 61.5 217 0.97822 vs eth, НОН 
7000 o-Methylbenzenemethanol, ШІЛ 93-92-5 64.201 ой 10918 
acetate 
7001 4-Methylbenzenepropanal C. H,0 5406-12-2 48.201 223 0.999% — 1.525" 
7002 o-Methylbenzenepropanamine 1-Methyl-3-phenylpropylamine C.H, N 22374-89-6 149.233 143 223; 10114 092895 1.5152? vs EtOH 
7003 B-Methylbenzenepropanoic acid, Сад 0; 772-17-8 64.201 46.5 1684 07010 — 1.5155? 5ІН,0; s peth 
(+) 
7004 o-Methylbenzenepropanol СұН,0 2344-70-9 50.217 239; 1235 098996 1,51719 
7005 4-Methylbenzenesulfinic acid D-Toluenesulfinic acid C;H,0;S 536-57-2 56.203 ойһріогпа 86.5 S H,0; vs EtOH, 
(w) eth; sl bz 
7006 4-Methylbenzenesulfinyl chloride C;H;CIOS 10439-23-3 174.648 па 57 11835 vs ch 
7007 2-Methylbenzenesulfonamide C;HyNO;S 88-19-7 71217 oct cry (al), 7 2140 51 H;O, eth, 
pr (w) DMSO; s EtOH 
7008 4-Methylbenzenesulfonamide p-Toluenesulfonamide C;H,N0;S 70-55-3 71.217  mclpl(w«2) 138 21410 sl Н,0, eth; s 
EtOH 
7009 Methyl benzenesulfonate C;H,0S 80-18-2 72.202 45 5015 127307 1.5151? 5ІН,0;/5 ОН, 
eth, chl 
7010 2-Methylbenzenesulfonic acid C;H,0S 88-20-0 72202 hygpl(w«2) 67.5 28.825 vs Н,0; s EtOH; 
i eth 
7011 2-Methylbenzenesulfonyl chloride — o-Toluenesulfonyl chloride C;H;CI0,S 33-59-5 90.648 10.2 54% 1.3383 1,5565? i H,0; s EtOH, 
eth, bz, ctc 
7012 2-Methylbenzenethiol CHS 37-06-4 24.204 15. 95 1.0412 5/09 — iH,0; s EtOH; 
5 eth 
7013 3-Methylbenzenethiol دا‎ 08-7 24.204 liq -20 95 044% 5/229 iH,0; s EtOH; 
msc eth 
7014 4-Methylbenzenethiol CHS 06-45-6 24.204 43 95 1.02205! i H50; $ EtOH, 
chl; vs eth 
7015 1-Methyl-1 H-benzimidazole С.Н 632-83-3 32.163 па (peth), pl 66 286 Л25420 1.60137 5 peth 
(al) 
7016 2-Methyl-1 H-benzimidazole С.Н, 615-15-6 32163 ргогпа (м) 177.8 S H,0; sl EtOH, 
eth; i bz 
7017 Methyl benzoate (1,0, 93-58-3 36.149 0 -124 199 .08375 1.5164?  iH,0; s EtOH, 
сіс, MeOH; 
msc eth 
7018 Methyl 1,3-benzodioxole-5- C. HO, 326-56-7 80.158 nd or If 53 dec 273 vs eth, EtOH 
carboxylate (peth) 
7019 2-Methylbenzofuran Сан; 4265-25-2 132.159 197.5 1.05402 1.5495? vs eth, EtOH 
7020 2-Methylbenzonitrile o-Tolunitrile Сан; 529-19-1 17449 0 -135 205 0.9955? 1.5279? | H,0; msc 
НОН, eth; s 
cte 
7021 3-Methylbenzonitrile m-Tolunitrile CH; 620-22-4 17449 0 -23 213 1.031620 1.5252? |Н,0; msc 
EtOH, eth; s 
cte 
7022 4-Methylbenzonitrile p-Tolunitrile C.H; 104-85-8 17.149 29.5 217.0 0.976230 i H,0; vs EtOH, 
eth; sl ctc 
7023 6-Methyl-2H-1-benzopyran-2-one Са 92-48-8 60.170 76.5 304; 17414 vs EtOH, eth, bz 
sl chl, рей 
7024 7-Methyl-2H-1-benzopyran-2-one 7-Methylcoumarin Сл; 2445-83-2 60.170 па, (pl) (aq 128 17157 SI H;O; vs EtOH, 
al) HOAc; s eth 
7025 3-Methyl-4/-1-benzopyran-4-one Tricromyl Сл; 85-90-5 60.170 s chl 
7026 6-Methyl-2-benzothiazolamine C H,N.S 2536-91-6 64.228  nd(w)pr(dil 142 51 Н,0; s EtOH 
al) 
7027 2-Methylbenzothiazole CH; NS 120-75-2 49.214 14 238 1.1763 1.609219 ІН,0; $ EtOH, 
ch 
7028 3-Methyl-2(3H)- C,H;NS; 2254-94-6 81.279 па (al), pr 0 335 i H,0; 51 EtOH, 
benzothiazolethione (НОАс) eth; vs bz, chl 
7029 4-(6-Methyl-2-benzothiazolyl) Са о 92-36-4 240.323 194.8 434 SI EtOH, eth, bz, 
aniline НОАс 
7030 1-Methyl-1 H-benzotriazole СН 13351-73-0 133.151 pl (67-10) 64.5 270.5 vs bz, НОН, 
HOAc 
7031 1-Methyl-2/7-3,1-benzoxazine- C;H;NO; 10328-92-4 177.157 180 
2,4(1H)-dione 
7032 2-Methylbenzoxazole C,H;NO 95-21-6 33.148 9.5 200.5 142119 1.5497? iH,0; vs EtOH; 
msc eth 
7033 Methyl benzoylacetate С.Н 003 614-27-7 78.184 paye dec 265; 151° 1.150? 1.5370 vs ace, eth, 
EtOH 
7034 Methyl 2-benzoylbenzoate С. Н 04 606-28-0 240.254 plormclpr 52 351 1.190319 1.59122 ІН,0; vs EtOH, 
(dil al) eth; s sul 
7035 2-(4-Methylbenzoyl)benzoic acid — 2-(p-Toluoyl)benzoic acid С.5Н,03 85-55-2 240.254 146 51 Н,0, DMSO; 
vs НОН, eth, 
ace, bz 
7036 2-Methylbenzoyl chloride C,H;CIO 933-88-0 154.594 213.5 1.5549? vs eth, EtOH 
7037 3-Methylbenzoyl chloride C,H;CIO 1711-0604 154.594 liq -23 219.5 1.0265? 1.5052 vs eth, EtOH 
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3-342 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym CASRN Wt. Form mp/'C bp/'C gcm? n, Solubility 
7038 4-Methylbenzoyl chloride 874-60-2 54594 liq -15 226 1.168622 1.554722 s ctc 
7039 Methyl benzoylsalicylate 2-(Benzoyloxy)benzoic acid, 610-60-6 256.254 су 85 305 #60; 8 bz, chl, 
methyl ester eth, EtOH 
7040 o-Methylbenzylamine, (+) 1-Amino-1-phenylethane 618-36-0 21.180 32 187 0.93955 152385 5Н,0, chl; msc 
НОН, eth 
7041 1-Methyl-2-benzylbenzene 713-36-0 82.261 6.6 280.5 1.00202 1.576320 
7042 1-Methyl-4-benzylbenzene 620-83-7 82.261 liq -30 286 0.9976? 1.5712? vseth, bz, EtOH, 
chl 
7043 o-Methylbenzyl formate 7775-38-4 150.174 liq 
7044 1-Methyl-2-benzyl-4(1H)- Glycosine 6873-15-0 250.294 161.5 
quinazolinone 
7045 1-Methylbicyclo[3.1.0]hexane 4625-24-5 96.170 93.1 
7046 2-Methylbiphenyl 643-58-3 68.284 liq -0.2 255.3 1.01132 1.5914? i H,0; s EtOH, 
eth 
7047 3-Methylbipheny 643-93-6 68.234 23 2727 1.001827 1.597222 i H0; s EtOH, 
eth, ctc 
7048 4-٧ 644-08-6 68.234 pl (lig, 49.5 267.5 1.0157 i H,0; s EtOH, 
Me0H) eth; sl ctc 
7049 4-Methyl-N.N-bis(4- 1159-53-1 287399 cry (HOAc) 117 vs ace, bz, eth, 
methylphenyl)aniline chl 
7050 Methyl bromoacetate 96-32-2 52.975 32 1.63507 1.4520? i H,0; s EtOH, 
eth, ace, bz 
7051 Methyl 2-bromobenzoate 610-94-6 215.045 244 i H,0; s EtOH 
7052 Methyl 3-bromobenzoate 618-89-3 215.045 pl 32 2515 SI Н,0; s EtOH, 
eth 
7053 Methyl 4-bromobenzoate 619-42-1 215.045 If (dil al), nd 81 1.68925 S EtOH, eth, ace, 
(eth) peth; vs bz, chl 
7054 Methyl 2-bromobutanoate 3196-15-4 181.028 68 1.528? 1.40295 уз EtOH 
7055 Methyl 4-bromobutanoate 4897-84-1 181.028 86.5 45 45675 vs EtOH 
7056 Methyl 4-bromo-2-butenoate 1117-71-1 179.013 84" 49019 498 
7057 Methyl 5-bromopentanoate 5454-83-1 195.054 iq 01^ 1.363 463020 
7058 Methyl 3-bromopropanoate 3395-91-3 167.002 05%, 6212 A123" 1.4542? 5 EtOH, eth, ace 
7059 3-Methyl-1,2-butadiene 598-25-4 68.118 — liq -113.6 40.83 0.680625 1.420322 vs асе, bz, eth, 
EtOH 
7060 2-Methyl-1,3-butadiene Isoprene 78-79-5 68.118 ٩ -145.9 34.0 0.67920 421920 i H0; msc 
FtOH, eth, ace, 
bz 
7061 3-Methylbutanal Isovaleraldehyde 590-86-3 86.132 ід -51 925 0.7977? 1.3902? 5ІН,0;5 EtOH, 
eth 
7062 3-Methylbutanamide Isovaleramide 541-46-8 101.147 mcl lf (al) 137 226 s Н,0, EtOH, 
eth; vs peth 
7063 3-Methyl-1-butanamine Isopentylamine 107-85-7 87.164 96 0.750522 1.4083? msc ЊО, EtOH, 
eth; s ace, chl 
7064 2-Methyl-2-butanamine 594-39-8 87.164 liq -105 77 0.7315 39545 vs H,O, ace, eth, 
EtOH 
7065 3-Methyl-2-butanamine 598-74-3 87.164 liq -50 85.5 0.757419 440968 — vs H,0; s ОН 
7066 3-Methyl-1,3-butanediol 2568-33-4 104.148 202.5 0.9449? 1.4452? s ЊО, EtOH 
7067 2-Methylbutanenitrile 18936-17-9 83.132 25 0.79135 1.393322 vs eth, EtOH 
7068 3-Methylbutanenitrile Isobutyl cyanide 625-28-5 83.132 liq -101 275 0.7914? 1.392722 $1 H0; msc 
EtOH, eth; vs 
ace 
7069 2-Methyl-1-butanethiol, (4) 20089-07-0 104.214 liq 191 0.842020 1.444020 
7070 3-Methyl-1-butanethiol Isopentyl mercaptan 541-31-1 04214 liq 16 0.8350? 1.4412? i H,0; msc 
EtOH, eth; s 
ctc 
7071 2-Methyl-2-butanethiol 1679-09-0 04.214 liq 99.1 0.812022 1.438520 
7072 3-Methyl-2-butanethiol 2084-18-6 04.214 liq -127.1 09.8 
7073 Methyl butanoate 623-42-7 02432 liq -85.8 02.8 0.8904? 1.387822 <ІН,0, ctc; msc 
EtOH, eth 
7074 2-Methylbutanoic acid (+)-2-Methylbutyric acid 600-07-7 02.132 «-80 77 0.93420 405120 51 Н,0; msc 
EtOH, eth; s 
ch 
7075 3-Methylbutanoic acid Isovaleric acid 503-74-2 02.132 liq -293 76.5 0.9312 .40339 5 H,0; msc 
EtOH, eth, сїї 
7076 3-Methylbutanoic anhydride 1468-39-9 86.248 215 0.9327? 14043? vs eth 
7077 2-Methyl-1-butanol, (+) 34713-94-5 88.148 275 0.815225 1.409222 <ІН,0; msc 
EtOH, eth; vs 
ace 
7078 3-Methyl-1-butanol Isopentyl alcohol 123-51-3 88.148 — liq -1172 31.1 0.810422 1.4053? $1 H,O; vs ace, 
eth, EtOH 
7079 2-Methyl-2-butanol tert-Pentyl alcohol 75-85-4 88.148 06 -9.1 02.4 0.809622 1.405222 5Н,0, bz, chl; 
msc EtOH, eth; 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
EtOH, eth; vs 
ace; s bz, ctc 

7081 2-Methyl-1-butanol acetate C; H0» 624-41-9 130.185 140 0.8/40? 1.404020 vs ТИШ 
EtOH 
EtOH, eth; vs 
ace; s ctc 

7083 2-Methylbutanoyl chloride, (ғ) СНС! 57526-28-0 120.577 116 0.99172 8 

7084 3-Methylbutanoyl chloride Isovaleryl chloride C;H,CI0 108-12-3 120.577 114 098440 1.4149? ѕећ 

7085 trans-2-Methyl-2-butenal Tiglic aldehyde C;H,0 497-03-0 84117 liq 117; 6419 0.87107 — 1.4475? sl H,0; vs EtOH 

7086 3-Methyl-2-butenal Senecialdehyde СНО 107-86-8 84117 134 087220 1.4528? 5Н,0, EtOH, eth 

7087 2-Methyl-1-butene C; Hi 563-46-2 70.133 № -137.53 312 0.650420 1.3778? ІН,0; s EtOH, 
eth, bz, ctc 

7088 3-Methyl-1-butene C; Hi, 563-45-1 70133 vol lig or gas -168.43 20.1 0.621325 1.3643? i H,0; msc 
EtOH, eth; s bz 

7089 2-Methyl-2-butene C; Hi 513-35-9 70.133 № -133.72 38.56 066230 1.3874? ІН,0; s EtOH, 
eth, bz, ctc; vs 
19 

7090 cis-2-Methyl-2-butenedioic acid Citraconic acid C; HO, 498-23-7 30.100  nd(eth-lig) 93.5 1.6175 vs Н,0: sl eth, 

ісі pr (eth- chl; i bz, CS; 
bz) 

7091 3-Methyl-2-butenenitrile СН 4786-24-7 81.117 0 41 

7092 Methyl cis-2-butenoate Methyl isocrotonate C;H,0; 4358-59-2 00.117 18 4175? 

7093 Methyl trans-2-butenoate Methyl crotonate С-Н;0; 623-43-8 00.117 liq -42 21 094440 142420 i H,0; vs EtOH, 
eth 

7094 cis-2-Methyl-2-butenoic acid Angelic acid СНО, 565-63-9 00117 та prornd 45.5 85 098349 144347 51,0; s EtOH; 
vs eth 

7095 trans-2-Methyl-2-butenoic acid Tiglic acid СНО, 80-59-1 00.117 tab (w) 645 98.5 0.964178 143306  sH;O; vs ОН, 
eth 

7096 3-Methyl-2-butenoic acid СНО, 541-47-9 00.117 69.5 97 1.006224 

7097 3-Methyl-2-buten-1-ol C;H, 0 556-82-1 86.132 40 0.848% 44122 

7098 3-Methyl-3-buten-1-ol C5H 90 763-32-6 86.132 29.9 

7099 2-Methyl-3-buten-2-ol C; H40 115-18-4 86.132 liq -28 97 0.8220 

7100 3-Methyl-3-buten-2-ol CH, 0 10473-14-0 86.132 14 085317 77 

7101 3-Methyl-3-buten-2-one Isopropenyl methyl ketone C;H,0 814-78-8 84117 06 -54 98 0.852720 1.4220? vs EtOH 

7102 3-Methyl-2-butenoyl chloride С-Н,010 3350-78-5 18.562 46 1.065% „47709 

7103 (3-Methyl-2-butenyl)guanidine Galegine Сена 543-83-9 27.187 0 62.5 dec vs Н,0, EtOH 

7104 2-Methyl-1-buten-3-yne Isopropenylacetylene C Hg 78-80-8 66.102 liq -113 32 0.6801 1.414022 sch 

7105 [(3-Methylbutoxy)methyl]benzene C, !و‎ 122-73-6 78.270 236; 118!9 0.90920 47929 vs eth, EtOH 

7106 1-[2-(3-Methylbutoxy)-2- Amixetrine C; H;;NO 24622-72-8 261.402 212 497822 

phenylethyl]pyrrolidine 

7107 2-Methylbutyl acrylate Сан 0, 44914-03-6 142.196 60; 4510 0.89362 1.424020 уз eth, ОН 

7108 3-Methylbutyl benzoate Isopentyl benzoate Ci Hi 0; 94-46-2 92.254 261 0.9935 vs EtOH 

7109 3-Methylbutyl 2-chloropropanoate C H, СО, 62108-69-4 178.657 208 1.005022 1.428920 

7110 3-Methylbutyl 3-chloropropanoate Сан СТ0; 62108-70-7 178.657 208; 87? 1.01712 1.434322 vs eth, EtOH 

7111 Methyl tert-butyl ether tert-Butyl methyl ether С.Н.0 1634-04-24 88.148 liq -108.6 55.0 0.73535 1366045  sH;0; vs ОН, 
eth 

7112 3-Methylbutyl nitrate Isopentyl nitrate و8‎ NO; 543-87-3 33.146 48 0.99622 4122? 

7113 2-Methyl-3-butyn-2-amine C. Hj 2978-58-7 83.132 18 79.5 0.795 „42352 

7114 3-Methyl-1-butyne C; Hg 598-23-2 68.118 vol liq or gas -89.7 26.3 0.6660? 1.372320 DN msc 
EtOH, eth 

7115 2-Methyl-3-butyn-2-0l 1,1-Dimethylpropargyl alcohol C5H0 115-19-5 84.117 15 04 0.8618? 1.420720 

7116 Methyl carbamate С,Н,№, 598-55-0 75.067 60 54 77 1.13615 1.412559 — vs Н,0; vs 
EtOH, eth 

7117 3-Methyl-9H-carbazole С.Н. 4630-20-0 81.233 pl(HOAc) 208.5 365 vs bz, eth 

7118 9-Methyl-9H-carbazole СН 1484-12-4 81.233 па, If (al) 4 343.64; 19512 vs eth 

7119 Methyl chloroacetate СНОО, 96-34-4 08.524 liq -32.1 29.5 1.23620 42180 vs те bz, eth, 
EtOH 

7120 Methyl 2-chloroacrylate C,H;Cl0, 80-63-7 20.535 525 1.18920 44000 vs eth 

7121 Methyl 2-chlorobenzoate Сан; 010, 610-96-8 70.594 234 s НОН 

7122 Methyl 3-chlorobenzoate Сан; 010, 2905-65-9 70.594 21 229 

7123 Methyl 4-chlorobenzoate C,H;CIO; 1126-46-1 70.594 nd or mel pr 43.5 1.3822 vs EtOH 

7124 Methyl 4-chlorobutanoate C;H&CIO; 3153-37-5 136.577 74; 554 1.129320 14321? ІН,0; vs EtOH, 
eth; s ace 

7125 Methyl chlorocarbonate СНОО, 79-22-1 94.497 70.5 1.2231? 1.3868? msc EtOH, eth; 
S bz, ctc, chl 

7126 Methyl 5-chloro-2- C4H;CIO, 4068-78-4 86.593 па (al) 50 dec 249, 120? vs EtOH 

hydroxybenzoate 

7127 Methyl 5-chloro-2-nitrobenzoate C4H&CINO, 51282-49-6 215.592 рі (MeOH) 485 1.45318 vs MeOH 

7128 Methyl chlorooxoacetate C,H;CIO, 5781-53-3 122.507 19 13316? 1.418920 

7129 Methyl 2-chloropropanoate C H,CI0; 17639-93-9 122.551 32.5 1.0750% 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7130 3-Methylchrysene Саны 3351-31-23 242.314 If (07-рей) 173.3 vs EtOH 
7131 5-Methylchrysene С 3697-24-3 74 1183 i HO 
7132 6-Methylchrysene Са 1705-85-7 242.314 161 
7133 Methyl trans-cinnamate Methyl trans-3-phenyl-2- Ci Hio0; 1754-62-7 162.185 cry (peth, @ 36.5 261.9 1.042% 1.576622 ІН,0; vs EtOH, 
propenoate al) eth; s ace, bz; 
sl chl 
7134 trans-o-Methylcinnamic acid CigH 00; 2373-76-4 162.185 cry (EtOH) 175 
7135 trans-m-Methylcinnamic acid СН 0; 3029-79-6 162.185 су (w) 115 
7136 trans-p-Methylcinnamic acid СН 0; 1866-39-3 162.185 198.5 
7137 Methyclothiazide Сони СМО 135-07-9 360.237 cry (EtOH 225 i H50, bz, chl; $1 
aq) МеОН: vs ace, 
ру 
7138 Methyl суапаје CHNO 1768-34-9 57.051  unstabgas -30 exp 
7139 Methyl cyanoacetate C,H;NO; 105-34-0 99.089 liq -225 200.5 1.122525 14176? vs eth, EtOH 
7140 Methyl 2-cyanoacrylate Mecrylate С.Н,№О, 137-05-3 111.100 472 1.10122 1.4430 
7141 Methylcyclobutane C; Hi 598-61-8 70.133 № -161.5 36.3 0.6884? 1.3866? i H,0; msc 
EtOH, eth; s 
ace, bz, peth 
7142 Methyl cyclobutanecarboxylate Сен 0» 765-85-5 114.142 35.5 
7143 2-Methyl-1,3-cyclohexadiene 4,5-Dihydrotoluene СН 489-57-2 94454 07.5 0.826018 146621 
7144 2-Methyl-2,5-cyclohexadiene-1 ,4- СНО; 553-97-9 122.122 yeplornd 69 sub 0875 sl H,0; s EtOH, 
dione eth 
7145 Methylcyclohexane C; Hi 08-87-2 98.186 liq -126.6 00.93 0.769420 1.423122 ІН,0; $ EtOH, 
eth; msc ace, 
bz, lig 
7146 Methyl cyclohexanecarboxylate C H, 0; 4630-82-4 42.196 83 099545 1.4433? i H,0; s EtOH, 
eth, ace, ch 
7147 o-Methylcyclohexanemethanol C H, 0 193-81-3 28.212 89 0.928% 46562 vs EtOH, eth; sl 
cic 
7148 4-Methylcyclohexanemethanol C H, 0 34885-03-5 128212 7979 0.9074? 1.461720 
7149 1-Methylcyclohexanol C;H,0 590-67-0 14.185 25 55; 85 0.9194? 1.4595? i H,0; $ EtOH, 
bz, chl 
7150 cis-2-Methylcyclohexano C;H,0 615-38-3 14.185 7 65 0.9360? 1.4640? уз EtOH 
7151 trans-2-Methylcyclohexanol, (+) СН, 40 615-39-4 14185 liq -20 67.5 0.9247? 1.461622 vs eth, ОН 
7152 cis-3-Methylcyclohexanol, (+) C;H,0 5454-19-5 14185 liq -55 68; 9412 0.91552 1.475220 vs eth, EtOH 
7153 trans-3-Methylcyclohexanol, (+) C;H,40 7443-55-2 14185 liq -0.5 67; 84% 0.92149 1.458022 vs eth, EtOH 
7154 cis-4-Methylcyclohexano C;H,0 7731-28-4 14185 0 -9.2 73 0.9170? 1.4614? vs eth, EtOH 
7155 trans-4-Methylcyclohexano CH, 0 7731-29-5 5 74 0.911827 — 1.4561? 5ІН,0; msc 
EtOH; s eth 
7156 2-Methylcyclohexanone, (+ 0 24965-84-2 112.169 liq -138 65 0.9250? 1.44835 ІН,0; s EtOH, 
eth 
7157 3-Methylcyclohexanone, (+ С.Н 625-96-7 12.169 0 -73.5 69; 655 0.9136? — 1.4456? i H,0; s EtOH, 
eth 
7158 4-Methylcyclohexanone С;Н,,0 589-92-4 12.169 Па -40.6 70 0.913822 1.445122 i H,0; s EtOH, 
eth; sl ctc 
7159 1-Methylcyclohexene СІН, 591-49-1 96170 liq -120.4 10.3 0.810222 1.4503? ІН,0;5 eth, bz, 
cic 
7160 3-Methylcyclohexene, (4) СН» 56688-75-6 96.170 liq -115.5 04 0.7990? 1.4414? vs bz, eth, chl, 
peth 
7161 4-Methylcyclohexene C; Hi 591-47-9 96170 liq -115.5 02.7 0.7991? 1.441422 i H0; s EtOH, 
eth 
7162 Methyl 3-cyclohexene-1- ШІ 6493-77-2 140.180 82; 8020 1.0130? 1.461020 
carboxylate 
7163 2-Methyl-2-cyclohexen-1-one САН 0 1121-18-2 110.153 78.5 0.96620 48330 s bz 
7164 3-Methyl-2-cyclohexen-1-one CH, 0 1193-18-6 110.153 liq -21 201 0.969322 1.49475? msc Н,0; s bz 
7165 3-Methylcyclopentadecanone Muscone CigHt 0 541-91-3 238.408 oily liq 329; 13005 0.92217 1.48027 6 at eth, 
EtOH 
7166 1-Methyl-1,3-cyclopentadiene СеНь 96-39-9 80.128 1 73 0.8120 45122 
7167 Methylcyclopentane C; Hi 96-37-7 84.159 liq -14242 718 0.748620 1.40972 i H,0; msc 
НОН, eth, ace, 
bz, lig, ctc 
7168 1-Methylcyclopentanol C ;H,,0 1462-03-9 100158 nd 36 136; 5330 0.90445 83 
7169 cis-2-Methylcyclopentanol СеН0 25144-05-2 100.158 148.5 0.937916 57 
7170 2-Methylcyclopentanone C.H, 0 1120-72-5 98.142 liq -75 139.5 0.90139? 1.4364?  sH,0; vs EtOH, 
eth, ace 
7171 3-Methylcyclopentanone, (+) C.H, 0 6195-92-2 98.142 liq -58.4 144 0.9132 „43290  sH,0; vs EtOH, 
eth, ace, НОАс 
7172 1-Methylcyclopentene C; Hi 693-89-0 82.143 liq -126.5 75.5 0.77485 1.432220 
7173 3-Methylcyclopentene C; Hi 1120-62-3 82.143 64.9 0.757225 828 
7174 4-Methylcyclopentene wm 1759-81-5 82.143 liq -160.8 65.7 0.763425 1.420920 
7175 2-Мећу!-2-сусјорепјеп-1-опе ЕЛІ) 1120-73-6 96.127 157 0398086 1.476215 
7176 3-Methyl-2-cyclopenten-1-one C H,0 2758-18-1 96127 157.5 0.97122 1.471420 
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3-348 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7177 Methylcyclopropane C, Hg 594-11-6 56.107 — col gas -177.6 07 0.691270 vs eth, НОН 
7178 Methyl cyclopropanecarboxylate СНО; 2868-37-3 00.117 114.9 0.9848? 1.4144? s ace, chl 
7179 a-Methylcyclopropanemethanol C;H, 0 765-42-4 86.132 liq -32.1 123.5 0.8805? 1.431620 
7180 Methyl /-cysteine hydrochloride C H, CIN0,S 18598-63-5 171646 cry (MeOH) 1405 
7181 Methyl trans-2,cis-4-decadienoate C. H, 0; 4493-42-9 82.260 7105 0.91282 75 
7182 Methyl trans-2, trans-4- СНО; 7328-33-8 82.260 8713, 7002 0.908222 1,49182 
decadienoate 
7183 2-Methyldecane СиНы 6975-98-0 56.309 liq -48.9 189.3 0.73682 1.415420 
7184 3-Methyldecane СиНы 13151-34-3 156.309 liq -92.9 188.1 0.742220 1.417720 
7185 4-Methyldecane СН 2847-72-5 56.309 liq - 187 43529 
7186 Methyl decanoate C4 Ho0; 110-42-9 86.292 liq -18 224 0.8730? 1.4259?  iH,0; vs EtOH, 
eth; $1 ctc; msc 
chl 
7187 Methyl demeton C H, ,0,PS; 8022-00-2 230.285 уе liq 89015, 118! 1.2020 50639 | Н,0; s os 
7188 Methyldiborane(6) СН,В, 23777-55-1 41.697  unstab gas зећ 
7189 Methyl 2,3-dibromopropanoate C H,Br,0; 729-67-5 245.898 206 1.933320 151272 5 EtOH 
7190 Methyl dichloroacetate C.H,CI;0; 16-54-1 42.969 0 -51.9 142.9 1.377420 14429? |Н,0; s EtOH, 
cic 
7191 Methyl 2,5-dichlorobenzoate C4H&CI;0; 2905-69-3 205.039 су 38 
7192 Methyl (2,4-dichlorophenoxy) 2,4-D methyl ester СНС, 928-38-7 235.064 119 141% 
acetate 
7193 Methyl (3,4-dichlorophenyl) Swep Сан; СМО, 918-18-9 220054 па 114 
carbamate 
7194 Methyl 2,3-dichloropropanoate С.Н,С1,0, 3674-09-7 156.996 925, 6310 1.328220 vs ace, eth, 
EtOH 
7195 Methyldifluoroarsine CH.ASF, 420-24-6 27.954 Па, fumes in -29.7 76.5 1.92416 
air 
7196 Methyldifluorophosphine (Difluoro)methylphosphine CH,F;P 753-59-3 84.006 088 -110 -28 
7197 Methyl 2,4-dihydroxybenzoate CHO, 2150-47-2 68.148 116.5 sl EtOH, ace 
7198 Methyl 3,5-dihydroxybenzoate C H,0, 2150-44-9 68.148 165 
7199 Methyl 3,4-dimethoxybenzoate Сад 04 2150-38-1 96.200 па (dil al) 60.8 283 vs bz, eth, EtOH 
7200 Methyldimethoxysilane C.H40,Si 16881-77-9 106.196 61 
7201 3-Methyl-4-(dimethylamino) Cis Hi; Ns 55-80-1 239.316 огап cry 122 
azobenzene 
7202 2-Methyl-N,N-dimethylaniline N,N-Dimethyl- o-toluidine C; His 609-72-3 35.206 liq -60 194.1 0.9286? 1.5152? vs eth, ОН 
7203 3-Methyl-N, V-dimethylaniline N,N-Dimethyl-m-toluidine C, His 121-72-2 35.206 212 094100 1.5492? msc EtOH, eth 
7204 4-Methyl-N,N-dimethylaniline N,N-Dimethyl- p-toluidine C; His 99-97-8 35.206 211 0.936620 1.5366? i H,0; msc 
НОН, eth; s 
cic 
7205 Methyl 2,2-dimethylpropanoate Methyl 2,2-dimethylpropionate — С,Н, 0, 598-98-1 16.158 101.1 0.8910 1.3905? us eth, EtOH 
7206 Methyl dimethylthioborane Dimethyl(methylthio)borane CIH BS 19163-05-4 87979 liq -84 71 vs ace, eth 
7207 2-Methyl-3,5-dinitrobenzamide Dinitolmide С,1.М,0, 148-01-6 225159 сгу 181 
7208 1-Methyl-2,3-dinitrobenzene 2,3-Dinitrotoluene CH NO, 602-01-7 82.134 63 i H,0; $ EtOH, 
eth; sl ch 
7209 1-Methyl-2,4-dinitrobenzene 2,4-Dinitrotoluene СНО, 121-14-2 82.134 yendormcl 70.5 dec 300 13208" 1.442 ІН,0; s EtOH, 
pr (CS,) eth, chl, bz; vs 
ace, py 
7210 1-Methyl-3,5-dinitrobenzene 3,5-Dinitrotoluene CH NO, 618-85-9 82134 yeorthnd 93 sub 1277211 SI Њ0; s EtOH, 
(НОАс) eth, bz, chl, 
CS, 
7211 2-Methyl-1,3-dinitrobenzene 2,6-Dinitrotoluene СНО, 606-20-2 82.134 опћ nd (al) 660 285 1.2833 1.479 5 НОН, ch 
7212 2-Methyl-1,4-dinitrobenzene 2,5-Dinitrotoluene СНО, 619-15-8 82.134 па (al) 525 1.28211 s EtOH, bz; vs 
CS, 
7213 4-Methyl-1,2-dinitrobenzene 3,4-Dinitrotoluene СНО, 610-39-9 82.134 уе па (CS,) 59.0 125941! i H,0; s EtOH, 
CS; sl chl 
7214 2-Methyl-4,6-dinitrophenol 4,6-Dinitro-o-cresol СНО 534-52-1 98.133 yeprornd 86.5 SI Њ0, peth; 5 
(al) EtOH, eth, ace, 
ch 
7215 4-Methyl-2,6-dinitrophenol 2,6-Dinitro-p-cresol КЕЛІН 609-93-8 98.133 уе па (eth, 85 i H,0; $ EtOH, 
peth) eth, bz 
7216 Methyldioctylamine N-Methyl-N-octyl-1-octanamine | C; HN 4455-26-90 255.483 -30.1 158" 442420 
7217 4-Methyl-1,3-dioxane C5H90, 1120-97-4 02.132 liq -44.5 114 0.97582 1.41592  s| H,0; vs os 
7218 2-Methyl-1,3-dioxolane С.О, 497-26-7 88.106 81.5 0.981122 1.4035" — vs H,0; msc 
EtOH, eth 
7219 4-Methyl-1,3-dioxolane C H,0; 1072-47-5 88406 liq 85 0.992 39802 
7220 Methyldiphenylamine N-Methyl-N-phenylbenzenamine ١ 552-82-9 83.249 liq -15 293.5 1.04762 1.6193? i H,0; sl EtOH, 
eOH; s ctc 
7221 4-Methyl-2,4-diphenyl-1-pentene С х 6362-80-7 236352 liq 1728, 10202 0.9925 
7222 Methyldiphenylsilane Са اد‎ 716-16-1 98.336 93.5' 0.99620 56949  sctc 
7223 Methyldiphenylsilanol СаН,05і 118-25-6 214.335 167 1842, 1483 1.084025 s ctc, CS; 
7224 2-Methyl-1,2-di-3-pyridinyl-1- Мејугаропе СНО 54-36-4 226.273 50.5 
propanone 
7225 Methyl docosanoate Methyl behenate (541605 929-77-1 354.610 па (ace) 54 .43399 — vs eth, EtOH 
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3-350 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7226 Methyl cis-13-docosenoate СА 0; 120-34-9 94 edu? 2205 
7227 Methyl dodecanoate Methyl laurate C Ha 0; 11-82-0 214.344 52 267 0.870220 14319? ІН,0; msc 
EtOH, eth, ace, 
bz; s chl, ctc 
7228 2-Methyldodecanoic acid C H, 0; 2874-74-0 214344 ام‎ 22 153! 0.890" 
7229 Methyl eicosanoate Methyl arachidate С,Н,0, 120-28-1 306557 If (MeOH) 545 21510 143179 үѕ bz, eth, EtOH, 
chl 
7230 (Methyleneamino)acetonitrile С-Н.М, 09-82-0 68.077 129 
7231 o-Methylenebenzeneacetic acid ^ Atropic acid Сао; 492-38-6 148.159 If (al), nd (м) 106.5 dec 267 SI Н,0; s EtOH, 
eth, bz, chl, 
(5, 
7232 Methylenebis(4- Ci sH>N,0; 5124-30-1 262.348 liq 1.066 1.497020 
cyclohexylisocyanate) 
7233 4,4’-Methylenebis[2,6-di- tert- Bis(3,5-di-fert-butyl-4- CogH „0; 118-82-1 424.658 154 2894, 25010 
butylphenol] hydroxyphenyl)methane 
7234 4,4’-Methylenebis( N- N,N-Dimethyl-4,4'- Ci H, N; 1807-55-2 226.317 s ctc, CS, 
methylaniline) diaminodiphenylmethane 
7235 Methylene blue Ci H, CINSS 61-73-4 319.852 grn cry or $ Н,0, EtOH, 
pow (chl- chl; i eth; sl py 
eth) 
7236 Methylenecyclobutane C; Hs 120-56-5 68.118 liq -134.7 42.2 0.74012 1.421020 
7237 Methylenecyclohexane СН» 192-37-6 96.170 liq -106.7 102.5 0.8074? 1.4523? ІҢ,0;5 eth, bz, 
chl 
7238 2-Methylenecyclohexanol C;H, 0 4065-80-9 12.169 83" 0.955? 148432 
7239 Methylenecyclopentane Co Hs 528-30-9 82143 75.5 0.77877 1.4355? s bz, chl 
7240 Methylenecyclopropene C,H, 4095-06-1 52.075 solid stab at 
-196 
7241 2,4-Methylenedianiline 2,4-Diaminodiphenylmethane СН, № 208-52-2 98.263 If (bz) 88.5 2229 
7242 5,5-Methylenedisalicylic acid СНО; 22-25-8 288.252 nd (bz) 243.5 vs ace, eth, 
EtOH 
7243 5-Methylene-2(5H)-furanone Protoanemonin СНО, 08-28-1 96.085 paye oil 73" 51 B,0; s chl 
7244 3-Methyleneheptane C; His 632-16-2 12.213 120 0.7270? 1.415720  iH;O; vs eth, bz, 
peth 
7245 4-Methylene-1- 4(10)-Thujene-3-ol Собе 471-16-9 52.233 208 0.9488? 1.487125 ѕећ 
isopropylbicyclo[3.1.0]hexan-3- 
ol, [15-(10,38,50:)] 
7246 4-Methylene-1- СН в 99-64-3 36.234 173.5 0.838% 1.475422 
isopropylcyclohexene 
7247 2-Methylenepentanedinitrile 2,4-Dicyano-1-butene Сене, 572-52-7 06.125 1035 1.456120 schl 
7248 Methylene thiocyanate Dithiocyanatomethane А 6317-18-6 30.191 solid 102 
7249 2-Methylene-1,3,3- Fischer's base Cio Hag 18-12-7 73.254 244 SI Н,0; 8 EtOH, 
trimethylindoline eth, bz, chl 
7250 N-Methylephedrine, [F-(*,5*)] ^ (18,25)-N-Methylephedrine CHNO 552-79-4 79.259 ndor pl (а, 875 1620; s EtOH, 
eth) eth, MeOH 
7251 Methylergonovine Methylergometrine Со МО 13-42-8 339432 pr 172 i H50; s EtOH, 
(МеОН,асе) асе 
7252 N-Methyl-1,2-ethanediamine C.H); 09-81-9 74.124 15 0.8415 43952 
7253 N-Methyl-2-ethanolamine C H,N0 09-83-1 75.109 58 0.93720 43850 төс ЊО, EtOH, 
eth 
7254 1-(1-Methylethoxy)butane Butyl isopropyl ether СНО 860-27-1 16.201 08 0.75945 138705 i H,0; s EtOH, 
eth, ace, con 
sul 
7255 2-[2-(1-Methylethoxy)ethyl] Са NO 70715-19-4 165.232 3350 0.95025 1.48205 0 
pyridine 
7256 1-(1-Methylethoxy)propane Сен. 0 627-08-7 02.174 83 0.7370? 1.3767 <ІН,0;/5 EtOH; 
S eth, ace 
7257 1-(1-Methylethoxy)-2-propanol ^ 1-Isopropoxy-2-propanol Сен. „0, 3944-36-3 18.174 37.5 0.87920 40702 
7258 Methyl 2-ethylacetoacetate C; H0, 51756-08-2 144.168 82 0.9954 уз асе, eth, 
EtOH 
7259 5-(1-Methylethylidene)-1,3- МШ 2175-91-9 06.165 14 55; 49" 0.8812 54742 
cyclopentadiene 
7260 1-Methyl-9H-fluorene СА 730-37-6 80.245 87 
7261 9-Methyl-9H-fluorene С.Н, 2523-37-7 80.245 рг 46.5 5555 102636 1.610% ІН,0; $ EtOH, 
eth, ace, bz, 
ch 
7262 Methyl fluorosulfonate CH;F0,S 421-20-5 14.096 col liq -95 93 1412 33269 
7263 N-Methylformamide СНО 23-39-7 59.067 liq -3.8 99.51 1.011" 4319? vs ЊО, ace, 
EtOH 
7264 Methyl formate C,H,0, 07-31-3 60.052 — liq -99 31.7 097130 1.3419? vs Н,0; msc 
EtOH; s eth, 
chl, MeOH 
7265 Methyl 4-formylbenzoate C,H,0; 571-08-0 164.158 па (w) 63 265 
7266 2-Methylfuran СНО 534-22-5 82.101 liq -91.3 64.7 0.913220 1.4342? 51 Н0, ctc; s 
EtOH, eth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л Solubility 
7767 3-Methylran = GHO0 80278 8970 | 655 09236 143309 190,5 ВОН, 

eth 

7268 5-Methyl-2-furancarboxaldehyde C H ,0; 620-02-0 10.111 87; 89% 1.107218 1.5264 s H,0; vs EtOH; 
msc eth; sl сіс 

7269 Methyl 2-furancarboxylate Methyl 2-furanoate 680; 611-13-2 26.110 81.3 1.1786? 1.4860? i H,0; s EtOH, 
eth, bz, chl 

7270 3-Methyl-2,5-furandione СНО 616-02-4 12.084 15 2135 124696 1.4710? vs т 
EtOH 

7271 N-Methyl-2-furanmethanamine C H МО 4753-75-7 11.141 49 0.98925 472920 

7272 5-Methyl-2-furanmethanol ТЕЙ 3857-25-8 12.127 dec 195; 8123 1.07692 1.4853? vs eth, EtOH 

7273 o-Methyl-2-furanmethanol 0680; 4208-64-4 12.127 62.5 1.07395 148275 

7274 5-Methyl-2(3H)-furanone СНО, 591-12-8 98.101 nd 18 5612 1.08420 44769 s H0, EtOH, 
eth, CS;; sl сіс 

7275 5-Methyl-2(5H)-furanone СНО, 591-11-7 1 «17 209; 985 1.08102 1.4454? msc Н,0; $ 
EtOH, eth 

7276 Methylgermane СНьбе 1449-65-6 90.70 col gas -158 -23 

7277 Methyl B-D-glucopyranoside СНА 709-50-2 194.182 109 s Н,0 

7278 Methyl o-D-glucopyranoside a-Methylglucoside CH, 0, 97-30-3 194.182 orth па (al) 168 20002 1.463 vs 0 

7279 3-Methylglutaric acid 3-Methylpentanedioic acid Сен 0, 626-51-7 146.141 87 16605 S H,0, EtOH, 
eth; sl bz, chl; 
i lig 

7280 Methyl Green СНз ВГС 14855-76-6 516.944  grn pow (al) vs Н,0 

7281 Methyl heptadecanoate Cis Ha 0; 1731-92-6 284.478 рі (al) 30 1859, 15205 i H50; $ EtOH, 
ace, ctc; vs 
eth, bz 

7282 Methyl heptafluorobutanoate СНО; 356-24-1 228.066 liq -86 80 483% 2959 sl H,0; s eth, 
ace 

7283 6-Methyl-2-heptanamine, (+) Octodrine CIH, N 5984-58-7 29.244 liq 55 0.76725 „42092 

7284 N-Methyl-2-heptanamine C H, N 540-43-2 29.244 55 

7285 2-Methylheptane C; His 592-27-8 14.229 liq -109.02 17.66 0.698020 1.394922 | H,0; msc 
НОН, ace, bz; 
S eth, ctc 

7286 3-Methylheptane C; His 589-81-1 14.229 col liq -120.48 18.9 0.70172 1.396125 ІН,0; $ EtOH, 
eth; msc ace, 
bz, ch 

7287 4-Methylheptane C; His 589-53-7 14.229 liq -121.0 17.72 0.7046? 1.3979? ІН,0; s eth; 
msc EtOH, 
ace, bz 

7288 Methyl heptanoate C.H, 0; 106-73-0 44212 liq -56 74 0.8815? 1.4152? sl H,O, ctc, ace; 
S EtOH, eth 

7289 2-Methyl-1-heptanol, (+) CH, 0 111675-77-5 130228 colliq -112 75.6 0.802220 1.42420 

7290 3-Methyl-1-heptano Сан 0 1070-32-2 130.228 liq -90 86; 101? 0.8242* 42955 

7291 4-Methyl-1-heptano CH, 0 817-91-4 30.228 88 080655 1.42535 vs EtOH 

7292 5-Methyl-1-heptanol, (+) CH, 0 111767-95-4 130.228 colliq -104 86.6 0.81535 1.42725 

7293 6-Methyl-1-heptano Isooctyl alcohol C H, 0 1653-40-3 130.228 iq -106 88; 95.82 0.817625 1.425125 160; s EtOH, 
eth 

7294 2-Methyl-2-heptano C H, 0 625-25-2 30.228 liq -50.4 56 0.814220 1.4250% ІН,0; s EtOH, 
eth 

7295 3-Methyl-2-heptano C H, 0 31367-46-1 130.228 66.1 0.817725 1.419925 |Н,0; s EtOH, 
eth, ctc 

7296 4-Methyl-2-heptano CH, 0 56298-90-9 130228 col liq -102 71.6 0.80279 1.42420 

7297 5-Methyl-2-heptano CIH, 0 54630-50-1 130.228 liq -61 70 0.8174?! 

7298 6-Methyl-2-heptano CH, 0 4730-22-7 130.228 liq -105 74 0.82182 57 

7299 2-Methyl-3-heptanol, (+) CIH, 0 00296-26-2 130.228 liq -85 67.5 0.8235? 1.4265? 51 H,0; s EtOH, 
eth, ctc 

7300 3-Methyl-3-heptano 2-Ethyl-2-hexanol C H, 0 5582-82-1 30.228 0 -83 63 0.828220 14279? | H,0; $ EtOH, 
eth, ctc 

7301 4-Methyl-3-heptano CH, 0 4979-39-6 130.228 0 -123 70 0.8275 43002 

7302 5-Methyl-3-heptano C H, 0 8720-65-5 130.228 liq -91.2 72 084255 1.4337 

7303 6-Methyl-3-heptanol, (+) CH, 0 00295-85-0 130.228 col liq -61 69 0.82202 1.425420 

7304 2-Methyl-4-heptano G H, 0 21570-35-4 130228 liq -81 64 0.82077 1.4203 vs eth, EtOH 

7305 3-Methyl-4-heptano C H, 0 838-73-9 130.228 liq 64.7 0.83295 1.421125 <ІН,0; s ОН, 
eth, ctc 

7306 4-Methyl-4-heptano CH, 0 598-01-6 30.228 liq -82 61 0.8248? 1.4258? ІН,0; $ EtOH, 
eth, ctc 

7307 6-Methyl-2-heptanol acetate (51:50, 67952-57-2 172.265 87 0.847420 1413? . уз EtOH 

7308 6-Methyl-2-heptanone CIH, 0 928-68-7 28.212 67 0.8151? 1.416222 5ІН,0;/5 ОН, 
eth; msc ace, 
bz, chl 

7309 5-Methyl-3-heptanone CIH, 0 541-85-5 28212 liq 61 

7310. 6-Methyl-3-heptanone C H, 0 624-42-0 28.212 64 0.8304? 1.4209? i H,0; $ EtOH, 
eth, bz, ctc 

7311 2-Methyl-4-heptanone Isobutyl propyl ketone C4H440 626-33-5 28.212 54 0.81322 1620; s EtOH, 
eth 


Physical Constants of Organic Compounds 


مر !8 


О О 0 
3-Methylfuran 5-Methyl-2-furancarboxaldehyde Methyl 2-furancarboxylate 


3-Methyl-2,5-furandione 


/ ١ H 
f à | T —бе-н 
L\ on 0 кр TET | 
О OH O О н 
5-Methyl-2-furanmethanol o-Methy|-2-furanmethanol 5-Methyl-2(34)-furanone 5-Methyl-2(54)-furanone Methylgermane 


HO. 


o 
> Br 


Methyl o--D-glucopyranoside Methyl Green 


3-Methylglutaric acid 


ЕЕ О 
кые о NH; 
Е ЕВ p ue 


Methyl heptafluorobutanoate 6-Methyl-2-heptanamine, (+) 


HN“ 


N-Methyl-2-heptanamine 


3-353 


СМЕ 
О ~ 
N-Methyl-2-furanmethanamine 


HO. 
О, оќ 
ОН 
НО 


он 
Methyl B-D-glucopyranoside 


— ава قا‎ о. о 


Methyl heptadecanoate 


Я 


2-Methylheptane 


с 


3-Methylheptane 


4-Methylheptane Methyl heptanoate 2-Methyl-1-heptanol, (+ 


3-Methyl-1-heptanol 


4-Methyl-1-| G 


үүт pU РЕН. Каж P 


5-Methyl-1-heptanol, (+) 6-Methyl-1-heptanol 


OH 


~ 


5-Methyl-2-heptanol 


pO 
6-Methyl-2-heptanol 2-Methyl-3-heptanol, (+) 


еле Ж, 8808 


6-Methyl-3-heptanol, ( 2-Methyl-4-heptanol 3-Methyl-4-heptanol 


2-Methyl-2-heptanol 


3-Methyl-3-heptanol 


3-Methyl-2-heptanol 


OH 


4-Methyl-4-heptanol 


4-Methyl-3-heptanol 


4-Methyl-2-heptanol 


5-Methyl-3-heptanol 


Алах 


6-Methyl-2-heptanol acetate 


6-Methyl-2-heptanone 5-Methyl-3-heptanone 


6-Methyl-3-heptanone 


2-Methyl-4-heptanone 


3-354 Physical Constants of Organic Compounds 


Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л Solubility 

7312 2-Methyl-1-heptene C; His 15870-10-7 112.213 liq -90 193 0.710422 1.412320 

7313 6-Methyl-1-heptene C; His 5026-76-6 12.213 132 0.70795 1.407020 

7314 2-Methyl-2-heptene C; His 627-97-4 12.213 22.6 0.72005 1.417020  iHjO;seth, bz, 
ctc, chl 

7315 cis-3-Methyl-2-heptene C; His 22768-19-0 112.213 22 0.72525 419% 

7316 6-Methyl-5-hepten-2-ol CIH, 0 569-60-4 128.212 75 0.8545? 1.4505? 

7317 3-Methyl-5-hepten-2-one C H, 0 38552-72-6 126.196 632 0.84638 57 

7318 6-Methyl-5-hepten-2-one Сан 40 10-93-0 26.196 173.5 085466 1.444522 vs eth, EtOH 

7319 2-Methylheptyl acetate, (+) Cic 00» 74112-36-0 172.265 95 0.8626“ 1.4146? vs eth, EtOH 

7320 2-Methyl-1,5-hexadiene C; Hi 4049-81-4 96.170 iq -128.8 88.1 0.71532 1.418320 

7321 Methyl trans, trans-2,4- Methyl sorbate С.Н, 05 689-89-4 26.153 | 15 80; 7020 0.97777? 1.5025? i H,0; s EtOH, 

hexadienoate eth 

7322 2-Methylhexanal CH, 0 925-54-2 14.185 liq 41, 13280 

7323 3-Methylhexanal 3-Methylcaproaldehyde C; H0 9269-28-4 114485 43 0.8203? 1.412220 i H,0; $ EtOH, 
eth 

7324 3-Methyl-1-hexanamine C; Hs 65530-93-0 115.217 49; 675 0.772% „42495 

7325 4-Methyl-2-hexanamine СН 05-41-9 15.217 325 0.7655? 141505 — sIH;O; vs ОН, 
eth, chl, di 
acid 

7326 2-Methylhexane C; His 591-76-4 00.202 liq -118.2 90.04 0.678720 1.3848? ІН,0; s EtOH; 
msc eth, ace, 
bz, lig, chl 

7327 3-Methylhexane C; Hi 78918-91-9 100.202 liq -1194 92 0.6872! 38545 | H,0; s EtOH; 
msc eth, ace, 
bz, lig, chl 

7328 5-Methyl-2,3-hexanedione 2-Methylhexa-4,5-dione C7H,.0, 13706-86-0 128169 138 0.908? 1.411920 

7329 Methyl hexanoate Methyl caproate C7H,40, 106-70-7 30.185 liq -71 149.5 0.8846? 1.4049? |Н,0; vs EtOH, 
eth; s ace, bz, 
сіс 

7330 2-Methylhexanoic acid СНА 4536-23-6 30.185 2155 0.91820 .4193? 5 асе, bz, eth, 
EtOH 

7331 2-Methyl-1-hexanol, (+) CH, 0 111768-04-8 116.201 64; 715 0.82620 42262 үѕ eth, EtOH 

7332 5-Methyl-1-hexano CH, 0 627-98-5 16.201 69; 5415 081922 441752 vs eth, EtOH 

7333 2-Methyl-2-hexano CH, 0 625-23-0 16.201 43 0.8119? 1.4175? $1 H,0; msc 
EtOH, eth 

7334 3-Methyl-2-hexano СНО 2313-65-7 16.201 51; 8052 0.82205 1.419818 i H,O; vs EtOH, 
eth; s ace 

7335 5-Methyl-2-hexano (-Н, 0 627-59-8 16.201 51, 7828 0.81420 .4180? $1 Н,0; s EtOH, 
eth 

7336 3-Methyl-3-hexano CH, 0 597-96-6 16.201 43 0.823320 1.4231? $ H,0; s EtOH, 
ећ, ctc 

7337 5-Methyl-2-hexanone Methyl isopentyl ketone C;Hu0 110-12-3 14.185 44 0.88820 40622 51 Н,0; msc 
EtOH; vs ace, 
bz; s ctc 

7338 2-Methyl-3-hexanone Ргору! isopropyl ketone C;H,0 7379-12-6 14.185 35 0.8091? — 1.4042? s EtOH, eth, chl; 
vs ace 

7339 5-Methyl-2-hexanone oxime CH; NO 624-44-2 29.200 95.5 0.8881? 1.4448? sl chl 

7340 2-Methyl-1-hexene C; Hi 6094-02-6 98.186 liq -102.8 92 0.70002 1.403520 

7341 3-Methyl-1-hexene C; Hi 3404-61-3 98.186 83.9 0.68715 1.396520 

7342 4-Methyl-1-hexene C; Hi 3769-23-1 98486 0 -1415 86.7 0.694225 1.400020 

7343 5-Methyl-1-hexene C; Hi 3524-73-0 98.186 85.3 0.68775 1.396720 

7344 2-Methyl-2-hexene C; Hi 2738-19-4 98.1866 liq -1304 954 0.703825 1.410620 

7345 cis-3-Methyl-2-hexene C; Hi 0574-36-4 98.186 liq -118.5 95.6 0.71220 41262 

7346 cis-4-Methyl-2-hexene C; Hu 3683-19-0 98.186 86.3 0.695225 8280 

7347 trans-4-Methyl-2-hexene C; Hi 3683-22-5 98.1866 liq -125.7 87.6 0.692525 1.402520 

7348 cis-5-Methyl-2-hexene C; Hi 3151-17-2 98186 89.5 0.6975 404% 

7349 trans-5-Methyl-2-hexene СІН, 7385-82-2 98.186 Па -124.3 88.1 0.6883? 1.400620 

7350 cis-2-Methyl-3-hexene СН 5840-60-5 98.186 86 0.69025 4012 

7351 trans-2-Methyl-3-hexene СІН, 692-24-0 98.186 Па -141.6 85.9 0.6853? 1.400120 

7352 cis-3-Methyl-3-hexene C; Hi 4914-89-0 98.186 954 0.707925 828 

7353 trans-3-Methyl-3-hexene C; Hi 3899-36-3 98.186 935 0.70502 8 

7354 Methyl 3-hexenoate C;H,;0; 2396-78-3 128.169 67% 0.91325 82 

7355 5-Methyl-3-hexen-2-one 2-0xo-5-methylhex-3-ene СНО 5166-53-0 112169 77, 65% 0.85498 143952 

7356 5-Methyl-5-hexen-2-one 0 3240-09-3 9 150 0.8460? — 1.4348? vs ace, eth, 
EtOH 

7357 5-Methyl-1-hexyne C; Hi; 2203-80-7 96.170 liq -125 92 0.727420 14059? | H,0; s EtOH, 
eth, bz, chl, 
peth 

7358 5-Methyl-2-hexyne C; Hi; 53566-37-3 96.170 liq -92.9 102.5 0.73782 1.417622 6 
bz, chl, peth 

7359 2-Methyl-3-hexyne СН; 36566-80-0 96.170 Па -116.7 95.2 0.726320 1.4120% уз bz, eth, chl, 
peth 

7360 Methyl 2-hexynoate СН,» 18937-79-6 126.153 8023 0.964825 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7361 L-1-Methylhistidine СН. N40; 332-80-9 69481 pl (DMF ад) 249 
7362 L-3-Methylhistidine САМО, 368-16-1 69.181 250 
7363 Methylhydrazine CHN; 60-34-4 46.072 liq -52.36 87.5 1.432520 s Н,0, eth, ctc; 
msc EtOH; i lig 
7364 Methyl hydrazinecarboxylate Methyl carbazate СНО; 6294-89-9 90.081 73 082 S Н,0, EtOH; sl 
bz; i peth 
7365 Methyl hydrogen succinate Monomethyl succinate C5H,0, 3878-55-5 32.116 58 5120, 1224 s Н,0 
7366 Methyl hydroperoxide Methyl hydrogen peroxide CHO; 3031-73-0 48.042 0 -72 86; 395 1.99675 1.36415 vs H,0, bz, eth, 
EtOH 
7367 Methyl hydroxyacetate C5H,0, 96-35-5 90.078 49; 5217 1.16778 $ Н,0: msc 
НОН, eth 
7368 Methyl 3-hydroxybenzoate CH,O; 19438-10-9 152.148 па (bz-peth) 73 281; 17817 4.152810 s EtOH, bz, 
peth; sl chl 
7369 Methyl 4-hydroxybenzoate Methylparaben (1,0, 99-76-3 52148 па (йа) 131 дес 275 51,0; vs EtOH, 
eth, ace; s Ча 
7370 Methyl o-hydroxydiphenylacetate Methyl diphenylglycolate CisH, 0, 76-89-1 242.270 mclortclcry 75.8 873 vs eth, НОН 
(al) 
7371 O-Methylhydroxylamine Methoxyamine СН, 0 67-62-9 47.057 49 
7372 O-Methylhydroxylamine Methoxyamine hydrochloride CH,CINO 593-56-6 83.518 pr 150.0 vs HO, EtOH 
hydrochloride 
7373 Methyl 4-hydroxy-3- Сану 00, 3943-74-6 82173 nd(dilal) 64 286 $ EtOH, peth; sl 
methoxybenzoate ch 
7374 Methyl 2-hydroxy-3- Сан, 0, 23287-26-5 166.173 29 235 1.168325 7456 
methylbenzoate 
7375 Methyl 2-hydroxy-5- СН, 05 22717-57-3 166.173 liq -1 244.5 1.16735 153515 
methylbenzoate 
7376 Methyl 2-hydroxy-2- Methyl 2-methyllactate CH, 0; 2110-78-3 18.131 137 1.4056? vs Н,0, ЕЮ 
methylpropanoate 
7377 Methyl 3-hydroxy-2- Methyl 3-hydroxy-2-naphthoate C,,H,,0; 883-99-8 202.205  payeorthnd 75.5 206 i B,0; s EtOH 
naphthalenecarboxylate (dil MeOH) 
7378 Methyl o--hydroxyphenylacetate,  (+)-Methy! mandelate Сон (0; 4358-87-6 66.173 pl(bz-lig 58 dec 250; 14420 1.175620 vs EtOH, ch 
(+ 
7379 1-Methylimidazol ЛІП 616-47-7 82.104 liq -6 1955 1.032522 1.4970?  vsH;0, ace, eth 
EtOH 
7380 2-Methyl-1H-imidazole С 693-98-1 82.104 144 267 vs ЊО, НО! 
7381 4-Methyl-1H-imidazole (H ,N, 822-36-6 82.104 56 263 1.0416“ 150372 — vs Н,0, ЕО 
7382 N-Methyliminodiacetic acid N-(Carboxymethyl)- ЛЕ CHNO, 4408-64-4 47.130 cry (w) 226 $ Н,0; i EtOH, 
methylglycine eth 
7383 1-Methyl-1H-indene Со 767-59-9 30.186 199; 825 0.97025 561620 
7384 2-Methyl-1H-indene СН 2177-47-1 30.186 80 208 0.9745 565920  iH;0; s eth, ace, 
bz 
7385 3-Methyl-1H-indene СН 767-60-2 30.186 198 0.972% 56212  iH,0; s eth, ace, 
bz 
7386 1-Methyl-1H-indole C, Hi 603-76-9 31.174 237 1.070725 1620; s EtOH, 
eth, bz 
7387 2-Methyl-1H-indole CH,| 95-20-5 31174 pl(dilal)nd 61 272 1.072 SI H;O; vs EtOH, 
or If (w) eth; s ace, bz 
7388 3-Methyl-1H-indole Skatole C, Hi 83-34-1 31174 |f (lig) 97.5 266 S Н,0, EtOH, 
eth, ace, bz, 
ch 
7389 5-Methyl-1H-indole C, Hi 614-96-0 31.174 60 267 1.020278 S Н,0, EtOH, 
eth, bz, lig 
7390 7-Methyl-1H-indole C.H 933-67-5 31.174 85 266 1.020210 
7391 Methyl 2-iodobenzoate Сану О, 610-97-9 262.045 280; 14616 1.605222 s EtOH 
7392 Methyl 3-iodobenzoate Са НО; 618-91-7 262.045 nd(dilal) 545 277, 15018 i Н,0, lig; 5 
НОН; vs eth, 
ace 
7393 Methyl 4-iodobenzoate Са НО, 619-44-3 262.045 nd(eth-al) 1148 sub 2.020070 S EtOH, eth 
7394 5-Methyl-1,3-isobenzofurandione СНО 19438-61-0 162.142 93.0 295 
7395 Methyl isobutanoate САН 0, 547-63-7 02.132 liq -84.7 925 0.8906? 1.3840? 5ІН,0; msc 
EtOH, eth; s 
ace, ctc 
7396 Methyl isocyanate C;HNO 624-83-9 57.051 liq -45 39.5 0.92307 134199 уз 0 
7397 2-Methyl-1 H-isoindole-1 ,3(2A)- C;H;NO, 550-44-7 61.158 па (al), If 134 286 1620; sl EtOH 
dione (sub) 
7398 Methyl isopentanoate Methyl isovalerate C H, 0; 556-24-1 16.158 116.5 0.8808? 139272  iH,0; vs EtOH, 
eth, ace 
7399 6-Methyl- A-isopentyl-2- Octamylamine C, HN 502-59-0 99.376 1007 
heptanamine 
7400 2-Methyl-5-isopropylaniline ТЕТІ 2051-53-8 49233 liq -16 241 0.99422 1.53879 ctc, CS; 
7401 o-Methyl-4- 3-р-Ситепу!-2- C, H, 0 103-95-7 90.281 270; 13599 0.9459? 1.50682 vs bz, eth, ОН 
isopropylbenzenepropanal methylpropionaldehyde 
7402 2-Methyl-5- СН 2867-05-2 36.234 151 0.8301? 1.451520 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7403 2-Methyl-5-isopropyl-2,5- Сад 0; 490-91-5 64.201 455 232 s chl 
cyclohexadiene-1,4-dione 
7404 cis-1-Methyl-4- СН 6069-98-3 40.266 Па -89.9 172 0.8039? 1.4431? i H,0; vs EtOH, 
isopropylcyclohexane eth; s bz, peth 
7405 trans-1-Methyl-4- trans-p-Menthane СН 1678-82-6 40.266 oil -86.3 170.6 0.7928? 1.4366? vs bz, eth, EtOH, 
isopropylcyclohexane lig 
7406 1-Methyl-4-isopropylcyclohexanol Сено 21129-27-1 156.265 208.5 0.902 4619? 
7407 5-Methyl-2- (+)-Menthol С.0Н0 15356-60-2 156.265 39 103% vs ace, bz, eth, 
isopropylcyclohexanol, [1.5- EtOH 
1o,2B,50)]- 
7408 5-Methyl-2- (-)-Menthol Ci H0 2216-51-5 56.265 nd(MeOH) 43 216 0.903" 460% 5ІН,0;/5 EtOH, 
isopropylcyclohexanol, [1 Я- eth, ace, bz; s 
10,20,50)- peth 
7409 5-Methyl-2- (+)-Neomenthol С.Н 2216-52-6 56.265 oil -22 2117 0.89722 4600? vs ace, EtOH 
isopropylcyclohexanol, [1 S 
10,20,5p)]- 
7410 5-Methyl-2- (4)-Isomenthol Cio Ha 0 23283-97-8 156.265 nd(dilal) 82.5 218 vs eth, EtOH 
isopropylcyclohexanol, [1 5- 
10,28,58)- 
1411 5-Methyl-2-isopropylcyclohexanol С о, 2623-23-6 98.302 222; 10910 0.9244? 1.446920 
acetate, [15-(10,20,5)] 
7412 cis-5-Methyl-2- Menthone لا‎ 491-07-6 54.249 205; 895 0.899520 1,5272 
isopropylcyclohexanone 
7413 trans-5-Methyl-2- /-Menthone 0,/Н, 0 14073-97-3 154.249 liq -6 207 0.8954? 1.4505? <ІН,0; msc 
isopropylcyclohexanone, (2 5) EtOH, eth, bz, 
CS; s ace 
7414 1-Methyl-4-isopropylcyclohexene Соја 5502-88-5 38.250 1745 0.84575 1.473520 
7415 3-Methyl-6-isopropyl-2- С,/1,60 491-04-3 54.249 9755 091192 85 
cyclohexen-1-ol 
7416 4-Methyl-1-isopropyl-3- می‎ 562-74-3 54.249 209 0.92620 478579 
сусіоһехел-1-01 
7417 5-Methyl-2-isopropylcyclohexyl C Ha 0; 579-94-2 242.354 1552, 144^ 0.954520 vs eth, EtOH, 
ethoxyacetate, (10,28,50) chl 
7418 1-Methyl-4-isopropyl-2- C4 H,,NO, 943-15-7 79.216 126" 1.0744? 1.530122 us eth, EtOH 
nitrobenzene 
7419 1-Methyl-4-isopropyl-7- C4 H, 0 470-67-7 54.249 1 1735 0.89977 1.4562?  s| H,0; msc 
oxabicyclo[2.2.1]heptane EtOH, eth; s 
bz, lig 
7420 1-Methyl-7- Retene Gigtha 483-65-8 234.336 101 390 1.035» 1620; s EtOH, 
isopropylphenanthrene eth, bz, С5,, 
НОАс 
7421 4-Methyl-2-isopropylphenol Ci OH, 0 4427-56-9 150.217 nd(HOAc) 365 228.5 099100 1.5275? 5ІН,0; s EtOH, 
bz, chl 
7422 5-Methyl-2-isopropylphenyl Thymol, acetate Се 528-79-0 192.254 245 1.009? vs bz, eth, ОН, 
acetate ch 
7423 1-Methylisoquinoline Isoquinaldine C49 HN 721-93-3 5 10 248 107777 1.6095? 5ІН,0;5 eth, 
ace, bz 
7424 3-Methylisoquinoline 92711) 125-80-0 143.185 cry (eth) 68 249 sl Н,0, chl; s 
eth, ace 
7425 Methyl isothiocyanate CHNS 556-61-6 73.117 36 119 1.0691? 1.5258 <ІН,0; msc 
EtOH; vs eth 
7426 5-Methyl-3-isoxazolamine CH ,N,0 072-67-9 98403 62 
7427 4-Methylisoxazole C H;,N0 6454-84-8 83089 liq 127 
7428 5-Methylisoxazole C H;,N0 5765-44-6 9 122 1.02320 „43862 $ DMSO 
7429 Methyl lactate, (+) Methyl 2-hydroxypropanoate, (+) С,Н,0, 2155-30-8 04105 oil 1448 1.0928? 1.414122 vs H,O, eth, 
EtOH 
7430 Methyl linoleate 0.90; 112-63-0 294.472 -35 21520 0.8886" 1.463822 уз eth, ОН 
7431 Methyl linolenate C4,H4;0; 301-00-8 292.456 -45.5 207", 1823 08955 „47092 
7432 Methyl magnesium bromide Bromomethylmagnesium СН,ВгМд 75-16-1 19.244 S eth, thf; i hx, 
bz 
7433 Methylmagnesium chloride Chloromethylmagnesium CH,CIMg 676-58-4 74.7938 stab in thf i peth, bz 
soln 
7434 Methylmalonic acid СО, 516-05-2 18.089 па (bz- 135 dec 1.4552 vs Н,0, ВОН, 
AcOEt) pr eth; 81 bz, На; $ 
(eth-bz) AcOE 
7435 Methyl mercaptoacetate С-Н,0,5 2365-48-2 06.144 4210 4657 vs eth, EtOH 
7436 Methyl 3-mercaptopropanoate С,Н,0,5 2935-90-2 20.171 5414 1.0855 46402 
7437 Methylmercuric dicyanamide 1-Cyano-3-(methylmercurio) Сеном, 502-39-6 298.70 157 
guanidine 
7438 Methyl methacrylate ЗІЛ 80-62-6 00117 liq -47.55 100.5 0.93775 1.414222 51 Н,0; msc 
EtOH, eth, асе; 
schl 
7439 Methyl methanesulfonate C;H,0S 66-27-3 10.132 20 202.5 12943? 14138? 
7440 Methyl methoxyacetate СНО 6290-49-9 04.105 131 1.0511? 1.396222 sl H,0; vs ОН, 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7441 Methyl 2-methoxybenzoate Сон 0: 606-45-1 66.173 246.5 1.157119 1,5349  iH,0; s EtOH 
7442 Methyl 3-methoxybenzoate Сон (0; 5368-81-0 66.173 248 1.131020 1.5224? i H,0; s EtOH 
7443 Methyl 4-methoxybenzoate Сон (0; 121-98-2 66.173 If (al or eth) 49 244 i HO; $ EtOH, 
eth, chl 
7444 Methyl 3-methoxy-2- Damascenine C4 H, NO; 483-64-7 95.215 pr (al) 28 271; 1479 vs bz, eth, ОН, 
(methylamino)benzoate ig 
7445 Methyl 3-methoxypropanoate С.Н 0; 3852-09-3 181131 142.8 1.01395 140302 
7446 Methyl 2-methylacetoacetate Сен 0, 17094-21-2 130.141 1774 1.02175 1.416% vs eth, EtOH 
7447 Methyl 2-(methylamino)benzoate Сон, „№, 85-91-6 65.189 cry (peth) 19 255 1.1205 158395 i H,0; s EtOH, 
eth 
7448 Methyl 2-methylbenzoate Сон (0; 89-71-4 50.174 <-50 215 1.06820 i H0; msc 
EtOH, eth 
7449 Methyl 3-methylbenzoate Сан 00 99-36-5 50.174 221 1.0612 i H;0; s EtOH; sl 
сіс 
7450 Methyl 4-methylbenzoate Сон (0; 99-75-2 50.174 cry (ад 33.2 220 i H5O; vs EtOH, 
MeOH, eth 
peth) 
7451 Methyl 2-methyl-2-butenoate, (Е) C; H, 0; 6622-76-0 14.142 139 0.9349? 1.437020 
7452 Methyl 3-methyl-2-butenoate (560, 924-50-5 14.142 114 136.5 0.9337? 1.43220 
7453 3-Methyl-4-methylenehexane C; His 3404-67-9 12.213 1125 0.725% 414220 
7454 2-Methyl-5-(1-methylethenyl) 0,/Н,0 5524-05-0 52.233 2215 0.92819 4724 vs ace, eth 
cyclohexanone, (2F-trans) 
7455 5-Methyl-2-(1-methylethylidene) C4 H0 15932-80-6 152233 9370 0.936722 1.486920 
cyclohexanone 
7456 3-Methyl-6-(1-methylethylidene)- — Piperitenone Cig 0 491-09-8 50.217 120" 0.9774? 1.5294? vs EtOH, eth 
2-cyclohexen-1-one 
7457 1-Methyl-4-(5-methyl-1- Cic Ho, 495-61-4 204.352 12910 0.8673 1.48802 
methylene-4-hexenyl) 
cyclohexene, (S) 
7458 N-Methyl-N-(2-methylphenyl) Са а МО 573-26-2 63.216 55.5 260 S НОН, chl 
acetamide 
7459 4-Methyl- A-(4-methylphenyl) СН 620-93-9 97.276 nd (peth) 79.8 330.5 vs eth, peth 
aniline 
7460 2-Methyl-3-(2-methylphenyl)- Methaqualone C44 H, ( 72-44-6 250.294 120 vs eth, EtOH, 
4(3A)-quinazolinone chl 
7461 Methyl 3-(methylthio)propanoate — 2-Methoxycarbonylethyl methyl | C;H4,0,S 13532-18-8 134.197 7513, 69" 10775 146502 
sulfide 
7462 1-Methyl-4-(1-methylvinyl) СН 1195-32-0 132.202 0 -20 185.3 0.893622 1.528323 
benzene 
7463 1-Methyl-4-(1-methylvinyl) В-Тегртео! СұН0 138-87-4 54249 nd 325 210; 9070 0.91720 474720 
cyclohexano 
7464 5-Methyl-2-(1-methylvinyl) Слао 89-79-2 54,249 78 93" 0.9112 41723? 51 Н,0; s EtOH, 
cyclohexanol, ПА-(10,28,50.)] ећ 
7465 5-Methyl-2-(1-methylvinyl) Ci, H, 0; 57576-09-7 196.286 85 138 0.92525 „45662 
cyclohexanol acetate, [1 А- 
(10,2),5о)) 
7466 trans-5-Methyl-2-(1-methylvinyl) لا‎ 29606-79-9 152.233 007% 0.9198? 146752 
cyclohexanone 
7467 2-Methyl-5-(1-methylvinyl)-2- СұН,0 99-48-9 52.233 228 0.94845 1.494225 
cyclohexen-1-ol 
7468 4-Methylmorpholine САНАМО 109-02-4 01147 На -64.40 16 0.9051? 1.433222  sH;0, EtOH, eth 
7469 o-Methyl-4-morpholineethanol C; H4: NO; 2109-66-2 145.200 218, 9313 01740 1.4638? vs H,0, ace, bz, 
EtOH 
7470 1-Methylnaphthalene m 90-12-0 42497 liq -30.43 2447 1.020220 1.6170? ІН,0; vs EtOH, 
eth; s bz 
7471 2-Methylnaphthalene Cii Hio 91-57-6 42497  mcl (al) 34.6 2414 1.0058? 1601520 ІН,0; vs EtOH, 
eth; s bz, chl 
7472 Methyl 1-naphthalenecarboxylate Methyl 1-naphthoate бұН 40; 2459-24-7 186.206 59.5 1682), 101° 1.1290? 1.6086? уз bz, EtOH 
7473 Methyl 2-naphthalenecarboxylate Methyl 2-naphthoate Сан 0; 2459-25-8 186.206 If(MeOH) 77 290 vs bz, eth, EtOH, 
ch 
7474 2-Methyl-1,4-naphthalenediol Menadiol diacetate ШІЛ 573-20-6 258270 pr (al) 113 vs EtOH 
diacetate 
7475 2-Methyl-1,4-naphthalenedione ^ ۹6 C,,H,0, 58-27-5 72.181 уе па (а, 107 ІН,0; sl EtOH, 
peth) НОАс; s eth, 
bz, chl 
7476 Methyl-1-naphthylamine N-Methyl-1-naphthalenamine 4۹١ 2216-68-4 57.212 oil 174 294.5 1.6722? үѕ eth, EtOH 
7477 Methyl nitrate CHNO; 598-58-3 77.040 exp gas -83.0 exp 64.6 1.2075? 1.3748? 51 Н,0; s EtOH, 
eth 
7478 Methyl nitrite CHNO, 624-91-9 61.041 ye gas -16 -12 0.9915 S НОН, eth 
7479 Methyl nitroacetate CHNO, 2483-57-0 19.077 1078 1.3200 
7480 2-Methyl-3-nitroaniline СНО, 603-83-8 52151 yeorthnd 92 305 1.378075 sl Н,0, s EtOH, 
(w), ye If eth, bz, chl 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7481 2-Methyl-4-nitroaniline СНО; 99-52-5 52.151 133.5 1.158670 51 H,0, DMSO; 
s EtOH, bz, 
HOAc 
7482 2-Methyl-5-nitroaniline СНО; 99-55-8 52.151 105.5 SI Н,0; 8 EtOH, 
eth, ace, bz, 
ch 
7483 2-Methyl-6-nitroaniline СНО; 570-24-1 52.151 96 1.190010 SI H,O; s EtOH, 
eth, bz, chl 
7484 4-Methyl-2-nitroaniline СНО; 89-62-3 52.151 116.3 1.16721 SI Н,0; s EtOH, 
ch 
7485 4-Methyl-3-nitroaniline CHINO; 119-32-4 52.151 79.8 51 Н,0, 05» 5 
EtOH, eth, bz 
7486 N-Methyl-2-nitroaniline СНО; 612-28-2 52451 redororan 38 15818 SI ЊО, lig; $ 
nd (peth) EtOH, eth, ace, 
bz 
7487 N-Methyl-4-nitroaniline СНО; 100-15-2 52451 br-ye pr (a) 152 dec 1.20115 i H,0; s EtOH, 
cry (eth) bz, chl; sl eth, 
ig 
7488 2-Methyl-1-nitro-9,10- С HSNO, 129-15-7 267237 paye nd 273.0 i H5O, EtOH; sl 
anthracenedione (НОАс) eth, bz, chl; s 
РАМО; 
7489 2-Methyl-5-nitrobenzenesulfonic C;H;NO;S 121-03-9 217.200 135.8 vs Н,0, ЕЮН, 
acid eth, chl 
7490 Methyl 2-nitrobenzoate Сану МО, 606-27-9 81147 0 -13 275 1.285520 1Н,0, $ EtOH, 
eth, bz, chl; i 
ig 
7491 Methyl 3-nitrobenzoate Сану МО, 618-95-1 81.147 78 2799 i H50; 51 EtOH, 
eth, MeOH 
7492 Methyl 4-nitrobenzoate Сану МО, 619-50-1 81.147 96 i H,0; s EtOH, 
eth, chl 
7493 2-Methyl-4-nitro-1H-imidazole C,H;N30> 696-23-1 27.102 253 
7494 N-Methyl-N-nitromethanamine СНО; 4164-28-7 90.081 nd(eth) 58 187 1.1090? 1.446272 — vsH,0, ace, eth, 
EtOH 
7495 2-Methyl-1-nitronaphthalene C,,HgNO, 881-03-8 87195 yeprornd 81.5 18820 ІН,0; s EtOH; 
(al) vs ace 
7496 N-Methyl-N^nitro-N- СНО 70-25-7 47.093 $ DMSO 
nitrosoguanidine 
7497 3-Methyl-4-nitrophenol СНО 2581-34-2 53.136 nd or pr (w) 129 SI Н;0; s EtOH, 
eth, bz, chl 
7498 4-Methyl-2-nitrophenol САО 119-33-5 53.136 уе па (al, w) 36.5 1252 1.23899? 1.5744% vs ace, bz, eth, 
EtOH 
7499 1-Methyl-2-(4-nitrophenoxy) 2-Methylphenyl 4-nitrophenyl — C,3H,,NO, 2444-29-3 229231 уе cry (peth) 220? vs bz, eth, EtOH 
benzene ether 
7500 2-Methyl-2-nitro-1,3-propanediol ДЕЛ 77-49-6 35.119 то! 150.1 dec vs НО, EtOH; sl 
DMSO 
7501 2-Methyl-2-nitro-1-propanol CHNO; 76-39-1 19.119 nd or pl 89.5 9470 SI HO; vs EtOH, 
(MeOH) eth; s chl 
7502 3-Methyl-4-nitroquinoline- N- Со О 14073-00-8 204482 cry (MeOH) 179 
oxide 
7503 N-Methyl-N-nitrosoaniline CH NO 614-00-6 36.151 ye cry 14.7 dec 225; 12113 1.1240? 1.5769% i H,0; s EtOH, 
eth 
7504 N-Methyl-N-nitrosourea N-Nitroso-N-methylurea СНО, 684-93-5 03.080 coloryepl 123 dec sl HO, EtOH, 
(eth) eth 
7505 Methyl nonadecanoate C H0; 1731-94-8 312.531 413 90* 
7506 2-Methylnonane СұН» 871-83-0 42.282 0 -74.6 67.1 072812 1.4099? i H;0; s eth, bz, 
ch 
7507 3-Methylnonane СцН» 5911-04-6 42282 liq -84.8 67.9 0.7354? 1.4125? vs bz, eth, chl 
7508 4-Methylnonane Со 17301-94-9 142.282 liq -99 65.7 073230 1.4123? vs bz, eth, chl 
7509 5-Methylnonane M 15869-85-9 142.282 iq -87.7 65.1 073260 1.411622  iH;0;s eth, bz, 
ch 
7510 Methyl nonanoate Cic 00» 1731-84-6 72.265 213.5 087995 14214? 1 H,0; $ EtOH, 
eth; sl ctc 
7511 8-Methyl-1-nonanol C4 0 55505-26-5 158.281 0810 
7512 2-Methyl-1-nonene 927177 2980-71-4 140.266 liq -64.2 68.4 074122 1.424120 
7513 2-Methyl-2-norbornene 2-Methylbicyclo[2.2.1]hept-2- ^ C.H; 694-92-8 08.181 liq 22 
ene 
7514 Methyl trans-9-octadecenoate Cis Ha 0; 1937-62-8 296.488 liq 13.5 21824 087300 1.4513? vs eth, НОН 
7515 2-Methyloctane Са» 3221-61-2 128.255 liq -80.3 432 070952 14031? ІН,0; s EtOH, 
eth; sl ctc; vs 
peth 
7516 3-Methyloctane Cs Ho, 2216-33-3 128.255 liq -107.6 442 0.7175 1.404025 
7517 4-Methyloctane Са» 2216-34-4 128255 liq -1133 42.4 0.7165 140395 0 
7518 Methyl octanoate Methyl caprylate Са 0; 111-11-5 58.238 iq -40 92.9 0877520 1.41709 |Н,0; vs EtOH, 
eth; sl ctc 
7519 2-Methyloctanoic acid Сена 0» 3004-93-1 58.238 3814, 884 „42815 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7520 2-Methyl-2-octanol Сон 628-44-4 44.254 78 0.821020 1.4280? i H,0; $ EtOH, 
eth 
7521 3-Methyl-3-octanol Сон 5340-36-3 144254 8378, 363 0.81082 1.425725 
7522 5-Methyl-2-octanone С.Н, 0 58654-67-4 142.238 01% 
7523 2-Methyl-1-octene C; His 4588-18-5 126239 liq -77.8 44.8 0.73432 1.418420 
7524 T-Methyl-1-octene C; His 13151-06-9 126.239 liq 38.9 
7525 Methyloctylamine N-Methyl-1-octanamine СН; 2439-54-5 43.270 685 
7526 Methyl 2-octynoate Сон; 111-12-6 54.206 217; 1072 ^ 0.92620 „44642 
7527 3-Methyl-1-octyn-3-ol CH, 0 23580-51-0 140.222 74; 750 0.8547? 1.4430 
7528 Methyl oleate Ci Ha 0; 112-62-9 296.488 -19.9 218.520 0.87392 1.452220 | H,0; msc 
EtOH, eth; s 
chl 
7529 Methyl Orange Sodium p- C aH N.NaOS 547-58-0 327.334  oran,yeplor dec sl Н,0, EtOH, 
dimethylaminoazobenzenesulfo Sc (w) py; i eth 
nate 
7530 2-Methyloxazole CHNO 23012-10-4 83.089 liq 87.5 
7531 4-Methyloxazole ҰЛПА 693-93-6 83.089 88 1.0155 431720 
7532 5-Methyloxazole C H;,N0 66333-88-8 83.089 liq 88 
7533 2-Methyl-2-oxazoline C,H;NO 1120-64-5 85.105 111 1.0055 4340 
7534 2-Methyloxetane CH, 2167-39-7 72.106 hyg 59 0.8415 38852 
7535 4-Methyl-2-oxetanone 3-Hydroxybutyric acid lactone С,Н,0, 3068-88-0 86.090 86%, 579 1.0555% 
7536 Methyloxirane 1,2-Propylene oxide СНО 16033-71-9 58.079 liq -111.9 35 0.859? 36609 — vs Н,0, EtOH, 
eth; s chl 
7537 3-Methyl-2-oxobutanoic acid СНО 759-05-7 116.116 315 170.5 0.99682 1.385018 s H,O, EtOH, eth 
7538 N-Methyl-N-(1-oxododecyl) N-Dodecanoylsarcosine С.Н» МО, 97-78-9 271.396 445 s chl 
glycine 
7539 Methyl 4-oxopentanoate ethyl levulinate 0680; 624-45-3 130141 196 1.0511? 1.4233? 5ІН,0;5 EtOH, 
ace, bz, ctc; 
msc eth 
7540 4-Methyl-2-oxopentanoic acid CH, 0, 816-66-0 130.141 Па 10 845 
7541 Methyl 2-охоргорапоаје ethyl pyruvate C,H,0; 600-22-6 102.089 135.5 1.1540 40465 51 Н,0; s ace; 
msc EtOH, eth 
7542 Methyl palmitate ethyl hexadecanoate Ci Ha 0; 112-39-0 210.451 30 417; 1482 0.8247% i H,0; vs EtOH, 
ace, bz; s eth 
7543 Methyl parathion C H, NO. PS 298-00-0 263.208 cry 38 1.35820 53678 | Н,0; $ os 
7544 Methyl pentachlorophenyl sulfide S-Methyl СНС 5 1825-19-0 296429 сгу(НОН) 955 
pentachlorobenzenethiol 
7545 Methyl pentadecanoate Cic 0; 1132-64-1 256.424 nd(dila) 185 153.5 0.861825 1.439025 5 EtOH, eth 
7546 cis-2-Methyl-1,3-pentadiene C; Hi 1501-6006 82143 liq -117.6 75.8 0.71425 „4462 
7547 3-Methyl-1,3-pentadiene C; Hio 4549-74-0 82.143 77 0.73025 452% 
7548 4-Methyl-1,3-pentadiene 1,1-Dimethyl-1,3-butadiene Co Has 926-56-7 82.143 76.5 0.7181? 1.453220 
7549 Methyl pentafluoroethyl ether 1-Methoxyperfluoroethane СЊЕО 22410-44-2 150.047 col gas 5.59 
7550 Methyl pentafluoropropanoate МЕЗГІЛ 378-75-6 178.058 59.5 1.39025 .286925 
7551 2-Methylpentanal 2-Methylvaleraldehyde C H, 0 123-15-9 100.158 17 S Н0; s eth, 
ace; sl ctc 
7552 2-Methylpentane Isohexane "m 107-83-5 86.175 | -153.6 60.26 0.6505 13715? ІН,0; $ EtOH, 
eth; msc ace, 
bz, chl 
7553 3-Methylpentane Соц 96-14-0 86.175 liq -162.90 63.27 065985 — 1.3765? i H,0; s EtOH, 
ctc; msc eth, 
ace, bz, hp 
7554 2-Methylpentanedinitrile 2-Methylglutaronitrile ШІ) 4553-62-2 08.141 liq -45 270; 13413 0.950 4340? 0 
7555 2-Methyl-2,4-pentanediol Hexylene glycol СНО 107-41-5 18.174 liq -50 97.1 0.9285 1.4276? s H,0, EtOH, 
eth; sl ctc 
7556 4-Methylpentanenitrile Isopenty! cyanide C Ha 542-54-1 97158 д -51 56.5 0.8030? 1.4059? i H0; $ EtOH; 
msc eth; sl сіс 
7557 2-Methyl-2-pentanethiol CIH S 1633-97-2 118.240 iq 25.0; 3630 
7558 Methyl pentanoate Methyl valerate C H, 0; 624-24-8 16.158 274 0.89472 1.40039 <ІН,0, ctc; msc 
EtOH, eth; s 
ace 
7559 2-Methylpentanoic acid, (+) Сен 0; 22160-39-0 116.158 95.6 092300 1.4130  sH,0, EtOH, 
eth; sl ctc 
7560 3-Methylpentanoic acid, (+) (5150, 22160-40-3 116158 liq -41.6 97.5 0.926220 1.4159? vs eth, ОН 
7561 4-Methylpentanoic acid C H, 0; 646-07-1 16.158 liq -33 200.5 0.9225? 1.414420 slH,0; s EtOH, 
eth, chl 
7562 2-Methyl-1-pentanol СеН0 105-30-6 02.174 49 0.826320 1.418220 51 H,0; s EtOH, 
ећ, асе, сіс 
7563 3-Methyl-1-pentanol, (+) C H,0 20281-83-8 102.174 53 0.824220 141125 ІН,0; $ EtOH, 
eth 
7564 4-Methyl-1-pentanol Isohexyl alcohol CH, 0 626-89-1 02.174 51.9 0.8131? 1.41345 i H0; $ EtOH, 
eth 
7565 2-Methyl-2-pentanol Сена 590-36-3 02.174 liq -103 214 083506 141002 <ІН,0; s EtOH, 
eth 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

7566 3-Methyl-2-pentano Сена 565-60-6 02.174 34.3 0.83077? 1.4182? 51 H,0; s EtOH, 
eth 

7567 4-Methyl-2-pentano C.H, 0 108-11-2 02.174 liq -90 31.6 0.8075? 14100? sl H5O, ctc; s 
EtOH, eth 

7568 2-Methyl-3-pentano Сен. 0 565-67-3 02.174 265 0.8243? 1.4175? <ІН,0; msc 
EtOH, eth 

7569 3-Methyl-3-pentano СеН0 71-74-17 02.174 liq -23.6 22.4 0.8286? 1.4186? 5ІН,0, ctc; msc 
EtOH, eth 

7570 2-Methyl-1-pentanol acetate Сан 60; 7789-99-3 44.212 63 0.87025 vs eth, НОН 

7571 3-Methyl-2-pentanone, (+) (+)-sec-Buty! methyl ketone لام‎ 55156-16-6 100.158 17.5 081300 1.400222 <ІН,0; msc 
EtOH, eth; s 
ch 

7572 4-Methyl-2-pentanone Isobuty! methyl ketone СЕН 0 108-10-1 00.158 liq -84 16.5 079655 1.3962?  s| H0; msc 
EtOH, eth, ace 
bz; sch 

7573 2-Methyl-3-pentanone Ethyl isopropyl ketone СеН.0 565-69-5 00.158 13.5 0.81418 .3975? — sI H0; vs EtOH, 
bz; msc eth 
ace; s chl 

7574 4-Methylpentanoyl chloride C.H, ICI0 38136-29-7 134.603 43 0.972520 

7575 2-Methyl-2-pentenal Сен 0 623-36-9 98.142 36.5 0.8581? 1.4488? ІН,0; $ EtOH, 
eth, bz, MeOH 

7576 2-Methyl-1-pentene CH; 163-29-1 84.159 liq -135.7 621 0.67992 1.3920? i H,0; s EtOH, 
7, chl; sl ctc 

7577 3-Methyl-1-pentene C; Hi 160-20-3 84.159 liq -153 542 0.6675? 1.3841? ІН,0; s EtOH, 
z, chl, peth 

7578 4-Methyl-1-pentene C; Hio 691-37-2 84.159 liq -153.6 53.9 0.664220 1.3828? H,0; $ EtOH, 
z, chl, peth 

7579 2-Methyl-2-pentene Сен 625-27-4 84.159 liq -135 67.3 0.6863? 1.4004? ІН,0; $ EtOH, 
7, сіс, ch 

7580 3-Methyl-cis-2-pentene C; Hi 922-62-3 84.159 liq -134.8 67.7 0.688625 — 1.4016? i H0; s EtOH, 
bz, chl, peth 

7581 3-Methyl-frans-2-pentene C; Hi 616-12-6 84159 liq -138.5 70.4 0.69302 — 1.4045? i H,0; $ EtOH, 
bz, ctc, chl, 
peth 

7582 4-Methyl-cis-2-pentene C; Hi 691-38-3 84.159 liq -134.8 56.3 0.66907 1.3800? ІН,0; s EtOH, 
bz, chl, peth 

7583 4-Methyl-frans-2-pentene C; Hi 674-76-0 84159 liq -140.8 58.6 0.6686? 1.3889? i H,0; s EtOH, 
bz, chl; sl ctc 

7584 trans-2-Methyl-2-pentenoic acid С6Н 0; 6957-70-3 114142 pr 24.4 214; 112? 0.9751? 1.45132 51 H,0; s eth 
chl, CS; 

7585 4-Methyl-2-pentenoic acid 4,4-Dimethyl-2-butenoic acid 09,0; 0321-71-8 114442 35 217 0.952921 1.4489?! vs ace, eth, 
EtOH 

7586 2-Methyl-3-pentenoic acid C; H40; 37674-63-8 114142 99 0.966" 44025 

7587 4-Methyl-3-penten-2-ol СеН0 4325-82-0 00.158 34 0.84075 937715 

7588 3-Methyl-2-penten-4-one C.H, 0 565-62-8 98.142 38 „45082 

7589 4-Methyl-4-penten-2-one CH40 3744-02-3 98.142 liq -12.6 242 0.841120 

7590 cis-3-Methyl-2-(2-pentenyl)-2-  Јаѕтопе C, H4 488-10-8 64244 ye oil 258; 13412 0.94372 149792 51 H0; $ EtOH, 

cyclopenten-1-one eth, ctc, lig 

7591 3-(4-Methyl-3-pentenyl)furan СНО 539-52-6 50.217 85.5 0.9017? 147057 

7592 3-Methyl-3-penten-1-yne СН 574-33-0 80.128 66.5 0.73920 43329 s eth, bz 

7593 3-Methyl-2-pentyl-2-cyclopenten- СНО 128-08-1 66.260 432, 1162 0.91659 1.476720 

1-one 

7594 Methyl pentyl ether Сен 628-80-8 02.174 99 0.759? .3862? 5 ace, eth, 
EtOH 

7595 5-Methyl-2-pentylphenol 6-Pentyl-m-cresol C,.H,,0 300-94-3 78.270 24 3855 vs ace, eth, 
EtOH 

7596 Methyl pentyl sulfide CH S 741-83-9 18.240 Па -94 45.1 0.8431? 1.450622 s EtOH, eth, ace, 
bz, chl 

7597 Methyl tert-pentyl sulfide 2-Methyl-2-(methylthio)butane C.H,S 3286-92-5 118.240 liq 50 0.84 457020 

7598 4-Methyl-1-pentyne C; Hi 7154-75-8 82.143 liq -104.6 612 0.700022 1.3936? іН,0; s bz, chl 

7599 4-Methyl-2-pentyne C; His 21020-27-9 82.143 liq -1103 731 0.711225 1.405722 vs bz, ch 

7600 3-Methyl-1-pentyn-3-ol Meparfynol CH40 77-75-8 98.142 30.5 20.5 0.86882 1.431020 

7601 Methyl perfluorooctanoate КІЛЕГІЛ 376-27-2 428.095 58 1.68420 30477 

7602 1-Methylphenanthrene С Но 832-69-9 192.256 1, pl (dil al) 123 354 i H0; s EtOH 

7603 3-Methylphenanthrene СН» 832-71-3 192.256 pror nd (al) 65 350; 1455 1Н,0, s EtOH, 
ace; sl chl 

7604 4-Methylphenanthrene Сан; 832-64-4 192.256 pl (90% а!) 53.5 77" 1Н,0, $ EtOH, 
cic 

7605 Methylphenidate Са МО, 113-45-1 233.307 3608 i B,0, peth; s 
chi, EtOH, eth, 
AcOEt 

7606 10-Methyl-10H-phenothiazine С.Н. NS 1207-72-3 213.298 101 

7607 10-Methyl-10H-phenothiazine-2- ^ Metiazinic acid Ci H44N0;S 13993-65-2 271.335 144 s chl 


acetic acid 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7608 Methyl phenoxyacetate Сан, 0, 2065-23-8 66.173 245 114930 1.5155? vs eth, EtOH 
7609 1-Methyl-3-phenoxybenzene Са 0 3586-14-9 84.233 272 10515 157272 
7610 [(2-Methylphenoxy)methyl]oxirane Соб 2210-79-9 64.201 1232 1.088420 
7611 3-(2-Methylphenoxy)-1,2- Mephenesin Сану 05 59-47-2 82.216 70 дес 51 НО, eth; s 
propanediol EtOH 
7612 N-(2-Methylphenyl)acetamide САМО 120-66-1 49.189 па (al) 110 296 1.16815 sl H,0, bz; s 
EtOH, eth, ace, 
HOAc 
7613 A-(3-Methylphenyl)acetamide САМО 537-92-8 49.189 nd (м) 65.5 303 11416 SI H;O; vs EtOH, 
eth; s chl 
7614 N-Methyl-A-phenylacetamide N-Methylacetanilide САМО 579-10-2 49.189 па (eth), pr 103 256 1.0036" 6 S Н,0, EtOH, 
(al) eth, chl, lig 
7615 2-Methylphenyl acetate 0-Стезу! acetate Сон (0; 533-18-6 50.174 208 1.05335 1.500222 vs eth, EtOH 
7616 3-Methylphenyl acetate m-Cresyl acetate Сон (0; 122-46-3 50.174 12 212 1.043? 1.497822 vs bz, eth, EtOH 
7617 4-Methylphenyl acetate p-Cresyl acetate Сон (0; 140-39-6 50.174 2125 1.051217 1.516322 51 H,0, ctc; s 
EtOH, eth, chl 
7618 Methyl 2-phenylacetate Сан, 05 101-41-7 50.174 2165 1.062218 1.5075? i H,0; msc 
EtOH, eth; s 
ace, ctc 
7619 2-(Methylphenylamino)ethanol Со МО 93-90-3 51.205 21870, 1504 — 1.01439 S H,O; vs EtOH, 
eth, ace, bz 
7620 2-[(2-Methylphenyl)amino]ethanol Со МО 136-80-1 51.205 285.5 107940 1.56752 vs eth, EtOH 
7621 3-Methyl-A-phenylaniline С.Н 1205-64-7 83.249 30 316; 18377 1.6350? vs bz, eth, EtOH 
7622 N-(4-Methylphenyl)benzamide C H, NO 582-78-5 211.259 orth nd (al) 158 1.2025 vs eth, НОН 
7623 N-Methyl-A- СН 614-30-2 97.276 s ctc 
phenylbenzenemethanamine 
7624 4-Methyl-o- 0,,Н,0 1517-63-1 98.260 52 
phenylbenzenemethanol 
7625 o-Methyl-a- С.Н 0 599-67-7 98.260 285; 19012 1.105955 
phenylbenzenemethanol 
7626 4-Methyl-N- C, H, 0,5 68-34-8 247.313 (a) tcl, (B) 1035 1Н,0: vs EtOH; 
phenylbenzenesulfonamide те! pr (al, $ bz, НОАс 
bz) 
7627 4-Methylphenyl benzoate C,4H,.0, 614-34-6 212244 pl(eth-al) 715 316 vs eth, EtOH 
7628 1-Methyl-A-phenyl-A-benzyl-4- — Bamipine СНМ 4945-47-55 280407 cry (MeOH) 115 
piperidinamine 
7629 Methyl 2-phenylbutanoate C,,H,,0, 2294-71-5 78.228 па (dilal) 775 228 vs eth, EtOH 
7630 3-Methyl-1-phenyl-1-butanone СНО 582-62-7 62.228 236.5 0.97016 1.51395 i НО; msc 
EtOH, eth; vs 
ace 
7631 3-Methyl-4-phenyl-3-butenamide — B-Benzalbutyramide СН NO 7236-47-7 75.227 133 
7632 Methylphenylcarbamic chloride С.Н,СЇМ0 4285-42-1 69.609 pl (al) 88.5 280 vs eth, EtOH 
7633 1-(2-Methylphenyl)ethanone C;H4,0 511-162 34.174 214 1.02620 52762 
7634 1-(3-Methylphenyl)ethanone Сану 50 585-74-0 34.174 220 1.01650 5335 s EtOH, eth, ace; 
sl ctc 
7635 4-(1-Methyl-1-phenylethyl)phenol СН ,0 599-64-4 212.287 рг (peth) 74.5 335 
7636 N-Methyl-A-phenylformamide CHNO 93-61-8 35.163 14.5 243 1.0948? 1.5589? <ІН,0, ctc; s 
EtOH, ace 
7637 N-(2-Methylphenyl)formamide CHNO 94-69-9 35163 If (al) 62 288 1.0865 S H,0; vs EtOH 
7638 5-Methyl-1-phenyl-1-hexen-3- لام او‎ 2892-18-4 88.265 cry 43 1545 0.95096 1.552325 51 HO; s EtOH, 
one bz, chl 
7639 1-Methyl-1-phenylhydrazine CHiN, 618-40-6 22.167 228; 131% 1.0404? 1.5691? $1 НО; msc 
EtOH, eth, bz, 
ch 
7640 3-Methyl-5-phenyl-2,4- 3-Methyl-5-phenylhydantoin C, H, №0, 6846-11-3 90.198 164.5 s chl 
imidazolidinedione 
7641 1-Methyl-6-phenylimidazo[4,5-b] РМР C4 Ном, 105650-23-5 224.261 solid 327 
pyridin-2-amine 
7642 2-[Methyl(phenylmethyl)amino] Сын NO 101-98-4 65.232 134" 
ethanol 
7643 4-Мећу!-М-(рћепу!тећујепе) Са а 2272-45-9 95.260 уе cry 35 318; 1781! vs ace 
aniline 
7644 3-Methyl-2-phenylmorpholine Phenmetrazine C4 Hy NO 134-49-6 77.243 1397, 104! 
7645 2-Methyl-2-phenyloxirane C,H40 2085-88-3 34.174 847 1.0228? 1.523220 
7646 N-(2-Methylphenyl)-3-oxo- C.H, NO; 93-68-5 91.227 pr (AcOEt) 107.5 vs bz, EtOH 
butanamide 
7647 N-(4-Methylphenyl)-3- C.H, NO; 2415-85-2 91.227 pr(AcOEt) 95 SI Н,0, lig; s 
oxobutanamide НОН, bz 
7648 (2-Methylphenyl) Cultu 131-58-8 96.244 «-18 308; 12812 1.109820 1620; vs EtOH 
phenylmethanone 
7649 (3-Methylphenyl) СыНр0 643-65-2 96.244 ой 2 317; 170? 1.0952 1620; 8 EtOH, 
phenylmethanone eth, bz, chl, 


HOAc 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7650 (4-Methylphenyl) Calo 134-84-9 96.244 7۷ 59.5 22870 0.99269 i H0; sl EtOH, 
phenylmethanone lig; s eth, bz, 
chl 
7651 Methyl 3-phenylpropanoate Methyl dihydrocinnamate (:011:0» 103-25-3 64.201 238.5; 91^ 1.045525 1620; s EtOH, 
eth, bz, 65 
7652 1-(4-Methylphenyl)-1-propanone ТІРІ) 5337-93-9 48.201 72 236 0.992622 1.5270? i H,0; s EtOH, 
eth, ace, bz, 
CS, 
7653 2-Methyl-1-phenyl-1-propanone СНО 611-70-1 48.201 Па -0.7 220 0.9863" 1.517222 үѕ eth, EtOH 
7654 2-Methyl-3-phenyl-2-propenal С.Н 101-39-3 46.185 248; 15019 1,4077 7 
7655 Methyl 3-phenyl-2-propynoate C4 H,0, 4891-38-7 60.170 26 158%, 1326 1.08302 75 
7656 3-Methyl-1-phenyl-1 H-pyrazol-5- Ci HN, 1131-18-6 73.214 116 333 S Н,0, EtOH, 
amine chl; sl bz 
7657 2-Methyl-5-phenylpyridine Со HN 3256-88-0 69.222 1899 1.059025 1.605525 
7658 5-Methyl-5-phenyl- Phenylmethylbarbituric acid ٢ و‎ ٧٢٢ 76-94-8 218.208 cry 220 i H,0; s EtOH, 
2,46(1H3H5H)- eth, al 
pyrimidinetrione 
7659 1-Methyl-3-phenyl-2,5- Phensuximide C4 H4 М0; 86-34-0 89211 сгу (hotal) 72 vs EtOH, MeOH 
pyrrolidinedione 
7660 Methylphenylsilane ور‎ $ 766-08-5 22.240 140 0.8895? 1.505820 
7661 Methyl phenyl sulfone C;H,0,S 3112-85-4 156.203 88 ІН,0; s EtOH, 
bz, chl; sl ctc 
7662 1-Methyl-4-(phenylthio)benzene Са 9 3699-01-2 200.299 15.7 317 1.09862 1.622525 i H,0; s ace, bz 
7663 (2-Methylphenyl)thiourea o-Tolylthiourea У 614-78-8 66.243 па (dil al, м) 162 vs НО, EtOH; sl 
eth 
7664 N-Methyl-N-phenylthiourea C.H, N,S 2724-69-8 66.243 ta, pl 1125 vs EtOH 
7665 Methyl phosphate Methyl dihydrogen phosphate CH,0,P 812-00-0 12.022 oil 
7666 Methylphosphine СНР 593-54-4 48.025 col gas -16 vs eth 
7667 Methylphosphonic acid CH,0,P 993-13-5 96.023 hyg pl 108.5 dec vs Н,0, EtOH, 
eth; i bz, peth 
7668 Methylphosphonic difluoride CH,F,OP 676-99-3 00.005 liq 98; 227 1.331420 
7669 Methylphosphonofluoridic acid, 78 C H, F0,P 107-44-8 40.003 liq -57 47 1.102 dec 0 
isopropyl ester 
7670 Methyl phosphorodichloridite Methyl dichlorophosphite CH,CLOP 3279-26-3 32.914 hyg liq -91 93 1.406 47402 
7671 1-Methylpiperazine САН 109-01-3 00.162 38 4378? vs H,0, eth, 
EtOH 
7672 2-Methylpiperazine СН № 109-07-9 00.162 hyg If (al) 62 53 vs Н,0; ѕ EtOH, 
eth, bz, chl 
7673 1-Methylpiperidine Cet, 626-67-5 99.174 liq -102.7 07 0.8159? 1.4355? уз H,0; msc 
EtOH, eth; s 
ctc 
7674 2-Methylpiperidine, (+) Сан; 3000-79-1 99174 liq -25 18 0.8436" 1.4459? vs H,0; s ОН, 
eth; sl chl; i dil 
KOH 
7675 3-Methylpiperidine, (+) Ci Hau 53152-98-0 99.174 liq -24 255 0.84465 1.4470? vs ЊО; sl chl 
7676 4-Methylpiperidine Сан 626-58-4 99.174 30 0.867425 1445820 vs H,0; sl chl 
7677 1-Methyl-3-piperidinol C H, NO 3554-74-3 115.173 9326, 77" 0.963516 1.473520 
7678 1-Methyl-4-piperidinol C H, МО 106-52-5 115.173 29 200 47159 
7679 1-Methyl-2-piperidinone САМО 931-20-4 113.157 221; 105? 02635 1.48202 
7680 1-Methyl-4-piperidinone САМО 1445-73-4 113.157 855, 571! 0.9715 458025 
7681 Methylprednisolone C Ha 05 83-43-2 374470 су 232 
7682 2-Methylpropanamide C,H,NO 563-83-7 87.120 129.0 217 1.0132 s chl 
7683 N-Methylpropanamide C H,N0 1187-58-2 87420 liq -30.9 148 0.930525 1.434525 
7684 2-Methyl-1,2-propanediamine СН № 811-93-8 88.151 123 0.84125 4410? 8 ctc 
7685 2-Methyl-1,2-propanediol С.Н 0; 558-43-0 90.121 176 1.0024? 1.4350? уз ЊО, eth, 
EtOH 
7686 2-Methyl-1 ,3-propanediol С.Н, 0, 2163-42-0 90121 liq -91 211.6; 12420 1.01520 445020 
7687 2-Methylpropanenitrile Isobutyronitrile 97:11 78-82-0 69.106 liq -71.5 103.9 0.7704? 1.3720? — sIH;O; vs EtOH, 
eth, ace, chl 
7688 2-Methyl-1-propanethiol Isobutyl mercaptan СН, 513-44-0 90.187 <-70 88.5 0.835722 1.4387? 51Н,0; vs EtOH, 
eth, ace; s ctc 
7689 2-Methyl-2-propanethiol tert-Butyl mercaptan C Has 75-66-1 90.187 ٩ -0.5 642 0.79435 1.423220 i H,0; s ctc, hp 
7690 Methyl propanoate Methyl propionate C,H,0, 554-12-1 88.106 iq -87.5 79.8 0.915020 1.377522  s| H,0; msc 
EtOH, eth; s 
ace, ctc 
7691 2-Methylpropanoic acid Isobutyric acid C H,0; 79-31-2 88.106 liq -46 154.45 0.968120 1.3930? vs H,0; msc 
НОН, eth; sl 
сіс 
7692 2-Methylpropanoic anhydride Isobutryic anhydride СН 40; 97-72-3 158.195 liq -53.5 183; 89? 0.9535? 140619 msc eth; s chl 
7693 2-Methyl-1-propanol Isobutyl alcohol САН 0 78-83-1 74421 liq -101.9 107.89 0.8018? 1.39552 s H,0, EtOH, 
eth, ace, ctc 
7694 2-Methyl-2-propanol tert-Butyl alcohol САН 15-65-0 74121 25.69 824 0.788722 1.3878?  mscH;O, EtOH, 
eth; s chl 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

7695 2-Methylpropanoyl chloride Isobutyric acid chloride C,H;CIO 79-30-1 106.551 liq -90 92 4079? s eth 

7696 2-Methylpropenal Methacrolein C H,0 78-85-3 70.090 68.4 0.840% 4444? msc ЊО, EtOH, 
eth 

7697 2-Methyl-2-propenamide C,H;NO 79-39-0 85105 cry (bz) 110.5 Sl eth, chl; 5 
EtOH, CH;Cl, 

7698 N-Methyl-2-propen-1-amine ИШ 627-37-2 71.121 64 4065? vsH,0, ace, eth, 
EtOH 

7699 2-Methyl-2-propene-1,1-diol Methacrolein diacetate CoH 20, 10476-95-6 172.179 91 424120 

diacetate 

7700 2-Methyl-1-propene, tetramer Ci Ho 15220-85-6 224425 liq -98 244: 1095 0.79442 1.448220 

7701 2-Methyl-2-propenoic anhydride ^ Methacrylic acid anhydride Сан, 0, 760-93-0 54.163 895 .4540? msc EtOH, eth 

7702 2-Methyl-2-propenol Methally! alcohol C,H,0 513-42-8 72.106 145 0.8515? 1.4255? vs Н,0; msc 
FtOH, eth 

7703 2-Methyl-2-propenoyl chloride ^ Methacrylic acid chloride C,H,CIO 920-46-7 04.535 liq -60 96 1.08712 1.4435? s eth, асе, chl 

7704 cis-(1-Methyl-1-propenyl)benzene СН» 767-99-7 32.202 94.7; 17750 091915 154025 i H,0; $ bz, chl 

7705 trans-(1-Methyl-1-propenyl) Сар 768-00-3 32202 liq -23.5 94.7 091385 1.5425? i H,0; s bz, chl 

benzene 

7706 (2-Methyl-1-propenyl)benzene Сә 768-49-0 32202 liq -48.0 83; 99% 0.9002 53882 

7707 4-(2-Methylpropenyl)morpholine — 1-Morpholinoisobutene C4H,NO 2403-55-6 41211 120 8920 „46632 

7708 2-(2-Methylpropoxy)ethanol (%Н40› 4439-24-1 18.174 60 0.8900? 75 

7709 Methylpropylamine N-Methyl-1-propanamine НАМ 627-35-0 73.137 63 0.720417 

7710 1-Methyl-2-propylbenzene Са 1074-17-5 34218 Па -60.3 85 0.869725 1.499620 

7711 1-Methyl-3-propylbenzene Са 1074-43-7 34218 Па -82.5 82 0.85695 1.493520 

7712 1-Methyl-4-propylbenzene С.Н 1074-55-1 34218 Па -63.6 83.4 0.854425 1.4922? |Н,0; s EtOH, 
eth 

7713 cis-1-Methyl-2- CoH, 932-43-4 26.239 Па -104 52.6 0.788125 1.434320 

propylcyclopentane 

7714 trans-1-Methyl-2- CoH, 932-44-5 26.239 Па -123 46.4 0.773525 56 

propylcyclopentane 

7115 Methyl propyl disulfide C Hi S; 2179-60-4 22252 liq 708 0.980 508020 

7716 Methyl propyl ether 1-Methoxypropane СНО 557-17-5 74.121 39.1 0.73563 1.3579? 5Н,0, ace; msc 
НОН, eth 

7717 1-Methyl-2-propylpiperidine, (S) 0۴ СМ 35305-13-6 141.254 174 0.832622 1.453812 vs ace, EtOH 

7718 2-Methyl-2-propyl-1,3- C;H440; 78-26-2 32.201 cry (hx) 62.5 234; 12179 S HO, hx; sl chl 

propanediol 

7719 2-Methyl-2-propyl-1,3- Meprobamate C;H44N)0, 51-53-4 218.250 cry (w) 105 vs bz, eth, EtOH 

propanediol dicarbamate 

7720 Methyl propyl sulfide САН 3877-15-4 90.187 liq -113 95.6 0.8424? 1.44429 H,0, EtOH, 
eth, ace 

7721 N-Methyl-2-propyn-1-amine C.H; 35161-71-8 6 83 0.8195 „43322 

7722 N-Methyl-A-2- Pargyline CHH, N 555-57-7 159.228 96" 0.94425 52139 

propynylbenzenemethanamine 

7723 3-Methylpyrazinamine 2-Amino-3-methylpyrazine С.Н.М, 9838-08-5 109.130 па (hx/ 174 

AcOEt) 

7724 2-Methylpyrazine СНА 09-08-0 94115 liq -29 137 1.03? 504222 msc ЊО, EtOH, 
eth; s ace; sl 
сіс 

7725 1-Methyl-1 H-pyrazole (H ,N 930-36-9 82.104 127 0.99293 147875 

7726 3-Methyl-1H-pyrazole ЛІП 453-58-3 82104 36.5 204; 10825 1.02036 1.491522 — msc H,0, ОН, 
eth 

7727 4-Мећу!-1 H-pyrazole Fomepizole С.Н, 7554-65-60 4 206; 9513 1.01520 

7728 3-Methyl-2-pyrazolin-5-one СНО 08-26-9 98.103 215 vs H,0; sl EtOH 

7729 1-Methylpyrene CH; 2381-21-7 216277 71.3 410 

7730 2-Methylpyrene Gate 3442-78-2 216.277 fl (EtOH) 143 409.8 

7731 3-Methylpyridazine 3-Methyl-1,2-diazine С.Н, 632-76-4 94.115 184 214 1.045028 1.514520 

7732 3-Methyl-2-pyridinamine 2-Amino-3-picoline Са 603-40-3 08.141 0 33.5 222; 958 vs Н;0; s EtOH, 
eth, ace, bz, 
ctc; sl lig 

7733 4-Methyl-2-pyridinamine 2-Amino-4-picoline Са 695-34-1 08141 If or pl (lig) 100 116" vs Н;0; s EtOH, 
eth, ace, bz; i 
lig; sl chl 

7734 5-Methyl-2-pyridinamine Са 603-41-4 08.141 76.5 227 

7735 6-Methyl-2-pyridinamine 2-Amino-6-picoline C HUN, 824-81-3 08.141  hyg (lig) 4 208.5 vs H,O; $ EtOH, 
eth, ace, 62, lig 

7736 N-Methyl-2-pyridinamine C; HON; 4597-87-9 08.141 15 200.5 1.04829 S НО, bz; vs 
EtOH, eth, 
HOAc 

7737 N-Methyl-4-pyridinamine C; HUN, 121-58-0 08.141 pl (eth) 118.8 vsH,0, ace, eth, 
EtOH 

7738 2-Methylpyridine 2-Picoline Сен; 09-06-8 93127 liq -66.68 129.38 0.94432 1.495722 vs НО, ace; 
msc EtOH, eth; 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
eth; vs ace; s 
ctc 

7740 4-Methylpyridine 4-Picoline C.H; 108-89-4 93.127 3.67 145.36 0.9548? 1.503722 msc H,0, EtOH, 
eth; s ace, ctc 

7741 6-Methyl-2- C;H;NO 1122-02-71 21.137 32 772 

pyridinecarboxaldehyde 

7742 Methyl 3-pyridinecarboxylate Methyl nicotinate C;HNO, 93-60-7 37137 су 42.5 204 S ЊО, EtOH, bz 

7743 Methyl 4-pyridinecarboxylate Methyl isonicotinate C;H;NO; 2459-09-8 37.137 6.1 208 1.1599? 1.5135? sl H,0, сіс; s 
EtOH, eth, bz 

7744 2-Methylpyridine-1-oxide C H,N0 931-19-1 09.126 49 260 

7745 3-Methylpyridine-1-oxide C H,N0 1003-73-2 09.126 39 485 sch 

7746 4-Methylpyridine-1-oxide C H,N0 1003-67-4 09.126 85.8 

7747 1-Methyl-2(1A)-pyridinone C H,N0 694-85-9 09426 nd 31 250 1.112020 msc Н,0; sl 
peth, lig 

7748 1-(6-Methyl-3-pyridinyl)ethanone CHNO 36357-38-7 135.163 17.6 4450 1.016825 153025 vs H,0 

7749 4-Methyl-2-pyrimidinamine С.Н.М, 108-52-1 09.130 pl (w), nd 60.3 sub S H0, EtOH; sl 

(sub) ch 

7750 2-Methylpyrimidine 2-Methyl-1,3-diazine С.Н, 5053-43-0 94115 0 -4 38 msc H,0 

7751 4-Methylpyrimidine 4-Methyl-1,3-diazine СНЫ 3438-46-8 94.115 32 42 1.03016 5002 msc ЊО 

7752 5-Methylpyrimidine 5-Methyl-1,3-diazine С.Н, 2036-41-1 94.115 30.5 53 үѕ Н,0 

7753 6-Methyl-2,4(1H3H)- 6-Methyluracil СНО; 626-48-2 126.114  octprornd 275 дес S Н,0, EtOH; sl 

pyrimidinedione (w, al) eth, tfa; vs NH, 

7754 1-Methylpyrrole С.Н; 96-54-8 81.117 Па -56.32 12.81 0.91455 1.4875? i H,0; msc 
НОН, eth 

7755 2-Methylpyrrole С.Н; 636-41-9 81.117 Па -35.6 47.6 094465 1.503518 i H,0; msc 
НОН, eth 

7756 3-Methylpyrrole C.H; 616-43-3 81117 liq -48.4 42.9; 45"! .4970? msc EtOH, eth 

7757 N-Methylpyrrolidine СНИМ 120-94-5 85.148 81 0.818822 1.424722 vs H,0, eth 

7758 1-Methyl-2,5-pyrrolidinedione C.H;NO; 1121-07-90 113.116 па (eth- 71 234 s Њ0, EtOH; vs 

peth, al, eth 
ace) 

7759 N-Methyl-2-pyrrolidinethione CHNS 10441-57-3 115.197 oil 100028 

7760 5-Methyl-2-pyrrolidinone C.H,NO 108-27-0 99.131 43 248 1.045820 

7761 1-(1-Methyl-2-pyrrolidinyl)-2- Нудгіпе ШЙ 496-49-1 141.211 76.5" .455520 уз EtOH, chl 

propanone, (A) 
7762 3-(1-Methyl-2-pyrrolidinyl) Ci Hu; 22083-74-5 162.231 244 1.008222 1.5289? msc Н,0; vs 
pyridine, (+) EtOH, eth, chl; 
s lig 

7763 N-Methyl-2-pyrrolidinone C.H,NO 872-50-4 99131 liq -23.09 202 1.023025 146840 vs Н,0; s eth, 
ace, chl 

7764 1-(1-Methyl-1H-pyrrol-2-yl) СНО 932-16-1 23.152 20122, 932? 104459 1.5403 s EtOH, bz, ch 

ethanone 

7765 6-Methyl-8-quinolinamine 8-Amino-6-methylquinoline СЛ» 68420-93-9 158499 nd 73 sub vs ace, bz, eth, 
EtOH 

7766 2-Methylquinoline Quinaldine М 91-63-4 43185 col oily liq -0.8 246.5 1.065 61160 51 H,0; s EtOH, 
eth, ace, ctc, 
ch 

7767 3-Methylquinoline Сын; 612-58-8 43185 рг 16.5 259.8 1.0673? 1.6171? vs ace, eth, 
EtOH 

7768 4-Methylquinoline Lepidine С 491-35-0 43.185 col oily liq 5 262 :0832) 62009 $1 Н,0; s EtOH, 
eth, ace; i al 

7769 5-Methylquinoline Соно 7661-55-4 143.185 col cry 19 262.7 1.0832? 1,6219? 5ІН,0;5 ace; 
msc EtOH, eth 

7770 6-Methylquinoline СҢ; 91-62-3 43.185 со! oily liq -22 258.6 .0654? 161572 51 H0; s EtOH, 
eth, ace 

7771 7-Methylquinoline m-Toluquinoline Сао 612-60-2 43.185 уе cry 39 257.6 1.0609? 1.615020 51 H,0; s EtOH, 
eth, ace 

7772 8-Methylquinoline Сао 611-32-5 43.185 col liq -80 2475 .0719 1.616422 sl H,0; s ace; 
msc EtOH, eth 

7773 2-Methyl-8-quinolinol C,H NO 826-81-3 59.184 73.8 267 i H,0; s EtOH, 
eth, bz, ctc 

7774 1-Methyl-2(1 A)-quinolinone C,H NO 606-43-9 59.184 nd (lig) 74 325 SI Н,0, lig; s 
EtOH, eth, ace; 
vs bz 

7775 1-Methyl-4(1A)-quinolinone Echinopsine C,H NO 83-54-5 59.184 о-па (bz); S H,0; vs EtOH, 

B-cry (al) bz, chl; sl eth 

7776 2-Methylquinoxaline Са 7251-61-8 44173 уе сту 180.5 244 msc H,0, eth, 
ace, bz; vs 
EtOH; s ctc 

7777 Methyl Red Benzoic acid, 2-[[4- C4 Hy N40; 493-52-7 269.299  violorredpr 183 sl Н,0, lig; 5 

(dimethylamino)phenyl]azo]- (to, bz) НОН; vs ace, 
bz, chl 

7778 Methyl -D-ribofuranoside СеН.05 7473-45-2 164.156 80 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
EtOH, chl 

7780 Methylsilane CH,Si 992-94-9 46.145 col gas -156.5 -57.5 

7781 Methyl silyl ether CH,OSi 2171-96-2 62.144 col gas -98.5 -21; -8710 

7182 Methylstannane CH;Sn 1631-78-3 36.769 со! gas 0 dec H,0 

7783 Methyl stearate Ci H, 0, 112-61-8 298.504 39.1 443; 21555 08498 1.4367? vs eth, ch 

7784 2-Methylstyrene C; Hi 611-15-4 18.175 liq -68.5 169.8 0.90775 1.5437? 1 ЊО; s bz, chl 

7785 3-Methylstyrene С Ну 100-80-1 18.175 Па -86.3 164 0.907625 1.541122 i H,0; s EtOH, 
eth, bz 

7786 4-Methylstyrene "m 622-97-9 18.175 liq -34.1 172.8 0.91735 1.5420 187 

7787 Methylsuccinic acid СНО, 636-60-2 32116 pr 115 dec 1.4200? 1.4303 vs ЊО, EtOH, 

eOH; s eth; 
sl chl 

7788 Methyl sulfate СН,0,5 15-93-4 12.106 <-30 дес 135 vs Н,0, eth, 
EtOH 

7789 (Methylsulfiny!)benzene C;H,0S 1193-82-4 40.203 32.0 263.5; 1405 1.58852% 

7790 1-(Methylsulfinyl)decane Decyl methyl sulfoxide С.Н» 0S 3079-28-5 204373 cry 52.5 

7791 3-Methyl sulfolane САН, 055 872-93-5 34.197 1 276 11805 1.477220 

7792 (Methylsulfonyl)ethene С-Н,0,5 3680-02-2 06.144 1224 1.21172 1.4636 s eth, ace 

7793 Methyl terephthalate Methyl 1,4- Сао, 1679-64-7 80.158 па (м) 222 subl = 230 

benzenedicarboxylate 
7794 17-Methyltestosterone 17-Hydroxy-17-methylandrost- — 0501: 0, 58-18-4 302.451 163.5 vs eth, EtOH 
4-en-3-one, (178) 

7795 Methyl tetradecanoate Cic А 00; 124-10-7 242.398 19 295; 1557 0.867120 1.425  iHj0; msc 
FtOH, eth, ace, 
bz, chl, ctc 

7796 5-N-Methyl-5,6,7,8- Са М0; 134-35-0 459.456 cry (м) 

tetrahydrofolic acid 

7797 2-Methyltetrahydrofuran C;H, 0 96-47-9 86.132 78 085520 1.4059?  sH;0; vs ОН, 
eth, ace, bz; sl 
сіс 

7798 N-Methyl-N,2,4,6-tetranitroaniline Tetryl СНО 479-45-8 287.144 ye pr (al) 131.5 exp 180 1.5710 i H0; sl EtOH, 
eth, chl; s ace, 
bz, py 

7799 4-Methyl-2-thiazolamine 2-Amino-4-methylthiazole СНУ 1603-91-4 114469 45.5 25%, 7004 vs Н,0, EtOH, 
ећ 

7800 2-Methylthiazole C H;NS 3581-87-1 99455 28 1.510 msc Н,0: 8 
EtOH, асе 

7801 4-Methylthiazole C H;NS 693-95-8 99.155 33.3 1.11225 S ЊО, EtOH, eth 

7802 4-Methyl-5-thiazoleethanol CHNOS 37-00-8 43.206 col to pa ye 807 1.1964 vs Н,0, s EtOH, 
eth, bz, chl 

7803 4-Methyl-2(3A)-thiazolethione C H;,NS; 5685-06-3 31220 уе cry (dil al) 89.3 883 vs EtOH 

7804 Methylthiirane CHS 072-43-14 74.145 liq -91 72.5 0.94120 472 sch 

7805 (Methylthio)acetic acid C,H,0,S 2444-37-3 06.144 13.0 307 1.22120 „49520 

7806 2-(Methylthio)aniline CHNS 2987-53-3 39.218 234 11115 62392 

7807 6 C;H,NS 04-96-1 39.218 212.5 1.1379? 1.6395? s EtOH, eth, ace, 
bz 

7808 (Methylthio)benzene Methyl phenyl sulfide C; HS 00-68-5 24.204 93 1.0579? 1.5860? i H,0; s EtOH; 
уз ace 

7809 2-(Methylthio)benzothiazole C;H;NS,; 615-22-5 81279 pr(dilal) 52 7422 S EtOH, chl 

7810 Methyl thiocyanate CHNS 556-64-9 73117 col liq -2.5 32.9 1.067825 1.46695 sl H,0; msc 
EtOH, eth; s 
ctc 

7811 2-(Methylthio)ethano С-Н,05 5271-38-5 92460 70% 1.06320 48619 vs H,0, eth, 
EtOH 

7812 (Methylthio)ethene C. HS 1822-74-89 74.145 69.5 090260 1.4837? s eth, ace, chl 

7813 [(Methylthio)methyl]benzene CHS 766-92-7 138.230 liq -30 210; 120% 1.0274? 1.562020 

7814 4-(Methylthio)-2-oxobutanoic acid (1,055 583-92-6 148181 oil 

7815 2-Methylthiophene C. HS 554-14-3 98.167 liq -63.4 12.6 1.0193? 1.5203? i H,0; msc 
НОН, eth, ace, 
bz, hp, ctc 

7816 3-Methylthiophene C. HS 616-44-4 98.167 liq -69 155 1.021822 1.5204? i H,0; msc 
EtOH, eth, ace, 
bz; vs chl 

7817 5-Methyl-2- C H ,0S 13679-70-4 126.176 145 582529 s chl 

thiophenecarboxaldehyde 

7818 4-(Methylthio)phenol C;H,08 1073-72-09 140.203 84 5420, 1136 

7819 3-(Methylthio)propanal C,H,0S 3268-49-3 104.171 62" 

7820 3-(Methylthio)propanoic acid S-Methylpropiothetin C,H,0,S 646-01-5 120171 yeoilorfl 21 3013 

(hx) 
7821 3-(Methylthio)-1-propene C,H,S 10152-76-8 88472 92 0.876720 1.471420 
7822 N-Methylthiosemicarbazide № ДЗ 6610-29-3 105.162 136.5 S Н,0, EtOH, 
Methylhydrazinecarbothioamide DMSO; i eth, 


bz, lig 
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3-378 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7823 Methylthiouracil CIH NOS 56-04-2 42.179 330 дес sub i B,0; 51 EtOH, 
eth, MeOH, bz 
7824 Methylthiourea СНУ 598-52-7 90.147  pr(EOH) 121 vs HO, EtOH; sl 
eth; s ace 
7825 1-Methylthymine 1,5-Dimethyl-2,4(1H,3H)- C H NO; 4160-72-9 140.140 па (w) 295 0 
pyrimidinedione 
7826 Methylthymol blue, sodium salt Ca H44N,0,4Na,S 1945-77-3 844.743  bl-viol cry s Н,0 
7827 Methyl 4-toluenesulfonate СаН 005 80-48-8 86.228 28.5 292; 18622 1.2087% i H30; vs EtOH 
bz; s eth, ctc; 
sl lig 
7828 Methyltriacetoxysilane Methylsilanetriol, triacetate و‎ 4253-34-3 220.252 405 TUR 1.1750? 756 
7829 6-Methyl-1,2,4-triazine- 6-Azathymine C H;N,0; 932-53-6 27.102 cry (м) 211 $ Н,0, EtOH, 
3,5(2Н,АН)-йїопе асе 
7830 5-Methyl-[1,2,4]triazolo[1,5-] C H N,0 2503-56-2 8 >245 
pyrimidin-7-ol 
7831 Methyl trichloroacetate СНС 0; 598-99-2 77414 liq -17.5 153.8 1.487420 14572? i Н,О; vs EtOH, 
eth; $ ctc 
7832 Methyltrichlorosilane CH,CI,Si 75-79-6 49.480 0 -90 65.6 1.273 1.410622 dec Н,0, EtOH 
7833 Methyl tridecanoate CH, 0; 1731-88-0 228371 65 92! 1.4405? msc EtOH; s ctc 
7834 Methyltriethyllead Triethylmethylplumbane C;H4sPb 1762-28-3 309.4 col liq 7018 1.712 
7835 Methyl trifluoroacetate СНО; 431-47-0 28.050 43.0 1:280 
7836 Methyl trifluoromethyl ether C,H3F,0 421-14-7 00.039 со! gas -149 -23.66 
7837 Methyl 3,4,5-trihydroxybenzoate С.Н0; 99-24-1 84.147 7 202 SI H;O; vs EtOH, 
(MeOH) еон 
7838 Methyl 3,4,5-trimethoxybenzoate СНО; 1916-07-0 226.226 83 2745 
7839 Methyltriphenoxysilane Со 059] 3439-97-2 322.430 26970, 179? 1435? 1.559920 
7840 Methyl trithion CoH12C10,PS; 953-17-3 314812 уе lig -18 sl Н,0: misc os 
7841 N-Methyl-L-tryptophan L-Abrine Со و‎ ٢٢ 526-31-8 218.251  pr(w) 295 dec SI Н,0, MeOH; i 
eth; s alk 
7842 N-Methyl-L-tyrosine Surinamine Са а NO; 537-49-5 95.215 nd 293 
7843 o-Methyl- DL-tyrosine, methyl C4 H, CIN0; 7361-31-1 245703 190 dec 5,0 
ester, hydrochloride 
7844 2-Methylundecanal Сао 110-41-8 84.318 19%, 1140 0.83215 1.432122 <ІН,0;5 EtOH, 
ећ 
7845 2-Methylundecane Cio Hos 7045-71-8 70.334 liq -45.6 210.2 1.419120 
7846 3-Methylundecane Со 1002-43-3 70.334 со! liq -58.0 2112 074855 5 
7847 Methyl undecanoate Со О 1731-86-8 200.318 2319 
7848 2-Methyl-1-undecanol C H, 0 10522-26-6 186.333 2972 0.8300 1.438222 vs eth, EtOH 
7849 Methyl 10-undecenoate C او‎ ٢ 111-81-9 98.302 liq -27.5 248 0.8895 1.439322 ІН,0; $ EtOH, 
eth, HOAc; sl 
cic 
7850 N-Methylurea СНО 598-50-5 74.081 — orthpr(w,al) 104.9 dec 1.2040? vs HO, EtOH; i 
eth, bz; s CS,, 
lig 
7851 5-Methyluridine Thymine riboside C4 Hu N,0; 463-101 258.227 cry (EtOH) 184 
7852 3-Methyl-L-valine L-tert-Leucine CIH, МО; 20859-02-3 131.173 248 dec 
7853 2-(1-Methylvinyl)aniline C HN 52562-19-3 133.190 115%, 958 0.97725 572220 
7854 1-Methyl-4-vinylcyclohexene Со 7699-86-4 122207 liq 152 0.85 47018 
7855 4-(1-Мећумттућ-1-сусјоћехепе-  d-Perillaldehyde С.Н 5503-12-8 150.217 oil 238; 997 0.95320 50589 $ ctc 
1-carboxaldehyde, (А) 
7856 4-(1-Methylvinyl)-1-cyclohexene-  --Perillaldehyde Ci Hu 0 8031-40-8 150.217 oil 1047) 0.9645? 1.507220 
1-carboxaldehyde, (5) 
7857 4-(1-Methylvinyl)-1-cyclohexene- C4 H, 0 536-59-4 152.233 244;12.5? 0.969022 1.500520 
1-methanol 
7858 (1-Methylvinyl)cyclopropane C; Hi 4663-22-3 82.143 liq -102.3 70 0.75120 425220 
7859 Methyl vinyl ether C.H,O 07-25-5 58.079 со! gas -122 5.5 0.77250 13/30 vs EtOH, 
eth, ace, bz 
7860 Methyl Violet C.I. Basic Violet 1 C H, СИА 8004-87-3 393.952  bl-viol pow 137 dec S ЊО, EtOH 
7861 Methysergide ЛІГІН 361-37-5 353.458 су 1% 
7862 Methysticin СНА 495-85-2 274.269 па (MeOH), 137 
pr (ace) 
7863 Metobromuron 3-(p-Bromophenyl)-1-methoxy- C.H, BrN,0; 3060-89-7 259.099 9 1.6020 
1-methylurea 
7864 Metolachlor Ci Ho; СИМО; 51218-45-2 283.795 1000001 1.1220 
7865 Metolazone Cie H,4CIN,O,S —— 17560519 365834 cry (EtOH) 254 
7866 Metoprolol tartrate C4 Hg №02 56392-17-7 684815 су 121 
7867 Metribuzin C H, N,0S 21087-64-9 214.288 126 1.3120 
7868 Metronidazole 2-Methyl-5-nitro-1 F-imidazole- C H,N,0; 443-48-1 171.153 160.5 
1-ethanol 
7869 Metsulfuron-methyl C. Hy N.0,S 74223-64-6 381364 wh cry 163 sl Н,0 
7870 Mevinphos СНабР 7786-34-7 224.148 21(E,6.9(Z) 10103 
7871 Mexacarbate 4-(Dimethylamino)-3,5-xylyl Су М0, 315-18-4 222.283 су 85 vs EtOH, bz, асе 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7872 MGK 264 C; Hj NO; 113-48-4 275.387 «-20 157 1.04 
7873 Mifepristone RU-486 С NO; 84371-65-3 429.594 cry 150 
7874 Mimosine ШІЛ 500-44-7 198.176 Тар (м) 228 dec SI Н,0, i EtOH, 
eth, ace, bz; s 
dil alk 
7875 Minocycline Са HyN,0; 10118-90-8 457.476 уе-огап 
amorp 
solid 
7876 Minoxidil Сон МО 38304-91-5 209248 cry 248 i ace, bz, chl, sl; 
EtOH, MeOH 
7877 Mipafox Bis(isopropylamido) C ЊЕ ОР 371-86-8 182.175 cry (peth) 65 1252 si Н,0 
fluorophosphate 
7878 Mirex Hexachloropentadiene dimer C. Clio 2385-85-50 545.543 cry (bz) 485 dec vs bz, diox 
7879 Misoprostol CH, 0; 59122-46-2 382.534 ye oil $ Н,0 
7880 Mithramycin Plicamycin Саро а 8378-89-7 1085.145 уе cry (асе) 182 $ Н,0, EtOH, 
AcOEt; $1 bz, 
eth 
7881 Mitomycin A C4 H, Об 4055-39-4 349.338 purp nd 160 dec 
7882 Mitomycin B Ci H, №3 0ь 4055-40-7 349.338 ригр- nd dec 
7883 Mitomycin С Са а №405 50-07-7 334.328  bl-violory 0 s H,0, MeOH, 
ace 
7884 Mitotane ТТЫ) 53-19-0 320.041 77 
7885 Mitragynine 9-Methoxycorynantheidine ٤ و‎ ٧٢٢ 4098-40-22 398495 wh amor 104 2355 S НОН, chl, 
pow HOAc 
7886 Molinate Ethyl 1- C,H,;NOS 2212-67-1 187.302 20279 1.063% 
hexamethyleneiminecarbothiol 
ate 
7887 Molindone و‎ О; 7416-34-4 276.374 су 180 
7888 Molybdenum hexacarbonyl C, M00, 3939-06-5 26400 dec 150 S 0$ 
7889 Monobutyl phthalate 1,2-Benzenedicarboxylic acid,  C42H4404 31-70-4 222237 pl (асе, а) (35 vs ВОН, chl 
monobutyl ester 
7890 Monobutyltin trichloride و8‎ бп 118-46-3 282183 hyg liq -63 9370 0.8520 $ bz, CH,Cl, 
7891 Monocrotaline C4 H, NOS 315-22-0 325.357 wh pr(EtOH) 198 dec 
7892 Monocrotophos C;H,NO;P 6923-22-4 223.164 55 12500005 1.3320 
7893 Monolinuron N*(4-Chlorophenyl)- № Соба СО; 746-81-2 214648 5010 7 
methoxy- N-methylurea 
7894 Monomethyl adipate С.Н. 20, 627-91-8 160.168 If(Me:N- 9 158” 1.062320 1.4283? 5 EtOH 
MeOH) 
7895 Monomethyl glutarate (5160, 501275 146.141 1587, 1500 1.1695 143812 
7896 Monosodium L-glutamate С.Н,ММао, 42-47-2 169.113 s Н,0 
7897 Moquizone С М0; 9395-58-5 351.399 136 sch 
7898 Morin Сав Н 007 480-16-0 302.236 рауепа(-1 303.5 SI H;O, eth; vs 
W, dil al) EtOH; s bz, alk 
i 65; 
7899 Morphine C,H, N0; 57-27-2 285.338 pr 255 sub 190 i H,0, eth, асе 
OH, py; sl 
EtOH 
7900 4-Morpholinamine C H, N,0 4319-49-7 02.134 166 1.0595 477220 
7901 Morpholine Tetrahydro-1,4-oxazine CHNO 110-91-8 87.120 hyg liq -4.8 128 00059 1.4548? msc H,0; $ 
EtOH, eth, ace, 
bz; 81 chl 
7902 4-Morpholinecarboxaldehyde 0-0; 4394-85-8 15.131 21 239 1.1520? 1.484520 
7903 4-Morpholineethanamine C.H, N,0 2038-03-1 30.187 25.6 205 0.9897? 1.4715? msc H,0, EtOH, 
bz, lig; s ace 
7904 4-Morpholineethanol Сена МО; 622-40-2 31473 iq -0.8 227 07102 1.476322 — s ЊО, EtOH; sl 
cte 
7905 4-Morpholinepropanamine 4-(3-Aminopropyl)morpholine — C;H,gN,0 123-00-2 44214 19 -15 220; 134% 0.9854? 1.4762? msc H,0, EtOH, 
bz, lig; s ace; 
sl ctc 
7906 2-(4-Morpholinothio) 4-(2-Benzothiazolylthio) САН МО, 102-77-2 252.355 cry (EtOH) 85 
benzothiazole morpholine 
7907 4-(4-Morpholinyl)aniline C H N,0 2524-67-6 178.230 131.6 
7908 2-(4-Morpholinyldithio) و‎ ٢۳٢ وو‎ 32-0 284.420 135 
benzothiazole 
7909 Muldamine СН МО, 36069-45-1 457.688 210 
7910 Murexide 5,5’-Nitrilobarbituric acid, CIH iO, 3051-09-0 302.201 SI Н,0, i EtOH, 
ammonium salt eth; s alk 
7911 Muscimol 5-(Aminomethyl)-3(2 H)- C,H,N,0, 2763-96-4 114103 cry (EtOH) 175 dec 
isoxazolone 
7912 Myclobutanil С.Н, CIN, 88671-89-0 288.776 уе cry 65 20519 i H,0, peth; s 
EtOH 
7913 Mycophenolic acid СО 24280-93-1 320.337 па (м) 141 i H,0; vs EtOH, 
eth, chl; sl bz, 
ol 


Physical Constants of Organic Compounds 3-381 


[0] NH; 
OH © О 
x 2 `N 1 
хн; «ек ip e 
N N МН; МН 
0 оно О ve 
MGK 264 Mifepristone Mimosine Minocycline Minoxidil Mipafox 


НО N 
HO jy Q 
а 
Chi ras 0 $ NH 
0 О 


24 اتان‎ АА 9 22 O~ 
pm OH СН; 
cV Сб vd HO N мн 
а ) он о 
Mirex Misoprostol Mithramycin Mitomycin A Mitomycin B 


د 5 


— O 
О М 
CO 
—/ ms OC.. | .CO 
N Мо, 
\ oc” | "co 
H CO 
Mitomycin C Mitotane Molindone Molybdenum hexacarbonyl 


хл = | НО. 0 0 
چیوو‎ — Dee 27 Se КАД 
ас \ сі 0 HO o 
Monobutyl phthalate Monobutyltin trichloride Monocrotaline Monocrotophos Monolinuron Monomethy! adipate Monomethy! glutarate 


ж” 
HO. „О ty 9 ШО 
о pu ро < ON 0 
Ó 


О 
27 
о 0 NH3 H 
ane N. N. N. 
не 4: Сор X 
МН: О О О 
Monosodium L-glutamate Moquizone Morin Morphine 4-Morpholinamine ^ Morpholine ر‎ A-Morpholinecarboxaldehyde 


NH; 


е [ove NEG е‏ اا 
о Q OQ Oo Q О‏ 


4-Morpholineethanamine ^ 4-Morpholineethano! 4-Могрһо!іпергорапатіпе 2-(4-Morpholinothio)benzothiazole 4-(4- Sono Janiline 2-(4-Morpholinyldithio)benzothiazole 


N мн? O^ 0 
H 
J EN 00 æo, we wa 
| | X 
HO H H N 


Muldamine Murexide Ws Myclobutanil и acid 


3-382 Physical Constants of Organic Compounds 


Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7914 В-Мугсепе T-Methyl-3-methylene-1,6- 016 123-35-3 136.234 167 080135 1.4722? |Н,0; $ EtOH, 
octadiene eth, bz, chl, 
HOAc 
7915 Myristicin C4 H0; 607-91-0 192.211 «-20 216.5 1.141620 1.5403? i H,0; sl EtOH; 
S eth, bz 
7916 Nabam Sodium Сан, Ма, 142-59-6 256.344 cry (м) $ Н,0 
ethylenebisdithiocarbamic acid 
7917 Nadolol Cu HyN0; 42200-33-9 309.401 cry (bz) “130 S EtOH; sl chl; i 
ace, eth, hx 
7918 Naled 1,2-Dibromo-2,2- С,Н,8г50,0Р ^ 300-76-5 380.784 27 11005 1.9620 
dichloroethylphosphoric acid, 
dimethyl ester 
7919 Nalidixic acid С.2Н,№03 389-08-2 232.234 229.5 SI EtOH, eth; 8 
ch 
7920 Nalmefene C4: H NO, 55096-26-9 339.429 cry (AcOEt) 189 
7921 Nalorphine Acetorphin ٤ و‎ МО, 62-67-9 311.375 cry (eth) 208 SI Н,0: s alk, 
ace, EtOH 
7922 Naloxone C4 H, МО, 465-65-6 327.375 cry (AcOEt) 8 i peth; s chl 
7923 Naltrexone Спа МО, 16590-41-3 341402 cry (ace) 169 
7924 Nandrolone 17-Hydroxyestr-4-en-3-one Ci H, 0; 434-22-0 274.398 cry 112 S EtOH, eth, chl 
7925 Naphazoline hydrochloride ИШ CIN, 550-99-2 245.727 51 Н,0 
7926 Naphthacene 2,3-Benzanthracene СН, 92-24-0 228.288  oran-yelf 357 sub i B,0; sl bz; s 
(bz, xyl) con sulf 
7927 5,12-Naphthacenedione Ci H, 0; 1090-13-7 258.271 285 dec Sl ace, Dz, g 
НОАс 
7928 Naphthalene СҢ; 91-20-3 28171 mcl pl (al) 80.26 217.9 1.0253? 1.58985 i H,0; s EtOH; 
vs eth, ace, bz, 
CS, 
7929 1-Naphthaleneacetamide CH, NO 86-86-2 85.221  nd(w, al) sub 180 160; s eth, bz, 
CS,, НОАс 
7930 1-Naphthaleneacetic acid 1-Naphthylacetic acid СА 00; 86-87-3 86.206 па (w) 133 dec SI HO, EtOH; vs 
eth, ace, chl; 5 
bz 
7931 2-Naphthaleneacetic acid 2-Naphthylacetic acid C, H40; 581-96-4 86.206 (м) cry (bz) 143 vs eth, lig, chl 
7932 1-Naphthaleneacetonitrile Са; 132-75-2 67.206 325 19218 16312 1.6192? s EtOH 
7933 1-Naphthalenecarbonitrile СН; 86-53-3 53.181 па (lig) 37.5 299 1.10805 1.629818 ІН,0; vs EtOH, 
eth; s lig 
7934 2-Naphthalenecarbonitrile C.H; 613-46-7 53.181 If (lig) 66 306.5 1.075560 sl HO, chl; s 
EtOH, eth, lig 
7935 1-Naphthalenecarbonyl chloride Ca H;,CI0 879-18-5 90.626 20 297.5 
7936 2-Naphthalenecarbonyl chloride C4,H;CIO 2243-83-6 90.626 cry (peth) 5 305 vs bz, eth, chl 
7937 1-Naphthalenecarboxaldehyde СНО 66-77-3 56.181 6 335 292 1.150320 1.650722 ІН,0; s EtOH, 
eth, ace, bz 
sulf 
7938 2-Naphthalenecarboxaldehyde С.НзО 66-99-9 56.181 If (w) 62 160" 1.0775? 1.6211? — H,0; vs EtOH, 
eth; s ace 
7939 1-Naphthalenecarboxylic acid 1-Naphthoic acid C4H40; 86-55-5 72481  nd(HOAc-w, 161 >300 13905 86 i H0; vs eth, 
w, al) EtOH, chl 
7940 2-Naphthalenecarboxylic acid 2-Naphthoic acid СНО; 93-09-4 72.181 па (Па, chl, 185.5 >300 1.0779 51 Н,0, DMSO, 
sub) pl ig; s НОН, 
(ace) eth, ch 
7941 1,5-Naphthalenediamine 1,5-Diaminonaphthalene C.H, N; 2243-62-1 58.199 pr (eth, al, w) 190 sub 1.45 s Н,0, EtOH, 
eth; vs ch 
7942 1,8-Naphthalenediamine 1,8-Diaminonaphthalene Слао N; 479-27-6 58.199 66.5 20512 1.1265? 1.6828? vs eth, EtOH 
7943 2,3-Naphthalenediamine 2,3-Diaminonaphthalene CIH, N, 771-97-1 58.199 If (eth, w) 199 1.09688 1.63928 sl H,0, DMSO; 
vs EtOH; s eth 
7944 1,8-Naphthalenedicarboxylic acid ^ Naphthalic acid С, 518-05-8 216.190 260 i H,0; sl EtOH, 
eth 
7045 2,3-Naphthalenedicarboxylic acid СО, 2169-87-1 216490 рг(НОАс, w, 2445 i H50, bz, chl; s 
Sub) EtOH, eth 
DMSO 
7946 2,6-Naphthalenedicarboxylic acid СО, 1141-38-4 216.190 па (al or >300 dec vs EtOH 
sub) 
7947 2,6-Naphthalenedicarboxylic acid, Са 0, 840-65-3 244.243 190.0 
dimethyl ester 
7948 1,5-Naphthalene diisocyanate 1,5-Diisocyanatonaphthalene C, H; N,0; 3173-72-6 210.188 су 127 18310 
7949 1,3-Naphthalenediol Naphthoresorcinol Слао; 132-86-5 160.170 If (w) 123.5 $ Н,0, EtOH, 
eth; sl ace, bz, 
lig 
7950 1,4-Naphthalenediol Слао; 571-60-8 160.170 mci па (bz, 192 S Н,0, EtOH, 
w) eth; sl ace; i bz 
7951 1,5-Naphthalenediol CH 0; 83-56-7 160.170 pr (w), nd 262 dec sub SI H30, EtOH; vs 
(sub) eth, ace; i bz; s 
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2,6-Naphthalenedicarboxylic acid, dimethyl ester 1,5-Naphthalene diisocyanate 1,3-Naphthalenediol 1,4-Naphthalenediol 1,5-Naphthalenediol 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7952 1,6-Naphthalenedio Слао; 575-44-0 60.170 рг (bz) 138 sub SI HO, EtOH; 5 
eth, ace, bz, 
DMSO 
7953 1,7-Naphthalenedio Слао; 575-38-2 60.170 па (bz or 180.5 sub SI H30; vs EtOH, 
Sub) eth; s bz, 
НОАс 
7954 2,3-Naphthalenedio Слао; 92-44-4 60.170 — If (м) 163.5 S Н,0, EtOH, 
eth, ace, bz, 
ig, НОАс 
7955 2,6-Naphthalenedio Слао; 581-43-1 60.170 orth pl (w) 0 sub SI H,0, bz; s 
EtOH, eth, ace 
i lig 
7956 2,7-Naphthalenedio C4 H,0, 582-17-2 60.170  nd,(w,dilal), 193 Sub S Н,0, EtOH, 
pl (dil al) eth, bz, chl; sl 
ace; i lig 
7957 1,2-Naphthalenedione 1,2-Naphthoquinone C, H,0, 524-42-5 58.154 ye-rednd 146 1.4505 $ Н,0, EtOH, 
(eth) огап ЇГ eth, sulf; sl lig 
(bz) 
7958 1,4-Naphthalenedione 1,4-Naphthoquinone Сабо; 130-15-4 58.154  btyend(al, 128.5 sub SI H;O; vs EtOH; 
peth) ye S eth, bz, chl, 
(sub) CS, 
7959 1,5-Naphthalenedisulfonic acid ^ Armstrong's acid 1010692 81-04-9 288.297 рі (+4w, dil 242 dec 1.4935 vs H,O; s EtOH; 
HOAc) i eth 
7960 1,6-Naphthalenedisulfonic acid ^ Naphthalene-1,6-disulfonic acid Cu H,0,S; 525-37-1 288.297  oranpr(«4w, 125 dec vs Н,0: $ EtOH; 
НОАс or w) i eth 
7961 2,7-Naphthalenedisulfonic acid — Naphthalene-2,7-disulfonic acid C H,0,S; 92-41-1 288.297 hygnd(conc 199 S Н,0: sl con 
HCI) HC 
7962 1-Naphthalenemethanamine бин 18-31-0 157.212 292 1.095820 S EtOH, eth, 
sulf, CS, 
7963 1-Naphthalenemethanol СНО 4780-79-4 158.196 па (w, al), 64 304; 16312 1.103980 5160; vs EtOH, 
cry (bz-lig) eth 
7964 2-Naphthalenemethanol و‎ ٧ 592-38-7 158496 If 81.3 178? SI Н,0; s EtOH, 
eth 
7965 1-Naphthalenesulfonic acid oc-Naphthylsulfonic acid С,41,0:5 85-47-2 208.234 pr(«2w,dil 140 S Н,0, EtOH; sl 
HCI) eth 
7966 2-Naphthalenesulfonic acid B-Naphthylsulfonic acid С.0Н035 20-18-3 208.234 пудр (+1), 9 dec 14415 vs Н,0, EtOH; s 
cry (+3w, eth; sl bz 
HCI) 
7967 1-Naphthalenesulfonyl chloride C4 H;CIO,S 85-46-1 226.680 If (eth) 68 2092, 14709 vs bz, eth, EtOH 
7968 2-Naphthalenesulfony chloride C4 H;CI0S 93-11-8 226.680  poworlf(bz- 8 20113, 14805 i H50; s EtOH, 
peth) bz, chl; sl peth; 
vs eth 
7969 1,4,5,8- Слао 128-97-2 304.209 If or nd (м, 320 51 HO, bz, chl, 
Naphthalenetetracarboxylic acid dil HCI) EtOH; vs ace 
7970 1-Naphthalenethiol 1-Naphthyl mercaptan Cy HS. 529-36-2 160.236 dec 285; 16120 1.1607? 1.680222 sl H,0, dil alk; 
vs EtOH, eth 
7971 2-Naphthalenethiol 2-Naphthyl mercaptan 0,169 91-60-1 160.236 рі (al) 81 288 1.55025 SI H;O; vs EtOH, 
eth, lig 
7972 N-(1-Naphthalenyl)-1,2- Ci С 1465-25-4 259.174 hex pr 189 vs Н,0, НОН 
ethanediamine, dihydrochloride 
7973 1-Naphthalenylthiourea ANTU САН NS 86-88-4 202.275 pr (al) 198 i B,0; 51 EtOH, 
eth, ace 
7974 Naphtho[2,3-c]furan-1 ,3-dione 2,3-Naphthalenedicarboxylic СО, 716-39-2 98.174 246 8| EtOH, chl; s 
acid anhydride eth, bz 
7975 1-Naphtho 1-Naphthalenol C4)H,O 90-15-3 44170 yend(w) 40 288; 1840 109899 1.62249 ІН,0; vs EtOH, 
eth; s ace, bz; 
sl сіс 
7976 2-Naphtho 2-Naphthalenol C, H,O 135-19-3 44170 те им) 1215 285 1.2820 i H,0; vs EtOH, 
eth; s bz, chl; 
sl lig 
7977 1-Naphthol, acetate 1-Naphthyl acetate C4 H440; 830-81-9 86.206 nd or pl (al) 49 114! 1Н,0, s EtOH, 
eth 
7978 2-Naphthol, acetate 2-Naphthyl acetate СНь0› 1523-11-1 86.206 па (al) 71.0 1322 i H50; s EtOH, 
eth, chl 
7979 p-Naphtholbenzein ШТ 145-50-6 374431 123 
7980 1H,3H-Naphtho[1,8-cd]pyran-1,3- C4; H;0; 81-84-5 98.174 275.0 i H50, eth, bz; s 
dione EtOH; s HOAc 
7981 1-Naphthylamine о-Марһіһуіатіпе С 134-32-7 43.185 49.2 300.7 1.0228? 1.6140? schl 
7982 2-Naphthylamine B-Naphthylamine Сане 91-59-8 43.185 113 306.2 1.64149 1.6493 5Н,0, EtOH, eth 
7983 2-[(t-Naphthylamino)carbonyl] ^ Naptalam Сан амо, 132-66-1 291.301 185 1420 i H,0; sl EtOH, 
benzoic acid ace, bz, tfa 
7984 2-Naphthyl benzoate 2-Naphthalenol benzoate CH, 0; 93-44-7 248.276 nd or pr (al) 107 i H30; s EtOH; s 
eth, HOAc 
7985 N-1-Naphthalenylacetamide C. H, NO 575-36-0 185.221 160 S Н,0, EtOH; s 
ећ 
7986 N-1-Naphthyl-1,2-ethanediamine —— -(1-Naphthyl)ethylenediamine СНМ; 551-09-7 186.252 visc lig 2049 11145 1.6648 
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3-386 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
7987 1-Naphthyl 2-hydroxybenzoate 1-Naphthyl salicylate ШЕРІН 550-97-0 264.275 83 vs eth 
7988 1-Naphthylhydroxylamine N-Hydroxyl-1-naphthalenamine | Со МО 607-30-7 159.184 79 
7989 1-Марћћу! isothiocyanate 1-Isothiocyanatonaphthalene C4 H;NS 551-06-4 185.246 whnd(al 58 vs bz, eth, EtOH, 
chl 
7990 N-2-Naphthyl-2-naphthalenamine — B,B-Dinaphthylamine CH; sN 532-18-3 269.340  If(bz) 172.2 411 1620; sl EtOH, 
bz, DMSO; 5 
eth, HOAc 
7991 (2-Naphthyloxy)acetic acid 2-Naphthoxyacetic acid СН 0; 120-23-0 202.205  pr(w) 156 S H,0, EtOH, 
eth; 51 DMSO 
7992 1-Naphthyl phosphate 1-Naphthalenol, dihydrogen Со ОР 1136-89-6 224149 cry 160 
phosphate 
7993 2-Naphthyl salicylate 2-Naphthyl 2-hydroxybenzoate C.H,0, 613-78-5 264.275 су (al) 95.5 1.1116 i H0; sl EtOH; 
S eth, bz 
7994 1,5-Naphthyridine 1,5-Diazanaphthalene C H ,N 254-79-5 130147 ye nd (peth) 75 11272 1.21002 
7995 1,6-Naphthyridine CIH N 253-72-5 130.147 29.5 
7996 Napropamide Propanamide, N,N-diethyl-2-(1- СН, NO; 5299-99-7 271.355 75 
naphthalenyloxy)- 
7997 Naproxen 6-Methoxy-oc-methyl-2- СНА 22204-53-1 230.259 cry (ace/hx) 155 i H5O; sl eth; s 
naphthaleneacetic acid eOH, chl 
7998 Narceine C;4H;;N0; 31-28-2 445.462 138 i HO 
7999 Narcobarbital 8 و‎ BrN;O, 25-55-3 303.152 115 SI Њ0; s EtOH, 
Dy 
8000 Naringenin Ci Н 05 480-41-1 272.253 nd (dilal) 251 vs bz, eth, EtOH 
8001 Naringin Co7H 39044 0236-47-2 580.535 па (w+8) sl Н,0, EtOH; | 
eth, bz, chl; s 
HOAc 
8002 Nealbarbital C4; На Оз 561-83-1 238.282 156 vs ace, eth, 
EtOH 
8003 Nellite Diamidafos C H, ,N,0,P 754-58-1 200.175 cry (ctc) 103.5 sl AcOEt, bz 
8004 Neoabietic acid 8(14),13(15)-Abietadien-18-0ic С„НУ0, 471-77-2 302.451 cry (EtOH 173 
acid aq) 
8005 Neobornylamine СН 2223-67-8 153265 ром 184 vs ace, eth 
8006 Neopentane 2,2-Dimethylpropane С-Н. 463-82-1 72.149 со! gas -16.4 948 0.58525 1.347686 i H,0; s EtOH, 
(p»1 atm eth, ctc 
8007 Neopine Са ћи МО, 467-14-1 299.365 па (peth) 127.5 $ НО, EtOH, 
eth, bz; уз chl; 
sl lig 
8008 Neostigmine bromide С.Н ұВтМ,0; 14-80-7 303.195  cry(al-eth) 167 dec vs Н,0: s EtOH 
8009 Nepetalactone C4 H, 0; 490-10-8 166.217 71005 1.066325 1.485925 
8010 cis-Nerolidol C Но 42-50-7 222.366 276; 700: 0.87782 1.48982 vs EtOH; s eth, 
ace, HOAc 
8011 Neurine CH,4NO 463-88-7 103.163 syr vs Н,0, eth 
EtOH 
8012 Neutral Red Са СІМ, 553-24-2 288.776 от pow 5,0, ethylene 
glycol, EtOH; i 
xyl 
8013 Nialamide С H, N,0; 51-12-7 298.340 151.6 
8014 Меке) acetate С.Н,М0, 373-02-4 76.782 vs H,0; s НОН 
8015 Nickel bis(dibutyldithiocarbamate) C4 H, МОМ, 3927-77-0 467.445 grn cry (bz/ 91 s bz, ace 
EtOH) 
8016 Nickel bis(2,4-pentanedioate) Nickel acetylacetonate Со МО, 3264-82-2 256.909 grn orth cry 0 227" S Н,0, bz, chl, 
EtOH; i eth 
8017 Nickel carbonyl Nickel tetracarbonyl СМО, 3463-39-3 170.734 col liq -193 43 (ехр 60) 1.3125 
8018 Nickelocene Bis(n5-2,4-cyclopentadien-1- СұНұМ 271-28-9 88.879 172 
yl)nickel 
8019 Niclosamide С.Н,01М,0, 50-65-7 327.120 227 
8020 Nicofibrate Ci H, CINO, 31980-29-7 6 49 18004 
8021 Nicosulfuron Са H4 №055 11991-09-4 410.405 172 
8022 Nicotelline 3,24' 3"- Terpyridine Cis H4 № 494-04-2 233.268 prismatic па 148 >300 SI HO, eth; s bz, 
chl, EtOH 
8023 Nicotinamide hypoxanthine Nicotinic acid adenine C.H, N,0;;P; 851-07-6 664410 ром 
dinucleotide dinucleotide 
8024 B-Nicotinamide mononucleotide МММ C4 H, № ОБР. 094-017 334219 amor pow vs B,0; i ace 
8025 [-Nicotine 3-(1-Methyl-2-pyrrolidinyl) Ci HN; 54-11-5 162.231 hyg liq -79 247; 12518 1.00977? 1.528222 msc ЊО; vs 
pyridine, (S)- EtOH, eth, chl; 
$ lig 
8026 Nifurthiazole CIH NO.S 3570-75-02: 254224 су 215 dec 
8027 Nitralin 4-(Methylsulfonyl)-2,6-dinitro- — C.H, №055 4726-14-1 345.371 150 
N,N-dipropylaniline 
8028 Nitranilic acid 2,5-Dihydroxy-3,6-dinitro-2,5- C,H,N,O; 479-22-1 230.088  gold-ye pl 170 dec vs H0, EtOH; i 
cyclohexadiene-1,4-dione (+w, dil eth 
НМО, 
8029 Nitrapyrin Pyridine, 2-chloro-6- C H,CI N 1929-82-4 230.907 63 136" 
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3-388 Physical Constants of Organic Compounds 
Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

8030 Nitrilotriacetic acid N,N-Bis(carboxymethyl)glycine ^ СН 0, 139-13-9 91.1138 ргсгу (м) 242 dec 51 Н,0, DMSO; 
S EtOH 

8031 2,2'2"-Nitrilotriacetonitrile. Tricyanotrimethylamine ІІ) 7327-60-8 34139 nd(EOH) 1255 

8032 Nitroacetic acid САМО, 625-75-2 05.050 па (chl) 92 dec vs bz, eth, EtOH, 
ch 

8033 Nitroacetone САМО, 10230-68-9 103.077 pl, nd (eth, 503 103% vs bz, eth, EtOH 

bz) 

8034 2-Nitroaniline C IH NO; 88-74-4 38.124 71.0 284 0.901525 SI Н,0; s EtOH; 
vs eth, ace, bz, 
ch 

8035 3-Nitroaniline C H NO; 99-09-2 38.124 1134 dec 306 0.901125 sl ЊО, bz; $ 
EtOH, eth, ace; 
vs MeOH 

8036 4-Nitroaniline C H NO; 100-01-6 38.124 payemclnd 1475 332 1.42420 i H,0; $ EtOH, 

(м) eth, ace; sl bz, 
DMSO 

8037 2-Nitroanisole 1-Methoxy-2-nitrobenzene C;H;NO, 91-23-6 53.136 10.5 277; 1444 1.254020 1.516122 ІН,0; msc 
НОН, eth; s 
cic 

8038 3-Nitroanisole 1-Methoxy-3-nitrobenzene C;H;NO, 555-03-3 53.136 па (а), pl 385 258 1.37318 i H,0; $ EtOH; 

(02-10) vs eth 
8039 4-Nitroanisole 1-Methoxy-4-nitrobenzene СНО 100-17-4 53.136 pr (al), nd 54 274 4.21928 1.50706 ІН,0; vs EtOH, 
(dil al) eth; s ctc; $ 
peth 

8040 9-Nitroanthracene C H,N0; 602-60-8 223.227 уе па (al) рг 146 2757 i H0; sl EtOH, 

(HOAc or chl; vs ace, 
ху!) CS, 

8041 1-Nitro-9,10-anthracenedione C,H,NO, 82-34-8 253.211 па (НОАс) 231.5 2107 i H5O; 51 EtOH, 

ye pr (ace) eth; s ace, bz 

8042 2-Nitrobenzaldehyde C,H;NO, 552-89-6 51120 yend(w) 43.5 1538 1.284420 sl Н,0, chl; vs 
EtOH, eth, ace, 
bz 

8043 3-Nitrobenzaldehyde C;H;NO, 99-61-6 51.120 Куе па (м) 58.5 164% 1 SI Њ0; s EtOH, 
eth, chl; vs 
ace, bz 

8044 4-Nitrobenzaldehyde С-Н.МО, 555-16-8 51420 1, pr (w) 107 sub 1.49625 sl Н,0, lig; vs 
EtOH; s bz, 
chl, HOAc 

8045 3-Nitrobenzamide СНО 645-09-0 66.134 142.7 312.5 S H0, EtOH, eth 

8046 4-Nitrobenzamide CH NO, 619-80-7 66.134 па (w) 200.7 i H50; $ EtOH, 
eth 

8047 Nitrobenzene C H;N0; 98-95-3 23.110 5.7 210.8 1.20377 1.5562? $1 H,0, сіс; vs 
EtOH, eth, ace, 
bz 

8048 2-Nitrobenzeneacetic acid o-Nitrophenylacetic acid CHNO, 3740-52-1 81.147 па (w, pl (dil 141.5 $ Н,0, EtOH 

al) 

8049 3-Nitrobenzeneacetic acid m-Nitrophenylacetic acid C,H;NO, 1877-73-2 81.147  nd(w) 22 vs EtOH 

8050 4-Nitrobenzeneacetic acid p-Nitrophenylacetic acid CHNO, 104-03-0 81.147 paye па (м) 154 SI Н,0; s EtOH, 
eth, bz 

8051 2-Nitrobenzeneacetonitrile 2-Nitrobenzyl cyanide CIH ,N,0; 610-66-2 62.146 nd(dilal),pr 84 17812, 138! ү$ ace, bz, eth, 

(HOAc, al) EtOH 

8052 4-Nitrobenzeneacetonitrile 4-Nitrobenzyl cyanide C IH N,0; 555-21-5 62.146 pr (al) 17 19612 SI Н,0: s EtOH, 
eth, bz, chl 

8053 4-Nitro-1,2-benzenediamine 4-Nitro-o-phenylenediamine Сену МО; 99-56-9 53.139  dkrednd(dil 199.5 s acid 

al) 

8054 4-Nitro-1,3-benzenediamine Сену МО; 5131-58-8 53.139 oran pr (w) 161 

8055 5-Nitro-1,3-benzenediamine Сену МО; 5042-55-7 53.139 гей cry (м) 143 

8056 2-Nitro-1,4-benzenediamine Сену МО; 5307-14-2 53.139 140.0 

8057 3-Nitro-1,2-benzenedicarboxylic С.Н.МО, 603-11-2 211.129 рауерг(м) 218 SI Н,0, ace; 8 

acid EtOH; i bz 
peth, chl 

8058 4-Nitro-1,2-benzenedicarboxylic ЛІГІ 610-27-5 211.129 paye па (м, 164.8 $ НО, EtOH; i 

acid eth) bz, chl, CS, 
peth 

8059 2-Nitrobenzeneethanol ҮШ 15121-84-3 167.162 1.0 267 1.195 1.563720 

8060 4-Nitrobenzeneethanol C4HNO; 100-27-6 67.162 63 482 

8061 2-Nitrobenzenemethanol 2-Nitrobenzyl alcohol C;H;NO, 612-25-9 53.136 па (w) 74 270; 16820 SI Н,0; s EtOH, 
eth 

8062 3-Nitrobenzenemethanol 3-Nitrobenzyl alcohol СНО, 619-25-0 53.136 orth nd (w) 305 713 1.29679 $ Њ0, EtOH, 
eth; sl chl 

8063 4-Nitrobenzenemethanol 4-Nitrobenzyl alcohol C;H;NO, 619-73-8 53.136 па (w) 96.5 dec 255; 18512 51 HO, асе; s 
EtOH, eth 

8064 2-Nitrobenzenesulfenyl chloride C H,CIN0,S 7669-54-7 89.620 уе па (bz) 75 vs eth, bz, chl 

8065 4-Nitrobenzenesulfenyl chloride C H,CIN0,S 937-32-6 89.620 ye If (peth) 52 2501 vs bz 

8066 4-Nitrobenzenesulfonamide C H NO.S 6325-93-5 202188 180 dec 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
8067 3-Nitrobenzenesulfonic acid C H;N0.S 98-47-5 203173 pl 48 vs H,0; s EtOH; 
i eth, bz 
8068 4-Nitrobenzenesulfonic acid CH;NO;S 138-42-1 203.173 95 vs 0 
8069 2-Nitrobenzenesulfonyl chloride C;H,CINO,S 1694-92-4 221.619 рг (lig, eth- 685 s eth; sl peth 
peth) 
8070 3-Nitrobenzenesulfonyl chloride C H,CIN0,S 121-51-7 221619 mcl pr (eth) 64 ІН,0; s EtOH 
nd (lig) 
8071 4-Nitrobenzenesulfonyl chloride C H,CIN0,S 98-/4-8 221.619 mcl pr (peth) 79.5 14315 S peth 
8072 5-Nitro-1H-benzimidazole СНО; 94-52-0 63.134 па (w) 207.8 i H,O, eth, bz, 
chl; s acid; vs 
EtOH 
8073 2-Nitrobenzoic acid СНО, 552-16-9 67120 tclnd(w) 1475 1.57520 S H,O, eth; vs 
EtOH, ace; sl 
bz, lig 
8074 3-Nitrobenzoic acid СНО, 121-92-6 67120 mclpr(w) 141.1 1.49420 sl Н,0, bz; vs 
EtOH, eth, ace; 
sch 
8075 4-Nitrobenzoic acid СНО, 62-23-7 67.120 те (w) 20 sub 1.6107 vs ace, eth, 
EtOH, chl, 
еон 
8076 3-Nitrobenzoic acid, hydrazide СНО 618-94-0 81.149 153.5 SI Н,0, EtOH; | 
eth, bz, chl 
8077 4-Nitrobenzoic acid, hydrazide СНО 636-97-5 81.149 2155 SI НО, EtOH; | 
eth, bz, chl 
8078 3-Nitrobenzonitrile C;H,N,O; 619-24-9 48.119 118 16515 SH,O, EtOH, bz; 
vs eth, ace; i 
peth 
8079 4-Nitrobenzonitrile КЕЛЕЙ 619-72-7 48.119 150.0 SI HO, EtOH, 
eth; s chl, 
НОАс 
8080 5-Nitro-1H-benzotriazole Сен МО; 2338-12-7 64.122 217 
8081 2-Nitrobenzoyl chloride C;H,CINO, 610-14-0 85.565 20 vs eth; sl cic 
8082 3-Nitrobenzoyl chloride C;H,CINO, 121-90-4 85.565 36 276.5 vs eth 
8083 4-Nitrobenzoyl chloride C;H,CINO; 122-04-3 85.565 уе па (lig) 75 2031, 1515 S eth 
8084 2-Nitrobiphenyl 2-Nitro-1,1'-biphenyl СНМ, 86-00-0 99.205 pl (al, 372 320 1445 ІН,0; $ EtOH, 
Me0H) eth, chl 
8085 3-Nitrobiphenyl 3-Nitro-1,1'-biphenyl НШІ 2113-58-8 99205 yeplornd 62 227%, 143? i H,0; s EtOH, 
(dil al) eth, НОАс, lig 
8086 4-Nitrobiphenyl 4-Nitro-1,1'-biphenyl СМО; 92-93-3 99.205 уе па (а) 114 340 i B,0; 51 EtOH; 
S eth, bz, chl, 
HOAc 
8087 2-Nitro-1,1-bis(p-chlorophenyl) و‎ СМО; 117-27-1 310.176 сту 81 18021 
ргорапе 
8088 1-Nitrobutane CHNO, 627-05-4 03.120 153 0.970% 43030 51 H,0; msc 
EtOH, eth; s 
alk 
8089 2-Nitro-1-butanol C H,N0; 609-31-4 19.119 -47 10510 1.13325 1.439022 5Н,0, ace; msc 
EtOH, eth; sl 
cic 
8090 3-Nitro-2-butanol C H,N0; 6270-16-2 19.119 919, 5505 1.12607 1.441420 
8091 6-Nitrochrysene СН NO; 7496-02-8 273286 ye nd (bz) =215 dec 
8092 Nitrocyclohexane Сени МО; 1122-60-7 129.157 liq -34 205; 9522 1.061020 146129 i H,0; s EtOH, 
lig 
8093 1-Nitrodecane (6150, 4609-87-4 87.280 86! 43372 
8094 A-Nitrodiethylamine N-Ethyl- V-nitroethanamine C H, N,0; 7119-92-8 18.134 206.5 1.0575 vs eth, EtOH 
8095 Nitroethane C;H;NO; 79-24-3 75.067 № -89.5 114.0 1.04485 1.391722  s| H,0; msc 
EtOH, eth; s 
ace, chl 
8096 2-Nitroethanol C;H;NO, 625-48-9 91.066 — liq -80 194; 1020 12709 44389 — msc H,0, EtOH, 
eth; i bz 
8097 Nitroethene C,H,NO, 3638-64-0 73051 liq -55.5 98.5 1.22124 1.428220 уз EtOH, eth, 
ace, bz, chl 
8098 (2-Nitroethyl)benzene Сан МО; 6125-24-2 151.163 liq -23 250; 1376 74 54079 
8099 Nitrofen 2,4-Dichloro-1-(4- C44H;CI;NO, 1836-75-5 284.095 70 
nitrophenoxy)benzene 
8100 2-Nitro-9+-fluorene Ci H ,N0; 607-57-8 211.216 па (50% 1593 i H5O; s ace, bz 
НОАс ace) 
8101 2-Nitro-9H-fluoren-9-one C44H;NO, 3096-52-4 225200 yendorlf 3 sub 51 НОН; s ace, 
(HOAc) Sulf, HOAc 
8102 5-Nitro-2-furaldehyde diacetate CIH МО; 92-55-7 243.170 92.0 s chl 
8103 2-Nitrofuran ШІН 609-39-2 113.072 уе те! сту 30 134123, 8413 S ЊО, EtOH, eth 
(peth) 
8104 5-Nitro-2-furancarboxaldehyde C.H;NO, 698-63-5 141.083 paye (peth) 35.5 13010 SI H,0; s peth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
8105 5-Nitro-2-furancarboxylic acid C.H;NO; 645-12-5 157.082 paye pl (м) 186 sub s Н,0, EtOH, 
eth; sl ace, bz; 
i chl 
8106 Nitrofurantoin CIH МО; 67-20-9 238.158 263 
8107 Nitrofurazone 2-[(5-Nitro-2-furanyl) C H N.O, 59-87-0 198.137 pa ye nd 238 dec i H0, eth; sl 
methylene] EtOH, DMSO; 
hydrazinecarboxamide s alk 
8108 Nitrogen mustard 6 Mechlorethamine oxide СНО СМО 302-70-5 208.514 pr (ace) 110 s Н,0 
hydrochloride hydrochloride 
8109 Nitroguanidine СН,М,0, 556-88-7 104.069 па ог рг (м) 239 dec 51 Н,0, EtOH; i 
eth; vs alk 
8110 1-Nitrohexane C H, NO; 646-14-0 131.173 193; 847 0.9396? 1.4270% i H,0; $ EtOH, 
eth, ace, bz, 
al 
8111 3-Nitro-4-hydroxyphenylarsonic Roxarsone С.Н,А8М0, 121-19-7 263.037 уе па огр! 300 SI hot H;O; i eth, 
acid (w) EtOAc; vs 
вон, EtOH 
8112 2-Nitro-1 imidazole Azomycin ІШТЕЙ 527-73-1 13.075 cry (MeOH) 287 dec 
8113 4-010-46 C H,N.0; 3034-38-6 13.075 303 дес 
8114 5-Nitro-1 H-indazole СНО, 5401-94-5 63.134 уе па ог col 208 S EtOH, eth, bz; 
nd (al) vs ace, HOAc; 
i lig 
8115 6-Nitro-1H-indazole C;H;N30> 7597-18-4 63.134 па (м, al, 181 dec S Н,0, EtOH, 
асе) eth, bz; vs ace; 
i lig 
8116 4-Nitro-1,3-isobenzofurandione Сан; МО, 641-70-3 93414 па (асе, а) 164 i H,0; s EtOH, 
ace, HOAc; sl 
bz 
8117 5-Nitro-1,3-isobenzofurandione Сан; МО, 5466-84-2 93.114 120.3 1968 i H5O, peth; s 
FtOH, ace; sl 
eth 
8118 2-Nitroisobutane ҮШ 594-70-7 03.120 26.23 127.16 0.950128 1.4015? msc EtOH, eth, 
ace, bz; vs chl; 
i alk 
8119 5-Nitro-1 H-isoindole-1,3(24)- ЛІГІ 89-40-7 92129 со! па (w), 202 vs ace 
dione ye If (al- 
ace) 
8120 Nitromersol C;H;HgNO, 133-58-4 351.71 i H5O; sl ace, 
НОН; s alk 
8121 N-Nitromethanamine CH,N,0; 598-57-2 76.055 38 8270 1.24339 446169 уз ЊО, EtOH, 
bz, chl; s eth; 
sl рей 
8122 Nitromethane CH3NO, 15-52-5 61.041 liq -28.38 101.19 1.137120 1.381722 H,0, EtOH, 
eth, ace, ctc, 
alk 
8123 (Nitromethyl)benzene СНО, 622-42-4 37137 уе liq 226; 1355 1.159629 1.532322 vs ace, eth 
8124 Nitron C.H; N, 2218-94-2 312.368 ye If (al), nd 189 dec уз ace, bz, 
(chl) EtOH, ch 
8125 1-Nitronaphthalene Са МО; 86-57-7 73.169 уе па (а) 61 80" 1.3322 i H5O; vs EtOH, 
eth, bz, chl, py 
8126 2-Nitronaphthalene Са МО; 581-89-5 73169 yeorthndor 79 314; 16575 i H,0; vs EtOH, 
pl (al) eth 
8127 1-Nitro-2-naphthol C4)H;NO, 550-60-7 89.168 yend,lforpr 104 15005 $ Н,0, EtOH; vs 
(al) eth; sl chl 
8128 1-Nitrooctane Сан МО; 629-37-8 59.227 15 208.5 0.9346? 1.432220 
8129 1-Nitropentane CHNO; 628-05-7 17.147 72.5 0.9525? 1.175? 5 EtOH, eth, bz 
8130 3-Nitropentane CHNO; 551-88-2 17.147 54 0.957? vs ace, eth, 
EtOH 
8131 5-Nitro-1,10-phenanthroline ٩ و‎ (٢ ٢ 4199-88-6 225.203 202.3 
8132 2-Nitrophenol C;H;NO, 88-75-5 39109 yendorpr 448 216 129420 457230 5ІН,0;/5 EtOH, 
(eth, al) eth, ace, bz, py 
8133 3-Nitrophenol C H;N0; 554-B4-7 39.109 уе mcl (eth, 96.8 1947 12797 51 H,0, DMSO; 
aq Hcl) vs EtOH, eth, 
ace, bz 
8134 4-Nitrophenol C H;N0; 100-02-7 39109  yemclpr(to) 113.6 1.47920 5160; vs EtOH, 
eth, ace; s tol, 
Dy 
8135 1-Nitro-2-phenoxybenzene СМО; 2216-12-8 215.204 уе liq <-20 2359, 1848 1.253922 1.5750 vs bz, eth, EtOH, 
chl 
8136 1-Nitro-4-phenoxybenzene C, H,N0, 620-88-2 215.204 pl (peth), 61 320; 225% i H5O; 51 EtOH, 
Me0H) ctc; s eth, bz 
8137 N-(2-Nitrophenyl)acetamide CIH N.O, 552-32-9 180.161 94 1000: 1.4195 SH,O, EtOH, bz, 
chl, lig; vs eth 
8138 N-(3-Nitrophenyl)acetamide ЛІГІН 122-28-1 180.161 — wh If (al) 155 1000.0074 s Н,0, EtOH, 
chl; i eth; sl tfa 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
8139 N-(4-Nitrophenyl)acetamide CIH МО; 104-04-1 180.161 уе pr (м) 216 1000006 SI H,0, eth, chl; 
S EtOH, tfa, alk 
8140 2-Nitrophenyl acetate CHNO, 610-69-5 181.147 nd or pr (lig) 405 dec 253; 141" 5,0; vs EtOH, 
eth, ace, bz; sl 
ig 
8141 4-Nitrophenyl acetate CH;NO, 830-03-5 181.147 If (dil al) 823 vs Н,0, bz; s 
НОН, chl, lig 
8142 2-Nitro-M-phenylaniline СНО; 119-75-5 214.219 75.5 2155 1.366020 i H;0; s EtOH; sl 
сіс 
8143 4-Nitro- V-phenylaniline СН М0, 836-30-6 214.219 135.3 211% i H,0; vs EtOH; 
sl ace; s con 
Sulf 
8144 (4-Nitrophenyl)arsonic acid Nitarsone C H AsNO; 98-72-6 247.038 If or nd (м) 5310 dec SI Н,0, EtOH, 
DMSO 
8145 4-[(4-Nitrophenyl)azo]-1,3- Magneson СНО 74-39-5 259.217 тей ром (al 200 i H0; sl EtOH, 
benzenediol or MeOH) bz, НОАс, tol 
8146 1-[(4-Nitrophenyl)azo]-2-naphthol C4 HN 0, 6410-10-2 293276  br-oranpl(to 257 vs bz, EtOH 
or bz) 
8147 (3-Nitrophenyl)boronic acid С.Н,ВМО, 3331-27-6 166.928 2745 
8148 1-(2-Nitrophenyl)ethanone 2-Nitroacetophenone Сану МО, 571-59-3 165.147 28.5 17922, 1586 123705 1.5468?  iH,0; vs ОН, 
eth, chl 
8149 1-(3-Nitrophenyl)ethanone 3-Nitroacetophenone Сану МО, 21-89-1 165.147 па (al) 81 202; 16718 vs Н,0, eth; sl 
НОН, ch 
8150 1-(4-Nitrophenyl)ethanone 4-Nitroacetophenone C;H;NO; 00-19-6 165.147 ye pr (al) 81.8 1655 vs eth, EtOH 
8151 2-Nitro-1-phenylethanone CH;NO; 614-21-1 165.147 106 1586, 14210 1.5460? us eth, EtOH 
8152 (4-Nitrophenyl)hydrazine Сену МО; 00-16-3 153.139  oran-redifor 158 дес 51 Н,0: s EtOH 
nd (al) eth, bz, chl, 
AcOEt 
8153 (4-Nitrophenyl)phenyImethanone C,H NO, 144-74-7 227215 па ог lf (al) 8 1.406? vs bz 
8154 3-(4-Nitrophenyl)-1-phenyl-2- Nitrochalcone CH, NO, 222-98-6 253.253 рауе па (al) 164 $ ОН, chl; i 
ргореп-1-опе р! (62) eth, lig 
8155 4-Nitrophenyl phosphate 4-Nitrophenyl dihydrogen C H NO,P 330-13-2 219.089  ye-wh nd 155 i cold НО; 8 
phosphate НОН, chl, bz 
8156 3-(2-Nitrophenyl)propanoic acid — 2-Nitrobeazenepropanoic acid CH,NO, 2001-32-3 195.172 ye cry 115 
8157 3-(4-Nitrophenyl)propanoic acid ^ 4-Nitrobenzenepropanoic acid CHNO, 16642-79-8 195.172 па (м) 163 
8158 3-(4-Nitrophenyl)-2-propenal 4-Nitrocinnamaldehyde Сон; МО, 1734-79-8 177157 па (м, а) 141.5 s Н,0, eth, ace, 
bz; vs EtOH 
8159 3-(2-Nitrophenyl)-2-propynoic 0-Nitrophenylpropiolic acid САО, 530-85-8 191.141 «157 dec; SI H,O; vs EtOH, 
acid may eth; i 05,0 
explode 
8160 1-Nitro-4-(phenylthio)benzene 0) H,N0,S 952-97-6 231.270 payemclpr 56 28810, 24025 vs eth, EtOH 
(lig) 
8161 (4-Nitrophenyl)urea p-Nitrophenylurea СНО 556-10-5 181.149 pr(al),nd 238 vs Н,0, НОН 
(dil al) 
8162 M-Nitropiperidine C;H, N,0; 7119-9440 130.145 liq -55 245: 12120 1.151928 1.495426 
8163 1-Nitropropane C;H;NO, 108-03-2 89.004 liq -108 1311 0.99615 1.4018? $1 H,0; msc 
EtOH, eth; s 
chl 
8164 2-Nitropropane С.Н,МО, 79-46-9 89.004 liq -913 120.2 0.9821? 139440 <ІН,0;5 chl 
8165 3-Nitropropanoic acid C.H;NO, 504-88-1 119.077 62 1.5920 vs Н,0, EtOH, 
eth; s chl; i lig 
8166 2-Nitro-1-propanol С-Н.ЮО, 2902-96-7 105.093 12032, 1002 1.18415 1.4379? s H,0, EtOH, 
eth; sl chl 
8167 1-Nitro-1-propene CHNO; 3156-70-5 87.078 60%, 3719 1.0661? 1.452722 s eth, ace, chl 
8168 2-Nitro-1-propene С.Н,№О, 4749-28-54 87.078 уе-огп liq 528, 3230 1.055925 1.435822 s eth, асе, chl 
8169 5-Nitro-2-propoxyaniline СНО 553-79-7 196.202  oran(PrOH- 49 vs EtOH 
peth) 
8170 N-(5-Nitro-2-propoxyphenyl) 5--Nitro-2-propoxyacetanilide С.Н 4М0, 553-20-8 238.240 cry(PrOH) 1025 
acetamide 
8171 1-Nitropyrene Слао МО; 5522-43-0 247.248 уе nd 152 
(MeCN) 
8172 5-Nitro-2-pyridinamine C.H; N50; 4214-76-0 39413  yelf(dilal) 188 51 H,0, eth, bz, 
ig; s EtOH 
8173 4-Nitropyridine С.Н.М,0, 1122-61-8 24.098 рі (адај) 50 
8174 4-Nitropyridine 1-oxide С-Н,М,0; 1124-33-0 40.097 160.5 
8175 5-Nitropyrimidinamine C,H,N,O; 3073-77-6 40401 nd (al) 236.5 51 Н,0, DMSO; 
S НОН, ace; | 
eth, bz 
8176 5-Nitro-2,4(1H,3H)- 5-Nitrouracil С.Н:М0, 611-08-5 57.085 gold nd (al) >300 exp SI H,0; s EtOH 
pyrimidinedione 
8177 5-Nitro-2,4,6(1H,3H5H)- 5-Nitrobarbituric acid C H,N,0; 480-68-2 73.084 рг, If (w+3) 1805 $ H,0, EtOH; | 
pyrimidinetrione eth 
8178 5-Nitroquinoline CIH ,N,0; 607-34-1 74.156 pl (м, а) па 74 sub SI Н,0, chl; s 
(84) EtOH, bz 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wr. Form тр/°б bp/'C gem? л, Solubility 
8179 6-Nitroquinoline CIH ,N,0; 613-50-3 74156  yepl(HCl- 153.5 1709? S H,0, EtOH; sl 
HOAc) eth, chl; vs bz 
8180 8-Nitroquinoline CIH О; 607-35-2 74156 тарг(4) 915 sl HO, chl; s 
EtOH, eth, bz, 
acid 
8181 4-Nitroquinoline 1-oxide CIH NO, 56-57-5 90.155 ye nd, pl 154 
(ace) 
8182 5-Nitro-8-quinolinol Nitroxoline CIH NO, 4008-48-4 90.155 180 
8183 Nitrosobenzene C H;N0 586-96-9 07110 опћогта 67 58% i H,0; s EtOH, 
(al-eth) eth, bz, lig 
8184 M-Nitrosodibutylamine Dibutylnitrosamine CIH, N,0 924-16-3 58.241 1058 
8185 M-Nitrosodiethanolamine 2.2--(Nitrosoimino)ethanol СН №05 1116-54-7 34.133  wh-ye oil 12500! 1.484920 
8186 M-Nitrosodiethylamine Diethylnitrosamine C H, N,0 55-18-5 02.134 ye oil 176.9 0.9422? 1.4386? $ H,0, EtOH, 
eth; sl chl 
8187 M-Nitrosodimethylamine Dimethylnitrosamine СНО 62-75-9 74081 уе lig 152 1.0048? 1.436822 vs НО, EtOH, 
eth; s chl 
8188 p-Nitroso- V, V-dimethylaniline Сао МО 138-89-6 50.177 grn pl (eth) 925 1.14520 sl Н,0; s EtOH, 
eth, chl, 
НСОМН, 
8189 N-Nitrosodiphenylamine N,N-Diphenylnitrosamine СНО 86-30-6 98.219 уе pl(lig) 66.5 i H0; sl EtOH, 
chl; s bz 
8190 4-(N-Nitrosomethylamino)-1-(3- Ketone, 3-pyridyl-3-(N-methyl- — Сана МО; 64091-91-4 207.229 63 sl Н,0 
pyridyl)-1-butanone N-nitrosamino)propyl 
8191 A-Nitrosomethylethylamine СМО 0595-95-6 88.108 уе liq 67” 
8192 N-Nitroso-A-methylvinylamine N-Methyl-N-nitrosoethenamine C.H ,N,0 4549-40-0 86.092 уе liq 4 Я Н,0 
8193 4-Nitrosomorpholine N-Nitrosomorpholine СНО; 59-89-2 16.119 29 225; 140% $ Н,0 
8194 2-Nitroso-1-naphthol Са МО; 32-53-6 73.169 157 дес 51 H,0, eth, bz, 
chl; s EtOH, 
ace, HOAc 
8195 1-Nitroso-2-naphthol 1-Nitroso-B-naphthol С H;NO; 31-919 73.169  ye-br nd 109.5 vs bz, eth 
(peth) 
8196 W-Nitrosonornicotine N-Nitroso-3-(2-pyrrolidinyl) СН. №0 6543-55-8 177.202 15502 
pyridine 
8197 4-Nitrosophenol C H;N0; 04-91-6 23110  payeorthnd 144 dec SI Њ0; s EtOH, 
(ace, bz) eth, ace, bz, dil 
alk 
8198 4-Nitroso-A-phenylaniline p-Nitrosodiphenylamine C و‎ ٢٢ 56-10-5 98.219 143 51 ЊО, lig; vs 
EtOH, eth, bz 
8199 N-Nitrosopiperidine 1-Nitrosopiperidine 0 00-75-4 14145 paye 219; 10920 1.0631? 1.49338 s НО, НО 
8200 A-Nitroso- A-propyl-1- N-Nitrosodipropylamine C H, N,0 621-64-7 30.187 gold 206; 113% 0.916322 1.443722 <ІН,0; msc 
propanamine EtOH, eth 
8201 M-Nitrosopyrrolidine C H,N,0 930-55-2 00.119 214 1.08525 488025 
8202 5-Nitro-2-thiazolamine 2-Amino-5-nitrothiazole C H,N.0,S 21-66-4 45.140 огап-уе ром 202 dec 
8203 N-(5-Nitro-2-thiazolyljacetamide Aminitrozole С-Н,М,0,5 40-40-9 87177 па (al), pl 2645 зак 
(НОАс) 
8204 4-Nitrothioanisole C;H;NO;S 701-57-5 69.202 72 1372 123919 1.640122 i H,0; s ace, bz 
8205 2-Nitrothiophene С.Н:М0,5 609-40-5 29.138 Куе тс! nd 46.5 224.5 1.36448 i H,0; vs EtOH; 
(peth) s alk; sl рей 
8206 2-Nitrotoluene СМО, 88-72-2 37.137 liq -10.4 222 1.161179 1.5450? i H,0; msc 
НОН, eth; s 
ctc 
8207 3-Nitrotoluene СНО, 99-08-1 37137 paye 15.5 232 1.158120 1.5466? ІН,0; s EtOH, 
bz, ctc; msc 
eth 
8208 4-Nitrotoluene ШТІ 99-99-0 37.137 orth сту (al, 51.63 238.3 1.103875 i H,0; s EtOH; 
eth) vs eth, ace, bz, 
chl 
8209 1-Nitro-2-(trifluoromethyl)benzene C;H,F.N0; 384-22-5 91408 cry (al) 325 217; 10520 i H50; vs EtOH, 
НОАс, bz; s 
ctc 
8210 1-Nitro-3-(trifluoromethyl)benzene C;H,F.NO; 98-46-4 91.108 liq -24 202.8; 1037 — 1.43575 1.4719? i H,0; s EtOH, 
eth; sl ctc 
8211 Nitrourea CH,N,0, 556-89-8 05053  pl(al-peth) 158 dec vs ace, EtOH 
8212 trans-(2-Nitrovinyl)benzene CH;NO, 5153-67-3 49.148 уе pr (peth, 60 255 1620; s EtOH, 
al) ace; vs eth, 
chl, CS; 
8213 Nivalenol Cic Ho0; 23282-20-4 312316 cry (MeOH) 224 dec SI Н,0; s EtOH, 
еон 
8214 Nizatidine C H, N,0,S, 76963-41-2 331458 сгу (НОН/ 131 51Н,0;5 MeOH; 
AcOEt) vs chl; i bz, eth 
8215 2,23,3,45,5,6,6- C; HCl, 52663-77-1 464.213 су 180.5 i HO 
onachlorobiphenyl 
8216 Nonacontane bach luo 7667-51-8 1264.408 612200 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
(peth) eth, ace; s bz; 

sl chl 

8218 Nonadecafluorodecanoic acid Сон 0, 335-76-2 514.084 219 

8219 Мопадесапе С.Н 629-92-5 268.521 мах 32.0 329.9 0.785520 1.409? i H,0; sl EtOH; 
S eth, ace, ctc 

8220 Nonadecanoic acid Ci Ha 0; 646-30-0 298.504 If (al) 69.4 29719, 2280 — 0.8468? i H5O; vs EtOH, 
eth, bz, chl, lig 

8221 1-Nonadecanol C4 H4 0 1454-84-8 284520 cry (ace) 61.7 345; 16603 43285 s eth, ace 

8222 2-Nonadecanone Са H, 0 629-66-3 282.504 pr (al) 57 26679, 1652 0.81085 i B,0; 51 EtOH; 
S ace, bz; vs 
eth, ctc 

8223 10-Nonadecanone C, H, 0 504-57-4 282.504 Ка) 65.5 >350; 156! i НЬО; 51 EtOH; 
S eth, ace, lig; 
vs bz 

8224 1-Nonadecene 227177 8435-45-5 266.505 23.4 329.0 0.788622 1.44455 

8225 Nonadecylbenzene СН 29136-19-4 344.617 40 419 0.8545? 1.480720 

8226 trans,trans-2,4-Nonadienal С-Н,,0 5910-87-2 38.206 987) 0.86225 52079 

8227 1,8-Nonadiene C; His 4900-30-5 24.223 142.5 0.7511? 1.430220 

8228 2,6-Nonadien-1-ol CH, 0 1186-44-9 40.222 108%, 987 0.86045 1.459825 

8229 1,8-Nonadiyne Сон» 2396-65-8 20.491 liq -27.3 162 0.8158? 1.4490?  iH;0;s eth, ace 

8230 Nonanal Nonaldehyde GH, 0 24-19-6 42.238 -19.3 191 0.8264? 142732 s eth, chl 

8231 Nonane Са» 11-84-2 28.255 0 -53.46 150.82 0.719220 1.4058?  iH,0; vs EtOH, 
eth; msc ace, 
bz, hp 

8232 Nonanedioic acid Azelaic acid CH, 0, 23-99-9 88221 If or nd 106.5 28/10 2250 1.22525 „43037! slH,O, eth, bz, 
DMSO; s EtOH 

8233 1,9-Nonanediol (Нь 0, 3937-56-2 60.254 сту (bz) 45.8 173%, 1503 SI H30; vs EtOH, 
eth; s bz; i lig 

8234 Nonanedioyl dichloride Сон 461,0; 23-98-8 225.112 166" 143 46802 5 eth; vs bz 

8235 Nonanenitrile C, Hi; 2243-21-8 39238 liq -34.2 2244 0.8178? 1.4255? i H,0; s EtOH, 
eth; sl ctc 

8236 1-Nonanethiol Nonyl mercaptan CHS 455-21-6 60.320 liq -20.1 220 0.84225 45489 

8237 Nonanoic acid Pelargonic acid C; H 0, 12-05-0 58.238 124 254.5 0.905220 143439 ІН,0; s EtOH, 
eth, chl 

8238 1-Nonano Nonyl alcohol СоН,0 43-08-8 44254 iq -5 21337 0.8280? 1.43332 іН,0; s EtOH, 
eth; sl ctc 

8239 2-Nonanol, (+) Сон 74683-66-2 144.254 liq -35 93.5 0.847120 1.4353? ІН,0; vs eth, 
EtOH 

8240 3-Nonanol, (+) Сан 74742-08-8 144.254 22 95; 9318 0.8250? 1.4289? i H,0; $ EtOH, 
eth 

8241 4-Nonano Сон 52708-03-9 144.254 92.5; 948 0.828220 1.4197? i H,0; s EtOH, 
eth 

8242 5-Nonano Dibutylcarbinol Сон 623-93-8 44.254 5.6 93; 9720 0.8220? 1.428920 16,0; s EtOH 

8243 2-Nonanone Неру! methyl ketone CH, 0 821-55-6 42.238 0 -75 95.3 0.8208? 14210? |Н,0; s EtOH, 
eth, bz; vs ace, 
chl 

8244 3-Nonanone Ethyl hexyl ketone CH, 0 925-/8-0 42238 liq -8 90; 8620 0.8241? 1.4208? ІН,0; s EtOH, 
eth, bz, chl; vs 
ace 

8245 4-Nonanone Pentyl propyl ketone CH, 0 4485-09-0 42.238 87.5 0.81905 1.4189? i H,0; s EtOH, 
eth, chl; vs ace 

8246 5-Мопапопе Dibutyl ketone CH, 0 502-56-7 42.238 0 -3.8 88.45 0.8217? 1.4195? 1Н,0,8 EtOH; 
vs eth, chl 

8247 Nonanoyl chloride C,H,;CIO 764-85-2 76.683 liq -60.5 215.3 0.9463" s eth, ace 

8248 trans-2-Nonenal CH, 0 8829-56-6 140.222 liq 016892 0.846 45312 

8249 1-Nonene C; His 24-11-8 26.239 0 -81.3 46.9 0.72535 8 

8250 2-Nonenoic acid СоНив 0» 3760-11-0 56.222 73%, 1365 

8251 3-Nonenoic acid CoH, 0, 4124-88-3 56.222 -44 5618, 1061 0.925420 75 

8252 1-Nonen-3-ol 1-Vinylheptanol СН, 0 21964-44-3 142.238 93.5 0.8247 438215 

8253 Nonyl acetate C H5 0; 43-13-5 86.292 liq -26 210 087055 823 

8254 Nonylamine 1-Nonanamine Cs Hoi 12-20-9 43270 iq xj 202.2 0.788620 1.4336? 5ІН,0, chl; 5 
EtOH, eth 

8255 Nonylbenzene С.Н 081-77-2 204.352 liq -24 280.5 0.8584? 1.481620 

8256 Nonylcyclohexane СН 2883-02-5 210399 liq -10 282 0.81637 1.445192 

8257 Nonylcyclopentane байн 2882-98-6 96.372 liq -29 262 0.8081? 1.446722 vs ace, bz, eth, 
EtOH 

8258 Nonyl formate Cic 00» 5451-92-3 72.265 liq -33 214 0.86 42162 

8259 1-Nonylnaphthalene С.Н 26438-26-6 254.409 8 366 0.937120 8 

8260 4-Nonylphenol C, H0 104-40-5 220.351 міѕс ye liq 42 =295; 180% 0.95020 513% 16,0; $ bz, ctc, 
ћр 

8261 1-Nonyne Heptylacetylene C; His 3452-09-3 24223 liq -50 150.8 0.7658 1.421722  iH;0;seth, bz, 
cic 
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3-400 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
8262 Norbormide Са №303 991424 511570 cry (eth) 194 
8263 2,5-Norbornadiene Bicyclo[2.2.1]hepta-2,5-diene С/Ң; 121-46-0 92.139 liq -19.1 89.5 0.9064? 1.4702? ІН,0; $ EtOH, 
eth, ace, bz; 
msc tol 
8264 5-Norbornene-2,3-dicarboxylic 05,0; 826-62-0 164.158 166 
acid anhydride 
8265 5-Norbornene-2-methylolacrylate СНО; 95-39-6 178.228 col liq 104 1.0295 505 
8266 24-Norcholan-23-oic acid, (58) ^ Norcholanic acid (54150, 511-18-2 346.547 nd(HOAc) 177 
8267 Nordazepam T-Chloro-1,3-dihydro-5-phenyl- C. H,,CIN;O 1088-11-5 270.713 216.5 
2H-1,4-benzodiazepin-2-one 
8268 Nordihydroguaiaretic acid Са 0, 500-38-9 302.366 — nd(w, al, 1855 SI Н,0; s EtOH, 
HOAc) eth, ace, alk; i 
bz 
8269 Norea Са NO 18530-56-8 222.326 177 
8270 Norepinephrine Noradrenaline Сани МО; 51-41-2 169.178 217 дес 51 HO, EtOH, 
eth; vs alk, dil 
HCI 
8271 Norethisterone 19-Norpregn-4-en-20-yn-3- ٧ ٢ 68-224 298419 су 204 
one, 17-hydroxy-, (17 о)- 
8272 Norethynodrel C; Ho 0; 68-23-5 298.419 cry (MeOH) 170 
8273 Norflurazon CH CIENO 27314-13-2 303.666 184 
8274 Norhyoscyamine C4 H,N0,; 537-29-1 275.343 nd 140.5 vs EtOH, chl 
8275 DL-Norleucine 2-Aminohexanoic acid, (DL) CIH, NO; 616-06-8 31.173 Iw) 327 dec 1.1725 S Њ0; sl EtOH; 
i eth 
8276 L-Norleucine 2-Aminohexanoic acid, (1) Сен аМО; 327-57-1 31.173 301 dec sl 0 
8277 Normorphine C4 М0 466-97-7 271311 273 
8278 Norplant Norgestrel, (-) СНО; 797-63-7 312.446 cry (MeOH) 206 
8279 19-Nortestosterone Nandrolone phenpropionate Суб 0; 62-90-8 406.557 cry 95 
phenylpropionate 
8280 Nortriptyline hydrochloride С.Н СИМ 894-71-3 299.838 cry (eth) 214 $ НО, EtOH; i 
bz, eth, ace 
8281 DL-Norvaline 2-Aminopentanoic acid, (+) C;H NO; 760-78- 17147 Кај м) 303 sub S НО; i EtOH, 
eth, chl, 
Ac0Et, lig 
8282 L-Norvaline 2-Aminopentanoic acid, (S) С.Н, „№, 6600-40-4 17147 cry (dil al) 307 s Н,0 
8283 Noscapine CH; NO; 128-62- 413.421 pror nd (al) 176 1Н,0, s EtOH, 
bz, chl; sl eth; 
vs ace 
8284 Novobiocin Streptonivicin C, Hyg О 303-81- 612.624 wh-yeorth 154 1.3448 i H,0; s EtOH, 
cry EtOAc, ace, py 
8285 Nuarimol СНС МО 63284-71-9 314.740 126 
8286 7 Buphenine Ci H, NO; 447-41-6 299.408 cry (MeOH) 111 
8287 Ochratoxin A Cog gCINOg 303-47-9 403.813 сгу (ху) 169 
8288 Ochratoxin B СН NO; 4825-86-9 369.368 сгу (MeOH) 221 
8289 Ochratoxin C Со و‎ СМО; 4865-85-4 431.866 атогр solid 
8290 Octacaine 3-(Diethylamino)-N- C H,;N,0 13912-77-1 234.337 су 47 200! vs EtOH, bz, eth 
phenylbutanamide 
8291 2,23,3,5,5'6,6- CH, Cl, 2136-99-4 429768 су 161 i H,0 
Octachlorobiphenyl 
8292 Octachlorocyclopentene Perchlorocyclopentene ШЕН 706-78-5 343.678 па 40 283 1.820050 1.56609 i H0; vs EtOH 
8293 Octachlorodibenzo- p-dioxin C, Cl 0; 3268-87-9 459751 nd 331 
8294 Octachloronaphthalene Perchloronaphthalene C4 Cl, 2234-13-1 403.731 nd(bzCCl) 197.5 4417, 24805 8| EtOH; vs bz, 
chl, lig 
8295 Octachlorostyrene Perchlorostyrene C Cl, 29082-74-4 379.710 cry (асе/ 99 
EtOH) 
8296 Octacontane Са Hago 7667-88-1 124.142 112 672 
8297 Octacosane Cos Hag 630-02-4 394.761  mclororth 611 431.6 0.80677 1.4330? ІН,0; msc ace; 
(bz-al) S bz, chl 
8298 Octacosanoic acid Montanic acid Co H, ٢ 506-48-9 424.744 90.9 0.81911 1.43131% vs bz, chl 
8299 1-Octacosanol Montanyl alcohol C H, 0 557-61-9 410.760 — cry (асе, 83.4 200 ІН,0; s CS, 
peth) 
8300 trans, trans-9,12-Octadecadienoic —Linolelaidic acid C gH 0, 506-21-8 280.446 сту (MeOH) 28.5 18198 sl Н,0: s ace, hx 
acid 
8301 Octadecahydrochrysene Ci Ho 2090-14-4 246431 115 353 vs НОН 
8302 Octadecamethyloctasiloxane و‎ 058 556-69-4 607.302 -63 186%, 1535 0,9139 1.3970? уз bz, рей, lig 
8303 Octadecanamide СаНұМ0 124-26-5 283.493 If (al) 109 25012 vs eth, chl 
8304 Octadecane (m 593-45-3 254495 nd (al, eth- 28.2 316.3 0.776828 1.439020 — i H,0; 51 EtOH; 
Me0H) s eth, ace, chl, 
lig 
8305 Octadecanenitrile C, HN 638-65-3 265.478 41 362 0.8325? 1.43895 ІН,0; s EtOH; 
vs eth, ace, chl 
8306 1-Octadecanethiol Stearyl mercaptan Ci H.S 2885-00-9 286.560 30 207" 0.8475? 1.4645? vs eth 
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3-402 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym CASRN Wt. Form mp/'C bp/'C gcm? n, Solubility 
8307 1-Octadecanol Stearyl alcohol 112-92-5 270.494 If (al) 57.9 335; 210.55 56 1Њ0; $ EtOH, 
eth; sl ace, bz 
8308 Octadecanoyl chloride 112-76-5 302.923 23 215% 0.8969? 1452324 sl EtOH 
8309 trans,cis,trans-9,11,13- cis-Eleostearic acid 506-23-0 278.430 nd (al) 49 23512 dec, 0.90285 1.511299 vs eth, ОН 
Octadecatrienoic acid 170! 
8310 trans,trans,trans-9,11,13- trans-Eleostearic acid 544-73-0 278.430 — If (al) 15 188! 0.88399 — 1.50009 vs ОН 
Octadecatrienoic acid 
8311 cis-9-Octadecenamide 301-02-0 281.477 76 vs eth 
8312 1-Octadecene 12-88-9 252.479 17.5 1795, 1458 0.7891? 1.4448? i НО; s ace, сіс 
8313 cis-9-Octadecenenitrile 12-91-4 263462 -1 дес 332 08477 1.4566? vs EtOH 
8314 cis-6-Octadecenoic acid Petroselinic acid 593-39-5 282.462 || 29.8 23878 0.8700% 145330 s eth; sl hp, 
еон 
8315 (rans-11-Octadecenoic acid Vaccenic acid 693-72- 282.462 44 44999 s ace 
8316 cís-9-Octadecen-1-0l Oleyl alcohol 43-28-2 268478 65 2075 0.8489? 1.4606? i H,0; s EtOH, 
eth; sl ctc 
8317 cis-9-Octadecenylamine Oleylamine 12-90-3 267.494 oil 25 147? 
8318 Octadecyl acetate 822-23- 312.531 34.5 2089 0.851030 vs EtOH 
8319 Octadecyl acrylate Stearyl 2-propenoate 4813-57-4 324542 s сіс, CS, 
8320 Octadecylamine 1-Octadecanamine 24-30- 269.510 cry (w 52.9 346.8 0.8618? 1.4522? i H0; s EtOH, 
eth, bz; sl ace 
8321 Octadecylbenzene 4445-07-2 330.590 36 400 0.853 419% 
8322 Octadecylcyclohexane 4445-06-1 336.638 41.6 409; 175! 0.83007? 1.461020 
8323 Octadecyl 3-(3,5-di-tert-butyl-4- — Irganox 1076 2082-79-3 530.865 сгу (Меон/ 50 
hydroxyphenyl)propanoate AcOEt) 
8324 Octadecyl isocyanate 1-Isocyanatooctadecane 12-96-9 295.503 155 725 
8325 Осјадесу! methacrylate Steary! methacrylate 32360-05-7 338.567 اوو‎ 0.88025 429% 
8326 Осјадесу! octadecanoate Octadecy! stearate 2778-96-3 536.956 cry (EtOH) 60 
8327 3-(Octadecyloxy)-1,2-propanediol Baty! alcohol 544-62-7 344572 70.5 2172 vs eth 
8328 Осјадесу! vinyl ether 1-(Ethenyloxy)octadecane 930-02-9 296.531 30 828 0.8138 sl chl 
8329 1,7-Octadiene 3710-30-3 10.197 15.5 0.73420 42459 
8330 1,7-Octadiyne 871-84-1 06.165 35.5; 595 0,8169? 145218 s eth 
8331 2,2,3,3,4,4,5,5-Octafluoro-1- 355-80-6 232.072 40.5 1.6647? 1.317820 
pentano 
8332 1,2,3,4,5,6,7,8- 1079-71-6 86.293 ام‎ (al) 78 294 0.9703 1.537280 H,0; $ EtOH, 
Octahydroanthracene НОАс; vs bz; sl 
cic 
8333 Octahydroazocine 1121-92-2 13.201 29 5215 0.896% 472020 
8334 Octahydroindene 496-10-6 24223 liq -53 167 0.87625 470220 
8335 Octahydroindolizine 13618-93-4 125212 7543 0.9074? 1.4748 vs eth, EtOH 
8336 trans-Octahydro-1(2 H)- 21370-71-8 152.233 33 12220 0.98620 „48497 
naphthalenone 
8337 1,2,3,4,5,6,7,8- 5325-97-3 86.293 16.7 295 1.02620 5569" |Н,0; $ асе, bz, 
Octahydrophenanthrene CS,, НОАс 
8338 frans-Octahydro-2H-quinolizine- — Lupinine 486-70-4 69.264 orth (peth) 70 270 S HO, EtOH, 
1-methanol, (15) eth, bz, chl; sl 
peth 
8339 2,2,4,4,6,6,8,8- 020844 7 97 
Octamethylcyclotetrasilazane 
8340 Octamethylcyclotetrasiloxane 556-67-2 296.617 17.5 175.8 0.9561? 1.3969? 1 H,0; $ сіс 
8341 1,1,1,3,5,7,7,7- 6066-09-4 282.632 170 0.8559? 1.385420 
Octamethyltetrasiloxane 
8342 Octamethyltrisiloxane 07-51-7 236.533 iq -80 153; 517 0.82007 1.384022 sl EtOH; s bz, 
peth 
8343 Octanal Caprylic aldehyde 24-13-0 28.212 171 0.8211? 1.421722 vs ace, bz, eth, 
EtOH 
8344 Octanamide 629-01-6 43.227 If, pl 108 239 0.845011 SI B,0, bz, chl; 
vs НОН; s eth, 
ace 
8345 2-Octanamine, (+) 44855-57-4 129.244 97 164 0.7744? 1.423225 vs eth, EtOH 
8346 Octane 111-65-9 14.229 liq -56.82 125.67 0.698625 1.394425 i НО; s eth; 
msc EtOH, 
ace, bz 
8347 1,8-Octanediamine 373-44-4 44.258 ام‎ 51.64 225 vs Н,0, eth, 
EtOH 
8348 6 Suberonitrile 629-40-3 36.194 -18 8515 0.9545 1.443620 
8349 Octanedioic acid Suberic acid 505-48-6 74.195 londorpl 144 21920 i B,0; msc eth, 
(w) bz; 51 DMSO 
8350 1,2-Octanediol 1117-86-8 46.228 30 3119, 10402 
8351 1,8-Octanediol 629-41-4 46.228 nd(bz-lig, 63 72% SI H;O, eth, chl, 
pr lig; vs EtOH; s 
bz 
8352 Octanenitrile Caprylnitrile 124-12-9 25.212 liq -45.6 205.25 0.8136? 142039 vs eth 
8353 1-Octanethiol Octyl mercaptan 111-88-6 46.294 0 -49.2 99.1 0.84332 — 1.4540? s EtOH; sl ctc 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

8354 Octanoic acid Caprylic acid (5160, 124-07-2 144.212 16.5 239 090/35 1.4285?  s| H,0; msc 
EtOH, chl, 
CH,CN 

8355 Octanoic anhydride CicHa 0; 623-66-5 270.407 liq 2 282.5 090656 1.435818 vs ace, eth, 
EtOH 

8356 1-Octanol Capryl alcohol CIH, 0 111-87-5 30.228 liq -148 95.16 0.82625 1.4295? | H,0; msc 
EtOH, eth; s 
cic 

8357 2-Octanol (+)-sec-Caprylic alcohol CH, 0 4128-31-8 130.228 liq -31.6 79.3 0.819320 1.420322 <ІН,0; s EtOH, 
eth, ace 

8358 3-Octanol CIH, 0 589-98-0 30.228 liq -45 71 0.825820 

8359 4-Octanol CH, 0 74778-22-6 130228 liq -40.7 76.3 081860 1.424820 <ІН,0, сіс; s 
EtOH 

8360 2-Octanone Неху! methyl ketone C4H440 111-13-7 28212 liq -16 725 0.8202 41512 $1Н,0; msc 
EtOH, eth 

8361 3-Octanone Ethyl рету! ketone CIH, 0 106-68-3 28.212 67.5 0.822% „41508 i H,0; msc 
EtOH, eth 

8362 4-Octanone Butyl propyl ketone CH, 0 589-63-9 28.212 63 0.81465 14173" ІН,0; msc 
EtOH, eth; s 
cic 

8363 Octanoyl chloride C H, СТО 111-64-8 62657 liq -63 95.6 095355 1.4335? s eth 

8364 Octaphenylcyclotetrasiloxane C. 10,591, 546-56-5 793.172 па (02-а, 200.5 330! ІН,0; sl EtOH; 

HOAc) S bz, chl, 

HOAc 

8365 1,3,5,7-Octatetraene Сан 1482-91-3 06.165 cry (bz) 50 sub s рећ, НОАс 

8366 trans-2-Octenal CIH, 0 2548-87-0 126496 liq 859 0.646 „45002 

8367 1-Octene Caprylene C; His 111-66-0 12213 liq -101.7 21.29 0.7149? 1.408722 ІН,0; msc 
EtOH; s eth, 
ace; sl ctc 

8368 cis-2-Octene C; His 1642-04-8 12.213 liq -100.2 25.6 0.72432 1.4150? i H0; s EtOH, 
eth, ace, bz, 
chl 

8369 trans-2-Octene C; His 13389-42-9 112213 iq -87.7 25 071990 1.4132? i H,0; $ EtOH, 
eth, ace, bz; vs 
chl 

8370 cis-3-Octene C; His 14850-22-7 112.213 liq -126 22.9 0.715920 1.413520 vs ace, bz, eth, 
EtOH 

8371 trans-3-Octene C; His 14919-01-8 112.213 liq -110 23.3 0.715220 14126® ІН,0; $ EtOH, 
eth, ace, bz, 
lig, ctc 

8372 сіз-4-0сіепе C Hy 7642-15-1 112213 0 -118.7 22.5 0.7212? 1.4148? үз ace, bz, eth, 
EtOH 

8373 trans-4-Octene C; His 14850-23-8 112.213 1 -93.8 22.3 0.714120 1.411422 | H,0; s EtOH, 
eth, ace, bz, 
lig; sl ctc 

8374 1-Octen-3-ol C H, 0 3391-86-4 128.212 74; 692 0.83955 14391? 

8375 2-Octen-1-ol C H, 0 22104-78-5 128212 88" 0.8502 447020 

8376 1-Octen-3-yne CIH; 7679-92-4 108.181 34; 6280 0.774920 1.4592? vs eth 

8377 Octhilinone 2-Octyl-3(2A)-isothiazolone С.Н NOS 26530-20-1 213.340 20001 

8378 Octyl acetate Cic 00» 12-14-1 72.265 liq -38.5 210 0.870520 1.415022 ІН,0; s EtOH, 
eth; sl ctc 

8379 Octyl acrylate Octyl 2-propenoate СН, 0, 2499-59-4 84.276 229; 570% 0.881020 

8380 Octylamine 1-Octanamine C; His 11-86-4 29.244 0 79.6 0.782679 1.4292?  s|H;0; vs EtOH, 
eth; s ctc 

8381 Octylamine hydrochloride 1-Octanamine hydrochloride CHa ٢ 42-5-0 65.705 196.5 sH,0 

8382 4-Oclylaniline С.Н 6245-79-7 205.340 20 310; 1385 0.912820 vs eth 

8383 Octylbenzene С.Н» 2189-60-8 90.325 liq -36 264 0.8562? 1.4845?  iH,0; msc eth, 
bz 

8384 Octyl butanoate Со О; 10-39-4 200318 liq -55.6 2441 0.8629? 1.42675 vs EtOH 

8385 Octylcyclohexane C. Hos 795-15-9 96.372 0 -20 264 0.81382 145032 

8386 Octylcyclopentane M 795-20-6 82.345 liq -44 243 0.8048? 1.444620 

8387 2-Octyldecanoic acid Cis Ha 0; 619-39-6 284478 nd or If (al) 38.5 2153 0.8447” vs eth, EtOH 

8388 Octyldimethylamine N,N-Dimethyl-1-octanamine Сз 7378-99-6 57.297 94 

8389 Octyl diphenyl phosphate و‎ ОР 15-0-8 362.399 1.095 

8390 Octyl formate Сон аб; 12-32-3 58.238 liq -39.1 98.8 0.874420 142085 ІН,0; s EtOH; 
msc eth; sl сіс 

8391 Octyl isocyanate СН NO 3158-26-7 55.237 785 

8392 Octyl methacrylate С.2Н0› 2157-01-9 98.302 239.5 

8393 Octyl nitrate Сан М0; 629-39-0 75.226 1020 0,9750 SI Н,0; s EtOH, 
ећ 

8394 Octyl nitrite Сан МО; 629-46-9 59.227 745 0.8627 1.412722 ۰1, 
ећ 

8395 Octyl octanoate Ci Ha 05 2306-88-90 256.424 ٩ -18.1 306.8 0.8554? 1.435220 vs ace, eth, 
EtOH 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
8396 Octyloxirane Cio Ha 0 2404-44-6 156.265 liq 128%, 9730 
8397 4-(Octyloxy)benzaldehyde С.5Н»20> 24083-13-4 234.335 13105 
8398 4-Octylphenol С„Н»0 1806-26-4 206.324 43.0 16910, 1504 
8399 Octyl phenyl ether (Octyloxy)benzene С.„Н0 1818-07-1 206.324 8 285 0.91315 1.4875? i H,0; s EtOH, 
eth 
8400 4-Octylphenyl salicylate 2-Hydroxybenzoic acid, 4- C.H, 0; 2512-56-3 326429 wh cry 73 
octylphenyl ester 
8401 Octyl propanoate C4 Ho0; 142-60-9 86.292 liq -42.6 228 0.8663? 142215 ІН,0; s EtOH, 
eth, bz; sl ctc 
8402 1-Octyne Hexylacetylene C; Hi 629-05-0 10.197 0 5793 126.3 0.7461? 1.4159? i H0; s EtOH, 
eth 
8403 2-Octyne Methylpentylacetylene CH 2809-67-8 10.197 liq -61.6 137.6 0.75962 1.4278? i H,0; s EtOH, 
eth 
8404 3-Octyne CH 15232-76-5 110.197 liq -103.9 133.1 0.752920 14250? ІН,0; s EtOH, 
eth 
8405 4-Octyne Dipropylacetylene СаН, 1942-45-6 10.197 liq -101 131.6 0.750922 1.4248? i H0; s EtOH, 
eth 
8406 2-Octyn-1-ol 2-Octynol CIH, 0 20739-58-6 126.196 -18 985 0.8805? 1.4556? vs eth 
8407 Oleandrin Ca Has 465-16-7 576.718 cry (EtOH) 250 dec i H50; s EtOH, 
chl 
8408 Olean-12-en-3-ol, (3B) B-Amyrin СН O 559-70-6 426.717 па (lig oral) 197 2605 i H,0; sl EtOH, 
chl, lig; s eth, 
bz 
8409 Oleanolic acid СаНа0; 508-02-1 456.700 nd or pr (al) 310 дес sub 280 i H50; 51 EtOH, 
eth, ace; vs py, 
HOAc 
8410 Oleic acid cis-9-Octadecenoic acid Cis Ha 05 12-80-1 282.462 134 360; 2861 — 0.8935? 1.4582? i H,0; msc 
EtOH, eth, ace, 
bz, chl, ctc 
8411 Omeprazole СН №035 73590-58-6 345.416 cry (MeCN) 156 
8412 Omethoate СН NO, PS 113-02-6 213.192 oil =135 дес 1.3220 14987? msc H;0; i hx 
8413 Orange | 1-Naphthol Orange С.Н, №№а0,5 523-44-4 350.324  red-br pow S Н,0; sl EtOH; 
ibz 
8414 Orange IV Tropaeolin OO C44H,N,Na0,S 554-73-4 375.377 ye pow $ Н,0 
8415 Orcein 400-62-0 br-red pow 
8416 L-Ornithine 2,5-Diaminopentanoic acid, (S) С,Н МО, 70-26-8 132461 micro " 140 vs Н,0, НОН 
(al-eth 
8417 L-Ornithine, monohydrochloride C; H44CIN;O; 3184-13-2 168622 nd 215 vs Н,0 
8418 Orotic acid 1,2,3,6-Tetrahydro-2,6-dioxo-4- C,H,N0, 65-86-1 156.097 сту (w) 3455 sl Н,0: i os 
pyrimidinecarboxylic acid 
8419 Oroxylin A 5,7-Dihydroxy-6-methoxy-2- Ci H,,0; 480-11-5 284263 уе па (al) 2315 уз ace, eth, 
phenyl-4/7-1-benzopyran-4- EtOH 
one 
8420 Orphenadrine Са МО 83-98-7 269.382 9572 
8421 Oryzalin Benzenesulfonamide, 4- Со H4 N40;S 19044-88-3 346.359 141 
(dipropylamino)-3,5-dinitro- 
8422 Ouabain СНО, 630-60-4 584.652 hyg pl (+9w) 200 51 ЊО; vs EtOH 
8423 7-Oxabicyclo[4.1.0]heptane CH40 286-20-4 98442 «410 31.5 0.9663? 1.4519?  iH,0; уз EtOH, 
eth, ace, bz; s 
chl; sl ctc 
8424 6-Oxabicyclo[3.1.0]hexane СНО 285-67-6 84.117 02 0.9645 67 
8425 Oxacyclohexadecan-2-one Exaltolide С. H, 0; 106-02-5 240.382 thick oil 165 0.9549? 1.470820 
8426 1,3,4-Oxadiazole 1-Oxa-3,4-diazacyclopentadiene C,H,N,O 288-99-3 70.049 50 1.43007 
8427 Oxadiazon Ca H, СЬ№0. 19666309 345.221 90 
8428 Oxadixyl С.Н. N,O, 77732-09-3 278.304 104 
8429 Oxalic acid C; H0, 144-62-7 90.035  orthpymor 189.5 dec X sub 157 1.90017 S H50; vs EtOH; 
oct sl eth; i bz, chl, 
peth 
8430 Oxalic acid dihydrate (5160, 6153-56-6 126.065 mcl tab or pr 101.5 65316 S H,0, EtOH; sl 
eth 
8431 Oxaloacetic acid Oxalacetic acid СНО, 328-42-7 132.072 161 дес 
8432 Охају! chloride Охају! dichloride C;Cl;0; 79-37-8 126.926 ٩ -16 63.5 4785? 14316? s eth 
8433 Oxalyl dihydrazide C;H,N,O; 996-98-5 118.095 па (w) 2440 „45822 S H,O; sl EtOH, 
eth, bz, chl 
8434 Oxamic acid С; 0; 471-47-6 89.050 — cry (м) 210 дес SI Н,0, i EtOH, 
eth 
8435 Oxamide С5Н.М0, 471-46-5 88.065 па (w) 350 дес 66720 sl Н,0, EtOH; | 
ећ 
8436 Oxamniquine Cu H, МО 21738-42-1 279.335 ye-orancry 149 $ nie Chl, 
еон 
8437 Oxamyl C;H,4N,04S 23135-22-0 219.261 109 dec 0.975 
8438 Oxandrolone Cis Ha 0; 53-39-4 306.439 236 
8439 1,4-Oxathiane C H,0S 15980-15-1 104471 liq -17 147 1.117420 sl Н,0 
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3-one, (170) 


Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
8440 Oxazepam Ci H4, CIN;O; 604-75-1 286.713 сгу (EtOH) 205.5 ІН,0; $ EtOH, 
chl, diox 
8441 Oxazole CHNO 288-42-6 69.062 69.5 „42857 
8442 Oxepane СеН0 592-90-5 100.158 19 0.8925 44002 
8443 2-Охерапопе Caprolactone C H, 0 502-44-3 114442 liq -1.0 215 1.076120 1.461122 5 EtOH, eth, ace 
8444 Oxetane Trimethylene oxide C.H,O 503-30-0 58.079 liq -97 47.6 0.8930? — 1.3961? msc H,0, EtOH; 
S eth; vs ace 
8445 2-Oxetanone B-Propiolactone С-Н,0, 57-57-8 72.063 Па -33.4 62 1.1460? 1.4105? msc eth; $ chl 
8446 3-Oxetanone С-Н,0; 6704-31-0 72.063 џпзтаб liq 06 1.137 
8447 6 Ethylene oxide C;H,0 75-21-8 44052 мо а огдаѕ -1125 0.6 0.88217 1.35977 5 H,0, EtOH, 
eth, ace, bz 
8448 Oxiranecarboxaldehyde Glycidaldehyde С-Н,0; 765-34-4 72.063 liq -62 12.5 1.1403 1.426520 
8449 Oxiranemethanol, (+) Glycidol СНО, 61915-27-3 9 -45 dec 167; 6625 1.114325 1.4287? vsH,0, ace, eth, 
EtOH; s bz, chl 
8450 o-Oxobenzeneacetaldehyde Isonitrosoacetophenone СМО; 532-54-7 49.148 129 SI Н,0; s chl 
aldoxime 
8451 o-Oxobenzeneacetic acid С.Н03 611-73-4 50.132 рг (СС) 66 635 vs Н,0; s EtOH, 
eth; sl ctc; | 
CS, 
8452 o.-Oxobenzeneacetic acid, methyl C, H,O; 15206-55-0 164.158 247 1.526820 
ester 
8453 o-Oxobenzeneacetonitrile С,Н,М0 613-90-1 31.132 325 206 i H,0; vs EtOH 
eth; sl ch 
8454 y-Oxobenzenebutanoic acid С.Н. 003 2051-95-8 78.184 If (dil al) 116.5 $ Н,0, EtOH, 
eth, bz, chl, 
5 
8455 p-Oxobenzenepropanenitrile Benzoylacetonitrile Сон МО 614-16-4 45.158 80.5 16010 51 0; s EtOH 
eth, bz, chl, 
alk, ад KC 
8456 o--Oxobenzenepropanoic acid 3-Phenylpyruvic acid Сао, 156-06-9 64.158 If (bz, chl) 1575 SI H;O; vs EtOH, 
eth; s bz, chl; i 
ig 
8457 2-0xo-2 H-1-benzopyran-3- Coumarin-3-carboxylic acid Сабоа 531-81-7 62.142 па (w, bz) 190 дес vs EtOH 
carboxylic acid 
8458 Oxobis(2,4-pentanedione) Vanadyl acetylacetonate Cau H40;V 3153-26-2 265157 bl cry 258 17402 1Н,0, $ EtOH, 
vanadium eOH, bz, chl 
8459 2-Oxobutanoic acid СНО, 600-18-0 02.089 33 8119 1.2007 1.3972?  vsH,O, EtOH; sl 
eth 
8460 4-Oxobutanoic acid СНО, 692-29-5 02.089 oil 1354 S Н,0, EtOH, 
eth, bz 
8461 2-Oxoglutaric acid ac-Ketoglutaric acid C5H,0; 328-50-7 46.099 cry (ace-bz) 115.5 vs Н,0, НОН, 
eth; s ace 
8462 6-Oxoheptanoic acid C,H,20, 3128-07-2 44.168 40.2 251%, 1351 1.4306? — vs H,0, асе, eth, 
EtOH 
8463 5-Oxohexanoic acid С.Н оба 3128-06-1 30.141 13.5 2745 1.095 14451? s H,0, ОН, 
eth; sl ctc 
8464 o-Oxo-1H-indole-3-propanoic Indole-3-pyruvic acid C. H,N0, 392-12-1 203.194 gray cry 211 
acid 
8465 Oxolinic acid НІЛ 14698-29-4 261.230 сту (DMF) 313 dec 
8466 4-Oxopentanal СНО, 626-96-0 00.117 «21 dec 187 1.0134? 1.425722 — vsH;0, ace, eth, 
EtOH 
8467 3-Oxopentanedioic acid Acetonedicarboxylic acid C;H,0; 542-05-2 46.099 па (AcOEt) 138 dec S Н,0, EtOH; sl 
eth; i bz, chl, 
ig 
8468 2-Oxopentanoic acid (1,0, 1821-02-9 16.116 6.5 179 1.097014 SI H;O; s eth, bz, 
chl, lig, CS; 
8469 4-Oxopentanoic acid Levulinic acid (1,0, 123-16-2 16.116 If or pl 33 dec 245 1.1335? 1.439622 уз ЊО, EtOH, 
eth; s chl 
8470 4-Oxo-4-(phenylamino)butanoic ^ Succinanilic acid СН NO, 102-14-7 93499 nd (w) 148.5 51 Н,0; 8 EtOH; 
acid vs eth 
8471 cis-4-Oxo-4-(phenylamino)-2- Maleanilic acid Ci H МО; 555-59-9 91.183 mcl ye cry 192 dec 1.41830 
butenoic acid 
8472 Oxophenylarsine Phenylarsine oxide C H;As0 637-03-6 68.025 сту (bz-eth) 145 i 50, eth; 8 
or (chl-eth) FtOH; vs bz, 
chl 
8473 4-Oxo-4-phenyl-2-butenoic acid Сао 583-06-2 76.169 па or pr (tol) 99 SI H0, chl, lig; 
S EtOH, eth, tol 
8474 2-Oxopropanal oxime Isonitrosoacetone CHNO, 306-44-5 87.078  nd(CCl,) If 69 sub 1.07448 8Н,0, eth; sl bz, 
(eth-peth) ctc, chl 
8475 2-Oxopropanenitrile CHNO 631-57-2 69.062 92.3 0.9745? 1.3764? s eth, ace, 
CH,CN 
8476 17-(1-Oxopropoxy)-androst-A-en- Testosterone-17-propionate 055150, 57-85-2 344.487 120 vs eth, ру, НОН 
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3-410 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
8477 2-Oxo-2H-pyran-5-carboxylic acid Coumalic acid СНО, 500-05-0 140.084 pr (MeOH) 207 дес 218120 sl H,0, eth, асе; 
i bz, chl; s 
EtOH, НОАс 
8478 4-Oxo-4H-pyran-2,6-dicarboxylic ^ Chelidonic acid СНО 99-32-1 184103 rose те! па 262 51 НО, EtOH 
acid (al-w+1w) 
8479 17-0xosparteine Са а О 489-72-5 248.364 yetocolhyg 84 20912 vs Н,0, EtOH, 
nd (peth) eth; s chl 
8480 4,4-Oxybis(benzenesulfonyl Diphenyl ether 4,4-disulfonyl  С,9С109, 121-63-1 367.225 cry (peth) 128 
chloride) chloride 
8481 4,4-Oxybis(benzenesulfonyl C4; H4 №0555 80-51-3 358.393 cry(H,O) 164 dec 
hydrazide) 
8482 76 Со و‎ МО, 5633-20-5 357.486 су 114 
8483 Oxycarboxin Carboxin S,S-dioxide C oH, N0,S 5259-88-1 267301 pr (EtOH) 129 5160; s bz, 
EtOH; vs ace 
8484 Oxychlordane Ci H,CI,0 27304-13-8 423.762 cry (pentane) 0 
8485 Oxycodone Dihydro-14-hydroxycodeinone — Сан МО, 76-42-6 315.365 rods (EtOH) 219 i H50, eth; s 
EtOH, chl 
8486 Oxydemeton-methyl C H, ,لا‎ 5 301-12-2 246.284 <20 106°" 1.28920 
8487 10,10-Oxydiphenoxarsine 10,10-Охуһі5/10Н- C. Hi As,0; 58-36-6 502.225 col mcl cry 185 141 i H50; $ EtOH, 
phenoxarsine] chl; i CH,CI, 
8488 90 C, H,CIFNO, 42874-03-3 361.701 84 dec 358 1.3573 
8489 Oxymetazoline C4 H54N,0 1491-59-4 260.374 cry (bz) 182 i eth, chl 
8490 Oxymetholone 8 او‎ ٧٢ 434-07-1 332477 шу 179 
8491 Oxymethurea СНО 140-95-4 120.107 — pr(al) 126 1495 S Н,0, EtOH, 
ОН; i eth; sl 
DMSO 
8492 Oxyphenbutazone Сар Оз 129-20-4 324373 сгу (eth/ 124 s EtOH, MeOH, 
peth) chl, bz, eth 
8493 Oxyphenonium bromide C Ниво, 50-10-2 428.404 191.5 vs ЊО; sl EtOH 
8494 Oxytetracycline Со МО 79-57-2 460.434 184.5 1.63420 
8495 Oxytocin Ca aH, М 0 5; 50-56-6 1007.187 wh pow $ Н,0, BuOH 
8496 Paclobutrazol СНС 76738-62-0 293.792 wh cry 166 1.22 i B,0; vs ace, 
eOH; s xyl, 
hx 
8497 Palustric acid С»Нз0» 1945-53-5 302.451 cry (MeOH) 1645 
8498 Pamoic acid CH, 0s 130-85-8 388.369 315 
8499 Pancuronium dibromide Са Hg Br, МО, 15500-66-0 732.670 су 215 sl chl 
8500 Panose 4-a-Isomaltosylglucose C1gH 0044 33401-87-5 504437 223 dec 
8501 Panthesin و‎ №055 135-44-4 388.522 payepow 158 vs HO, EtOH 
(al) 
8502 Pantolactone C; H440; 599-04-2 130.141 92 
8503 Pantothenic acid Сан МО; 79-83-4 219.235 ye visc oil vs Н,0, bz, eth 
8504 Papaveraldine CogH NO; 522-57-6 353.369 па (al),cry 210.5 i B,0; 51 EtOH, 
(bz, peth) eth; s bz, chl 
8505 Papaverine CH; NO, 58-74-2 339.386 whpr(al- 1475 sub 135 13379. 16% SI H30; vs EtOH, 
eth), nd chl; s ace, bz, 
(chl-peth) py 
8506 Papaverine hydrochloride Cerespan СА МО, 61-25-6 375.847 wh тсірг 2245 vs HO, НОН 
(м) 
8507 Paraformaldehyde СН:0), 30525-89-4 30.026 164 dec 
8508 Paraldehyde 2,4,6-Trimethyl-1,3,5-trioxane _ СНО 23-63-7 32.157 12.6 24.3 0.9943? 1.4049? $1 Н,0; msc 
EtOH, eth, chl 
8509 Paramethadione C;HNO, 15-67-3 57.167 liq 1.1215 449% 5ІН,0; s EtOH, 
chl, bz, eth 
8510 Paraoxon 0,0-Diethy! 0-(4-nitrophenyl) ۳۳۳۹۳ 311-45-5 275.195 ойу liq 6105 1.26835 1.5096 seth 
phosphate 
8511 Paraquat Ci HN; 4685-14-7 86.252 cation 
8512 Pararosaniline hydrochloride Basic fuchsin C4 H, CIN; 569-61-9 323.819 pale viol pow 269 dec 
8513 Parasorbic acid C H,0; 0048-32-5 112.127 oily lig 005 1.07918 4736? ма H,0, eth, 
EtOH 
8514 Parathion C, H4NO;PS 56-38-2 291.261 ye liq 6.1 375 1.2681? 153/05 61 
sl ctc; vs EtOH, 
AcOEt 
8515 Patchouli alcohol СН»0 5986-55-0 222366 56 0.990695 1.50298 i H,0; s EtOH, 
eth 
8516 16 Са и МО5 1114-71-2 203.345 142% 0.9458? 1.4752? vs ace, bz, 
еон 
8517 Pelargonidin chloride C15H, ClO; 134-04-3 306.698 redbrhyg >350 S H50; vs EtOH; 
(anh) pr or sl chl, MeOH 
pl 
8518 Pellotine C, H, NO 83-14-7 237.295 рі (al, peth) 111.5 vs ace, eth, 
EtOH, peth 
8519 Pemoline 2-Amino-5-phenyl-4(5 )- Сон О; 2152-34-3 176.172 су 256 дес i H50, eth, ace; 
oxazolone sl hot EtOH 
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3-412 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
8520 Pendimethalin N-(1-Ethylpropyl)-3,4-dimethyl- C.H, №0. 40487-42-1 281.308 56 dec 1.195 
2,6-dinitroaniline 
8521 Penicillamine cysteine disulfide CIH, N,0,S; 18840-45-4 268.354 195 
8522 Penicillin G Benzylpenicillinic acid C, H, 0,5 61-33-6 334.390 amor wh SI H,0; s MeOH, 
pow EtOH, eth, chl, 
bz, ace 
8523 Penicillin G procaine ٤ و‎ №4055 54-35-3 570.700 108 дес 1.25555 S H0, EtOH, chl 
8524 Penicillin V Phenoxymethylpenicillin Ci H, №055 87-08-1 350.389 сгу 124 dec SI B,0; s os 
8525 1,2,3,4,5-Pentabromo-6- СеН,ВгеС 87-84-3 513.085 сту 204 
chlorocyclohexane 
8526 Pentabromomethylbenzene C;HsBr; 87-83-2 486.619 288 2977 i و‎ ٢ 51 EtOH, 
HOAc; s bz 
8527 Pentabromophenol C HBr;0 608-71-9 488.591 торг 229.5 sub i H,0; $ EtOH, 
(НОАс) nd bz, НОАс; sl 
(al) eth 
8528 1,1,1,3,3-Pentabromo-2- Pentabromoacetone С-НВт,0 79-49-2 452.559 nd (w, al) рг 795 sub i H30; vs EtOH, 
propanone (eth) eth, ace, chl 
8529 Pentac Dienochlor С бо 2227-17-0 474.637 tan cry (peth) 122 
8530 Pentacene Benzo[b]naphthacene СН 35-48-8 278.346 ув grn па ог >300 dec i B,0; sl bz; 5 
If (ху!) РАМО; 
8531 2,3,4,5,6-Pentachloroaniline МЕЛЕРІ 527-20-8 265.352 nd (al) 233.0 vs eth, EtOH, lig 
8532 2,3,4,5,6-Pentachloroanisole Methyl pentachlorophenyl ether C;H4CI,O 825-21-4 280.363 nd MeOH 1085 
8533 Pentachlorobenzene CHCl; 608-93-5 250.337 nd (al) 86 277 1.834216 i B,0, EtOH; sl 
eth, bz, chl, 
(5, 
8534 Pentachlorobenzenethiol Pentachlorophenyl mercaptan — С,НС15 33-49-3 282.402 231.5 
8535 2,3,4,5,6-Pentachlorobiphenyl СН), 8259-05-7 326.433 па (peth) 123.5 1Н,0 
8536 2,2,4,5,5-Ретастогорїрїїепу! C4) HsCl; 37680-73-2 326.433 cry (EtOH) 78.5 i HO 
8537 1,2,3,4,7-Pentachlorodibenzo- p- С و‎ ٢ 39227-61-7 356.416 cry (bz/ 195 
dioxin Me0H) 
8538 Pentachloroethane Refrigerant 120 CHCl; 76-01-7 202.294 iq -28.78 62.0 1.6796? 1.5025? | H,0; msc 
EtOH, eth 
8539 Pentachlorofluoroethane C;ClF 354-56-3 220.284 col liq 101.3 38 1.745 i 50; $ EtOH, 
eth 
8540 Pentachloronitrobenzene Quintozene C;CIENO; 82-68-8 295.335 cry (al) 144 dec 328 1.7185 i H50; 51 EtOH; 
S bz, ch 
8541 Pentachlorophenol C;HCI,O 87-86-5 266.336 mcl рг (аі + 174 dec 310 1.9782 i H,0; 81 lig; vs 
1w) nd (bz) EtOH, eth; s bz 
8542 1,1,2,2,3-Pentachloropropane C.H,Cl, 16714-68-4 216.321 8150 1.633% 1,509825 
8543 1,1,2,3,3-Pentachloro-1-propene CHCl; 1600-37-9 214305 85 1.6317% 1.5313?  vseth 
8544 Pentachloropyridine CCl, 2176-62-7 251.326 1255 280 vs bz, EtOH, lig 
8545 2,3,4,5,6-Pentachlorotoluene СНС, 877-11-2 264.364 па (bz, peth) 224.8 301 SI ВОН, eth, 
(5, s bz, tol, 
peth 
8546 Pentacontane Cao Hao 6596-40-3 45 92.1 515.0 
8547 Pentacosane Cos Ho 629-99-2 352.681 53.93 401.9; 282% 080129 1.4491? s bz, chl 
8548 1H-Pentadecafluoroheptane СНЕ» 375-83-7 370.059 96.0 1.725% 1.26902% 
8549 Pentadecafluorooctanoic acid C HF, 0; 335-67-1 414.069 54.3 188 
8550 2,2,3,3,4,4,5,5,6,6,7,7,8,8,8- 1,1-Dihydroperfluorooctanol لا واا‎ 307-30-2 400.085 waxy solid 47 164; 688 
Pentadecafluoro-1-octanol 
8551 Pentadecanal СН»0 2765-11-90 226.398 па 245 185% vs ace, eth, 
EtOH 
8552 Pentadecane Cic Ha, 629-62-9 212.415 9.95 210.6 0.768520 14315? ІН,0; vs EtOH, 
eth 
8553 Pentadecanoic acid Pentadecylic acid С.5Нзо 05 1002-84-2 242398 pl (dil al, 52.3 25710, 158! 0.84230 1.42549 i H,0; vs EtOH, 
НОАс) cry ace; s eth; sl 
(peth) fa 
8554 1-Pentadecanol Ci А 0 629-76-5 228.414 43.9 300 0.834775 1Н,0 
8555 2-Pentadecanone СН»0 2345-28-0 226.398 39.5 294 0.818239 
8556 8-Репіайесапопе Ci Ha 0 818-23-5 226.398 сгу (al) 43 291 0.81803 s EtOH, eth, bz, 
ctc, chl 
8557 1-Pentadecene СН 13360-61-7 210.399 Па -14 268.2 0.776420 1.389? i H,0; s ace 
8558 Pentadecylamine Pentadecanamine Ci H, N 2570-26-5 227430 37.3 307.6 0.8104? 1.4480? vs eth, EtOH 
8559 Pentadecylbenzene Coi Has 2131-18-2 288.511 22 373 0.8548? 1.481520 
8560 3-Pentadecyl-1,2-benzenediol 3-Pentadecylcatechol C Ha 0; 492-89-7 320.510 па (to, рей) 59.5 vs bz, eth, EtOH 
8561 Pentadecylcyclohexane Coo 6006-95-7 294558 29 373 0.82677? 1.458820 
8562 3-Pentadecylphenol C.H, 0 501-24-6 304510 па (peth) 53.5 2308, 19715 vs ace, bz, EtOH 
8563 1-Pentadecyne С.Н 765-13-9 208.383 10 268 0.79287 1.4419? уз ace 
8564 1,2-Pentadiene Ethylallene C.H, 591-95-7 68.118 liq -137.3 44.9 069260 1.4209? msc EtOH, eth, 
ace, bz, ctc, hp 
8565 cis-1,3-Pentadiene cis-Piperylene C.H, 1574-41-0 68.118 liq -140.8 44.1 0.691022 1.4363? тс EtOH, eth, 
ace, bz, ctc, hp 
8566 ftrans-1,3-Pentadiene trans-Piperylene CH, 2004-70-8 68.118 liq -87.4 42 0.67105 1.430120 
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oS 
МН» О SH а а са 
СІ СІ СІ СІ СІ СІ СІ СІ 
летео 
CI а CI CI CI а СЇ СІ 
СІ СІ СІ СІ СІ СІ СІ СІ 
Pentacene 2,3,4,5,6-Pentachloroaniline ^ 2,3,4,5,6-Pentachloroanisole — Pentachlorobenzene ^  Pentachlorobenzenethio! ^ 2,3,4,5,6-Pentachlorobiphenyl 2,2',4,5,5'-Pentachlorobipheny| 
Ох 20 
С1 М OH 
О С1 а 3 а 5 а CI СІ СІ e а а 
CI CI Ж 
СІ О СІ СІ Е СІ СІ СІ СІ СІ СІ СІ СІ СІ 
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1,2,3,4,7-Pentachlorodibenzo-p-dioxin Pentachloroethane Pentachlorofluoroethane Pentachloronitrobenzene Pentachlorophenol 1,1,2,2,3-Pentachloropropane 1,1,2,3,3-Pentachloro-1-propene 
СІ СІ СІ 
СІ СІ Е FR FR F Е ЕЕ ЕЕЕ О 
Ёс Е Е Е 
[| сї а Е Е Өн 
cl” км са 0 H3C(CH2)4gCH3 Е ЕЕРЕЕ Е F F FF FF F 
Pentachloropyridine 2,3,4,5,6-Pentachlorotoluene Pentacontane Pentacosane 1H-Pentadecafluoroheptane Pentadecafluorooctanoic acid 
pf RFRFRF 9 
Р OH Зо ОН ОН 
F FF FF F 
2,2,3,3,4,4,5,0,6,6,7,7,8,8,8-Pentadecafluoro-1-octanol Pentadecanal Pentadecane Pentadecanoic acid 1-Pentadecanol 
0 
Pee PS | d 
2-Pentadecanone 8-Pentadecanone 1-Pentadecene Pentadecylamine 
OH 
OH 
Pentadecylbenzene 3-Pentadecyl-1,2-benzenediol Pentadecylcyclohexane 
OH 
2 
Мо 
“н Их “че 


3-Pentadecylphenol 1-Pentadecyne 1,2-Pentadiene Cis-1,3-Pentadiene trans-1 ,3-Pentadiene 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л Solubility 
eth, ace, bz 
8568 2,3-Pentadiene 1,3-Dimethylallene С-Н, 591-96-8 68.118 — liq -125.6 48.2 0.6950? 14284® i H0; msc 
EtOH, eth, ace, 
bz, hp, ctc 
8569 1,4-Pentadien-3-ol СНО 922-65-6 84.117 115.5 0.86023 „44007 
8570 1,3-Pentadiyne ethyldiacetylene C.H, 4911-55-1 64086 0 -38.5 55 0.7909? 1.4481? 1 H,0; s eth, bz, 
chl 
8571 Pentaerythrito C;H,,0, 115-77-5 136.147 cry (dil HCl) 258 sub 548 S H,0; i eth, bz 
8572 Pentaerythritol tetraacetate 2,2-Bis[(acetyloxy)methyl]-1,3- С,зН,;08 597-71-7 304.293 tetr па (м, 83.5 1.27318 S Н,0; vs EtOH, 
propanediol diacetate bz) eth 
8573 Pentaerythritol tetrakis(2- C44 0854 10193-99-4 432553 liq 250! 1.3855 54702 
mercaptoacetate) 
8574 Pentaerythritol tetramethacrylate — Tetramethylolmethane Co Hos 0 3253-41-6 408.442 53.5 
etramethacrylate 
8575 Pentaerythritol tetranitrate СНО» 78-11-5 316.138 tetr (ace) рг 140.5 1.773% 51 HO, EtOH, 
(ace-al) eth; vs ace; s 
bz, py 
8576 Pentaethylbenzene СН 605-01-6 218.377 <-20 27 0.8971? 8 
8577 Pentaethyl tantalate Ethanol, tantalum(5+) salt Сл О Та 6074-84-66 857 51! 
8578 2,3,4,5,6-Pentafluoroaniline СЕЊ ЕМ 771-60-8 83.079 34 53.5 
8579 Pentafluorobenzaldehyde C;HF.O 653-37-2 96.074 20 67 „45062 
8580 Pentafluorobenzene CHF; 363-72-4 68.064 0 -47.4 85.74 1.5145 39057 
8581 Pentafluorobenzenethiol C HF,S 771-62-0 200.129 liq -24 43 1.5015 „46452 
8582 Pentafluorobenzoic acid C;HF,O; 602-94-8 212.074 101 220 
8583 Pentafluorobenzonitrile СЕМ 773-82-0 93.074 1.2 62 1.563% 44025 
8584 Pentafluoroethane C; HF; 354-33-6 20.021 col gas -103 -48.1 
8585 Pentafluoroiodobenzene СЫ 827-15-6 293.960 Па -29 66 2.21220 4950 
8586 Pentafluoromethoxybenzene Methyl pentafluorophenyl ether C;H,F.O 389-40-2 98.090 iq -37 38.5 1.49320 .408720 
8587 Pentafluorophenol CHF.O 771-61-9 84.063 37.5 45.6 42632 
8588 1,1,1,2,2-Pentafluoropropane Refrigerant 245cb CHF; 1814-88-6 34.048 col gas -17.4 
8589 2,2,3,3,3-Pentafluoro-1-propanol واا‎ 0 422-05-9 50.047 26% 
8590 2,3,4,5,6-Pentafluorotoluene НЕ 771-56-2 82.091 liq -29.78 17.5 1.4402 „40165 
8591 1,1,2,4,4-Pentafluoro-3- Св 384-04-3 212.041 39 1.5270 .3000° vs ace, bz, eth 
(trifluoromethyl)-1,3-butadiene 
8592 Pentagastrin СН №05 5534-95-2 767.892 col nd 230 дес i H0, bz, EtOH, 
eth 
8593 frans-3,3 4,5,7- Taxifolin C, Н 0; 480-18-2 304.252 227 dec s chl 
Pentahydroxyflavanone, (4) 
8594 Pentamethonium bromide C Ha Br); 541-20-8 348.161 301 51 Н,0 
8595 Pentamethylbenzene САН 700-12-9 48.245 pr (al) 545 232 0.917% 1.5270  iH;0; уз EtOH, 
bz; s chl 
8596 2,4,6,8,10- С-Н,0;5і; 6166-86-5 300.638 0 -108 69 0.9985? 1.391220 
Pentamethylcyclopentasiloxane 
8597 2,2,4,6,6-Pentamethylheptane Со 13475-82-6 170.334 liq -67 77.8 0.746322 1.44402 
8598 2,2,4,6,6-Pentamethyl-3-heptene Со 123-48-8 68.319 lig 80.5 
8599 2,2,3,3,4-Pentamethylpentane Со 16747-44-7 142282 liq -364 66.1 0.77675 584 
8600 2,2,3,4,4-Pentamethylpentane бұН» 16747-45-8 142282 liq -38.7 593 0.76362 1.430720 
8601 Pentamethylphenol СНО 2819-86-5 64.244 па (al, peth, 128 267 i B,0; s EtOH 
ace) 
8602 1,2,2,6,6-Pentamethylpiperidine ^ Pempidine C4 HN 19-55-0 55.281 4 08580 75 
8603 Pentamethylsilanamine C.H, NSi 2083-91-2 17.266 86 0.740022 1.437924 
8604 Pentanal Valeraldehyde СЕН О 110-62-3 86.132 — liq -91.5 03 0.809520 1.394420 51 H,0; $ EtOH, 
ећ 
8605 Pentanamide С.Н, МО 626-97-1 01147 mel pl (peth, 106 225 0.87350 1.418379 vs Н,0, EtOH, 
al) eth; sl chl 
8606 3-Pentanamine С.Н 616-24-0 87.164 89 0.74872 1.406320 $ EtOH; sl ch 
8607 Pentane C; Hi; 109-66-0 72449 liq -129.67 36.06 0.6262? 1.3575?  s| H,0; msc 
EtOH, eth, ace 
bz, chl; s ctc 
8608 Pentanedial Glutaraldehyde СНО, 111-30-8 00.117 dec 188 msc Н,0, EtOH; 
sbz 
8609 1,5-Pentanediamine Cadaverine С.Н N 462-94-2 02.178 11.83 179 0.873% 4639 5 H,0, EtOH; sl 
eth 
8610 Pentanedinitrile Glutaronitrile С.Н, 544-13-8 94115 liq -29 286 0.99115 1.429520 vs EtOH, ch 
8611 1,2-Pentanediol, (+) C; H0; 91049-43-3 104.148 209 0.9728? 77 
8612 1,4-Pentanediol CH, 0; 626-95-9 04.148 202; 12510 0.9883? 1.44525 уз ЊО, EtOH, 
ch 
8613 1,5-Pentanediol Pentamethylene glycol CH, 0; 111-29-5 04.148 liq -18 239 0.9914? 1.449422 5Н,0, EtOH; sl 
eth, bz 
8614 2,3-Pentanediol С5Н.20, 42027-23-6 104148 187.5; 1007 0.979819 1.441225 $ H,0, EtOH; sl 
eth 


8615 2,4-Pentanediol 2,4-Amylene glycol C;H,0, 625-69-4 04.148 199; 973 0.9635? 1.4349? vs H,0, EtOH 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

8616 1,5-Pentanediol diacetate Pentamethylene acetate C9 H440, 6963-44-6 88.221 2 241; 1233 .0296? — 1.4261? 

8617 2,3-Pentanedione Acetylpropionyl C;H,0; 600-14-6 00.117 ак ye liq 08 0.9565 1.4014? s H,0; msc 
НОН, eth, ace 

8618 2,4-Pentanedione Acetylacetone СНО, 123-54-6 00117 liq -23 38 097215 1.449420 vs H,0; msc 
EtOH, eth, ace, 
ch 

8619 Pentanedioyl dichloride С-Н,0150, 2873-74-7 69.006 217 1.32420 4728” s eth; sl chl 

8620 Pentanenitrile Valeronitrile C.HN 110-59-8 83.132 iq -96.2 413 0.8008? 1.397122 seth, ace, bz; sl 
сіс 

8621 1-Pentanethiol Pentyl mercaptan СН 5 110-66-7 04214 0 -75.65 26.6 0.85020 „44690 | H,0; msc 
EtOH, eth 

8622 2-Pentanethiol Sec-Pentyl mercaptan C; HS 2084-19-7 04214 liq -169 12.9 0.83279 1.441220 s EtOH, lig 

8623 3-Pentanethiol 3-Pentyl mercaptan ОН 5 616-31-9 04.214 liq -110.8 05 0.8410? 1.4447? s EtOH; s| 
DMSO 

8624 Pentanoic acid Valeric acid СН,» 109-52-4 02.132 liq -33.6 86.1 093392 1.4085? H,0, EtOH, 
eth; sl ctc 

8625 Pentanoic anhydride Сад воз 2082-59-9 86.248 liq -56.1 227 0.92420 41712 vs eth, EtOH 

8626 1-Pentanol Amyl alcohol С5Н20 71-41-0 88.148 liq -77.6 37.98 0.814420 1.410122  s| H,0; msc 
EtOH, eth; s 
ace, ch 

8627 2-Pentanol Sec-Amyl alcoho С.Н,0 6032-29-7 88.148 liq -73 19.3 0.8094? 140532 <ІН,0;5 EtOH, 
eth, ctc, chl 

8628 3-Pentanol Diethyl carbinol САН 0 584-02-1 88.148 Ід -69 16.25 0.82032 1.4104? 51 Н,0; $ EtOH, 
eth, ace, ctc 

8629 2-Pentanone Methyl propyl ketone CH, 0 107-87-9 86132 liq -76.8 02.26 0.80920 .3895? 51 H;0, ctc; msc 
EtOH, eth 

8630 3-Pentanone Diethyl ketone СН 0 96-22-0 86132 liq -39 01.7 0.809825 1.390525 s H,0, ctc; msc 
EtOH, eth 

8631 2-Pentanone oxime Methyl propyl ketone oxime СНиМО 623-40-5 101147 68 0.9095? 1.445020 vs H0, eth, 
EtOH 

8632 Pentanoyl chloride Valeroyl chloride CH4CIO 638-29-9 120.577 liq -110 09 1.01555 142002 

8633 Pentaphene 2,3:6,7-Dibenzphenanthrene СН 222-93-5 278.346 уе grn ху!) 257 i H0; sl EtOH, 
Xyl, eth; s bz 

8634 1,2,3,5,6-Pentathiepane Lenthionine С.Н, 292-46-6 188.378 60.5 

8635 Pentatriacontane Са Нә 630-07-9 492.947 cry (al) 74.6 490 0.815720 1.4568? i H,0; sl eth; s 
ace 

8636 18-Pentatriacontanone СНО 504-53-0 506.930 — If (lig) 89.0 21091 0.793% i H,0; 51 EtOH, 
eth, ace, bz, 
ig, chl 

8637 Pentazocine С.Н МО 359-83-1 285.423 cry (MeOH 147 

ад) 

8638 4-Pentenal СНО 2100-17-6 84.117 99 0.85220 419120 i H0; s eth, ace 

8639 1-Pentene о-Атуіепе С.Н, 109-67-1 70.133 vol liq or gas -165.12 29.96 0.6405? 13715? ІН,0; msc 
НОН, eth; s 
bz; sl ctc 

8640 cis-2-Pentene cis-B-Amylene СН 627-20-3 70.133 Па -151.36 36.93 0.6556? 1.3830? i H,0; msc 
НОН, eth; s 
bz, dil sulf 

8641 trans-2-Pentene trans-B-Amylene СН 646-04-8 70433 liq -140.21 36.34 0.64312 1.3793? | H,0; msc 
НОН, eth; 5 
bz; vs dil sulf 

8642 trans-3-Pentenenitrile C.H;N 16529-66-1 81.117 liq 44 0.837 42202 

8643 4-Pentenenitrile СЫН; 592-51-8 81.117 40 0.8289" 1.4213“ | 

8644  trans-3-Pentenoic acid СНО, 1617-32-9 100.117 932 0.98919 

8645 4-Pentenoic acid Allylacetic acid (1,0, 591-80-0 100.117 ٩ -22.5 88.5 0.9809? 1.428122 51,0; vs EtOH, 
eth 

8646 1-Penten-3-ol CH40 616-25-1 86.132 15 0.83920 .4239? 51 H,0; msc 
EtOH, eth 

8647 cis-2-Penten-1-ol СЕН 0 1576-95-0 86.132 38 0.8529? 1.4354? s EtOH, eth, ace 

8648 frans-2-Penten-1-ol (5160 1576-96-1 86.132 38 0.8471? 1.434122 5 EtOH, eth, ace 

8649 3-Penten-2-ol, (+) CH40 42569-16-4 86.132 21.6; 650 ^ 083285 1.4280? vs ace, eth, 
EtOH 

8650 4-Penten-1-ol C H40 821-09-0 86.132 4 0.84577 1.4309? – 5160, ctc; s eth 

8651 4-Penten-2-ol (51:60 625-31-0 86.132 16 0.83677? 1.4225? уз H,0; msc 
EtOH, eth 

8652 1-Penten-3-one Ethyl vinyl ketone СНО 1629-58-9 84117 03; 44% 0.8468? 1.419522 ІН,0; s EtOH, 
eth, ace, bz, 
ch 

8653 frans-3-Penten-2-one C;H,0 3102-33-8 84.117 22 0.8624? 1.4350? $ H,O, eth, ace, 
cic 

8654 2-(3-Pentenyl)pyridine Cio М 2057-43-4 147.217 216; 9312 092345 — 5 

8655 1-Penten-3-yne Methylvinylacetylene C. Hg 646-05-9 66.102 59.5 0.7401? 1.4496 vs bz, eth 

8656 1-Penten-4-yne С-Н, 871-28-3 66.102 425 0.73816 41256 | H,0; s eth, bz 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
8657 cis-3-Penten-1-yne С-Н, 1574-40-9 66.102 44.6 
8658 (rans-3-Penten-1-yne C. Hg 2004-69-5 66.102 522 
8659 Pentetic acid Diethylenetriaminepentaacetic ^ C.H. МО 67-43-6 393.347 сгу (м) 219 S Н,0, alk 
acid 
8660 Pentostatin C H4 №404 53910-25-1 268.270 wh cry 222 
(MeOH aq) 
8661 Pentryl 2-(N.2,4,6-Tetranitroanilino) CIH МО 4481-55-4 362167 wh-yecry 129 1.82 i H0, ctc; s chl; 
ethanol vs eth, bz 
8662 Pentyl acetate Ату! acetate CH, 0; 628-63-7 30.185 liq -70.8 149.2 0.8756 1.4023?  s| H,0; msc 
EtOH, eth; s 
cic 
8663 sec-Pentyl acetate (А) sec-Amyl acetate (А) СН, 54638-10-7 130.185 142 0880318 140122 үз eth, EtOH 
8664 6 Amylamine СНз 110-58-7 87.164 liq -55 104.3 0.754420 1.4482 — msc H,0, EtOH, 
eth; vs ace, bz; 
51 chl 
8665 4-fert-Pentylaniline CH; 2049-92-5 63.260 260.5 
8666 Pentylbenzene Amylbenzene CuHis 538-68-1 48.245 liq =f5 205.4 0.8585? 1.878? i H,0; msc 
EtOH, eth, ace, 
bz, peth, ctc 
8667 Pentyl benzoate Ci Hi 0; 2049-96-9 92.254 1375 
8668 4-Pentylbenzoyl chloride C, H, CI0 49763-65-7 210.699 144%, 1218 1.0365 530020 
8669 Pentyl butanoate Ату! butyrate CH, 0, 540-18-1 58238 liq -73.2 186.4 087135 141232 ІН,0; vs EtOH, 
eth 
8670 tert-Pentyl carbamate tert-Amyl carbamate C H, NO; 590-60-3 31.173 па (dil al) 86 vs ace, bz 
8671 Pentyl chloroformate C,H4CIO; 638-41-5 50.603 615 41815 ѕећ 
8672 Pentylcyclohexane C Ho; 4292-92-6 154293 liq -57.5 203.7 0.80377 1.443722 vs ace, bz, eth, 
EtOH 
8673 Pentylcyclopentane СН 3741-00-2 40.266 iq -83 180 0.79122 1.4356? i H,0; vs ace, 
bz, eth, EtOH 
8674 Pentyl formate Amyl formate 64,0; 638-49-3 16.158 liq -73.5 130.4 0.8853? 1.3992? sl но msc 
EtOH, eth 
8675 Pentyl heptanoate Amyl enanthate С. Hj 0, 7493-82-5 200318 ٩ -50 245.4 0.8623? 142635 ٩ on bz, eth, 
EtOH 
8676 Pentyl hexanoate Amyl caproate و0‎ ٢ 540-07-8 86.292 0 -47 226 0.8612 142022 s EtOH, eth, ace; 
sl сіс 
8677 1-Pentylnaphthalene Са а 86-89-5 98.304 liq -22 307 0.9656? 1.572520 
8678 Pentyl nitrite Ату! nitrite CHNO, 463-04-7 17.147 04.5 0.88172 1.38519 <ІН,0; msc 
EtOH, eth 
8679 Pentyl nonanoate Pentyl pelargonate Cu H, 0, 61531-45-1 228371 -27 3120 085065 57 
8680 Pentyl octanoate Amyl octanoate C Ho 05 638-25-5 214344 liq -348 260.2 0.8613? 1.42625 ІН,0; s EtOH, 
eth, ace 
8681 4-(Pentyloxy)benzoyl chloride Со و‎ ٢ 36823-84-4 226.699 983, 182% 1,0872 543420 
8682 Рету! pentanoate Cic 00» 2173-56-0 172.265 ٩ -78.8 203.7 0.8638 141640 5 0; msc 
EtOH, eth 
8683 4-Pentylphenol C, H4 14938-35-3 164.244 23 250.5 0.96020 52725 — vs eth, EtOH 
8684 Pentyl propanoate CIH, 0; 624-54-4 144212 liq -73.1 68.6 0.876125 140965 i H,0; msc 
EtOH, eth; s 
bz; sl сіс 
8685 Pentyl salicylate Ci Hi 0; 2050-08-0 208.253 210 1.06475 5062 51 H,0; msc 
EtOH, eth 
8686 Pentyl stearate C H, 05 6382-13-4 354610 pl 30 43429 vs eth, EtOH 
8687 1-Pentyne Propylacetylene СН 627-19-0 68.118 — liq -90 40.1 0.6901? 1.3852? ІН,0; vs НОН; 
msc eth; s bz, 
chl; sl ctc 
8688 2-Pentyne C; Hs 627-214 68.118 liq -109.3 56.1 0.705825 1.4039?  iH,0; vs EtOH; 
msc eth; s bz, 
chl 
8689 4-Pentynoic acid Propargylacetic acid C;H,0; 6089-09-4 98.101 57.7 11080, 10217 vs eth, НОН 
8690 2-Pentyn-1-ol СНО 6261-22-9 84.117 № -497 154; 6155 0.90920 45187 
8691 3-Pentyn-1-ol C;H,0 10229-10-4 84.117 154 0.90022 1.445420 
8692 4-Pentyn-1-ol СНО 5390-04-5 84.117 154 0.91320 441420 
8693 Perazine 10-[3-(4-Methyl-1-piperazinyl) ^ CH; МО 84-97-9 339.498 су 52 1650001 
propyl]-10/7-phenothiazine 
8694 Perfluidone CH, F4NO,S, 37924-13-3 379.375 143 
8695 Perfluoroacetone Hexafluoroacetone C,F,O 684-16-2 166.021 col gas -125.45 -27.4 
8696 Perfluorobutane Decafluorobutane С 355-25-9 238.027 col gas -129.1 -1.9 1.6484% S bz, chl 
8697 Perfluoro-2-butene C.F, 360-89-4 200.030 col gas -129 15 1.529725 
8698 Perfluoro-2-butyltetrahydrofuran CIF, 0 335-36-4 416.059 102.6 
8699 Perfluorocyclobutane Octafluorocyclobutane М 115-25-3 200.030 со! gas -40.19 -5.9 1.5005 i B,0; s eth 
>1 
ШТ 
8700 Perfluorocyclohexane Do 355-68-0 300.045 62.5 ids 52.8 sp 
point 
8701 Perfluorocyclohexene CF 355-75-9 262.048 52.0 1.66505 1.29320 
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3-420 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
8702 Perfluorodecalin Сода 306-94-5 462.078 liq -10 142.02 1.93055 
8703 Perfluorodecane 0.» 307-45-9 538.072 1442 1Н,0 
8704 Perfluorodimethoxymethane (5,0, 53772-78-4 220018 со! gas -161 -10 
8705 Perfluoro-2,3-dimethylbutane Сеа 354-96-1 338.042 liq -15 59.8 
8706 Perfluoroethyl ethyl ether C H;F,0 22052-81-9 164.074 vol liq or gas 28.11 
8707 Perfluoroethyl 2,2,2-trifluoroethyl لام راا‎ 156053-88-2 218.045 vol liq or gas 27.89 
ећег 
8708 Perfluoroheptane CFig 335-57-9 388.049 liq -51.2 825 173330 12618? i H,0; vs ace, 
eth, EtOH, chl 
8709 Perfluoro-1-heptene C; 355-63-5 350.053 81.0 
8710 Perfluorohexane CoF 14 355-42-0 338.042 liq -88.2 5714 691020 1.2515?  iH,0; s eth, bz, 
chl 
8711 Perfluoro-1-hexene СЕ 755-25-9 300.045 57.0 vs chl 
8712 Perfluoroisobutane С 354-92-7 238.027 col gas 0 
8713 Perfluoroisobutene Perfluoroisobutylene М 382-21-8 200.030 col gas -130 7 59220 
8714 Perfluoroisopropyl methyl ether C,H,F;0 22052-84-2 200.055 vol liq or gas 29.34 1.420520 
8715 Perfluoromethylcyclohexane GF 355-02-2 350.053 iq -44.7 76.3 1.78785 1.285" sace, bz, сіс, 
tol, AcOEt 
8716 Perfluoro-2-methylpentane Сеа 355-04-4 338.042 57.6 73260 1.25642 ІН,0; s bz 
8717 Perfluoro-3-methylpentane CoF 14 865-71-4 338.042 liq -115 58.4 s bz 
8718 Perfluoronaphthalene оће 313-72-4 272.094 87.5 209 
8719 Регћџогопопапе Сабо 375-96-2 488.064 117.61 1.80012 
8720 Perfluorooctane UM 307-34-6 438.057 105.9 73% 1.282% iH,0 
8721 Perfluorooctylsulfonyl fluoride C F, 0,S 307-35-7 502.121 liq 154 
8722 Perfluorooxetane CF 0 425-82- 66.021 col gas -117 -284 
8723 Perfluoropentane С 678-26-2 288.035 vol liq or gas -10 292 i H0 
8724 Perfluoropropane Са 76-19-7 88.019 со! gas -147.70 -36.6 1Н,0 
8725 Perfluoropropene СБ 116-15-4 50.022 — col gas -156.5 -29.6 15839 1ЊО 
8726 Perfluoropropyl methyl ether C,HSF;0 375-03- 200.055 34.23 :409220 
8727 Perfluoropyridine Pentafluoropyridine СЕМ 700-16-3 69.053 83.7 
8728 Perfluorotoluene C;F, 434-64-0 236.062 liq -65.49 103.55 1.66165 1.367020 
8729 Perfluorotripropylamine C F, N 338-83-0 521.069 130 822! 1.279% 
8730 1H-Perimidine Са 204-02-4 68.195 grn cry (dil 2230 i H50; s EtOH, 
al) eth, ace, bz; sl 
DMSO 
8731 Permethrin Cj Ha C10, 52645-53-1 391.288 сгу or ye liq 34 20000! 23% 10; s os 
8732 Peroxyacetic acid Ethaneperoxoic acid C; H,0; 79-21-0 76.051 liq -02 110 2269 139/48 vs Н,0, eth, 
sulf; s EtOH 
8733 Peroxypropanoic acid Propaneperoxoic acid СНО, 4212-43-5 90.078 ехр 119.7 1.41485 
8734 Perphenazine Сл На СОЗ 58-39-9 403.968 97 
8735 Perthane Ethane, 1,1-dichloro-2,2-bis(p- C.H, Cl, 72-56-0 307.258 56 
ethylphenyl)- 
8736 Perylene Dibenz[de,klJanthracene M 98-55-0 252.309  gold-bryepl 277.76 1.355 i H50; sl EtOH, 
(bz, HOAc) eth; vs ace, 
chl; s bz 
8737 Peucedanin 3-Methoxy-2-isopropyl-7 H- C H0, 33-26-6 258.270 pror pl (07- 85 278"! sl Н,0, bz; s 
furo[3,2-g][1 ]benzopyran-7- peth) FtOH, eth; vs 
one chl, CS; 
8738 Phalloidin CasHagg0,,S 7466-45-4 788.868 па (м) 281 (hyd) s ВОН, MeOH, 
Dy 
8739 Phalloin 8 و‎ №3 0109 28227-92-1 772.869 cry (w) 250 dec 
8740 o-Phellandrene 2-Methyl-5-(1-methylethyl)-1,3- Cj Hig 99-83-2 136.234 238 174.9 0.84102 1.471% ІН,0,5 eth 
cyclohexadiene 
8741 B-Phellandrene p-Mentha-1(7),2-diene Се 555-10-2 136.234 1715 0.852020 1.4788? ІН,0, EtOH; s 
eth 
8742 9-Phenanthrenamine С.Н. 947-73-9 193.244 It ye cry (al) 138.3 sub sl eth, bz, chl 
8743 Phenanthrene C. Hio 85-01-8 178.229 mclpl(al), If 4 340 0.98004 1.5943 ІН,0; $ EtOH, 
(sub eth, ace, bz, 
CS, 
8744 9,10-Phenanthrenedione Phenanthrenequinone С.„Нз0» 84-11-7 208.213 огап па (to) 209 1.405? i H50; 51 EtOH, 
oran-red pl bz; s eth 
(sub 
8745 Phenanthridine C. Hs 229-87-8 179217 nd(dila ^ 1074 348.9 SI H,O; vs EtOH, 
eth, bz, (5,8 
ace 
8746 1,7-Phenanthroline ЕЙ 230-46-6 180.205 рі (апһ), nd 78 360 5,0; vs EtOH; 
(w+2) i eth, bz, lig 
8747 1,10-Phenanthroline o-Phenanthroline С HN, 66-71-7 180.205 whnd(bz) 117 >300 vs H,O; $ EtOH, 
cry (1141) ace, bz; i peth 
8748 4,7-Phenanthroline CHN, 230-07-9 180.205 па (w 177 sub 100 $ ЊО, lig; vs 
EtOH; sl eth, 


bz, CS, 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
8749 1,10-Phenanthroline monohydrate | o-Phenanthroline monohydrate 0 5144-89-8 198219 whcrypow 93 s НОН, ace; sl 
bz 
8750 Phenazine Dibenzopyrazine Со H N; 92-82-0 180205 ye-rednd 176.5 sIH,0,eth;s bz, 
(НОАс) EtOH 
8751 2,3-Phenazinediamine 2,3-Diaminophenazine CHIN, 655-86-7 210.234 ye nd 264 sub vs bz, EtOH 
8752 1-Phenazinol Hemipyocyanine СНО 528-71-2 196.204 yend(bz dil 158 sub 51 Н,0, EtOH; s 
Me0H) bz, py, dil alk 
8753 Phenazopyridine 2,6-Diamino-3- СНА 94-78-0 213.239 тей сгу 139 
phenylazopyridine 
8754 Phenazopyridine hydrochloride 3-(Phenylazo)-2,6- СиН СИ 136-40-3 249.700  ye-red cry SI H,0, EtOH; i 
pyridinediamine, bz, ace; $ 
monohydrochloride HOAc 
8755 Phencarbamide C, H,N,0S 3735-90-8 328471 48.5 12100 vs eth, chl, 
eOH, peth 
8756 Phendimetrazine 3,4-Dimethyl-2- CH; NO 634-03-7 191.269 13472, 78035 
phenylmorpholine 
8757 Phenethicillin potassium C; Hi KN,0,S 32-93-4 402.506 — cry (ace) 235 s Н,0 
8758 Phenicin CH, Os 28-68-7 274225 ye-br(a) 2305 SI H30; vs EtOH, 
chl, НОАс 
8759 Phenindamine C, H, N 82-88-2 261.361 cry 91 147 
8760 Phenmedipham Ci H, №0, 3684-63-4 300.309 143 
8761 Phenobarbital 5-Ethyl-5-phenyl- Со ћу О 50-06-6 232.234 pl (м) 174 i B,0, bz; s 
24,6(1H3H5H)- EtOH, eth; sl 
pyrimidinetrione DMSO 
8762 Pheno Hydroxybenzene (5160 08-95-2 94111 40.89 181.87 105456 1.5408" 5Н,0, EtOH; vs 
eth; msc ace, 
bz 
8763 Phenolphthalein 3,3-Bis(4-hydroxyphenyl)-1(3H) СН.» 77-09-8 318.323 whorthnd 2625 1.27732 i НО, bz; vs 
-isobenzofuranone EtOH, ace; s 
eth, chl 
8764 Phenolphthalin 2-[Bis(4-hydroxyphenyl)methyl] C,H,,0, 81-90-3 320.339 па (м) 230.5 vs eth, НОН 
benzoic acid 
8765 Phenolphthalol C His 05 81-92-5 306.355  cry(dilal) 2015 
8766 Phenol Red Phenolsulfonphthalein Сан 0,5 143-74-8 354.376 ктей па ог 0 SI Н,0, EtOH, 
pl ace, bz; i eth, 
chl 
8767 10H-Phenothiazine Thiodiphenylamine СНМ 92-84-2 99271 ye pr (al) уе 187.5 371 vs ace, bz, eth, 
If or pl (tol) EtOH 
8768 Phenothrin C H, 0; 26002-80-2 350.450 col liq 1.0615 1.548325 ІҢ,0; $ асе, ху! 
8769 10H-Phenoxazine C H ,N0 135-67-1 83.205 If (dil al, bz) 156 dec vs bz, eth, EtOH 
8770 Phenoxyacetic acid Санга 122-59-8 52448 па or pl (м) 98.5 дес 285 S Н;0; vs EtOH, 
eth, bz, CS; 
8771 Phenoxyacetyl chloride Сан; 010, 701-99-5 70.594 225.5 s eth 
8772 Phenoxyacetylene (1160 4279-76-9 18.133 -36 615 1.061420 1.512522 vs eth, EtOH 
8773 2-Phenoxyaniline СН, NO 2688-84-8 85221 cry (lig) 45.8 308; 17214 S EtOH; s eth, 
ace, bz 
8774 3-Phenoxyaniline C, H, NO 3586-12-7 85221 рг (lig) 37 315; 18070 1.158325 S EtOH, eth, ace, 
bz; sl lig 
8775 4-Phenoxyaniline C4H,,NO 139-59-3 85.221 па (м), cry 85.5 5,0; vs EtOH, 
(dil al) eth; sl lig 
8776 3-Phenoxybenzaldehyde C H, 0, 39515-51-0 198.217 14.0 1691, 140 1.1475 1.595420 
8777 Phenoxybenzamine C44H5;CINO 59-96-1 303.827 39 s bz 
8778 Phenoxybenzamine hydrochloride Са а СМО 63-92-3 340.288 139 51 Њ0; s EtOH 
8779 2-Phenoxybenzoic acid С.Н. 005 2243-42-7 214216 If (dil al) 113 355 1.15535 i H,O; vs EtOH, 
eth; s chl 
8780 3-Phenoxybenzoic acid СааН 03 3739-38-6 214.216 па (aqal) 1458 i H,0; s EtOH, 
eth 
8781 4-Phenoxybenzoic acid С.3Н 003 2215-77-2 214.216 pr (chl) 161 SI Н,0; 5 EtOH, 
eth, chl 
8782 2-Phenoxyethanol (51 (0; 122-99-6 38.164 01 14 245 11022 1.5340 ІН,0; $ EtOH, 
eth, chl, alk 
8783 2-Phenoxyethyl acrylate Phenyl Cellosolve acrylate САН 05 48145-04-6 192211 110? 1.0905 vs ace, eth, chl 
8784 2-Phenoxyethyl butanoate Ci Hi 0; 23511-70-8 208.253 251; 88? 1.0388?! vs ace, eth, 
EtOH 
8785 3-Phenoxyphenol C Hi 0; 713-68-8 86.206 1757 
8786 4-Phenoxyphenol Ci Hi 0; 831-82-3 86.206 84.0 
8787 2-(3-Phenoxyphenyl)propanoic Fenoprofen СНО 31879-05-7 242.270 міс oil 17001 1.5742% 
acid, (+) 
8788 3-Phenoxy-1,2-propanediol Phenylglyceryl ether Сан 0, 538-43-2 68.189 па (eth, 67.5 20022 1.2257 vs Н,0, bz, eth, 
peth) FtOH 
8789 2-Phenoxypropanoic acid Сан, 0; 940-31-8 66.173 па (w) 115.5 266; 1055 1.1865? 1.518420 
8790 2-Phenoxy-1-propanol Сон 0; 4169-04-4 52.190 244 0.98012 1.476025 5 EtOH, eth 
8791 1-Phenoxy-2-propanol Сон 0; 770-35-4 52.190 233; 13420 1.062220 1.523220 
8792 1-Рһепоху-2-ргорапопе Phenoxyacetone Сан, 00 621-87-4 50.174 229.5 1.0903? 1522820 s eth, ace 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
8793 2-Рћепохургорапоу! chloride CoH,CI0; 22-35-0 184.619 147; 11679 1.1865? 1.5170? s elh 
8794 Phenprocoumon 3-(c-Ethylbenzyl)-4- C, H, 0, 435-97-2 280.318 pr(MeOH 179 
hydroxycoumarin aq) 
8795 Phenthoate Со 0,5, 2597-03-7 320.364 ye oil 123001 sl НО; s hx 
8796 Phentolamine CH, N,0 50-60-2 281.352 175 
8797 Phenyl acetate CH0, 22-79-2 136.149 196; 758 1.0780% 1.5035? <ІН,0; msc 
EtOH, eth, chl; 
s ctc 
8798 2-Phenylacetophenone СНО 451-40-1 196.244 pl (al) 60 320 1.2010 SI Н,0; s EtOH, 
eth, ctc, chl 
8799 N-(Phenylacetyl)-7- T- C4 H, N,0,S 27255-72-7 332374 cry (2-PrOH/ 200 
aminodeacetoxycephalosporanic ^ Phenylacetamidodeacetoxycep peth) 
acid halosporanic acid 
8800 Phenylacetylene Ethynylbenzene Саб 536-74-3 02.134 liq -44,8 143 0.930022 1.5470? i H,0; msc 
EtOH, eth; s 
ace; sl chl 
8801 (A-Phenylacetyl)glycine Phenaceturic acid СН NO; 500-98-1 93.199 If (EtOH) 143 
8802 Phenyl 2-(acetyloxy)benzoate Phenyl acetylsalicylate С.5Н,0, 134-55-4 256.254 96 
8803 (Phenylacetyl)urea Phenacemide Со МО 63-98-9 78.187 cry (al) 215 vs bz, eth, EtOH 
8804 9-Phenylacridine Gi gti 602-56-2 255.313 уе nd, If (al) 184 404 i H0; sl EtOH; 
S eth; vs bz 
8805 L-Phenylalaninamide a-Aminobenzenepropanamide, CH, МО 5241-58-7 64.203 82 
8806 L-Phenylalanine о-Атіпобепгепергорапоіс Сон, „№, 63-91-2 65.189 рг (м) 283 дес SI H,0; i EtOH, 
acid, (S) eth, bz, acid 
8807 L-Phenylalanine, ethyl ester Ethyl 2-amino-3- C4 Hj NO; 3081-24-1 93.243 136 1483 1.0655 sl 0 
phenylpropionate 
8808 L-Phenylalanylglycine C4 Hu N,0, 721-90-4 222.240 262 дес s Н,0 
8809 3-Phenylallyl acetate C,,H,,0, 03-54-8 76.212 123 
8810 5-Phenyl-5-allyl-2,4,6(1H,3H,5H)  Phenallymal (СН, 60, 15-43-5 244.245 156.5 SI HO, bz, 
-pyrimidinetrione DMSO; vs 
EtOH, eth; i lig 
8811 4-(Phenylamino)benzenesulfonic — A-Phenylsulfanilic acid СӘН, М0;5 01-57-5 249.285  pl(al-eth) 206 vs HO, EtOH 
acid 
8812 2-(Phenylamino)benzoic acid N-Phenylanthranilic acid С.Н, № 91-40-7 213.232 If (al) 183.5 i H30; vs EtOH; 
sl eth, bz 
8813 Phenyl 4-amino-3- Phenyl p-aminosalicylate C4 Hu МО, 33-11-9 229.231 153 
hydroxybenzoate 
8814 3-(Phenylamino)phenol CH, NO 01-18-8 185221 If (w) 81.5 340 SI HO; vs EtOH, 
eth, ace; 5 bz, 
acid 
8815 4-(Phenylamino)phenol C H, NO 22-37-2 185.221 If (w) 73 330 SI H;O; vs EtOH, 
eth, bz, chl; 5 
acid 
8816 9-Phenylanthracene Co Hu 602-55-1 254325 Ы If (al) 156 417 ІН,0; s EtOH, 
(НОАс) eth, bz, chl, 
CS, 
8817 Phenylarsonous diiodide C H;Asl, 6380-34-3 405.835 15 205", 18510 1.6264% 
8818 4-(Phenylazo)-1,3- Chrysoidine hydrochloride Сун ОМ, 532-82-1 248.7111 red-brcry 1185 VS асе 
benzenediamine pow 
monohydrochloride 
8819 4-(Phenylazo)-1,3-benzenediol C H, NO; 2051-85-6 214219  dkrednd(dil 170 160; vs EtOH, 
al) eth, bz, HOAc 
8820 4-Phenylazodiphenylamine N-Phenyl-4-(phenylazo) C. H, N; 101-75-7 273.332 yeplorpr 84.0 i H,O; vs EtOH, 
benzenamine eth, lig 
8821 4-(Phenylazo)-1-naphthalenamine _ o.- Naphthyl Red Cic Hi; № 131-22-6 247.294 red-viol cry 123 $ EtOH, dil HCI, 
(EtOH) bz 
8822 1-(Phenylazo)-2-naphthalenamine Yellow AB C4 H, Ns 85-84-7 247.294 red pl (al) 103 vs EtOH, НОАс 
8823 1-(Phenylazo)-2-naphthol Sudan I Ci H, №0 842-07-9 248.278 уе cry 132 
8824 4-(Phenylazo)phenol С.2Н,о№0 1689-82-3 198.219 уе If (bz 155 22520 dec i H,O; vs EtOH, 
oran pr (al) eth; s bz, con 
sulf 
8825 1-[4-(Phenylazo)phenyllazo]-2- ^ Sudan III C.H, N,0 85-86-9 352.388 br If (grn 195 i H,0; s EtOH, 
naphtho' lustre) eth, ace, bz, 
(HOAc) xyl, chl 
8826 N-Phenylbenzamide Benzanilide C. H4NO 93-98-1 197232 |f (al) 163 sub 117 1.3155 i B,0; 51 EtOH, 
eth, 6 
8827 o-Phenylbenzeneacetaldehyde Ca H,0 947-91-1 196.244 dec 315; 1577 1.1061? 159208 ІН,0; vs EtOH, 
eth, bz 
8828 o-Phenylbenzeneacetic acid Diphenylacetic acid С 117-34-0 212.244 па (w), If (al) 147.29 1945 12575 SI H;O; vs EtOH; 
S eth, chl 
8829 o-Phenylbenzeneacetonitrile C HN 86-29-3 193.244 pr (eth), If 3 18416 S EtOH, chl; vs 
(dil al) eth; sl lig 
8830 o-Phenylbenzeneacetyl chloride СН 010 1871-76-7 230.689 56.5 17015 S lig 
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No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gecem? л, Solubility 
(al) S eth, bz, chl; 
sl lig 
8832 N-Phenyl-1,2-benzenediamine Со ћу № 534-85-0 84.236  nd(w) 79.5 313 SI ЊО, lig; $ 
ace, bz, chl 
8833 N-Phenyl-1,4-benzenediamine p-Aminodiphenylamine Сон 101-54-2 84.236  nd(al) 66 354 SI HO, chl; vs 
EtOH; s eth, lig 
8834 o-Phenylbenzeneethanamine CuHis 25611-78-3 197.276 311; 175% 1.0315 vs eth, EtOH 
8835 o-Phenylbenzeneethanol Сл ٧ 614-29-9 98.260 па (peth-bz) 67 1775 1.03607 
8836 o-Phenylbenzenemethanamine Benzhydrylamine Са 91-00-9 83.249 hex pl 34 304; 17623 1.06332 1.5963 5Н0;$асе 
8837 o-Phenylbenzenemethanimine Сн 1013-88-3 81.233 282 1.084719 1.619179 vs eth 
8838 p-Phenylbenzenepropanoic acid СНО; 606-83-7 226.271 па (dil а) 156.0 519,0; vs EtOH; 
S eth, ace 
8839 2-Phenylbenzimidazole Phenzidole СНМ; 716-79-0 94231 pl(HOAc) 293 sl Н,0, bz; s 
(al-w) nd EtOH, chl, 
(bz, w) HOAc 
8840 Phenyl benzoate СНь0› 93-99-2 98.217 mcl pr (eth- 71 314 1.2352 1Н,0, $ EtOH, 
al) eth, chl 
8841 2-Phenylbenzoic acid Сан 947-84-2 98.217 If (dil al) 1143 343.5 i H0; vs EtOH, 
2, НОАс 
8842 4-Phenylbenzoic acid C Hg 0; 92-92-2 98.217 па (bz, al) 228 sub ІН,0; s EtOH, 
eth, bz 
8843 2-Phenyl-4H-1-benzopyran-4-one Flavone С.Н (0, 525-82-6 222239  nd(lig) cry 100 ІН,0; s EtOH, 
(30% al) eth, ace, bz 
8844 3-Phenyl-4H-1-benzopyran-4-one lsoflavone Cic Н 00; 574-12-9 222.239 148 
8845 2-Phenylbenzothiazole Ci H ,NS 883-93-2 211.282 nd(dila) 115 371 1Н,0, $ EtOH, 
eth, CS, 
8846 N-Phenyl-A- СН 91-73-6 273.372 69 22679 1.04449 — 1.60659? ІН,0; 51 EtOH, 
benzylbenzenemethanamine HOAc; s eth, 
bz 
8847 Phenyl biguanide N-Phenylimidodicarbonimidic ^ С,Н,М, 102-02-3 77.207 143 
diamide 
8848 2-Phenyl-1,3-butadiene CigHio 2288-18-8 130.186 6077 0.9250 1.5489?  iH;0;s eth, bz, 
chl 
8849 N-Phenylbutanamide Са МО 1129-50-6 63.216 mcl pr (а, 97 1895 1.134% i H,0; vs EtOH, 
bz, eth) eth; sl chl 
8850 Phenylbutanedioic acid, (+) Саон 0, 10424-29-0 194484 Ifor nd (м) 168 dec sl ЊО, chl; vs 
EtOH, eth, ace; 
i bz 
8851 1-Phenyl-1,3-butanedione CigH 505 93-91-4 62485 pr 56 261.5 .0599^ 1.567878  iH,0; s eth; sl 
chl 
8852 Phenyl butanoate Phenyl butyrate Сан 0; 4346-18-3 64.201 225 1.03825 i H50; $ EtOH, 
eth 
8853 1-Phenyl-1-butanone Сад 0 495-40-9 48.201 12 228.5 0.988? 1.5203? ІН,0; msc 
EtOH, eth; vs 
ace; s ctc 
8854 1-Phenyl-2-butanone Сл 0 1007-32-5 148.201 228; 1116 0.987720 i H50; $ EtOH, 
ctc; msc eth; 
VS ace 
8855 4-Phenyl-2-butanone Со 2550-26-7 148201 liq -13 233.5 0.984922 1.5112 ІН,0; $ EtOH, 
eth, ctc; vs ace 
8856 Phenylbutazone C4 Ha) №0» 50-33-9 308.374 105 
8857 2-Phenyl-1-butene oc-Ethylstyrene Сон; 2039-93-2 32.202 182 0.88725 5288 
8858 1-Phenyl-2-buten-1-one Сон 495-41-0 46.185 20.5 1119 0255 562618 
8859 trans-4-Pheny|-3-buten-2-one Benzilideneacetone СН, 0 896-62-4 46.185 pl 415 261 1009756 158365 ІН,0; vs EtOH; 
S eth, ace, bz; 
sl peth 
8860 4-Phenyl-3-butyn-2-one СО 817-57-8 144.170 45 792 1.0215? 1.576220 
8861 Phenyl chloroacetate Сан; 010, 620-73-5 70.594 ndor pl (al) 445 232.5 1.2202" 1.5146" ІН,0; vs EtOH, 
eth 
8862 Phenyl chloroformate C;H&CIO; 885-14-9 56.567 713 
8863 4-Phenyl-2-chlorophenol 3-Chloro-(1,1’-biphenyl)-4-ol 0,8010 92-04-6 204.651 wh-yecry 77 1617 
8864 2-Phenyl-2,5-cyclohexadiene-1,4- C4; аб; 363-03-1 84.191 уе lf (peth, 114 SI Њ0; s EtOH, 
dione al) bz, peth; vs ch 
8865 4-Phenylcyclohexanone СО 4894-75-1 74,238 cry (peth) 79 15812 
8866 1-(1-Phenylcyclohexyl)piperidine ^ Phencyclidine Сн 77-10-1 243.388 46.5 13619 
8867 3-Phenyl-2-cyclopenten-1-one СНО 3810-26-2 58.196 liq -23 234.2 0.97112 — 1.5440? s EtOH, ace, chl; 
sl eth 
8868 N-Phenyl-N,N-diethanolamine Саон 20-07-0 81.232 57 2007 1.2019 vs ace, 07, eth, 
EtOH 
8869 2-Phenyl-1,3-dioxane Сад 0; 712-01-0 64.201 па(рећ 41 253 1.605380 vs EtOH, eth 
8870 4-Phenyl-1,3-dioxane Сан 0; 772-00-9 64.201 247 1.1038? 153069 ІН,0; 5 os 
8871 1-Phenyl-1-dodecanone Ci Ha, 0 674-38-0 260414 4 2019, 1815 087946 4147009 i НО; s ace; sl 
cte 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
НОН; sl lig 
8873 N-Phenylethanolamine С.Н, NO 122-98-5 37.179 279.5; 150" 1.094522 1.5760%  sIH;O; vs EtOH, 
eth, chl 
8874 1-Phenylethanone oxime C HINO 613-91-2 35.163 па (w) 60 245 1.051578 SI HO; vs EtOH, 
eth, ace, bz; 5 
ctc 
8875 2-Phenylethyl acetate Сан 0; 103-45-7 64201 lig -31.1 232.6 1.08832 1.517122 vs eth, EtOH 
8876 1-Phenylethyl hydroperoxide СН 0, 3071-32-7 38.164 liq 50001 
8877 N-(2-Phenylethyl) Phenformin hydrochloride Сао C INS 834-28-6 241.721 cry 177.3 0 
imidodicarbonimidic diamide, 
monohydrochloride 
8878 2-Phenylethyl 2-methylpropanoate Benzylcarbinol isobutyrate ЛІП 03-48-0 92.254 250; 123% 0.99505 1.487120 
8879 2-Phenylethyl phenylacetate Ca H, 0; 02-20-5 240.297 26.5 177%5 1.077% vs EtOH 
8880 2-Phenylethyl propanoate Phenethyl propionate Dau, 22-70-3 78.228 liq 244 1.025 1.495020 
8881 2-(2-Phenylethyl)pyridine C, H, N 2116-62-3 83.249 liq -15 289 1.04650 
8882 N-Phenylformamide Formanilide C;H;NO 03-70-8 21137 mcl pr (lig- 46 271 1.118650 S Н,0, eth, bz; 
ху!) vs EtOH 
8883 Phenyl formate С-Н,0, 864-94-4 22.122 liq 178; 8215 
8884 2-Phenylfuran C1 H,0 7113-33-6 144170 10888, 825 1.08320 59202 vs асе, bz 
8885 Phenyl o-D-glucopyranoside Со 605 4630-62-0 256.251 174 
8886 Phenyl glycidyl ether Сан, 0» 22-60-1 50.174 243 1.1109? — 5 
8887 N-Phenylglycine Phenylaminoacetic acid СМО; 03-01-5 51.163 127.5 vs Н,0, EtOH 
8888 1-Phenyl-1-heptanone Ci H, ,0 671-75-6 90.281 lf 164 283.3 0.9516? 1.50602 vs a eth, 
EtOH 
8889 1-Phenyl-1-hexanone Со ٧ 942-92-7 76.254 1 27 265 0.9576? 1.50275 <ІН,0, ctc; s 
EtOH, eth, ace 
8890 Phenylhydrazine Сен, 00-63-0 08.141 mcl pr or pl 20.6 243.5 1.0986? 1.6084? s H,0; msc 
EtOH, eth, bz; 
уз ace 
8891 2-Phenylhydrazinecarboxamide ^ ک‎ 6 СНО 03-03-7 51.165 172 51 H,0, eth, bz, 
lig; s EtOH, 
ace 
8892 N-Phenylhydrazinecarboxamide ^ 4-Phenylsemicarbazide СНО 537-47-3 51465 nd(bz,pl 128 SI H;O; vs EtOH, 
(м chl; i eth 
8893 Phenylhydrazine C H СМ, 59-88-1 44601 f (al) 244 dec sub vs Н,0, EtOH 
monohydrochloride 
кв MI E ЕМ 
peth ch 
8895 Phenyl 1-hydroxy-2- 5505 132-54-7 264.275 96 vs bz, EtOH 
naphthalenecarboxylate 
8896 1-Phenyl-1H-imidazole Са 7164-98-9 44173 13 276 1.13975 1.6025? i H,0; vs eth, 
ace, chl 
8897 2-Phenyl-1H-imidazole Са 670-96-2 44173 If (bz) 149.3 340 vs EtOH 
8898 5-Phenyl-2,4-imidazolidinedione — 5-Phenylhydantoin СНО, 89-24-7 76.172 184.5 
8899 Phenylimidocarbonyl chloride СНІ, 622-44-6 74.028 liq 210; 10530 1.285 
8900 2-[(Phenylimino)methyl]phenol C, H, NO 779-84-0 97.232 49.5 1.087» 1620; s EtOH 
8901 4-[(Phenylimino)methyl]phenol N-(4-Hydroxybenzilidene)aniline 0 1689-73-2 97.232 196.0 1620; s EtOH, 
eth; sl bz, chl 
8902 1-Phenyl-1H-indene СыНр 1961-96-2 92256 oil 1587 
8903 2-Phenyl-1H-indene-1,3(24)- Phenindione С.5Н 0, 83-12-5 222.239 If (al, bz) 150 i H50; $ EtOH, 
dione eth, ace, bz, 
MeOH, chl 
8904 2-Phenyl-1H-indole СНМ 948-65-2 93.244 190.5 25010 SI H;O; s eth, bz, 
Chl, 6 
CS, 
8905 Phenyliodine diacetate lodobenzene diacetate Санио, 3240-34-4 322.096 су 161 
8906 Phenyl isocyanate C;H;NO 103-71-9 19.121 163; 5513 1.0956? 1.5368? vs eth; sl chl 
8907 2-Phenyl-1H-isoindole-1,3(2H)- C,,H NO, 520-03-6 223.227 whnd (al) 210 sub i H50; 51 EtOH; 
dione msc chl 
8908 Phenyl isopropyl ether Isopropoxybenzene C,H,,0 2741-16-4 36.190 liq -33 176.8 0.94085 1.4975% 5 ЊО, EtOH, 
ace, bz 
8909 Phenyl isothiocyanate C;H.NS 03-72-0 35187 liq -21 221 1.130320 1.64925 ІН,0; s EtOH, 
eth, ctc 
8910 3-Phenyl-2-isoxazolin-5-one C;H;NO, 076-59-1 61.158 151 sl chl 
8911 Phenyl laurate Phenyl dodecanoate C H, 0; 4228-00-6 276.414 If (al) 245 2105 0.935430 \$ ке ећ, 
EtOH 
8912 Phenylmagnesium chloride Chlorophenylmagnesium C H;CIMg 00-59-4 36862 cry Teac Н,0; s thf, 
eth 
8913 Phenylmercuric chloride Chlorophenylmercury C4 H&CIHg 00-56-1 313.15 pl (bz) 251 i H0; sl EtOH, 
bz 
8914 Phenylmercuric nitrate CH; HgNO, 55-68-5 339.70 «181 
8915 4-(Phenylmethoxy)benzaldehyde C4 0; 4397-53-9 212.244 73 2179 
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No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
8916 N2-[(Phenylmethoxy)carbonyl]- L- C4 Ha N40, 1234-35-1 308.334 174 
arginine 
8917 N-[(Phenylmethoxy)carbonyl]- L- Со На NO; 1152-61-0 267.234 117.0 
aspartic acid 
8918 2-(Phenylmethoxy)phenol Са 0; 6272-38-4 200.233 205%, 1733 1.15422 159068 vs eth, EtOH 
8919 4-(Phenylmethoxy)phenol Monobenzone СаН;0; 103-16-2 200.233 рі (м) 122 SI H,O; vs EtOH, 
bz, eth; s ace 
8920 N-(Phenylmethylene)aniline Benzylideneaniline С HN 538-51-2 181.233 pa ye па 54 310 1.0385 1.6009 i H0; s EtOH, 
(CS,) pl (dil eth, NH; sl сїї! 
al) 
8921 cis-o.-(Phenylmethylene) cis-o.-Phenylcinnamic acid C4 Н 0; 91-47-4 224.255 silky needles 174 $ Н,0, EtOH, 
benzeneacetic acid eOH, eth, bz 
8922 trans-o.-(Phenylmethylene) trans-o-Phenylcinnamic acid СНО; 91-48-5 224255  prisms 138 vs H,0; s EtOH, 
benzeneacetic acid eOH, eth, bz 
8923 N-(Phenylmethylene СМ 780-25-6 95.260 20520 
benzenemethanamine 
8924 2-(Phenylmethylene)butanal C4 H40 28467-92-7 160.212 18 243; 157° 1.020122 1.57820 
8925 N-(Phenylmethylene)ethanamine CIH, N 6852-54-6 33.190 195 0.93720 53785 1Н,0;5 EtOH, 
ећ 
8926 2-(Phenylmethylene)heptanal СН. 0 22-40-7 202.292 ув oil 80 174% 0.9711? 1.5381? ІН,0; s ace, ctc 
8927 N-(Phenylmethylene)methanamine  Benzylidenemethylamine ОП 622-29-7 19.164 185; 9234 0.967174 — 1.5526? s EtOH, eth, ace, 
chl 
8928 2-(Phenylmethylene)octanal 2-Hexyl-3-phenyl-2-propenal C, H40 01-86-0 216.319 liq 4 252; 169% 
8929 3-(Phenylmethylene)-2-pentanone Methyl oc-ethylstyry! ketone C Hu 0 3437-89-6 74.238 137? 1.000522 1.565022 
8930 N-(Phenylmethyl)-1,2- Сон, „№ 4152-09-4 50.220 130" 
ethanediamine 
8931 Phenylmethyl 4-hydroxybenzoate CH, 04 94-18-8 228.243 sl chl 
8932 1-Phenyl-2-methyl-2-propanol Ci H0 00-86-7 50217 nd 24 215 0.97876 — 56 
8933 N-(Phenylmethyl)-1 H-purin-6- СОЊА 214-39-7 225.249 232.8 
amine 
8934 4-Phenylmorpholine CoH; NO 92-53-5 63.216 сгу (al-eth) 3 i H5O, EtOH; vs 
eth 
8935 N-Phenyl-1-naphthalenamine 1-Naphthylphenylamine С.Н; 90-30-2 219.281 61 SI H,0, ctc; s 
EtOH, eth, bz, 
HOAc 
8936 N-Phenyl-2-naphthalenamine N-Phenyl-B-naphthylamine С H, N 135-88-6 219.281 108 395.5 i H50; s EtOH, 
eth, bz, НОАс; 
sl chl 
8937 1-Phenylnaphthalene С 605-02-7 204.266 су 45 334 1.096? 1.666422 ІН,0; vs EtOH, 
eth, bz, НОАс; 
s ctc 
8938 2-Phenylnaphthalene Сә 612-94-2 204.266 | (al) 103.5 345.5 1.218020 S НОН, bz, chl, 
НОАс; vs eth 
8939 1-Phenyl-1-octanone Cu H, 0 1674-37-9 204308 22.8 285; 1645 0.936030 s EtOH, eth 
8940 Phenyloxirane Styrene-7,8-oxide C4H,0 96-09-3 20.149 colorless 110 -35.6 94.1 1.04905 1.5342? i H,0; s EtOH, 
eth, chl 
8941 3-Phenyloxiranecarboxylic acid, САН 121-39-1 92.211 365 
ethyl ester 
8942 5-Phenyl-2,4-pentadienal و‎ ٧ 13466-40-5 158.196 42.5 603, 13315 i H0; msc 
НОН, bz; vs 
eth 
8943 1-Phenyl-1,4-pentanedione САН 0; 583-05-1 76.212 ye oil 6212 1.52509? уз ace 
8944 1-Phenyl-1-pentanol C.H, 0 583-03-9 64.244 412, 1023 0.9655? 1.40865 vs ace, eth, 
EtOH 
8945 1-Phenyl-1-pentanone C,,H,,0 1009-14-9 62.228 liq -94 245 0.9860 1.515820 ІН,0; vs ОН, 
eth; sl ctc 
8946 1-Phenyl-1-penten-3-one C4 H0 3152-68-9 60.212 If (lig) 38.5 4212 0.869722 1.568422 sl НО, chl; vs 
EtOH, eth, bz 
8947 Phenylphosphine Monophenylphosphine C HP 638-21-1 10.094 60.5 10015 1.579620 
8948 Phenylphosphinic acid Benzenephosphinic acid )ام‎ 1779-48-2 42.093 83.8 S Н;0; vs EtOH; 
sl eth, chl 
8949 Phenylphosphonic acid Benzenephosphonic acid СеН;ОзР 1571-33-1 58.092 If (w) 160 vs Н;0; s EtOH, 
eth, ace; i bz 
8950 Phenylphosphonic dichloride C; H;CIOP 824-72-6 94,983 1 258 1.1975 55815 51 DMSO 
8951 Phenylphosphonothioic dichloride  Dichlorophenylphosphine C HSCLPS 3497-00-5 211.049 205130 1.37613 
sulfide 
8952 Phenylphosphonous dichloride Dichlorophenylphosphine СеН5СР 644-97-3 78.984 liq -51 225; 14257 1.35620 603020 vs bz 
8953 Phenyl phosphorodichloridate Phenyl dichlorophosphate و‎ 770-12-7 210.983  hyg liq 242: 1005 1.41220 5230 
8954 1-Phenylpiperazine Со 92-54-6 62.231 pa ye oil 286.5; 1615 1.0621? 1.5875? |Н,0; msc 
EtOH, eth; s 
chl 
8955 1-Phenylpiperidine C Hyd 4096-20-2 61.244 47 258 0.9944 155985 үс EtOH, eth, bz, 
chl 
8956 4-Phenylpiperidine Ci Hyd 771-99-3 61.244 60.5 257 0.999619 s chl 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
8957 N-Phenylpropanamide САМО 620-71-3 49.189 pl (eth, al, 105.5 222.2 1.17555 SI H;O; vs EtOH, 
bz) eth 
8958 1-Phenyl-1,2-propanedione СНО, 579-07-7 48.159 уе oil <20 222; 10212 1.10062 1.5370 5Н0, EtOH, eth 
8959 1-Phenyl-1,2-propanedione, 2- Сон МО; 19-51-7 63.173 whnd(w) 115 
oxime 
8960 Phenyl propanoate С.Н, 0, 637-27-4 50174 pr 20 211 1.043625 1.4980? i H,0; vs EtOH, 
eth; s bz 
8961 2-Phenyl-1-propanol C;H4,0 123-85-9 36.190 121% 105" 0.97525 .5582? i H,0; s EtOH 
8962 1-Phenyl-2-propanol C;H4,0 698-87-3 36.190 125%, 120° 0.99120 5190 
8963 Phenylpropanolamine CgH,4CINO 54-41-6 87.666 194 vs H,0; $ EtOH; 
hydrochloride i eth, bz, ch 
8964 1-Phenyl-1-propanone Propiophenone С.Н, 0 93-55-0 34174 18.6 2175 1.0096? 1.5269? i H,0; s EtOH, 
eth, chl 
8965 1-Phenyl-2-propanone Phenylacetone С.Н, 0 03-79-7 34174 liq -15 216.5 1.015720 1,5168? i H,0; vs EtOH, 
eth; msc bz, 
ху; $ ch 
8966 cis-3-Phenyl-2-propenenitrile СН 24840-05-9 129.159 liq -4.4 249; 13930 1.0289? 1.5843? i H,0; s EtOH; 
vs bz 
8967 trans-3-Phenyl-2-propenenitrile C,H;N 1885-38-7 29.159 22 263.8 1.0304? 1.6013? i H,0; $ EtOH, 
ace, ctc 
8968 3-Phenyl-2-propenoic anhydride Сіппатіс anhydride СаН,0; 538-56-7 278.302 па (bz oral) 136 vs bz 
pt (al) 
8969 cis-3-Phenyl-2-propen-1-ol C, H,0 4510-34-3 34174 whnd(eth- 34 251.5 1.0440? 1.5819? vs eth, EtOH 
peth) 
8970 trans-3-Phenyl-2-propen-1-ol CH, 0 4407-36-7 34174  whnd(eth- 34 257.5 1.044020 1.5819? 5ІН,0, chl; vs 
peth) EtOH, eth 
8971 trans-3-Phenyl-2-propen-1-ol trans-Cinnamyl acetate САН 0; 21040-45-9 176.212 265; 14555 1.056720 1.5425? i H,0; s EtOH, 
acetate eth, ace, bz, 
ch 
8972 írans-3-Phenyl-2-propenoyl Cinnamoyl chloride Сен; 010 17082-09-6 166.604 уе сту 37.5 257.5 116175 1.6142 |Н,0; s EtOH, 
chloride ctc, lig 
8973 3-Phenylpropyl acetate Benzenepropanol, acetate C, H40; 122-72-5 78.228 со! liq -40 69! 
8974 1-Phenyl-2-propylamine, (+) Amphetamine баг 300-62-9 35.206 oil 203 0.9306 1.5188 sl H,0, eth; $ 
chl, EtOH 
8975 1-Phenyl-2-propylamine, (S) Dexamphetamine КІН 51-64-9 35.206 oil 275 203.5; 802 7 4704? 51 Н,0; s ОН, 
ећ 
8976 Phenyl ргору! ether Propoxybenzene Сан 0 622-85-5 36.190 liq -27 189.9 0.9474? 1,5014? s EtOH, eth 
8977 4-(3-Phenylpropyl)pyridine САЊА 2057-49-0 97.276 322; 150° 1.02425 56165 — vs bz, eth, py, 
EtOH 
8978 3-Phenyl-2-propynal Сабо 2579-22-8 30.143 12728, 104" 1.062220 1.607912 
8979 3-Phenyl-2-propynoic acid Phenylacetylenecarboxylic acid С,Нь0, 637-44-5 46.143 па (w) 137.5 1.2820 SI H;O; vs EtOH, 
eth 
8980 3-Phenyl-2-propyn-1-ol С-Н,0 504-58-1 32.159 13715 1.07820 58738 s eth, ace, bz 
8981 6-Phenyl-2,4,7-pteridinetriamine _ Triamterene C, HN; 396-01-0 253.262 уе pl (BuOH) 316 i eth; 51 EtOH, 
ch 
8982 1-Phenyl-3-pyrazolidinone C.H, N,0 92-43-3 62.187 126 i eth, lig 
8983 2-Phenylpyridine C4 Hg 008-89-5 55.196 271 1.083325 1.621022 <ІН,0; msc 
EtOH, eth 
8984 3-Phenylpyridine CH; 008-88-4 55.196 pa ye oil 164 272 .6123% 51 Н,0; s EtOH, 
eth 
8985 4-Phenylpyridine C4 Hg 939-23-1 55196 рі (м) 71.5 281 5,0, EtOH, eth 
8986 Phenyl-2-pyridinylmethanone C H,N0 91-02-1 83.205 42 317 1.155620 s chl 
8987 Phenyl-4-pyridinylmethanone C,H NO 4548-46-0 183.205 па (peth), pl 72 315; 17010 SI Њ0; s EtOH, 
(w) eth, bz 
8988 1-Phenyl-1H-pyrrole Со 635-90-5 43.185 рі (sub), red 2 234 #60; s EtOH, 
in air eth, ace, bz; vs 
peth 
8989 2-Phenyl-1H-pyrrole Сын; 3042-22-6 43.185 рі (al, sub) 129 272 i H,0; vs EtOH, 
eth, bz, chl; sl 
ig 
8990 1-Phenyl-1#-pyrrole-2,5-dione N-Phenylmaleimide C, МО; 941-69-5 73.169 yend(bz- 90.5 16272 vs bz, eth, EtOH 
ig) 
8991 1-Phenylpyrrolidine Са 4096-21-3 47.217 11 11972, 1025 1.0180 1.581320 seth 
8992 1-Phenyl-2,5-pyrrolidinedione Succinanil СМО; 83-25-0 75.184  mclprornd 156 400 1.35625 i H,0; s EtOH, 
(мађ ећ 
8993 2-Phenylquinoline С.Н, 612-96-4 205.255 па (dil al) 86 363; 1946 SI Н,0, peth; vs 
FtOH, eth, ace, 
bz 
8994 2-Phenyl-4-quinolinecarboxylic ^ Cinchophen C4 H4 NO; 132-60-5 249.264 nd 2145 i H,0; s EtOH, 
acid eth, alk; sl ace, 
bz 
8995 Phenyl salicylate Gist als 118-55-8 214.216 43 173? 1.261430 i H,0; vs EtOH, 
ace, bz; s eth, 
HOAc 
8996 Phenylsilane و8‎ 694-53-1 108.214 119 0.8601? 1.5125? 0 
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Mol. Physical 
No. Name Synonym CASRN Wt. Form mp/'C bp/'C Solubility 
8997 1-Phenylsilatrane 2097-19-0 251.354 pror nd 209 
(ace) 
8998 Phenyl stearate 637-55-8 360.574 52 2675 i H,0; s EtOH, 
eth 
8999 5'-Phenyl-1,1*3',1"-terphenyl 612-71-5 306.400 ойһпа (аГог 176 462 i H,0; s EtOH, 
HOAc) eth, HOAc; vs 
bz; sl ch 
9000 5-Phenyl-2,4-thiazolediamine Amiphenazole 490-55-1 91252 fl (dil al) br 163 dec 
in air 
9001 Phenyl-2-thienylmethanone 135-00-2 88.246 nd(dilal) 56.5 300 i H,0; s EtOH, 
eth 
9002 N-Phenylthioacetamide Thioacetanilide 637-53-6 51.229 па (м) 75.5 дес 
9003 Phenyl thiocyanate 5285-87-0 35.187 2325 i H,0; s EtOH, 
eth 
9004 2-Phenylthiosemicarbazide 2- 645-48-7 67.231 pr (al) 200 dec 
Phenylhydrazinecarbothioamide 
9005 4-Phenyl-3-thiosemicarbazide N- 5351-69-9 67.231 pl (al) 140 dec i ОН, lig; sl bz 
Phenylhydrazinecarbothioamide 
9006 Phenylthiourea 103-85-5 52217 па (м), рг 154 SI Н,0; s EtOH, 
(а! NaOH 
9007 3-Phenyl-2-thioxo-4- 3-Phenylrhodanine 1457-46-1 209.288 уерг(НОАс) 194.5 i H0; sl EtOH, 
thiazolidinone nd eth; s ace, chl, 
HOAc 
9008 6-Phenyl-1,3,5-triazine-2,4- Benzoguanamine 91-76-9 187.201 па, pl (al) ^ 226.5 S EtOH, eth; sl 
diamine tfa 
9009 N-Phenyl-1,3,5-triazine-2,4- Amanozine 537-17-7 187201 cry 235.5 
diamine 50% al) 
9010 4-Phenyl-1,2,4-triazolidine-3,5- 15988-11-1 177461 205.5 
dione 
9011 Phenyltrimethylammonium iodide 98-04-4 263.118 If (a 224 vs Н,0; s EtOH, 
НОАс; sl ace; i 
ch 
9012 Phenyl(triphenylmethyl)diazene 981-18-0 348.440 111 dec 
9013 Phenylurea 64-10-8 136.151 mc 147 238 SI Н,0, eth, 
DMSO; $ 
EtOH, AcOEt 
9014 trans-5-(2-Phenylvinyl)-1 ,3- Pinosylvin 22139-77-1 212244 па 156 vs ace, bz, chl, 
benzenediol HOAc 
9015 Phenyl vinyl ether 766-94-9 120.149 155.5 i H0; vs eth 
9016 Phenytoin 5,5-Diphenyl-2,4- 57-41-0 252.268 па 286 1620; s EtOH, 
imidazolidinedione ace; sl eth, bz 
9017 Phloretin 60-82-2 274.269 па 263 dec 5ІН,0, chl; msc 
cry (ace) EtOH, bz; i eth; 
S ace 
9018 Phorate 298-02-2 260.378 «-15 1908 
9019 Phorbol 17673-25-5 364432 cry (EtOH) 250 dec S H,0, ace 
9020 Phorone 504-20-1 138.206  ye-grn pr 28 97.5 SI Н,0; s EtOH, 
eth, ace, ctc 
9021 Phosalone 2310-17-0 367.808 46 
9022 Phosfolan 947-02-4 255.295 36.5 170501 vs Н,0, bz, ace; 
sl eth; s hx 
9023 Phosmet 732-11-6 317.321 T2 dec 
9024 Phosphamidon 13171-21-6 299.689 ой -45 6215 msc H0; s hx 
9025 N-Phospho- L-arginine 1189-11-39 254181 cry (асе ад) 177 
9026 O-Phosphorylethanolamine Ethanolamine 986 1071-23-4 141.063 cry (EtOH 242 
ад) 
9027 9 ۲90 996 407-41-0 85.073 су 166 дес 
9028 Phthalazine 2,3-Benzodiazine 253-52-1 30.147 90.5 316 $H,0, EtOH, bz; 
sl eth; i lig 
9029 Phthalic acid 1,2-Benzenedicarboxylic acid 88-99-3 66.132 рі (м) 230 дес dec SI Н,0, eth; i 
chl; s EtOH 
9030 Phthalic anhydride 85-44-9 48.116 whnd(al, 130.8 295 SI Н,0, eth; s 
bz) EtOH, ace, bz 
9031 29H,31H-Phthalocyanine 574-93-6 514.539  grsh-bl та! sub 550 1Н,0, EtOH, 
(quinoline) eth; s PhNH; 
9032 Phthalylsulphathiazole 85-73-4 403.432 273 i Н,0, eth, chl; 
sl EtOH; 8 
acid, alk 
9033 Physostigmine 57-47-6 275.347 orth pr (eth, 105.5 SI Н,0; s EtOH, 
bz) eth, bz, chl 
9034 Phytol 3,7,11,15-Tetramethyl-2- 150-86-7 296.531 oily liq 20310 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9035 Picene Benzo[a]chrysene Clu 213-46-7 278.846 1, pl (xyl, py, 8 519 i H0; sl EtOH, 
Sub) bz, chl; s con 
sul 
9036 Picrolonic acid Со Н№05 550-74-3 264.195 уе па (а) 116 dec 51 Н,0: s EtOH 
eth, MeOH 
9037 Picropodophyllin Со НО а 477-47-4 414.405 col nd (а, 228 vs асе, bz, eth, 
bz) EtOH 
9038 Picrotoxin Садо а 124-87-8 602.583 orth If 203.5 vs py, EtOH 
9039 6 و‎ ٧٢٢ 92-13-7 208.257 nd 34 2605 S Н,0, EtOH; sl 
eth, bz; vs chl; 
i peth 
9040 Pilocarpine, monohydrochloride C,,H,7CIN,0, 54-71-7 244.718 уд cry 204.5 vs Н,0, EtOH 
9041 Pilocarpine, mononitrate САМО, 48-72-1 271270 whpowor 178 vs Н,0 
cry (al) 
9042 Pilosine Ci H, N,0, 3640-28-3 286.325 па (al) 179 
9043 Pimaric acid Dextropimaric acid Со 27-27-5 302.451 orth (ace) рг 218.5 28218 vs eth, py, EtOH 
(al) 
9044 Pinane 2,6,6-Trimethylbicyclo[3.1.1] С.Н, 473-55-2 38.250 oil -53 69 0.84677 1.46052 
heptane 
9045 trans-2-Pinanol Pinene hydrate Слао 35408-04-9 154.249 60 8170 
9046 Pindolol Cu H, N,0, 3523-86-09 248321 сгу (EtOH) 172 
9047 о-Ріпепе 2-Ріпепе СН 80-56-8 36.284 liq -64 56.2 0.85395 1.46325 | H,0; msc 
EtOH, eth, chl 
9048 6 opinene 0.16 27-91-3 36.234 liq -61.5 66 0.86025 47685 Г H,0; s bz, 
EtOH, eth, chl 
9049 Piperazine Diethylenediamine СН № 10-85-0 86.135 _ ћудрГог 106 46 4446/3 vs Н,0; $ ОН, 
(al) chl; i eth 
9050 1-Piperazinecarboxaldehyde 0 T155-92-2 14.145 9505 509429 
9051 1,4-Piperazinediethanol C H, ,N,0; 22-96-3 74241 135 2179 
9052 Piperazine dihydrochloride Diethylenediamine C H, CLN 42-64-3 59.057 SI B,0; i EtOH 
dihydrochloride 
9053 2,5-Piperazinedione СНО; 06-57-0 14103 tab or pl (м) 312 dec sub 260 51 Н,0, EtOH; s 
HCI 
9054 1,4-Piperazinedipropanamine 1,4-Bis(3-aminopropyl) Cu HN, 7209-38-3 200.325 15 151? 0.973% 501570 
piperazine 
9055 1-Piperazineethanamine 1-(2-Aminoethyl)piperazine Сен, 5№ 40-31-8 29.203 220 0.98525 „49832 
9056 1-Piperazineethanol Сена МО 03-76-4 30.187 246 1.0615 50652 
9057 1-Piperidinamine ШІЛ 2213-43-6 00.162 147 0.9285 47502 
9058 Piperidine Azacyclohexane СН 10-89-4 85148 liq -11.02 106.22 0.860622 1.4530? msc HO, EtOH; 
S eth, ace, bz, 
chl 
9059 1-Piperidinecarboxaldehyde CIH, NO 2591-86-8 13157 liq -30.8 222.5 01585 148055 msc HO, EtOH, 
eth, bz, chl, lig 
9060 4-Piperidinecarboxamide СМО 39546-32-2 128171 138.5 
9061 2-Piperidinecarboxylic acid, (S) ^ L-Pipecolic acid Сен „МО; 3105-95-1 29.157 па (Меон/ 260 
ећ) 
9062 3-Piperidinecarboxylic acid Nipecotic acid ШТІ 498-95-3 29157 261 дес vs Н,0 
9063 4-Piperidinecarboxylic acid Isonipecotic acid Сени МО; 498-94-2 29.157 nd 336 
9064 1-Piperidineethanol CH, NO 3040-44-6 29.200 17.9 202; 902 0.97035 1.4749? msc НО; vs 
EtOH 
9065 2-Piperidineethanol 2-(2-Hydroxyethyl)piperidine САМО 1484-84-0 29.200 69 202; 14536 1.017 vs 0 
9066 4-Piperidineethanol 4-(2-Hydroxyethyl)piperidine (СН, М0 622-26-4 29.200 syr 132.5 227.5 100595 1.490722 vs H;O, eth, 
EtOH 
9067 Piperidine, hydrochloride Piperidinium chloride СНОМ 6091-44-7 21.609 142 дес vs Н,0, chl 
9068 4-Piperidinemethanamine 4-(Aminomethyl)piperidine C H N; 7144-05-0 14.188 25 200; 3170 49002 
9069 2-Piperidinemethanol CIH, NO 3433-37-2 45478 69 10410, 80! sl chl 
9070 3-Piperidinemethanol CIH, NO 4606-65-9 15.173 61 10635 1.0263? 1.4964? sl chl 
9071 1-Piperidinepropanenitrile CIH N; 3088-41-3 38.210 -6.8 145% 0.94035 585 
9072 2-Piperidinone CHNO 675-20-7 99.131 0 39.5 256 vs Н,0, EtOH, 
eth; s dil acid; 
i con alk 
9073 2-(1-Piperidinylmethyl) Pimeclone СМО 534-84-9 95.301 1194 
cyclohexanone 
9074 1-(2-Piperidinyl)-2-propanone, (+) CIH, МО 539-00-4 41.211 oil 91^ 0.9624? 1.4683? vs EtOH, chl 
9075 3-(2-Piperidinyl)pyridine, (S) Anabasine Ci Hu N; 494-52-0 62231 liq 9 276; 14614 1.0455? 1.5430? msc Н,0; $ 
EtOH, eth, bz 
9076 Piperine СНО 94-62-2 285.338 pr(AcOEDpl] 131.5 i H50; s EtOH, 
or mcl pr bz, py; sl eth; 
(al), cry vs chl 
9077 Piperonyl butoxide Сао 51-03-6 338.438 180' 1.0525 
9078 Piperonyl sulfoxide Isosafrole осју! sulfoxide Cy H, 0,S 120-62-7 324.478  ye-br liq dec 1.530% 51 H0; misc os 
9079 Pipobroman Саво О, 54-91-1 356.054 106 
9080 Piprotal Tropital С.Н0 5281-13-0 456.570 liq 215004 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9081 Pirimicarb C Hi №40» 23103-98-2 238.287 90.5 
9082 Pirimiphos-ethyl C,4H,,N0,PS  23505-41-1 333.387 dec >130 1.1420 
9083 Pirimiphos-methyl 0 یاو‎ 0٣۳6  29232-93-7 305.334 15 dec 1.1720 
9084 Pithecolobine Со و‎ N40; 22368-82-7 398.626 су 68 2300007 S Н,0, chi, eth, 
НОН, peth 
9085 2-Pivaloyl-1,3-indandione Pindone С.Н, Оз 83-26-1 230.259 уе cry 109 
9086 Plasmocid CH, N,0 551-01-9 287.400 18210 1.0569% 1585524 
9087 Plumericin CisH 405 11-16-7 290.268 sch 
9088 Podophyllotoxin 8 او‎ 0s 518-28-5 414.405 183 SIH;O; vs EtOH; 
i eth; s ace, bz, 
HOAc 
9089 Polythiazide С.,Н.(ОЇЕ-М,0,5, 346-18-9 439.882 214 
9090 Ponceau ЗА C.I. Food Red 6 C. H, N,Na,0;S, 3564-09-8 494.449 dk red pow S H,0; sl EtOH 
9091 Populin СоН»0; 99-17-2 390.384 па (м+2), рг 180 
(а) 
9092 21H23H-Porphine Co HN, 101-60-0 310.352 red or oran lf 360 sub 300 1.3365 160, eth, асе, 
(chl- bz; sl EtOH; 8 
Me0H) diox 
9093 Potassium benzoate СНКО; 582-25-2 160.212 ћуд cry 
9094 Potassium dichloroisocyanurate ^ Troclosene potassium C4CLKN.0, 2244-21-5 236054 hyg cry 250 dec 
9095 Potassium D-gluconate CHKO, 299-27-4 234.245 ye-whcry 183 dec vs Н,0:1 EtOH, 
eth, bz, chl 
9096 Potassium trans, trans-2,4- Potassium sorbate C HK0, 24634-61-5 150.217 >270 дес 1.3615 vs HO; s EtOH 
hexadienoate 
9097 Potassium hydrogen phthalate Potassium biphthalate С.НКО, 877-24-7 204.222 1.63625 S H,0; sl EtOH 
9098 Potassium cís-9-octadecenoate ^ Potassium oleate C4 H. ٧ 143-18-0 320.552  ye-br solid S Н,0, EtOH 
9099 Prazosin Ci ћи МО, 19216-56-9 383402 су 279 
9100 Prednisolone C Ha 05 50-24-8 360.444 235 
9101 5o-Pregnane Allopregnane Coi Has 641-85-0 280.511 845 
9102 5B-Pregnane 17B-Ethyletiocholane СНз 481-26-5 288.511 mcl sc or pl 83.5 1.03215 ІН,0; s chl, 
(MeOH) MeOH 
9103 5o.-Pregnane-30,20c-diol Allopregnane-30.,20c.-diol C.H, 0; 566-58-5 320.510 cry (MeOH) 244 
9104 5B-Pregnane-30,20S-diol Pregnanediol C Ha 0; 80-92-2 320.510 ام‎ (ace) 243.5 1.155 sl EtOH, eth; s 
ace 
9105 5o-Pregnane-3,20-dione 3,20-Allopregnanedione СА 0; 566-65-4 316.478 су 200 
9106 5p-Pregnane-3,20-dione C,H 0, 28-23-4 316.478  nd(dilal)cry 123 160; vs EtOH; 
(dil ace) s eth, ace 
9107 5-Pregnane-3,17,21-triol-20-one — 3,17,21-Trihydroxypregnan-20- C,H,O, 68-60-0 350.493 сгу (EtOAc) 226 
one, (За, 58) 
9108 Pregnan-3oc-ol-20-one CA Ha 05 28-20- 318.494 па (bz), cry 149.5 vs EtOH 
(dil al) 
9109 Pregnenolone СА 0; 45-13- 316.478 nd(dilal) 2 
9110 Prenoxdiazine hydrochloride ٤ و‎ МО 982-43-4 397.940 186.5 
9111 Prephenic acid C. H, Oy; 26-49-8 226.182 free acid 
unstab 
9112 Pridinol 1,1-Diphenyl-3-(1-piperidinyl)- C,H,N0 511-45-5 295.419 cry 120 S ace 
1-propanol 
9113 Prilocaine N-(2-Methylphenyl)-2- Ci H,N,0 721-50-6 220.310 nd 38 160! 1.529920 
(propylamino)propanamide 
9114 Procainamide 4-Amino-A-[2-(diethylamino)  C43H;;N40 51-06-9 235.325 47 2122 
ethyl]benzamide 
9115 Procainamide hydrochloride C4 H5; CIN4O 614-39-1 271.786 166 vs Н;0; $ EtOH; 
i eth, bz; sl chl 
9116 Procarbazine hydrochloride Со АМО 366-70-1 257.759 сгу (MeOH) 225 
9117 Prochlorperazine CH, CIN,S 58-38-8 373.943 228 
9118 Procymidone СаН,10М0; 32809-16-8 284.138 166 1.4525 
9119 Prodiamine و‎ МО 29091-21-2 350.294 124 1475 
9120 Profenofos C4H,,BrCIO,PS 41198-08-7 373.631 11000 1.4552 
9121 Profluralin ТҮЛЕП 26399-36-0 347.290 34 
9122 Progesterone Pregn-4-ene-3,20-dione C Ha 0; 57-83-0 314462 pr 129 1.16623 i H,0; $ EtOH, 
diox, ace 
9123 DL-Proline 0-0; 609-36-9 115.131 hyg nd (а!- 205 dec vs HO, EtOH 
eth) cry 
(+) 
9124 L-Proline 2-Pyrrolidinecarboxylic acid С.Н,МО, 147-85-3 115.131  nd(al-eth)pr. 221 дес vs ЊО; sl EtOH, 
(w) ace, bz; i eth, 
PrOH 
9125 Promazine CH, NS 58-40-2 284.419 20603 
9126 Promecarb Phenol, 3-methyl-5-(1- Сон ٢٧٢ 2631-37-0 207.269 87 11700 
methylethyl)-, methylcarbamate 
9127 Promethazine N.N,o-Trimethyl-10H- Со 60-87-7 284.419 60 19105 1Н,0: vs dil HCI 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9128 Promethazine hydrochloride Diprazin CH, CIN,S 58-33-3 320.880 231 vs Н,0, НОН, 
сћ 
9129 Prometone Сл №50 1610-18-0 225291 solid 915 
9130 Prometryn N.N-Diisopropyl-6-(methylthio) C,H, N.S 7287-19-6 241357 119 1.1572 
-1,3,5-triazine-2,4-diamine 
9131 7 Acetamide, 2-chloro- N-(1- C, H,CINO 1918-16-7 211.688 0 110003 1.2425 
methylethyl)- N-phenyl- 
9132 Propanal Propionaldehyde С-Н,0 123-38-6 58.079 liq -80 48 0.865725 1.3636? $ Н,0; msc 
EtOH, eth 
9133 Propanal oxime C.H;NO 627-39-4 73.094 40 131.5 0.9258? 1.428720 
9134 Propanamide Propionamide C3H,NO 79-05-0 73.094 тот, pl (bz) 81.3 213 0.926270 1.41807? vs HO, EtOH, 
eth, chl 
9135 Propane С-Н, 14-98-6 44.096 со! gas -187.63 -42.1 0.4935 $ H,0, EtOH; vs 
(p»1 eth, bz; sl ace 
atm) 
9136 Propanediamide C H NO, 108-13-4 102.092 mcl pr(w) 170.8 $ НО; i EtOH, 
eth, bz; 5 
DMSO 
9137 1,2-Propanediamine, (+) Propylenediamine СМ 10424-38-1 74.124 0 119.5 0.878" 44602 уз H0; i eth; vs 
ch 
9138 1,3-Propanediamine 1,3-Diaminopropane СМ 109-76-2 74124 liq -10.8 139.8 0.88425 460020 $ Н,0; msc 
EtOH, eth 
9139 1,2-Propanediol diacetate С.Н. 20, 623-84-7 160.168 190.5 059% 44739 ма Н,0; s EtOH, 
ећ 
9140 1,3-Propanediol diacetate C;H,0, 628-66-0 160.168 209.5 1.0704 4192 ма ЊО; s EtOH 
9141 1,2-Propanediol 1-methacrylate 2-Hydroxypropyl methacrylate ولوان‎ 923-26-2 144.168 909, 5705 .066% 44582 
9142 1,2-Propanedione Pyruvaldehyde С-Н,0; 78-98-8 72.063 ye hyg liq T2 04559 1.400218 5 EtOH, eth, bz 
9143 Propanedioyl dichloride C3H,CI,0, 663-67-8 140.953 57% 1.4509? 1.4639? s eth, AcOEt 
9144 1,2-Propanedithiol С-Н,5; 814-67-5 108.226 152 1.0820 5320 schl 
9145 1,3-Propanedithiol Trimethylene dimercaptan CHS; 09-80-8 108.226 liq -79 172.9 107720 1.5392? sl H,O, ctc; msc 
EtOH, eth, bz 
9146 22-3 Disalicylidene-1,3- ٢ ٧٢٢ 20-70-7 282.337 54,3 
Propanediylbis(nitrilomethylidyn ^ propanediamine 
e)]bisphenol 
9147 Propanenitrile Ethyl cyanide C.H;N 07-12-0 55079 liq -92.78 97.14 0.78182 1.365522 vs H,0; s ОН, 
eth, ace, bz, 
cic 
9148 1-Propanesulfonic acid С-Н,0,5 5284-66-2 124.159 8 136! 1.2516% 
9149 1-Propanesulfonyl chloride С-Н,010,5 0147-36-1 142.605 dec 180; 772 1.2672 452% 
9150 1,3-Propane sultone 1,2-Oxathiolane, 2,2-dioxide C.H,04S 120-71-4 122.143 s chl 
9151 1-Propanethio Propyl mercaptan C; HS 07-03-9 76161 liq -113.13 67.8 0.8411? 1.4380? <ІН,0; s EtOH, 
eth, ace, bz 
9152 2-Propanethio Isopropyl mercaptan C, HS 75-33-2 76161 liq -130.5 52.6 081430 1.425520  s| H,0; msc 
EtOH, eth; vs 
ace; s chl 
9153 1,2,3-Propanetriamine 1,2,3-Triaminopropane НАМ 21291-99-6 89.139  visc oil 190; 929 s Н,0 
9154 1,2,3-Propanetricarboxylic acid — Tricarballylic acid (1,0, 99-14-9 176.124 orth (eth) 166 vs HO, EtOH; sl 
eth 
9155 1,2,3-Propanetriol-1-acetate C; H40, 106-61-6 134.131 15819, 1298 1.206020 1.41572 vs НО, EtOH 
9156 1,2,3-Propanetriol 1-(4- Glyceryl p-aminobenzoate Сын №0, 136-44-7 211.215 i B,0; s EtOH 
aminobenzoate) 
9157 1,2,3-Propanetriol-1,3-diacetate — 1,3-Diacetin C;Hi,0; 105-70-4 176.167 hyg liq 260; 14912 1.1795 . 14395?  vsH;0, EtOH; sl 
eth; i 65; 
9158 1,2,3-Propanetriol tribenzoate C. H,0; 614-33-5 404412 nd(MeOH) 76 1.228? ІН,0; s EtOH; 
vs eth, ace, bz, 
ch 
9159 1,2,3-Propanetriol tripropanoate С. و‎ ٢ 139-45-7 260.283 1752, 1573 11085 14318? ІН,0; $ EtOH, 
chl; vs eth 
9160 1,2,3-Ргорапе! ту! hexanoate ٤ و‎ ٧٢ 6021-0-5 386.523 -60 >200 0.986722 14427? |Н,0; msc 
EtOH, eth, bz; 
VS ace 
9161 1,2,3-Propanetriyl octanoate C; Hs0g 538-23-8 410.682 10 233 0.9540? 1.4482? i H0; msc 
НОН; vs eth, 
bz, chl, lig 
9162 Propanidid Са МО 1421-14-3 337.411 21197 1Н,0, $ EtOH, 
chl 
9163 Propanil Propanamide, N-(3,4- Сон СМО 709-98-8 218.079 92 1255 
dichlorophenyl)- 
9164 Propanoic acid Propionic acid Саб; 79-09-4 74079 19 -20.5 14115 098825 — 1.3809? msc ЊО, EtOH; 
S eth; sl chl 
9165 Propanoic anhydride Propionic anhydride Сен 104 123-62-6 130.141 liq -45 170; 67.58 1.011022 1.4030? msc eth; sl ctc 
9166 1-Propanol Propyl alcohol C.H, 11-23-8 60.095 liq -124.39 972 0.79972 1385020 msc H,0, EtOH, 
eth; s ace, chl; 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9167 2-Propanol Isopropyl alcohol С.Н 67-63-0 60.095 liq -87.9 82.3 0.7809% 1.37762 msc ЊО, EtOH, 
eth; s ace, chl; 
vs bz 
9168 2-Propanone oxime Acetoxime C;H;NO 127-06-0 73.004 pr (al) 61 136; 612 0.91138 1.41562 s H,0, EtOH, 
eth, chl, lig 
9169 2-Propanone phenylhydrazone Acetone, phenylhydrazone CHiN, 103-02-6 148.204 1 42 16350 S EtOH, eth, dil 
acid 
9170 Propanoyl chloride Propionyl chloride С-Н,С10 79-03-8 92524 liq -94 80 1.0646? 1.403222 зай 
9171 Propanoyl fluoride Propionyl fluoride С-Н.ГО 430-71-7 16.069 44 0.972% .329'8 
9172 Propantheline bromide C; H4 BrNO, 50-34-0 448.393 шу 160 vs Н,0, EtOH, 
chl; i eth, bz 
9173 Propargite C, H, 0,S 2312-35-8 350.472 1102 
9174 Ргорагду! acetate СНО, 627-09-8 98.101 121.5 0.9982? 1.418722 51 H,0; s EtOH, 
ећ 
9175 Propargyl alcohol 3-Hydroxy-1-propyne С-Н,0 07-19-7 56.063 liq -51.8 113.6 0.9478? 1.4322? s H,0, chl; msc 
EtOH, eth 
9176 Propatyl nitrate 2-Ethyl-2-[(nitrooxy)methyl]- САМО 2921-92-8 269166 wh pow 52 49 1620; s EtOH, 
1,3-propanediol, dinitrate ace 
9177 Propazine 6-Chloro-N, N-diisopropyl- СН, CIN; 39-40-2 229.710 213 1.16220 
1,3,5-triazine-2,4-diamine 
9178 Propene Propylene C.H; 15-07-1 42.080 col gas -185.24 -47.69 05055 — 1.356779 sl H,0; vs EtOH, 
(p»1 HOAc 
atm) 
9179 trans-1-Propene-1,2-dicarboxylic Меѕасопіс acid C; HO, 498-24-8 130100 orthndor 204.5 sub 1.46620 51620, bz, CS;; 
acid mcl pr (eth) vs EtOH; s eth, 
a 
9180 1-Propene-2,3-dicarboxylic acid ^ Itaconic acid СНО, 97-65-4 130.100 rhom (bz) 175 dec 1.6325 $ Н,0, EtOH, 
ace; sl eth, bz, 
peth 
9181 2-Propene-1-thiol CHS 870-23-5 74.145 65 0.9258 1.483220 1iH,0; msc 
EtOH, eth; s 
ch 
9182 cis-1-Propene-1,2,3-tricarboxylic — cis-Aconitic acid C; HO; 585-04-2 74408 nd (w) 125 S H,0; sl eth 
acid 
9183 (rans-1-Propene-1,2,3- trans-Aconitic acid СНО 4023-65-8 174.108 If (w) nd (w, 196 dec vs H,0, НОН 
tricarboxylic acid eth) 
9184 1-Propen-1-one Methylketene С-Н,0 6004-44-0 56.063 сої gas -80 -23 vs eth 
9185 2-Propenoyl chloride Acrylic acid chloride C5H,ClO 814-68-6 90.508 75.5 1.1136 1.4343? vs chl 
9186 cis-1-Propenylbenzene CoH, 766-90-5 18.175 liq -61.6 167.5 0.9088? 1.5420% i H,0; msc 
FtOH, eth, ace, 
bz, peth, ctc 
9187 trans-1-Propenylbenzene C; Hi 873-66-5 18175 0 -29.3 178.3 090235 1.5506? i H,0; msc 
FtOH, eth, ace, 
bz 
9188 trans-5-(1-Propenyl)-1,3- Ооо 4043-71-4 62.185 6.8 253 12240 1,5782? i НО; msc 
benzodioxole EtOH, eth; vs 
ace; s chl 
9189 4-(1-Propenyl)phenol p-Anol Сан 0 539-12-8 34174 | 94 дес 250 SI H,0; vs DMF 
9190 2-(1-Propenyl)piperidine B-Coniceine КІН 538-90-9 25.212 8 168 0.8716% 
9191 Propetamphos Сұ, N0, PS 31218-83-4 281.309 880.005 1.129420 
9192 Propiconazole С.Н,01М,0, 60207-90-1 342.221 18007 1.272 
9193 Propiomazine CH; N,0S 362-29-8 340.482 24005 
9194 Propionyl-L-carnitine Carnitine, 0-ргорапоу! C4 Hy NO, 20064-19-1 217.263 hyg рг (2- 147 dec 
PrOH) 
9195 Propofol 0510 2078-54-8 78.270 19 256; 136% 0.95520 51402 
9196 Propoxur Phenol, 2-(1-methylethoxy)-, C4 Hi NO, 14-26-1 209.242 87 dec 12% 
methylcarbamate 
9197 2-Propoxyethanol Ethylene glycol monopropyl С5Н›0› 2807-30-9 04.148 149.8 0.911222 1.4133? H,0; vs EtOH, 
ether eth 
9198 D-Propoxyphene Dextropropoxyphene C; МО, 469-62-5 339.471 cry (peth) 75.5 
9199 [-Propoxyphene Levopropoxyphene CH, N0; 2338-37-6 339471 cry (рем) ^ 755 
9200 1-Propoxy-2-propanol 1,2-Propylene glycol 1-propyl — C, H0; 569-01-3 18.174 150 0.8886? 1.413020 
ether 
9201 3-Propoxy-1-propene Сан 0 471-03-0 00.158 91 0.7764? — 1.3919? уз ace, eth, 
EtOH 
9202 Propranolol C4 Ни МО, 525-66-6 259.344 сгу (cyhex) 96 
9203 Propyl acetate СН. 05 09-60-4 02432 liq -93 101.54 0.88780? 1.3842? 51 Н,0; msc 
EtOH, eth; s 
ctc 
9204 Propyl acrylate 2-Propenoic acid, propyl ester С.Н О; 925-60-0 14.142 122; 63100 
9205 Propylamine 1-Propanamine C. HAN 07-10-8 59.110 liq -84.75 47.22 0.7173 1.3870? msc H,0; vs 
EtOH, ace; 8 
bz, chl; sl ctc 
9206 Propylamine hydrochloride 1-Propanamine hydrochloride ل١‎ 556-53-6 95.571 163.5 s DMS0 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9207 Propyl 4-aminobenzoate Risocaine Со а МО; 94-12-2 79216 pr 75 vs bz, eth, EtOH, 
chl 
9208 2-(Propylamino)ethanol C.H,,NO 16369-21-4 103163 182 0.9005? 1.442820 
9209 4-Ргорујап пе САМ 2696-84-6 35.206 227 
9210 М-Ргорујап пе CoH, aN 622-80-0 35.206 222; 98" 0.94432 1.5428? vs eth, ОН 
9211 Propylarsonic acid 1-Propanearsonic acid CHASO; 107-34-6 68.023 nd 0 pl 5 vs H0, EtOH; | 
(м ећ 
9212 Propylbenzene Isocumene GH; 103-65-1 20.191 liq -99.6 159.24 085935 1.489525 | Н,0; msc 
FtOH, eth, асе 
bz, peth, ctc 
9213 o.-Propylbenzenemethanol, (А) СұН,0 22144-60-1 150.217 16 232 0.9740? 1.5139? vs eth, EtOH 
9214 Propyl benzenesulfonate СН, 0,5 80-42-2 200.254 16275 1.18047 1.50352 5ІН,0; s EtOH; 
vs eth, chl 
9215 Propyl benzoate Сл 0; 2315-68-6 64.201 liq -51.6 211 1.023020 1.5000? i H,0; msc 
EtOH, eth 
9216 5-Propyl-1,3-benzodioxole Dihydrosafrole Сан 0; 94-58-6 64.201 228 S ctc 
9217 Propyl butanoate CH, 0, 105-66-8 30485 liq -95.2 43.0 087300 1.400122  s| H,0; msc 
EtOH, eth 
9218 Propyl carbamate C H,N0; 627-12-3 03420 pr 60 96 6 n eth, 
EtOH 
9219 Propyl chloroacetate C;H&CIO; 5396-24-7 36.577 61 1.10420 42612 vs eth 
9220 Propyl 2-chlorobutanoate СНОО, 62108-71-8 164.630 83 02522 
9221 Propyl chlorocarbonate C H,CI0; 109-61-5 22.551 15.2 1.090120 1.403522 төс EtOH, eth 
9222 Propyl 3-chloropropanoate С«Н,1610, 62108-66-1 150.603 80 06560 1.429020 уз eth, EtOH 
9223 S-Propyl chlorothioformate S-Propyl carbonochloridothioate 6 13889-92-4 1384616 liq 595 
9224 Propyl trans-cinnamate Propyl trans-3-phenyl-2- СНО; 74513-58-9 190.238 285 1.0433? 1Н,0 
ргорепоаје 
9225 Propylcyclohexane C; His 1678-92-8 26.239 liq -94.9 56.7 079360 14370? ІН,0; msc 
НОН, ace, ctc; 
S eth, bz 
9226 2-Propylcyclohexanone CH, 0 94-65-5 40.222 97 0.927% 4538?  iH,0; 5 EtOH, 
ace; vs eth, bz 
9227 Propylcyclopentane C; His 2040-96-2 12213 0 -117.3 31 0.7763? 1.4266? i H,0; msc 
EtOH, eth, ace 
S bz; vs ctc 
9228 1-Propylcyclopentanol C H, 0 1604-02-0 28212 liq -37.5 73.5 0.90405 1.450225 
9229 Propylene carbonate 4-Methyl-1,3-dioxolan-2-one ^ C,H,0, 108-32-7 02.089 Па -48.8 242 1.204722 1.4189? — vs H;O, EtOH, 
eth, ace, bz 
9230 1,2-Propylene glyco 1,2-Propanediol С-Н,0, 57-55-6 76.095 liq -60 87.6 1.03617 1.4324? — msc H,0, EtOH 
S eth, bz, chl 
9231 1,3-Propylene glyco Trimethylene glycol C.H,0; 504-63-2 76.095 liq -27.7 214.4 .0538 1.4398 — msc H,0, EtOH 
vs eth; $1 bz 
9232 1,2-Propylene glycol 2-tert-butyl — 2-(1,1-Dimethylethoxy)-1- СНО; 94023-15-1 132.201 liq 52 0.87 
ether propanol 
9233 1,2-Propylene glycol dinitrate СНО 6423-43-4 166.089 liq exp 9210 
9234 1,2-Propylene glycol monomethyl 1-Methoxy-2-propanol С.Н, 05 107-98-2 90.121 19 0.96202 1.403420 
ether 
9235 1,2-Ргоруепе glycol monomethyl 2-Acetoxy-1-methoxypropane ^ C4H4,0, 108-65-6 132157 liq 47 
ether acetate 
9236 Propyleneimine 2-Methylaziridine СОЊА 75-55-8 57.095 67 0.81216 
9237 Propyl formate C H,0; 110-74-7 88.106 liq -92.9 80.9 0.9073 1.377?  sIH,0, ctc; msc 
EtOH, eth 
9238 Propyl 3-(2-furyl)acrylate Сл 05 623-22-3 80.200 11315, 923 1.074420 1.539221 vs bz, eth, EtOH 
9239 4-Propylheptane СН» 3178-29-8 42.282 157.5 0.732125 1.413520 
9240 Propyl hexanoate Сон 0, 626-77-7 58238 liq -68.7 187 0.86722 1.4170? vs eth, EtOH 
9241 Propyl 2-hydroxybenzoate Сан 04 607-90-9 80.200 97 239 1.097920 1.516122 sctc, CS, 
9242 Ргору! 4-hydroxybenzoate Propylparaben Соба 94-13-3 80.200 pr (eth) 97 063072 1.50502 i H,0; s EtOH, 
eth; sl chl 
9243 Propyliodone Си NO; 587-61-1 447.008 186 
9244 Propyl isobutanoate СНА; 644-49-5 30.185 35.4 0.8843? 1.395520 $ H,0; s EtOH, 
ace; vs eth 
9245 Propyl isocyanate 1-Isocyanatopropane C,H;NO 110-78-1 85.105 83.5 0.908% 397020 
9246 Propyl isothiocyanate 1-Isothiocyanatopropane C,H;NS 628-30-8 01.171 53 0.978116 150856 5 in msc 
EtOH, eth 
9247 Propyl methacrylate (-Н, 0, 2210-28-8 28.169 41 0.9022? 1.419022 ІН,0; msc 
EtOH, eth 
9248 Propyl 3-methylbutanoate Propyl isopentanoate C4H440; 557-00-6 44.212 55.9 0.86177 1.403122 vs eth, ОН 
9249 1-Propylnaphthalene CH; 2165-18-6 70.250 liq -8.6 2745 0.98972 1.592320 
9250 Propyl nitrate C.H;NO, 627-13-4 05.093 10 05380 1.397322 51 Н,0; s EtOH, 
eth, ctc 
9251 Propyl nitrite CHNO; 543-67-9 89.094 liq 48 0.88620 .3604? 51 Н,0; s EtOH, 
eth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9052 Propyl octanoate C, H50; 624-13-5 86.292 liq -46.2 226.4 0.8659? 1.4191? уз ace, eth, 
EtOH 
9253 Propyl pentanoate Са О; 141-06-0 44212 liq -10.7 167.5 0.8699? 1.4065? i H,0; s EtOH, 
eth, chl 
9254 2-Propylpentanoic acid Valproic acid C H, 0, 99-66-1 44212 col liq 221; 12014 0.90425 4255 0ه‎ 
9255 2-Propylphenol Сон „О 644-35-9 36.190 1 220 1.0152 vs eth, НОН 
9256 4-Propylphenol С-Н,,0 645-56-7 36.190 22 232.6 1.0092 53795 51 Н,0, сіс; s 
EtOH 
9257 2-Propylpiperidine, (S) Coniine КІН 458-88-8 27.228 liq -1.0 166.5 0.8440? 1.451222 sl H,O, chl; msc 
НОН; vs eth; $ 
bz 
9258 trans-6-Propyl-3-piperidinol, (35) Pseudoconhydrine C,H,;NO 140-55-6 43.227 ћуд па (eth) 106 236 vs H,0, eth, 
EtOH 
9259 N-Propylpropanamide CIH, NO 3217-86-5 15.173 154 215; 108? 0.89857 sl H,0, eth 
9260 Propyl propanoate Ргору! propionate Сен 0; 106-36-5 16.158 liq -15.9 122.5 0.8809? 1.393522 sl H,O, ctc; msc 
EtOH, eth; s 
ace 
9261 2-Propylpyridine СН, 622-39-9 21.180 1.0 167 0.9119? 1.492522  s| H0; msc 
EtOH, eth; vs 
ace 
9262 4-Propylpyridine Саны 1122-81-2 21.180 185 0.938115 1.496622 vs eth, EtOH 
9263 2-Propyl-4- Protionamide Сон 5 14222-60-7 180.269 136.7 
pyridinecarbothioamide 
9264 Propyl Red Benzoic acid, 2-[[4- C, H, ,N,0; 2641-01-2 325.405  viol-bl or s EtOH, KOH 
(dipropylamino)phenyl]azo]- purp red 
cry (al) 
9265 (Propylthio)benzene Сан 5 874-79-3 152.256 liq -45 220 0.9995? 1.557120 
9266 Propyl 4-toluenesulfonate C, 045 599-91-7 214.281 <-20 1899 1.14420 499820 
9267 Propyl trichloroacetate C;H,CI,0, 13313-91-2 205.468 187 1.32212 1.4501? үѕ eth, EtOH 
9268 Propyl 3,4,5-trihydroxybenzoate Ргору! gallate Citas 121-79-9 212.199 па (м) 130 sl Н,0 
9269 Propylurea СНО 627-06-5 102.134 pr (al) 108.5 51 Н,0, DMSO; 
5 НОН 
9270 Propyl vinyl ether 1-(Ethenyloxy)propane C;H440 764-47-6 86.132 65 0.7674? 5 
9271 2-Propynal Propargyl aldehyde С-Н,0 624-67-9 54.047 60 0.91522 1.40335 msc H,0; s 
EtOH, eth, ace, 
bz, tol 
9272 2-Propyn-1-amine СНА 2450-71-7 55.079 83 0.80325 448020 
9273 Propyne Methylacetylene С.Н, 74-99-7 40.064 _ col gas -102.7 -23.2 0.607% .38639 5160; vs EtOH; 
(p>1 S bz, chl 
atm) 
9274 2-Propynoic acid Propiolic acid С-Н,0, 471-25-0 70.047 су (CS;) 9 dec 144; 7250 1.1380? 1.4306? vs H,0, eth, 
EtOH, chl 
9275 1-Propynylbenzene C Hg 673-32-5 116.160 183 0.94215 563" 
9276 Propyzamide N-(1,1-Dimethyl-2-propynyl)- امل‎ СМО 23950-58-5 256.127 155 
3,5-dichlorobenzamide 
9277 Prostaglandin E, 11,15-Dihydroxy-9-oxo-13- C.H, 0; 745-65-3 354481 cry (EtOAc) 115 $ Њ0 
prostenoic acid 
9278 Prostaglandin E; 11,15-Dihydroxy-9-0x0-5,13- ^ 054150, 363-24-6 352.465 col cry 67 $ Н,0, thf 
prostadienoic acid 
9279 Prostaglandin Бру 9,11,15-Trihydroxyprosta-5,13- — C49H440; 551-11-1 354481 oil or solid -30 SI Н,0; 8 EtOH, 
dienoic acid eOH, chl, 
AcOEt 
9280 Protopine Fumarine C.H, МО, 130-86-9 353.369 mcl pr (al- 208 i H,0; sl EtOH, 
chl) eth, bz, peth; s 
chl 
9281 Protoverine Cj;Hj NO; 76-45-9 525.632 nd (MeOH) 221 1620; s EtOH, 
bz, aq acid, 
еон 
9282 Protriptyline hydrochloride Triptil СН СІМ 225-55-4 299.838 cry (2-PrOH/ 170 
ећ) 
9283 Prunetin С.вН,05 552-59-0 284.263 239.5 
9284 Pseudoaconitine C МО 27-29-7 689.790 tcl(MeOH) 214 vs eth, EtOH 
9285 Pseudocodeine C4 Ни МО, 466-96-6 299.365 wh nd 181.5 1.2909 1.574 
9286 Pseudojervine Са На NO; 36069-05-3 587.744 whndorhex 304 dec i H0, eth, bz, 
сту chl, tol, peth; $ 
EtOH 
9287 Pseudomorphine C Hg N,0; 25-24-6 568.659 cry (aq МН, 282.5 i H,O, EtOH, 
+3w) eth, chl, sulf; $ 
py, МН; 
9288 Pseudotropine 8-Methyl-8-azabicyclo[3.2.1] C4H,,NO 35-97-7 141.211 orth cry (eth) 109 241 vs H5O, EtOH; sl 
octan-3-ol, exo , orth eth; s bz, chl 
bipym 
(peth-bz) 
9289 Psoralen C, Hj; 66-97-7 186.164 па (w, EtOH) 171 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9290 Pteridine Pyrazino[2,3-d]pyrimidine ТІЛІ) 91-18-9 32123 ye pl (bz, 139.5 sub 125 vs Н,0: s EtOH; 
Sub) sl eth, bz 
9291 2,4(1H,3H)-Pteridinedione Lumazine Сен МО; 487-21-8 64122 уе-огап па 3485 vs HOAc 
(w) 
9292 Pulegone C4 H0 89-82-7 52.233 224 0.9346% 1.489422 | H,0; msc 
FtOH, eth, chl; 
s ctc 
9293 1H-Purine 6H-Imidazo[4,5-d]pyrimidine ^ C,H,N, 120-73-0 20.113 216.5 vs Н;0, EtOH; sl 
eth, chl; s ace 
9294 1H-Purine-2,6-diamine 2,6-Diaminopurine НЕ 1904-98-9 50.142 сгу (dil al) 2 
9295 Pyocyanine و‎ О 85-66-5 210.230 dkblnd(w+ 133 dec sl ЊО, bz; s 
1) (chl- EtOH, ace; i 
peth) eth; vs chl 
9296 4H-Pyran 1,4-Pyran C;H,0 289-65-6 82.101 шар oil 80 1.4559? s EtOH, eth, bz 
9297 2H-Pyran-2-one СНО, 504-31-4 96.085 85 207.5 1.2002 152705 msc H,0; vs ace 
9298 4H-Pyran-4-one СНА; 108-97-4 96.085 325 2125 11905 1.5238 vsH;0,chl, eth; 
S EtOH, bz; sl 
CS, 
9299 Pyrantel САМУ 15686-83-6 206.307 сту (MeOH) 178 
9300 4H-Pyran-4-thione С-Н,05 1120-93-0 112.150 49 sH,0 
9301 8,16-Pyranthrenedione Сан 0; 128-70-1 406431 red-ye or dec sub 
red-br nd 
(PhNO;) 
9302 Pyrazine 1,4-Diazine С.Н, 290-37-9 80.088 рг(м) 51.0 115 1.031181 1.49531 $ H,0, EtOH, 
eth, ace; sl сіс 
9303 Pyrazinecarboxamide Pyrazinamide СНО 98-96-4 123413 wh nd (w, al) 192 sub S ЊО, EtOH 
9304 Pyrazinecarboxylic acid Pyrazinoic acid C;H,N,0; 98-97-5 124098 wh па (w) 225 дес sub 
9305 2,3-Pyrazinedicarboxylic acid 2,3-Dicarboxypyrazine C H,N,0, 89-01-0 168.107  pr(w«2) 193 dec vsH,0;slEt0H, 
eth, bz; s ace 
еон 
9306 1H-Pyrazole 1,2-Diazole С-Н.М, 288-13-1 68.077 nd or pr (lig) 70.7 187 1.4203 s H,0, EtOH, 
eth, bz; sl ch 
9307 1-Pyrenamine C4 HHN 1606-67-3 217.265 ye nd (hx) If 117.5 s EtOH, ace, hx, 
(dil al) acid; sl chl 
9308 Pyrene Benzo[def]phenanthrene Cay 129-00-0 202.250 pa ye pl (to, 150.62 404 1.2713 1620; s EtOH, 
sub eth, bz, tol; s 
ctc 
9309 Pyrethrin | CA Ha 0; 121-21-1 328.445  visc liq 1709! dec 1.519218 1.519218 |Н,0; $ EtOH, 
eth, ctc, peth 
9310 Pyrethrin || 8 а 05 121-29-9 372.454  visc liq 200°" dec 1.5258? i H,0; s EtOH, 
eth, ctc, peth 
9311 Pyridate Ci H, CIN,0,S 55517339 378.916 br oi 27 22091 1.5550 1568? 0 
9312 Pyridazine 1,2-Diazabenzene CHAN, 289-80-5 80.088 liq -8 208 1.1035% 1.5218 msc H,0, EtOH; 
vs eth, ace, bz, 
i peth 
9313 2-Pyridinamine 2-Aminopyridine С.Н, 504-29-0 94115 If (lig) 575 10520 S EtOH, eth, ace, 
bz; sl chl 
9314 3-Pyridinamine 3-Aminopyridine С.Н, 462-08-8 94115 _ If (bz-lig) 64.5 252 S Н,0, EtOH, 
eth; sl lig 
9315 4-Pyridinamine 4-Aminopyridine Са 504-24-5 94.115 па (bz) 158.5 273 S H,O, eth, bz; 
vs EtOH; sl lig 
9316 Pyridine Azine C.H; 10-86-1 19101 № -41.70 115.23 0.9819? 1.509522 msc Н,0, EtOH, 
eth, ace, bz, 
chl 
9317 2-Pyridinecarbonitrile C H,N 00-70-9 04.109 ndor pr (eth) 29 224.5 1.0810? 152425 s H,0, chl; vs 
EtOH, eth, bz; 
sl ctc 
9318 3-Pyridinecarbonitrile CHiN, 00-54-9 04.109 па (lig), 51 206.9; 17099 5 vs H,0, EtOH, 
peth-eth) eth, bz; s chl; 
sl lig 
9319 4-Pyridinecarbonitrile CHiN, 00-48-1 04.109  nd(lig-eth) 83 186 S Н,0, EtOH, 
eth, bz, chl; sl 
lig 
9320 3-Pyridinecarbothioamide C H ,N,S 4621-66-3 38.190 192 
9321 4-Pyridinecarbothioamide C H N.S 2196-13-6 38.190 198 dec 
9322 2-Pyridinecarboxaldehyde АЛТЫ 121-60-4 07.110 180; 62? 1.11812 153899 s H,0, EtOH, 
eth, AcOEt; sl 
ctc 
9323 3-Pyridinecarboxaldehyde Nicotinaldehyde CHNO 500-22-1 07.110 9223 1.139425 $ НО, EtOH, 
ace, chl; sl eth, 
peth 
9324 4-Pyridinecarboxaldehyde АЛТЫ 872-85-5 07110 He 1.54239 5 H,0, eth, ctc 
9325 2-Pyridinecarboxaldehyde oxime СНО 873-69-8 22.124 112.5 
9326 2-Pyridinecarboxamide C H ,N,0 1452-77-3 22424 mclpr (w) 1083 sl H0, chl; s 
НОН, bz 
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3-450 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9327 3-Pyridinecarboxamide iacinamide C H ,N.0 98-92-0 22124 whpw,nd 130 1570208 14005 1.466 vs ЊО, EtOH, 
(02) glycerol; sl chl 
9328 4-Pyridinecarboxamide C H NO 1453-82-3 22.124 157.5 
9329 2-Pyridinecarboxylic acid Picolinic acid ЛТ 98-98-6 23.110 па (w, al, bz) 1365 sub sl Н,0, bz; s 
EtOH; i eth, 
chl, CS; 
9330 3-Pyridinecarboxylic acid icotinic acid C H;N0; 59-67-6 23.110 па (а, м) 2366 зиђ 1.473% sl H,0, EtOH, 
eth 
9331 4-Pyridinecarboxylic acid sonicotinic acid C H;N0; 55-22-1 23110 nd(w) 315 sub 260 51 HO, EtOH, 
eth, bz 
9332 3-Pyridinecarboxylic acid 1-oxide Охіпіасіс acid C H;N0; 2398-81-4 39.109 nd 254 dec vs Н,0, MeOH 
9333 4-Pyridinecarboxylic acid 1-oxide C H;N0, 3602-12-5 139.109 273 dec 
9334 2,3-Pyridinediamine СЫН; 452-58-4 09.130 If or pl (dil 120.8 149 S ЊО, ЕОН, bz 
al) 
9335 2,5-Pyridinediamine 2,5-Diaminopyridine СЫН; 4318-76-7 09130 па 110.3 182? vs Н,0, EtOH 
9336 6 СНУ 41-86-6 09.130 121.5 285; 1485 51 HO, ace 
9337 3,4-Pyridinediamine СЫН; 54-96-6 09.130 nd or If 2193 
9338 2,3-Pyridinedicarboxylic acid Quinolinic acid СНО, 89-00-9 67120 mclpr(w) 2285 sl Н,0, Ча; i 
EtOH, eth, bz 
9339 2,4-Pyridinedicarboxylic acid Lutidinic acid СНО, 499-80-9 67120 If (w+1) 249 0.9425 sl Н,0, s EtOH; 
i eth, bz, CS; 
9340 2,5-Pyridinedicarboxylic acid socinchomeronic acid СНО, 00-26-5 67120 Ifor pr (dil 254 $ HO, HCI; sl 
HCI) EtOH; i eth, bz 
9341 2,6-Pyridinedicarboxylic acid Dipicolinic acid СНО, 499-83-2 67.120 па (м-3/2) 252 SI Н,0, EtOH, 
HOAc 
9342 3,4-Pyridinedicarboxylic acid Cinchomeronic acid C;H;NO, 490-11-9 67.120 cry (w) 256 sub SI Н,0, EtOH, 
bz; i eth, i chl 
9343 3,5-Pyridinedicarboxylic acid Dinicotinic acid C;H;NO, 499-81-0 67.120 cry (w) 324 sub i H0; sl eth, 
НОАс; 5 
DMSO, HC 
9344 2,3-Pyridinedicarboxylic acid Furo[3,4-b]pyridine-5,7-dione С,Н;М0, 699-98-9 49.104 138 
anhydride 
9345 2-Pyridineethanamine CHiN 2706-56-1 22.167 213; 13159 1.022025 1.53352 
9346 4-Pyridineethanamine C; Hi; 13258-63-4 122.167 12110 1.030225 1.53815 vs ЊО 
9347 2-Pyridineethano АЛТЫ 103-74-2 23152 -18 190°, 17010 1.0912 .5366? vs HO, EtOH, 
chl; sl eth 
9348 Pyridine hydrochloride СНОМ 628-13-7 15.562 hygplorsc 146 222 vs Н,0, EtOH, 
(al) ch 
9349 2-Pyridinemethanamine С 3731-51-9 08.141 203; 917 1.05255 1.543125 48Н,0 
9350 3-Pyridinemethanamine Са 3731-52-0 08.141 liq -211 226 1.06420 5529 vs Н,0, eth 
EtOH 
9351 4-Pyridinemethanamine Са 3731-53-1 08.141 Па -7.6 230; 103" 1.07220 54955 ۷0 
9352 2-Pyridinemethanol CH;NO 586-98-1 09.126 112%, 102.58 113170 1.5444? msc H,0; vs 
EtOH, eth, ace, 
bz 
9353 3-Pyridinemethanol Nicotinyl alcohol CH;NO 100-55-0 09.126 liq -65 266 1.1312 .5455? vs HO, eth 
9354 4-Pyridinemethanol 4-Рїсоу! alcohol CH, NO 586-95-8 09.126 53 1412 sch 
9355 Pyridine-1-oxide Pyridine 6 АЛТЫ 694-59-7 95400 65.5 1463 
9356 2-Ругіаіпергорапої CIH NO 2859-68-9 137179 34 260.2; 1161 — 675 52980 vs ЊО 
9357 3-Pyridinepropanol CIH NO 2859-67-8 137.179 284; 1308 1.063% 53130 vs HO 
9358 3-Pyridinesulfonic acid 3-Pyridylsulfonic acid C; H.NO,S 636-73-7 59.164 orth 357 dec 1.7135 vs H,0; sl EtOH; 
i eth 
9359 2-Pyridinethiol, 1-oxide С-Н,М05 1121-31-9 127.165 70.5 
9360 2(1H)-Pyridinethione C.H.NS 2637-34-5 11.166 130.0 SH,O, EtOH, bz, 
ch 
9361 2-Pyridino ЕЛІК 72762-00-6 95.100 па (bz 107.8 1.39102 vs H,0, bz, 
EtOH 
9362 3-Pyridino ЕЛІК 09-00-2 95.100 па (bz 129 S Њ0, EtOH; sl 
eth, chl 
9363 4-Pyridino ІЛІК 626-64-2 95.100 ргог па 149.8 >350; 25770 $ НО, EtOH; i 
(w+1) eth, bz 
9364 2(1H)-Pyridinone ЕЛІК 42-08-5 95.100 па (bz 107.8 280 1.39102 SH,O, EtOH, bz, 
chl; sl eth, 
DMSO 
9365 2(1H)-Pyridinone hydrazone 2-Pyridinylhydrazine C;H;N, 4930-98-7 109.130 46.6 18514, 90! s chl 
9366 o-[(2-Pyridinylamino)methyl] Phenyramidol C4 H4 N,0 553-69-5 214262 cry (di 83.5 
benzenemethanol MeOH) 
9367 1-(2-Pyridinyl)ethanone C;H;NO 122-62-9 121.137 уе in air 192 1.077% 1.5203? 5 EtOH, eth, 
HOAc; sl ctc 
9368 1-(3-Pyridinyl)ethanone Methyl pyridyl ketone C;H;NO 350-03-8 121.137 135 220 153412 s H,O, EtOH, 
eth, acid 
9369 1-(4-Pyridinyl)ethanone C;H;NO 122-54-9 121.137 16 212 1.0975 1.528225 sl EtOH, eth, 
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3-452 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9370 N-(2-Pyridinylmethyl)-2- Ci Hi N; 1539-42-0 199.251 2007139! 1.107425 1.57575 
pyridinemethanamine 
9371 N-2-Pyridinyl-2-pyridinamine Сао 1202-34-2 171.198 90.5 307.5 SI ЊО, chl; vs 
EtOH, eth, ace, 
bz 
9372 Pyridoxal hydrochloride Vitamin B6 CIH, CIN0; 65-22-5 203623  orth 165 dec vs H,0; sl EtOH 
9373 Pyridoxal 5-phosphate Pyridoxal 5-(dihydrogen C |H, NO, P 54-47-7 247.142 wh-yepow 141 
phosphate) ог cry 
9374 Pyridoxamine 4-(Aminomethyl)-5-hydroxy-6- — САН МО; 85-87-0 168.193 су 198 5 EtOH, acid 
methyl-3-pyridinemethanol 
9375 Pyridoxamine dihydrochloride Сана СМО; 524-36-7 241.115 рі (al) 226 dec vs H,0; sl EtOH 
9376 Pyridoxine hydrochloride 5-Hydroxy-6-methyl-3,4- Сан СМО 58-56-0 205.639 pl (al, ace) 207 sub vs 0 
pyridinedimethanol 
hydrochloride 
9377 1-(2-Pyridylazo)-2-naphthol PAN С.Н, NO 85-85-8 249.267 red-brcry 130 ІН,0; s EtOH, 
eth, chl 
9378 4-(2--Pyridylazo)resorcinol PAR СНО 1141-59-9 215208 red-br cry 187 dec 
937/9 6 و‎ ٧٢٢ 91-84-9 285.384 2015 
9380 2-Pyrimidinamine C H;N, 109-12-6 95.103 па (AcOEt) 1275 sub S H,0; sl ch 
9381 4-Pyrimidinamine СНЫ 591-54-8 95.103 рі (AcOEt) 151.5 vs HO, НОН 
9382 Pyrimidine 1,3-Diazine CHN 289-95-2 80.088 22 123.8 14998? msc Н,0; $ 
EtOH 
9383 2,4,5,6(1H,3H)-Pyrimidinetetrone _ АПохап СаН№0, 50-71-5 42.070 256 дес sub vs H,0; s EtOH, 
ace, bz, HOAc 
9384 2,4,5,6(1H,3H)-Pyrimidinetetrone — Violuric acid СНО, 87-39-8 57.085 payeorth 203 dec SI Н,0, s EtOH 
5-oxime 
9385 2,4,6-Pyrimidinetriamine 97:19 1004-38-2 125.133 248 dec 
9386 Pyriminil Са N40; 53558-25-1 272.259 0 224 dec 
9387 Pyrithione zinc C44H4N,0;S;Zn — 13463-41-7 317.722 wh solid 262 s chl, DMSO, 
DMF 
9388 Pyrocatechol 1,2-Benzenediol (1,0, 120-80-9 10111 cry 104.6 245 13449 1.6045 vs Н»О, bz, eth, 
EtOH 
9389 L-Pyroglutamic acid 5-Oxo-L-proline C;H;NO, 98-79-3 29.115 162 s DMSO 
9390 Pyrolan Са 5 №30» 87-47-8 245.277 50 16192 s ctc, CS, 
9391 Pyrrobutamine 1-[4-(4-Chlorophenyl)-3- Со СИМ 91-82-7 311.849 cry 49 19293 
phenyl-2-butenyl]pyrrolidine 
9392 Pyrrole Imidole C.H; 109-97-7 67.090 liq -23.39 129.79 0.9698? 1.508520 sl H,0; s EtOH, 
eth, ace, bz, 
chl 
9393 1H-Pyrrole-2-carboxaldehyde CsH;NO 1003-29-8 95400 orth pr (peth) 46.5 218 59399 — sl chl, lig 
9394 1H-Pyrrole-2-carboxylic acid СМО, 634-97-9 111.100 — If (w) 208 dec S H0, EtOH, eth 
9395 1H-Pyrrole-3-carboxylic acid 3-Pyrrolecarboxylic acid С.Н,МО, 931-03-3 111.100 па (lig) 161.5 
9396 1H-Pyrrole-2,5-dione ЛТ 541-59-3 97.073 рі (bz) 94 sub 1.249316 S H0, EtOH, eth 
9397 6 Azacyclopentane C,H, 123-75-1 71121 col lig -57.79 86.56 0.85862 1.443122 msc H,0; s 
EtOH, eth; sl 
bz, chl 
9398 1-Pyrrolidineethanamine CIH N; 7154-73-6 8 166; 6823 0.90125 „46872 
9399 1-Pyrrolidineethanol CIH, NO 2955-88-6 115.173 187; 8013 0.97502 1.471320 
9400 1-[4-(1-Pyrrolidinyl)-2-butynyl]- Oxotremorine CLH, N,0 70-22-4 206283 paye liq 12401 0.9915 51602 
2-pyrrolidinone 
9401 3-(2-Pyrrolidinyl)pyridine, (S) Nornicotine Сон; 494-97-3 148.204 0 270 1.073719 153788 уз H,0, ace, eth, 
EtOH 
9402 2-Pyrrolidone y-Butyrolactam C,H;NO 616-45-5 85105 cry (peth) 25 251; 133? 1.12020 48069 ма НО, EtOH, 
eth, bz, chl, 
CS, 
9403 1-(1H-Pyrrol-2-yl)ethanone CH;NO 1072-83-9 109.126 mci nd (w) 90 220 S HO, EtOH, eth 
9404 Pyruvic acid C3H,03 127-17-3 88.062 13.8 dec 165; 540 1.2272? 1.4280? msc H,0, EtOH, 
eth; s ace 
9405 Pyrvinium chloride Cos а ОМ 548-84-5 417.973 red ром (м) 250 dec 
9406 1,1:4,1":4"1"-Оџајегрћепу! Са а 135-70-6 306.400 320 428% i B,0, EtOH, 
eth, chl; s bz, 
РАМО;, НОАс 
9407 Quercetin С.Н 0; 117-39-5 302.236 yend(dilal, 316.5 sub sl Н,0, eth, 
+2W) eOH; $ 
EtOH, ace, py 
9408 Quercitrin Quercetin-3-L-rhamnoside С 522-12-3 448.377 ра уе па ог 170 i B,0, eth; s 
pl (+2w, dil EtOH, HOAc, 
al) eOH, alk 
9409 Quillaic acid Ca Ha 05 631-01-6 486.683 nd(dilal) 294 vs ace, eth, py, 
EtOH 
9410 Quinacrine Mepacrine ٤ و‎ МО 83-89-6 399.956 уе oil 87 
9411 Quinaldine Red C.H, lN; 117-92-0 430.325 dk red pow S Њ,0; vs EtOH 
9412 Quinamine Са МО; 464-85-7 312.406 рг (bz), nd 185.5 i H0; vs EtOH, 
(8096 al) bz; s eth, ace 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

9413 Quinazoline 1,3-Benzodiazine С.Н, 253-82-7 130.147 ye pl (peth) 48 241 vs Н,0; s EtOH, 
eth, ace, bz; sl 
ch 

9414 Quinclorac 3,7-Dichloroquinoline-8- Са СМО; 84087-01-4 242.059 274 1.75 

carboxylic acid 

9415 Quinethazone Ci Hi CINO;S 73-49-4 289.738 s tfa 

9416 Quinic acid C; H0; 77-95-2 192.166 162.5 1.6425 vs Н,0, EtOH, 
HOAc 

9417 Quinidine Са МО; 56-54-2 324.417 сту (+2.5w, 4 51 B,0, eth; s 

dil al) НОН, bz; vs 
chl; i peth 

9418 Quinine 6'-Methoxycinchonan-9-ol, Са МО 130-95-0 324.417 57 1.6255 sl H,0, ace; vs 

(80,95) EtOH, py; 5 
eth, chl 

9419 Quinine hydrochloride 6-Methoxycinchonan-9-ol C; Ho; CIN;O; 130-89-2 360.878 silky efflor 159 vs Н,0, НОН, 

monohydrochloride, (8,98) nd (w) ch 

9420 Quinine sulfate Сао №4085 804-63-7 746.912 silky nd (м) 235.2 vs EtOH 

9421 Quininone CH; МО 84-31-1 322.401 па, If (eth) 8 vs bz, eth, EtOH 

9422 2-Quinolinamine 2-Aminoquinoline Сон № 580-22-3 44173 If (w) 131.5 sub vs Н,0; s EtOH, 
eth, ace, chl; sl 
bz 

9423 3-Quinolinamine 3-Aminoquinoline ШИ 580-17-6 44173 orth (w, dil 94 vs eth, EtOH, 

al) ch 

9424 4-Quinolinamine 4-Aminoquinoline Сон № 578-68-7 44473 nd (bz, dilal) 154.8 18072 S Н,0, bz, chl; 
vs EtOH, eth 

9425 5-Quinolinamine 5-Aminoquinoline Сон 611-34-7 44173 yend (al) lf 110 310; 18410 SI H;O; vs EtOH, 

(eth) eth; s bz; i lig 

9426 6-Quinolinamine 6-Aminoquinoline Са 580-15-4 44173 сгу(м+2), рг 114 187? SI Н,0, eth; 8 

(eth) NH,, EtOH 
9427 8-Quinolinamine 8-Aminoquinoline Сон 578-66-5 44173 pa ye па 70 15719 vs Н,0, EtOH 

(sub) cry 

(al, lig) 

9428 Quinoline 1-Azanaphthalene Сон; 91-22-5 29.159 0 -14.78 237.16 1.09775 1.626822  s| H,0; msc 
EtOH, eth, ace, 
bz, CS; s ctc 

9429 4-Quinolinecarboxaldehyde Cinchoninaldehyde C, H;NO 4363-93-3 57.169  nd(to-peth) 51 1224 vs eth, tol 

9430 2-Quinolinecarboxylic acid Quinaldic acid Са МО; 93-10-7 73.169 156 5 ЊО; vs bz 

9431 8-Quinolinecarboxylic acid 8-Carboxyquinoline Са МО; 86-59-9 73.169 па (м) 187 sub vs EtOH 

9432 2(1H)-Quinolinethione C,H;NS 2637-37-8 61.224 187 i H,O; vs EtOH, 
eth, bz; sl 
DMSO 

9433 2-Quinolino 2-Hydroxyquinoline C;H;NO 59-31-4 45.158 pr(MeOH) 5 sub 51 Н,0, DMSO; 
vs EtOH, eth; s 
dil HCI 

9434 3-Quinolino 3-Hydroxyquinoline C,H;NO 580-18-7 45.158 cry (bz, dil 201.3 i H;0; s EtOH; sl 

al) eth, chl; vs bz 

9435 4-Quinolino 4-Hydroxyquinoline C;H;NO 611-36-9 45.158 па (w«3) 210 vs H,0, EtOH; sl 
eth, bz, peth 

9436 5-Quinolino 5-Hydroxyquinoline C;H;NO 578-67-6 45.158 па (al), pl 226 dec sub 8Н,0, bz, chl; sl 
EtOH; vs 

eOH; i lig 

9437 6-Quinolino 6-Hydroxyquinoline C,H;NO 580-16-5 45.158 pr(al, eth) 195 360 i H50, bz, chl; sl 
НОН, eth; s 
al 

9438 7-Quinolino 7-Hydroxyquinoline C;H;NO 580-20-1 45.158 pr(al),nd 239 sub vs НОН 

(dil al-eth) 

9439 8-Quinolino 8-Hydroxyquinoline C;H;NO 148-24-3 45.158 nd(dila) 5 267 1.03420 1620, eth; vs 
НОН, bz, chl; 
S ace 

9440 8-Quinolinol benzoate Benzoxiquine C4 H4 NO; 86-75-9 249.264 sl chl 

9441 8-Quinolinol sulfate (2:1) 8-Hydroxyquinoline sulfate CigH, N,0,S 134-31-6 388.934 1775 vs Н;0; $ EtOH; 
i eth 

9442 Quinovic acid Ca Ha 05 465-74-7 486.683 plor nd 298 dec 

9443 Quinovose C H, 0; 7658-08-4 164.156 сту (AcOEt) 1395 vs Н,0, НОН 

9444 Quinoxaline 1,4-Benzodiazine C, H N 91-19-0 130.147 сту (рей) 28 229.5 113348 462316 $ ЊО; msc 
EtOH, eth, ace, 
bz; sl chl 

9445 2(1H)-Quinoxalinone C H NO 1196-57-2 146.146 I (al) 271 sub 200 

9446 Quizalofop-Ethyl Са! СМО, 76578-14-8 372802 wh cry 93 2209? i 50; s bz, 
EtOH, ace, xyl 

9447 Radicinin Со 205, 10088-95-6 236.220 2215 sl chl 

9448 6 لد‎ 512-69-6 504.437 80 1.4655 S ЊО, py; vs 

ОН; sl 
EtOH; i eth 
9449 Ranitidine С-аН 4055 66357-35-5 314404 solid 69.5 
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Mol. Physical den/ 
No. Name Synonym CASRN Wt. Form тр/ bp/'C g cm? Solubility 
9450 Raubasine 483-04-5 352.427 258 dec 1620; s MeOH 
9451 Raunescine 117-73-7 564.626 165 i H,0; s EtOH, 
chl, HOAc 
9452 Reinecke salt 13573-16-5 354440 тей сгу (м) 270 dec S Н,0, EtOH, 
ace; i bz 
9453 Resazurin 7-Hydroxy-3H-phenoxazin-3- 550-82-3 229.189 dk red to gr Sub i H0, eth; sl 
one, 10-oxide pr or pl НОН, HOAc; s 
(НОАс) alk 
9454 Rescinnamine 24815-24-5 634.716 па (bz) 238.5 i H,0; sl EtOH; 
S ace, chl, 
AcOEt 
9455 Reserpic acid 83-60-3 400.467 cry (MeOH) 242 
9456 Reserpine 50-55-5 608.679  lopr(dilace) 264.5 SI HO, eth, ace; 
S EtOH, bz, 
AcOEt 
9457 cis-Resmethrin, (-) 10453-86-8 338.439 75 
9458 Resorcino 1,3-Benzenediol 108-46-3 110.111 па (bz), pl 1094 276.5; 17816 1.27820 vs Н,0, ctc; s 
(м) EtOH, eth; sl 
bz, chl 
9459 11-cis-Retinal Vitamin A, aldehyde 564-87-4 204435 cry 
9460 Retinal (all trans) 116-31-4 284.435 огап cry 64 1620; s EtOH, 
chl, cy, peth 
9461 13-cis-Retinoic acid Accutane 4759-48-2 300.435 cry (EtOH) 189 
9462 13-trans-Retinoic acid 302-79-4 300.435 cry (MeOH) 1815 
9463 Retinol Vitamin A 68-26-8 286.451 ye pr (peth) 63.5 1370.000001 1620; s EtOH, 
eth, ace, bz 
9464 Retinyl palmitate Retinol, hexadecanoate 79-81-2 524.860 28 
9465 Retronecine, (+) 480-85-3 155.195 cry (ace) 121 $ H0, EtOH; sl 
eth 
9466 Retrorsine 480-54-6 351.395 cry (AcOEt) 212 sl Н,0, ace; 8 
EtOH, chl; i eth 
9467 Rhamnetin 90-19-7 316.262 уе па (а) 295 sl Н,0; s EtOH, 
асе, PhOH; vs 
dil alk 
9468 DL-o-Rhamnose 16908-82-8 164.156 сгу (w 151 vs Н,0, ЕОН 
9469 6 6-Deoxy- D-mannose 634-74-2 164.156 $ Н,0 
9470 Rheadine 2718-25-4 383.395 па (chl, eth, 257 sub 
al) 
9471 Rhein 478-43-3 284221 уеогогаппа 321 sub 51 Н,0, EtOH, 
(MeOH, ру) ећ, асе, 07: У8 
ру 
9472 Rhenium carbonyl Dirhenium decacarbonyl 4285-68-8 652.515  ye-whcry 170 дес 2.87 505 
9473 Rhizopterin 19-20-0 340.294 Itye pl (w) 00د‎ i H,0, EtOH, 
eth; s aq alk 
aq №, py 
9474 Rhodamine B 81-88-9 480.018 165 S Њ0, EtOH, 
eth, bz, ху 
9475 Rhodium carbonyl chloride Dirhodium tetracarbonyl 4523-22-9 388.758  red-orancry 124 505 
dichloride 
9476 Ribavirin Tribavirin 36791-04-5 244.205 col cry 175 s Н,0 
(EtOH) 
9477 Ribitol Adonitol 488-81-3 52146 pr(w)nd 104 s Н,0, EtOH; i 
(al) eth, lig 
9478 Riboflavin 83-88-5 376.364  yeororan-ye 280 dec i H50, eth, асе 
nd (w) chl; 51 EtOH 
9479 Riboflavin-5"-phosphate 46-17-8 455.336 ye cry (w) 
9480 D-Ribose 50-69-1 50.130 pl (al) 88 S H,0; sl EtOH 
9481 [-Ribose 24259-59-4 150.130 81 
9482 D-Ribulose erythro-2-Pentulose 488-84-6 50.130 syrup vs H,0 
9483 Ricinine 1,2-Dihydro-4-methoxy-1- 524-40-3 6462  prorlf(w,al) 201.5 sub 170 S Н,0, chl; sl 
methyl-2-0xo-3- EtOH, bz; vs 
pyridinecarbonitrile py; i peth 
9484 7 72559-06-9 847.004  viol-red cry i Н,0: vs chl; s 
ОН; sl 
FtOH 
9485 Rifampin 13292-46-1 822.941  red-oranpl 185 dec 
(ace) 
9486 Rinderine Echinatine-3’-epimer 6029-84-1 299364 cry (ace) 100.5 
9487 Ronnel 299-84-3 321.546 41 15204 1.4432 
9488 6 83-9-4 394.417 nd or lf (al, 176 21505 1620; s EtOH, 
aq-ace) ace, bz; sl eth; 
vs chl 
9489 Rubijervine 79-58-3 413.636 па («1w, dil 242 уз bz, НОН, chl 
al) 
9490 Rubratoxin B 21794-01-4 518.509 cry (MeCN) 169 dec 
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3-458 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9491 Rutecarpine Са МО 84-26-4 287.315 уе па (а, 2595 sl EtOH, ace, bz 
AcOEt) 

9492 Ruthenium dodecacarbonyl Triruthenium dodecacarbonyl Са ћи 5243-33-1 639.33 огап cry dec 150 

9493 Ruthenium(IIl) 2,4-pentanedioate  Rutheniumi(Ill) acetylacetonate — C,,H.,O,Ru 4284-93-6 9 230 

9494 Rutinose СоН»0% 90-74-4 326.297 hyg pow (а, 190 dec vs HO, НОН 

eth) 

9495 Sabadine СН М0; 24-80-1 537.685 па (eth) 258 vs асе, EtOH 

9496 Saccharin C;H;NO,S 81-07-2 183.185 па (ace) рг 228 dec sub 0.82825 SI Њ0, bz, eth, 

(al), If (w) chl; s ace, 
EtOH 

9497 Saccharin sodium 1,2-Benzisothiazolin-3-one, 1,1- С;Н,ММа0,5 28-44-9 205.168 wh cry 229 s Н,0 

dioxide, sodium salt 

9498 Safranal 2,6,6-Trimethyl-1,3- СНО 16-26-7 50.217 70! 097349 1.5281? уз EtOH, рей 

cyclohexadiene-1- 
carboxaldehyde 

9499 Safrole 5-(2-Propenyl)-1,3- CigH 0, 94-59-7 62.185 mcl 11.2 234.5 1.100020 1.5381? H,0; vs EtOH; 

benzodioxole msc eth, chl 

9500 Salcomine N,N-Bis(salicylidene) Са H, CoN,0; 14167-18-1 325.227 red cry S bz, chl, py 

ethylenediaminocobalt(Il) (DMF) 

9501 Salicylaldehyde 2-Hydroxybenzaldehyde Саб; 90-02-8 22122 liq -7 197 1.1674? 1.5740? sl H,O, chl; msc 
EtOH; vs ace, 
bz 

9502 Salicylaldoxime СНО, 94-67-7 37.137 57 5160; vs EtOH, 
eth, bz; schl; i 
ig 

9503 Salsoline C Hi NO; 89-31-6 93.243 poworcry 2215 sl Н,0, EtOH; | 

(al) eth, peth; s 
chl, ак 

9504 Salvarsan dihydrochloride Arsphenamine СНА СМО, 139-93-5 439.001 уе hyg ром 190 дес vs Н,0 

9505 Sanguinarine Co His NO; 2447-54-3 349.337 cry (eth, al) 266 vs ace, bz, eth, 
EtOH 

9506 o-Santalol СНО 115-71-9 220.351 301.5 0.9679? 1.5023? | H,0; s EtOH 

9507 B-Santalol Ci О 77-42-9 220.351 16779 0.9750 1.51152 

9508 Santonic acid 0.10, 510-35-0 264.318 cry 171 28515 SI Н,0: s chl, 
eth, 6 
EtOH 

9509 o-Santonin Ci НО, 481-06-1 246.302 orth (м, eth) 175 1.5905 SI HO, EtOH, 
eth; s bz, chl; i 
peth 

9510 Sarcosine N-Methylglycine С.Н,МО, 107-97-1 89.094 сту (al) 212 дес $ Н,0 

9511 Sarmentogenin C24H40; 76-28-8 390.513 pr (95% al, 280 160, eth, bz; s 

MeOH-eth) FtOH; sl ace, 
ch 

9512 Sarpagan-17-al Vellosimine Со О 6874-98-2 292.374 cry (MeOH) 305.5 sub 180 

9513 Sarpagan-10,17-diol Sarpagine Сар О; 482-68-8 310.390 nd 320 i H,0; s EtOH 

9514 Saxitoxin dihydrochloride Сад 01М,0, 35554-08-6 372.209 hyg wh solid vs Н,0, MeOH, 
EtOH 

9515 Scarlet red СыН»Ї\„0 85-83-6 380442  dkbrpowor 185; dec 260 iH,0; sl ace, bz; 

nd vs chl, peth 

9516 Schradan C IH, ,N,0;P; 152-16-9 286.250 17 15420 1.095 14625 vs ЊО, EtOH, 
ch 

9517 Scilliroside СНО, 507-60-8 620.684 lo pr (dil 169 dec sl H,O, ace, chl; 

Me0H) vs EtOH, diox; 
i eth 

9518 Scopolamine С.Н №, 51-34-3 303.354  visc liq vs hot H,0, 
EtOH, ace; sl 
bz 

9519 Scopoline CIH, МО; 487-27-4 155.195 hyg па (lig, 5 248 1.089114 $ Н,0 

eth, chl, 
peth) 

9520 Sebacic acid Ci His 04 111-20-6 202.248 If 130.9 29510, 2320 1.2705? 1.42213  sIH,O; s EtOH, 
eth; i bz 

9521 Selenium methionine Selenomethionine СЫН 1М0;56 1464-42-2 196.11 hex pl 265 dec 

(MeOH aq) 

9522 Selenoformaldehyde CH,Se 6596-50-5 9299 unstab gas 

9523 Selenourea Carbamimidoselenoic acid СН,М,56 630-10-4 123.02 pror nd (w) dec 200 vs 0 

9524 Semicarbazide hydrochloride CH;CIN,O 563-41-7 111.531 pr(dilal) — 176 dec vs Н,0 

9525 Senecionine Са МО; 130-01-8 335.396 pl 232 i H50; 51 EtOH, 
eth; s chl 

9526 Seneciphylline Са МО 480-81-9 333.380 pl (AcOEt) 217 dec s chl; 51 EtOH, 
ace; i eth 

9527 Senkirkin Ci МО; 2318-18-5 365.420 pl (ace) 197 

9528 1-берізріегіп 6-Lactoyl-7,8-dihydropterin Сон, „№05 17094-01-8 237.215 уе ром ог сгу 

9529 DL-Serine C.H;NO, 302-84-1 105.093 mcl pr or If 246 dec 1.6032 $ НО; i EtOH, 

(w) eth, bz, 6 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9530 D-Serine C.H;NO, 312-84-5 105.093  ndorhexpr 229 dec dec vs H50; i EtOH, 
(w) eth, bz, HOAc 
9531 L-Serine 2-Amino-3-hydroxypropanoic — C.H;NO; 56-45-1 105.093 hex pl or pr 228 dec sub 150 1.62 $ H,0; i EtOH, 
acid, (S) (w) eth, bz, НОАс 
9532 Serpentine alkaloid ٤ و‎ ٢٢ 8786-24-8 348.395 175 i H,0; s EtOH, 
eth, ace 
9533 Sesin 2,4-Dichlorophenoxyethyl Cis Hi CL0; 94-83-7 311.160 cry 66 18515 
benzoate 
9534 Sesone Sodium 2-(2,4- C,H;CI;Na0;S 36-78-7 309100 245 dec 
dichlorophenoxy)ethyl sulfate 
9535 Sethoxydim C; Ho N0,S 74051-80-2 327.482 >90000003 1.0435 
9536 Shikimic acid С1Н (0; 38-59-0 174.151 0 184 subl sl EtOH; i eth, 
bz, chl 
9537 Siduron СН» М,0 982-49-6 232321 cry solid 135 s EtOH, DMF, 
CH,Cl, 
9538 Silvex Propanoic acid, 2-(2,4,5- ШЕГІН 93-72-1 269.509 181.6 
trichlorophenoxy)- 
9539 Simazine 1,3,5-Triazine-2,4-diamine, 6- — C; Hi; CIN; 22-34-9 201.657 226 1.30220 
chloro-N, V-diethyl- 
9540 Simfibrate C; و‎ C10; 4929-11-4 469.354 cry 52 225015 
9541 Sinapinic acid 3-(4-Hydroxy-3,5- C,,H,,0; 530-59-6 224.210 wh pow 1620; s MeOH, 
dimethoxyphenyl)-2-propenoic ace 
acid 
9542 Sinomenine C4 H4 NO, 15-53-7 329.391 nd (bz) 162 51 Н,0, eth, bz; 
S НОН, ace, 
dil alk 
9543 o-Sitosterol 4-Methylstigmasta-7,24(28)- C.H; 0 474-40-8 426.7117 nd (al) 166 vs EtOH, chl 
dien-3-ol, (30,4050,242) 
9544 Sodium arsanilate Sodium (4-aminophenyl) C H,AsNNa0, 27-85-5 239.037 wh cry s Н,0 
агзопаје 
9545 Sodium ascorbate Сену Мао 34-03-2 98.106 сту 218 dec 
9546 Sodium benzenesulfinate C H;Na0;S 873-55-2 64.158 cry 300 
9547 Sodium benzenesulfonate Monosodium benzenesulfonate ۹۹55 515-42-4 80.157 >300 S ЊО; sl EtOH 
9548 Sodium benzoate С.Н.Ма0, 532-32-1 44.104 >300 s Н,0 
9549 Sodium cacodylate Sodium dimethylarsonate CH AsNa0; 124-65-2 59.980 gran cry 60 (hyd) vs Н,0: s EtOH 
9550 Sodium 2,2-dichloropropanoate С-Н,С1,Ма0, 127-20-8 64.951 һуд pow 166 dec 
9551 Sodium diethyldithiocarbamate  Dithiocarb sodium C.H, NNaS, 148-18-5 71.260 cry (EtOH) 95 $ Њ0, EtOH, 
eOH, ace; | 
eth, bz 
9552 Sodium diethyldithiocarbamate Diethyldithiocarbamate sodium — C,H,,NNaO,S, 20624-25-3 225.306 orth cry (ace) 95 vs H50; s EtOH, 
trihydrate salt trihydrate ace; i bz, eth 
9553 Sodium 4,5-dihydroxy-2,7- Chromotropic acid disodium salt C. H ,Na,0,S; 129-96-4 364.260 wh nd or If vs H,0 
naphthalenedisulfonic acid (w) 
9554 Sodium dimethyldithiocarbamate C.H; NNaS, 128-04-1 144215 сої cry (w) 121 (һуа) 
9555 Sodium 4- C, sH.Na0,S 2211-98-5 348.476 сту 144 
dodecylbenzenesulfonate 
9556 Sodium dodecyl sulfate Sodium lauryl sulfate C H, Na0,S 151-21-3 288.379 wh pow 205 
9557 Sodium ethanolate Sodium ethoxide C;H;NaO 141-52-6 68.050 hyg wh pow 260 dec reac H0; 8 
EtOH 
9558 Sodium fluoroacetate C;H;FNaO; 62-74-8 00.024 wh те! гу 200 i ace, chl; sl 
EtOH, MeOH 
9559 Sodium formaldehyde bisulfite Sodium СН.Ма0,5 870-72-4 34.088 — cry (EtOH 
hydroxymethanesulfonate aq) 
9560 Sodium formaldehydesulfoxylate Sodium СН.Ма0,5 49-44-0 18.088 сту (w) 63 (ћуд) S H,0; i EtOH, 
hydroxymethanesulfinate bz, eth 
9561 Sodium gluconate C H;.Na0; 527-07-1 218.137 s Н,0 
9562 Sodium 2-hydroxyethanesulfonate Monosodium 2- C;H;Na0,S 562-00-1 48.114 sH,0 
hydroxyethanesulfonate 
9563 Sodium 2-hydroxy-2- onosodium 2-hydroxy-2- C.H;Na0,S 540-92-1 62.141 су S H,0; sl EtOH 
propanesulfonate propanesulfonate 
9564 Sodium iodomethanesulfonate ethiodal sodium СНЫМа0:5 26-31-8 243.984 cry sl EtOH, ace, bz 
9565 Sodium О4зоргору! xanthate C,H;Na0S, 40-93-2 58218 hygwh-ye 150 дес 
pow 
9566 Sodium methanolate Sodium methoxide СН,Ха0 24-41-4 54.024 whhygtetr 300 reac 565 
сту eOH, EtOH 
9567 Sodium methylarsonate CH,AsNa0; 2163-80-6 61.953 сгу (м) 115 vs 56 
eOH; i os 
9568 Sodium methyldithiocarbamate Metham sodium C;H,NNaS, 37-42-8 29.180 cry (w) vs H,0 
9569 Sodium B-naphthoquinone-4- Sodium 3,4-dihydro-3,4-dioxo- C, H;Na0;S 521-24-4 260.199 287 dec 
sulfonate 1-naphthalenesulfonate 
9570 Sodium 2-oxopropanoate Сан Мао; 13-24-6 10.044 S ЊО; sl abs 
EtOH 
9571 Sodium phenolate Sodium phenoxide C H;Na0 39-02-6 16.093 hyg cry 384 vs Н;0; s EtOH, 
th 
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3-462 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9572 Sodium propanoate C.H;NaO, 137-40-6 96.061 sl H,0 
9573 Sodium sulfobromophthalein Sulfobromophthalein sodium C.H Br,Na,0, S, 71-67-0 837.998 hyg cry $ НО; i EtOH, 
ace 
9574 Sodium tartrate C,H,Na,0; 868-18-8 194.051 $ Н,0 
9575 Sodium tartrate dihydrate C H Na,0, 6106-24-7 2 1.5455 $ НО; i EtOH 
9576 Sodium tetraphenylborate و8‎ 143-66-8 342217 nd 300 S Н,0, EtOH, 
ace; sl eth, chl; 
| peth 
9577 Sodium trichloroacetate СС Мао; 650-51-1 85.369 уе-мһ ром 0 S ЊО, EtOH 
9578 Sodium trifluoroacetate С,Е№а0, 2923-18-4 36.005 су 207 дес 
9579 Solanid-5-ene-3,18-diol, (3B) Isorubijervine Cj; Hj NO; 468-45-1 413.636  pr(al) 242.5 vs bz, chl 
9580 Solanine Ca Hz; NO, 20562-02-1 868.060  nd(EtOH aq) 286 dec ІН,0, eth, chl; s 
hot EtOH 
9581 Solanone Са 10 1937-54-8 94.313 60! 0.87020 47559 
9582 Зотап CH, F0, 96-64-0 82.173 liq 
9583 Sophoricoside СНО. 152-95-4 432.378 274 
9584 Sorbitan oleate 97:70 1338-43-8 428.602 ye oil 0.986 48002 i H,0; s EtOH 
9585 L-Sorbose L-Sorbinose C.H 0; 87-79-6 80.155 orth (al) 165 1.6127 S H,0; sl EtOH, 
eth, MeOH 
9586 Sparteine Ci H, N; 90-39-1 234.380 30.5 325; 1738 1.01962? 1.531222 уз eth, EtOH, 
ch 
9587 Spinulosin C, H;0; 85-23-4 84147  red-bl 202.5 sub 120 SI H,0; s alk 
9588 Spironolactone СА 0,5 52-01-7 416.574 134 
9589 Spiro[2.2]pentane СҢ; 157-40-4 68118 liq -107.0 39 0.72662 1.412020 
9590 Spirosolan-3-ol, (3В,2о,22,255) Tomatidine Cj; H4 NO; 77-59-8 415.652 pl 210.5 S НОН, eth 
9591 Spirosol-5-en-3-ol, (38,220,255) Solasodine 8 و‎ NO; 126-17-0 413.636 һех pl (sub) 202 S ОН, ace, bz, 
diox, py; sl 
eth; vs chl 
9592 Spirostan-2,3-diol, Gitogenin C5 Hu04 511-96-6 432.636 If (bz) nd 2715 i H50; s EtOH, 
20,30,50,258) (ећ) chl; sl eth 
9593 Spirostan-3-ol, (30,504,255) Tigogenin ولا اب‎ 77-60-1 416.636 (а! +1) рг 205.5 S EtOH, eth, ace, 
(ace) ctc, MeOH, 
peth 
9594 Spirostan-3-ol, (3B,5B,25A) Smilagenin C5 Hu05 126-18-1 416.636 nd (ace) 185 vs ace, bz, EtOH 
9595 Spirostan-3-ol, (3B,5B,25S) Sarsasapogenin C5 Hu05 126-19-2 416.636 lo pr, nd 200.5 S EtOH, ace, bz, 
(ace) ch 
9596 Spirostan-2,3,15-triol, Digitogenin C; H,05 511-34-2 448.635 nd (al) 281.5 vs chl 
20,3p,50,15p,25) 
9597 Spirost-5-en-3-ol, (30,258) Diosgenin Су 0, 512-04-9 414.620 cry (ace) 205.5 vs EtOH 
9598 Spiro[5.5]undecane C Hj, 180-43-8 52.277 208 0.878322 1.4731 
9599 S-Propyl thioacetate С-Н,с05 2307-10-0 18.197 137.9 0.95352 
9600 6 M 111-02-4 410.718 oil -48 421.3; 280" 085849 1.4990? i H,0; sl EtOH; 
eth, ace, ctc 
9601 Stachydrine C;H,3NO, 471-87-4 43.184 гу (w+1) 235 vs HO, EtOH 
9602 Stanozolol Са О 10418-03-8 328491 cry (EtOH) 6 
9603 Stearaldehyde CI H, 0 638-66-4 268478 па (peth) 261 
9604 Stearic acid Octadecanoic acid Cis Ha 0; 57-11-4 284478 mcl (а) 3 dec 350; 23215 0.9408? 1.429980 i H,0; sl EtOH, 
bz; s ace, chl, 
CS, 
9605 Stearic acid anhydride Octadecanoic anhydride СзО 638-08-4 550.939 72 0.83659 1.436280 i H,0, EtOH; sl 
eth, bz 
9606 Sterigmatocystin Са Об 10048-13-2 324.284 ye па 246 дес 
9607 Stigmasta-5,7-dien-3-ol, (38) T-Dehydrositosterol СәНа0 521-04-0 412.690 1445 vs bz, eth, EtOH 
9608 Stigmasta-5,22-dien-3-ol, Stigmasterol C.H, 0 83-48-7 412.690 170 vs bz, eth, EtOH 
2,228 
9609 Stigmastan-3-ol, (38,50) C, H,0 83-45-4 416.722 144 
9610 Stigmast-5-en-3-ol, (3,248) B-Sitosterol C; 00 83-46-5 414.706 pl (al) 137 S EtOH, eth, 
HOAc 
9611 Stigmast-5-en-3-ol, (3,245) y-Sitosterol Co 00 83-47-6 414.706 cry (EtOH) 148 s EtOH 
9612 cis-Stilbene cis-1 ,2-Diphenylethene CH; 645-49-8 80.245 5 141? 1.014320 1.6130? ІН,0; s EtOH, 
eth, ace, bz, 
peth, chl 
9613 trans-Stilbene trans-1 ,2-Diphenylethene С.Н» 103-30-0 80.245 сту (al) 1242 307; 16612 0.97077 162647 ІН,0; 51 EtOH, 
chl; vs eth, bz 
9614 Streptomycin N-Methyl-1- C Ha N;0; 57-92-1 581.575 hyg pow s Н,0 
glucosamidinostreptosidostrep 
пате 
9615 Streptomycin sulfate СоНић وکتولا‎ 3810-74-40 1457.383 pow =230 dec 
9616 Streptozotocin C.H, N.0; 18883-66-4 265.221 pl 115 дес S HO, EtOH 
9617 Strophanthidin C54 H0; 66-28-4 404.496  orth tab 173 dec i H50, eth; s 
(MeOH-w) FtOH, ace, bz, 
If (w+2) НОАс, chl 
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3-464 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9618 Strychnidin-10-one mononitrate Strychnine nitrate C; Ho N40; 66-32-0 397.425 па (w) 295 1.627% vs Н,0, MeOH; 
SI bz; s chl, 
EtOH 
9619 Strychnidin-10-one sulfate (2:1) Strychnine sulfate ИУ 60-41-3 766.901 200 дес S ЊО, EtOH, 
ен; i eth; sl 
chl 
9620 Strychnine CH; N,O, 51-24-9 334412 orth pr (al) 287 270° 1.362 51 HO, EtOH, 
ace, bz; i eth; s 
chl 
9621 Styrene Vinylbenzene Сан; 100-42-5 04.150 iq -30.65 145 0.90165 1.54405 ІН,0; s EtOH, 
eth, ace; msc 
bz; sl ctc 
9622 Succimer 2,3-Dimercaptobutanedioicacid, С,Н,0,5, 304-55-2 82.219 wh cry 193 
(R*,S*) (MeOH) 
9623 Succinamide C H ,N,0; 10-14-5 16.119 orth nd (м) 268 дес sub 125 s Н,0 
9624 Succinic acid C4H,0, 10-15-6 18.089 tcl or то pr 187.9 dec 235 15725 1.450 51 Н,0, DMSO; 
S EtOH, eth, 
ace; 1 bz 
9625 Succinic anhydride САНА 08-30-5 00.073 па (al), orth 119 261 1.220 i H,0; s EtOH, 
pym (chi) chl; sl eth 
9626 Succinimide С,Н,М0, 23-56-8 99.089 pl (+1w, al) 1265 dec 287 1.418% S Н,0; sl EtOH, 
orth (ace) eth, ace 
9627 Succinonitrile Butanedinitrile СНА 10-61-2 80.088 57.98 266 0.9867 1.41739 — vs H0; s ОН, 
ace, bz, chl; sl 
eth 
9628 Succinylcholine chloride Suxamethonium chloride С. و‎ ٢ ٢٧٢ — 71-272 361.305 сту (м) 190 SI EtOH, bz, chl; 
i eth 
9629 Succinylsulphathiazole C44 H,N,0;S; 116-43-8 355.389 cry 193.5 i H0, ей, chl; 
sl EtOH, ace; 8 
alk 
9630 Sucralfate Ca А وکو لام‎ 54182-58-0 2086.737 wh amorp i H50, EtOH, 
pow chl; s dil НСІ, 
alk 
9631 Sucrose СО 57-50-1 342.296 тсі 185.5 158057 1.5376 $Н0,ру;$ 
EtOH; i eth 
9632 Sucrose monohexadecanoate Sucrose palmitate СНО, 26446-38-8 580.706 сгу 61 s Н,0 
9633 Sucrose octaacetate (551106 26-14-7 678.591 па (al) 86.5 250! 1276 14660 ОН 
eth, ace, bz, 
chl 
9634 Sufentanil 8 و‎ №5055 56030547 386.550 cry (peth) 96.6 
9635 Sulfabenzamide N-[(4-Aminophenyl)sulfonyl] C, H,,N,0,S 27-71-9 276.310 hex рг (60% 1815 
benzamide al) 
9636 Sulfachlorpyridazine C,4H,CIN;O,S  80-32-0 284.722 187 
9637 Sulfacytine C42H44N40;S 7784-12-2 294.329 сту (MeOH/ 167 i H5O; s alk 
BuOH) 
9638 Sulfadimethoxine CoHuN,0,S 22-11-2 310.329 203.5 
9639 Sulfaguanidine С.Н N,0,S 57-67-0 214245 па (w) 191.5 
9640 Sulfallate Carbamodithioic acid, diethyl-, C.H, CINS; 95-06-7 223.787 1291 1.088 
2-chloro-2-propenyl ester 
9641 Sulfamerazine C. H,N,0,S 27-79-7 264.304 cry 236 SI HO, EtOH, 
ace, DMSO; i 
eth, chl 
9642 Sulfamethazine C44H,N40;S 57-68-1 278.330 ра уе (w+1/ 1985 S Н,0, acid, alk; 
2) cry sl DMSO 
(diox-w) 
9643 Sulfamethiazole C, Hi №055> 144-82-1 270.331 сту (м) 210 sl hot H,0 
9644 Sullamethoxazole Сл №035 723-46-6 253277 ув-мп pow 171 i eth 
9645 Sulfamethoxypyridazine С.Н. №035 80-35-3 280.303 182.5 
9646 Sulfamethylthiazole Са ћи №09 515-59-3 269.343 237 vs EtOH 
9647 N'-Sulfanilylsulfanilamide 4-Amino-N-[4-(aminosulfonyl) بل ولاو اا‎ 547-52-4 327.379 137 SI Н,0; s EtOH, 
phenyl]benzenesulfonamide eth, ace; i chl, 
peth 
9648 Sulfanilylurea C;H9N40,S 547-44-4 215.229 cry (м) 147 бес 
9649 Sulfaphenazole و‎ N40;S 526-08-9 314.363 сгу (EtOH) 181 sl EtOH, MeOH, 
gl HOAc 
9650 Sulfasalazine С.Н, №059 599-79- 398.393 220 дес 
9651 Sulfathiazole 4-Amino-A-2- CIH N,0,S; 72-14-0 255.316 — brpl,rodsor 175(form a); SI Н,0, EtOH, 
thiazolylbenzenesulfonamide ром (45%  202(form b) DMSO 
al) 
9652 Sulfathiourea C;H,N,0,S, 515-49- 231.295 182 i H,0; sl EtOH 
9653 Sulfinpyrazone C Ар 055 57-96-5 404.481 137 
9654 N-Sulfinylaniline C H:N0S 1122-83-4 139.175 200 12365 162702 
9655 Sulfisoxazole С.Н. 3 №035 127-69-5 267.304 191 
9656 Sulfoacetic acid С-Н,0,5 123-43-3 140.115 hyg tab 85 dec 245 vs Н,0, ace, 
(w) EtOH 


Physical Constants of Organic Compounds 


Strychnine 


Strychnidin-10-one sulfate (2:1) 


гү ша о 
М EN 
ОТ "o © : SN 


3-465 


COOH 
HS——H 
= HS—|—H 
COOH 
Styrene Succimer 
0 
сіе E 0 9 


0 
Succinylcholine chloride 


Succinamide Succinic acid Succinic anhydride Succinimide Succinonitrile 
HO Асо. 
о О, 
ЕО OH OAc 
RO. O HO ACO - 
О, e N. 
[C Y 87 OR RO HO p 0 леб с 0 SOS 
N^ 0 لها‎ 0 
S H RO o OR нб AcÓ 
ме угон ОЕ ОЕ N Г\ 
H OH OAc LAS 
0 В = 803[А1(ОН)5] он ОАс 5 
Succinylsulphathiazole Sucralfate Sucrose Sucrose octaacetate Sufentanil 
1 ٩ 
AN. СІ 
оо О оо N оо NN ^ оо NN 
Y а | V LA V یل‎ Р 
^N ^N оу ^N 0 
н н н н 
HN НМ HN HN 
Sulfabenzamide Sulfachlorpyridazine Sulfacytine Sulfadimethoxine 
یې‎ 


Sulfaguanidine Sulfallate Sulfamerazine 


оо 
4 А 
№ “№ М 
H H 
HN HN 


Sulfamethoxazole Sulfamethoxypyridazine Sulfamethylthiazole 


о р 4 N 
N 


و 
2 
Қы‏ 
?> 
У‏ 
,7 
с. Z=‏ 
т‏ 
| | 
2 
2 


Sulfanilylurea Sulfaphenazole Sulfasalazine 


|| 
p о 


217201 
O 


Sulfathiourea Sulfinpyrazone N-Sulfinylaniline 


Sulfamethazine 


OH 
LX s 2 N \ 
O ^N 
H 


оо NN 
Md À 
SAA 


HN 
Sulfamethiazole 


N'-Sulfanilylsulfanilamide 


Sulfathiazole 


О, 
5м € ü 
әш LI 
HN но“ ОН 


Sulfisoxazole Sulfoacetic acid 


3-466 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9657 2-Sulfobenzoic acid C;H,0;S 632-25-7 202.185 nd (w«3) 41 vs Н,0, EtOH 
9658 Sulfolane Tetrahydrothiophene, 1-1- C4H,05S 126-33-0 120.171 276 287.3 1.27235 4148336 5 chl 
dioxide 
9659 Sulfometuron methyl C, Hj №4055 74222-97-2 364.377 wh solid 202 
9660 Sulfonmethane 2,2-Bis(ethylsulfonyl)propane С;Н,0,5; 115-24-2 228.330 mcl (м), pr 125.8 дес 300 vs bz, EtOH, chl 
(al) 
9661 Sulfonyldiacetic acid С,Н,0,5 123-45-5 182.152 187 vs Н,0, EtOH; 8 
eth, sulf 
9662 4-Sulfophthalic acid 4-Sulfo-1,2- C,H,0;S 89-08-7 246.195 cry 39 
benzenedicarboxylic acid 
9663 Sulfotep С4Н,0:Р;5; 3689-24-5 322.320 137? 1.1965 147535 ІН,0; $ EtOH 
9664 Sulfuryl chloride isocyanate CCINO.S 1189-71-5 141.534 liq -44 107 1.6262 1.446720 
9665 Sulphan Blue CjH4N,Na0,S, 129-17-9 566.664 — viol pow 5 EtOH 
9666 Sulprofos C H, 0,PS; 35400-43-2 322.447 1560 1.2020 1.5859 0 
9667 Sunset Yellow ЕСЕ C.I. Food Yellow 3 C, H N,Na;0;S, 2783-94-0 452.369 cry >300 S H,0; sl EtOH 
9668 Suprasterol || СНО 562-71-0 396.648 рг 110 1900005 s Me0H 
9669 Sutan Carbamothioic acid, bis(2- Ca H4NOS 2008-41-5 217372 138? 0.94022 
methylpropyl)-, S-ethyl ester 
9670 Symclosene 1,35-Trichloro-1,3,5-triazine- — C,CLN;0; 87-90-1 232.409 246.7 dec 
2,4,6(1H,3H,54)-trione 
9671 Syringin Сао; 18-34-3 372.368 сту (м), nd 192 vs EtOH 
(al) 
9672 Tabun Dimethylphosphoroamidocyanid C5H,,N,0,P 77-81-6 162.127 liq -50 240 1.077 14250? msc Н,0 
ic acid, ethyl ester 
9673 Tachysterol 9,10-Secoergosta-5(10),6,8,22- СНО 15-61-7 396.648 160, MeOH; s 
tetraen-3-ol, (3B,6£,22E)- EtOH, eth, ace, 
bz 
9674 6 С.Н, 87-81-0 180.155 cry (dil al) 1345 vs H,0 
9675 Talbuta C. H4 №03 15-44-6 224.256 cry 109 i H5O, peth; s 
EtOH, ace, eth, 
chl 
9676 Tamoxifen Со5Н» МО 0540-29-1 371.514 cry (peth) 97 
9677 Tannic acid Таппіп (561560, 401-554 1701.198 ye-bramorp 4210 dec vs EtOH, ace; i 
pow bz, chl, eth, ctc 
9678 DL-Tartaric acid 2,3-Dihydroxybutanedioic acid, 6 38-37-09 150.087 mcl pr (w, al 206 1.78825 s Њ0, EtOH; sl 
(17, R*)-(+)- +1w) eth; i bz 
9679 meso-Tartaric acid СНО 47-73-9 150.087 — tcl pl (м) 147 1.66620 vs HO, EtOH 
9680 D-Tartaric acid 2,3-Dihydroxybutanedioic acid, C,H,O; 47-71-7 150.087 mcl, orth рг 172.5 1.759820 1.4955? 51 DMSO 
[S-(R*,R*)]- (w+) 
9681 L-Tartaric acid 2,3-Dihydroxybutanedioic acid, С,Н,0, 87-69-4 150.087 169 
[R-(A*,R*)]- 
9682 Taurocholic acid Cholaic acid C H4 N0;S 81-24-3 515.703  pr(al-eth) 125 dec vs Н,0, EtOH; sl 
eth, AcOEt 
9683 Taxine A Са Hi NO; 1361-49-5 641.749 cry (асе) 205 i H,0; $ EtOH, 
eth, chl 
9684 Taxol Paclitaxel Cu Hs NO;, 33069-62-4 853.907 па (MeOH 214 dec 
ад) 
9685 Tebuconazole C H, СМО 107534-96-3 308.826 102.4 
9686 Tebuthiuron CIH, N,0S 34014-18-1 228.314 163 dec 
9687 Teniposide لوا‎ 29767-20-2 656.653 cry (EtOH) 244 
9688 Tephrosin Сан 0; 76-80-2 410417 pr (chl- 198 vs ace, eth, chl 
Me0H) 
9689 Terbacil 5-Chloro-3-tert-butyl-6-methyl- CgH,CIN,0, 5902-51-2 216.664 176 Sub 175 1.345 
2,4(1H,3H)-pyrimidinedione 
9690 56 C, H5,0;PS, 13071-79-9 288.431 -29.2 6900 1.105% 
9691 Terbuthylazine 6-Chloro-A-fert-butyl-N-ethyl- CH, CIN; 5915-41-3 229.710 178 1.1882 
1,3,5-triazine-2,4-diamine 
9692 Terbutryn СМ 5 886-50-0 241.357 104 157005 11152 
9693 Тегеріс acid Tetrahydro-2,2-dimethyl-5-oxo- C;H, 0, 79-91-4 158152 cry 175 0.815 SI Н,0, s EtOH 
3-furancarboxylic acid 
9694 Terephthalic acid 1,4-Benzenedicarboxylic acid CgH,0, 100-21-0 166.132 nd (sub) sub 300 i H5O, EtOH, 
eth, chl, НОАс; 
sl сіс 
9695 Terfenadine Seldane СН NO; 50679-08-8 471.674 147 1Н,0:5 EtOH; sl 
hx 
9696 o-Terphenyl Сава 84-15-1 230.304  mcl pr 56.20 332 i H,0; s ace, bz, 
(MeOH) chl, MeOH 
9697 m-Terphenyl Са 92-06-8 230.304 уе па (al) 87 363 1.1992 i H50; s EtOH, 
eth, bz, НОАс; 
sl chl 
9698 p-Terphenyl Cis Hi 92-94-4 230.304 213.9 376 i B,0; 51 EtOH; 
s eth, bz, CS; 
9699 a-Terpinene 4-Isopropyl-1-methyl-1,3- СН 99-86-5 136.234 174 0.8375? 14779 ІН,0; msc 
cyclohexadiene EtOH, eth 
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3-468 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9700 6 СН в 99-85-4 136.234 183 0.8499 14765" 
9701 а-Тегртео! Ci H0 2438-12-2 154249 cry (peth) 405 220 0.93372 1.4831? 51 HO; vs ace, 
bz, eth, EtOH 
9702 o-Terpineol acetate САО; 80-26-2 196.286 140, 105" 0.9659? 1.468927 ІН,0; s EtOH, 
eth, bz 
9703 Terpinolene p-Mentha-1,4(8)-diene Cio Hag 586-62-9 136.234 186 086325 1.4883? 1 H,0; msc 
EtOH, eth; s 
bz, ctc 
9704 2,2:6,2"-Тегрупат пе Сын; 1148-79-4 233.268 88.0 370 
9705 Terrazole 1,2,4-Thiadiazole, 5-ethoxy-3- — С,Н СИМО 2593-15-9 247530 19.9 95! 503% 
(trichloromethyl)- 
9706 22:52 6 о-Тегіліелуі وکا‎ 1081-34-1 248.387 уе-оапр 93 i B,0; 51 EtOH; 
(MeOH) S bz, eth, ace, 
peth 
9707 Testolactone СО; 968-93-4 300392 cry (ace) 218 
9708 3,6,9,12-Tetraazatetradecane-1,14- Pentaethylenehexamine СН № 4067-16-7 232.369 liq 0.950 1.509620 
diamine 
9709 Tetrabenazine С.Н NO; 58-46-8 317.422 128 sch 
9710 1,2,4,5-Tetrabromobenzene C HBr, 636-28-2 393.696 mclpr(CSj) 182 3.120 3.07220 i B,0; vs eth 
9711 1,1,2,2-Tetrabromoethane Acetylene tetrabromide CHBr, 79-27-6 345.653 ye visc liq 0 243.5; 15154 2.96550 1.635320 i H,0; msc 
EtOH, eth; s 
ace, bz; sl ctc 
9712 Tetrabromoethene Tetrabromoethylene С,Вг, 79-28-7 343.637  pl(dilal)o па 56.5 226 i HO; s EtOH, 
(al) eth, ace; vs chl 
9713 2'4^5'7-Tetrabromofluorescein, Еовіпе YS C, HBr,Na,0; — 17372-87-1 691855  ye-redcry 295.5 vs НОН 
disodium salt 
9714 4,5,6,7-Tetrabromo-1,3- CaBr40; 632-79-1 463.700 nd (xyl, 280 i H5O, EtOH; sl 
isobenzofurandione HOAc) bz; s РМО, 
9715 Tetrabromomethane Carbon tetrabromide CBr, 558-13-4 331.627  mcltab (dil 923 189.5 2.9608'0 1.594210 i Н,О; s EtOH, 
al) eth, chl; vs 
CS, 
9716 2,3,4,5-Tetrabromo-6- 3,4,5,6-Tetrabromo- o-cresol C;H,Br,0 576-55-6 423.722 уе па (chl, 208 дес 1620; s EtOH, 
methylphenol HOAc) eth, bz, chl; sl 
ig, НОАс 
9717 3,3 55"- CogH Вии 04 76-62-0 633.907 па (al, ей) 6 i H50; 51 EtOH; 
Tetrabromophenolphthalein vs eth; s alk, 
HOAc 
9718 3,375,5”- АТ!) 1176-74-5 661.960 ye cry (bz) 210 
Tetrabromophenolphthalein ethyl 
ester 
9719 3,3'55"- C.HiBr,K0, 62637-91-6 700.050 210 
Tetrabromophenolphthalein ethyl 
ester, potassium salt 
9720 Tetrabutylammonium bromide TMAB Ci Hs BrN 1643-19-2 322.368 99 s chl 
9721 Tetrabutylammonium chloride C4 H, СМ 1112-67-0 277917 су 74 
9722 Tetrabutylammonium fluoride C, H, FN 429-41-4 261462 сту (м) 37 
9723 Tetrabutylammonium hydroxide СНз, NO 2052-49-5 259471 stab in soln $ Н,0, MeOH 
9724 Tetrabutylammonium iodide СЫМ 311-28-4 369.368 If (w, bz) 148 sl Н,0, chl; vs 
EtOH 
9725 Tetrabutylammonium sulfate Сао Но О 32503-27-8 580.990 170 sl chl 
9726 Tetrabutylphosphonium bromide Ci H, BrP 3115-68-2 339.335 cry (ace/eth) 102 
9727 Tetrabutyl silicate Silicic acid, tetrabutyl ester C4 09! 4766-57-8 320.541 256; 120? 0.8990? 141282 
9728 Tetrabutylstannane C, H, Sn 1461-25-2 347.167 liq -97 14510, 95028 1.0620 
9729 ٧۳٠ Bis(dibutylthiocarbamoyl) Са NS, 1634-02-2 408.752 395 1.0320 i H50; 51 EtOH; 
Tetrabutylthioperoxydicarbonic disulfide s eth 
diamide 
9730 Tetrabutyl titanate Titanium(IV) butoxide Слао 5593-70-4 340.322 292.4 
9731 Tetracaine hydrochloride Ci Ho; CIN;O; 136-47-0 300.825 147 
9732 1,2,3,4- Tetrachlorobenzene Сењ О] 634-66-2 215.892 nd (al) 475 254 i H50; 51 EtOH; 
vs eth, CS; 
9733 1,2,3,5-Tetrachlorobenzene C H;CI, 634-90-2 215.892 nd (al) 545 246 i H,0 
9734 1,2,4,5-Tetrachlorobenzene (51501, 95-94-3 215.892 nd,mclpr 139.5 244.5 1.858? i H50; 51 EtOH; 
(eth, al or S eth, bz, chl, 
bz CS, 
9735 3,4,5,6-Tetrachloro-1,2- Сењ СО 1198-55-6 247.891 cry (dil al, 194 sl Н,0 
benzenediol bz) 
9736 2,3,5,6-Tetrachloro-1 ,4- Сењ СО 87-87-6 247.891 па (НОАс) sub iH,0, bz, ctc; vs 
benzenediol EtOH, eth; sl 
НОАс 
9737 2,2',45-Tetrachlorobiphenyl АТЫ 41464-40-8 291988 сгу (MeOH) 66.5 i HO 
9738 2,3,4,5-Tetrachlorobiphenyl CHCl, 33284-53-6 291988 су 92.2 i НО 
9739 3,3',4’,4’-Tetrachlorobiphenyl АСЫ 32598-13-3 291.988 cry (EtOH) 0 
9740 2,2',6,6-Tetrachlorobisphenol А СНС 79-95-8 366.067 cry (HOAc) 136 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9741 2,3,5,6-Tetrachloro-2,5- Chloranil С«С1,0; 118-75-2 245,875 уетсі, pr 290 Sub i Н,0, lig; sl 
cyclohexadiene-1,4-dione (bz) ye If НОН, chl; s 
(НОАс) ећ 
9742 3,4,5,6-Tetrachloro-3,5- C, Cl 0; 2435-53-2 245.875 130.5 
cyclohexadiene-1,2-dione 
9743 2,3,7,8-Tetrachlorodibenzo-p- Dioxin СНС, 1746-01-6 321.971 па 295 
dioxin 

9744 2,3,7,8-Tetrachlorodibenzofuran C44H,CIO 51207-31-9 305.971 cry 227 

9745 1,1,1,2-Tetrachloro-2,2- 2072 16-11-9 203.830 41.0 92.8 1.6495 1Н,0, $ EtOH, 

difluoroethane eth, chl 

9746 1,1,2,2-Tetrachloro-1,2- (Cl F; 76-12-0 203.830 24.8 92.8 1.59519 141305 ІН,0; $ EtOH, 

difluoroethane eth, chl 

9747 1,2,3,4-Tetrachloro-5,5- СНОО; 2207-27-4 263.934 109 15015 1.528220 

dimethoxy-1,3-cyclopentadiene 

9748 1,2,3,4-Tetrachloro-5,6- ГЕЙ 877-08-7 243946 228 i H,0; $ EtOH, 

dimethylbenzene eth, bz 

9749 1,2,3,5-Tetrachloro-4,6- ЛЕЙ 877-09-8 243.946 223 1.7035 i H,O, EtOH, 

dimethylbenzene eth, bz, chl 

9750 1,1,2,2-Tetrachloro-1,2- CH, CI واک‎ 4518-98-3 228.052 54 

dimethyldisilane 

9751 1,1,1,2-Tetrachloroethane C;H;CI, 630-20-6 67.849 liq -70.2 30.2 1.5406? 1.4821? sl H;O; s ace, 
bz, chl; msc 
EtOH, eth 

9752 1,1,2,2-Tetrachloroethane Acetylene tetrachloride АЛЫ) 79-34-5 67.849 liq -42.4 45.2 1.5053? 1.4040? 5ІН,0; $ ace, 
bz, chl; msc 
EtOH, eth 

9753 Tetrachloroethene Perchloroethylene 0:01 127-18-4 65.833 liq -223 213 1.6230? 1.5059? ІН,0; msc 
EtOH, eth, bz 

9754 1,1,1,2-Tetrachloro-2-fluoroethane C;HCLF 354-11-0 85.839 liq -953 174 

9755 1,1,2,2-Tetrachloro-1-fluoroethane C;HCLF 354-14-3 85.839 liq -82.6 16.7 1.5497" 1.439020 

9756 Tetrachloromethane Carbon tetrachloride CCl, 56-23-5 53.823 liq -22.62 76.8 1.5940? 14601? 1Н;0;5 EtOH, 
ace; msc eth, 
bz, chl 

9757 2,3,5,6-Tetrachloro-4- Drosophilin A C;H,CI,0; 484-67-3 261.918 116 

methoxyphenol 
9758 2,3,4,6-Tetrachloro-5- C;H,CI,O 10460-33-0 245.918 па (рей) 189.5 1Н,0, $ EtOH, 
methylpheno eth, ace, bz, 
ОН 
9759 1,2,3,4-Tetrachloronaphthalene СС 20020-02-4 265.951 199 
9760 1,2,3,4-Tetrachloro-5- C;HCIINO; 879-39-0 260.890 66 
nitrobenzene 

9761 1,2,4,5-Tetrachloro-3- C;HCIINO; 117-18-0 260.890 99.5 304 1.74425 i H,0; s EtOH, 

nitrobenzene bz, chl 

9762 2,3,4,5-Tetrachlorophenol СеНС1,0 4901-51-3 231.891 па (рећ, 116.5 sub vs EtOH 

sub) 

9763 2,3,4,6-Tetrachlorophenol C,H,C1,0 58-90-2 231.891 nd (lig) 70 1505 ІН,0; s EtOH, 
bz, chl, HOAc; 
vs Na0H 

9764 2,3,5,6-Tetrachlorophenol 04801,0 935-95-5 231.891 If (lig) 115 sl Н,0: vs bz; $ 
ig 

9765 Tetrachlorophthalic anhydride 001,0; 17-08-8 285896 2545 зиђ 14975 sl eth 

9766 1,1,1,2-Tetrachloropropane СНС 812-03-3 81.876 liq -64 52.5 1.4730 14867?  iH;0; vs EtOH; 
s eth, ch 

9767 1,1,1,3-Tetrachloropropane ЛЕЙ 070-78-6 81.876 57 1.450920 1.482520 H,0; vs EtOH, 
eth, bz, chl 

9768 1,1,2,3-Tetrachloropropane СНС 8495-30-2 181.876 79.5 15137 150377" i Hj0; s EtOH, 
chl; vs eth 

9769 1,2,2,3-Tetrachloropropane Сан, О 3116-53-5 181.876 65 1.500 1.4940% ІН,0; vs EtOH, 
eth; s ch 

9770 1,1,2,3-Tetrachloropropene C5H,Cl, 0436-39-2 179.860 liq 67.2; 597 1.55% 

9771 2,3,5,6-Tetrachloropyridine CHCIN 2402-79-1 216.881 cry (aqal) 905 250.5 vs eth, EtOH, 
peth 

9772 Tetrachloropyrimidine (ИЛ 780-40-1 217.868 69.0 

9773 3,34,5-Tetrachlorosalicylanilide  3,5-Dichloro-A-(3,4- C44H;CI,NO; 154-59-2 351.013 161 

dichlorophenyl)-2- 
hydroxybenzamide 

9774 2,3,5,6-Tetrachloroterphthaloyl C Cl 0; 719-32-4 340.803 cry (сіс) 146.5 

dichloride 

9775 Tetrachlorothiophene 0,01,5 6012-97-1 221920 nd(dilal) 30.5 2334 1.703630 1.59159  iH,0; vs EtOH; 
msc eth 

9776 Tetrachlorovinphos CygHgCl,0,P 961-11-5 365.961 97 

9777 6 97717) 4181-95-7 563.079 81.5 522; 400° 08171715 1.45725 

9778 Tetracosamethylundecasiloxane ^ Tetracosamethylhendecasiloxane СНО 5, 107-53-9 829.764 322.8; 202" 0.924725 1.3994? vs bz 

9779 Tetracosane СН 646-31-1 338.654 cry (eth) 504 391.3 0.799120 142830 ІН,0; 51 EtOH; 


vs eth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9780 Tetracosanoic acid Lignoceric acid C» Ha 05 557-59-5 368.637 87.5 21210 0.82079 1.428779 vs bz, eth 
9781 1-Tetracosanol (5,150 506-51-4 354.653 77 21004 
9782 cis-15-Tetracosenoic acid Nervonic acid Cj Ha 05 506-37-6 366.621 43 
9783 Tetracyanoethene Tetracyanoethylene CG N, 670-54-2 28.091 199 223 1.348% 1.5605 sl eth, bz, сіс, 
chl; s ace 
9784 Tetracycline CH, ,N,0, 60-54-8 444.434 cry (+3w) 172 dec 
9785 Tetracycline hydrochloride CH; CIN,O, 64-75-5 480.895 214 
9786 Tetradecahydrophenanthrene Сл 5743-97-5 92341 lig -3 270; 87? 0.94420 50119 160; seth, асе, 
bz 
9787 Tetradecamethylhexasiloxane C44Ha205Si6 107-52-8 458.993 liq -59 2455 0.8910? 139480 vs bz 
9788 Tetradecanal Cu Ha 0 124-25-4 212371 |f 30 i H,0; s EtOH, 
eth, ace 
9789 Tetradecanamide C H,N0 638-58-4 227.386 If (ace) 104 217? vs EtOH 
9790 Tetradecane С-Н» 629-59-4 98.368 5.82 253.58 0.759620 1.4290? 1 H,0; vs EtOH, 
eth; s ctc 
9791 Tetradecanedioic acid Cu Ha 04 821-38-5 258.354 1255 
9792 1,14-Tetradecanediol СА 0; 19812-64-7 230.387 nd (bz) 85.8 200% vs eth, EtOH 
9793 Tetradecanenitrile Myristonitrile CuHyN 629-63-0 209.371 19 22610, 119! 0.828119 143923 i H,0; msc 
EtOH, eth, асе, 
bz; sl ctc 
9794 1-Tetradecanethiol СА S 2079-95-0 230.453 7 310; 1782 0.864120 1.4597? |Н,0; s EtOH, 
eth, ctc 
9795 Tetradecanoic acid Myristic acid CH, 0; 544-63-8 228.371 If (eth) 542 250100 0.862251 147230 ІН,0; s EtOH, 
ace, chl; sl eth; 
vs bz 
9796 Tetradecanoic anhydride Cogs Оз 626-29-9 438.727 |f (peth) 53.4 0.8502” 1.43357 vs eth, ОН 
9797 1-Tetradecanol Tetradecy! alcohol СНА 0 112-72-1 214.387 If 38.2 287 0.823638 i НО; vs EtOH, 
eth, ace, bz, 
chl 
9798 2-Tetradecanone Dodecyl methyl ketone Ca H, 0 2345-27-9 212.371 cry (dil al) 335 20510, 13413 i H,0; s EtOH, 
ace 
9799 Tetradecanoyl chloride Myristoyl chloride Ca Ha CIÓ 112-64-1 246.816 -1 1716 0.90782 s eth 
9800 12-O-Tetradecanoylphorbol-13- Сосагсіподеп A1 Сав Og 16561-29-8 616.825 ой 
acetate 
9801 1-Tetradecene СН 1120-36-1 196372 liq -12 233 0.7745 14351? ІН,0; vs EtOH, 
eth; s bz; sl ctc 
9802 Tetradecyl acetate 1-Tetradecanol, acetate С 1,560, 638-595 256.424 17319 
9803 Tetradecylamine 1-Tetradecanamine МІНІ 2016-42-4 213.403 83.1 291.2 0.8079? 1.4463? ІН,0; vs ОН, 
eth, bz, chl; s 
ace 
9804 Tetradecylbenzene C; Ha 1459-10-5 274.484 16 359 0.8549? 1.481820 
9805 Tetradecylcyclohexane Coo Hag 1795-18-2 280.532 24 360 0.825420 1.457920 
9806 Tetradifon 1,2,4-Trichloro-5-[(4- C H&CI,0S 116-29-0 356.052 146 1.1512 
chlorophenyl)sulfonyl]benzene 
9807 Tetraethoxygermane Ethanol, germanium(4+) salt C4 Ho, GeO, 14165-55-0 252.88 13920 
9808 Tetraethoxymethane Tetraethyl orthocarbonate ҮЛ 78-09-1 92.253 1595 0.918620 1.390525 msc EtOH, eth; 
s clc 
9809 Tetraethylammonium bromide CH BrN 71-91-0 210.156 пуд (al) 286 dec 1.397020 vs Н,0, EtOH, 
chl, MeOH 
9810 Tetraethylammonium chloride CH CIN 56-34-8 65.705 hyg cry vs Н,0, EtOH, 
ace, chl 
9811 Tetraethylammonium iodide СН 68-05-3 257.156 cry (w) 300 dec sH,0 
9812 1,2,3,5-Tetraethylbenzene СН» 38842-05-6 190.325 249.0 
9813 N,N,N,N-Tetraethyl-1,2- N,N,N,N-Tetraethylphthalamide | С.,Нь,М,0, 83-81-8 276.374 36 20416 
benzenedicarboxamide 
9814 Tetra(2-ethylbutyl) silicate Silicicacid, tetrakis(2-ethylbutyl) C, H«;0,Si 78-13-7 432.754 liq 089200 1.4307? i H,0; sl ОН, 
ester ctc; s eth, bz 
9815 Tetraethylene glyco 3,6,9-Trioxaundecane-1,11-diol | C,H440; 12-60-7 94226 liq -6.2 328 112855 145770 vs H,0; s EtOH, 
eth, ctc, diox 
9816 Tetraethylene glycol diacrylate Сл А 0; 7831-71-9 821 1125% 
9817 Tetraethylene glycol dimethacrylate C, H, 0; 09-17-1 330.373 220' „46105 
9818 Tetraethylene glycol dimethyl ether Сон», 43-24-8 222.279 275.3 1.011420 msc Н,0: s 
EtOH, eth, ctc 
9819 Tetraethylene glycol monostearate (55150, 06-07-0 460.687 40 328 1.128555 5 
9820 Tetraethylenepentamine Са МЕ 12-57-2 189.303 3415 50429 0 
9821 N,N,N,N-Tetraethyl-1,2- CH, N; 50-77-6 172.31 192 0.808% 4343? 
ethanediamine 
9822 Tetraethylgermane C H, Ge 597-63-7 188.89 164.5 1.199 
9823 Tetraethyl lead CIH, Pb 78-00-2 323.4 dec 200 1.65320 .5198? i H,0; s bz; sl 
EtOH 
9824 ۳ C, H5); 102-53-4 158.284 165.8 0.80002 1.442025 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
eth, ace, ху!, 
chl; sl ctc 

9826 Tetraethylsilane СН! 631-36-7 44.331 154.7 0.76582 1.4268? 0 

9827 Tetraethylstannane Tin tetraethyl CH, Sn 597-64-8 234.955 liq -112 181; 6412 11875 „47307 

9828 Tetraethylthiodicarbonic diamide Sulfiram CIH, №53 95-05-6 264.474 2323 1.1220 s chl 

9829 Tetraethylurea CIH, N,0 1187-03-7 72.267 209 0.9192 4474? 160, alk, acid 

9830 1,2,3,4-Tetrafluorobenzene CHF, 551-62-2 50.074 943 „40542 

9831 1,2,3,5-Tetrafluorobenzene CHF, 2367-82-0 150.074 liq -46.25 84.4 1.3195 „40352 

9832 1,2,4,5-Tetrafluorobenzene C; HF, 327-54-8 50.074 3.88 90.2 14255? 14075? 

9833 3,3,4,4-Tetrafluorodihydro-2,5- C4F40; 699-30-9 72.035 54.5 1.6209? 1.32402 

furandione 

9834 1,1,2,2-Tetrafluoro-1,2- СЕМЉО, 356-16-1 92.026 liq -41.5 58.5 1.602425 1.326525 i H,0; s ace 

dinitroethane 

9835 1,1,1,2-Tetrafluoroethane СУНУ, 811-97-2 02.031 со! gas -103.3 -26.08 1.207225 ШҮ 

9836 1,1,2,2-Tetrafluoroethane СОЊЕ, 359-35-3 02.031 со! gas -89 -19.9 

9837 Tetrafluoroethene Tetrafluoroethylene C;F, 116-14-3 00.015 col gas -131.15 -75.9 1.51976 i 0 

9838 1,2,2,2-Tetrafluoroethyl Refrigerant 236me لا اا‎ 57041-67-5 168.037 vol liq or gas 23.35 1.454023 

difluoromethyl ether 

9839 Tetrafluoromethane Carbon tetrafluoride CF, 75-73-0 88.005 _ col gas -183.60 -128.0 3.03425 1620; s bz, chl 

9840 2,2,3,3-Tetrafluoro-1-propanol C;H,F,0 76-37-9 32.057 liq -15 109.5 1.485320 13197? 5 EtOH, ace, chl 

9841 6,7,8,9-Теїгапуйг0-5Н- C, H0 826-73-3 60.212 175%, 1247 1,0800 1.5698? 41 

benzocyclohepten-5-one 

9842 2,3,6,7-Tetrahydro-1 H,5/1- Julolidine Cio Has 419-59-4 73.254 40 dec 280; 1557 1,0030 1.56825 

benzo[ij]quinolizine 

9843 1,2,3,6-Tetrahydro-2,3'-bipyridine, Anatabine СН № 581-49-7 60.215 1450 1.0919 1.567622 5 

(9) EtOH, eth, bz 

9844 2,3,4,9-Tetrahydro-1 H-carbazole СНз 942-01-8 71.238 If (dil al) 120 327.5 i HO; s EtOH; 
vs eth, bz, 
MeOH 

9845 Tetrahydrocortisone C,H 0; 53-05-4 364.476 сгу (EtOAc) 190 

9846 1,2,3,4-Tetrahydro-6,7-dimethoxy- Carnegine C. H, NO, 490-53-9 221.296 pa br syr 170! vs Н,0, eth, 

1,2-dimethylisoquinoline, (+) EtOH 

141802 1.02% 145.7 32.157 696-59-3 ولا( ام Tetrahydro-2,5-dimethoxyfuran‏ 9847 

9848 4,5,6,7-Tetrahydro-3,6- C44 H0 494-90-6 50.217 86 80% 0.97275 

dimethylbenzofuran 

9849 1,2,3,4-Tetrahydro-1,5- Ci Has 21564-91-0 160.255 239 0.9412 1.52620 

dimethylnaphthalene 

9850 Tetrahydro-2,2-dimethyl-5-oxo-3- Terpenylic acid СаНр0, 26754-48-3 172.179 Iforpr(w+1) 90 vs Н,0 

furanacetic acid 

9851 cis-Tetrahydro-2,5- Сен 5161-13-7 16.224 liq -89 1423 092220 1.4799? vs ace, bz, eth, 

dimethylthiophene EtOH 

9852 1,2,3,4-Tetrahydro-9H-fluoren-9- — Phentydrone Са 0 634-19-5 84233 Ityendorpr 81.5 139005 

one (pentane) 

9853 5,6,7,8-Tetrahydrofolic acid Сл а МО 35-16-0 445.429 ром s Н,0 

9854 Tetrahydrofuran etramethylene oxide C H,0 09-99-9 72406 liq -108.44 65 0.8833? 140505 $ ЊО, chl; vs 
EtOH, eth, ace 
bz 

9855 Tetrahydro-2-furanmethanamine etrahydrofurfurylamine C;H NO 4795-29-3 01147 53 097520 1.551? vs ЊО, eth, 
EtOH 

9856 Tetrahydro-2-furanmethanol CH, 0, 637-65-0 58.195 205.5 1.044% vs eth, EtOH, 

propanoate ch 

9857 Tetrahydro-3-furanol C H,0; 453-20-3 88.106 81 1.095 450029 

9858 Tetrahydrofurfuryl acetate C;H,)0, 637-64-9 44.168 93; 89% 1.0624? 143505 vs H,O, eth, 
EtOH, chl 

9859 Tetrahydrofurfuryl acrylate C H, 0, 2399-48-6 56.179 <-60 965 1.06120 

9860 Tetrahydrofurfuryl alcohol Tetrahydro-2-furancarbinol СН0; 97-99-4 02.132 <-80 78 1.0524? 1.4520? vs ace, eth 

9861 Tetrahydrofurfuryl methacrylate Сан 404 2455-24-5 70.205 265; 81^ 1.040» „4554% 

9862 Tetrahydroimidazo[4,5-d] Acetyleneurea C H,N,0; 496-46-8 42.347 nd or pr (w) 300 dec SI Н,0, i EtOH, 

imidazole-2,5(1 H,3H)-dione НОАС: $ eth, 
HCI, alk 

9863 cis-3a,4,7,Ta-Tetrahydro-1,3- 4-Cyclohexene-1,2-dicarboxylic C,H,0; 935-79-5 52.148 сту (peth) 535 S ОН, ace, chl, 

isobenzofurandione acid, anhydride bz; sl peth 

9864 4,5,6,7-Tetrahydro-1,3- 1-Cyclohexene-1,2-dicarboxylic C,H,0; 2426-02-0 152.148 рі (БОН) 74 125 s EtOH, ace, chl; 

isobenzofurandione acid, anhydride vs eth 

9865 1,2,3,4-Tetrahydroisoquinoline CoH N 91-21-4 33.190 <-15 232.5 1.064221 1.5668? i H,0; $ EtOH, 
bz, acid, xy 

9866 3,4,5,6-Tetrahydro-7-methoxy-2 H- C;H,4NO 2525-16-8 127.184 liq 4916, 6624 0.887 1.463020 

azepine 
9867 1,2,3,4-Tetrahydro-6- C, МО 120-15-0 63.216 pr (peth, al) 42.5 284; 128! 15718? s chl 
methoxyquinoline orth pym 
(м) 

9868 1,2,3,4-Tetrahydro-1- CuHu 1559-81-5 146.229 220.6 0.958320 1.535320 

methylnaphthalene 
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methylInaphthalene 

9870 1,2,3,4-Tetrahydro-6- Би а 1680-51-9 46.229 liq -40 229 0.9537" 153577 

methylInaphthalene 

9871 1,2,3,6-Tetrahydro-1-methyl-4- МРТР Ci Hi N 28289-54-5 173.254 су 41 8708 

phenylpyridine 

9872 Tetrahydro-3-methyl-2 H-thiopyran (5169 5258-50-4 16.224 liq -60 158 0.9473? 1.492220 

9873 5,6,7,8-Tetrahydro-1- ТЕЛІ 2217-41-6 47217 38 279 1.062516 1.5900% <ІН,0; s EtOH, 

naphthalenamine eth, acid 

9874 1,2,3,4-Tetrahydronaphthalene Tetralin Сар 119-64-2 32202 liq -35.7 207.6 0.96455 1.5413? ІН,0; vs EtOH, 
eth; s chl, 
РАМН, 

9875 1,2,3,4- Tetrahydro-1-naphthol 1,2,3,4-Tetrahydro-o--naphthol C, H,,0 529-33-9 48.201 345 255; 1032 1.0996? 156382 

9876 5,6,7,8-Tetrahydro-1-naphthol 5,6,7,8-Tetrahydro-o--naphthol C, Hi; 529-35-1 48.201 70 266; 143" 1.0556% 

9877 1,2,3,4- Tetrahydro-2-naphthol Tetralol CIH, 0 530-91-6 48.201 15.5 407 

9878 5,6,7,8-Tetrahydro-2-naphthol 5,6,7,8-Tetrahydro-B-naphthol C, H,,0 1125-78-6 148201 57 275.5 1.055255 

9879 Tetrahydro-6-pentyl-2H-pyran-2- — 5-Hydroxydecanoic acid lactone C.H 0; 705-86-2 70.249 liq -27 213 

опе 

9880 1,2,3,4-Tetrahydrophenanthrene Сана 1013-08-7 82.261 If (MeOH) 33.5 73" 1.060149 i H50; $ EtOH, 
eth, ace, bz, 
НОАс, chl, lig 

9881 1,2,3,6-Tetrahydrophthalimide СМО; 85-40-5 51.163 сгу (EtOH) 137 

9882 Tetrahydro-6-propyl-2H-pyran-2- 5-Hydroxyoctanoic acid lactone | Сан, 0; 698-76-0 42.196 0 -13 265 

опе 

9883 2,3,4,5-Tetrahydro-6- y-Coniceine Сын ЫМ 1604-01-9 25.212 74 087535 1466116 

propylpyridine 

9884 Tetrahydropyran Охапе CH, 0 142-68-7 86132 liq -49.1 88 0.8814? 1.4200? s EtOH, eth, bz, 
ctc 

9885 Tetrahydro-2-pyran-2-methanol Сен о; 100-72-1 16.158 85 1.027» 458% 

9886 Теїгаһуйго-2Н-ругап-2-опе C;H,0; 542-28-9 00.117 liq -12.5 219 1.108222 1450320 s H,0; msc 
НОН, eth; sl 
ctc 

9887 Tetrahydro-4H-pyran-4-one б-Н;0, 29943-42-8 100.117 66.5 1.08425 „45202 

9888 1,2,5,6-Tetrahydropyridine A-Piperidine CHN 694-05-3 83.132 liq -48 08 0.9115 „4800% sch 

9889 1,2,5,6-Tetrahydro-3- Guvacine C H,N0; 498-96-4 27.141 pr (w), rods 295 dec vs H,0 

pyridinecarboxylic acid (+1w dil al) 

9890 3,4,5,6-Tetrahydro-2(1H)- Hexahydropyrimidine-2-thione СНУ 2055-46-1 16.185 211 1.3320 

pyrimidinethione 

9891 Tetrahydroquinoline САМ 635-46-1 33.190 nd 20 251 1.0588? 1,6062? $Н,О, chl; msc 
EtOH, eth 

9892 5,6,7,8-Tetrahydroquinoline 2,3-Cyclohexenopyridine СМ 10500-57-9 133.190 222 1.03043 1.5435? 51 H,0; s EtOH, 
eth, ace, bz 

9893 1,2,3,4- Tetrahydroquinoxaline Сао 3476-89-9 34178 If (w, ей, 99 289 S Н,0, chl; vs 

peth) FtOH, eth, bz; 
sl peth 

9894 6,7,8,9-Tetrahydro-5/7- Pentylenetetrazole ЕЛІ) 54-95-5 38.170 cry (67-10) 595 194? vs Н,0, EtOH, 

tetrazolo[1,5-alazepine ace; 5 eth, bz; 
sl chl 

9895 Tetrahydrothiophene Thiacyclopentane С.Н: 110-01-0 88.172 liq -96.2 121.1 0.998722 148718 i H,0; msc 
EtOH, eth, ace 
bz; s ch 

9896 1,2,3,4-Tetrahydro-1,1,6- Cis Hg 475-03-6 174.282 240; 90^ 0.9303? 1.525720 5 EtOH, eth, bz, 

trimethylnaphthalene ch 

9897 1,2,5,8-Tetrahydroxy-9,10- Quinalizarin Ca H 0, 81-61-8 272.210 огап nd >275 51 НО, асе, bz, 

anthracenedione EtOH, eth 

9898 2,3,4,6-Tetrahydroxy-5 H- Purpurogallin С.Н: 569-77-7 220.179 тепа (gl 274 dec 

benzocyclohepten-5-one НОАс) 
9899 22'44"- C4,Hq0; 131-55-5 246.215 уе па (м+1) 197 vs H,0, ace, eth, 
Tetrahydroxybenzophenone EtOH 

9900 2,3,5,6-Tetrahydroxy-2,5- etroquinone СНО; 319-89-1 172.092 bl-blk cry SI HO, eth, ctc; 

cyclohexadiene-1,4-dione vs НОН 

9901 11,17,20,21-Tetrahydroxypregn-4- 4-Pregnene-118,170,20B,21- C,H,O; 116-58-5 364.476 cry (ад асе) 125 dec vs ace, EtOH 

en-3-one, (11,208) tetrol-3-on 

9902 N,N,N’ N-Tetra(2-hydroxypropyl) | ENTPROL СНО, 102-60-3 292.415 1.0309 1.47825 slchi 

ethylenediamine 

9903 Tetraiodoethene etraiodoethylene С 513-92-8 531.639 уе If, pr (eth) 187 Sub 2.98320 vs bz, ch 

9904 4,5,6,7-Tetraiodo-1,3- 040, 632-80-4 651.702 уе pr, nd 327.5 sub i 150, EtOH, bz; 

isobenzofurandione (НОАс) па sl НОАс 
(sub) 
9905 Tetraiodomethane Carbon tetraiodide Cl, 507-25-5 519.629 red If (bz, 171 13515 4,23% үз ру, ch 
chl) 
9906 2,3,4,5-Tetraiodo-1 H-pyrrole lodopyrrole СН 87-58-1 570.676 уе nd (al) 150 dec vs ace, eth, chl 
9907 Tetraisobutyl titanate 2-Methyl-1-propanol, Ci о 7425-80-1 340.322 256500 0.96050 dec H,0 


titanium(4+) salt 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9908 Tetraisopropyl titanate 2-Propanol, titanium(4+) salt C.H, 0,1 546-68-9 284.215 221.5 0.97112 dec Н,0; 5 
EtOH, eth, bz, 
chl 
9909 N,N,N’ N-Tetrakis(2-hydroxyethyl) Сао О, 140-07-8 236.309 SI Н,0, EtOH 
-1,2-ethanediamine 
9910 Tetrakis(hydroxymethyl) C H, CI0,P 124-64-1 190.562 152.5 8 Н,0 
phosphonium chloride 
9911 Tetrakis(methylthio)methane C: Hus; 6156-25-8 200409 schl 
9912 1-Tetralone С.Н 529-34-0 146.185 8 1156 1.098816 1.567220 
9913 Tetramethoxymethane С.Н.,0, 1850-14-2 136.147 liq -25 114 1.023% 1.384520 
9914 1,1,3,3-Tetramethoxypropane C;H440, 102-52-3 164.200 183; 6612 0.9975 1.4081? 
9915 Tetramethrin C, H, NO, 7696-12-0 331407 ۷ =65-80 1.10820 1.51752 
9916 N,N,N;N- Tetramethyl-3,6- Acridine Orange Ci Ha CIN; 65-61-2 301.814  oran-ye soln $ H,0, EtOH 
acridinediamine, 
monohydrochloride 
9917 Tetramethylammonium bromide C H,BrN 64-20-0 154.049 hyg bipym 230 дес 1.5625 vs H,0; sl EtOH; 
i eth, bz, chl; s 
еон 
9918 Tetramethylammonium chloride СНОМ 75-57-0 109.598 hyg Прут 420 дес 1.16920 $ H,0; sl EtOH; 
(dil al) i eth, bz, chl; 
vs MeOH 
9919 Tetramethylammonium iodide Санам 75-58-1 201.049 >230 дес 1.8295 SI H;0, alk, 
EtOH, ace; i 
eth, ch 
9920 N,N2,6-Tetramethylaniline CIH; ;N 769-06-2 49233 liq -36 196; 8820 0.914720 
9921 1,2,3,4- Tetramethylbenzene Соц 488-23-3 34218 liq -62 205 0.9052? 1.5203? ІН,0; msc 
FtOH, eth, ace, 
bz, peth, ctc 
9922 1,2,3,5-Tetramethylbenzene Isodurene СН 527-53-7 34218 liq -23.7 198 0.8903? 1.5130? i H,0; msc 
EtOH, eth, ace, 
bz, рей, ctc 
9923 1,2,4,5-Tetramethylbenzene Durene m 95-93-2 34.218 79.3 196.8 0.83808 1.4790? i H,0; msc 
FtOH, eth, ace, 
bz, peth, ctc 
9924 N,N,N’ N-Tetramethyl-1,2- Со 704-01-8 64.247 8.9 215.5 0.956020 
benzenediamine 
9925 N,N,N’ N-Tetramethyl-1,4- Tetramethyl-p- А 100-22-1 64247 If (dilalor 51 260 SI H20; vs EtOH, 
benzenediamine phenylenediamine lig) eth, bz, ch 
9926 2,3,5,6-Tetramethyl-1,4- Durohydroquinone Сану 0; 527-18-4 66.217 па (al) 233 S EtOH; sl eth 
benzenedio 
9927 Tetramethyl 1,2,4,5- С.Н,0, 635-10-9 310.256 nd (al) 144 sub vs EtOH 
benzenetetracarboxylate 
9928 3,35,5- Tetramethyl-[1,1'- С.6Ноћ 54827-17-7 240.343 168.5 
biphenyl]-4,4-diamine 
9929 N,N,N’ N-Tetramethyl-[1,1'- C4 H, N; 366-29-0 240.343 196.0 
biphenyl]-4,4'-diamine 
9930 3,35,5-Tetramethyl-[1,1'- Ci H, 0; 2417-04-1 242313 payendor 2218 sub sl EtOH, bz, gl 
biphenyl]-4,4"-dio pr (НОАс) НОАс, tol; i lig 
9931 2,2,3,3-Tetramethylbutane Са а 594-82-1 14.229 If (eth) 100.7 106.45 0.8242? 1.4695? i H,0; s eth, chl 
9932 N,N,N’ N- Tetramethyl-1,4- Саро Мр 111-51-3 44.258 168 0.79425 1.462125 msc Н,0; 8 
butanediamine EtOH, eth 
9933 4-(1,1,3,3-Tetramethylbutyl) Cu H,0 140-66-9 206.324 85.8 279 
phenol 
9934 2,2,4,4- Tetramethyl-1,3- C4H4,0; 933-52-8 40.180 sch 
cyclobutanedione 
9935 2,3,5,6- Tetramethyl-2,5- Duroquinone Сан 0; 527-17-3 64201 yend (alor 111.5 i H50; s EtOH, 
cyclohexadiene-1,4-dione lig) eth, ace, bz, 
sulf, chl 
9936 1,2,3,4-Tetramethylcyclohexane СН 3726-45-2 40.266 0.8219? 1.453120 
9937 1,1,3,3-Tetramethylcyclopentane CoH, 50876-33-0 126.239 liq -88.4 18 0.7469% 1.412520 
9938 1,1,2,2-Tetramethylcyclopropane C; Hi, 4127-47-3 98486 iq -81 76 
9939 2,4,6,8- C.H, 0454 2370-88-9 240510 19 -65 345 099120 1.387022 iHj0 
Tetramethylcyclotetrasiloxane 
9940 2,4,7,9-Tetramethyl-5-decyne-4,7- Cu H, 0; 126-86-3 226.355 47 65% 
diol 
9941 N,N,N’ N-Tetramethyl-4,4'- Michler's ketone CH, М0 90-94-8 268.353 If (al), nd 179 dec 360 i H0, eth; sl 
diaminobenzophenone (bz) НОН; vs bz; s 
chl 
9942 Tetramethyldiarsine Cacodyl СІН; Аб; 471-35-2 209.981 liq -6 65 144755 vs eth, EtOH 
9943 1,1,3,3-Tetramethyl-1,3- Сао 56-33-7 286.516 liq -80 29; 156% 0.9763? 1.5176? 86 
diphenyldisiloxane 
9944 1,1,3,3-Tetramethyldisiloxane C,H,,0Si, 3277-26-7 134.324 71 0.756% 1.370020 
9945 1,1,3,3-Tetramethyl-1,3- СН 4061, 1118-15-6 166.323 66 1.09525 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
9946 ММ N- Tetramethyl-1,2- 1,2-Dimethylaminoethane C Hi N; 10-18-9 116.204 liq -55 121 0.77% 41792 
ethanediamine 
9947 Tetramethylgermane Germanium tetramethyl СаН Ge 865-52-1 132.78 32500 1.006 
9948 1,1,3,3-Tetramethylguanidine С.Н № 80-70-6 115.177 s ctc 
9949 2,2,6,6-Tetramethyl-3,5- Dipivaloylmethane СН, 0, 118-71-4 184276 9335, 726 0.8835 45892 sl ctc 
heptanedione 
9950 3,7,11,15- Phytanic acid CogH 00» 4721-66-5 312.531 -65 
Tetramethylhexadecanoic acid 
9951 3,7,11,15-Tetramethyl-1- Isophytol C H4 0 505-32-8 296.531 oil 108° 0.851920 1.457122 vs bz, eth, EtOH 
hexadecen-3-ol 
9952 2,2,3,3-Tetramethylhexane Сар 3475-81-5 142.282 liq -54 160.3 0.7609? 1.428220 
9953 2,2,5,5-Tetramethylhexane Cio Ho; 071-81-4 42.282 liq -12.6 1374 0.714825 56 
9954 3,3,4,4- Tetramethylhexane m 5171-84-6 42.282 170.0 0.778925 1.436820 
9955 МММ,М-Тетатећу!-1,6- Со 11-18-2 72.311 209.5 0.80625 435970 
hexanediamine 
9956 Tetramethyl lead CH, Pb 75-74-1 267.3 liq -302 110 995% 
9957 N,N,N, N- С.Н, „№ 51-80-9 02.178 83 0.749118 $ Н,0 
Tetramethylmethanediamine 
9958 Tetramethyloxirane C H, 0 5076-20-0 00.158 90.4 081566 139846 0 
9959 2,6,10,14-Tetramethylpentadecane Pristane Со!» 921-70-6 268521 296 0.779125 1.43709 ув bz, eth, chl, 
peth 
9960 2,2,3,3-Tetramethylpentane "m 7154-79-2 28.255 liq -9.75 140.2 0.75302 1.423620 
9961 2,2,3,4-Tetramethylpentane C; Hos 186-53-4 28.255 liq -121.0 133.0 0.738922 8 
9962 2,2,4,4-Tetramethylpentane Di-fert-butylmethane СН» 070-87-7 128.255 iq -66.54 122.29 0.7195? 1.4069? i H,0; vs EtOH, 
bz 
9963 2,3,3,4-Tetramethylpentane "m 6747-38-9 128.255 iq -102.1 141.5 0.754720 1.422220 
9964 2,2,4,4-Tetramethyl-3-pentanol C;H40 4609-79-1 144.254 52 165.5 
9965 2,3,4,5-Tetramethylphenol Prehnitenol С.Н 488-70-0 50.217 па (lig, aqal) 85.3 266 SI Н,0, lig; vs 
EtOH, eth 
9966 2,3,4,6-Tetramethylphenol Ci Hu 0 3238-38-8 50.217 cry (peth) 805 240 5 EtOH 
9967 2,3,5,6-Tetramethylphenol Сао 527-35-5 50.217 па (lig), pr 118.5 247 S chl, peth, 
(al) HOAc 
9968 2,2,6,6-Tetramethyl-4- CoH Np 36768-62-4 156.268 17 88.5 0.912% 1.470620 
piperidinamine 
9969 2,2,6,6-Tetramethylpiperidine Norpempidine Сан, 768-66-1 41.254 28 56 083676 1.4455? vs eth 
9970 2,2,6,6-Tetramethyl-4- CIH МО 826-36-8 55.237 orth pl (eth- 36 205 S ЊО, EtOH, 
piperidinone w) nd (eth) eth; sl chl 
9971 N,N,N’ N-Tetramethyl-1,3- CH, N, 110-95-2 30.231 44 0.783718 msc Н,0, EtOH, 
propanediamine eth 
9972 Tetramethylpyrazine СН № 1124-11-4 36.194 cry (м) 86 90 
9973 Tetramethylsilane TMS C4H,.Si 75-76-3 88.224 vol а or gas -99.06 26.6 0.64819 1.358722 i. H,0; vs ОН, 
eth; i sulf 
9974 Tetramethyl silicate Methyl silicate С.Н,,0,51 681-84-5 52222 liq -1.0 21 1.0232? 1.3683? vs ОН 
9975 Tetramethylstannane C H, Sn 594-27-4 78.848 0 -55.1 78 13145 14386 ІН,0;<сіс, CS, 
9976 Tetramethylsuccinonitrile Tetramethylbutanedinitrile СН № 3333-52-6 36.194 mcl pl, If, pr 170.5 1.07025 $ НОН 
(dil al) 
9977 2,4,6,8-Tetramethyl-2,4,6,8- 8 و‎ ٧٢ 77-63-4 544.894 cry (НОАс) 99 23715 1.11832 1.5461? 1Н,0: msc ace, 
tetraphenylcyclotetrasiloxane hp 
9978 Tetramethylthiodicarbonic diamide C H, №53 97-/4-5 208.367 109.5 1.3725 i H50; $ EtOH, 
ace, bz, chl; sl 
eth 
9979 Tetramethylthiourea CH N.S 2782-91-4 32.227 79.3 245 S HO, EtOH, 
chl; sl eth 
9980 Tetramethylurea СНО 632-22-4 16161 liq -0.6 176.5 0.96877 1.449622 sl EtOH, eth, ctc 
9981 Tetranitromethane CN,0, 509-14-8 96.033 13.8 126.1 1.638020 1.4384? ІН,0; s EtOH, 
eth 
9982 2,4,8,10-Tetraoxaspiro[5.5] C; H0, 26-54-5 60.168 48.3 14753, 681 vs НО, ace, eth, 
undecane EtOH 
9983 2,5,8,11-Tetraoxatridecan-13-0l СН 0; 23783-42-8 208252 164" 0.987% 1.44532 
9984 Tetraphenoxysilane Cj H,0,Si 174-72-7 400.500 49 417; 236! 1.141280 
9985 1,1,4,4- Tetraphenyl-1,3-butadiene СН 450-63-1 358.475 203.5 s EtOH, bz, chl, 
НОАс 
9986 2,3,4,5-Tetraphenyl-2,4- C.H, 0 479-33-4 384.468 blk-viol If 2223 S EtOH, bz, xyl, 
cyclopentadien-1-one (НОАс, ху!) HOAc 
9987 1,1,2,2-Tetraphenylethane СН» 632-50-8 334.453 сту (bz), orth 214.5 360 sl EtOH; s bz, 
nd (chl) HOAc 
9988 1,1,2,2-Tetraphenyl-1,2-ethanediol Benzopinacol (551550, 464-72-2 366.452 pr(bz)cry 182 i Н,0, peth; 8 
(асе) EtOH; s eth, 
ace, CS; 
9989 1,1,2,2-Tetraphenylethene Cos Hos 632-51-9 332437  mclororth 225 420 1.1550 i H5O; sl EtOH, 
(bz-eth or chl, eth; vs bz 
chl-al) 
9990 Tetraphenylgermane Germanium tetraphenyl C H, Ge 1048-05-1 381.06 229.0 
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No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gecem? л, Solubility 
9991 Tetraphenylmethane Cos Hoo 630-76-2 320.427 orth nd (bz, 282 431 i H5O, EtOH, 
Sub) eth, lig, HOAc; 
S bz, tol 
9992 5,6,11,12-Tetraphenylnaphthacene Rubrene СоНа 517-51-1 532.671  oran-red 332.5 i B,0; 51 EtOH, 
(bz-lig) eth, ace, py; s 
bz 
9993 Tetraphenylplumbane C Ha Pb 595-89-1 515.6 228.3 126% 1.529820 s chl 
9994 Tetraphenylsilane СН»! 1048-08-4 336.502 236.5 2283 1.07820 s ctc, CS; 
9995 Tetraphenylstannane CH, Sn 595-90-4 427.126 228 420 sl chl 
9996 Tetrapropoxysilane C4;H340,Si 682-01-9 264.434 226 0.915822 1.4012? s ctc, CS, 
9997 Tetrapropylammonium bromide M,N, N-Tripropyl-1- Сав 1941-30-6 266.261 252 vs H50, chi 
propanaminium bromide 
9998 Tetrapropylammonium 6 C, ај М 631-40-3 313.261 orth Брут 280 dec 1.313825 vs Н,0, chl; s 
EtOH, HOAc; 
51 eth 
9999 Tetrapropylstannane Со و‎ Sn 2176-98-9 291.060 liq -109.1 228 11065? 1.474520 
10000 Tetrapropyl thiodiphosphate Aspon C45 و‎ PS; 3244-90-4 378.425 amber liq 1040 1.125 14710? 5160, peth 
10001 Tetrapropyl titanate 1-Propanol, titanium(4+) 581 C.H, 0,li 3087-37-4 284215 20610) 
10002 Tetrasodium ЕОТА Edetate sodium С.оН,№Ма,Оз 64-02-8 380.169 атогр ром 300 sl EtOH 
(dihydrate) 
10003 Tetratetracontane CasHog 7098-22-8 619186 85.6 
10004 Tetratriacontane Са 14167-59-0 478320 pl (eth) 725 285.43 077280 1.42969? 
10005 Tetravinylsilane Сан 9! 1112-55-6 136267 130.2 0.79992 1.462520 
10006 2,4,6,8-Tetravinyl-2,4,6,8- Ci Hj 048i, 2554-06-5 344659 liq -43.5 224; 1117 0.987520 s ctc, CS, 
tetramethylcyclotetrasiloxane 
10007 1,2,4,5-Tetrazine sym-Tetrazine ҮЛ) 290-96-0 82.064 dk red pr 99 sub S Н,0, EtOH, 
eth, sulf 
10008 1H-Tetrazol-5-amine СН.М, 4418-61-5 85.069 204 dec 
10009 46 CHN, 288-94-8 70.054 pl (al) 157.3 sub 1.406020 sl Н,0 
10010 Tetrodotoxin C4 HN 0, 4360-28-90 319.268 cry 225 dec sl H,0,eth, 
EtOH; s dil 
НОАс 
10011 Thalidomide 2-(2,6-Dioxo-3-piperidinyl)-1 А С.:Н,5М60, 50-35-1 258.229 nd 270 уз py, diox 
isoindole-1,3(2.)-dione 
10012 Thallium(l) ethanolate Thallous ethoxide C;HSOTI 20398-06-5 249443 cloudy liq -3 dec 130 349 dec 0 
10013 Thebaine С МО, 115-37-7 311.375 pl (eth), pr 193 sub 91 1.3052 i H,O; vs EtOH, 
(dil al) chl; sl eth; s bz 
10014 Thebainone С.Н; МО, 467-98-1 299.365 nd or pr (al) 1515 8| Н,0, EtOH, 
eth; s ace, bz, 
AcOEt 
10015 Thenaldine 1-Methyl-A-phenyl-N-(2- C; Hj N,S 86-12-4 286.435 96 159202 
thienylmethyl)-4- 
piperidinamine 
10016 Thenyldiamine و‎ ٢٢ 91-79-2 261.386 170' 1.591520 
10017 Theobromine СНО, 83-67-0 180.165 orth or mel 357 sub 290 sl Н,0, EtOH; 1 
nd (w) eth, bz, ctc, lig, 
chl 
10018 Theophylline 3,7-Dihydro-1,3-dimethyl-1H- — СНО, 58-55-9 180.165 nd or pl 273 S Њ0; sl EtOH, 
purine-2,6-dione (w+1) eth, chl 
10019 Thiabendazole 1H-Benzimidazole, 2-(4- Со ЊУ 148-79-8 201.248 sub 305 
thiazolyl)- 
10020 Thiacetazone СН. 05 104-06-3 236.293 225 dec i B,0, os, CS; 
10021 Thiacyclohexane СН 99 1613-51-0 102.198 19 141.8 0.9861? 1.50672 i H0; s EtOH, 
eth, ace, bz 
10022 1,2,5-Thiadiazole Piazthiole АДЫ 288-39-1 86.115 liq -50.1 94 12685 1.515025 
10023 1,3,4-Thiadiazole АДЫ 289-06-5 86.115 сгу (sub) 5 204 
10024 1,3,4-Thiadiazolidine-2,5-dithione СНУ 1072-71-5 150.245 ye cry 168 s Н,0 
(MeOH) 
10025 Thiamine chloride CHINOS 59-438 300.807 сту 164 s Н,0 
10026 Thiamine hydrochloride Со ChNOS 67-03-8 337.268  mcl pl 248 dec vs H,0; sl EtOH; 
i eth, bz, chl 
10027 Thiamine O-phosphate, chloride СН. СМОР 532-7 380.787 200 
10028 Thianthrene C H S; 92-85-3 216.322 mcl pror pl 159.3 365 1.442020 1Н,0, 51 EtOH; 
(al) s eth, bz, CS; 
10029 2-Thiazolamine 2-Aminothiazole С-Н,М,5 96-50-4 100.142 ye pl (al) 93 40" SI Н,0, EtOH, 
eth, chl; vs dil 
HC 
10030 Thiazole ІЗ 288-47-1 85.128 -33.62 18 1.1998" 1.596922 51 H0; s EtOH, 
eth, ace 
10031 Thiazolidine C.H;NS 504-78-9 89.160 64.5 11315 1.551? msc НО; s 
EtOH, ctc; vs 
eth, ace 
10032 4-Thiazolidinecarboxylic acid Timonacic C,H;NO;S 444-27-9 133.170 сту (м) 196.5 vs 0 
10033 2,4-Thiazolidinedione С-Н:М0,5 2295-31-0 117427 рі (м), pr (al) 128 7919 vs eth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
10034 2-Thiazolidinethione C.H;NS; 96-53-7 119.209 па (м, 107.3 860, bz, chl; sl 
MeOH) EtOH; i eth, 
CS, 
10035 Thidiazuron N-Phenyl-N-1,2,3-thiadiazol-5- 6 51707-55-2 220.251 211 dec 
yl-urea 
10036 1-(2-Thienyl)ethanone Сен05 88-15-3 126.176 10.5 213.5 1.16792 1.566722 51 H,0; msc 
EtOH, eth; 8 
cic 
10037 Thiepane Hexamethylene sulfide Сен 4753-80-4 116.224 ٩ 0.5 1735 0.9912 „50448 — 160; seth, асе, 
chl 
10038 Thietane Trimethylene sulfide کا‎ 287-24 74145 liq -73.24 95.0 1.020020 1.510220 ІН,0; vs EtOH, 
bz; s ace 
10039 Thietane 1,1-dioxide Trimethylene sulfone C.H,0;S 5687-92-3 106.144 75.5 او او‎ 51560 5 ЊО, EtOH; sl 
eth, peth 
10040 Thiethylperazine СНМ 1420-55-9 399.615 су 63 22700 sl ace 
10041 6 Ethylene sulfide С.Н, 420-12-2 60.118 -109 dec 57 101300 1.493520 51 EtOH, eth; s 
ace, ch 
10042 Thioacetaldehyde trimer 2,4,6-Trimethyl-1,3,5-trithiane _ СЕН 5, 2765-04-0 180.354  ocmcl pl; В- 101 2465 i H,0; s EtOH, 
nd (ace) eth, ace; vs bz, 
chl 
10043 Thioacetamide Ethanethioamide СНМ 62-55-5 75.133 115.5 vs Н;0, EtOH; 51 
eth, bz; s 
DMSO 
10044 Thioacetic acid C;H,0S 507-09-5 76.17 ye fuming liq «-17 93; 265 1.064 1.464822 5НҢ,0, chl; vs 
EtOH, ace; 
msc eth 
10045 Thiobencarb C44H4,UINOS 28249-77-6 257.779 17 1270008 1.1620 
10046 4,4'-Thiobis(6- tert-butyl- m- Bis(5-tert-butyl-A-hydroxy-2-  С,Нз;09 96-69-5 358.537 cry 163 
cresol) methylphenyl) sulfide 
10047 2,2"-Thiobisethanamine Bis(2-aminoethyl) sulfide و8‎ ٢ 871-76-1 120216 уе cry 232; 1197 
10048 3,3-Thiobispropanoic acid, Didodecyl thiobispropanoate C.H, 0,S 123-28-4 514.845 39 
didodecyl ester 
10049 Thioctic acid 1,2-Dithiolane-3-pentanoic acid C,H,,0,S; 62-46-4 206.326 ye nd 61 162 i H,0 
10050 Thiocyanic acid CHNS 463-56-9 59.091 dec 0 vs H,0; s os 
10051 Thiodicarb C49 H44N40,8; 59669-26-0 354.470 173 1.429 
10052 Thiodiglycolic acid Thiodiacetic acid C H,0,S 123-93-3 50.154 cry (м) 129 SI H;O; vs EtOH; 
sbz 
10053 3,3-Thiodipropionic acid 6800,5 111-17-1 78.206 cry wh pow 129 vs HO, НОН 
10054 Thiofanox CIH, N,0,S 39196-18-4 218.316 57 
10055 Thioformaldehyde Methanethial СН,5 865-36-1 46.092 unstab gas 
10056 Thioglycolic acid C,H,0,S 68-11-1 92.117 -16.5 120° 1.3253? 1.5080? msc H,0, EtOH, 
eth; sl chl 
10057 Thioimidodicarbonic diamide 2,4-Dithiobiuret СНМ, 541-53-7 35211 mel cry 181 dec vs ace 
10058 Thiolactic acid С-Н,0,5 71563-86-5 106.144 12 1065 1.1938? 1.4810? s Њ,0, EtOH, 
eth; sl chl 
10059 Thiometon C H,,0,PS; 640-15-3 246351 oil 11095, 7700! 1.20920 51 H,0; s os 
10060 Thiomorpholine Thiamorpholine C,H NS 123-90-0 03.186 175; 110100 1.088222 1.538622 vs НО, ace, eth, 
EtOH 
10061 Thionazin Phosphorothioic acid, 0,0- C,H,4N,0;PS 297-97-2 248.239 liq -0.9 80 
diethyl O-pyrazinyl ester 
10062 Thiophanate-methyl Со МО, 23564-05-8 342.394 172 dec 
10063 Thiophene Thiofuran C,H,S 10-02-1 84.140 liq -38.21 84.0 1.0649? 1.528922 msc EtOH, eth, 
ace, bz, ctc, 
diox, py; sl chl 
10064 2-Thiopheneacetic acid C H,0,S 918-77-0 42476 cry (w) 76 vs Н,0, eth, 
EtOH 
10065 2-Thiopheneacetonitrile C H;NS 20893-30-5 123476 2023 11555 1.54259 
10066 2-Thiophenecarbonitrile 2-Cyanothiophene C;H,NS 003-31-2 09.150 92 11725 1.562920 sch 
10067 3-Thiophenecarbonitrile 3-Cyanothiophene С.Н.М5 641-09-4 09.150 oil 204; 855 
10068 2-Thiophenecarbonyl chloride C.H4CIOS 5271-67-0 146.595 280 
10069 2-Thiophenecarboxaldehyde С.Н,05 98-03-3 12.150 ра ye liq 97; 8519 1.21277 1.5920? i H,0; vs EtOH; 
5 eth; sl chl 
10070 3-Thiophenecarboxaldehyde 3-Formylthiophene С-Н,05 498-62-4 12.150 86.720 1.5855? | H,0; vs EtOH, 
ећ 
10071 2-Thiophenecarboxylic acid 2-Carboxythiophene С-Н,0,5 527-72-0 28150 па (м) 129.5 Чес 260 vs H0, EtOH, 
eth; s chl; sl 
peth 
10072 3-Thiophenecarboxylic acid 3-Thenoic acid С-Н,0,5 88-13-1 28.150 138 $ Н,0 
10073 2,5-Thiophenedicarboxylic acid ^ 2,5-Dicarboxythiophene 640,5 4282-31-9 72159 359 sub 150 SI Њ0; s EtOH, 
eth 
10074 2-Thiophenemethanol С.Н,05 636-72-6 14.166 207; 8619 1.20536 1.5280? 5 EtOH, ace 
10075 2-Thiophenesulfonyl chloride C,H4CIO;S; 16629-19-9 182.649 28 1006 зећ 
10076 Thiopropazate CjHa4CIN,0;S 84-06-0 446.005 216°" 
10077 4H-Thiopyran-4-thione C. HS; 1120-94-1 28.216 47 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
10078 Thioquinox C;H,N,Ss 93-75-4 236.336 br-yepow 0 i H0; sl ace, 
EtOH, peth 
10079 Thioridazine С.Н 50-52-2 262477 сту 73 23000 sl ace 
10080 cis-Thiothixene C H, N,0,S; 3313-26-6 443.625 су 148 
10081 Thiourea Thiocarbamide СН,М,5 62-56-6 76.121 orth (al) 178 1.40525 S НО, EtOH; i 
ећ 
10082 06 Dibenzothiapyran و8‎ oS 261-31-4 98.283 па (al-chl) 128.5 341 s chl 
10083 9H-Thioxanthen-9-one Thioxanthone Ci H OS 492-22-8 212267 ye nd (chl) 209 373 160, peth; sl 
EtOH; 5 bz, 
chl, CS; 
10084 2-Thioxo-4-imidazolidinone 2-Thiohydantoin C H,N,0S 503-87-7 16.141 wh па (м) 230 dec vs H50, EtOH; 5 
eth, alk 
10085 2-Thioxo-4-thiazolidinone Rhodanine C.H4NOS; 141-84-4 33.192 Куе рг (аі, 170 0.86825 51 Н,0, DMSO; 
w) vs EtOH, eth 
10086 Thiram و8‎ 255, 137-26-8 240.432 whoryemcl 155.6 12920 vs chl 
(chl-al) 
10087 L-Threonine 2-Amino-3-hydroxybutanoic C H,N0; 72-19-5 19.119 256 dec S НО; i EtOH, 
acid, [R-(R*,S*)] eth, chl 
10088 D-Threose C,H;O, 95-43-2 20.105 hyg-syror 129 
nd (w) 
10089 L-Threose C,H,0, 95-44-3 20.105 vs Н,0 
10090 Thujic acid 5,5-Dimethyl-1,3,6- Сад 0; 499-89-8 64.201 сту (peth) 88.5 
cycloheptatriene-1-carboxylic 
acid 
10091 о-Тћијопе 4-Methyl-1-(1-methylethyl)- Ci H4, 546-80-5 52.233 201.2 0.910925 144905 i ЊО; s EtOH 
bicyclo[3.1.0]hexan-3-one, (/) 
10092 3-Thujopsene Widdrene Cic Ho, 470-40-6 204.352 liq 122? 0.9324 7 
10093 Thymidine Thymine 2-desoxyriboside СН. №0, 50-89-5 242.228 nd (AcOEt) 186.5 $ Н,0, EtOH, 
асе, ру, НОАс 
sl chl 
10094 Thymine СНО; 65-71-4 126.114 316 SI HO, EtOH, 
eth, DMSO 
10095 Thymol 2-Isopropyl-5-methylphenol Ci H, 0 89-83-8 150.217 495 232.5 0.970% 1.5227? ІН,0; vs EtOH, 
eth, chl, AcOEt 
10096 Thymol Blue ,لوا‎ 76-61-9 466.589  grn-red (al, 222 дес SI Н,0, ace, bz; 
eth) S EtOH, HOAc, 
PhNH, 
10097 Thymol iodide (5540, 552-22-T 550.213  amorp i H50; s eth; vs 
EtOH 
10098 Thymolphthalein Cos Ha 04 125-202 430.536 pr or nd (al) 253 i H,0; s EtOH, 
eth, ace; sl 
DMSO 
10099 L-Thyroxine Са АМО, 51-48-9 776.871 nd 235 SI Н,0, i EtOH, 
bz 
10100 Timolol Ci JH, №4035 26839-75-8 316420 ой 
10101 Tiocarlide C;4H4N,0;S 910-86-1 400.577 146 
10102 Tipepidine 3-(Di-2-thienylmethylene)-1- C4 H,;NS, 5169-78-8 275.433 ye cry 65 18145 
methylpiperidine 
10103 Tobramycin C4 Ha; N О 32986-56-4 467.516 су s Н,0 
10104 В-Тосорпего! 5,8-Dimethyltocol Co H, 0, 148-03-8 416.680 pa ye visc oil 20591 vs ace, eth, 
EtOH, chl 
10105 ү-Тосорһего! 7,8-Dimethyltocol СаН 0; 7616-22-0 416.680  payeviscoil -1.5 20501 i H0; msc 
EtOH, eth, ace, 
chl 
10106 6-Тосорћего! 8-Methyltocol СО; 19-13-1 402.653 pa ye visc oil 1500% i H0; vs EtOH, 
eth, ace, chl 
10107 Tolazamide С.Н, №035 156-19-0 311400 су 172 
10108 Tolbutamide A-[(Butylamino)carbonyll-A- — Ci; HN; 0,5 64-77-7 270.347 orth cry 128.5 1.24555 51 H,0; s EtOH, 
methylbenzenesulfonamide eth, chl 
10109 o-Tolidine 3,3-Dimethylbenzidine C, H4 N; 19-93-7 212.290  wh-red If 131 51 Н,0, chl; vs 
(EtOH aq) EtOH, eth 
10110 Tolmetin C, Hy NO, 26171-23-3 257.285 cry (MeCN) 156 dec 
10111 Toluene Methylbenzene C;H, 08-88-3 92.139 liq -94.95 110.63 0.8668? 1.4961? i H,0; msc 
OH, eth; s 
ace, CS; 
10112 Toluene-2,4-diamine 4-Methyl-1,3-benzenediamine _ C; HN; 95-80-7 22167 па (м), cry 99 292 vs Н,0, EtOH, 
(al) eth, bz; s chl 
10113 Toluene-3,5-diamine 5-Methyl-1,3-benzenediamine C,H, N, 108-71-4 22.167 oil 284 
10114 Toluene-2,4-diisocyanate CIH О; 584-84-9 74.156 20.5 251 1.224470 vs ace, bz, eth 
10115 Toluene-2,6-diisocyanate CH ,N,0, 91-08-7 74.156 18.3 dec Н,0; s ace, 
bz 
10116 p-Toluenesulfonic acid C; H0, 104-15-4 72202 hygpl(w+t) 104.5 140% vs H,0; s EtOH, 
mcl If or pl eth 
10117 p-Toluenesulfonic acid 4-Methylbenzenesulfonic acid, С;Н,,0,5 6192-52-5 90.217 105.3 $ Н,0 


monohydrate monohydrate 
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No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

10118 p-Toluenesulfonyl chloride C;H;CIO;S 98-59-9 90.648 — tcl (eth, peth) 71 145% 1620; s EtOH, 
eth, chl; vs bz 

10119 o-Toluic acid (1,0, 118-90-1 36449 prornd(w) 1035 259 1.06275 1.51275  iH,0; vs EtOH, 
eth; s chl 

10120 m-Toluic acid CgH,0, 99-04-7 36.149 109.9 1.054112 9 sl H,0, chl; vs 
EtOH, eth 

10121 p-Toluic acid (1,0, 99-94-5 36.149 1796 i НО; vs EtOH, 
eth, MeOH; 5! 
fa 

10122 N-o-Tolylbiguanide N-(2-Methylphenyl) СМ 93-69-6 91233 nd or pl 145.0 SI H;O; vs EtOH, 

imidodicarbonimidic diamide (w+) ace; i bz, chl, 
eth 

10123 Tomatine Cs Ha МО 17406-45-0 1034.188 nd (MeOH) 270 vs EtOH, diox 

10124 Tralomethrin CoH, Br, NO; 66841-25-6 665.007  oran-ye 

solid 

10125 Tranylcypromine 2-Phenylcyclopropylamine СН. 155-09-9 33.190 су 44 12782 

10126 Trehalose СО 99-20-7 342.296  orth cry 203 1.58% vs Н,0; s EtOH; 
i eth, bz 

10127 Triacetamide Сен, 641-06-5 43.140 па (eth 79 vs eth 

10128 Triacetin Glycerol triacetate CoH, .0, 102-76-1 218.203 col oily liq — -78 259 1.1583? 1.4301? <ІН,0; msc 
EtOH, eth, bz; 
VS ace 

10129 Triacontane 9717) 638-68-6 422.813 orth (eth, bz) 65.1 449.7 0.80977 1.43527? i H,0; sl EtOH; 
S eth; vs bz 

10130 Triacontanoic acid Cac Hao; 506-50-3 452.796 sc, па (al, 93.6 1.432319 үс bz, CS,, chl 

ace) 

10131 1-Triacontanol Мупсу! alcohol СаНе0 593-50-0 438.812 па (eth),pl 88 0.777% vs bz, eth, EtOH 

(bz) 

10132 Triadimenol Mercury, chloro(2- C.H;CIHgO 123-88-6 295.13 су 115 i H,0; s EtOH, 

methoxyethyl)- ace 

10133 Triallate C,4H,,ClNOS — 2303-17-5 4 29 11700008 1.273% 

10134 Triallyl phosphate CH, ОР 1623-19-4 218.186 -50 1087 1.081520 sl chl 

10135 1,3,5-Triallyl-1,3,5-triazine- Со و‎ ٢٢ 1025-15-6 249.265 20.5 1494 10505 1.159020 

2,4,6(1H,3H,5H)-trione 

10136 Triamcinolone Fluoxiprednisolone СНО 124-94-7 394.433 су 270 

10137 Triamiphos C. H, № ОР 1031-47-6 294.292 cry (EtOH 167 sl HO; s os 

ад) 

10138 Triasulfuron C,H,,UIN.O,S 82097-50-5 401.826 186 

10139 1,2,4-Triazine А 290-38-0 81.076 pa ye oil 16.5 157 1.51495 

10140 1,3,5-Triazine А 290-87-9 81.076 80.3 114 1.385 S EtOH, eth 

10141 1,2,4-Triazine-3,5(2H,4H)-dione ІШТЕЙ 461-89-2 113.075 276.8 

10142 1,3,5-Triazine-2,4,6-triamine Melamine C.H ,N 108-78-1 126.120 mcl pr (w) 345 дес sub 15736 1.87202 sl H,O, EtOH; i 
eth 

10143 1,3,5-Triazine-2,4,6(1H,3H,5H)- — Trithiocyanuric acid С-Н.М,5, 638-16-4 177271 ye pr >300 1002 

trithione 
10144 Triazofos CiH,4N0,PS 24017478 313.312 ye-broil 5 1.251420 i H20; s 05 
10145 Triazolam СС, 28911-01-5 343.210 tan cry (2- 234 
PrOH) 

10146 1H-1,2,4-Triazol-3-amine Amitrole СНА, 61-82-5 84.080 сгу (м, а) 159 vs ЊО, EtOH; i 
eth, ace; s chl; 
sl AcOEt 

10147 1H-1,2,3-Triazole C; HN, 288-36-8 69.065 hyg cry 23 204 1.18612 1.485425 s H0; s eth, 
ace; i lig 

10148 1H-1,2,4-Triazole Pyrrodiazole CHN, 288-88-0 69.065 — nd(bz/EtOH) 1205 260 dec S H,0, EtOH 

10149 1H-1,2,4-Triazole-3,5-diamine 921117 455-77-2 99.095 2115 S НО, EtOH; i 
eth, bz 

10150 Tribenuron-methyl С. 5Н. №055 01200-48-0 395.391 solid 141 

10151 Tribenzylamine N,N-Bis(phenylmethyl) CA HN 620-40-6 287.399  pl(eth), mcl 5 385 0.991295 $! H5O, EtOH; 8 

benzenemethanamine (al) eth, ctc 

10152 Tribromoacetaldehyde Bromal C,HBr,0 15-17-3 280.740 174 2.66495 1.5939? vs ace, eth, 
EtOH 

10153 Tribromoacetic acid С,НВг,0, 75-96-7 296.740 то 132 дес 245 S HO, EtOH, eth 

10154 2,4,6-Tribromoaniline C H,Br,N 47-82-0 329.815 nd (al, bz) 122 300 2.3520 i H50; sl EtOH; 
S eth, chl 

10155 1,2,4-Tribromobenzene C H;Br, 615-54-3 314.800 445 275 i H50; $ EtOH; 
vs eth, ace; sl 
bz 

10156 1,3,5-Tribromobenzene C H,Br, 626-39-1 314.800 nd or pr (al) 1228 271 i H0; 51 EtOH; 
s eth, bz, chl 

10157 1,1,2-Tribromobutane C.H; Br, 3675-68-1 294.811 216.2 2.18352 1.562617 уз eth, ОН, 
chl 

10158 1,2,2-Tribromobutane C H;Br, 3675-69-2 294811 213.8 2.1692? 1.5680 vs eth, EtOH, 
chl 
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Tribenzylamine Tribromoacetaldehyde Tribromoacetic acid 2,4,6-Tribromoaniline 1,2,4-Tribromobenzene 1,3,5-Tribromobenzene 1,1,2-Tribromobutane 1,2,2-Tribromobutane 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

10159 1,2,3-Tribromobutane C.H; Br, 632-05-3 294811 liq -19 220 2.1907? — 1.5680? vs eth, ОН, 
chl 

10160 1,2,4-Tribromobutane C H;Br, 38300-67-3 294811 liq -18 215 2.170% .5608 vs eth, EtOH, 
chl 

10161 2,2,3-Tribromobutane C H;Br, 62127-47-3 294.811 0.9 206 2.1723 1.5602? i H,0; s EtOH, 
eth, chl; $1 ctc 

10162 Tribromochloromethane CBr,CI 594-15-0 287.176 If (eth) 55 58.5 2.715 vs eth 

10163 1,1,2-Tribromoethane СНВ 78-74-0 266.757 16 -29.3 88.93 2.6210? 1.59332 i H,0; s EtOH, 
eth, bz, ctc 

10164 2,2,2-Tribromoethanol C,H,Br,0 15-80-9 282.756 nd or pr 81 929 vs bz, eth, EtOH 

(peth) 

10165 Tribromoethene C;HBr, 598-16-3 264.741 64 2.70820 60456 5 H,0; vs ОН, 
s eth, ace, chl 

10166 Tribromofluoromethane СВЕ 353-54-8 270.721 liq -73.6 08 i B,0; s EtOH 

10167 Tribromomethane Bromoform CHBr; 75-25-2 252.731 8.69 49.1 2.87885 159485 51 Н,0; msc 
EtOH, eth; s 
bz, lig, chl 

10168 1,3,5-Tribromo-2-methoxybenzene C;H;Br,0 607-99-8 344826 па (al) 88 298 2.491% SI HO, EtOH; vs 
ace, bz; s ctc 

10169 2,4,6-Tribromo-3-methylphenol  2,4,6-Tribromo-m-cresol C;H;Br,0 4619-74-3 344.826 84 s EtOH, eth, bz, 
HOAc; sl ch 
peth 

10170 1,1,1-Tribromo-2-methyl-2- 1,1,1-Tribromo- tert-butyl С.Н,Вг,0 76-08-4 310.810 па (lig) cry 169 sub sl Н,0, chl; $ 

propanol alcohol (dil al) EtOH, eth 

10171 Tribromonitromethane CBr.NO; 464-10-8 297.729 pr 10 1278 28112 1.5790? i H,0; $ EtOH, 
eth; vs ace, bz 

10172 2,4,6-Tribromopheno! C H,Br,0 18-79-6 330.799 nd (al), pr 955 286 2.5570 i H5O; vs EtOH; 

(bz) 5 eth, bz, 
НОАс, chl 

10173 1,1,2-Tribromopropane C.H; Br, 4602-62-1 280.784 200.5 2.35472 1.5790? 1Н,0,8 EtOH, 
chl, HOAc; vs 
eth 

10174 1,2,2-Tribromopropane C.H; Br; 4476-30-3 280.784 190.5 2.29842 1.5670? vs eth, EtOH, 
chl 

10175 1,2,3-Tribromopropane C.H; Br, 96-11-7 280.784 16.9 2224 2.42082 1.58629 i НО; vs ОН, 
eth; sl ctc 

10176 2,3,5-Tribromothiophene C,HBr4S 3141-24-0 320.828 па (al) 29 260 s ch 

10177 Tribromotrimethyldialuminum Methyl aluminum sesquibromide С.НүА!Вг, 12263-85-3 330.778  hyg col liq 110% 

10178 Tributyl 2-(acetyloxy)-1,2,3- C.H, 0, 77-90-7 402.479 173' sl chl 

propanetricarboxylate 

10179 Tributyl aluminate 1-Butanol, aluminum salt ول َال واا‎ 3085-30-1 246.322 2605 

10180 Tributylaluminum Сао А 1116-70-7 198.324 102: 

10181 Tributylamine N,N-Dibutyl-1-butanamine 97:71) 102-82-9 185.349 liq -70 2165 0.7770? 1.4299?  s| H,0, ctc; vs 
EtOH, eth; s 
ace, bz 

10182 Tributy! borate С و‎ ٢ 688-74-4 230.151 oil <-70 234 0.8567? 1410611 s EtOH, bz; vs 
eth, MeOH 

10183 Tributylfluorostannane Tributyltin fluoride C, کو و‎ 1983-10-4 309.050 па =260 зиб >200 

10184 2,4,6-Tri-fert-butylphenol (-5Н 50 132-26-3 262.430 сгу (al, peth) 131 218 0.86427 i H50, alk; s 
EtOH, ace, ctc 

10185 Tributyl phosphate Со ОР 126-73-8 266.313 289 0.972725 1.422425 5Ң,0, eth, bz, 
)| msc EtOH 

10186 Tributylphosphine Со HP 998-40-3 202.316 240; 1505 0.8125 46192 

10187 Tributyl phosphite Tributoxyphosphine (515048 102-85-2 250.314 13775122? 0.925920 143219 s EtOH; sl ctc; 
vs eth 

10188 S,S,S-Tributyl phosphorotrothioate S, S, S-Tributyl trithiophosphate ^ C4;H;;0PS, 78-48-8 314.510 <-25 15003 1.05720 

10189 Tributylsilane Са! 998-41-4 200.436 221 0.7794? 1.438020 

10190 Tributylstannane Tributyltin hydride С›Н»әп 688-73-3 291.060 liq 1138, 7607 1.103% 

10191 Tributyrin Butanoic acid, 1,2,3-propanetriyl С,=Н05 60-01-5 302.363 liq -75 307.5 03500 1.4359?  iH,0; s EtOH, 

ester ace, bz; sl ctc; 
vs eth 

10192 Tricalcium citrate Calcium citrate ЛЕЛ 813-94-5 498.433 cry (м) =100 dec 51 Н,0, i EtOH 

(hyd) 

10193 Trichlorfon C4HgC1,0,P 52-68-6 257.437 7 1000: 1.7320 

10194 Trichloroacetaldehyde Стога! C;HCIO 15-87-6 47.387 liq -57.5 97.8 15129 45809 — vs H,0; s EtOH, 
eth 

10195 2,2,2-Trichloroacetamide CHClNO 594-65-0 62.402 142 240 sl HO; vs EtOH, 
eth 

10196 Trichloroacetic acid C;HCI,0; 76-03-9 63.387 hyg cry 892 196.5 1.61269 1.46037 vs H,0; s ОН, 
eth; sl ctc 

10197 Trichloroacetic anhydride С.61;0; 4124-31-6 308.759 dec 223; 1399 56 vs eth, 6 

10198 Trichloroacetonitrile СМ 545-06-2 44387 liq -42 85.7 144035 14409? 0 

10199 Trichloroacetyl chloride 01,0 76-02-8 81.832 117.9 1.6202? 1.4695? msc eth 

10200 2,3,4-Trichloroaniline C; H,CIN 634-67-3 96.462 па (lig) 73 292 vs EtOH 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
10201 2,4,5-Trichloroaniline МЕЛЕРІ 636-30-6 96.462 па (lig) 96.5 270 S НОН, eth; vs 
CS,; sl lig 
10202 2,4,6-Trichloroaniline C; H,CIN 634-93-5 96.462 cry (al), nd 5 262 1Н,0, s EtOH, 
(lig or peth) eth, chl; vs 
CS, 
10203 2,3,6-Trichlorobenzaldehyde С-Н:01,0 4659-47-6 209.457 па (lig) 87.3 vs ace, bz, eth 
10204 1,2,3-Trichlorobenzene (51:01, 87-61-6 81.447 ام‎ (al) 513 218.5 1.45335 i H50; 51 EtOH, 
chl; vs eth, bz 
10205 1,2,4-Trichlorobenzene (51:01, 120-82-1 81447 orth 16.92 213.5 1.459% 157172 ІН,0; 51 EtOH, 
chl; vs eth 
10206 1,3,5-Trichlorobenzene (51:01, 108-70-3 81.447 па 62.8 208 i H50; 51 EtOH; 
vs eth, bz; s 
ch 
10207 2,3,6-Trichlorobenzeneacetic acid — 6 C H, C0; 85-34-7 239.484 161 
10208 3,4,5-Trichloro-1,2-benzenediol Сен СО; 56961-20-7 213.446 (i)pr(HOAc) 115(form а); SI H,0; vs eth, 
(ii) pr (bz) — 134(form b) EtOH, HOAc 
10209 2,3,6-Trichlorobenzoic acid C;H,CI,0, 50-31-7 225.457 124.5 SI Н,0: s eth 
10210 2,4,5-Trichlorobiphenyl C45H;Cl, 15862-07-4 257.543 cry 78.5 i НО 
10211 2,4,6-Trichlorobiphenyl Сыну; 35693-92-6 257.543 cry (EtOH 625 1725 ГНО 
ад) 
10212 1,1,1-Trichloro-2,2-bis(4- Dichlorodiphenyltrichloroethane C,,H,Cl; 50-29-3 354486 па (al) 108.5 260; 186005 ІН,0; sl EtOH; 
chlorophenyl)ethane (DDT) vs eth, ace, bz, 
Dy 
10213 2,2,3-Trichlorobutanal 2,2,3-Trichlorobutyraldehyde C,H&CIO 76-36-8 175.441 164 1.3956? 1.4755? vs Н,0, eth, 
EtOH 
10214 2,3,4-Trichloro-1-butene C,H,Cl; 2431-50-7 159.442 607, 4070 1.3430? 1.4944? vs ace, chl 
10215 3,4,4-Trichlorocarbanilide Triclocarban СНОО 101-20-2 315.581 fine pl 256 
10216 1,2,4-Trichloro-5-(chloromethyl) СНО, 3955-26-8 229.919 273 1.5479 vs ace, eth, 
benzene EtOH 
10217 Trichloro(chloromethyl)silane (Chloromethyl)trichlorosilane ^ CH,CI,Si 1558-25-4 183.925 118 1.4650? 1.4555? 
10218 Trichloro(4-chlorophenyl)silane МЕЛЕРІ 825-94-5 245.994 233; 1162 1.4062? 1.541820 
10219 Trichloro(3-chloropropyl)silane CH&CLSI 2550-06-3 211978 181.5 1.3590? 1.466820 
10220 Trichloro(dichloromethyl)silane (Dichloromethyl)trichlorosilane CHCI;Si 1558-24-3 218.370 145 155189? 1.471420 
10221 1,1,1-Trichloro-2,2-difluoroethane СС, 354-12-1 169.385 18 
10222 1,2,2-Trichloro-1,1-difluoroethane Сс, 354-21-2 169.385 -140 71.9 15447? 1.3889? 
10223 1,2,2-Trichloro-1,2-difluoroethane СНО 354-15-4 169.385 -174 725 
10224 2,4,6-Trichloro-3,5- ШЕРІ) 6972-47-0 225.500 ye па (рей) 175 i Н,0: s chl; vs 
dimethylpheno peth 
10225 1,1,1-Trichloro-2,2- С.Н, Сб 2971-22-4 285.596 65 S EtOH; sl chl 
diphenylethane 
10226 Trichlorododecylsilane Dodecyltrichlorosilane 0.,Нь,01,51 4484-72-4 303.772 15510 45819 
10227 1,1,1-Trichloro-3,4-epoxybutane ^ (2,2,2-Trichloroethyl)oxirane C,H&CIO 3083-25-8 75.441 liq 110100 
10228 1,1,1-Trichloroethane Methyl chloroform СНО 71-55-6 33.404 liq -30.01 74.09 1.339020 1.4379? 51 H;0; $ EtOH, 
chl; msc eth 
10229 1,1,2-Trichloroethane Vinyl trichloride СНО 79-00-5 33.404 liq -36.3 113.8 14397? 14714? |Н,0; $ EtOH, 
eth, chl 
10230 2,2,2-Trichloroethanol C,H,C1,0 115-20-8 49.403 hyg orth tab 19 152; 5211 48612 5160, ctc; msc 
or pl EtOH, eth; s 
alk 
10231 Trichloroethene Trichloroethylene C; HCl, 79-01-6 31.388 liq -84.7 87.21 1.464220 147739 51 Н,0, ctc; msc 
EtOH, eth; s 
ace 
10232 2,2,2-Trichloro-1-ethoxyethanol ^ Chloral alcoholate C,H,CI,0, 515-83-3 93.457 56.5 15.5 1.143% s H,0, EtOH, eth 
10233 Trichloroethoxysilane ЛЕНІ 1825-82-7 79.505 liq -135 01.9 1.2274? 1.404522 vs EtOH 
10234 2,2,2-Trichloroethyl-B-D- Urochloralic acid Сани СО; 97-25-6 325.528 nd 142 vs Н,0, EtOH 
glucopyranosiduronic acid 
10235 Trichloroethylsilane Ethyltrichlorosilane С5Н,01551 115-21-9 63.506 liq -105.6 00.5 1.237320 1.4256? s ctc 
10236 1,1,1-Trichloro-2-fluoroethane Refrigerant 131b СНС 2366-36-1 51.394 liq 86.5 
10237 1,1,2-Trichloro-1-fluoroethane Refrigerant 131a C;H;CLF 811-95-0 51.394 -104.7 88.0 1.49220 
10238 1,1,2-Trichloro-2-fluoroethane C;H,CLF 359-28-4 51.394 02.4 1.539320 14390? іН,0 
10239 Trichlorofluoromethane Refrigerant 11 КЕНЕ 75-69-4 37.368 vol liq or gas -110.44 23.7 i H,0 
10240 2,2,3-Trichloro-1,1,1,3,4,4,4- C,ClF; 335-44-4 287.391 20 98 1.748420 1.3530? 
heptafluorobutane 
10241 Trichlorohexylsilane Hexyltrichlorosilane Сан 0181 928-65-4 219.612 90 111002 dec H,0 
10242 N-(2,2,2-Trichloro-1- Стога! formamide C.H,CINO, 515-82-2 92429 cry 120 vs ace, eth, 
hydroxyethyl)formamide EtOH 
10243 3,3,3-Trichloro-2- Chlorocyanohydrin CHClNO 513-96-2 74413  pl(w) 61 dec 217 vs H,0, eth, 
hydroxypropanenitrile FtOH 
10244 Trichloroisobutylsilane ЛЕРІ 18169-57-8 191.559 433 1.15420 dec H,0 
10245 Trichloromethane Chloroform СНС 67-66-3 19378 Па -63.41 61.17 1.47885 1.4459?  s| Н,0; msc 
EtOH, eth, bz; 
5 ace, ctc 
10246 Trichloromethanesulfenyl chloride  Perchloromethyl mercaptan CCS 594-42-3 85.888 ye oil 49 1.694722 1.5404? s eth 
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N-(2,2,2-Trichloro-1-hydroxyethyl)formamide 3,3,3-Trichloro-2-hydroxypropanenitrile Trichloroisobutylsilane Trichloromethane Trichloromethanesulfenyl chloride 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
10247 Trichloromethanesulfonyl chloride ССІ,0,5 2547-61-7 217887 cry (al-w) 1405 170 1620; s EtOH, 
ећ, 65; 
10248 Trichloromethanethiol Trichloromethyl mercaptan СНСІ,5 75-70-7 151.443  oran oil 1259 
10249 Trichloromethiazide C,H,CIN,O,S, 3-0-5 380.657 270 dec sl Н,0;5 EtOH 
10250 1,2,4-Trichloro-5-methoxybenzene СНО 6130-75-2 211.473 nd(dila) 775 254 vs EtOH, ace 
10251 1,3,5-Trichloro-2-methoxybenzene 2,4,6-Trichloroanisole C;H.CIO 87-40-1 211473 mcl nd (al) 615 241 1.640% $ EtOH, bz, chl; 
vs ace 
10252 1,2,4-Trichloro-5-methylbenzene — 2,4,5-Trichlorotoluene СНС 6639-30-1 195.474 nd or If (al) 824 231 i H,0; $ EtOH, 
ace 
10253 (Trichloromethyl)benzene Benzotrichloride СНС 98-07-7 195.474 liq -4.42 221 1.372320 1.5580? ІН,0; s EtOH, 
eth, bz 
10254 (Trichloromethyl)oxirane С-Н:01,0 3083-23-6 4 149; 4413 1495? 1.473725 vs eth; s chl 
10255 2,3,4-Trichloro-6-methylphenol ^ 4,5,6-Trichloro-o-cresol С5Н,01,0 551-78-0 211.473 па (peth) 77 
10256 2,3,6-Trichloro-4-methylpheno! — 2,3,6-Trichloro-p-cresol (51,010 551-77-9 211.473 па (НОАс, 66.5 vs EtOH 
peth) 
10257 2,4,6-Trichloro-3-methylphenol ^ 2,4,6-Trichloro-m-cresol C;H.CI40 551-76-8 211.473 ndorpl(w, 46 265 i НО; vs EtOH, 
peth) eOH, chl 
10258 1,1,1-Trichloro-2-methyl-2- 1,1,1-Trichloro- tert-butyl C,H,CI,0 57-15-8 177.457 һуд па (м+ 97 167 i H,0; s EtOH, 
propano alcohol 1) eth, ace, bz, 
ig, chl 
10259 Trichloronate C,4H,Cl0;PS 327-08-0 333.599 уе liq 1080.01 1.36520 
10260 1,2,4-Trichloro-5-nitrobenzene C,H,CI,NO, 89-69-0 226.445 pr(al),nd 575 288 1.79075 ІН,0; sl EtOH; 
(al) S eth, bz, chl, 
CS, 
10261 Trichloronitromethane Chloropicrin CCI,NO, 76-06-2 164.376 0 -64 112 1.6558? 14611? s H,0; msc 
EtOH, ace, bz, 
eOH, НОАс 
10262 3,4,6-Trichloro-2-nitrophenol C,H;CINO; 82-62-2 242444 payecry 92.5 
(peth) 
10263 Trichlorooctadecylsilane Octadecyltrichlorosilane Cu Hg 01,551 112-04-9 387.932 22310 0.9845 1.460220 
10264 Trichlorooctylsilane Octyltrichlorosilane C,H,7Cl,Si 5283-66-9 247.666 232 1.4480? (ес Н,0, EtOH; 
s clc 
10265 1,2,3-Trichloro-1,1,2,3,3- МНЕ 76-17-5 237.383 liq -72 73.7 1.6681? 1.351220 
pentafluoropropane 
10266 Trichloropentylsilane Amyltrichlorosilane ПИК 107-72-2 205.586 172; 60.55 1.1330? 1.4503? 
10267 2,3,4-Trichloropheno C ЊСЊО 15950-66-0 197446 па (62, lig, 835 Sub S EtOH, eth, bz, 
sub) alk, НОАс 
10268 2,3,5-Trichloropheno CH4CI4O 933-78-8 97.446 nd (al) 62 248250 vs eth, EtOH 
10269 2,3,6-Trichloropheno СНОО 933-75-5 97.446 nd(dilal, 58 SI H0; vs EtOH, 
lig) eth, bz; s 
НОАс 
10270 2,4,5-Trichloropheno C; H4CI4O 95-95-4 97.446 па (al, peth) 69 247 510; vs EtOH, 
eth, bz; s 
HOAc 
10271 2,4,6-Trichloropheno Сен; СО 88-06-2 97.446 опћ nd 69 246 1.490175 SI Њ0; s EtOH, 
(НОАс) eth, НОАс 
10272 3,4,5-Trichloropheno Сен СО 609-19-8 97.446 па (lig) 101 275 SI Н,0, lig; s eth 
10273 2,4,5-Trichlorophenoxyacetic acid 2,4,5-Т ЛЕГІН 93-76-5 255.483 cry (bz) 153 dec i H0; s EtOH; 
vs bz 
10274 2-(2,4,5-Trichlorophenoxy)ethy| ^ Pentanate (41:10, 136-25-4 366.452 49 16205 1.5550 i H50; s EtOH, 
2,2-dichloropropanoate ace, ху! 
10275 Trichloro(2-phenylethyl)silane (51601551 940-41-0 239.602 242; 98 12397? 1.518520 
10276 (2,4,6-Trichlorophenyl)hydrazine СНС 5329-12-4 211476 сгу (bz) 143 s Н,0, bz 
10277 Trichlorophenylsilane ЛЕРІ 98-13-5 211.549 201 1.3212 52309 s ctc, chl, CS, 
10278 1,1,2-Trichloropropane C.H; Cl, 598-77-6 47431 32.0; 11750 1,37215 1Н,0, s EtOH, 
chl; vs eth; sl 
cic 
10279 1,1,3-Trichloropropane C.H Cl, 20395-25-9 147.431 liq -59 45.5 1.35579 1.471822 vs eth, EtOH, 
ch 
10280 1,2,2-Trichloropropane C.H Cl, 3175-28-38 147.431 24 1.3185 .4609? | H,0; s EtOH, 
eth; vs chl 
10281 1,2,3-Trichloropropane C4H&CI, 96-18-4 47.431 liq -147 57 1.388922 1.485222 <ІН,0, ctc; s 
EtOH, eth; vs 
ch 
10282 1,1,1-Trichloro-2-propanol ЛЕРІ) 76-00-6 63.430 50.5 63; 5472 vs ace, bz, eth, 
EtOH 
10283 1,1,1-Trichloro-2-propanone 1,1,1-Trichloroacetone С-Н:01,0 918-00-3 61.414 49; 2810 1.43520 46357 i H,0; vs EtOH, 
eth 
10284 1,2,3-Trichloro-1-propene ЛЕН 96-19-5 45.415 42 1.41220 50307 i H,0; vs EtOH, 
eth; s bz, chl 
10285 3,3,3-Trichloro-1-propene СНО 2233-0013 145.415 liq -30 145 1.3672 4827?  iH,0; s EtOH, 
eth, bz, chl 
10286 2,3,3-Trichloro-2-propenoyl С:С1,0 815-58-7 93.843 58 52719 vs bz 
chloride 
10287 Trichloropropylsilane Propyltrichlorosilane C3H,CI,Si 141-57-1 77.533 23.5 1.19520 4310? 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
10288 2,4,6-Trichloropyrimidine C,HCIN; 3764-01-0 183.423 225 212.5 1.570020 
10289 3-(Trichlorosilyl)propanenitrile С-Н,С1,М51 1071-22-3 576 1099 
10290 2,4,6-Trichloro-1,3,5-triazine Cyanuric acic trichloride СС 108-77-0 184.411 сту (eth, bz) 154 192 vs EtOH 
10291 2,2'2"-Trichlorotriethylamine Са СЕМ 555-77-1 204.525 paye -20 1435 vs bz, eth, EtOH 
10292 Trichlorotriethyldialuminum Ethylaluminum sesquichloride ^ C,H,,Al,Cl, 12075-68-2 247505 0 115.5%, 
36.202 
10293 1,3,5-Trichloro-2,4,6- Сасы; 319-88-0 235.418 198.4 
trifluorobenzene 
10294 1,1,1-Trichloro-2,2,2- ССР 354-58-5 187.375 14.37 45.5 1.579020 1.36105 ІН,0; $ EtOH, 
trifluoroethane eth, chl 
10295 1,1,2-Trichloro-1,2,2- ССР 76-13-1 187.375 liq -36.22 477 1.56355 1.35575 |Н,0; $ EtOH; 
trifluoroethane msc eth, bz 
10296 Trichlorovinylsilane Vinyltrichlorosilane C;H;ClSi 75-94-5 161.490 liq -95 915 1.2426? 1.4295? vs chl 
10297 Trichodermin 12,13-Epoxytrichothec-9-en-A- — СНО, 4682-50-2 292.371 су 59 11100 510; s EtOH, 
ol acetate chl 
10298 Triclofos 2,2,2-Trichloroethanol C;H,CI0;P 306-52-5 229.383 cry (bz) 120.5 
dihydrogen phosphate 
10299 Triclopyr Acetic acid, [(3,5,6-trichloro-2- — 0,Н,01М0, 55335-06-3 47 149 dec 290 
pyridinyl)oxy]- 
10300 Tricosane СН 638-67-5 324.627  If(eth-a) 47.76 380 0.77808 1.446820 — i H0; sl ОН, 
S eth, ctc 
10301 12-Tricosanone Diundecyl ketone СНО 540-09-0 338.610 — If (al) 70.2 0.80869? 142839 уз bz, eth, chl 
10302 Tri-o-cresyl phosphate Tri-o-tolyl phosphate ٨ و‎ ОР 78-30-8 368.363 colorpaye 11 410 119550 1.557522 i H,0; vs EtOH, 
eth, ctc, tol; s 
НОАс 
10303 Tri-m-cresyl phosphate Tri-m-tolyl phosphate C4 H4,0;P 563-04-2 368.363 wax 25.5 26015 1.1505 1.557520 i H,0; sl EtOH; 
S eth; vs ctc, 
ol 
10304 Tri-p-cresyl phosphate Tri-p-tolyl phosphate C H,,0,P 78-32-0 368.363 па (al), tab 775 224% 1.2475 S НОН, eth, bz, 
(eth) chl, HOAc 
10305 1,3,6-Tricyanohexane СН № 1772-25-4 61.203 br liq 2572 1.040 „46602 
10306 Tricyclazole 1,2,4-Triazolo[3,4-b] Сон 5 41814-78-2 189.237 187 
benzothiazole, 5-methyl- 
10307 Tricyclene 1,7,7- CigHig 508-32-7 36.234 cry (al) 67.5 152.5 0.86689? 1.429680 
Trimethyltricyclo[2.2.1.025] 
heptane 
10308 Tricyclo[3.3.1.19"]decan-1-amine ^ 6 ТЕТІ 768-94-5 51.249 180 51 Н,0 
10309 9 96 Adamantane С оће 281-23-2 36.234 па (sub) 268 sub 1475 .568 S bz, ctc 
10310 Tridecanal C. H, 0 10486-19-8 198.344 14 15613 083566 1.438418 ІН,0; s EtOH 
10311 Tridecane СаНа 629-50-5 84.361 liq -5.4 235.47 0.756420 1.4256? i Н,О; vs EtOH, 
eth; s ctc 
10312 Tridecanedioic acid و‎ ٢ 505-52-2 244.328 114 SI HO, bz, tfa; s 
EtOH, eth, chl 
10313 Tridecanenitrile Сан М 629-60-7 95.345 97 293 0.82572 1.4378? vs EtOH, eth 
10314 Tridecanoic acid Tridecylic acid C H, 0; 638-53-9 214344 cry (peth 415 2361, 140! 0.84589 1.42869 i H,0; vs EtOH, 
ace) eth, HOAc; s 
ace 
10315 1-Tridecanol Tridecyl alcohol С.зН0 112-70-9 200.360 сгу (al) 317 214; 152" 0.82235! i H50; $ EtOH, 
eth 
10316 2-Tridecanone Methyl undecy! ketone Ci H; 0 593-08-8 98.344 30.5 263 0.8217? 14318? ІН,0; vs EtOH, 
eth, ace, bz, 
chl 
10317 7-Tridecanone Dihexyl ketone Ci H, 0 462-18-0 98.344 If (al) 33 261 0.82530 S EtOH, chl, lig; 
vs eth 
10318 1-Tridecene С.Н 2437-56-1 82.345 liq -13 232.8 0.7658 1.4340? ІН,0; vs EtOH, 
eth; s bz 
10319 Tridecyl acrylate Cic Ha 0; 3076-04-8 254408 liq 15019 0,8820 
10320 Tridecylaluminum ШЕЛІ 1726-66-5 450.803 hyg visc liq -38 
10321 Tridecylamine N,N-Didecyl-1-decanamine C H, N 1070-01-5 437.828 406 
10322 (Tridecyl)amine 1-Tridecanamine C HN 2869-34-3 99.376 27.4 275.8 0.8049? 1.4443?  s| H0; s EtOH, 
eth 
10323 Tridecylbenzene 1-Phenyltridecane Cis Ha; 123-02-4 260.457 10 346 0.8550? 1.482120 
10324 Tridecylcyclohexane 227177 6006-33-3 266.505 18.5 346 0.8239? 1.457020 
10325 Tridecyl methacrylate Ci Ha ٢ 2495-25-2 268.435 118! 0.8819 575 
10326 Tri(decyl) phosphite СзоНезО8Р 2929-86-4 502.793 liq 2553, 18001 
10327 1-Tridecyne Са а 26186-02-7 180.330 2.5 234; 945 0.784220 1.4309? уз bz, eth 
10328 Tridiphane 2-(3,5-Dichlorophenyl)-2- C4 H;ClO 58138-08-2 320.427 42.8 
(2,2,2-trichloroethyl)oxirane, 
(=) 
10329 Tridodecylamine N,N-Didodecyl-1-dodecanamine СНМ 102-87-4 521.988 16.4 220005 
10330 Triethanolamine Tris(2-hydroxyethyl)amine C H, МО; 102-71-6 149.188 hyg cry 20.5 335.4 1.124220 1.4852? msc H,0, EtOH; 
Sl eth, bz; s chl 
10331 1,3,5-Triethoxybenzene Ci Hi 0; 2437-88-9 210.269 cry (al, dil al) 43.5 170% vs eth, EtOH 
10332 Triethoxy(3-chloropropyl)silane  (3-Chloropropyl)triethoxysilane С,Н,,С10391 5089-70-3 240.800 col gas -149 
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10333 1,1,1-Triethoxyethane CIH, 0; 78-39-7 62.227 45 0.80477 1.3980? i H,0; msc 
EtOH, eth, ctc, 
chl 
10334 Triethoxyethylsilane Са 0059! 78-07-9 92.329 58.5 0.89632 1.3955? 1iH,0; msc 
НОН, eth; s 
chl 
10335 Triethoxymethane C; H0, 122-51-0 48.200 43; 6020 0.890922 1.392222 5 EtOH, eth 
10336 Triethoxymethylsilane С-Н,,0.51 2031-67-6 78.302 42 0.894825 1.383220 
10337 Triethoxypentylsilane CH; 0,Si 2761-24-2 234.408 00%, 955? 088629 1.4059? 
10338 Triethoxyphenylsilane С.Н0089ї 780-69-8 240.37 232; 11310 0.99625 460420 
10339 1,1,1-Triethoxypropane CgH 0: 115-80-0 76.253 71 40002 vs eth, EtOH 
10340 Triethoxysilane СеН,в035ї 998-30-1 64.275 335 0.874520 
10341 3-(Triethoxysilyl)-1-propanamine ЛІК 919-30-2 221.370 1929 0.950622 1.422520 
10342 3-(Triethoxysilyl)propanenitrile C;H44NO,Si 919-31-3 217.338 liq 097 0.97420 
10343 Triethyl 2-acetoxy-1,2,3- Triethyl acetylcitrate Ca H;0, 17-89-4 318.320 214% 1.13525 „4380 
propanetricarboxylate 
10344 Triethylaluminum Hexaethyldialuminum С НА! 97-93-8 14.165 col hyg liq -46 94; 10013 0.8325 
10345 Triethylamine N,N-Diethylethanamine CH, N 121-44-8 01490 liq -1147 89 0.7275? 14010? $ H,O, EtOH, 
eth, ctc; vs 
ace, bz, chl 
10346 Triethylamine hydrochloride N,N-Diethylethanamine C H, CIN 554-68-7 37.651 hex (al) 260 dec Sub 245 .0689?! vs Н,0, EtOH, 
hydrochloride chl 
10347 Triethylarsine C Hi As 617-75-4 62.105 138.5 1.15020 4670 vs ace, eth, 
EtOH 
10348 1,2,3-Triethylbenzene Colla 42205-08-3 162.271 col liq -26 172 
10349 1,2,4-Triethylbenzene Оа 877-44-1 62.271 218; 995 0.8738 1.502420 i H,0; s EtOH, 
eth 
10350 1,3,5-Triethylbenzene СОН» 02-25-0 62271 liq -66.5 215.9 0.863120 1.496920 i H,O; vs EtOH, 
eth 
10351 Triethylborane C, H,.B 97-94-9 97.994 liq -93 95 0.703 3971 5 EtOH, eth 
10352 Triethyl borate Boric acid, triethyl ester C;H,,BO, 50-46-9 45.992 liq -84.8 120 0.8546? 1.3749? msc EtOH, eth 
10353 Triethyl citrate С,Н,0, 77-93-0 276.283 294 1.1369? 1.4455? i H0; s EtOH, 
eth; sl ctc 
10354 Triethylenediamine СМ 280-57-9 12.172 159 sch 
10355 Triethylene glyco Triglycol Сао, 12-27-6 50.173  hyg liq -7 285 112745 1.453122 msc H,0, EtOH, 
bz; sl eth, chl; 
i peth 
10356 Triethylene glycol bis(2- Сун; 94-28-0 402.564 sch 
ethylhexanoate) 
10357 Triethylene glycol diacetate С.Н. 205 11-21-7 234246 iq -50 286 111539 vs H,0, eth, 
EtOH 
10358 Triethylene glycol dimethacrylate СыН»® 09-16-0 286.321 1705 1.092? 1.45952 vs ace, eth, 
EtOH, peth 
10359 Triethylene glycol dimethyl ether — Triglyme CIH, 0, 12-49-2 78.227 Па -45 216 0.9862 1.422420 vs H,0, bz 
10360 Triethylene glycol dinitrate Ethanol, 2,2-1,2- و‎ ٢٢ 11-22-8 240.167 $200 
ethanediylbis(oxy)]bis-, 
dinitrate 
10361 Triethylene glycol monoethyl ether 2-[2-(2-Ethoxyethoxy)ethoxy] ^ C4H440, 12-50-5 78.227 256 1.02092 
ethanol 
10362 Triethylenephosphoramide Tris(1-aziridinyl)phosphine, СЫН МОР 545-55-1 73152 су 4 9123 vs Н,0, EtOH, 
oxide eth, ace 
10363 Triethylenethiophosphoramide Thiotepa Сен МР 52-24-4 89218 cry 51.5 vs Н,0; 8 bz, 
chl, eth, EtOH 
10364 1,3,5-Triethylhexahydro-1,3,5- Си 7779-27-3 71.283 786 1.458025 
triazine 
10365 Triethyl phosphate Ethyl phosphate و‎ 78-40-0 82.154 liq -56.4 215.5 1.0695? 1.4053? s H,0, eth, bz; 
vs EtOH; sl chl 
10366 Triethylphosphine СеН.5Р. 554-70-1 18.157 liq -88 129 0.8006 14585 i H,0; msc 
EtOH, eth 
10367 Triethylphosphine oxide СЕН ОР 597-50-2 34.156 whhygnd 48 243 vs Н,0, eth, 
EtOH 
10368 Triethylphosphine sulfide CG H, PS 597-51-3 50.222 cry (al) 94 S H,0; sl ctc 
10369 Triethyl phosphite Triethoxyphosphine Сен, ОР 122-52-1 66.155 157.9 0.9629? 1.412722 |Н,0; vs EtOH, 
eth 
10370 0,0,0-Triethyl phosphorothioate — 0,0, O-Triethyl thiophosphate C H, 0,PS 126-68-1 98.220 217; 10016 1.0768? 1.448020 
10371 Triethylsilane СеН,69ї 617-86-7 16.277 liq -156.9 109 0.730222 1.4472 i H,O, sulf 
10372 Triethylsilanol C.H, 0Si 597-52-4 32.276 154 0.86472 1.4329? i H,0; msc 
НОН, eth 
10373 Triethylstibine СеН,590 617-85-6 208.943 liq -98 161.4 1.322415 1620; s EtOH, 
eth 
10374 Trifenmorph 4-(Triphenylmethyl)morpholine ^ Са На МО 1420-06-0 329.435 сту (EtOH) 176 i H50; s chl, ctc 
10375 Triflumizole C, H,CIFN,O  68694-11-1 345.747 635 
10376 Trifluoperazine Co АРМ 117-89-5 407.496 cry 20607 
10377 Trifluoperazine dihydrochloride ۹6 Сл у CLhFN.S 440-17-5 480.417 2415 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
10379 Trifluoroacetic acid CHF 0, 76-05-1 14.023 liq -15.2 73 1.53515 $ Н,0, EtOH, 
eth, ace 
10380 Trifluoroacetic acid anhydride C,F,0; 407-25-0 210.031 liq -65 395 14905 12695 
10381 1,1,1-Trifluoroacetone Methyl trifluoromethyl ketone — C.H,F,0 421-50-1 12.050 vol liq or gas 215 1.2525 
10382 Trifluoroacetonitrile 9251 353-85-5 95.023 _ со! gas -68.8 
10383 Trifluoroacetyl chloride C,CIF,0 354-32-5 32.468 col gas -146 -18 
10384 1,2,4-Trifluorobenzene СеНзЕз 367-23-7 32.083 90 1.26425 1.417120 
10385 1,3,5-Trifluorobenzene СеНзЕз 372-38-3 32.083 0 -55 75.5 12775 141402 
10386 1,1,1-Trifluoroethane Methyl fluoroform ЊЕ 420-46-2 84040 col gas -111.3 -47.25 S eth, сћ! 
10387 1,1,2-Trifluoroethane CHF; 430-66-0 84.040 col gas -84 37 
10388 2,2,2-Trifluoroethanol C;H,F40 15-89-8 00.039 liq -43.5 74 1.384220 1.290722 үс EtOH; s eth, 
ace, bz, chl 
10389 Trifluoroethene Trifluoroethylene C; HF; 359-11-5 82.024 со! gas -51 1.2670 ІН,0; sl EtOH; 
S eth 
10390 2,2,2-Trifluoroethylamine 2,2,2-Trifluoroethanamine ЛЕТ 753-90-2 99.055 36 1.2455 
10391 2,2,2-Trifluoroethy! methyl ether СНО 460-43-5 114.066 31.62 
10392 1,1,1-Trifluoro-2-iodoethane СНЕ 353-83-3 209.936 54.5 2.13% 1.400920 
10393 Trifluoroiodomethane CF, 2314-97-8 195.910 col gas -225 2.3607? 1.379032 
10394 Trifluoroisocyanomethane Trifluoromethyl isocyanide СРМ 9480-01-4 95.023 со! gas -80 
10395 Trifluoromethane Fluoroform CHF, 75-46-7 70.014 col gas -155.2 -82.1 0.6732 S Н,0, ace, bz; 
(p>1 vs EtOH; sl chl 
atm) 
10396 Trifluoromethanesulfeny! chloride CCIF;S 421-17-0 36.524 col gas -0.7 1Н,0 
10397 Trifluoromethanesulfonic acid СНЕ,0,5 493-13-6 50.077 hyg liq 45 62 vs eth 
10398 Trifluoromethanesulfonyl chloride ССІЕ;0,5 421-83-0 68.523 62; 6218 3344? iHj0 
10399 Trifluoromethanesulfonyl fluoride СЕ,0,5 335-05-7 52.069 со! gas -21.7 
10400 2-(Trifluoromethyl)aniline CHF; 88-17-5 61.125 35:5 685 1.2825 48102 
10401 3-(Trifluoromethyl)aniline Саны 98-16-8 61.125 5.5 87; 749 30472 1.4787% 5ІН,0; s ОН, 
eth 
10402 4-(Trifluoromethyl)aniline СҢ 455-14-1 61.125 38 17.59 1.28327 48155 
10403 4-(Trifluoromethyl)benzaldehyde C,HSF.0 455-19-6 74.120 802 .463020 
10404 (Trifluoromethyl)benzene Benzotrifluoride СНЕ, 98-08-8 46.110 liq -28.95 02.1 .18842 1.4146? тс EtOH, eth, 
ace, bz, ctc 
10405 3-(Trifluoromethyl)benzonitrile CHF; 368-77-4 71.120 145 89 1.2013? 1.450820 
10406 4-(Trifluoromethyl)benzonitrile Саны 455-18-5 71.120 37.5 
10407 3-(Trifluoromethyl)benzoyl C H,CIF.0 2251-65-2 208565 oil 86; 8016 .383 47702 
chloride 
10408 Trifluoromethyl difluoromethyl C;HF.O 3022-60-2 36.020 со! gas -157 -38 
ether 
10409 2-(Trifluoromethyl)phenol СНО 444-30-4 62.109 455 475 
10410 3-(Trifluoromethyl)phenol СНО 98-17-9 62.109 liq -0.9 78 1.341825 
10411 2-[[3-(Trifluoromethyl)phenyl] Flufenamic acid С.Н 0, 530-78-9 281.230 133.5 $ DMSO 
amino]benzoic acid 
10412 Trifluoromethylsilane CH;F.Si 373-74-0 00.116 col gas -73 -30 
10413 (Trifluoromethyl)silane CH;F.Si 10112-11-5 100.116 col gas -124 -38.3 
10414 Trifluoromethyl 1,1,2,2- С-НҒ;0 2356-61-8 86.028 col gas -141 -3 
tetrafluoroethyl ether 
10415 1,1,1-Trifluoro-2,4-pentanedione ^ 1,1,1-Trifluoroacetylacetone С.НРз0, 367-57-7 54.088 liq 107 505 
10416 4,4,4-Trifluoro-1-phenyl-1,3- C49 НЕО 326-06-7 216.157 сту 39 224 i H50; s EtOH, 
butanedione ace 
10417 2,2,2-Trifluoro-1-phenylethanone C H;F,0 434-45-7 74320 lig -40 153 12799 145832 
10418 Trifluorophenylsilane ЛЖ 368-47-8 62.185 liq -18 101.5 1.2169? 1.411022 уз bz, EtOH 
10419 1,1,1-Trifluoropropane CHEF, 421-07-8 98.067 _ col gas -13 
10420 1,1,1-Trifluoro-2-propanol, (+) 92:12) 17556-48-8 114.066 0 -52 78 1.263225 1.313025 үс EtOH, eth; s 
ace, bz; sl ctc 
10421 3,3,3-Trifluoropropene КІРЕ 677-21-4 96.051 col gas -17 
10422 3,3,3-Trifluoro-1-propyne (Trifluoromethyl)acetylene CHF, 661-54-1 94.035 _ col gas -48.3 
10423 4,4,4-Trifluoro-1-(2-thienyl)-1,3- — Thenoyltrifluoroacetone C,H;F40,S 326-91-0 222.185 42.8 978 
butanedione 
10424 Trifluoro(trifluoromethyl)oxirane ^ Perfluoropropylene oxide СО 428-59-1 166.021 85 -27.4 
10425 Triflupromazine Fluopromazine C, H, F4N,S 146-54-3 352.47  visc oil 17607 1.578023 
10426 Trifluralin 2,6-Dinitro-N, N-dipropyl-4- C44 FsN;0, 1582-09-8 335279 49 14042 
(trifluoromethyl)aniline 
10427 Triforine Са Ch NO, 26644462 62 155 dec 
10428 Trigonelline СНО, 535-83-1 137137 pr a al, vs 0 
1) 
10429 Trihexylamine N,N-Dihexyl-1-hexanamine CI HN 102-86-3 269.510 261.7 0.7976% i H,O; vs EtOH, 
eth; s acid 
10430 Trihexyl borate C. H, BO, 5337-36-0 314.312 1432 sl ctc 
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3-502 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
10431 Trihexyphenidyl hydrochloride ac-Cyclohexyl-o-phenyl-1- C, H. СМО 52-49-3 337.927 258.5 
piperidinepropanol 
hydrochloride 
10432 Trihydro(pyridine)boron Borane pyridine ШЕП 110-51-0 92.936 105 0.920% 1.528025 іН,0; дес acid 
10433 1,2,3-Trihydroxy-9,10- Anthragallol C uH, 0; 602-64-2 256.211 уе nd (dil al) 313 sub 290 SI H,0; s EtOH, 
anthracenedione eth, HOAc, 
CS, 
10434 1,2,4-Trihydroxy-9,10- Purpurin CH, 0; 81-54-9 256.211 огап redor 259 sub SI H;O; vs EtOH, 
anthracenedione oran-ye nd bz, НОАС: 8 
(al) eth 
10435 2,3,4-Trihydroxybenzoic acid СНО 610-02-6 170.120 nd (+w) 221 sub SI Н,0; s EtOH, 
eth, ace; i bz, 
CS, 
10436 2,4,6-Trihydroxybenzoic acid СНО, 83-30-7 170.120 cry (w+1) 100 дес SI H,O; s EtOH; 
vs eth; i bz 
10437 3,4,5-Trihydroxybenzoic acid Gallic acid СНО, 149-91-7 170.120  pr(w«t) 253 dec 1.6946 SI Н,0, eth; vs 
EtOH; s ace; i 
bz, chl 
10438 2,3,4-Trihydroxybenzophenone Alizarin Yellow A Сан, 1143-72-2 230.216 уе па (dil al) 140.5 SI B,0, bz; s 
EtOH, eth, ace, 
HOAc 
10439 2'4,4"-Trihydroxychalcone Isoliquiritigenin СО, 961-29-5 256.254 ye nd (EtOH- 200 
w) 
10440 9,10,16-Trihydroxyhexadecanoic ^ Aleuritic acid С.Нұ0; 6949-98-0 304.422 If (dil al), па 102 sl 0 
acid (w) 
10441 1,3,8-Trihydroxy-6-methyl-9,10- _ Emodin Ci H440; 518-82-1 270.237  oran-redmcl 257 sub vs eth, EtOH 
anthracenedione nd (НОАс) 
10442 9,10,18-Trihydroxyoctadecanoic ^ Phloionolic acid C. Ha 0; 583-86-8 332.476  cry(dilal) 1015 
acid, (R*,R*) 
10443 5,6,7-Trihydroxy-2-phenyl-4H-1- — Baicalein Ci H440; 491-67-8 270.237 уе pr (al) 264 dec SI Н,0, bz; $ 
benzopyran-4-one EtOH, eth, ace, 
HOAc 
10444 1-(2,4,5-Trihydroxyphenyl)-1- КІР 1421-63-2 96.200 153.8 
butanone 
10445 1-(2,3,4-Trihydroxyphenyl) Gallacetophenone CH0; 528-21-2 68.148 173 S H0, eth; vs 
ethanone НОН, ace; sl 
bz, chl 
10446 1-(2,4,6-Trihydroxyphenyl) 2^4'6"-Trihydroxyacetophenone C,H,0, 480-66-0 68.148 221.0 SI Н,0, chl, bz; 
ethanone vs EtOH, eth, 
ace 
10447 1-(2,4,6-Trihydroxyphenyl)-1- Flopropione Сан 0, 2295-58-1 82473 па (м, Ми) 1755 vs eth, НОН 
propanone 
10448 2,6,7-Trihydroxy-9-phenyl-3A- Phenylfluorone Cele 975-17-7 320.295 огап red (al- >300 
xanthen-3-one HCI) 
10449 2,3,5-Triiodobenzoic acid C;H4lS0; 88-82-4 499.811 рг (al) 225 i H,0; vs EtOH, 
eth; sl bz 
10450 Triiodomethane lodoform CHI, 75-47-8 393.732 уе cry 1212 218 4.00825 i Н,0, bz; 8 
EtOH, eth, ace; 
51 DMSO 
10451 2,4,6-Triiodophenol C H,l,0 609-23-4 471.800 nd(dilal) 1598 sub i H,0; sl EtOH; 
s eth, ace 
10452 3,35-Triiodothyropropanoic acid САО, 51-26-3 635.959 cry (EtOH) 200 sl EtOH 
10453 Triisobutyl aluminate 2-Methyl-1-propanol, aluminum | Ci H;;AIO, 3453-79-0 246.322 275% 
salt 
10454 Triisobutylaluminum СА 100-99-2 198.324 ٩ 6 867) 
10455 Triisobutylamine 2-Methyl-N,A-bis(2- Сыны 1116-40-55 185.349 liq -218 191.5 076840 1.4252" уз eth, EtOH 
methylpropyl)-1-propanamine 
10456 Triisobutylborane 0 HyB 1116-39-8 182453 188; 86? 0.738022 1.418822 уз bz, eth, EtOH 
10457 Triisobutyl phosphate С.Н ١ 126-71-6 266.313 264 0.9601? 1.4193? vs H5O, bz, eth, 
EtOH 
10458 Triisopentylamine 3-Methyl-N, A-bis(3- C, HN 645-41-0 221.430 235 0.784820 14331? ІН,0; vs EtOH; 
methylbutyl)-1-butanamine msc eth, bz, 
ctc 
10459 Triisopropanolamine Сони МО; 122-20-3 191.268 45 750 0% S Н,0, EtOH; sl 
chl 
10460 Triisopropoxymethane Isopropyl orthoformate Сад 04 4447-60-3 0 67 0.8621? 1.40007 уз eth, EtOH 
10461 Triisopropoxyvinylsilane CH, 06,Si 18023-33-1 232.393 79.5; 77% (086275 139813 s ctc 
10462 1,2,4-Triisopropylbenzene Са 948-32-3 204.352 244 085745 65 
10463 1,3,5-Triisopropylbenzene СН 717-74-8 204.352 liq -7.4 238 0.8545? 1.488222 s ace, bz, chl 
10464 Triisopropyl borate С ВО 5419-55-6 188.072 40; 75% 0.82519 1.37779 vs EtOH, eth, bz, 
РГОН 
10465 Triisopropyl phosphate СН ОР 513-02-0 224.234 219 0.986722 1.405722 vs ОН 
10466 Triisopropyl phosphite CH, ОР 116-17-6 208.235 74%, 6010 0.9063? 140855 5 EtOH, eth, chl 
10467 Triisopropyl vanadate Vanadium, oxotris(2- СНОМ 5588-84-1 244.203 0410 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wr. Form тр/°б bp/'C gem? л, Solubility 
10468 Trimecaine 2-Diethylamino-2',4,6 - (-5154М,0 616-68-2 248.364 шу 44 187% 
trimethylacetanilide 
10469 Trimellitic anhydride Сон, О; 552-30-7 92.125 162 241" 
10470 Trimeprazine N,N.B-Trimethyl-10H- C H;N,S 84-96-8 298446 cry 68 16203 
phenothiazine-10-propanamine 
10471 Trimethoate C H, МО Р5, 2275-18-55 285.364 solid 28.5 13501 51 Н,0 
10472 Trimethobenzamide hydrochloride C; Н»СІМ,0; 554-92-7 424918 cry 188 vs 0 
10473 Trimethoprim و‎ N40; 738-70-5 290.318 ув cry 201 sl chl, MeOH; i 
eth, bz 
10474 3,4,5-Trimethoxyaniline CIH, NO, 24313-88-0 183.204 112.8 
10475 2,3,4-Trimethoxybenzaldehyde Са 0, 2103-57-3 96.200 12205 1.554720 
10476 2,4,5-Trimethoxybenzaldehyde Сон 4460-86-0 96.200 114 S Н,0, eth, chl, 
lig 
10477 3,4,5-Trimethoxybenzaldehyde Сад 04 86-81-7 96.200 725 148) s chl 
10478 1,2,3-Trimethoxybenzene С.Н, 0; 634-36-6 68.189 orth па (al) 485 235 1.10095 ІН,0; s EtOH, 
eth, bz 
10479 1,3,5-Trimethoxybenzene C, H0; 621-23-8 68.189 рг (al), If 545 255.5 i 50; $ EtOH, 
(peth) eth, bz 
10480 3,4,5- Mescaline САН МО 54-04-6 211.258 cry 355 18012 SH,O, EtOH, bz, 
Trimethoxybenzeneethanamine chl; i eth, рей 
10481 3,4,5-Trimethoxybenzenemethanol 3,4,5-Trimethoxybenzyl alcohol ۳1 3840-31-1 98.216 3 228% 114270 1.543920 
10482 2,4,5-Trimethoxybenzoic acid Сад 05 490-64-2 212.199 па (al or bz- 145 300 vs H,0, bz, 
peth) EtOH, peth 
10483 3,4,5-Trimethoxybenzoic acid Сад 05 118-41-2 212199 тс! па (м) 172.3 22679 SI H;O; vs EtOH, 
eth, chl 
10484 3,4,5-Trimethoxybenzoyl chloride Са 010, 4521-61-3 45 82 18518 
10485 Trimethoxyboroxin СзНоВз 0 102-24-9 173.532 1.405 
10486 6,6,7-Тїїтеїоху-2,2- Berbamine Сз, Наоћ№0, 478-61-5 608.723 If (+2w, al) 198.5 SI Њ0; s EtOH, 
dimethylberbaman-12-ol cry (peth) eth, chl, peth 
10487 6,6',7-Trimethoxy-2,2- Oxyacanthine Ca; ٧٢ 548-40-3 608.723 nd (al, eth) 2165 i H20; s EtOH, 
dimethyloxyacanthan-12’-ol eth, bz, chl; i 
ig 
10488 7'10,11-Trimethoxyemetan-6-o| ^ Cephaeline СН NO, 483-17-0 466.613 nd (eth) 115.5 vs ace, EtOH, 
e0H, chl 
10489 1,1,1-Trimethoxyethane C; H0; 445-45-0 120.147 08 094385 138592 уз eth, ОН 
10490 4,7,8-Trimethoxyfuro[2,3-b] Skimmianine С.Н М0, 83-95-4 259.258 рут (al) 177 i H0, peth; s 
quinoline EtOH, chl; sl 
eth, CS, 
10491 Trimethoxymethane САН (0; 49-73-5 06.120 15 04 0.9676® 1.3793? 5 EtOH, eth 
10492 Trimethoxymethylsilane САН 2051 185-55-3 36.222 025 0.9548? 1.3696? schl 
10493 Trimethoxyphenylsilane او‎ 059! 2996-92-1 98.291 30%, 110? 1.06420 473420 s ctc, CS, 
10494 Trimethoxysilane C. H4 0,Si 2487-90-3 22.195 32100 
10495 3-(Trimethoxysilyl)-1-propanethiol (3-Mercaptopropyl) C.H, 0,SSi 4420-74-0 96.340 28%, 9310 1.0155 „44205 
trimethoxysilane 
10496 N-[3-(Trimethoxysilyl)propyl]-1,2- C IH, N,0,Si 760-24-3 222.358 40.55 1.012 441625 
ethanediamine 
10497 3-(Trimethoxysily!)propyl Ci H4 0551 2530-85-0 248349 liq 075, 95! 
methacrylate 
10498 Trimethyl aluminum C. HAT 15-24-1 72.085 15.4 30; 20% 0.75220 
10499 Trimethylamine N,N-Dimethylmethanamine C. HN 75-50-3 59.110 сої gas -1171 2.87 0.6275 1.36317 — vs H,0, chl, tol; 
(р>1 S EtOH, eth, bz 
atm) 
10500 Trimethylamine borane N,N-Dimethylmethanamine С.Н. ВМ 75-22-9 72.945 94 72 0.79225 vs eth, НОН 
borane 
10501 Trimethylamine hydrochloride N,N-Dimethylmethanamine C.H, CIN 593-81-7 95571  mclhygnd 2775 sub 200 vs Н,0, EtOH, 
hydrochloride (al) ch 
10502 Trimethylamine oxide N,N-Dimethylmethanamine CHNO 1184-78-7 75109 hyg nd (w+2) 256 vs Н,0, EtOH 
oxide 
10503 2,4,5-Trimethylaniline CIH, N 137-17-7 35.206 па (w) 68 2345 0.957% vs EtOH 
10504 2,4,6-Trimethylaniline Mesitylamine СМ 88-05-1 35.206 liq -25 232.5 0.963325 1.5495? ۴6 
10505 Trimethylarsine С-Н.А8 593-88-4 20.025 liq -87.3 52 1.1445 vs bz, eth, EtOH 
10506 2,4,6-Trimethylbenzaldehyde C4 0 487-68-3 48.201 14 238.5 1.015425 ІН,0; $ EtOH, 
eth, ace, bz 
10507 1,2,3-Trimethylbenzene Hemimellitene C; Hi; 526-73-8 20.191 liq -254 176.12 0.894420 1.5139? i H,0; msc 
EtOH, eth, ace, 
bz, peth, ctc 
10508 1,2,4-Trimethylbenzene Pseudocumene CoH, 95-63-6 20.191 liq -43.77 169.38 0.8758 1.5048? i H0; msc 
EtOH, eth, ace, 
bz, peth, ctc 
10509 1,3,5-Trimethylbenzene Mesitylene C; Hi; 108-67-8 20.191 liq -44.72 164.74 0.861525 1.4994? i H,0; msc 
EtOH, eth, ace, 
bz, peth, ctc 
10510 2,3,5-Trimethyl-1,4-benzenediol C,H;0; 700-13-0 52490 па (w) 169 dec SI H30; vs EtOH, 
eth, bz 
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Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
10511 Мо,о- Mephentermine C4 ١ 100-92-5 63.260 Па 959 i H50; s eth; vs 
Trimethylbenzeneethanamine EtOH 

10512 Trimethyl 1,2,4- Trimethyl trimellitate 8 و‎ ٧٢ 2459-10-1 252.219 visc ой -13 19412 1.261 1.523020 
benzenetricarboxylate 
10513 2,4,6-Trimethylbenzoic acid Сану 0; 480-63-7 64.201 рг (lig) 156.5 SI Њ0; s EtOH, 
eth, ace, chl 
10514 Trimethylbenzylsilane СН Si 770-09-2 64.320 190.5 0.8933? 1.494120 
10515 1,7,7-Trimethylbicyclo[2.2. Сада 464-15-3 38.250 — hex pl(al), 161 i HO; s EtOH, 
heptane pr(MeOH) eth, AcOEt, 
еон 
10516 1,3,3-Trimethylbicyclo[2.2. ac-Fenchyl alcohol, (/) CIH, 0 512-13-0 54249 pr 48 94% 0.90349 
heptan-2-ol, (1 S-endo) 
10517 1,7,7-Trimethylbicyclo[2.2. Bornyl acetate С.Н» 76-49-3 96.286 29 221 
һерїап-2-01 acetate, endo 
10518 1,7,7-Trimethylbicyclo[2.2.1]hept- Се 464-17-5 36.234 cry (al) 113 146 vs bz, eth, EtOH 
2-ene 
10519 4,6,6-Trimethylbicyclo[3.1.1]hept- C4 Hg 0 820-09-3 52.233 24 9210 0.965725 1.490825 
3-en-2-ol, (10,20,50) 
10520 4,6,6-Trimethylbicyclo[3.1.1]hept- C, H, 0 845-30-3 52.233 15.5 900 0.968425 1.491225 
3-en-2-ol, (10,28,50) 
10521 2,7,7-Trimethylbicyclo[3.1.1]hept- Chrysanthenone СоН,0 473-06-3 50.217 882 47202 vs EtOH 
2-en-6-one 
10522 Trimethylborane CHB 593-90-8 55.914 col gas -161.5 -20.2 
10523 Trimethyl borate С-Н.ВЁО, 21-43-7 03.912 Па -29.3 67.5 0.915% 356800 vs eth, MeOH 
10524 2,2,3-Trimethylbutane Triptane СН 464-06-2 00.202 liq -246 80.86 0.690120 1.3864?  iH,0; s EtOH, 
eth; vs ace, bz, 
peth, ctc 
10525 2,3,3-Trimethyl-2-butanol CH, 0 594-83-2 16.201 cry(dilal+1/ 17 131 0.83802 1.423322 51 Н,0; vs ace, 
2w) eth, EtOH 
10526 2,3,3-Trimethyl-1-butene C; Hi 594-56-9 98.186 liq -109.9 77.9 0.7050? 1.4025? |Н,0; s eth, bz, 
chl, MeOH 
10527 Trimethylchlorosilane НЕ 75-77-4 08.642 0 -40 60 0.85625 1387020 
10528 Trimethyl citrate C;H.40; 1587-20-8 234203 Ic 79.3 285; 17616 vs eth, НОН 
10529 2,6,6-Trimethyl-2,4- Eucarvone CH, 0 503-93-5 50.217 210; 105% — 0.9490? 1.5087? eth, ace 
cycloheptadien-1-one 
10530 1,1,2-Trimethylcyclohexane C; His 7094-26-0 26.239 Па -29 45.2 0.796325 1.438220 
10531 1,1,3-Trimethylcyclohexane СН. в 3073-66-3 26.239 Па -65.7 36.6 0.774925 1.429502 1Н,0 
10532 10,28,48-1,2,4- "m 7667-60-9 26239 liq -835 42.9 0.787025 143412 
Trimethylcyclohexane 
10533 10,3о,5р-1,3,5- trans-1 ,3,5- CoH, 1795-26-2 26.239 Па -107.4 40.5 0.7794? 1.4307? vs bz, eth, lig 
Trimethylcyclohexane Trimethylcyclohexane 
10534 cis-3,3,5-Trimethylcyclohexanol С-Н,,0 933-48-2 42.238 37.3 202; 9212 0.900618 145506 i H,0; s EtOH, 
eth, chl 
10535 trans-3,3,5-Trimethylcyclohexanol CH, 0 767-54-4 42.238 cry (eth) 55.8 892 0.863160 i H,0; s EtOH, 
eth, chl 
10536 2,2,6-Trimethylcyclohexanone CH, 0 2408-37-9 40222 liq -31.8 78.5 0390436 1.447020 
10537 2,4,4-Trimethylcyclohexanone CoH, ,0 2230-70-8 40.222 91 0.9022 449320 
10538 3,3,5-Trimethylcyclohexanone Dihydroisophorone C;H440 873-94-9 40.222 ye oil 89 0.891919 144545 
10539 2,6,6-Trimethyl-1-cyclohexene-1- — B-Cyclocitral C4 Hi 0 432-25-7 52.233 1229 975 (0595 49715 
carboxaldehyde 
10540 3,5,5-Trimethyl-2-cyclohexen-1-ol lIsophorol C;H440 470-99-5 40.222 695 0.91420 471720 
10541 4-(2,6,6-Trimethyl-1-cyclohexen- — -lonol C44H50 22029-76-1 194.313 30“ 0.9243? 1.496920 5 EtOH, eth, ace 
1-yl)-3-buten-2-0 
10542 4-(2,6,6-Trimethyl-2-cyclohexen- — a-lonol С.3Н0 25312-34-9 194.313 ой 21" 0.9189? 756 
1-yl)-3-buten-2-0 
10543 1,1,2-Trimethylcyclopentane gH 4259-00-1 12.213 liq -216 14; 531% 0.7660? 1.419920 
10544 1,1,3-Trimethylcyclopentane Саб 4516-69-2 12.213 Па -1424 04.9 0.743925 1.411222 16,0 
10545 10,20,4-1,2,4- С.Н. 4850-28-6 12.213 Па -132.6 16.7 0.75925 1.418620 
Trimethylcyclopentane 
10546 1о,2,4о-1,2,4- Са 6883-48-0 112.213 liq -130.8 09.3 0.7430 1.410620 
Trimethylcyclopentane 
10547 1,2,2-Trimethyl-1,3- (+)-Camphoric acid C.H, 0, 24-83-4 200.232 pr, If (w) 187 1.18620 SI HO; vs EtOH, 
cyclopentanedicarboxylic acid, eth; s ace; i bz, 
(1R, 35) chl 
10548 2,2,4-Trimethylcyclopentanone C.H, 0 28056-54-4 126.196 liq -40.6 58 0.877% 430029 
10549 2,4,4-Trimethylcyclopentanone СО 4694-12-6 26.196 liq -25.6 60.5 0.8785? 1,4338 
10550 1,1,2-Trimethylcyclopropane vm 4127-45-1 84.159 iq -138.2 54 0.68975 1.386420 
10551 3,7,11-Trimethyl-2,6,10- 05040 9317-11-4 220.351 72" 0.89318 4995 
dodecatrienal 
10552 Trimethylgallium C.H, Ga 445-79-0 14.826 55.7 dec ЊО (exp) 
10553 2,2,6-Trimethylheptane Cio Ho, 190-83-6 42.282 liq -105 48.9 0.720025 1.407820 
10554 2,5,5-Trimethylheptane С.Н 189-99-7 42.282 52.8 0.736225 1.414920 
10555 3,3,5-Trimethylheptane СН» 7154-80-5 42.282 55.7 0.7249? 1.4170?  iH,0; s bz, сіс, 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
10556 3,4,5-Trimethylheptane СН» 20278-89-1 142.282 62.5 075192 1.422920 
10557 2,2,3-Trimethylhexane Са» 6747-25-4 128.255 33.6 0.72575 1.410620 
10558 2,2,4-Trimethylhexane Са» 6747-26-50 128.255 iq -120 26.5 0.7119 40332 
10559 2,2,5-Trimethylhexane C; Ho, 3522-94-9 28.255 liq -105.7 24.09 0.707220 1.39977? H,0; vs EtOH, 
eth, ace, bz; s 
сіс 
10560 2,3,3-Trimethylhexane Са» 6747-28-7 128255 liq -116.8 37.7 0.734525 8 
10561 2,3,4-Trimethylhexane CoH 921-47-1 28.255 39.1 0.73545 1.414420 
10562 2,3,5-Trimethylhexane Cs Hos 069-53-0 28.255 iq -127.9 314 0.72182 140512 
10563 2,4,4-Trimethylhexane Са» 6747-30-1 128.255 iq -1134 30.7 0.7201% 1.407420 
10564 3,3,4-Trimethylhexane C; Ho, 6747-31-2 128.255 liq -101.2 40.5 0.74145 1.417820 
10565 3,5,5-Trimethylhexanoic acid Isononanoic acid C;H440; 3302-10-1 58.238 liq 2110, 854 
10566 3,5,5-Trimethyl-1-hexanol Сон 3452-97-9 44.254 94 0.823622 5 
10567 1,2,3-Trimethylindene С.Н 4773-83-5 58.239 0 00.5 0.971420 84 
10568 Trimethylindium Indium trimethyl C. Hn 3385-78-2 59.921 35.7 568179 
10569 2,3,3-Trimethyl-3H-indole СиНаз 640-39-7 59.228 07" 
10570 Trimethyl(4-methylphenyl)silane ТШ 3728-43-6 64.320 38 92; 7310 0.86662 1.490020 
10571 1,4,5-Trimethylnaphthalene Ci Hu 2131-41-1 70.250 lf (MeOH) 63 457 i H,0 
10572 1,3,5-Trimethyl-2-nitrobenzene Сони МО; 603-71-4 65.189 orth pr (al) 44 255 1.515 vs EtOH 
10573 2,6,8-Trimethyl-4-nonanol С.2Н0 123-17-1 86.333 225.4 0.817820 sl сіс 
10574 2,4,7-Trimethyloctane СН 62016-38-0 156.309 68.1 
10575 Trimethylolpropane С.Н, 0; 77-99-6 34173 wh pow or pl 58 605 vs Н,0, EtOH 
10576 3,5,5-Trimethyl-2,4- Trimethadione Сен МО, 127-48-0 43.140 46 795 S Н;0; vs EtOH, 
oxazolidinedione eth, ace, bz; i 
peth 
10577 Trimethyloxonium fluoborate لا لوالا‎ 420-37-1 47.907 hyg nd 148 dec vs ace, chl 
10578 2,4,4-Trimethyl-2-pentanamine CIH, N 107-45-9 29.244 s ch 
10579 2,2,3-Trimethylpentane C; His 564-02-3 14.229 liq -1122 110 0.716120 1.4030? i H,0; msc 
EtOH, eth, ace, 
hp; s bz 
10580 2,2,4-Trimethylpentane Isooctane C; His 540-84-1 14229 0 -107.3 99.22 0.68785 138845 16,0; msc 
НОН, ace, hp; 
S eth, ctc 
10581 2,3,3-Trimethylpentane С.Н 560-21-4 14.229 liq -100.9 1148 0.726220 1.407520 ІН,0; vs EtOH; 
msc eth, ace, 
bz, hp 
10582 2,3,4-Trimethylpentane C; His 565-75-3 14.229 liq -109.2 113.5 0.719122 1404220 H,0; vs EtOH; 
msc eth, ace, 
bz; sl сіс 
10583 2,2,4-Trimethyl-1 ,3-pentanediol (5160, 144-19-4 46.228 рі (bz) 515 235; 81! 0.93675 45135 51,0; vs ОН, 
eth; s bz, ch 
10584 2,4,4-Trimethyl-2-pentanethiol Сао 141-59-3 46.294 iq 76% 
10585 2,4,4-Trimethyl-2-pentanol (560 690-37-9 30.228 0 -20 475 0.8225? 1.4284? i H,0; sl EtOH; 
S eth 
10586 2,2,4-Trimethyl-3-pentanol Сан 0 5162-48-1 30.228 liq -13 50.5 0.829722 1.4288? 
10587 2,2,4-Trimethyl-3-pentanone tert-Butyl isopropyl ketone C H, 0 5857-36-3 28.212 35.1 0.8065? 1.4060 ІН,0; s eth, ace 
10588 2,3,3-Trimethyl-1-pentene C; His 560-23-6 12.213 liq -69 08.3 0.730825 1.417420 
10589 2,4,4-Trimethyl-1-pentene C; His 107-39-1 12.213 liq -93.5 01.4 0.7150? 1.408622 i H,0; s eth, bz, 
ctc, chl, lig 
10590 2,3,4-Trimethyl-2-pentene C; His 565-77-5 12.213 liq -1134 16.5 0.743420 1.427420 
10591 2,4,4-Trimethyl-2-pentene C; His 107-40-4 12.213 liq -106.3 04.9 072180 1.4160? i H,0; s eth, bz, 
ctc, chl; vs lig 
10592 2,3,4-Trimethylphenol C;H4,0 526-85-2 36.190 па (peth) 81 236 vs bz, eth, НОН 
10593 2,3,5-Trimethylphenol Сон 0 697-82-5 36.190 94.5 233 
10594 2,3,6-Trimethylphenol Сон О 2416-94-6 36.190 63 
10595 2,4,5-Trimethylphenol Сон 0 496-78-6 36.190 nd (lig) 72 232 i H20; vs EtOH, 
eth 
10596 2,4,6-Trimethylphenol C;H4,0 521-60-6 36.190 па (peth, 73 220 vs eth, EtOH 
MeOH) 
10597 3,4,5-Trimethylphenol Сон 0 527-54-8 36.190 nd (peth) 108 248.5 
10598 Trimethylphenoxysilane لااو‎ 1529-17-5 66.292 liq -55 119 0.8681? 1.512520 
10599 Trimethylphenylammonium Phenyltrimethylanmonium Сон, „СІМ 138-24-9 71.667 vs H,0, EtOH 
chloride chloride 
10600 1-(2,4,6-Trimethylphenyl)ethanone و‎ ٧ 1667-02 62.228 241; 12072 097540 1.5175? 1Н,0,8 EtOH, 
eth, ace, bz, 
cic 
10601 1,1,1-Trimethyl-N- Phenyl(trimethylsilyl)amine CoH, МУ 3768-55-6 65.308 206 0.9402 
phenylsilanamine 
10602 Trimethylphenylsilane اا‎ 768-32-1 50.293 169.5 0.872220 14907? ѕсіс, CS, 
10603 Trimethyl phosphate Methyl phosphate ",اا‎ 512-56-1 40.074 19 -46 197.2 21440 1.396722 ма ЊО; sl EtOH; 
s eth 


10604 Trimethylphosphine САН 594-09-2 76.077 ۹ -85 375 i H20; s eth 
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3-510 Physical Constants of Organic Compounds 
Mol. Physical den/ 

No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 

10605 Trimethyl phosphite Сан ОР 21-45-9 24.075 15 .0518? 1.4095? vs EtOH, eth; sl 
cic 

10606 1,2,4-Trimethylpiperazine С 20-85-4 28.215 49.5 44339  sctc 

10607 2,2,4-Trimethylpiperidine Сану 01257-71-0 127.228 48 0.83275 .4458? vs eth, EtOH 

10608 Trimethylpyrazine CHiN, 4667-55-1 122.167 87% 

10609 1,3,5-Trimethyl-1 H-pyrazole C H, N; 072-91-9 10.156 37 70 0.9269% — 1.45895 

10610 2,3,6-Титећу рупа пе 2,3,6-Collidine МШ 462-84-6 121.180 71.6 0.922025 1.5053? s H,0, EtOH, 
eth, ace, bz 

10611 2,4,6-Trimethylpyridine 2,4,6-Collidine МШ 08-/5-8 21480 liq -46 70.6 0.916622 149595 5 H,0, EtOH, 
ећ, асе, сіс 

10612 1,2,5-Trimethyl-1 H-pyrrole СН 930-87-0 09.169 11 0.80725 „49692 

10613 N,N,2-Trimethyl-6-quinolinamine CH, N; 92-99-9 86252 yepr(HOAc, 101 319 s ctc, CS; 

AcOEt) 

10614 Trimethylsilane C3H,,si 993-07-7 74197 со! gas -135.9 67 

10615 1-(Trimethylsilyl)-1 -imidazole С.Н, МУ 18156-74-6 140.258 s chl 

10616 3-(Trimethylsilyl)-1-propanol C H, 0Si 2917-47-7 6 141; 8224 0.822% 1.429820 

10617 Trimethylstibine C H,Sb 594-10-5 66.863 liq -62 80.6 15235 1,425 1Н,0, s EtOH, 
eth, CS, 

10618 Trimethylsulfonium iodide واا‎ 6 2181-42-2 204.072 сту (eth) 211 dec 

10619 Trimethylthiourea C H, N,S 2489-77-2 18.200 рг (62-і) 875 vs bz, EtOH, chl 

10620 2,4,6-Trimethyl-2,4,6- C4 و‎ 0358 546-45-2 408.671 100 19015 1.106220 1.539720 

triphenylcyclotrisiloxane 

10621 Trimethylurea C H, N,0 632-14-4 02.134 pr (eth) 755 232.5 1.190020 $ ЊО, EtOH; sl 
eth, bz 

10622 Trinitroacetonitrile СМО 630-72-8 76.044 мах 415 exp 220 vs eth 

10623 2,4,6-Trinitroaniline ЕЛІМІЗ 489-98-5 228.119 dk ye pr 193.5 exp 1.76210 i H,0; 51 EtOH, 

(НОАс) eth; s ace, bz, 
AcOEt 
10624 1,3,5-Trinitrobenzene sym-Trinitrobenzene СМО 99-35-4 213.104  orthpl(bz) 122.9 315 1.477518 sl Н,0, EtOH, 
(м) eth; vs ace; 5 
bz, py 
10625 2,4,6-Trinitro-1,3-benzenediol Styphnic acid C H,N,0, 82-71-3 245.103 пех уе су 175.5 sub vs eth, EtOH 
(dil al) 

10626 2,4,6-Trinitrobenzoic acid СНО 129-66-8 257.114 опћ (м) 228 дес 51 ЊО, bz; vs 
EtOH; s eth, 
ace 

10627 2,4,7-Trinitro-9/1-fluoren-9-one Са АМО, 129-79-3 315.195 paye па (bz, 175.8 SI H,0; vs ace, 

HOAc) bz, chl 
10628 Trinitrofluoromethane Fluorotrinitromethane می‎ 1840-42-2 169.025 86.3 1.5920 
10629 Trinitroglycerol Nitroglycerin СНО, 55-63-0 227.087 payetclor 13.5 exp 218; 93031 1.593122 1.47867? $1 H,0; s EtOH, 
orth bz; msc eth; vs 
ace, chl 

10630 Trinitromethane СНМ,0, 517-25-9 151.035 15 ехр 14799 — 1.4451" vs ace, EtOH 

10631 2,4,6-Trinitrophenol Picric acid Сен МО 88-89-1 229104 уе If (w), рг 1225 exp 300 1.763 SI Н,0; 8 EtOH, 

(eth) pl (al) eth, bz, chl; vs 
ace 

10632 2,4,6-Trinitrophenol, sodium salt Sodium picrate ЛІНГЕН 3324-58-1 251.086 па (w) 270.4 

10633 2,4,6-Trinitrotoluene 2-Methyl-1,3,5-trinitrobenzene — С,Н,М,0, 18-96-7 227131  orth (al) 80.5 exp 240 1.65425 i H50; sl EtOH; 
S eth; vs ace, 
bz 

10634 2,4,6-Trinitro-A-(2,4,6- Dipicrylamine САМО 31-73-7 439.208 paye 244 dec 1620, EtOH, bz, 

trinitrophenyl)aniline pr(HOAc) ctc; sl eth, ace; 
vs ру 

10635 Trioctylaluminum CA H, Al 070-00-4 366644 hyg visc liq -62 0.701 

10636 Trioctylamine N,N-Dioctyl-1-octanamine 97:51 116-76-3 353669 liq -34.6 366 0.81102 1.45109 

10637 Trioctylphosphine oxide TOPO اا‎ 78-50-2 386.635 52 2012 

10638 1,3,5-Trioxane Formaldehyde, trimer С4Ң;0; 10-88-3 90.078 orth nd (eth) 60.29 1145 Ге vs Н,0, s EtOH, 
eth, bz, CS; i 
peth 

10639 1,3,5-Trioxane-2,4,6-triimine Cyamelide С-Н.М.0, 462-02-2 129.074 amor pow (ес dec 11275 vs eth, НОН 

10640 4,7,10-Trioxatridecane-1,13- Diethyleneglycol diaminopropyl | Соба О 4246-51-9 220309 liq 1474 1.005 1.46402 

diamine ether 
10641 3,7,12-Trioxocholan-24-oic acid, ^ Dehydrocholic acid C, Ha 05 81-232 402.524 237 i H0, eth; sl 
(58) НОН, bz; 5 
асе, AcOEt 

10642 Tripentylamine N,N-Dipentyl-1-pentanamine Cic HN 621-77-2 221.430 242.5 0.79072 — 1.4366? i H0; s EtOH, 
eth, acid 

10643 Triphenylamine N,N-Diphenylbenzenamine Ca H, N 603-34-9 245.319 mcl (MeOH, 1265 365 0.7740 1.3535 i H30; sl EtOH; 

bz) s eth, bz, 
еон 

10644 Triphenylarsine Сан As 603-32-7 306.234 61 360 126346 1.6888? i H,0; sl EtOH; 
vs eth, bz; s 
chl 

10645 Triphenylarsine oxide Cy H, ASO 1153-05-5 322.233 192 324.0 
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3-512 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
10646 Triphenylbismuthine C4 Hy Bi 603-33-8 440.292 77.6 24214 1.715% 170405 sl EtOH, chl; $ 
eth, ace, bz, 
CS, 
10647 Triphenylborane СНВ 960-71-4 242423 wh cry 142 i H5O; sl eth; s 
bz, lig 
10648 Triphenylene Benzo[1]phenanthrene Ci H; 217-59-4 228.288 па (al, chl, 1978 425 ІН,0; s EtOH, 
bz) HOAc; vs bz, 
chl 
10649 1,1,2-Triphenylethane Cog la 1520-42-9 258.357 mcl If (dil al) 57 i H,0; vs EtOH, 
, nd (al) eth, bz; sl 
еон 
10650 1,1,2-Triphenylethene СН. 58-72-0 256.341 f (al) 725 22014 1.037378 1.629278 |Н,0; s EtOH, 
Chl, MeOH; vs 
eth 
10651 VN," Triphenylguanidine Со 101-01-9 287.358 nd or pr (al) 1465 dec 1.16320 51 Н,0, s EtOH 
10652 2,4,5-Triphenyl-1 H-imidazole СЫН № 484-47-9 296.365 nd (al) 215 sub i НО; s EtOH, 
eth 
10653 Triphenylmethane Dag 519-73-3 244330  orth (al) 93.4 359; 20010 1.0149 1,8399 i H,0; sl ОН, 
vs eth, py, chl; 
sbz 
10654 Triphenylmethanol Сао 76-84-6 260.329 pl (al), trg 1642 380 1.1990 i H,O, peth; vs 
(bz) FtOH, eth; s 
ace, bz 
10655 Triphenyl phosphate балдыр 115-86-6 326.283 cry (lig), pr 505 245! 1.205550 160; s EtOH; 
(al) nd (eth) vs eth, bz, ctc, 
chl 
10656 Triphenylphosphine байр 603-35-0 262.286 80 188! 1.07498 — 1.63509 i H,0; s EtOH, 
bz, chl; vs eth 
10657 Triphenylphosphine oxide СаН,ОР 791-28-6 278285 pr 156.5 >360 1.212423 sl Н,0, eth, chl; 
vs EtOH, bz 
10658 Triphenyl phosphite (41504 101-02-0 310.284 25 360 1.1842? 1.5900? i H0; vs EtOH 
10659 Triphenylsilane CigH, ادم‎ 789-25-3 260.406 5 ctc, CS; 
10660 Triphenylsilanol Сан 0Si 791-31-1 276.405 154.8 1.17772 s ctc, CS; 
10661 Triphenylstibine C4 His Sb 603-36-1 353.072 pr (peth) 53.5 >360 143435 1.69482 i H0; s EtOH; 
vs eth, ace, bz, 
chl 
10662 Triphenyltetrazolium chloride Ca Hg CIN, 298-96-4 334.802 nd(alchl) 243 dec $ НО, EtOH, 
ace, chl; i eth 
10663 Triphenyltin hydroxide Stannane, hydroxytriphenyl- Са H, Оп 76-87-9 367.029 119 1.5420 
10664 2,4,6-Triphenyl-1,3,5-triazine C; HN, 493-77-6 309.364 257 
10665 Tripotassium citrate Potassium citrate ЕСІ 866-84-2 306.395 wh cry (w) 275 дес vs H,0; i EtOH 
10666 Triprolidine Срђ 486-12-4 278.391 cry (peth) 0 
10667 Tri-2-propenoyl-2-ethyl-2- Trimethylolpropane triacrylate ولوا‎ 15625-89-5 296.316 >200' 1.473520 
(hydroxymethyl)-1,3-propanediol 
10668 Tripropylamine N,N-Dipropyl-t-propanamine CH; 102-69-2 143.270 19 -93.5 156 0.7558? 1.418122 vs eth, EtOH 
10669 Tripropylborane СВ 1116-61-6 140.074 liq -56 159 0.72045 1.413522 
10670 Tripropyl borate Boric acid, tripropyl ester C,H;,BO, 688-71-1 188.072 179.5 0.8576? 1.3948? vs EtOH; msc 
eth; s PrOH 
10671 Tripropylene glycol [(1-Methyl-1,2-ethanediyl) СОН 0, 24800-44-0 192.253 liq 268; 115? 1.0220 1.444020 
bis(oxy)]bispropanol 
10672 Tripropylene glycol diacrylate Cic Ho 0s 42978-66-5 300.348 »120! 
10673 Tripropylene glycol monomethyl — 1-[2-(2-Methoxy-1- Cas 20324-33-8 206.280 241.3 
ether methylethoxy)-1-methylethoxy] 
-2-propanol 
10674 Tripropyl phosphate СН» О.Р 513-08-6 224.234 252 1.00121? 1.416522 sl НО, chl; s 
НОН, eth, tol, 
CS, 
10675 Tripropyl phosphite Tripropoxyphosphine Сони ОР 923-99-9 208.235 206.5 0.94177? 1.4282? үс eth, EtOH 
10676 Tripropylsilane Саро 998-29-8 158.357 172 0.77230 1.42800 0 
10677 Tris(4-aminophenyl)methanol C.I. Basic Red 9 С МО 467-62-9 305.373 purp cry 205 
10678 2,4,6-Tris(1-aziridinyl)-1,3,5- Triethylenemelamine Сон 51-18-3 204.231 сту pow 139 dec $ Н,0 
triazine 
10679 Tris(2-butoxyethyl) phosphate Слао ОР 78-51-3 398.473 iq 25510 1.025 1Н,0 
10680 Tris(2-chloroethyl) phosphate С5Н,501,0,Р 115-96-8 285.489 330; 19410 1.395 14721? s ctc 
10681 Tris(2-chloroethyl) phosphite C H,Cl,0,P 140-08-9 269.490 1203 134436 1.486820 
10682 Tris(1,3-dichloro-2-propyl) Fyrol FR-2 СН, СКОР 13674-87-8 430.904 міс liq 2365 150222? 0 
phosphate 
10683 Tris(4-dimethylaminophenyl) Paraleucaniline СНМ; 603-48-5 373.534 If (al), nd 176.5 vs bz, eth, chl 
methane (bz) 
10684 Tris(2,4-dimethylphenyl) 2,4-Xylenol, phosphate (3:1) (54125048. 3862-12-2 12 2335 1.1428 1.5550? H,0; s bz, chl, 
phosphate hx 
10685 Tris(2,5-dimethylphenyl) 2,5-Xylenol, phosphate (3:1) Co4Hy70,P 19074-59-0 410.442 79.8 2628 1.197% i H,0; sl EtOH, 
phosphate hx; s eth, bz, 
ctc 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
10686 Tris(2,6-dimethylphenyl) 2,6-Xylenol, phosphate (3:1) C44H50;P 121-06-2 410.442 wax 137.8 263° i H0; 51 EtOH, 
phosphate hx; 5 bz 
10687 Tris(3,5-dimethylphenyl) "لوا‎ 25653-16-1 410.442 46.2 29070 1Н,0, 51 EtOH, 
phosphate chl, hx; 5 
HOAc 
10688 Tris(2-ethylhexyl) phosphate C.H; ОР 18-42-2 434.633 liq 2155 0,9920 
10689 Tris(ethylthio)methane Triethyl orthothioformate CH, sS, 6267-24-9 196.397 dec 235; 1272 1.053% — 154105 уз eth, ОН 
10690 1,3,5-Tris(2-hydroxyethyl) CH, 5 №05 839-90-7 261231 cry 136 
isocyanuric acid 
10691 1,1,1-Tris(hydroxymethyl)ethane — 2-Methyl-2-[(nitrooxy)methyl]- ^ СНОМ, 3032-55-1 255.140 83005 
trinitrate 1,3-propanediol, dinitrate 
10692 N,N,N"-Tris(hydroxymethyl) Trimethylolmelamine Сен. МО 1017-56-7 216197 cry 148 
melamine 
10693 Tris(hydroxymethyl)methylamine ^ 2-Amino-2-(hydroxymethyl)- ^ C,H,N0; 77-86-1 121.135 171.5 21919 vs Н,0; s MeOH 
1,3-propanediol 
10694 Tris(methoxyethoxy)vinylsilane СИН 0551 1067-53-4 280.391 s сіс 
10695 Tris(4-methoxyphenyl) Chlorotrianisene ٤ و‎ 0104 569-57-3 380.864 115 
chloroethene 
10696 Tris(2-methylphenyl)phosphine C.H, P 6163-58-2 304.366 127.0 
10697 Tris(3-methylphenyl)phosphine САНАР 6224-63-1 304.366 101.0 
10698 Tris(4-methylphenyl)phosphine САНАР 1038-95-5 304.366 147.0 
10699 Tris(2-methyl-2-propenoyl)-2- 1,1,1-Trimethylolpropane C, Ho Os 3290-92-4 338.395 >200' 1.4705 
ethyl-2-hydroxymethyl-1,3- trimethacrylate 
propanediol 
10700 Trisodium citrate Sodium citrate Сен Ма 0, 68-04-2 258069 wh cry (w) 0 vs H50; i EtOH 
10701 Trisodium N- Versen-Ol Сад Ма,  139-89-9 344.204 288 (ћуд) 
hydroxyethylethylenediaminetriac 
etate 
10702 Tris(perfluorobuty!)amine Trinonafluorobutylamine C; FN 311-89-7 671.092 178 1.8845 12915 sace 
10703 2,4,6-Tris(2-pyridinyl)-1,3,5- 2,4,6-Tripyridyl-s-triazine Сан, 3682-35-7 8 210 
triazine 
10704 Tris(o-tolyl) phosphite 8 و‎ 2622-08-4 352.364 11 238", 1972 13423? 1.574028 s eth; sl chl 
10705 Tris(p-tolyl) phosphite Са На ОР 620-42-8 352.364 paye 52 25210 1.12805 1.570328 vs eth 
10706 Tris(triphenylphosphine) rhodium — Carbonylhydrotris(triphenylphos C..H,OP.Rh 17185-29-4 918.781 уе cry 121 1.33 sl bz, chl 
carbonyl hydride phine)rhodium 
10707 1,3,5-Trithiane С3Ң;5; 291-21-4 38.275 һех (bz), pr 220 sub 1.637424 SI Н,0, EtOH, 
(w) nd (al) eth; s bz 
10708 Trithiocarbonic acid СН,5, 594-08-1 10.222 гей oil -26.9 57.8 14765 1.822520 (ес ЊО, EtOH; 
vs tol, chl 
10709 Tritriacontane Cas Hg 630-05-7 464.893 712 
10710 Tropacocaine C; Hi NO; 537-26-8 245.318 ploriab — 49 dec 1.04267? 1.50807? vs bz, eth, ОН, 
peth 
10711 Tropine 8-Methyl-8-azabicyclo[3.2.1] C4H,NO 120-29-6 41211 hyg pl (eth) 64 233 1.0160 1.481119 уз H,0, eth 
octan-3-ol, endo EtOH 
10712 Trypan blue C]a H, N.Na,0,,S, 72-57-1 960.805 dk bl cry 300 $ H,0, acid; i 
EtOH 
10713 Tryptamine Со IN; 61-54-1 60.215 па (al-bz, 118 13705 i HO, eth, bz, 
lig) chl; s EtOH, 
ace 
10714 L-Tryptophan o-Aminoindole-3-propionic САМО; 13-22-3 204.225 If or pl (dil “289 dec SI Н,0, HOAc; s 
acid, (/) al) EtOH; i eth, chl 
10715 Tsuduranine Са МО, 517-97-5 297.349 nd (eth) 204 vs ace, eth, 
EtOH 
10716 T-2 Toxin Mycotoxin T2 (5410, 21259-20-1 466522 nd 151 sl Н,0, peth; s 
EtOH, chl, 
DMSO 
10717 Tubocurarine dichloride С5Н,01М,0, — 57-94-3 681.644 hyg cry 275 dec S МеОН: i py, 
bz, ace, eth 
10718 Tungsten carbonyl Tungsten hexacarbonyl C,0,W 14040-11-0 351.90 wh cry dec 170 sub 2.65 1Н,0: s os 
10719 Turanose СО 547-25-1 342.296 pr (w-al, 168 vs Н;0; s EtOH, 
MeOH) еон 
10720 Туратаје Са МО, 4268-36-4 274356 су 50 15106 
10721 L-Tyrosine 4-Hydroxy-L-phenylalanine CoH, NO; 60-18-4 181.188 nd (w) 343 dec sub 51 Н,0, НОАс; i 
EtOH, eth 
10722 Tyrosineamide Сон МО; 4985-46-0 180.203 pl or pl (al) 5 vs HO, EtOH 
10723 1-Туговіпе, ethyl ester C4 Hg NO; 949-67-7 209.242 pr (AcOEt) 1085 vs bz, EtOH, 
AcOEt 
10724 L-Tyrosine, methyl ester, Со СМО 3417-91-2 231.676 191.0 s Н,0 
hydrochloride 
10725 1,10-Undecadiyne CuHis 4117-15-1 148.245 -17 8372 0.818221 14533 vs ace, bz 
10726 Undecafluorocyclohexane CHF; 308-24-7 282.054 62.0 
10727 Undecanal САО 112-44-7 170.292 -2.0 1178 0.82519 1.4520? i H,0; s EtOH, 


eth 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
10728 Undecane Hendecane Cua, 1120-21-4 156.309 liq -25.5 195.9 0.74022 1.4164? ит msc 
EtOH, eth 
10729 Undecanenitrile Deoyl cyanide СМ 2244-07-7 67.292 253 0.82549 1.42939? i Њ0; $ EtOH, 
eth, ctc 
10730 1-Undecanethiol Џпдесу! mercaptan C, H4S 5332-52-5 88.374 1 -15 257.4 0.84489? 1.458520 
10731 Undecanoic acid C H50; 112-37-8 86.282 cry (ace) 28.6 280 0.8907? 142945 i H,0; vs EtOH, 
ace; s eth; msc 
bz 
10732 1-Undecano Undecy alcohol C4 H0 112-42-5 72.308 15.9 245 0.8298? 1.4392? i H,0; s EtOH; 
vs eth 
10733 2-Undecano Sec-Undeoyl alcohol C4 H0 1653-30-1 72.308 со! lig 0 229.7 082345 55 
10734 2-Undecanone Methyl попу! ketone САО 112-12-9 70.292 15 231.5 0.8250? 1.429122 ІН,0; s EtOH, 
eth, ace, bz, 
chl 
10735 6-Undecanone Butyl hexyl ketone C,,H,,0 927-49-1 70.292 14.5 228 0.8308? 1.4270? i H,0; vs EtOH 
eth 
10736 Џпдесапоу! chloride C4 H4CIÓ 17746-05-3 204.737 sl ctc 
10737 10-Undecenal C, H40 112-45-8 68.276 sl ctc 
10738 1-Undecene СиН» 821-95-4 54293 0 -49.2 192.7 0.7503 1.4261? i H0; s eth, chl, 
19 
10739 cis-2-Undecene С.Н 821-96-5 54293 0 -66.5 196.1 0.757620 
10740 trans-2-Undecene СН» 693-61-8 54293 0 -48.3 192.5 0.75282 74 
10741 cis-A-Undecene СиН» 821-98-7 54293 0 -97 192.6 0.754120 1.430220 
10742 trans-4-Undecene СиН» 693-62-9 54293 liq -63.7 193 075080 1.428520 
10743 cis-5-Undecene CuH> 764-96-5 54293 0 -106.5 192.3 0.753720 84 
10744 trans-5-Undecene СиН» 764-97-6 54293 liq -61.1 192 0.7497? 1.4285? vs eth, chl, lig 
10745 10-Undecenoic acid Undecylenic acid СН, 0, 112-38-9 84276 cry 245 275 090724 1448624 i H0; s EtOH, 
eth; sl ctc 
10746 10-Undecen-1-ol САО 112-43-6 70.292 liq -10 250 0.849515 1.4500? ІН,0; s EtOH, 
eth; $1 ctc 
10747 10-Undecenoyl chloride (.,Н, 010 38460-95-6 202.721 1273 0.94420 45420 
10748 Undecylamine 1-Undecanamine C HN 7307-55-3 71.324 сгу (eth, al) 17 242 0.79799 1.4398? 5 H,0, EtOH; i 
eth; sl ctc 
10749 Undecylbenzene Ci Hos 6742-5947 232.404 liq -5 316 0.8553? 1.4828? 
10750 1-Undecyne Cii Hog 2243-98-3 152277 liq -25 196 0.772820 1.430620 vs 2) bz, eth, 
EtOH 
10751 2-Undecyne Cii Hos 60212-29-5 152.277 liq -30.1 204.2 078272 1.439120 
10752 Uracil C H,N,0; 66-22-8 12087 па (м) 338 SI HO; vs EtOH, 
eth; s dil NH, 
10753 Uracil mustard Сани СМО; 66-75-1 252.098 206 dec sl 0 
10754 Uranyl acetate dihydrate C H, 0,U 6159-44-0 424.146 7٧ 80 dec 2.89 sl EtOH 
(НОАс) 
10755 Urazole СНО; 3232-84-6 01064 If (w) 249 dec 
10756 Urea Carbamide CH,N,0 57-13-6 60.055 tetr pr (al) 1333 dec 1.3230? 1.484 vs HO, EtOH; i 
eth, 52; s 
HOAc, py 
10757 Urea hydrochloride СН,С1М,0 506-89-8 96.516 145 dec s Н,0 
10758 Urea nitrate СНО, 124-47-0 123.069 mcl lf (w) 152 дес 1.69020 vs EtOH 
10759 Uric acid C; H,N,O, 69-93-2 168111 orth pr or pl dec dec 1.8925 i H50, EtOH, 
eth; s alk, 
glycerol; sl 
acid 
10760 Uridine 1-B-D-Ribofuranosyluracil Сон; №0 58-96-8 244200 па (aqal) 165 S ЊО, EtOH, py 
10761 5"-Uridylic acid Uridine 5-phosphoric acid CoH, ОР 58-97-9 324.180 pr (MeOH) 202 dec vs Н,0; s MeOH 
10762 Urocanic acid Imidazole-4-acrylic acid КУЙ 104-98-3 38.124 227 S ЫН асе; | 
EtOH, eth 
10763 Urs-12-en-3-ol, (38) о-Атугіп Cac HO 638-95-9 426.717 па (al) 186 24305 S EtOH, eth, bz, 
chl, HOAc; sl 
peth 
10764 Ursolic acid Ca Ha 03 11-52-1 456.700 рі (al) 284 vs ace, eth, chl 
10765 7 Cas Ол 20231-81-6 698796 рг 269 
10766 Vacciniin D-Glucose, 6-benzoate Ca H, 0, 14200-76-1 284262 amor (aq 122 vs H,0, ace, 
ace, «1w) EtOH, eth 
10767 Validamycin A (51550, 37248-47-8 497.491 атогр pow 95 dec 
10768 L-Valine 2-Aminoisovaleric acid С.Н, „№, 72-18-4 17.147 If (w-al) 315 sub 1239 s Н,0 
10769 Valinomycin СыНо МО: 2001-95-8 111.322 сту 187 
10770 Valium Ci а СМО 439-14-5 284.739 132 
10771 Vamidothion CIH, NO, PS; 2275-23-2 287337 01 i peth; s os 
10772 Vanadium carbonyl Vanadium hexacarbonyl ІІ 14024-00-1 219.002 bl-grncry дес 60 sub 
10773 Vanadium(IIl) 2,4-pentanedioate Vanadium (IIl) acetylacetonate C4 На ОУ 13476-99-8 348266 brn cry =185 sub “1.0 5 МЕОН, асе, 


bz, chl 
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Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
10774 DL-Vasicine DL-Peganine СНО 6159-56-4 188.225 па (al) 210.8 sl H30, eth, bz; 
S НОН, ace, 
chl 
10775 L-Vasicine L-Peganine C,H, NO 6159-55-3 188.225 па (al) 2115 5160, eth, bz; 
S НОН, ace, 
chl 
10776 Verapamil C; Ha N,O, 52-53-9 454.602 ye oil 245001 1.544825  iH,0; vs EtOH, 
ace; sl bz, hx 
10777 Veratramine C; Ha NO; 60-70-8 409.605 па 206 s EtOH, bz, chl, 
dil acid; i dil 
alk 
10778 Veratramine, 3-glucoside C. H, МО, 475-00-3 571.745 nd (ад. 242 dec 
Me0H) 
10779 Veratridine C Hs МО 71-62-5 673.790 уеатор 0 i H,0; sl eth 
pow 
10780 d-Verbenone C4 H0 8309-32-5 150217 98 2215 0.9978? 1.499318 s H,0, EtOH, 
ace, bz 
10781 Vernolate Carbamothioic acid, dipropyl-, 56 929-77-7 203.345 150% 0.95220 
S-propyl ester 
10782 Versalide Слао 88-29-9 258398 cry 46.5 1302 s НОН 
10783 o-Vetivone Isonootkatone C4 H0 5764-04-2 218.335 cry (peth) 51.5 1442 1.0035? 1.5370? vs ace 
10784 B-Vetivone C, H5,0 8444-79-6 218.335 сту (peth) 44.5 1412 1.000120 1.530922 86 
10785 Vicine 2,6-Diamino-5-(B-D- Сл N40; 52-93-2 304.257 nd (w, dil al, 240 dec SI HO, EtOH; vs 
glucopyranosyloxy)-4(1 Н)- +1 w) acid, alk 
pyrimidinone 
10786 Vidarabine B-D-9-Arabinofuranosyladenine С.Н. МО; 5536-17-4 285257 па (м) 257 
10787 Vinblastine СН М4 0о 865-21-4 810.975 па (MeOH) 216 1Н,0, $ EtOH, 
ace, chl, AcOEt 
10788 Vincamine C; و‎ N,0; 617-90-9 354442 231.5 
10789 Vinclozolin C, H ,CLN0, 50471-44-8 286110 108 131905 1.51 
10790 Vincristine Cac Hs МО о 57-22-7 824.958 219 
10791 Vinyl acetate C,H,0, 08-05-4 8600 liq -93.2 72.8 0.92562 1.39262 <ІН,0; msc 
EtOH; s eth, 
ace, bz, chl 
10792 4-Vinylaniline C, HN 520-21-4 19.164 235 16? 0100. 1.62507 sace bz 
10793 a-Vinylbenzenemethanol 1-Phenylallyl alcohol C,H,,0 4393-06-0 134174 02492 1.54062 sl H,0; $ EtOH, 
eth, bz, chl 
10794 Vinyl butanoate (560, 23-20-6 14.142 16.7; 64139 0.900620 
10795 Vinyl trans-2-butenoate Vinyl crotonate C H,0; 3234-54-6 12.127 S cic 
10796 9-Vinyl-9H-carbazole Сыны 484-13-5 93.244 cry (al) 66 i H50; 51 EtOH; 
vs eth 
10797 Vinylcyclohexane C; Hi 695-12-5 10.197 28 0.816619 1.4559 
10798 1-Vinylcyclohexene C; Hi 2622-21-1 08.181 45 0.86235 1.491522  iH;0; s eth, bz; 
vs MeOH 
10799 4-Vinylcyclohexene C; Hi 100-40-3 08.181 liq -108.9 28 0.8299? 1.4639?  iHj0;seth, bz, 
peth 
10800 Vinylcyclopentane C; Hi; 3742-34-5 96170 liq -126.5 97 078340 82 
10801 Vinyldiethoxymethylsilane СН 0,9 5507-44-8 60.287 33 0.8620? 1.400120 
10802 Vinylethoxydimethylsilane C;H,,08i 5356-83-2 130.260 99 0.79020 39832 
10803 1-Vinyl-4-fluorobenzene Сане 405-99-2 22.140 -345 67.4%, 304 02200 1.5150?  iH,0; s EtOH, 
eth, bz 
10804 Vinyl formate С-Н,0, 692-45-5 72063 visc liq -78 46 0.9652 38422 
10805 2-Vinylfuran СеН0 1487-18-9 94.111 Па -94 99.5 0.944519 1.499219 
10806 1-Vinyl-2-methoxybenzene СН. 0 612-15-7 34174 nd 29 197; 8312 00497 — 1.5388? vs ace, bz, eth, 
EtOH 
10807 1-Vinyl-3-methoxybenzene C,H40 626-20-0 34174 9115, 709 0.9919? 155863  iH,0; s EtOH, 
eth, bz 
10808 1-Vinyl-4-methoxybenzene C,H40 637-69-4 34174 20 205; 91% 00019 1.56425  iH,0; s EtOH, 
eth, bz; sl ctc 
10809 6-Vinyl-6-methyl-1-isopropyl-3- байд 5951-67-7 204352 258 0.8782? 1.513022 vs ace, bz 
(1-methylethylidene) 
cyclohexene, (S) 
10810 1-Vinylnaphthalene СН 826-74-4 54.207 245 1.065620 1.64420 
10811 2-Vinylnaphthalene Со 827-54-3 54,207 66 3578, 952 i و‎ ٢ $ EtOH, 
ace, bz 
10812 1-Vinyl-3-nitrobenzene Сан; МО; 586-39-0 49.148 -10 20" 1.1552? 1.5836? i H,0; s EtOH, 
eth, bz, chl, 
ig, НОАс 
10813 1-Vinyl-4-nitrobenzene CH;NO, 100-13-0 49.148 pí (lig) 29 dec vs EtOH, eth; s 
chl, НОАс, lig 
10814 2-Vinyl-5-norbornene 5-Vinylbicyclo[2.2.1]hept-2-ene СҢ; 3048-64-4 20.191 liq -80 39 0.841 1.481020 
10815 Vinyl octadecanoate Vinyl stearate (5/Нэ 0, 111-63-7 310.515 29 672 0.85172 sl chl 
10816 3-Vinyl-7-oxabicyclo[4.1.0] C H, 0 106-86-5 24.180 <-100 69; 7020 0.9581? 1.470020 
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2-Vinylnaphthalene 1-Vinyl-3-nitrobenzene —— 1-Vinyl-4-nitrobenzene 2-Vinyl-5-norbornene Vinyl осјадесапоаје 3-Vinyl-7-oxabicyclo[4.1.0]heptane 


3-520 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wr. Form тр/°б bp/'C gem? л, Solubility 
10817 Vinyloxirane C H,0 930-22-3 70.090 68 090065 141682 5 EtOH, eth, bz 
10818 2-(Vinyloxy)ethanol Ethylene glycol monovinyl ether С,Н,0, 764-48-7 88.106 41.6 0.9821? 1.45647 s Њ,0, EtOH, 
eth, bz; i lig 
10819 Vinyl propanoate Vinyl propionate C;H,0, 05-38-4 00.117 91.2 
10820 2-Vinylpyridine C;H; 00-69-6 05.138 59.5 0.9983? 1.549522 vs EtOH, 
eth, ace, chl 
10821 3-Vinylpyridine C;H; 121-55-7 05.138 62 0.9879? 1.553020 51 Н,0; ѕ EtOH, 
ећ 
10822 4-Vinylpyridine C;H; 00-43-6 05.138 red to dk-br 2115, 793 0.987920 1.5449? sH,O, EtOH, 
chl; sl eth 
10823 1-Vinyl-2-pyrrolidinone CHNO 88-12-0 11.141 13.5 93400, 93 1.0420 
10824 Vinylsilane С.Н 7291-09-0 58.155 col gas -171.6 -22.8 
10825 Vinyl sulfoxide C,H,0S 115-15-7 02.155 liq 8678 
10826 Vinyltriacetoxysilane Vinylsilanetriol, triacetate ام اا‎ 4130-08-90 232.263 1519 1.169% 1.422620 
10827 Vinyltriethoxysilane Сан 0,54 78-08-0 90.313 60; 6220 0.90120 1.3960? schl 
10828 Vinyltrimethylsilane و8‎ 154-05-2 00.235 55 0.6520 13914? 0 
10829 Violaxanthin CaoHs604 26-29-4 600.871 red pr 208 s EtOH, eth, 
(MeOH, al- CS; i peth 
eth) 
10830 Viquidil ٤ و‎ МО 84-55-9 324.47 red ye amor 60 vs eth, 1, 
ch 
10831 Visnadine ЛІ 477-32-7 388.412 па 85.5 i H50; s EtOH, 
eth 
10832 Visnagin 4-Methoxy-7-methyl-5 H- С.Н 004 82-57-5 230.216 па (w, 144.5 SI HO, EtOH; vs 
furo[3,2-g][1]benzopyran-5- MeOH) ch 
one 
10833 Vitamin B12 Cyanocobalamin Cos Ha СОМ 68-19-9 1355.365 >300 
p 
14 
10834 Vitamin 02 СНО 50-14-6 396.648 рг (асе) 116.5 sub 1Н,0, $ EtOH, 
eth, ace, chl 
10835 Vitamin D3 9,10-Secocholesta-5,7,10(19)- СНО 67-97-0 384.637 84.5 i B,0; s os 
trien-3-ol, (3В,5472)- 
10836 Vitamin E о-Тосорћего! CogHs 0, 59-02-9 430.706 ра ye oil 40 21091 0.9505 1.504525 ІН,0; s EtOH, 
eth, ace, chl 
10837 Vitamin E acetate (41:50, 58-95-7 472.743 -27.5 18400 0.95337 1.4979 160; sl EtOH; 
S eth, асе, chl 
10838 Vitamin K1 Са Ha 0; 84-80-0 450.696 -20 14200 0.9645 1.525025 ІН,0; s EtOH, 
eth, ace, bz, 
peth, chl 
10839 Vomicine 4-Hydroxy-19-methyl-16,19-  CyyHoyN0, 125-15-5 380.437 па (80% al) 282 sl EtOH, eth, 
secostrychnidine-10,16-dione pr (ace) ace; vs chl; $ 
AcOEt 
10840 Warfarin Coumadin Ci 0, 81-81-2 308.328 сту (al) 161 1Н,0, $ EtOH, 
ace, diox 
10841 9Н-Хапіһепе 10H-9-Oxaanthracene و‎ 00 92-83-1 82.217 уе (al) 100.5 311 i H50; 51 EtOH, 
ctc; 5 eth, bz, 
chl 
10842 9H-Xanthen-9-ol СааН 00; 90-46-0 98.217 па (ада) 125 SI Њ0; s EtOH, 
eth, chl 
10843 Xanthine КЕЛЕЙ 69-89-6 52.112 уе pl (w) dec sub 1Н,0 
10844 Xanthone C44H;0; 90-47-1 96.202 па (al) 174 351; 1463 i H,0; $ EtOH, 
eth, bz, chl; sl 
peth 
10845 Xanthopterin Сен МО; 119-44-8 79137 ћудуеатог >410 dec 9918 1.5595 i و‎ ٢ 51 EtOH, 
огогап pow eth; vs acid, 
(НОАс) ајк 
10846 Xanthosine CigH N40; 146-80-5 284.225 pr cry (м) SI cold H,0; vs 
hot H,0; dec 
acid 
10847 Xanthoxyletin Ci Н 04 84-99-1 258.270 pr(MeOH, 133 i H50; $ EtOH, 
peth) ace; sl eth; vs 
bz, alk 
10848 Xanthyletin 8,8-Dimethyl-2 H,8H-benzo[1,2- C,,H,,0, 553-19-5 228.243  pr(MeOH) 1315 4201 s EtOH, peth 
b:5,4-b']dipyran-2-one 
10849 p-Xenylcarbimide 4-Isocyanato-1,1'-biphenyl C,3H NO 92-95-5 95216 nd 56 dec 283 vs eth 
10850 Xibenolol Ci sH, МО 81584-06-7 251.366 су 57 3507 $ НОН 
10851 o-Xylene 1,2-Dimethylbenzene C; Hi 95-47-6 06.165 liq -25.2 445 0.880210 1.5055? i H,0; msc 
EtOH, eth, ace, 
bz, peth, ctc 
10852 m-Xylene 1,3-Dimethylbenzene C; Hi 108-38-3 06.165 liq -47.8 3912 085965 1.497210 ІН,0; msc 
EtOH, eth, ace, 
bz; s chl 
10853 p-Xylene 1,4-Dimethylbenzene "m 106-42-3 06.165 mcl pr (al) 13.25 38.37 0.8566 149582 1iH,0; msc 
НОН, eth, ace, 


bz; s chl 
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3-522 Physical Constants of Organic Compounds 
Mol. Physical den/ 
No. Name Synonym Mol. Form. CASRN Wt. Form тр/°б bp/'C gem? л, Solubility 
10854 2,3-Xyleno 2,3-Dimethylpheno Сан 00 526-75-0 22.164 па (w, dil al) 72.5 216.9 1.5420% 51 Н,0; s EtOH, 
eth 
10855 2,4-Xyleno 2,4-Dimethylpheno C,H40 105-67-9 22464 па (w) 245 210.98 0.9650? — 1.5420" <ІН,0; msc 
EtOH, eth; s 
cic 
10856 2,5-Xyleno 2,5-Dimethylpheno Сан 00 95-87-4 22164 nd(w)pr 748 2111 5,0, EtOH; vs 
(al-eth) eth; sl chl 
10857 2,6-Xyleno 2,6-Dimethylpheno C,H40 576-26-1 22164 Ног па (al) 45.8 201.07 $ НО, EtOH, 
eth, ctc 
10858 3,4-Xyleno 3,4-Dimethylpheno C,H40 95-65-8 22.164 65.1 227 0.983020 SI Н,0; s EtOH, 
ctc; msc eth 
10859 35-06 3,5-Dimethylpheno CIH, 0 108-68-9 22.164 па (w, рей) 63.4 221.74 0.968020 5,0, ОН, ctc 
10860 Xylenol orange СНО 45 1611-35-4 672.656 dkredcry 286 дес 0 
10861 Xylitol Xylite С-Н 0; 87-99-0 52.146 те! (al) 93.5 216 48 ЫН ру, 
EtOH 
10862 6-0-B-D-Xylopyranosyl-D- Primeverose СНО 26531-85-1 312.271 cry (MeOH) 210 vs НО, MeOH 
glucose 
10863 D-Xylose C; H0; 58-86-6 50.130 тс! nd 90.5 1.52520 vs Н;0; s EtOH; 
sl eth 
10864 D-Xylulose D-threo-2-Pentulose С5Нь05 551-04-8 50.130  visc liq s Н,0 
10865 L-Xylulose L-threo-2-Pentulose C;H, 0; 527-50-4 50.130 syrup vs Н,0 
10866 3,5-Xylyl methylcarbamate 3,5-Dimethylphenyl CIH, NO; 2655-14-3 79.216 cry 99 SI Н,0: s os 
methylcarbamate 
10867 Yohimbine C; و‎ N,0; 46-48-5 354.442 nd(dilal) 241 sub 160 sl H,0, bz; s 
EtOH, eth, chl 
10868 Yohimbine hydrochloride Tosanpin СН СІМА 65-19-0 390.903  orth nd orpl 302 vs 0 
(w, dil НСІ) 
10869 Zearalenone Са ٢ 7924-92-4 318365 су 164 i H30; s alk, bz, 
EtOH, eth 
10870 Zidovudine 3'-Azido-3'-deoxythymidine Сао МО, 30516-87-1 267.242 су (w) 121 
10871 Zinc benzoate C, H, 0,Zn 553-72-0 307.636 sl Н,0 
10872 Zinc bis(dibutyldithiocarbamate) C4 H, N,S,Zn 36-23-2 474161 су 138 
10873 Zinc М,М- Zineb СНУП 2122-67-7 275.773 157 дес 
ethylenebisdithiocarbamate 
10874 Zinc gluconate Со H50,,Zn 4468-02-4 455.704 ром 
10875 Zinc 2,4-pentanedioate Zinc acetylacetonate C49 H,,04Zn 4024-63-6 263.625 s DMSO 
10876 Zinc propanoate C H, 0,Zn 557-28-8 211.550 hyg pl or nd sl EtOH 
10877 Ziram Zinc, ТЕРУДІ 37-30-4 305841 су 250 1.6625 i B,0; sl bz; s 
bis(dimethylcarbamodithioato- chl 


$,5}-, (T-4)- 
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DIAMAGNETIC SUSCEPTIBILITY OF SELECTED ORGANIC COMPOUNDS 


When a material is placed in a magnetic field H, a magnetiza- 
tion M is induced in the material which is related to H by M = кН, 
where к is called the volume susceptibility. Since Н and M have the 
same dimensions, к is dimensionless. А more useful parameter is 
the molar susceptibility x, , defined by 


X, = KV, = x M/p 


where У is the molar volume of the substance, M the molar mass, 
and p the mass density. When the cgs system is used, the custom- 
ary unit for Х,, is cm? mol"; the corresponding SI unit is m? mol". 
Substances with no unpaired electrons are called diamagnetic; they 
have negative values of x, . 

This table gives values of the diamagnetic susceptibility for 
about 400 common organic compounds. АП values refer to room 
temperature and atmospheric pressure and to the physical form 


Molecular 

formula Compound -Х./10% cm? тої" 
CBrCl, Bromotrichloromethane 73.2 
CBr, Tetrabromomethane 93.7 
CCIF, Chlorotrifluoromethane 45.3 
CCIN Cyanogen chloride 32.4 
ССЬЕ, Dichlorodifluoromethane 52.2 
CCLO Carbonyl chloride 47.9 
CCLF Trichlorofluoromethane 58.7 
CCLNO, Trichloronitromethane 75.3 
CCI, Tetrachloromethane 66.8 
CHBrCl, Bromodichloromethane 66.3 
CHBr, Tribromomethane 82.6 
CHCl, Trichloromethane 58.9 
CHI, Triiodomethane 117.1 
CH,BrCl Bromochloromethane 55.1 
CH,Br, Dibromomethane 65.1 
CHI, Dichloromethane 46.6 
CHI, Diiodomethane 93.1 
CHN, Cyanamide 24.8 
CH,O Formaldehyde 18.6 
CH,O, Formic acid 19.9 
CH,Br Bromomethane 42.8 
сна Chloromethane 32.0 
CH,F Fluoromethane 17.8 
сн, Iodomethane 57.2 
CH,NO Formamide 23.0 
CH,NO, Nitromethane 21.0 
CH, Methane 17.4 
CH,N,O Urea 33.5 
CH,O Methanol 21.4 
CH.N Methylamine 27.0 
CI Tetraiodomethane 136 
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that is stable under these conditions. Substances are arranged by 
molecular formula in Hill order. A more extensive table may be 
found in Reference 1. 

In keeping with customary practice, the molar susceptibility 
is given here in units appropriate to the cgs system. These values 
should be multiplied by Ал to obtain values for use in SI equations 
(where the magnetic field strength H has units of A m"). 
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Molecular 

formula Compound -Х./10% cm? тої" 
CN,O, Tetranitromethane 43.0 
С,СЕ, Chlorotrifluoroethylene 491 
СС, Tetrachloroethylene 81.6 
CCl, Hexachloroethane 112.8 
с,нсі, Trichloroethylene 65.8 
C,HCLO Trichloroacetaldehyde 73.0 
C HCLO Dichloroacetyl chloride 69.0 
C, HCLO, Trichloroacetic acid 73.0 
C, HCI, Pentachloroethane 99.1 
С,НЕ,О, Trifluoroacetic acid 43.3 
CH, Acetylene 20.8 
CH,Br, 1,1,2,2- Tetrabromoethane 1234 
сна, 1,1-Dichloroethylene 49.2 
сна, cis-1,2-Dichloroethylene 51.0 
сна, trans-1,2-Dichloroethylene 48.9 
сна, 1,1,2,2-Tetrachloroethane 89.8 
сна Chloroethylene 35.9 
C H,CIO Acetyl chloride 39.3 
GHN Acetonitrile 27.8 
CH, Ethylene 18.8 
С.Н, Вт, 1,2-Dibromoethane 78.9 
сна, 1,1-Dichloroethane 57.4 
сна, 1,2-Dichloroethane 59.6 
CH,O Acetaldehyde 22.2 
CHO Ethylene oxide 30.5 
CH,O, Acetic acid 318 
CH,O, Methyl formate 311 
С,Н,Вг Bromoethane 78.8 
сна Chloroethane 69.9 
CHI Iodoethane 69.1 
СНО Acetamide 33.9 
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Molecular 
formula 


C,H.NO, 
снхо, 
CH, 
CHO 
CHO 
CHO, 
С,Н,5 
С,Н,5 
CHN 
CN, 
CH, 
CHO, 
C,H,Br 
сна 


2 


Сотроцпа 
Nitroethane 
Glycine 

Ethane 

Ethanol 
Dimethyl ether 
Ethylene glycol 
Ethanethiol 
Dimethyl sulfide 
1,2-Ethanediamine 
Cyanogen 

Allene 

Vinyl formate 
3-Bromopropene 
2-Chloropropene 
3-Chloropropene 
Propanenitrile 
Propene 
Cyclopropane 
Allyl alcohol 
Propanal 
Acetone 
Methyloxirane 
Propanoic acid 
Ethyl formate 
1-Bromopropane 
2-Bromopropane 
1-Chloropropane 
1-Iodopropane 
Allylamine 
1-Nitropropane 
2-Nitropropane 
Ethyl carbamate 
Propane 
1-Propanol 
2-Propanol 


1,3-Propylene glycol 


Dimethoxymethane 
Glycerol 

Maleic anhydride 
Pyrazine 
Pyrimidine 

Furan 

Succinic anhydride 
Maleic acid 
Fumaric acid 
Thiophene 

Pyrrole 


-x,/10$ cm? mol! 
35.4 
39.6 
26.8 
33.7 
26.3 
38.9 
47.0 
44.9 
46.5 
21.6 
25.3 
34.7 
58.6 
47.8 
47.8 
38.6 
30.7 
39.2 
36.7 
34.2 
33.8 
42.5 
43.2 
42.4 
65.6 
65.1 
56.0 
84.3 
40.1 
45.0 
45.4 
57.0 
38.6 
44.8 
45.7 
50.2 
47.3 
57.1 
35.8 
37.8 
43.1 
43.1 
47.5 
49.6 
49.1 
57.3 
48.6 


Molecular 
formula 


CH, 
CH, 

CHO, 
CHO, 
CHO, 
сна, 
сн, 


Сотроцпа 
1,2-Butadiene 
1,3-Butadiene 
Vinyl acetate 
Acetic anhydride 
Succinic acid 
Dimethyl oxalate 
Butanenitrile 
1-Butene 
cis-2-Butene 
trans-2-Butene 
Isobutene 
Cyclobutane 
Ethyl vinyl ether 
1,2-Epoxybutane 
Butanal 
2-Butanone 
Butanoic acid 
2-Methylpropanoic acid 
Propyl formate 
Ethyl acetate 
Methyl propanoate 
1,4-Dioxane 


1-Bromobutane 


1-Bromo-2-methylpropane 


1-Chlorobutane 
2-Chlorobutane 
1-Iodobutane 
Pyrrolidine 
Morpholine 

Butane 

Isobutane 

1-Butanol 

2-Butanol 
2-Methyl-1-propanol 
2-Methyl-2-propanol 
Diethyl ether 
1,3-Butanediol 
1,4-Butanediol 
1-Butanethiol 
Butylamine 
Isobutylamine 
Diethylamine 
Furfural 

Pyridine 

Furfuryl alcohol 
Ethyl cyanoacetate 
2-Methyl-1,3-butadiene 
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-Х./10% cm? mol! 
35.6 
324 
46.4 
52.8 
58.0 
55.7 
50.4 
41.0 
42.6 
43.3 
40.8 
40.0 
47.9 
54.8 
45.9 
45.6 
55.2 
56.1 
55.0 
54.1 
54.5 
52.2 
ZZ 
79.9 
67.1 
67.4 
93.6 
54.8 
55.0 
50.3 
50.5 
56.4 
57.6 
57.6 
56.6 
55.5 
61.8 
61.8 
70.2 
58.9 
59.8 
56.8 
47.2 
48.7 
61.0 
67.3 
46.0 
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Molecular 
formula 


C.H,O 
C.H,O, 
C.H,O, 
CH, 
C.H, 
C.H, 
C,H O 
СНО 
СНО 
СНО 
C.H, O, 
сна О, 
CH,,0, 
СНО, 
C.H, O, 


5 02 
Сн О, 
CH,,0, 
CH,,0, 
C. H,0, 
C.H N 
СН» 
CH 
CH, 
C,H,,0 

C H,O 
CH. O, 
C,H,,N 
CCl, 
C,H,CINO, 
C,H,CINO, 
C,H,CINO, 
сна, 
сна, 
сна, 
CHO, 
С,Н,Вг 
сна 
CH.CIO 
CH.CIO 
C,H,ClO 
CHF 
СНА 
СНО, 
СНО, 
СНО, 
СНО, 
СІН; 


Сотроцпа 
Cyclopentanone 
Methyl methacrylate 
2,4-Pentanedione 
1-Pentene 
2-Methyl-2-butene 
Cyclopentane 
Cyclopentanol 
Pentanal 

2-Pentanone 
3-Pentanone 
Pentanoic acid 
3-Methylbutanoic acid 
Butyl formate 

Isobutyl formate 
Propyl acetate 
Isopropyl acetate 
Ethyl propanoate 
Tetrahydrofurfuryl alcohol 
Diethyl carbonate 
Piperidine 

Pentane 

Isopentane 
Neopentane 
1-Pentanol 

2-Pentanol 
1,5-Pentanediol 
Pentylamine 
Hexachlorobenzene 
1-Chloro-2-nitrobenzene 
1-Chloro-3-nitrobenzene 
1-Chloro-4-nitrobenzene 
o-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichlorobenzene 
p-Benzoquinone 
Bromobenzene 
Chlorobenzene 
o-Chlorophenol 
m-Chlorophenol 
p-Chlorophenol 
Fluorobenzene 
Iodobenzene 
Nitrobenzene 
o-Nitrophenol 
m-Nitrophenol 
p-Nitrophenol 


Benzene 
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-x,,/10° cm? mol! 
51.6 
57.3 
54.9 
54.6 
54.7 
56.2 
64.0 
57.5 
57.5 
57.7 
66.5 
67.7 
65.8 
66.8 
65.9 
67.0 
66.3 
69.4 
75.4 
64.2 
61.5 
63.0 
63.0 
67.0 
69.1 
73.5 
69.3 
147.0 
75.5 
77.2 
74.7 
84.4 
841 
817 

36 
78.4 
69.5 
743 
77.6 
Tie? 
58.4 
92.0 
61.9 
68.9 
65.9 
66.9 
54.8 


Molecular 
formula 


снам 
снам 
снам 
снхо, 


САМО 
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CHN,O, 
СНО 
CHO, 
CHO, 
CHO, 
C. H.N 
CHIN 
CH, 

C .H,N, 
СА, 
C .H,N, 
СН 
сн, 
CH, 
C,H د‎ 


Сотроцпа 
o-Chloroaniline 
m-Chloroaniline 
p-Chloroaniline 
o-Nitroaniline 
m-Nitroaniline 
p-Nitroaniline 
Phenol 
p-Hydroquinone 
Pyrocatechol 
Resorcinol 

Aniline 
4-Methylpyridine 
1,4-Cyclohexadiene 
0-Phenylenediamine 
m-Phenylenediamine 
p-Phenylenediamine 
1,5-Hexadiene 
1-Hexyne 
Cyclohexene 
Cyclohexanone 
Ethyl acetoacetate 
Diethyl oxalate 
1-Hexene 
2,3-Dimethyl-2-butene 
Cyclohexane 
Methylcyclopentane 
Hexanal 
2-Hexanone 
3-Hexanone 
4-Methyl-2-pentanone 
Cyclohexanol 
Hexanoic acid 
Isopentyl formate 
Isobutyl acetate 
Propyl propanoate 
Paraldehyde 

Hexane 
2-Methylpentane 
3-Methylpentane 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
1-Hexanol 
4-Methyl-2-pentanol 
Dipropyl ether 
1,6-Hexanediol 
1,1-Diethoxyethane 
D-Glucitol 


-Х./10% cm? mol! 
79.5 
76.6 
76.7 
67.4 
69.7 
68.0 
60.6 
64.7 
68.2 
67.2 
62.4 
59.8 
48.7 
72.5 
70.4 
70.7 
55.1 
64.5 
58.0 
62.0 
71:7 
81.7 
66.4 
65.9 

68 
70.2 
69.4 
69.2 
69.0 
69.7 
73.4 
78.1 
78.4 
78.7 
77.7 
86.1 
74.1 
75.3 
75.5 
76.2 
76.2 
79.5 
80.4 
79.4 
84.3 
81.4 

107.8 
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Molecular 
formula 


CH,,N 
CHN 
сно 
C HO, 
CHO; 
C.H.Br 

C H.CI 
C.H.CI 
C.H.CI 
C.H.CI 
CH,NO 
CHNO, 
C H,NO, 
CHNO, 
CH, 
CHO 
сно 
сно 
CH,O 
сно 
сн 
сн 
сн 
сн 
CHAN 

C HN 
CH,NO 
C H,0, 
CH, 
CH, 
CH, 

C H,O 
C H,O 
CHO 
C H,O 
CHO 
CH,,0, 
CH,,0, 


Compound 
Triethylamine 
Benzonitrile 
Benzaldehyde 
Salicylaldehyde 
Salicylic acid 
p-Bromotoluene 
o-Chlorotoluene 
m-Chlorotoluene 
p-Chlorotoluene 
(Chloromethyl)benzene 
Benzamide 
o-Nitrotoluene 
m-Nitrotoluene 
p-Nitrotoluene 
Toluene 

o-Cresol 

m-Cresol 

p-Cresol 

Benzyl alcohol 
Anisole 
o-Methylaniline 
m-Methylaniline 
p-Methylaniline 
N-Methylaniline 
2,4-Dimethylpyridine 
2,6-Dimethylpyridine 


o-Methoxyaniline 
[o-Anisidine] 


Diethyl malonate 
1-Heptene 
Cycloheptane 
Methylcyclohexane 
1-Heptanal 
2-Heptanone 
3-Heptanone 
4-Heptanone 
2,4-Dimethyl-3-pentanone 
Heptanoic acid 

Pentyl acetate 

Isopentyl acetate 

Butyl propanoate 

Ethyl 3-methylbutanoate 
Heptane 

3-Ethylpentane 
2,2-Dimethylpentane 
2,3-Dimethylpentane 
2,4-Dimethylpentane 


-x,/10$ cm? mol! 
83.3 
65.2 
60.7 
66.8 

75 
88.7 
82.4 
79.7 
80.3 
81.6 
72.0 
72.2 
72.7 
73.3 
65.6 
73.3 
72.2 
72.4 
71.8 
72.2 
74.9 
74.6 
72.5 
74.1 
71.3 
72.5 
79.1 


92.6 
77.8 
73.9 
78.9 
81.0 
80.5 
80.7 
80.5 
81.1 
89.0 
88.9 
89.4 
89.1 
91.1 
85.2 
86.2 
87.0 
87.5 
87.5 


Molecular 
formula 


CH, 

CH, O 
CH, O 
C,H,O, 
с, 
GH O; 
CHO, 
САМ 
САМ 
C,H, 

C,H,O 
وي‎ 
QHO, 
C,H,O, 
C,H,O, 
C,H,O, 
GHO, 
сн, 

CH, 

CIL. 

СВ, 

C,H O 
C,H, N 


Compound 
3,3-Dimethylpentane 
1-Heptanol 
4-Heptanol 

Phthalic anhydride 
Phthalic acid 
Isophthalic acid 
Terephthalic acid 
Benzeneacetonitrile 
Indole 

Styrene 
Acetophenone 
о-ТоШіс acid 
m-Toluic acid 
p-Toluic acid 
Benzeneacetic acid 
Methyl benzoate 
Methyl salicylate 
Ethylbenzene 
o-Xylene 

m-Xylene 

p-Xylene 

Phenetole 
N-Ethylaniline 
N,N-Dimethylaniline 
2,4,6-Trimethylpyridine 
Ethyl succinate 
1-Octene 
Cyclooctane 
Octanoic acid 

Hexyl acetate 
1-Chlorooctane 
Octane 
4-Methylheptane 
3-Ethylhexane 
3,4-Dimethylhexane 
2,2,4-Trimethylpentane 
2,3,4-Trimethylpentane 
1-Octanol 
Dibutylamine 
Quinoline 
Isoquinoline 

Indene 
Isopropenylbenzene 
Ethyl benzoate 
Benzyl acetate 


Propylbenzene 


3-675 


-x,,/10°° cm? mol! 
89.5 
91.7 
92.1 
66.7 
83.6 
84.6 
83.5 
76.9 
85.0 
68.2 
72.5 
84.3 
83.0 
82.4 
82.4 
81.6 
86.6 
77.3 
wl 
76.4 
77.0 
84.5 
85.6 
85.1 
83.1 
105.0 
88.8 
85.3 
99.5 
100.9 
114.9 
96.6 
97.3 
97.8 
99.1 
99.1 
99.8 
101.6 
103.7 
86.1 
83.9 

83 
80.0 
93.8 
93.2 
89.1 
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Molecular Molecular 
formula Compound -x,,/10° cm? mol! formula Compound -x,,/10°° cm? mol! 
CH, Isopropylbenzene 89.5 C, HN Carbazole 119.9 
[Cumene] С.Н, Acenaphthene 109.9 
Сн, 2. 92.3 C.H, Biphenyl 103.3 
сн, Е 100.1 с,н,Х, Azobenzene 106.8 
СНО 2,6-Dimethyl-4-heptanone 104.3 دد‎ Diphenylamine 109:4 
сн, Noñané 108.1 СНО, Diethyl phthalate 127.5 
С H,Br 1-Bromonaphthalene 123.6 Са, دوو سو‎ шан 
C H.C 1-Chloronaphthalene 107.6 دوخ و رد هد‎ изо 
C,H, Naphthalene 916 СН,“ Acridine 118.8 
C.H, Кене 1237 CHO Benzophenone 109.6 
C H,O 1-Naphthol 96,2 CH, Diphenylmethane 116.0 
C RO 2-Naphthol 96.8 Сын, Tridecane 153.7 
CHN 1 Naphthalenamiñe 92,5 C, HO, 9,10-Anthracenedione 113.0 
С HN 2-Naphthalenamine 98.0 Call, Anthracene мәз 
C R.O, Safrole 97.5 CH, Phenanthrene 127.6 
Сао, Dimethyl terephthalate 101.6 С.Н, Diphenylacetylene ын 
Са Butylbenzene 100.7 Санио, Белді 1068 
Сон, tert-Butylbenzene 101.8 ودد‎ Benzyl benzoate шон 
C h, Isobutylbenzene 1017 С.Н, 1,2-Diphenylethane 127.8 
C H, a Crane 102.8 CHO, ети 176.0 
C,Hy 1,2,4,5-Tetramethylbenzene 101.2 C, H,, таралы шана 1662 
Сао p-tert-Butylphenol 108.0 C.H, Ругепе 147 
C H, N ده سو د‎ 19729 C, H40, Hexadecanoic acid 198.6 
C,H, d-Limonene 98.0 [Palmitic acid] 
C,H. a-Pinene 100.7 C,H, Hexadecane 187.6 
CH. B-Pinene 101.9 С НО 1-Hexadecanol 183.5 
C,,H,O Camphor, (+) 103.0 Сын; Chrysene 148.0 
СН, cis-Decahydronaphthalene 107.0 Cul о-Тегрһепуі 150.4 
C os trans-Decahydronaphthalene 107.6 CH, m-Terphenyl 155.5 
СН. Decane 119.5 C bl p-Terphenyl 156.0 
сн, 1-Methylnaphthalene 102.9 C,,H,,0, cis-9-Octadecenoic acid 208.5 
C,H, 2-Methylnaphthalene 102.7 [Oleic acid] 
сн, Undecane 1318 د د‎ „зз ш 2208 
С.Н, Acenaphthylene 111.6 C,H, Везде 1675 
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One of the most striking facts about the elements is their un- 
equal distribution and occurrence in nature. Present knowledge of 
the chemical composition of the universe, obtained from the study 
of the spectra of stars and nebulae, indicates that hydrogen is by 
far the most abundant element and may account for more than 
9096 of the atoms or about 75% of the mass of the universe. Helium 
atoms make up most of the remainder. All of the other elements 
together contribute only slightly to the total mass. 

The chemical composition of the universe is undergoing contin- 
uous change. Hydrogen is being converted into helium, and helium 
is being changed into heavier elements. As time goes on, the ratio 
of heavier elements increases relative to hydrogen. Presumably, 
the process is not reversible. 

Burbidge, Burbidge, Fowler and Hoyle, and more recently, 
Peebles, Penzias, and others have studied the synthesis of elements 
in stars. To explain all of the features of the nuclear abundance 
curve — obtained by studies of the composition of the earth, me- 
teorites, stars, etc. — it is necessary to postulate that the elements 
were originally formed by at least eight different processes: (1) hy- 
drogen burning, (2) helium burning, (3) x process, (4) e process, 
(5) s process, (6) r process, (7) p process, and (8) the X process. The 
X process is thought to account for the existence of light nuclei 
such as D, Li, Be, and B. Common metals such as Fe, Cr, Ni, Cu, 
Ti, Zn, etc. were likely produced early in the history of our galaxy. 
It is also probable that most of the heavy elements on earth and 
elsewhere in the universe were originally formed in supernovae, 
or in the hot interior of stars. 

Studies of the solar spectrum have led to the identification of 67 
elements in the sun's atmosphere; however, all elements cannot be 
identified with the same degree of certainty. Other elements may 
be present in the sun, although they have not yet been detected 
spectroscopically. The element helium was discovered on the sun 
before it was found on earth. Some elements such as scandium are 
relatively more plentiful in the sun and stars than here on earth. 

Minerals in lunar rocks brought back from the moon on 
the Apollo missions consist predominantly of plagioclase 
{(Ca,Na)(ALSi)O,O,} and pyroxene ((Ca,Mg,Fe),Si,.OJ — two 
minerals common in terrestrial volcanic rock. No new elements 
have been found on the moon that cannot be accounted for on 
earth; however, three minerals, armalcolite ((Fe,Mg)Ti,O J), pyrox- 
ferroite (Саре (510), and tranquillityite (Fe, Zr, Y) Ti,Si,O,J, are 
new. The oldest known terrestrial rocks are about 4 billion years 
old. One rock, known as the “Genesis Rock,’ brought back from 
the Apollo 15 Mission, is about 4.15 billion years old. This is only 
about one-half billion years younger than the supposed age of the 
moon and solar system. Lunar rocks appear to be relatively en- 
riched in refractory elements such as chromium, titanium, zirco- 
nium, and the rare earths, and impoverished in volatile elements 
such as the alkali metals, in chlorine, and in noble metals such as 
nickel, platinum, and gold. 

Even older than the "Genesis Rock" are carbonaceous chon- 
drites, a type of meteorite that has fallen to earth and has been 
studied. These are some of the most primitive objects of the solar 
system yet found. The grains making up these objects probably 
condensed directly out the gaseous nebula from which the sun and 
planets were born. Most of the condensation of the grains prob- 
ably was completed within 50,000 years of the time the disk of the 
nebula was first formed — about 4.6 billion years ago. It is now 
thought that this type of meteorite may contain a small percentage 


of presolar dust grains. The relative abundances of the elements of 
these meteorites are about the same as the abundances found in 
the solar chromosphere. 

The X-ray fluorescent spectrometer sent with the Viking I 
spacecraft to Mars shows that the Martian soil contains about 12 
to 1696 iron, 14 to 1596 silicon, 3 to 896 calcium, 2 to 7% aluminum, 
and one-half to 296 titanium. The gas chromatograph — mass 
spectrometer on Viking II found по trace of organic compounds 
that should be present if life ever existed there. 

F. W. Clarke and others have carefully studied the composition 
of rocks making up the crust of the earth. Oxygen accounts for 
about 4796 of the crust, by weight, while silicon comprises about 
2896 and aluminum about 8%. These elements, plus iron, calcium, 
sodium, potassium, and magnesium, account for about 99% of the 
composition of the crust. 

Many elements such as tin, copper, zinc, lead, mercury, silver, 
platinum, antimony, arsenic, and gold, which are so essential to 
our needs and civilization, are among some of the rarest elements 
in the earth's crust. These are made available to us only by the pro- 
cesses of concentration in ore bodies. Some of the so-called rare- 
earth elements have been found to be much more plentiful than 
originally thought and are about as abundant as uranium, mercu- 
ry, lead, or bismuth. The least abundant rare-earth or lanthanide 
element, thulium, is now believed to be more plentiful on earth 
than silver, cadmium, gold, or iodine, for example. Rubidium, the 
16th most abundant element, is more plentiful than chlorine while 
its compounds are little known in chemistry and commerce. 

It is now thought that at least 24 elements are essential to living 
matter. The four most abundant in the human body are hydro- 
gen, oxygen, carbon, and nitrogen. The seven next most common, 
in order of abundance, are calcium, phosphorus, chlorine, potas- 
sium, sulfur, sodium, and magnesium. Iron, copper, zinc, silicon, 
iodine, cobalt, manganese, molybdenum, fluorine, tin, chromium, 
selenium, and vanadium are needed and play a role in living mat- 
ter. Boron is also thought essential for some plants, and it is pos- 
sible that aluminum, nickel, and germanium may turn out to be 
necessary. 

Ninety-one elements occur naturally on earth. Minute traces of 
plutonium-244 have been discovered in rocks mined in Southern 
California. This discovery supports the theory that heavy elements 
were produced during creation of the solar system. While techne- 
tium and promethium have not yet been found naturally on earth, 
they have been found to be present in stars. Technetium has been 
identified in the spectra of certain "late" type stars, and prome- 
thium lines have been identified in the spectra of a faintly visible 
star HR465 in Andromeda. Promethium must have been made 
very recently near the star's surface for no known isotope of this 
element has a half-life longer than 17.7 years. 

It has been suggested that californium is present in certain stel- 
lar explosions known as supernovae; however, this has not been 
proved. At present no elements are found elsewhere in the uni- 
verse that cannot be accounted for here on earth. 

АП atomic mass numbers from 1 to 238 are found naturally on 
earth except for masses 5 and 8. About 285 relatively stable and 67 
naturally radioactive isotopes occur on earth totaling 352. In ad- 
dition, the neutron, technetium, promethium, and the transuranic 
elements (lying beyond uranium) have now been produced artifi- 
cially. In June 1999, scientists at the Lawrence Berkeley National 
Laboratory reported that they had found evidence of an isotope 
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of Element 118 and its immediate decay products of Elements 
116, 114, and 112. This sequence of events tended to reinforce the 
theory that was predicted since the 1970s that an "island of sta- 
bility" existed for nuclei with approximately 114 protons and 184 
neutrons. This "island" refers to nuclei in which the decay lasts for 
a period of time instead of a decay that occurs instantaneously. 
However, on July 27, 2001, researchers at LBNL reported that their 
laboratory and the facilities at the GSI Laboratory in Germany and 
atJapanese laboratories failed to confirm the results of their earlier 
experiments where the fusion of a krypton atom with a lead target 
resulted in Element 118, with chains of decay leading to Elements 
116, 114, and 112, and on down to Element 106. Therefore, the dis- 
covery was reported to be spurious. However, with the announce- 
ment it was said that different experiments at the Livermore 
Laboratory and Joint Institute for Nuclear Research in Dubna, 
Russia indicated that Element 116 had since been created directly. 
(See also under Elements 116 and 118.) 

Laboratory processes have now extended the radioactive ele- 
ment mass numbers beyond 238 to about 280. Each element from 
atomic numbers 1 to 110 is known to have at least one radioactive 
isotope. As of December 2001, about 3286 isotopes and isomers 
were thought to be known and recognized. Many stable and ra- 
dioactive isotopes are now produced and distributed by the Oak 
Ridge National Laboratory, Oak Ridge, Tenn., U.S.A., to customers 
licensed by the U.S. Department of Energy. 

The nucleus of an atom is characterized by the number of pro- 
tons it contains, denoted by Z, and by the number of neutrons, N. 
Isotopes of an element have the same value of Z, but different val- 
ues of N. The mass number A, is the sum of Z and N. For example, 
Uranium-238 has a mass number of 238, and contains 92 protons 
and 146 neutrons. 

There is evidence that the definition of chemical elements must 
be broadened to include the electron. Several compounds known 
as electrides, have recently been made of alkaline metal elements 
and electrons. A relatively stable combination of a positron and 
electron, known as positronium, has also been studied. 

The well-known proton, neutron, and electron are now thought 
to be members of a group that includes other fundamental par- 
ticles that have been discovered or hypothesized by physicists. 
These very elemental particles, of which all matter is made, are 
now thought to belong to one of two families: namely, quarks or 
leptons. Each of these two families consists of six particles. Also, 
there are four different force carriers that lead to interactions be- 
tween particles. The six members or "flavors" of the quark fam- 
ily are called up, charm, top, down, strange, and bottom. The 
force carriers for the quarks are the gluon and the photon. The 
six members of the lepton family are the e neutrino, the mu neu- 
trino, the tau neutrino, the electron, the muon particle, and the 
tau particle. The force carriers for these are the w boson and thez 
boson. Furthermore, it appears that each of these particles has an 
anti-particle that has an opposite electrical charge from the above 
particles. 

Quarks are not found individually, but are found with other 
quarks arranged to form composites known as hadrons. There are 
two basic types of hadrons: baryons, composed of three quarks, 
and mesons, composed of a quark and an anti-quark. Examples 
of baryons are the neutron and the proton. Neutrons are made of 
two down quarks and one up quark. Protons are made of two up 
quarks and one down quark. An example of the meson is the pion. 
This particle is made of an up quark and a down anti-quark. Such 
particles are unstable and tend to decay rapidly. The anti-particle 
of the proton is the anti-proton. The exception to the rule is the 
electron, whose anti-particle is the positron. 
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In recent years a search has been made for a hypothetical par- 
ticle known as the Higgs particle or Higgs boson, suggested in 
1966 by Peter Higgs of the University of Edinburgh, which could 
possibly explain why the carriers of the "electro-weak" field (w and 
z bosons) have mass. The Higgs particle is thought to be respon- 
sible possibly for the mass of objects throughout the universe. 

Many physicists now hold that all matter and energy in the uni- 
verse is controlled by four fundamental forces: the electromag- 
netic force, gravity, a weak nuclear force, and a strong nuclear 
force. The gluon binds quarks together by carrying the strong 
nuclear force. Each of these natural forces is passed back and forth 
among the basic particles of matter by the force carriers men- 
tioned above. The electromagnetic force is carried by the photon, 
the weak nuclear force by the intermediate vector boson, and the 
gravity by the graviton. 

For more complete information on these fundamental particles, 
please consult recent articles and books on nuclear or particle 
physics. 

The available evidence leads to the conclusion that elements 
89 (actinium) through 103 (lawrencium) are chemically similar to 
the rare-earth or lanthanide elements (elements 57 to 71, inclu- 
sive). These elements therefore have been named actinides after 
the first member of this series. Those elements beyond uranium 
that have been produced artificially have the following names and 
symbols: neptunium, 93 (Np); plutonium, 94 (Pu); americium, 95 
(Am); curium, 96 (Cm); berkelium, 97 (Bk); californium, 98 (Cf); 
einsteinium, 99 (Es); fermium, 100 (Fm); mendelevium, 101 (Md); 
nobelium, 102 (No); and lawrencium, 103 (Lr). It is now claimed 
that Elements 104 through 112 have been produced and identified. 
More recently, Elements 118, 116, and 114 were reported found 
(see Element 118). In August 1997, the International Union of Pure 
and Applied Chemistry (IUPAC) gave final approval to the follow- 
ing names for Elements 104 to 109: Element 104 — rutherfordium 
(Rf); Element 105 — dubnium (Db); Element 106 — seaborgium 
(Sg); Element 107 — bohrium (Bh); Element 108 — hassium (Hs); 
and Element 109 — meitnerium (Mt). The recently discovered ele- 
ments 110, 111, 112, 114, etc. have not yet been named, but may 
carry temporary names as designated by the International Union 
of Pure and Applied Chemistry. IUPAC recommends that until the 
existence of a new element is proven to their satisfaction, the ele- 
ments are to have names and symbols derived according to these 
precise and simple rules: The name is based on the digits in the 
element's atomic number. Each digit is replaced with these expres- 
sions, with the end using the usual —ium suffix as follows: 0 nil, 1 
un, 2 bi, 3 tri, 4 quad, 5 pent, 6 hex, 7 sept, 8 oct, 9 enn. Double 
letter i'S are not used, as for example Ununbiium, but would be 
Ununbium. The symbol used would be the first letter of the three 
main syllables. For example, Element 126 would be Unbihexium, 
with the symbol Ubh. It is thought there is a possibility of produc- 
ing elements beyond Element 116 and discovering Elements 117, 
115, and 113 by altering the beams of ions and the targets from 
those now being used. 

There are many claims in the literature of the existence of vari- 
ous allotropic modifications of the elements, some of which are 
based on doubtful or incomplete evidence. Also, the physical 
properties of an element may change drastically by the presence 
of small amounts of impurities. With new methods of purification, 
which are now able to produce elements with 99.999996 purity, it 
has been necessary to restudy the properties of the elements. For 
example, the melting point of thorium changes by several hundred 
degrees by the presence of a small percentage of ThO, as an im- 
purity. Ordinary commercial tungsten is brittle and can be worked 
only with difficulty. Pure tungsten, however, can be cut with a 
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hacksaw, forged, spun, drawn, or extruded. In general, the value of 
a physical property given here applies to the pure element, when 
itis known. 

Many of the chemical elements and their compounds are toxic 
and should be handled with due respect and care. In recent years 
there has been a greatly increased knowledge and awareness of the 
health hazards associated with chemicals, radioactive materials, 
and other agents. Anyone working with the elements and certain 
of their compounds should become thoroughly familiar with the 
proper safeguards to be taken. Information on specific hazards 
and recommended exposure limits may also be found in Section 
16. Reference should also be made to publications such as the fol- 
lowing: 


1. Code of Federal Regulations, Title 29, Labor. With addi- 
tions found in issues of the Federal Register. 

2. Code of Federal Regulations, Title 10, Energy. With ad- 
ditions found in issues of the Federal Register. (Published 
by the U.S. Government Printing Office. Supt. of 
Documents.) 

3. Occupational Safety and Health Reporter (latest edition 
with amendments and corrections), Bureau of National 
Affairs, Washington, D.C. 

4. Atomic Energy Law Reporter, Commerce Clearing House, 
Chicago, IL. 

5. Nuclear Regulation Reporter, Commerce Clearing House, 
Chicago, IL. 

6. TLVs Threshold Limit Values for Chemical Substances 
and Physical Agents is issued annually be the American 
Conference of Governmental Industrial Hygienists, 
Cincinnati, Ohio. 

7. The Sigma Aldrich Library of Regulatory and Safety 
Data. Vol. 3, Robert E. Lenga and Kristine L. Volonpal, 
Sigma Chemical Co. and Aldrich Chemical Co., Inc. 1993. 

8. Hazardous Chemicals Desk Reference, Richard J. Lewis, 
Sr., 4th ed., John Wiley & Sons, New York, Dec. 1997. 

9. Sittigs Handbook of Toxic and Hazardous Chemicals and 
Carcinogens, 3rd ed., Noyes Publications, 2001/2. 

10. Sax’s Dangerous Properties of Industrial Materials, 
Richard J. Lewis and N. Irving Sax, John Wiley & Sons, 
New York, 1999. 

11. World Wide Limits for Toxic and Hazardous Chemicals 
in Air, Water, and Soil, Marshall Sittig, Noyes Publishers. 


The prices of elements as indicated in this article are intended 
to be only a rough guide. Prices may vary, over time, widely with 
supplier, quantity, and purity. 


Actinium — (Gr. aktis, aktinos, beam or ray), Ac; at. wt. (227); 
at. no. 89; m.p. 1051°C, b.p. 3200 + 300°C (est.); sp. gr. 10.07 
(calc.). Discovered by Andre Debierne in 1899 and indepen- 
dently by F. Giesel in 1902. Occurs naturally in association 
with uranium minerals. Thirty four isotopes and isomers are 
now recognized. All are radioactive. Actinium-227, a decay 
product of uranium-235, is an alpha and beta emitter with a 
21.77-year half-life. Its principal decay products are thorium- 
227 (18.72-day half-life), radium-223 (11.4-day half-life), and 
a number of short-lived products including radon, bismuth, 
polonium, and lead isotopes. In equilibrium with its decay 
products, it is a powerful source of alpha rays. Actinium metal 
has been prepared by the reduction of actinium fluoride with 
lithium vapor at about 1100 to 1300°C. The chemical behavior 
of actinium is similar to that of the rare earths, particularly 
lanthanum. Purified actinium comes into equilibrium with 
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its decay products at the end of 185 days, and then decays 
according to its 21.77-year half-life. It is about 150 times as 
active as radium, making it of value in the production of neu- 
trons. Actinium-225, with a purity of 99%, is available from 
the Oak Ridge National Laboratory to holders of a permit for 
about $500/millicurie, plus packing charges. 


Aluminum — (L. alumen, alum), Al; at. wt. 26.981539(5); at. no. 


13; Ер. 660.323°С; b.p. 2519 С; sp. gr. 2.6989 (20°C); valence 
3. The ancient Greeks and Romans used alum in medicine 
as an astringent, and as a mordant in dyeing. In 1761 de 
Morveau proposed the name alumine for the base in alum, 
and Lavoisier, in 1787, thought this to be the oxide of a still 
undiscovered metal. Wohler is generally credited with having 
isolated the metal in 1827, although an impure form was pre- 
pared by Oersted two years earlier. In 1807, Davy proposed 
the name alumium for the metal, undiscovered at that time, 
and later agreed to change it to aluminum. Shortly thereafter, 
the name aluminium was adopted to conform with the "ium" 
ending of most elements, and this spelling is now in use else- 
where in the world. Aluminium was also the accepted spelling 
in the U.S. until 1925, at which time the American Chemical 
Society officially decided to use the name aluminum thereaf- 
ter in their publications. The method of obtaining aluminum 
metal by the electrolysis of alumina dissolved in cryolite was 
discovered in 1886 by Hall in the U.S. and at about the same 
time by Heroult in France. Cryolite, a natural ore found in 
Greenland, is no longer widely used in commercial produc- 
tion, but has been replaced by an artificial mixture of sodium, 
aluminum, and calcium fluorides. Bauxite, an impure hydrat- 
ed oxide ore, is found in large deposits in Jamaica, Australia, 
Suriname, Guyana, Russia, Arkansas, and elsewhere. The 
Bayer process is most commonly used today to refine baux- 
ite so it can be accommodated in the Hall-Heroult refining 
process, used to make most aluminum. Aluminum can now 
be produced from clay, but the process is not economically 
feasible at present. Aluminum is the most abundant metal to 
be found in the earth's crust (8.1%), but is never found free 
in nature. In addition to the minerals mentioned above, it is 
found in feldspars, granite, and in many other common min- 
erals. Twenty-two isotopes and isomers are known. Natural 
aluminum is made of one isotope, "Al. Pure aluminum, a sil- 
very-white metal, possesses many desirable characteristics. 
It is light, nontoxic, has a pleasing appearance, can easily be 
formed, machined, or cast, has a high thermal conductivity, 
and has excellent corrosion resistance. It is nonmagnetic and 
nonsparking, stands second among metals in the scale of mal- 
leability, and sixth in ductility. It is extensively used for kitchen 
utensils, outside building decoration, and in thousands of in- 
dustrial applications where a strong, light, easily constructed 
material is needed. Although its electrical conductivity is only 
about 60% that of copper, it is used in electrical transmission 
lines because of its light weight. Pure aluminum is soft and 
lacks strength, but it can be alloyed with small amounts of 
copper, magnesium, silicon, manganese, and other elements 
to impart a variety of useful properties. These alloys are of 
vital importance in the construction of modern aircraft and 
rockets. Aluminum, evaporated in a vacuum, forms a highly 
reflective coating for both visible light and radiant heat. These 
coatings soon form a thin layer of the protective oxide and do 
not deteriorate as do silver coatings. They have found applica- 
tion in coatings for telescope mirrors, in making decorative 
paper, packages, toys, and in many other uses. The compounds 
of greatest importance are aluminum oxide, the sulfate, and 


the soluble sulfate with potassium (alum). The oxide, alumina, 
occurs naturally as ruby, sapphire, corundum, and emery, and 
is used in glassmaking and refractories. Synthetic ruby and 
sapphire have found application in the construction of lasers 
for producing coherent light. In 1852, the price of aluminum 
was about $1200/kg, and just before Hall's discovery in 1886, 
about $25/kg. The price rapidly dropped to 60€ and has been 
as low as 33¢/kg. The price in December 2001 was about 64¢/ 
Ib or $1.40/kg. 


Americium — (the Americas), Am; at. wt. 243; at. no. 95; m.p. 


1176°С; b.p. 2011°С; sp. gr. 13.67 (20°С); valence 2, 3, 4, 5, or 
6. Americium was the fourth transuranium element to be dis- 
covered; the isotope >! Am was identified by Seaborg, James, 
Morgan, and Ghiorso late in 1944 at the wartime Metallurgical 
Laboratory of the University of Chicago as the result of suc- 
cessive neutron capture reactions by plutonium isotopes in a 
nuclear reactor: 


241 
21 Рив Am 


??Pu(n,y) 2^? Pu(n,y) > 
Since the isotope "Ат can be prepared in relatively pure form 
by extraction as a decay product over a period of years from 
strongly neutron-bombarded plutonium, Ри, this isotope is 
used for much of the chemical investigation of this element. 
Better suited is the isotope Ат due to its longer half-life 
(7.37 x 10? years as compared to 432.2 years for *! Am). А mix- 
ture of the isotopes "Ат, ??Am, and ??Am can be prepared 
by intense neutron irradiation of "Ат according to the re- 
actions Ат (n, y) — ??Am (n, y) — ЗА. Nearly isotopi- 
cally pure Ат can be prepared by a sequence of neutron 
bombardments and chemical separations as follows: neutron 
bombardment of >! Am yields ??Pu by the reactions "Аш (n, 
y) — Ат — ??Pu, after chemical separation the ??Pu сап 
be transformed to ??Am via the reactions ??Pu (п, y) — ??Pu 
— *®Am, and the ??Am can be chemically separated. Fairly 
pure ??Pu can be prepared more simply by very intense neu- 
tron irradiation of ??Pu as the result of successive neutron- 
capture reactions. Seventeen radioactive isotopes and isomers 
are now recognized. Americium metal has been prepared by 
reducing the trifluoride with barium vapor at 1000 to 1200°C 
or the dioxide by lanthanum metal. The luster of freshly pre- 
pared americium metal is white and more silvery than plu- 
tonium or neptunium prepared in the same manner. It ap- 
pears to be more malleable than uranium or neptunium and 
tarnishes slowly in dry air at room temperature. Americium 
is thought to exist in two forms: an alpha form which has a 
double hexagonal close-packed structure and a loose-packed 
cubic beta form. Americium must be handled with great care 
to avoid personal contamination. As little as 0.03 uCi of Ат 
is the maximum permissible total body burden. The alpha ac- 
tivity from "Ат is about three times that of radium. When 
gram quantities of "Ат are handled, the intense gamma ac- 
tivity makes exposure a serious problem. Americium dioxide, 
AmO,, is the most important oxide. AmF,, AmF,, AmCl,, 
AmBr,, Ат1„ and other compounds have been prepared. The 
isotope ?" Am has been used as a portable source for gamma 
radiography. It has also been used as a radioactive glass thick- 
ness gage for the flat glass industry, and as a source of ioniza- 
tion for smoke detectors. Americum-243 (9996) is available 
from the Oak Ridge National Laboratory at a cost of about 
$750/g plus packing charges. 
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Antimony — (Gr. anti plus monos - a metal not found alone), Sb; 


at. wt. 121.760(1); at. no. 51; m.p. 630.63°С; b.p. 1587°С; sp. gr. 
6.691 (20°С); valence 0, —3, +3, or +5. Antimony was recog- 
nized in compounds by the ancients and was known as a metal 
atthe beginning ofthe 17th century and possibly much earlier. 
It is not abundant, but is found in over 100 mineral species. It 
is sometimes found native, but more frequently as the sulfide, 
stibnite (55,5.); it is also found as antimonides of the heavy 
metals, and as oxides. It is extracted from the sulfide by roast- 
ing to the oxide, which is reduced by salt and scrap iron; from 
its oxides it is also prepared by reduction with carbon. Two 
allotropic forms of antimony exist: the normal stable, metallic 
form, and the amorphous gray form. The so-called explosive 
antimony is an ill-defined material always containing an ap- 
preciable amount of halogen; therefore, it no longer warrants 
consideration as a separate allotrope. The yellow form, ob- 
tained by oxidation of stibine, SbH., is probably impure, and 
is not a distinct form. Natural antimony is made of two stable 
isotopes, Sb and !?Sb. Forty five other radioactive isotopes 
and isomers are now recognized. Metallic antimony is an ex- 
tremely brittle metal of a flaky, crystalline texture. It is bluish 
white and has a metallic luster. It is not acted on by air at room 
temperature, but burns brilliantly when heated with the for- 
mation of white fumes of Sb,O,. It is a poor conductor of heat 
and electricity, and has a hardness of 3 to 3.5. Antimony, avail- 
able commercially with a purity of 99.999 + %, is finding use 
in semiconductor technology for making infrared detectors, 
diodes, and Hall-effect devices. Commercial-grade antimony 
is widely used in alloys with percentages ranging from 1 to 20. 
It greatly increases the hardness and mechanical strength of 
lead. Batteries, antifriction alloys, type metal, small arms and 
tracer bullets, cable sheathing, and minor products use about 
half the metal produced. Compounds taking up the other 
half are oxides, sulfides, sodium antimonate, and antimony 
trichloride. These are used in manufacturing flame-proof- 
ing compounds, paints, ceramic enamels, glass, and pottery. 
Tartar emetic (hydrated potassium antimonyl tartrate) has 
been used in medicine. Antimony and many of its compounds 
are toxic. Antimony costs about $1.30/kg for the commercial 
metal or about $12/g (99.999%). 


Argon — (Gr. argos, inactive), Ar; at. wt. 39.948(1); at. no. 18; m.p. 


—189.35°С; b.p. —185.85°С; t, —122.28; density 1.7837 g/l. Its 
presence in air was suspected by Cavendish in 1785, discov- 
ered by Lord Rayleigh and Sir William Ramsay in 1894. The 
gas is prepared by fractionation of liquid air, the atmosphere 
containing 0.9496 argon. The atmosphere of Mars contains 
1.6% of “Ат and 5 p.p.m. of Ar. Argon is two and one half 
times as soluble in water as nitrogen, having about the same 
solubility as oxygen. It is recognized by the characteristic lines 
in the red end of the spectrum. It is used in electric light bulbs 
and in fluorescent tubes at a pressure of about 400 Pa, and 
in filling photo tubes, glow tubes, etc. Argon is also used as 
an inert gas shield for arc welding and cutting, as a blanket 
for the production of titanium and other reactive elements, 
and as a protective atmosphere for growing silicon and ger- 
manium crystals. Argon is colorless and odorless, both as a 
gas and liquid. It is available in high-purity form. Commercial 
argon is available at a cost of about 3€ per cubic foot. Argon 
is considered to be a very inert gas and is not known to form 
true chemical compounds, as do krypton, xenon, and radon. 
However, it does form a hydrate having a dissociation pres- 
sure of 105 atm at 0°С. Ion molecules such as (ArKr)*, (АгХе)*, 
(МеАг)* have been observed spectroscopically. Argon also 
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forms а clathrate with B-hydroquinone. This clathrate is stable 
and can be stored for a considerable time, but a true chemical 
bond does not exist. Van der Waals’ forces act to hold the ar- 
gon. In August 2000, researchers at the University of Helsinki, 
Finland reported they made a new argon compound HArF 
by shining UV light on frozen argon that contained a small 
amount of HF. Naturally occurring argon is a mixture of three 
isotopes. Seventeen other radioactive isotopes are now known 
to exist. Commercial argon is priced at about $70/300 cu. ft. 
or 8.5 cu. meters. 


Arsenic — (L. arsenicum, Gr. arsenikon, yellow orpiment, iden- 


tified with arsenikos, male, from the belief that metals were 
different sexes; Arabic, Az-zernikh, the orpiment from Persian 
zerni-zar, gold), As; at. wt. 74.92160(2); at. no. 33; valence –3, 
0, +3 or +5. Elemental arsenic occurs in two solid modifica- 
tions: yellow, and gray or metallic, with specific gravities of 
1.97, and 5.73, respectively. Gray arsenic, the ordinary stable 
form, has a triple point of 817°C and sublimes at 614°C and 
has a critical temperature of 1400°C. Several other allotropic 
forms of arsenic are reported in the literature. It is believed 
that Albertus Magnus obtained the element in 1250 A.D. 
In 1649 Schroeder published two methods of preparing the 
element. It is found native, in the sulfides realgar and orpi- 
ment, as arsenides and sulfarsenides of heavy metals, as the 
oxide, and as arsenates. Mispickel, arsenopyrite, (FeSAs) is the 
most common mineral, from which on heating the arsenic 
sublimes leaving ferrous sulfide. The element is a steel gray, 
very brittle, crystalline, semimetallic solid; it tarnishes in air, 
and when heated is rapidly oxidized to arsenous oxide (Аѕ,О,) 
with the odor of garlic. Arsenic and its compounds are poi- 
sonous. Exposure to arsenic and its compounds should not 
exceed 0.01 mg/m? as elemental As during an 8-h work day. 
Arsenic is also used in bronzing, pyrotechny, and for hard- 
ening and improving the sphericity of shot. The most impor- 
tant compounds are white arsenic (As,O,), the sulfide, Paris 
green 3Cu(AsO,),- Cu(C,H,O,),, calcium arsenate, and lead 
arsenate; the last three have been used as agricultural insec- 
ticides and poisons. Marsh's test makes use of the formation 
and ready decomposition of arsine (AsH,). Arsenic is avail- 
able in high-purity form. It is finding increasing uses as a dop- 
ing agent in solid-state devices such as transistors. Gallium 
arsenide is used as a laser material to convert electricity di- 
rectly into coherent light. Natural arsenic is made of one iso- 
tope As. Thirty other radioactive isotopes and isomers аге 
known. Arsenic (99%) costs about $75/50g. Purified arsenic 
(99.9995%) costs about $50/g. 


Astatine — (Gr. astatos, unstable), At; at. wt. (210); at. no. 85; 


m.p. 300°C (est.); valence probably 1, 3, 5, or 7. Synthesized 
in 1940 by D. R. Corson, K. R. MacKenzie, and E. Segre at 
the University of California by bombarding bismuth with al- 
pha particles. The longest-lived isotope, 2 ۸6 has a half-life 
of only 8.1 hours. Thirty-six other isotopes and isomers are 
now known. Minute quantities of ?^At, Аё, and ??At exist in 
equilibrium in nature with naturally occurring uranium and 
thorium isotopes, and traces of ?"At аге in equilibrium with 
23307 and Np resulting from interaction of thorium and ura- 
nium with naturally produced neutrons. The total amount of 
astatine present in the earth’s crust, however, is probably less 
than 1 oz. Astatine can be produced by bombarding bismuth 
with energetic alpha particles to obtain the relatively long-lived 
20-211 At, which can be distilled from the target by heating it in 
air. Only about 0.05 ug of astatine has been prepared to date. 
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The "time of flight" mass spectrometer has been used to con- 
firm that this highly radioactive halogen behaves chemically 
very much like other halogens, particularly iodine. The inter- 
halogen compounds АЧ, AtBr, and AtCl are known to form, 
but it is not yet known if astatine forms diatomic astatine mol- 
ecules. HAt and CH,At (methyl astatide) have been detected. 
Astatine is said to be more metallic that iodine, and, like io- 
dine, it probably accumulates in the thyroid gland. 


Barium — (Gr. barys, heavy), Ba; at. wt. 137.327(7), at. no. 56; m.p. 


727*C; b.p. 1897°С; sp. gr. 3.5 (20°С); valence 2. Baryta was 
distinguished from lime by Scheele in 1774; the element was 
discovered by Sir Humphrey Davy in 1808. It is found only in 
combination with other elements, chiefly in barite or heavy 
spar (sulfate) and witherite (carbonate) and is prepared by 
electrolysis of the chloride. Large deposits of barite are found 
in China, Germany, India, Morocco, and in the U.S. Barium 
is a metallic element, soft, and when pure is silvery white like 
lead; it belongs to the alkaline earth group, resembling cal- 
cium chemically. The metal oxidizes very easily and should be 
kept under petroleum or other suitable oxygen-free liquids to 
exclude air. It is decomposed by water or alcohol. The metal is 
used as a "getter" in vacuum tubes. The most important com- 
pounds are the peroxide (BaO,), chloride, sulfate, carbonate, 
nitrate, and chlorate. Lithopone, a pigment containing barium 
sulfate and zinc sulfide, has good covering power, and does 
not darken in the presence of sulfides. The sulfate, as perma- 
nent white or blanc fixe, is also used in paint, in X-ray diag- 
nostic work, and in glassmaking. Barite is extensively used as 
a weighting agent in oilwell drilling fluids, and also in making 
rubber. The carbonate has been used as a rat poison, while 
the nitrate and chlorate give green colors in pyrotechny. The 
impure sulfide phosphoresces after exposure to the light. The 
compounds and the metal are not expensive. Barium metal 
(99.2 + % pure) costs about $3/g. All barium compounds that 
are water or acid soluble are poisonous. Naturally occurring 
barium is a mixture of seven stable isotopes. Thirty six other 
radioactive isotopes and isomers are known to exist. 


Berkelium — (Berkeley, home of the University of California), Bk; 


at. wt. (247); at. no. 97; m.p. 1050°C; valence 3 or 4; sp. gr. 
14 (est.). Berkelium, the eighth member of the actinide transi- 
tion series, was discovered in December 1949 by Thompson, 
Ghiorso, and Seaborg, and was the fifth transuranium element 
synthesized. It was produced by cyclotron bombardment of 
milligram amounts of "Ат with helium ions at Berkeley, 
California. The first isotope produced had a mass number of 
243 and decayed with a half-life of 4.5 hours. Thirteen isotopes 
are now known and have been synthesized. The existence of 
Bk, with a half-life of 320 days, makes it feasible to isolate 
berkelium in weighable amounts so that its properties can be 
investigated with macroscopic quantities. One of the first vis- 
ible amounts of a pure berkelium compound, berkelium chlo- 
ride, was produced in 1962. It weighed 3 billionth of a gram. 
Berkelium probably has not yet been prepared in elemental 
form, but it is expected to be a silvery metal, easily soluble 
in dilute mineral acids, and readily oxidized by air or oxygen 
at elevated temperatures to form the oxide. X-ray diffraction 
methods have been used to identify the following compounds: 
ВКО, ВКО, BkF,, ВКС, and ВКОСІ. As with other actinide 
elements, berkelium tends to accumulate in the skeletal sys- 
tem. The maximum permissible body burden of “°Bk in the 
human skeleton is about 0.0004 yg. Because of its rarity, 
berkelium presently has no commercial or technological 


use. Berkelium most likely resembles terbium with respect 
to chemical properties. Berkelium-249 is available from 
O.R.N.L. at a cost of $185/ug plus packing charges. 


Beryllium — (Gr. beryllos, beryl; also called Glucinium or 


Glucinum, Gr. glykys, sweet), Be; at. wt. 9.012182(3); at по. 
4; m.p. 1287°С; b.p. 2471°С; sp. gr. 1.848 (20°С); valence 2. 
Discovered as the oxide by Vauquelin in beryl and in emer- 
alds in 1798. The metal was isolated in 1828 by Wohler and by 
Bussy independently by the action of potassium on beryllium 
chloride. Beryllium is found in some 30 mineral species, the 
most important of which are bertrandite, beryl, chrysoberyl, 
and phenacite. Aquamarine and emerald are precious forms 
of beryl Beryllium minerals are found in the U.S., Brazil, 
Russia, Kazakhstan, and elsewhere. Colombia is known for its 
emeralds. Beryl (3BeO · АБО. · 6SiO,) and bertrandite (4BeO 
. 2510, · Н,О) are the most important commercial sources of 
the element and its compounds. Most of the metal is now pre- 
pared by reducing beryllium fluoride with magnesium metal. 
Beryllium metal did not become readily available to industry 
until 1957. The metal, steel gray in color, has many desirable 
properties. It is one of the lightest of all metals, and has one 
of the highest melting points of the light metals. Its modulus 
of elasticity is about one third greater than that of steel. It re- 
sists attack by concentrated nitric acid, has excellent thermal 
conductivity, and is nonmagnetic. It has a high permeability 
to X-rays, and when bombarded by alpha particles, as from 
radium or polonium, neutrons are produced in the ratio of 
about 30 neutrons/million alpha particles. At ordinary tem- 
peratures beryllium resists oxidation in air, although its ability 
to scratch glass is probably due to the formation ofa thin layer 
of the oxide. Beryllium is used as an alloying agent in pro- 
ducing beryllium copper which is extensively used for springs, 
electrical contacts, spot-welding electrodes, and nonspark- 
ing tools. It has found application as a structural material for 
high-speed aircraft, missiles, spacecraft, and communication 
satellites. It is being used in the windshield frame, brake discs, 
support beams, and other structural components of the space 
shuttle. Because beryllium is relatively transparent to X-rays, 
ultra-thin Be-foil is finding use in X-ray lithography for re- 
production of microminiature integrated circuits. Natural be- 
ryllium is made of ?Be and is stable. Eight other radioactive 
isotopes are known. 

Beryllium is used in nuclear reactors as a reflector or 
moderator for it has a low thermal neutron absorption cross 
section. It is used in gyroscopes, computer parts, and instru- 
ments where lightness, stiffness, and dimensional stability are 
required. The oxide has a very high melting point and is also 
used in nuclear work and ceramic applications. Beryllium and 
its salts are toxic and should be handled with the greatest of 
care. Beryllium and its compounds should not be tasted to 
verify the sweetish nature of beryllium (as did early experi- 
menters). The metal, its alloys, and its salts can be handled 
safely if certain work codes are observed, but no attempt 
should be made to work with beryllium before becoming fa- 
miliar with proper safeguards. Beryllium metal is available at 
a cost of about $5/g (99.596 pure). 


Bismuth — (Ger. Weisse Masse, white mass; later Wisuth and 


Bisemutum), Bi; at. wt. 208.98038(2); at. no. 83; m.p. 271.4°C; 
b.p. 1564°C; sp. gr. 9.747 (20°C); valence 3 or 5. In early times 
bismuth was confused with tin and lead. Claude Geoffroy the 
Younger showed it to be distinct from lead in 1753. It is a white 
crystalline, brittle metal with a pinkish tinge. It occurs native. 
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The most important ores are bismuthinite or bismuth glance 
(Bi,S,) and bismite (Bi,O,). Peru, Japan, Mexico, Bolivia, and 
Canada are major bismuth producers. Much of the bismuth 
produced in the U.S. is obtained as a by-product in refining 
lead, copper, tin, silver, and gold ores. Bismuth is the most dia- 
magnetic of all metals, and the thermal conductivity is lower 
than any metal, except mercury. It has a high electrical resis- 
tance, and has the highest Hall effect of any metal (i.e., great- 
est increase in electrical resistance when placed in a magnetic 
field). "Bismanol" is a permanent magnet of high coercive 
force, made of MnBi, by the U.S. Naval Surface Weapons 
Center. Bismuth expands 3.32% on solidification. This prop- 
erty makes bismuth alloys particularly suited to the making of 
sharp castings of objects subject to damage by high tempera- 
tures. With other metals such as tin, cadmium, etc., bismuth 
forms low-melting alloys which are extensively used for safety 
devices in fire detection and extinguishing systems. Bismuth 
is used in producing malleable irons and is finding use as a 
catalyst for making acrylic fibers. When bismuth is heated in 
air it burns with a blue flame, forming yellow fumes of the 
oxide. The metal is also used as a thermocouple material, and 
has found application as a carrier for U?” or U?” fuel in atomic 
reactors. Its soluble salts are characterized by forming insolu- 
ble basic salts on the addition of water, a property sometimes 
used in detection work. Bismuth oxychloride is used exten- 
sively in cosmetics. Bismuth subnitrate and subcarbonate are 
used in medicine. Natural bismuth contains only one isotope 
2981. Forty-four isotopes and isomers of bismuth are known. 
Bismuth metal (99.596) costs about $250/kg. 


Bohrium — (Named after Niels Bohr [1885-1962], Danish atomic 


and nuclear physicist.) Bh; at.wt. [262]. at.no. 107. Bohrium is 
expected to have chemical properties similar to rhenium. This 
element was synthesized and unambiguously identified in 
1981 using the Universal Linear Accelerator (UNILAC) at the 
Gesellschaft für Schwerionenforschung (G.S.I.) in Darmstadt, 
Germany. The discovery team was led by Armbruster and 
Münzenberg. The reaction producing the element was pro- 
posed and applied earlier by a Dubna Group led by Oganessian 
in 1976. A target of “УВ! was bombarded by a beam of “Cr ions. 
In 1983 experiments at Dubna using the 157-inch cyclotron, 
produced 2107 by the reaction 87 + “Сг. The alpha decay of 
246Cf, the sixth member in the decay chain of 22107, served to 
establish a 1-neutron reaction channel. The IUPAC adopted 
the name Bohrium with the symbol Bh for Element 107 in 
August 1997. Five isotopes of bohrium are now recognized. 
One isotope of bohrium appears to have a relatively long life 
of 15 seconds. Work on this relatively long-lived isotope has 
been performed with the 88-inch cyclotron at the Lawrence- 
Berkeley National Laboratory. 


Boron — (Ar. Buraq, Pers. Витаћ), B; at. wt. 10.811(7); at. no. 5; 


m.p. 2075°С; b.p. 4000°С; sp. gr. of crystals 2.34, of amorphous 
variety 2.37; valence 3. Boron compounds have been known 
for thousands of years, but the element was not discovered 
until 1808 by Sir Humphry Davy and by Gay-Lussac and 
Thenard. The element is not found free in nature, but occurs 
as orthoboric acid usually in certain volcanic spring waters 
and as borates in borax and colemanite. Ulexite, another bo- 
ron mineral, is interesting as it is nature’s own version of "fiber 
optics? Important sources of boron are the ores rasorite (kern- 
ite) and ппса! (borax ore). Both of these ores are found in the 
Mojave Desert. Tincal is the most important source of boron 
from the Mojave. Extensive borax deposits are also found in 
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Turkey. Boron exists naturally as 19.996 !°В isotope and 80.196 
"В isotope. Ten other isotopes of boron are known. High-pu- 
rity crystalline boron may be prepared by the vapor phase re- 
duction of boron trichloride or tribromide with hydrogen on 
electrically heated filaments. The impure, or amorphous, bo- 
ron, a brownish-black powder, can be obtained by heating the 
trioxide with magnesium powder. Boron of 99.999996 purity 
has been produced and is available commercially. Elemental 
boron has an energy band gap of 1.50 to 1.56 eV, which is high- 
er than that of either silicon or germanium. It has interesting 
optical characteristics, transmitting portions of the infrared, 
and is a poor conductor of electricity at room temperature, 
but a good conductor at high temperature. Amorphous boron 
is used in pyrotechnic flares to provide a distinctive green col- 
or, and in rockets as an igniter. By far the most commercially 
important boron compound in terms of dollar sales is Ма,В,О, 
-5Н,О. This pentahydrate is used in very large quantities in 
the manufacture of insulation fiberglass and sodium perbo- 
rate bleach. Boric acid is also an important boron compound 
with major markets in textile fiberglass and in cellulose insula- 
tion as a flame retardant. Next in order of importance is borax 
(Na,B,O, - 10H. O) which is used principally in laundry prod- 
ucts. Use of borax as a mild antiseptic is minor in terms of dol- 
lars and tons. Boron compounds are also extensively used in 
the manufacture of borosilicate glasses. The isotope boron-10 
is used as a control for nuclear reactors, as a shield for nuclear 
radiation, and in instruments used for detecting neutrons. 
Boron nitride has remarkable properties and can be used to 
make a material as hard as diamond. The nitride also behaves 
like an electrical insulator but conducts heat like а metal. It also 
has lubricating properties similar to graphite. The hydrides are 
easily oxidized with considerable energy liberation, and have 
been studied for use as rocket fuels. Demand is increasing for 
boron filaments, a high-strength, lightweight material chiefly 
employed for advanced aerospace structures. Boron is similar 
to carbon in that it has a capacity to form stable covalently 
bonded molecular networks. Carboranes, metalloboranes, 
phosphacarboranes, and other families comprise thousands 
of compounds. Crystalline boron (99.5%) costs about $6/g. 
Amorphous boron (94—96%) costs about $1.50/g. Elemental 
boron and the borates are not considered to be toxic, and they 
do not require special care in handling. However, some of the 
more exotic boron hydrogen compounds are definitely toxic 
and do require care. 


Bromine — (Gr. bromos, stench), Br; at. wt. 79.904(1); at. no. 35; 


m.p. —7.2°C; b.p. 58.8°C; t, 315°C; density of gas 7.59 g/l, liq- 
uid 3.12 (20°C); valence 1, 3, 5, or 7. Discovered by Balard in 
1826, but not prepared in quantity until 1860. A member of 
the halogen group of elements, it is obtained from natural 
brines from wells in Michigan and Arkansas. Little bromine 
is extracted today from seawater, which contains only about 
85 ppm. Bromine is the only liquid nonmetallic element. It is 
a heavy, mobile, reddish-brown liquid, volatilizing readily at 
room temperature to a red vapor with a strong disagreeable 
odor, resembling chlorine, and having a very irritating effect 
on the eyes and throat; it is readily soluble in water or carbon 
disulfide, forming a red solution, is less active than chlorine 
but more so than iodine; it unites readily with many elements 
and has a bleaching action; when spilled on the skin it pro- 
duces painful sores. It presents a serious health hazard, and 
maximum safety precautions should be taken when handling 
it. Much of the bromine output in the U.S. was used in the 
production of ethylene dibromide, a lead scavenger used in 
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making gasoline antiknock compounds. Lead in gasoline, 
however, has been drastically reduced, due to environmen- 
tal considerations. This will greatly affect future produc- 
tion of bromine. Bromine is also used in making fumigants, 
flameproofing agents, water purification compounds, dyes, 
medicinals, sanitizers, inorganic bromides for photography, 
etc. Organic bromides are also important. Natural bromine is 
made of two isotopes, Вг апа “Вг. Thirty-four isotopes and 
isomers are known. Bromine (99.8%) costs about $70/kg. 


Cadmium — (L. cadmia; Gr. kadmeia - ancient name for cala- 


mine, zinc carbonate), Cd; at. wt. 112.411(8); at. no. 48; m.p. 
321.07°C; b.p. 767°C; sp. gr. 8.65 (20°C); valence 2. Discovered 
by Stromeyer in 1817 from an impurity in zinc carbonate. 
Cadmium most often occurs in small quantities associated with 
zinc ores, such as sphalerite (ZnS). Greenockite (CdS) is the 
only mineral of any consequence bearing cadmium. Almost all 
cadmium is obtained as a by-product in the treatment of zinc, 
copper, and lead ores. It is a soft, bluish-white metal which is 
easily cut with a knife. It is similar in many respects to zinc. It 
is a component of some of the lowest melting alloys; it is used 
in bearing alloys with low coefficients of friction and great 
resistance to fatigue; it is used extensively in electroplating, 
which accounts for about 60% of its use. It is also used in many 
types of solder, for standard E.M.F. cells, for Ni-Cd batteries, 
and as a barrier to control atomic fission. The market for Ni- 
Са batteries is expected to grow significantly. Cadmium com- 
pounds are used in black and white television phosphors and 
in blue and green phosphors for color TV tubes. It forms a 
number of salts, of which the sulfate is most common; the sul- 
fide is used as a yellow pigment. Cadmium and solutions of its 
compounds are toxic. Failure to appreciate the toxic proper- 
ties of cadmium may cause workers to be unwittingly exposed 
to dangerous fumes. Some silver solders, for example, contain 
cadmium and should be handled with care. Serious toxicity 
problems have been found from long-term exposure and work 
with cadmium plating baths. Cadmium is present in certain 
phosphate rocks. This has raised concerns that the long-term 
use of certain phosphate fertilizers might pose a health hazard 
from levels of cadmium that might enter the food chain. In 
1927 the International Conference on Weights and Measures 
redefined the meter in terms of the wavelength of the red cad- 
mium spectralline (i.e., 1 m = 1,553,164.13 wavelengths). This 
definition has been changed (see under Krypton). The current 
price of cadmium is about 50€/g (99.5%). It is available in high 
purity form for about $550/kg. Natural cadmium is made of 
eight isotopes. Thirty four other isotopes and isomers are now 
known and recognized. 


Calcium — (L. calx, lime), Ca; at. wt. 40.078(4); at. по. 20; m.p. 


842°C; b.p. 1484°C; sp. gr. 1.55 (20°C); valence 2. Though lime 
was prepared by the Romans in the first century under the 
name calx, the metal was not discovered until 1808. After 
learning that Berzelius and Pontin prepared calcium amalgam 
by electrolyzing lime in mercury, Davy was able to isolate the 
impure metal. Calcium is a metallic element, fifth in abun- 
dance in the earth's crust, of which it forms more than 3%. It 
is an essential constituent of leaves, bones, teeth, and shells. 
Never found in nature uncombined, it occurs abundantly 
as limestone (CaCO,), gypsum (CaSO, · 2Н,0), and fluorite 
(CaF,); apatite is the fluorophosphate or chlorophosphate of 
calcium. The metal has a silvery color, is rather hard, and is 
prepared by electrolysis of the fused chloride to which calci- 
um fluoride is added to lower the melting point. Chemically it 
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is one of the alkaline earth elements; it readily forms a white 
coating of oxide in air, reacts with water, burns with a yellow- 
red flame, forming largely the oxide. The metal is used as a 
reducing agent in preparing other metals such as thorium, 
uranium, zirconium, etc., and is used as a deoxidizer, desul- 
furizer, and inclusion modifier for various ferrous and nonfer- 
rous alloys. It is also used as an alloying agent for aluminum, 
beryllium, copper, lead, and magnesium alloys, and serves as a 
"getter" for residual gases in vacuum tubes. Its natural and pre- 
pared compounds are widely used. Quicklime (CaO), made by 
heating limestone and changed into slaked lime by the care- 
ful addition of water, is the great cheap base of the chemical 
industry with countless uses. Mixed with sand it hardens as 
mortar and plaster by taking up carbon dioxide from the air. 
Calcium from limestone is an important element in Portland 
cement. The solubility of the carbonate in water containing 
carbon dioxide causes the formation of caves with stalac- 
tites and stalagmites and is responsible for hardness in water. 
Other important compounds are the carbide (СаС,), chloride 
(CaCl,), cyanamide (CaCN,), hypochlorite (Са(ОСІ),), nitrate 
(Ca(NO,),), and sulfide (CaS). Calcium sulfide is phosphores- 
cent after being exposed to light. Natural calcium contains 
six isotopes. Sixteen other radioactive isotopes are known. 
Metallic calcium (99.5%) costs about $200/kg. 


Californium — (State and University of California), Cf; at. wt. 


(251); m.p. 900°C; at. no. 98. Californium, the sixth transura- 
nium element to be discovered, was produced by Thompson, 
Street, Ghioirso, and Seaborg in 1950 by bombarding mi- 
crogram quantities of Ста with 35 MeV helium ions in the 
Berkeley 60-inch cyclotron. Californium (III) is the only ion 
stable in aqueous solutions, all attempts to reduce or oxidize 
californium (III) having failed. The isotope СЕ results from 
the beta decay of ??Bk while the heavier isotopes are pro- 
duced by intense neutron irradiation by the reactions: 


??Bk(n,y) =>” Bk —P СҒапа ?СҚау)- Cf 


followed by 


2:0 Cf(n,y) 2?! Cf(n,y) > СЕ 


The existence of the isotopes СЁ, °С}, СЕ, апа ??Cf makes 
it feasible to isolate californium in weighable amounts so that 
its properties can be investigated with macroscopic quanti- 
ties. Californium-252 is a very strong neutron emitter. One 
microgram releases 170 million neutrons per minute, which 
presents biological hazards. Proper safeguards should be used 
in handling californium. Twenty isotopes of californium are 
now recognized. СЁ and 22СҒ have half-lives of 351 years 
and 900 years, respectively. In 1960 a few tenths of a micro- 
gram of californium trichloride, СІСІ,, californium oxychlo- 
ride, СЮСЬ and californium oxide, Cf,O,, were first prepared. 
Reduction of californium to its metallic state has not yet been 
accomplished. Because californium is a very efficient source 
of neutrons, many new uses are expected for it. It has already 
found use in neutron moisture gages and in well-logging (the 
determination of water and oil-bearing layers). It is also being 
used as a portable neutron source for discovery of metals such 
as gold or silver by on-the-spot activation analysis. ?? Cf is now 
being offered for sale by the Oak Ridge National Laboratory 
(O.R.N.L.) at a cost of $60/ug and *°Cf at a cost of $185/ug 
plus packing charges. It has been suggested that californium 
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may be produced in certain stellar explosions, called superno- 
vae, for the radioactive decay of "Cf (55-day half-life) agrees 
with the characteristics of the light curves of such explosions 
observed through telescopes. This suggestion, however, is 
questioned. Californium is expected to have chemical proper- 
ties similar to dysprosium. 


Carbon — (L. carbo, charcoal), C; at. wt. 12.0107(8); at. no. 6; sub- 


limes at 36427 С; triple point (graphite-liquid-gas), 4492°C at a 
pressure of 101.325 kPa; sp. gr. amorphous 1.8 to 2.1, graphite 
1.9 to 2.3, diamond 3.15 to 3.53 (depending on variety); gem 
diamond 3.513 (25°С); valence 2, 3, or 4. Carbon, an element 
of prehistoric discovery, is very widely distributed in nature. 
It is found in abundance in the sun, stars, comets, and atmo- 
spheres of most planets. Carbon in the form of microscopic 
diamonds is found in some meteorites. Natural diamonds are 
found in kimberlite or lamporite of ancient formations called 
"pipes; such as found in South Africa, Arkansas, and else- 
where. Diamonds are now also being recovered from the ocean 
floor off the Cape of Good Hope. About 30% of all industrial 
diamonds used in the U.S. are now made synthetically. The 
energy of the sun and stars can be attributed at least in part 
to the well-known carbon-nitrogen cycle. Carbon is found 
free in nature in three allotropic forms: amorphous, graph- 
ite, and diamond. A fourth form, known as “white” carbon, 
is now thought to exist. Graphite is one of the softest known 
materials while diamond is one of the hardest. Graphite exists 
in two forms: alpha and beta. These have identical physical 
properties, except for their crystal structure. Naturally oc- 
curring graphites are reported to contain as much as 3096 of 
the rhombohedral (beta) form, whereas synthetic materials 
contain only the alpha form. The hexagonal alpha type can 
be converted to the beta by mechanical treatment, and the 
beta form reverts to the alpha on heating it above 1000°С. In 
1969 a new allotropic form of carbon was produced during 
the sublimation of pyrolytic graphite at low pressures. Under 
free-vaporization conditions above ~2550 K, "white" carbon 
forms as small transparent crystals on the edges of the basal 
planes of graphite. The interplanar spacings of "white" car- 
bon are identical to those of carbon form noted in the gra- 
phitic gneiss from the Ries (meteoritic) Crater of Germany. 
“White” carbon is a transparent birefringent material. Little 
information is presently available about this allotrope. Of re- 
cent interest is the discovery of all-carbon molecules, known 
as "buckyballs" or fullerenes, which have a number of unusual 
properties. These interesting molecules, consisting of 60 or 
70 carbon atoms linked together, seem capable of withstand- 
ing great pressure and trapping foreign atoms inside their 
network of carbon. They are said to be capable of magnetism 
and superconductivity and have potential as a nonlinear op- 
tical material. Buckyball films are reported to remain super- 
conductive at temperatures as high as 45 K. In combination, 
carbon is found as carbon dioxide in the atmosphere of the 
earth and dissolved in all natural waters. It is a component of 
great rock masses in the form of carbonates of calcium (lime- 
stone), magnesium, and iron. Coal, petroleum, and natural 
gas are chiefly hydrocarbons. Carbon is unique among the 
elements in the vast number and variety of compounds it can 
form. With hydrogen, oxygen, nitrogen, and other elements, it 
forms a very large number of compounds, carbon atom often 
being linked to carbon atom. There are close to ten million 
known carbon compounds, many thousands of which are vital 
to organic and life processes. Without carbon, the basis for life 
would be impossible. While it has been thought that silicon 
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might take the place of carbon in forming a host of similar 
compounds, it is now not possible to form stable compounds 
with very long chains of silicon atoms. The atmosphere of 
Mars contains 96.2% CO,. Some of the most important com- 
pounds of carbon are carbon dioxide (CO,), carbon monox- 
ide (CO), carbon disulfide (CS,), chloroform (СНСІ,), carbon 
tetrachloride (ССІ), methane (CH,), ethylene (C,H,), acety- 
lene (C,H,), benzene (C.H, ethyl alcohol (С,Н,ОН), acetic 
acid (СН,СООН), and their derivatives. Carbon has fifteen 
isotopes. Natural carbon consists of 98.89% РС and 1.11% 
ЭС, In 1961 the International Union of Pure and Applied 
Chemistry adopted the isotope carbon-12 as the basis for 
atomic weights. Carbon-14, an isotope with a half-life of 5715 
years, has been widely used to date such materials as wood, 
archeological specimens, etc. A new brittle form of carbon, 
known as "glassy carbon; has been developed. It can be ob- 
tained with high purity. It has a high resistance to corrosion, 
has good thermal stability, and is structurally impermeable to 
both gases and liquids. It has a randomized structure, making 
it useful in ultra-high technology applications, such as crystal 
growing, crucibles for high-temperature use, etc. Glassy car- 
bon is available at a cost of about $35/10g. Fullerene powder 
is available at a cost of about $55/10mg (99%С „). Diamond 
powder (99.996) costs about $40/g. 


Cerium — (named for the asteroid Ceres, which was discovered in 


1801 only 2 years before the element), Ce; at. wt. 140.115(4); 
at. по. 58; m.p. 798°C; Б.р. 3424°C; sp. gr. 6.770 (25°C); valence 
3 or 4. Discovered in 1803 by Klaproth and by Berzelius and 
Hisinger; metal prepared by Hillebrand and Norton in 1875. 
Cerium is the most abundant of the metals of the so-called 
rare earths. It is found in a number of minerals including al- 
lanite (also known as orthite), monazite, bastnasite, cerite, and 
samarskite. Monazite and bastnasite are presently the two 
most important sources of cerium. Large deposits of mona- 
zite found on the beaches of Travancore, India, in river sands 
in Brazil, and deposits of allanite in the western United States, 
and bastnasite in Southern California will supply cerium, tho- 
rium, and the other rare-earth metals for many years to come. 
Metallic cerium is prepared by metallothermic reduction 
techniques, such as by reducing cerous fluoride with calcium, 
or by electrolysis of molten cerous chloride or other cerous ha- 
lides. The metallothermic technique is used to produce high- 
purity cerium. Cerium is especially interesting because of its 
variable electronic structure. The energy of the inner 4f level 
is nearly the same as that of the outer or valence electrons, 
and only small amounts of energy are required to change the 
relative occupancy of these electronic levels. This gives rise 
to dual valency states. For example, a volume change of about 
1096 occurs when cerium is subjected to high pressures or low 
temperatures. It appears that the valence changes from about 
3 to 4 when it is cooled or compressed. The low temperature 
behavior of cerium is complex. Four allotropic modifications 
are thought to exist: cerium at room temperature and at at- 
mospheric pressure is known as y cerium. Upon cooling to 
—16°С, y cerium changes to В cerium. The remaining y cerium 
starts to change to о cerium when cooled to —172°С, and the 
transformation is complete at —269°C. о Cerium has a density 
of 8.16; 6 cerium exists above 726"C. At atmospheric pressure, 
liquid cerium is more dense than its solid form at the melting 
point. Cerium is an iron-gray lustrous metal. It is malleable, 
and oxidizes very readily at room temperature, especially in 
moist air. Except for europium, cerium is the most reactive 
of the "rare-earth" metals. It slowly decomposes in cold wa- 
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ter, and rapidly in hot water. Alkali solutions and dilute and 
concentrated acids attack the metal rapidly. The pure metal is 
likely to ignite if scratched with a knife. Ceric salts are orange 
red or yellowish; cerous salts are usually white. Cerium is a 
component of misch metal, which is extensively used in the 
manufacture of pyrophoric alloys for cigarette lighters, etc. 
Natural cerium is stable and contains four isotopes. Thirty- 
two other radioactive isotopes and isomers are known. While 
cerium is not radioactive, the impure commercial grade may 
contain traces of thorium, which is radioactive. The oxide is 
an important constituent of incandescent gas mantles and it 
is emerging as a hydrocarbon catalyst in "self-cleaning" ovens. 
In this application it can be incorporated into oven walls to 
prevent the collection of cooking residues. As ceric sulfate it 
finds extensive use as a volumetric oxidizing agent in quan- 
titative analysis. Cerium compounds are used in the manu- 
facture of glass, both as a component and as a decolorizer. 
The oxide is finding increased use as a glass polishing agent 
instead of rouge, for it is much faster than rouge in polishing 
glass surfaces. Cerium compounds are finding use in automo- 
bile exhaust catalysts. Cerium is also finding use in making 
permanent magnets. Cerium, with other rare earths, is used in 
carbon-arc lighting, especially in the motion picture industry. 
It is also finding use as an important catalyst in petroleum re- 
fining and in metallurgical and nuclear applications. In small 
lots, cerium costs about $5/g (99.9%). 


Cesium — (L. caesius, sky blue), Cs; at. wt. 132.90545(2); at. no. 55; 


m.p. 28.44°C; b.p. 671°C; sp. gr. 1.873 (20°C); valence 1. Cesium 
was discovered spectroscopically by Bunsen and Kirchhoff in 
1860 in mineral water from Durkheim. Cesium, an alkali metal, 
occurs in lepidolite, pollucite (a hydrated silicate of aluminum 
and cesium), and in other sources. One of the world’s richest 
sources of cesium is located at Bernic Lake, Manitoba. The 
deposits are estimated to contain 300,000 tons of pollucite, 
averaging 20% cesium. It can be isolated by electrolysis of the 
fused cyanide and by a number of other methods. Very pure, 
gas-free cesium can be prepared by thermal decomposition of 
cesium azide. The metal is characterized by a spectrum con- 
taining two bright lines in the blue along with several others in 
the red, yellow, and green. It is silvery white, soft, and ductile. It 
is the most electropositive and most alkaline element. Cesium, 
gallium, and mercury are the only three metals that are liquid 
at room temperature. Cesium reacts explosively with cold wa- 
ter, and reacts with ice at temperatures above —116°С. Cesium 
hydroxide, the strongest base known, attacks glass. Because of 
its great affinity for oxygen the metal is used as a “getter” in 
electron tubes. It is also used in photoelectric cells, as well as 
a catalyst in the hydrogenation of certain organic compounds. 
The metal has recently found application in ion propulsion sys- 
tems. Cesium is used in atomic clocks, which are accurate to 5 5 
in 300 years. A second of time is now defined as being the dura- 
tion of 9,192,631,770 periods of the radiation corresponding to 
the transition between the two hyper-fine levels of the ground 
state of the cesium-133 atom. Its chief compounds are the chlo- 
ride and the nitrate. Cesium has 52 isotopes and isomers with 
masses ranging from 112 to 148. The present price of cesium is 
about $50/g (99.98%) sealed in a glass ampoule. 


Chlorine — (Gr. chloros, greenish yellow), Cl; at. wt. 35.4527(9); 


at. no. 17; m.p. —101.5*C; b.p. —34.04°C; t, 143.8°C; density 
3.214 g/l; sp. gr. 1.56 (-33.6°С); valence 1,3, 5, or 7. Discovered 
in 1774 by Scheele, who thought it contained oxygen; named 
in 1810 by Davy, who insisted it was an element. In nature it 
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is found in the combined state only, chiefly with sodium as 
common salt (NaCl), carnallite (KMgCl, · 6,0), and sylvite 
(KCl). It is a member of the halogen (salt-forming) group of 
elements and is obtained from chlorides by the action of oxi- 
dizing agents and more often by electrolysis; it is a greenish- 
yellow gas, combining directly with nearly all elements. At 
10*C one volume of water dissolves 3.10 volumes of chlorine, 
at 30°С only 1.77 volumes. Chlorine is widely used in making 
many everyday products. It is used for producing safe drink- 
ing water the world over. Even the smallest water supplies 
are now usually chlorinated. It is also extensively used in the 
production of paper products, dyestuffs, textiles, petroleum 
products, medicines, antiseptics, insecticides, foodstuffs, sol- 
vents, paints, plastics, and many other consumer products. 
Most of the chlorine produced is used in the manufacture of 
chlorinated compounds for sanitation, pulp bleaching, disin- 
fectants, and textile processing. Further use is in the manu- 
facture of chlorates, chloroform, carbon tetrachloride, and 
in the extraction of bromine. Organic chemistry demands 
much from chlorine, both as an oxidizing agent and in sub- 
stitution, since it often brings desired properties in an organic 
compound when substituted for hydrogen, as in one form of 
synthetic rubber. Chlorine is a respiratory irritant. The gas ir- 
ritates the mucous membranes and the liquid burns the skin. 
As little as 3.5 ppm can be detected as an odor, and 1000 ppm 
is likely to be fatal after a few deep breaths. It was used as a war 
gas in 1915. Natural chlorine contains two isotopes. Twenty 
other isotopes and isomers are known. 


Chromium — (Gr. chroma, color), Cr; at. wt. 51.9961(6); at. no. 


24; m.p. 1907°С; b.p. 2671°С; sp. gr. 7.18 to 7.20 (20°С); va- 
lence chiefly 2, 3, or 6. Discovered in 1797 by Vauquelin, who 
prepared the metal the next year, chromium is a steel-gray, 
lustrous, hard metal that takes a high polish. The principal ore 
is chromite (FeCr,O,), which is found in Zimbabwe, Russia, 
South Africa, Turkey, Iran, Albania, Finland, Democratic 
Republic of Madagascar, the Philippines, and elsewhere. The 
U.S. has no appreciable chromite ore reserves. The metal 
is usually produced by reducing the oxide with aluminum. 
Chromium is used to harden steel, to manufacture stainless 
steel, and to form many useful alloys. Much is used in plat- 
ing to produce a hard, beautiful surface and to prevent corro- 
sion. Chromium is used to give glass an emerald green color. 
It finds wide use as a catalyst. All compounds of chromium 
are colored; the most important are the chromates of sodium 
and potassium (K,CrO,) and the dichromates (К,Сг,О,) and 
the potassium and ammonium chrome alums, as KCr(SO)), · 
12H,O. The dichromates are used as oxidizing agents in quan- 
titative analysis, also in tanning leather. Other compounds are 
of industrial value; lead chromate is chrome yellow, a valued 
pigment. Chromium compounds are used in the textile in- 
dustry as mordants, and by the aircraft and other industries 
for anodizing aluminum. The refractory industry has found 
chromite useful for forming bricks and shapes, as it has a high 
melting point, moderate thermal expansion, and stability of 
crystalline structure. Chromium is an essential trace element 
for human health. Many chromium compounds, however, are 
acutely or chronically toxic, and some are carcinogenic. They 
should be handled with proper safeguards. Natural chromi- 
um contains four isotopes. Twenty other isotopes are known. 
Chromium metal (99.9596) costs about $1000/kg. Commercial 
grade chromium (9996) costs about $75/kg. 
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Cobalt — (Kobald, from the German, goblin or evil spirit, cobalos, 


Greek, mine), Co; at. wt. 58.93320(1); at. no. 27; m.p. 1495*C; 
b.p. 2927°С; sp. gr. 8.9 (20°С); valence 2 or 3. Discovered by 
Brandt about 1735. Cobalt occurs in the mineral сора е, 
smaltite, and erythrite, and is often associated with nickel, 
silver, lead, copper, and iron ores, from which it is most fre- 
quently obtained as a by-product. It is also present in mete- 
orites. Important ore deposits are found in Congo-Kinshasa, 
Australia, Zambia, Russia, Canada, and elsewhere. The U.S. 
Geological Survey has announced that the bottom ofthe north 
central Pacific Ocean may have cobalt-rich deposits at rela- 
tively shallow depths in waters close to the Hawaiian Islands 
and other U.S. Pacific territories. Cobalt is a brittle, hard metal, 
closely resembling iron and nickel in appearance. It has a mag- 
netic permeability of about two thirds that of iron. Cobalt tends 
to exist as a mixture of two allotropes over a wide temperature 
range; the D-form predominates below 400°C, and the a above 
that temperature. The transformation is sluggish and accounts 
in part for the wide variation in reported data on physical 
properties of cobalt. It is alloyed with iron, nickel and other 
metals to make Alnico, an alloy of unusual magnetic strength 
with many important uses. Stellite alloys, containing cobalt, 
chromium, and tungsten, are used for high-speed, heavy-duty, 
high temperature cutting tools, and for dies. Cobalt is also used 
in other magnet steels and stainless steels, and in alloys used in 
jet turbines and gas turbine generators. The metal is used in 
electroplating because of its appearance, hardness, and resis- 
tance to oxidation. The salts have been used for centuries for 
the production of brilliant and permanent blue colors in porce- 
lain, glass, pottery, tiles, and enamels. It is the principal ingre- 
dient in Sevre's and Thenard's blue. A solution of the chloride 
(CoCI, - 6Н.О) is used as sympathetic ink. The cobalt ammines 
are of interest; the oxide and the nitrate are important. Cobalt 
carefully used in the form of the chloride, sulfate, acetate, or 
nitrate has been found effective in correcting a certain mineral 
deficiency disease in animals. Soils should contain 0.13 to 0.30 
ppm of cobalt for proper animal nutrition. Cobalt is found in 
Vitamin B-12, which is essential for human nutrition. Cobalt 
of 99.9496 purity is priced at about $250/kg. Cobalt-60, an ar- 
tificial isotope, is an important gamma ray source, and is ex- 
tensively used as a tracer and a radiotherapeutic agent. Single 
compact sources of Cobalt-60 vary from about $1 to $10/curie, 
depending on quantity and specific activity. Thirty isotopes 
and isomers of cobalt are known. 


Columbium — See Niobium. 


Copper — (L. cuprum, from the island of Cyprus), Cu; at. wt. 


63.546(3); at. по. 29; f.p. 1084.62 "С; b.p. 2562°C; sp. gr. 8.96 
(20°С); valence 1 or 2. The discovery of copper dates from 
prehistoric times. It is said to have been mined for more than 
5000 years. It is one of man's most important metals. Copper 
is reddish colored, takes on a bright metallic luster, and is mal- 
leable, ductile, and a good conductor of heat and electricity 
(second only to silver in electrical conductivity). The electri- 
cal industry is one of the greatest users of copper. Copper oc- 
casionally occurs native, and is found in many minerals such 
as cuprite, malachite, azurite, chalcopyrite, and bornite. Large 
copper ore deposits are found in the U.S., Chile, Zambia, 
Zaire, Peru, and Canada. The most important copper ores 
are the sulfides, oxides, and carbonates. From these, copper 
is obtained by smelting, leaching, and by electrolysis. Its al- 
loys, brass and bronze, long used, are still very important; all 
American coins are now copper alloys; monel and gun metals 
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also contain copper. The most important compounds are the 
oxide and the sulfate, blue vitriol; the latter has wide use as an 
agricultural poison and as an algicide in water purification. 
Copper compounds such as Fehling’s solution are widely used 
in analytical chemistry in tests for sugar. High-purity copper 
(99.999 + %) is readily available commercially. The price of 
commercial copper has fluctuated widely. The price of copper 
in December 2001 was about $1.50/kg. Natural copper con- 
tains two isotopes. Twenty-six other radioactive isotopes and 
isomers are known. 


Curium — (Pierre and Marie Curie), Cm; at. wt. (247); at. no. 96; 


m.p. 1345°С; sp. gr. 13.51 (calc.); valence 3 and 4. Although 
curium follows americium in the periodic system, it was actu- 
ally known before americium and was the third transuranium 
element to be discovered. It was identified by Seaborg, James, 
and Ghiorso in 1944 at the wartime Metallurgical Laboratory 
in Chicago as a result of helium-ion bombardment of ??Pu in 
the Berkeley, California, 60-inch cyclotron. Visible amounts 
(30 ug) of Ст, in the form of the hydroxide, were first iso- 
lated by Werner and Perlman of the University of California in 
1947. In 1950, Crane, Wallmann, and Cunningham found that 
the magnetic susceptibility of microgram samples of CmF, was 
of the same magnitude as that of САҒ, This provided direct 
experimental evidence for assigning an electronic configura- 
tion to Ст”. Іп 1951, the same workers prepared curium in 
its elemental form for the first time. Sixteen isotopes of cu- 
rium are now known. The most stable, Ст, with a half-life 
of 16 million years, is so short compared to the earth's age that 
any primordial curium must have disappeared long ago from 
the natural scene. Minute amounts of curium probably exist 
in natural deposits of uranium, as a result of a sequence of 
neutron captures and f decays sustained by the very low flux 
of neutrons naturally present in uranium ores. The presence 
of natural curium, however, has never been detected. Ст 
and "Ст are available in multigram quantities. “Ст has 
been produced only in milligram amounts. Curium is similar 
in some regards to gadolinium, its rare-earth homolog, but it 
hasa more complex crystal structure. Curium is silver in color, 
is chemically reactive, and is more electropositive than alumi- 
num. CmO,, Cm,O, CmF,, CmF, CmCl,, CmBr, and Ст, 
have been prepared. Most compounds of trivalent curium are 
faintly yellow in color. Ст generates about three watts of 
thermal energy per gram. This compares to one-half watt per 
gram of ??Pu. This suggests use for curium as a power source. 
"Cm is now offered for sale by the O.R.N.L. at $185/mg plus 
packing charges. ?*Cm is available at a cost of $160/ug, plus 
packing charges, from the O.R.N.L. Curium absorbed into the 
body accumulates in the bones, and is therefore very toxic as 
its radiation destroys the red-cell forming mechanism. The 
maximum permissible total body burden of ?*Cm (soluble) in 
a human being is 0.3 Ci (microcurie). 


Darmstadtium — (Darmstadt, city in Germany), Ds. In 1987 


Oganessian, et al., at Dubna, claimed discovery of this element. 
Their experiments indicated the spontaneous fissioning nu- 
clide 22110 with a half-life of 10 ms. More recently a group led by 
Armbruster at G.S.I. in Darmstadt, Germany, reported evidence 
of?9110, which was produced by bombarding lead for many days 
with more than 10? nickel atoms. A detector searched each colli- 
sion for Element 1105 distinct decay sequence. On November 9, 
1994, evidence of 110 was detected. In 2003 IUPAC approved the 
name darmstadtium, symbol Ds, for Element 110. Seven isotopes 
of Element 110 are now recognized. 


Deuterium — an isotope of hydrogen — see Hydrogen. 


Dubnium — (named after the Joint Institute of Nuclear Research 


in Dubna, Russia). Db; at.wt. [262]; at.no. 105. In 1967 G. 
N. Flerov reported that a Soviet team working at the Joint 
Institute for Nuclear Research at Dubna may have produced 
а few atoms of 79105 and 24105 by bombarding ??Am with 
Ne. Their evidence was based on time-coincidence measure- 
ments of alpha energies. More recently, it was reported that 
early in 1970 Dubna scientists synthesized Element 105 and 
that by the end of April 1970 "had investigated all the types 
of decay of the new element and had determined its chemi- 
cal properties" In late April 1970, it was announced that 
Ghiorso, Nurmia, Harris, K. A. Y. Eskola, and P. L. Eskola, 
working at the University of California at Berkeley, had posi- 
tively identified Element 105. The discovery was made by 
bombarding a target of СЁ with a beam of 84 MeV nitrogen 
nuclei in the Heavy Ion Linear Accelerator (HILAC). When 
a ^N nucleus is absorbed by a СЕ nucleus, four neutrons 
are emitted and a new atom of 29105 with a half-life of 1.6 
s is formed. While the first atoms of Element 105 are said to 
have been detected conclusively on March 5, 1970, there is 
evidence that Element 105 had been formed in Berkeley ex- 
periments a year earlier by the method described. Ghiorso 
and his associates have attempted to confirm Soviet find- 
ings by more sophisticated methods without success. 

In October 1971, it was announced that two new iso- 
topes of Element 105 were synthesized with the heavy ion 
linear accelerator by A. Ghiorso and co-workers at Berkeley. 
Element 24105 was produced both by bombarding 29СҒ with 
УМ and by bombarding ??Bk with О. The isotope emits 8.93- 
MeV a particles and decays to ?"Lr with a half-life of about 
1.8 s. Element ??105 was produced by bombarding ВК with 
ЗО. It emits 8.45 MeV a particles and decays to ?*Lr with a 
half-life of about 40 s. Nine isotopes of Dubnium are now rec- 
ognized. Soon after the discovery the names Hahnium and 
Joliotium, named after Otto Hahn and Jean-Frederic Joliot 
and Mme. Joliot-Curie, were suggested as names for Element 
105. The IUPAC in August 1997 finally resolved the issue, 
naming Element 105 Dubnium with the symbol Db. Dubnium 
is thought to have properties similar to tantalum. 


Dysprosium — (Gr. dysprositos, hard to get at), Dy; at. wt. 


162.50(3); at. no. 66; m.p. 1412°C; b.p. 2567°C; sp. gr. 8.551 
(25°C); valence 3. Dysprosium was discovered in 1886 by 
Lecoq de Boisbaudran, but not isolated. Neither the oxide 
nor the metal was available in relatively pure form until the 
development of ion-exchange separation and metallographic 
reduction techniques by Spedding and associates about 1950. 
Dysprosium occurs along with other so-called rare-earth or 
lanthanide elements in a variety of minerals such as xenotime, 
fergusonite, gadolinite, euxenite, polycrase, and blomstrandine. 
The most important sources, however, are from monazite and 
bastnasite. Dysprosium can be prepared by reduction of the 
trifluoride with calcium. The element has a metallic, bright 
silver luster. It is relatively stable in air at room temperature, 
and is readily attacked and dissolved, with the evolution of hy- 
drogen, by dilute and concentrated mineral acids. The metal 
is soft enough to be cut with a knife and can be machined 
without sparking if overheating is avoided. Small amounts 
of impurities can greatly affect its physical properties. While 
dysprosium has not yet found many applications, its thermal 
neutron absorption cross-section and high melting point sug- 
gest metallurgical uses in nuclear control applications and for 
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alloying with special stainless steels. А dysprosium oxide-nick- 
el cermet has found use in cooling nuclear reactor rods. This 
cermet absorbs neutrons readily without swelling or contract- 
ing under prolonged neutron bombardment. In combination 
with vanadium and other rare earths, dysprosium has been 
used in making laser materials. Dysprosium-cadmium chal- 
cogenides, as sources of infrared radiation, have been used for 
studying chemical reactions. The cost of dysprosium metal 
has dropped in recent years since the development of ion- 
exchange and solvent extraction techniques, and the discov- 
ery of large ore bodies. Thirty two isotopes and isomers are 
now known. The metal costs about $6/g (99.9% purity). 


Einsteinium — (Albert Einstein [1879—1955]), Es; at. wt. (252); 


m.p. 860°С (est.); at. no. 99. Einsteinium, the seventh transura- 
nic element of the actinide series to be discovered, was identi- 
fied by Ghiorso and co-workers at Berkeley in December 1952 
in debris from the first large thermonuclear explosion, which 
took place in the Pacific in November 1952. The isotope 
produced was the 20-day 25Es isotope. In 1961, a sufficient 
amount of einsteinium was produced to permit separation of 
a macroscopic amount of ??Es. This sample weighed about 
0.01 ug. A special magnetic-type balance was used in mak- 
ing this determination. ??Es so produced was used to produce 
mendelevium. About 3 ug of einsteinium has been produced 
at Oak Ridge National Laboratories by irradiating for several 
years kilogram quantities of ??Pu in a reactor to produce ??Pu. 
This was then fabricated into pellets of plutonium oxide and 
aluminum powder, and loaded into target rods for an initial 1- 
year irradiation at the Savannah River Plant, followed by irra- 
diation in a HFIR (High Flux Isotopic Reactor). After 4 months 
in the HFIR the targets were removed for chemical separation 
of the einsteinium from californium. Nineteen isotopes and 
isomers of einsteinium are now recognized. ?*^Es has the lon- 
gest half-life (276 days). Tracer studies using ??Es show that 
einsteinium has chemical properties typical of a heavy triva- 
lent, actinide element. Einsteinium is extremely radioactive. 
Great care must be taken when handling it. 


Element 112 — In late February 1996, Siguard Hofmann and his 


collaborators at GSI Darmstadt announced their discovery 
of Element 112, having 112 protons and 165 neutrons, with 
an atomic mass of 277. This element was made by bombard- 
ing a lead target with high-energy zinc ions. A single nucleus 
of Element 112 was detected, which decayed after less than 
0.001 sec by emitting an a particle, consisting of two protons 
and two neutrons. This created Element 110 which in turn 
decayed by emitting an a particle to form a new isotope of 
Element 108 and so on. Evidence indicates that nuclei with 
162 neutrons are held together more strongly than nuclei with 
a smaller or larger number of neutrons. This suggests a nar- 
row “peninsula” of relatively stable isotopes around Element 
114. GSI scientists are experimenting to bombard targets with 
ions heavier than zinc to produce Elements 113 and 114. A 
name has not yet been suggested for Element 112, although 
the IUPAC suggested the temporary name of ununbium, with 
the symbol of Uub, when the element was discovered. Element 
112 is expected to have properties similar to mercury. 


Element 113 — (Ununtrium) See Element 115. 


Element 114 — (Ununquadium) Symbol Uuq. Element 114 is the 


first new element to be discovered since 1996. This element 
was found by a Russian-American team, including Livermore 
researchers, by bombarding a sheet of plutonium with a rare 
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form of calcium hoping to make the atoms stick together 
in a new element. Radiation showed that the new element 
broke into smaller pieces. Data of radiation collected at the 
Russian Joint Institute for Nuclear Research in November and 
December 1998, were analyzed in January 1999. It was found 
that some of the heavy atoms created when 114 decayed lived 
up to 30 seconds, which was longer than ever seen before, 
for such a heavy element. This isotope decayed into a previ- 
ously unknown isotope of Element 112, which itself lasted 15 
minutes. That isotope, in turn, decayed to a previously undis- 
covered isotope of Element 108, which survived 17 minutes. 
Isotopes of these and those with longer life-times have been 
predicted for some time by theorists. It appears that these iso- 
topes are on the edge of the "island of stability" and that some 
of the isotopes in this region might last long enough for stud- 
ies of their nuclear behavior and for a chemical evaluation to 
be made. No name has yet been suggested for Element 114; 
however, the temporary name of ununquadium with symbol 
Uuq may be used. 


Element 115— (Ununpentium) On February 2, 2004, it was re- 


ported that Element 115 had been discovered at the Joint 
Institute for Nuclear Research (JINR) in Dubna, Russia. Four 
atoms of this element were produced by JINR physicists and 
collaborators from the Lawrence Livermore (California) 
Laboratory using a 248-MeV beam of calcium-48 ions striking 
a target of americium-243 atoms. The nuclei of these atoms 
are said to have a life of 90 milliseconds. The relatively long 
lifetime of Element 115 suggests that these experiments might 
be getting closer to the "island of stability" long sought to ex- 
ist by some nuclear physicists. These atoms were thought to 
decay first to Element 113 by the emission ofan alpha particle, 
then decaying further to Element 111 by alpha emission again, 
and then by three more alpha decay processes to Element 105 
(dubnium), which after a long delay from the time of the ini- 
tial interaciton, fissioned. This experiment entailed separating 
four atoms from trillions of other atoms. A gas-filled separa- 
tor, employing chemistry, was important in this experiment. 
Names for Elements 115, Element 113, and Element 111 have 
not yet been chosen. 


Element 116 — (Ununhexium) Symbol Uuh. As of January 2004 it 


is questionable if this element has been discovered. 


Element 117 — (Ununseptium) Symbol Uus. As of January 2004, 


this element remains undiscovered. 


Element 118 — (Ununoctium) Symbol Uuo. In June 1999 it was 


announced that Elements 118 and 116 had been discovered 
at the Lawrence Berkeley National Laboratory. A lead target 
was bombarded for more than 10 days with roughly 1 quin- 
tillion krypton ions. The team reported that three atoms of 
Element 118 were made, which quickly decayed into Elements 
116, 114, and elements of lower atomic mass. It was said that 
the isotopes of Element 118 lasted only about 200 millisec- 
onds, while the isotope of Element 116 lasted only 1.2 mil- 
liseconds. It was hoped that these elements might be mem- 
bers of "an island of stability,’ which had long been sought. 
At that time it was hoped that a target of bismuth might be 
bombarded with krypton ions to make Element 119, which, 
in turn, would decay into Elements 117, 115, and 113. 

On July 27, 2001 researchers at the Lawrence 
Berkeley Laboratory announced that their discovery of 
Element 118 was being retracted because workers at the 
GSI Laboratory in Germany and at Japanese laboratories 
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failed to confirm their results. However, it was reported 
that different experiments at the Livermore Laboratory 
and Joint Institute from Nuclear Research in Dubna, 
Russia indicated that Element 116 had since been created. 

Researchers at the Australian National Laboratory sug- 
gest that super-heavy elements may be more difficult to make 
than previously thought. Their data suggest the best way to 
encourage fusion in making super-heavy elements is to com- 
bine the lightest projectiles possible with the heaviest possible 
targets. This would minimize a so-called "quasi-fission pro- 
cess" in which a projectile nucleus steals protons and neutrons 
from a target nucleus. In this process the two nuclei are said to 
fly apart without ever having actually combined. 


Erbium — (Ytterby, a town in Sweden), Er; at. wt. 167.26(3); at. 


no. 68; m.p. 1529°С; b.p. 2868°С; sp. gr. 9.066 (25°С); valence 
3, Erbium, one of the so-called rare-earth elements of the lan- 
thanide series, is found in the minerals mentioned under dys- 
prosium above. In 1842 Mosander separated “yttria? found 
in the mineral gadolinite, into three fractions which he called 
yttria, erbia, and terbia. The names erbia and terbia became 
confused in this early period. After 1860, Mosander's terbia 
was known as erbia, and after 1877, the earlier known 06 
became terbia. The erbia of this period was later shown to 
consist of five oxides, now known as erbia, scandia, holmia, 
thulia and ytterbia. By 1905 Urbain and James independently 
succeeded in isolating fairly pure Er,O,. Klemm and Bommer 
first produced reasonably pure erbium metal in 1934 by re- 
ducing the anhydrous chloride with potassium vapor. The 
pure metal is soft and malleable and has a bright, silvery, me- 
tallic luster. As with other rare-earth metals, its properties de- 
pend to a certain extent on the impurities present. The metal 
is fairly stable in air and does not oxidize as rapidly as some 
of the other rare-earth metals. Naturally occurring erbium is 
a mixture of six isotopes, all of which are stable. Twenty-seven 
radioactive isotopes of erbium are also recognized. Recent 
production techniques, using ion-exchange reactions, have re- 
sulted in much lower prices of the rare-earth metals and their 
compounds in recent years. The cost of 99.9% erbium metal is 
about $21/g. Erbium is finding nuclear and metallurgical uses. 
Added to vanadium, for example, erbium lowers the hardness 
and improves workability. Most of the rare-earth oxides have 
sharp absorption bands in the visible, ultraviolet, and near in- 
frared. This property, associated with the electronic structure, 
gives beautiful pastel colors to many of the rare-earth salts. 
Erbium oxide gives a pink color and has been used as a colo- 
rant in glasses and porcelain enamel glazes. 


Europium — (Europe), Eu; at. wt. 151.964(1); at. no. 63; m.p. 


822°C; b.p. 1596°C; sp. gr. 5.244 (25°C); valence 2 or 3. In 
1890 Boisbaudran obtained basic fractions from samarium- 
gadolinium concentrates which had spark spectral lines not 
accounted for by samarium or gadolinium. These lines subse- 
quently have been shown to belong to europium. The discov- 
ery of europium is generally credited to Demarcay, who sepa- 
rated the rare earth in reasonably pure form in 1901. The pure 
metal was not isolated until recent years. Europium is now 
prepared by mixing Eu,O, with a 10%-excess of lanthanum 
metal and heating the mixture in a tantalum crucible under 
high vacuum. The element is collected as a silvery-white me- 
tallic deposit on the walls of the crucible. As with other rare- 
earth metals, except for lanthanum, europium ignites in air at 
about 150 to 180°C. Europium is about as hard as lead and is 
quite ductile. It is the most reactive of the rare-earth metals, 
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quickly oxidizing in air. It resembles calcium in its reaction 
with water. Bastnasite and monazite are the principal ores 
containing europium. Europium has been identified spectro- 
scopically in the sun and certain stars. Europium isotopes 
are good neutron absorbers and are being studied for use in 
nuclear control applications. Europium oxide is now widely 
used as a phosphor activator and europium-activated yttrium 
vanadate is in commercial use as the red phosphor in color 
TV tubes. Europium-doped plastic has been used as a laser 
material. With the development of ion-exchange techniques 
and special processes, the cost of the metal has been greatly 
reduced in recent years. Natural europium contains two stable 
isotopes. Thirty five other radioactive isotopes and isomers are 
known. Europium is one of the rarest and most costly of the 
rare-earth metals. It is priced at about $60/g (99.9% pure). 


Fermium — (Enrico Fermi [1901—1954], nuclear physicist), Fm; 


at. wt. [257]; at. no. 100; m.p. 1527°C. Fermium, the eighth 
transuranium element of the actinide series to be discovered, 
was identified by Ghiorso and co-workers in 1952 in the de- 
bris from a thermonuclear explosion in the Pacific in work in- 
volving the University of California Radiation Laboratory, the 
Argonne National Laboratory, and the Los Alamos Scientific 
Laboratory. The isotope produced was the 20-hour Fm. 
During 1953 and early 1954, while discovery of elements 99 
and 100 was withheld from publication for security reasons, a 
group from the Nobel Institute of Physics in Stockholm bom- 
barded ?*U with 10 ions, and isolated a 30-min a-emitter, 
which they ascribed to 29100, without claiming discovery of 
the element. This isotope has since been identified positively, 
and the 30-min half-life confirmed. The chemical properties 
of fermium have been studied solely with tracer amounts, 
and in normal aqueous media only the (III) oxidation state 
appears to exist. The isotope > "Рт and heavier isotopes сап 
be produced by intense neutron irradiation of lower elements 
such as plutonium by a process of successive neutron capture 
interspersed with beta decays until these mass numbers and 
atomic numbers are reached. Twenty isotopes and isomers of 
fermium are known to exist. "Fm, with a half-life of about 
100.5 days, is the longest lived. ??Fm, with a half-life of 30 min, 
has been shown to be a product of decay of Element 2 
It was by chemical identification of Fm that production 
of Element 102 (nobelium) was confirmed. Fermium would 
probably have chemical properties resembling erbium. 


Fluorine — (L. and F. fluere, flow, or flux), Е; at. wt. 18.9984032(5); 


at. по. 9; m.p. —219.62°С (1 atm); b.p. —188.12°C (1 atm); t, 
—129.02°С; density 1.696 g/L (0°C, 1 atm); liq. den. at b.p. 1.50 
g/cm?; valence 1. In 1529, Georgius Agricola described the use 
of fluorspar as a flux, and as early as 1670 Schwandhard found 
that glass was etched when exposed to fluorspar treated with 
acid. Scheele and many later investigators, including Davy, 
Gay-Lussac, Lavoisier, and Thenard, experimented with hy- 
drofluoric acid, some experiments ending in tragedy. The ele- 
ment was finally isolated in 1886 by Moisson after nearly 74 
years of continuous effort. Fluorine occurs chiefly in fluorspar 
(СаЕ,) and cryolite (Na, AIF,), and is іп topaz and other min- 
erals. It is a member of the halogen family of elements, and is 
obtained by electrolyzing a solution of potassium hydrogen 
fluoride in anhydrous hydrogen fluoride in a vessel of metal or 
transparent fluorspar. Modern commercial production meth- 
ods are essentially variations on the procedures first used by 
Moisson. Fluorine is the most electronegative and reactive 
of all elements. It is a pale yellow, corrosive gas, which reacts 
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with practically all organic and inorganic substances. Finely 
divided metals, glass, ceramics, carbon, and even water burn 
in fluorine with a bright flame. Until World War II, there was 
no commercial production of elemental fluorine. The atom 
bomb project and nuclear energy applications, however, made 
it necessary to produce large quantities. Safe handling tech- 
niques have now been developed and it is possible at present 
to transport liquid fluorine by the ton. Fluorine and its com- 
pounds are used in producing uranium (from the hexafluo- 
ride) and more than 100 commercial fluorochemicals, includ- 
ing many well-known high-temperature plastics. Hydrofluoric 
acid is extensively used for etching the glass of light bulbs, etc. 
Fluorochloro hydrocarbons have been extensively used in air 
conditioning and refrigeration. However, in recent years the 
U.S. and other countries have been phasing out ozone-deplet- 
ing substances, such as the fluorochloro hydrocarbons that 
have been used in these applications. It has been suggested 
that fluorine might be substituted for hydrogen wherever it 
occurs in organic compounds, which could lead to an astro- 
nomical number of new fluorine compounds. The presence 
of fluorine as a soluble fluoride in drinking water to the ex- 
tent of 2 ppm may cause mottled enamel in teeth, when used 
by children acquiring permanent teeth; in smaller amounts, 
however, fluorides are said to be beneficial and used in wa- 
ter supplies to prevent dental cavities. Elemental fluorine has 
been studied as a rocket propellant as it has an exceptionally 
high specific impulse value. Compounds of fluorine with rare 
gases have now been confirmed. Fluorides of xenon, radon, 
and krypton are among those known. Elemental fluorine and 
the fluoride ion are highly toxic. The free element has a char- 
acteristic pungent odor, detectable in concentrations as low 
as 20 ppb, which is below the safe working level. The recom- 
mended maximum allowable concentration for a daily 8-hour 
time-weighted exposure is 1 ppm. Fluorine is known to have 
fourteen isotopes. 


Francium — (France), Fr; at. no. 87; at. wt. [223]; m.p. 27°С; va- 


lence 1. Discovered in 1939 by Mlle. Marguerite Perey of the 
Curie Institute, Paris. Francium, the heaviest known mem- 
ber of the alkali metal series, occurs as a result of an alpha 
disintegration of actinium. It can also be made artificially by 
bombarding thorium with protons. While it occurs naturally 
in uranium minerals, there is probably less than an ounce of 
francium at any time in the total crust of the earth. It has the 
highest equivalent weight of any element, and is the most un- 
stable ofthe first 101 elements of the periodic system. Thirty- 
six isotopes and isomers of francium are recognized. The lon- 
gest lived ??Fr(Ac, К), a daughter of ?"Ac, has a half-life of 
21.8 min. This is the only isotope of francium occurring in 
nature. Because all known isotopes of francium are highly un- 
stable, knowledge of the chemical properties of this element 
comes from radiochemical techniques. No weighable quantity 
of the element has been prepared or isolated. The chemical 
properties of francium most closely resemble cesium. In 1996, 
researchers Orozco, Sprouse, and co-workers at the State 
University of New York, Stony Brook, reported that they had 
produced francium atoms by bombarding "О atoms at a gold 
target heated almost to its melting point. Collisions between 
gold and oxygen nuclei created atoms of francium-210 which 
had 87 protons and 123 neutrons. This team reported they 
had generated about 1 million francium-210 ions per second 
and held 1000 or more atoms at a time for about 20 secs. in a 
magnetic trap they had devised before the atoms decayed or 
escaped. Enough francium was trapped so that a video camera 
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could capture the light given off by the atoms as they fluo- 
resced. A cluster of about 10,000 francium atoms appeared as 
a glowing sphere about 1 mm in diameter. It is thought that 
the francium atoms could serve as miniature laboratoires for 
probing interactions between electrons and quarks. 


Gadolinium — (gadolinite, a mineral named for Gadolin, a Finnish 


chemist), Gd; at. wt. 157.25(3); at. no. 64; m.p. 1313°С; Ђр. 
3273°C; sp. gr. 7.901 (25°С); valence 3. Gadolinia, the oxide 
of gadolinium, was separated by Marignac in 1880 and Lecoq 
de Boisbaudran independently isolated the element from 
Mosander's "yttria" in 1886. The element was named for the 
mineral gadolinite from which this rare earth was originally 
obtained. Gadolinium is found in several other minerals, in- 
cluding monazite and bastnasite, which are of commercial im- 
portance. The element has been isolated only in recent years. 
With the development of ion-exchange and solvent extrac- 
tion techniques, the availability and price of gadolinium and 
the other rare-earth metals have greatly improved. Thirty- 
one isotopes and isomers of gadolinium are now recognized; 
seven are stable and occur naturally. The metal can be pre- 
pared by the reduction of the anhydrous fluoride with metallic 
calcium. As with other related rare-earth metals, it is silvery 
white, has a metallic luster, and is malleable and ductile. At 
room temperature, gadolinium crystallizes in the hexagonal, 
close-packed a form. Upon heating to 1235°C, a gadolinium 
transforms into the B form, which has a body-centered cubic 
structure. The metal is relatively stable in dry air, but in moist 
air it tarnishes with the formation of a loosely adhering oxide 
film which splits off and exposes more surface to oxidation. 
The metal reacts slowly with water and is soluble in dilute 
acid. Gadolinium has the highest thermal neutron capture 
cross-section of any known element (49,000 barns). Natural 
gadolinium is a mixture of seven isotopes. Two of these, Gd 
and “ад, have excellent capture characteristics, but they аге 
present naturally in low concentrations. As a result, gado- 
linium has a very fast burnout rate and has limited use as a 
nuclear control rod material. It has been used in making gado- 
linium yttrium garnets, which have microwave applications. 
Compounds of gadolinium are used in making phosphors 
for color TV tubes. The metal has unusual superconductive 
properties. As little as 1% gadolinium has been found to im- 
prove the workability and resistance of iron, chromium, and 
related alloys to high temperatures and oxidation. Gadolinium 
ethyl sulfate has extremely low noise characteristics and may 
find use in duplicating the performance of amplifiers, such as 
the maser. The metal is ferromagnetic. Gadolinium is unique 
for its high magnetic moment and for its special Curie tem- 
perature (above which ferromagnetism vanishes) lying just at 
room temperature. This suggests uses as a magnetic compo- 
nent that senses hot and cold. The price of the metal is about 
$5/g (99.9% purity). 


Gallium — (L. Gallia, France), Ga; at. wt. 69.723(1); at. no. 31; 


m.p. 29.76°C; b.p. 2204^C; sp. gr. 5.904 (29.6°C) solid; sp. gr. 
6.095 (29.6°C) liquid; valence 2 or 3. Predicted and described 
by Mendeleev as ekaaluminum, and discovered spectroscopi- 
cally by Lecoq de Boisbaudran in 1875, who in the same year 
obtained the free metal by electrolysis of a solution of the hy- 
droxide in KOH. Gallium is often found as a trace element 
in diaspore, sphalerite, germanite, bauxite, and coal. Some 
flue dusts from burning coal have been shown to contain as 
much as 1.596 gallium. It is the only metal, except for mer- 
cury, cesium, and rubidium, which can be liquid near room 
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temperatures; this makes possible its use in high-temperature 
thermometers. It has one of the longest liquid ranges of any 
metal and has a low vapor pressure even at high temperatures. 
There is a strong tendency for gallium to supercool below its 
freezing point. Therefore, seeding may be necessary to initi- 
ate solidification. Ultra-pure gallium has a beautiful, silvery 
appearance, and the solid metal exhibits a conchoidal frac- 
ture similar to glass. The metal expands 3.196 on solidifying; 
therefore, it should not be stored in glass or metal containers, 
as they may break as the metal solidifies. Gallium wets glass 
or porcelain, and forms a brilliant mirror when it is painted 
on glass. It is widely used in doping semiconductors and pro- 
ducing solid-state devices such as transistors. High-purity 
gallium is attacked only slowly by mineral acids. Magnesium 
gallate containing divalent impurities such as Mn"? is finding 
use in commercial ultraviolet activated powder phosphors. 
Gallium nitride has been used to produce blue light-emitting 
diodes such as those used in CD and DVD readers. Gallium 
has found application in the Gallex Detector Experiment 
located in the Gran Sasso Underground Laboratory in Italy. 
This underground facility has been built by the Italian Istituto 
Nazionale di Fisica Nucleare in the middle of a highway tun- 
nel through the Abruzzese mountains, about 150 km east of 
Rome. In this experiment, 30.3 tons of gallium in the form of 
110 tons of GaCl,-HCl solution are being used to detect solar 
neutrinos. The production of Ge from gallium is being mea- 
sured. Gallium arsenide is capable of converting electricity 
directly into coherent light. Gallium readily alloys with most 
metals, and has been used as a component in low melting al- 
loys. Its toxicity appears to be of a low order, but it should be 
handled with care until more data are forthcoming. Natural 
gallium contains two stable isotopes. Twenty-six other iso- 
topes, one of which is an isomer, are known. The metal can 
be supplied in ultrapure form (99.99999+%). The cost is about 
$5/g (99.999%). 


Germanium — (L. Germania, Germany), Ge; at. wt. 72.61(2); at. 


по. 32; m.p. 938.25°С; b.p. 2833°С; sp. gr. 5.323 (25°С); valence 
2 and 4. Predicted by Mendeleev in 1871 as ekasilicon, and dis- 
covered by Winkler in 1886. The metal is found in argyrodite, a 
sulfide of germanium and silver; in germanite, which contains 
896 of the element; in zinc ores; in coal; and in other minerals. 
The element is frequently obtained commercially from flue 
dusts of smelters processing zinc ores, and has been recov- 
ered from the by-products of combustion of certain coals. Its 
presence in coal insures a large reserve of the element in the 
years to come. Germanium can be separated from other met- 
als by fractional distillation of its volatile tetrachloride. The 
tetrachloride may then be hydrolyzed to give GeO,; the diox- 
ide can be reduced with hydrogen to give the metal. Recently 
developed zone-refining techniques permit the production of 
germanium of ultra-high purity. The element is a gray-white 
metalloid, and in its pure state is crystalline and brittle, retain- 
ing its luster in air at room temperature. It is a very important 
semiconductor material. Zone-refining techniques have led to 
production of crystalline germanium for semiconductor use 
with an impurity of only one part in 10%. Doped with arsenic, 
gallium, or other elements, it is used as a transistor element in 
thousands of electronic applications. Its application in fiber 
optics and infrared optical systems now provides the largest 
use for germanium. Germanium is also finding many other 
applications including use as an alloying agent, as a phosphor 
in fluorescent lamps, and as a catalyst. Germanium and ger- 
manium oxide are transparent to the infrared and are used 
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in infrared spectrometers and other optical equipment, in- 
cluding extremely sensitive infrared detectors. Germanium 
oxide's high index of refraction and dispersion make it useful 
as a component of glasses used in wide-angle camera lenses 
and microscope objectives. The field of organogermanium 
chemistry is becoming increasingly important. Certain ger- 
manium compounds have a low mammalian toxicity, but a 
marked activity against certain bacteria, which makes them of 
interest as chemotherapeutic agents. The cost of germanium 
is about $10/g (99.999% purity). Thirty isotopes and isomers 
are known, five of which occur naturally. 


Gold — (Sanskrit Jval; Anglo-Saxon gold), Au (L. aurum, gold); 


at. wt. 196.96654(3); at. no. 79; m.p. 1064.18°С; b.p. 2856°С; 
5р. gr. ~19.3 (20°С); valence 1 or 3. Known and highly valued 
from earliest times, gold is found in nature as the free metal 
and in tellurides; it is very widely distributed and is almost 
always associated with quartz or pyrite. It occurs in veins and 
alluvial deposits, and is often separated from rocks and other 
minerals by sluicing and panning operations. About 2596 of 
the world's gold output comes from South Africa, and about 
two thirds of the total U.S. production now comes from South 
Dakota and Nevada. The metal is recovered from its ores by 
cyaniding, amalgamating, and smelting processes. Refining is 
also frequently done by electrolysis. Gold occurs in sea water 
to the extent of 0.1 to 2 mg/ton, depending on the location 
where the sample is taken. As yet, no method has been found 
for recovering gold from sea water profitably. It is estimated 
that all the gold in the world, so far refined, could be placed 
in a single cube 60 ft on a side. Of all the elements, gold in 
its pure state is undoubtedly the most beautiful. It is metallic, 
having a yellow color when in a mass, but when finely divided 
it may be black, ruby, or purple. The Purple of Cassius is a 
delicate test for auric gold. It is the most malleable and ductile 
metal; 1 oz. of gold can be beaten out to 300 ft”. It is a soft 
metal and is usually alloyed to give it more strength. It is a 
good conductor of heat and electricity, and is unaffected by 
air and most reagents. It is used in coinage and is a standard 
for monetary systems in many countries. It is also extensively 
used for jewelry, decoration, dental work, and for plating. It is 
used for coating certain space satellites, as it is a good reflec- 
tor of infrared and is inert. Gold, like other precious metals, is 
measured in troy weight; when alloyed with other metals, the 
term carat is used to express the amount of gold present, 24 
carats being pure gold. For many years the value of gold was 
set by the U.S. at $20.67/troy ounce; in 1934 this value was 
fixed by law at $35.00/troy ounce, 9/10th fine. On March 17, 
1968, because of a gold crisis, a two-tiered pricing system was 
established whereby gold was still used to settle international 
accounts at the old $35.00/troy ounce price while the price 
of gold on the private market would be allowed to fluctuate. 
Since this time, the price of gold on the free market has fluc- 
tuated widely. The price of gold on the free market reached a 
price of $620/troy oz. in January 1980. More recently, the U.K. 
and other nations, including the I.M.F. have sold or threat- 
ened to sell a sizeable portion of their gold reserves. This has 
caused wide fluctuations in the price of gold. Because this has 
damaged the economy of some countries, a moratorium for a 
few years has been declared. This has tended to stabilize tem- 
porarily the price of gold. The most common gold compounds 
are auric chloride (AuCl,) and chlorauric acid (HAuCI,), the 
latter being used in photography for toning the silver image. 
Gold has forty-eight recognized isotopes and isomers; "ЗАц, 
with a half-life of 2.7 days, is used for treating cancer and other 
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diseases. Disodium aurothiomalate is administered intramus- 
cularly as a treatment for arthritis. A mixture of one part ni- 
tric acid with three of hydrochloric acid is called aqua regia 
(because it dissolved gold, the King of Metals). Gold is avail- 
able commercially with a purity of 99.999+%. For many years 
the temperature assigned to the freezing point of gold has 
been 1063.0°С; this has served as a calibration point for the 
International Temperature Scales (ITS-27 and ITS-48) and 
the International Practical Temperature Scale (IPTS-48). In 
1968, a new International Practical Temperature Scale (IPTS- 
68) was adopted, which demanded that the freezing point of 
gold be changed to 1064.43. In 1990 a new International 
Temperature Scale (ITS-90) was adopted bringing the t.p. 
(triple point) of H,O (t,, (°С)) to 0.01°С and the freezing point 
of gold to 1064.18°C. The specific gravity of gold has been 
found to vary considerably depending on temperature, how 
the metal is precipitated, and cold-worked. As of December 
2001, gold was priced at about $275/troy oz. ($8.50/g). 


Hafnium — (Hafnia, Latin name for Copenhagen), Hf; at. wt. 


178.49(2); at. no. 72; m.p. 2233°С; b.p. 4603°С; sp. gr. 13.31 
(20°С); valence 4. Hafnium was thought to be present in vari- 
ous minerals and concentrations many years prior to its dis- 
covery, in 1923, credited to D. Coster and G. von Hevesey. On 
the basis of the Bohr theory, the new element was expected to 
be associated with zirconium. It was finally identified in zir- 
con from Norway, by means of X-ray spectroscopic analysis. 
It was named in honor of the city in which the discovery was 
made. Most zirconium minerals contain 1 to 596 hafnium. It 
was originally separated from zirconium by repeated recrys- 
tallization of the double ammonium or potassium fluorides 
by von Hevesey and Jantzen. Metallic hafnium was first pre- 
pared by van Arkel and deBoer by passing the vapor of the tet- 
raiodide over a heated tungsten filament. Almost all hafnium 
metal now produced is made by reducing the tetrachloride 
with magnesium or with sodium (Kroll Process). Hafnium is 
a ductile metal with a brilliant silver luster. Its properties are 
considerably influenced by the impurities of zirconium pres- 
ent. Of all the elements, zirconium and hafnium are two of the 
most difficult to separate. Their chemistry is almost identical, 
however, the density of zirconium is about half that of haf- 
nium. Very pure hafnium has been produced, with zirconium 
being the major impurity. Natural hafnium contains six iso- 
topes, one of which is slightly radioactive. Hafnium has a total 
of 41 recognized isotopes and isomers. Because hafnium has 
a good absorption cross section for thermal neutrons (almost 
600 times that of zirconium), has excellent mechanical prop- 
erties, and is extremely corrosion resistant, it is used for reac- 
tor control rods. Such rods are used in nuclear submarines. 
Hafnium has been successfully alloyed with iron, titanium, 
niobium, tantalum, and other metals. Hafnium carbide is the 
most refractory binary composition known, and the nitride is 
the most refractory of all known metal nitrides (m.p. 3310*C). 
Hafnium is used in gas-filled and incandescent lamps, and is 
an efficient "getter" for scavenging oxygen and nitrogen. Finely 
divided hafnium is pyrophoric and can ignite spontaneously in 
air. Care should be taken when machining the metal or when 
handling hot sponge hafnium. At 700*C hafnium rapidly ab- 
sorbs hydrogen to form the composition НІН, „. Hafnium is 
resistant to concentrated alkalis, but at elevated temperatures 
reacts with oxygen, nitrogen, carbon, boron, sulfur, and sili- 
con. Halogens react directly to form tetrahalides. The price of 
the metal is about $2/g. The yearly demand for hafnium in the 
U.S. is now in excess of 50,000 kg. 
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Hahnium — A name previously used for Element 105, now named 


dubnium. 


Hassium — (named for the German state, Hesse) Hs; at.wt. [265]; 


at.no. 108. This element was first synthesized and identified 
in 1964 by the same G.S.I. Darmstadt Group who first identi- 
fied Bohrium and Meitnerium. Presumably this element has 
chemical properties similar to osmium. Isotope 108 was 
produced using a beam of *Fe projectiles, produced by the 
Universal Linear Accelerator (UNILAC) to bombard a ?*Pb 
target. Discovery of Bohrium and Meitnerium was made using 
detection of isotopes with odd proton and neutron numbers. 
Elements having even atomic numbers have been thought to 
be less stable against spontaneous fusion than odd elements. 
The production of 7108 in the same reaction as was used at 
G.S.I. was confirmed at Dubna with detection of the seventh 
member of the decay chain Es. Isotopes of Hassium are be- 
lieved to decay by spontaneous fission, explaining why 109 was 
produced before 108. Isotope 795108 and "108 are thought to 
decay to 781106, which in turn decay to 77104 апа 253102, The 
IUPAC adopted the name Hassium after the German state 
of Hesse in September 1997. In June 2001 it was announced 
that hassium is now the heaviest element to have its chemical 
properties analyzed. A research team at the UNILAC heavy- 
ion accelerator in Darmstadt, Germany built an instrument to 
detect and analyze hassium. Atoms of curium-248 were col- 
lided with atoms of magnesium-26, producing about 6 atoms 
of hassium with a half-life of 9 sec. This was sufficiently long 
to obtain data showing that hassium atoms react with oxygen 
to form hassium oxide molecules. These condensed at a tem- 
perature consistent with the behavior of Group 8 elements. 
This experiment appears to confirm hassium’s location under 
osmium in the periodic table. 


Helium — (Gr. helios, the sun), He; at. wt. 4.002602(2); at. no. 2; 


m.p. below — 272.2°С (26 atm); b.p. — 268.93°C; t, -267.96°C; 
density 0.1785 g/l (0°С, 1 atm); liquid density 7.62 Ib/ft? at. 
b.p.; valence usually 0. Evidence of the existence of helium was 
first obtained by Janssen during the solar eclipse of 1868 when 
he detected a new line in the solar spectrum; Lockyer and 
Frankland suggested the name helium for the new element; 
in 1895, Ramsay discovered helium in the uranium mineral 
cleveite, and it was independently discovered in cleveite by 
the Swedish chemists Cleve and Langlet about the same time. 
Rutherford and Royds in 1907 demonstrated that a particles 
are helium nuclei. Except for hydrogen, helium is the most 
abundant element found throughout the universe. Helium is 
extracted from natural gas; all natural gas contains at least 
trace quantities of helium. It has been detected spectroscopi- 
cally in great abundance, especially in the hotter stars, and it 
is an important component in both the proton-proton reac- 
tion and the carbon cycle, which account for the energy of the 
sun and stars. The fusion of hydrogen into helium provides 
the energy of the hydrogen bomb. The helium content of the 
atmosphere is about 1 part in 200,000. It is present in various 
radioactive minerals as a decay product. Much of the world's 
supply of helium is obtained from wells in Texas, Colorado, 
and Kansas. The only other known helium extraction plants, 
outside the United States, in 1999 were in Poland, Russia, 
China, Algeria, and India. The cost of helium has fallen from 
$2500/fC іп 1915 to about 2.5€/cu.ft. (.028 cu meters) in 1999. 
Helium has the lowest melting point of any element and has 
found wide use in cryogenic research, as its boiling point is 
close to absolute zero. Its use in the study of superconduc- 
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tivity is vital. Using liquid helium, Kurti and co-workers, and 
others, have succeeded in obtaining temperatures of a few mi- 
crokelvins by the adiabatic demagnetization of copper nuclei, 
starting from about 0.01 K. Liquid helium (Не?) exists in two 
forms: Неї and He'll, with a sharp transition point at 2.174 K 
(3.83 cm Hg). Неї (above this temperature) is a normal liquid, 
but Не*П (below it) is unlike any other known substance. It 
expands on cooling; its conductivity for heat is enormous; and 
neither its heat conduction nor viscosity obeys normal rules. 
It has other peculiar properties. Helium is the only liquid that 
cannot be solidified by lowering the temperature. It remains 
liquid down to absolute zero at ordinary pressures, but it can 
readily be solidified by increasing the pressure. Solid Не and 
^He are unusual in that both can readily be changed in vol- 
ume by more than 3096 by application of pressure. The specific 
heat of helium gas is unusually high. The density of helium 
vapor at the normal boiling point is also very high, with the 
vapor expanding greatly when heated to room temperature. 
Containers filled with helium gas at 5 to 10 K should be treat- 
ed as though they contained liquid helium due to the large 
increase in pressure resulting from warming the gas to room 
temperature. While helium normally has a 0 valence, it seems 
to have a weak tendency to combine with certain other ele- 
ments. Means of preparing helium diflouride have been stud- 
ied, and species such as HeNe and the molecular ions He* and 
He** have been investigated. Helium is widely used as an inert 
gas shield for arc welding; as a protective gas in growing sili- 
con and germanium crystals, and in titanium and zirconium 
production; as a cooling medium for nuclear reactors, and as 
a gas for supersonic wind tunnels. A mixture of helium and 
oxygen is used as an artificial atmosphere for divers and oth- 
ers working under pressure. Different ratios of He/O, are used 
for different depths at which the diver is operating. Helium is 
extensively used for filling balloons as it is a much safer gas 
than hydrogen. One of the recent largest uses for helium has 
been for pressuring liquid fuel rockets. A Saturn booster such 
as used on the Apollo lunar missions required about 13 mil- 
lion fof helium for a firing, plus more for checkouts. Liquid 
helium's use in magnetic resonance imaging (MRI) continues 
to increase as the medical profession accepts and develops 
new uses for the equipment. This equipment is providing ac- 
curate diagnoses of problems where exploratory surgery has 
previously been required to determine problems. Another 
medical application that is being developed uses MRI to de- 
termine by blood analysis whether a patient has any form of 
cancer. Lifting gas applications are increasing. Various com- 
panies in addition to Goodyear, are now using "blimps" for 
advertising. The Navy and the Air Force are investigating the 
use of airships to provide early warning systems to detect 
low-flying cruise missiles. The Drug Enforcement Agency has 
used radar-equipped blimps to detect drug smugglers along 
the southern border of the U.S. In addition, NASA is cur- 
rently using helium-filled balloons to sample the atmosphere 
in Antarctica to determine what is depleting the ozone layer 
that protects Earth from harmful U.V. radiation. Research on 
and development of materials which become superconductive 
at temperatures well above the boiling point of helium could 
have a major impact on the demand for helium. Less costly 
refrigerants having boiling points considerably higher could 
replace the present need to cool such superconductive materi- 
als to the boiling point of helium. Natural helium contains two 
stable isotopes ?He and *He. ?He is present in very small quan- 
tities. Six other isotopes of helium are now recognized. 
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Holmium — (L. Holmia , for Stockholm), Ho; at. wt. 164.93032(2); 


at. по 67; m.p. 1474°C; b.p. 2700°C; sp. gr. 8.795 (25°C); valence 
* 3. The spectral absorption bands of holmium were noticed 
in 1878 by the Swiss chemists Delafontaine and Soret, who 
announced the existence of an "Element X” Cleve, of Sweden, 
later independently discovered the element while working on 
erbia earth. The element is named after Cleve's native city. 
Pure holmia, the yellow oxide, was prepared by Homberg in 
1911. Holmium occurs in gadolinite, monazite, and in other 
rare-earth minerals. It is commercially obtained from mona- 
zite, occurring in that mineral to the extent of about 0.0596. It 
has been isolated by the reduction of its anhydrous chloride 
or fluoride with calcium metal. Pure holmium has a metallic 
to bright silver luster. It is relatively soft and malleable, and 
is stable in dry air at room temperature, but rapidly oxidizes 
in moist air and at elevated temperatures. The metal has un- 
usual magnetic properties. Few uses have yet been found for 
the element. The element, as with other rare earths, seems 
to have a low acute toxic rating. Natural holmium consists of 
one isotope "Но, which is not radioactive. Holmium has 49 
other isotopes known, all of which are radioactive. The price 
of 99.996 holmium metal is about $20/g. 


Hydrogen — (Gr. hydro, water, and genes, forming), H; at. wt. 


1.00794(7); at. no. 1; m.p. —259.34^C; b.p. -252.87°С; t, 240.18; 
density 0.08988 g/l; density (liquid) 70.8 g/l (-253%С); density 
(solid) 70.6 g/l (-262*C); valence 1. Hydrogen was prepared 
many years before it was recognized as a distinct substance by 
Cavendish in 1766. It was named by Lavoisier. Hydrogen is the 
most abundant of all elements in the universe, and it is thought 
that the heavier elements were, and still are, being built from 
hydrogen and helium. It has been estimated that hydrogen 
makes up more than 9096 of all the atoms or three quarters 
of the mass of the universe. It is found in the sun and most 
stars, and plays an important part in the proton-proton reac- 
tion and carbon-nitrogen cycle, which accounts for the energy 
of the sun and stars. It is thought that hydrogen is a major 
component of the planet Jupiter and that at some depth in the 
planet's interior the pressure is so great that solid molecular 
hydrogen is converted into solid metallic hydrogen. In 1973, it 
was reported that a group of Russian experimenters may have 
produced metallic hydrogen at a pressure of 2.8 Mbar. At the 
transition the density changed from 1.08 to 1.3 g/cm’. Earlier, 
in 1972, a Livermore (California) group also reported on a 
similar experiment in which they observed a pressure-volume 
point centered at 2 Mbar. It has been predicted that metallic 
hydrogen may be metastable; others have predicted it would 
be a superconductor at room temperature. On earth, hydro- 
gen occurs chiefly in combination with oxygen in water, but it 
is also present in organic matter such as living plants, petro- 
leum, coal, etc. It is present as the free element in the atmo- 
sphere, but only to the extent of less than 1 ppm by volume. It 
is the lightest of all gases, and combines with other elements, 
sometimes explosively, to form compounds. Great quantities 
of hydrogen are required commercially for the fixation of ni- 
trogen from the air in the Haber ammonia process and for the 
hydrogenation of fats and oils. It is also used in large quan- 
tities in methanol production, in hydrodealkylation, hydro- 
cracking, and hydrodesulfurization. It is also used as a rocket 
fuel, for welding, for production of hydrochloric acid, for the 
reduction of metallic ores, and for filling balloons. The lifting 
power of 1 ft? of hydrogen gas is about 0.076 lb at ФС, 760 
mm pressure. Production of hydrogen in the U.S. alone now 
amounts to about 3 billion cubic feet per year. It is prepared 
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by the action of steam on heated carbon, by decomposition of 
certain hydrocarbons with heat, by the electrolysis of water, 
or by the displacement from acids by certain metals. It is also 
produced by the action of sodium or potassium hydroxide on 
aluminum. Liquid hydrogen is important in cryogenics and in 
the study of superconductivity, as its melting point is only a 
20°С above absolute zero. Hydrogen consists of three isotopes, 
most of which is ІН. The ordinary isotope of hydrogen, H, is 
known as protium. In 1932, Urey announced the discovery of 
a stable isotope, deuterium СН or D) with an atomic weight of 
2. Deuterium is present in natural hydrogen to the extent of 
0.01596. Two years later an unstable isotope, tritium CH), with 
an atomic weight of 3 was discovered. Tritium has a half-life 
of about 12.32 years. Tritium atoms are also present in natural 
hydrogen but in much smaller proportion. Tritium is readily 
produced in nuclear reactors and is used in the production of 
the hydrogen bomb. It is also used as a radioactive agent in 
making luminous paints, and as a tracer. On August 27, 2001 
Russian, French, and Japanese physicists working at the Joint 
Institute for Nuclear Research near Moscow reported they 
had made “super-heavy hydrogen,’ which had a nucleus with 
one proton and four neutrons. Using an accelerator, they used 
a beam of helium-6 nuclei to strike a hydrogen target, which 
resulted in the occasional production of a hydrogen-5 nucle- 
us plus a helium-2 nucleus. These unstable particles quickly 
disintegrated. This resulted in two protons from the He-2, a 
triton, and two neutrons from the H-5 breakup. Deuterium 
gas is readily available, without permit, at about $1/l. Heavy 
water, deuterium oxide (D,O), which is used as a moderator 
to slow down neutrons, is available without permit at a cost of 
6c to $1/g, depending on quantity and purity. About 1000 tons 
(4,400,000 kg) of deuterium oxide (heavy water) are now in 
use at the Sudbury (Ontario) Neutrino Observatory. This ob- 
servatory is taking data to provide new revolutionary insight 
into the properties of neutrinos and into the core of the sun. 
The heavy water is on loan from Atomic Energy of Canada, 
Ltd. (AECL). The observatory and detectors are located 6800 
ft (2072 m) deep in the Creighton mine of the International 
Nickel Co. near Sudbury. The heavy water is contained 
in an acrylic vessel, 12 m in diameter. Neutrinos react with 
the heavy water to produce Cherenkov radiation. This light 
is then detected with 9600 photomultiplier tubes surround- 
ing the vessel. The detector laboratory is immensely clean to 
reduce background radiation, which otherwise hide the very 
weak signals from neutrinos. Quite apart from isotopes, it has 
been shown that hydrogen gas under ordinary conditions is a 
mixture of two kinds of molecules, known as ortho- and para- 
hydrogen, which differ from one another by the spins of their 
electrons and nuclei. Normal hydrogen at room temperature 
contains 25% of the para form and 7596 of the ortho form. The 
ortho form cannot be prepared in the pure state. Since the two 
forms differ in energy, the physical properties also differ. The 
melting and boiling points of parahydrogen are about 0.1*C 
lower than those of normal hydrogen. Consideration is being 
given to an entire economy based on solar- and nuclear-gen- 
erated hydrogen. Located in remote regions, power plants 
would electrolyze sea water; the hydrogen produced would 
travel to distant cities by pipelines. Pollution-free hydrogen 
could replace natural gas, gasoline, etc., and could serve as a 
reducing agent in metallurgy, chemical processing, refining, 
etc. It could also be used to convert trash into methane and 
ethylene. Public acceptance, high capital investment, and the 
high present cost of hydrogen with respect to present fuels 
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are but a few of the problems facing establishment of such an 
economy. Hydrogen is being investigated as a substitute for 
deep-sea diving applications below 300 m. Hydrogen is readily 
available from air product suppliers. 


Indium — (from the brilliant indigo line in its spectrum), In; at. wt. 


114.818(3); at. no. 49; m.p. 156.60°С; b.p. 2072°С; sp. gr. 7.31 
(20°C); valence 1, 2, or 3. Discovered by Reich and Richter, who 
later isolated the metal. Indium is most frequently associated 
with zinc materials, and it is from these that most commer- 
cial indium is now obtained; however, it is also found in iron, 
lead, and copper ores. Until 1924, a gram or so constituted the 
world's supply of this element in isolated form. It is probably 
about as abundant as silver. About 4 million troy ounces of 
indium are now produced annually in the Free World. Canada 
is presently producing more than 1,000,000 troy ounces annu- 
ally. The present cost of indium is about $2 to $10/g, depend- 
ing on quantity and purity. It is available in ultrapure form. 
Indium is a very soft, silvery-white metal with a brilliant lus- 
ter. The pure metal gives a high-pitched "cry" when bent. It 
wets glass, as does gallium. It has found application in mak- 
ing low-melting alloys; an alloy of 24% indium-76% gallium is 
liquid at room temperature. Indium is used in making bear- 
ing alloys, germanium transistors, rectifiers, thermistors, liq- 
uid crystal displays, high definition television, batteries, and 
photoconductors. It can be plated onto metal and evaporated 
onto glass, forming a mirror as good as that made with silver 
but with more resistance to atmospheric corrosion. There is 
evidence that indium has a low order of toxicity; however, care 
should be taken until further information is available. Seventy 
isotopes and isomers are now recognized (more than any 
other element). Natural indium contains two isotopes. One is 
stable. The other, "Эл, comprising 95.7196 of natural indium 
is slightly radioactive with a very long half-life. 


Iodine — (Gr. iodes, violet), I; at. wt. 126.90447(3); at. no. 53; 


m.p. 113.7°C; b.p. 184.4°C; t. 546°C; density of the gas 11.27 
g/l; sp. gr. solid 4.93 (20°C); valence 1, 3, 5, or 7. Discovered 
by Courtois in 1811. Iodine, a halogen, occurs sparingly in 
the form of iodides in sea water from which it is assimilated 
by seaweeds, in Chilean saltpeter and nitrate-bearing earth, 
known as caliche in brines from old sea deposits, and in 
brackish waters from oil and salt wells. Ultrapure iodine can 
be obtained from the reaction of potassium iodide with cop- 
per sulfate. Several other methods of isolating the element 
are known. Iodine is a bluish-black, lustrous solid, volatiliz- 
ing at ordinary temperatures into a blue-violet gas with an ir- 
ritating odor; it forms compounds with many elements, but 
is less active than the other halogens, which displace it from 
iodides. Iodine exhibits some metallic-like properties. It dis- 
solves readily in chloroform, carbon tetrachloride, or carbon 
disulfide to form beautiful purple solutions. It is only slightly 
soluble in water. Iodine compounds are important in organic 
chemistry and very useful in medicine. Forty two isotopes and 
isomers are recognized. Only one stable isotope, 7271 is found 
in nature. The artificial radioisotope "Ч, with a half-life of 8 
days, has been used in treating the thyroid gland. The most 
common compounds are the iodides of sodium and potas- 
sium (KI) and the iodates (KIO,). Lack of iodine is the cause 
of goiter. Iodides, and thyroxin which contains iodine, аге 
used internally in medicine, and a solution of KI and iodine 
in alcohol is used for external wounds. Potassium iodide finds 
use in photography. The deep blue color with starch solution 
is characteristic of the free element. Care should be taken in 
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handling and using iodine, as contact with the skin can cause 
lesions; iodine vapor is intensely irritating to the eyes and mu- 
cous membranes. Elemental iodine costs about 25 to 75€/g 
depending on purity and quantity. 


Iridium — (L. iris, rainbow), Ir; at. wt. 192.217(3); at. no. 77; 


m.p. 2446°С; b.p. 4428°С; sp. gr. 22.42 (17°С); valence 3 or 4. 
Discovered in 1803 by Tennant in the residue left when crude 
platinum is dissolved by aqua regia. The name iridium is ap- 
propriate, for its salts are highly colored. Iridium, a metal of 
the platinum family, is white, similar to platinum, but with a 
slight yellowish cast. It is very hard and brittle, making it very 
hard to machine, form, or work. It is the most corrosion-resis- 
tant metal known, and was used in making the standard meter 
bar of Paris, which is a 90% platinum-10% iridium alloy. This 
meter bar was replaced in 1960 as a fundamental unit of length 
(see under Krypton). Iridium is not attacked by any of the ac- 
ids nor by aqua regia, but is attacked by molten salts, such as 
NaCl and NaCN. Iridium occurs uncombined in nature with 
platinum and other metals of this family in alluvial deposits. It 
is recovered as a by-product from the nickel mining industry. 
The largest reserves and production of the platinum group of 
metals, which includes iridium, is in South Africa, followed 
by Russia and Canada. The U.S. has only one active mine, lo- 
cated at Nye, MT. The presence of iridium has recently been 
used in examining the Cretaceous-Tertiary (K-T) boundary. 
Meteorites contain small amounts of iridium. Because iridium 
is found widely distributed at the K-T boundary, it has been 
suggested that a large meteorite or asteroid collided with the 
earth, killing the dinosaurs, and creating a large dust cloud and 
crater. Searches for such a crater point to one in the Yucatan, 
known as Chicxulub. Iridium has found use in making cru- 
cibles and apparatus for use at high temperatures. It is also 
used for electrical contacts. Its principal use is as a harden- 
ing agent for platinum. With osmium, it forms an alloy which 
is used for tipping pens and compass bearings. The specific 
gravity of iridium is only very slightly lower than that of os- 
mium, which has been generally credited as being the heavi- 
est known element. Calculations of the densities of iridium 
and osmium from the space lattices gives values of 22.65 and 
22.61 g/cm?, respectively. These values may be more reliable 
than actual physical measurements. At present, therefore, we 
know that either iridium or osmium is the densest known ele- 
ment, but the data do not yet allow selection between the two. 
Natural iridium contains two stable isotopes. Forty-five other 
isotopes, all radioactive, are now recognized. Iridium (99.9%) 
costs about $100/g. 


Iron — (Anglo-Saxon, iron), Fe (L. ferrum); at. wt. 55.845(2); at. 


no. 26; m.p. 1538°С; b.p. 2861°С; sp. gr. 7.874 (20°С); valence 2, 
3, 4, or 6. The use of iron is prehistoric. Genesis mentions that 
Tubal-Cain, seven generations from Adam, was "an instructor 
of every artificer in brass and iron” A remarkable iron pillar, 
dating to about A.D. 400, remains standing today in Delhi, 
India. This solid shaft of wrought iron is about 7!/, m high by 
40 cm in diameter. Corrosion to the pillar has been minimal 
although it has been exposed to the weather since its erection. 
Iron is а relatively abundant element in the universe. It is found 
in the sun and many types of stars in considerable quantity. It 
has been suggested that the iron we have here on earth may 
have originated in a supernova. Iron is a very difficult element 
to produce in ordinary nuclear reactions, such as would take 
place in the sun. Iron is found native as a principal component 
of a class of iron-nickel meteorites known as siderites, and is 
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a minor constituent of the other two classes of meteorites. 
The core of the earth, 2150 miles in radius, is thought to be 
largely composed of iron with about 10% occluded hydrogen. 
The metal is the fourth most abundant element, by weight, 
making up the crust of the earth. The most common ore is 
hematite (Fe,O,). Magnetite (Fe,O ) is frequently seen as black 
sands along beaches and banks of streams. Lodestone is an- 
other form of magnetite. Тасопйе is becoming increasingly 
important as a commercial ore. Iron is a vital constituent of 
plant and animal life, and appears in hemoglobin. The pure 
metal is not often encountered in commerce, but is usually 
alloyed with carbon or other metals. The pure metal is very 
reactive chemically, and rapidly corrodes, especially in moist 
air or at elevated temperatures. It has four allotropic forms, 
or ferrites, known as а, B, y, and б, with transition points at 
700, 928, and 1530°С. The a form is magnetic, but when trans- 
formed into the B form, the magnetism disappears although 
the lattice remains unchanged. The relations of these forms 
are peculiar. Pig iron is an alloy containing about 3% carbon 
with varying amounts of S, Si, Mn, and P. It is hard, brittle, 
fairly fusible, and is used to produce other alloys, including 
steel. Wrought iron contains only a few tenths of a percent 
of carbon, is tough, malleable, less fusible, and has usually a 
"fibrous" structure. Carbon steel is an alloy of iron with car- 
bon, with small amounts of Mn, S, P, and Si. Alloy steels are 
carbon steels with other additives such as nickel, chromium, 
vanadium, etc. Iron is the cheapest and most abundant, useful, 
and important of all metals. Natural iron contains four iso- 
topes. Twenty-six other isotopes and isomers, all radioactive, 
are now recognized. 


Krypton — (Gr. kryptos, hidden), Kr; at. wt. 83.80(1); at. no. 36; 


m.p. -157.36%С; b.p. –153.22 + 0.10°С; t, -63.74С, den- 
sity 3.733 g/l (0°C); valence usually 0. Discovered in 1898 by 
Ramsay and Travers in the residue left after liquid air had 
nearly boiled away. Krypton is present in the air to the extent 
of about 1 ppm. The atmosphere of Mars has been found to 
contain 0.3 ppm of krypton. It is one of the "noble" gases. It is 
characterized by its brilliant green and orange spectral lines. 
Naturally occurring krypton contains six stable isotopes. 
Thirty other unstable isotopes and isomers are now recog- 
nized. The spectral lines of krypton are easily produced and 
some are very sharp. In 1960 it was internationally agreed that 
the fundamental unit of length, the meter, should be defined 
in terms of the orange-red spectral line of Кг, This replaced 
the standard meter of Paris, which was defined in terms of 
a bar made of a platinum-iridium alloy. In October 1983 the 
meter was again redefined by the International Bureau of 
Weights and Measures as being the length of path traveled by 
light in a vacuum during a time interval of 1/299,792,458 of 
a second. Solid krypton is a white crystalline substance with 
a face-centered cubic structure which is common to all the 
rare gases. While krypton is generally thought of as a noble 
gas that normally does not combine with other elements, the 
existence of some krypton compounds has been established. 
Krypton difluoride has been prepared in gram quantities and 
can be made by several methods. A higher fluoride of krypton 
and a salt of an oxyacid of krypton also have been prepared. 
Molecule-ions of ArKr* and KrH* have been identified and 
investigated, and evidence is provided for the formation of 
KrXe or KrXe'. Krypton clathrates have been prepared with 
hydroquinone and phenol. *Kr has found recent application 
in chemical analysis. By imbedding the isotope in various sol- 
ids, kryptonates are formed. The activity of these kryptonates 
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is sensitive to chemical reactions at the surface. Estimates of 
the concentration of reactants are therefore made possible. 
Krypton is used in certain photographic flash lamps for high- 
speed photography. Uses thus far have been limited because of 
its high cost. Krypton gas presently costs about $690/100 L. 


Kurchatovium — See Rutherfordium. 


Lanthanum — (Gr. lanthanein, to lie hidden), La; at. wt. 


138.9055(2); at. no. 57; m.p. 918°C; b.p. 3464°C; sp. gr. 6.145 
(25°С); valence 3. Mosander in 1839 extracted a new earth 
lanthana, from impure cerium nitrate, and recognized the 
new element. Lanthanum is found in rare-earth minerals 
such as cerite, monazite, allanite, and bastnasite. Monazite 
and bastnasite are principal ores in which lanthanum occurs 
in percentages up to 25 and 38%, respectively. Misch metal, 
used in making lighter flints, contains about 2596 lanthanum. 
Lanthanum was isolated in relatively pure form in 1923. Ion- 
exchange and solvent extraction techniques have led to much 
easier isolation of the so-called "rare-earth" elements. The 
availability of lanthanum and other rare earths has improved 
greatly in recent years. The metal can be produced by reduc- 
ing the anhydrous fluoride with calcium. Lanthanum is silvery 
white, malleable, ductile, and soft enough to be cut with a 
knife. It is one of the most reactive of the rare-earth metals. It 
oxidizes rapidly when exposed to air. Cold water attacks lan- 
thanum slowly, and hot water attacks it much more rapidly. 
The metal reacts directly with elemental carbon, nitrogen, bo- 
ron, selenium, silicon, phosphorus, sulfur, and with halogens. 
At 310°C, lanthanum changes from a hexagonal to a face-cen- 
tered cubic structure, and at 865°С it again transforms into a 
body-centered cubic structure. Natural lanthanum is mixture 
of two isotopes, one of which is stable and one of which is 
radioactive with a very long half-life. Thirty other radioactive 
isotopes are recognized. Rare-earth compounds containing 
lanthanum are extensively used in carbon lighting applica- 
tions, especially by the motion picture industry for studio 
lighting and projection. This application consumes about 2596 
of the rare-earth compounds produced. La,O, improves the 
alkali resistance of glass, and is used in making special optical 
glasses. Small amounts of lanthanum, as an additive, can be 
used to produce nodular cast iron. There is current interest 
in hydrogen sponge alloys containing lanthanum. These alloys 
take up to 400 times their own volume of hydrogen gas, and 
the process is reversible. Heat energy is released every time 
they do so; therefore these alloys have possibilities in energy 
conservation systems. Lanthanum and its compounds have a 
low to moderate acute toxicity rating; therefore, care should be 
taken in handling them. The metal costs about $2/g (99.9%). 


Lawrencium — (Ernest О. Lawrence [1901—1958], inventor of the 


cyclotron), Lr; at. no. 103; at. mass по. [262]; valence + 3(?). 
This member of the 5f transition elements (actinide series) 
was discovered in March 1961 by A. Ghiorso, T. Sikkeland, A. 
E. Larsh, and В. M. Latimer. А 3-ug californium target, con- 
sisting of a mixture of isotopes of mass number 249, 250, 251, 
and 252, was bombarded with either !°B or "В. The electrically 
charged transmutation nuclei recoiled with an atmosphere of 
helium and were collected on a thin copper conveyor tape 
which was then moved to place collected atoms in front of 
a series of solid-state detectors. The isotope of element 103 
produced in this way decayed by emitting an 8.6-MeV alpha 
particle with a half-life of 8 s. In 1967, Flerov and associates 
of the Dubna Laboratory reported their inability to detect an 
alpha emitter with a half-life of 8 s which was assigned by the 


The Elements 


Berkeley group to 77103. This assignment has been changed 
to ?*Lr or ??Lr. In 1965, the Dubna workers found a longer- 
lived lawrencium isotope, **Lr, with a half-life of 35 s. In 
1968, Ghiorso and associates at Berkeley were able to use a 
few atoms of this isotope to study the oxidation behavior of 
lawrencium. Using solvent extraction techniques and working 
very rapidly, they extracted lawrencium ions from a buffered 
aqueous solution into an organic solvent, completing each ex- 
traction in about 30 s. It was found that lawrencium behaves 
differently from dipositive nobelium and more like the triposi- 
tive elements earlier in the actinide series. Ten isotopes of law- 
rencium are now recognized. 


Lead — (Anglo-Saxon lead), Pb (L. plumbum); at. wt. 207.2(1); at. 


по. 82; m.p. 327.46"С; b.p. 1749"C; sp. gr. 11.35 (20°С); valence 
2 ог 4. Long known, mentioned in Exodus. The alchemists be- 
lieved lead to be the oldest metal and associated it with the 
planet Saturn. Native lead occurs in nature, but it is rare. Lead 
is obtained chiefly from galena (PbS) by a roasting process. 
Anglesite (РЬ5О,), cerussite (PbCO,), and minim (Pb,O,) are 
other common lead minerals. Lead is a bluish-white metal of 
bright luster, is very soft, highly malleable, ductile, and a poor 
conductor of electricity. It is very resistant to corrosion; lead 
pipes bearing the insignia of Roman emperors, used as drains 
from the baths, are still in service. It is used in containers for 
corrosive liquids (such as sulfuric acid) and may be toughened 
by the addition of a small percentage of antimony or other 
metals. Natural lead is a mixture of four stable isotopes: 27 
(1.4%), SPb (24.1%), ?"Pb (22.1%), and ?%РЬ (52.496). Lead iso- 
topes are the end products of each of the three series of natu- 
rally occurring radioactive elements: ?°°РЬ for the uranium 
series, "Pb for the actinium series, апа РЬ for the thorium 
series. Forty-three other isotopes of lead, all of which are ra- 
dioactive, are recognized. Its alloys include solder, type metal, 
and various antifriction metals. Great quantities of lead, both 
as the metal and as the dioxide, are used in storage batteries. 
Lead is also used for cable covering, plumbing, and ammuni- 
tion. The metal is very effective as a sound absorber, is used as 
a radiation shield around X-ray equipment and nuclear reac- 
tors, and is used to absorb vibration. Lead, alloyed with tin, is 
used in making organ pipes. White lead, the basic carbonate, 
sublimed white lead (PbSO,), chrome yellow (PbCrO,), red 
lead (Pb,O,), and other lead compounds are used extensively 
in paints, although in recent years the use of lead in paints has 
been drastically curtailed to eliminate or reduce health haz- 
ards. Lead oxide is used in producing fine "crystal glass" and 
"flint glass" of a high index of refraction for achromatic lenses. 
The nitrate and the acetate are soluble salts. Lead salts such 
as lead arsenate have been used as insecticides, but their use 
in recent years has been practically eliminated in favor of less 
harmful organic compounds. Care must be used in handling 
lead as it is a cumulative poison. Environmental concern with 
lead poisoning led to elimination of lead tetraethyl in gaso- 
line. The U.S. Occupational Safety and Health Administration 
(OSHA) has recommended that industries limit airborne lead 
to 50 ug/cu. meter. Lead is priced at about 90¢/kg (99.9%). 


Lithium — (Gr. lithos, stone), Li; at. wt. 6.941(2); at. по. 3; m.p. 


180.5°C; b.p. 1342" С; sp. gr. 0.534 (20°C); valence 1. Discovered 
by Arfvedson in 1817. Lithium is the lightest of all metals, 
with a density only about half that of water. It does not occur 
free in nature; combined it is found in small amounts in nearly 
all igneous rocks and in the waters of many mineral springs. 
Lepidolite, spodumene, petalite, and amblygonite are the more 
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important minerals containing it. Lithium is presently being 
recovered from brines of Searles Lake, in California, and from 
Nevada, Chile, and Argentina. Large deposits of spodumene 
are found in North Carolina. The metal is produced electro- 
lytically from the fused chloride. Lithium is silvery in appear- 
ance, much like Na and K, other members of the alkali metal 
series. It reacts with water, but not as vigorously as sodium. 
Lithium imparts a beautiful crimson color to a flame, but 
when the metal burns strongly the flame is a dazzling white. 
Since World War II, the production of lithium metal and its 
compounds has increased greatly. Because the metal has the 
highest specific heat of any solid element, it has found use 
in heat transfer applications; however, it is corrosive and re- 
quires special handling. The metal has been used as an alloy- 
ing agent, is of interest in synthesis of organic compounds, 
and has nuclear applications. It ranks as a leading contender 
as a battery anode material as it has a high electrochemical 
potential Lithium is used in special glasses and ceramics. 
The glass for the 200-inch telescope at Mt. Palomar contains 
lithium as a minor ingredient. Lithium chloride is one of the 
most hygroscopic materials known, and it, as well as lithium 
bromide, is used in air conditioning and industrial drying 
systems. Lithium stearate is used as an all-purpose and high- 
temperature lubricant. Other lithium compounds are used in 
dry cells and storage batteries. Seven isotopes of lithium are 
recognized. Natural lithium contains two isotopes. The metal 
is priced at about $1.50/g (99.9%). 


Lutetium — (Lutetia, ancient name for Paris, sometimes called 


cassiopeium by the Germans), Lu; at. wt. 174.967(1); at. no. 
71; m.p. 1663°С; b.p. 3402°C; sp. gr. 9.841 (25°C); valence 3. In 
1907, Urbain described a process by which Marignac’s ytterbi- 
um (1879) could be separated into the two elements, ytterbium 
(neoytterbium) and lutetium. These elements were identical 
with "aldebaranium" and “cassiopeium,’ independently dis- 
covered by von Welsbach about the same time. Charles James 
of the University of New Hampshire also independently pre- 
pared the very pure oxide, lutecia, at this time. The spelling of 
the element was changed from /utecium to lutetium in 1949. 
Lutetium occurs in very small amounts in nearly all minerals 
containing yttrium, and is present in monazite to the extent of 
about 0.00396, which is a commercial source. The pure metal 
has been isolated only in recent years and is one of the most 
difficult to prepare. It can be prepared by the reduction of an- 
hydrous LuCl, or LuF, by an alkali or alkaline earth metal. The 
metal is silvery white and relatively stable in air. While new 
techniques, including ion-exchange reactions, have been de- 
veloped to separate the various rare-earth elements, lutetium 
is still the most costly of all rare earths. It is priced at about 
$100/g (99.9%). Lu occurs naturally (97.41%) with Та 
(2.5996), which is radioactive with a very long half-life of about 
4 x 10!° years. Lutetium has 50 isotopes and isomers that аге 
now recognized. Stable lutetium nuclides, which emit pure 
beta radiation after thermal neutron activation, can be used as 
catalysts in cracking, alkylation, hydrogenation, and polymer- 
ization. Virtually no other commercial uses have been found 
yet for lutetium. While lutetium, like other rare-earth metals, 
is thought to have a low toxicity rating, it should be handled 
with care until more information is available. 


Magnesium — (Magnesia, district in Thessaly) Mg; at. wt. 


24.3050(6); at. no. 12; m.p. 650°С; b.p. 1090°С; sp. gr. 1.738 
(20°С); valence 2. Compounds of magnesium have long been 
known. Black recognized magnesium as an element in 1755. It 
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was isolated by Davy in 1808, and prepared in coherent form 
by Bussy in 1831. Magnesium is the eighth most abundant ele- 
ment in the earth's crust. It does not occur uncombined, but 
is found in large deposits in the form of magnesite, dolomite, 
and other minerals. The metal is now principally obtained 
in the U.S. by electrolysis of fused magnesium chloride de- 
rived from brines, wells, and sea water. Magnesium is a light, 
silvery-white, and fairly tough metal. It tarnishes slightly in 
air, and finely divided magnesium readily ignites upon heat- 
ing in air and burns with a dazzling white flame. It is used 
in flashlight photography, flares, and pyrotechnics, includ- 
ing incendiary bombs. It is one third lighter than aluminum, 
апа їп alloys is essential for airplane and missile construction. 
The metal improves the mechanical, fabrication, and welding 
characteristics of aluminum when used as an alloying agent. 
Magnesium is used in producing nodular graphite in cast iron, 
and is used as an additive to conventional propellants. It is also 
used as a reducing agent in the production of pure uranium 
and other metals from their salts. The hydroxide (milk of mag- 
nesia), chloride, sulfate (Epsom salts), and citrate are used in 
medicine. Dead-burned magnesite is employed for refractory 
purposes such as brick and liners in furnaces and converters. 
Calcined magnesia is also used for water treatment and in the 
manufacture of rubber, paper, etc. Organic magnesium com- 
pounds (Grignard’s reagents) are important. Magnesium is an 
important element in both plant and animal life. Chlorophylls 
are magnesium-centered porphyrins. The adult daily require- 
ment of magnesium is about 300 mg/day, but this is affected 
by various factors. Great care should be taken in handling 
magnesium metal, especially in the finely divided state, as 
serious fires can occur. Water should not be used on burn- 
ing magnesium or on magnesium fires. Natural magnesium 
contains three isotopes. Twelve other isotopes are recognized. 
Magnesium metal costs about $100/kg (99.8%). 


Manganese — (L. magnes, magnet, from magnetic properties of py- 


rolusite; It. manganese, corrupt form of magnesia), Mn; at. wt. 
54.938049(9); at. no. 25; m.p. 1246°C; b.p. 2061°C; sp. gr. 7.21 
to 7.44, depending on allotropic form; valence 1, 2, 3, 4, 6, or 
7. Recognized by Scheele, Bergman, and others as an element 
and isolated by Gahn in 1774 by reduction of the dioxide with 
carbon. Manganese minerals are widely distributed; oxides, 
silicates, and carbonates are the most common. The discovery 
of large quantities of manganese nodules on the floor of the 
oceans holds promise as a source of manganese. These nod- 
ules contain about 24% manganese together with many other 
elements in lesser abundance. Most manganese today is ob- 
tained from ores found in Ukraine, Brazil, Australia, Republic 
of So. Africa, Gabon, China, and India. Pyrolusite (MnO,) and 
rhodochrosite (MnCO,) are among the most common manga- 
nese minerals. The metal is obtained by reduction of the ox- 
ide with sodium, magnesium, aluminum, or by electrolysis. It 
is gray-white, resembling iron, but is harder and very brittle. 
The metal is reactive chemically, and decomposes cold water 
slowly. Manganese is used to form many important alloys. In 
steel, manganese improves the rolling and forging qualities, 
strength, toughness, stiffness, wear resistance, hardness, and 
hardenability. With aluminum and antimony, especially with 
small amounts of copper, it forms highly ferromagnetic alloys. 
Manganese metal is ferromagnetic only after special treatment. 
The pure metal exists in four allotropic forms. The alpha form 
is stable at ordinary temperature; gamma manganese, which 
changes to alpha at ordinary temperatures, is soft, easily cut, 
and capable of being bent. The dioxide (pyrolusite) is used as a 
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depolarizer in dry cells, and is used to "decolorize" glass that is 
colored green by impurities of iron. Manganese by itself colors 
glass an amethyst color, and is responsible for the color of true 
amethyst. The dioxide is also used in the preparation of oxygen 
and chlorine, and in drying black paints. The permanganate is 
a powerful oxidizing agent and is used in quantitative analysis 
and in medicine. Manganese is widely distributed throughout 
the animal kingdom. It is an important trace element and may 
be essential for utilization of vitamin B,. Twenty-seven isotopes 
and isomers are known. Manganese metal (99.9596) is priced at 
about $800/kg. Metal of 99.696 purity is priced at about $80/kg. 


Meitnerium — (Lise Meitner [1878-1968], Austrian-Swedish 


physicist and mathematician), Mt; at. wt [266]; at. no. 109. 
On August 29, 1992, Element 109 was made and identified 
by physicists at the Heavy Ion Research Laboratory (G.S.I.), 
Darmstadt, Germany, by bombarding a target of РВ; with 
accelerated nuclei of Fe. The production of Element 109 
has been extremely small. It took a week of target bombard- 
ment )10 nuclear encounters) to produce a single atom of 
109. Oganessian and his team at Dubna in 1994 repeated the 
Darmstadt experiment using a tenfold irradiation dose. One 
fission event from seven alpha decays of 109 was observed, 
thus indirectly confirming the existence of isotope 766109. In 
August 1997, the IUPAC adopted the name meitnerium for 
this element, honoring L. Meitner. Four isotopes of meitneri- 
um are now recognized. 


Mendelevium — (Dmitri Mendeleev [1834—1907]), Md; at. wt. 


(258); at. no. 101; m.p. 827°C; valence +2, +3. Mendelevium, 
the ninth transuranium element of the actinide series to be 
discovered, was first identified by Ghiorso, Harvey, Choppin, 
Thompson, and Seaborg early in 1955 as a result of the bom- 
bardment of the isotope ??Es with helium ions in the Berkeley 
60-inch cyclotron. The isotope produced was 29М4, which 
has a half-life of 78 min. This first identification was notable 
in that **Md was synthesized оп a one-atom-at-a-time basis. 
Nineteen isotopes and isomers are now recognized. >"Ма has 
a half-life of 51.5 days. This isotope has been produced by the 
bombardment of an isotope of einsteinium with ions of heli- 
um. It now appears possible that eventually enough ?*Md can 
be made so that some of its physical properties can be deter- 
mined. >°Md has been used to elucidate some of the chemical 
properties of mendelevium in aqueous solution. Experiments 
seem to show that the element possesses a moderately stable 
dipositive (II) oxidation state in addition to the tripositive (III) 
oxidation state,which is characteristic of actinide elements. 


Mercury — (Planet Mercury), Hg (hydrargyrum, liquid silver); at. 


wt. 200.59(2); at. no. 80; t.p. —38.83"C; b.p. 356.73°С; t, 1447°C; 
sp. gr. 13.546 (20°С); valence 1 or 2. Known to ancient Chinese 
and Hindus; found in Egyptian tombs of 1500 B.C. Mercury 
is the only common metal liquid at ordinary temperatures. 
It only rarely occurs free in nature. The chief ore is cinnabar 
(HgS). Spain and China produce about 75% of the world's sup- 
ply of the metal. The commercial unit for handling mercury 
is the “ПааК/ which weighs 76 Ib (34.46 kg). The metal is ob- 
tained by heating cinnabar in a current of air and by condens- 
ing the vapor. It is a heavy, silvery-white metal; a rather poor 
conductor of heat, as compared with other metals, and a fair 
conductor of electricity. It easily forms alloys with many met- 
als, such as gold, silver, and tin, which are called amalgams. Its 
ease in amalgamating with gold is made use of in the recovery 
of gold from its ores. The metal is widely used in laboratory 
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work for making thermometers, barometers, diffusion pumps, 
and many other instruments. It is used in making mercury- 
vapor lamps and advertising signs, etc. and is used in mer- 
cury switches and other electrical apparatus. Other uses are in 
making pesticides, mercury cells for caustic soda and chlorine 
production, dental preparations, antifouling paint, batteries, 
and catalysts. The most important salts are mercuric chloride 
НЕСІ, (corrosive sublimate — a violent poison), mercurous 
chloride Hg,Cl, (calomel, occasionally still used in medicine), 
mercury fulminate (Hg(ONC),), a detonator widely used in 
explosives, and mercuric sulfide (HgS, vermillion, a high- 
grade paint pigment). Organic mercury compounds are im- 
portant. It has been found that an electrical discharge causes 
mercury vapor to combine with neon, argon, krypton, and xe- 
non. These products, held together with van der Waals' forces, 
correspond to HgNe, HgAr, HgKr, and HgXe. Mercury is a 
virulent poison and is readily absorbed through the respirato- 
ry tract, the gastrointestinal tract, or through unbroken skin. 
It acts as a cumulative poison and dangerous levels are readily 
attained in air. Air saturated with mercury vapor at 20°С con- 
tains a concentration that exceeds the toxic limit many times. 
The danger increases at higher temperatures. It is therefore 
important that mercury be handled with care. Containers of 
mercury should be securely covered and spillage should be 
avoided. If it is necessary to heat mercury or mercury com- 
pounds, it should be done in a well-ventilated hood. Methyl 
mercury is a dangerous pollutant and is now widely found in 
water and streams. The triple point of mercury, —38.8344°С, 
is a fixed point on the International Temperature Scale (ITS- 
90). Mercury (99.9896) is priced at about $110/kg. Native mer- 
cury contains seven isotopes. Thirty-six other isotopes and 
isomers are known. 


Molybdenum — (Gr. molybdos, lead), Mo; at. wt. 95.94(1); at. no. 


42; m.p. 2623°С; b.p. 4639%С; sp. gr. 10.22 (20°С); valence 2, 
3, 4?, 5?, or 6. Before Scheele recognized molybdenite as a 
distinct ore of a new element in 1778, it was confused with 
graphite and lead ore. The metal was prepared in an impure 
form in 1782 by Hjelm. Molybdenum does not occur native, 
but is obtained principally from molybdenite (MoS,). Wulfenite 
(РЬМоО,) and powellite (Ca(MoW)O,) are also minor com- 
mercial ores. Molybdenum is also recovered as a by-product 
of copper and tungsten mining operations. The U.S., Canada, 
Chile, and China produce most of the world's molybdenum 
ores. The metal is prepared from the powder made by the hy- 
drogen reduction of purified molybdic trioxide or ammonium 
molybdate. The metal is silvery white, very hard, but is softer 
and more ductile than tungsten. It has a high elastic modulus, 
and only tungsten and tantalum, of the more readily available 
metals, have higher melting points. It is a valuable alloying 
agent, as it contributes to the hardenability and toughness of 
quenched and tempered steels. It also improves the strength 
of steel at high temperatures. It is used in certain nickel-based 
alloys, such as the Hastelloys" which are heat-resistant and 
corrosion-resistant to chemical solutions. Molybdenum oxi- 
dizes at elevated temperatures. The metal has found recent 
application as electrodes for electrically heated glass furnaces 
and forehearths. It is also used in nuclear energy applications 
and for missile and aircraft parts. Molybdenum is valuable as 
a catalyst in the refining of petroleum. It has found applica- 
tion as a filament material in electronic and electrical applica- 
tions. Molybdenum is an essential trace element in plant nu- 
trition. Some lands are barren for lack of this element in the 
soil. Molybdenum sulfide is useful as a lubricant, especially 
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at high temperatures where oils would decompose. Almost 
all ultra-high strength steels with minimum yield points up 
to 300,000 Ib/in.? contain molybdenum іп amounts from 0.25 
to 896. Natural molybdenum contains seven isotopes. Thirty 
other isotopes and isomers are known, all of which are radio- 
active. Molybdenum metal costs about $1/g (99.999956 purity). 
Molybdenum metal (99.9%) costs about $160/kg. 


Neodymium — (Gr. neos, new, and didymos, twin), Nd; at. wt. 


144.24(3); at. по. 60; m.p. 1021°С; b.p. 3074°C; sp. gr. 7.008 
(25°С); valence 3. In 1841 Mosander extracted from cerite a 
new rose-colored oxide, which he believed contained a new 
element. He named the element didymium, as it was an in- 
separable twin brother of lanthanum. In 1885 von Welsbach 
separated didymium into two new elemental components, 
neodymia and praseodymia, by repeated fractionation of am- 
monium didymium nitrate. While the free metal is іп misch 
metal, long known and used as a pyrophoric alloy for light 
flints, the element was not isolated in relatively pure form 
until 1925. Neodymium is present in misch metal to the ex- 
tent of about 18%. It is present in the minerals monazite and 
bastnasite, which are principal sources of rare-earth metals. 
The element may be obtained by separating neodymium salts 
from other rare earths by ion-exchange or solvent extraction 
techniques, and by reducing anhydrous halides such as NdF, 
with calcium metal. Other separation techniques are possible. 
The metal has a bright silvery metallic luster. Neodymium is 
one of the more reactive rare-earth metals and quickly tar- 
nishes in air, forming an oxide that splits off and exposes metal 
to oxidation. The metal, therefore, should be kept under light 
mineral oil or sealed in a plastic material. Neodymium exists 
in two allotropic forms, with a transformation from a double 
hexagonal to a body-centered cubic structure taking place at 
863°С. Natural neodymium is a mixture of seven isotopes, one 
of which has a very long half-life. Twenty seven other radioac- 
tive isotopes and isomers are recognized. Didymium, of which 
neodymium is a component, is used for coloring glass to make 
welder's goggles. By itself, neodymium colors glass delicate 
shades ranging from pure violet through wine-red and warm 
gray. Light transmitted through such glass shows unusually 
sharp absorption bands. The glass has been used in astronom- 
ical work to produce sharp bands by which spectral lines may 
be calibrated. Glass containing neodymium can be used as a 
laser material to produce coherent light. Neodymium salts 
are also used as a colorant for enamels. The element is also 
being used with iron and boron to produce extremely strong 
magnets. These are the most compact magnets commercially 
available. The price of the metal is about $4/g. Neodymium 
has a low-to-moderate acute toxic rating. As with other rare 
earths, neodymium should be handled with care. 


Neon — (Gr. neos, new), Ne; at. wt. 20.1797(6); at. по. 10; t.p. 


—248.59*C; b.p. –246.08°С; t, —228.7°C (1 atm); density of gas 
0.89990 g/l (1 atm, 0°C); density of liquid at b.p. 1.207 g/cm’; 
valence 0. Discovered by Ramsay and Travers in 1898. Neon 
is a rare gaseous element present in the atmosphere to the ex- 
tent of 1 part in 65,000 of air. It is obtained by liquefaction 
of air and separated from the other gases by fractional distil- 
lation. Natural neon is a mixture of three isotopes. Fourteen 
other unstable isotopes are known. It is very inert element; 
however, it is said to form a compound with fluorine. It is still 
questionable if true compounds of neon exist, but evidence 
is mounting in favor of their existence. The following ions 
are known from optical and mass spectrometric studies: Ме", 
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(NeAr)*, (NeH)*, and (НеМе”). Neon also forms an unstable 
hydrate. In a vacuum discharge tube, neon glows reddish or- 
ange. Of all the rare gases, the discharge of neon is the most 
intense at ordinary voltages and currents. Neon is used in 
making the common neon advertising signs, which accounts 
for its largest use. It is also used to make high-voltage indi- 
cators, lightning arrestors, wave meter tubes, and TV tubes. 
Neon and helium are used in making gas lasers. Liquid neon 
is now commercially available and is finding important appli- 
cation as an economical cryogenic refrigerant. It has over 40 
times more refrigerating capacity per unit volume than liquid 
helium and more than three times that of liquid hydrogen. It 
is compact, inert, and is less expensive than helium when it 
meets refrigeration requirements. Neon costs about $800/80 
cu. ft. (2265 |). 


Neptunium — (Planet Neptune), Np; at. wt. (237); at. no. 93; m.p. 


644^C; sp. gr. 20.25 (20°С); valence 3, 4, 5, and 6. Neptunium 
was the first synthetic transuranium element of the actinide 
series discovered; the isotope "?Np was produced by McMillan 
and Abelson in 1940 at Berkeley, California, as the result of 
bombarding uranium with cyclotron-produced neutrons. The 
isotope "Np (half-life of 2.14 x 10°years) is currently obtained 
in gram quantities as a by-product from nuclear reactors in 
the production of plutonium. Twenty-three isotopes and iso- 
mers of neptunium are now recognized. Trace quantities of 
the element are actually found in nature due to transmutation 
reactions in uranium ores produced by the neutrons which are 
present. Neptunium is prepared by the reduction of NpF, with 
barium or lithium vapor at about 120076. Neptunium metal 
has a silvery appearance, is chemically reactive, and exists in 
at least three structural modifications: a-neptunium, ortho- 
rhombic, density 20.25 g/cm’, B-neptunium (above 280°C), 
tetragonal, density (313°C) 19.36 g/cm’; y-neptunium (above 
577°C), cubic, density (600°C) 18.0 g/cm?. Neptunium has four 
ionic oxidation states in solution: Мр“ (рае purple), analogous 
to the rare earth ion Pm?, Мр“ (yellow green); NpO* (green 
blue); and NpO** (pale pink). These latter oxygenated species 
are in contrast to the rare earths which exhibit only simple 
ions of the (IL), (Ш), and (IV) oxidation states in aqueous solu- 
tion. The element forms tri- and tetrahalides such as NpF,, 
NpF,, Крај, NpBr,, Мр1„ and oxides of various compositions 
such as are found in the uranium-oxygen system, including 
Np,O, and NpO,. 


Nickel — (Ger. Nickel, Satan or Old Nick's and from kupfernick- 


el, Old Nick's copper), Ni; at. wt. 58.6934(2); at. no. 28; m.p. 
1455*C; b.p. 2913%С; sp. gr. 8.902 (25°С); valence 0, 1, 2, 3. 
Discovered by Cronstedt in 1751 in kupfernickel (niccolite). 
Nickel is found as a constituent in most meteorites and of- 
ten serves as one of the criteria for distinguishing a meteorite 
from other minerals. Iron meteorites, or siderites, may con- 
tain iron alloyed with from 5 to nearly 20% nickel. Nickel is 
obtained commercially from pentlandite and pyrrhotite of the 
Sudbury region of Ontario, a district that produces much of 
the world's nickel. It is now thought that the Sudbury deposit 
is the result of an ancient meteorite impact. Large deposits 
of nickel, cobalt, and copper have recently been developed at 
Voisey's Bay, Labrador. Other deposits of nickel are found in 
Russia, New Caledonia, Australia, Cuba, Indonesia, and else- 
where. Nickel is silvery white and takes on a high polish. It is 
hard, malleable, ductile, somewhat ferromagnetic, and a fair 
conductor of heat and electricity. It belongs to the iron-cobalt 
group of metals and is chiefly valuable for the alloys it forms. It 
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is extensively used for making stainless steel and other corro- 
sion-resistant alloys such as Invar^, Monel’, Inconel’, and the 
Hastelloys*. Tubing made of a copper-nickel alloy is extensive- 
ly used in making desalination plants for converting sea water 
into fresh water. Nickel is also now used extensively in coinage 
and in making nickel steel for armor plate and burglar-proof 
vaults, and is a component in Nichrome'", Permalloy’, and 
constantan. Nickel added to glass gives a green color. Nickel 
plating is often used to provide a protective coating for other 
metals, and finely divided nickel is a catalyst for hydrogenat- 
ing vegetable oils. It is also used in ceramics, in the manufac- 
ture of Alnico magnets, and in batteries. The sulfate and the 
oxides are important compounds. Natural nickel is a mixture 
of five stable isotopes; twenty-five other unstable isotopes are 
known. Nickel sulfide fume and dust, as well as other nickel 
compounds, are carcinogens. Nickel metal (99.996) is priced at 
about $2/g or less in larger quantities. 


Niobium — (Niobe, daughter of Tantalus), Nb; or Columbium 


(Columbia, name for America); at. wt. 92.90638(2); at. no. 41; 
m.p. 2477°С; b.p. 4744°C, sp. gr. 8.57 (20°С); valence 2, 3, 47, 
5. Discovered in 1801 by Hatchett in an ore sent to England 
more that a century before by John Winthrop the Younger, 
first governor of Connecticut. The metal was first prepared 
in 1864 by Blomstrand, who reduced the chloride by heating 
it in a hydrogen atmosphere. The name niobium was adopted 
by the International Union of Pure and Applied Chemistry in 
1950 after 100 years of controversy. Most leading chemical so- 
cieties and government organizations refer to it by this name. 
Some metallurgists and commercial producers, however, still 
refer to the metal as "columbium" The element is found in 
niobite (or columbite), niobite-tantalite, pyrochlore, and eux- 
enite. Large deposits of niobium have been found associated 
with carbonatites (carbon-silicate rocks), as a constituent of 
pyrochlore. Extensive ore reserves are found in Canada, Brazil, 
Congo-Kinshasa, Rwanda, and Australia. The metal can be 
isolated from tantalum, and prepared in several ways. It is a 
shiny, white, soft, and ductile metal, and takes on a bluish cast 
when exposed to air at room temperatures for а long time. The 
metal starts to oxidize in air at 200°C, and when processed at 
even moderate temperatures must be placed in a protective 
atmosphere. It is used in arc-welding rods for stabilized grades 
of stainless steel. Thousands of pounds of niobium have been 
used in advanced air frame systems such as were used in the 
Gemini space program. It has also found use in super-alloys 
for applications such as jet engine components, rocket sub- 
assemblies, and heat-resisting equipment. The element has 
superconductive properties; superconductive magnets have 
been made with Nb-Zr wire, which retains its superconduc- 
tivity in strong magnetic fields. Natural niobium is composed 
of only one isotope, "КБ. Forty-seven other isotopes and iso- 
mers of niobium аге now recognized. Niobium metal (99.9% 
pure) is priced at about 50€/g. 


Nitrogen — (L. nitrum, Gr. nitron, native soda; genes, forming, N; 


at. wt. 14.00674(7); at. по. 7; m.p. -210.00%С; b.p. —198.79°С; 
t, -146.94°C; density 1.2506 g/l; sp. gr. liquid 0.808 (—195.8°C), 
solid 1.026 (-252°С); valence 3 or 5. Discovered by Daniel 
Rutherford in 1772, but Scheele, Cavendish, Priestley, and 
others about the same time studied "burnt or dephlogisticated 
айп, as air without oxygen was then called. Nitrogen makes up 
7896 of the air, by volume. The atmosphere of Mars, by com- 
parison, is 2.696 nitrogen. The estimated amount of this ele- 
ment in our atmosphere is more than 4000 trillion tons. From 
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this inexhaustible source it can be obtained by liquefaction and 
fractional distillation. Nitrogen molecules give the orange-red, 
blue-green, blue-violet, and deep violet shades to the aurora. 
The element is so inert that Lavoisier named it azote, meaning 
without life, yet its compounds are so active as to be most im- 
portant in foods, poisons, fertilizers, and explosives. Nitrogen 
can be also easily prepared by heating a water solution of am- 
monium nitrite. Nitrogen, as a gas, is colorless, odorless, and 
a generally inert element. As a liquid it is also colorless and 
odorless, and is similar in appearance to water. Two allotropic 
forms of solid nitrogen exist, with the transition from the a to 
the B form taking place at —237°С. When nitrogen is heated, it 
combines directly with magnesium, lithium, or calcium; when 
mixed with oxygen and subjected to electric sparks, it forms 
first nitric oxide (NO) and then the dioxide (NO,); when heat- 
ed under pressure with a catalyst with hydrogen, ammonia is 
formed (Haber process). The ammonia thus formed is of the 
utmost importance as it is used in fertilizers, and it can be oxi- 
dized to nitric acid (Ostwald process). The ammonia industry 
is the largest consumer of nitrogen. Large amounts of gas are 
also used by the electronics industry, which uses the gas as a 
blanketing medium during production of such components as 
transistors, diodes, etc. Large quantities of nitrogen are used 
in annealing stainless steel and other steel mill products. The 
drug industry also uses large quantities. Nitrogen is used as 
a refrigerant both for the immersion freezing of food prod- 
ucts and for transportation of foods. Liquid nitrogen is also 
used in missile work as a purge for components, insulators 
for space chambers, etc., and by the oil industry to build up 
great pressures in wells to force crude oil upward. Sodium and 
potassium nitrates are formed by the decomposition of organ- 
ic matter with compounds of the metals present. In certain 
dry areas of the world these saltpeters are found in quantity. 
Ammonia, nitric acid, the nitrates, the five oxides (N,O, NO, 
МО, МО, and N,O,), TNT, the cyanides, etc. аге but a few 
of the important compounds. Nitrogen gas prices vary from 
2€ to $2.75 per 100 ft° (2.83 cu. meters), depending on purity, 
etc. Production of elemental nitrogen in the U.S. is more than 
9 million short tons per year. Natural nitrogen contains two 
isotopes, “Мапа РМ. Ten other isotopes are known. 


Nobelium — (Alfred Nobel [1833-1896], inventor of dynamite), 


No; at. wt. [259]; at. no. 102; valence +2, +3. Nobelium was 
unambiguously discovered and identified in April 1958 at 
Berkeley by A. Ghiorso, T. Sikkeland, J. R. Walton, and G. T. 
Seaborg, who used a new double-recoil technique. A heavy-ion 
linear accelerator (HILAC) was used to bombard a thin target 
of curium (95% “Ст and 4.5% Ст) with С ions to pro- 
duce 102254 according to the “Cm (РС, Ап) reaction. Earlier in 
1957 workers of the U.S., Britain, and Sweden announced the 
discovery of an isotope of Element 102 with a 10-min half-life 
at 8.5 MeV, as a result of bombarding "Ст with С nuclei. 
On the basis of this experiment the name nobelium was as- 
signed and accepted by the Commission on Atomic Weights 
of the International Union of Pure and Applied Chemistry. 
The acceptance of the name was premature, for both Russian 
and American efforts now completely rule out the possibility 
of any isotope of Element 102 having a half-life of 10 min in 
the vicinity of 8.5 MeV. Early work in 1957 on the search for 
this element, in Russia at the Kurchatov Institute, was marred 
by the assignment of 8.9 + 0.4 MeV alpha radiation with a half- 
life of 2 to 40 sec, which was too indefinite to support claim 
to discovery. Confirmatory experiments at Berkeley in 1966 
have shown the existence of 254102 with а 55-5 half-life, 222102 
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with a 2.3-s half-life, and 27102 with а 25-s half-life. Twelve 
isotopes are now recognized, one of which — 25102 — has a 
half-life of 3.1 min. In view of the discover's traditional right 
to name an element, the Berkeley group, in 1967, suggested 
that the hastily given name nobelium, along with the symbol 
No, be retained. 


Osmium — (Gr. озте, a smell), Os; at. wt. 190.23(3); at. no. 76; 


m.p. 3033°С; b.p. 5012°C; sp. gr. 22.57; valence 0 to +8, more 
usually +3, +4, +6, and +8. Discovered іп 1803 by Tennant in 
the residue left when crude platinum is dissolved by aqua re- 
gia. Osmium occurs in iridosmine and in platinum-bearing 
river sands of the Urals, North America, and South America. 
It is also found in the nickel-bearing ores of Sudbury, Ontario, 
region along with other platinum metals. While the quantity 
of platinum metals in these ores is very small, the large ton- 
nages of nickel ores processed make commercial recovery 
possible. The metal is lustrous, bluish white, extremely hard, 
and brittle even at high temperatures. It has the highest melt- 
ing point and the lowest vapor pressure ofthe platinum group. 
The metal is very difficult to fabricate, but the powder can 
be sintered in a hydrogen atmosphere at a temperature of 
2000°С. The solid metal is not affected by air at room tem- 
perature, but the powdered or spongy metal slowly gives off 
osmium tetroxide, which is a powerful oxidizing agent and has 
astrong smell. The tetroxide is highly toxic, and boils at 130°С 
(760 mm). Concentrations in air as low as 1077 g/m? can cause 
lung congestion, skin damage, or eye damage. The tetroxide 
has been used to detect fingerprints and to stain fatty tissue 
for microscope slides. The metal is almost entirely used to 
produce very hard alloys, with other metals of the platinum 
group, for fountain pen tips, instrument pivots, phonograph 
needles, and electrical contacts. The price of 99.996 pure os- 
mium powder — the form usually supplied commercially — is 
about $100/g, depending on quantity and supplier. Natural 
osmium contains seven isotopes, one of which, 1%О5, is ra- 
dioactive with a very long half-life. Thirty four other isotopes 
and isomers are known, all of which are radioactive.The mea- 
sured densities of iridium and osmium seem to indicate that 
osmium is slightly more dense than iridium, so osmium has 
generally been credited with being the heaviest known ele- 
ment. Calculations of the density from the space lattice, which 
may be more reliable for these elements than actual measure- 
ments, however, give a density of 22.65 for iridium compared 
to 22.61 for osmium. At present, therefore, we know either 
iridium or osmium is the heaviest element, but the data do not 
allow selection between the two. 


Oxygen — (Gr. oxys, sharp, acid, and genes, forming; acid former), 


О; at. wt. 15.9994(3); at. no. 8; t.p. -218.79°C; t —118.56°С; va- 
lence 2. For many centuries, workers occasionally realized air 
was composed of more than one component. The behavior of 
oxygen and nitrogen as components of air led to the advance- 
ment of the phlogiston theory of combustion, which captured 
the minds of chemists for a century. Oxygen was prepared by 
several workers, including Bayen and Borch, but they did not 
know how to collect it, did not study its properties, and did not 
recognize it as an elementary substance. Priestley is generally 
credited with its discovery, although Scheele also discovered 
it independently. Oxygen is the third most abundant element 
found in the sun, and it plays a part in the carbon-nitrogen 
cycle, one process thought to give the sun and stars their en- 
ergy. Oxygen under excited conditions is responsible for the 
bright red and yellow-green colors of the aurora. Oxygen, as 
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a gaseous element, forms 21% of the atmosphere by volume 
from which it can be obtained by liquefaction and fractional 
distillation. The atmosphere of Mars contains about 0.15% 
oxygen. The element and its compounds make up 49.2%, by 
weight, of the earth's crust. About two thirds of the human 
body and nine tenths of water is oxygen. In the laboratory it 
can be prepared by the electrolysis of water or by heating po- 
tassium chlorate with manganese dioxide as a catalyst. The gas 
is colorless, odorless, and tasteless. The liquid and solid forms 
are a pale blue color and are strongly paramagnetic. Ozone 
(O), a highly active compound, is formed by the action of an 
electrical discharge or ultraviolet light on oxygen. Ozone's 
presence in the atmosphere (amounting to the equivalent of 
a layer 3 mm thick at ordinary pressures and temperatures) 
is of vital importance in preventing harmful ultraviolet rays 
of the sun from reaching the earth's surface. There has been 
recent concern that pollutants in the atmosphere may have 
a detrimental effect on this ozone layer. Ozone is toxic and 
exposure should not exceed 0.2 mg/m? (8-hour time-weighted 
average — 40-hour work week). Undiluted ozone has a bluish 
color. Liquid ozone is bluish black, and solid ozone is violet- 
black. Oxygen is very reactive and capable of combining with 
most elements. It is a component of hundreds of thousands of 
organic compounds. It is essential for respiration of all plants 
and animals and for practically all combustion. In hospitals 
it is frequently used to aid respiration of patients. Its atomic 
weight was used as a standard of comparison for each of the 
other elements until 1961 when the International Union of 
Pure and Applied Chemistry adopted carbon 12 as the new 
basis. Oxygen has thirteen recognized isotopes. Natural oxy- 
gen is a mixture of three isotopes. Oxygen 18 occurs naturally, 
is stable, and is available commercially. Water (H,O with 1.596 
180) is also available. Commercial oxygen consumption in the 
U.S. is estimated to be 20 million short tons per year and the 
demand is expected to increase substantially in the next few 
years. Oxygen enrichment of steel blast furnaces accounts for 
the greatest use of the gas. Large quantities are also used in 
making synthesis gas for ammonia and methanol, ethylene ox- 
ide, and for oxy-acetylene welding. Air separation plants pro- 
duce about 9996 of the gas, electrolysis plants about 1%. The 
gas costs 5¢/ft? ($1.75/cu. meter) in small quantities. 


Palladium — (named after the asteroid Pallas, discovered about 


the same time; Gr. Pallas, goddess of wisdom), Pd; at. wt. 
106.42(1) at. no. 46; m.p. 1554.9°С; b.p. 2963°С; sp. gr. 12.02 
(20*C); valence 2, 3, or 4. Discovered in 1803 by Wollaston. 
Palladium is found along with platinum and other metals 
of the platinum group in deposits of Russia, South Africa, 
Canada (Ontario), and elsewhere. Natural palladium contains 
six stable isotopes. Twenty-nine other isotopes are recog- 
nized, all of which are radioactive. It is frequently found as- 
sociated with the nickel-copper deposits such as those found 
in Ontario. Its separation from the platinum metals depends 
upon the type of ore in which it is found. It is a steel-white 
metal, does not tarnish in air, and is the least dense and lowest 
melting of the platinum group of metals. When annealed, it 
is soft and ductile; cold working greatly increases its strength 
and hardness. Palladium is attacked by nitric and sulfuric acid. 
At room temperatures the metal has the unusual property of 
absorbing up to 900 times its own volume of hydrogen, pos- 
sibly forming Pd,H. It is not yet clear if this a true compound. 
Hydrogen readily diffuses through heated palladium and this 
provides a means of purifying the gas. Finely divided palla- 
dium is a good catalyst and is used for hydrogenation and 


4-26 


dehydrogenation reactions. It is alloyed and used in jewelry 
trades. White gold is an alloy of gold decolorized by the addi- 
tion of palladium. Like gold, palladium can be beaten into leaf 
as thin as 1/250,000 in. The metal is used in dentistry, watch- 
making, and in making surgical instruments and electrical 
contacts. Palladium recently has been substituted for higher 
priced platinum in catalytic converters by some automobile 
companies. This has caused a large increase in the cost of pal- 
ladium. The price of the two metals are now, in 2002, about 
the same. Palladium, however, is less resistant to poisoning 
by sulfur and lead, than platinum, but it may prove useful in 
controlling emissions from diesel vehicles. The metal sells for 
about $350/tr. oz. ($11/g). 


Phosphorus — (Gr. phosphoros, light bearing; ancient name for 


the planet Venus when appearing before sunrise), P; at. wt. 
30.973762(4); at. no. 15; m.p. (white) 44.15°C; b.p. 280.5°С; sp. 
gr. (white) 1.82, (red) 2.20, (black) 2.25 to 2.69; valence 3 or 
5. Discovered in 1669 by Brand, who prepared it from urine. 
Phosphorus exists in four or more allotropic forms: white 
(or yellow), red, and black (or violet). White phosphorus has 
two modifications: a and В with a transition temperature at 
—3.8°С. Never found free in nature, it is widely distributed 
in combination with minerals. Twenty-one isotopes of phos- 
phorus are recognized. Phosphate rock, which contains the 
mineral apatite, an impure tricalcium phosphate, is an im- 
portant source of the element. Large deposits are found in 
the Russia, China, Morocco, and in Florida, Tennessee, Utah, 
Idaho, and elsewhere. Phosphorus in an essential ingredient 
of all cell protoplasm, nervous tissue, and bones. Ordinary 
phosphorus is a waxy white solid; when pure it is colorless 
and transparent. It is insoluble in water, but soluble in car- 
bon disulfide. It takes fire spontaneously in air, burning to 
the pentoxide. It is very poisonous, 50 mg constituting an ap- 
proximate fatal dose. Exposure to white phosphorus should 
not exceed 0.1 mg/m? (8-hour time-weighted average — 40- 
hour work week). White phosphorus should be kept under 
water, as it is dangerously reactive in air, and it should be han- 
dled with forceps, as contact with the skin may cause severe 
burns. When exposed to sunlight or when heated in its own 
vapor to 250°С, it is converted to the red variety, which does 
not phosphoresce in air as does the white variety. This form 
does not ignite spontaneously and it is not as dangerous as 
white phosphorus. It should, however, be handled with care 
as it does convert to the white form at some temperatures and 
it emits highly toxic fumes of the oxides of phosphorus when 
heated. The red modification is fairly stable, sublimes with a 
vapor pressure of 1 atm at 417°C,and is used in the manufac- 
ture of safety matches, pyrotechnics, pesticides, incendiary 
shells, smoke bombs, tracer bullets, etc. White phosphorus 
may be made by several methods. By one process, tricalci- 
um phosphate, the essential ingredient of phosphate rock, 
is heated in the presence of carbon and silica in an electric 
furnace or fuel-fired furnace. Elementary phosphorus is lib- 
erated as vapor and may be collected under water. If desired, 
the phosphorus vapor and carbon monoxide produced by the 
reaction can be oxidized at once in the presence of moisture 
to produce phosphoric acid, an important compound in mak- 
ing super-phosphate fertilizers. In recent years, concentrated 
phosphoric acids, which may contain as much as 70 to 7596 
P.O. content, have become of great importance to agriculture 
and farm production. World-wide demand for fertilizers has 
caused record phosphate production. Phosphates are used 
in the production of special glasses, such as those used for 
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sodium lamps. Bone-ash, calcium phosphate, is also used to 
produce fine chinaware and to produce monocalcium phos- 
phate used in baking powder. Phosphorus is also important 
in the production of steels, phosphor bronze, and many other 
products. Trisodium phosphate is important as a cleaning 
agent, as a water softener, and for preventing boiler scale and 
corrosion of pipes and boiler tubes. Organic compounds of 
phosphorus are important. Amorphous (red) phosphorus 
costs about $70/kg (99%). 


Platinum — (It. platina, silver), Pt; at. wt. 195.078(2); at. no. 78; 


m.p. 1768.4°C; b.p. 3825°C; sp. gr. 21.45 (20°C); valence 1?, 2, 
3, or 4. Discovered in South America by Ulloa in 1735 and 
by Wood in 1741. The metal was used by pre-Columbian 
Indians. Platinum occurs native, accompanied by small quan- 
tities of iridium, osmium, palladium, ruthenium, and rho- 
dium, all belonging to the same group of metals. These are 
found in the alluvial deposits of the Ural mountains and in 
Columbia. Sperrylite (PtAs,), occurring with the nickel-bear- 
ing deposits of Sudbury, Ontario, is a source of a consider- 
able amount of metal. The large production of nickel offsets 
there being only one part of the platinum metals in two mil- 
lion parts of ore. The largest supplier of the platinum group of 
metals is now South Africa, followed by Russia and Canada. 
Platinum is a beautiful silvery-white metal, when pure, and 
is malleable and ductile. It has a coefficient of expansion al- 
most equal to that of soda-lime-silica glass, and is therefore 
used to make sealed electrodes in glass systems. The metal 
does not oxidize in air at any temperature, but is corroded by 
halogens, cyanides, sulfur, and caustic alkalis. It is insoluble 
in hydrochloric and nitric acid, but dissolves when they are 
mixed as aqua regia, forming chloroplatinic acid (H,PtCl,), an 
important compound. Natural platinum contains six isotopes, 
one of which, '??Pt, is radioactive with a long half-life. Thirty- 
seven other radioactive isotopes and isomers are recognized. 
The metal is extensively used in jewelry, wire, and vessels for 
laboratory use, and in many valuable instruments including 
thermocouple elements. It is also used for electrical contacts, 
corrosion-resistant apparatus, and in dentistry. Platinum-co- 
balt alloys have magnetic properties. One such alloy made of 
76.7% Pt and 23.3% Co, by weight, is an extremely powerful 
magnet that offers a B-H (max) almost twice that of Alnico 
V. Platinum resistance wires are used for constructing high- 
temperature electric furnaces. The metal is used for coating 
missile nose cones, jet engine fuel nozzles, etc., which must 
perform reliably for long periods of time at high temperatures. 
The metal, like palladium, absorbs large volumes, of hydro- 
gen, retaining it at ordinary temperatures but giving it up at 
red heat. In the finely divided state platinum is an excellent 
catalyst, having long been used in the contact process for pro- 
ducing sulfuric acid. It is also used as a catalyst in cracking 
petroleum products. There is also much current interest in 
the use of platinum as a catalyst in fuel cells and in its use 
as antipollution devices for automobiles. Platinum anodes are 
extensively used in cathodic protection systems for large ships 
and ocean-going vessels, pipelines, steel piers, etc. Pure plati- 
num wire will glow red hot when placed in the vapor of meth- 
yl alcohol. It acts here as a catalyst, converting the alcohol to 
formaldehyde. This phenomenon has been used commercially 
to produce cigarette lighters and hand warmers. Hydrogen 
and oxygen explode in the presence of platinum. The price 
of platinum has varied widely; more than a century ago it was 
used to adulterate gold. It was nearly eight times as valuable as 
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gold in 1920. The price in January 2002 was about $430/troy 
oz. ($15/g), higher than the price of gold. 


Plutonium — (planet Pluto), Pu; at. wt. (244); at. no. 94; sp. gr. (a 


modification) 19.84 (25°C); m.p. 640°C; b.p. 3228°C; valence 3, 
4, 5, or 6. Plutonium was the second transuranium element of 
the actinide series to be discovered. The isotope “Ри was pro- 
duced in 1940 by Seaborg, McMillan, Kennedy, and Wahl by 
deuteron bombardment of uranium in the 60-inch cyclotron 
at Berkeley, California. Plutonium also exists in trace quanti- 
ties in naturally occurring uranium ores. It is formed in much 
the same manner as neptunium, by irradiation of natural ura- 
nium with the neutrons which are present. By far of greatest 
importance is the isotope Pu”, with а half-life of 24,100 years, 
produced in extensive quantities in nuclear reactors from 
natural uranium: 


238 (ny) э?” Џ—6 Np— Pu 


Nineteen isotopes of plutonium are now known. 
Plutonium has assumed the position of dominant importance 
among the transuranium elements because of its successful 
use as an explosive ingredient in nuclear weapons and the 
place which it holds as a key material in the development of 
industrial use of nuclear power. One kilogram is equivalent to 
about 22 million kilowatt hours of heat energy. The complete 
detonation of a kilogram of plutonium produces an explosion 
equal to about 20,000 tons of chemical explosive. Its impor- 
tance depends on the nuclear property of being readily fission- 
able with neutrons and its availability in quantity. The world's 
nuclear-power reactors are now producing about 20,000 kg of 
plutonium/yr. By 1982 it was estimated that about 300,000 kg 
had accumulated. The various nuclear applications of pluto- 
nium are well known. 238Ри has been used in the Apollo lunar 
missions to power seismic and other equipment on the lunar 
surface. As with neptunium and uranium, plutonium metal 
can be prepared by reduction of the trifluoride with alkaline- 
earth metals. The metal has a silvery appearance and takes on 
a yellow tarnish when slightly oxidized. It is chemically reac- 
tive. A relatively large piece of plutonium is warm to the touch 
because of the energy given off in alpha decay. Larger pieces 
will produce enough heat to boil water. The metal readily dis- 
solves in concentrated hydrochloric acid, hydroiodic acid, or 
perchloric acid with formation of the Pu? ion. The metal ex- 
hibits six allotropic modifications having various crystalline 
structures. The densities of these vary from 16.00 to 19.86 g/ 
cm*. Plutonium also exhibits four ionic valence states in aque- 
ous solutions: Ри" (blue lavender), Pu** (yellow brown), PuO* 
(pink?), and PuO? (pink orange). The ion PuO* is unstable in 
aqueous solutions, disproportionating into Ри" and Рио“, 
The Ри” thus formed, however, oxidizes the PuO* into PuO?, 
itself being reduced to Ри”, giving finally Pu? and PuO”. 
Plutonium forms binary compounds with oxygen: PuO, PuO,, 
and intermediate oxides of variable composition; with the ha- 
lides: PuF,, PuF,, PuCl,, PuBr, Pul; with carbon, nitrogen, 
and silicon: PuC, PuN, PuSi,. Oxyhalides are also well known: 
Риос], PuOBr, PuOl. Because of the high rate of emission of 
alpha particles and the element being specifically absorbed by 
bone marrow, plutonium, as well as all of the other transura- 
nium elements except neptunium, are radiological poisons 
and must be handled with very special equipment and pre- 
cautions. Plutonium is a very dangerous radiological hazard. 
Precautions must also be taken to prevent the unintentional 
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formation of a critical mass. Plutonium in liquid solution 
is more likely to become critical than solid plutonium. The 
shape of the mass must also be considered where criticality 
is concerned. Plutonium-239 is available to authorized users 
from the O.R.N.L. at a cost of about $4.80/mg (99.9%) plus 
packing costs. 


Polonium — (Poland, native country of Mme. Curie [1867—1934]), 


Po; at. wt. (209); at. no. 84; m.p. 254°C; b.p. 962°C; sp. gr. (al- 
pha modification) 9.32; valence -2, 0, +2, +3(2), +4, and «6. 
Polonium was the first element discovered by Mme. Curie in 
1898, while seeking the cause of radioactivity of pitchblende 
from Joachimsthal, Bohemia. The electroscope showed it 
separating with bismuth. Polonium is also called Radium F. 
Polonium is a very rare natural element. Uranium ores contain 
only about 100 ug ofthe element per ton. Its abundance is only 
about 0.2% of that of radium. In 1934, it was found that when 
natural bismuth (2991) was bombarded by neutrons, Ві, the 
parent of polonium, was obtained. Milligram amounts of po- 
lonium may now be prepared this way, by using the high neu- 
tron fluxes of nuclear reactors. Polonium-210 is a low-melt- 
ing, fairly volatile metal, 50% of which is vaporized in air in 45 
hours at 55°С. It is an alpha emitter with a half-life of 138.39 
days. A milligram emits as many alpha particles as 5 g of radi- 
um. The energy released by its decay is so large (140 W/g) that 
a capsule containing about half a gram reaches a temperature 
above 500%С. The capsule also presents a contact gamma-ray 
dose rate of 0.012 Gy/h. A few curies (1 curie = 3.7 x 10'°Bq) 
of polonium exhibit a blue glow, caused by excitation of the 
surrounding gas. Because almost all alpha radiation is stopped 
within the solid source and its container, giving up its energy, 
polonium has attracted attention for uses as a lightweight heat 
source for thermoelectric power in space satellites. Thirty- 
eight isotopes and isomers of polonium are known, with 
atomic masses ranging from 192 to 218. All are radioactive. 
Polonium-210 is the most readily available. Isotopes of mass 
209 (half-life 102 years) and mass 208 (half-life 2.9 years) can 
be prepared by alpha, proton, or deuteron bombardment of 
lead or bismuth in a cyclotron, but these are expensive to pro- 
duce. Metallic polonium has been prepared from polonium 
hydroxide and some other polonium compounds in the pres- 
ence of concentrated aqueous or anhydrous liquid ammonia. 
Two allotropic modifications are known to exist. Polonium 
is readily dissolved in dilute acids, but is only slightly soluble 
in alkalis. Polonium salts of organic acids char rapidly; halide 
amines are reduced to the metal. Polonium can be mixed or 
alloyed with beryllium to provide a source of neutrons. It has 
been used in devices for eliminating static charges in textile 
mills, etc.; however, beta sources are more commonly used 
and are less dangerous. It is also used on brushes for remov- 
ing dust from photographic films. The polonium for these is 
carefully sealed and controlled, minimizing hazards to the 
user. Polonium-210 is very dangerous to handle in even mil- 
ligram or microgram amounts, and special equipment and 
strict control is necessary. Damage arises from the complete 
absorption of the energy of the alpha particle into tissue. The 
maximum permissible body burden for ingested polonium is 
only 0.03 uCi, which represents a particle weighing only 6.8 х 
107? g. Weight for weight it is about 2.5 x 10!! times as toxic 
as hydrocyanic acid. The maximum allowable concentration 
for soluble polonium compounds in air is about 2 x 10!! uCi/ 
cm*. Polonium-209 is available on special order from the Oak 
Ridge National Laboratory at a cost of $3600/uCi plus pack- 
ing costs. 
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Potassium — (English, potash — pot ashes; L. kalium, Arab. 


qali, alkali), K; at. wt. 39.0983(1); at. no. 19; m.p. 63.38°С; b.p. 
759*C; sp. gr. 0.862 (20°С); valence 1. Discovered in 1807 by 
Davy, who obtained it from caustic potash (KOH); this was 
the first metal isolated by electrolysis. The metal is the sev- 
enth most abundant and makes up about 2.4% by weight of the 
earth's crust. Most potassium minerals are insoluble and the 
metal is obtained from them only with great difficulty. Certain 
minerals, however, such as sylvite, carnallite, langbeinite, and 
polyhalite are found in ancient lake and sea beds and form 
rather extensive deposits from which potassium and its salts 
can readily be obtained. Potash is mined in Germany, New 
Mexico, California, Utah, and elsewhere. Large deposits of 
potash, found at a depth of some 1000 m in Saskatchewan, 
promise to be important in coming years. Potassium is also 
found in the ocean, but is present only in relatively small 
amounts, compared to sodium. The greatest demand for 
potash has been in its use for fertilizers. Potassium is an es- 
sential constituent for plant growth and it is found in most 
soils. Potassium is never found free in nature, but is obtained 
by electrolysis of the hydroxide, much in the same manner as 
prepared by Davy. Thermal methods also are commonly used 
to produce potassium (such as by reduction of potassium 
compounds with CaC,, C, Si, or Na). It is one of the most re- 
active and electropositive of metals. Except for lithium, it is 
the lightest known metal. It is soft, easily cut with a knife, and 
is silvery in appearance immediately after a fresh surface is 
exposed. It rapidly oxidizes in air and should be preserved in 
a mineral oil. As with other metals of the alkali group, it de- 
composes in water with the evolution of hydrogen. It catches 
fire spontaneously on water. Potassium and its salts impart a 
violet color to flames. Twenty one isotopes, one of which is 
an isomer, of potassium are known. Ordinary potassium is 
composed of three isotopes, one of which is “K (0.011796), 
a radioactive isotope with a half-life of 1.26 x 10? years. The 
radioactivity presents no appreciable hazard. An alloy of so- 
dium and potassium (NaK) is used as a heat-transfer medium. 
Many potassium salts are of utmost importance, including 
the hydroxide, nitrate, carbonate, chloride, chlorate, bromide, 
iodide, cyanide, sulfate, chromate, and dichromate. Metallic 
potassium is available commercially for about $1200/kg (9896 
purity) or $75/g (99.9596 purity). 


Praseodymium — (Gr. prasios, green, and didymos, twin), Pr; at. 


wt. 140.90765(2); at. no. 59; m.p. 931°С; b.p. 3520°С; sp. gr. 
6.773; valence 3. In 1841 Mosander extracted the rare earth 
didymia from lanthana; in 1879, Lecoq de Boisbaudran iso- 
lated a new earth, samaria, from didymia obtained from the 
mineral samarskite. Six years later, in 1885, von Welsbach sep- 
arated didymia into two others, praseodymia and neodymia, 
which gave salts of different colors. As with other rare earths, 
compounds of these elements in solution have distinctive 
sharp spectral absorption bands or lines, some of which are 
only a few Angstroms wide. The element occurs along with 
other rare-earth elements in a variety of minerals. Monazite 
and bastnasite are the two principal commercial sources of 
the rare-earth metals. Ion-exchange and solvent extraction 
techniques have led to much easier isolation of the rare earths 
and the cost has dropped greatly. Thirty-seven isotopes and 
isomers are now recognized. Praseodymium can be prepared 
by several methods, such as by calcium reduction of the an- 
hydrous chloride or fluoride. Misch metal, used in making 
cigarette lighters, contains about 5% praseodymium metal. 
Praseodymium is soft, silvery, malleable, and ductile. It was 
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prepared in relatively pure form in 1931. It is somewhat more 
resistant to corrosion in air than europium, lanthanum, ceri- 
um, or neodymium, but it does develop a green oxide coating 
that splits off when exposed to air. As with other rare-earth 
metals it should be kept under a light mineral oil or sealed 
in plastic. The rare-earth oxides, including Рг,О,, are among 
the most refractory substances known. Along with other rare 
earths, it is widely used as a core material for carbon arcs used 
by the motion picture industry for studio lighting and pro- 
jection. Salts of praseodymium are used to color glasses and 
enamels; when mixed with certain other materials, praseo- 
dymium produces an intense and unusually clean yellow color 
in glass. Didymium glass, of which praseodymium is a compo- 
nent, is a colorant for welder's goggles. The metal (99.9% pure) 
is priced at about $4/g. 


Promethium — (Prometheus, who, according to mythology, stole 


fire from heaven), Pm; at. no. 61; at. wt. (145); m.p. 1042°С; 
b.p. 3000"С (est.); sp. gr. 7.264 (25°С); valence 3. In 1902 
Branner predicted the existence of an element between neo- 
dymium and samarium, and this was confirmed by Moseley 
in 1914. Unsuccessful searches were made for this predicted 
element over two decades, and various investigators pro- 
posed the names "illinium;" “florentium,’ and "cyclonium" for 
this element. In 1941, workers at Ohio State University irra- 
diated neodymium and praseodymium with neutrons, deu- 
terons, and alpha particles, resp., and produced several new 
radioactivities, which most likely were those of element 61. 
Wu and Segre, and Веће, in 1942, confirmed the formation; 
however, chemical proof of the production of element 61 was 
lacking because of the difficulty in separating the rare earths 
from each other at that time. In 1945, Marinsky, Glendenin, 
and Coryell made the first chemical identification by use of 
ion-exchange chromatography. Their work was done by fis- 
sion of uranium and by neutron bombardment of neodym- 
ium. These investigators named the newly discovered ele- 
ment. Searches for the element on earth have been fruitless, 
and it now appears that promethium is completely missing 
from the earth's crust. Promethium, however, has been re- 
ported to be in the spectrum of the star НК“ in Andromeda. 
This element is being formed recently near the star's surface, 
for no known isotope of promethium has a half-life longer 
than 17.7 years. Thirty five isotopes and isomers of prome- 
thium, with atomic masses from 130 to 158 are now known. 
Promethium-145,with a half-life of 17.7 years, is the most 
useful. Promethium-145 has a specific activity of 940 СИ. It 
is a soft beta emitter; although no gamma rays are emitted, 
X-radiation can be generated when beta particles impinge 
on elements of a high atomic number, and great care must 
be taken in handling it. Promethium salts luminesce in the 
dark with a pale blue or greenish glow, due to their high ra- 
dioactivity. lon-exchange methods led to the preparation of 
about 10 g of promethium from atomic reactor fuel process- 
ing wastes in early 1963. Little is yet generally known about 
the properties of metallic promethium. Two allotropic modi- 
fications exist. The element has applications as a beta source 
for thickness gages, and it can be absorbed by a phosphor to 
produce light. Light produced in this manner can be used 
for signs or signals that require dependable operation; it can 
be used as a nuclear-powered battery by capturing light in 
photocells which convert it into electric current. Such a bat- 
tery, using “Pm, would have a useful life of about 5 years. It 
is being used for fluorescent lighting starters and coatings 
for self-luminous watch dials. Promethium shows promise 
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as a portable X-ray source, and it may become useful as a 
heat source to provide auxiliary power for space probes and 
satellites. More than 30 promethium compounds have been 
prepared. Most are colored. 


Protactinium — (Gr. protos, first), Pa; at. wt. 231.03588(2); at. no. 


91; m.p. 1572°С; sp. gr. 15.37 (calc.); valence 4 or 5. The first 
isotope of element 91 to be discovered was ***Pa, also known 
аз UX,, a short-lived member of the naturally occurring ?*U 
decay series. It was identified by K. Fajans and O. H. Gohring 
in 1913 and they named the new element brevium. When the 
longer-lived isotope ?!Pa was identified by Hahn and Meitner 
in 1918, the name protoactinium was adopted as being more 
consistent with the characteristics of the most abundant iso- 
tope. Soddy, Cranson, and Fleck were also active in this work. 
The name protoactinium was shortened to protactinium in 
1949. In 1927, Grosse prepared 2 mg of a white powder, which 
was shown to be Ра,О,. Later, in 1934, from 0.1 g of pure Ра,О, 
he isolated the element by two methods, one of which was by 
converting the oxide to an iodide and "cracking" it in a high 
vacuum by an electrically heated filament by the reaction 


2Pal, > 2Pa +51, 


Protactinium has a bright metallic luster which it retains for 
some time in air. The element occurs in pitchblende to the 
extent of about 1 part ?!Pa to 10 million of ore. Ores from 
Congo-Kinshasa have about 3 ppm. Protactinium has twen- 
ty-eight isotopes and isomers, the most common of which 
is ?!Pr with a half-life of 32,500 years. A number of protac- 
tinium compounds are known, some of which are colored. 
The element is superconductive below 1.4 K. The element is a 
dangerous toxic material and requires precautions similar to 
those used when handling plutonium. In 1959 and 1961, it was 
announced that the Great Britain Atomic Energy Authority 
extracted by a 12-stage process 125 g of 99.996 protactinium, 
the world's only stock of the metal for many years to come. 
The extraction was made from 60 tons of waste material at a 
cost of about $500,000. Protactinium is one of the rarest and 
most expensive naturally occurring elements. 


Radium — (L. radius, ray), Ra; at. wt. (226); at. no. 88; m.p. 700%С; 


5р. gr. 5; valence 2. Radium was discovered in 1898 by M. and 
Mme. Curie in the pitchblende or uraninite of North Bohemia 
(Czech Republic), where it occurs. There is about 1 g of ra- 
dium in 7 tons of pitchblende. The element was isolated in 
1911 by Mme. Curie and Debierne by the electrolysis of a so- 
lution of pure radium chloride, employing a mercury cathode; 
on distillation in an atmosphere of hydrogen this amalgam 
yielded the pure metal. Originally, radium was obtained from 
the rich pitchblende ore found at Joachimsthal, Bohemia. The 
carnotite sands of Colorado furnish some radium, but richer 
ores are found in the Republic of Congo-Kinshasa and the 
Great Bear Lake region of Canada. Radium is present in all 
uranium minerals, and could be extracted, if desired, from the 
extensive wastes of uranium processing. Large uranium de- 
posits are located in Ontario, New Mexico, Utah, Australia, 
and elsewhere. Radium is obtained commercially as the bro- 
mide or chloride; it is doubtful if any appreciable stock of the 
isolated element now exists. The pure metal is brilliant white 
when freshly prepared, but blackens on exposure to air, prob- 
ably due to formation of the nitride. It exhibits luminescence, 
as do its salts; it decomposes in water and is somewhat more 
volatile than barium. It is a member of the alkaline-earth group 
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of metals. Radium imparts a carmine red color to a flame. 
Radium emits alpha, beta, and gamma rays and when mixed 
with beryllium produce neutrons. One gram of 2а under- 
goes 3.7 x 10” disintegrations per s. The curie (Ci) is defined 
as that amount of radioactivity which has the same disintegra- 
tion rate as 1 g of Ка. Thirty-six isotopes are now known; 
radium 226, the common isotope, has a half-life of 1599 years. 
One gram of radium produces about 0.0001 mL (stp) of ema- 
nation, or radon gas, per day. This is pumped from the radium 
and sealed in minute tubes, which are used in the treatment of 
cancer and other diseases. One gram of radium yields about 
4186 К] per year. Radium is used in producing self-luminous 
paints, neutron sources, and in medicine for the treatment of 
cancer. Some of the more recently discovered radioisotopes, 
such аз 9Со, are now being used in place of radium. Some of 
these sources are much more powerful, and others are safer 
to use. Radium loses about 196 of its activity in 25 years, be- 
ing transformed into elements of lower atomic weight. Lead 
is a final product of disintegration. Stored radium should be 
ventilated to prevent build-up of radon. Inhalation, injection, 
or body exposure to radium can cause cancer and other body 
disorders. The maximum permissible burden in the total body 
for Ra is 7400 becquerel. 


Radon — (from radium; called niton at first, L. nitens, shining), 


Rn; at. wt. (222); at. no. 86; m.p. -71'C; b.p. -61.7°C; t. 104°C; 
density of gas 9.73 g/l; sp. gr. liquid 4.4 at —62°С, solid 4; va- 
lence usually 0. The element was discovered in 1900 by Dorn, 
who called it radium emanation. In 1908 Ramsay and Gray, 
who named it niton, isolated the element and determined its 
density, finding it to be the heaviest known gas. It is essential- 
ly inert and occupies the last place in the zero group of gases 
in the Periodic Table. Since 1923, it has been called radon. 
Thirty-seven isotopes and isomers are known. Radon-222, 
coming from radium, has a half-life of 3.823 days and is an 
alpha emitter; Radon-220, emanating naturally from thorium 
and called thoron, has a half-life of 55.6 $ and is also an alpha 
emitter. Radon-219 emanates from actinium and is called ac- 
tinon. It has a half-life of 3.9 s and is also an alpha emitter. 
It is estimated that every square mile of soil to a depth of 6 
inches contains about 1 g of radium, which releases radon in 
tiny amounts to the atmosphere. Radon is present in some 
spring waters, such as those at Hot Springs, Arkansas. On the 
average, one part of radon is present to 1 x 10?! part of air. At 
ordinary temperatures radon is a colorless gas; when cooled 
below the freezing point, radon exhibits a brilliant phospho- 
rescence which becomes yellow as the temperature is lowered 
and orange-red at the temperature of liquid air. It has been 
reported that fluorine reacts with radon, forming radon fluo- 
ride. Radon clathrates have also been reported. Radon is still 
produced for therapeutic use by a few hospitals by pumping 
it from a radium source and sealing it in minute tubes, called 
seeds or needles, for application to patients. This practice 
has now been largely discontinued as hospitals can order the 
seeds directly from suppliers, who make up the seeds with the 
desired activity for the day of use. Care must be taken in han- 
dling radon, as with other radioactive materials. The main 
hazard is from inhalation of the element and its solid daugh- 
ters, which are collected on dust in the air. Good ventilation 
should be provided where radium, thorium, or actinium is 
stored to prevent build-up of this element. Radon build-up 
is a health consideration in uranium mines. Recently radon 
build-up in homes has been a concern. Many deaths from 
lung cancer are caused by radon exposure. In the U.S. it is 
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recommended that remedial action be taken if the air from 
radon in homes exceeds 4 pCi/L. 


Rhenium — (L. Rhenus, Rhine), Re; at. wt. 186.207(1); at. no. 75; 


m.p. 3186°С; b.p. 5596°С; sp. gr. 21.02 (20°C); valence –1, +1, 
2, 3, 4, 5, 6, 7. Discovery of rhenium is generally attributed to 
Noddack, Tacke, and Berg, who announced in 1925 they had 
detected the elementin platinum ores and columbite. They also 
found the element in gadolinite and molybdenite. By working 
up 660 kg of molybdenite they were able in 1928 to extract 1 g 
of rhenium. The price in 1928 was $10,000/g. Rhenium does 
not occur free in nature or as a compound in a distinct mineral 
species. It is, however, widely spread throughout the earth's 
crust to the extent of about 0.001 ppm. Commercial rhenium 
in the U.S. today is obtained from molybdenite roaster-flue 
dusts obtained from copper-sulfide ores mined in the vicin- 
ity of Miami, Arizona, and elsewhere in Arizona and Utah. 
Some molybdenites contain from 0.002 to 0.2% rhenium. It is 
estimated that in 1999 about 16,000 kg of rhenium was being 
produced. The total estimated world reserves of rhenium is 
11,000,000 kg. Natural rhenium is a mixture of two isotopes, 
one of which has a very long half-life. Thirty nine other un- 
stable isotopes are recognized. Rhenium metal is prepared by 
reducing ammonium perrhenate with hydrogen at elevated 
temperatures. The element is silvery white with a metallic lus- 
ter; its density is exceeded only by that of platinum, iridium, 
and osmium, and its melting point is exceeded only by that of 
tungsten and carbon. It has other useful properties. The usual 
commercial form of the element is a powder, but it can be 
consolidated by pressing and resistance-sintering in a vacuum 
or hydrogen atmosphere. This produces a compact shape in 
excess of 90% of the density of the metal. Annealed rhenium 
is very ductile, and can be bent, coiled, or rolled. Rhenium is 
used as an additive to tungsten and molybdenum-based alloys 
to impart useful properties. It is widely used for filaments for 
mass spectrographs and ion gages. Rhenium-molybdenum al- 
loys are superconductive at 10 K. Rhenium is also used as an 
electrical contact material as it has good wear resistance and 
withstands arc corrosion. Thermocouples made of Re-W are 
used for measuring temperatures up to 2200°C, and rhenium 
wire has been used in photoflash lamps for photography. 
Rhenium catalysts are exceptionally resistant to poisoning 
from nitrogen, sulfur, and phosphorus, and are used for hy- 
drogenation of fine chemicals, hydrocracking, reforming, and 
disproportionation of olefins. Rhenium has recently become 
especially important as a catalyst for petroleum refining and 
in making super-alloys for jet engines. Rhenium costs about 
$16/g (99.9996 pure). Little is known of its toxicity; therefore, it 
should be handled with care until more data are available. 


Rhodium — (Gr. rhodon, rose), Rh; at. wt. 102.90550(3); at. no. 


45; m.p. 1964°C; b.p. 3695°C; sp. gr. 12.41 (20°C); valence 2, 3, 
4, 5, and 6. Wollaston discovered rhodium in 1803-4 in crude 
platinum ore he presumably obtained from South America. 
Rhodium occurs native with other platinum metals in river 
sands of the Urals and in North and South America. It is also 
found with other platinum metals in the copper-nickel sulfide 
ores of the Sudbury, Ontario region. Although the quantity 
occurring here is very small, the large tonnages of nickel pro- 
cessed make the recovery commercially feasible. The annual 
world production of rhodium in 1999 was only about 9000 
kg. The metal is silvery white and at red heat slowly changes 
in air to the sesquioxide. At higher temperatures it converts 
back to the element. Rhodium has a higher melting point 
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and lower density than platinum. Its major use is as an alloy- 
ing agent to harden platinum and palladium. Such alloys are 
used for furnace windings, thermocouple elements, bushings 
for glass fiber production, electrodes for aircraft spark plugs, 
and laboratory crucibles. It is useful as an electrical contact 
material as it has a low electrical resistance, a low and stable 
contact resistance, and is highly resistant to corrosion. Plated 
rhodium, produced by electroplating or evaporation, is excep- 
tionally hard and is used for optical instruments. It has a high 
reflectance and is hard and durable. Rhodium is also used for 
jewelry, for decoration, and as a catalyst. Fifty-two isotopes 
and isomers are now known. Rhodium metal (powder) costs 
about $180/g (99.9%). 


Roentgenium — (Wilhelm Roentgen, discoverer of x-rays), Rg. 


On December 20, 1994, scientists at GSI Darmstadt, Germany 
announced they had detected three atoms of a new element 
with 111 protons and 161 neutrons. This element was made 
by bombarding Ві with МП. Signals of Element 111 appeared 
for less than 0.002 s, then decayed into lighter elements in- 
cluding Element 109 and Element 107. These isotopes 
had not previously been observed. In 2004 IUPAC approved 
the name roentgenium for Element 111. Roentgenium is exp- 
tected to have properties similar to gold. 


Rubidium — (L. rubidus, deepest red), Rb; at. wt. 85.4678(3); at. 


no. 37; m.p. 39.31°С; b.p. 688°С; sp. gr. (solid) 1.532 (20°С), 
(liquid) 1.475 (39*C); valence 1, 2, 3, 4. Discovered in 1861 
by Bunsen and Kirchhoff in the mineral lepidolite by use of 
the spectroscope. The element is much more abundant than 
was thought several years ago. It is now considered to be the 
16th most abundant element in the earth's crust. Rubidium 
occurs in pollucite, carnallite, leucite, and zinnwaldite, which 
contains traces up to 196, in the form of the oxide. It is found 
in lepidolite to the extent of about 1.596, and is recovered 
commercially from this source. Potassium minerals, such as 
those found at Searles Lake, California, and potassium chlo- 
ride recovered from brines in Michigan also contain the ele- 
ment and are commercial sources. It is also found along with 
cesium in the extensive deposits of pollucite at Bernic Lake, 
Manitoba. Rubidium can be liquid at room temperature. It is 
a soft, silvery-white metallic element of the alkali group and 
is the second most electropositive and alkaline element. It ig- 
nites spontaneously in air and reacts violently in water, set- 
ting fire to the liberated hydrogen. As with other alkali met- 
als, it forms amalgams with mercury and it alloys with gold, 
cesium, sodium, and potassium. It colors a flame yellowish 
violet. Rubidium metal can be prepared by reducing rubidium 
chloride with calcium, and by a number of other methods. It 
must be kept under a dry mineral oil or in a vacuum or inert 
atmosphere. Thirty five isotopes and isomers of rubidium are 
known. Naturally occurring rubidium is made oftwo isotopes, 
*9*Rb and “Rb. Rubidium-87 is present to the extent of 27.83% 
in natural rubidium and is a beta emitter with a half-life of 4.9 
х 10” years. Ordinary rubidium is sufficiently radioactive to 
expose a photographic film in about 30 to 60 days. Rubidium 
forms four oxides: Rb,O, Rb,O,, Rb,O,, Rb,O,. Because ru- 
bidium can be easily ionized, it has been considered for use in 
“ion engines" for space vehicles; however, cesium is somewhat 
more efficient for this purpose. It is also proposed for use as 
a working fluid for vapor turbines and for use in a thermo- 
electric generator using the magnetohydrodynamic principle 
where rubidium ions are formed by heat at high temperature 
and passed through a magnetic field. These conduct electric- 
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ity and act like an armature of a generator thereby generating 
an electric current. Rubidium is used as a getter in vacuum 
tubes and as a photocell component. It has been used in mak- 
ing special glasses. RbAg I. is important, as it has the highest 
room-temperature conductivity of any known ionic crystal. 
At 20°С its conductivity is about the same as dilute sulfuric 
acid. This suggests use in thin film batteries and other appli- 
cations. The present cost in small quantities is about $50/g 
(99.8% pure). 


Ruthenium — (L. Ruthenia, Russia), Ru; at. wt. 101.07(2); at. no. 


44, m.p. 2334°С; b.p. 4150°С; sp. gr. 12.41 (20°С); valence 0, 
1, 2, 3, 4, 5, 6, 7, 8. Berzelius and Osann in 1827 examined 
the residues left after dissolving crude platinum from the Ural 
mountains in aqua regia. While Berzelius found no unusual 
metals, Osann thought he found three new metals, one of 
which he named ruthenium. In 1844 Klaus, generally recog- 
nized as the discoverer, showed that Osann's ruthenium ox- 
ide was very impure and that it contained a new metal. Klaus 
obtained 6 g of ruthenium from the portion of crude plati- 
num that is insoluble in aqua regia. А member of the plati- 
num group, ruthenium occurs native with other members of 
the group in ores found in the Ural mountains and in North 
and South America. It is also found along with other platinum 
metals in small but commercial quantities in pentlandite of 
the Sudbury, Ontario, nickel-mining region, and in pyroxinite 
deposits of South Africa. Natural ruthenium contains seven 
isotopes. Twenty-eight other isotopes and isomers are known, 
all of which are radioactive. The metal is isolated commer- 
cially by a complex chemical process, the final stage of which 
is the hydrogen reduction of ammonium ruthenium chloride, 
which yields a powder. The powder is consolidated by powder 
metallurgy techniques or by argon-arc welding. Ruthenium is 
a hard, white metal and has four crystal modifications. It does 
not tarnish at room temperatures, but oxidizes in air at about 
800°С. The metal is not attacked by hot or cold acids or aqua 
regia, but when potassium chlorate is added to the solution, 
it oxidizes explosively. It is attacked by halogens, hydroxides, 
etc. Ruthenium can be plated by electrodeposition or by ther- 
mal decomposition methods. The metal is one of the most ef- 
fective hardeners for platinum and palladium, and is alloyed 
with these metals to make electrical contacts for severe wear 
resistance. А ruthenium-molybdenum alloy is said to be su- 
perconductive at 10.6 K. The corrosion resistance of titanium 
is improved a hundredfold by addition of 0.1% ruthenium. It 
is a versatile catalyst. Hydrogen sulfide can be split catalyti- 
cally by light using an aqueous suspension of CdS particles 
loaded with ruthenium dioxide. It is thought this may have 
application to removal of H,S in oil refining and other indus- 
trial processes. Compounds in at least eight oxidation states 
have been found, but of these, the +2. +3. and +4 states are the 
most common. Ruthenium tetroxide, like osmium tetroxide, 
is highly toxic. In addition, it may explode. Ruthenium com- 
pounds show a marked resemblance to those of osmium. The 
metal is priced at about $25/g (99.9596 pure). 


Rutherfordium — (Ernest Rutherford [1871—1937], New Zealand, 


Canadian, and British physicist); Rf; at. wt. [261]; at. no. 104. 
In 1964, workers of the Joint Nuclear Research Institute at 
Dubna (Russia) bombarded plutonium with accelerated 113 
to 115 MeV neon ions. By measuring fission tracks in a spe- 
cial glass with a microscope, they detected an isotope that de- 
cays by spontaneous fission. They suggested that this isotope, 
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which has a half-life of 0.3 + 0.1 s, might Бе 20104, produced 
by the following reaction: 


?? pu 42 Ne —2% 104 + 4n 


Element 104, the first transactinide element, is expected to 
have chemical properties similar to those of hafnium. It would, 
for example, form a relatively volatile compound with chlorine 
(a tetrachloride). The Soviet scientists have performed experi- 
ments aimed at chemical identification, and have attempted 
to show that the 0.3-s activity is more volatile than that of the 
relatively nonvolatile actinide trichlorides. This experiment 
does not fulfill the test of chemically separating the new ele- 
ment from all others, but it provides important evidence for 
evaluation. New data, reportedly issued by Soviet scientists, 
have reduced the half-life of the isotope they worked with 
from 0.3 to 0.15 s. The Dubna scientists suggest the name 
kurchatovium and symbol Ku for Element 104, in honor of 
Igor Vasilevich Kurchatov (1903-1960), late Head of Soviet 
Nuclear Research. The Dubna Group also has proposed the 
name dubnium for Element 104. In 1969, Ghiorso, Nurmia, 
Harris, K. A. Y. Eskola, and P. L. Eskola of the University of 
California at Berkeley reported they had positively identified 
two, and possibly three, isotopes of Element 104. The group 
also indicated that after repeated attempts so far they have 
been unable to produce isotope ?9?104 reported by the Dubna 
groups in 1964. The discoveries at Berkeley were made by 
bombarding a target of ??Cf with "C nuclei of 71 MeV, and ЗС 
nuclei of 69 MeV. The combination of ?C with ЭСЕ followed 
by instant emission of four neutrons produced Element 27104. 
This isotope has a half-life of 4 to 5 s, decaying by emitting an 
alpha particle into Мо, with a half-life of 105 s. Тһе same 
reaction, except with the emission of three neutrons, was 
thought to have produced 258104 with a half-life of about 1/100 
s. Element 259104 is formed by the merging of a ЭС nuclei with 
Cf, followed by emission of three neutrons. This isotope has 
a half-life of 3 to 4 5, and decays by emitting an alpha particle 
into No, which has a half-life of 185 s. Thousands of atoms 
of 7104 and 29104 have been detected. The Berkeley group 
believe their identification of 255104 was correct. Eleven iso- 
topes of Element 104 have now been identified. The Berkeley 
group proposed for the new element the name rutherfordium 
(symbol Rf), in honor of Ernest Rutherford. This name was 
formally adapted by IUPAC in August 1997. 


Samarium — (Samarskite, a mineral), Sm; at. wt. 150.36(3); at. 


no. 62; m.p. 1074°С; b.p. 1794°С; sp. gr (a) 7.520 (25°С); va- 
lence 2 or 3. Discovered spectroscopically by its sharp absorp- 
tion lines in 1879 by Lecoq de Boisbaudran in the mineral 
samarskite, named in honor of a Russian mine official, Col. 
Samarski. Samarium is found along with other members of 
the rare-earth elements in many minerals, including топа- 
zite and bastnasite, which are commercial sources. The larg- 
est producer of rare earth minerals is now China, followed by 
the U.S., India, and Russia. It occurs in monazite to the extent 
of 2.8%. While misch metal containing about 196 of samarium 
metal, has long been used, samarium has not been isolated in 
relatively pure form until recent years. Ion-exchange and sol- 
vent extraction techniques have recently simplified separation 
of the rare earths from one another; more recently, electro- 
chemical deposition, using an electrolytic solution of lithium 
citrate and a mercury electrode, is said to be a simple, fast, 
and highly specific way to separate the rare earths. Samarium 
metal can be produced by reducing the oxide with barium or 
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lanthanum. Samarium has a bright silver luster and is reason- 
ably stable in air. Three crystal modifications of the metal ex- 
ist, with transformations at 734 and 922°C. The metal ignites 
in air at about 150°С. Thirty-three isotopes and isomers of 
samarium are now recognized. Natural samarium is a mixture 
of seven isotopes, three of which are unstable but have long 
half-lives. Samarium, along with other rare earths, is used for 
carbon-arc lighting for the motion picture industry. The sul- 
fide has excellent high-temperature stability and good ther- 
moelectric efficiencies up to 1100*C. SmCo, has been used іп 
making a new permanent magnet material with the highest 
resistance to demagnetization of any known material. It is 
said to have an intrinsic coercive force as high as 2200 kA/m. 
Samarium oxide has been used in optical glass to absorb the 
infrared. Samarium is used to dope calcium fluoride crystals 
for use in optical masers or lasers. Compounds of the metal 
act as sensitizers for phosphors excited in the infrared; the 
oxide exhibits catalytic properties in the dehydration and de- 
hydrogenation of ethyl alcohol. It is used in infrared absorbing 
glass and as a neutron absorber in nuclear reactors. The metal 
is priced at about $3.50/g (99.996). Little is known ofthe toxic- 
ity of samarium; therefore, it should be handled carefully. 


Scandium — (L. Scandia, Scandinavia), Sc; at. wt. 44.955910(8); 


at. no. 21; m.p. 1541°С; b.p. 2836°С; sp. gr. 2.989 (25°С); va- 
lence 3. On the basis of the Periodic System, Mendeleev pre- 
dicted the existence of ekaboron, which would have an atomic 
weight between 40 of calcium and 48 of titanium. The element 
was discovered by Nilson in 1878 in the minerals euxenite and 
gadolinite, which had not yet been found anywhere except in 
Scandinavia. By processing 10 kg of euxenite and other resi- 
dues of rare-earth minerals, Nilson was able to prepare about 
2 g of scandium oxide of high purity. Cleve later pointed out 
that Nilson's scandium was identical with Mendeleev's ekabo- 
ron. Scandium is apparently a much more abundant element 
in the sun and certain stars than here on earth. It is about the 
23rd most abundant element in the sun, compared to the 50th 
most abundant on earth. It is widely distributed on earth, oc- 
curring in very minute quantities in over 800 mineral species. 
The blue color of beryl (aquamarine variety) is said to be due 
to scandium. It occurs as a principal component in the rare 
mineral thortveitite, found in Scandinavia and Malagasy. It is 
also found in the residues remaining after the extraction of 
tungsten from Zinnwald wolframite, and in wiikite and bazz- 
ite. Most scandium is presently being recovered from thort- 
veitite or is extracted as a by-product from uranium mill tail- 
ings. Metallic scandium was first prepared in 1937 by Fischer, 
Brunger, and Grieneisen, who electrolyzed a eutectic melt of 
potassium, lithium, and scandium chlorides at 700 to 800°C. 
Tungsten wire and a pool of molten zinc served as the elec- 
trodes in a graphite crucible. Pure scandium is now produced 
by reducing scandium fluoride with calcium metal. The pro- 
duction of the first pound of 99% pure scandium metal was 
announced in 1960. Scandium is a silver-white metal which 
develops a slightly yellowish or pinkish cast upon exposure to 
air. It is relatively soft, and resembles yttrium and the rare- 
earth metals more than it resembles aluminum or titanium. It 
is a very light metal and has a much higher melting point than 
aluminum, making it of interest to designers of spacecraft. 
Scandium is not attacked by а 1:1 mixture of conc. HNO, and 
48% HF. Scandium reacts rapidly with many acids. Twenty- 
three isotopes and isomers of scandium are recognized. The 
metal is expensive, costing about $200/g with a purity of about 
99.9%. About 20 kg of scandium (as Sc,O,) are now being used 
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yearly in the U.S. to produce high-intensity lights, and the 
radioactive isotope “Sc is used as a tracing agent in refinery 
crackers for crude oil, etc. Scandium iodide added to mercury 
vapor lamps produces a highly efficient light source resem- 
bling sunlight, which is important for indoor or night-time 
color TV. Little is yet known about the toxicity of scandium; 
therefore, it should be handled with care. 


Seaborgium — (Glenn T. Seaborg [1912-1999], American chem- 


ist and nuclear physicist). Sg; at. wt. [263]; at no. 106. The dis- 
covery of Seaborgium, Element 106, took place in 1974 almost 
simultaneously at the Lawrence-Berkeley Laboratory and at 
the Joint Institute for Nuclear Research at Dubna, Russia. The 
Berkeley Group, under direction of Ghiorso, used the Super- 
Heavy Ion Linear Accelerator (Super HILAC) as a source of 
heavy '30 ions to bombard a 259-ug target of СЁ This re- 
sulted in the production and positive identification of 2106, 
which decayed with a half-life of 0.9 + 0.2 s by the emission of 
alpha particles as follows: 


106—104 وک‎ Ng e у, 


The Dubna Team, directed by Flerov and Organessian, pro- 
duced heavy ions of “Cr with their 310-cm heavy-ion cyclo- 
tron to bombard 771 and 8۳ and found a product that 
decayed with a half-life of 7 ms. They assigned 259106 to this 
isotope. It is now thought seven isotopes of Seaborgium have 
been identified. Two of the isotopes are believed to have half- 
lives of about 30 s. Seaborgium most likely would have prop- 
erties resembling tungsten. The IUPAC adopted the name 
Seaborgium in August 1997. Normally the naming of an ele- 
ment is not given until after the death of the person for which 
the element is named; however, in this case, it was named 
while Dr. Seaborg was still alive. 


Selenium — (Gr. Selene, moon), Se; at. wt. 78.96(3); at. no. 34; m.p. 


(gray) 221°С; b.p. (gray) 685°С; sp. gr. (gray) 4.79, (vitreous) 
4.28; valence –2, +4, or +6. Discovered by Berzelius in 1817, 
who found it associated with tellurium, named for the earth. 
Selenium is found in a few rare minerals, such as crooksite and 
clausthalite. In years past it has been obtained from flue dusts 
remaining from processing copper sulfide ores, but the an- 
ode muds from electrolytic copper refineries now provide the 
source of most of the world's selenium. Selenium is recovered 
by roasting the muds with soda or sulfuric acid, or by smelting 
them with soda and niter. Selenium exists in several allotrop- 
ic forms. Three are generally recognized, but as many as six 
have been claimed. Selenium can be prepared with either an 
amorphous or crystalline structure. The color of amorphous 
selenium is either red, in powder form, or black, in vitreous 
form. Crystalline monoclinic selenium is a deep red; crystal- 
line hexagonal selenium, the most stable variety, is a metallic 
gray. Natural selenium contains six stable isotopes. Twenty- 
nine other isotopes and isomers have been characterized. The 
element is a member of the sulfur family and resembles sulfur 
both in its various forms and in its compounds. Selenium ex- 
hibits both photovoltaic action, where light is converted di- 
rectly into electricity, and photoconductive action, where the 
electrical resistance decreases with increased illumination. 
These properties make selenium useful in the production of 
photocells and exposure meters for photographic use, as well 
as solar cells. Selenium is also able to convert a.c. electricity 
to d.c., and is extensively used in rectifiers. Below its melting 
point selenium is a p-type semiconductor and is finding many 
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uses in electronic and solid-state applications. It is used in 
Xerography for reproducing and copying documents, letters, 
etc., but recently its use in this application has been decreas- 
ing in favor of certain organic compounds. It is used by the 
glass industry to decolorize glass and to make ruby-colored 
glasses and enamels. It is also used as a photographic toner, 
and as an additive to stainless steel. Elemental selenium has 
been said to be practically nontoxic and is considered to be 
an essential trace element; however, hydrogen selenide and 
other selenium compounds are extremely toxic, and resemble 
arsenic in their physiological reactions. Hydrogen selenide in 
a concentration of 1.5 ppm is intolerable to man. Selenium 
occurs in some soils in amounts sufficient to produce serious 
effects on animals feeding on plants, such as locoweed, grown 
in such soils. Selenium (99.596) is priced at about $250/kg. It 
is also available in high-purity form at a cost of about $350/kg 
(99.999906). 


Silicon — (L. silex, silicis, flint), Si; at. wt. 28.0855(3); at. no. 14; 


m.p. 1414°С; b.p. 3265°С; sp. gr. 2.33 (25°С); valence 4. Davy 
in 1800 thought silica to be a compound and not an element; 
later in 1811, Gay Lussac and Thenard probably prepared im- 
pure amorphous silicon by heating potassium with silicon tet- 
rafluoride. Berzelius, generally credited with the discovery, in 
1824 succeeded in preparing amorphous silicon by the same 
general method as used earlier, but he purified the product 
by removing the fluosilicates by repeated washings. Deville in 
1854 first prepared crystalline silicon, the second allotropic 
form of the element. Silicon is present in the sun and stars 
and is a principal component of a class of meteorites known 
as “аегоШев” It is also a component of tektites, a natural glass 
of uncertain origin. Natural silicon contains three isotopes. 
Twenty-four other radioactive isotopes are recognized. Silicon 
makes up 25.796 of the earth's crust, by weight, and is the sec- 
ond most abundant element, being exceeded only by oxygen. 
Silicon is not found free in nature, but occurs chiefly as the ox- 
ide and as silicates. Запа, quartz, rock crystal, amethyst, agate, 
flint, jasper, and opal are some of Һе forms in which the oxide 
appears. Granite, hornblende, asbestos, feldspar, clay mica, etc. 
are but a few of the numerous silicate minerals. Silicon is pre- 
pared commercially by heating silica and carbon in an electric 
furnace, using carbon electrodes. Several other methods can 
be used for preparing the element. Amorphous silicon can be 
prepared as a brown powder, which can be easily melted or 
vaporized. Crystalline silicon has а metallic luster and grayish 
color. The Czochralski process is commonly used to produce 
single crystals of silicon used for solid-state or semiconduc- 
tor devices. Hyperpure silicon can be prepared by the thermal 
decomposition of ultra-pure trichlorosilane in a hydrogen at- 
mosphere, and by a vacuum float zone process. This product 
can be doped with boron, gallium, phosphorus, or arsenic to 
produce silicon for use in transistors, solar cells, rectifiers, and 
other solid-state devices which are used extensively in the elec- 
tronics and space-age industries. Hydrogenated amorphous 
silicon has shown promise in producing economical cells for 
converting solar energy into electricity. Silicon is a relatively 
inert element, but it is attacked by halogens and dilute alkali. 
Most acids except hydrofluoric, do not affect it. Silicones are 
important products of silicon. They may be prepared by hy- 
drolyzing a silicon organic chloride, such as dimethyl silicon 
chloride. Hydrolysis and condensation of various substituted 
chlorosilanes can be used to produce a very great number of 
polymeric products, or silicones, ranging from liquids to hard, 
glasslike solids with many useful properties. Elemental silicon 
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transmits more than 95% of all wavelengths of infrared, from 
13 to 6.7 um. Silicon is one of man's most useful elements. 
In the form of sand and clay it is used to make concrete and 
brick; it is a useful refractory material for high-temperature 
work, and in the form of silicates it is used in making enam- 
els, pottery, etc. Silica, as sand, is a principal ingredient of 
glass, one of the most inexpensive of materials with excellent 
mechanical, optical, thermal, and electrical properties. Glass 
can be made in a very great variety of shapes, and is used as 
containers, window glass, insulators, and thousands of other 
uses. Silicon tetrachloride can be used to iridize glass. Silicon 
is important in plant and animal life. Diatoms in both fresh 
and salt water extract silica from the water to build up their 
cell walls. Silica is present in ashes of plants and in the human 
skeleton. Silicon is an important ingredient in steel; silicon 
carbide is one of the most important abrasives and has been 
used in lasers to produce coherent light of 4560 А. A remark- 
able material, first discovered in 1930, is Aerogel, developed 
and now used by NASA in their Stardust mission, which is 
expected to encounter Comet Wild 2 in 2004, returning com- 
etary and interplanet dust to Earth in 2006. Aerogel is a highly 
insulative material that has the lowest density of any known 
solid. One form of Aerogel is 99.9% air and 0.1% SiO, by vol- 
ume. It is 1000 times less dense than glass. It has been called 
"blue smoke" or “solid smoke” A block of Aerogel as large as 
a person may weigh less than a pound and yet support the 
weight of 1000 lbs (455 kg). This material is expected to trap 
cometary particles traveling at speeds of 32 km/sec. Aerogel is 
said to be non-toxic and non-inflammable. It has high ther- 
mal insulating qualities that could be used in home insulation. 
Its light weight may have aircraft applications. Regular grade 
silicon (99.5%) costs about $160/kg. Silicon (99.999996) pure 
costs about $200/kg; hyperpure silicon is available at a higher 
cost. Miners, stonecutters, and other engaged in work where 
siliceous dust is breathed in large quantities often develop a 
serious lung disease known as silicosis. 


Silver — (Anglo-Saxon, Seolfor siolfur), Ag (L. argentum), at. wt. 


107.8682(2); at. no. 47; m.p. 961.78°С; b.p. 2162°С; sp. gr. 
10.50 (20°С); valence 1, 2. Silver has been known since ancient 
times. It is mentioned in Genesis. Slag dumps in Asia Minor 
and on islands in the Aegean Sea indicate that man learned 
to separate silver from lead as early as 3000 B.C. Silver oc- 
curs native and in ores such as argentite (Ag,S) and horn silver 
(AgCl); lead, lead-zinc, copper, gold, and copper-nickel ores 
are principal sources. Mexico, Canada, Peru, and the U.S. 
are the principal silver producers in the western hemisphere. 
Silver is also recovered during electrolytic refining of copper. 
Commercial fine silver contains at least 99.9% silver. Purities 
of 99.999496 are available commercially. Pure silver has а bril- 
liant white metallic luster. It is a little harder than gold and is 
very ductile and malleable, being exceeded only by gold and 
perhaps palladium. Pure silver has the highest electrical and 
thermal conductivity of all metals, and possesses the lowest 
contact resistance. It is stable in pure air and water, but tar- 
nishes when exposed to ozone, hydrogen sulfide, or air con- 
taining sulfur. The alloys of silver are important. Sterling silver 
is used for jewelry, silverware, etc. where appearance is para- 
mount. This alloy contains 92.5% silver, the remainder being 
copper or some other metal. Silver is of utmost importance 
in photography, about 30% of the U.S. industrial consump- 
tion going into this application. It is used for dental alloys. 
Silver is used in making solder and brazing alloys, electrical 
contacts, and high capacity silver-zinc and silver-cadmium 
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batteries. Silver paints are used for making printed circuits. 
It is used in mirror production and may be deposited on glass 
or metals by chemical deposition, electrodeposition, or by 
evaporation. When freshly deposited, it is the best reflector 
of visible light known, but is rapidly tarnishes and loses much 
of its reflectance. It is a poor reflector of ultraviolet. Silver 
fulminate (Ag, C,N,O,), a powerful explosive, is sometimes 
formed during the silvering process. Silver iodide is used in 
seeding clouds to produce rain. Silver chloride has interest- 
ing optical properties as it can be made transparent; it also 
is a cement for glass. Silver nitrate, or lunar caustic, the most 
important silver compound, is used extensively in photog- 
raphy. While silver itself is not considered to be toxic, most 
of its salts are poisonous. Natural silver contains two stable 
isotopes. Fifty-six other radioactive isotopes and isomers are 
known. Silver compounds can be absorbed in the circulatory 
system and reduced silver deposited in the various tissues of 
the body. A condition, known as argyria, results with a greyish 
pigmentation of the skin and mucous membranes. Silver has 
germicidal effects and kills many lower organisms effectively 
without harm to higher animals. Silver for centuries has been 
used traditionally for coinage by many countries of the world. 
In recent times, however, consumption of silver has at times 
greatly exceeded the output. In 1939, the price of silver was 
fixed by the U.S. Treasury at 71¢/troy oz., and at 90.5¢/troy 
oz. in 1946. In November 1961 the U.S. Treasury suspended 
sales of nonmonetized silver, and the price stabilized for a 
time at about $1.29, the melt-down value of silver U.S. coins. 
The Coinage Act of 1965 authorized a change in the metal- 
lic composition of the three U.S. subsidiary denominations to 
clad or composite type coins. This was the first change in U.S. 
coinage since the monetary system was established in 1792. 
Clad dimes and quarters are made of an outer layer of 7596 
Cu and 25% Ni bonded to a central core of pure Cu. The com- 
position of the one- and five-cent pieces remains unchanged. 
One-cent coins are 9596 Cu and 596 Zn. Five-cent coins are 
7596 Cu and 2596 Ni. Old silver dollars are 9096 Ag and 1096 Cu. 
Earlier subsidiary coins of 9096 Ag and 1096 Cu officially were 
to circulate alongside the clad coins; however, in practice they 
have largely disappeared (Gresham's Law), as the value of the 
silver is now greater than their exchange value. Silver coins of 
other countries have largely been replaced with coins made of 
other metals. On June 24, 1968, the U.S. Government ceased 
to redeem U.S. Silver Certificates with silver. Since that time, 
the price of silver has fluctuated widely. As of January 2002, 
the price of silver was about $4.10/troy oz. (13€/g); however 
the price has fluctuated considerably due to market instability. 
The price of silver in 2001 was only about four times the cost 
of the metal about 150 years ago. This has largely been caused 
by Central Banks disposing of some of their silver reserves and 
the development of more productive mines with better refin- 
ing methods. Also, silver has been displaced by other metals 
or processes, such as digital photography. 


Sodium — (English, soda; Medieval Latin, зодапит, headache 


remedy), Na (L. natrium); at. wt. 22.989770(2); at. no. 11; m.p. 
97.80°С; b.p. 883°С; sp. gr. 0.971 (20°С); valence 1. Long rec- 
ognized in compounds, sodium was first isolated by Davy in 
1807 by electrolysis of caustic soda. Sodium is present in fair 
abundance in the sun and stars. The D lines of sodium are 
among the most prominent in the solar spectrum. Sodium is 
the sixth most abundant element on earth, comprising about 
2.696 of the earth's crust; it is the most abundant of the alkali 
group of metals of which it is a member. The most common 
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compound is sodium chloride, but it occurs in many other 
minerals, such as soda niter, cryolite, amphibole, zeolite, so- 
dalite, etc. It is a very reactive element and is never found free 
in nature. It is now obtained commercially by the electroly- 
sis of absolutely dry fused sodium chloride. This method is 
much cheaper than that of electrolyzing sodium hydroxide, 
as was used several years ago. Sodium is a soft, bright, silvery 
metal which floats on water, decomposing it with the evolu- 
tion of hydrogen and the formation of the hydroxide. It may 
or may not ignite spontaneously on water, depending on the 
amount of oxide and metal exposed to the water. It normally 
does not ignite in air at temperatures below 115*C. Sodium 
should be handled with respect, as it can be dangerous when 
improperly handled. Metallic sodium is vital in the manufac- 
ture of sodamide and esters, and in the preparation of organic 
compounds. The metal may be used to improve the structure 
of certain alloys, to descale metal, to purify molten metals, 
and as a heat transfer agent. An alloy of sodium with potas- 
sium, NaK, is also an important heat transfer agent. Sodium 
compounds are important to the paper, glass, soap, textile, 
petroleum, chemical, and metal industries. Soap is generally 
a sodium salt of certain fatty acids. The importance of com- 
mon salt to animal nutrition has been recognized since pre- 
historic times. Among the many compounds that are of the 
greatest industrial importance are common salt (NaCl), soda 
ash (Na,CO,), baking soda (NaHCO,), caustic soda (NaOH), 
Chile saltpeter (МаМО,), di- and tri-sodium phosphates, so- 
dium thiosulfate (hypo, Na,S,O, - 5Н,О), and borax (Ма,В,О, 
. 10H,O). Seventeen isotopes of sodium are recognized. 
Metallic sodium is priced at about $575/kg (99.95%). On a 
volume basis, it is the cheapest of all metals. Sodium metal 
should be handled with great care. It should be kept in an inert 
atmosphere and contact with water and other substances with 
which sodium reacts should be avoided. 


Strontium — (Strontian, town in Scotland), Sr; at. wt. 87.62(1); at. 


no. 38; m.p. 777°C; b.p. 1382°С; sp. gr. 2.54; valence 2. Isolated 
by Davey by electrolysis in 1808; however, Adair Crawford in 
1790 recognized a new mineral (strontianite) as differing from 
other barium minerals (baryta). Strontium is found chiefly as 
celestite (SrSO,) and strontianite (SrCO,). Celestite is found 
in Mexico, Turkey, Iran, Spain, Algeria, and in the U.K. The 
U.S. has no active celestite mines. The metal can be prepared 
by electrolysis of the fused chloride mixed with potassium 
chloride, or is made by reducing strontium oxide with alumi- 
num in a vacuum at a temperature at which strontium distills 
off. Three allotropic forms of the metal exist, with transition 
points at 235 and 540°С. Strontium is softer than calcium and 
decomposes water more vigorously. It does not absorb nitro- 
gen below 380°С. It should be kept under mineral oil to prevent 
oxidation. Freshly cut strontium has a silvery appearance, but 
rapidly turns a yellowish color with the formation of the oxide. 
The finely divided metal ignites spontaneously in air. Volatile 
strontium salts impart a beautiful crimson color to flames, and 
these salts are used in pyrotechnics and in the production of 
flares. Natural strontium is a mixture of four stable isotopes. 
Thirty-two other unstable isotopes and isomers are known to 
exist. Of greatest importance is %5г with a half-life of 29 years. 
It is a product of nuclear fallout and presents a health prob- 
lem. This isotope is one of the best long-lived high-energy beta 
emitters known, and is used in SNAP (Systems for Nuclear 
Auxiliary Power) devices. These devices hold promise for use 
in space vehicles, remote weather stations, navigational buoys, 
etc., where a lightweight, long-lived, nuclear-electric power 
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source is needed. The major use for strontium at present is in 
producing glass for color television picture tubes. All color TV 
and cathode ray tubes sold in the U.S. are required by law to 
contain strontium in the face plate glass to block X-ray emis- 
sion. Strontium also improves the brilliance ofthe glass and the 
quality of the picture. It has also found use in producing ferrite 
magnets and in refining zinc. Strontium titanate is an interest- 
ing optical material as it has an extremely high refractive index 
and an optical dispersion greater than that of diamond. It has 
been used as a gemstone, but it is very soft. It does not occur 
naturally. Strontium metal (99% pure) costs about $220/kg. 


Sulfur — (Sanskrit, sulvere; L. sulphurium), S; at. wt. 32.066(6); at. 


по. 16; m.p. 115.21°C; b.p. 444.60°С; t, 1041°C; sp. gr. (rhom- 
bic) 2.07, (monoclinic) 1.957 (20*C); valence 2, 4, or 6. Known 
to the ancients; referred to in Genesis as brimstone. Sulfur is 
found in meteorites. A dark area near the crater Aristarchus 
on the moon has been studied by R. W. Wood with ultravi- 
olet light. This study suggests strongly that it is a sulfur de- 
posit. Sulfur occurs native in the vicinity of volcanoes and 
hot springs. It is widely distributed in nature as iron pyrites, 
galena, sphalerite, cinnabar, stibnite, gypsum, Epsom salts, ce- 
lestite, barite, etc. Sulfur is commercially recovered from wells 
sunk into the salt domes along the Gulf Coast of the U.S. It is 
obtained from these wells by the Frasch process, which forces 
heated water into the wells to melt the sulfur, which is then 
brought to the surface. Sulfur also occurs in natural gas and 
petroleum crudes and must be removed from these products. 
Formerly this was done chemically, which wasted the sul- 
fur. New processes now permit recovery, and these sources 
promise to be very important. Large amounts of sulfur are be- 
ing recovered from Alberta gas fields. Sulfur is a pale yellow, 
odorless, brittle solid, which is insoluble in water but soluble 
in carbon disulfide. In every state, whether gas, liquid or solid, 
elemental sulfur occurs in more than one allotropic form or 
modification; these present a confusing multitude of forms 
whose relations are not yet fully understood. Amorphous or 
"plastic" sulfur is obtained by fast cooling of the crystalline 
form. X-ray studies indicate that amorphous sulfur may have a 
helical structure with eight atoms per spiral. Crystalline sulfur 
seems to be made of rings, each containing eight sulfur atoms, 
which fit together to give a normal X-ray pattern. Twenty-one 
isotopes of sulfur are now recognized. Four occur in natural 
sulfur, none of which is radioactive. A finely divided form of 
sulfur, known as flowers of sulfur, is obtained by sublimation. 
Sulfur readily forms sulfides with many elements. Sulfur is a 
component of black gunpowder, and is used in the vulcaniza- 
tion of natural rubber and a fungicide. It is also used exten- 
sively is making phosphatic fertilizers. A tremendous tonnage 
is used to produce sulfuric acid, the most important manufac- 
tured chemical. It is used in making sulfite paper and other 
papers, as a fumigant, and in the bleaching of dried fruits. The 
element is a good electrical insulator. Organic compounds 
containing sulfur are very important. Calcium sulfate, ammo- 
nium sulfate, carbon disulfide, sulfur dioxide, and hydrogen 
sulfide are but a few of the many other important compounds 
of sulfur. Sulfur is essential to life. It is a minor constituent of 
fats, body fluids, and skeletal minerals. Carbon disulfide, hy- 
drogen sulfide, and sulfur dioxide should be handled carefully. 
Hydrogen sulfide in small concentrations can be metabolized, 
but in higher concentrations it quickly can cause death by re- 
spiratory paralysis. It is insidious in that it quickly deadens the 
sense of smell. Sulfur dioxide is a dangerous component in at- 
mospheric pollution. Sulfur (99.999960) costs about $575/kg. 
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Tantalum — (Gr. Tantalos, mythological character, father of 


Niobe), Ta; at. wt. 180.9479(1); at. по. 73; m.p. 3017°С; b.p. 
5458°С; sp. gr. 16.654; valence 2?, 3, 43, or 5. Discovered іп 
1802 by Ekeberg, but many chemists thought niobium and 
tantalum were identical elements until Rose, in 1844, and 
Marignac, in 1866, showed that niobic and tantalic acids 
were two different acids. The early investigators only isolat- 
ed the impure metal. The first relatively pure ductile tanta- 
lum was produced by von Bolton in 1903. Tantalum occurs 
principally in the mineral columbite-tantalite (Fe, Mn)(Nb, 
Ta),O,. Tantalum ores are found in Australia, Brazil, Rwanda, 
Zimbabwe, Congo-Kinshasa, Nigeria, and Canada. Separation 
of tantalum from niobium requires several complicated steps. 
Several methods are used to commercially produce the ele- 
ment, including electrolysis of molten potassium fluorotan- 
talate, reduction of potassium fluorotantalate with sodium, 
or reacting tantalum carbide with tantalum oxide. Thirty four 
isotopes and isomers of tantalum are known to exist. Natural 
tantalum contains two isotopes, one of which is radioactive 
with a very long half-life. Tantalum is a gray, heavy, and very 
hard metal. When pure, it is ductile and can be drawn into 
fine wire, which is used as a filament for evaporating metals 
such as aluminum. Tantalum is almost completely immune to 
chemical attack at temperatures below 150°C, and is attacked 
only by hydrofluoric acid, acidic solutions containing the fluo- 
ride ion, and free sulfur trioxide. Alkalis attack it only slowly. 
At high temperatures, tantalum becomes much more reactive. 
The element has a melting point exceeded only by tungsten 
and rhenium. Tantalum is used to make a variety of alloys with 
desirable properties such as high melting point, high strength, 
good ductility, etc. Scientists at Los Alamos have produced a 
tantalum carbide graphite composite material, which is said to 
be one ofthe hardest materials ever made. The compound has 
a melting point of 3738°C. Tantalum has good “gettering” abil- 
ity at high temperatures, and tantalum oxide films are stable 
and have good rectifying and dielectric properties. Tantalum 
is used to make electrolytic capacitors and vacuum furnace 
parts, which account for about 60% of its use. The metal is also 
widely used to fabricate chemical process equipment, nuclear 
reactors, and aircraft and missile parts. Tantalum is com- 
pletely immune to body liquids and is a nonirritating metal. It 
has, therefore, found wide use in making surgical appliances. 
Tantalum oxide is used to make special glass with high index 
of refraction for camera lenses. The metal has many other 
uses. The price of (99.9%) tantalum is about $2/g. 


Technetium — (Gr. technetos, artificial), Tc; at. wt. (98); at. no. 43; 


m.p. 2157°C; b.p. 42657 sp. gr. 11.50 (calc.); valence 0, +2, +4, 
+5, +6, and +7. Element 43 was predicted on the basis of the 
periodic table, and was erroneously reported as having been 
discovered in 1925, at which time it was named masurium. 
The element was actually discovered by Perrier and Segre in 
Italy in 1937. It was found in a sample of molybdenum that 
was bombarded by deuterons in the Berkeley cyclotron, and 
which E. Lawrence sent to these investigators. Technetium 
was the first element to be produced artificially. Since its dis- 
covery, searches for the element in terrestrial materials have 
been made without success. If it does exist, the concentra- 
tion must be very small. Technetium has been found in the 
spectrum of S-, M-, and N-type stars, and its presence in 
stellar matter is leading to new theories of the production of 
heavy elements in the stars. Forty-three isotopes and isomers 
of technetium, with mass numbers ranging from 86 to 113, 
are known. “Тс has a half-life of 2.6 x 10° years. "Те has а 
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half-life of 4.2 x 10$ years. The isomeric isotope %"Тс, with 
a half-life of 61 days, is useful for tracer work, as it produces 
energetic gamma rays. Technetium metal has been produced 
in kilogram quantities. The metal was first prepared by pass- 
ing hydrogen gas at 1100°С over Tc,S,. It is now conveniently 
prepared by the reduction of ammonium pertechnetate with 
hydrogen. Technetium is a silvery-gray metal that tarnishes 
slowly in moist air. Until 1960, technetium was available only 
in small amounts and the price was as high as $2800/g, but 
the price is now ofthe order of $100/g. The chemistry of tech- 
netium is similar to that of rhenium. Technetium dissolves in 
nitric acid, aqua regia, and concentrated sulfuric acid, but is 
not soluble in hydrochloric acid of any strength. The element 
is a remarkable corrosion inhibitor for steel. It is reported that 
mild carbon steels may be effectively protected by as little as 
55 ppm of КТсО in aerated distilled water at temperatures up 
to 250°С. This corrosion protection is limited to closed sys- 
tems, since technetium is radioactive and must be confined. 
Тс has a specific activity of 6.2 x 10° Bq/g. Activity of this 
level must not be allowed to spread. "Те is a contamination 
hazard and should be handled in a glove box. The metal is an 
excellent superconductor at 11K and below. 


Tellurium — (L. tellus, earth), Te; at. wt. 127.60(3); at. no. 52; 


m.p. 449.51°С; b.p. 988%С; sp. gr. 6.24 (20°С); valence -2, 4, 
or 6. Discovered by Muller von Reichenstein in 1782; named 
by Klaproth, who isolated it in 1798. Tellurium is occasion- 
ally found native, but is more often found as the telluride of 
gold (calaverite), and combined with other metals. It is re- 
covered commercially from the anode muds produced during 
the electrolytic refining of blister copper. The U.S., Canada, 
Peru, and Japan are the largest producers of the element. 
Crystalline tellurium has a silvery-white appearance, and 
when pure exhibits a metallic luster. It is brittle and easily pul- 
verized. Amorphous tellurium is formed by precipitating tel- 
lurium from a solution of telluric ог tellurous acid. Whether 
this form is truly amorphous, or made of minute crystals, is 
open to question. Tellurium is a p-type semiconductor, and 
shows greater conductivity in certain directions, depending 
on alignment of the atoms. Its conductivity increases slightly 
with exposure to light. It can be doped with silver, copper, 
gold, tin, or other elements. In air, tellurium burns with a 
greenish-blue flame, forming the dioxide. Molten tellurium 
corrodes iron, copper, and stainless steel. Tellurium and its 
compounds are probably toxic and should be handled with 
care. Workmen exposed to as little as 0.01 mg/m? of air, or 
less, develop “tellurium breath,’ which has a garlic-like odor. 
Forty-two isotopes and isomers of tellurium are known, with 
atomic masses ranging from 106 to 138. Natural tellurium 
consists of eight isotopes, two of which are radioactive with 
very long half-lives. Tellurium improves the machinability of 
copper and stainless steel, and its addition to lead decreases 
the corrosive action of sulfuric acid on lead and improves its 
strength and hardness. Tellurium catalysts are used in the ox- 
idation of organic compounds and are used in hydrogenation 
and halogenation reactions. Tellurium is also used in elec- 
tronic and semi-conductor devices. It is also used as a basic 
ingredient in blasting caps, and is added to cast iron for chill 
control. Tellurium is used in ceramics. Bismuth telluride has 
been used in thermoelectric devices. Tellurium costs about 
50¢/g, with a purity of about 99.5%. The metal with a purity 
of 99.999996 costs about $5/g. 
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Terbium — (Ytterby, village in Sweden), Tb; at. wt. 158.92534(2); 


at. no. 65; m.p. 1356°С; b.p. 3230°С; sp. gr. 8.230; valence 3, 
4. Discovered by Mosander in 1843. Terbium is a member of 
the lanthanide or "rare earth" group of elements. It is found 
in cerite, gadolinite, and other minerals along with other rare 
earths. It is recovered commercially from monazite in which 
it is present to the extent of 0.0396, from xenotime, and from 
euxenite, a complex oxide containing 196 of more of terbia. 
Terbium has been isolated only in recent years with the devel- 
opment of ion-exchange techniques for separating the rare- 
earth elements. As with other rare earths, it can be produced 
by reducing the anhydrous chloride or fluoride with calcium 
metal in a tantalum crucible. Calcium and tantalum impuri- 
ties can be removed by vacuum remelting. Other methods of 
isolation are possible. Terbium is reasonably stable in air. It is 
a silver-gray metal, and is malleable, ductile, and soft enough 
to be cut with a knife. Two crystal modifications exist, with 
a transformation temperature of 1289°С. Forty-two isotopes 
and isomers are recognized. The oxide is a chocolate or dark 
maroon color. Sodium terbium borate is used as a laser mate- 
rial and emits coherent light at 0.546 um. Terbium is used to 
dope calcium fluoride, calcium tungstate, and strontium mo- 
lybdate, used in solid-state devices. The oxide has potential 
application as an activator for green phosphors used in color 
TV tubes. It can be used with ZrO, as a crystal stabilizer of 
fuel cells which operate at elevated temperature. Few other 
uses have been found. The element is priced at about $40/g 
(99.996). Little is known of the toxicity of terbium. It should be 
handled with care as with other lanthanide elements. 


Thallium — (Gr. Ша ов, a green shoot or twig), ТЇ; at. wt. 


204.3833(2); at. по. 81; m.p. 304°C; b.p. 1473°C; sp. gr. 11.85 
(20°С); valence 1, or 3. Thallium was discovered spectroscopi- 
cally in 1861 by Crookes. The element was named after the 
beautiful green spectral line, which identified the element. 
The metal was isolated both by Crookes and Lamy in 1862 
about the same time. Thallium occurs in crooksite, lorandite, 
and hutchinsonite. It is also present in pyrites and is recov- 
ered from the roasting of this ore in connection with the pro- 
duction of sulfuric acid. It is also obtained from the smelting 
of lead and zinc ores. Extraction is somewhat complex and 
depends on the source of the thallium. Manganese nodules, 
found on the ocean floor, contain thallium. When freshly 
exposed to air, thallium exhibits a metallic luster, but soon 
develops a bluish-gray tinge, resembling lead in appearance. 
A heavy oxide builds up on thallium if left in air, and in the 
presence of water the hydroxide is formed. The metal is very 
soft and malleable. It can be cut with a knife. Forty-seven iso- 
topes of thallium, with atomic masses ranging from 179 to 210 
are recognized. Natural thallium is a mixture of two isotopes. 
The element and its compounds are toxic and should be han- 
dled carefully. Contact of the metal with skin is dangerous, 
and when melting the metal adequate ventilation should be 
provided. Thallium is suspected of carcinogenic potential for 
man. Thallium sulfate has been widely employed as a rodenti- 
cide and ant killer. It is odorless and tasteless, giving no warn- 
ing of its presence. Its use, however, has been prohibited in 
the U.S. since 1975 as a household insecticide and rodenticide. 
The electrical conductivity of thallium sulfide changes with 
exposure to infrared light, and this compound is used in pho- 
tocells. Thallium bromide-iodide crystals have been used as 
infrared optical materials. Thallium has been used, with sulfur 
or selenium and arsenic, to produce low melting glasses which 
become fluid between 125 and 150'C. These glasses have 
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properties at room temperatures similar to ordinary glasses 
and are said to be durable and insoluble in water. Thallium 
oxide has been used to produce glasses with a high index of 
refraction. Thallium has been used in treating ringworm and 
other skin infections; however, its use has been limited be- 
cause of the narrow margin between toxicity and therapeutic 
benefits. A mercury-thallium alloy, which forms a eutectic at 
8.596 thallium, is reported to freeze at —60°С, some 20° below 
the freezing point of mercury. Thallium metal (99.999960) costs 
about $2/g. 


Thorium — (Thor, Scandinavian god of war) Th; at. wt. 


232.0381(1); at. no. 90; m.p. 1750"С; b.p. 4788"С; sp. gr. 11.72; 
valence +2(?), +3(2), +4. Discovered by Berzelius in 1828. 
Thorium occurs іп thorite (ThSiO,) and in thorianite (ТБО, + 
UO,). Large deposits of thorium minerals have been reported 
in New England and elsewhere, but these have not yet been 
exploited. Thorium is now thought to be about three times as 
abundant as uranium and about as abundant as lead or molyb- 
denum. The metalis a source of nuclear power. There is prob- 
ably more energy available for use from thorium in the min- 
erals of the earth's crust than from both uranium and fossil 
fuels. Any sizable demand for thorium as a nuclear fuel is still 
several years in the future. Work has been done in developing 
thorium cycle converter-reactor systems. Several prototypes, 
including the HTGR (high-temperature gas-cooled reactor) 
and MSRE (molten salt converter reactor experiment), have 
operated. While the HTGR reactors are efficient, they are not 
expected to become important commercially for many years 
because of certain operating difficulties. Thorium is recovered 
commercially from the mineral monazite, which contains from 
3 to 996 ThO, along with rare-earth minerals. Much of the in- 
ternal heat the earth produces has been attributed to thorium 
and uranium. Several methods are available for producing 
thorium metal: it can be obtained by reducing thorium oxide 
with calcium, by electrolysis of anhydrous thorium chloride in 
a fused mixture of sodium and potassium chlorides, by calci- 
um reduction of thorium tetrachloride mixed with anhydrous 
zinc chloride, and by reduction of thorium tetrachloride with 
an alkali metal. Thorium was originally assigned a position in 
Group IV of the periodic table. Because of its atomic weight, 
valence, etc., it is now considered to be the second member 
of the actinide series of elements. When pure, thorium is a 
silvery-white metal which is air-stable and retains its luster 
for several months. When contaminated with the oxide, tho- 
rium slowly tarnishes in air, becoming gray and finally black. 
The physical properties of thorium are greatly influenced by 
the degree of contamination with the oxide. The purest speci- 
mens often contain several tenths of a percent of the oxide. 
High-purity thorium has been made. Pure thorium is soft, very 
ductile, and can be cold-rolled, swaged, and drawn. Thorium 
is dimorphic, changing at 14007) from a cubic to a body-cen- 
tered cubic structure. Thorium oxide has a melting point of 
3300°C, which is the highest of all oxides. Only a few elements, 
such as tungsten, and a few compounds, such as tantalum car- 
bide, have higher melting points. Thorium is slowly attacked 
by water, but does not dissolve readily in most common acids, 
except hydrochloric. Powdered thorium metal is often pyro- 
phoric and should be carefully handled. When heated in ай, 
thorium turnings ignite and burn brilliantly with a white light. 
The principal use of thorium has been in the preparation of 
the Welsbach mantle, used for portable gas lights. These man- 
Џез, consisting of thorium oxide with about 1% cerium oxide 
and other ingredients, glow with a dazzling light when heated 
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in a gas flame. Thorium is an important alloying element in 
magnesium, imparting high strength and creep resistance at 
elevated temperatures. Because thorium has a low work-func- 
tion and high electron emission, it is used to coat tungsten 
wire used in electronic equipment. The oxide is also used to 
control the grain size of tungsten used for electric lamps; it is 
also used for high-temperature laboratory crucibles. Glasses 
containing thorium oxide have a high refractive index and low 
dispersion. Consequently, they find application in high quality 
lenses for cameras and scientific instruments. Thorium oxide 
has also found use as a catalyst in the conversion of ammonia 
to nitric acid, in petroleum cracking, and in producing sulfu- 
ric acid. Thorium has not found many uses due to its radio- 
active nature and its handling and disposal problems. Thirty 
isotopes of thorium are known with atomic masses ranging 
from 210 to 237. All are unstable. >ТЋ occurs naturally and 
has a half-life of 1.4 x 10” years. It is an alpha emitter. ТА 
goes through six alpha and four beta decay steps before be- 
coming the stable isotope ?*Pb. 2Th is sufficiently radioac- 
tive to expose a photographic plate in a few hours. Thorium 
disintegrates with the production of “thoron” (Еп), which is 
an alpha emitter and presents a radiation hazard. Good venti- 
lation of areas where thorium is stored or handled is therefore 
essential. Thorium metal (99.8%) costs about $25/g. 


Thulium — (Thule, the earliest name for Scandinavia), Tm; at. 


wt. 168.93421(3); at. no. 69; m.p. 1545°С; b.p. 1950°C; sp. gr. 
9.321 (25*C); valence 3. Discovered in 1879 by Cleve. Thulium 
occurs in small quantities along with other rare earths in a 
number of minerals. It is obtained commercially from топа- 
zite, which contains about 0.007% of the element. Thulium is 
the least abundant of the rare earth elements, but with new 
sources recently discovered, it is now considered to be about 
as rare as silver, gold, or cadmium. Ion-exchange and solvent 
extraction techniques have recently permitted much easier 
separation of the rare earths, with much lower costs. Only a 
few years ago, thulium metal was not obtainable at any cost; 
in 1996 the oxide cost $20/g. Thulium metal powder now 
costs $70/g (99.9%). Thulium can be isolated by reduction of 
the oxide with lanthanum metal or by calcium reduction of 
the anhydrous fluoride. The pure metal has a bright, silvery 
luster. It is reasonably stable in air, but the metal should be 
protected from moisture in a closed container. The element is 
silver-gray, soft, malleable, and ductile, and can be cut with a 
knife. Forty-one isotopes and isomers are known, with atomic 
masses ranging from 146 to 176. Natural thulium, which is 
100% !?Tm, is stable. Because of the relatively high price ofthe 
metal, thulium has not yet found many practical applications. 
16”Tm bombarded in a nuclear reactor can be used as a radia- 
tion source in portable X-ray equipment. Tm is potentially 
useful as an energy source. Natural thulium also has possible 
use in ferrites (ceramic magnetic materials) used in micro- 
wave equipment. As with other lanthanides, thulium has a 
low-to-moderate acute toxicity rating. It should be handled 
with care. 


Tin — (Anglo-Saxon, tin), Sn (L. stannum); at. wt. 118.710(7); at. 


no. 50; m.p. 231.93°С; b.p. 2602°C; sp. gr. (gray) 5.75, (white) 
7.31; valence 2, 4. Known to the ancients. Tin is found chiefly 
in cassiterite (SnO,). Most of the world's supply comes from 
China, Indonesia, Peru, Brazil, and Bolivia. The U.S. produces 
almost none, although occurrences have been found in Alaska 
and Colorado. Tin is obtained by reducing the ore with coal 
in a reverberatory furnace. Ordinary tin is composed of ten 
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stable isotopes; thirty-six unstable isotopes and isomers аге 
also known. Ordinary tin is a silver-white metal, is malleable, 
somewhat ductile, and has a highly crystalline structure. Due 
to the breaking of these crystals, a "tin cry" is heard when a 
bar is bent. The element has two allotropic forms at normal 
pressure. On warming, gray, or a tin, with a cubic structure, 
changes at 13.2°C into white, or B tin, the ordinary form of the 
metal. White tin has a tetragonal structure. When tin is cooled 
below 13.2°С, it changes slowly from white to gray. This change 
is affected by impurities such as aluminum and zinc, and can 
be prevented by small additions of antimony or bismuth. This 
change from the a to B form is called the tin pest. Tin-lead 
alloys are used to make organ pipes. There are few if any uses 
for gray tin. Tin takes a high polish and is used to coat other 
metals to prevent corrosion or other chemical action. Such 
tin plate over steel is used in the so-called tin can for preserv- 
ing food. Alloys of tin are very important. Soft solder, type 
metal, fusible metal, pewter, bronze, bell metal, Babbitt metal, 
White metal, die casting alloy, and phosphor bronze are some 
of the important alloys using tin. Tin resists distilled sea and 
soft tap water, but is attacked by strong acids, alkalis, and acid 
salts. Oxygen in solution accelerates the attack. When heated 
in air, tin forms SnO,, which is feebly acid, forming stannate 
salts with basic oxides. The most important salt is the chloride 
(SnCl, - H,O), which is used as a reducing agent and as а mor- 
dant in calico printing. Tin salts sprayed onto glass are used 
to produce electrically conductive coatings. These have been 
used for panel lighting and for frost-free windshields. Most 
window glass is now made by floating molten glass on molten 
tin (float glass) to produce a flat surface (Pilkington process). 
Of recent interest is a crystalline tin-niobium alloy that is su- 
perconductive at very low temperatures. This promises to be 
important in the construction of superconductive magnets 
that generate enormous field strengths but use practically no 
power. Such magnets, made of tin-niobium wire, weigh but a 
few pounds and produce magnetic fields that, when started 
with a small battery, are comparable to that of a 100 ton elec- 
tromagnet operated continuously with a large power supply. 
The small amount of tin found in canned foods is quite harm- 
less. The agreed limit of tin content in U.S. foods is 300 mg/kg. 
The trialkyl and triaryl tin compounds are used as biocides 
and must be handled carefully. Over the past 25 years the 
price of commercial tin has varied from 50c/Ib ($1.10/kg) to 
about $6/kg. Tin (99.9996 pure) costs about $260/kg. 


Titanium — (L. Titans, the first sons of the Earth, myth.), Ti; at. 


wt. 47.867(1); at. no. 22; m.p. 1668°С; b.p. 3287°С; sp. gr. 4.54; 
valence 2, 3, or 4. Discovered by Gregor in 1791; named by 
Klaproth in 1795. Impure titanium was prepared by Nilson 
and Pettersson in 1887; however, the pure metal (99.996) was 
not made until 1910 by Hunter by heating ТІСІ, with sodium in 
a steel bomb. Titanium is present in meteorites and in the sun. 
Rocks obtained during the Apollo 17 lunar mission showed 
presence of 12.1% ПО,. Analyses of rocks obtained during 
earlier Apollo missions show lower percentages. Titanium 
oxide bands are prominent in the spectra of M-type stars. 
The element is the ninth most abundant in the crust of the 
earth. Titanium is almost always present in igneous rocks and 
in the sediments derived from them. It occurs in the miner- 
als rutile, ilmenite, and sphene, and is present in titanates and 
in many iron ores. Deposits of ilmenite and rutile are found 
in Florida, California, Tennessee, and New York. Australia, 
Norway, Malaysia, India, and China are also large suppliers 
of titanium minerals. Titanium is present in the ash of coal, 
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in plants, and in the human body. The metal was a laboratory 
curiosity until Kroll, in 1946, showed that titanium could be 
produced commercially by reducing titanium tetrachloride 
with magnesium. This method is largely used for producing 
the metal today. The metal can be purified by decomposing 
the iodide. Titanium, when pure, is a lustrous, white metal. It 
has a low density, good strength, is easily fabricated, and has 
excellent corrosion resistance. It is ductile only when it is free 
of oxygen. The metal burns in air and is the only element that 
burns in nitrogen. Titanium is resistant to dilute sulfuric and 
hydrochloric acid, most organic acids, moist chlorine gas, and 
chloride solutions. Natural titanium consists of five isotopes 
with atomic masses from 46 to 50. All are stable. Eighteen 
other unstable isotopes are known. The metal is dimorphic. 
The hexagonal a form changes to the cubic p form very slowly 
at about 880°С. The metal combines with oxygen at red heat, 
and with chlorine at 550%С. Titanium is important as an al- 
loying agent with aluminum, molybdenum, manganese, iron, 
and other metals. Alloys of titanium are principally used for 
aircraft and missiles where lightweight strength and ability to 
withstand extremes of temperature are important. Titanium 
is as strong as steel, but 45% lighter. It is 6096 heavier than 
aluminum, but twice as strong. Titanium has potential use in 
desalination plants for converting sea water into fresh water. 
The metal has excellent resistance to sea water and is used 
for propeller shafts, rigging, and other parts of ships exposed 
to salt water. A titanium anode coated with platinum has 
been used to provide cathodic protection from corrosion by 
salt water. Titanium metal is considered to be physiologically 
inert; however, titanium powder may be a carcinogenic haz- 
ard. When pure, titanium dioxide is relatively clear and has 
an extremely high index of refraction with an optical disper- 
sion higher than diamond. It is produced artificially for use 
as a gemstone, but it is relatively soft. Star sapphires and ru- 
bies exhibit their asterism as a result of the presence of TiO,. 
Titanium dioxide is extensively used for both house paint and 
artist's paint, as it is permanent and has good covering power. 
Titanium oxide pigment accounts for the largest use of the ele- 
ment. Titanium paint is an excellent reflector of infrared, and 
is extensively used in solar observatories where heat causes 
poor seeing conditions. Titanium tetrachloride is used to iri- 
dize glass. This compound fumes strongly in air and has been 
used to produce smoke screens. The price of titanium metal 
(99.996) is about $1100/kg. 


Tungsten — (Swedish, tung sten, heavy stone); also known as wol- 


fram (from wolframite, said to be named from wolf rahm or 
spumi lupi, because the ore interfered with the smelting of tin 
and was supposed to devour the tin), W; at. wt. 183.84(1); at. 
no. 74; m.p. 3422°С; b.p. 5555°С; sp. gr. 19.3 (20°С); valence 2, 
3, 4, 5, or 6. In 1779 Peter Woulfe examined the mineral now 
known as wolframite and concluded it must contain a new sub- 
stance. Scheele, in 1781, found that a new acid could be made 
from tung sten (a name first applied about 1758 to a mineral 
now known as зсйееШе). Scheele and Berman suggested the 
possibility of obtaining a new metal by reducing this acid. The 
de Elhuyar brothers found an acid in wolframite in 1783 that 
was identical to the acid of tungsten (tungstic acid) of Scheele, 
and in that year they succeeded in obtaining the element by 
reduction of this acid with charcoal. Tungsten occurs in wol- 
framite, (Fe, Mn)WO,; scheelite, СаО; huebnerite, MnWO ; 
and ferberite, FeWO,. Important deposits of tungsten occur in 
California, Colorado, Bolivia, Russia, and Portugal. China is 
reported to have about 75% of the world's tungsten resourc- 
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es. Natural tungsten contains five stable isotopes. Thirty two 
other unstable isotopes and isomers are recognized. The metal 
is obtained commercially by reducing tungsten oxide with hy- 
drogen or carbon. Pure tungsten is a steel-gray to tin-white 
metal. Very pure tungsten can be cut with a hacksaw, and can 
be forged, spun, drawn, and extruded. The impure metal is 
brittle and can be worked only with difficulty. Tungsten has the 
highest melting point of all metals, and at temperatures over 
1650°С has the highest tensile strength. The metal oxidizes 
in air and must be protected at elevated temperatures. It has 
excellent corrosion resistance and is attacked only slightly by 
most mineral acids. The thermal expansion is about the same 
as borosilicate glass, which makes the metal useful for glass- 
to-metal seals. Tungsten and its alloys are used extensively for 
filaments for electric lamps, electron and television tubes, and 
for metal evaporation work; for electrical contact points for 
automobile distributors; X-ray targets; windings and heating 
elements for electrical furnaces; and for numerous spacecraft 
and high-temperature applications. High-speed tool steels, 
Hastelloy, Stellite, and many other alloys contain tungsten. 
Tungsten carbide is of great importance to the metal-working, 
mining, and petroleum industries. Calcium and magnesium 
tungstates are widely used in fluorescent lighting; other salts 
of tungsten are used in the chemical and tanning industries. 
Tungsten disulfide is a dry, high-temperature lubricant, stable 
to 500°С. Tungsten bronzes and other tungsten compounds 
are used in paints. Zirconium tungstate has found recent ap- 
plications (see under Zirconium). Tungsten powder (99.999%) 
costs about $2900/kg. 


Uranium — (Planet Uranus), U; at. wt. 238.0289(1); at. no. 92; 


m.p. 1135°С; b.p. 4131°С; sp. gr. ~18.95; valence 2, 3, 4, 5, or 6. 
Yellow-colored glass, containing more than 196 uranium oxide 
and dating back to 79 A.D., has been found near Naples, Italy. 
Klaproth recognized an unknown element in pitchblende and 
attempted to isolate the metal in 1789. The metal apparently 
was first isolated in 1841 by Peligot, who reduced the anhy- 
drous chloride with potassium. Uranium is not as rare as it 
was once thought. It is now considered to be more plentiful 
than mercury, antimony, silver, or cadmium, and is about as 
abundant as molybdenum or arsenic. It occurs in numerous 
minerals such as pitchblende, uraninite, carnotite, autunite, 
uranophane, davidite, and tobernite. It is also found in phos- 
phate rock, lignite, monazite sands, and can be recovered com- 
mercially from these sources. Large deposits of uranium ore 
occur in Utah, Colorado, New Mexico, Canada, and elsewhere. 
Uranium can be made by reducing uranium halides with alkali 
or alkaline earth metals or by reducing uranium oxides by cal- 
cium, aluminum, or carbon at high temperatures. The metal 
can also be produced by electrolysis of KUF, or UF,, dissolved 
in a molten mixture of CaCl, and NaCl. High-purity uranium 
can be prepared by the thermal decomposition of uranium 
halides on a hot filament. Uranium exhibits three crystallo- 
graphic modifications as follows: 


а, 688 С В 776 С у 


Uranium is a heavy, silvery-white metal which is pyrophoric 
when finely divided. It is a little softer than steel, and is at- 
tacked by cold water in a finely divided state. It is malleable, 
ductile, and slightly paramagnetic. In air, the metal becomes 
coated with a layer of oxide. Acids dissolve the metal, but it 
is unaffected by alkalis. Uranium has twenty three isotopes, 
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one of which is an isomer and all of which are radioactive. 
Naturally occurring uranium contains 99.274596 by weight 
23807, 0.720% 2350, and 0.005596 234), Studies show that the per- 
centage weight of 20 in natural uranium varies by as much 
as 0.1%, depending on the source. The U.S.D.O.E. has adopted 
the value of 0.711 as being their "official" percentage of ??U 
in natural uranium. Natural uranium is sufficiently radioac- 
tive to expose a photographic plate in an hour or so. Much of 
the internal heat of the earth is thought to be attributable to 
the presence of uranium and thorium. ?*U with a half-life of 
4.46 x 10? years, has been used to estimate the age of igneous 
rocks. The origin of uranium, the highest member of the natu- 
rally occurring elements — except perhaps for traces of nep- 
tunium or plutonium — is not clearly understood, although it 
has been thought that uranium might be a decay product of 
elements of higher atomic weight, which may have once been 
present on earth or elsewhere in the universe. These original 
elements may have been formed as a result of a primordial 
"creation; known as "the big bang; in a supernova, or in some 
other stellar processes. The fact that recent studies show that 
most trans-uranic elements are extremely rare with very short 
half-lives indicates that it may be necessary to find some alter- 
native explanation for the very large quantities of radioactive 
uranium we find on earth. Studies of meteorites from other 
parts of the solar system show a relatively low radioactive 
content, compared to terrestrial rocks. Uranium is of great 
importance as a nuclear fuel. 2517 can be converted into fis- 
sionable plutonium by the following reactions: 


55 U(n,y) >” 07—25° Np В Pu 


This nuclear conversion can be brought about in "breeder" 
reactors where it is possible to produce more new fissionable 
material than the fissionable material used in maintaining 
the chain reaction. 733) is of even greater importance, for it is 
the key to the utilization of uranium. ?*U, while occurring in 
natural uranium to the extent of only 0.7296, is so fissionable 
with slow neutrons that a self-sustaining fission chain reac- 
tion can be made to occur in a reactor constructed from natu- 
ral uranium and a suitable moderator, such as heavy water or 
graphite, alone. 2°U can be concentrated by gaseous diffusion 
and other physical processes, if desired, and used directly as a 
nuclear fuel, instead of natural uranium, or used as an explo- 
sive. Natural uranium, slightly enriched with 20 by a small 
percentage, is used to fuel nuclear power reactors for the gen- 
eration of electricity. Natural thorium can be irradiated with 
neutrons as follows to produce the important isotope 253), 


232 Th(n,y) >” Th ولل‎ Pa 


While thorium itself is not fissionable, ??U is, and in this way 
may be used as a nuclear fuel. One pound of completely fis- 
sioned uranium has the fuel value of over 1500 tons of coal. 
The uses of nuclear fuels to generate electrical power, to make 
isotopes for peaceful purposes, and to make explosives are 
well known. The estimated world-wide production of the 
437 nuclear power reactors in operation in 1998 amounted to 
about 352,000 Megawatt hours. In 1998 the U.S. had about 
107 commercial reactors with an output of about 100,000 
Megawatt-hours. Some nuclear-powered electric generating 
plants have recently been closed because of safety concerns. 
There are also serious problems with nuclear waste disposal 
that have not been completely resolved. Uranium in the U.S.A. 
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is controlled by the U.S. Nuclear Regulatory Commission, un- 
der the Department of Energy. Uses are being found for the 
large quantities of "depleted" uranium, now available, where 
uranium-235 has been lowered to about 0.296. Depleted ura- 
nium has been used for inertial guidance devices, gyrocom- 
passes, counterweights for aircraft control surfaces, ballast for 
missile reentry vehicles, and as a shielding material for tanks, 
etc. Concerns, however, have been raised over its low radioac- 
tive properties. Uranium metal is used for X-ray targets for 
production of high-energy X-rays. The nitrate has been used 
as photographic toner, and the acetate is used in analytical 
chemistry. Crystals of uranium nitrate are triboluminescent. 
Uranium salts have also been used for producing yellow "vase- 
line" glass and glazes. Uranium and its compounds are highly 
toxic, both from a chemical and radiological standpoint. 
Finely divided uranium metal, being pyrophoric, presents a 
fire hazard. The maximum permissible total body burden of 
natural uranium (based on radiotoxicity) is 0.2 uCi for soluble 
compounds. Recently, the natural presence of uranium and 
thorium in many soils has become of concern to homeowners 
because of the generation of radon and its daughters (see un- 
der Radon). Uranium metal is available commercially at a cost 
of about $6/g (99.796) in air-tight glass under argon. 


Vanadium — (Scandinavian goddess, Vanadis), V; at. wt. 


50.9415(1); at. no. 23; m.p. 1910°C; b.p. 3407°C; sp. gr. 6.11 
(18.7°C); valence 2, 3, 4, or 5. Vanadium was first discovered 
by del Rio in 1801. Unfortunately, a French chemist incor- 
rectly declared del Rio’s new element was only impure chro- 
mium; del Rio thought himself to be mistaken and accepted 
the French chemist’s statement. The element was rediscov- 
ered in 1830 by Sefstrom, who named the element in honor 
of the Scandinavian goddess Vanadis because of its beauti- 
ful multicolored compounds. It was isolated in nearly pure 
form by Roscoe, in 1867, who reduced the chloride with hy- 
drogen. Vanadium of 99.3 to 99.8% purity was not produced 
until 1927. Vanadium is found in about 65 different minerals 
among which carnotite, roscoelite, vanadinite, and patronite 
are important sources of the metal. Vanadium is also found in 
phosphate rock and certain iron ores, and is present in some 
crude oils in the form of organic complexes. It is also found 
in small percentages in meteorites. Commercial production 
from petroleum ash holds promise as an important source of 
the element. China, South Africa, and Russia supply much of 
the world’s vanadium ores. High-purity ductile vanadium can 
be obtained by reduction of vanadium trichloride with mag- 
nesium or with magnesium-sodium mixtures. Much of the 
vanadium metal being produced is now made by calcium re- 
duction of V,O, in a pressure vessel, an adaptation of a process 
developed by McKechnie and Seybolt. Natural vanadium is a 
mixture of two isotopes, “У (0.25%) and “У (99.75%). *°V is 
slightly radioactive, having a long half-life. Twenty other un- 
stable isotopes are recognized. Pure vanadium is a bright white 
metal, and is soft and ductile. It has good corrosion resistance 
to alkalis, sulfuric and hydrochloric acid, and salt water, but 
the metal oxidizes readily above 660°C. The metal has good 
structural strength and a low fission neutron cross section, 
making it useful in nuclear applications. Vanadium is used in 
producing rust resistant, spring, and high-speed tool steels. It 
is an important carbide stabilizer in making steels. About 80% 
of the vanadium now produced is used as ferrovanadium or 
as a steel additive. Vanadium foil is used as a bonding agent 
in cladding titanium to steel. Vanadium pentoxide is used in 
ceramics and as a catalyst. It is also used in producing a super- 
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conductive magnet with a field of 175,000 gauss. Vanadium 
and its compounds are toxic and should be handled with care. 
Ductile vanadium is commercially available. Vanadium metal 
(99.7%) costs about $3/g. 


Wolfram — see Tungsten. 


Xenon — (Gr. xenon, stranger), Xe; at. wt. 131.29(2); at. no. 54; 


m.p. –111.79°С; b.p. —108.12°С; 1, 16.62°C; density (gas) 
5.887 + 0.009 g/l, sp. gr (liquid) 3.52 (-109%С); valence usu- 
ally 0. Discovered by Ramsay and Travers in 1898 in the resi- 
due left after evaporating liquid air components. Xenon is a 
member of the so-called noble or "inert" gases. It is present 
in the atmosphere to the extent of about one part in twenty 
million. Xenon is present in the Martian atmosphere to the 
extent of 0.08 ppm. The element is found in the gases evolved 
from certain mineral springs, and is commercially obtained 
by extraction from liquid air. Natural xenon is composed of 
nine stable isotopes. In addition to these, thirty-five unstable 
isotopes and isomers have been characterized. Before 1962, it 
had generally been assumed that xenon and other noble gases 
were unable to form compounds. However, it is now known 
that xenon, as well as other members of the zero valence ele- 
ments, do form compounds. Among the compounds of xenon 
now reported are xenon hydrate, sodium perxenate, xenon 
deuterate, difluoride, tetrafluoride, hexafluoride, and XePtF, 
and XeRhF, Xenon trioxide, which is highly explosive, has 
been prepared. More than 80 xenon compounds have been 
made with xenon chemically bonded to fluorine and oxygen. 
Some xenon compounds are colored. Metallic xenon has been 
produced, using several hundred kilobars of pressure. Xenon 
ina vacuum tube produces a beautiful blue glow when excited 
by an electrical discharge. The gas is used in making electron 
tubes, stroboscopic lamps, bactericidal lamps, and lamps used 
to excite ruby lasers for generating coherent light. Xenon is 
used in the atomic energy field in bubble chambers, probes, 
and other applications where its high molecular weight is 
of value. The perxenates are used in analytical chemistry as 
oxidizing agents. "Хе and "Хе are produced by neutron عا‎ 
radiation in air-cooled nuclear reactors. “Хе has useful ap- 
plications as a radioisotope. The element is available in sealed 
glass containers for about $20/L of gas at standard pressure. 
Xenon is not toxic, but its compounds are highly toxic because 
of their strong oxidizing characteristics. 


Ytterbium — (Ytterby, village in Sweden), Yb; at. wt. 173.04(3); 


at. no. 70; m.p. 819°С; b.p. 1196°С; sp. gr (а) 6.903 (B) 6.966; 
valence 2, 3. Marignac in 1878 discovered a new component, 
which he called ytterbia, in the earth then known as erbia. In 
1907, Urbain separated ytterbia into two components, which 
he called neoytterbia and lutecia. The elements in these earths 
are now known as ytterbium and lutetium, respectively. These 
elements are identical with aldebaranium and cassiopeium, 
discovered independently and at about the same time by von 
Welsbach. Ytterbium occurs along with other rare earths in a 
number of rare minerals. It is commercially recovered prin- 
cipally from monazite sand, which contains about 0.03%. 
Ion-exchange and solvent extraction techniques developed in 
recent years have greatly simplified the separation of the rare 
earths from one another. The element was first prepared by 
Klemm and Bonner in 1937 by reducing ytterbium trichloride 
with potassium. Their metal was mixed, however, with KCI. 
Daane, Dennison, and Spedding prepared a much purer form 
in 1953 from which the chemical and physical properties of 
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the element could be determined. Ytterbium has a bright sil- 
very luster, is soft, malleable, and quite ductile. While the ele- 
ment is fairly stable, it should be kept in closed containers to 
protect it from air and moisture. Ytterbium is readily attacked 
and dissolved by dilute and concentrated mineral acids and 
reacts slowly with water. Ytterbium has three allotropic forms 
with transformation points at —13° and 795°С. The beta form 
is a room-temperature, face-centered, cubic modification, 
while the high-temperature gamma form is a body-centered 
cubic form. Another body-centered cubic phase has recently 
been found to be stable at high pressures at room tempera- 
tures. The beta form ordinarily has metallic-type conductiv- 
ity, but becomes a semiconductor when the pressure is in- 
creased above 16,000 atm. The electrical resistance increases 
tenfold as the pressure is increased to 39,000 atm and drops 
to about 80% of its standard temperature-pressure resistivity 
at a pressure of 40,000 atm. Natural ytterbium is a mixture of 
seven stable isotopes. Twenty six other unstable isotopes and 
isomers are known. Ytterbium metal has possible use in im- 
proving the grain refinement, strength, and other mechanical 
properties of stainless steel. One isotope is reported to have 
been used as a radiation source as a substitute for a portable 
X-ray machine where electricity is unavailable. Few other uses 
have been found. Ytterbium metal is available with a purity of 
about 99.9% for about $10/g. Ytterbium has a low acute toxic- 
ity rating. 


Yttrium — (Ytterby, village in Sweden near Vauxholm), Y; at. wt. 


88.90585(2); at. no. 39; m.p. 1522°С; b.p. 3345°С; sp. gr. 4.469 
(25°C); valence 3. Yttria, which is an earth containing yttrium, 
was discovered by Gadolin in 1794. Ytterby is the site of a 
quarry which yielded many unusually minerals containing rare 
earths and other elements. This small town, near Stockholm, 
bears the honor of giving names to erbium, terbium, and ytter- 
bium as well as yttrium. In 1843 Mosander showed that yttria 
could be resolved into the oxides (or earths) of three elements. 
The name yttria was reserved for the most basic one; the oth- 
ers were named erbia and terbia. Yttrium occurs in nearly all 
of the rare-earth minerals. Analysis of lunar rock samples ob- 
tained during the Apollo missions show a relatively high yt- 
trium content. It is recovered commercially from monazite 
sand, which contains about 396, and from bastnasite, which 
contains about 0.296. Wohler obtained the impure element 
in 1828 by reduction of the anhydrous chloride with potas- 
sium. The metal is now produced commercially by reduction 
of the fluoride with calcium metal. It can also be prepared by 
other techniques. Yttrium has a silver-metallic luster and is 
relatively stable in air. Turnings of the metal, however, ignite 
in air if their temperature exceeds 400°C, and finely divided 
yttrium is very unstable in air. Yttrium oxide is one ofthe most 
important compounds of yttrium and accounts for the larg- 
est use. It is widely used in making YVO, europium, and Ү,О, 
europium phosphors to give the red color in color television 
tubes. Many hundreds of thousands of pounds are now used 
in this application. Yttrium oxide also is used to produce yt- 
trium-iron-garnets, which are very effective microwave fil- 
ters. Yttrium iron, aluminum, and gadolinium garnets, with 
formulas such as Y,Fe,O,, and Y,ALO,,, have interesting mag- 
netic properties. Yttrium iron garnet is also exceptionally ef- 
ficient as both a transmitter and transducer of acoustic energy. 
Yttrium aluminum garnet, with a hardness of 8.5, is also find- 
ing use as a gemstone (simulated diamond). Small amounts 
of yttrium (0.1 to 0.296) can be used to reduce the grain size 
in chromium, molybdenum, zirconium, and titanium, and to 
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increase strength of aluminum and magnesium alloys. Alloys 
with other useful properties can be obtained by using yttrium 
as an additive. The metal can be used as a deoxidizer for vana- 
dium and other nonferrous metals. The metal has a low cross 
section for nuclear capture. >Y, one of the isotopes of yttrium, 
exists in equilibrium with its parent "Sr, a product of atomic 
explosions. Yttrium has been considered for use as a nodulizer 
for producing nodular cast iron, in which the graphite forms 
compact nodules instead of the usual flakes. Such iron has in- 
creased ductility. Yttrium is also finding application in laser 
systems and as a catalyst for ethylene polymerization. It has 
also potential use in ceramic and glass formulas, as the oxide 
has a high melting point and imparts shock resistance and low 
expansion characteristics to glass. Natural yttrium contains 
but one isotope, УУ. Forty-three other unstable isotopes and 
isomers have been characterized. Yttrium metal of 99.9% pu- 
rity is commercially available at a cost of about $5/g. 


Zinc — (Ger. Zink, of obscure origin), Zn; at. wt. 65.39(2); at. no. 


30; m.p. 419.53°С; b.p. 907°C; sp. gr. 7.133 (25°С); valence 2. 
Centuries before zinc was recognized as a distinct element, 
zinc ores were used for making brass. Tubal-Cain, seven 
generations from Adam, is mentioned as being an "instruc- 
tor in every artificer in brass and iron” An alloy containing 
87% zinc has been found in prehistoric ruins in Transylvania. 
Metallic zinc was produced in the 13th century A.D. in India 
by reducing calamine with organic substances such as wool. 
The metal was rediscovered in Europe by Marggraf in 1746, 
who showed that it could be obtained by reducing calamine 
with charcoal. The principal ores of zinc are sphalerite or 
blende (sulfide), smithsonite (carbonate), calamine (silicate), 
and franklinite (zinc, manganese, iron oxide). Canada, Japan, 
Belgium, Germany, and The Netherlands are suppliers of zinc 
ores. Zinc is also mined in Alaska, Tennessee, Missouri, and 
elsewhere in the U.S. Zinc can be obtained by roasting its ores 
to form the oxide and by reduction of the oxide with coal or 
carbon, with subsequent distillation of the metal. Other meth- 
ods of extraction are possible. Naturally occurring zinc con- 
tains five stable isotopes. Twenty-five other unstable isotopes 
and isomers are recognized. Zinc is a bluish-white, lustrous 
metal. It is brittle at ordinary temperatures but malleable at 
100 to 150°С. It is a fair conductor of electricity, and burns 
in air at high red heat with evolution of white clouds of the 
oxide. The metal is employed to form numerous alloys with 
other metals. Brass, nickel silver, typewriter metal, commer- 
cial bronze, spring brass, German silver, soft solder, and alu- 
minum solder are some of the more important alloys. Large 
quantities of zinc are used to produce die castings, used ex- 
tensively by the automotive, electrical, and hardware indus- 
tries. An alloy called Prestal, consisting of 78% zinc and 22% 
aluminum is reported to be almost as strong as steel but as 
easy to mold as plastic. It is said to be so plastic that it can be 
molded into form by relatively inexpensive die casts made of 
ceramics and cement. It exhibits superplasticity. Zinc is also 
extensively used to galvanize other metals such as iron to pre- 
vent corrosion. Neither zinc nor zirconium is ferromagnetic; 
but ZrZn, exhibits ferromagnetism at temperatures below 35 
K. Zinc oxide is a unique and very useful material to mod- 
ern civilization. It is widely used in the manufacture of paints, 
rubber products, cosmetics, pharmaceuticals, floor coverings, 
plastics, printing inks, soap, storage batteries, textiles, electri- 
cal equipment, and other products. It has unusual electrical, 
thermal, optical, and solid-state properties that have not yet 
been fully investigated. Lithopone, a mixture of zinc sulfide 
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and barium sulfate, is an important pigment. Zinc sulfide is 
used in making luminous dials, X-ray and ТУ screens, and 
fluorescent lights. The chloride and chromate are also impor- 
tant compounds. Zinc is an essential element in the growth 
of human beings and animals. Tests show that zinc-deficient 
animals require 50% more food to gain the same weight as an 
animal supplied with sufficient zinc. Zinc is not considered 
to be toxic, but when freshly formed ZnO is inhaled a disor- 
der known as the oxide shakes or zinc chills sometimes oc- 
curs. It is recommended that where zinc oxide is encountered 
good ventilation be provided. The commercial price of zinc in 
January 2002 was roughly 40€/Ib ($90 kg). Zinc metal with a 
purity of 99.999996 is priced at about $5/g. 


Zirconium — (Syriac, zargun, color of gold), Zr; at. wt. 91.224(2); 


at. no. 40; m.p. 1855°С; b.p. 4409%С; sp. gr. 6.506 (20°С); va- 
lence +2, +3, and +4. The name zircon may have originated 
from the Syriac word zargono, which describes the color of 
certain gemstones now known as zircon, jargon, hyacinth, ja- 
cinth, or ligure. This mineral, or its variations, is mentioned in 
biblical writings. These minerals were not known to contain 
this element until Klaproth, in 1789, analyzed a jargon from 
Sri Lanka and found a new earth, which Werner named zircon 
(silex circonius), and Klaproth called Zirkonerde (zirconia). 
The impure metal was first isolated by Berzelius in 1824 by 
heating a mixture of potassium and potassium zirconium flu- 
oride in a smalliron tube. Pure zirconium was first prepared in 
1914. Very pure zirconium was first produced in 1925 by van 
Arkel and de Boer by an iodide decomposition process they 
developed. Zirconium is found in abundance in S-type stars, 
and has been identified in the sun and meteorites. Analyses of 
lunar rock samples obtained during the various Apollo mis- 
sions to the moon show a surprisingly high zirconium oxide 
content, compared with terrestrial rocks. Naturally occurring 
zirconium contains five isotopes. Thirty-one other radioactive 
isotopes and isomers are known to exist. Zircon, ZrSiO,, the 
principal ore, is found in deposits in Florida, South Carolina, 
Australia, South Africa, and elsewhere. Baddeleyite, found in 
Brazil, is an important zirconium mineral. It is principally pure 
ZrO, in crystalline form having a hafnium content of about 1%. 
Zirconium also occurs in some 30 other recognized mineral 
species. Zirconium is produced commercially by reduction of 
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the chloride with magnesium (the Kroll Process), and by other 
methods. It is a grayish-white lustrous metal. When finely di- 
vided, the metal may ignite spontaneously in air, especially at 
elevated temperatures. The solid metal is much more difficult 
to ignite. The inherent toxicity of zirconium compounds is 
low. Hafnium is invariably found in zirconium ores, and the 
separation is difficult. Commercial-grade zirconium contains 
from 1 to 3% hafnium. Zirconium has a low absorption cross 
section for neutrons, and is therefore used for nuclear energy 
applications, such as for cladding fuel elements. Commercial 
nuclear power generation now takes more than 90% of zirco- 
nium metal production. Reactors of the size now being made 
may use as much as a half-million lineal feet of zirconium al- 
loy tubing. Reactor-grade zirconium is essentially free of haf- 
nium. Zircaloy is an important alloy developed specifically 
for nuclear applications. Zirconium is exceptionally resistant 
to corrosion by many common acids and alkalis, by sea wa- 
ter, and by other agents. It is used extensively by the chemi- 
cal industry where corrosive agents are employed. Zirconium 
is used as a getter in vacuum tubes, as an alloying agent in 
steel, in surgical appliances, photoflash bulbs, explosive prim- 
ers, rayon spinnerets, lamp filaments, etc. It is used in poison 
ivy lotions in the form of the carbonate as it combines with 
urushiol. With niobium, zirconium is superconductive at low 
temperatures and is used to make superconductive magnets. 
Alloyed with zinc, zirconium becomes magnetic at tempera- 
tures below 35 K. Zirconium oxide (zircon) has a high index 
of refraction and is used as a gem material. The impure oxide, 
zirconia, is used for laboratory crucibles that will withstand 
heat shock, for linings of metallurgical furnaces, and by the 
glass and ceramic industries as a refractory material. Its use 
as a refractory material accounts for a large share of all zirco- 
nium consumed. Zirconium tungstate is an unusual material 
that shrinks, rather than expands, when heated. A few other 
compounds are known to possess this property, but they tend 
to shrink in one direction, while they stretch out in others in 
order to maintain an overall volume. Zirconium tungstate 
shrinks in all directions over a wide temperature range of from 
near absolute zero to +777°C. It is being considered for use in 
composite materials where thermal expansion may be a prob- 
lem. Zirconium of about 99.5% purity is available at a cost of 
about $2000/kg or about $4/g. 


PHYSICAL CONSTANTS OF INORGANIC COMPOUNDS 


The compounds in this table were selected on the basis of their 
laboratory and industrial importance, as well as their value in illus- 
trating trends in the variation of physical properties with position 
in the periodic table. An effort has been made to include the most 
frequently encountered inorganic substances; a limited number of 
organometallics are also covered. Many, if not most, of the com- 
pounds that are solids at ambient temperature can exist in more 
than one crystalline modification. In the absence of other infor- 
mation, the data given here can be assumed to apply to the most 
stable or common crystalline form. In many cases however, two or 
more forms are of practical importance, and separate entries will 
be found in the table. 

Compounds are arranged primarily in alphabetical order by the 
most commonly used name. However, adjustments are made in 
many instances so as to bring closely related compounds togeth- 
er. For example, hydrides of elements such as boron, silicon, and 
germanium are grouped together immediately following the entry 
for the parent element, since they would otherwise be scattered 
throughout the table. Likewise, the oxoacids of an element are giv- 
en in one group whenever a strict alphabetical order would sepa- 
rate them (e.g., sulfuric acid and fluorosulfuric acid). The Formula 
Index following the table provides another means of locating a 
compound. There is also an index to CAS Registry Numbers. 

The following data fields appear in the table: 


е Name: Systematic name for the substance. The valence 
state of a metallic element is indicated by a Roman numer- 
al, e.g., copper in the +1 state is written as copper(I) rather 
than cuprous, iron іп the +3 state is ігоп(Ш) rather than 
ferric. 

° Formula: The simplest descriptive formula is given, but 
this does not necessarily specify the actual structure of the 
compound. For example, aluminum chloride is designated 
as AICL, even though a more accurate representation of 
the structure in the solid phase (and, under some con- 
ditions, in the gas phase) is Al,Cl, A few exceptions are 
made, such as the use of Hg,” for the mercury(I) ion. 

® CAS Registry Number: Chemical Abstracts Service 
Registry Number. Ап asterisk* following the CAS RN for a 
hydrate indicates that the number refers to the anhydrous 
compound. In most cases the generic CAS RN for the 
compound is given rather than the number for a specific 
crystalline form or mineral. 

• Mol. Weight: Molecular weight (relative molar mass) as 
calculated with the 2005 IUPAC Recommended Atomic 
Weights. The number of decimal places corresponds to 
the number of places in the atomic weight of the least accu- 
rately known element (e.g., one place for lead compounds, 
two places for compounds of selenium, germanium, etc.); 


a maximum of three places is given. For compounds of 
radioactive elements for which IUPAC makes no recom- 
mendation, the mass number of the isotope with longest 
half-life is used. 

° Physical Form: The crystal system is given, when available, 
for compounds that are solid at room temperature, togeth- 
er with color and other descriptive features. Abbreviations 
are listed below. 

° mp: Normal melting point in °C. The notation tp indicates 
the temperature where solid, liquid, and gas are in equilib- 
rium at a pressure greater than one atmosphere (i.e., the 
normal melting point does not exist). When available, the 
triple point pressure is listed. 

° bp: Normal boiling point in °C (referred to 101.325 kPa 
or 760 mmHg pressure). The notation sp following the 
number indicates the temperature where the pressure of 
the vapor in equilibrium with the solid reaches 101.325 
kPa. See Reference 8, p. 23, for further discussion of sub- 
limation points and triple points. A notation "sublimes" 
without a temperature being given indicates that there is a 
perceptible sublimation pressure above the solid at ambi- 
ent temperatures. 

° Density: Density values for solids and liquids are always in 
units of grams per cubic centimeter and can be assumed to 
refer to temperatures near room temperature unless oth- 
erwise stated. Values for gases are the calculated ideal gas 
densities in grams per liter at 25°С and 101.325 kPa; the 
unit is always specified for a gas value. 

е Aqueous Solubility: Solubility is expressed as the number 
of grams of the compound (excluding any water of hydra- 
tion) that will dissolve in 100 grams of water. The tempera- 
ture in *C is given as a superscript. Solubility at other tem- 
peratures can be found for many compounds in the table 
"Aqueous Solubility of Inorganic Compounds at Various 
Temperatures" in Section 8. 

e Qualitative Solubility: Qualitative information on the 
solubility in other solvents (and in water, if quantitative 
data are unavailable) is given here. The abbreviations are: 
i insoluble 
sl slightly soluble 
5 soluble 
vs very soluble 
reac reacts with the solvent 


Data were taken from a wide variety of reliable sources, includ- 
ing monographs, treatises, review articles, evaluated compilations 
and databases, and in many cases the primary literature. Some 
of the most useful references for the properties covered here are 
listed below. 


List of Abbreviations 


ЫК - black 


brn - brown 


Ac - acetyl 

ace - acetone 

acid - acid solutions bz - benzene 
alk - alkaline solutions chl - chloroform 
amorp - amorphous col - colorless 
anh - anhydrous conc - concentrated 


aq - aqueous cry - crystals, crystalline 


cub - cubic exp - explodes, explosive 


cyhex - cyclohexane extrap - extrapolated 
dec - decomposes flam - flammable 
dil - dilute 

diox - dioxane 
eth - ethyl ether 


EtOH - ethanol 


gl - glass, glassy 

grn - green 

hc - hydrocarbon solvents 
hex - hexagonal, hexane 
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ћр- 
HT - high temperature 
hyd - hydrate 

hyg - hygroscopic 


i - insoluble in 


liq 
LT 


octahed - octahedral 


oran - orange 


- liquid 
- low temperature 
MeOH - methanol 


monocl - monoclinic 


heptane orth - orthorhombic 
0$ - organic solvents 
peth - petroleum ether 
pow - powder 

prec - precipitate 

pur - purple 

ру - pyridine 

reac - reacts with 
refrac - refractory 
rhom - rhombohedral 


r.t. - room temperature 
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CAS Reg Mol. Density Solubility Qualitative 
No. Name Formula No. weight Physical form ۴6 bp/^C g cm? 0/100 g НО solubility 
1 Actinium Ас 7440-34-8 227 silv metal; cub 1050 3198 10 
2 Actinium bromide AcBr, 33689-81-5 467 wh hex cry 800 subl 5 sH,0 
3 Actinium chloride AcCl, 22986-54-5 333 wh ћех сгу 960 subl 4.81 
4 Actinium fluoride АСЕ, 33689-80-4 284 wh hex cry 7.88 iH,0 
5 Actinium iodide Acl, 33689-82-6 608 wh cry s H,0 
6 Actinium oxide Ac,0, 12002-61-8 502 wh hex cry 1977 9.19 iH,0 
7 Aluminum А 7429-90-5 26.982 Silv-wh metal; cub 660.32 2519 2.70 1Н,0: s acid, alk 
cry 
8 Aluminum acetate AI(C,H,0,), 139-12-8 204.113 whhyg solid dec $ Н,0: sl ace 
9 Aluminum diacetate AI(OH)(C,H,0,), 142-03-0 162.078 wh amorp powder iH,0 
10 Aluminum ammonium sulfate AINH (50), 7784-25-0 237.146 wh powder sl Н,0: i EtOH 
11 Aluminum ammonium sulfate AINH,(SO,), • 12,0 7784-26-1 453.329 col cry ог powder 94.5 >280 dec 1.65 s H,0; i EtOH 
dodecahydrate 
12 Aluminum antimonide AlSb 25152-52-7 148.742 brn cub cry 1065 4.26 
13 Aluminum arsenide AIAS 22831-42-1 101.903 oran cub cry; hyg 1740 3.76 
14 Aluminum borate 2Al,0, - В,0, 11121-16-7 2/3547 needles >1050 iH,0 
15 Aluminum borohydride А(ВН,), 16962-07-5 71.510 flam liq -64.5 44.5 reac Н,0 
16 Aluminum bromate nonahydrate АЦВГ0,), - 9H,0 11126-81-1* 572.826 wh hyg cry 62 »100 dec sH,0 
17 Aluminum bromide АВГ, 1121-15-3 266.694 wh-yel monocl 97.5 255 32 reac H,0; s bz, tol 


cry; hyg 
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CAS Reg Mol. Density Solubility Qualitative 
No. Name Formula No. weight ^ Physical form ۴6 bp/°C g cm? g/100gH,0 solubility 
18 Aluminum bromide hexahydrate AIBr, - 6H,0 7784-11-4 374.785 col-yel hyg cry 93 2.54 s HO, EtOH, CS, 
19 Aluminum carbide АС, 1299-86-1 143.958 yel hex cry 2100 >2200 dec 2.36 reac Н,0 
20 Aluminum chlorate nonahydrate А(С10.),. 9H,0 15477-33-5 439.473 hyg cry vs H,0; s EtOH 
21 Aluminum chloride AICI, 7446-70-0 133.341 wh hex cry or 192.6 180 sp 2.48 45.15 S bz, ctc, chl 
powder; hyg 
22 Aluminum chloride hexahydrate AICI, - 6Н,0 7784-13-6 241.432 col ћуд cry 100 dec 2.398 45.15 S ОН, eth 
23 Dichloromethylaluminum AICI,CH, 917-65-7 112.923 cry 72.7 95190 S bz, eth, hc 
24 Chlorodiethylaluminum AICI(C,H;), 96-10-6 120.557 col liq -14 0.96 reac Н,0 
25 Chlorodiisobutylaluminum AICI(C,H,), 1779-25-5 176.664 hyg col liq -40 0.95 s eth, hx 
26 Aluminum diboride ABB, 12041-50-8 48.604 powder >920 dec 3.19 5 dil HCI 
27 Aluminum dodecaboride АВ, 12041-54-2 156.714 yel-brn prisms 2070 2.55 $ hot HNO,; i acid, 
ак 
28 Aluminum ethanolate AI(C,H,0), 555-75-9 162.163 lig, condensesto 140 reac Н,О; sl ху! 
wh solid 
29 Aluminum fluoride AIF, 7784-18-1 83.977 wh hex cry 2250 ір (220 1276sp 310 0.50% 
MPa) 
30 Aluminum fluoride monohydrate AIF, H,0 32287-65-3 101.992 orth cry 2.17 0.50% 
31 Aluminum fluoride trihydrate AIF,  3H,0 5098-87-0 138.023 wh hyg cry 1.914 0.50% 
32 Aluminum hexafluorosilicate АБУ). - 9H,0 7099-70-6 642.329 hex prisms >500 dec 8Н,0 
nonahydrate 
33 Aluminum hydride АН, 1184-21-6 30.006 col hex cry »150 dec reac Н,0 
34 Aluminum hydroxide Al(OH), 21645-51-2 78.004 wh amorp powder 2.42 i H,0; s alk, acid 
35 Aluminum hydroxychloride AL(OH).CI - 29,0 327-41-9 210.483 gl solid 8Н,0 
36 Aluminum iodide All. 7784-23-8 407.695 wh leaflets 188.28 382 3.98 reac Н,0 
37 Aluminum iodide hexahydrate All, - 6H,0 0090-53-6 515.786 yel hyg cry powder vs НО; s EtOH, eth 
38 Aluminum lactate А(С,Н,0,), 8917-91-4 294197 powder vs НО 
39 Aluminum molybdate AL (M00), 5123-80-5 533.78 wh pow 2950 
40 Aluminum nitrate А(МО,), 3473-90-0 212.997 wh hyg solid dec 68.95 vs EtOH; sl ace 
41 Aluminum nitrate nonahydrate AI(NO,), - 9H,0 7784-27-2 375.134 wh hyg топос! 73 135 dec 172 68.95 vs EtOH; i pyr 
cry 
42 Aluminum nitride A 24304-00-5 40989 blue-wh hex cry 3000 3.255 reac HO 
43 Aluminum oleate АКС. НО.) 688-37-9 871.342 уе1$0@ ІН,0; s EtOH, bz 
44 Aluminum oxalate monohydrate А,(С,0,), - HO 814-87-9 336.035 wh pow i H,O, EtOH; s acid 
45 Aluminum oxide (о) А,0, 344-28-1 101.961 wh powder; hex 2054 2977 3.99 i HO, os; sl alk 
46 Aluminum oxide (y) ALO, 344-28-1 101.961 soft wh pow trans to 3.97 i H,0; s acid; sl alk 
corundum 
1200 
47 Aluminum oxyhydroxide АЈО(ОН) 318-23-6 59.989 wh orth cry trans to 3.07 i H,O; s hot acid, 
boehmite) diasphore alk 
227 
48 Aluminum охућудгох де (diaspore) АІО(ОН) 4457-84-2 59.989 опћ сгу dec 450 3.38 1Н,0: s acid, alk 
49 Aluminum palmitate АЦС,Н, C00), 555-35-1 793.230  wh-yel powder i H,O, EtOH; s peth 
50 Aluminum 2,4-pentanedioate AI(CH,COCHCOCH,), 3963-57-0 324.306 pale yel prisms 194.6 315 1.27 i H20; s bz, EtOH; 
$1 hex 
51 Aluminum perchlorate AKCIO,), 4452-39-2 325.334 wh hyg cry اوو‎ $ HO, eth; i сіс 
52 Aluminum perchlorate nonahydrate А(С10,),. 99,0 4452-39-2 487.471 wh hyg cry 82 dec 2.0 182.4° 
53 Aluminum phosphate AIPO, 7784-30-7 121.953 wh rhomb plates >1460 2.56 i H,0; sl acid 
54 Aluminum phosphate dihydrate AIPO, + 2H,0 3477-75-3 157.984 wh rhom cry dec 1500 2.54 iH,0 
55 Aluminum phosphate trihydroxide — Al,(OH),PO, 2004-29-4 199.957 wh or yel monocl 27 
cry 
56 Aluminum metaphosphate AKPO,). 32823-06-6 263.898 col powder; tetr 21525 2.78 iH,0 
57 Aluminum hypophosphite د‎ 7784-22-7 221.948 cry powder 220 dec 1Н,0: s alk, acid 
58 Aluminum phosphide АР 20859-73-8 57.956 grn or yel сиб cry 2550 2.40 reac Н,0 
59 Aluminum selenide А,е, 1302-82-5 290.84 yel-brown powder 960 3.437 reac Н,0 
60 Aluminum silicate (andalusite) А,510, 12183-80-1 162.046 gray-grn cry 3.145 
61 Aluminum silicate (kyanite) А,510, 1302-76-7 162.046 blue or gray tricl дес 1000 3.68 
cry 
62 Aluminum silicate (mullite) ЗАО, - 2510, 1302-93-8 426.052 col orth cry 750 317 i HO, acid, HF 
63 Aluminum silicate (sillimanite) АІ,510, 12141-45-6 162.046 wh orth cry 816 3.25 
64 Aluminum silicate dihydrate АБО, - 2510, 29,0 1332-58-7 258.161 wh-yel powder; 2.59 i H,O, acid, alk 
ricl 
65 Aluminum stearate AI(C,,H,,0,), 637-12-7 877.390 wh powder 15 1.070 i HO, EtOH, eth; s 
alk 
66 Aluminum monostearate AI(OH),(C,,H,,0,) 7047-84-9 344467 — yel-wh pow 55 1.02 iH,0 
67 Aluminum distearate AI(OH)(C,,H,,0,) 300-92-5 610.928 wh pow 45 i H,0 
68 Aluminum sulfate AL(SO,), 10043-01-3 342451 wh cry 040 dec 38.5% i EtOH 
69 Aluminum sulfate octadecahydrate — AL(SO,).  18H,0 7784-31-8 666.426 col monocl cry 86 dec 1.69 38.52 
70 Aluminum sulfide ALS, 1302-81-4 150.158 yel-gray powder 100 2.02 
71 Aluminum telluride AI, Te. 12043-29-7 436.76 gray-blk hex cry «895 45 
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T2 Aluminum thiocyanate А(50М), 538-17-0 201.229 yel powder $ H0; i EtOH, eth 
T3 Aluminum titanate А,Т10, 2004-39-6 181.827 refrac solid 1860 
74 Aluminum zirconium د‎ 2004-50-1 145.187 metallic solid 1645 
75 Americium Am 7440-35-9 243 Silv metal; hexor 1176 2011 12 s acid 
cub 
76 Americium(Ill) oxide Ат,0, 2254-64-17 534 tan hex cry 11.77 S acid 
7 Атегїсїшт(1) bromide AmBr, 4933-38-1 483 wh orth cry 6.85 sH,0 
78 Americium(Ill) chloride AmCI. 3464-46-5 349 pink hex cry 500 5.87 
79 Americium(|I!) fluoride Ат, 3708-80-0 300 pink hex cry 1393 9.53 
80 Americium(Ill) iodide Ami, 3813-47-3 624 yel ortho cry «050 6.9 
81 Americium(lV) fluoride AmF, 5947-41-8 319 tan топос! cry 7.23 
82 Americium(IV) oxide AmO, 2005-67-3 275 blk cub cry >1000 dec 11.68 S acid 
83 Ammonia Н, 7664-41-7 17.031 Col gas -77.13 -33.33 0.696 g/L vs НО; s EtOH, eth 
84 Ammonium acetate H,C,H,0, 631-61-8 77.083 wh hyg cry 114 1.073 1481 S EtOH; sl ace 
85 Ammonium azide 8٧ 2164-94-2 60.059 orth cry; flam 160 exp 1.346 20,2% 
86 Ammonium benzoate H,C.H.O, 863-63-4 139.152 wh cry or powder 198 1.26 $ H,0; sl EtOH 
87 Ammonium bromate Н,Вг0, 3843-59-9 145.941 со! hex cry exp vs НО 
88 Ammonium bromide HBr 2124-97-9 97.943 wh hyg tetr cry 542 dec 396 sp 2.429 78.3% S EtOH, ace; sl eth 
89 Ammonium caprylate H,C,H,.0,, 5972-76-9 161.243 hyg monocl cry «75 reac H,0; s EtOH; i 
chl, bz 
90 Ammonium carbamate Н,СООМН, 111-78-0 78.071 cry powder vs НО; s EtOH 
91 Ammonium carbonate NH,),C0, 506-87-6 96.086 со! cry powder 58 dec 10015 
% Ammonium chlorate Н,С10, 0192-29-7 101.490 wh cry 102 exp 1.80 28.7) 
93 Ammonium chloride НАС! 2125-02-9 53.492 col cub cry 520.1 tp (dec) 338 sp 1.519 39.55 
94 Ammonium chromate NHj,CrO, 7788-98-9 152.071 yel cry 185 dec 1.90 375 sl ace, MeOH; i 
EtOH 
95 Ammonium chromic sulfate H,Cr(SO,), • 12,0 0022-47-6 478.343 blue-viol cry 94 dec 1.72 $ H0; sl EtOH 
dodecahydrate 
96 Ammonium cobalt(II) phosphate CoNH,PO, 4590-13-7 171.943 red-viol powder 1Н,0: s acid 
(hyd) 
97 Ammonium соба (И) phosphate CoNH,PO, - H.O 6827-96-6 189.959 гед-ригр orth dec 450 s acid 
monohydrate plates 
98 Ammonium cobalt(II) sulfate (NH,),Co(SO,), - 64,0 3586-38-4 395.227 red топос! prisms 1.90 S H0; i EtOH 
hexahydrate 
99 Ammonium copper(II) chloride CuCl, - 2МН,С! 0060-13-6* 241.435 yel hyg orth cry s Н,0 
100 Ammonium copper(Il) chloride CuCl, - 2NH.CI - 2H,0 0060-13-6 277.465 blue-grn tetr cry 10 dec 1.993 $ ЊО, EtOH 
dihydrate 
101 Ammonium cyanide НО 2211-52-8 44.056 col tetr cry dec 1.10 vs НО 
102 Ammonium dichromate NH,),Cr,0, 7789-09-5 252.065 огап-гей топос 180 dec 2.155 35.6? 
cry; hyg 
103 Ammonium dihydrogen arsenate Н,Н,А80, 3462-93-6 158.975 tetr cry 300 dec 2.311 52.7% 
104 Ammonium dihydrogen phosphate Н,Н,РО, 7722-76-1 115.026 wh tetr cry 90 1.80 40.45 $! EtOH; i ace 
105 . Ammonium 0,0- C,H,0),P(S)SNH, 068-22-0 203.264 cry 65 
diethyldithiophosphate 
106 Ammonium dithiocarbamate Н,МН,055 513-74-6 110.202 yel ortho cry 99 dec 1.45 sH,0 
107 Ammonium ferricyanide trihydrate (МН,),Ғе(СМ),. 3H,0 4221-48-8* 320.110 red сгу $ H0; i EtOH 
108 ^ Ammonium ferrocyanide trihydrate (МН,),Ғе(СМ),. 39,0 4481-29-9* 338.149 yel cry dec $ ЊО i EtOH 
109 Ammonium fluoride НЕ 2125-01-8 37.037 wh hex cry; hyg 238 1.015 83.55 sl EtOH 
110 Ammonium fluorosulfonate Н,50,Ғ 3446-08-7 117.100 col needles 245 $ Н,0, EtOH, MeOH 
111 Аттопіит formate H,CHO, 540-69-2 63.057 hyg cry 16 1.27 143^ s ОН 
112 Ammonium heptafluorotantalate H,),laF, 2022-02-5 350.014 hyg cry 
113 Ammonium hexabromoosmate(lV) H,),OsBr, 24598-62-7 705.73 small blk cubes sl Н,0: s glycerol; i 
EtOH 
114 Ammonium hexabromoplatinate(IV) H,)PIBr, 7363-02-9 710.585 powder 45 dec 0.5920 
115 Ammonium hexachloroiridate(III) НС 5752-05-3 459.050 grn pow 
116 Ammonium hexachloroiridate(IV) Н,) ІСІ, 6940-92-4 441.012 blk cry powder dec 2.856 1.092 
117 Ammonium hexachloroosmate(lV) H,),0sCl, 2125-08-5 439.03 red cry or powder subl 2.93 $ HO, EtOH 
118 = Ammonium Н „Рас! 9168-23-1 355.22 red-brn hyg cry dec 2.418 
hexachloropalladate(IV) 
119 Аттопішт hexachloroplatinate(IV) (МН,),РІСІ; 6919-58-7 443.879 red-oran cub cry 380 dec 3.065 0.520 i EtOH 
120 Ammonium Н Вист 8746-63-9 34987 гей сгу 
hexachlororuthenate(lV) 
121 Ammonium hexafluoroaluminate Н,),А!Е, 7784-19-2 195.087 cub cry 1.78 s H,0 
122 Ammonium hexafluorogallate H,),GaF, 4639-94-2 237.828 col cub cry >200 dec 2.10 
123 Ammonium hexafluorogermanate H,),GeF, 6962-47-3 22211 wh cry 380 subl 2.564 $ H0; i EtOH 
124 Ammonium hexafluorophosphate H,PF, 6941-11-0 163.003 wh cub cry 58 dec 2.180 vs HO; s ace, 
EtOH, MeOH 
125 Ammonium hexafluorosilicate H,),SiF, 6919-19-0 178.153 wh cub or trig cry dec 2.011 22.15 i EtOH, ace 
126 Ammonium hexafluorotitanate Н,),ПЕ 6962-40-6 197.934 wh solid sH,0 
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127 Ammonium hexafluorozirconate(IV) (МН,),2Е, 16919-31-6 241.291 wh hex cry 1.154 sH,0 
128 | Ammonium hydrogen arsenate NH,),HAsO, 7784-44-3 176.004 wh powder 1.99 sH,0 
129 Ammonium hydrogen carbonate H,HCO, 1066-33-7 79.056 col or wh prisms 07 dec 1.586 24.85 i ОН, bz 
130 Ammonium hydrogen citrate МН,),НС,Н,0, 3012-65-5 226.184 со! сгу 1.48 vs НО; sl EtOH 
131 Ammonium hydrogen fluoride Н,НЕ, 1341-49-7 57.044 wh orth cry 25 240 dec 1.50 60.220 
132 Ammonium hydrogen malate H,C,H.O, 5972-71-4 151.118 orth cry 60 1.15 $ H0; sl EtOH 
133 Ammonium hydrogen oxalate H,HC,0, - HO 5972-72-5* 125.081 col rhomb cry dec 1.56 51 HO, EtOH 
monohydrate 
134 Ammonium hydrogen phosphate NH,),HPO, 7783-28-0 132.055 wh cry 55 dec 1.619 69.55 i ОН, ace 
135 Ammonium hydrogen phosphite NH,),HPO, - Н,0 51503-61-8 134.071 hyg cry s Н,0 
monohydrate 
136 Ammonium hydrogen selenate H,HSe0, 0294-60-7 162.01 rhom cry dec 2.162 
137 Ammonium hydrogen sulfate H,HSO, 7803-63-6 115.110 wh hyg cry 47 1.78 1002 i ВОН, ace, ру 
138 Ammonium hydrogen sulfide H,HS 2124-99-1 51.112 wh tetr or orth cry dec 1.17 1280 sl ace; i bz, eth 
139 Ammonium hydrogen sulfite H,HSO, 0192-30-0 99.110 Col cry dec 2.03 71.8% 
140 | Ammonium hydrogen tartrate H,HC,H,0, 3095-65-6 167.117 wh cry 1.68 sl H,0; s alk; i 
EtOH 
141 Ammonium hydroxide Н,ОН 336-21-6 35.046 exists only in soln 
142 Ammonium hypophosphite H,H,PO, 7803-65-8 83.028 wh hyg cry dec vs HO; sl EtOH; i 
ace 
143 Ammonium iodate Н,0, 3446-09-8 192.941 wh powder 150 33 3.845 
14 . Ammonium iodide H, 2027-06-4 144.943 wh tetr cry; hyg 551 dec 405 sp 2.514 1785 $! EtOH, MeOH 
145 Ammonium iron(II) sulfate МН,),Ре(50,), • 69,0 7783-85-9 392.139  blue-gm топос =100 dec 1.86 s H0; i EtOH 
hexahydrate Cry 
146 Ammonium iron(II!) chromate H,Fe(CrO,), 7189-08-4 305.871 red powder iH,0 
147 Ammonium iron(II!) oxalate NH,),Fe(C,0,), • 3H,0 3268-42-3 428.063 от топов cry; — =160 dec 1.780 vs H,O; i EtOH 
trihydrate hyg 
148 Ammonium iron(II) sulfate H,Fe(SO,), ۰ 12H,0 7183-83-7 482.192 ^ colto viol cry =37 171 vs HO; i EtOH 
dodecahydrate 
149 Ammonium lactate H,C.H.O, 52003-58-4 107.108 col cry 92 $ H,O, EtOH; sl 
eOH; i ace, eth 
150 Ammonium magnesium chloride H,MgCl, - 6Н,0 39733-35-2 256.794 hyg cry dec 100 1.46 1720 8Н,0 
hexahydrate 
151 Ammonium mercuric chloride Hj, HgCI, - 2H,0 33445-15-7* 414.51 powder $ H,O; sl EtOH 
dihydrate 
152 Ammonium metatungstate H,),W,0,, ۰ 60 2028-48-7 1887.19 wh cry $ H0; i EtOH 
hexahydrate 
153 Ammonium metavanadate HVO, 7803-55-6 116.979 wh-yel cry 200 dec 2.326 4.8% 
154 Ammonium molybdate(V!) H,),Mo;0,, - 49,0 2054-85-2 1235.86 col ог grn-yel cry 90 dec 2.498 43 i EtOH 
tetrahydrate 
155 Ammonium dimolybdate Н,),Мо,0, 21546-07-2 339.95 cry s H,0 
156 Ammonium molybdophosphate H,),P0, - 12M00, 2026-66-3 1876.35 grn or yel cry dec 0.0220 sl Н,0; s alk 
157 Ammonium nitrate H,NO, 6484-52-2 80.043 wh hyg cry; orth 169.7 dec200- 172 213% sl MeOH 
260 
158 Ammonium nitrite H,NO, 3446-48-5 64.044 wh-yel cry 60 exp 1.69 221% ieth 
159 Ammonium nitroferricyanide H,),Fe(CN).N0 4402-70-1 252.016 red-brn cry 5 HO, НОН 
160 | Ammonium oleate НС НО, 544-60-5 299.493 yel-brn paste 21 $ H0; sl ace 
161 Ammonium oxalate HJ,C 0, 113-38-8 124.096 col sol 15 5.2025 
162 Ammonium oxalate monohydrate H,),C,0, - HO 6009-70-7 142.110 wh orth cry dec 1.50 5.20% sl EtOH 
163 Ammonium palmitate | C H,,C0, 593-26-0 273.455  yel-wh powder 22 $ Н,0: sl bz, ху! i 
ace, EtOH, ctc 
164 Ammonium pentaborate Н,В,0, + 49,0 2007-89-5 272.150 wh cry 7.038 
tetrahydrate 
165 Ammonium pentachlororhodate(IIl)  (NH,)RhCI, - HO 63771-33-5 334260 тед cry dec 210 
monohydrate 
166 ^ Ammonium pentachlorozincate H,),2nCl, 4639-98-6 296.789 hyg orth cry 1.81 vs НО 
167 Ammonium perchlorate H,CIO, 7790-98-9 117.490 wh orth cry dec, exp 1.95 24.525 S MeOH; sl EtOH, 
ace; i eth 
168 Ammonium permanganate Н,Мп0, 3446-10-1 136.975 purp rhomb cry 70 dec 2.22 7.95 
169 Ammonium peroxydisulfate H,),S,0, 1121-54-0 228.202 monoclcryorwh дес 1.982 83.55 
powder 
170 Ammonium perrhenate H,ReO, 3598-65-7 268244 col powder 3.97 6.232 
171 Ammonium phosphate trihydrate H,).P0, - ЗНАО 0361-65-6* 203.133 wh prisms 25.05 i ace 
172 Ammonium phosphomolybdate H,),P0, - 12M00, + 54723-94-3 1894.36 yel cry or powder dec 0.02 
monohydrate НО 
173 Ammonium phosphotungstate Н,).РО, ۰ ۰ 311-90-6 2967.18 cry powder sl H,O 
dihydrate 2H,0 
174 Ammonium picrate H,C.H,N.O, 31-74-8 246.135 ув orth cry ехр 172 sl Н,0 
175 Ammonium polysulfide Н,),5, 9080-17-5 yel unstab soln reac acids 
176 Ammonium salicylate H,C,H.O, 528-04-9 155.151 wh cry powder vs HO; s EtOH 
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177 Ammonium selenate H,),Se0, 7783-21-3 179.04 wh топос! сгу dec 2.194 1175 i EtOH, ace 
178 Ammonium selenite H,),9e0, 7783-19-9 163.04 wh or red hyg cry dec 1215 
179 . Ammonium stearate HC, H..0, 002-89-7 301.509 yel-wh powder 22 0.89 sl H,O, bz; s EtOH, 
eOH; i ace 
180 Ammonium sulfamate H,NH,S0, 1113-06-0 114.124 wh hyg cry 131 160 dec vs НО; sl EtOH 
181 Ammonium sulfate H,),S0, 7783-20-2 132.140 wh ог brn orth cry 280 dec 1.77 76,425 i ОН, ace 
182 Ammonium sulfide Н,),5 2135-76-1 68.142 yel-oran cry =0 dec $ HO, EtOH, alk 
183 Ammonium sulfite H,),S0, 7026-44-7 116.140 wh hyg cry 64.25 
184 Ammonium sulfite monohydrate H,),S0, - H,O 7783-11-1 134.155 col cry dec 141 64.25 i EtOH, ace 
185 Ammonium tartrate СНО, 3164-29-2 184147 ۷ dec 1.601 sH,0 
186 Ammonium tellurate H,),1e0, 3453-06-0 227.68 wh powder dec 3.024 
187 Ammonium tetraborate tetrahydrate (М№Н,),В,0, - 4H,0 2228-87-4 263.377 tetr cry dec 87 vs НО; $ HNO, 
188 Ammonium tetrachloroaluminate HAICI, 7784-14-7 186.833 wh hyg solid 304 $ HO, eth 
189 Ammonium tetrachloropalladate(!!) H,),PdCl, 3820-40-1 284.31 grn cry or red-brn s Н,0 
ром 
190. Ammonium tetrachloroplatinate(|!) H,),PtCl, 3820-41-2 372.973 red cry дес 2.936 $ ЊО i EtOH 
191 Ammonium tetrachlorozincate Hj) ZnCl, 4639-97-5 243.298 wh orth plates; 150 dec 1.879 vs HO 
nyg 
192 Ammonium tetrafluoroantimonate H,SbF, 4972-90-8 215793 col cry sH,0 
193 Ammonium tetrafluoroborate HBF, 3826-83-0 104844 wh powder; orth 487 dec 1.871 25% 
194 Ammonium tetrathiocyanodiammo — NH,[Cr(NH,) (SCN),] - 3573-16-5 354.440 red cry 270 dec $ HO, EtOH, ace; i 
nochromate(lll) monohydrate H,0 bz 
195 Ammonium tetrathiomolybdate HJ, MoS, 5060-55-6 260.28 гей cry 100 dec vs НО 
196 ^ Ammonium tetrathiotungstate H,),WS, 3862-78-7 348.18 огап сту dec 2.71 sH,0 
197 ٩ tetrathiovandate ЛАКА 4693-56-2 233.317 dark viol cry 
198 Ammonium thiocyanate H,SCN 762-95-4 76.121 col hyg cry “149 dec 1.30 1815 vs EtOH; s ace; i 
ch 
199 Ammonium thiosulfate H,),9,0, 7783-18-8 148.205 whcry 150 дес 1.678 vs H,0; i EtOH, eth 
200 Ammonium titanium oxalate H,),TI0(C,0,), - H,O 0580-03-7 293.996 hyg cry vs HO 
monohydrate 
201 Аттопішт tungstate(VI) НО 1120-25-5 304244 сгу powder 23 $ H,0; i EtOH 
202 Ammonium tungstate(VI) H), W,.0,, ۰50 311-93-9 3132.52 cry pow or plates 23 vs H,0; i EtOH 
pentahydrate 
203 Ammonium uranate(VI) H,),U,0, 1183-22-4 624.131 red-yel amorp i H,O, alk; s acid 
powder 
204 = Ammonium uranium fluoride U0,(NH,).F, 8433-40-4 419.135 grn-yel топос! s HO; i EtOH 
cry 
205 Ammonium valerate H,C,H,CO, 42739-38-8 119.163 hyg cry 108 vs H,O, EtOH; s eth 
206 Antimony (gray) Sb 7440-36-0 121.760 silv metal; hex 630.628 1587 6.68 i dil acid 
207 Antimony (black) Sb 7440-36-0 121.760 blk amorp solid trans gray 0 
208 6 SbH, 7803-52-3 124.784 col gas; flam -88 -17 5.100 g/L sl H,0; s EtOH 
209 Trimethylstibine Sb(CH.), 594-10-5 166.863 col flam liq -62 81 1.52 
210  Pentamethylstibine Sb(CH,), 15120-50-0 196.933 col hyg liq -19 127 reac Н,0 
211 Tetramethyldistibine [Sb(CH,),], 41422-43-9 303.658 yelflamliqorred 17 
solid 
212 Antimony arsenide SbAs 12322-34-8 196.682 hex cry ~680 6.0 
213 Antimony potassium tartrate K,(SbC,H,0,), • 3H,0 28300-74-5 669.889 col cry 2.6 51 H,0 
trihydrate 
214 Antimony(Ill) acetate Sb(C,H,0,), 3643-76-3 298.891 wh pow 
215 Antimony(lll) bromide SbBr, 7789-61-9 361.472 yel orth cry; hyg 97 288 4.35 reac Н,0: s ace, bz, 
chl 
216 Antimony(Ill) chloride SbCl, 10025-91-9 228.119 col orth cry; hyg 734 220.3 3.14 9875 $ acid, EtOH, bz, 
ace 
217  Antimony(Ill) fluoride SbF, 7783-56-4 178.755 wh orth cry; hyg 287 376 4.38 4925 
218  Antimony(Ill) iodide 50, 7790-44-5 502.473 red rhomb cry 171 400 492 reac Н,0; 5 EtOH, 
ace; i ctc 
219  Antimony(lll) iodide sulfide 5015 3816-38-1 280.729 dark red prisms ог 400 
needles 
220 Antimony(II!) oxide (senarmontite) 50,0, 309-64-4 291.518 col cub cry 570 trans 1425 5.58 sl H,O; i os 
221 Апштопу(!!) oxide (valentinite) 50,0, 309-64-4 291.518 wh orth cry 655 1425 57 sl H,0; i os 
222 Апіітопу(111) oxychloride SbOCI 7791-08-4 173.212 wh momo cry 170 dec reac H,0; i EtOH, 
eth 
223 Antimony(Ill) phosphate SbPO, 2036-46-3 216.731 Cry pow reac Н,0 
224  Antimony(Ill) potassium oxalate K,Sb(C,0,), - 3H,0 5965-33-3* 557.158 cry pow s H,0 
trihydrate 
225 Antimony(Ill) selenide Sb,Se, 315-05-5 480.40 grn orth cry 611 5.81 : HO 
226 ۱.٥ Sb,(S0,), 7446-32-4 531.708 wh cry powder; dec 3.62 sl HO 
hyg 
227 Antimony(lll) sulfide 50,5, 345-04-6 339.715 gray-blkorth cry 550 4.562 1Н,0: s conc НСІ 
228 Antimony(lll) telluride 50,16, 327-50-0 626.32 gray cry 620 6.5 
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229  Antimony(Ill,V) oxide 50,0, 1332-81-6 307.518 yel orth cry 6.64 
230 Antimony(V) chloride 5001, 7647-18-9 299.025 col or yel liq 4 140 dec 2.34 reac Н,0; s chl, ctc 
231 Antimony(V) fluoride SbF, 7783-70-2 216.752 hyg visc liq 83 14 3.10 reac Н,0 
232 Antimony(V) dichlorotrifluoride 5001, 7791-16-4 249.661 visc liq reac Н,0 
233 Antimony(V) oxide 50,0, 1314-60-9 323.517 yel powder; cub dec 3.78 0.32 
234 Antimony(V) sulfide 50,5, 1315-04-4 403.845 огап-уе! ромдег 75 дес 4.120 i H,O; s acid, alk 
235 Argon Ar 7440-37-1 39.948 со! gas -189.36 tp -185.847 1.633 g/L 51 H,0 
(69 kPa) 
236 Arsenic (gray) А5 7440-38-2 74.922 gray metal; тото 817 їр (3.70 — 6165р 5.75 iH,0 
MPa) 
237 Arsenic (black) As 7440-38-2 74.922 blk amorp solid trans gray As 49 
270 
238 Arsenic (yellow) As 7440-38-2 74.922 soft yel cub cry trans gray As 1.97 $ CS, 
358 
239 Arsine AsH, 7784-42-1 77.946 со! gas -116 -62.5 3.186 g/L sl Н,0 
240 Diarsine ASH, 5942-63-9 153.875 unstab liq =100 
241 Arsenic acid Н.А80, 1118-39-4 141.944 exists only in soln 
242 Arsenic acid hemihydrate Н.А80, . 0.5H,0 7778-39-4* 150.951 wh hyg cry 36.1 25 vs Н,0, EtOH 
243 Arsenious acid H.As0, 3464-58-9 125.944 exists only in soln 
244 Arsenic diiodide Asl, 3770-56-4 657.461 red cry 137 reac Н,О; s 05 
245 Arsenic hemiselenide As, Se 303-35-1 228.80 blk cry i H,0, 05; dec acid, 
alk 
246 Arsenic sulfide As,S, 2279-90-2 427.946 гей топос! сгу 320 565 3.5 ІН,0; sl bz; s alk 
247 Arsenic(Ill) bromide AsBr, 7784-33-0 314.634 col or yel orth cry; 31.1 221 3.40 reac Н,0; s hc, ctc; 
hyg vs eth, bz 
248  Arsenic(IIl) chloride AsCI, 7184-34-1 181.281 col liq -16 130 2.150 reac Н,0: vs chl, 
ctc, eth 
249  Arsenic(Ill) ethoxide As(C,H,0), 3141-12-6 210.103 lig 166 1.21 
250 Arsenic(II) fluoride ASF, 1184-35-2 131.917 col liq -5.9 57.13 27 reac Н,0; 5 EtOH, 
eth, bz 
251 Arsenic(Ill) iodide Asl, 7784-45-4 455.635 red hex cry 141 424 4.73 sl H,O, EtOH, eth; s 
bz. tol 
252  Arsenic(Ill) oxide (arsenolite) As,0, 327-53-3 197.841 wh cub cry 274 460 3.86 2.05% 
253 Arsenic(IIl) oxide (claudetite) А5,0, 327-53-3 197.841 wh monocl cry 314 460 3.74 2.05% s dil acid, alk; i 
EtOH 
254 Arsenic(II) selenide As Se, 303-36-2 386.72 brn-blk solid 260 4.15 i H,0; зак 
255 Arsenic(IIl) sulfide А5,5, 303-33-9 246.038 ув!-огап топос! 312 707 3.46 i H,0; зак 
cry 
256 (6 As, Te, 2044-54-1 532.64 blk monocl cry 621 6.50 
257 Arsenic(V) chloride AsCI, 22441-45-8 252.187 stab at low temp — 4-50 дес 
258 Arsenic(V) fluoride AsF. 7784-36-3 169.914 col gas -79.8 -52.8 6.945 g/L reac Н,0: 8 EtOH, 
bz, eth 
259  Arsenic(V) oxide As 0. 303-28-2 229.840 whamorp powder 315 4.32 65.820 vs EtOH 
260 (6 As, Se, 303-37-3 544.64 blk solid dec 1Н,0, EtOH, eth; 8 
alk 
261 Arsenic(V) sulfide Аѕ,5, 303-34-0 310.168 brn-yel amorp dec i H,0; s alk 
solid 
262 Astatine At 7440-68-8 210 Cry 302 s HNO,, os 
263 Вапит Ва 7440-39-3 137.327 Silv-yel metal; cub 727 1897 3.62 Teac H,0; sl EtOH 
264 Barium acetate Ba(C,H,0,), 543-80-6 255.416 wh powder 247 79.225 
265 Barium acetate monohydrate Ba(C,H,0,), - HO 5908-64-5 273.431 wh cry 110 dec 2.19 79.2% sl EtOH 
266 Barium aluminate BaALO, 2004-04-5 255.288 hex cry 1827 
267 Barium aluminide BaAl, 2672-79-6 245.253 metallic solid 1097 
268 Barium azide Ва(М.), 8810-58-7 221.367 топос! cry; exp “120 dec 2.936 17.3? sl EtOH; i eth 
269 Barium bismuthate ВаВ10, 2785-50-1 394.305 bronze cry 1040 dec 
270 Barium bromate Ва(Вг0.), 3967-90-3 393.131 col топос! cry 0.795 $ ace 
271 Barium bromate monohydrate Ва(Вто,), • Н,0 0326-26-8 411.147 wh monocl cry 260 dec 3.99 0.8315 i EtOH 
272 Вагіит bromide BaBr, 0553-31-8 297.135 wh orth cry 857 1835 4.781 100% 
273 - Barium bromide dihydrate BaBr, · 29,0 7791-28-8 333.166 wh cry 75 dec 37 1005 S MeOH; i EtOH, 
ace, diox 
274 Barium calcium tungstate Ва, Само, 5552-14-4 594.57 сир сгу 1420 
275 Barium carbide Вас, 50813-65-5 161.348 gray tetr cry dec 3.74 reac Н,0 
276 Barium carbonate Васо, 513-77-9 197.336 wh orth cry 1380 dec; 1555 4.308 0.001420 S acid 
(high pres.) 
277 Barium chlorate Ва(С10.), 3477-00-4 304.229 wh cry 414 37.95 $! EtOH, ace 
278 Barium chlorate monohydrate Ва(С10,),-Н,0 0294-38-9 322.245 wh monocl cry 120 dec 3419 3795 5 acid; sl EtOH, ace 
279 Barium chloride Васі, 0361-37-2 208.233 wh orth cry; hyg 961 1560 3.9 37.05 
280 Вагіит chloride dihydrate BaCl, - 29,0 0326-27-9 244.264 wh monocl cry >120 dec 3.097 37.09 i EtOH 
281 Barium chloride fluoride BaCIF 3718-55-3 191.778 wh cry 
282 Barium chromate(V) Ba.(Cr0,), 2345-14-1 643.968 grn-blk hex cry 5.25 s Н,0 
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283 Barium chromate(VI) Васто, 0294-40-3 253.321 yel orth cry 1380 4.50 0.000262 reac acid 
284 Barium citrate monohydrate Ba,(C,H,0,), - H,0 512-25-4* 808.195 gray-wh cry $ Н,0, acid 
285 Barium copper yttrium oxide BaCuY,0, 82642-06-6 458.682 grn cry; not 
superconductor 
286 Barium copper yttrium oxide Ba,Cu,Y0, 09064-29-1 666.194 blk solid; HT 
superconductor 
287 Barium copper yttrium oxide Ва,би,Ү0, 14104-80-2 745.739 HT 
superconductor 
288 Barium copper yttrium oxide Ва, Си Ү,0,, 24365-83-9 1411.933 НТ 
superconductor 
289 Barium cyanide Ba(CN), 542-62-1 189.361 wh cry powder vs HO; s EtOH 
290 Barium dichromate dihydrate BaCr,0, - 2H,0 0031-16-0 389546 — brn-redneedles (ес reac Н,0 
291 Barium disilicate Ва5і,0, 2650-28-1 273.495 wh orth cry 1420 3.70 
292 Barium dithionate dihydrate Ва$,0, - 29,0 3845-17-5 333.484 wh cry 140 dec 4.54 22.120 sl EtOH 
293 Barium ferrite BaFe,,0,,, 1138-11-7 1111.456 0 
294 Вагіит ferrocyanide hexahydrate Ba,Fe(CN), - 6H,0 3821-06-2* 594.694 yel monocl cry 80 dec iH,0, EtOH 
295 Barium fluoride BaF, 7187-32-8 175.324 whcub cry 1368 2260 4.893 0.1612 
296 Barium formate Ba(CHO,), 541-43-5 227.362 су 3.21 $ H0; i EtOH 
297 Barium hexaboride BaB, 2046-08-1 202.193 ЫК cub cry 2070 4.36 1Н,0: s acid; i 
EtOH 
298 Barium hexafluorogermanate Вайег, 323.96 wh cry «665 4.56 
299 Barium hexafluorosilicate BasiF, 7125-80-3 279.403 wh orth needles 300 dec 4.29 i HO, EtOH; sl acid 
300 Barium hydride Ван, 3477-09-3 139.343 gray orth cry 1200 4.16 reac Н,0 
301 Barium hydrogen phosphate BaHPO, 0048-98-3 233.306 wh cry powder 400 dec 4.16 0.015% s dil acid 
302 Barium hydrosulfide Ba(HS), 25417-81-6 203.473 yel hyg cry s Н,0 
303 Barium hydrosulfide tetrahydrate Ва(Н5),. 49,0 2230-74-9 275.534 yel rhomb cry 50 dec s Н,0 
304 Barium hydroxide Ba(0H), 7194-00-2 171.342 wh powder 408 4.915 
305 Barium hydroxide monohydrate Ba(0H), - H,0 22326-55-2 189.357 wh powder 3.743 4.915 S acid 
306 Barium hydroxide octahydrate Ba(0H), - 8H,0 2230-71-6 315.464 wh monocl cry 78 dec 2.18 4.915 
307 Barium hypophosphite Ba(H,PO,), - H,0 4871-79-5* 285.320 топос! plates 2.90 s H,0; i EtOH 
monohydrate 
308 Barium [одаје Ba(I0.), 0567-69-8 487.132 wh cry powder 476 dec 5.23 0.03962 
309 Barium iodate monohydrate Ba(I0,), + Н,0 7787-34-0 505.148 Cry 130 dec 5.00 0.0396 s acid; i EtOH 
310 Barium iodide Bal, 3718-50-8 391.136 wh orth cry 711 5.15 2215 
31 Barium iodide dihydrate Bal, · 29,0 7787-33-9 427.167 со! cry 740 дес 5.0 221% s EtOH, ace 
312 Barium manganate(VI) ВаМп0, 7787-35-1 256.263 grn-gray hyg cry 4.85 0.000412 
313 Вагіит metaborate monohydrate Ba(BO,), - HO 26124-86-7 240.962 wh powder 2900 33 sl HO 
314 Вагіит metaborate dihydrate Ba(BO,), - 2Н,0 23436-05-7 258.977 wh prec dec 1.35 51 H,0 
315 Вагіит metaphosphate Ba(PO,), 13466-20-1 295.271 wh powder 1560 1Н,0: sl acid 
316 ^ Barium metasilicate BaSi0, 13255-26-0 213411 col rhomb powder 1605 440 ІН,0; s acid 
317 Barium molybdate BaMo0, 7787-37-3 297.27 wh powder 1450 4.975 0.002120 
318 Barium niobate Ва(М00,), 12009-14-2 419.136 yel orth cry 1455 5.44 iH,0 
319 Barium nitrate Ba(NO,), 10022-31-8 261.336 wh cub cry 590 3.24 10.35 sl EtOH, ace 
320 Barium nitride BaN, 12047-79-9 439.994  yel-brn cry >500 dec 478 reac Н,0 
321 Barium nitrite Ba(NO,), 13465-94-6 229.338 col hex cry 267 3.234 79.5% 
322 Barium nitrite monohydrate Ba(NO,), - H,0 7787-38-4 247.353 yel-wh hex cry 217 dec 3.18 79.525 i EtOH 
323 Barium orthovanadate Ba,(VO,), 39416-30-3 641.859 hex cry 707 5.14 
324 Barium oxalate ВаС,0, 516-02-9 225.346 wh powder 400 dec 2.658 0.0075 
325 Barium oxalate monohydrate BaC,0, - HO 3463-22-4 243361 wh cry powder 2.66 0.0075” s acid 
326 Barium oxide Ва0 304-28-5 153.326 wh-yel powder; 1973 5.72(cub) 1.520 $ dil acid, EtOH; i 
cub and hex ace 
327 Вагіит 2,4-pentanedioate Ba(CH,COCHCOCH,), + 2084-29-6* 479.665 со! hyg cry 320 (anh) 
octahydrate 8H,0 
328 Barium perchlorate Ва(С10,), 3465-95-7 336.228 со! ћех сгу 505 3.20 312% vs EtOH 
329 Barium perchlorate trihydrate Ва(С10,),.3Н,0 0294-39-0 390.274 col cry 2.74 3125 s МЕОН; sl EtOH, 
ace; i eth 
330 Barium permanganate Ва(Мпо,), 7787-36-2 375.198 brn-viol cry 200 dec 3.77 62.520 reac EtOH 
331 Barium peroxide Ba0, 304-29-6 169.326 gray-wh tetr cry 450 dec 4.96 0.0912 reac dil acid 
332 Barium plumbate BaPbO, 2047-25-5 3925 orth cry 
333 Вагіит potassium chromate BaK,(Cr0,), 27133-66-0 447.511 yel hex cry 3.63 vs HO 
334 Barium pyrophosphate Ba,P,0, 3466-21-2 448.597 wh powder 430 3.9 0.00887 S acid 
335 Barium selenate BaSe0, 7787-41-9 280.29 wh rhomb cry dec 4.75 0.015? 
336 Barium selenide Вазе 304-39-8 216.29 Cub cry powder 780 5.02 геас Н,0 
337 Barium selenite BaSe0, 3718-59-7 264.29 solid iH 0 
338 Вагіит silicide Basi, 304-40-1 193.498 gray lumps 180 reac Н,0 
339 Barium sodium niobate Ва,Ма(М00,), 2323-03-4 1002.167 wh orth cry 437 5.40 i H,0 
340 Barium stannate BaSn0, 2009-18-6 304.035 cub cry 7.24 51 H,0 
341 Barium stannate trihydrate BaSn0, . 3H,0 2009-18-6* 358.081 wh cry powder 51 H,0; s acid 
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342 Barium stearate Ba(C..H..0,), 6865-35-6 704.266 wh powder 160 1.145 i H,O, EtOH 
343 Barium strontium niobate BaSr(NbO,), 37185-09-4 788.57 раје уе! 50110 
344 Barium strontium tungstate 23,510, 14871-56-8 64211 hyg pow 1400 
345 _ Barium sulfate Ва50, 7727-43-7 233.390 wh orth cry 1580 449 0.000312 i EtOH 
346 Barium sulfide Ва5 21109-95-5 169.392 col сиб cry ог gray 2227 43 8.9425 
powder 
347 Barium sulfite Ва50, 7787-39-5 217.390 wh топос! cry dec 444 0.00115 i EtOH 
348 Barium tartrate BaC HO, 5908-81-6 285.398 wh cry 2.98 $ H0; i EtOH 
349 Barium tetracyanoplatinate(ll) ВаРКСМ), - 4H,0 13755-32-3 508.543 yel powder ог cry 2.076 sl H,0; i EtOH 
tetrahydrate 
350 Barium tetraiodomercurate(!l) BaHgl, 10048-99-4 845.54 yel-red hyg cry vs HO, EtOH 
351 Barium thiocyanate Ba(SCN), 2092-17-3 253.491 hyg cry 1675 S ace, MeOH, EtOH 
352 Barium thiocyanate dihydrate Ba(SCN), - 29,0 2092-17-3* 289.522 hyg wh cry 1675 S EtOH 
353 Barium thiocyanate trihydrate Ba(SCN), - 3H,0 68016-36-4 307.537 wh needles; hyg 2.286 1675 s НОН 
354 Barium thiosulfate Ва5,0, 35112-53-9 249.455 wh cry powder 220 dec 0,220 i EtOH 
355 Barium thiosulfate monohydrate BaS,0, - H,0 1187-40-8 267.471 wh cry powder dec 35 0.2 i EtOH 
356 Barium titanate (BaTiO.) BaTiO, 2047-27-7 23310 417 1625 6.02 iH,0 
357 Barium titanate (BaTi,0,) BaTi,0, 2009-27-7 313.058 0 
358 Вагіит titanate (BaTi,0,) Bali, 0, 2009-31-3 472.780 wh solid 
359 Barium titanium silicate Ват($10.), 5491-35-7 413.446 rhom blue-pur cry. 
360 Barium tungstate BaWO, 7787-42-0 385.17 wh tetr cry 1475 1730 5.04 0.0016” 
361 Barium uranium oxide BaU,0, 0380-31-1 725.381 oran-yel powder i HO; s acid 
362 Barium yttrium tungsten oxide ва Y. WO, 37265-86-4 1006.53 Cub cry 1470 
363 Barium zirconate BaZr0, 2009-21-1 276.549 gray-wh cub cry 2500 5.52 i H,O, alk; sl acid 
364 Barium zirconium silicate 880 . ZrO, - SiO, 336.634 wh pow 
365 Berkelium (a form) Bk 7440-40-6 247 hex cry trans to - 930 14.78 
366 Berkelium (В form) Bk 7440-40-6 247 cub cry 986 13.25 
367 Beryllium Be 7440-41-7 9.012 hex cry 1287 2471 1.85 S acid, alk 
368 Beryllium acetate Be(C,H,0,), 543-81-7 127.101 wh cry 60 dec i H,O, EtOH 
369 Beryllium basic acetate Ве,0(0,Н,0,), 332-52-1 406.312 wh cry 285 330 1.25 i H,0; s eth, os 
370 Beryllium aluminate BeALO, 2004-06-7 126.973 orth cry 3.65 
371 Beryllium aluminum metasilicate  Be,Al لک‎ 302-52-9 537.502 со! or grn-yel cry; 2.64 
hex 
372 X Beryllium boride (BeB,) ВеВ, 2228-40-9 30.634 refrac solid »1970 
373 Beryllium boride (BeB.) ВеВ, 2429-94-6 73.878 red solid 2070 
374 Beryllium boride (Be, B) Be B 2536-51-5 20.835 pink cry 520 
375 Beryllium boride (Be B) Be B 2536-52-6 46.860 refrac solid 160 
376 Beryllium borohydride Be(BH,), 7440-85-6 36.682 solid 25 dec subl reac Н,0 
377 Beryllium bromide BeBr, 7787-46-4 168.820 orth сту; hyg 508 473 sp 3.465 vs НО; s EtOH, pyr 
378 Beryllium carbide Be,C 506-66-1 30.035 red сий сгу 2127 1.90 reac Н,0 
379 Beryllium carbonate tetrahydrate BeCO, - 4H,0 60883-64-9 93.085 wh solid 00 dec 0.36 
380 Beryllium basic carbonate Be.(0H), (C0), 66104-24-3 181.069 wh powder i H,0; s acid, alk 
381 Beryllium chloride Веб), 7787-47-5 79.918 wh-yel orth cry; 415 482 1.90 71.55 S EtOH, eth, py; i 
hyg bz, tol 
382 Beryllium fluoride Већ, 7787-49-7 47.009 tetr cry ог gl; hyg 552 1283 2.1 vs H,0; sl EtOH 
383 Beryllium formate Be(CHO,), 111-713 99.047 powder >250 dec reac H,0; i os 
384 Beryllium hydride BeH, 7787-52-2 11.028 wh amorp solid 250 dec 0.65 геас Н,0: i eth, tol 
385 Beryllium hydrogen phosphate BeHPO, 3590-15-7 104.991 Cry iH,0 
36 Beryllium hydroxide (a) Be(0H), 3327-32-7 43.027 wh powder ог cry =200 dec 1.92 sl H,O, alk; s acid 
387 Beryllium hydroxide (В) Ве(ОН), 3327-32-17 43.027 col tetr cry dec 138 16,0; s, acid, alk 
388 Beryllium iodide Bel, 7787-53-3 262.821 hyg needles 480 590 432 геас Н,0: s EtOH 
389 Beryllium nitrate trihydrate Be(NO,), • 3H,0 3597-99-4 187.068 yel-wh hyg cry «30 dec 107% 5 НОН 
390 Beryllium nitride BeN, 304-54-7 55.050 gray refrac cry; 2200 2.71 reac acid, alk 
cub 
391 Beryllium oxalate trihydrate BeC,0, - 3H,0 5771-43-4 151.077 rhom cry dec 320 vs НО 
392 Beryllium oxide Ве0 304-56-09 25.011 wh hex cry 2578 3.01 1Н,0: sl acid, alk 
393 Beryllium 2,4-pentanedioate Be(CH,COCHCOCH.), 0210-64-7 207.228 monocl cry 08 270 1.168 1Н,0: vs EtOH, eth 
powder 
394 Beryllium perchlorate tetrahydrate Ве(С10,),.4Н,0 7787-48-6 279.975 hyg cry 250 dec 1985 
395 Beryllium selenate tetrahydrate BeSe0, . 4Н,0 0039-31-3 224.03 orth cry 00 dec 2.03 vs HO 
396 Beryllium sulfate BeS0, 3510-49-1 105.075 col tetr cry; hyg 127 25 41.35 
397 Beryllium sulfate dihydrate BeSO, · 2H,0 4215-00-0 141.105 col cry dec 92 
398 Beryllium sulfate tetrahydrate BeSO, - 4H,0 7787-56-6 177.136 Col tetr cry “100 dec И 41.35 i EtOH 
399 Beryllium sulfide Веб 3599-22-6 41.077 col cub cry dec 2.36 reac hot Н,0 
400 Bismuth Bi 7440-69-9 208.980 gray-wh soft metal 271.406 1564 9.79 S acid 
401 Bismuth acetate Bi(C,H,0,), 22306-37-2 386.111 col tablets 250 iH,0 
402 Bismuth subacetate Bi0C,H,0, 5142-76-7 284.023 thin cry plates i H,0; s dil acid 
403 Bismuth antimonide BiSb 2323-19-2 330.740 Cry 475 
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404 Bismuth arsenate BiAsO, 13702-38-0 347.900 wh monocl cry 7.14 i H,0; sl conc 
HNO, 
405 Bismuth basic carbonate (BiO), CO, 5892-10-4 509.969 wh powder 6.86 i HO; s acid 
406 Bismuth basic dichromate Bi,0, - 2070, 665.948 red-oran amorp 1Н,0: s acid, alk 
pow 
407 Bismuth citrate ВЇС,Н,0, 813-93-4 398.080 wh powder 3.458 i H,O; sl EtOH 
408 Bismuth hydride БІН, 8288-22-7 212.004 col gas; unstab -67 7 8.665 g/L 
409 Bismuth hydroxide Bi(OH), 0361-43-0 260.002 wh-yel amorp 4.962 1Н,0: s acid 
powder 
410 Bismuth germanium oxide 2Bi,0, · 3Ge0, 2233-56-6 1245.84 wh pow 1044 
411 Bismuth hexafluoro-2,4- Bi(CF,COCHCOCF,), 42617-56-9 830.132 powder 96 
pentanedioate 
412 Bismuth molybdate Bi,Mo0, 3565-96-3 609.90 yel solid 9.32 
413 Bismuth molybdate Bi,(Mo0,), 51898-99-8 897.77 monocl cry 5.95 
414 Bismuth nitrate pentahydrate Bi(NO,), • 54,0 0035-06-0 485.071 coltriclcry;hyg — «75 дес 2.83 reac H,0; s ace; i 
EtOH 
415 Bismuth subnitrate Bi,0(OH),(NO.), 304-85-4 1461.987 hyg cry powder 260 dec 4.928 i H,O, EtOH; s dil 
acid 
416 Bismuth oleate Bi(C,,H,,0,) 52951-38-9 1053.340 soft yel-brn solid 1Н,0: s eth; sl bz 
417 Bismuth oxalate Bi,(C,0,), 6591-55-5 682.018 wh powder i H,O, EtOH; s dil 
aci 
418 Bismuth oxide Bi,0 1304-76-3 465.959 уе! топос! cry or 825 1890 8.9 i HO; s acid 
powder 
419 Bismuth tetroxide Bi,0, 12048-50-9 481.959 red-oran powder 305 5.6 reac Н,0 
420 Bismuth oxybromide BiOBr 7787-57-7 304.883 col tetr cry 560 dec 8.08 i HO, EtOH; s acid 
421 Bismuth oxychloride ВІ0СІ 7787-59-9 260.432 wh tetr cry 575 dec 7.72 iH,0 
422 Bismuth oxyiodide ВІО 7787-63-5 351.883 red tetr cry 300 dec 7.92 i HO, EtOH, chl; s 
HC 
423 Bismuth oxynitrate BiONO, 0361-46-3 286.985 — wh powder 260 dec 4.93 i H,0, EtOH; s acid 
424 Bismuth phosphate BiPO, 0049-01-1 303.951 monocl cry 6.32 sl H,O, dil acid; i 
EtOH 
425 Bismuth potassium iodide ВК, 41944-01-8 1253.704 red cry reac H,0; s al 
iodide soln 
426 Bismuth selenide Bi,Se, 2068-69-8 65484 blk hex cry 710 dec 75 iH,0 
427 Bismuth stannate pentahydrate Bi,(Sn0,), • SH,0 2777-45-6 1008.162 wh cry iH,0 
428 Bismuth sulfate Bi,(SO,), 7787-68-0 706.149 wh needles or 405 dec 5.08 reac H,0, EtOH 
powder 
429 Bismuth sulfide Бі,5, 345-07-9 514.156 blk-brnorth cry 850 6.78 1Н,0: s acid 
430 Bismuth telluride Bi,Te, 304-82-1 800.76 gray hex plates 580 7.74 i H,0; s ВОН 
431 Bismuth tribromide BiBr, 7187-58-8 448.692 yel cub cry 219 462 5.72 reac Н,0; s di 
acid, ace; i EtOH 
432 Bismuth trichloride БІСІ, 1187-60-2 315.339 col ог ув! cub cry; 234 441 475 геас H,0; s acid, 
ћуд EtOH, ace 
433 Bismuth trifluoride ВІР, 7787-61-3 265.975 wh-gray cub cry 727 900 8.3 iH,0 
434 Bismuth pentafluoride ВІР, 7787-62-4 303.972 wh tetr needles; 151.4 230 5.55 reac HO 
nyg 
435 Bismuth triiodide Bil, 7787-64-6 589.693 blk-brn hex cry 408.6 542 5.778 0.000787? 5 EtOH 
436 Bismuth trimethyl ВІ(СН,), 593-91-9 254.083 со! flam liq -86 110 23 
437 Bismuth titanate ВІ,(Т10,), 2048-51-0 1171.516 wh orth cry 7.85 
438 Bismuth tungstate Bi,(WO,), 3595-87-4 1161.47 wh powder 
439 Bismuth vanadate ВО, 4059-33-7 323.920 orth cry trans 500 6.25 i H,0; sacid 
440 Bismuth zirconate 2Bi,0, - 3270, 37306-42-6 1301.587 wh pow 
441 Boron B 7440-42-8 10.811 blk rhomb cry 2075 4000 2.34 iH,0 
442 Піһогапе ВН, 9287-45-7 27.670 col gas; flam -164.85 -92.49 1.131 g/L reac Н,0 
443 etraborane(10 BH, 8283-93-7 53.323 unstab col gas -120 18 2.180 g/L reac Н,0 
444 Pentaborane(9) ВН, 9624-22-7 63126 flam col liq -46.74 60.10 0.60 reac hot H,O 
445  Pentaborane(11) ВН, 8433-84-6 65.142 col liq; unstab -122 65 reac Н,0 
446 Hexaborane(10 BH. 23777-80-2 74.945 col liq -62.3 108 дес 0.67 reac hot Н,0 
447 4 ВН 2008-19-4 76.961 col liq -823 «85 reac Н,0 
448 onaborane(15) BH, 9465-30-6 112.418 col liq 27 
449 Decaborane(14 B H, 7702-41-9 122.221 wh orth cry 98.78 213 0.94 sl H,0; S EtOH, bz, 
CS,, cic 
450 Decaborane(16 ВН 71595-75-0 124.237 col cry «81 dec 170 subl 
451 Dodecaborane(16) ВН, 89711-39-7 145.859 col cry 65 8 bz, hx 
452  Tridecaborane(19) B. Hi, 43093-20-5 159.694 yel cry 44 s hx, 2 
453  Tetradecaborane(18) ВН 55606-55-8 169.497 visc yel oil dec 100 s cyhex, CS, 
454 Нехадесабогапе(20) ВН» 28265-11-4 193.135 col cry #110 s ctc, cyhex, thf 
455 _ Octadecaborane(22) Ва 1071-61-7 216.773 уеісіу 180 505 
456 etrabromodiborane В,Вг, 4355-29-4 341.238 col liq =] dec 20 
457 etrachlorodiborane B,C P 3701-67-2 163.434 col liq; flam -92.6 66.5 reac HO 


Physical Constants of Inorganic Compounds 


4-53 


CAS Reg Mol. Density Solubility Qualitative 
No. Мате Formula No. weight ^ Physical form ۴6 bp/^C gcm? g/100g НО solubility 
458 Tetrafluorodiborane BF, 3965-73-6 97.616 col gas; flam -56 -34.0 3.990 g/L reac Н,0 
459 Вогапе carbonyl ВН,С0 3205-44-2 41.845 col gas -137 -64 1.710 g/L reac Н,0 
460 ۹6 ВН, 6569-51-3 80.501 col liq -58 53 0.824 reac Н,0 
461 Boric acid H.B0, 0043-35-3 61.833 col tricl cry 170.9 15 5.805 sl EtOH 
462  Metaboric acid (а form) НВО, 3460-50-9 43.818 col orth cry; hyg 176 1.784 s Н,0 
463 Metaboric acid (В form) HBO, 3460-50-9 43.818 col топос! cry; 201 2.045 8Н,0 
ћуд 
464 Metaboric acid (y form) HBO, 3460-50-9 43.818 со! cub cry 236 2.487 8Н,0 
45 Tetrafluoroboric acid HBF, 6872-11-0 87.813 col liq 130 dec «1.8 vs Н,0, EtOH 
466 Вогоп arsenide BAs 2005-69-5 85.733 brn cub cry 100 dec 5.22 
467 Вогоп carbide B,C 2069-32-8 55.255 hard blk cry 2350 >3500 2.50 i HO, acid 
468 Boron nitride BN 0043-11-5 24.818 wh powder; hexor 2067 218 | H,0, acid 
cub cry 
469 Вогоп oxide B,0, 303-86-2 69.620 col gl ог hex cry; 450 2.55 2.2% $ EtOH 
hyg 
470 Вогоп phosphide ВР 20205-91-8 41.785 red cub cry ог 125 dec reac Н,0, acid 
powder 
471 Вогоп silicide B,Si 2008-29-6 92.952 blk cry 980 
472 Вогоп sulfide В,5, 2007-33-9 117.817 — yelamorpsolid 563 51.7 
473 Borontribromide BBr, 0294-33-4 250.523 col liq; hyg -46 91.3 2.6 reac Н,0, EtOH 
474 Вогоп trichloride BCI, 0294-34-5 117.170 col liq or gas -107.3 125 4.789 g/L reac Н,0, EtOH 
475 Вогоп trifluoride BF, 7637-07-2 67.806 col gas -126.8 -99.9 2.772 g/L s H,0 
476 Вогоп trifluoride etherate BF.(C,H,),0 09-63-7 14.927 liq -60.4 125.5 1.125% reac Н,0: vs eth, 
EtOH 
477  Borontriiodide ВІ, 3517-10-7 391.524 wh needles 49.7 209.5 3.35 iH,0 
478 ۹۴ Br, 7726-95-6 159.808 гей lig -72 58.8 3.1028 sl Н,0 
479  Bromicacid НВгО, 1189-31-3 128.910 stab only in aq sH,0 
soln 
480 Нуробготоиѕ acid HOBr 3517-11-8 96.911 exists aq soln sH,0 
481 Bromine dioxide Br, 21255-83-4 111.903 unstab yel cry =0 dec 
482 Bromine monoxide Вг,0 21308-80-5 175.807 unstab brn solid -17.5 dec 
483 Dibromine trioxide Br,0, 53809-75-9 207.806 oran needles (LT) dec -40 
404 X Dibromine pentoxide Вг,0, 58572-43-3 239.805 col cry (low temp) -20 dec 
485 Bromine azide BIN. 13973-87-0 121.924 red cry; exp 245 exp 
486 Вготіпе chloride BrCl 13863-41-7 115.357 dark red Па (<5 C) -66 5 dec reac Н,0: s eth, 
CS, 
487 Bromine fluoride BrF 13063-59-7 98.902 unstab red-brn 2-33 «20 dec 4.043 g/L 
gas 
488 Bromine trifluoride ВІР, 7787-71-5 136.899 col hyg liq 8.77 125.8 2.803 reac Н,0 
489 Bromine pentafluoride ВІР, 7789-30-2 174.896 col liq -60.5 413 2.460 reac H,O (exp) 
490 — Bromosyl trifluoride BrOF, 61519-37-7 152.898 col liq -5 dec >20 геас Н,0 
491 Bromyl fluoride BrO,F 22585-64-4 130.901 col liq -9 дес 55 reac Н,0 
492  Perbromyl fluoride BrO.F 37265-91-1 146.900 Col gas -110 dec 20 reac Н,0 
493 Cadmium Cd 7440-43-9 112.411 Silv-wh metal 321.069 767 8.69 i HO; reac acid 
494 Cadmium acetate Cd(C,H.0,), 543-90-8 230.500 col cry 255 2.34 $ HO, НОН 
495 Cadmium acetate dihydrate Cd(C,H,0,), • 29,0 5743-04-4 266.529 wh cry 130 dec 2.01 vs НО; s EtOH 
496 Cadmium antimonide CdSb 2014-29-8 234.171 orth cry 456 6.92 
497 Cadmium arsenide Cd As, 2006-15-4 487.076 gray tetr cry 721 6.25 
498 Cadmium azide Cd(N,), 4215-29-3 196.451 yel-wh orth cry; exp 3.24 
exp 
499 Cadmium borotungstate Cd,(BW,,0,,) - 18H,0 306-26-9 3743.20 увісгу vs НО 
octadecahydrate 
500 Cadmium bromide Савг, 7789-42-6 272.219 wh-yel hex cry; 568 863 5.19 155 sl ace, eth 
nyg 
501 Cadmium bromide tetrahydrate CdBr, - 4H,0 3464-92-1 344.281 wh-yel cry 155 s ace, НОН 
502 ^ Cadmium carbonate 0400, 513-78-0 172.420 wh hex cry 500 dec 5.026 1Н,0: s acid 
503 Cadmium chlorate dihydrate Cd(CI0.), - 2Н,0 22750-54-5* 315.344 со! hyg cry 80 dec 2.28 2.64 
504 Cadmium chloride CdCl, 0108-64-2 183.317 rhom cry; hyg 568 964 4.08 20% S ace; 51 EtOH; i eth 
505 Cadmium chloride monohydrate CdCl, + H,O 34330-64-8 201.332 wh cry 205 
506 Cadmium chloride CdCl, - 2.5H,0 7790-78-5 228.354 wh rhomb leaflets 3.327 205 S ace 
hemipentahydrate 
507 Cadmium chromate сасго, 4312-00-6 228.405 yel orth cry 45 iH,0 
508 Cadmium cyanide Cd(CN), 542-83-6 164.445 wh cub cry 2.23 КА 
509 Cadmium dichromate monohydrate CdCr,0, + H,O 69239-51-6 346.414 oran solid sH,0 
510 Cadmium 2-ethylhexanoate Са(с,Н,.0,), 2420-98-6 398.818 powder 
511 Cadmium fluoride CdF, 7790-79-6 150.408 Cub cry 1075 1750 6.33 4.36% $ acid; i ЕЮН 
512 Cadmium hydroxide Ca(OH), 21041-95-2 146.426 wh trig or hexcry 130 dec 479 0.000152 s dil acid 
513 Cadmium iodate Са(10,), 7790-81-0 462.216 — wh powder 6.48 0.0912 s HNO, 
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514 Cadmium iodide Cdl, 7790-80-9 366.220 со! hex flakes 388 744 5.64 86.25 vs НО; s EtOH, 
eth, ace 
515 . Cadmium metasilicate 048100, 3477-19-5 188.495 grn топос! cry 1252 5.10 
516 Cadmium molybdate Сам00, 3972-68-4 272.35 col tetr cry 5900 dec 54 ІН,0; s acid 
517 Cadmium niobate Cd,Nb,0, 2187-14-3 522.631 cub cry 21410 6.28 iH,0 
518 Cadmium nitrate Cd(NO,), 0325-94-7 236.420 wh cub cry; hyg 360 3.6 1565 S НОН 
519 Cadmium nitrate tetrahydrate Cd(NO,), - 4H,0 0022-68-1 308.482 col orth cry; hyg 595 2.45 1562 S НОН, ace 
520 Cadmium oxalate CdC,0, 814-88-0 200.430 wh solid 3.32 0.0060 
521 Cadmium oxalate trihydrate CdC,0, - 39,0 20712-42-9 254.476 wh атогр powder 340 dec 0.0060% i EtOH; s dil acid 
522 Cadmium oxide Сао 306-19-0 128.410 brn cub cry 1559 sp 8.15 i H,O; s dil acid 
523 Cadmium 2,4-pentanedioate Cd(CH,COCHCOCH,), 4689-45-3 310.627 wh solid or red cry 235 
524 Cadmium perchlorate hexahydrate  Cd(CI0,), · 69,0 0326-28-0 419.404 wh hex cry 2.37 191.5% 
525 Cadmium phosphate Cd.(PO,), 3477-17-3 527.176 powder “1500 iH,0 
526 Cadmium phosphide CdP, 2014-28-7 399.181 grn tetr needles 700 5.96 s dil HCI 
527 Cadmium selenate dihydrate CdSe0, .2Н,0 0060-09-0 291.40 orth cry 00 dec 3.62 70.55 
528 Cadmium selenide CdSe 306-24-7 191.37 wh cub cry 240 5.81 iH,0 
529 Cadmium selenite CdSe0, 3814-59-0 239.37 col prisms 
530 Cadmium stearate Ca(C,,H,,0,), 2223-93-0 679.350 wh cry pow 34 1.21 
531 Cadmium succinate CdC,H,0, 41-00-4 228.484 wh pow or needles 0.379 sl Н,0: i EtOH 
532 Cadmium sulfate 0450, 0124-36-4 208.474 col orth cry 000 4.69 76,725 i EtOH 
533 Cadmium sulfate monohydrate CdSO, - HO 7790-84-3 226.489 топос! cry 05 3.79 76.725 
534 Cadmium sulfate octahydrate 0450, + 8H,0 5244-35-6 352.596 со! топос! cry 40 дес 3.08 76,725 
535 Cadmium sulfide CdS 306-23-6 144.476 yel-oranhexcry 41480 4.826 i HO; s acid 
536 Cadmium sulfite 0450, 3477-23-1 192474 colprisms dec «400 0.05? sl Н,0 
537 Cadmium telluride CdTe 306-25-8 240.01 brn-blk cub cry 042 6.2 i H,O, dil acid 
538 Cadmium tellurite Cdle0, 5851-44-2 288.01 col топос! cry 695 dec 1050 
539 Cadmium tetrafluoroborate Cd(BF,), 4486-19-2 286.020 col hyg liq 1.6 vs H,0, EtOH 
540 Cadmium titanate Сато, 2014-14-1 208276 orth cry 6.5 
541 Cadmium tungstate CdWO, 7790-85-4 360.25 wh monocl cry 8.0 i H,O, acid; 5 
МН,ОН 
542 Calcium Ca 7440-70-2 40.078 silv-wh metal 842 1484 1.54 reac Н,О; i bz 
543 Calcium acetate Ca(C. H.0,), 62-54-4 158.167 wh hyg cry 60 dec 1.50 $ H0; sl EtOH 
544 Calcium acetate monohydrate Ca(C,H,0,), - H,O 5743-26-0 176.182 wh needles or «150 dec $ H0; sl EtOH 
powder 
545 Calcium acetate dihydrate Ca(C,H.0,), • 29,0 4977-17-4 194.196 long col needles sH,0 
546 Calcium aluminate CaALO, 2042-68- 158.039 wh monocl cry 605 2.98 reac Н,0 
547 Calcium aluminate (B form) Ca,Al,0, 2042-78-3 270.193 wh cub cry; refr 535 3.04 iH,0 
548 Calcium arsenate Са,(Аѕ0,), 1118-44-1 398.072 wh powder dec 3.6 0.0036% s dil acid 
549 Calcium arsenite (1:1) СаА$0, 52740-16-6 162.998 wh powder 51 H,0; s acid 
550 Calcium borate hexahydrate CaB,0, - 6H,0 3701-64-9* 9 wh cry pow 162 (anh) 
551 Calcium boride Сав, 2007-99-7 44 refrac solid 2235 249 
552 Calcium bromate Ca(Br0,), 0102-75-7 295.882 wh pow 80 
553 Calcium bromate monohydrate Ca(BrO,), + HO 0102-75-7* 8 wh monocl cry dec 180 3.33 vs HO 
554 Calcium bromide Савг, 7789-41-5 199.886 rhom cry; hyg 742 1815 3.38 156% S EtOH, ace 
555 Calcium bromide dihydrate CaBr, - 2Н,0 22208-73-7 235.917 wh cry pow vs НО 
556 Calcium bromide hexahydrate CaBr, - 6H,0 3477-28-6 307.977 wh hyg powder 38 dec 2.29 1565 
557 Calcium carbide CaC, 75-20-7 64.099 gray-blk orth cry 2300 222 reac Н,0 
558 Calcium carbonate (aragonite) CaCO, 471-34-1 100.087 wh orth cry or 825 dec 2.930 0.00066” 8 dil acid 
powder 
559 Calcium carbonate (calcite) CaCO, 471-34-1 100.087 wh hex cry or 1330 2.710 0.00066” 8 dil acid 
powder 
560 Calcium carbonate (vaterite) CaCO, 471-34-1 100.087 col hex cry 2.653 0.00112 s dil acid 
561 Calcium chlorate Ca(CI0.), 0137-74-3 206.980 ٧۷ 340 1975 
562 Calcium chlorate dihydrate Ca(CIO,), - 2H,0 0035-05-9 243.011 wh monocl cry; 100 dec 2.71 1975 5 НОН 
nyg 
563 Calcium chloride CaCl, 0043-52-4 110.984 wh cub cry or 775 1935 215 81.35 vs EtOH 
powder; hyg 
564 Calcium chloride monohydrate CaCl, - H,0 3477-29-7 128.999 wh hyg cry 260 dec 2.24 81.35 5 НОН 
565 Calcium chloride dihydrate CaCl, - 29,0 0035-04-8 147.015 hyg flakes or 175 dec 1.85 81.35 vs EtOH 
powder 
566 Calcium chloride tetrahydrate CaCl, - 4Н,0 25094-02-4 183.046 col tricl cry 1.83 
567 Calcium chloride hexahydrate CaCl, · 6H,0 7774-34-7 219.075 wh hex cry; hyg 30 dec 171 81.35 
568 Calcium chlorite Ca(CI0,), 4674-72-7 174982 wh cub cry 21 reac Н,0 
569 Calcium chromate CaCr0, 3765-19-0 156.072 yel cry 1000 dec sl H,O; i EtOH, ace 
570 Calcium chromate dihydrate CaCrO, - 2H,0 0060-08-9 192.102 yel orth cry dec 200 2.50 13.220 8 dil acids 
571 Calcium citrate tetrahydrate Ca, (C, H.0.), - 4H,0 5785-44-4 570.494 wh needles or pow dec 100 0.096% i eth 
572 Calcium cyanamide CaCN, 56-62-7 80.102 col hex cry 21340 subl 2.29 reac Н,0 
573 Calcium cyanide Ca(CN), 592-01-8 92.112 wh rhomb cry; hyg $ ЊО, EtOH 
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574 Calcium dichromate trihydrate CaCr,0, · 3H,0 14307-33-6" 310.112 red-oran cry 100 dec 2.37 vs Н,0; reac EtOH; 
i eth, ctc 
575 Calcium dihydrogen phosphate Ca(H,PO,), - H,O 10031-30-8 252.068 Col tricl plates 100 dec 2.220 sl Н,0; s dil acid 
monohydrate 
576 Calcium 2-ethylhexanoate Ca(C,H,.0,), 136-51-6 326.485 powder 
57 Calcium ferrocyanide Ca,Fe(CN), • 129,0 508.289 yel tricl cry dec 1.68 875 vs Н,0:1 EtOH 
dodecahydrate 
578 Calcium fluoride CaF, 7789-75-5 78.075 wh cub cry or 418 2500 3.18 0.0016* sl acid 
powder 
579 Calcium fluorophosphate Ca,(PO,).F 12015-73-5 504.302 со! hex cry 650 3.201 iH,0 
580 Calcium fluorophosphate dihydrate CaPO,F - 29,0 37809-19-1 174.079 col monocl cry 0.4227 10$ 
581 Calcium formate Ca(CHO,), 544-17-2 130.343 orth cry 300 dec 2.02 16.62 i EtOH 
582 Calcium hexaborate pentahydrate 2Са0. 38,0, - 5Н,0 12291-65-5 411.091 со! топос! cry dec 375 (exp) 242 15 sl acid 
583 Calcium hexafluoro-2,4- Ca(CF,COCHCOCF,), 121012-90-6 454180 powder 35 
pentanedioate 
584 Calcium hexafluorosilicate CaSiF, - 29,0 16925-39-6 218.185 Col tetr cry 2.25 0.522 i асе; reac hot HO 
dihydrate 
585 Calcium hydride Сан, 7789-78-8 42.094 gray orth cry ог 000 17 reac Н,0, EtOH 
powder 
586 Calcium hydrogen phosphate CaHPO, 1157-93-9 136.057 wh tricl cry dec 2.92 0.025 i EtOH 
587 Calcium hydrogen phosphate CaHPO, - 2H,0 7789-77-7 172.088 топос! cry “100 дес 2.31 0.025 i EtOH; s dil acid 
dihydrate 
588 Calcium hydrogen sulfite сан (50.), 13780-03-5 202220 1.06 sH,0 
589 Calcium hydrosulfide hexahydrate _ Ca(HS), - 6H,0 214.315 Col cry dec $ H,O, EtOH 
590 Calcium hydroxide Ca(0H), 1305-62-0 74.093 Soft hex cry =2.2 0.1602) s acid 
591 Calcium hydroxide phosphate Ca, (OH)(PO,), 12167-74-7 502.311 со! hex cry dec »900 3.155 iH 0 
592 Calcium hypochlorite Са(001), 7778-54-3 142.983 powder 100 2.350 
593 Calcium hypophosphite Ca(H,PO,), 7789-79-9 170.055 wh monocl cry 300 dec $ H0; i EtOH 
594 Calcium iodate Ca(I0.), 7789-80-2 389.883 wh топос! cry 4.52 0.306% $ HNO,; i EtOH 
595 Calcium iodide Cal, 0102-68-8 293.887 hyg hex cry T83 1100 3.96 215% S MeOH, ЕЮН, 
ace; i eth 
596 Calcium iodide hexahydrate Cal, - 6Н,0 71626-98-7 401.978 wh hex needles ог 42 dec 2.55 2155 vs EtOH 
powder 
597 Calcium metaborate Са(В0,), 3701-64-9 125.698 powder 0,13% 
598 Calcium metasilicate Casi, 344-95-2 116.162 wh топос! cry 1540 2.92 iH,0 
599 Calcium molybdate СаМо0, 7789-82-4 200.02 wh tetr cry 1520 4.35 0.001120 i ОН: s conc acid 
600 Calcium nitrate Ca(NO,), 0124-37-5 164.087 wh cub cry; hyg 561 25 1445 S EtOH, MeOH, ace 
601 Calcium nitrate tetrahydrate Ca(NO,), - 4H,0 3477-34-4 236.149 wh cry «40 dec 1.82 1445 S НОН, ace 
602 Calcium nitride CaN, 2013-82-0 148.247 red-brn cub cry 1195 2.67 s H,O, acid; i EtOH 
603 Calcium nitrite Ca(N0,), 3780-06-8 132.089 wh-yel hex cry; 392 2.23 94.65 sl EtOH 
nyg 
604 Calcium nitrite monohydrate Ca(NO,), - HO 0031-34-2 150.104 Col or yel cry dec 100 vs НО; sl EtOH 
605 Calcium oleate Ca(C,,H,,0,), 42-17-6 602.985 pale yel solid dec 140 0.045 sl Н,0: s bz; | 
НОН, ace, eth 
606 Calcium oxalate CaC,0, 563-72-4 128.097 whcry powder 2.2 0.000612 
607 Calcium oxalate monohydrate CaC,0, - HO 5794-28-5 146.112 cubcry 200 dec 2.2 0.000612 s dil acid 
608 Calcium oxide Ca0 305-78-8 56.077 gray-wh cub cry 2013 3.34 reac H,0; s acid 
609 Calcium oxide silicate Ca,0Si0, 2168-85-3 228.317 10 2150 
610 Calcium palmitate Ca(C,,H,,0,), 542-42-7 550.910 wh-yel pow dec 155 i HO, EtOH, eth, 
ace; 81 bz 
611 Calcium perborate heptahydrate Са(В0,), • 79,0 283.803 gray-wh pow $ HO, acid 
612 Calcium 2,4-pentanedioate Ca(CH.COCHCOCH,), 9372-44-2 230.294 Cry dec 175 
613 Calcium perchlorate Ca(CI0,), 3477-36-6 238.979 wh cry 270 dec 2.65 1885 s ВОН, MeOH 
614 Calcium perchlorate tetrahydrate Ca(CIO,), - 49,0 5627-86-8 311.041 wh cry vs НО 
615 Calcium permanganate Ca(Mn0,), 0118-76-0 277.949 purp hyg cry 24 331? reac EtOH 
616 Calcium peroxide Ca0, 305-79-9 72.077 wh-yel tetr cry; ~200 dec 29 sl Н,0: 5 acid 
nyg 
617 Calcium phosphate Ca,(PO,), 7758-87-4 310.177 whamorp powder 1670 3.14 0.000122 i НОН; s dil acid 
618 Calcium phosphide CaP, 305-99-3 182.182 red-brn hyg cry =1600 2.51 reac H,0; i EtOH, 
eth 
619 Calcium phosphonate CaHPO, + H,O 25232-60-4 138.073 со! monocl cry dec 150 51 Н,0; i EtOH 
monohydrate 
620 Calcium plumbate Ca,PbO, 2013-69-3 3514 oran-brn orth cry dec 5.71 i H,0; s acid 
621 Calcium propanoate Ca(C.H.0,), 4075-81-4 186.219 monocl cry, $ H,0; sl MeOH, 
powder EtOH; i ace, bz 
622 Calcium pyrophosphate ба Р,0, 7790-76-3 254.099 wh powder 1353 3.09 i H,O; s dil acid 
623 Calcium selenate dihydrate CaSe0, · 29,0 7790-74-1 219.07 wh monocl cry 2.75 وو‎ 
624 Calcium selenide CaSe 305-84-6 119.04 wh-brn cub cry 1400 dec 3.8 reac Н,0 
625 Calcium silicide (CaSi) 035 2013-55-7 68.164 orth cry 1324 2.39 
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626 Calcium silicide (CaSi,) Casi, 2013-56-8 96.249 gray hex cry 040 2.50 i cold Н,0: reac hot 
H,0; s acid 
627 Calcium stannate trihydrate Са5по, - 3H,0 2013-46-6* 260.832 wh cry pow dec «350 iH,0 
628 Calcium stearate Ca(C,,H,.0,), 592-23-0 607.017 granular powder 80 i H,O, EtOH 
629 Calcium succinate trihydrate CaC,H,0, - ЗЊО 40-99-8 210.196 needles sl H,0; 8 dil acid; i 
EtOH 
630 Calcium sulfate CaSO, 7778-18-9 136.141 orth cry 460 2.96 0.205% 
631 Calcium sulfate hemihydrate CaSO, . 0.5H,0 0034-76-1 145.149 wh powder 0.205% 
632 Calcium sulfate dihydrate CaSO, - 2H,0 0101-41-4 172.171 monocl cry or 50 dec 2.32 0.20520 ios 
powder 
633 Calcium sulfide CaS 20548-54-3 72.143 wh-yel cub cry; 2524 2.59 sl H,O; i EtOH 
hyg 
634 Calcium sulfite dihydrate CaSO, · 29,0 0257-55-3 156.172 wh powder 0.007025 sl EtOH; s acid 
635 Calcium tartrate tetrahydrate 030 - 4,0 3164-34-9* 260.210 wh pow 0.0410 $ dil acid; 51 EtOH 
636 Calcium telluride Сате 2013-57-9 167.68 wh cub cry 600 dec 4.87 
637 Calcium tetrahydroaluminate Ca(AlH,), 6941-10-9 102.105 gray powder; flam reac HO; s thf; i 
eth, bz 
638 Calcium thiocyanate tetrahydrate Ca(SCN), - 4H,0 2092-16-2 228.304 ћуд сгу 60 дес vs Н,0; s EtOH, ace 
639 Calcium thiosulfate hexahydrate CaS,0, . 69,0 0124-41-1 260.298 tricl cry 45 dec 1.87 s H,0; i EtOH 
640 Calcium titanate Саті0, 2049-50-2 135.943 сир сгу 980 3.98 
641 Calcium tungstate Само, 7790-75-2 287.92 wh tetr cry 620 6.06 0.2% S hot acid 
642 Calcium zirconate Cazr0, 2013-47-7 179.300 powder 2550 
643 Californium Ct 7440-71-3 251 hex ог cub metal 900 154 
644 Carbon (diamond) C 7782-40-3 12.01 со! cub cry 4440 (12.4 3.513 iH,0 
GPa) 
645 Сагроп (graphite) C 7782-42-5 12.01 soft blk hex cry 4489 tp (10.3 3825 sp 22 iH,0 
MPa) 
6046 Carbon black C 1333-86-4 12.01 fine blk pow iH,0 
647 Carbon (fullerene-C,.) Cy 99685-96-8 720642 уві needles or >280 505 
plates 
648 Carbon (fullerene-C..) С, 115383-22-7 840.749 red-brn solid >280 s bz, tol 
649  Fullerene fluoride 27) 134929-59-2 1860.546 plates 287 vs ace; s thf; i chl 
650 Carbon monoxide 00 630-08-0 28.010 со! gas -205.02 -191.5 1.145 g/L sl Н,0; s chl, EtOH 
651 Carbon dioxide CO, 124-38-9 44.010 со! gas -56.558 tp -78.464 sp 1.799 g/L sH,0 
652 Carbon suboxide 6,0, 504-64-3 68.031 col gas -112.5 6.8 2.781 g/L reac Н,0 
653 Сагроп disulfide CS, 75-15-0 76.141 col or yel liq -112.1 46 1.263220 1Н,0: vs EtOH, bz, 
08 
654 Carbon subsulfide C.S, 627-34-9 100.162 red liq 2 90 дес 127 геас Н,0 
655 Carbon diselenide бе, 506-80-9 169,93 yel liq -43.7 125.5 2.6823? i H,0; vs ctc, tol 
656 Carbon oxysulfide C0S 463-58-1 60.075 со! gas -138.8 -50 2.456 g/L $ Н,0, EtOH 
657 Carbon oxyselenide С05е 1603-84-5 106.97 со! gas; unstab -124.4 -21.7 4.372 g/L reac Н,0 
658 Carbon sulfide selenide CSSe 5951-19-9 123.04 yel liq -85 845 1.99 iH,0 
659 Carbon sulfide telluride CSTe 10340-06-4 171.68 red-yel lig; unstab -54 20 dec reac Н,0 
660 Carbonyl bromide COBr, 593-05-3 187.818 0 64.5 25 reac Н,0 
661 Carbonyl chloride COCI, 75-44-5 98.916 со! gas -127.78 8 4.043 g/L sl H,O; s bz, to 
662 Carbonyl fluoride СОЕ, 353-50-4 66.007 col gas -111.26 -84.57 2.698 g/L reac Н,0 
663 Cyanogen CN, 460-19-5 52.034 col gas -27.83 -21.1 2.127 g/L sl HO, eth; 5 EtOH 
664 Cyanogen azide N,CN 764-05-6 68.038 col oily liq exp 
665 Cyanogen bromide BrCN 506-68-3 105.922 wh hyg needles 52 61.5 2.015 $ HO, EtOH, eth 
666 Cyanogen chloride CICN 506-77-4 61.47 colvolliqorgas ^ -6.55 13 2.513 g/L $ Н,0, EtOH, eth 
667 Cyanogen fluoride FCN 495-50-7 45.016 col gas -82 -46 1.840 g/L 
668 Cyanogen iodide ICN 506-78-5 152.922 со! needles 146.7 2.84 $ Н,0, EtOH, eth 
669 Cerium Се 7440-45-1 140.116 Silv metal; cub or 799 3443 6.770 8 dil acid 
hex 
670 Cerium boride CeB, 2008-02-5 20482 blue refrac solid; 2550 4.87 iH,0, HCI 
hex 
671 Cerium carbide CeC, 2012-32-7 164.137 гед hex cry 2250 5.47 reac Н,0 
672  Cerium carbide Ce,C, 2115-63-8 316264 уві-тп cub cry 1505 6.9 
673 Cerium nitride Ce 25764-08-3 154.123 refrac cub cry 2557 7.89 
674 Cerium silicide CeSi, 2014-85-6 196.287 tetr cry 1420 531 iH,0 
65 Cerium(I) hydride Сен, 3569-50-1 — 142132 17 545 reac Н,0 
676 Cerium(ll) iodide Cel, 9139-47-0 393.925 bronze cry 808 
677  Cerium(ll) sulfide CeS 2014-82-3 172.181 yel cub cry 2445 5.9 
678 Cerium(Ill) acetate sesqihydrate Ce(C,H,0,), - 1.5H,0 7829-82-2 col cry dec 115 26° 8Н,0 
679  Cerium(Ill) ammonium nitrate (NH,),Ce(NO,), - 49,0 3083-04-0 558.279 col топос! cry 74 vs HO 
tetrahydrate 
680 Cerium(Ill) ammonium sulfate NH,Ce(S0,), - 49,0 21995-38-0* 422341 monocl cry 8Н,0 
tetrahydrate 
681 Cerium(Ill) bromide CeBr, 4457-87-5 379.828 wh hex cry; hyg 732 1457 8Н,0 
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682 Cerium(Ill) bromide heptahydrate CeBr, - 79,0 7789-56-2 505.935 со! ћуд пеейе$ 732 s HO, НОН 
683 Cerium(lll) carbonate С6,(С0,), 537-01-9 460.259 wh pow dec 500 1Н,0: s acid 
684  Cerium(Ill) carbonate pentahydrate Се,(С0,), • 5Н,0 72520-94-6 550.335 wh powder 1Н,0: s dil acid 
685  Cerium(lll) chloride Сесі, 7790-86-5 246.475 wh hex cry 807 3.97 5 HO, НОН 
686 Cerium(Ill) chloride heptahydrate — CeCl, - 79,0 8618-55-8 372.582 yel orth cry; hyg — 90 dec vs H,0, EtOH 
6087 (6 CeF, 7758-88-5 197.111 wh hex cry; hyg 1430 2180 6.157 iH,0 
688 Cerium(II) hydride CeH, 3864-02-3 143.140 blk pow or blue- (ес (flam) reac Н,0 
blk cry 
689 Cerium(|Il) hydroxide Ce(0H), 5785-09-8 191.138 wh solid i H,0; s acid 
690 Сеит) iodide Cel, 7790-87-6 520.829 yel orth cry; hyg 760 s H,0 
691 Cerium(Ill) iodide nonahydrate Cel, . 9H,0 7790-87-6* 682.967 wh-red cry vs H,0; s EtOH 
692  Cerium(Ill) nitrate hexahydrate Ce(NO,), - 6H,0 0108-73-35: 434222 col-red cry 150 dec 176% S ace 
693 - Cerium(Ill) oxalate nonahydrate Се(С,0,), - 9H,0 3266-83-6 706.426 wh pow dec i H,O, EtOH; s acid 
694 Cerium(II) oxide Ce,0, 345-13-7 328.230 yel-grn cub cry 2210 3730 6.2 16,0; s acid 
695  Cerium(Ill) 2,4-pentanedioate Ce(CH,COCHCOCH,), - 5653-01-7 491.486 yel hyg cry “150 vs НОН 
trihydrate 3H,0 
696 Cerium(II) perchlorate hexahydrate Се(С10,),. 6H,0 36907-38-7 546.559 hyg col cry dec 200 $ ЊО, EtOH 
697 Cerium(II) selenate Ce,(Se0,), 709.11 rhom cry 4.46 sH,0 
698 Cerium(II) sulfate Се,(50,), 3454-04-9 568.420 со! hyg cry 920 дес 8Н,0 
699  Cerium(lll) sulfate octahydrate Се,(50,), - 8H,0 3454-94-9 712.542 wh orth cry «250 dec 2.87 8Н,0 
700 Cerium(Ill) sulfide Ce,S, 2014-93-6 376.427 red cub cry 2450 5.02 i H,0 
701  Cerium(Ill) tungstate Ce,(WO,), 3454-74-5 1003.75 yel tetr cry 1089 6.77 iH,0 
702 Cerium(IV) ammonium nitrate (NH,),Ce(N0,), 6774-21-3 548.223 red-oran cry vs НО 
703 Cerium(IV) ammonium nitrate (NH,),Ce(SO,), - 29,0 0378-47-9 632.551 Cry pow dec 450 
dihydrate 
704  Cerium(lV) fluoride CeF, 0060-10-3 216.110 wh hyg powder 5600 dec 477 iH,0 
705 Cerium(IV) hydroxide Ce(0H), 2014-56-1 208.146 yel-wh pow 16,0; s conc acid 
706 Cerium(IV) oxide Ce0, 306-38-3 172.115 wh-yel powder; 2480 7.216 i H,O, dil acid 
cub 
707  Cerium(IV) sulfate tetrahydrate Ce(SO,), - 4H,0 0294-42-5 404.303 yel-oran orth cry 180 dec 3.91 9.6620 
708 Cesium Cs 7440-46-2 132.905  silv-wh metal 28.5 671 1.93 reac Н,0 
709  Cesium acetate CsC,H,0, 3396-11-0 191.949 hyg lumps 194 10" 
710 Cesium aluminum sulfate CsAI(SO,), - 12H,0 7784-17-0 568.196 со! сиб сгу 117 дес 1.97 $ H,0; i EtOH 
dodecahydrate 
711 Cesium amide CsNH, 22205-57-8 148.928 wh tetr cry 3.70 
712 Cesium azide CsN, 22750-57-8 174.925 hyg tetr cry; exp 326 «3.5 22% 
713 Cesium bromate CsBr0, 13454-75-6 260.807 col hex cry 4.11 3.83% 
714 Cesium bromide CsBr 7787-69-1 212.809 wh cub cry; hyg 636 =1300 4.43 1235 S EtOH; i ace 
715 Cesium carbonate Cs, CO, 534-17-8 325.820 wh топос! cry; 793 4.24 261% 5 НОН, ећ 
nyg 
716 Cesium chlorate 05010, 13763-67-2 216.356 со! ћех сгу 342 3.57 7.185 sl H,0 
717 Cesium chloride CsCl 7647-17-8 168.358 wh cub cry; hyg 646 1297 3.988 1912 s ОН 
718 Cesium chromate(lV) Cs,Cr0, 56320-90-2 647.616 yel hex cry 982 4.24 vs HO 
719 Cesium cyanide CsCN 21159-32-0 158.923 wh cub cry; Вуд 350 3.34 vs HO 
720 Cesium dibromoiodate CslBr, 18278-82-5 419617 dark oran cry dec s H,0 
721 Cesium fluoride CsF 13400-13-0 151.903 wh cub cry; hyg 703 4.64 573% $ МеОН: i diox, py 
722 Cesium fluoroborate CsBF, 18909-69-8 219.710 wh orth cry 555 dec 3.2 1.67 sl H,0 
723 Cesium formate CsCHO, 3495-36-1 177923 иһоу 1017 vs НО 
724 Cesium hexafluorogermanate Cs,GeF, 452.44 wh cry «675 410 sl cold Н,0: s hot 
H,0 
725 Cesium hydride CsH 58724-12-2 133.913 wh cub cry; flam 528 3.42 reac Н,0 
726 Сеѕіит hydrogen carbonate CsHCO, 5519-28-5 193.922 rhom cry 175 dec 2095 s EtOH 
727 Cesium hydrogen fluoride CsHF, 2280-52-3 171.910 tetr cry 170 3.86 
728 Сеѕіит hydrogen sulfate CsHSO, 7789-16-4 229.976 col rhom prisms дес 3.352 s Н,0 
729 Cesium hydroxide CsOH 21351-79-1 149.912 wh-yel hyg cry 342.3 3.68 300% s EtOH 
730 Cesium iodate 6510, 3454-81-4 307.807 wh monocl cry 4.85 2.6% 
731 Cesium iodide Cs 7789-17-5 259.809 col cub cry; hyg 632 ~1280 451 84.8% S ВОН, MeOH, ace 
732 Cesium metaborate 0580, 92141-86-1 175.715 cub cry 732 =3.7 
733 Cesium molybdate Cs, Мод, 3597-64-3 425.75 wh cry 956.3 677 s H,0 
734 Cesium nitrate CsNO, 7189-18-6 194.910 whhexorcubcry 409 3.66 27.95 S ace; 51 НОН 
735 Сеѕішт nitrite CsNO, 3454-83-6 178.911 yel cry 406 sH,0 
736 Cesium oxide 05,0 20281-00-9 281810 уеі-огап ћех су 495 4,65 vs HO 
737 Cesium superoxide 080, 2018-61-0 164.904 yel tetr cry 432 377 reac Н,0 
738 Cesium trioxide Cs,0, 2134-22-4 313.809 brn cry 2400 425 reac Н,0 
739 Cesium perchlorate 65610, 3454-84-7 232.356 wh orth cry; hyg  ~600 dec 3.327 2.005 
740  Cesium periodate 0510, 3478-04-1 323.807 wh rhom prisms 4.26 225 
741 Cesium sulfate Cs S0, 0294-54-9 361.874 whorth cry orhex 1005 4.24 1825 i ОН, ace, ру 
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742 Cesium sulfide (5,5 12214-16-3 297.876 yel orth hyg cry 520 vs Н,0 
743 Cesium trifluoroacetate Cs(C.F.0,) 21907-50-6 245.920 hyg solid 115 vs Н,0 
744 Chlorine Ё 7782-50-5 70.906 grn-yel gas -1015 -34.04 2.898 g/L 51 Н,0 
745 Hypochlorous acid HOCI 7790-92-3 52.460 grn-yel; stable s H,0 
only in aq soln 
746 Chloric acid HCIO, 7790-93-4 84.459 exists only in aq vs НО 
soln 
747 Perchloric acid HCIO, 7601-90-3 100.459 col hyg liq -112 «90 dec 1.77 8Н,0 
748 Chlorine monoxide 010 7791-21-1 86.905 yel-brn gas -120.6 22 3.552 g/L vs HO 
749 Chlorine dioxide 00, 0049-04-4 67.452 oran-grn gas -59 11 2.751 g/L sl H,O 
750 Оісћогіпе trioxide 01,0, 7496-59-2 118.904 dark brn solid exp «25 
751 Dichlorine hexoxide 010, 2442-63-6 166.902 red liq 3.5 =200 reac Н,0 
752 Dichlorine heptoxide CLO, 0294-48-1 182.902 col oily liq; exp -91.5 82 1.9 reac Н,0 
753 Chlorine fluoride CIF 7790-89-8 54.45 col gas -155.6 -101.1 2.226 g/L reac Н,0 
754 Chlorine trifluoride CIF, 7790-91-2 92.448 gas -76.34 1175 3.779 g/L reac Н,0 
755 Chlorine pentafluoride СІР, 3637-63-3 130.445 col gas -103 -13.1 5.332 g/L 
756 Chlorosy! trifluoride ОДЕ, 30708-80-6 108.447 col liq -42 27 reac Н,0 
757 Chlorylfluoride CIO,F 3637-83-7 86.450 со! gas -115 -6 3.534 g/L reac Н,0 
758  Chloryl trifluoride Об, 38680-84-1 124.447 со! gas -81.2 -21.6 5.087 g/L reac Н,0 
759 Регсһіогуі fluoride CIO.F 7616-94-6 102.449 Col gas -147 -46.75 4.187 g/L 
760 Chlorine perchlorate 010010, 21218-16-2 134.904 unstab yel liq -117 «45 dec 1.81? 
761 Chromium Cr 7440-47-3 51.996 blue-wh metal; 1907 2671 7.15 reac dil acid 
cub 
762 Chromic acid H,Cr0, 7138-94-5 118.010 aq soln only sH,0 
763 Chromium antimonide CrSb 2053-12-2 173.756 hex cry 1110 711 
764 Chromium arsenide Cr,As 2254-85-2 178.914 41 7.04 
765 Chromium boride (CrB) св 2006-79-0 62.807 refrac orth cry 2100 6. 
766 Chromium boride (CrB,) Св, 2007-16-8 73.618 геїгас solid; hex 2200 522 
767 Chromium boride (Cr,B) Cr B 2006-80-3 114.803 refrac solid 875 
768 Chromium boride (Cr.B.) С.В, 2007-38-4 292.414 tetr cry 900 6.10 
769 Chromium carbide С.С, 2012-35-0 180.009 gray orth cry 895 6.68 
770 Chromium carbony Cr(CO), 3007-92-6 220.056 col orth cry 30 dec subl 1.77 i HO, EtOH; s eth, 
chl 
71 Chromium nitride (CrN) CIN 24094-93-7 66.003 gray cub cry 080 dec 59 
772 Chromium nitride (Cr,N) CrN 2053-27-9 117.999 hex cry 650 6.8 
773 Chromium phosphide CrP 26342-61-0 82.970 orth cry 5.25 
74 Chromium selenide CrSe 2053-13-3 130.96 hex cry =1500 6.1 
775 Chromium silicide (CrSi,) Crsi, 2018-09-6 108.167 gray hex cry 490 4.91 
776 Chromium silicide (Cr.Si) Ст, 2018-36-9 184.074 сир сгу 770 64 
TIT Chromium(|!) acetate monohydrate Cr(C,H,0,), - H,O 628-52-4* 188.100 red monocl cry 1.79 51 Н,0 
778  Chromium(Il) bromide CrBr, 0049-25-9 211.804 whmonoclcryjaq 842 4.236 $ HO, EtOH 
soln blue 
779  Chromium(ll) chloride CrCl, 0049-05-5 122902 wh hyg needles; 824 1120 2.88 sH,0 
aq soln blue 
780 ^ Chromium(|!) chloride tetrahydrate Ст(Н,0),01,.4Н,0 3931-94-7 267.024 blue hyg cry 51 dec s Н,0 
781  Chromium(ll) fluoride CrF, 0049-10-2 89.993 blue-grn monocl 894 3.79 51 H,0; i EtOH 
cry 
782 Chromium(|!) formate monohydrate Cr(CH00), - H,O 4493-37-2 160.046 needles s Н,0 
783  Chromium(ll) iodide бп, 3478-28-9 305.805 red-brncry;hyg ۴7 54 sH,0 
784 Сһготіцт(1) oxalate monohydrate СтС,0, - HO 814-90-4* 158.030 yel-grn powder 2.468 sl H,O 
785 Chromium(Il) sulfate pentahydrate (150,.5Ң,0 3825-86-0 238.135 blue cry 21 s dil acid; 51 EtOH; 
| ace 
786  Chromium(ll,Ill) oxide Cr,0, 2018-34-7 219.986 cub cry 6.1 
787  Chromium(lll) acetate Cr(C,H,0,), 066-30-4 229.127 blue-grn pwd 51 H,0 
788 ^ Chromium(Ill) acetate monohydrate Ст(С,Н,0,), - H,O 25013-82-5 247.143 gray-grn pow 51 H,0; i EtOH 
789 Chromium(II) acetate hexahydrate  Cr(C,H,0,), - 6H,0 066-30-4* 337.220 blue needles s H,0 
790 Chromium(Il!) acetate hydroxide Ст(С,Н,0,) (ОН) 39430-51-8 187.092 viol cry pow vs НО 
791 Chromium(Il!) bromide CrBr, 0031-25-1 291.708 dark grn hex cry 812 4.68 $ hot H,O, bz 
792  Chromium(Ill) bromide CrBr,(H,0), - 29,0 8721-05-6 399.799 grn hyg cry $ HO, EtOH 
hexahydrate (о) 
793 Chromium(Il!) bromide Cr(H,0),Br, 0031-25-1* 399.799 viol hyg cry $ H0; i EtOH, eth 
hexahydrate (В) 
794 Chromium(II) chloride CrCl, 0025-73-7 158.355 — red-violcry 1152 1300dec — 2.76 sl HO 
795 . Chromium(lll) chloride [CrC1,(H,0),]CI - 29,0 0060-12-5 266.446 grn monocl cry; $ HO, EtOH; sl 
hexahydrate hyg ace; i eth 
796 Chromium(IIl) fluoride Ст, 7788-97-8 108.991 grn needles 1425 3.8 iH,0, EtOH 
7 Chromium(Il!) fluoride trihydrate CrF, • 3H,0 6671-27-5 163.037 grn hex cry 2.2 sl H,O 
798 Chromium(IIl) hydroxide sulfate Cr(OH)SO, 2336-95-7 165.066 grn cry 
799 Chromium(Iil) fluoride nonahydrate Cr(H,0),F, - 3H,0 02430-09-1 271.129 rhom viol cry 51 H,0 
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800 ^ Chromium(Ill) hydroxide trihydrate Cr(OH), 0 1308-14-1 157.063 blue-grn powder i HO; s acid 
801 ^ Chromium(lll) iodide бп, 13569-75-0 432.709 датк grn ћех су 500 dec 5.32 81 Н,0 
802  Chromium(II) nitrate Cr(NO,), 13548-38-4 238.011 grn hyg powder »60 dec vs HO 
808 Chromium(Ill) nitrate nonahydrate Ст(М№О,), - 9H,0 7789-02-8 400.148 grn-blk monocl 66.3 >100dec 180 vs HO 
cry 
804 Chromium(Ill) oxide Cr,0, 1308-38-9 151.990 от hex cry 2320 =3000 5.22 i H,0, EtOH; sl 
acid, alk 
805 Chromium(Ill) 2,4-pentanedioate  Cr(CH,COCHCOCH.), 21679-31-2 349.320 red топос! cry 208 345 1.34 ІН,0; s bz 
806 ^ Chromium(II!) perchlorate Cr(CIO,). 27535-70-2 350.348 grn-blue cry 582 vs НО 
807 Chromium(II) phosphate CrPO, 7789-04-0 146.967 blue orth cry >1800 46 i H,O, acid, aqua 
regia 
808  Chromium(IIl) phosphate СТРО, - 3.5H,0 84359-31-9 210.021 blue-grn powder 2.15 i HO; s acid 
hemiheptahydrate 
809  Chromium(Ill) phosphate СТРО, + 6H,0 84359-31-9 255.059 viol cry >500 dec 2.121 i H,0; s acid, alk 
hexahydrate 
810 ^ Chromium(Ill) potassium oxalate K,Cr(G,0,), - 3H,0 5275-09-9 487.394 blue-grn топос! 8Н,0 
rihydrate cry 
811  Chromium(Ill) potassium sulfate  CrK(S0,), - 129,0 7788-99-0 499.403 viol-blk cub cry 89 ес 1.83 $ H,0; i EtOH 
dodecahydrate 
82 Chromium(IlI) sulfate С1,(50,), 0101-53-8 392.180 гей pow dec >700 31 645 5 HO; vs acid 
813 Chromium(IlI) sulfate Cr,(S0,), • 188,0 0101-53-8* 716.455 viol cry dec 115 17 reac Н,0 
octadecahydrate 
814 Chromium(lll) sulfide CrS, 2018-22-3 200.187 brn-blk hex cry 3.8 
815 Chromium(II) telluride Cr Te, 2053-39-3 486.79 hex cry =1300 7.0 
816  Chromium(IV) chloride CrCl, 5597-88-3 193.808 gas, stable at HT »600dec 7.9220 
817 . Chromium(IV) fluoride CIF, 0049-11-3 127.990 grn cry 277 2.89 reac Н,0 
818  Chromium(IV) oxide CroO, 2018-01-8 83.995 brn-blk tetr =400 dec 4.89 i HO; s acid 
powder 
819 . Chromium(V) fluoride Ст, 4884-42-5 146.988 гей orth cry 34 117 reac Н,0 
820 Chromium(V) oxide Cr, 2218-36-9 183.989 blk needles dec 200 
821 Chromium(VI) fluoride С, 3843-28-2 165.986 yel solid; stable а! -100 dec 
low temp 
822  Chromium(VI) oxide 010, 333-82-0 99.994 red orth cry 197 «250 дес 2.7 1695 
823 Chromium(Vl) tetrafluoride oxide CrOF, 23276-90-6 143.989 dark red solid 55 reac Н,0, асе, 
dmso 
824  Chromium(VI) dichloride dioxide CrO,CI, 4977-61-8 154.901 red liq -96.5 117 1.91 reac Н,0: s сіс, chl, 
bz 
825 . Chromium(VI) difluoride dioxide CrO,F, 7788-96-7 121.992 red-viol cry 30 subl reac Н,0 
86 Coba Со 7440-48-4 58.933 gray metal; һех ог 1495 2927 8.86 S dil acid 
cub 
827 Cobaltocene Co(C.H.), 277-43-6 189.119 blk-purp cry 73 
828 Cobalt antimonide CoSb 2052-42-5 180.693 hex cry 202 8.8 
829 Cobalt arsenic sulfide CoAsS 2254-82-9 165.920 silv-wh solid 861 
830 Cobalt arsenide (CoAs) CoAs 27016-73-5 133.855 orth cry 180 8.22 
831 _ Cobalt arsenide (CoAs,) CoAs, 2044-42-7 208.776 monocl cry 7.2 
832 борай arsenide (CoAs.) CoAs, 2256-04-1 283.698 cub cry 942 6.84 
833 Cobalt boride (CoB) CoB 2006-77-8 69.744 refrac solid 460 7.25 геас Н,0, НМО, 
834 борай boride (Со,В) Со,В 2045-01-1 128.677 refrac solid 280 81 
835 Cobalt carbonyl 0,0), 0210-68-1 341.947 огап сгу 51 дес 1.78 i H,O; s EtOH, eth, 
CS, 
836 Cobalt disulfide CoS, 2013-10-4 123.063 cub cry 43 
837 Cobalt dodecacarbonyl Со,(С0),, 7786-31-1 571.854 blk cry 60 dec 2.09 
838 Cobalt phosphide Co,P 2134-02-0 148.840 gray needles 1386 6.4 i H,0; $ HNO, 
839 Cobalt silicide CoSi, 2017-12-8 115.104 gray cub cry 1326 49 shot НО! 
840 Cobalt(Il) acetate Co(C,H.0,), 71-48-7 177.022 pink cry vs НО; s EtOH 
841 Cobalt(|l) acetate tetrahydrate Co(C,H,0,), • 49,0 6147-53-1 249.082 гей топос! cry 1.705 $ H,O, EtOH, dil 
acid 
842  Cobalt(Il) aluminate CoALO, 3820-62-7 176.894 blue cub cry 437 iH,0 
843  Cobalt(Il) arsenate octahydrate Со, (Аѕ0,), - 8H,0 24719-19-5 598.760 red топос! 400 dec 1000dec 30 i H,0; s dil acid 
needles 
844  Cobalt(Il) bromate hexahydrate Co(BrO,), - 6H,0 3476-01-2 422.829 viol cry «2.5 vs HO 
845  Cobalt(Il) bromide CoBr, 7789-43-7 218.741 grn hex cry; hyg 678 4.91 113.22 S MeOH, ЕЮН, ace 
846  Cobalt(Il) bromide hexahydrate CoBr, · 6H,0 3762-12-4 326.832 red hyg cry 47 dec 100 dec 2.46 113.2 
847  Cobalt(Il) carbonate 0000, 513-79-1 118.942 pink rhomb cry dec 280 42 0.000142 i EtOH 
848 Cohall(l) basic carbonate 2CoCO, - 3Co(0H), + 7542-09-8 534.743 red-viol cry dec 1Н,0: s acid 
Н,0 
849 Сораї 1) chlorate hexahydrate Co(CI0,), - 6,0 333.927 dark red hyg cry 0661 s H,0 
850  Cobalt(ll) chloride CoCl, 7646-79-9 129.839 blue hyg leaflets 737 1049 3.36 56.25 S EtOH, eth, ace, ру 
851 Cobalt(!l) chloride dihydrate CoCl, - 2H,0 16544-92-6 165.870 viol-blue cry 2.477 56.2% 


4-60 Physical Constants of Inorganic Compounds 
CAS Reg Mol. Density Solubility Qualitative 
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852  Cobalt(Il) chloride hexahydrate CoCl, · 6H,0 7791-13-1 237.930 pink-redmonocl 87 dec 1.924 56.25 s EtOH, ace, eth 
cry 
853 _ Собан(!) chromate Сото, 24613-38-5 174.927 yel-brn orth cry =4.0 1Н,0: s acid 
854  Cobalt(ll) chromite CoCr,0, 3455-25-9 226923 —  blue-grn cub cry 5.14 1Н,0, conc acid 
855 Cobalt(ll) citrate dihydrate Co,(C,H,0,), - 2H,0 8727-04-3 265.170 rose red cry dec 150 0.8% 
856  Cobalt(Il) cyanide Co(CN), 542-84-7 110.967 blue hyg cry 1.872 iH,0 
857 Cobalt(Il) cyanide dihydrate Co(CN), - 29,0 20427-11-6 146.998 pink-brn needles i H,O, acid 
858  Cobalt(!l) diiron tetroxide CoFe,0, 2052-28-7 234.621 blk solid $ hot НО! 
859  Сора 1) ferricyanide Co,[Fe(CN),], 4049-81-1 600.698 red needles i HO, HCI; s 
NH,OH 
860  Cobalt(Il) fluoride СОР, 0026-17-2 96.930 red tetr cry 1127 «1400 446 1.45 S acid 
861 Cobalt(!l) fluoride tetrahydrate CoF, - 4H,0 3817-37-3 168.992 гей orth cry dec 2.22 1.45 
862 Cobalt(|l) formate dihydrate Co(CHO,), - 2H,0 6424-20-0 184.998 red cry powder 140 dec 2.13 5.032 i EtOH 
863 ^ Cobalt(Il) hexafluoro-2,4- Со(СЕ,СОСНСОСЕ,), 9648-83-0 473.035 powder 197 
pentanedioate 
864  Cobalt(Il) hexafluorosilicate CoSiF, - 6H,0 2021-68-0 309.100 pale red cry 2.087 76.82 
hexahydrate 
865 _ Cobalt(Il) hydroxide Co(0H), 21041-93-0 92.948 blue-grn cry “160 dec 3.60 sl Н,0: s acid 
866 _ Cobalt(Il) hydroxide monohydrate 20 35340-84-2 110.963 blue solid 136 dec 
867  Cobalt(l) iodate С0(10,), 3455-28-2 408.738 blk-viol needles 200 дес 5.09 0.462 
868  Cobalt(Il) iodide Col, 5238-00-3 312.742 blk hex cry; hyg 0 5.60 2035 
869  Cobalt(ll) iodide dihydrate Col, · 29,0 3455-29-3 348.773 hyg grn cry dec 100 
870  Cobalt(ll) iodide hexahydrate Col, - 6H,0 5238-00-3* 420.833 red hex prisms 130 dec 2.90 2035 $ НОН, eth, ace 
871  Cobalt(Il) molybdate СоМо0, 3762-14-6 218.87 bik monocl cry 1040 47 
872 Собаки) molybdate monohydrate CoMo0, - H,O 8601-87-1 236.89 blk pow 
873 Cobalt(Il) nitrate Co(NO,), 0141-05-6 182.942 pale red powder 100 dec 2.49 1035 
874 Сора 1) nitrate hexahydrate Co(NO,), - 6Н,0 0026-22-9 291.034 red monocl cry; «55 1.88 103% s ОН 
nyg 
875  Cobalt(ll) nitrite Co(NO,), 8488-96-5 150.944 0.49% 
876 _ Соба!) oleate Co(C,,H,,0,), 4666-04-5 621840 — brnamorp pow i H,0; s EtOH, eth 
877 Cobalt(ll) orthosilicate Co,Si0, 2017-08-2 209.950 red-vidlothcry 1345 4.63 i H,0; $ dil HCI 
878 _ Соба!) oxalate CoC,0, 814-89-1 146.952 pink powder 250 dec 3.02 0.0037% $ acid, МН, ОН 
879 Cobalt(ll) oxalate dihydrate СоС,0, .2Н,0 5965-38-8 182.982 ріпк needles dec 0.0037 sl acid; s NH,OH 
880 Сора 1) oxide CoO 307-96-6 74.932 gray cub cry 1830 6.44 i H,0; s acid 
881 ټ‎ Собак!) 2,4-pentanedioate Co(CH,COCHCOCH,), 4024-48-7 257.149 bl-viol cry 167 
882 Собан(!) perchlorate Со(С10,), 3455-31-7 257.834 red needles 3.33 1135 i EtOH, ace 
883 Cobalt(ll) perchlorate hexahydrate — Co(CI0,), - 69,0 3478-33-6 365.926 dark red cry dec 170 3.33 vs НО 
884 _ Собан(!) phosphate octahydrate Со,(РО,), - 8H,0 0294-50-5 510.865 pink amorp 277 i H,0; s acid 
powder 
885 _ Cobalt(Il) potassium sulfate CoK,(SO,), - 6H,0 0026-20-7 437.347 red топос! cry 75 dec 2.22 vs HO 
hexahydrate 
886 Cobalt(Il) selenate pentahydrate CoSe0, - 5Н,0 4590-19-3 291.97 гей tricl cry dec 2.51 5555 
887 Cohall(l) selenide CoSe 307-99-9 137.89 yel hex cry 1055 7.65 i H,O, alk; s aqua 
regia 
888 Cobalt(Il) selenite dihydrate CoSe0, - 29,0 9034-13-0 221.92 blue-red powder iH,0 
889 Cobalt(I) stannate Co,Sn0, 2139-93- 300.574  grn-blue cub cry 6.30 i H,0; зак 
890 Cobalt(ll) stearate Co(C..H..0,), 002-88-6 625.872 purp solid 74 113 
891 Cobalt(!l) sulfate 0050, 0124-43-3 154.996 гей orth cry >700 371 38.35 
892 Cobalt(Il) sulfate monohydrate CoSO, - HO 3455-34-0 173.011 red топос! cry 3.08 38.35 
893 Cobalt(ll) sulfate heptahydrate 0080, - 7H,0 0026-24-1 281.102 pink топос cry 41 дес 2.03 38.35 $! EtOH, MeOH 
894 _ Соба) sulfide 005 317-42-6 90.998 blkamorp powder 1117 545 ІН,0; s acid 
895 Cobalt(Il) telluride Соте 2017-13-9 186.53 hex cry «8.8 
896 Cobalt(Il) thiocyanate Co(SCN), 3017-60-5 175.097 yel-brn powder 1035 S EtOH, MeOH, 
ace, eth 
897 Cobalt(Il) thiocyanate trihydrate Co(SCN), • 3H,0 97126-35-7 229.143 viol rhomb cry 1035 $ НОН, eth, ace 
898  Cobalt(ll) titanate CoTi0, 2017-01-5 154.798 grn rhomb cry 5.0 
899  Cobalt(Il) tungstate Cowo, 2640-47-0 306.77 blue monocl cry “7.8 ІН,0; s hot conc 
acid 
900 Cobalt(ll,IIl) oxide Со,0, 308-06-1 240.798 blk cub cry 900 dec 6.11 i H,O; s acid, alk 
901 456 Co(C,H.0,). 917-69-1 236.064 grn hyg cry 100 dec $ HO, EtOH 
902 Cobalt(lll) ammonium NH,[Co(NH)) (NO,),] 3600-89-0 295.054 red-brn orth cry 1.97 s Н,0 
tetranitrodiammine 
903 Cobalt(Ill) fluoride CoF, 0026-18-3 115.928 brn hex cry 927 3.88 reac H,0; s EtOH, 
eth, bz 
904 _ Соба) fluoride dihydrate Co,F, -2H0 54496-71-8 267.887 red rhomb cry 2.19 $ ЊО i EtOH 
905  Cobalt(lIl) hexammine chloride Co(NH,).CI. 0534-89-1 267.475 гей топос! сгу 1.71 $ H0; i EtOH 
906  Cobalt(IIl) hydroxide Со(ОН), 307-86-4 109.955 brn powder dec =4 16,0; s acid 
907 Cobalt(IIl) nitrate Co(NO,). 5520-84-0 244.948 grn cub cry; ћуд «3.0 $ Н,0: reac os 
908 Сора  ) oxide Co,0 308-04-9 165.864 gray-blk powder 895 дес 5.18 i H,0; s conc acid 
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909 Cobalt(Ill) oxide monohydrate Co,0, - HO 2016-80-7 183.880 brn-blk hex cry 150 dec i HO; s acid 
910  Cobalt(Ill) 2,4-pentanedioate Co(CH,COCHCOCH,), 21679-46-9 356.257 dark grn cry 213 S bz, ace 
911 Cohall(II potassium nitrite Cok,(NO,), - 1.5H,0 3782-01-9* 479284 yel cub cry 2.6 sl HO; reac acid; i 
sesquihydrate EtOH 
912  Cobalt(lll) sulfide Co,S, 332-71-4 214.061 blk cub cry 48 reac acid 
913 Cobalt(IIl) titanate Co;TiO, 2017-38-8 229.731 grn-blk cub cry 5.1 $ conc НС! 
914 Copper Cu 7440-50-8 63.546 red metal; cub 1084.62 2562 8.96 Sl dil acid 
915 Copper arsenide Cu,As 2005-75-3 265.560 dark gray solid 827 
916 Copper nitride Cu,N 308-80-1 204.645 Cub cry 300 dec 5.84 
917 Copper phosphide биР, 2019-11-3 125.494 топос! cry =900 4.20 
918 Copper silicide Cu,Si 2159-07-8 345.816 0 825 
919 Copper(l acetate CuC,H,0, 598-54-9 122590 col cry dec subl reac Н,0 
920 Copper(l) acetylide Cu C, 117-94-8 151.113 red amorp powder; 
exp 
921 Copper(!) azide CuN, 4336-80-2 105.566 tetr cry; exp 
922 Соррег() bromide CuBr 7787-70-4 143.450 wh cub cry; hyg 483 1345 4.98 0.001220 | ace 
923 Copper(!) chloride CuCl 7758-89-6 98.999 wh cub cry 423 1490 4.14 0.0047” i EtOH, ace 
924  Copper(l) cyanide CuCN 544-92-3 89.564 wh powder or grn 474 dec 29 i H,0, EtOH; s KCN 
orth cry soln 
925  Copper(l) fluoride CuF 3478-41-6 82.544 cub cry 74 
926 Соррег() hydride CuH 3517-00-5 64.554 red-brn solid 60 dec 
927 Copper(!) iodide Cul 7681-65-4 190.450 wh cub cry 591 #1290 5.67 0.000020% i dil acid 
928 Copper(l mercury iodide Синај, 3876-85-2 835.30 red cry powder trans «60 i H,O, EtOH 
(brn) 
929 Соррег() oxide Cu,0 317-39-1 143.091 red-brn cub cry 244 1800 дес 60 iH,0 
930 Соррег() selenide Cu,Se 20405-64-5 206.05 blue-blk tetr cry 113 6.84 i H,O; s acid 
931 Соррегі) sulfide би,5 22205-45-4 159.157 blue-blk orth cry 129 5.6 i H,0; sl acid 
932 Соррег() sulfite hemihydrate Cu,SO, - 0.5H,0 3982-53-1* 216164 wh-yel hex cry sl H,0; $ acid, alk; i 
НОН, eth 
933 Соррег() sulfite monohydrate Cu S0, - H,O 35788-00-2 225.171 Cry 3.83 sl Н,0: s НСІ 
934 (6 Cu,le 2019-52-2 254.69 blue hex сгу 127 46 
935 Соррег() thiocyanate CuSC 111-67-7 121.629 wh-yel amorp 084 2.85 i HO, dil acid, 
powder НОН, ace; s eth 
936 Соррег(,1) sulfite dihydrate Cu,S0, - CuSO, - 2H,0 3814-81-8 386.795 red prisms or i H,O, EtOH; $ НСІ 
powder 
937 Copper(Il) acetate Cu(C,H,0,), 42-71-2 181.635 blue-grn hyg 
powder 
938 Соррег(І) acetate monohydrate Cu(C,H,0,), - H,0 6046-93-1 199.650 grn топос! cry 115 240 dec 1.88 $ HO, EtOH; sl eth 
939 Соррег(!) acetate metaarsenite Cu(C,H,0,),.3Cu(As0,), 12002-03-8 1013.795 grn cry powder 1Н,0: reac acid 
940  Copper(Il) basic acetate Cu(C,H,0,), - СиО - 52503-64-7 369.271 blue-grn cry or 51 H,O, EtOH; s dil 
6Н,0 powder acid, NH,OH 
941 Copper(Il) acetylide биб, 2540-13-5 87.567 brn-blk solid; exp exp 100 
942  Copper(Il) arsenate Cu,(As0,), 1118-41-8 468.476 blue-grn cry i HO, EtOH; s dil 
acid 
943 (6 CuHAsO, 0290-12-7 187.474 yel-grn powder i H,O, EtOH; s acid 
944 (6 Cu(N,), 4215-30-6 147.586 brn orth cry; exp =2.6 
945 _ Соррег(І) borate Cu(B0,), 39290-85-2 149.166 blue-grn powder 3.859 i H,0; s acid 
946 X Copper(Il) bromide CuBr, 7189-45-9 223.354 blk monocl cry; 498 900 4.710 1265 vs НО; s EtOH, 
nyg ace; i bz, eth 
947  Copper(Il) butanoate monohydrate Си(С,Н,0,), - HO 540-16-9 255.756 grn топос! plates $ Н,0, diox, bz; sl 
EtOH 
948 Copper(Il) carbonate Сосо, 184-64-1 123555 оу iH,0 
949  Copper(ll) carbonate hydroxide CuCO, - Cu(0H), 2069-69-1 221.116 grn топос! cry 200 dec 40 i H,O, EtOH; s dil 
acid 
950 Copper(Il) chlorate hexahydrate Cu(CI0,), - 6Н,0 4721-21-2 338.540 blue-grn hyg cry 85 100 dec 164'8 vs EtOH 
951 Соррег(1) chloride CuCl, 7441-39-4 134.452 yel-brn топос! 598 993 34 75.75 S НОН, ace 
cry; hyg 
952  Copper(Il) chloride dihydrate CuCl, - 29,0 0125-13-0 170.483 grn-blue orth cry; 100 dec 251 15:27 vs EtOH, MeOH; s 
hyg ace; i eth 
953 _ Copper(Il) chloride hydroxide Cu. (ОН), СІ 332-65-6 213.567 pale grn cry i H,0; s acid 
954  Copper(ll) chromate бибго, 3548-42-0 179540 — red-brn cry i H,0; s ВОН 
955  Copper(Il) basic chromate CuCrO, - 2Cu(0H), 2433-14-66 374.661 brn pow dec 260 i H0; $ HNO, 
956  Copper(Il) chromite CuCr,0, 2018-10-9 231.536 gray-blk tetr cry 5.4 i H,O, dil acid 
957 Соррег(1) citrate hemipentahydrate Си,0,Н,0,.2.5Н,0 0402-15-0 360.221 blue-grn cry 100 dec sl Н,0: s dil acid 
958 Соррег(І) cyanide Cu(CN), 4763-77-0 115.580 grn powder 1Н,0: s acid, alk 
959  Copper(Il) cyclohexanebutanoate  Cu(C H,.O,), 2218-80-6 402.008 powder 126 dec 
960  Copper(Il) dichromate dihydrate CuCr,0, - 2H,0 3675-47-3 315.565 red-brn tricl cry 2.286 vs HO 
961 Copper(I!) ethanolate Cu(C,H.0), 2850-65-9 153.667 blue hyg solid 120 dec ios 
962  Copper(Il) ethylacetoacetate Cu(C,H.CO,CHCOCH,), 14284-06-1 321.813 grn cry 192 S EtOH, chl 
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2-ethylhexanoate Cu(C,H..0,), 49-11-1 349.953 powder 252 dec 
errate CuFe,0, 2018-79-0 239.234 blk cry 
errocyanide Cu,Fe(CN), 3601-13-3 339.041 red-br cub cry or 22 i H,O, acid, os 
powder 
errous sulfide CuFeS, 308-56-1 183.521 yel tetr cry 950 42 1Н,0, НСІ; $ HNO, 
luoride CuF, 7789-19-7 101.543 wh monocl cry 836 1676 4.23 0.075% 
luoride dihydrate CuF, - 29,0 3454-88-1 137.574 blue monocl cry 130 dec 2.934 0.075% 
ormate Cu(CHO,), 544-19-4 153.581 blue cry 12.5? ios 
ormate tetrahydrate Cu(CHO,), - 4H,0 5893-61-8 225.641 blue топос! cry 125 sl EtOH; i os 
gluconate CuC, H,0,, 527-09-3 453.841 bl-grn cry 156 $! EtOH; i os 
hexafluoro-2,4- Cu(CF,COCHCOCF.), 4781-45-4 477.648 Cry 98 220 dec S MeOH, ace, tol 
edioate 
hexafluorosilicate CuSiF, - 4H,0 2062-24-7 271.684 blue monocl cry 06с 2.56 99,77 sl EtOH 
гаје 
hydroxide Cu(0H), 20427-59-2 97.56 blue-grn powder 3.37 1Н,0: s acid, conc 
alk 
9 D iodate Cu(10,), 3454-89-2 413.351 grn топос! cry dec 5.241 0.152 s dil acid 
9 D iodate monohydrate Cu(l0.), - HO 3454-90-5 431367 bluetriclcry 248 dec 4.872 0.15% s dil Н,50, 
9 D molybdate CuMo0, 3767-34-5 223.48 grn cry «500 ЗА 0.038 
9 0 nitrate Cu(NO,), 3251-23-8 187.555 blue-grn orth cry; 255 subl 1455 S diox; reac eth 
nyg 
nitrate trihydrate Cu(NO,), • 3H,0 0031-43-3 241.602 blue rhomb cry 114 170 dec 22 1455 vs EtOH 
nitrate hexahydrate Cu(NO,), - 6H,0 3478-38-1 295.647 blue rhomb cry; 2.07 145% s ОН 
nyg 
oleate Cu(C,.H..0,), 120-44-1 626.453 blue-grn solid i H,O; sl EtOH; 8 
eth 
oxalate 0:0,0, 814-01-5 151.565 blue-whpowder 310 dec 0.0026? i EtOH, eth; s 
МН,ОН 
oxalate hemihydrate CuC,0, - 0.5H,0 814-91-5* 144.573 blue-wh cry 200 dec 0.0026” 8 МН,ОН 
oxide Си0 317-38-0 79.545 blk powder or 1227 6.31 i H,O, EtOH; s dil 
monocl cry acid 
2,4-pentanedioate Cu(CH,COCHCOCH,), 3395-16-9 261.760 blue powder 284 dec subl sl Н,0; s chl 
oxychloride CuCl, - 3CuO - 3.5H,0 332-40-7 blue-grn pow dec 140 i H,0; s acid, 
ptahydrate МН,ОН 
perchlorate Cu(CI0,), 3770-18-8 262.447 grn Вуд cry 130 dec 146% S eth, diox; i bz, ctc 
perchlorate hexahydrate Cu(CI0,), - 69,0 0294-46-9 370.539 blue monocl cry; 82 120 dec 2.22 146% vs EtOH, НОАс, 
hyg ace; sl eth 
phosphate Cu,(P0,), 7798-23-4 380.581 blue-grn tricl cry i H,0; s acid, 
МН,ОН 
phosphate trihydrate Cu.(PO,), - 3H,0 0031-48-8 434.627 blue-grn orth cry i H,O; s acid, 
МН,ОН 
phthalocyanine CuC. H,.N, 47-14-8 576.069 bl-purp cry i H,O, EtOH; s conc 
H,S0, 
selenate pentahydrate CuSe0, . 5Н,0 0031-45-5 296.58 blue tricl cry 80 dec 2.56 27.45 $ acid, МН,ОН; sl 
ace; i EtOH 
selenide CuSe 317-41-5 142.51 blue-blk needles 550 dec 5.99 reac acid 
or plates 
selenite dihydrate CuSe0, - 2H,0 5168-20-24 226.54 blue orth cry 331 1Н,0: s acid, 
H,OH 
silicate dihydrate 00510, · 2H,0 26318-99-0 175.661 grn-blue orth cry 
stannate CuSn0, 2019-07-7 230254 blue pow 
Stearate Cu(C,,H,,0,), 660-60-6 630.485  blue-gmamop =250 i H,O, EtOH, eth; 8 
powder py 
sulfate CuS0, 7158-98-7 159.609 wh-grn amorp 560 dec 3.60 22.05 i EtOH 
powder or 
rhomb cry 
sulfate pentahydrate CuSO, - 5H,0 1158-99-8 249.685 blue tricl cry 110 dec 2.286 22.05 $ MeOH; sl EtOH 
00 sulfate, basic Cu.(0H),S0, 332-14-5 354.730 от rhomb cry 3.88 iH,0 
01 sulfide CuS 317-40-4 95.61 blk hex cry trans 507 4.76 i H,O, EtOH, dil 
acid, alk 
artrate trihydrate CuC,H,0, - 3H,0 815-82-7 265.663 blue-grn powder sl H,0; s acid, alk 
elluride Сите 2019-23-7 191.15 yel orth cry trans «400 7.09 
ellurite Cule0, 3812-58-3 239.14 blk glassy solid iH,0 
etrafluoroborate Cu(BF ), 4735-84-3 237155 solid s Н,0 
itanate CuTiO, 2019-08-8 159.411 gray pow 
0 1,1,1-trifluoro-2,4- Cu(CF,COCHCOCH.), 4324-82-4 369.705 blue-purp cry 197 dec 260 S EtOH, tol 
p edioate 
ungstate CuWO, 3587-35-4 311.38 yel-brn powder 75 
ungstate dihydrate CuWO, ۰ 2H,0 3587-35-4* | 3474 grn powder 1Н,0: sl HOAc; 
Teac conc acid 
vanadate Cu(V0,), 2789-09-2 261.425 powder 
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1011 — Curium Cm 7440-51-9 247 silv metal; ћех ог 1345 «3100 13.51 
сий 
1012 7 Dy 7429-91-6 162.500 silv metal; hex 1412 2567 8.55 s dil acid 
1013 Dysprosium boride DyB, 2310-43-9 205.744 tetr cry 2500 6.98 
1014  Dysprosium nitride Dy 2019-88-4 176.507 cub cry 9.93 
1015  Dysprosium silicide Dysi, 2133-07-2 218.671 orth cry 1550 5.2 
1016  Dysprosium(Il) bromide DyBr, 83229-05-4 322.308 blk solid 
1017 Dysprosium(I!) chloride русі, 3767-31-2 233.406 blk cry 721 dec reac Н,0 
1018  Dysprosium(ll) iodide Dyl, 36377-94-3 416.309 purp cry 659 reac Н,0 
1019  Dysprosium(Ill) acetate tetrahydrate Dy(C,H,0,), - 4H,0 5280-55-4 411.693 yel needles dec 120 $ H0; sl EtOH 
1020  Dysprosium(Ill) bromide DyBr, 4456-48-5 402.212 wh hyg cry 879 8Н,0 
1021 Dysprosium(lll) carbonate 0у,(С0.), 60 38245-35-1 577.088 wh cry pow iH,0 
tetrahydrate 
1022  Dysprosium(lll) chloride русі, 0025-74-8 268.859 wh or yel cry 718 1530 3.67 $ Н,0, MeOH 
1023  Dysprosium(lll) chloride DyCI, - 60 5059-52-6 376.950 bright yel cry dec 162 
hexahydrate 
1024  Dysprosium(lll) fluoride ЈУЛА 3569-80-7 219.495 grn cry 1157 
1025  Dysprosium(lll) hydride Пун, 3537-09-2 165.524 hex cry 71 
1026 Dysprosium(IIl) hydroxide Dy(0H), 308-85-6 213.522 yelor wh needles 205 dec iH 0 
1027  Dysprosium(lll) iodide Dyl, 5474-63-2 543.213 grn cry 978 
1028 — Dysprosium(III) nitrate Dy(NO,), -5Н,0 0143-38-1* 438.591 yel cry 88.6 208.425 
pentahydrate 
1029 Dysprosium(lIl) oxide Dy,0, 308-87-8 372.998 wh cub cry 2228 3900 7.81 S acid 
1030 Dysprosium(|l!) sulfate octahydrate Пу (50,),.8Н,0 0031-50-2 757.310 раје уе! сгу 110 81 Н,0 
1031  Dysprosium(lIl) sulfide ру,5, 2133-10-7 421.195 red-brn monocl 6.08 
cry 
1032  Dysprosium(lll) telluride Dy, Te, 2159-43-2 0 solid =1550 
1033 Einsteinium Es 7429-92-7 252 metal; cub 860 
1034  Erbium Er 7440-52-0 167.259 Silv metal; hex 1529 2868 9.07 ІН,0; s acid 
1035 Erbium boride ErB, 2310-44-0 210.503 etr cry 2450 7.0 
1036 Erbium acetate tetrahydrate Er(C,H.0,), - 4H,0 5280-57-6 416.452 pink or wh cry 241 8Н,0 
1037 Erbium bromide ErBr, 3536-73-7 406.971 viol hyg cry 950 «1460 $ H,O, thf 
1038 Erbium bromide hexahydrate ErBr, - 6H,0 4890-44-9 515.062 pink cry sH,0 
1039 Erbium chloride ЕСІ, 0138-41-7 273.618 viol monocl cry; 776 41 8Н,0 
hyg 
1040 Erbium chloride hexahydrate ErCl, - 6H,0 0025-75-9 381.709 pink hyg cry dec $ H,0; sl EtOH 
1041 Erbium fluoride ҒҒ, 3760-83-3 224254 pink orth cry 1146 78 iH,0 
1042 Erbium hydride ЕН, 3550-53-3 170.283 hex cry “7.6 
1043 Erbium hydroxide Е(ОН), 4646-16-3 218.281 pink solid iH,0 
1044  Erbium iodide ЕП, 3813-42-8 547.972 viol hex сту; hyg 1014 «5.5 8Н,0 
1045  Erbium nitrate pentahydrate Er(NO,), - 5H,0 0168-80-6" 443.350 red cry 130 dec 240.85 S EtOH, ace 
1046 Erbium nitride ЕП 2020-21-2 181.266 Cub cry 10.6 
1047 Erbium oxide Er,0, 2061-16-4 382.516 pink powder 2344 3920 8.64 i H,0; s acid 
1048 Erbium silicide Ебі, 2020-28-9 223.430 orth cry 7.26 
1049 Erbium sulfate Er (S0,), 3478-49-4 622.706 hyg powder dec 3.68 19* 
1050 Erbium sulfate octahydrate Er,(SO,), - 8H,0 0031-52-4 766.828 pink monocl cry дес 3.20 13? 
1051  Erbium sulfide Er,S, 2159-66-9 430.713 red-brn топос! 1730 6.07 
cry 
1052 Erbium telluride Er Te, 2020-39-22 717.32 orth cry 1213 7.11 
1053 7 Eu 7440-53-1 151.964 soft silv metal; cub 822 1529 5.24 reac Н,0 
1054 Europium boride EuB, 2008-05-8 216.830 Cub cry «2600 4.91 
1055 Europium nitride Eu 2020-58-5 165.971 Cub cry 87 
1056 Europium silicide EuSi, 2434-24-1 208.135 tetr cry 1500 5.46 
1057  Europium(Il) bromide EuBr, 3780-48-8 311.772 wh cry 683 8Н,0 
1058 Europium(IMl) chloride EuCl, 3769-20-5 222.870 wh orth cry 731 49 sH,0 
1059  Europium(Il) fluoride ЕШР, 4077-39-5 189.961 grn-yel cub cry “1380 6.5 
1060 Ешорішт((1) iodide Eul, 22015-35-6 405.773 grn cry 580 sH,0 
1061 Europium(MMl) selenide EuSe 2020-66-5 230.92 brn cub cry 6.45 
1062  Europium(Il) sulfate Euso, 0031-54-6 248.027 col orth cry 4.99 iH,0 
1063 Europium(IM) sulfide EuS 2020-65-4 184.029 cub cry 5.7 
1064 Europium(Il) telluride EuTe 2020-69-8 279.56 ЫК cub cry 1526 6.48 
1065  Europium(IlI) bromide EuBr, 3759-88-1 391.676 gray cry dec sH,0 
1066 Europium(IHI chloride EuCl, 0025-76-0 258.323 grn-yel needles 623 4.89 
1067 Europium(|ll) chloride hexahydrate — EuCI, - 6H,0 3759-92-7 366.414 wh-yel hyg cry 850 4.89 sH,0 
1068 Europium(II fluoride EuF, 3765-25-08 208.959 wh hyg cry 1276 iH,0 
1069  Europium(Ill) iodide Eul, 3759-90-5 532.677 со! cry; unstab «875 
1070 Ешгорїшт(ЇЇ) nitrate hexahydrate ___Еш(МО,), + 68,0 0031-53-5 446.070 wh-pink hyg cry 85 дес 1935 
1071 Europium(II) oxalate Eu (C.0,), 3269-12-3 567.985 wh solid i HO; s acid 
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1072  Europium(lll) oxide Eu,0, 1308-96-9 351.926 pink powder 2291 3790 7.42 i HO; s acid 
1073  Europium(lll) perchlorate Eu(CI0,), - 6H,0 36907-40-1 558.407 wh or pink cry $ HO, EtOH 
hexahydrate 
1074 Europium(IIH) sulfate Eu (S0,), 13537-15-0 592.116 pale pink cry 4.99 2.1% 
1075 — Europium(Ill) sulfate octahydrate Eu,(SO,), - 8H,0 10031-52-4 736.238 pink cry 375 dec 2:19 
1076 Ғептішт Fm 7440-72-4 257 metal 1527 
1077 ۹6 Р, 7782-41-4 37.997 раје уе! 045 -219.671р -188.12 1.553 g/L reac Н,0 
1078 Fluorine monoxide 0 1183-41-7 53.996 col gas -223.8 -1443 2.207 g/L sl HO 
1079  Difluorine dioxide Р,0, 7783-44-0 69.996 red-oran solid, -163.5 -57 2.861 g/L 
unstab gas (extrap) 
1080 Fluorine tetroxide FO, 07782-11-6 101.995 red-brn solid -191 dec -185 
1081 Fluorine nitrate FNO, 7189-26-6 81.003 col gas -175 -46 3.311 g/L reac Н,0, EtOH, 
eth; s ace 
1082 Fluorine perchlorate FOCIO, 0049-03-3 118.449 со! gas; exp -167.3 -16 4.841 g/L reac Н,0 
1083 67 Fr 7440-73-5 223.000 short-lived alkali 27 
metal 
1084 Gadolinium Gd 7440-54-2 157.25 silv metal; hex 1313 3273 7.90 S dil acid 
1085 Gadolinium boride GdB, 2008-06-9 22212 blk-brn cub cry 2510 5.31 
1086 Gadolinium nitride GdN 25764-15-2 171.26 сий cry 910 
1087 Gadolinium silicide GdSi, 2134-75-7 213.42 orth cry 1540 5.9 
1088  Gadolinium(Il) iodide Gdl, 3814-72-7 411.06 bronze cry 831 
1089  Gadolinium(lI) selenide GdSe 2024-81-6 236.21 cub cry 2170 8.1 
1090 ^ Gadolinium(Ill) acetate tetrahydrate Gd(C,H,0,), - 49,0 5280-53-2 406.44 wh tricl cry dec 1.61 sH,0 
1091 Gadolinium(II) bromide GdBr, 3818-75-2 396.96 wh топос! сгу; 770 4.56 
nyg 
1092  Gadolinium(lll) chloride GdCl, 0138-52-0 263.61 wh monocl cry; 602 4.52 8Н,0 
nyg 
1093  Gadolinium(lll) chloride GdCl, · 6H,0 9423-81-5 371.70 col hyg cry 2.424 s Н,0 
hexahydrate 
1094 — Gadolinium(lll) fluoride GdF, 3765-26-9 214.25 wh cry 1232 
1095  Gadolinium(Ill) iodide Gdl, 3572-98-0 537.96 yel cry 930 
1096 Gadolinium(Ill) nitrate pentahydrate Ga(NO.), 0 52788-53-1 433.34 wh cry 92 dec 2.41 1905 
1097  Gadolinium(IIl) nitrate hexahydrate Gd(NO.), 60 9598-90-4 451.36 hyg tricl cry 91 dec 2.33 19025 s НОН 
1098 Gadolinium(II) oxalate decahydrate Са,(С,0,), - 109,0 22992-15-0 758.71 wh топос! pow dec 110 i H,0; sl acid 
1099 Gadolinium(Ill) oxide 64,0, 2064-62-9 362.50 wh hyg powder 2339 3900 7.07 i H,0; s acid 
1100 Gadolinium(II) sulfate 6450), 3628-54-1 602.69 col cry 500 dec 41 2.602 sl Н,0 
1101  Gadolinium(Ill) sulfate octahydrate ^ Gd, (SO,). - 8H,0 3450-87-8 746.81 со! топос! cry 400 дес 414 28" sl Н,0 
1102 Gadolinium(Ill) sulfide 60,5, 2134-77-9 410.70 yel cub cry 6.1 
1103  Gadolinium(lll) telluride Gd, Te, 2160-99-5 697.30 orth cry 255 77 
1104 Gallium Ga 7440-55-3 69.723 silv Па or gray 29.7666 tp 2204 5.91 геас alk 
orth cry 
1105 Gallium antimonide GaSb 2064-03-8 191.483 brn cub cry 712 5.6137 
1106 Gallium arsenide GaAs 303-00-0 144.645 gray cub cry 238 5.3176 
1107 Gallium nitride Gal 25617-97-4 83.730 gray hex cry 22500 6.1 
1108 Gallium phosphide GaP 2063-98-8 100.697 yel cub cry 457 4.138 
1109 Gallium suboxide Ga, 0 2024-20-3 155.445 brn powder >660 >800 дес 4.77 
1110 — Gallium(Il) chloride GaCl, 24597-12-4 140.629 wh orth cry 724 535 2.74 
1111  Gallium(Il) selenide GaSe 2024-11-2 148.68 hex cry 960 5.03 
1112  Gallium(Il) sulfide GaS 2024-10-1 101.788 hex cry 965 3.86 
1113  Gallium(Il) telluride GaTe 2024-14-5 197.32 monocl cry 824 544 
1114  Gallium(Ill) bromide GaBr, 3450-88-9 309.435 wh orth сгу 123 279 3.69 
1115 — Gallium(II chloride бас. 3450-90-3 176.082 col needles org! 77.9 201 2.47 
solid 
1116 — Gallium(Ill) fluoride баг, 7783-51-9 126.718 wh powder or col »1000 4.47 i H,0 
needles 
1117  Gallium(Ill) fluoride trihydrate баг, - 3H,0 22886-66-4 180.764 wh cry »140 dec sl Н,0 
1118  Gallium(IlI) hydride бан, 3572-93-5 72.147 visc liq -15 =0 dec 
1119 Gallium(IIl) hydroxide Ga(0H), 2023-99-3 120.745 unstab prec 
1120  Gallium(Ill) iodide Gal. 3450-91-4 450.436 топос! cry 212 340 45 
1121  Gallium(Ill) nitrate Ga(NO,). 3494-90-1 255.738 wh cry powder $ Н,0, EtOH, eth 
1122  Gallium(Ill) oxide ба,0, 2024-21-4 187.444 wh cry 1807 ~6.0 8 hot acid 
1123 Gallium(IIl) oxide hydroxide Ga00H 20665-52-5 102.730 orth cry 523 
1124 Gallium(lll) 2,4-pentanedioate Ga(CH,COCHCOCH,). 4405-43-7 367.047 wh powder 193 subl 1.42 
1125 — Gallium(lll) perchlorate Ga(C10,), 60 1835-81-3 476.160 шу dec 175 
hexahydrate 
1126  Gallium(Ill) selenide Ga, Se, 2024-24-7 376.33 cub cry 937 4.92 
1127 Gallium(II) sulfate ба,(50,), 3494-91-2 427.634 hex cry 
1128 — Gallium(lll) sulfate octadecahydrate ба,(50,),. 189,0 3780-42-2 751.909 octahed cry s HO, НОН 
1129 — Gallium(Ill) sulfide ба,5, 2024-22-5 235.641 топос! сгу 1090 3.7 
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1130  Gallium(Ill) telluride Ga, Те, 2024-27-0 522.25 cub cry 790 5,57 
1131 Germanium бе 7440-56-4 72.64 gray-wh cub cry 938.25 2833 5.3234 i H,O, dil acid, alk 
1132  Germane GeH, 7782-65-2 76.67 со! gas; flam -165 -88.1 3.133 g/L iH 0 
1133 Digermane Ge H. 3818-89-8 151.33 col liq; flam -109 29 1.98109 
1134  Trigermane Ge.H, 4691-44-2 225.98 col liq -105.6 1105 2.20705 iH,0 
1135  Tetragermane бен, 4691-47-5 300.64 со! liq 176.9 iH,0 
1136 Pentagermane бе,Н,, 5587-39-0 375.30 со! liq 234 iH,0 
1137 Вготодегтапе GeH.Br 3569-43-2 155.57 col liq -32 52 2.34 геас Н,0 
1138 Chlorogermane бен, О! 3637-65-5 11112 col liq -52 28 1.75 reac HO 
1139  Chlorotrifluorogermane GeF.Cl 4188-40-0 165.09 gas -66.2 -20.3 6.747 g/L 
1140 Dibromogermane бен, Вг, 3769-36-3 23446 col liq -15 89 2.80 reac Н,0 
1141  Dichlorogermane GeH,Cl, 5230-48-5 14556 col liq -68 69.5 1.90 reac Н,0 
1142  Dichlorodifluorogermane GeF,Cl, 24422-21-7 181.54 col gas -51.8 -2.8 7.419 g/L 
1143  Dichlorodimethylgermane Ge(CH,),Cl, 529-48-2 173.62 liq -22 124 149 
1144  Fluorogermane GeH,F 3537-30-9 94.66 col gas 3.868 g/L reac H,0 
1145 6 бен, 3573-02-9 202.57 liq -15 290 reac Н,0 
1146  Methylgermane GeH,CH, 449-65-6 90.70 col gas -158 -23 3.706 g/L 
1147  Tribromogermane GeHBr, 4779-70-5 6 col liq -25 dec reac HO 
1148  Trichlorogermane GeHCl, 184-65-2 180.01 liq -71 75.3 1.93 reac Н,0 
1149  Trichlorofluorogermane GeCl,F 24422-20-6 198.00 lig -49.8 37.0 
1150 — Germanium(Il) bromide GeBr, 24415-00-7 232.45 yel monocl cry 122 150 dec reac Н,0 
1151 беппапішті( 1) chloride бесі, 0060-11-4 143.55 wh-yel hyg dec reac Н,0: s eth, bz 
powder 
1152  Germanium(ll) fluoride GeF. 3940-63-1 110.64 wh orth cry; hyg 110 130 dec 3.64 reac Н,0 
1153  Germanium(Il) iodide Gel, 3573-08-5 326.45 oran-yel hexcry 8 550 dec 5.4 reac Н,0 
1154 беппапішті( 1) oxide бе0 20619-16-3 88.64 blk solid 700 dec 
1155  Germanium(ll) selenide GeSe 2065-10-0 151.60 gray orth cry or 675 5.6 
brn powder 
1156 — Germanium(Il) sulfide GeS 2025-32-0 104.71 gray orth cry 658 44 
1157  Germanium(!l) telluride бете 2025-39-7 4 сий Cry 724 6.16 1Н,0: s conc HNO, 
1158 — Germanium(lV) bromide GeBr, 3450925 39226 wh cry 26.1 186.35 3.132 reac Н,0 
1159  Germanium(IV) chloride бесі, 0038-98-9 214.45 col liq -51.50 86.55 1.88 reac Н,0; s bz, eth, 
EtOH, ctc 
1160 Germanium(IV) fluoride GeF, 7783-58-6 148.63 col gas -151р -36.5sp 6.074 g/L reac Н,0 
1161 — Germanium(lV) iodide Gel, 3450-95-8 580.26 red-oran cub cry 46 348 4.322 reac Н,0 
1162 — Germanium(lV) nitride Ge,N, 2065-36-0 273.95 orth cry 900 dec i H,O, acid, aqua 
regia 
1163 — Germanium(IV) oxide бео, 310-53-8 104.64 wh hex cry 116 4.25 iH,0 
1164 — Germanium(lV) selenide GeSe, 2065-11-1 230.56 yel-oranorth cry 707 дес 4.56 
1165 — Germanium(IV) sulfide 065, 2025-34-2 136.77 blk orth cry 530 3.01 
1166 Gold Au 7440-57-5 196.967 soft yel metal 064.18 2856 19.3 s aqua regia 
1167 Вготоаџгіс(11) acid pentahydrate ^ HAuBr, - 5Н,0 7083-68-0 607.667 red-brn hyg cry 27 s HO, НОН 
1168 — Стогоаийс(!) acid tetrahydrate HAuCI, - 4Н,0 6903-35-8 411.848 yel monocl cry; 83.9 vs H,0, EtOH; s eth 
hyg 
1169 — Gold(l) bromide AuBr 0294-27-6 276.871 yel-gray tetr cry 65 dec 8.20 iH,0 
1170 — Gold(l) chloride AuCl 0294-29-8 232.420 yel orth cry 289 dec 7.6 0.0000312 
1171 — Gold(l) cyanide AuCN 506-65-0 222.985 yel hex cry dec 72 i H,O, EtOH, eth, 
dil acid 
1172  Gold(l) iodide Aul 0294-31-2 323.871 yel-grn powder; 20 dec 8.25 i H,0; $ CN soln 
tetr 
1178 — Gold(l) sulfide AUS 303-60-2 425.998 brn-blk cub cry; 240 dec «11 i HO, acid; s aqua 
unstab regia 
1174  Gold(lll) bromide AuBr, 0294-28-7 436.679 — red-brmonoclcry =160 dec $ Н,0, EtOH 
1175  Gold(lll) chloride AuCl, 3453-07-1 303.326 red monocl cry >160 dec 47 682 
1176 боја( ) cyanide trihydrate Au(CN), - 3H,0 535-37-5* 329.065 wh hyg cry 50 dec vs H,0; sl EtOH 
1177 (١ 6 AUF, 4720-21-9 253.962 oran-yel hex cry  >300 subl 6.75 
1178 — 001001) hydroxide Au(0H), 303-522 241.989 brn powder “100 dec 1Н,0: s acid 
1179  Gold(Ill) iodide Aul, 31032-13-0 577.680 unstab grn powder 20 dec 
1180 — Gold(lll) oxide Au 0, 303-58-8 441.931 brn powder 5150 dec i H,0; s acid 
1181  Gold(lll) selenate Au,(Se0,), 0294-32-3 822.81 yel cry 1Н,0: s acid 
1182 — Gold(lll) selenide Au,Se, 303-62-4 630.81 blk атогр solid бес 4,65 5 aqua regia 
1183 — Gold(lll) sulfide Au S. 303-61-3 490.128 unstab blk powder 200 dec 
1184 Hafnium Hf 7440-58-6 178.49 gray metal; hex 2233 4603 13.3 s HF 
1185 Hafnium boride НВ, 2007-23-7 200.11 gray hex cry 3100 10.5 
1186 Hafnium carbide НІС 2069-85-1 1%.50 refrac cub cry «3000 122 
1187 Hafnium hydride НІН, 2770-26-2 180.51 refrac tetr cry 114 
1188 Hafnium nitride НІМ 25817-87-2 192.50 yel-brn cub cry 3310 13.8 
1189 Hafnium phosphide НІР 2325-59-6 209.46 hex cry 9.78 
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1190 Hafnium silicide HfSi, 2401-56-8 234.66 gray orth cry =1700 76 
1191 Hafnocene dichloride Hf(C,H,),Cl, 2116-66-4 379.58 col hyg cry 235 S bz, chl; sl thf, eth; 
i hex 
1192  Hafnium(Il) bromide НІВг, 3782-95-1 338.30 blue-blk cry dec 400 
1193  Hafnium(Il) chloride НІСІ, 3782-92-8 249.40 blk solid dec 400 
1194  Hafnium(Ill) bromide НІВг, 3782-96-2 418.20 blue-blk cry dec 350 
1195 — Hafnium(IIl) chloride НІСІ, 3782-93-9 284.85 blk solid dec 
1196 Hafnium(IIl) iodide НИ, 3779-73-2 559.20 blk cry dec 
1197. Hafnium(IV) bromide HfBr, 3777-22-5 498.1 wh cub cry 424 tp 323 sp 4.90 reac Н,0 
1198  Hafnium(lV) chloride HICI, 3499-05-3 320.30 wh monocl cry 432 tp 317 sp reac Н,0 
1199  Hafnium(lV) fluoride НЕ, 3709-52-9 254.48 wh monocl cry 1025 970 sp 11 reac Н,0 
1200  Hafnium(IV) iodide НИ, 3777-23-6 686.1 уе!-огап сиб cry 4491р 394 зр 56 reac Н,0 
1201  Hafnium(V) oxide НЮ, 2055-23-1 210.49 wh cub cry 2800 «5400 9.68 iH,0 
1202  Hafnium(lV) oxychloride НОС), - 89,0 4456-34-9 409.52 wh tetr cry dec s H,0 
octahydrate 
1203  Hafnium(lV) selenide Не, 2162-21-9 336.4 brn hex cry 7.46 
1204  Hafnium(lV) silicate НІ5І0, 3870-13-8 270.57 tetr cry 2758 70 
1205  Hafnium(lV) sulfate НЇ(50,), 5823-43-5 370.62 wh cry »500 dec 
1206  Hafnium(lV) sulfide НІ5, 8855-94-2 242.62 purp-brn hex cry 6.03 
1207  Hafnium(lV) titanate НТ, 2055-24-2 290.36 wh pow 1980 dec 
1208 Helium He 7440-59-7 4.003 со! gas -268.93 0.164 g/L sl Н,0: i EtOH 
1209 Holmium Ho 7440-60-0 164.930 Silv metal; hex 1472 2700 8.80 s dil acid 
1210 Holmium acetate Но(С,Н,0,), 25519-09-9 342 062 yel cry dec 327 sH,0 
1211 Holmium bromide Новг, 3825-76-8 404.642 yel hyg cry 919 1470 
1212 Holmium chloride HoCl, 0138-62-2 271.289 yel monocl cry; 720 1500 37 s Н,0 
nyg 
1213 Holmium chloride hexahydrate HoCl, - 6H,0 4914-84-2 379.381 hyg yel cry 160 dec sH,0 
1214 Holmium fluoride HoF, 3760-78-6 221.925 pink-yel orth cry; 1143 22200 7.664 sH,0 
nyg 
1215 Holmium iodide Hol, 3813-41-7 545.643 yel hex cry 994 54 
1216 Holmium nitrate pentahydrate Ho(NO,), • 5H,0 4483-18-2 441.022 hyg oran cry s H,O, EtOH, ace 
1217 Holmium nitride HoN 2029-81-1 178.937 cub cry 10.6 
1218 Holmium oxalate decahydrate Ho,(C,0,), • 10H,0 28965-57-3 774.070 yel solid dec 40 
1219  Holmium oxide Ho,0, 2055-62-8 377.859 yel cub cry 2330 3900 8.41 s acid 
1220  Holmium silicide HoSi, 2136-24-2 221.101 ћех сгу 741 
1221  Holmium sulfide Ho,S, 2162-59-3 426.056 yel-oran monocl 5.92 
cry 
1222  Hydrazine Н, 302-01-2 32.045 col oily liq 1.54 113.55 1.0036 vs HO, EtOH, 
e0H 
1223 Нуйгагіпе acetate Н, - CH,C00H 3255-48-6 92.097 Cry 100 
1224  Hydrazine azide Н, ۰ HN, 4662-04-5 75.074 hyg wh prism 75 exp vs HO 
1225 Hydrazine monohydrate Н, + H,0 7803-57-8 50.060 fuming liq -51.7 119 1.030 vs HO, EtOH; i chl, 
eth 
1226  Hydrazine hydrobromide Н, • HBr 3775-80-9 112.957 wh monocl cry 84 “190 бес 23 $ HO, EtOH 
flakes 
1227  Hydrazine hydrochloride Н, HCI 2644-70-4 68.506 wh orth cry 89 240 dec 15 $ H,0; i os 
1228  Hydrazine dihydrochloride „Н, - 2НСІ 5341-61-7 104.967 wh orth cry 98 dec 142 $ H0; sl EtOH 
1229  Hydrazine hydroiodide , + HI 0039-55-1 159.957 hyg cry 25 sH,0 
1230 Hydrazine nitrate Н, • НМ№О, 3464-97-6 95.058 топос! cry; exp 70 vs НО 
1231 Hydrazine dinitrate Н, • 2НМ№О, 3464-98-7 158.071 needles 04 dec 205 sH,0 
1232 Hydrazine perchlorate hemihydrate — NLH, - HCIO, - 0.5Н,0 3762-65-7 solid 37 exp 1.94 reac H,O, s EtOH; i 
eth, bz 
1233  Hydrazine sulfate Н, H,S0, 0034-93-2 130.124 col orth cry 254 1.378 sl H,O; i EtOH 
1234  Dihydrazine sulfate Н,), • Н,50, 3464-80-7 162.169 hyg wh cry flakes 04 dec >180 2002 vs HO; i os 
1235  Hydrazoic acid HN, 7782-79-8 43.028 col liq; exp -80 35.7 s Н,0 
1236 Нудгохујат!пе H,NOH 7803-49-8 33.030 wh orth flakes or 33.1 58 1.21 vs Н,0, MeOH 
needles 
1237  Hydroxylamine hydrobromide H,NOH - НВг 41591-55-3 113.942 топос! cry 2.35 sH,0 
1238 Hydroxylamine hydrochloride H,NOH - HCI 5470-11-1 69.491 col monocl cry 159 dec exp 1.68 945 vs НО 
1239  Hydroxylamine perchlorate H,NOH - HCIO, 133.489 orth cry 88 dec 120 
1240  Hydroxylamine sulfate 2(H,NOH) - Н,50, 0039-54-0 164.138 cry 170 vs НО 
1241 Hydrogen H, 333-74-0 2.016 col gas; flam -259.198 р -252.762 0.082 g/L 81 Н,0 
1242 Hydrogen-d, D, 7782-39-0 4.028 со! 085 -25442 -249.48 0.164 g/L 
1243 Hydrogen-t, T 0028-17-8 6.032 со! gas -252.53 -248.11 0.246 g/L 
1244  Hydrogen-d, HD 3983-20-5 3.022 со! 085 -256.55 -251.02 0.123 g/L 
1245  Hydrogen-f, HT 4885-60-0 4.024 col gas -254.7 -249.6 
1246 Hydrogen-d,,t, DT 4885-61-1 5.030 col gas -253.5 -238.9 
1247 Hydrogen bromide HBr 0035-10-6 80.912 col gas -86.80 -66.38 3.307 g/L vs H,0; s EtOH 
1248 Hydrogen bromide-d DBr 3536-59-9 81.918 Col gas -87.54 -66.9 8Н,0 
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1249 Hydrogen chloride HCI 7647-01-0 36.461 col gas -114.17 -85 1.490 g/L vs Н,0 
1250 Hydrogen chloride dihydrate НСІ. 2,0 13465-05-9 72.492 col liq -17.7 1.46 
1251 Hydrogen chloride-d DCI 7698-05-7 37.467 col gas -114,72 -84.4 8Н,0 
1252 Hydrogen cyanide HCN 74-90-8 27.026 Col liq or gas -13.29 26 0.6876% vs H,0, EtOH; sl 
e 
1253 Hydrogen fluoride HF 7664-39-3 20.006 Col gas -83.36 20 0.818 g/L vs H,0, EtOH; sl 
eth 
1254 Hydrogen iodide H 10034-85-2 127.912 col or yel gas -50.76 -35.55 5.228 g/L vs Н,0; s 05 
1255 Hydrogen iodide-d D 14104-45-1 128.918 col gas -51.93 -36.2 sH,0 
1256 Hydrogen peroxide НО, 7722-84-1 34.015 col liq -0.43 150.2 1.44 vs НО 
1257 Hydrogen selenide H,Se 7783-07-5 80.98 col gas; Нат -65.73 -41.25 3.310 g/L sH,0 
1258 Hydrogen sulfide Н,5 7783-06-4 34.08 col gas; flam -85.5 -59.55 1.393 g/L 8Н,0 
1259 Hydrogen disulfide HS, 3465-07-1 66.146 col liq 70.7 1.334 
1260 Hydrogen telluride H,Te 7783-09-7 129.62 col gas -49 -2 5.298 g/L $ HO, EtOH, alk 
1261  Indium n 7440-74-6 114.818 soft wh metal 156.60 2072 7.31 s acid 
1262  Indium antimonide nSb 312-41-0 236.578 ЫК cub cry 524 5.7747 
1263  Indium arsenide nAs 303-11-3 189.740 gray cub cry 942 5.67 i acid 
1264 Indium nitride n 25617-98-5 128.825 brn hex cry 1100 6.88 
1265  Indium phosphide nP 22398-80-7 145.792 blk cub cry 1062 4.81 sl acid 
1266  Indium(l) bromide nBr 4280-53-6 194.722 oran-red orth cry 285 656 4.96 reac Н,0 
1267  Indium(l) chloride nC 3465-10-6 150.271 yel cub cry 225 608 4.19 reac HO 
1268  Indium(l) iodide n 3966-94-4 241.722 orth cry 3644 712 5.32 
1269  Indium(Il) bromide nBr, 21264-43-7 274.626 orth cry 422 reac Н,0 
1270  Indium(Il) chloride nCl, 3465-11-7 185.724 col orth cry 235 3.64 reac Н,0 
1271  Indium(Il) sulfide 1 2030-47 146.883 red-brn orth cry 692 52 
1272  Indium(Ill) bromide nBr, 3465-09-3 354.530 hyg yel-wh 420 4.74 414% 
monocl cry 
1273  Indium(Ill) chloride пој 0025-82-8 221.177 yel топос! cry; 583 40 195.12 5 НОН 
ћуд 
1274  Indium(Ill) chloride tetrahydrate пој, - 49,0 22519-64-8 293.239 wh cry sH,0 
1275 Indium(IIl) fluoride nF, 7783-52-0 171.813 wh hex cry; ћуд 1172 »1200 4.39 sl Н,0; s dil acid 
1276  Indium(Ill) fluoride trihydrate nF, + 3H,0 4166-78-0 225.859 wh cry 100 dec s H,0 
1277  Indium(Ill) hydroxide n(OH), 20661-21-6 165.840 cub cry 44 
1278  Indium(Ill) iodide nl, 3510-35-5 495.531 уе!-гей топос! 207 4.69 13082 
сгу; ћуд 
1279  Indium(Ill) nitrate trihydrate п(М0,),-3Н,0 3770-61-1 354.879 со! cry dec 100 
1280  Indium(lll) oxide п,0, 312-43-2 277.634 yel cub cry 1912 718 ІН,0; s hot acid 
1281  Indium(IIl) perchlorate octahydrate — In(CIO,). 0 3465-15-1 557.292 wh cry «80 200 дес 
1282  Indium(Ill) phosphate nPO, 4693-82-4 209.789 wh orth cry 49 iH 0 
1283  Indium(Ill) selenide п,56, 312-42-1 466.52 ЫК hex cry 660 58 
1284  Indium(Ill) sulfate n,(S0,), 3464-82-9 517.824 hyg wh powder 344 1172 
1285  Indium(Ill) sulfide 1,5, 2030-24-9 325.831 огап cub cry 1050 4.45 
1286  Indium(Ill) telluride nTe, 312-45-4 612.44 ЫК cub cry 667 5.75 
1287  lodine : 7553-56-2 253.809 blue-blk plates 113.7 1844 4.933 0.032 S bz, EtOH, eth, ctc, 
chl 
1288  lodic acid НО, 7782-68-5 175.910 col orth cry 110 dec 4.63 3085 i ОН, eth 
1289 Periodic acid dihydrate HIO, - 29,0 0450-60-9 221.940 топос! hyg cry 122 dec $ H,O, EtOH; sl eth 
1290  lodine tetroxide 22; 2399-08-5 317.807 yel cry 130 480585 42 sI HO 
1291  lodine pentoxide ,0, 2029-98-0 333.806 hyg wh cry «300 dec 4.98 258.420 i EtOH, eth, CS, 
1292  lodine hexoxide 0, 65355-99-9 349.805 yel solid дес 150 reac Н,0 
1293  lodine nonaoxide ‚0, 73560-00-6 651.613 hyg yel powder 75 dec 
1294  lodine bromide Br 7789-33-5 206.808 blk опћ cry 40 116 дес 43 $ Н,0, EtOH, eth 
1295  lodine chloride 0 7790-99-0 162.357 гей cry or oily liq 8 94.4 дес 324 reac H,0; s EtOH 
1296  lodine trichloride Cl, 865-44-1 233.263 yel tricl cry; hyg 101 tp (16 64spdec 32 reac Н,0; 8 EtOH, 
atm) bz 
1297  lodine fluoride Ё 3873-84-2 145.902 whpow(-78 С) -14 dec 
1298  lodine trifluoride F; 22520-96-3 183.899 yel solid, stable at -28 dec 
low temp 
1299  lodine pentafluoride F. 7783-66-6 221.896 yel liq 943 100.5 3.19 reac Н,0 
1300 100іпе heptafluoride Р, 6921-96-3 259.893 col gas 6.5 tp 4.8 sp 10.62 g/L 8Н,0 
1301 Ш иог 06 ОР, 9058-78-7 199.898 hyg col needles dec »110 reac Н,0 
1302  lodosyl pentafluoride OF, 6056-61-4 237.895 col liq 45 
1303 lodyl trifluoride СЕ, 25402-50-0 215.898 yel solid 41 subl 
1304 Periodyl fluoride О.Е 30708-86-2 193.900 col cry dec »100 
1305 Iridium r 7439-88-5 192.217 Silv-wh metal; cub 6 4428 22.562? s aqua regia 
1306 Iridium carbonyl r,(C0)., 1065-24-0 1104.989 уе!сгу 210 дес 
1307  lridium(Ill) bromide Вг, 0049-24-8 431.929 red-brn топос! 6.82 i H,O, acid, alk 


cry 
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1308 Iridium(IIl) bromide tetrahydrate Br, - 4Н,0 0049-24-8* 503.991 grn-brn cry $ H0; i EtOH 
1309  Iridium(Ill) chloride Cl, 0025-83-9 298.576 brn monocl cry 763 dec 5.30 i H,O, acid, alk 
1310 36 ТР, 23370-59-4 249.212 blk hex cry 250 dec =8.0 i H,O, dil acid 
1311 (6 rl, 7790-41-2 572.930 dark brn monocl «7.4 i H,O, acid, bz, chl; 
Cry зак 
1312  Iridium(Ill) oxide 1,0, 312-46-5 432.432 — blue-blk cry 1000 dec i H,0; sl hot НСІ 
1313 Iridium(IIl) 2,4-pentanedioate r(CH,COCHCOCH,), 5635-87-7 489.541 oran-yel cry 270 subl sl HO; s tol, chl, 
ace, MeOH 
1314  lridium(Ill) sulfide LS, 2136-42-4 480.629 orth cry 10.2 
1315 Iridium(IV) chloride ۷ 0025-97-5 334.029 brn hyg solid “700 dec $ HO, EtOH 
1316  Iridium(IV) oxide ۷ 2030-49-8 224.216 brn tetr cry 1100 dec 117 
1317  lridium(IV) sulfide 15, 2030-51-2 256.347 orth cry 93 
1318  Iridium(VI) fluoride Т, 7783-75-7 306.207 yel cub cry; hyg 44 53.6 48 reac Н,0 
1319 Iron Fe 7439-89-6 55.845 Silv-wh or gray 1538 2861 7.87 S dil acid 
met 
1320  Ferrocene Ре(С,Н,) 02-54-5 186.031 огап needles 172.5 249 i H,O; s EtOH, eth, 
bz, dil HNO, 
1321 Tetracarbonyldihydroiron Fe(CO),H, 2002-28-7 169.902 col liq, stab low -70 дес -20 S alk 
temp 
1322 Iron pentacarbonyl Fe(CO), 3463-40-6 195.896 yel oily lig; flam -20.5 103 1.46 1Н,0: 8 eth, bz, ace 
1323 Iron nonacarbonyl Ғе (СО), 5321-51-4 363.781 огап-уе! cry 00 дес 2.85 
1324 Iron dodecacarbonyl Ре,(С0),, 2088-65-2 503.656 dark grn cry 40 2.00 
1325 Iron arsenide FeAs 2044-16-5 130.767 gray orth cry 030 7.85 
1326 Iron boride (FeB) FeB 2006-84-7 66.656 refrac solid; orth 658 ~ 
1327 Iron boride (Fe,B) Fe,B 2006-86-9 122.501 refrac solid; tetr 389 73 
1328 Iron carbide Ре, 2011-67-5 179.546 gray cub cry 227 7.694 
1329 Iron рћозрћ де (FeP) FeP 26508-33-8 86.819 rhom cry 6.07 
1330 Iron phosphide (Fe,P) Fe,P 310-43-6 142.664 gray hex needles 370 6.8 i H,O, dil acid, alk 
1331 Iron phosphide (Fe.P) Fe,P 2023-53-9 198.509 gray solid 100 6.74 iH,0 
1332 Iron disulfide FeS, 317-66-4 119.975 ЫК cub cry »600 dec 5.02 iH,0 
1333 гоп silicide FeSi 2022-95-6 83.931 gray cub cry 410 6.1 
1334 Iron disilicide FeSi, 2022-99-0 112.016 gray tetr cry 220 4,74 
1335  Iron(Il) acetate Fe(C,H.0,), 3094-87-9 173.934 wh cry 90 dec sH,0 
1336 Iron(I) acetate tetrahydrate Fe(C,H,0,), - 49,0 3094-87-9* 245.994 grn cry dec s HO, EtOH 
1337 aluminate Fe(AIO,), 2068-49-4 173.806 blk cub cry 43 
1338 Iron(I) arsenate Fe.(As0,), 0102-50-8 445.373 grn powder iH,0 
1339 16 56 Fe.(As0,), • 6Н,0 0102-50-8* 553.465 grn атогр powder дес ІН,0; s acid 
1340 Iron(I) bromide FeBr, 7789-46-0 215.653 yel-brn hex cry; 691 dec 4.636 1205 vs EtOH 
nyg 
1341 Iron(I) bromide hexahydrate FeBr, - 6H,0 3463-12-2 323.744 grn hyg cry 27 dec 4.64 420% 5 EtOH 
1342 Iron(I) carbonate FeCO, 563-71-3 115.854 gray-brn hex cry 3.944 0.000062% 
1343 Iron(I) chloride FeCl, 7758-94-3 126.751 wh hex cry; hyg 677 1023 3.16 65.0% vs EtOH, ace; 51 bz 
1344  Iron(Il) chloride dihydrate FeCl, - 2H,0 6399-77-2 162.782 wh-grn monocl 120 dec 2.39 65.0% 
cry 
1345  Iron(Il) chloride tetrahydrate FeCl, - 4H,0 3478-10-9 198.813 grn monocl cry 105 dec 1.93 65.0% s EtOH 
1346  Iron(Il) chromite FeCr,0, 308-31-2 223.835 blk cub cry 5.0 
1347 |гоп(!) fluoride FeF, 7789-28-8 93.842 wh tetr cry 1100 4.09 sl Н,0; s dil HF; i 
НОН, eth 
1348 1гоп(11) fluoride tetrahydrate FeF, - 49,0 3940-89-1 165.904 col hex cry 2.20 
1349  Iron(Il) hydroxide Fe(0H), 8624-44-7 89.860 wh-grn hex cry 34 0.00005220 
1350 (6 Fel, 7783-86-0 309.654 red-viol hex cry; 594 53 5 H,O, EtOH, eth 
nyg 
1351 |гоп(И) iodide tetrahydrate Fel, . 49,0 7783-86-0* 381.716 рік hyg leaflets 90 dec 2.87 $ ЊО, EtOH 
1352 Iron(I) molybdate ҒеМо0, 3718-70-2 215.78 brn-yel топос! 1115 5.6 iH,0 
cry 
1353  Iron(Il) nitrate Ре(МО,), 4013-86-6 179.854 grn solid 87.525 
1354  Iron(Il) nitrate hexahydrate Fe(NO,), - 6Н,0 4013-86-6* 287.946 grn solid 60 dec 87.55 
1355  Iron(Il) orthosilicate Fe,Si0, 0179-73-4 203774 brn orth cry 430 
1356 Ігот(ІІ) oxalate dihydrate FeC,0, + 29,0 6047-25-2 179.894 yel cry 150 dec 2.28 0.078% S acid 
1357 1гоп(11) oxide 0 345-25-1 71.844 blk cub cry 1377 6.0 i HO, alk; s acid 
1358 1гоп(11) 2,4-pentanedioate Fe(CH,COCHCOCH,), 4024-17-0 254.061 oran-brn cry 170 subl SI bz, tol 
1359 |гоп(11) perchlorate Fe(CIO,), 3933-23-8 254.746 grn-wh hyg >100 дес 210% 
needles 
1360 |гоп(Ї) phosphate octahydrate Fe.(PO,), - 8H,0 4940-41-1 501.600 gray-blue топос! 2.58 i HO; s acid 
cry; hyg 
1361 |гоп(!) selenide FeSe 310-32-3 1348 blk hex cry 6.7 iH,0 
1362 sulfate Ғе50, 7720-78-7 151.908 wh orth cry; Вуд 3.65 29.525 
1363 Iron(I) sulfate monohydrate FeSO, - HO 7375-41-6 169.923 wh-yel топос! cry 300 dec 30 29.55 
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1364  Iron(Il) sulfate heptahydrate FeSO, - 7H,0 7782-63-0 278.014 blue-grn monocl — «60 dec 1.895 29,55 i EtOH 
cry 
1365- sulfide FeS 317-37-9 87.910 col hex or tetr cry; 1188 dec 4.7 i H,0; reac acid 
nyg 
1366. tantalate Fe(Ta0,), 2140-41-9 513.737 brn tetr cry 7.33 
1367 |гоп(!) tartrate Рес НО, 203.16 whory 0.88 vs acid; s NH,OH 
1368  Iron(Il) telluride FeTe 2125-63-2 183.45 tetr cry 914 6.8 
1369  Iron(Il) thiocyanate trihydrate Fe(SCN), • 3H,0 6010-09-9 226.055 grn monocl cry $ HO, EtOH, eth 
1370 titanate FeTiO, 2168-52-4 151.710 ЫК rhomb cry “1470 4,72 
1371 16 FeWO, 3870-24-1 303.68 топос! cry 7.51 
1372  iron(Il,lll) oxide Fe,0, 317-61-9 231.533 bik cub cry ог 1597 517 i HO; s acid 
amorp powder 
1373  Iron(Ill) acetate, basic FeOH(C.H.0,), 0450-55-2 190.941 brn-red amorp i H,O; s EtOH, acid 
powder 
1374  Iron(Ill) ammonium citrate Fe(NH,).(C,H.0.), 185-57-5 488.160 red or brn pow; $ H0; i EtOH 
nyg 
1375 їгоп(1) arsenate dihydrate ҒеА50,. 2H,0 0102-49-5 230.795 grn-brn powder dec 3.18 1Н,0: s dil acid 
1376  Iron(lll) bromide FeBr, 0031-26-2 295.557 dark red hex cry; dec 45 455% S EtOH, eth 
nyg 
1377 !гот(І) chloride FeCl, 7705-08-0 162.204 grn hex cry; hyg 307.6 «916 2.90 91.25 S НОН, eth, ace 
1378  Iron(Ill) chloride hexahydrate FeCl, - 6Н,0 0025-77-1 270.295 yel-oranmonocl 37 dec 1.82 91.25 S НОН, eth, ace 
cry; hyg 
1379 Iron(Ill) chromate Fe,(Cr0,), 0294-52-7 459.671 yel powder i H,O, EtOH; s acid 
1380 Iron(IIl) citrate pentahydrate FeC.H.O, + 5H,0 3522-50-7 335.021 red-brn cry s H,0; i EtOH 
1381 |гоп(1Ї) dichromate Ғе (Сг,0.), 0294-53-8 759.654 red-brn solid $ H,O, acid 
1382 Iron(Il ferrocyanide Ғе ГРе(СМ) 4038-43-8 859.229 dark blue powder 1.80 i HO, dil acid, os 
1383  Iron(Ill) fluoride 7783-50-8 112.840 grn hex cry >1000 3.87 5.92% i EtOH, eth, bz 
1384  Iron(Ill) fluoride trihydrate . 5469-38-2 166.886 yel-brn tetr cry 23 5.9225 
1385  Iron(IIl) formate Fe(CHO,), 555-76-0 190.897 red-yel cry powder $ H,0; sl EtOH 
1386 Ігоп(ІІ) hydroxide Fe(0H), 309-33-7 106.867 yel monocl cry 3.12 
1387 |гоп() hydroxide oxide FeO(0H) 20344-49-4 88.852 red-brn orth cry 4.26 ІН,0; s acid 
1388  Iron(Ill) metavanadate Fe(VO,), 65842-03-7 352.665 gray-brn powder i H,O, EtOH; s acid 
1389  Iron(Ill) nitrate Ғе(М0.) 0421-48-4 241.860 Cry 82,5% 
1390 Пгоп(1І) nitrate hexahydrate Fe(NO,), - 6Н,0 3476-08-9 349.951 viol cub cry 35 dec 82,5% 
1391 Iron(IIl) nitrate nonahydrate Fe(NO,), - 9H,0 7782-61-8 403.997 viol-gray hyg cry 47 dec 1.68 82.52 vs EtOH, ace 
1392  Iron(IIl) oxalate Ғе (0,0,), 9469-07-9 375.747 yelamorp powder 100 dec $ H,O, acid; i alk 
1393  Iron(Ill) oxide Fe,0, 309-37-1 159.688 red-brn hex cry 1539 5.25 i HO; s acid 
1394  Iron(Ill) 2,4-pentanedioate Fe(CH.COCHCOCH,). 4024-18-1 353.169 red-oran cry 179 5.24 sl H,0; s os 
1395 |гоп(И) perchlorate hexahydrate Fe(CI0,), 0 32963-81-8 462.288 viol cry 
1396 |гоп(И) phosphate dihydrate FePO, - 29,0 0045-86-0 186.847 gray-wh orth cry 2.87 i H0; s HC 
1397  Iron(Ill) pyrophosphate Ғе (Р,0.),. 9H,0 0058-44-3 907.348 yel powder i HO; s acid 
nonahydrate 
1398 Ігоп(І) hypophosphite و‎ 7783-84-8 250.811 wh-gray powder iH,0 
1399 |гоп(И |) sodium pyrophosphate FeNaP,0, 0045-87-1 252.778 wh powder 15 i H0; s HC 
1400  Iron(Ill) sulfate Fe (S0), 0028-22-5 399.878 gray-wh rhomb 3.10 440% $! EtOH; i ace 
cry; ћуд 
1401 Iron(IH) sulfate nonahydrate Fe, (S0,), - 9H,0 3520-56-4 562.015 yel hex cry 400 dec 24 4402 
1402 (١56 Fe(SCN), 4119-52-2 230.092 red-viol hyg cry dec $ H,O, EtOH, ace; i 
tol, ch 
1403  Krypton Kr 7439-90-9 83.798 со! gas -157.38 tp -153.34 . 3425g/L 51 H,0 
(73.2 kPa) 
1404 Krypton difluoride KrF, 3773-81-4 121.795 col tetr cry =25 dec 3.24 reac Н,0 
1405 Кгурюп fluoride КЕ, 39578-36-4 555.299 wh solid dec 45 
hexafluoroantimonate 
1406 Lanthanum La 7439-91-0 138.905 silv metal; hex 920 3464 6.15 s dil acid 
1407 Lanthanum aluminum oxide LaAl0, 2003-65-5 213.885 wh rhom cry trans cub 500 
1408 Lanthanum boride LaB, 2008-21-8 203.771 blk cub cry; refrac 2715 4.76 
1409 Lanthanum bromate nonahydrate ГаВго, . 9H,0 684.749 ћех сгу dec 100 5.06 vs HO 
1410 Lanthanum bromide LaBr, 3536-79-3 378.617 wh hex cry; hyg 788 5.1 sH,0 
1411 Lanthanum carbide LaC, 2071-15-7 162.926 tetr cry 2360 5.29 
1412 Lanthanum carbonate octahydrate — La,(CO,). - 8H,0 6487-39-4 601.960 wh cry powder 2.6 i HO; s dil acid 
1413 Lanthanum chloride LaCl, 0099-58-8 245.264 wh hex cry; hyg 858 3.84 95.75 
1414 Lanthanum chloride heptahydrate — 1401,-7Н,0 20211-76-1 371.371 wh tricl cry; hyg 91 dec 95.725 s ОН 
1415  Lanthanum fluoride LaF, 3709-38-1 195.900 wh hex cry; hyg 1493 59 i HO, acid 
1416 Lanthanum hydride ган, 3864-01-2 141.929 blk cub cry 5.36 
1417 Lanthanum hydroxide La(0H). 4507-19-8 189.927 wh amorp solid dec 0.000020% 
1418 Lanthanum iodate 1а(10,), 3870-19-4 663.614 со! сгу 17 
1419  Lanthanum iodide Lal, 3813-22-4 519.619 wh orth cry; hyg 778 56 8Н,0 
1420  Lanthanum nitrate hexahydrate La(NO,), - 6Н,0 0277-43-7 433.011 wh hyg tricl cry «40 dec 2005 vs EtOH; s ace 
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1421  Lanthanum nitride LaN 25764-10-7 152.912 Cub cry 6.73 
1422  Lanthanum oxide La 0, 312-81-8 325.809 wh amorp powder 2304 3620 6.51 i H,O; s dil acid 
1423  Lanthanum perchlorate La(CI0,), - 6H,0 36907-37-6 475.021 hyg col cry dec 100 vs НО; s EtOH 
hexahydrate 
1424  Lanthanum silicide LaSi, 2056-90-5 195.076 gray tetr cry 1520 50 
1425 Lanthanum sulfate La, (S0,). 0099-60-2 565.999 hyg wh pow 1150 51 H,0 
1426 Lanthanum sulfate octahydrate La (S0,), - 8H,0 57804-25-8 702.058 col cry dec 2.82 51 Н,0 
1427 Lanthanum sulfate nonahydrate La, (S0,), - 9H,0 0294-62-9 728.136 hex cry 2.82 2.72 i EtOH 
1428 Lanthanum monosulfide LaS 2031-30-0 170.970 yel cub cry 2300 5.61 
1429  Lanthanum sulfide La,S, 2031-49-1 374.006 red сий сгу 2110 49 
1430 Lawrencium Lr 22531-19-5 262 metal 1627 
1431 Lead Pb 7439-92-1 207.2 soft silv-gray 327.462 1749 11.3 S conc acid 
metal; cub 
1432  Plumbane PbH, 5875-18-0 2112 unstab col gas -13 
1433 acetate Pb(C,H,0,), 301-04-2 325.3 wh cry 280 dec 3.25 44.3% 
1434  Lead(Il) acetate trihydrate Pb(C,H,0,), - 3H,0 6080-56-4 427.3 col cry 75 дес 2.55 vs H,0; sl ЕОН 
1435 Lead(I) acetate, basic Pb(C.H.0,),.2Pb(OH), 1335-32-6 807.7 wh powder dec 6.3? 
1436 —Lead(ll) antimonate Pb.(SbO,), 3510-89-9 993.1 oran-yel powder 6.58 i HO, dil acid 
1437 (156 Pb.(As0,), 3687-31-8 899.4 wh cry 1042 dec 58 i H,0; $ HNO, 
1438 (16 Pb(As0,), 0031-13-7 421.0 wh powder 5.85 i H,O; s dil HNO, 
1439  Lead(Il) azide Pb(N), 3424-46-9 291.2 col orth needles; ^ exp «350 47 0.023" vs HOAc 
exp 
1440 1ваа(1) borate monohydrate Pb(BO,), - Н,0 0214-39-8 310.8 wh powder 500 dec 5.6 i H,0; s dil HNO, 
1441 Lead(II) bromate monohydrate РО(ВгО,), - Н,0 0031-21-7 481.0 col cry “180 dec 5.53 1.3320 
1442  Lead(ll) bromide PbBr, 0031-22-8 367.0 wh orth cry 371 892 6.69 0.975% i EtOH 
1443  Lead(ll) butanoate Pb(C,H,0,), 819-73-8 381.4 col solid ~90 i HO; s dil HNO, 
1444 Lead(Il) carbonate PbCO, 598-63-0 267.2 col orth cry 5315 dec 6.582 iH,0 
1445  Lead(ll) carbonate, basic Pb(OH), - 2PbC0, 319-46-6 775.6 wh hex cry 400 dec «6.5 i H,O, EtOH; s acid 
1446 — Lead(Il) chlorate Pb(CIO,), 0294-47-0 374.1 col hyg cry 230 dec 3.9 144% vs EtOH 
1447 ва) chloride PbCl, 7158-95-4 278.1 wh orth needles ог 501 951 5.98 1.08% за 
powder 
1448  Lead(Il) chloride fluoride PbCIF 3847-57-9 261.7 tetr cry 7.05 0.035% 
1449  Lead(Il) chlorite Pb(CIO,), 3453-57-1 342.1 yel monocl cry dec 126 0.25 sl H,0; зак 
1450 1ваа(1) chromate Р ОО, 7758-97-6 323.2 yel-oran топос 844 6.12 0.000017% s alk, dil acid 
cry 
1451  Lead(Il) chromate(VI) oxide PbCrO, - PbO 8454-12-1 546.4 red powder iH 0 
1452  Lead(ll) citrate trihydrate Pb.(C.H.0.), - 3H,0 512-26-5 1053.8 wh cry powder $ Н,0; sl EtOH 
1453 Lead(Il) cyanide Pb(CN), 592-05-2 259.2 wh-yel powder sl Н,0: reac acid 
1454  Lead(Il) 2-ethylhexanoate Pb(C.H..CO,), 301-08-6 493.6 visc liq 1.56 
1455  Lead(ll) fluoride PbF 7783-46-2 245.2 wh orth cry 830 1293 8.44 0.067025 
1456  Lead(Il) fluoroborate Pb(BF ), 3814-96-5 380.8 5130 only in aq s Н,0 
soln 
1457 formate Pb(CHO,), 811-54-1 2972 wh prisms ог 90 dec 4.63 1.6% i EtOH 
needles 
1458 | Lead(Il) hexafluoro-2,4- Pb(CF,COCHCOCF,), 9648-88-5 6213 cry 55 210 
pentanedioate 
1459 Lead(ll) hydrogen arsenate PbHASO, 7784-40-9 3471 wh топос! cry 280 dec 5.943 i H0; s HNO,, alk 
1460 1ваа(01) hydrogen phosphate PbHPO, 5845-52-0 303.2 wh monocl cry dec 5.66 
1461  Lead(Il) hydroxide Pb(0H), 9783-14-3 241.2 wh powder 45 dec 7.59 0.000122 S acid 
1462 одаје Pb(IO.), 25659-31-8 557.0 wh orth cry 6.50 0.0025* 
1463  Lead(Il) iodide Pbl, 0101-63-0 461.0 yel hex cry or 410 872 dec 6.16 0.0762 i EtOH 
powder 
1464  Lead(Il) lactate Pb(C.H.0.), 8917-82-3 385.3 wh cry powder $ Н,0, hot EtOH 
1465 06076 PbMoO, 0190-55-3 3674 yel tetr cry «1060 6.7 i H,0; s HNO,, 
NaOH 
1466  Lead(Il) niobate Pb(NbO.), 2034-88-7 489.0 rhom or tetr cry 1343 6.6 iH,0 
1467 1ваа(1) nitrate Pb(NO,), 0099-74-8 331.2 Col cub cry 470 453 59.725 sl EtOH 
1468 Lead(l) oleate Pb(C,,H,.0,) 120-46-3 770.1 wax-like solid i H,O; s EtOH, bz, 
eth 
1469  Lead(ll) oxalate PbC,0, 814-93-7 295.2 wh powder 300 dec 5.28 0.00025% s dil HNO, 
1470  Lead(Il) oxide (litharge) PbO 317-36-8 223.2 red tetr cry trans to 9.35 i H,O, EtOH; s dil 
massicot HNO, 
489 
1471  Lead(Il) oxide (massicot) PbO 317-36-8 223.2 yel orth cry 887 9.64 i H,O, EtOH; s dil 
HNO, 
1472  Lead(Il) oxide hydrate ЗРБО - H,0 311-11-1 687.6 wh powder 741 i HO; s dil acid 
1473  Lead(ll)2,4-pentanedioate Pb(CH.COCHCOCH,), 5282-88-90 4054 cry 143 
1474  Lead(Il) perchlorate Pb(CIO,), 3453-62-8 406.1 wh cry 4415 
1475  Lead(Il) perchlorate trihydrate Pb(CIO,), • 3H,0 3637-76-8 460.1 wh cry 100 dec 2.6 4415 S НОН 
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1476  Lead(Il) phosphate Pb.(PO,), 7446-27-7 8115 wh hex cry 1014 7.01 i H,O, EtOH 
1477 Lead(ll) hypophosphite Pb(H,P0,), 0294-58-3 337.2 hyg cry powder dec sl Н,0: i EtOH 
1478 Lead(Il) metasilicate PbSiO, 0099-76-0 283.3 wh monocl сгу 764 6.49 i HO, os 
powder 
1479 Lead(Il) orthosilicate Pb,si0, 3566-17-1 506.5 топос! сту 743 7.60 
1480 1ваа(1) hexafluorosilicate РЬЗЕ, + 29,0 310-03-8 385.3 со! cry dec vs HO 
dihydrate 
1481 Lead(I) selenate PbSe0, 7446-15-3 350.2 orth cry 6.37 0.0135 $ conc acid 
1482  Lead(ll) selenide PbSe 2069-00-0 286.2 gray cub cry 1078 8.1 1Н,0: s HNO, 
1483 0 selenite PbSe0, 7488-51-9 334.2 wh monocl сгу #500 70 iH,0 
1484  Lead(Il) sodium thiosulfate Na,Pb(S,0.), 0101-94-7 6355 wh cry 81 H,O 
1485 0006 Pb(C..H..0,), 072-35-1 7141 wh powder 2100 14 i H,0; s hot EtOH 
1486 Lead(IM) sulfate PbSO, 7446-14-2 303.3 orth cry 1087 6.29 0.00442 i acid; sl alk 
1487  Lead(ll) sulfide PbS 314-87-0 239.3 blk powder or silv 3 7.60 i H,0; s acid 
Cub cry 
1488 Lead(Il) sulfite PbS0, 7446-10-8 287.3 wh powder dec i H,0; s HNO, 
1489  Lead(ll) tantalate РЬ(180,), 2065-68-8 6651 orth cry 79 iH,0 
1490 Lead(l)telluride PbTe 314-91-6 334.8 gray cub cry 924 8.164 i H,O, acid 
1491  Lead(Il) thiocyanate Pb(SCN), 592-87-0 323.4 wh-yel powder 3.82 0.0520 
1492  Lead(Il) thiosulfate PbS,0. 3478-50-7 3193 wh cry dec 5.18 i H,0; s acid 
1493  Lead(ll) titanate PbTi0, 2060-00-3 3034 yel tetr cry 79 i H,0; reac НСІ 
1494  Lead(Il) tungstate (stolzite) PbWO, 7159-01-5 455.0 yel tetr cry 1130 8.24 0.032 sal 
1495 Lead(l) tungstate (raspite) PbWO, 7759-01-5 455.0 топос! сгу trans 400 8.46 0.032 за! 
1496 0066 Pb(V0.), 0099-79-3 4051 yel powder i H,O; reac HNO, 
1497  Lead(Il) zirconate PbZr0, 2060-01-4 346.4 col orth cry = i H,O, alk; s acid 
1498  Lead(ll,IV) oxide Pb,0, 314-27-8 462.4 blk monocl cry or 530 дес 10.05 1Н,0: s alk; reac 
гей amorp conc HCI 
powder 
1499 — Lead(ll,Il,IV) oxide Pb.0, 314-41-6 685.6 red tetr cry 830 8.92 i H,O, EtOH; s hot 
HC 
1500  Lead(IV) acetate Pb(C,H,0,), 546-67-8 443.4 col monocl cry ~175 223 reac Н,0, 56 
bz, chl 
1501  Lead(IV) bromide PbBr, 3701-91-2 526.8 unstab liq 
1502 Lead(IV) chloride PbCI 3463-30-4 349.0 yel oily liq -15 «50 dec 
1503  Lead(IV) fluoride PbF, 7783-59-7 283.2 wh tetr cry; ћуд «600 67 
1504  Lead(IV) oxide PbO, 309-60-0 239.2 red tetr cry orbrn 290 dec 9.64 
powder 
1505 Lithium Li 7439-93-2 6.941 soft silv-wh metal — 180.50 1342 0.534 reac Н,0 
1506 Lithium acetate LiC,H,0, 546-89-4 65.985 cry 286 45.0% vs EtOH 
1507 Lithium acetate dihydrate LiC,H,0, - 29,0 6108-17-4 102.016 wh rhomb cry 58 dec 13 45.05 5 НОН 
1508 Lithium aluminum hydride ЦАН, 6853-85-3 37.955 gray-wh monocl >125 dec 0.917 reac Н,0, EtOH; 8 
cry eth, thf 
1509 Lithium aluminum silicate LiAISi,0, 2068-40-5 186.090 wh monocl cry 1430 3.188 
1510 Lithium amide LiNH, 7782-89-0 22.964 tetr cry 380 1.18 reac Н,0 
1511 Lithium arsenate Li AsO, 3478-14-3 159.743 col orth cry 3.07 51 H,0; s НОАс 
1512 Lithium azide LIN, 9597-69-4 48.96 hyg monocl cry; 1.83 vs HO 
exp 
1513 Lithium borohydride LiBH, 6949-15-8 21.704 wh-gray orth cry 268 380 dec 0.66 s alk, eth, thf 
or powder 
1514 Lithium bromate LiBrO, 3550-28-2 134.843 hyg col orth cry 260 65.45 vs HO 
1515 Lithium bromide LiBr 7550-35-8 86.845 wh cub cry; hyg 550 «1300 3.464 815 S EtOH, eth 
1516 Lithium bromide monohydrate LiBr HO 23303-71-1 104.860 wh orth cry trans cub 33 3.46 454 vs HO 
1517 Lithium carbide Li,C, 070-75-3 37.903 wh hyg cry 1.65 reac H,0; i os 
1518 — Lithium carbonate 1,00, 554-13-2 73.891 wh топос! cry 732 1300dec 211 30° $ acid; | EtOH 
1519 Lithium chlorate LiClO, 3453-71-9 90.392 col hyg rhom 127.6 300 dec 1.119 4595 vs EtOH; sl асе 
needles 
1520 Lithium chloride LiCl 7441-41-8 42.394 wh cub cry or 610 1383 2.07 84,5» S НОН, ace, ру 
powder; hyg 
1521 Lithium chloride monohydrate LiCl - HO 6712-20-2 60.409 hyg wh tetr cry dec 98 1.78 45.95 vs Н,0 
1522 Lithium chromate dihydrate Li,CrO, - 2H,0 7789-01-7 165.906 yel orth cry; hyg 75 dec 2.15 vs H,0; s EtOH 
1523 Lithium citrate tetrahydrate Li,C.H.O, - 4Н,0 6680-58-6 281.983 wh cry 210 (anh) 755 vs НО; sl EtOH 
1524 Lithium соба е LiCo0, 2190-79-3 97.873 dark gray pow iH,0 
1525 Lithium cyanide LiCN 2408-36-8 32.959 wh orth cry 160 
1526 Lithium hydride-d LiD 3587-16-1 8.955 hyg wh cry 680 0.82 reac HO 
1527 Lithium dichromate dihydrate Li,Cr,0, - 29,0 0022-48-7 265.901 yel-red hyg cry 130 dec 2.34 vs HO 
1528 Lithium dihydrogen phosphate LiH,PO, 3453-80-0 103.928 col hyg cry >100 2.461 126° 
1529 Lithium diisopropylamide LiN(C.H.), 4111-54-0 107.123 hyg col cry dec S eth; i hc 
1530 Lithium ferrosilicon LiFeSi 64082-35-5 90.872 dark brittle cry reac Н,0 
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1531 Lithium fluoride LiF 7789-24-4 25.939 wh cub cry ог 848.2 1673 2.640 0.134% S acid 
powder 
1532 Lithium formate monohydrate Li(CHO,) - H,0 6108-23-2 69.974 col-wh cry 1.46 8Н,0 
1533 Lithium hexafluoroantimonate LiSbF, 8424-17-4 242.691 hyg pow dec 
1534 Lithium hexafluoroarsenate ПАЗҒ, 29935-35-1 310.672 rhom wh cry; hyg 
1535 Lithium hexafluorophosphate ПРЕ, 21324-40-3 151.905 wh pow 
1536 Lithium hexafluorosilicate ЕЛІ 7347-95-4 155.958 col hex cry dec 350 sl ace 
1537 Lithium hexafluorostannate Li,SnF, 7029-16-2 246.582 wh pow 
1538 Lithium hydride LiH 7580-67-8 7.949 gray cub cry ог 692 0.78 reac H,0, EtOH 
powder; hyg 
1539 Lithium hydrogen carbonate LiHCO, 5006-97-3 67.958 wh pow sl HO 
1540 Lithium hydroxide LiOH 310-65-2 23.948 col tetr cry 473 1626 1.45 12.55 sl EtOH 
1541 Lithium hydroxide monohydrate ЦОН. H,0 310-66-3 41.964 wh monocl cry or 1.51 12.5% sl EtOH 
powder 
1542 Lithium hypochlorite LiOCl 3840-33-0 58.393 wh pow vs НО 
1543 Lithium iodate 10, 3765-03-2 181.843 wh hyg hex cry 450 4.502 77.95 i EtOH 
1544 Lithium iodide Li 0377-51-2 133.845 wh cub cry; hyg 469 1171 4.06 1655 
1545 Lithium iodide trihydrate Lil - 3H0 7790-22-9 187.891 wh hyg cry T3 2.38 1655 vs EtOH, ace 
1546 Lithium manganate Li,Mn0, 2163-00-7 116.818 red-brn monocl 3.90 iH,0 
cry 
1547 Lithium metaborate LiBO, 3453-69-5 49.75 wh monocl cry; 844 2.18 2.62 sl H,O; s EtOH 
nyg 
1548 Lithium metaborate dihydrate LIBO, - 29,0 5293-74-0 85.782 wh cry pow 1.8 s Н,0 
1549 Lithium metaphosphate LiPO, 3762-75-9 85.913 wh cry or gl solid 18 iH,0 
1550 — Lithium metasilicate 1,510, 0102-24-6 89.966 wh orth needles 1201 252 i cold Н,О; reac dil 
acid 
1551 Lithium molybdate Li,Mo0, 3568-40-6 173.82 hyg wh cry 702 2.66 44.85 sH,0 
1552 Lithium niobate iNbO, 2031-63-39 147.845 wh hex cry 1240 4.30 
1553 Lithium nitrate LINO, 7790-69-4 68.946 со! ћех сгу; ћуд 253 2.38 1025 s EtOH 
1554 Lithium nitride انا‎ 26134-62-3 34.830 red hex cry 813 127 reac Н,0 
1555 Lithium nitrite LiNO, 3568-33-7 52.947 wh hyg cry 222 vs HO 
1556 Lithium nitrite monohydrate LINO, - H,O 3568-33-7* 70962 col needles >100 1.615 139.55 vs HO, EtOH 
1557 Lithium orthosilicate 510, 3453-84-4 99.025 wh rhom cry 1256 2.39 
1558 Lithium oxalate 1,0,0, 30903-87-8 101.901 со! сгу dec 2.1217 $ H0; i EtOH, eth 
1559 Lithium phosphate Li,PO, 0377-52-3 115.794 wh orth cry 1205 2.46 0.0275 
1560 Lithium oxide 1,0 2057-24-8 29.881 wh cub cry 1437 2.013 
1561 Lithium perchlorate LiCIO, 7791-03-9 106.392 wh orth cry ог 236 430 dec 2.428 58.75 S EtOH, ace, eth 
powder 
1562 Lithium perchlorate trihydrate LiClO, - 3H,0 3453-78-6 160.438 wh hex cry 95 dec 1.84 vs Н,0, EtOH, ace; 
i eth 
1563 Lithium peroxide 1,0, 2031-80-0 45.881 wh hex cry 231 $ H0; i EtOH 
1564 Lithium selenate monohydrate Li,Se0, - H,O 7790-71-8 174.86 топос! cry 2.56 vs HO 
1565 Lithium selenite monohydrate Li,Se0, - H,O 5593-51-8 158.86 ћуд cry 
1566 Lithium stearate LiC,.H..O, 4485-12-5 290.411 cry 2220 
1567 Lithium sulfate 1,50, 0377-48-7 109.945 wh monocl cry; 860 221 3425 
nyg 
1568 Lithium sulfate monohydrate Li,SO, - HO 0102-25-7 127.960 Col cry 130 dec 2.06 34.2% $! EtOH 
1569 Lithium sulfide 1,5 2136-58-2 45.947 wh cub cry; hyg 1372 1.64 
1570 Lithium tantalate LiTaO, 2031-66-2 235.887 wh pow 1650 
1571 Lithium tetraborate 18,0, 2007-60-2 169.122 wh tetr cry 917 2.9% 51 H,0 
1572 Lithium tetraborate pentahydrate Li B,O, - 5H,0 303-94-2 259.198 wh cry pow dec 200 vs HO; i EtOH 
1573 Lithium tetracyanoplatinate Li,Pt(CN), - 5H,0 4402-73-4 403.112 grn-yel cry sl H,O 
pentahydrate 
1574 Lithium tetrafluoroborate LiBF, 4283-07-9 93.746 hyg wh pow dec vs HO 
1575 Lithium thiocyanate LiSCN 556-65-0 65.024 wh hyg cry 1205 
1576 Lithium titanate Li,Ti0, 2031-82-2 109747 wh pow 1325 iH,0 
1577 Lithium tungstate ЧМО, 3568-45-1 261.72 wh trig pow 740 3.71 sH,0 
1578 Lithium vanadate LiVO, 5060-59-0 105.881 yel pow subl 1400 
1579 Lithium zirconate Li ZrO, 2031-83-3 153.104 ۹0 
1580  Lutetium Lu 7439-94-3 174.967 silv metal; hex 663 3402 9.84 s dil acid 
1581  Lutetium boride ШВ, 2688-52-7 218.211 tetr cry 2600 «70 
1582 Lutetium bromide LuBr, 4456-53-2 414.679 wh hyg cry 025 vs HO 
1583 шейит chloride LuCl, 0099-66-8 281.326 wh monocl cry; 925 3.98 8Н,0 
nyg 
1584 Lutetium chloride hexahydrate LuCl, - 6H,0 5230-79-2 389.417 со! cry dec 150 $ Н,0, EtOH 
1585  Lutetium fluoride ШЕ, 3760-81-1 231.962 orth cry 182 2200 83 iH 0 
1586 Lutetium iodide Lul, 3813-45-1 555.680 brn hex cry; hyg 050 =5.6 vs НО 
1587  Lutetium iron oxide Lu,Fe,0,, 2023-71-1 996.119 cry 
1588 Lutetium nitrate Lu(NO,), 0099-67-9 360.982 hyg col solid S H,O, EtOH 
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1589  Lutetium nitride LuN 2125-25-6 188.974 Cub cry 11.6 
1590 Lutetium oxide Lu,0, 2032-20-1 397.932 wh cub cry ог 2427 3980 941 
powder 
1591  Lutetium perchlorate hexahydrate — Lu(CIO,), - 6H,0 4646-29-8 581.410 со! cry dec 350 (anh) $ Н,0, MeOH 
1592  Lutetium sulfate Lu,(S0,), 4986-89-1 638.122 wh pow dec >850 vs HO 
1593 Lutetium sulfate octahydrate Lu (S0,), • 8Н,0 3473-77-3 182244. colcry 42.39 s Н.О 
1594 Lutetium sulfide Lu S, 2163-20-1 446.129 gray rhomb cry 1750 dec 6.26 
1595 Lutetium telluride Lu,Te, 2163-22-3 732.73 orth cry 78 
1596 agnesium g 7439-95-4 24.305 silv-wh metal 650 1090 1.74 S dil acid 
1597 agnesium acetate 0(С,Н,0,), 42-12-3 142.394 wh orth/monocl 323 dec 1.50 65.625 
сгу 
1598 agnesium acetate monohydrate g(C,H,0,), - HO 60582-92-5 160.409 orth cry 1.55 
1599 agnesium acetate tetrahydrate jg(C,H,0,), - 49,0 6674-78-5 214.454 col monocl cry; 80 dec 1.45 65.6% vs НОН 
nyg 
1600 agnesium aluminate Q(AIO,), 2068-51-8 142.266 со! cub cry 2105 3.55 iH,0 
1601 agnesium aluminum silicate 0,А1,(А151,0,.) 302-88-1 584.953 blue cry 2.6 
1602 agnesium amide o(NH,), 7803-54-5 56.350 wh powder; flam ^ dec 1.39 reac Н,0 
1603 agnesium ammonium phosphate — MgNH,PO, - 0 3478-16-5 245.407 wh pow dec 171 i HO, EtOH; s acid 
hexahydrate 
1604 agnesium antimonide 0,50, 2057-75-9 316.435 hex cry 245 3.99 
1605 agnesium arsenide JAS, 2044-49-4 222.758 solid =1200 3.15 iH 0 
1606 agnesium diboride gB, 2007-25-9 45.927 hex cry 800 dec 2.57 
1607 agnesium hexaboride لن‎ 2008-22-9 89.171 refrac solid 100 dec iH,0 
1608 agnesium dodecaboride ОВ, 2230-32-9 154.037 refrac solid 300 dec 
1609 agnesium bromate hexahydrate g(BrO,), · 6Н,0 7789-36-8 388.201 col cub cry 200 dec 2.29 985 
1610 agnesium bromide gBr, 7789-48-2 184.113 wh hex cry; hyg 711 3.72 1025 
1611 agnesium bromide hexahydrate ger, - 6H,0 3446-53-2 292.204 со! топос! cry 65 dec 2.0 1025 s ОН 
1612 agnesium carbonate 000, 546-93-0 84.314 wh hex cry 990 3.010 0.182 i EtOH; s acid 
1613 agnesium carbonate dihydrate 900,۰20 5145-48-2 120.345 col tricl cry 28 i H,O, ace, МН,ОН 
1614 agnesium carbonate trihydrate 000, - 3H,0 4457-83-1 138.360 со! топос! cry 65 1.8 0188 
1615 agnesium carbonate 000, · 5Н,0 61042-72-6 174.390 wh monocl cry dec >400 3.04 0.386 
pentahydrate 
1616 agnesium carbonate hydroxide 4М0С0,. Mg(OH), - 39409-82-0 467.636 wh топос! cry 23 
etrahydrate 40 
1617 agnesium carbonate hydroxide АМОСО, - Mg(OH), + 56378-72-4 485.652 wh pow dec 700 i H,O; s dil acid; i 
pentahydrate 5H,0 EtOH 
1618 agnesium carbonate dihydroxide 9CO, - Mg(OH), - 3H,0 12143-96-3 196.680 wh monocl cry dec 2.04 
rihydrate 
1619 agnesium chlorate hexahydrate ((С10.),. 6H,0 13446-19-0 299.299 wh hyg cry «95 dec 1.80 1425 sl EtOH 
1620 agnesium chloride 001, 7786-30-3 95.211 wh hex leaflets; 714 1412 2.325 56.0% 
nyg 
1621 agnesium chloride hexahydrate 001, - 6H,0 7791-18-6 203.302 wh hyg cry “100 dec 1.56 56.0" s ОН 
1622 agnesium chromate heptahydrate MgCr0, -7Н,0 13423-61-5* 266.405 yel rhom cry 1.695 54.8% 
1623 agnesium chromite 9050, 12053-26-8 192.295 deep grn cry 2390 44 
1624 Magnesium citrate g,(C,H,0,), 3344-18-1 451.114 whcry sl Н,0 
1625 agnesium citrate tetradecahydrate Mg,(C,H,0.), - 14H,0 3344-18-1* 703.328 wh cry pow sl Н,0: s acid 
1626 agnesium fluoride gF, 7783-40-6 62.302 wh tetr cry 1263 2227 3.148 0.013% 
1627 agnesium formate dihydrate g(CHO,), - 29,0 6150-82-9 150.370 wh cry dec $ H0; i EtOH 
1628 agnesium germanate 0,860, 2025-13-7 185.25 wh prec iH,0 
1629 agnesium germanide g,Ge 310-52-7 121.25 cub cry 1117 3.09 
1630 agnesium hydride gH, 7693-27-8 26.321 wh tetr cry 327 145 reac Н,0 
1631 agnesium hydrogen phosphate ОНРО, - 3H,0 7151-86-0 174.331 wh powder 550 dec 2.13 sl Н,0; s dil acid 
rihydrate 
1632 agnesium hydroxide ((ОН), 309-42-8 58.320 wh hex cry 350 2.37 0.000692 s dil acid 
1633 agnesium iodate tetrahydrate 0(10,), - 4H,0 7790-32-1* 446.172 со! топос! cry 210 дес 3.3 111°: 
1634 agnesium iodide gl, 0377-58-9 278.114 wh hex cry; hyg 634 4,43 146% 
1635 agnesium iodide hexahydrate gl, - 6H,0 66778-21-0 386.205 wh monocl cry 2.35 
1636 agnesium iodide octahydrate gl, - 8H,0 7790-31-0 422.236 wh orth cry; hyg 41 dec 2.10 1465 $ ОН 
1637 agnesium metaborate g(B0,), - 8H,0 3703-82-7* 47 wh pow 988 (anh) 51 Н,0 
осїаһуйгаїе 
1638 agnesium metasilicate 0510, 3776-74-4 100.389 wh monocl cry «1550 dec 3.19 i H,0; sl HF 
1639 agnesium metatitanate 0110, 2032-30-3 120.170 со! hex cry 1565 3.85 
1640 agnesium molybdate 0М00, 2013-21-7 184.24 wh pow “1060 22 15.95 sH,0 
1641 agnesium nitrate ((М0.), 0377-60-3 148.314 wh cub cry «2.3 71.25 
1642 agnesium nitrate dihydrate 0(10,),-2Н,0 5750-45-5 184.345 wh cry “100 dec 1.45 71.25 s ОН 
1643 agnesium nitrate hexahydrate 0(10,),-6Н,0 3446-18-9 256.406 col monocl cry; «95 dec 1.46 71.25 S EtOH 
nyg 
1644 agnesium nitride oN, 2057-71-5 100.928 yel cub cry =1500 dec 2.71 
1645 agnesium nitrite trihydrate g(NO,), - 3H,0 5070-34-5 170.362 wh hyg prisms 100 dec 129.95 S НОН 
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1646 agnesium orthosilicate 0,510, 26686-77-1 140.694 wh orth cry 1897 3.21 iH,0 

1647 agnesium orthotitanate ٧ 2032-52-9 160.475 wh cub cry 1840 3.53 

1648 agnesium oxalate 00,0, 547-66-0 112.324 wh powder 0.0385 

1649 agnesium oxalate dihydrate 00,0, - 29,0 6150-88-5 148.354 wh powder 0.0385 i EtOH; s dil acid 

1650 agnesium oxide 00 309-48-4 40.304 wh cub cry 2825 3600 3.6 sl H,O; i EtOH 

1651 agnesium perborate heptahydrate МО(ВО,), - 7Н,0 4635-87-1 268.030 wh pow 81 H,O 

1652 agnesium perchlorate ((С10,), 0034-81-8 223.206 wh hyg powder 250 dec 22 1005 

1653 agnesium perchlorate ((С10,),. 6Н,0 3446-19-0 331.298 wh hyg cry 90 dec 1.98 1005 $ ОН 
hexahydrate 

1654 agnesium permanganate g(Mn0,), - 6H,0 0371-62-5 370.268 blue-blk cry dec 218 s H,0 
hexahydrate 

1655 agnesium peroxide 90, 335-26-8 56.304 wh cub cry 00 dec «3.0 ІН,0; s dil acid 

1656 agnesium phosphate g,(PO,), • 5Н,0 7757-87-1* 352.934 wh cry 400 dec 0.000092 s dil acid 
pentahydrate 

1657 agnesium phosphate octahydrate Мо,(РО,), • 8Н,0 3446-23-6 406.980 wh топос! сгу 217 0.000092 s acid 

1658 agnesium pyrophosphate 0,Р,0, 3446-24-7 222.553 со! топос! plates 1395 2.56 

1659 agnesium pyrophosphate 9,P.0, · 3H,0 0102-34-8 276.600 wh powder 00 dec 2.56 i HO; s acid 
rihydrate 

1660 agnesium phosphide gP, 2057-74-8 134.863 yel cub cry 2.06 reac Н,0 

1661 agnesium selenate hexahydrate 0560, - 6H,0 3446-28-1 275.35 wh monocl cry 1.928 55.525 

1662 agnesium selenide 05е 313-04-8 103.27 brn cub cry 42 reac HO 

1663 agnesium selenite hexahydrate 0560, . 69,0 5593-61-0 259.36 со! hex cry 2.09 1Н,0: s dil acid 

1664 agnesium hexafluorosilicate 091, - 6H,0 60950-56-3 274.472 wh cry 120 dec 1.79 39.318 i EtOH 
hexahydrate 

1665 agnesium silicide 0,51 22831-39-6 76.696 gray cub cry 1102 1.99 reac Н,0 

1666 agnesium stannide 0,511 313-08-2 167.320 blue cub cry 71 3.60 s HO, dil HCI 

1667 agnesium sulfate 050, 7487-88-9 120.368 col orth cry 1137 2.66 35.75 

1668 agnesium sulfate monohydrate 050, - HO 4168-73-1 138.383 col monocl cry 150 dec 2.57 35.75 

1669 agnesium sulfate heptahydrate 050, - 7H,O 0034-99-8 246.474 col orth cry 150 dec 1.67 35.15 sl EtOH 

1670 agnesium sulfide 05 2032-36-9 56.370 red-brn cub cry 2226 2.68 reac Н,0 

1671 agnesium sulfite trihydrate 050, - 3H,0 9086-20-5 158.414 col orth cry 242 0.795 

1672 agnesium sulfite hexahydrate 950, · 6H,0 3446-29-2 212.460 wh hex cry 200 dec 1.72 0.795 i EtOH 

1673 agnesium tetrahydrogen Q(H,PO,), - 29,0 5609-80-0 254.311 wh hyg cry dec 90 s ЊО i EtOH 
phosphate dihydrate 

1674 agnesium thiocyanate g(SCN), - 49,0 306-61-6 212.531 wh hyg cry vs H,0, EtOH 
etrahydrate 

1675 agnesium thiosulfate hexahydrate М05,0,.6Н,0 3446-30-5 244.525 со! cry 170 dec 1.82 935 i EtOH 

1676 Magnesium trisilicate 0,51,0, 4987-04-3 260.860 67 ГНО, EtOH 

1677 agnesium tungstate gwo, 3573-11-0 272.14 wh топос! cry 6.89 0.0162 i EtOH 

1678 agnesium vanadate 9,V0, 3560-63-3 262.489 гісі cry 31 

1679 agnesium zirconate 9270, 2032-31-4 163.527 col cry 2060 423 

1680 agnesium zirconium silicate 00 - 20, - SiO, 52110-05-1 223.612 wh solid i H,O, alk; sl acid 

1681 anganese n 7439-96-5 54.938 hard gray metal 246 2061 73 S dil acids 

1682 anganocene п(С.Н.), 271-27-8 185.124 yel-brn cry T3 $ py, thf; sl bz 

1683 anganese antimonide (MnSb) пр 2032-82-5 176.698 hex cry 840 6.9 

1684 anganese antimonide (Mn, Sb) п,50 2032-97-2 231.636 etr cry 948 70 

1685 anganese boride (MnB) nB 2045-15-7 65.749 orth cry 890 6.45 

1686 anganese boride (MnB,) nB, 2228-50-1 76.560 hex cry 827 53 

1687 anganese boride (Мп,В) nB 2045-16-8 120.687 red-brn tetr сгу 580 7.20 

1688 Manganese carbide nC 2266-65-8 176.825 refrac solid 520 6.89 

1689 anganese carbonyl п,С0), 0170-69-1 389.977 yel monocl cry 54 1.75 i H,0; s os 

1690 anganese pentacarbonyl bromide Mn(CO),Br 4516-54-2 274.893 oran-yel cry S 0S 

1691 anganese phosphide (MnP) nP 2032-78-9 85.912 orth cry 147 5.49 

1692 anganese phosphide (Mn,P) пр 2333-54-9 140.850 hex cry 327 6.0 

1693 anganese silicide nsi, 2032-86-9 111.109 gray solid 152 dec 

1694 anganese(II) acetate tetrahydrate n(C,H,0,), • 49,0 6156-78-1 245.087 гей топос! cry 80 1.59 $ Н,0, EtOH 

1695 anganese(Il) bromide nBr, 3446-03-2 214.746 pink hex cry 698 4.385 1515 

1696 anganese(Il) bromide nBr, - 49,0 0031-20-6 286.808 red hyg cry 64 dec 1515 
etrahydrate 

1697 anganese(Il) carbonate 100, 598-62-9 114.947 pink hex cry >200 dec 3.70 0.000082 s dil acid 

1698 anganese(Il) chloride псі, 7773-01-5 125.844 pink trig cry; hyg 650 1190 2.977 77.35 S py, EtOH; i eth 

1699 апдапеве(1) chloride tetrahydrate MnCl, - 49,0 3446-34-9 197.906 red monocl cry; 87.5 1.913 77.325 $ EtOH; i eth 

ћуд 

1700 апдапезе() dihydrogen п(Н,РО,), - 29,0 8718-07-5 284.944 со! ћуд сту s H,0; i EtOH 
phosphate dihydrate 

1701 anganese(ll) fluoride nF, 7782-64-1 92.935 red tetr cry 900 3.98 1.025 i EtOH 

1702 anganese(II) hydroxide n(OH), 8933-05-6 88.953 pink hex cry dec 3.26 0.000342 

1703 anganese(II) hypophosphite п(Н,РО,), - HO 0043-84-2 202.931 pink cry >250 1570 8Н,0 
monohydrate 
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1704 anganese(II) iodide nl, 7790-33-2 308.747 wh hex cry; hyg 638 5.04 s HO, EtOH 
1705 anganese(ll) iodide tetrahydrate nl, 4H,0 7790-33-2* 380.809 гей сгу vs НО; s EtOH 
1706 апдапезе(!!) metasilicate п510, 7759-00-4 131.022 red orth cry 1291 3.48 iH,0 
1707 anganese(II) molybdate nMo0, 4013-15-1 214.88 yel monocl cry 4.05 
1708 anganese(II) nitrate n(NO,), 0377-93-2 178.947 col orth cry; hyg 22 1615 S diox, thf 
1709 anganese(Il) nitrate tetrahydrate п(МО,), • 4Н,0 20694-39-7 251.009 pink hyg cry 37.1 dec 2.13 161% s ОН 
1710 anganese(Il) nitrate hexahydrate n(NO,), - 6Н,0 0377-66-9 287.039 rose monocl cry 6 1.8 1615 vs EtOH 
17111 Мапдапезе(!) orthosilicate п,510, 3568-32-6 — 201.960 orth cry 441 iH,0 
1712 anganese(ll) oxalate dihydrate nC,0, + 29,0 6556-16-7 178.987 wh cry powder 150 dec 2.45 0.0322 s acid 
1713 anganese(Il) oxide по 344-43-0 70.937 010 cub cry or 1842 5.37 i HO; s acid 
powder 
1714 anganese(II) perchlorate n(CIO,), - 60 5364-94-0 361.931 pink hex cry 210 
hexahydrate 
1715 anganese(Il) pyrophosphate п.Р,0, 53731-35-4 283.819 wh monocl cry 1196 3.71 iH,0 
1716 anganese(Il) selenide 156 313-22-0 133.90 gray cub cry 1460 5.45 iH,0 
1717 anganese(II) sulfate 150, 7785-87-7 151.001 wh orth cry 700 850 dec 3.25 63.75 
1718 апдапеве(1) sulfate monohydrate 0 0034-96-5 169.016 гей топос! cry 2.95 63.75 i EtOH 
1719 anganese(ll) sulfate tetrahydrate nSO, - 49,0 0101-68-5 223.062 red топос! cry 38 dec 2.26 63.75 i EtOH 
1720 anganese(ll) sulfide (о form) ns 8820-29-6 87.003 grn cub cry 1610 40 i H,0; s dil acid 
1721 апдапезе() sulfide (B form) ns 8820-29-6 87.003 red cub cry 3.3 i H,0; s dil acid 
1722 anganese(Il) sulfide (y form) ns 8820-29-6 87.003 red hex cry 23.3 16,0; s dil acid 
1723 anganese(II) telluride nTe 2032-88-1 182.54 ћех сгу “1150 6.0 
1724  Manganese(Il) tetraborate nB,O, - 8H,0 2228-91-0 354.300 red solid i H,O, EtOH; s dil 
octahydrate acid 
1725 anganese(II) titanate 017 2032-4-5 150.803 red hex cry 1360 455 
1726 anganese(Il) tungstate nwo, 3918-22-4 302.78 wh monocl cry 7.2 0.005420 
1727 anganese(I, Ш) oxide nO, 317-35-7 228.812 brn tetr cry 1567 4.84 i H,0; s HCI 
1728 anganese(IIl) acetate dihydrate n(C,H,0,), • 29,0 9513-05-4 268.100 brn cry s eth, HOAc 
1729  Manganese(lll) fluoride nF, 7783-53-1 111.933 red monocl cry; — 2600 dec 3.54 reac Н,0 
пуд 
1730 anganese(lll) hydroxide nO(OH) 332-63-4 87.945 blk топос! cry 250 дес «4,3 iH,0 
1731 anganese(Ill) oxide п,0, 317-34-6 157.874 blk cub cry 1080 dec 25.0 iH,0 
1732  Manganese(lV) oxide nO, 313-13-9 86.937 blk tetr cry 535 dec 5.08 iH,0, HNO, 
1733 anganese(VII) oxide 1,0, 2057-92-0 221.872 grn oil; exp 5.9 95 ехр 2.40 vs HO 
1734 endelevium d 7440-11-1 258 metal 827 
1735 ercury Hg 7439-97-6 200.59 heavy silv liq -38.8290 356.62 13.5336 iH,0 
1736 Dimethyl mercury Hg(CH,), 593-74-8 230.66 liq 93 347 1Н,0: vs EtOH, eth 
1737  Mercury(l) acetate о (СНО), 631-60-7 519.27 col scales dec sl Н,0: i EtOH, eth 
1738 ercury(l) bromate g,(Br0.), 3465-33-3 656.98 col cry dec i H,0; sl acid 
1739 егсигу(ї) bromide Hg,Br, 5385-58-7 560.99 wh tetr cry or 345 dec 7.307 i H,O, EtOH, eth 
powder 
1740 ercury(I) carbonate 0,00, 6824-78-8 461.19 yel-brn cry 130 dec 0.0000045 
1741 ercury(l) chlorate 0.010.), 0294-44-7 568.08 wh rhom cry «250 dec 6.409 ; s ОН 
1742 егсигу(!) chloride 0,01, 0112-91-1 472.09 wh tetr cry 525 їр 383 зр 716 0.00042 , eth 
1743 егсигу(!) chromate 0,010, 3465-34-4 517.17 brn-red solid OH; s conc 
1744 егсигу(ї) fluoride ШАР 3967-25-4 439.18 yel cub cry 570 dec subl 8.73 0 
1745 ercury(l) iodate g,(10.), 3465-35-5 750.99 yel-wh pow dec 175 0.00322 
1746 ercury(l) iodide Hg,l, 5385-57-6 654.99 yelamorp powder 290 7.70 i H,O, EtOH, eth 
1747 ercury(l) nitrate Hg,(NO,), 0415-75-5 525.19 Cry sI HO 
1748 ercury(l) nitrate dihydrate Hg,(NO,), - 29,0 4836-60-3 561.22 со! cry 70 дес 48 sl HO 
1749 ercury(l) nitrite g,(NO,), 3492-25-6 493.19 yel cry 100 dec 7.3 reac Н,0 
1750 егсигу(!) oxalate 0,0,0, 2949-11-3 489.20 cry i H,O; sl HNO. 
1751 lercury(l) oxide Hg,0 5829-53-5 41718 prob mixture of 100 dec 9.8 i H0; $ HNO, 
Hg0+Hg 
1752 егсигу(!) perchlorate tetrahydrate Но,(С10,), - 4H,0 65202-12-2 672.14 Cry 64 440% 
1753 ercury(l) sulfate Hg,S0, 7783-36-0 497.24 wh-yel cry powder 7.56 0.0515 s dil HNO, 
1754 ercury(l) sulfide Hg,S 51595-71-2 433.25 unstab blk pow dec iH,0 
1755 егсигу(ї) thiocyanate Hg,(SCN), 13465-37-7 517.34 col powder dec 0.035 s HCI, KCNS 
1756 ercury(l) tungstate Hg, WO, 38705-19-0 649.02 yel amorp solid dec i H,O, EtOH 
1757 егсигу(!) acetate Но(С,Н,0,), 1600-27-7 318.68 wh-yel cry ог 179 dec 3.28 259 S НОН 
powder 
1758 егсџгу(И) amide chloride Hg(NH,)CI 10124-48-8 252.07 wh solid subl 5.38 i H,O, EtOH; s 
warm acid 
1759 ercury(ll) benzoate monohydrate Hg(C,H,0,), - H,O 32839-04-6 460.83 wh cry 165 1.2% sl EtOH 
1760 ercury(ll) bromate ((Вг0.), 26522-01-8 456.39 Cry 130 dec 0.15 s acid 
1761 lercury(Il) bromide HgBr, 7789-47-1 360.40 whrhombcryor 241 318 6.05 0.615 sl chl; s EtOH, 
powder еон 
1762 ercury(ll) chlorate Hg(CI0.), 13465-30-0 367.49 wh needles dec 4.998 25 
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1763 ercury(Il) chloride HgCl, 7487-94-7 271.50 wh orth cry 277 304 5.6 7.315 sl bz; s EtOH, 
eOH, ace, eth 
1764 егсигу(11) chromate HgCr0, 13444-75-2 316.58 red monocl cry 6.06 81 H,O 
1765 lercury(Il) cyanide Hg(CN), 592-04-1 252.62 col tetr cry 320 dec 4.00 11.45 S EtOH; sl eth 
1766 егсигу(11) dichromate HgCr,0, 7789-10-8 416.58 red cry powder i H,0; s acid 
1767 егсигу(1) fluoride НОЕ, 7783-39-3 238.59 wh cub cry; hyg 645 dec 8.95 reac Н,0 
1768 ercury(Il) fulminate Hg(CNO), 628-86-4 284.62 gray cry exp 4.42 sl H0; s EtOH, 
NH,OH 
1769 ercury(Il) hydrogen arsenate HgHAsO, 7784-37-4 340.52 yel powder ІН,0; s acid 
1770 егсџгу(И) iodate Но(10,), 7783-32-6 550.40 wh powder 175 dec iH,0 
1771 lercury(Il) iodide (yellow) Нађ, 7774-29-0 454.40 yel tetr cry ог 256 351 6.28 0.00552 sl EtOH, ace, eth 
powder 
1772 егсигу(11) iodide (red) Нађ, 7774-29-0 454.40 гей pow trans to yel 0.006» $! EtOH, ace, eth, 
127 chl 
1773 ercury(ll) nitrate На(М0.), 10045-94-0 324.60 со! hyg cry 79 43 $ H,0; i EtOH 
1774 ercury(Il) nitrate monohydrate Hg(NO,), - Н,0 7783-34-8 342.62 wh-yel hyg cry 43 $ Н,0, dil acid 
1775 ercury(Il) nitrate dihydrate Hg(NO,), • 29,0 22852-67-1 360.63 топос! cry 478 8Н,0 
1776 Мегсигу(ћ) oxalate HgC,0, 3444-13-1 288.61 powder 165 dec iH,0 
1777 ercury(ll) oxide HgO 21908-53-2 216.59 red or yel orth cry 500 дес 11.14 i H,O, EtOH; s dil 
acid 
1778 ercury(Il) oxide sulfate Но,0,)50, 1312-03-4 729.83 yel powder i HO; s acid 
1779 егсигу(1) oxycyanide Hg(CN), - HgO 1335-31-5 469.21 wh orth cry exp 4.44 11.45 
1780 ercury(Il) perchlorate trihydrate Hg(CIO,), - 3H,0 7616-83-3 453.54 Cry 
1781 егсигу(И) phosphate Hg.(PO,), 1182-66-3 791.71 wh-yel powder i HO, EtOH; s acid 
1782 ercury(Il) selenide HgSe 20601-83-6 279.55 gray cub cry subl 8.21 iH 0 
1783 ercury(lI) sulfate HgS0, 7783-35-9 296.65 wh monocl cry 6.47 reac Н,0 
1784 ercury(Il) sulfide (black) HgS 1344-48-5 232.66 blk cub cry or 850 7.10 i H,0; s acid, EtOH 
powder 
1785 ercury(Il) sulfide (red) HgS 1344-48-5 232.66 red hex cry trans to blk 8.17 i H,O, acid; s aqua 
HgS 344 regia 
1786 егешу1) telluride HgTe 12068-90-5 328.19 gray cub cry 673 8.63 
1787 ercury(ll) thiocyanate Hg(SCN), 592-85-8 316.75 топос! cry «165 дес 371 0.0705 s dil НСІ 
1788 ercury(Il) tungstate HgWO, 37913-38-5 448.43 yel cry dec i H,O, EtOH 
1789 olybdenum 0 7439-98-7 95.94 gray-blk metal; 2623 4639 10.2 i H,O, dil acid, alk 
cub 
1790 olybdophosphoric acid ;P(Mo,0,), 51429-74-4 1825.25 bright yel cry 
1791 olybdenum boride (Mo,B) 0,8 2006-99-4 202.69 refrac tetr cry 2000 92 
1792 Molybdenum boride (Мо,В,) 0,8, 2007-97-5 245.94 refrac hex cry 1600 «72 
1793 olybdenum carbide (MoC) oC 2011-97-1 107.95 refrac solid; cub 7 
1794 olybdenum carbide (Мо,С) 0,6 2069-89-5 203.89 gray orth cry 2687 9.18 
1795 olybdenum carbonyl 0(С0), 3939-06-5 264.00 wh orth cry 148 155 dec 1.96 ІН,0; s bz; sl eth 
1796 olybdenum nitride (MoN) oN 2033-19-1 109.95 hex cry 1750 9.20 
1797 olybdenum nitride (Mo,N) 01 2033-31-7 205.89 gray cub cry 790 dec 9.46 
1798 olybdenum phosphide oP 2163-69-8 126.91 blk hex cry 7.34 
1799 olybdenum silicide (MoSi,) 051, 2136-78-6 152.11 gray tetr cry “1900 6.2 i H,0; $ HF 
1800 olybdenum(Il) bromide oBr, 3446-56-5 255.75 yel-red cry dec 700 4.88 i H,O, EtOH 
1801 olybdenum(Il) chloride 001, 3478-17-6 166.85 yel cry dec 500 371 iH,0 
1802 olybdenum(ll) iodide ol, 4055-74-4 349.75 blk hyg cry 700 5.28 iH,0 
1803 olybdenum(Ill) bromide oBr, 3446-57-6 335.65 grn hex cry dec 500 4.89 i H,O, EtOH 
1804 olybdenum (lll) chloride 001, 3478-18-7 202.30 dark гей monocl дес 400 3.74 i HO, os 
су 
1805 olybdenum(lIl) fluoride oF, 20193-58-2 152.94 yel-brn hex cry >600 4.64 i H,0 
1806 olybdenum (Ill) iodide ol, 4055-75-5 476.65 blk solid 927 iH,0 
1807 olybdenum(Ill) oxide 0,0, 313-29-7 239.88 gray-blk powder i H,0; sl acid 
1808 olybdenum(IV) bromide oBr, 3520-59-7 415.56 blk cry dec 110 reac Н,0 
1809 jolybdenum(IV) chloride 00, 3320-71-3 237.75 blk cry 317 reac H,O, sl chl; i 
eth, bz 
1810 olybdenum(IV) fluoride oF, 23412-45-5 171.93 grn cry dec reac Н,0 
1811 olybdenum(IV) iodide 0, 4055-76-6 603.56 blk cry дес 100 iH,0 
1812 olybdenum(IV) oxide 00, 8868-43-4 127.94 brn-viol tetr cry “1800 dec 6.47 i H,O, acid, alk 
1813 olybdenum(IV) selenide 05е, 2058-18-3 253.86 gray hex cry »1200 6.90 
1814 olybdenum(lV) sulfide 05, 317-33-5 160.07 bik powder ог hex 1750 5.06 ІН,0; s conc acid 
cry 
1815 olybdenum(IV) telluride oTe, 2058-20-7 351.14 gray hex cry 77 
1816 olybdenum(V) chloride 001, 0241-05-1 273.21 grn-blk топос! 194 268 2.93 reac Н,0; s EtOH, 
cry; hyg eth 
1817 olybdenum(V) fluoride oF; 3819-84-6 190.93 yel monocl cry 67 213.6 35 reac Н,0 
1818 olybdenum(V) oxytrichloride 0001, 3814-74-9 218.30 blk monocl cry 310 subl reac Н,0 
1819 olybdenum(VI) acid monohydrate H,Mo0, - HO 7782-91-4 179.97 wh powder 31 sl HO; s alk 
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1820 olybdenum(VI) dioxydichloride 00,01, 3637-68-8 198.85 yel-oran solid 76 250 3.31 reac Н,0 
1821 olybdenum(VI) dioxydifluoride o0,F, 3824-57-2 165.94 раје lilac cry subl 270 35 i MeCN, chl; 51 HF 
1822 olybdenum(VI) fluoride oF, 7783-77-9 209.93 wh cub cry or col 75 34.0 2.54 reac Н,О; vs hex, 
iq; hyg cte 
1823 olybdenum(VI) metaphosphate 0(PO.), 33863-98-6 56977 yel powder 3.28 i H,O, acid 
1824 olybdenum(VI) oxide 00, 313-27-5 143.94 wh-yel rhomb cry 802 1155 4.70 0.1420 sl H,0; s alk, acid 
1825 olybdenum(VI) oxytetrachloride 00, 3814-75-0 253.75 grn hyg powder 05 159 
1826 olybdenum(VI) oxytetrafluoride o0F, 4459-59-7 187.93 volatile solid 972 186.0 
1827 olybdenum(VI) sulfide 05, 2033-29-3 19214 bik solid 350 dec i HO, 05 
1828 leodymium d 7440-00-8 144.242 silv metal; hex 016 3074 7.01 
1829 eodymium boride dB. 2008-23-0 209.108 bIK cub cry 2610 4.93 
1830 eodymium nitride dN 25764-11-8 158.249 blk cub cry 7.69 
1831 eodymium(Il) acetate (C. H.0,), 6192-13-8 321.373 red-purp cry sH,0 
1832 eodymium(Il) chloride 001, 25469-93-6 215.148 grn hyg solid 841 
1833 Neodymium(Ill) bromate d(BrO,), - 9H,0 5162-92-2 690.086 red hex cry 66 dec 
nonahydrate 
1834 eodymium(llI) bromide (Вг, 3536-80-6 383.954 viol orth cry; hyg 682 1540 53 sH,0 
1835 eodymium(IIl) chloride 00, 0024-93-8 250.601 viol hex cry 759 1600 4.13 100% vs EtOH; i eth, chl 
1836 eodymium(Ill) chloride dCl, - 6H,0 3477-89-9 358.692 purp cry 124 dec 23 1005 s ОН 
hexahydrate 
1837 eodymium(Ill) fluoride dF, 3709-42-7 201.237 viol hex cry; hyg 1377 2300 6.51 i H,0 
1838 Neodymium(II) hydroxide ФОН), 6469-17-3 195.264 blue solid dec 210 iH,0 
1839 еодутит(1) iodide dl, 3813-24-6 524.955 grn orth cry; hyg 7 5.85 s H,0 
1840  Neodymium(lll) nitrate ((М0.), 0045-95-1 330.257 viol hyg. cry 1525 s ОН 
1841 eodymium(Ill) nitrate hexahydrate Ма(М0.),. 6,0 4517-29-4 430.348 purp hyg cry 1525 S НОН, ace 
1842 eodymium(lll) oxide 1,0, 313-97-9 336.482 blue hex cry; hyg 2233 3760 7.24 i H,0; s dil acid 
1843 Neodymiumi(II!) sulfate d,(SO,), 3477-91-3 576.672 pink needles ~700 dec 719 
1844 Neodymium(II) sulfate octahydrate Nd. (SO,). - 8H,0 3477-91-3 720.794 гей сгу 350 dec 2.85 sl Н,0 
1845 leodymium(IIl) sulfide 0,5, 2035-32-4 384.679 orth cry 2207 5.46 
1846 eodymium(lll) telluride d,Te, 2035-35-7 671.28 gray orth cry 1377 70 
1847  Neodymium d(C.H.). 273-98-9 339.522 red-blue cry 380 sth 
tris(cyclopentadienyl) 
1848 Neon e 7440-01-9 20.180 со! gas -248.609 р -246.053 0.825 g/L sl Н,0 
(43 kPa) 
1849 eptunium p 7439-99-8 237 silv metal 644 20.2 s HCI 
1850 — Neptunium(IV) oxide pO, 2035-79-9 269 grn cub cry 2547 114 
1851 icke i 7440-02-0 58.693 wh metal; cub 455 2913 8.90 ІН,0; sl dil acid 
1852 ickelocene (САН), 271-28-9 188.879 grn cry T3 
1853 Nickel aluminide (МА!) iAl 2003-78-0 85.675 metallic solid 638 
1854 ickel antimonide iSb 2035-52-8 180.453 hex cry 147 8.74 
1855 ickel arsenide iAs 27016-75-7 133.615 hex cry 967 7.77 
1856 іске! boride (NiB) iB 2007-00-0 69.504 grn refrac solid 035 713 
1857 Nickel boride (М.В) iB 2007-01-1 128.198 refrac solid 125 7.90 
1858 Nickel boride (М.В) 18 2007-02-2 186.891 refrac solid 166 8.17 
1859 Nickel carbony i(CO), 3463-39-3 170.734 col liq -19.3 42.1 (ехр 131 i H,0; s EtOH, bz, 
~60) ace, cic 
1860 Nickel phosphide iP 2035-64-2 148.361 hex cry 100 7.33 
1861 іске! silicide (NiSi,) iSi, 2201-89-7 114.864 cub cry 993 4.83 
1862 Nickel silicide (Ni,Si) iSi 2059-14-2 145.473 orth cry 255 7.40 
1863 subsulfide 15, 2035-72-2 240.210 yel hex cry 789 5.87 
1864 Моке!1) acetate tetrahydrate i(C,H,0,), - 49,0 6018-89-9 248.842 grn топос! cry 250 dec 1.74 162 s Н,0, EtOH 
1865 ickel(Il) ammonium chloride H,NiCI, - 6Н,0 6122-03-55: 291.182 grn hyg cry 1.65 sH,0 
hexahydrate 
1866 Nickel(II) ammonium sulfate i(NH,),(SO,), 5699-18-0 286.895 blue-grn cry dec 250 51 H,0 
1867 Nickel(II) ammonium sulfate i(NH,),(SO,), - 6H,0 7785-20-8 394.987 blue-grn cry dec 130 1.92 6.52 $ H0; i EtOH 
hexahydrate 
1868 Nickel(II) arsenate octahydrate i (As0,), - 8H,0 7784-48-7 598.040 yel-grn powder dec 4.98 ІН,0; s acid 
1869 ickel(II) bromide iBr, 3462-88-9 218.501 yel hex cry; hyg 963 subl 5.10 131% 
1870 !ске! (11) bromide trihydrate iBr, · 3H,0 3462-88-9* 272.547 yel-grn hyg cry 200 dec vs Н,0; s EtOH, eth 
1871 ickel(Il) carbonate 100, 3333-67-3 118.702 grn rhomb cry 4.389 0.00437 s dil acid 
1872 ickel(Il) chlorate hexahydrate i(Cl0,), - 6Н,0 3477-94-6 333.687 grn cub cry dec 80 2.07 vs HO 
1873 Моке 1) chloride сі, 7118-54-9 129.599 yel hex cry; hyg 1031 985 sp 351 67.55 5 НОН 
1874 Nickel(II) chloride hexahydrate iCl, - 6H,0 7791-20-0 237.690 grn monocl cry 67.55 s ОН 
1875  Nickel(Il) chromate 1010, 4721-18-7 174.687 red solid : H,O 
1876 ickel(Il) cyanide tetrahydrate КСМ), - 49,0 3477-95-7 182.789 grn plates 200 dec i H,0; sl dil acid; 5 
МН,ОН 
1877  Nickel(Il) fluoride ЦА 0028-18-9 96.690 yel tetr cry 1380 47 2.565 i ОН, eth 
1878 ickel(II) fluoride tetrahydrate iF, 4H,0 3940-83-5 168.752 grn pow sl Н,0 


4-78 Physical Constants of Inorganic Compounds 
CAS Reg Mol. Density Solubility Qualitative 
No. Мате Formula No. weight ^ Physical form ۴6 bp/^C gcm? g/100g НО solubility 
1879 ickel(II) hydroxide i(0H), 2054-48-7 92.708 grn hex cry 230 dec 41 0.000152 
1880 ickel(Il) hydroxide monohydrate КОН), - H,O 36897-37-7 110.723 grn powder 0.000152 s dil acid 
1881 856 i(10,), 3477-98-0 408.498 yel needles 5.07 11% sl HO 
1882 ickel(Il) одаје tetrahydrate 110,),-4Н,0 3477-99-1 480.560 yel hex cry dec 100 5.07 sl H,O 
1883 Nickel(II) iodide il, 3462-90-3 312.502 blk hex cry; hyg 800 subl 5.22 1545 
1884 ickel(Il) iodide hexahydrate il, - 6H,0 7790-34-3 420.593 grn monocl cry; 154% vs EtOH 
hyg 
1885 ickel(I!) nitrate i(NO,), 3138-45-9 182.702 grn cry 99.25 S EtOH 
1886 ickel(Il) nitrate hexahydrate i(NO,), - 6H,0 3478-00-7 290.794 grn monocl cry; 56 dec 2.05 99.225 $ ОН 
hyg 
1887 Nickel(II) oxalate dihydrate 10,0, -2H,0 6018-94-6 182.742 grn-wh solid dec 150 0.001255 1Н,0: s acid, 
NH,OH 
1888 ickel(Il) oxide 0 313-99-1 74.692 grn cub cry 1957 6.72 i H,0; s acid 
1889  Nickel(Il) perchlorate hexahydrate (С10,),. 6Н,0 3637-71-3* 365.686 grn hex needles 140 158.8% S EtOH, ace 
1890 ickel(Il) phosphate octahydrate i,(PO,), - 8H,0 0381-36-9* 510.145 grn plates S acid 
1891 ickel(Il) selenate hexahydrate 1560, - 69,0 5060-62-55: 309.74 grn tetr cry 2.314 35.52 
1892 ickel(Il) selenide iSe 314-052 137.65 yel-grn hex cry 980 72 
1893  Nickel(Il) stannate dihydrate 1510, - 2H,0 2035-38-0 261.432 grn pow dec 120 
1894  Nickel(Il) sulfate iSO, 7786-81-4 154.756 grn-yel orth cry 840 dec 4.01 40.4% 
1895 ickel(Il) sulfate hexahydrate iSO, - 6H,0 0101-97-0 262.847 blue-grn tetr cry — «100 dec 2.07 40.425 sl ОН 
1896 Nickel(II) sulfate heptahydrate 150, - THO 0101-98-1 280.862 grn orth cry 1.98 40.45 S НОН 
1897 ickel(Il) sulfide iS 6812-54-7 90.758 yel hex cry 976 5:5, iH,0 
1898  Nickel(Il) thiocyanate i(SCN), 3689-92-4 174.857 grn pwd 55.0% 
1899  Nickel(ll) titanate то, 2035-39-1 154.558 brn hex cry 5.0 
1900 — sulfide 15, 2137-12-1 304.340 cub cry 995 477 
1901 ickel(III) oxide i,0, 314-06-3 165.385 gray-blk cub cry — «600 dec i H,0; s hot acid 
1902 iobium b 7440-03-1 92.906 gray metal; cub 2477 4744 8.57 i acid 
1903 Міобосепе dichloride b(C,H,),Cl, 2793-14-5 293.998 hyg blk cry sl to! 
1904 iobium boride (NbB) bB 2045-19-1 103.717 gray orth cry 2270 7.5 
1905 iobium boride (NbB,) bB, 2007-29-3 114.528 gray hex cry 3050 6.97 
1906 Niobium carbide (NbC) bC 2069-94-2 104.917 gray cub cry 3608 4300 7.82 i H,O, acid 
1907 Niobium carbide (Nb,C) 5,6 2011-99-3 197.824 refrac hex cry 3080 78 iH,0 
1908 iobium nitride bN 24621-21-4 106.913 gray cry; cub 2300 8.47 i HCI, acid 
1909 iobium phosphide bP 2034-66-1 123.880 tetr cry 6.5 
1910 iobium silicide bSi, 2034-80-9 149.077 gray hex cry 1950 57 
1911 10010111) oxide 00 2034-57-0 108.905 gray cub cry 1937 7.30 
1912 iobium(Ill) bromide bBr. 5752-41-7 332.618 dark brn solid subl 400 
1913 iobium(lll) chloride 001, 3569-59-0 199.265 blk solid 
1914 iobium(IIl) fluoride bF, 5195-53-6 149.901 blue cub cry 4.2 
1915 iobium(lll) iodide bl, 3870-20-7 473.619 blk solid dec 510 
1916 iobium(IV) bromide bBr, 3842-75-6 412.522 dark brn cry subl 300 2 reac Н,0 
1917 iobium(IV) chloride 00), 3569-70-5 234.718 viol-blk топос! дес 800 275$! 32 reac Н,0 
cry 
1918 iobium(IV) fluoride DF, 3842-88-1 168.900 blk tetr cry; hyg 2350 dec 4.01 
1919 iobium(IV) iodide bl, 3870-21-8 600.524 gray orth cry 503 56 reac Н,0 
1920 iobium(IV) oxide 00, 2034-59-2 124.905 wh tetr cry ог 1901 59 
powder 
1921 iobium(IV) selenide bSe, 2034-77-4 250.83 gray hex cry »1300 6.3 
1922 iobium(IV) sulfide bS, 2136-97-9 157.036 blk rhomb cry 44 
1923 iobium(IV) telluride ble, 2034-83-2 348.11 hex cry 7.6 
1924  Niobium(V) bromide bBr, 3478-45-0 492.426 oran orth cry 265.2 361.6 4.36 $ HO, EtOH 
1925 iobium(V) chloride рот, 0026-12-7 270.171 yel monocl cry; 205.8 247.4 2.78 reac Н,0: $ НСІ, 
ћуд ctc 
1926 iobium(V) dioxyfluoride bO,F 5195-33-2 143.903 wh cub cry 40 
1927  Niobium(V) ethoxide b(0C,H,), 3236-82-6 318.209 col hyg liq 5 203 1.258 reac Н,0; s peth 
1928 Niobium(V) fluoride bF, 1183-68-8 187.898 со! топос! cry; 80 234 2.70 reac Н,0: 51 CS,, 
hyg chl 
1929 iobium(V) iodide bl. 3779-92-5 721.428 yel-blk monocl cry 327 532 reac Н,0 
1930  Niobium(V) oxide 0,0, 313-96-8 265.810 wh orth cry 1500 4.47 i H,0; s HF 
1931 iobium(V) oxybromide bOBr, 4459-75-7 348.617 yel-brn cry «920 dec subl 
1932 iobium(V) oxychloride рост, 3597-20-1 215.264 wh tetr cry subl 3.72 
1933 Nitrogen b 7727-37-9 28.013 со! gas -210.0 -195.798 1.145 g/L sl H,O; i EtOH 
1934 Nitramide 0,NH, 7182-94-7 62.028 unstab wh cry 72 dec $ H,O, EtOH, ace, 
eth; i chl 
1935 Nitric acid HNO, 7697-37-2 63.013 col liq; hyg -41.6 83 1.5129? vs HO 
1936 Nitrous acid HNO, 1182-11-6 47.014 stab only in soln 
1937 Nitrous oxide ,0 10024-97-2 44012 col gas -90.8 -88.48 1.799 g/L sl H,0; s EtOH, eth 
1938 Nitric oxide 0 10102-43-9 30.006 со! gas -163.6 -151.74 1.226 g/L sl Н,0 
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CAS Reg Mol. Density Solubility Qualitative 
No. Name Formula No. weight ^ Physical form ۴6 bp/^C g cm? g/100gH,0 solubility 
1939 Nitrogen dioxide 0, 0102-44-0 46.006 brn gas; ваш with see М,0, — 1.880 g/L reac Н,0 
№, 
1940 Nitrogen trioxide 0; 0544-73-7 76.011 blue solid or liq — -101.1 53 dec 1.42 reac HO 
(low temp) 
1941 Nitrogen tetroxide 0, 0544-72-66 92.011 col lig; ваш with -3 2115 1.45” reac HO 
NO, 
1942 itrogen pentoxide 0; 0102-03-1 108.010 col hex cry 33 sp 2.0 S chl; sl ctc 
1943 itrogen tribromide Br, 5162-90-0 253.719 unstab solid exp -100 
1944 Nitrogen trichloride Cl, 0025-85-1 120.366 yel oily liq; exp -40 71 1.653 i H,0; s CS,, bz, сіс 
1945 itrogen trifluoride F, 7783-54-2 71.002 col gas -206.79 -128.75 2.902 g/L iH,0 
1946 itrogen triiodide И 3444-85-4 394.720 unstab bIk cry; 
exp 
1947 itrogen chloride difluoride CIF, 3637-87-1 87.457 col gas -195 -67 3.575 g/L 
1948 — 6 H,Cl 0599-90-3 51.476 yel liq -66 5 H,O, EtOH, eth; sl 
bz, cic 
1949  Fluoramine ЊЕ 5861-05-9 35.021 unstab gas 2-110 1481 g/L 
1950  Difluoramine НЕ, 0405-27-3 53.012 col gas -116 -23 2.167 g/L 
1951  cis-Difluorodiazine bbs 3812-43-6 66.010 col gas «-195 -105.75 2.698 g/L 
1952  trans-Difluorodiazine b, 3776-62-0 66.010 col gas -172 -111.45 2.698 g/L 
1953  Tetrafluorohydrazine Е, 0036-47-2 104.007 col gas -164.5 -74 4.251 g/L 
1954 itrosyl bromide OBr 3444-87-6 109.910 red gas -56 =0 4.492 g/L reac Н,0 
1955 itrosyl chloride 00 2696-92-6 65.459 yel gas -59.6 -5.5 2.676 g/L reac Н,0 
1956 itrosyl fluoride OF 7789-25-5 49.004 col gas -1325 -59.9 2.003 g/L 
1957  Trifluoramine oxide OF. 3847-65-9 87.001 col gas -161 -87.5 3.556 g/L 
1958  Nitryl chloride 0,01 3444-90-1 81.459 со! 085 -145 -15 3.330 g/L 
1959 itryl fluoride 0۳ 0022-50-1 65.004 col gas -166 -72.4 2.657 g/L reac Н,0 
1960 itrogen selenide „Se, 2033-88-4 371.87 red топос! cry; exp 4.2 i H,O, eth, EtOH; sl 
hyg bz, CS, 
1961 obelium 0 0028-14-5 259.000 metal 827 
1962 7 05 7440-04-2 190.23 blue-wh metal; 3033 5012 22.507? s aqua regia 
hex 
1963 6 Os(C.H.), 273-81-0 320.42 со! cry 229 
1964 Osmium carbonyl 05,(С0),, 5696-40-9 906.8 yel cry 224 348 
1965 Osmium pentacarbonyl Os(CO). 6406-49-8 330.28 col liq -15 dec 100 S 0S 
1966 Osmium nonacarbonyl Os, (C0), 28411-13-4 632.55 oran-yel cry 65 dec s hc 
1967 — Osmium(Il) chloride 0501, 3444-92-3 261.14 hyg brn solid dec >450 S НОН, eth 
1968 — Osmium(Ill) bromide OsBr. 59201-51-3 429.94 dark gray cry 340 dec i HO, os, acid 
1969 — Osmium(Ill) chloride 0501, 3444-93-4 296.59 gray cub cry 450 dec i HO, os; s conc 
acid 
1970 Osmium(IV) chloride OsCl, 0026-01-4 33204 red-blk orth cry — 323 dec 4.38 reac Н,0: i os 
1971 Osmium(IV) fluoride OsF, 54120-05-7 266.22 yel cry 230 reac Н,0 
1972 Osmium(lV) oxide 050, 2036-02-1 222.23 yel-brn tetr cry dec 500 114 i HO, acid 
1973 Osmium(V) fluoride ОЗЕ, 31576-40-6 285.22 hyg blue-grn cry — 70 233 reac Н,0 
1974  Osmium(VI) fluoride ОЗЕ, 3768-38-2 304.22 yel cub cry 334 47.5 41 reac Н,0 
1975 — Osmium(VI) tetrachloride oxide 0500! 36509-15-6 348.04 dark brn hyg су 32 200 геас Н,О; s hc 
1976 — Osmium(VIll) oxide 050, 20816-12-0 254.23 yel monocl cry 40.6 131.2 51 6.4420 sl Н,0: s ctc, bz, 
НОН, eth 
1977 Oxygen 0, 7782-44-7 31.999 со! 085 -218.79 -182.953 1.308 g/L sl HO, EtOH, os 
1978 Ozone 0, 10028-15-6 47.998 blue gas -193 -111.35 1.962 g/L sl HO 
1979 Palladium Pd 7440-05-3 106.42 silv-wh metal; cub 1554.8 2963 12.0 s aqua regia 
1980  Palladium(Il) acetate Ра(С,Н,0,) 3375-31-3 224.51 oran-brn cry 205 dec i HO; s MeCN, eth, 
ace 
1981 Palladium(|!) bromide PdBr, 13444-94-5 266.23 red-blk топос! 250 dec 25.2 iH,0 
cry; hyg 
1982 — Palladium(Il) chloride РАС, 7647-10-1 177.33 red rhomb cry; 679 40 $ H,O, EtOH, ace 
hyg 
1983  Palladium(II) chloride dihydrate PdCl, -2Н,0 7647-10-1* 213.36 brn cry $ H,O, EtOH, ace 
1984 Palladium(Il) cyanide Pd(CN), 2035-66-7 158.45 yel solid dec 
1985  Palladium(Il) fluoride PaF, 3444-96-7 144.42 viol tetr cry; hyg 952 5.76 reac Н,0 
1986 Palladium(lI) iodide Pdl, 7790-38-7 360.23 blk cry 360 dec 6.0 i H,O, EtOH, eth 
1987 Palladium(Il) nitrate Pd(NO,), 0102-05-3 230.43 brn hyg cry dec sl H,O; s dil HNO, 
1988  Palladium(lI) oxide 0 314-08-5 122.42 grn-blk tetr cry T50 dec 8.3 i H,O, acid; sl aqua 
regia 
1989  Palladium(ll) 2,4-pentanedioate Pd(CH.COCHCOCH,), 4024-61-4 304.64 oran-yel cry 205 dec S bz, chl 
1990  Palladium(II) sulfate dihydrate PdSO, + 2H,0 3566-03-5 238.51 grn-brn cry dec 
1991 Palladium(II) sulfide Ра5 2125-22-3 138.49 gray tetr cry 6.7 
1992 — cis-Dichlorodiamminepalladium(Il) _ Pd(NH.),CI, 5684-18-1 211.39 yel pow 0.025% 
1993  trans-Dichlorodiamminepalladium ^ Pd(NH.),Cl 3782-33-7 211.39 yel solid 2.50 


(I) 
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CAS Reg Mol. Density Solubility Qualitative 
No. Мате Formula No. weight ^ Physical form ۴6 bp/^C gcm? g/100g НО solubility 
1994 Phosphorus (white) P 7723-14-0 30.974 col waxlike cub 44.15 280.5 1.823 i H,O; sl bz, EtOH, 
cry сћ s CS, 
1995 Phosphorus (red) P 7723-14-0 30.974 red-viol amorp 519.2 431 sp 2.16 i H,O, os 
powder 
1996 Phosphorus (black) P 7723-14-0 30.974 blk orth cry or 610 2.69 ios 
amorp solid 
1997  Phosphine PH, 7803-51-2 33.998 со! gas; flam -133.8 -87.75 1.390 g/L ІН,0; sl EtOH, eth 
1998  Diphosphine P.H, 3445-50-6 65.980 col liq -99 63.5 dec reac Н,0 
1999  Diphosphorus tetrachloride P.Cl, 3497-91-1 203.760 col oily liq -28 «180 dec 
2000  Diphosphorus tetrafluoride РТ, 3824-74-3 137.942 col gas -86.5 -6.2 5.638 g/L 
2001  Diphosphorus tetraiodide РІ, 3455-00-0 569.566 гей (гіс! needles 5 dec 3.89 
2002  Phosphonium chloride PH,Cl 24567-53-1 70.459 gas -27 Sp 2.880 g/L reac H,0 
2003 _ Phosphonium iodide PHI 2125-09-6 161.910 col tetr cry 18.5 62.5 2.86 reac H,O, EtOH 
2004 Phosphoric acid ЊРО, 7664-38-2 97.995 col visc liq 424 407 548% $ EtOH 
2005  Phosphotungstic acid РМ 0 2067-99- 2880.05 wh-yelcry 89 vs НО; s EtOH, eth 
2006 _ Phosphonic acid ЊРО, 3598-36-2 81.996 wh hyg cry 744 200 1.65 309? vs EtOH 
2007 Рһоѕрһіпіс acid НРН,О, 6303-21-5 65.997 hyg cry or col oily 26.5 130 1.49 vs HO, EtOH, eth 
liq 
2008 etaphosphoric acid HPO, 37267-86-0 79.980 gl solid; hyg sl H,0; s EtOH 
2009 — Нурорћозрћопс acid H,P,0, 7803-60-3 161.976 col orth cry T3 dec vs HO 
2010 Diphosphoric acid H,P,0, 2466-09-3 177.975 7 715 7092 
2011  Difluorophosphoric acid НРОЕ, 13779-41-4 101.978 col liq 2-04 110 дес 1.583 reac Н,0 
2012  Hexafluorophosphoric acid HPF, 16940-81-1 145.972 col oily liq 25 dec reac HO 
2013  Fluorophosphonic acid Н,РРО, 13537-32-1 99.986 col visc liq <-70 1.82 vs HO 
2014 — Phosphorus nitride (Р.М.) P.N, 12136-91-3 162955 — yel-brn solid 800 dec iH,0;s os 
2015 Phosphorus sesquisulfide P.S, 1314-85-8 220.090 уе!-дт опћ му 173 407 2.03 i H,0; s bz; vs CS, 
2016 Phosphorus heptasulfide PS, 12037-82-0 348.350 pale yel топос 308 523 2.19 sl CS, 
су 
2017  Phosphonitrilic chloride trimer (PNCI,), 940-71-6 347.659 wh hyg cry 128.8 1.98 reac Н,0 
2018 — Phosphorus(IIl) bromide PBr, 7789-60-8 270.686 col liq - 173.2 28 reac H,O, 56 
асе, 05, 
2019  Phosphorus(II) dibromide fluoride PBr,F 5597-39-4 209.780 col liq -115 78.5 
2020 Рїоврїоги8(!) bromide difluoride РВІҒ, 5597-40-7 148.875 col gas -133.8 -16.1 6.085 g/L 
2021  Phosphorus(Ill) chloride РОЂ 1119-12-2 137.333 col liq -93 76 1.574 reac Н,0, EtOH; s 
bz, chl, eth 
2022 Phosphorus(II) dichloride fluoride РСІ,Р 5597-63-4 120.878 col gas -144 13.85 4.941 g/L 
2023 Рһоврһогив(ІІІ) chloride difluoride РСІР, 4335-40-1 104.424 col gas -164.8 -47.3 4.268 g/L 
2024  Phosphorus(Ill) fluoride PF. 7783-55-3 87.969 col gas -151.5 -101.8 3.596 g/L reac Н,0 
2025  Phosphorus(IIl) iodide РІ, 3455-01-1 411.687 red-oran hex cry; 61.2 227 dec 4.18 reac H,0; s EtOH 
hyg 
2026 Phosphorus(II!) oxide Р,0, 314-24-5 109.946 со! топос! сту ог 23.8 173 243 reac Н,0 
liq 
2027  Tetraphosphorus(Ill) hexoxide Р,0, 2440-00-5 219.891 soft wh cry 23.8 175.4 
2028 Phosphorus(II) selenide Р,58, 314-86-9 298.83 oran-red cry 245 5380 131 reac H,0; s bz, ctc, 
CS,, ace 
2029  Phosphorus(Ill) sulfide Р,5, 2165-69-4 158.143 yel solid 290 490 reac Н,0; s EtOH, 
eth, CS, 
2030  Phosphorus(V) bromide PBr, 7789-69-7 430.494 yel orth cry, hyg “100 dec 3.61 reac Н,0, EtOH; s 
CS,, ctc 
2031 Phosphorus(V) tetrabromide PBr F 369.588 pale yel cry 87 dec 
luoride 
2032 Phosphorus(V) dibromide PBr,F, 3445-58-4 247.777 yel-red liq -20 15 dec 
rifluoride 
2033  Phosphorus(V) chloride PCI. 0026-13-8 208.239 wh-yel tetr cry; 167 tp 160 sp 21 reac H,0; s CS,, сіс 
hyg 
2034 Рһоѕрһогиѕ(\) tetrachloride РСР 3498-11-8 191.784 col liq -59 30 dec 
luoride 
2035  Phosphorus(V) trichloride РР, 3537-23-0 175.330 col liq -63 
difluoride 
2036 Phosphorus(V) dichloride РОЂЕ, 3454-99-4 158.875 col gas -125 71 6.494 g/L 
rifluoride 
2037  Phosphorus(V) chloride PCIF, 3498-11-8 142.421 col gas -132 -43.4 5.821 g/L 
etrafluoride 
2038  Phosphorus(V) fluoride PE, 7647-19-0 125.966 col gas -93.8 -84.6 5.149 g/L reac Н,0 
2039  Phosphorus(V) oxide Р,0, 314-56-3 141.945 wh orth cry; hyg 2 605 2.30 reac Н,0, EtOH 
2040 Phosphorus(V) selenide Р,58, 314-82-5 456.75 blk-purp amorp reac hot H,O, сіс; i 
solid CS, 
2041  Phosphorus(V) sulfide P.S, 314-80-3 222.273 grn-yel hyg cry 285 515 2.03 reac Н,0: s CS, 
2042  Phosphonic difluoride РОҒ,Н 4939-34-5 85.978 volatile liq »-120 560 (gas 


unstab) 
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CAS Reg Mol. Density Solubility Qualitative 
No. Name Formula No. weight Physical form ۴6 bp/^C gcm? g/100g НО solubility 
2043  Phosphoryl bromide POBr, 7789-59-5 286.685 faint огап plates 55 191.7 2.822 Teac H,0; S bz, eth, 
chl 
2044  Phosphoryl dibromide chloride POBr,CI 3550-31-7 242.234 yel solid 31 165 
2045 — Рћозрћогу! dibromide fluoride POBr,F 4014-19-8 225.779 col liq -1172 1101 
2046 — Phosphoryl bromide dichloride РОВГСІ, 3455-03-3 197.783 col liq 11 136.5 2.104" 
2047 Phosphoryl bromide difluoride РОВГЕ, 4014-18-7 164.874 col liq -84.8 31.6 
2048  Phosphoryl bromide chloride POBrCIF 4518-81-1 181.328 col liq 79 
luoride 
2049 — Phosphoryl chloride POCI, 0025-87-3 153.332 col liq 1.18 105.5 1.645 reac H,0, EtOH 
2050 Phosphoryl dichloride fluoride РОСЂЕ 3769-76-1 136.877 col liq -80.1 52.9 
2051  Phosphoryl chloride difluoride POCIF, 3769-75-0 120.423 col gas -96.4 31 4.922 g/L 
2052  Phosphoryl fluoride РОЕ, 3478-20-1 103.968 col gas -89.1 tp -39.7 sp | 4250g/L reac Н,0 
2053  Phosphoryl iodide POI, 3455-04-4 421.686 viol cry 53 
2054  Phosphorothioc tribromide PSBr, 3931-89-3 302.751 yel cry 37.8 212 dec 2.85 
2055 _ Phosphorothioc dibromide fluoride PSBr,F 3706-10-0 241.845 yel liq -75.2 125.3 
2056 _ Phosphorothioc bromide difluoride PSBrF, 3706-09-7 180.940 yel liq -136.9 35.5 
2057  Phosphorothioc trichloride Р5СІ, 3982-91-0 169.398 fuming liq -36.2 125 1.635 reac Н,0; s bz, сіс, 
chl, CS, 
2058 — Phosphorothioc dichloride fluoride PSCI,F 55698-20-6 152.943 col liq -96.0 64.7 
2059 Phosphorothioc chloride difluoride РЗС, 2524-02-90 136.489 col gas -1552 6.3 5.579 g/L 
2060 —Phosphorothioc trifluoride Р5Ғ, 2404-52-6 120.034 Col gas -148.8 -52.25 4.906 g/L 
2061 Phosphorothioc triiodide PSI, 63972-04-3 443.752 yel cry 48 dec 
2062 Platinum P 7440-06-4 195.084 silv-gray metal; 1768.2 3825 215 i acid; s aqua regia 
cub 
2063  Hexachloroplatinic acid Н,РІСІ, 6941-12-1 409.818 hyg yel-brn cry 60 $ Н,0, EtOH 
2064 Hydrogen hexahydroxyplatinate(IV) Н,Р(0Н), 51850-20-5 299.144 yel needles dec 100 $ Н,0, acid, dil alk 
2065 Platinum(ll) bromide PIBr, 3455-12-4 354.892 red-brn powder 250 dec 6.65 iH,0 
2066 Рїашит(1) chloride РІСІ, 0025-65-7 265.990 grn hex cry 581 dec 6.0 i H,O, EtOH, eth; 5 
НО! 
2067  Platinum(Il) cyanide РКСМ), 592-06-3 247.118 pale yel cry i H,O, acid, alk 
2068  Platinum(Il) iodide РІ, 7790-39-8 448.893 blk powder 325 дес 64 iH,0 
2069 Platinum(ll) oxide РІО 2035-82-4 211.083 blk tetr cry 325 dec 141 i H,O, EtOH; s aqua 
regia 
2070 Рїайшит(1) sulfide РБ 2038-20-9 221.149 tetr cry 10.25 
2071  Platinum(lll) bromide PIBr, 25985-07-3 434.796 grn-blk cry 200 dec 
2072  Platinum(lll) chloride РІСІ, 25909-39-1 301.443 grn-blk cry 435 dec 5.26 
2073  Platinum(IV) bromide PIBr, 68938-92-1 514.700 brn-blk cry 180 dec 0.412 sl EtOH, eth 
2074 Platinum(lV) chloride РІСІ, 37773-49-2 336.896 red-brn cub cry 327 dec 4.30 1425 
2075 Platinum(IV) chloride pentahydrate 0 3454-96-1 426.972 red cry 243 $ H,O, EtOH 
2076  Platinum(lV) fluoride РЕ, 3455-15-7 271.078 red cry 600 
2077  Platinum(IV) iodide РИ, 7790-46-7 702.702 brn-blk powder 130 dec sH,0 
2078 Platinum(IV) oxide РІО, 314-15-4 227.083 рік hex cry 450 11.8 i H,O; s conc acid, 
dil alk 
2079  Platinum(lV) sulfide PIS, 2038-21-0 259.214 hex cry 7.85 
2080 Platinum(VI) fluoride РЕ, 3693-05-5 309.074 гей сий сгу 61.3 69.1 =4.0 
2081  cis-Diamminedichloroplatinum РЦМН,),0, 5663-27-1 300.051 yel solid 270 dec 0.253% 
2082 trans-Diamminedichloroplatinum —_Pt(NH,),Cl, 4913-33-8 300.051 pale yel solid 270 dec 0.036% s DMF, DMSO 
2083 Hexachloroplatinic acid H,PtCl, - 6H,0 6941-12-1 517.909 brn-yel hyg cry 60 2.43 140% vs НОН 
hexahydrate 
2084 Platinum silicide PtSi 2137-83-6 223.170 orth cry 1229 124 
2085 Plutonium Pu 7440-07-5 244 Silv-wh metal; 640 3228 19.7 
monocl 
2086 Plutonium nitride Pu 2033-54-4 258 gray cub cry 2550 144 
2087  Plutonium(ll) oxide Ри0 2035-83-5 260 cub cry 14.0 
2088  Plutonium(lIl) bromide PuBr, 5752-46-2 484 grn orth cry 681 6.75 8Н,0 
2089 Plutonium(II) chloride РИС, 3569-62-5 350 grn hex cry 760 5.71 8Н,0 
2090  Plutonium(lll) fluoride РЏЕ 3842-83-6 301 purp hex cry 1396 9.33 1Н,0: sl acid 
2091  Plutonium(lll) iodide Pul, 3813-46-2 625 grn orth сту; hyg 77 6.92 8Н,0 
2092 — Plutonium(Ill) oxide Pu,0, 2036-3439 536 blk cub cry 2085 105 
2093  Plutonium(lV) fluoride PuF, 3709-56-3 320 red-brn monocl 1037 71 
сту 
2094  Plutonium(IV) oxide Рид, 2059-95-9 276 yel-brn cub cry 2390 115 
2095  Plutonium(VI) fluoride PuF, 3693-06-6 358 red-brn orth cry 51.6 5.08 
2096 Polonium Po 7440-08-6 209 silv metal; cub 254 962 9.20 
2097 Polonium(IV) chloride PoCl, 0026-02-5 351 yel hyg cry ~300 390 $ H,0, EtOH, ace 
2098  Polonium(lV) oxide Род, 7446-06-2 24 yel cub cry 500 dec 8.9 
2099 Potassium K 7440-09-7 39.098 Soft silv-wh metal; 63.5 759 0.89 reac HO 
cub 
2100 Potassium acetate KC,H,0, 27-08-2 98.142 wh hyg cry 309 1.57 269% $ EtOH; i eth 
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No. Name Formula No. weight Physical form ۴6 bp/^C gcm? g/100g НО solubility 
2101 Potassium aluminate trihydrate КАО, - 3H,0 2003-63-35: 250.204 wh orth cry 213 vs HO; i EtOH 
2102 Potassium aluminum silicate KAISi,0, 327-44-2 278.332 col monocl cry 2.56 i H,0 
2103 Potassium aluminum sulfate KAKSO,), 0043-67-1 258.205 wh hyg powder 5o" 
2104 Potassium aluminum sulfate KAI(SO,), • 12,0 7184-24-90 414.389 со! cry “100 дес 1.72 5.99 
dodecahydrate 
2105 Potassium amide КАН, 7242-52-3 55.121 wh/yel-grn hyg 335 reac H,O, EtOH 
cry 
2106 Potassium arsenate К.АвО, 3464-36-3 256.215 со! cry 28 1255 
2107 Potassium arsenite КА50, 3464-35-2 146.019 wh hyg powder $ H0; sl EtOH 
2108 Potassium azide KN, 20762-60-1 81.118 tetr cry; exp 2.04 49.77 
2109 Potassium borohydride KBH, 3762-51-1 53.941 wh cub cry «500 dec 1.11 sH,0 
2110 Potassium bromate KBrO, 7758-01-2 167.000 whhex cry 434 dec 327 8.172 i EtOH 
2111 Potassium bromide KBr 7758-02-3 119.002 со! сиб сту; ћуд 734 1435 2.74 67.85 sl EtOH 
2112 Potassium carbonate K,CO, 584-08-7 138.206 whmonoclcry; 899 dec 229 1115 i EtOH 
nyg 
2113 Potassium carbonate sesquihydrate К,С0,-1.5Н,0 6381-79-9 165.229 granular cry 1112 
2114 Potassium chlorate KCIO, 3811-04-9 122.549 wh топос! cry 357 dec 2.34 8.612 
2115 Potassium chloride KCI 7447-40-7 74.551 wh cub cry 771 1.988 35.55 i eth, асе 
2116 Potassium chlorochromate KCr0,CI 16037-50-6 174.545 отап cry 25 reac Н,О; s ace, 
acid 
2117 Potassium chromate K,Cr0, 7789-00-6 194.191 yel orth cry 974 2.73 65.0% 
2118 Potassium citrate monohydrate КОН НО 6100-05-6 324.410 со! hyg cry 180 dec 1.98 172% vs H,0; sl EtOH 
2119 Potassium cobalt(Il) selenate K,Co(Se0,), - 6H,0 28041-86-3 531.14 red monocl cry 2.51 
hexahydrate 
2120 Potassium cyanate KCNO 590-28-3 81.115 wh tetr cry ~700 dec 2.05 75% sl EtOH 
2121 Potassium cyanide KCN 151-50-8 65.116 wh cub cry; hyg 622 1.55 69,920 sl EtOH 
2122 Potassium cyanoaurite KAu(CN), 13967-50-5 280.099 col cry 3.45 14% s H,0; sl EtOH; i 
eth, ace 
2123 Potassium dichromate K Oro, 1118-50-89 294.185 — oran-redtriclcry 8 =500 дес 268 15.1% 
2124 Potassium dihydrogen arsenate КН,А80, 1184-41-0 180.034 со! cry 288 2.87 19 i EtOH 
2125 Potassium dihydrogen phosphate КН,РО, 1118-11-0 136.085 wh tetr cry 253 2.34 25.05 sl EtOH 
2126 Potassium dihydrogen KH,PO, 3977-65-6 120.086 col топос! hyg 
phosphonate cry 
2127 Potassium dithionate К,5,0, 3455-20-4 238.323 col hex cry dec 2.27 sl H,0; i EtOH 
2128 Potassium ferricyanide K,Fe(CN), 3746-66-2 329.244 гей сгу dec 1.89 48.85 
2129 Potassium ferrocyanide trihydrate — K,Fe(CN). - 3H,0 4459-95-1 422.388 yel monocl cry 60 dec 1.85 36.05 i ОН, eth 
2130 Potassium fluoride KF 7789-23-3 58.096 wh cub cry 858 1502 2.40 1022 
2131 Potassium fluoride dihydrate КР. 29,0 3455-21-5 94.127 топос! cry 41 дес 25 1025 
2132 Potassium fluoroborate KBF, 4075-53-7 125.803 col orth cry 530 2.505 0.552 51 EtOH 
2133 Potassium fluorotantalate K,TaF, 6924-00-48 4 col cry 730 5.24 0.5° 
2134 Potassium formate KCHO, 590-29-4 84.116 col hyg cry 67 1.91 3318 
2135 Potassium hexachloroosmate(IV) К,080, 6871-60-6 481.15 red cub cry vs H,0; sl ЕОН 
2136 Potassium hexachloroplatinate К,РІСІ, 6921-30-5 485.999 уе!-огап сиб cry 250 dec 3.50 0.7720 i EtOH 
2137 Potassium hexacyanocobaltate K,Co(CN), 3963-58-1 332.332 yel monocl cry dec 1.91 vs H,0; i EtOH 
2138 Potassium К,МпҒ, 6962-31-5 247.125 yel hex cry reac Н,0 
ћехаћиоготапдапаје(М) 
2139 Potassium hexafluorosilicate KSiF. 6871-90-2 220.273 ٧7 dec 227 0.0842 i EtOH 
2140 Potassium hexafluorozirconate(IV) — К.Е, 6923-95-8 283.411 со! топос! cry 3.48 0.78? 
2141 Potassium hydride KH 7693-26-7 40.106 Cub cry 619 143 reac HO 
2142 Potassium hydrogen arsenate KHAsO, 21093-83-4 218.125 со! топос! prisms 300 dec 8.75 i EtOH 
2143 Potassium hydrogen carbonate KHCO, 298-14-6 100.115 со! топос! cry #100 dec 217 36:22 i EtOH 
2144 Potassium hydrogen fluoride КНЕ, 7189-29-90 78103 col tetr cry 238.8 2.37 39.220 i EtOH 
2145 Potassium hydrogen iodate КН(О,), 3455-24-8 389.911 со! cry dec 39 sl H,O; i EtOH 
2146 Potassium hydrogen oxalate KHC,0, - 0.5H,0 27-95-7 wh cry dec 2.09 2.59 sl EtOH 
hemihydrate 
2147 Potassium hydrogen phosphate KHPO, 7158-11-4 174.176 wh hyg cry dec 682 s EtOH 
2148 Potassium hydrogen phosphite К,НРО, 3492-26-7 158.177 wh hyg powder dec 7022 i EtOH 
2149 Potassium hydrogen selenite KHSe0, 7782-70-9 167.06 hyg orth cry »100 dec $ Н,0; sl EtOH 
2150 Potassium hydrogen sulfate KHSO, 7646-93-7 136.169 wh monocl cry; ~200 2.32 50.6% 
nyg 
2151 Potassium hydrogen sulfide KHS 310-61-8 72471 wh hex cry; hyg «450 1.69 $ Н,0, EtOH 
2152 Potassium hydrogen sulfide KHS - 0.5H,0 310-61-8* 81.179 wh-yel hyg cry “175 17 vs H,0, EtOH 
hemihydrate 
2153 Potassium hydrogen sulfite KHSO, 1113-03-7 120.169 wh cry powder 190 dec 4920 i EtOH 
2154 Potassium hydrogen tartrate KHC,H,0, 868-14-4 188.177 wh cry 1.98 0.5720 $ acid, alk; i EtOH 
2155 Potassium hydroxide KOH 310-58-3 56.105 wh rhomb cry; hyg 406 1327 2.044 1215 5 EtOH; s MeOH 
2156 Potassium hypochlorite KOCI 7778-66-7 90.550 exists only іп aq 
soln 
2157 Potassium phosphinate КН,РО, 7782-87-8 104.087 wh hyg cry dec vs НО; s EtOH 
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2158 Potassium iodate КІ0, 7758-05-6 214.001 wh monocl cry 560 dec 3.89 9,225 
2159 Potassium iodide КІ 7681-11-0 166.003 со! cub cry 681 1323 3.12 1485 sl EtOH 
2160 Potassium iron(Ill) oxalate K;Fe(C,0,), - 3H,0 491.243 grn топос! cry 100 230 dec 2.133 47° i EtOH 
trihydrate 
2161 Potassium manganate К.Мп0, 10294-64-1 197.133 grn cry 190 дес $ H0; reac НС! 
2162 Potassium metaarsenate КАО, 19197-73-0 162.018 wh solid 660 
2163 Potassium metabisulfite К,5,0, 16731-55-8 222.324 wh powder «150 dec 23 49.525 reac acid; i EtOH 
2164 Potassium metaborate KBO, 13709-94-9 81.908 wh hex cry 947 22.3 
2165 Potassium molybdate К,Мо0, 13446-49-6 238.14 wh hyg cry 919 23 1835 i EtOH 
2166 Potassium niobate KNb0, 12030-85-2 180.002 wh rhomb cry =1100 4.64 iH,0 
2167 Potassium nitrate KNO, 7757-79-1 101.103 col orth cry ог 334 400 dec 2.105 38.3% i EtOH 
powder 
2168 Potassium nitrite KNO, 7158-09-0 85.104 wh hyg cry 438 537 exp 1.915 3125 sl EtOH 
2169 Potassium oxalate K,C,0, 583-52-8 166.216 0۹0 81 Н,0 
2170 Potassium oxalate monohydrate K,C,0, - H,0 6487-48-5 184.231 col cry 160 dec 2.13 36.420 
2171 Potassium oxide KO 12136-45-7 94.196 gray cub cry 740 2.35 $ HO, EtOH, eth 
2172 Potassium perbromate KBrO, 22207-96-1 183.000 wh cry 275 dec 4.215 
2173 Potassium percarbonate KC.0, - HO 589-97-9 216.230 oran or blue pow 55^ 
monohydrate 
2174 Potassium perchlorate KCIO, 7778-74-7 138.549 col orth сту; hyg 525 2.52 2.085 
2175 Potassium реподаје КІ0, 7790-21-8 230.001 col tetr cry 582 exp 3.618 0.5125 
2176 Potassium permanganate КМпо, 7722-64-7 158.034 purp orth cry dec 27 7.605 reac EtOH 
2177 Potassium peroxide КО, 17014-71-0 110.196  yelamorpsolid 490 reac Н,0 
2178 Potassium persulfate к,5,0, 7727-21-1 270.322 col cry >100 дес 2.48 4.7” 
2179 Potassium phosphate КУРО, 7778-53-2 212.266 wh orth cry; hyg 1340 2.564 1065 i EtOH 
2180 Potassium pyrophosphate K,P,0, 7320-34-5 wh cry dec 1300 sH, 
2181 Potassium pyrophosphate K,P,0, ۰ 3H,0 7790-67-2 384.383 со! hyg cry dec 300 2.33 vs Н,0:1 EtOH 
trihydrate 
2182 Potassium pyrosulfate К,5,0, 7790-62-7 254.323 со! needles ~325 2.28 sH,0 
2183 Potassium selenate K,Se0, 7790-59-2 221.16 wh powder 3.07 1145 
2184 Potassium selenide K,Se 312-74-9 157.16 red cub cry; hyg 800 2.29 sH,0 
2185 Potassium selenite K,Se0, 0431-47-7 205.16 wh hyg cry 875 dec 2175 sl EtOH 
2186 Potassium silver cyanide KAg(CN), 506-61-6 199.000 wh cry 8Н,0 
2187 Potassium sodium tartrate KNaC,H,0, - 49,0 6381-59-5 282220 47 “70 dec 80031130 1.79 vs H,0; i EtOH 
tetrahydrate 
2188 Potassium stannate trihydrate К,510, -3Н,0 2142-33-5* 298.95 со! cry 3.20 vs HO; i EtOH 
2189 Potassium stearate KC,.H..O, 593-29-3 322.568 wh pow sl cold H,0; s hot 
Н,0, EtOH 
2190 Potassium sulfate K,S0, 1118-80-5 174.260 wh orth cry 1069 2.66 12.05 i EtOH 
2191 Potassium sulfide KS 312-73-8 110.262 red-yel cub cry; 948 1.74 5 HO, EtOH; i eth 
nyg 
2192 Potassium sulfide pentahydrate KS. 5H,0 37248-34-3 200.338 col rhomb cry 60 vs НО, EtOH; i eth 
2193 Potassium sulfite K S0. 0117-38-1 158.260 col hex cry 106% sl EtOH 
2194 Potassium sulfite dihydrate К,50, · 2H,0 7790-56-9 194.291 wh monocl cry dec 1072 sl EtOH; dec dil 
acid 
2195 Potassium superoxide KO, 2030-88-5 71.097 yel tetr cry; hyg 380 2.16 reac HO 
2196 Potassium tellurate(VI) trihydrate — K,TeO, • 3H,0 5571-91-2* 323.84 wh cry powder sH,0 
2197 Potassium tellurite К.160, 7790-58-1 253.80 wh hyg cry 8460 дес vs НО 
2198 Potassium tetraborate pentahydrate К,8,0,.5Н,0 332-71-0 323.513 wh cry powder 16.59 sl EtOH 
2199 Potassium tetrachloroaurate KAuCI, - 2H,0 3682-61-6 413.908 yel monocl cry $ H,O, EtOH, eth 
dihydrate 
2200 Potassium tetrachloroplatinate K,PICl, 0025-99-7 415.093 pink-red tetr cry 500 dec 3.38 s H,0; i EtOH 
2201 Potassium tetracyanocadmate K,Cd(CN), 4402-75-6 294.678 cub cry =450 1.85 259 sl EtOH 
2202 Potassium tetracyanonickelate KINi(CN),] - H,0 4220-17-8* 258975 red-oran cry dec 100 
monohydrate 
2203 Potassium tetracyanoplatinate(1l) КРКСМ), - 3H,0 562-76-5* 431.397 col rhomb prisms s Н,0 
trihydrate 
2204 Potassium tetracyanozincate KZn(CN), 4244-62-3 241.676 Cry pow vs НО 
2205 Potassium tetraiodomercurate(II) K Hgl, 7783-33-7 786.40 yel hyg cry 4.29 vs НО; s EtOH, 
eth, ace 
2206 Potassium thiocyanate KSCN 333-20-0 97.181 col tetr cry; hyg 173 500 dec 1.88 238% s EtOH 
2207 Potassium thiosulfate К5,0, 0294-66-3 190.325 col hyg cry 165% i EtOH 
2208 Potassium titanate к, 2030-97-6 174.060 wh orth cry 1515 31 reac HO 
2209 Potassium triiodide monohydrate КІ, + H,O 7790-42-3 437.827 brn топос! cry; 225 dec 3.5 $ H,0; reac EtOH, 
hyg eth 
2210 Potassium triiodozincate KZnl, 7790-43-4 485.221 ћуд сгу vs HO 
2211 Potassium thiocarbonate KS, 26750-66-3 186.403 yel-red hyg cry vs HO 
2212 Potassium tungstate КМО, 7790-60-5 326.04 ћуд сгу 921 3.12 vs H,0; i EtOH 
2213 Potassium uranate K.U,0, 7790-63-8 666.251 oran cub cry 6.12 i HO; s acid 
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2214 Potassium uranyl nitrate K(U0,)(N0.), 8078-40-5 495.140 grn-yel cry pow vs НО 
2215 Potassium uranyl sulfate dihydrate _K,(UO,)(SO,), - 29,0 27709-53-1 576.381 grn-yel cry pow dec 120 3.36 vs НО 
2216 Potassium zinc sulfate hexahydrate К,7п(50,),. 6H,0 3932-17-7 443.823 cry 8Н,0 
2217 Potassium zirconium sulfate K,Zr(S0,), - 30 53608-79-0 685.914 wh cry pow 81Н,0 
trihydrate 
2218  Praseodymium Pr 7440-10-0 140.908 silv metal; hex 931 3520 6.77 
2219  Praseodymium boride РІВ, 2008-27-4 205.774 blk cub cry 2610 4.84 
2220  Praseodymium nitride PrN 25764-09-4 154.915 Cub cry 7.46 
2221 Praseodymium silicide PrSi, 2066-83-0 197.079 tetr cry 1712 5.46 
2222  Praseodymium(ll) iodide РИ, 65530-47-4 394.717 bronze solid 758 
2223  Praseodymium(Ill) bromate Pr(BrO,). 5162-93-3 524.615 grn cry vs НО 
2224  Praseodymium(lll) bromide PrBr, 3536-53-3 380.620 grn ћех сгу; hyg 693 5.28 sH,0 
2225  Praseodymium(Ill) carbonate Pr(C0,), - 8H,0 4948-62-0 605.964 grn silky plates dec 420 (anh) i HO; s acid 
octahydrate 
2226 Ргавеодугтит(1) chloride РГСІ, 0361-79-2 247.267 grn hex needles; 786 40 96.15 S EtOH 
hyg 
2227  Praseodymium(Ill) chloride PrCl, ۰ 7,0 0025-0-8 373.374 grn cry 110 dec 96.125 $ EtOH 
heptahydrate 
2228  Praseodymium(lll) fluoride PIF, 3709-46-1 197.903 grn hex cry 1399 6.3 
2229 Ргавеодутїит(1) hydroxide Pr(OH), 6469-16-2 191.930 grn solid dec 220 37 iH,0 
2230  Praseodymium(lll) iodide Pri, 3813-23-5 521.621 orth hyg cry 738 «5.8 sH,0 
2231  Praseodymium((ll) nitrate Pr(NO.), 0361-80-5 326.923 pale grn hyg cry 165% s EtOH 
2232 Praseodymium(IIl) nitrate Pr(NO,), - 6Н,0 5878-77-0 435.014 grn needles 1655 $ EtOH, ace 
hexahydrate 
2233  Praseodymium(lll) oxide Рг,0, 2036-32-7 329.813 wh hex cry 2183 3760 6.9 
2234  Praseodymium(Ill) perchlorate Pr(CIO,), - 6H,0 3498-07-2* 547.351 hyg grn cry dec 200 $ ЊО, EtOH 
hexahydrate 
2235  Praseodymium(Ill) sulfate Pr,(S0,), - 8H,0 3510-41-3 714.125 grn топос! сгу 2.83 1720 s Н,0 
осїаһуйгаїе 
2236  Praseodymium(lll) sulfide PIS, 2038-13-0 378.010 cub cry 765 5.1 
2237 Praseodymium(III) telluride Рг, Те, 2038-12-59 664.62 сир cry 500 =7.0 
2238  Praseodymium(lV) fluoride PrF, 5192-24-2 216.902 yel-wh solid dec 90 
2239  Promethium Pm 7440-12-2 145 silv metal; hex 042 3000 7.26 
2240 Promethium(Ill) bromide РтВг, 4325-78-1 385 red cry 625 sH,0 
2241  Promethium(Ill) chloride PmCI, 3779-10-7 251 раје blue hyg cry 655 sH,0 
2242  Promethium(Ill) fluoride PmF. 3709-45-0 202 pink solid 338 sH,0 
2243 Promethium(IIl) iodide Pml, 3818-73-0 526 red solid 695 
2244 Protactinium Pa 7440-13-3 231.036 shiny metal; tetr or 1572 154 
cub 
2245 Protactinium(V) chloride Рас, 3760-41-3 408.301 yel топос! cry 306 3.74 
2246 Radium Ra 7440-14-4 226 wh metal; cub 696 5 
2247 Radium bromide RaBr, 0031-23-90 386 wh orth cry 728 5.79 70.62 s EtOH 
2248 Radium carbonate Васо, 7116-98-5 286 wh orth cry iH,0 
2249 Radium chloride RaCl, 0025-66-8 297 wh orth cry 1000 49 24.520 $ EtOH 
2250 Radium fluoride Кар, 20610-49-5 264 wh cub cry 6.7 
2251 Radium nitrate Һа(М0.), 0213-12-4 350 Cry 13.9 
2252 Radium sulfate RaS0, 7446-16-4 322 wh cry i HO, acid 
2253 Radon Rn 0043-92-2 222 со! gas -71 -61.7 9.074 g/L 51 H,0 
2254 Rhenium Re 7440-15-5 186.207 silv-gray metal 3185 5596 20.8 i HCI 
2255  Perrhenic acid HReO, 3768-11-1 251.213 exists only in soln vs НО, 08 
2256 Rhenium carbonyl Ре (СО) 4285-68-8 652.515 yel-wh cry 170 dec 2.87 S 0S 
2257  Rhenium pentacarbonyl bromide Һе(С0),Вг 4220-21-4 406.162 wh cry 90 
2258 Rhenium ретасагропу! chloride Re(CO).CI 4099-01-5 361.711 wh cry subl 140 
2259  Rhenium(lll) bromide ReBr, 3569-49-08 425.919 red-brn monocl 500 subl 6.10 S ace, MeOH, EtOH 
cry 
2260 Rheniumill) chloride Һесі, 3569-63-6 292.566 red-blk ћуд cry 500 дес 4.81 sH,0 
2261  Rhenium(Ill) iodide Rel. 5622-42- 566.920 blk solid dec 
2262  Rhenium(lV) chloride ReCl, 3569-71-6 328.019 purp-blk cry; hyg 300 dec 49 
2263  Rhenium(IV) fluoride ReF, 5192-42-4 262.201 blue tetr cry »300subl 7.49 
2264  Rhenium(IV) oxide Re0, 2036-09-8 218.206 gray orth cry 900 dec 114 
2265  Rhenium(IV) selenide Rese, 2038-64- 344.13 tricl cry 
2266 — Rhenium(IV) silicide Resi, 2038-66-3 242.378 refrac solid 2000 
2267  Rhenium(lV) sulfide Res, 2038-63-0 250.337 tricl cry 7.6 
2268 Вїетит(М) telluride Rele, 2067-00-4 441.41 orth cry 8.50 
2269  Rhenium(V) bromide ReBr, 30937-53-2 585.727 рт solid 110 дес 
2270  Rhenium(V) chloride Һесі, 39368-69-9 363.472 brn-blk solid 220 49 reac Н,0 
2271  Rhenium(V) fluoride Ве, 30937-52- 281.199 yel-grn solid 48 2213 
2272 Rhenium(V) oxide Ве,0, 12165-05-8 452411 blue-blk tetr cry «7 
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CAS Reg Mol. Density Solubility Qualitative 
No. Name Formula No. weight ^ Physical form ۴6 bp/^C gcm? g/100g НО solubility 
2273  Rhenium(VI) chloride ReCl, 31234-26-1 398.925 red-grn solid 29 
2274  Rhenium(VI) dioxydifluoride ReO,F, 81155-18-2 256.203 col cry 56 
2275  Rhenium(VI) fluoride ReF 0049-17-9 300.197 yel liq or cub cry 8.5 33.8 4.06(сгу) $ HNO, 
2276  Rhenium(VI) oxide Re, 314-28-9 234.205 red cub cry 400 dec 6.9 i H,0, acid, alk 
2277  Rhenium(VI) oxytetrachloride ReOCl, 3814-76-1 344.018 brn cry 29.3 223 reac Н,0 
2278  Rhenium(VI) oxytetrafluoride ReOF, 7026-29-8 278.200 blue solid 08 171.7 
2279  Rhenium(VII) fluoride ReF, 7029-21-9 319.196 yel cub cry 48.3 73.7 4.32 
2280  Rhenium(VII) oxide Re,0, 314-68-7 484.410 yel hyg cry 327 360 6.10 5 H,O, EtOH, eth, 
diox, py 

2281  Rhenium(VIl) trioxychloride ReO.CI 7791-09-5 269.658 col liq 45 128 3.87 reac Н,0 
2282  Rhenium(VIl) trioxyfluoride Һе0,Ғ 42246-24-2 253.203 yel solid 47 164 
2283  Rhenium(VIl) dioxytrifluoride ReO,F. 57246-89-6 275.201 yel solid 90 185.4 reac Н,0 
2284  Rhenium(VII) oxypentafluoride ReOF, 23377-53-9 297.198 cream solid 43.8 73.0 
2285 RRhenium(VII) sulfide Re,S, 2038-67-4 596.869 brn-blk tetr cry 4.87 iH,0 
2286 Rhodium Rh 7440-16-6 102.906 silv-wh metal; cub 4 3695 12.4 i acid, sl aqua regia 
2287 Rhodium carbonyl Rh.(C0).. 28407-51-4 1065.594  red-brn cry 220 dec 
2288 Rhodium carbonyl chloride Rh(CO),CI], 4523-22-9 380.758 red-oran cry 24 S 0S 
2289 Rhodium dodecacarbonyl Rh,(CO),, 9584-30-6 747.743 red hyg cry 50 dec 2.52 reac Н,0 
2290  Rhodium(lll) bromide RhBr, 5608-29-4 342.618 dark brn plates 800 dec 5.56 $ HO; i acid, os 
2291  Rhodium(lll) chloride RhCl, 0049-07-7 209.265 red monocl cry 717 5.38 i H,0; зак 
2292  Rhodium(lll) fluoride RhF, 60804-25-3 159.901 red hex cry 54 
2293 Rhodium(II) iodide ВИ, 5492-38-3 483.619 blk monocl cry; 6.4 

hyg 
2294 Вїофшт(1) nitrate Rh(NO,). 0139-58-9 288.921 hyg brn solid 600 dec i H,0 
2295 Rhodium(Ill) nitrate dihydrate Rh(NO,), - 29,0 3465-43-5 324.951 blk solid dec i H,0; s aqua regia 
2296  Rhodium(lll) oxide Rh,0, 2036-35-0 253.809 gray ћех сгу 1100 dec 8.2 
2297  Rhodium(lll) oxide pentahydrate Rh,0, + 5H,0 39373-27-8 309.010 yel pow dec sl H,0; s acid 
2298  Rhodium(lll) sulfate Rh,(S0,), 0489-46-0 493.999 red-yel solid >500 dec 
2299  Rhodium(lV) oxide RhO, 2137-27-8 134.905 blk tetr cry 7.2 
2300 Rhodium(IV) oxide dihydrate RhO, - 29,0 2137-27-8 170.936 grn solid dec 8.20 i HO, sol НСІ, alk 
2301  Rhodium(VI) fluoride RhF, 3693-07-7 216.896 ЫК cub cry 470 31 
2302 Rubidium Rb 7440-17-7 85.468 soft silv metal; cub 39.30 688 153 reac Н,0 
2303 Rubidium acetate RbC,H,0, 563-67-7 144.512 417 246 vs HO 
2304 Rubidium aluminum sulfate RbAI(SO,), 3530-57-9 304.575 hex cry «3.1 1.602 i EtOH 
2305 Rubidium aluminum sulfate RbAI(SO,), - 12H,0 7784-29-4 520.759 со! cub cry “100 dec «1.9 s H,0; i EtOH 

dodecahydrate 

2306 Rubidium azide RDN, 22756-36-1 127.488 tetr cry; exp 317 2.79 10755 
2307 Rubidium bromate RbBrO, 3446-70-3 213.370 Cub cry 430 3.68 2.955 
2308 Rubidium bromide RbBr 7789-39-1 165.372 wh cub cry; hyg 692 1340 3.35 116% 
2309 Rubidium carbonate Rb,CO, 584-09-8 230.945 col monocl cry; 837 223% 

nyg 
2310 Rubidium chlorate RbCIO, 3446-71-4 168.919 col cry 324 dec 480 3.19 6.63% sl Н,0 
2311 Rubidium chloride RbC 7791-11-9 120.921 wh cub cry; hyg 724 1390 2.76 93.95 sl EtOH 
2312 Rubidium chromate Rb,CrO, 3446-72-5 286.930 yel rhom cry 3.518 76.25 
2313 Rubidium dichromate Rb,Cr,0, 3446-73-6 386.924 red tricl or yel 31 s H,0 

monocl cry 
2314 Rubidium cyanide RbC 9073-56-4 111.486 wh cub cry 23 s H,0; i EtOH, eth 
2315 Аш ит fluoride RbF 3446-74-7 104.466 wh cub cry; hyg 795 1410 3.2 3002 i EtOH 
2316 Rubidium fluoroborate RbBF, 8909-68-7 3 orth cry 612 dec 2.82 sl Н,0 
2317  Rubidium formate RbCHO, 3495-35-0 130.486 wh hyg cry dec 
2318 Rubidium hexafluorogermanate Rb,GeF, 6962-48-4 35757 wh cry 696 sH,0 
2319 Rubidium hydride RbH 3446-75-8 86.476 wh cub cry; flam =170 дес 2.60 reac Н,0 
2320 Rubidium hydrogen carbonate RbHCO, 9088-74-5 146.485 wh rhomb cry 175 dec 1162 
2321 Rubidium hydrogen fluoride RbHF, 2280-64-7 124.473 tetr cry 188 33 
2322  Rubidium hydrogen sulfate RbHSO, 5587-72-1 182.539 col monocl cry 208 2.9 8Н,0 
2323  Rubidium hydroxide RbOH 310-82-3 102.475 gray-wh orth cry; 385 3.2 173% 5 НОН 

nyg 
2324 Rubidium [одаје RbIO, 3446-76-9 260.370 monoclorcubcry dec 433 2.445 vs HCI 
2325 Rubidium iodide Rb 7790-29-6 212.372 wh cub cry 656 1300 3.55 1655 $ ОН 
2326 ^ Rubidium molybdate Rb,Mo0, 3718-22-4 33087 wh cry 958 sH,0 
2327 Rubidium nitrate RbNO, 3126-12-0 147473 wh hex cry; hyg 310 311 65.05 vs HO 
2328 Rubidium nitrite RbNO, 3825-25-7 131.474 . whory 422 vs НО 
2329 Rubidium oxide Rb,0 8088-11-4 186.935 — yel-brncubcry; 400 дес 40 reac HO 

nyg 
2330 Rubidium perchlorate RbCIO, 3510-42-4 184.919 wh hyg cry 597 dec 900 29 1.55 
2331 Rubidium permanganate RbMnO, 3465-49- 204.404 dark purp cry 300 dec 3.24 sl H,O 
2332 Rubidium peroxide Rb,0, 23611-30-5 202.935 wh orth cry 570 3.8 reac Н,0 
2333 Rubidium selenide Rb,Se 31052-43-4 24990 wh cub cry 733 3.22 reac Н,0 
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2334 Rubidium sulfate Rb,SO, 7488-54-2 266.999 wh orth cry 1066 3.61 50.8% 
2335 Rubidium sulfide Rb,s 31083-74-6 203.001 wh cub cry 425 2.91 sH,0 
2336 Rubidium superoxide RbO, 2137-25-6 117.467 tetr cry 412 43.0 
2337  Ruthenium Ru 7440-18-8 101.07 Silv-wh metal; hex 2334 4150 12.1 i acid, aqua regia 
2338 Ruthenium dodecacarbonyl Ru.(C0)., 5243-33-1 639.33 огап cry 150 dec 
2339 Ruthenium pentacarbonyl Ви(С0), 6406-48-7 241.12 col liq -22 dec 50 i H,O; s EtOH, bz, 
chl, hc 
2340 Ruthenium nonacarbonyl Ри (60), 63128-11-0 454.23 Stab below -40 $ hex 
2341 Ruthenium nitrosyl chloride Ru(NO)CI, - HO 8902-42-6 255.45 hyg red cry 
monohydrate 
2342  Hexaammineruthenium(Ill) chloride Ru(NH,).CI, 4282-01-8 30961 col топос! cry 8Н,0 
2343  Ruthenium(Ill) bromide RuBr, 4014-88-1 340.78 brn hex cry dec 500 53 i HO, acid, EtOH 
2344  Ruthenium(Ill) chloride RuCl, 0049-08-8 207.43 blk-brn hex cry ~500 dec 31 iH,0; sl EtOH 
2345  Ruthenium(Ill) fluoride RuF, 51621-05-7 158.07 brn rhomb cry =600 dec 5.36 i H,O, dil acid 
2346 — Ruthenium(IIl) iodide Rul, 3896-65-6 481.78 blk hex cry dec 300 6.0 sl HO 
2347 Ruthenium(Ill) 2,4-pentanedioate ^ Ru(CH.COCHCOCH,). 4284-93-6 390.39 red-brn cry 230 
2348  Ruthenium(V) fluoride RUF, 71500-16-8 177.06 yel-red cry reac Н,0 
2349  Ruthenium(IV) oxide RuO, 2036-10-1 133.07 gray-blk tetr cry dec 1300 7.05 i HO, acid 
2350 Ruthenium(V) fluoride RUF, 4521-18-7 196.06 grn monocl cry 86.5 227 3.90 
2351  Ruthenium(VI) fluoride RUF, 3693-08-8 215.06 dark brn orth cry 54 200 dec 3.54 reac Н,0 
2352 Ruthenium(VIll) oxide Rud, 20427-56-9 165.07 yel топос! prisms 25.4 40 3.29 2.03% sl Н,0: vs ctc; reac 
EtOH 
2353 Samarium Sm 7440-19-9 150.36 silv metal; rhomb 1072 1794 7.52 
2354 Samarium boride SmB, 2008-30-9 21523 refrac solid 2580 5.07 
2355 Samarium silicide SmSi, 2300-22-0 20653 orth cry 5.14 
2356 Samarium(|!) bromide SmBr, 50801-97-3 310.17 brn cry 669 reac Н,0 
2357  Samarium(!l) chloride 5100), 3874-15-4 221.27 brn cry 855 3.69 reac Н,0 
2358 —Samarium(Il) fluoride SmF, 5192-17-3 188.36 purp cry reac Н,0 
2359  Samarium(lI) iodide Sml, 32248-43-4 404.17 grn cry 520 reac Н,0 
2360 Samarium(Ill) acetate trihydrate Sm(C,H.0,), - 3H,0 7829-86-6 381.54 hyg yel-wh solid 1.94 sH,0 
2361  Samarium(lll) bromate nonahydrate Sm(Br0.), 60 63427-22-5 696.20 pink hex сгу 75 дес vs H,0; sl EtOH 
2362  Samarium(Ill) bromide SmBr, 3759-87-0 390.07 yel cry 640 reac Н,0 
2363  Samarium(IIl) carbonate 5т,(С0,), 5895-47-6 480.75 wh-yel pow dec >500 
2364 — батайит(!) chloride 5001, 0361-82-7 256.72 yel cry 682 446 93.85 
2365  Samarium(lll) chloride hexahydrate SmOCl.6H,0 3465-55-9 364.81 yel cry dec 2.38 93.85 
2366 — Затапит(!) fluoride SmF, 3765-24-7 207.36 wh cry 1306 reac HO 
2367  Samarium(Ill) iodide Sml, 3813-25-7 531.07 oran cry 850 reac Н,0 
2368 Samarium(Il) nitrate Sm(NO,). 0361-83-8 336.38 yel-wh hyg solid 1445 $ ОН 
2369  Samarium(lll) nitrate hexahydrate — Sm(NO,). - 6H,0 3759-83-6 444.47 pale yel cry 78 5 H,O, MeOH, ace 
2370 Samarium(Ill) oxide 5т,0, 2060-58-1 348.72 yel-wh cub cry 2269 3780 7.6 
2371 SamariumiIll) sulfate octahydrate 5т,50,),.8Н,0 3465-58-2 733.03 yel cry 2.93 2.672 
2372  Samarium(Ill) sulfide 5,5, 2067-22-0 396.92 gray-brn cub cry 1720 5.87 
2373 Samarium(Ill) telluride Sm, Te, 2040-00-5 683.52 orth cry 7.31 
23/4 7 5с 7440-20-2 44.956 silv metal; hex 1541 2836 2.99 
2375 Scandium boride 568, 2007-34-0 66.578 геїгас 80110 2250 3.17 
2376 Scandium bromide ScBr, 3465-59-3 284.668 wh hyg cry 969 9.33 8Н,0 
2377 Scandium chloride ScCl, 0361-84-9 151.315 wh hyg cry 967 24 $ H,0; i EtOH 
2378 Scandium fluoride ScF, 3709-47-2 101.951 wh powder 1552 sl HO 
2379 Scandium hydroxide Sc(0H), 7674-34-9 95.978 col amorp solid i H,0; s dil acid 
2380 Scandium iodide Scl, 4474-33-0 425.669 ћуд уе! сгу 953 subl s HO, EtOH, CCD 
2301 Scandium nitrate 5е(МО,), 3465-60-6 230.971 wh cry 1695 5 НОН 
2382 Scandium oxide 50,0, 2060-08-1 137.910 wh cub cry 2489 3.864 8 conc acid 
2383 Scandium sulfate pentahydrate Sc,(SO,), - 5H,0 5292-44-1 468.176 со! cry dec 110 vs НО 
2384 Scandium sulfide 56,5, 2166-29-9 186.107 yel orth cry 1775 2.91 
2385 Scandium telluride 56.16, 2166-44-8 47271 blk hex cry 5.29 
2306 Selenium (gray) Se 7782-49-2 78.96 gray metallic cry; 220.8 685 4.809 iH,0, CS, 
hex 
2387 Selenium (a form) Se 7782-49-2 78.96 гей топос! cry trans gray Se 685 4.39 i H,O, EtOH; sl eth 
>120 
2388 Selenium (vitreous) Se 7782-49-2 78.96 blk amorp solid trans graySe 85 4.28 i HO; sl CS, 
180 
2389  Selenic acid Н,5е0, 1183-08-6 144.97 wh hyg solid 58 260dec 2.95 vs Н,0; reac EtOH 
2390  Pentafluoroorthoselenic acid HOSeF, 38989-47-8 190.96 col solid 38 47 
2391  Selenous acid H,Se0, 7783-00-8 128.97 wh hyg cry 70 dec 3.0 vs НО; s EtOH 
2392 Selenium dioxide Se0, 7446-08-4 110.96 wh tetr needles ог 3401р 315 sp 3.95 2642 S EtOH, MeOH; sl 
powder ace 
2393 Selenium trioxide 560. 13768-86-0 126.96 wh tetr cry; hyg 118 subl 3.44 s HO, 08 
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CAS Reg Mol. Density Solubility Qualitative 

No. Name Formula No. weight Physical form ۴6 bp/^C gcm? g/100g НО solubility 

2394 Selenium bromide Ser, 7189-52-8 317.73 red liq 5 225 dec 3.60 reac H,0; s CS,, 
chl 

2395 Selenium chloride Se,Cl, 10025-68-0 228.83 yel-brn oily liq -65 127 дес 2.774 reac H,0; s CS,, bz, 
ctc, chl 

2396 Selenium tetrabromide SeBr, 7189-65-3 398.58 огап-гед cry 123 reac H,0; s CS,, 
chl 

2397 Selenium tetrachloride SeCl, 10026-03-6 220.77 wh-yel cry 305 tp 1914sp 26 reac Н,0 

2398 Selenium tetrafluoride SeF, 13465-66-2 154.95 col liq -9.5 101.6 2.75 reac H,0; vs EtOH, 
eth 

2399 Selenium hexafluoride SeF, 7783-79-1 192.95 col gas -34.6 tp -4668р 7.887 g/L iH,0 

2400 Selenium chloride pentafluoride SeF.CI 34979-62-9 209.41 со! gas -19 45 

2401 Selenium oxybromide Se0Br, 7189-51-7 254.77 red-yel solid 41.6 220 dec 3.38 reac Н,0; s CS,, bz, 
cte 

2402 Selenium oxychloride 5е001, 7791-23-3 165.87 Col or yel liq 8.5 177 2.44 reac Н,0; s ctc, chl, 
bz, tol 

2403 — Selenium oxyfluoride бебе, 7183-43-9 132.96 col liq 5 125 28 reac Н,0 

2404 Selenium oxytetrafluoride Se0F, 53319-44-1 170.95 unstab col liq 2 65 

2405 Selenium dioxydifluoride Se0,F, 14984-81-7 148.96 col gas -995 -84 6.089 g/L reac Н,0 

2406 Selenium monosulfide SeS 7446-34-6 111.03 

2407 Selenium disulfide SeS, 7488-56-4 143.09 red-yel cry 00 i HO; s acid 

2408 Selenium sulfide (Se,S.) Ses, 75926-26-0 350.31 oran needles 21.5 2.44 $ CS; sl bz 

2409 — Selenium sulfide (Se S.) 56,5, 75926-28-2 44410 гей сгу 13 дес 3.29 s bz; sl CS, 

2410 Selenium sulfide (Se S.) Se, 75926-30-6 537.89 огап сгу 215 5 б5, 

2411 Silicon Si 7440-21-3 28.086 gray cry or brn 414 3265 2.3296 i H,O, acid; s alk 

amorp solid 

2412 6 SiH, 7803-62-5 32.118 со! gas; flam -185 -111.9 1.313 g/L reac H,0; i EtOH, 
bz 

2417 6 Si,H, 590-87-0 62.219 col gas; flam -1294 -148 2.543 g/L геас Н,0, ctc, chl; 5 
EtOH, bz 

2414  Trisilane Si,H, 7783-26-8 92.321 flam col lig -117.4 52.9 0.739 reac Н,0 

2415  Tetrasilane Si Hio 7183-29-1 122.421 col liq; flam -89.9 108.1 0.792 reac HO 

2416  2-Silyltrisilane Si Hio 3597-87-0 122.421 col liq -99.4 101.7 0.792 reac Н,0 

2417 — Cyclopentasilane БН 289-22-5 150.507 0 -105 1943 0.963 reac HO 

2418 6 Si,H,, 4868-53-2 152.523 col liq -728 1532 0.827 reac Н,0 

2419 2-Silyltetrasilane Si,H,, 4868-5443 152523 col liq -109.9 146.2 0.820 reac Н,0 

2420  22-Disilyltrisilane Si,H,, 5947-57-6 152.523 col liq -57.8 134.3 0.815 reac Н,0 

2421 Cyclohexasilane SiH,, 291-59-8 180.608 col liq 16.5 226 reac Н,0 

2422  Hexasilane SiH,, 4693-61-9 182.624 col liq -44.7 193.6 0.847 reac HO 

2423  2-Silylpentasilane SiH,, 4868-55-4 182.624 со! liq -78.4 185.2 0.840 

2424 3-Silylpentasilane 4868-55-4 182.624 col liq -69 1795 0.843 reac Н,0 

2425 66 SiH, 4693-65-3 212.726 col liq -301 226.8 0.859 reac Н,0 

2426 6 SiH,Br 3465-73-1 111.014 col gas -94 1.9 4.538 g/L 

2427  Dibromosilane SiH,Br, 3768-94-0 189.910 liq -70.1 66 

2428 Tribromosilane SiHBr, 7789-57-3 268.806 flam liq -73 109 21 reac Н,0 

2429  Tetrabromosilane SiBr, 1189-66-4 347.702 col fuming liq 5.39 154 28 reac Н,0 

2430 Bromotrichlorosilane SiBrCI, 3465-74-2 214.349 col liq -62 80.3 1.826 reac Н,0 

2431  Dibromodichlorosilane SiBr,Cl, 3465-75-3 258.800 col liq -45.5 104 2172 reac Н,0 

2432  Tribromochlorosilane SiBr.Cl 3465-76-4 303251 col liq -20.8 127 2497 reac Н,0 

2433  Hexabromosilane 51,Вг, 3517-13-0 535.595 col cry 95 265 

2434 — Octabromotrisilane Si,Br, 54804-32-9 723.489 col liq 46 

2435 Chlorosilane Н.С 3465-78-6 66.563 со! gas -118 -304 2.721 g/L 

2436 Dichlorosilane SiH,Cl, 4109-96-0 101.008 со! gas; flam -122 8.3 4.129 g/L reac Н,0 

2437 6 5ЇНСЇ, 0025-78-2 135.453 fuming liq -1282 33 1.331 reac Н,0 

2438  Tetrachlorosilane SiCI, 0026-04-7 169.898 col fuming liq -68.74 57.65 15 reac Н,0 

2439 Chlorotrifluorosilane SICIF, 4049-36-6 120.534 col gas -138 -70.0 4.927 g/L reac Н,0 

2440  Dichlorodifluorosilane SICLF, 8356-71-3 136.989 col gas -44 -32 5.599 g/L reac Н,0 

2441 richlorofluorosilane SICLF 4965-52-7 153.443 col gas 12.25 6.272 g/L 

2442  Trichloroiodosilane SiCLI 3465-85-5 261.349 col liq -60 113.5 reac Н,0 

2443 Hexachlorodisilane 51,61, 3465-77-5 268.889 со! liq 25 146 reac Н,0 

2444  Octachlorotrisilane 50), 3596-23-1 367.881 col liq -67 216 

2445  Fluorosilane ЯН 3537-33-2 50.108 col gas -98.6 2.048 g/L 

2446 Difluorosilane ЯН, 3824-36-7 68.099 001 088 -122 -77.8 2.783 g/L 

2447  Trifluorosilane SiHF, 3465-71-9 86.089 col gas -131 -95 3.519 g/L 

2448  Tetrafluorosilane SiF, 7183-61-1 104.080 col gas -90.2 -86 4.254 g/L reac Н,0 

2449  Hexafluorodisilane SF. 3830-68-7 170.161 col gas -18.71р @ -19.1 sp reac Н,0 

780 mmHg 

2450  Octafluorotrisilane бі, 4521-14-3 236.244 col liq -12 42 

2451 6ه‎ Si F.. 4521-15-4 302.326 col cry 68 85.1 

2452  lodosilane бін, 3598-42-0 158.014 со! liq -57 45.6 
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2453 Diiodosilane ЯН, 3760-02-6 283.911 со! liq -1 150 
2454 6 ЯН, 3465-72-0 409.807 liq 8 220 dec 
2455 Tetraiodosilane Sil, 3465-84-4 535.704 wh powder 120.5 287.35 41 
2456 — Hexaiododisilane Si, 3510-43-5 817.598 pale yel cry 250 
2457  Disiloxane (51Н,),0 3597-73-4 78.218 gas -144 -15.2 3.197 g/L 
2458 — Hexachlorodisiloxane (5101),0 4986-21-1 284.888 liq -28 137 
2459  Methylsilane SiH,CH, 992-94-9 46.145 col gas -156.5 -57.5 
2460 Metasilicic acid H,Si0, 7699-41-4 78.100 wh amorp powder i H,0; $ HF 
2451 Orthosilicic acid Н,510, 0193-36-9 96.116 exists only in soln 
2462  Fluorosilicic acid H,SiF, 6961-83-4 144092 stab only in aq 8Н,0 
soln 
2463 Silicon carbide (hexagonal) SiC 409-21-2 40.097 hard grn-black hex 2830 3.16 i H,O, EtOH 
cry 
2464 Silicon nitride (Si,N,) SiN, 2033-89-5 140.284 gray refrac solid; 1900 3.17 
hex 
2465 Silicon monoxide 510 0097-28-6 44.085 blk cub cry, stable 2.18 
»1200 
2466 Silicon dioxide (a-quartz) 510, 4808-60-7 60.085 со! hex cry trans to beta 2950 2.648 i H,O, acid; s HF 
quartz 573 
2467 Silicon dioxide (B-quartz) 510, 4808-60-7 60.085 со! ћех сгу trans to 2950 2.5339" i HO, acid; s HF 
tridymite 
867 
2468 Silicon dioxide (tridymite) 510, 5468-32-3 60.085 со! ћех сгу trans 2950 2.265 i H,O, acid; s HF 
cristobalite 
1470 
2469 Silicon dioxide (cristobalite) 510, 4464-46-1 60.085 со! ћех сгу 1722 2950 2.334 i HO, acid; s HF 
2470 Silicon dioxide (vitreous) 510, 60676-86-0 60.085 col amorp solid 1713 2950 2.196 i HO, acid; s HF 
2411 Silicon monosulfide 515 2504-41-5 60.151 yel-red hyg 1090 940 1.85 reac HO 
powder 
2472 Silicon disulfide SiS, 3759-10-9 92.216 wh rhomb cry 1090 subl 2.04 reac Н,0, EtOH; i 
bz 
2473 Silicon tetraacetate Si(C,H,0,), 562-90-3 264.262 wh hyg cry 110 reac Н,0; s ace, bz 
2474 Silicon tetraboride SiB, 2007-81-7 71.330 gray refrac solid 1870 dec 24 
2475  Silicotungstic acid H,Si0, - (W,0,), 2520-88-6 2878.17 hyg yel cry vs H,0, EtOH 
2476 Silver Ag 7440-22-4 107.868 Silv metal; cub 961.78 2162 10.5 
2477 Silver azide AgN, 3863-88-2 149.888 orth cry; exp exp ~250 49 0.000812 
2478 Silver subfluoride Ag,F 302-01-8 234.734 yel hex cry 100 dec 8.6 reac Н,0 
2479  Silver(l) acetate AgC,H,0, 563-63-3 166.912 wh needles or dec 3.26 1.042 
powder 
2480 acetylide А0,0, 1659-31-6 239.757 wh powder; exp 
2481  Silver(l) acetylide (AgC,H) AgC.H 3092-75-6 132.897 wh powder; exp 
2482  Silver(I) arsenate Ад,А80, 3510-44-6 462.524 red cub cry дес 6.657 0.00085 $ МН,ОН 
2483  Silver(l) benzoate Ад(С,Н,00,) 532-31-0 228.982 powder 30? 
2404  Silver(I) bromate AgBrO, 7783-89-3 235.770 wh tetr cry 360 dec 5.21 0.1935 
2485  Silver(l) bromide AgBr 7785-23-1 187.772 уе! сиб сгу 430 1502 6.47 0.000014 i HO, acid, EtOH 
2486 Silver(l) carbonate Ав,00, 534-16-7 275.745 yel топос! cry 218 6.077 0.00367 s acid 
2487  Silver(l) chlorate AgCIO, 7783-92-8 191.319 wh tetr cry 230 270 dec 4.430 17.65 sl EtOH 
2488 Silver(l) chloride AgCI 7783-90-6 143.321 wh cub cry 455 1547 5.56 0.000195 
249  Silver(l) chlorite AgCIO, 7783-91-7 175.320 yel cry 105 exp 0.55% 
2490 — Silver(l) chromate Ag,CrO, 7784-01-2 331.730  brn-red monocl 5.625 0.000014° 
cry 
2491  Silver(l) citrate Ag,C,H.0, 26-45-4 512.705 wh cry powder 1Н,0: s HNO, 
2492  Silver(l) cyanide AgCN 506-64-9 133.886 wh-gray hex cry 320 dec 3.95 0.0000011 i EtOH, dil acid 
2493  Silver(l) dichromate А0,01,0, 1184-02-3 431.724 гед cry 4.710 sl HO 
2494  Silver(l) diethyldithiocarbamate Ag(C,H,),NCS, 470-61-7 256.138 powder 173 S py 
2495 іме) fluoride AgF 1115-41-9 126.866 yel-brn cub cry; 435 1159 5.852 172% 
nyg 
2496  Silver(I) hexafluoroantimonate AgSbF. 26042-64-8 343.618 powder 
2497  Silver(l) hexafluoroarsenate AgASF. 2005-82-2 296.780 powder 
2498  Silver(l) hexafluorophosphate AgPF. 26042-63-7 252.832 powder 102 dec 
2499  Silver(I) hydrogen fluoride АНЕ, 2249-52-4 146.873 ћуд сгу dec 
2500  Silver(l) iodate А(10, 7783-97-3 282.770 wh orth cry >200 5.53 0.0535 
2501 6 Ag 7783-96-2 234.772 yel powder; hex 558 1506 5.68 0.000003 i acid 
2502  Silver(l) lactate monohydrate AgC.H.O, - Н,0 28-00-7 214.954 gray cry powder sl H,O, EtOH 
2503  Silver(I) metaphosphate AgPO, 3465-96-8 186.840 grn glass 490 6.37 i H,0; s HNO,, 
NH,OH 
2504  Silver(l) molybdate Ag, M00, 3765-74-7 375.67 yel cub cry 483 6.18 sl Н,0 
2505  Silver(l) nitrate AgNO, 7761-88-8 169.873 col rhomb cry 210 440 dec 4.35 2345 51 EtOH, ace 
2506  Silver(l) nitrite AgNO, 7183-99-5 153.874 yel needles 140 dec 4.453 0.415% i EtOH; reac acid 
2507  Silver(l) oxalate Ав,0,0, 533-51-7 303.755 wh cry powder exp 140 5.03 0.0043 
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2508  Silver(l) oxide Ag,0 20667-12-3 231.735 brn-blk cub cry «200 дес 7.2 0.0025 i EtOH; s acid, alk 
2509  Silver(l) perchlorate AgCIO, 7783-93-9 207.319 со! cub cry; ћуд 486 dec 2.806 5585 S bz, ру, 08 
2510  Silver(l) perchlorate monohydrate — AgCIO, - H,O 4242-05-8 225.334 hyg wh cry 43 dec 5582 
2511  Silver(I) permanganate AgMn0, 7783-98-4 226.804 viol monocl cry dec 4.49 0.91% reac EtOH 
2512  Silver(l) phosphate Ag,PO, 7784-09-0 418.576 yel powder 849 6.37 0.0064 sl dil acid 
2513  Silver(l) picrate monohydrate АдС,Н,М,0,-Н,0 46-84-9 353.979 yel cry sl H,O, EtOH; i chl, 
eth 
2514  Silver(l) selenate Ag,Se0, 7784-07-8 358.69 orth cry 5.72 0.1182 
2515 6 Ag,Se 302-09-6 294.70 gray hex needles 880 8.216 iH,0 
2516 — Silver(l) selenite 40,560, 7784-05-6 342.69 needles 530 »550dec 5.930 sl Н,0: s acid 
2517 sulfate Ag,S0, 0294-26-5 311.799 col cry or powder 660 5.45 0.84% 
2518 — sulfide Ад,5 21548-73-2 247.801 gray-blk orth 825 (high 7.23 i H,0; s acid 
powder press.) 
2519  Silver(l) sulfite А0,50, 3465-98-0 295.799 wh cry 100 дес 0.00046% $ acid, NH,OH 
2520  Silver(l) telluride Ag, Te 2002-99-2 343.34 blk orth cry 955 84 
2521  Silver(l) tetraiodomercurate(1l) Ag,Hgl, 7784-03-4 923.94 yel tetr cry trans to red 6.1 i H,O, dil acid 
Cub «40 
2522  Silver(l) thiocyanate AgSCN 701-93-5 165.951 wh powder dec iH,0 
2523  Silver(l) thiosulfate А0,5,0, 23149-52-2 327.864 wh cry dec 51 Н,0: s NH,OH 
2524  Silver(Il) oxide А00 301-96-8 123.867 gray powder; »100 dec 75 0.00272 S alk; reac acid 
monocl or cub 
2525 Silver(l) tungstate Ag,WO, 3465-93-5 463.57 yel cry 620 0.015 s HNO,, МН,ОН 
2526 Silver(Il) fluoride АР, 7783-95-1 145.865 wh ог gray hyg cry 690 4.58 reac Н,0 
2527  Silver(Il) oxide (Ag,0,) Ag,0, 25455-73-6 247.735 gray-blk cub cry >100 7.44 i H,O; s acid, 
NH,OH 
2528 Sodium а 7440-23-5 22.990 soft silv met; cub 97.794 882940 0.97 reac Н,0 
2529 Sodium acetate aC. H.O, 21-09-3 82.034 col cry 3282 1.528 50.45 
2530 Sodium acetate trihydrate aC. H.O, - 3H,0 6131-90-4 136.079 col cry 58 dec 1.45 50.45 sl EtOH 
2531 Sodium aluminate aNIO, 302-42-7 81.971 wh orth cry; hyg 1650 4.63 vs H,0; i EtOH 
2532 Sodium aluminum hydride aAIH, 3770-96-2 54.004 wh hyg solid 174 dec 1.24 i eth; s thf 
2533 Sodium aluminum sulfate aAK(SO,), - 12H,0 0102-71-3 458.281 со! cry ~60 1.61 39,72 i EtOH 
dodecahydrate 
2534 Sodium amide амн, 7782-92-5 39.013 wh-grn orth cry 210 500 dec 1.39 reac Н,0 
2535 Sodium ammonium phosphate aNH,HPO, - 40 3011-54-6 209.069 топос! cry «80 dec 1.54 $ H0; i EtOH 
tetrahydrate 
2536 Sodium arsenate dodecahydrate a.As0, - 12Н,0 1118-43-0 424.072 col monocl prism 86 dec $ HO; sl EtOH; i 
eth 
2537 Sodium arsenite aAs0, 7784-46-5 129.911 wh-gray ћуд 1.87 vs Н,0:1 EtOH 
powder 
2538 Sodium azide aN, 26628-22-8 65.010 col hex cry 300 dec 1.846 40.8? sl EtOH; i eth 
2539 Sodium borohydride aBH, 16940-66-2 37.833 wh cub cry; hyg “400 dec 1.07 553 reac EtOH 
2540 Sodium bromate авго, 7789-38-0 150.892 col cub cry 381 3.34 39.45 i EtOH 
2541 Sodium bromide aBr 7647-15-6 102.894 wh cub cry 747 1390 3.200 94.625 $ EtOH 
2542 Sodium bromide dihydrate авг - 2Н,0 13466-08-5 138.925 wh cry 36 dec 2.18 94.625 sl EtOH 
2543 Sodium carbonate 2,00, 497-19-8 105.989 wh hyg powder 856 2.54 30.75 i EtOH 
2544 Sodium carbonate monohydrate a,C0, - Н,0 5968-11-6 124.005 col orth cry 100 dec 2.25 30.7% i EtOH 
2545 Sodium carbonate decahydrate a, CO, - 10H,0 6132-02-1 286.142 Col cry 34 dec 1.46 30.75 i EtOH 
2546 Sodium chlorate асо, 7775-09-9 106.441 col cub cry 248 dec 630 2.5 1005 sl EtOH 
2547 Sodium chloride 30 7647-14-5 58.443 col cub cry 800.7 1465 2.17 36.0% sl EtOH 
2548 Sodium chlorite ас10, 7758-19-2 90.442 wh hyg cry “180 dec 647 
2549 Sodium chromate 0,010, 1115-11-3 161.974 yel orth cry 794 2.72 87.6% 51 EtOH 
2550 Sodium chromate tetrahydrate a,Cr0, - 4H,0 10034-82-9 234.035 yel hyg cry dec 87.6% sl EtOH 
2551 Sodium citrate dihydrate а,С,Н.0, • 29,0 6132-04-3 294.099 wh cry 150 dec vs H,0; i EtOH, eth 
2552 Sodium citrate pentahydrate а,С,Н,0, - 5H,0 6858-44-2 348.145 hyg col cry dec 150 1.86 925 vs H,O; sl EtOH; i 
eth 
2553 Sodium cyanate aCNO 917-61-3 65.007 со! needles 550 1.89 5Ң,0; sl EtOH; i 
eth 
2554 Sodium cyanide aCN 43-33-9 49.008 wh cub cry; hyg 562 1.6 58,22 sl EtOH 
2555 Sodium cyanoborohydride aBH.(CN) 25895-60-7 62.843 wh hyg powder 240 dec 112 vs Н,0: s thf; sl 
EtOH; i bz, eth 
2556 Sodium dichromate a,Cr,0, 0588-01-9 261.968 red hyg cry 357 400 dec 1875 
2557 Sodium dichromate dihydrate a Cr.O, - 2H,0 7789-12-0 297.999  oran-redmonocl 85 dec 2.35 vs H,0; S HOAc 
cry 
2558 Sodium dihydrogen phosphate aH,P0, 7558-80-7 119.977 col топос! сгу 200 дес 94.95 
2559 Sodium dihydrogen phosphate aH,PO, - HO 0049-21-5 137.993 wh hyg cry 100 dec 94.95 i EtOH 
monohydrate 
2560 Sodium dihydrogen phosphate aH,P0, - 29,0 3472-35-0 156.008 col orth cry 60 dec 1.91 94.95 i EtOH 
dihydrate 
2561 Sodium dihydrogen a H;P. 0, ۰ 6H,0 7782-95-8 314.031 топос! plates 110 дес 1.849 2.05 i EtOH 
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2562 Sodium dihydrogen pyrophosphate Na,H,P,0, 7758-16-9 221.939 wh powder 220 dec «1.9 sH,0 
2563 Sodium dithionate 2,5,0, 7115-14-6 174.108 gray-wh powder 52 дес 24.120 sl EtOH 
2564 Sodium dithionate dihydrate а,5,0, - 2H,0 7631-94-9* 242.137 col orth cry 110 dec 2.19 15.12 i EtOH 
2565 Sodium ethanolate aC. H.O 41-52-6 68.050 wh-yel hyg 260 dec reac H,0; s EtOH 
powder 
2566 Sodium ferricyanide monohydrate a.Fe(CN), - HO 4217-21-1* 298.933 red hyg cry $ ЊО i EtOH 
2567 Sodium ferrocyanide decahydrate а,ге(СМ), ۰ 10H,0 3601-19-9 484.061 yel monocl cry «50 dec 146 20% ios 
2568 Sodium fluoride aF 7681-49-4 41.988 col cub or tetr cry 996 1704 2.78 4.35 i EtOH 
2569 Sodium fluorophosphate a, PO.F 0163-15-2 143.950 powder 
2570 Sodium formate aCHO, 41-53-7 68.008 wh hyg cry 257.3 dec 1.92 94.95 sl EtOH 
2571 Sodium germanate a,Ge0, 2025-19-3 166.62 wh monocl hyg 1083 3.31 
cry 
2572 Sodium gold cyanide aAu(CN), 5280-09-8 271.991 wh-yel cry pow $ H,0, МН,ОН 
2573 Sodium gold thiosulfate dihydrate ^ Ма,Аи($,0.), - 5H,O 0233-88-2 526.223 ий needles or dec 150 3.09 vs Н,0:1 EtOH 
prisms 
2574 Sodium hexabromoplatinate(IV) а,РІВг, ۰ 6H,0 39277-13-9 828.579 cry 
hexahydrate 
2575 Sodium hexachloroiridate(IV) a,IrCl, - 6H,0 9567-78-3 559.006 Cry 600 dec 
hexahydrate 
2576 Sodium hexachloroplatinate(IV) а,РІСІ, 6923-58-3 453.782 yel hyg cry 5379 s EtOH 
2577 Sodium hexachloroplatinate(IV) a,PtCI, - 6H,0 6923-58-3 561.873 yel cry 110 dec 2.50 536 S НОН; i eth 
hexahydrate 
2578 Sodium hexafluoroaluminate аА, 3775-53-6 209.941 col топос! cry; 1013 2.97 iH,0 
rans cub 560 
2579 Sodium hexafluoroantimonate aSbF. 6925-25-0 258.740 wh cub cry 3.375 12920 S ВОН, асе 
2580 Sodium hexafluorophosphate аРЕ, - Н,0 20644-15-9 185.969 col orth cry 2.369 103? S НОН, MeOH, ace 
monohydrate 
2581 Sodium hexafluorosilicate а ЈЕ, 6893-85-9 188.056 wh hex cry 847 27 0.6720 i EtOH 
2582 Sodium hexanitrocobaltate(Ill) a. Co(NO,). 4649-73-1 403.935 yel-brn cry powder vs НО; sl EtOH 
2583 Sodium hydride aH 7646-69-7 23.998 silv cub cry; flam 425 dec 1.39 reac H,0, EtOH 
2584 Sodium hydrogen arsenate а,НА50, 7118-43-0 185.908 wh powder 195 dec 512 sl EtOH 
2585 Sodium hydrogen arsenate a,HAs0, ۰ 7H,0 0048-95-0 312.014 wh monocl cry «50 dec 1.87 5120 sl EtOH 
heptahydrate 
2586 Sodium hydrogen carbonate aHCO, 44-55-80 84.007 wh monocl cry «50 dec 2.20 10.35 i EtOH 
2587 Sodium hydrogen fluoride aHF, 333-83-1 61.995 wh hex cry »160 dec 2.08 3.2520 
2588 Sodium hydrogen phosphate a HPO, 7558-79-4 141.959 wh hyg powder 17 11.85 
2589 Sodium hydrogen phosphate а,НРО, - 79,0 7782-85-6 268.066 col cry 41.7 11.85 i EtOH 
heptahydrate 
2590 Sodium hydrogen phosphate a. HPO, - 129,0 0039-32-4 358.143 со! cry =35 dec =1.5 11.85 i EtOH 
dodecahydrate 
2591 Sodium hydrogen sulfate aHSO, 7681-38-1 120.061 wh hyg cry “315 243 28.55 
2592 Sodium hydrogen sulfate aHSO, - HO 0034-88-5 138.076 wh топос! cry 2.10 28.55 reac EtOH 
monohydrate 
2593 Sodium hydrogen sulfide aHS 6721-80-5 56.063 col rhomb cry 350 1.79 $ HO, EtOh, eth 
2594 Sodium hydrogen sulfide dihydrate 0 6721-80-5 92.094 yel hyg needles 55 dec vs HO, EtOH, eth 
2595 Sodium hydrogen sulfite aHS0, 7631-90-5 104.061 whcry 1.48 $ Н,0; sl EtOH 
2596 Sodium hydroxide 30 310-73-2 39.997 wh orth cry; hyg 323 1388 2.13 1005 s ВОН, MeOH 
2597 Sodium hypochlorite acio 7681-52-9 74.442 stab in aq soln anh form exp 79.95 
2598 Sodium hypochlorite pentahydrate 020 0022-70-5 164.518 pale grn orth cry 18 1.6 s Н,0 
2599 Sodium одаје а10, 7681-55-2 197.892 wh orth cry 422 4.28 9,475 i EtOH 
2600 Sodium iodide а 7681-82-5 149.894 wh cub cry; hyg 661 1304 3.67 1845 S НОН, ace 
2601 Sodium iodide dihydrate al 29,0 3517-06-1 185.925 hyg col топос! 69 dec 245 3187 vs HO 
cry 
2602 Sodium bismuthate aBi0, 2232-99-4 279.968 yel-brn hyg cry i cold Н,0, reac 
acid 
2603 Sodium metabisulfite 2,5,0, 7681-57-4 190.107 wh cry 66.75 sl EtOH 
2604 Sodium metaborate аВ0, 7775-19-1 65.800 wh hex cry 966 1434 2.46 sH,0 
2605 Sodium metasilicate 2,510, 6834-92-0 122.064 wh amorp solid; 1089 2.61 5 cold Н,О; reac 
hyg hot H,O; i EtOH 
2606 Sodium metasilicate pentahydrate a, SiO, -5Н,0 3517-24-3 212.140 wh pow T2 dec 8Н,0 
2607 Sodium molybdate a,Mo0, 7631-95-0 205.92 col cub cry 687 =35 65.0% 
2608 Sodium molybdate dihydrate a,Mo0, · 29,0 0102-40-6 241.95 cry powder 100 dec «3.5 65.05 
2609 Sodium molybdophosphate a.PO, - 12М00, 313-30-0 1891.20 hyg solid 2.83 vs H,0, EtOH 
2610 Sodium niobate амо, 2034-09-2 163.894 rhom cry 1422 455 iH,0 
2611 Sodium nitrate амо, 7631-99-4 84.995 со! ћех сгу; ћуд 306.5 2.261 91.25 $! EtOH, MeOH 
2612 Sodium nitrite амо, 7632-00-0 68.996 wh orth cry; hyg 284 >320 dec 217 84.85 sl EtOH; reac acid 
2613 Sodium nitroferricyanide dihydrate ^ Na. [Fe(CN).NO] - 2H,0 3755-38-9 297.949 red cry 1.72 40% sl EtOH 
2614 Sodium orthovanadate a.VO, 3721-39-6 183.909 со! hex prisms 860 $ H0; i EtOH 
2615 Sodium oxalate 2,0,0, 62-76-0 133.999 wh powder «250 dec 2.34 3.615 i EtOH 
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2616 Sodium oxide а,0 1313-59-3 61.979 whamorp powder 1134 2.27 reac Н,0 
2617 Sodium perborate tetrahydrate аВ0,.4Н,0 7632-04-4 153.861 wh cry 60 dec reac Н,0 
2618 Sodium perchlorate ас), 7601-89-0 122.441 wh orth cry; hyg 266 2.52 205% 
2619 Sodium perchlorate monohydrate aClO, -Н,0 7791-07-3 140.456 wh hyg cry “130 dec 2.02 205% 
2620 Sodium реподаје Л 7790-28-5 213.892 wh tetr cry «900 dec 3.86 44% S acid 
2621 Sodium periodate trihydrate а10, -3Н,0 3472-31-6 267.938 wh hex cry 75 dec 322 44% 
2622 Sodium permanganate trihydrate аМпо, : 3H,0 0101-50-5* 195.972 red-blk hyg cry 70 dec 247 44% reac EtOH 
2623 Sodium peroxide 2,0, 313-60-6 77.979 yel hyg powder 675 2.805 reac Н,0 
2624 Sodium perrhenate aReO, 3472-33-80 273.195 Cry 300 5.39 
2625 Sodium persulfate a,S,0, 1115-21-1 238.105 wh hyg cry vs Н,0; reac EtOH 
2626 Sodium phosphate a.PO, 7601-54-9 163.940 со! cry 583 2.54 4.5% sH,0 
2627 Sodium phosphate dodecahydrate Ма,РО, • 12Н,0 0101-89-0 380.124 col hex cry 515 1.62 445 i EtOH 
2628 Sodium phosphate, chlorinated a.PO, - NaOCl 56802-99-4 230.383 wh cry 255 
2629 Sodium phosphide a.P 2058-85-4 99.943 red solid >650 reac Н,0 
2630 Sodium phosphinate aH,P0, 7681-53-0 87.979 wh cry 002 
2631 Sodium phosphinate monohydrate Ман,Р0,.Н,0 0039-56-2 105.994 col hyg cry 310 dec 002 S НОН 
2632 Sodium phosphonate pentahydrate ^ Na HPO, - 5H,0 3517-232 216.036 wh hex plates dec 200 429% vs Н,0:1 EtOH 
2633 Sodium pyrophosphate а,Р,0, 7722-88-5 265.902 со! сгу 988 2.53 7.095 
2634 Sodium selenate a,Se0, 3410-01-0 188.94 col orth cry 58.5% 
2635 Sodium selenate decahydrate а,5е0, • 109,0 0102-23-5 369.09 wh cry 161 58.5% 
2636 Sodium selenide a,Se 313-85-5 124.94 amorp solid >875 2.62 reac Н,0 
2637 Sodium selenite a,Se0, 0102-18-8 172.94 wh tetr cry 89.85 i EtOH 
2638 Sodium selenite pentahydrate a,Se0, - 5Н,0 26970-82-1 184.054 wh tetr cry dec $ H0; i EtOH 
2639 Sodium stannate trihydrate a,Sn0, - ЗНАО 2209-98-2 266.734 со! hex cry dec 140 615 vs HO; i EtOH, ace 
2640 Sodium stearate aC. H..O, 822-16-2 306.460 wh powder 51 H,O, EtOH; vs 
hot H,0 
2641 Sodium succinate hexahydrate a.C, H,O, - 6H,0 50-90-3 270.144 cry powder 120 дес 20 i EtOH 
2642 Sodium sulfate а,50, 7757-82-6 142.043 wh orth cry ог 884 27 28.15 i EtOH 
powder 
2643 Sodium sulfate heptahydrate а,50, - 7H,0 3472-39-4 204.152 wh cry dec vs Н,0 
2644 Sodium sulfate decahydrate 2,50, - 10Н,0 1121-13-3 322.196 со! топос! cry 32 дес 1.46 2815 i EtOH 
2645 Sodium sulfide а,5 313-82-2 78.045 wh cub cry; hyg 1172 1.856 20.65 sl EtOH; i eth 
2646 Sodium sulfide pentahydrate a,S -5H,0 313-83-3 168.121 col orth cry 120 dec 1.58 20.6% s EtOH; i eth 
2647 Sodium sulfide nonahydrate а,5 9H,0 313-84-4 240.183 wh-yel hyg cry «50 dec 143 20.65 sl EtOH; i eth 
2648 Sodium sulfite 2,50, 7757-83-7 126.043 wh hex cry 911 2.63 30.75 i EtOH 
2649 Sodium sulfite heptahydrate а,50, - 7H,O 0102-15-5 252.150 wh monocl cry; 1.56 30.75 sl EtOH 
unstab 
2650 Sodium superoxide a0, 2034-12-7 54989 yel cub cry 552 2.2 reac Н,0 
2651 Sodium tartrate dihydrate a.C, H,0, - 29,0 6106-24-7 230.082 1.545 s H,0; i EtOH 
2652 Sodium tellurate а,Те0, 0101-83-4 237.58 wh powder 0.8 
2653 Sodium tellurite 8,160, 0102-20-2 221.58 wh rhomb prisms sl HO 
2654 Sodium tetraborate а,В,0, 330-43-4 201.220 col gl solid; hyg _ 743 1575 2.4 3175 sl MeOH 
2655 Sodium tetraborate tetrahydrate a B,O. · 4Н,0 2045-87-3 273.281 wh monocl cry 1.95 3.17% 
2656 Sodium tetraborate pentahydrate а,В,0, • 5Н,0 2045-88-4 291.296 hex cry dec 1.88 3.175 
2657 Sodium tetraborate decahydrate a BO, - 0 303-96-4 381.373 wh monocl cry 75 dec 1.73 3175 i EtOH 
2658 Sodium tetrachloroaluminate aAICI, 7784-16-9 191.784 orth cry 2.01 s Н,0 
2659 Sodium tetrachloroaurate(|II) aAuCI, - 2H,0 3874-02-7 397.800 oran-yel rhom cry 100 дес 15019 S ОН, eth 
dihydrate 
2660 Sodium tetrachloropalladate(ll) a,PdCI, ۰ 30 3820-53-6 348.26 brn-red hyg cry vs H,0; s EtOH 
trihydrate 
2661 Sodium tetrachloroplatinate(|!) a,PtCI, -4Н,0 0026-00-3 454.938 red prisms 100 $ ЊО, EtOH 
tetrahydrate 
2662 Sodium tetrafluoroberyllate a,BeF, 3871-27-7 130.986 orth cry 575 247 81 Н,0 
2663 Sodium tetrafluoroborate aBF, 3755-29-8 109.795 whorth prisms 384 2.47 108” 51 EtOH 
2664 Sodium thioantimonate a,SbS, • 9H,0 0101-91-4 481.127  yelcry dec 108 18 28” i EtOH 
nonahydrate 
2665 Sodium thiocyanate aSCN 540-72-7 81.073 со! hyg cry 287 1515 
2666 Sodium thiophosphate a,P0,S . 12Н,0 0101-88-9 396.190 hex hyg leaflets 60 vs hot HO 
dodecahydrate 
2667 Sodium thiosulfate a,S,0, 7772-98-7 158.108 со! топос! сгу 100 дес 1.69 76.45 i EtOH 
2668 Sodium thiosulfate pentahydrate а,5,0, + 5Н,0 0102-17-7 248.184 со! cry «50 dec 1.69 76.45 i EtOH 
2669 Sodium trimetaphosphate а,(РО,), 7785-84-4 305.885 wh cry 249 22 
2670 Sodium trimetaphosphate а,(РО,), - 6H,0 7785-84-4 413.976 tricl-rhom hyg 53 1.786 22 i EtOH 
hexahydrate prisms 
2671 Sodium tripolyphosphate а.Р,0,, 7758-29-4 367.864 wh hyg powder 622 205 
2672 Sodium tungstate a WO, 13472-45-2 293.82 wh rhom cry 695 4.18 74.25 
2673 Sodium tungstate dihydrate a, WO, - 29,0 10213-10-2 5 wh orth cry 100 dec 325 7425 i EtOH 
2674 Sodium uranate(VI) monohydrate а,0,0, - HO 13721-34-1 652.049 yel powder 1Н,0: s acid 
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26/5 Sodium vanadate(V) NaV0, 3718-26-8 121.930 со! топос! prisms 630 215 
26/6 Sodium vanadate(V) tetrahydrate NaVO, -4Н,0 3718-26-8 193.992 yel-wh cry powder 215 
2677  Strontium Sr 7440-24-6 87.62 silv-wh metal; cub 777 1382 2.64 reac Н,0; s EtOH 
2678 Strontium acetate Sr(C,H,0,), 543-94-2 205.71 col hyg cry dec 21 405 vs HO 
2679  Strontium arsenite tetrahydrate Sr(As0,), - 4H,0 0378-48-0 373.52 wh powder sl HO, EtOH; sol 
dil acid 
2680 Strontium bromate monohydrate Sr(Br0,), • Н,0 4519-18-7 361.44 yel hyg топос! 120 dec 3.773 39.02 
сгу 
2681  Strontium bromide SrBr, 0476-81-0 247.43 wh tetr cry 657 4.216 1075 
2682 Strontium bromide hexahydrate SrBr, • 6Н,0 7789-53-9 355.52 со! ћуд сту 88 дес 1075 5 EtOH; i eth 
2683 Strontium carbide 510, 2071-29-353 4 blk tetr cry »1700 319 iH,0 
2684 Strontium carbonate 5100, 633-05-2 147.63 wh orth cry; hyg 1494 3.785 0.000342 s dil acid 
2685 Strontium chlorate S((CI0.), 7791-10-8 254.52 Col cry 120 dec 3.15 1765 51 КОН 
2606 Strontium chloride 510, 0476-85-4 158.53 wh cub cry; hyg 874 1250 3.052 54,7» 
2687 Strontium chloride hexahydrate 510), - 6H,0 0025-70-4 266.62 со! hyg cry 100 dec 1.96 54.725 $ НОН 
2688 Strontium chromate SrCr0, 7789-06-2 203.61 yel monocl cry dec 3.9 0.1062 $ dil acid 
2689 Strontium cyanide dihydrate Sr(CN), - 4H,0 52870-08-3 211.72 wh hyg cry dec vs HO 
2690 Strontium ferrocyanide SrFe(CN), - 15H,0 4654-44-5 569.80 yel monocl cry 50 
pentadecahydrate 
2691  Strontium fluoride SIF, 7783-48-4 125.62 wh cub cry or 1477 2460 4.24 0.0215 5 dil acid 
powder 
2692 Strontium formate Sr(CHO,), 592-89-2 177.66 wh cry 71.9 2.693 9,19 
2693 Strontium formate dihydrate Sr(CHO,), - 2Н,0 6160-34-5 213.69 col rhom cry 100 dec 2.25 917 i EtOH, eth 
2694 Strontium hexaboride SIB, 2046-54-7 152.49 blk cub cry 2235 3.39 i H,O; $ HNO, 
2695 Strontium hydride STH, 3598-33-9 89.64 orth cry 1050 3.26 reac Н,0 
2696 — Strontium hydroxide Sr(0H), 8480-07-4 121.64 col orth cry; hyg 535 710 dec 3.625 2.255 
2697 Strontium iodate Sr(0,), 3470-01-4 437.43 tricl cry 5.045 0.165% 
2698 — Strontium iodide Srl, 0476-86-5 341.43 wh hyg cry 538 1773dec 455 1775 
2699  Strontium iodide hexahydrate Srl, - 6H,0 73796-25-5 449.52 wh-yel hex cry; 120 dec 44 1775 $ EtOH 
nyg 
2700 Strontium molybdate SrMo0, 3470-04-7 247.56 wh cry pow 1040 4.54 iH,0 
2701 Strontium niobate StNb,0, 2034-89-8 369.43 monocl cry 1225 5.11 iH,0 
2702 Strontium nitrate Sr(N0.), 0042-76-9 211.63 wh cub cry 570 2.99 80.25 sl EtOH, ace 
2703 Strontium nitride Sr,N, 2033-82-8 290.87 refrac solid 1200 геас Н,0; s НСІ 
2704 — Strontium nitrite Sr(NO,), 3470-06-9 179.63 wh-yel hyg 240 dec 28 72.130 s Н,0 
needles 
2705 _ Strontium orthosilicate 51,510, 3597-55-2 267.32 orth cry 45 
2706 — Strontium oxalate monohydrate 510,0, + H,0 814-95-9 193.65 cry pow dec 150 0.000052 sl dil acid 
2707 — Strontium oxide 510 314-11-0 103.62 со! cub cry 2531 5.1 reac Н,0 
2708 Strontium perchlorate 54010), 3450-97-0 286.52 со! hyg cry 3062 s ВОН, MeOH 
2709 Strontium permanganate trihydrate Sr(Mn0,), - 3H,0 4446-13-0 379.54 purp cub cry 175 dec 2.75 250" 
2710  Strontium peroxide 510, 314-18-7 119.62 wh tetr cry; unstab 215 dec 478 reac Н,0 
2711  Strontium phosphate Sr,(P0,), 7446-28-8 452.80 wh powder 0.0000112 s acid 
2712 Strontium selenate 51580, 7446-21-1 230.58 orth cry 4.25 0.1152 $ hot HCI 
2713 Strontium selenide SrSe 315-07-7 166.58 wh cub cry 1600 4.54 
2714 Strontium silicide SrSi, 2138-28-2 143.79 silv-gray cub cry 0 3.35 
2715 — Strontium sulfate 5150, 7759-02-6 183.68 wh orth cry 1606 3.96 0.01355 1 ОН, sl acid 
2716 — Strontium sulfide 515 314-%-1 119.69 gray cub cry 2226 3.70 sl H,0; s acid 
2717  Strontium sulfite 5150, 3451-02-0 167.68 col cry dec 0.00155 $ Н,50, НСІ 
2718 — Strontium telluride SrTe 2040-08-3 215.22 wh cub cry 4.83 
2719  Strontium thiosulfate pentahydrate 515,0,.5Н,0 5123-90-7 289.82 топос! needles 100 dec 247 36.3% i EtOH 
2720 Strontium titanate SITIO, 2060-50-2 183.49 wh cub cry 2080 51 iH,0 
2721 Strontium tungstate 510, 3451-05-3 335.46 col tetr cry dec 6.187 0.14% i EtOH 
2722 Strontium zirconate 51210; 2036-39-24 226.84 col cry 2600 
2723 Sulfur (rhombic) 5 7704-34-9 32.065 yel orth cry 95.3 (trans to 44461 2.07 i H,0; sl EtOH, bz, 
monocl) eth; s CS, 
2724 Sulfur (monoclinic) 5 7704-34-9 32.065 yel monocl 11521 444.61 2.07 i H,0; sl EtOH, bz, 
needles, stable eth; s CS, 
95.3-120 
2725 Sulfuric acid Н,50, 7664-93-9 98.079 col oily liq 10.31 337 1.8302 vs НО 
2726 Peroxysulfuric acid Н,50, 7722-86-3 114.078 wh cry; unstab 45 dec vs НО 
2727  Nitrosylsulfuric acid HNOSO, 7782-78-7 127.077 prisms T3 dec reac Н,0; s Н,50, 
2728  Chlorosulfonic acid SO,(0H)CI 7790-94-5 116.524 col-yel liq -80 152 1.75 геас Н,0; s py 
2729 Fluorosulfonic acid S0,(OH)F 7789-21-1 100.069 col liq -89 163 1.726 reac Н,0 
2730 Sulfurous acid H,S0, 7782-99-2 82.079 exists only іп aq 
soln 
2731 Sulfamic acid H,NSO.H 5329-14-6 97.094 orth cry 2205 dec 215 14,7 81 ace; i eth 
2732 Sulfur dioxide S0, 7446-09-5 64.064 со! gas -75.5 -10.05 2.619 g/L $ H,O, EtOh, eth, 
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2733 Sulfur trioxide S0, 7446-11-9 80.063 wh needles 622 subl reac Н,0 
2734 Sulfur trioxide (y-form) S0, 7446-11-9 80.063 со! solid or liq 16.8 445 1.90 reac Н,0 
2735 Sulfur trioxide (B-form) S0, 7446-11-9 80.063 wh needles 305 445 reac HO 
2736 — Sulfur bromide (SSBr,) SSBr, 3172-31-1 223.938 red oily liq -46 >25 (јес 2.63 reac Н,0 
2737 Sulfur chloride (5501) SSCI, 0025-67-9 135.036 yel-red oily liq -77 137 1.69 reac H,0; s EtOH, 
bz, eth, ctc 
2738 — Sulfur fluoride (SSF,) SSF, 6860-99-4 102.127 col gas -164.6 -10.6 4.74 g/L reac Н,0 
2739 Sulfur fluoride (FSSF) FSSF 3709-35-8 102.127 со! gas -133 15 4.174 g/L reac Н,0 
2740 Sulfur dichloride SCI, 0545-99-0 102.971 red visc liq -122 59.6 1.62 reac Н,0 
2741 Sulfur tetrafluoride SF, 7783-60-0 108.059 со! gas -125 -40.45 4.417 g/L reac Н,0 
2742 Sulfur hexafluoride SF, 2551-62-4 146.055 col gas -49.596 tp -63.8sp 5.970 g/L 51 H,0; s EtOH 
2743 Sulfur bromide pentafluoride SF.Br 5607-89-3 206.961 col gas -79 3.1 8.459 g/L 
2744 Sulfur chloride pentafluoride SF.CI 3780-57-9 162.510 col gas -64 -19.05 6.642 g/L 
2745 Sulfur decafluoride SF, 5714-22-7 254.114 liq -52.7 30; dec 2.08 iH,0 
150 
2746 Sullury| amide (МН,),50, 7803-58-9 96.109 orth plates 93 250 dec vs H,0; sl EtOH 
2747 5шішуі chloride 50,01, 7191-25-5 134.970 colliq -51 69.4 1.680 reac HO; s bz, tol, 
eth 
2748 5шішуі fluoride SOF, 2699-79-8 102.061 col gas -135.8 -55.4 4.172 g/L sl HO, EtOH; $ tol, 
cte 
2749 Sulfuryl bromide fluoride SO,BrF 13536-61-3 162.966 0 -86 4 reac HO 
2750 — Sulfuryl chloride fluoride SO,CIF 13637-84-8 118.515 col gas -1247 741 1.62? reac Н,0 
2751 Pyrosulfuryl chloride S,0.CI, 7191-27-7 215.033 col fuming liq -37 151 1.837 reac Н,0 
2752  Thionyl bromide SOBr, 507-16-4 207.872 yel liq -50 140 reac H,0 
2753 Thionyl chloride SOCI, 7719-09-7 118.970 yel fuming liq -101 75.6 1.631 reac Н,0; s bz, сіс, 
chl 
2754  Thionyl fluoride SOF, 7783-42-8 86.061 col gas -129.5 -43.8 3.518 g/L reac H,0; s bz, eth 
2755 Sulfur fluoride oxide (50Р,) SOF, 3709-54-1 124.058 col gas -99.6 -48.5 1.95% reac Н,0 
2756 Sulfur fluoride hypofluorite F.SOF 5179-32-5 162.054 col gas -86 -35.1 6.624 g/L 
2757  Tetrasulfur tetranitride SN, 28950-34-7 184287 уеі-огап cry 178.2 subl 1Н,0: reac alk, acid 
2758 Tantalum a 7440-25-7 180.948 gray metal; cub 3017 5458 16.4 reac HF 
2759 Tantalum aluminide ӘЛІ, 2004-76- 261.893 gray refrac powder -1400 7.02 i H,O, acid, alk 
2760 Tantalum boride (TaB) aB 2007-07-7 191.759 refrac orth cry 2040 14.2 
2761 Tantalum boride (TaB,) aB, 2007-35- 202.570 blk hex cry 3100 112 i H,O, acid, alk 
2762  Tantalum carbide (TaC) aC 2070-06-3 192.959 gold-brown 3880 4780 143 5 HF-HNO, mixture 
powder; cub 
2763 Tantalum carbide (Ta,C) 2,0 2070-07-4 373.907 геїгас hex cry 3327 154 
2764 Tantalum hydride aH 3981-95-8 181.956 gray metallic solid 15.1 i acid 
2765  Tantalum nitride aN 2033-62-4 194.955 blk hex cry 3090 13.7 i H,0; sl aqua 
regia; reac alk 
2766 Tantalum silicide asi, 2039-79- 237.119 gray powder 2200 9.14 
2767  Tantalum(Ill) bromide авг, 3842-73-4 420.660 gray-grn solid dec 220 
2768 Tantalum(II) chloride аб, 3569-67-0 287.307 blk-grn solid dec 440 sH,0 
2769 Tantalum(IV) bromide aBr, 3042-76-7 500.564 dark blue solid 392 5.77 reac Н,0 
2770 Tantalum(IV) chloride асі, 3569-72-7 322.760 dark grn solid dec 300 subl 4.35 reac Н,0 
2771 Tantalum(IV) iodide al, 4693-80-2 688.566 gray-blk solid 400 dec reac HO 
2772  Tantalum(lV) oxide a0, 2036-14-5 212.947 tetr cry 10.0 
2773  Tantalum(lV) selenide ase, 2039-55-3 338.87 hex cry 6.7 
2774 Tantalum(IV) sulfide as, 2143-72-5 8 blk hex cry 23000 6.86 iH,0 
2775 Tantalum(IV) telluride ale, 2067-66-2 436.15 monocl сгу 94 
2776 Tantalum(V) bromide aBr, 3451-11-1 580.468 yel cry powder 265.8 348.8 4.67 
2777 Tantalum(V) chloride ас, 7721-01-9 358.213 — yel-wh monocl 216.6 239 3.68 reac H,0; s EtOH 
сгу; ћуд 
2778  Tantalum(V) fluoride aF, 7783-71-3 275.940 wh monocl cry; 96.9 229.5 4.74 $ Н,0, eth; 5105, 
ћуд сіс 
2779  Tantalum(V) iodide al. 4693-81-3 815.470 blk hex cry; hyg 496 543 5.80 reac Н,0 
2780 Tantalum(V) oxide 4,0, 314-61-0 441.893 whrhombcryor 1875 8.24 i HO, EtOH, acid; 5 
powder HF 
2781 07 C 7440-26-8 98 ћех сгу 2157 4265 11 
2782  Technetium(V) fluoride cF; 31052-14-9 193 yel solid 50 dec 
2783  Technetium(VI) fluoride CF, 3842-93-8 212 yel cub cry 37.4 55.3 3.0 
2784 Tellurium е 3494-80-9 127.60 gray-wh тото 449.51 988 6.232 i H,O, bz, CS, 
cry 
2785 Telluric(VI) acid H,Te0, 7803-68-1 229.64 wh monocl cry 136 3.07 50.1% 
2786 Tellurous acid Н,Те0, 0049-23-7 177.61 wh cry 40 dec 3.0 sl Н,0; s dil acid, 
alk 
2787 Tellurium dioxide Тео, 7446-07-3 159.60 wh orth cry 733 1245 59 1Н,0: s alk, acid 
2788 Tellurium trioxide Те0, 3451-18-8 175.60 уе!-огап сгу 430 5.07 iH,0 
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2789  Tellurium dibromide eBr, 7789-54-0 287.41 grn-brn hyg cry 210 339 reac Н,0: s eth; sl 
chl 
2790 Tellurium dichloride есі, 10025-71-5 198.51 blk атогр solid; 208 328 6.9 reac HO; i сіс 
nyg 
2791 Tellurium tetrabromide eBr, 10031-27-3 447.22 yel-oran топос 380 «420 дес 43 reac H,0; s eth 
су 
2792  Tellurium tetrachloride eCl, 10026-07-0 269.41 wh monocl cry; 224 387 3.0 reac H,0; s EtOH, 
hyg tol 
2793  Tellurium tetrafluoride eF, 15192-26-4 203.59 col cry 129 195 dec reac Н,0 
2794 Tellurium decafluoride [AN 53214-07-6 445.18 col liq -33.7 59 
2795  Tellurium tetraiodide el, 7790-48-9 635.22 blk orth cry 280 5.05 reac Н,0; sl ace 
2796 Tellurium hexafluoride eF, 7783-80-4 241.59 col gas -37.6 tp -38.9 sp 9.875 g/L reac Н,0 
2797  Terbium b 7440-27-9 158.925 Silv metal; hex 1359 3230 8.23 
2798  Terbium nitride b 2033-64-6 172.932 Cub cry 9.55 
2799  Terbium silicide bSi, 2039-80-4 2154096 orth cry 6.66 
2800 Terbium(Ill) bromide bBr, 4456-47-4 398.637 wh ћех сгу 830 1490 sH,0 
2801  Terbium(Ill) chloride 101, 0042-88-3 265.284 wh orth cry; hyg 582 4.35 s H,0 
2802  Terbium(IIl) chloride hexahydrate 001, - 6Н,0 3798-24-8 373.375 hyg cry 4.35 vs HO 
2803  Terbium(lll) iodide bl, 3813-40-6 539.638 hex cry; hyg 955 «5.2 sH,0 
2804 — Terbium(IIl) nitrate b(NO,). 0043-27-3 344.940 pink hyg solid 1575 s ОН 
2805  Terbium(lIl) nitrate hexahydrate b(NO,), - 6Н,0 3451-19-9 453.031 col needles 89 $ H,O, EtOH, ace 
2806  Terbium(Ill) oxide 0,0, 2036-41-8 365.849 wh cub cry 2303 7.91 
2807  Terbium(IIl) sulfate octahydrate b. (S0). • 8H,0 3042-67-6 750.161 wh cry dec 360 81 H,O 
2808  Terbium(Ill) sulfide 0,5, 2138-11-3 414.046 Cub cry 6.35 
2809  Terbium(Ill) fluoride bF, 3708-63-9 215.920 wh solid 175 2280 iH,0 
2810 — Terbium(IV) fluoride bF, 36781-15-4 234.919 wh monocl cry dec 300 iH,0 
2811 hallium 7440-28-0 204.383 soft blue-wh metal 304 1473 11.8 i H,0; Teac acid 
2812  Thallium(l) acetate СНО, 563-68-8 263.427 hyg wh cry 31 3.68 $ HO, EtOH 
2813  Thallium(l) azide N, 3847-66-0 246.403 yel cry 334 exp s Н,0 
2814  Thallium(l) bromate Bro, 4550-84-6 332.285 col needles 20 dec 0.49% s EtOH 
2815 hallium(l) bromide Br 7789-40-4 204.287 yel cub cry 460 819 75 0.0599 
2816 Тлаћшт(!) carbonate „60, 6533-73-9 468.776 wh топос! cry 273 711 4.692 i EtOH 
2817  Thallium(l) chlorate CIO, 3453-30-0 287.834 со! hex cry dec 500 55 3.9220 
2818  Thallium(l) chloride 0 7791-12-0 239.836 wh cub cry 431 720 7.0 0.330 i EtOH 
2819  Thallium(l) chromate „Ст, 3473-75-1 524.761 yel cry 0.0032 sl acid, alk 
2820  Thallium(l) cyanide C 3453-34-4 230.401 wh hex plates 6.523 $ H,O, acid, EtOH 
2821  Thallium(l) ethanolate СНО 20398-06-5 249.443 cloudy liq -3 130 дес 3.49 reac Н,0 
2822  Thallium(l) fluoride F 7789-27-7 223.381 wh orth cry 326 826 8.36 2455 
2823  Thallium(l) formate CHO, 992-98-3 249.401 hyg col needles 01 4.97 vs Н,0; s MeOH 
2824 hallium(l) hexafluorophosphate РЕ, 60969-19-9 349.347 wh cub cry 46 
2825  Thallium(l) hydroxide ОН 2026-06-1 221.390 yel needles 39 dec 7.44 34.3% 
2826 Thallium(l) iodate 0, 4767-09-0 379285 wh needles 0.058 sl HNO, 
2827  Thallium(l) iodide 7790-30-9 331.287 yel cry powder 44.7 824 74 0.0085% i EtOH 
2828  Thallium(l) molybdate „Мод, 34128-09-1 568.71 yel-wh cub cry iH,0 
2829  Thallium(l) nitrate 0, 0102-45-1 266388 — whory 206 450 дес 5.55 9.55% $ Н,0; i EtOH 
2830  Thallium(l) nitrite 0, 3826-63-6 250.389 yel cub cry 86 57 3215 8Н,0 
2831  Thallium(l) oxalate 0,0, 30737-24-7 496.786 wh powder 6.31 1.832 
2832  Thallium(l) oxide ‚0 314-12-1 424.766 blkrhomb cry; 579 71080 9.52 $ HO, EtOH 
nyg 
2833 hallium(l) perchlorate CIO, 3453-40-2 303.834 col orth cry 501 4.89 19.730 
2834  Thallium(l) selenate „5е0, 7446-22-2 551.73 orth cry >400 6.875 2.8? i ОН, eth 
2835  Thallium(l) selenide „Se 5572-25-5 487.73 gray plates 340 i H,O, acid 
2836 Thallium(l) sulfate ‚50, 7446-18-6 504.830 whrhombprisms 632 6.77 5.47% 
2837  Thallium(l) sulfide 5 314-97-2 440.832 blue-blk cry 457 1367 8.39 0.0220 sl alk; s acid 
2838  Thallium(lll) acetate (C,H,0,), 2570-63-0 381.514 hyg wh platelets 182 dec 
2839  Thallium(Ill) bromide tetrahydrate Br, - 4H,0 3701-90-1 516.157 yel orth cry 3.65 $ Н,0, EtOH 
2840 hallium(lll) chloride Cl, 3453-32-2 310.742 monocl cry 155 47 vs НО, EtOH, eth 
2841 hallium(IIl) chloride tetrahydrate Cl, 49,0 3453-32-2* 382.804 orth cry 3.00 sH,0 
2842 hallium(IIl) fluoride Р, 7783-57-5 261.378 wh orth cry; hyg 550 dec 8.65 reac Н,0 
2843  Thallium(Ill) nitrate (NO,), 3746-08-0 390.398 col cry reac Н,0 
2844 Тһайішті(І) oxide 0, 314-32-5 456.765 brn cub cry 834 10.2 i H,O; reac acid 
2845  Thallium(Ill) sulfate ,(S0,), 6222-66-5 696.955 col leaflets reac Н,0 
2846 hallium selenide Se 2039-52-0 283.34 blk solid 330 i H,O, acid 
2047 horium h 7440-29-1 232.038 soft gray-wh 1750 4788 117 S acid 
metal; cub 
2048 horium hydride hH, 6689-88-6 234.054 tetr cry 9.5 
2849 Thorium boride 1В, 2229-63-9 296.904 геїгас 80110 2450 6.99 
2850  Thorium(IV) bromide hBr, 3453-49-1 551.654 wh hyg cry 679 652 
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2851 horium carbide hC 2012-16-7 244.049 cub cry 2500 10.6 reac Н,0 
2852 horium dicarbide 1С, 2071-31-7 256.059 уе! топос! сгу «2650 9.0 reac Н,0 
2853  Thorium(lV) chloride ІСІ, 0026-08-1 373.850 gray-wh tetr TIO 921 4.59 s HO, EtOH 
needles; hyg 
2854 horium(IV) fluoride hF, 3709-59-6 308.032 wh monocl cry; 1110 1680 6.1 
hyg 
2855 horium(IV) iodide 1 7790-49-0 739.656 wh-yel топос! cry 566 837 
2856 Thorium(IV) nitrate h(NO.), 3823-29-5 480.058 hyg wh plates 55 dec vs H,0, EtOH 
2857  Thorium(lV) nitrate tetrahydrate h(NO.), - 4H,0 3470-07-0 552.119 wh hyg cry 500 dec 191% 5 НОН 
2858 horium nitride hN 2033-65-7 246.045 refrac cub cry 2820 11.6 reac Н,0 
2859 horium(IV) oxide 10, 314-20-1 264.037 wh cub cry 3350 4400 10.0 i HO, alk; sl acid 
2860  Thorium(lV) selenide hSe, 60763-24-8 389.96 orth cry 8.5 
2861 Thorium orthosilicate 510, 4553-44-7 324.120 brn tetr cry 6.7 
2862 Thorium silicide hSi, 2067-54-8 288.209 tetr cry 1850 7.9 
2863 Тлопит(М) sulfate nonahydrate h(S0,), • 99,0 0381-37-0 586.301 wh monocl cry dec 28 42% 
2864  Thorium(IV) sulfide hS, 2138-07-7 296.168 dark brn cry 1905 7.30 1Н,0: s acid 
2865 hulium m 7440-30-4 168.934 silv metal; hex 1545 1950 9.32 8 dil acid 
2866 hulium(Il) bromide тг, 64171-97-7 328.742 dark grn solid 619 
2867  Thulium(Il) chloride тој 22852-11-5 239.840 red or grn cry 718 reac Н,0 
2868 hulium(Il) iodide ml, 60864-26-8 422.143 blk hyg solid 756 reac Н,0 
2869  Thulium(Ill) bromide mBr, 4456-51-0 408.646 wh ћуд сгу 954 s Н,0 
2870  Thulium(Ill) chloride mCl, 3537-18-3 275.293 yel hyg cry 845 sH,0 
2871 hulium(IIl) chloride heptahydrate тој, . 79,0 3778-39-7 401.400 hyg cry s HO, НОН 
2872  Thulium(lll) fluoride mF, 3760-79-7 225.929 wh cry 1158 sH,0 
2873 Thulium(II) hydroxide m(0H), 311-33-7 219.956 wh or grn prec iH,0 
2874. hulium(Ill) iodide ml, 3813-43-9 549.647 yel hyg cry 1021 
2875  Thulium(lll) nitrate т(М0,), 4985-19-4 354.949 grn hyg solid 212% S НОН 
2876 Thulium(lIl) nitrate pentahydrate m(NO,). • 5H,0 36548-87-5 445.025 grn hyg cry $ H,0, EtOH, ace 
2877 hulium(IIl) oxalate hexahydrate m,(C,0,), - 6H,0 26677-68-9 710.016 grn solid dec 50 S alk oxalates 
2878  Thulium(Ill) oxide т,0, 2036-44-1 385.866 grn-wh cub cry 2341 3945 8.6 sl acid 
2879 Тіп (gray) $n 7440-31-5 118.710 Cub cry trans to wh 2602 5.769 
$n132 
2880 Тіп (white Sn 7440-31-5 118.710 Silv tetr cry 231.93 2602 7.287 
2881 ۴6 SnH, 2406-52-2 122.742 unstab col gas -146 -51.8 5.017 g/L 
2882 Methylstannane SnH,CH, 631-78-3 136.769 col gas 1.4 5.590 g/L reac Н,0 
2883  (Dimethylamino)trimethystannane — Sn(CH,).N(CH,), 993-50-0 207.890 liq 1 126 1.22 reac Н,0 
2884 Tin monophosphide SnP 25324-56-5 149.684 dull metallic solid 540 
28859 96 Sn,P, 2286-33-8 567.761 wh cry «550 52 
2886 acetate Sn(C,H,0,), 638-39-1 236.799 whorth cry 183 subl 231 5 dil HCI 
2887 bromide SnBr, 0031-24-0 278.518 yel powder 215 639 5.12 85° s EtOH, eth, ace 
2888 in(Il) chloride SnCl, 7772-99-8 189.616 wh orth cry 247.0 623 3.90 17810 S НОН, ace, eth; i 
xyl 
2889 Tin(I) chloride dihydrate SnCl, - 2Н,0 0025-69-1 225.647 wh monocl cry 37 dec 2.1 17879 S EtOH, NaOH; vs 
HC 
2890 fluoride SnF 7783-47-3 156.707 wh топос! cry; 215 850 457 $ H,0; i EtOH, eth, 
hyg chl 
2891 in(Il) hexafluorozirconate ПЛЕ, 2419-43-1 323.924 Cry 421 sH,0 
2892 hydroxide Sn(0H), 2026-24-3 152.725 wh amorp solid 
2893 in(Il) iodide $n b 0294-70-9 372.519 red-oran powder 320 714 5.28 0.9820 S bz, chl, CS, 
2894  Tin(ll) oxalate 510,0, 814-94-8 206.729 wh powder 280 dec 3.56 i H,O; s dil НСІ 
2895  Tin(ll) oxide 510 21651-19-4 134.709 blue-blk tetr cry 1080 dec 6.45 i HO, EtOH; s acid 
2896 Tin(Il) pyrophosphate 50,Р,0, 5578-26-4 411.363 wh атогр powder 400 dec 4.009 16,0; s conc acid 
2897 (6 SnSe 315-06-6 197.67 gray orth cry 861 6.18 i HO; s aqua regia 
2898 sulfate 5050, 7488-55-3 214.773 wh orth cry 378 dec 4.15 18.8% 
2899 0 sulfide SnS 314-95-0 150.775 gray orth cry 881 1210 5.08 16,0; s conc acid 
2900 9 956 SnC,H,0, 815-85-0 266.781 wh cry powder s Н,0, dil HC 
2901 іп(1) telluride SnTe 2040-02-7 246.31 gray cub cry 806 6.5 
2902 bromide SnBr, 7789-67-5 438.326 ٧6٧ 291 205 3.34 vs НО; s EtOH 
2903  Tin(IV) chloride SnCl, 7646-78-8 260.522 col fuming liq -34.07 114.15 2.234 reac Н,0: 8 EtOH, 
ctc, bz, ace 
2904  Tin(IV) chloride pentahydrate 5101, - 5H,0 0026-06-9 350.598 wh-yel cry 56 dec 2.04 vs НО; s EtOH 
2905  Tin(IV) chromate Sn(Cr0,), 38455-77-5 350.697 brn-yel cry powder dec 8Н,0 
2906  Tin(IV) fluoride ПЕ, 7783-62-2 194.704 wh tetr cry 442 705 80010 8 reac Н,0 
2907  Tin(lV) iodide Snl, 7790-47-8 626.328 yel-brn cub cry 143 364.35 4.46 reac Н,0: s EtOH, 
bz, chl, eth 
2908 Tin(IV) oxide Sn0, 18282-10-5 150.709 gray tetr cry 1630 6.85 i H,O, EtOH; s hot 
conc alk 
2909  Tin(IV) selenide 5086, 20770-09-6 276.63 red-brn cry 650 «5.0 i H,0; s alk, conc 


acid 
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2910 Тіп(ІМ) selenite Sn(Se0,), 7446-25-5 372.63 cry powder i H,O; s hot НОЈ 
2911 in(IV) sulfide 508, 315-01-1 182.840 gold-yel hex су 600 дес 45 i H,0; s alk, aqua 
regia 
2912 Titanium | 7440-32-6 47.867 gray metal; hex 1668 3287 4.506 
2913 Titanocene dichloride i(C.H.),Cl, 271-19-8 248.959 red cry 289 1.60 sl HO, bz; s chl, 
EtOH, tol 
2914 Titanium hydride iH, 7704-98-5 49.883 gray-blk powder =450 dec 3.75 iH,0 
2915 Titanium boride iB, 2045-63-5 69.489 gray refrac solid; 3225 4.38 
hex 
2916 Titanium carbide iC 2070-08-5 59878 cub cry 3067 4.93 i H,0; s HNO, 
2917 Titanium nitride iN 25583-20-4 61.874 yel-brn cub cry 2947 5.21 1Н,0: s aqua regia 
2918 Titanium phosphide iP 2037-65-9 78.841 gray hex cry 990 4.08 
2919 itanium silicide iSi, 2039-83-7 104.038 blk orth cry 500 40 i HO, acid, alk; s 
HF 
2920  Titanium(Il) bromide iBr, 3783-04-5 207.675 blk powder dec 400 4.0 reac HO 
2921 itanium(Il) chloride iCl, 0049-06-6 118.773 blk hex cryc 035 1500 3.13 reac Н,0; s EtOH; i 
chl, eth 
2922  Titanium(Il) iodide il, 3783-07-08 301.676 blk hex cry dec 400 5.02 reac Н,0 
2923  Titanium(!l) oxide 0 2137-20-1 63.866 yel cub cry TIO 3227 4.95 
2924  Titanium(Il) sulfide iS 2039-07-5 79.932 brn hex сгу 927 3.85 i H,O; s conc acid 
2925  Titanium(Ill) bromide iBr, 3135-31-4 287.579 viol hex cry dec 400 sH,0 
2926  Titanium(Ill) chloride iCl, 7705-07-9 154.226 red-viol hex cry; 425 dec 960 2.64 reac Н,0 
nyg 
2927  Titanium(Ill) fluoride iF, 3470-08-1 104.862 viol hex cry 950 dec 2.98 i H,O, dil acid, alk 
2928  Titanium(Ill) iodide il. 3783-08-9 428.580 viol cry dec 350 
2929  Titanium(Ill) oxide 10, 344-54-3 143.732 blk hex cry 842 4.486 s hot HF 
2930  Titanium(Ill) sulfate 1,(50,), 0343-61-0 383.922 grn cry i HO, EtOH; s dil 
HC 
2931 itanium(Ill) sulfide iS, 2039-16-6 191.929 blk hex cry 3.56 
2932  Titanium(Ill,IV) oxide 10, 2065-65-5 223.598 blk топос! cry ٧ 4.24 
2933  Titanium(IV) bromide ІН, 7789-68-6 367.483 уе!-огап сиб cry; 38.3 233.5 3.37 reac Н,0 
nyg 
2934 itanium(lV) chloride iCl, 7550-45-0 189.679 col or yel liq -24.12 136.45 1.73 reac Н,0: s EtOH 
2935  Titanium(IV) fluoride iF, 7783-63-3 123.861 wh hyg powder 377 subl 284 2.798 reac H,0; s EtOH, 
ру 
2936 itanium(lV) iodide il, 7720-83-4 555.485 гей ћуд ромидег 155 377 43 reac Н,0 
2937  Titanium(lV) oxide (anatase) i0, 1317-70-0 79.866 brn tetr cry 1560 39 
2938  Titanium(lV) oxide (brookite) 0, 12188-41-9 79.866 wh orth cry 417 
2939  Titanium(IV) oxide (rutile) 10, 1317-80-2 79,866 wh tetr cry 1843 «3000 447 i H,O, dil acid; 5 
conc acid 
2940  Titanium(lV) oxysulfate 1050, - HO 13825-74-6* 177.944 col orth cry 271 reac Н,0 
monohydrate 
2941 itanium(lV) sulfate ((S0,), 13693-11-3 239.992 wh-yel hyg cry 150 dec sH,0 
2942 Titanium(IV) sulfide 5, 12039-13-3 111.997 yel-brn hex cry; 3.37 s Н,50, 
nyg 
2943 Tungsten үү 7440-33-7 183.84 gray-wh metal; 3422 5555 19.3 
сий 
2944  Tungstic acid H,WO, 7783-03-1 249.85 yel amorp powder 100 dec 5.5 i H,O, acid; s alk 
2945 Tungsten boride (W,B) W.B 2007-10-2 378.49 refrac blk powder 2670 16.0 iH,0 
2946 Tungsten boride (WB) WB 2007-09-9 194.65 blk refrac powder 2665 15.2 iH,0 
2947 Tungsten boride (//,В.) W.B. 2007-98-6 421.74 refrac solid 2370 110 iH,0 
2948 Tungsten carbide (W,C) МС 2070-13-2 379.69 refrac hex cry 82800 148 iH,0 
2949 Tungsten carbide (WC) WC 2070-12-1 195.85 gray hex cry 2785 15.6 ІН,0; s HNOJHF 
2950 Tungsten carbonyl W(CO), 4040-11-0 351.90 wh cry 170 dec subl 2.65 iH,0;s os 
2951 ungsten nitride (WN,) WN, 60922-26-1 211.85 hex cry 600 dec 77 
2952 Tungsten nitride (W,N) ША! 2033-72-6 381.69 gray cub cry dec 17.8 
2953 Tungsten silicide (WSi,) WSi, 2039-88-2 240.01 blue-gray tetr cry 0 9.3 iH,0 
2954 Tungsten silicide (W.Si.) W.Si, 2039-95-1 1003.46 blue-gray refrac 2320 144 
solid 
2955  Tungsten(Il) bromide WBr, 3470-10-5 343.65 yel powder dec 400 iH,0 
2956  Tungsten(Il) chloride WCl, 3470-12-7 254.75 gray solid dec 500 5.44 sI HO 
2957  Tungsten(Il) iodide WI, 3470-17-2 437.65 oran-brn сгу dec 800 6.79 iH,0 
2958  Tungsten(Ill) bromide WBr, 5163-24-3 423.55 blk hex cry dec 180 iH,0 
2959  Tungsten(lll) chloride WCl, 20193-56-0 29020 red solid 550 dec subl reac Н,0 
2960 — Tungsten(III) iodide ШЕ 5513-69-65: 564.55 blk solid dec rt. 1Н,0: s асе; sl 
EtOH, chl 
2961 ungsten(IV) bromide WBr, 4055-81-3 503.46 blk orth cry 240 subl reac Н,0 
2962  Tungsten(lV) chloride WCI, 3470-13-8 325.65 blk hyg powder 450 dec 4.62 reac Н,0 
2963 Tungsten(IV) fluoride WF, 3766-47-7 259.83 red-brn cry dec 800 reac Н,0; s MeCN; 


i bz, tol, ctc 
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2964 996 WI, 4055-84-6 691.46 blk cry dec reac H,0; s EtOH; i 
eth chl 

2965  Tungsten(IV) oxide WO, 2036-22-5 215.84 brn monocl cry “1500 dec 1730 10.8 1Н,0, os 

2966 Tungsten(IV) selenide WSe, 2067-46-8 341.76 gray hex cry 92 

2967  Tungsten(lV) sulfide WS, 2130-09-9 247.97 gray hex cry 1250 dec 7.6 1Н,0, HCI, alk 

2968 — Tungsten(IV) telluride Ме, 2067-76-4 439.04 gray orth cry 1020 943 

2969  Tungsten(V) bromide WBr, 3470-11-6 583.36 brn-blk hyg solid 286 333 reac Н,0 

2970 — Tungsten(V) chloride Шеј 3470-14-9 361.11 blk-grn hyg cry 253 286 3.88 reac Н,0 

2971  Tungsten(V) ethanolate W(C,H,0), 62571-53-3 409.14 powder 105(0.05 s EtAc 

mmHg) 

2972  Tungsten(V) fluoride WF. 9357-83-6 278.83 yel solid dec 20 reac Н,0 

2973  Tungsten(V) oxytribromide WOBr, 20213-56-3 439.55 dark brn tetr cry «5.9 

2974  Tungsten(V) oxytrichloride WOCI, 4249-98-0 306.20 grn tetr cry «4.6 

2975  Tungsten(VI) bromide WBr, 3701-86-5 663.26 blue-blk cry 309 6.9 reac Н,0 

2976  Tungsten(VI) chloride WCl, 3283-01-7 396.56 purp hex cry; hyg 282 337 3.52 reac H,0; s EtOH, 
08 

2977  Tungsten(VI) dioxydibromide WO,Br, 3520-75-7 375.65 red cry 440 subl 

2978  Tungsten(VI) dioxydichloride WO,CI, 3520-76-8 286.75 yel orth cry 265 4.67 iH,0 

2979 Tungsten(VI) dioxydiiodide ШИ 4447-89-3 469.65 grn топос! cry 400 dec 6.39 

2980 Tungsten(VI) fluoride WF. 7783-82-6 297.83 yel liq ог col gas 9 174 3.44 reac Н,0: vs ctc, 
сућех 

2981 ungsten(VI) oxide wo, 314-35-8 231.84 yel powder 473 «1700 72 1Н,0, os; 51 acid; s 
alk 

2982  Tungsten(VI) oxytetrabromide WOBr, 3520-77-9 519.46 red tetr cry 277 327 855 reac Н,0 

2983  Tungsten(VI) oxytetrachloride WOCI, 3520-78-0 341.65 red hyg cry 210 230 11.92 reac H,0; s bz, CS, 

2984  Tungsten(VI) oxytetrafluoride WOF, 3520-79-1 275.83 wh monocl cry 05 185.9 5.07 reac Н,0 

2985  Tungsten(VI) sulfide WS, 2125-19-8 280.04 brn powder sl Н,0; s alk 

2986 Uranium Џ 7440-61-1 238.029 Silv-wh orth cry 135 4131 19.1 

2987 Uranium boride (UB,) UB, 2007-36-2 259.651 refrac solid 2430 12.7 

2988 Uranium boride (UB,) UB, 2007-84-0 281273 refrac solid 2530 9.32 iH,0 

2989 Uranium carbide (UC) UC 2070-09-6 250.040 gray cub cry 2790 

2990 Uranium carbide (UC,) UC, 2071-33-9 262.050 gray tetr cry 2350 4370 11.3 reac H,0; sl EtOH 

2991 Uranium carbide (U,C.) U,C, 2076-62-9 512090 gray cub cry >1700 dec 127 

2992 Uranium nitride (UN) Џ 25658-43-9 252.036 gray cub cry 2805 143 iH,0 

2993 Uranium nitride (U,N.) UN, 2033-83-9 518.078 cub cry dec 113 

2994  Uranium(Ill) bromide UBr, 3470-19-4 477.741 red ћуд cry 727 8Н,0 

2995  Uranium(lll) chloride UCI, 0025-93-1 344.388 grn hyg cry 837 5.51 vs HO; i bz, сіс 

2996  Uranium(lll) fluoride UF, 3775-06-9 295.024 blk hex cry 1495 8.9 i H,0; s acid 

2997  Uranium(lll) hydride UH, 3598-56-6 241.053 gray-blk cub cry 114 

2998 Uranium(lll) iodide Ul, 3775-18-3 618.742 blk hyg cry 766 8Н,0 

2999  Uranium(IV) bromide UBr, 3470-20-7 557.645 brn hyg cry 519 $ Н,0, EtOH 

3000 Uranium(IV) chloride UCI, 0026-10-5 379.841 grn octahed cry 590 791 4.72 геас H,0; s EtOH 

3001 Uranium(IV) fluoride UF, 0049-14-6 314.023 grn топос! cry 1036 1417 67 0.015 S conc acid, alk 

3002  Uranium(IV) iodide Ul, 3470-22-9 745.647 blk hyg cry 506 $ H,O, EtOH 

3003 Џгатит(М) oxide UO, 344-57-6 270.028 рт сий сгу 2847 10.97 i H,O, dil acid; 5 
conc acid 

3004 — Uranium(IV,V) oxide 0,0, 2037-15-9 1096111 cub cry 11.2 

3005 Uranium(V) bromide UBr, 3775-16-1 637.549 brn hyg cry reac Н,0 

3006 — Uranium(V) chloride UCI, 3470-21-8 415.294 brn hyg cry 287 reac Н,0 

3007 Uranium(V) fluoride UF, 3775-07-0 333.021 pale blue tetr cry; 348 5.81 8Н,0 

hyg 

3008 — Uranium(V. VI) oxide 0,0, 344-59-8 842.082 grn-blk orth cry 1300 dec 8.38 

3009 Uranium(Vl) chloride 00, 3763-23-0 450.747 grn hex cry 177 3.6 

3010  Uranium(VI) fluoride UF, 7783-81-5 352.019 wh monocl solid 64.06 tp 56.5 sp 5.09 reac Н,0: s ctc, chl 

3011  Uranium(VI) oxide UO, 344-58-7 286.027 oran-yel cry “73 ІН,0; s acid 

3012  Uranium(VI) oxide monohydrate UO, - H,0 2326-21-5 304.043 yel orth cry 570 dec 7.05 

3013 Uranium peroxide dihydrate UO, + 29,0 9525-15-6 338.057 yel hyg cry 115 dec iH,0 

3014 Uranyl acetate dihydrate UO,(C,H,0,), - 29,0 6159-44-0 424.146 ye cry (НОАс) 80 dec 2.89 sl EtOH 

3015 _ Uranyl chloride UO,CI, 7791-26-6 340.934 yel orth cry; hyg 577 vs НО; s EtOH, 
асе; i bz 

3016 _ Uranyl fluoride UO,F, 3536-84-0 308.025 yel hyg solid 64,420 ibz 

3017 Uranyl hydrogen phosphate 00,НРО, 0 8433-482 438.068 yel cry pow i HO; s acid 

tetrahydrate 

3018 Огапу! nitrate UO,(NO,), 0102-06-4 394.037 yel cry 1275 s eth 

3019  Uranyl nitrate hexahydrate UO,(NO,), - 6H,0 3520-83-7 502.129 yel orth сту; hyg 0 118 dec 2.81 1275 S FtOH, eth 

3020  Uranyl sulfate 00,50, 314-64-3 366.090 yel cry 

3021  Uranyl sulfate trihydrate 00,50, - 3H,0 20910-28-5 420.137 уе! сгу 3.28 152% sl EtOH 

3022 Vanadium ү 7440-62-2 50.942 gray-wh metal; 1910 3407 6.0 1Н,0: s acid 


cub 
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3023 Vanadocene МОН), 277-47-0 181.128 viol cry; hyg 167 S bz, thf 
3024  Vanadocene dichloride V(C.H.),CI, 2083-48-6 252.034 dark grn cry 205 dec $ Н,0, chl, EtOH 
3025 Vanadium boride (VB) VB 2045-27-1 61.753 refrac solid 2250 iH 0 
3026 Vanadium boride (VB,) VB, 2007-37-3 72.564 refrac solid 2450 
3027 Vanadium carbide (VC) VC 2070-10-9 62.953 refrac blk cry; cub 2810 5.77 iH,0 
3028 Vanadium carbide (У.С) ү, 2012-17-8 113.894 Пех сту 2167 
3029 Vanadium carbonyl У(С0), 4024-00-1 219.002 blue-grn cry; flam 60 dec subl 
3030 Vanadium nitride VN 24646-85-3 64.949 blk powder; cub 2050 6.13 i H,0; s aqua regia 
3031 Vanadium silicide (VSi,) VSi, 2039-87-1 107.113 metallic prisms 4.42 s HF 
3032 Vanadium silicide (V.Si) үзі 2039-76-8 180.911 сий сту 1935 5.70 
3033 Vanadium(|!) bromide VBr, 4890-41-6 0 oran-brn hex cry 800 subl 4.58 reac HO 
3034 — Vanadium(Il) chloride VCI, 0580-52-6 121.848 grn hex plates 1350 910 subl 3.23 reac H,0; s EtOH, 
eth 
3035  Vanadium(Il) fluoride VF, 3842-80-3 88.939 blue hyg cry 1490 reac Н,0 
3036  Vanadium(!l) iodide VI, 5513-84-5 304.751 red-viol hex cry subl 800 5.44 reac Н,0 
3037  Vanadium(Il) oxide мо 2035-98-2 66.94 gray-blk cry 1790 5.758 S acid 
3038 — Vanadium(Il) sulfate heptahydrate VSO, + 7Н,0 36907-42-3 273.111 viol cry 
3039  Vanadium(Ill) bromide ҮВг, 3470-26-3 290.654 blk-grn hyg cry dec 500 Sub 4.00 reac Н,0 
3040 Vanadium(II) chloride VCI, 7718-98-1 157.301 red-viol hex cry; 500 dec 3.00 reac H,0; s EtOH, 
hyg eth 
3041 Vanadium(II!) fluoride VF, 0049-12-4 107.937 yel-grn hex cry 1395 Sub 3.363 iH,0, EtOH 
3042  Vanadium(Ill) fluoride trihydrate VF. 3H,0 0049-12-4* 161.983 grn rhomb cry “100 dec sI HO 
3043  Vanadium(Ill) iodide М, 5513-94-7 431.655 brn-blk rhomb dec 300 5.21 reac Н,0 
cry; hyg 
3044 Уалаашт(1) oxide V,0, 314-34-7 149.881 blk powder 1957 «3000 4.87 iH,0 
3045 Vanadium(ImI) 2,4-pentanedioate V(CH,COCHCOCH,), 3476-99-8 348.266 рт сгу =185 Sub «1.0 S MeOH, ace, bz 
chl 
3046 Vanadium(II) sulfate V.(S0,), 3701-70-7 390.071 yel powder 2400 дес sl HO 
3047 Vanadium(II) sulfide VS, 315-03-3 198.078  grn-blk powder dec 47 1Н,0: 8 hot НС! 
3048  Vanadium(IV) bromide VBr, 3595-30-7 370.558 unstab purp cry -23 dec 
3049 — Vanadium(lV) chloride VCI, 7632-51-1 192.754 red-brn liq -28 151 1.816 reac Н,0: 8 EtOH, 
eth 
3050  Vanadium(IV) fluoride VF, 0049-16-8 126.936 grn hyg powder 325 dec subl 3.15 vs HO 
3051 Vanadium(IV) oxide VO, 2036-21-4 82.941 blue-blk powder 1967 4.339 i H,0; s acid, alk 
3052 Vanadium(V) fluoride VF. 1183-12-4 145.934 col liq 195 48.3 2.50 reac HO 
3053  Vanadium(V) dioxide fluoride МОЈЕ 4259-82-6 101.939 brn hyg cry 350 dec reac Н,0 
3054 — Vanadium(V) dioxide chloride VO,CI 3759-30-3 118.394 oran hyg cry dec 180 sth 
3055 Vanadium(V) oxide V,0, 314-62-1 181.880 yel-brn orth cry 681 1750 3.35 0.075 s conc acid, alk; i 
EtOH 
3056 — Vanadium(V) sulfide V.S. 2138-17-93 262.208 grn-blk pow dec 3.0 1Н,0: s acid, alk 
3057 Vanadyl bromide VOBr 3520-88-2 146.845 viol cry 480 dec 
3058 Vanadyl chloride Voc 3520-87-1 102.394 brn orth cry 127 1.72 
3059 Vanadyl dibromide VOBr, 3520-89-3 226.749 yel-brn cry 180 dec 
3060 Vanadyl dichloride VOCI, 0213-09-9 137.847 grn hyg cry 380 dec 2.88 reac H,0; s EtOH 
3061 Vanadyl difluoride VOF, 3814-83-0 104.938 yel cry 
3062 Vanadyl selenite hydrate VOSe0, - H,0 33578-89-9 21192 grn tricl plates 3.506 
3063 Vanadyl sulfate dihydrate VOSO, · 29,0 27774-13-6 199.035 blue cry powder s Н,0 
3064 Vanadyl tribromide VOBr, 3520-90-6 306.653 deep red liq -59 170 reac H,0 
3065 Vanadyl trichloride VOCI, 7121-18-6 173.300 fuming red-yelliq — -79 127 1.829 reac Н,0; s MeOH, 
eth, ace 
3066 Vanadyl trifluoride VOF, 3709-31-4 123.936 yel hyg powder 300 480 2.459 reac Н,0 
3067 Water H,0 7732-18-5 18.015 col liq 0.00 99.974 0.9970 vs EtOH, MeOH, ace 
3068 Water-d, 0,0 7789-20-0 20.027 col liq 3.82 101.42 1.10445 
3069 Waler-£, TO 4940-65-9 22.032 col liq 448 101.51 1.21385 
3070 Xenon Xe 7440-63-3 131.293 col gas -111.745 р -108.09 5.366 g/L sl H,O 
(81.6 kPa) 
3071 Xenon trioxide Хе0, 3776-58-4 179.291 col orth cry exp «25 4.55 sH,0 
3072 Xenon tetroxide Хе0, 2340-14-6 195.291 yel solid or col -35.9 50 dec 
gas; exp 
3073 Xenon difluoride XeF, 3709-36-9 169.290 col tetr cry 129.03 tp 11435sp 432 51 H,0 
30/4 Xenon tetrafluoride XeF, 3709-61-0 207.287 col monocl cry 117.10 tp 115.75 sp 4.04 reac Н,0 
3075 Xenon hexafluoride XeF. 3693-09-9 245.283 col monocl cry 49.48 15.6 3.56 reac Н,0 
3076 Хепоп fluoride oxide Хебе, 3780-64-8 185.289 yel solid, stab exp «0 reac Н,0 
<-25 
3077 Xenon oxytetrafluoride XeOF, 3774-85-1 223.286 col liq -46.2 3.17) геас Н,0 
3078 Хепоп dioxydifluoride Xe0,F, 3875-06-4 201.289 col orth cry 30.8 exp 4.10 
3079 Xenon difluoride trioxide XeO.F, 5192-14-0 217.288 unstab at r.t. -54Л ехр 
3080 Xenon pentafluoride XeF.AsF. 20328-94-3 415.197 wh monocl cry 130.5 3.51 
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CAS Reg Mol. Density Solubility Qualitative 
No. Name Formula No. weight ^ Physical form ۴6 bp/^C gcm? g/100g НО solubility 
3081 Xenon pentafluoride Хег.ВиЕ, 39796-98-0 441.35 grn orth cry 152 3.79 
hexafluororuthenate 
3082 Xenon fluoride XeF SbF, 39797-63-2 4240399 . yel-grn топос! =110 3.92 
hexafluoroantimonate cry 
3083 Xenon fluoride hexafluoroarsenate Xe, F ASF, 50432-32-1 508.494 __ yel-grn monocl 99 3.62 reac Н,0 
cry 
3084 Xenon fluoride hexafluororuthenate XeFRuF, 22527-13-5 365.35 yel-grn топос! 110 3.78 
cry 
3085 Хепоп fluoride XeFSbF , 15364-10-0 602.794 yel monocl cry 63 3.69 
undecafluoroantimonate 
3086 Xenon trifluoride XeF.Sb,F.. 35718-37-7 640.791 yel-grn tricl cry 82 3.98 
undecafluoroantimonate 
30687 ۹7 Yb 7440-64-4 173.04 Silv metal; cub 824 1196 6.90 5 dil acid 
3088 Ytterbium silicide YbSi, 2039-89-3 229.21 hex cry 7.54 
3089  Ytterbium(Il) bromide YbBr, 25502-05-0 332.85 yel cry 673 reac Н,0 
3090 Yiterbium(I) chloride YbCI, 3874-77-6 243.95 grn cry 721 5.27 reac Н,0 
3091  Ytterbium(ll) fluoride YbF, 5192-18-4 211.04 gray solid 1407 iH,0 
3092  Ytterbium(ll) iodide Ybl, 9357-86-9 426.85 blk cry 772 reac Н,0 
3093  Ytterbium(Ill) acetate tetrahydrate ҮБ(С,Н,0,), - 4H,0 5280-58-7 422.23 hyg col cry dec 70 2.09 vs HO 
3094 Ytterbium(II!) bromide YbBr, 3759-89-2 412.75 со! cry 956 dec sH,0 
3095  Ytterbium(llI) chloride YbCI, 0361-91-8 279.40 wh hyg powder 854 sH,0 
3096  Ytterbium(Ill) chloride hexahydrate Ү0СІ,.6Н,0 9423-87-1 387.49 grn Вуд cry 150 dec 2.57 vs HO 
3097 Ytterbium(III) fluoride YbF. 3760-80-0 230.04 wh cry 1157 82 iH 0 
3098  Ytterbium(Ill) iodide Ybl, 3813-44-0 553.75 yel cry dec 700 sH,0 
3099  Ytterbium(Ill) nitrate Yb(N0.), 3768-67-7 359.06 col hyg solid 239% 5 НОН 
3100  Ytterbium(lll) oxide Үр,0, 314-37-0 394.08 col cub cry 2355 4070 92 s dil acid 
3101 Ytterbium(IIl) sulfate octahydrate Yb,(S0,), - 8H,0 0034-98-7 778.39 col cry 33 38,420 
3102 Yttrium М 7440-65-5 88.906 Silv metal; hex 1522 3345 4,47 reac Н,0: s dil acid 
3103 Yttrium aluminum oxide Ү;АІ,0,, 2005-21-9 593.619 grn cub cry 245 
3104 Yttrium antimonide YSb 2186-97-9 210.666 Cub cry 2310 5.97 
3105 Yttrium arsenide YAS 2255-48-0 163.828 cub cry 5.59 
3106 Yttrium boride УВ, 2008-32-1 153.772 refrac solid 2600 372 
3107 Yttrium bromide YBr, 3469-98-2 328.618 col hyg cry 904 83.330 
3108 Yttrium carbide ҮС, 2071-35-1 112.927 refrac solid 22400 4.13 
3109 Yttrium carbonate trihydrate Y,(CO,), + 39,0 5970-44-5 411.885 red-brn powder 1Н,0: s dil acid 
3110 — Yttrium chloride YCl, 0361-92-9 195.265 wh monocl cry; 721 1482 2.61 75.120 \$ H,0 
nyg 
3111 Yttrium chloride hexahydrate YCI, - 6H,0 0025-94-2 303.356 hyg col cry dec 100 vs НО; s EtOH 
3112 fluoride YF, 3709-49-4 145.901 wh hyg powder 1155 40 iH,0 
3113 Yttrium hydroxide Y(0H), 6469-22-0 139.928 wh prec or pow dec 190 iH,0 
3114 Yttrium iodide ҮІ, 3470-38-7 469.619 hyg wh-yel cry 997 $ Н,0, ace, EtOH 
3115 — Yttrium iron oxide ٧ ٢ 2063-56-8 737.936 Cub cry 1555 
3116 Yttrium nitrate Y(NO,), 0361-93-0 274.921 wh hyg solid 1495 S EtOH 
3117 Yttrium nitrate tetrahydrate Y(NO,). - 4H,0 3773-69-8 346.982 red-wh prisms 2.68 1495 
3118 Yttrium nitrate hexahydrate Y(NO,), - 6H,0 3494-98-9 383.012 hyg cry 1495 
3119 Yttrium oxide Y,0, 314-36-9 225.810 wh cry; cub 2439 5.03 s dil acid 
3120 Yttrium phosphide YP 2294-01-8 119.880 cub cry «4,4 
3121 Упит sulfate octahydrate Ү,(50,), - 8H,0 7446-33-5 610.122 гей топос! cry 26 7.476 
3122 Yttrium sulfide Ү,5, 2039-19-9 274.007 yel cub cry 1925 3.87 
3123 Zinc Zn 7440-66-6 65.409 blue-wh metal; 419.53 907 7134 5 acid, alk 
hex 
3124 Zinc acetate dihydrate Zn(C,H,0,), - 29,0 5970-45-6 219.527 wh powder 237 dec 1.735 30.07 s ОН 
3125 Zinc ammonium sulfate Zn(NH,),(SO,), 7783-24-6 293.611 wh cry 9.2% 
3126 Zinc antimonide ZnSb 2039-35-9 187.169 silv-wh orth cry — 565 6.33 reac Н,0 
3127 arsenate Zn,(AsO,), 3464-44-3 474.065 wh powder 0.000078” s acid, alk 
3128 Zinc arsenate octahydrate Zn.(As0,), - 8H,0 3464-45-4 618.187 wh monocl cry 3.33 0.000078% s acid, alk 
3129 Zinc arsenide Zn As, 2006-40-5 346.070 powder 1015 5.528 
3130 arsenite Zn(As0,), 0326-24-6 279.250 col powder i H,0; s acid 
3131 Zinc borate 3210 - 28,0, 27043-84-1 383.466 wh amorp powder 3.64 sl Н,0: s dil acid 
3132 Zinc borate hemiheptahydrate 2/10 · 38,0, · 3.5H,0 2513-27-8 434.69 wh cry 980 422 iH,0 
3133 Zinc borate pentahydrate 2210 . 3B,0, - 5Н,0 2536-65-1 461.753 wh powder 3.64 0.007% sl НСІ 
3134 Zinc bromate hexahydrate Zn(Br0,), - 69,0 3517-27-6 429.305 wh hyg solid 100 2.57 vs HO 
3135 Zinc bromide ZnBr, 7699-45-8 225.217 wh hex cry; hyg 402 «670 45 4885 vs EtOH; s eth 
3136 Zinc саргујаје Zn(C.H..0,), 557-09-5 351.816 wh hyg cry 136 51 H,0 
3137 Zinc carbonate 2100, 3486-35-9 125.418 wh hex cry 140 dec 4.434 0.000091% s dil acid, alk 
3138 Zinc carbonate hydroxide 3Zn(0H), - 22100, 12070-69-8 549.107 wh powder 
3139 Zinc chlorate Zn(CI0.), 10361-95-2 232.311 yel hyg cry 60 dec 215 2002 
3140 Zinc chloride ZnCl, 7646-85-7 136.315 wh hyg cry 290 732 2.907 408% vs H,0; s EtOH, ace 
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CAS Reg Mol. Density Solubility Qualitative 
No. Name Formula No. weight Physical form ۴6 bp/^C g cm? g/100gH,0 solubility 
3141 Zinc chromate 21010, 13530-65-9 181.403 yel prisms 316 340 3.08 S acid; i ace 
3142  Zincchromite 2101,0, 12018-19-8 233.399 grn cub cry 5.29 
3143 Zinc citrate dihydrate Zn,(C,H,0,), - 29,0 546-46-3 610.456 col powder sl Н,0; s dil acid, 
alk 
3144 Zinc cyanide Zn(CN), 557-21-1 117.443 wh powder 1.852 0.000472 reac acid 
3145 Zinc diethyl Zn(C. HJ, 557-20-0 123.531 col liq -28 118 1.2065 reac Н,0; msc eth, 
peth, bz 
3146 Zinc dithionate 215,0, 1119-86-4 193.537 — whamorpsolid 200 dec 40% 
3147 0 6 ZnF, 1183-49-5 103.406 wh tetr needles; 872 1500 4.9 1.555 sl HO 
nyg 
3148 Zinc fluoride tetrahydrate ZnF, . 4H,0 3986-18-0 175.468 wh orth cry 2.30 1.555 
3149 Zinc fluoroborate hexahydrate Zn(BF,), - 6Н,0 27860-83-9 347.109 hex cry 242 vs НО; s EtOH 
3150 Zinc formate dihydrate Zn(CHO,), · 2Н,0 5970-62-7 191.474 wh cry 2.207 5.220 i EtOH 
3151  Zinchexafluorosilicate hexahydrate 20 6871-71-9 315.576 wh cry s Н,0 
3152 Zinc hydroxide Zn(0H), 20427-58-1 99.424 col orth cry 125 dec 3.05 0.000042% 
3153 Zinc iodate 21(10,), 7790-37-6 415.214 wh cry powder 0.645 
3154  Zinciodide 21, 0139-47-6 319.218 wh-yel ћуд cry 450 625 4.74 4385 vs Н,0; s EtOH, eth 
3155 Zinc laurate Zn(C,,H,,0,), 2452-01-9 464.029 — wh powder 128 sl Н,0 
3156 “Zinc molybdate ZnMo0, 3767-32-3 225.35 wh tetr cry >700 43 iH,0 
3157 “Zinc nitrate Zn(NO,), 1119-88-6 189.416 wh powder 1205 
3158 Zinc nitrate hexahydrate Zn(NO,), - 6H.0 0196-18-6 297.510 col orth cry 36 dec 2.067 1205 vs EtOH 
3159 Zinc nitride Zn,N, 313-49-1 224.240 blue-gray cub cry 700 dec 6.22 iH 0 
3160 Zinc nitrite Zn(NO,), 0102-02-0 157.420 hyg solid reac Н,0 
3161 Zinc oleate Zn(C,,H,,0,), 557-07-3 628.316 wh powder 70 dec i HO; s EtOH, eth, 
bz 
3162 “Zinc oxalate 210,0, 547-68-2 153.428 wh pwd 0.002625 
3163 Zinc oxalate dihydrate 210,0, -2Н,0 4255-07-6 189.458 wh powder 100 dec 2.56 0.00262 S dil acid 
3164 Zinc tartrate dihydrate ZnC,H,0, -2Н,0 22570-08-7 249.511 wh cry pow dec 150 0.02220 
3165 “Zinc oxide 710 314-13-2 81.408 wh powder; hex 1974 56 i НО; S dil acid 
3166 Zinc 2,4-pentanedioate Zn(CH,COCHCOCH,), 4024-63-6 263.625 Cry 137 dec sl H,0; s EtOH, 
DMSO 
3167 Zinc pentanoate dihydrate Zn(C,H,0,), - 29,0 556-38-7 303.687 scales or powder sl HO; reac acid; s 
EtOH 
3168 Zinc perchlorate hexahydrate Zn(CI0,), - 69,0 0025-64-6 372.402 wh cub cry; hyg 106 dec 22 121.35 5 НОН 
3169 “Zinc permanganate hexahydrate Zn(Mn0,), · 60 23414-72-4 411.372 blk orth cry; hyg 2.45 $ H,0; reac EtOH 
3170 Zinc peroxide 710, 314-22-3 97.408 yel-wh powder »150 dec 212 exp 1.57 i H,O; reac acid, 
OH, ace 
3171 Zinc phosphate Zn,(PO,), 7779-90-0 386.170 wh monocl cry 900 4.0 iH,0 
3172 Zinc phosphate tetrahydrate Zn(PO,), + 4H,0 7543-51-3 458.231 col orth cry 3.04 i H,O, EtOH; s dil 
acid, alk 
3173 “Zinc phosphide 21Р, 1314-84-7 258.175 gray tetr cry 1160 4.55 i HO, EtOH; reac 
acid; s bz 
3174 Zinc pyrophosphate Zn,P,0, 7446-26-6 304.761 wh cry powder 3.75 i H,0; s dil acid 
3175 Zinc selenate pentahydrate 21560, · 5Н,0 13597-54-1 298.44 tricl cry 50 dec 2.59 63.45 
3176 Zinc selenide ZnSe 1315-09-9 144.37 yel-red cub cry >1100 subl 5.65 i H,0; s dil acid 
3177 Zinc orthosilicate Zn,Si0, 13597-65-4 222.900 wh hex cry 509 41 i H,O, dil acid 
3178 Лис selenite 21560, 13597-46-1 192.37 wh powder 621 
3179 Zinc stearate Zn(C, H..0,), 557-05-1 632.348 wh powder 30 1.095 i H,O, EtOH, eth; 5 
bz 
3180 Zinc sulfate 2150, 1133-02-0 161.472 col orth cry 680 dec 3.8 57.75 
3181 Zinc sulfate monohydrate ZnSO, - H,0 7446-19-7 179487 07 238 6 3.20 57.7” i EtOH 
3182 Zinc sulfate heptahydrate 2150, - 7H,0 7446-20-0 287.578 col orth cry 00 dec 1.97 57.75 i ОН 
3183 Zinc sulfide (sphalerite) ZnS 314-98-3 97.474 gray-wh cub cry — trans wurtzite 4.04 i H,O, EtOH; s dil 
1020 acid 
3184 Zinc sulfide (wurtzite) ZnS 314-98-3 97.474 wh hex cry 700 subl 4.09 i H,O; s dil acid 
3185 Zinc sulfite dihydrate ZnSO, - 2H,0 7488-52-0 181.503 wh powder 200 dec 0.224% i EtOH 
3186 Zinc telluride ZnTe 315-11-3 193.0 red cub cry 239 5.9 iH,0 
3187 Zinc thiocyanate Zn(SCN), 557-42-6 181.573 wh hyg cry sl H,O; s EtOH 
3188 Zirconium Zr 7440-67-7 91.224 gray-wh metal; 8547 4409 6.52 S hot conc acid 
hex 
3189 Zirconocene dichloride Zr(C,H,),Cl, 291-32-3 292.316 col cry 248 subl 150 
3190 Zirconium boride 28, 2045-64-6 112.846 gray refrac solid; 3050 6.17 
hex 
3191 Zirconium carbide йб 2020-14-3 103.235 gray refrac solid; 3532 6.73 SHF 
cub 
3192 Zirconium nitride ZIN 25658-42-8 105.231 уе! сий сгу 2952 7.09 S conc HF; 51 dil 
acid 
3193 Zirconium phosphide ПР, 2037-80-8 153.172 orth cry =5.1 
3194 Zirconium silicide 18, 2039-90-6 147.395 gray powder 1620 4.88 i HO, aqua regia; s 
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CAS Reg Mol. Density Solubility Qualitative 
No. Name Formula No. weight ^ Physical form ۴6 bp/^C gcm? g/100g НО solubility 
3195  Zirconium(Il) bromide 281, 24621-17-8 251.032 blue-blk cry dec 400 
3196  Zirconium(Il) chloride 20, 3762-26-0 162.130 blk cry 772 316 reac Н,0 
3197  Zirconium(Il) fluoride ШЕ, 3842-94-9 129.221 blk cry 902 
3198 Zirconium(Il) hydride ИН, 7704-99-6 93.240 gray tetr cry 800 dec 56 iH,0 
3199  Zirconium(Il) iodide Ті, 5513-85-6 345.033 blk cry 827 
3200 2гсотит(1) bromide 2181, 24621-18-9 330.936 dark blue cry dec 300 
3201  Zirconium(lll) chloride 20), 0241-03-9 197.583 dark blue cry 627 3.05 reac Н,0 
3202  Zirconium(IIl) fluoride ТЕ, 3814-22-7 148.219 blue-grn cry 927 4.26 i H,0; s acid 
3203  Zirconium(Ill) iodide 11, 3779-87-8 471.937 dark blue cry 727 
3204  Zirconium(IV) acetate hydroxide 7(С,Н,0.)(0Н), 4311-03-4 243.327 40 8Н,0 
3205 Zirconium(IV) ammonium Zr(NH,),0H(CO,), • 29,0 12616-24-9 362.404 prisms; unstab s H,0 
carbonate dihydrate 
3206 Zirconium(IV) bromide 281, 3777-25-8 410.840 wh cub cry 450 tp 360 sp 3.98 reac Н,0 
3207  Zirconium(lV) chloride йб 0026-11-6 233.036 wh топос! cry; 437 tp 331 sp 2.80 reac H,0; s EtOH, 
hyg eth 
3208 Zirconium(IV) fluoride ZF, 7783-64-4 167.218 wh monocl cry 910 912 sp 4,43 155 
3209  Zirconium(IV) hydroxide Zr(OH), 4475-63-9 159.254 wh атогр powder dec 3.25 i HO; s acid 
3210  Zirconium(lV) iodide ТІ, 3986-26-0 598.842 уе!-огап сиб cry 500 431 5р 4,85 vs НО 
3211 Zirconium(|V) nitrate pentahydrate — Zr(NO,), + 5,0 3746-89-9 429.320 wh hyg cry 00 dec vs НО; s EtOH 
3212  Zirconium(lV) orthosilicate 71510, 0101-52-7 183.308 wh tetr cry 540 dec 46 i H,O, acid 
3213  Zirconium(lV) oxide 20, 314-23-4 123.223 whamorppowder 2710 4300 5.68 1Н,0: sl acid 
3214  Zirconium(IV) pyrophosphate ZrP,0, 3565-97-4 265.167 wh refrac solid dec 1550 i H,O, dil acid; 5 
HF 
3215  Zirconium(IV) sulfate 250), 4644-61-2 283.349 wh hyg cry 410 dec 3.22 $ Н,0; sl EtOH 
3216  Zirconium(IV) sulfate tetrahydrate Zr(S0,), - 4H,0 7446-31-3 355.411 wh tetr cry 00 dec 2.80 vs HO 
3217  Zirconium(IV) sulfide 15, 2039-15-5 155.354 red-brn hex cry 550 3.87 iH,0 
3218 (46 Zr(WO,), 6853-74-0 586.90 grn pow 
3219  Zirconyl chloride 2700), 7699-43-6 178.129 wh solid 250 dec s Н,0, EtOH 
3220  Zirconyl chloride octahydrate ZrOCI, - 8H,0 3520-92-8 322.252 tetr cry 400 dec 1.91 vs H,0, EtOH 


PHYSICAL PROPERTIES OF THE RARE EARTH METALS 


K.A. Gschneidner, Jr. 
TABLE 1. Data for the Trivalent Ions of the Rare Earth Elements 


Electronic configuration for R* 


No. 4f Spectroscopic 
Rare earth Symbol Atomic no. Atomic wt. electrons 5 L J ground state symbol 

Scandium Sc 21 44.955910 0 — — — — 
Yttrium Y 39 88.90585 0 — — — — 
Lanthanum La 57 138.9055 0 — — — — 
Cerium Ce 58 140.115 1 1/2 3 5/2 Бу 
Praseodymium Pr 59 140.90765 2 1 5 4 ?H, 
Neodymium Nd 60 144.24 3 3/2 6 9/2 Tz 
Promethium Pm 61 (145) 4 2 6 4 5I 
Samarium Sm 62 150.36 5 5/2 5 5/2 еН, , 
Europium Eu 63 151.965 6 3 3 0 "Fy 
Gadolinium Gd 64 157.25 7 72 0 7/2 1525 
Terbium Tb 65 158.92534 8 3 3 6 ЈЕ, 
Dysprosium Dy 66 162.50 9 5/2 5 15/2 Jaber 
Holmium Ho 67 164.93032 10 2 6 8 I, 
Erbium Er 68 167.26 11 3/2 6 15/2 ee 
Thulium Tm 69 168.93421 12 1 5 6 ЭН, 
Ytterbium Yb 70 173.04 13 1/2 3 7/2 E 
Lutetium Lu 71 174.967 14 == = = = 


Note: For additional information, see Goldschmidt, Z.B., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 1, Gschneidner, K.A., Jr. апа Eyring, L., Eds., 
North-Holland Physics, Amsterdam, 1978; DeLaeter, J.R., and Heumann, K.G., J. Phys. Chem. Ref. Data, 20, 1313 , 1991; Pure Appl. Chem., 66, 2423, 1994. 
* 1993 standard atomic weights. 


TABLE 2. Crystallographic Data for the Rare Earth Metals at 24°С (297 К) or Below 


Rare earth Crystal Lattice constants (À) Metallic radius Atomic volume Density 
metal structure? а, ГА с, CN = 12 (А) (cm?/mol) (g/cm?) 
aSc ћер 3.3088 — 5.2680 1.6406 15.039 2.989 
له‎ ћер 3.6482 — 5.7318 1.8012 19.893 4.469 
aLa dhcp 3.7740 — 12.171 1.8791 22.602, 6.146 
aCe’ fcc 4.855 — — 1.795 17.2 8.16» 
ВСе dhcp 3.6810 - 11.857 1.8321 20.947 6.689 
уСе“ їсс 5.1610 — — 1.8247 20.696 6.770 
aPr dhcp 3.6721 — 11.8326 1.8279 20.803 6.773 
«Ма dhcp 3.6582 — 11.7966 1.8214 20.583 7.008 
aPm dhcp 3.65 — 11.65 1.811 20.24 7.264 
aSm rhomb?* 3.62904 — 26.207 1.8041 20.000 7.520 
Eu bcc 4.5827 — — 2.0418 28.979 5.244 
aGd ћер 3.6336 — 5.7810 1.8013 19.903 7.901 
a" Tb* ortho 3.605* 6.244* 5.706* 1.784* 19.34* 8.219* 
«ТЬ ћер 3.6055 — 5.6966 1.7833 19.310 8.230 
аФу! ortho 3.5957 6.184! 5.678! 1774! 19.00! 8.551' 
ару ћер 3.5915 — 5.6501 1.7740 19.004 8.551 
Ho ћер 3.5778 — 5.6178 1.7661 18.752 8.795 
Er ћер 3.5592 — 5.5850 1.7566 18.449 9.066 
Tm ћер 3.5375 — 5.5540 1.7462 18.124 9.321 
"له‎ ћер 3.87998 — 6.38598 1.94518 25.0678 6.9038 
BYb їсс 5.4848 — — 1.9392 24.841 6.966 
Lu ћер 3.5052 — 5.5494 1.7349 17.779 9.841 


Note: For additional information, see Gschneidner, K.A., Jr. and Calderwood, F.W., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 8, 
Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1986; Gschneidner, K.A., Jr., Pecharsky, V.K., Cho, Jaephil and 
Martin, S.W., Scripta Mater., 1996, to be published. 

hcp = hexagonal close-packed; P6,/mmc, hP2, АЗ, Mg-type; dhcp = double-c hexagonal close-packed; P6,/mmc, hP4, АЗ”, aLa-type; fcc = face-centered 

cubic; Fm3 m, cF4, Al, Cu-type; rhomb = rhombohedral; R3 m, hR3, aSm-type; bcc = body-centered cubic; Im3 m, с12, A2, W-type; ortho = 

orthorhombic; Cmcm, oC4, a’ Dy-type. 

At 77 K (—196°С). 

Equilibrium room temperature (standard state) phase. 

Rhombohedral is the primitive cell. Lattice parameters given are for the nonprimitive hexagonal cell. 

At 220 K (-53'C). 

At 86 K (—187°С). 

At 23°С. 
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4-120 Physical Properties of the Rare Earth Metals 


TABLE 3. Crystallographic Data for Rare Earth Metals at High Temperature 


Rare earth Lattice Metallic radius Atomicvolume Density (g/ 
metal Structure parameter (À) Temp. (°С) CN - 8(À) CN - 12 (À) (cm?/ mol) cm?) 
BSc bcc 3.73 (est.) 1337 1.62 1.66 15.6 2.88 
BY bcc 4.10* 1478 1.78 1.83 20.8 4.28 
BLa fcc 5.303 325 — 1.875 22.45 6.187 
yLa bcc 4.26 887 1.84 1.90 23.3 5.97 
5Ce bec 4.12 757 1.78 1.84 21.1 6.65 
BPr Бес 4.13 821 1.79 1.84 21.2 6.64 
BNd bcc 4.13 883 1.79 1.84 21.2 6.80 
BPm bcc 4.10 (est.) 890 1.78 1.83 20.8 6.99 
BSm hcp a = 3.6630 450° — 1.8176 20.450 7.353 
с = 5.8448 
ySm bcc 4.10 (est.) 922 1.77 1.82 20.8 7.25 
рса Бсс 4.06 1265 1.76 1.81 20.2 7.80 
ВТЬ Бес 4.07* 1289 1.76 1.81 20.3 7.82 
Вру bcc 4.03* 1381 1.75 1.80 19.7 8.23 
yYb bcc 4.44 763< 192 1.98 26.4 6.57 


Note: The rare earths Eu, Ho, Er, Tm, and Lu are monomorphic. For additional information, see Gschneidner, K.A., Jr. and Calderwood, F.W., in Handbook 
on the Physics and Chemistry of Rare Earths, Vol. 8, Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1986, 1. 

а Determined by extrapolation to 0% solute of a vs. composition data for R-Mg alloys at 24°C and corrected for thermal expansion to temperature given. 

^ The hcp phase was stabilized by impurities and the temperature of measurement was below the equilibrium transition temperature (see Table 4). 

* The bcc phase was stabilized by impurities and the temperature of measurement was below the equilibrium transition temperature (see Table 4). 


TABLE 4. High Temperature Transition Temperatures and Melting Point of Rare Earth Metals 


Rare earth Transition I (а – В)* Transition II (В – у)“ Melting point 
metal Temp. (C) 65 Temp. (C°) Phases (C°) 
Sc 1337 hcp = bcc — — 1541 
Y 1478 ћер = bcc — — 1522 
Lab 310 dhcp — fcc 865 fcc — bcc 918 
Сега 139 dhcp = fcc (B - y) 726 fcc = bcc (y - ó) 798 
Pr 795 dhcp — bcc — — 931 
Nd 863 dhcp — bcc — — 1021 
Pm 890 dhcp — bcc — — 1042 
біте 734 rhom = hcp 922 hcp = bcc 1074 
Eu — — — — 822 
Gd 1235 ћер = bcc — — 1313 
Tb 1289 ћер = bcc — — 1356 
Dy 1381 ћер = bcc — — 1412 
Ho — — — — 1474 
Er — — — — 1529 
Tm — — — — 1545 
Yb 795 fcc = bec (B - y) — — 819 
Lu — — — — 1663 


Note: For additional information, see Gschneidner, K.A., Jr. and Calderwood, F.W., in Handbook on the Physics and 
Chemistry of Rare Earths, Vol. 8, Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 
1986; Gschneidner, K.A., Jr., Pecharsky, V.K., Cho, Jaephil and Martin, S.W., Scripta Mater., 34, 1717, 1996. 

а For all the transformations listed, unless otherwise noted. 

^ On cooling, fcc — dhcp (B — о), 260°С. 

° Thef = y equilibrium transition temperature is 10 + 5°C. 

4 On cooling, fcc — dhcp (y — В), —16°С. 

° On cooling, hcp — rhomb (В — a), 727°С. 


TABLE 5. Low Temperature Transition Temperatures of the Rare Earth Metals 


Rare earth Cooling Rare earth Heating 
metal Transformation "C K metal Transformation °С K 

Ce yop -16 257 Ce а-р -148 125 
ya -172 101 سو‎ В+ү -104 169 
pa -228 45 By 139 412 

Tb а а! —53 220 Yb а= В 2 280 

Пу а = а! -187 86 

Yb Ba -13 260 

Note: For additional information, see Beaudry, B.J. and Gschneidner, K.A., Jr., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 1, Gschneidner, 

K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1978, 173; Koskenmaki, D.C. and Gschneidner, K.A., Jr., 1978, in Handbook on the 

Physics and Chemistry of Rare Earths, Vol. 1, Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1978, 337; Gschneidner, 

K.A., Jr., Pecharsky, V.K., Cho, Jaephil and Martin, S.W., Scripta Mater., 34, 1717, 1996. 


а The В = y equilibrium transition temperature is 10 + 5*C (283 + 5K). 
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TABLE 6. Heat Capacity, Standard Entropy, Heats of Transformation, and Fusion of the Rare Earth Metals 


Rare earth 


metal 
Sc 


Lu 


Note: For additional information, see Hultgren, R., Desai, P.D., Hawkins, D.T., Gleiser, M., Kelley, K.K., 


Heat capacity at 
298 K (J/mol K) 


25.5 
26.5 
274 
26.9 
27.2 
27.5 
27.33 
29.5 
27.7 
37.0 
28.9 
27.7 
27.2 
28.1 
27.0 
26.7 
26.9 


Standard entropy 
S°, (J/mol K) 
34.6 
44.4 
56.9 
72.0 
73.2 
71.5 
71.6 
69.6 
77.8 
68.1 
73.2 
75.6 
75.3 
73.2 
74.0 
59.9 
51.0 


Heat of transformation (kJ/mol) 


trans. 1 
а = 
а = 
а = 
p= 
а = 
а = 


a= 


< ^ чо Ыш = = بپ‎ CU UU uU 


= Y 


AH, 
4.00 
4.99 
0.36 
0.05 
3.17 
3.03 
3.0* 
0.23 
3.91 
5.02 
4.16 


1.75 


1 


trans. 2 АН? 
By 3.12 
у= 2.99 
Bey 3.11 


Heat of fusion 
(kJ/mol) 
14.1 
114 
6.20 
5.46 
6.89 
714 
7.75 
8.62 
9.21 
10.0 
10.79 
11.06 
17.0* 
19.9 
16.8 
7.66 
223 


and Wagman, D.D., Selected Values of the 


Thermodynamic Properties of the Elements, ASM International, Metals Park, Ohio, 1973; Wagman, D.D., Evans, W.H., Parker, V.B., Schumm, 


R.H., Halow, L, Bailey, S.M., Churney, K.L., and Nuttall, R.L., The NBS Tables of Chemical Thermodynamic Properties, J. Phys. Chem. Ref. Data, 
Vol. 11, Suppl 2, 1982; Amitin, E.B., Bessergenev, W.G., Kovalevskaya, Yu. A., and Paukov, L.E., J. Chem. Thermodyn., 15, 181, 1983; Amitin, E.B., 


Bessergenev, W.G., Kovalevskaya, Yu. A., and Paukov, LE., J. Chem. Thermodyn., 15, 181, 1983. 


а Estimated. 


TABLE 7. Vapor Pressures, Boiling Points, and Heats of Sublimation of Rare Earth Metals 


Temperature in "С: for a vapor pressure of 


Rare earth 10% atm 107 atm 
metal (0.001 Pa) (0.101 Pa) 

Sc 1036 1243 
Ү 1222 1460 
Та 1301 1566 
Се 1290 1554. 
Pr 1083 1333 
Nd 955 1175 
Pm — — 
$m 508 642 
Eu 399 515 
Gd 1167 1408 
Tb 1124 1354 
Dy 804 988 
Ho 845 1036 
Er 908 1113 
Tm 599 748 
Yb 301 400 
Lu 1241 1483 


10-atm 

(10.1Pa) 
1533 
1812 
1938 
1926 
1701 
1500 


541 
1832 


10? atm 
(1013 Pa) 


1999 
2360 
2506 
2487 
2305 
2029 
1150 
964 
2306 
2237 
1685 
1771 
1896 
1300 
776 
2387 


Boiling point? 
CC) 
2836 
3345 
3464 
3443 
3520 
3074 
3000» 
1794 
1529 
3273 
3230 
2567 
2700 
2868 
1950 
1196 
3402 


Heat of 
sublimation at 
25'C (kJ/mol) 

377.8 
424.7 
431.0 
422.6 
355.6 
327.6 

348^ 
206.7 
175.3 
397.5 
388.7 
290.4 
300.8 
317.1 
232.2 
152.1 
427.6 


Note: For additional information, see Hultgren, R., Desai, P.D., Hawkins, D.T., Gleiser, M., Kelley, K.K., and Wagman, D.D., Selected 
Values of the Thermodynamic Properties of the Elements, ASM International, Metals Park, Ohio, 1973; Beaudry, В.). and 
Gschneidner, K.A., Jr., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 1, Gschneidner, K.A., Jr. and Eyring, L., Eds., 
North-Holland Physics, Amsterdam, 1978, 173. 


* [nternational Temperature Scale of 1990 (ITS-90) values. 


^ Estimated. 


4-121 


4-122 


Каге 
earth 
metal 


aSc 
aY 

«Га 
BLa 
уСе 


BYb 
Lu 


X, x 105at 298 

K (emu/mol) 
295.2 
187.7 
95.9 
105 
2,270 
2,500 
5,530 
5,930 
1,2784 
30,900 
185,000* 
170,000 


98,000 
72,900 
48,000 
24,700 
67% 
182.9 
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TABLE 8. Magnetic Properties of the Rare Earth Metals 


Effective magnetic moment Dude Ө, (Ҝ) 
Paramagneticat -298 К Ferromagnetic at ~0 К Eas Néel temp. T. (К) temp. Polycryst. 
Theory* Obs. Theory^ Obs. axis — Hexsites Cubicsites Т.(К) ۴ Le or avg. 

2.54 2.52 2.14 — — — 14.4 — — - -50 
2.54 2.61 2.14 — — 13.7 12.5 — — - -41 
3.58 3.56 3.20 2.7 а 0.03 0 
3.62 3.45 3.27 2.2 b 19.9 7.5 — 0 5 3.3 
2.68 — 2.40 — — — 
0.85 1,74 071 0.5* a 109 14.0 
7.94 8.48 7.0 5.9 «110» — 90.4 — — — 100 
7.94 7.98 7.0 7.63 30° toc — — 293.4 317 317 317 
9.72 9.77 — — — 230.0 — — 195 239 224 
— — 9.0 9.34 b — — 219.5 — — — 
10.64 10.83 — — — 180.2 — — 121 169 153 
— — 10.0 10.33 a — — 90.58 - - - 
10.60 112 10.0 10.34 b 132 — 19.5 73.0 880 830 
9.58 9.9 9.0 9.1 30'toc 85 — 18.7 617 325 422 
7.56 7.61 7.0 7.14 c 58 — 32.0 410 -17.0 2.3 


Note: For additional information, see McEwen, K.A., in Handbook on Те Physics and Chemistry of Кате Earths, Vol. 1, Gschneidner, K.A., Jr. and Eyring, L., Eds., North- 
Holland Physics, Amsterdam, 1978, 411; Legvold, S., in Ferromagnetic Materials, Vol. 1, Wohlfarth, E.P., Ed., North-Holland Physics, Amsterdam, 1980, 183; 
Pecharsky, V.K., Gschneidner, K.A., Jr. and Fort, D., Phys. Rev. B, 47, 5063, 1993; Pecharsky, V.K., Gschneidner, K.A., Jr. and Fort, D., 1996, to be published; Steward, 
A.M. and Collocott, S.J., J. Phys.: Condens. Matter, 1, 677, 1988. 


а 200 
>р]. 


1). 


* At38 T and 4.2 K. 
4 At 290 K. 
° At 350 К. 
8 On cooling T, = 89.6 K and on warming T, = 91.5 K. 


TABLE 9. Room Temperature Coefficient of Thermal Expansion, Thermal Conductivity, Electrical Resistance, 


Rare earth 

metal 
aSc 
aY 
aLa 
bCe 
уСе 
aPr 
aNd 
aPm 
aSm 
Eu 


BYb 
Lu 


and Hall Coefficient 
Thermal Hall coefficient (R, x 10") 
Expansion (a, x 109) (°C!) conductivity Electrical resistance (нО-ст) (У-ст/А-Ое) 

а, а, 9 ыу (W/cm К) Р, Р, Proty R, R aly 
7.6 15.3 10.2 0.158 70.9 26.9 56.2? — — —0.13 
6.0 19.7 10.6 0.172 72.5 35.5 59.6 —0.27 -1.6 — 
4.5 27.2 12.1 0.134 — — 61.5 — — -0.35 

— — — 82.8 
6.3 — 6.3 0.113 — — 74.4 — — 11.81 
4.5 11.2 6.7 0.125 — — 70.0 — — 40.709 
7.6 13.5 9.6 0.165 — — 64.3 — — 310.971 
9^ 16^ 11^ 0.15^ — — 255 
9.6 19.0 12.7 0.133 — — 94.0 — — -0.21 
35.0 — 35.0 0.1395 — — 90.0 — — +244 
9.1° 10.0* 9.4* 0.105 135.1 121.7 131.0 -10 -54 -4.484 
9.3 12.4 10.3 0.111 123.5 101.5 115.0 -1.0 -3.7 — 
VA 15.6 9.9 0.107 111.0 76.6 92.6 -0.3 -3.7 - 
7.0 19.5 112 0.162 101.5 60.5 814 +0.2 —3.2 — 
7.9 20.9 12.2 0.145 94.5 60.3 86.0 +0.3 –3.6 — 
8.8 223 13.3 0.169 88.0 47.2 67.6 — — -1.8 
26.3 — 26.3 0.385 — — 25.0 — — +377 
4.8 20.0 9:9 0.164 76.6 34.7 58.2 +0.45 -2.6 —0.535 


Note: For additional information, see Beaudry, B. J. and Gschneidner, K.A., Jr., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 1, 
Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1978, 173; McEwen, K.A., in Handbook on the Physics and 
Chemistry of Rare Earths, Vol. 1, Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1978, 411. 


Estimated. 
At 100°C. 
At 77°C. 


со»‏ ° م 


Calculated from single crystal values. 
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TABLE 10. Electronic Specific Heat Constant (y), Electron-Electron (Coulomb) Coupling Constant (р), Electron-Phonon 
Coupling Constant (1), Debye Temperature at 0 К(0,), and Superconducting Transition Temperature 


Note: 


со»‏ هم а‏ هم سم 


د = 


Rare earth 
metal 
Sc 


Tm 
BYb 
Lu 


Rare earth 
metal у (mJ/mol-K?) 
aSc 10.334 
له‎ 7.878 
aLa 9.45 
BLa 11.5 
«Се 12.8 
aPr 20 
aNd f 
aPm — 
aSm 8.1 + 1.55 
Eu f 
aGd 4.48 
a'Tb 371 
«ру 4.9 
Но 21 
Ег 87 
Tm f 
aYb 3.30 
BYb 8.36 
Lu 8.194 


0.14 


0, (K) from 

À Heat capacity Elastic constants 
0.30 345.3 — 
0.30 244.4. 258 
0.76 150 154 

— 140 - 

- 179 — 
1.074 155° 153 
0.864 157° 163 

— 159* — 
0.814 162°! 169 

— f 118 
0.30 169 182 
0.344 169.6 177 
0.324 192 183 
0.304 175° 190 
0.334 176.9 188 
0.364 179° 200 

— 117.6 118 

— 109 — 
0.31 183.2 185 


Superconducting 
temperature (K) 
0.050* 

1.3» 
5.10 
6.00 
0.022° 


0.022" 


For additional information, see Sundström, L.J., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 1, Gschneidner, K.A., Jr., 


and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1978, 379; Scott, T., in Handbook on the Physics and Chemistry of Rare Earths, 
Vol. 1, Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1978, 591; Probst, C. and Wittig, J., in Handbook on 


the Physics and Chemistry of Rare Earths, Vol. 1, Gschneidner, K.A., Jr. and Eyring, L., Eds., North-Holland Physics, Amsterdam, 1978, 749; 


Tsang, T.-W.E., Gschneidner, K.A., Jr., Schmidt, F.A., and Thome, D.K., Phys. Rev., B, 31, 235, 1985; Collocott, S.J., Hill, R.W. and Stewart, 
АМ, J. Phys. Б 18, L223, 1988; Hill, R.W. and Gschneidner, K.A., Jr., J. Phys. E 18, 2545, 1988; Skriver, H.L. and Mertig, I., Phys. Rev. B, 41, 
6553, 1990. Collocott, S.J. and Stewart, A.M., J. Phys.: Condens. Matter, 4, 6743, 1992; Pecharsky, V.K., Gschneidner, K.A., Jr. and Fort, D., 


Phys. Rev. B, 47, 5063, 1993. 
At 18.6 GPa. 
At 11 GPa. 
At 2.2 GPa. 
Calculated value. 
Estimated. 


Heat capacity results have been reported, but the resultant y and 6, values are unreliable because of the presence of impurities and/or there was 


no reliable procedure or model to correct for the magnetic contribution to the heat capacity. 
Based on the values reported for the purer Sm sample (IV). 


At 4.5 GPa. 
TABLE 11. Room Temperature Elastic Moduli and Mechanical Properties 
Elastic moduli (GPa) Mechanical properties (MPa) 
Young’s (elastic) Shear Bulk Poissons Yield strength Ultimate tensile Uniform Reduction 
modulus modulus modulus ratio 0.2% offset strength elongation (%) іп area (%) 

744 29.1 56.6 0.279 173° 255° 5.0* 8.05 
63.5 25.6 412 0.243 42 129 34.0 - 
36.6 14.3 27.9 0.280 126 130 7.9* — 

— — - - 86 138 - 24.0 
33.6 13.5 21.5 0.24 28 117 22.0 30.0 
373 14.8 28.8 0.281 73 147 15.4 67.0 
414 16.3 31.8 0.281 71 164 25.0 72.0 
46^ 18^ 33^ 0.28^ — — — — 
49.7 19.5 37.8 0.274 68 156 17.0 29.5 
182 7.9 8.3 0.152 — — — — 
54.8 21.8 37.9 0.259 15 118 37.0 56.0 
557 22.1 38.7 0.261 - — — — 
614 24.7 40.5 0.247 43 139 30.0 30.0 
64.8 26.3 40.2 0.231 — — — — 
69.9 28.3 44.4 0.237 60 136 115 119 
74.0 30.5 445 0.213 — — — — 
23.9 9.9 30.5 0.207 7 58 43.0 92.0 
68.6 272 47.6 0.261 — — — — 


Recryst. 
temp. (°С) 
550 
550 


Note: For additional information, see Scott, T., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 1, Gschneidner, K.A., Jr. and Eyring, L., Eds., North- 
Holland Physics, Amsterdam, 1978, 591. 
è Value is questionable. 


^ Estimated. 
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TABLE 12. Liquid Metal Properties Near the Melting Point 


Rare Surface Heat Thermal Magnetic Electrical Spectral emittance at 
earth Density tension Viscosity capacity conductivity susceptibility X resistivity AV (1—5)* А = 645 пт 
metal (в/ст?) (N/m) (centipoise) (J/molK)  (W/cmK) :x10'(emu/mol) (uO:cm) (96) = (90) Temp. 

Sc 2.80 0.954 — 44.2^ — — — — — — 

Y 4.24 0.871 — 43.1 — — — — 36.8 1522-1647 
La 5.96 0.718 2.65 34.3 0.238 1.20 133 -0.6 25.4 920-1287 
Се 6.68 0.706 3.20 37.7 0.210 9.37 130 +1.1 32.2 877-1547 
Рг 6.59 0.707 2.85 43.0 0.251 17.3 139 -0.02 28.4 931-1537 
Nd 6.72 0.687 — 48.8 0.195 187 151 -0.9 39.4. 1021-1567 
Pm 6.9^ 0.680" — 50° — — 160^ — — — 

Sm 7.16 0.431 — 50.2^ — 18.3 182 -3.6 43.7 1075 
Eu 4.87 0.264 — 38.1 — 97 242 -4.8 - - 

са 7.4 0.664 — 37.2 0.149 67 195 -2.0 342 1313-1600 
Tb 7.65 0.669 — 46.5 — 82 193 -3.1 — — 

Dy 8.2 0.648 — 49.9 0.187 95 210 -4.5 29.7 1412-1437 
Но 8.34 0.650 — 43.9 — 88 221 -7.4 — — 

Er 8.6 0.637 — 38.7 — 69 226 -9.0 37.2 1529-1587 
Tm 9.0^ — — 41.4 — 41 235^ –6.9 — — 

Yb 6.21 0.320 2.67 36.8 — — 113 —5.1 — — 

Lu 9.3 0.940 — 47.9 — - 224 -3.6 — — 


Note: For additional information, see Van Zytveld, J., in Handbook on the Physics and Chemistry of Rare Earths, Vol. 12, Gschneidner, K.A., Jr. and Eyring, L., Eds., North- 
Holland Physics, Amsterdam, 1989, 357. Stretz, L.A. and Bautista, R.G., in Temperature, Its Measurement and Control in Science and Industry, Vol. 4, part I, H.H. 
Plumb, Ed., Instrument Society of America, Pittsburgh, 1972, 489. King, T.S., Baria, D.N., and Bautista, R.G., Met. Trans. B, 7, 411, 1976; Baria, D.N., King, T.S., and 
Bautista, R.G., Met. Trans. B, 7, 577, 1976. 

* Volume change on freezing. 

^ Estimated. 


TABLE 13. Ionization Potentials (Electronvolts) 
Rareearth | INeutralatom ` IISinglyionized ІП Doubly ionized IV Triplyionized У Quadruply ionized 


5с 6.56144 12.79967 24.75666 73.4894 91.65 
Y 6.217 12.24 20.52 60.597 77.0 
La 5.5770 11.060 19.1773 49.95 61.6 
Ce 5.5387 10.85 20.198 36.758 65.55 
Pr 5.464 10.55 21.624 38.98 57.53 
Nd 5.5250 10.73 22.1 4041 — 
Рт 5.554 10.90 22.3 41.1 — 
$m 5.6437 11.07 23.4 414 — 
Eu 5.6704 11241 24.92 42.7 — 
Gd 6.1500 12.09 20.63 44.0 — 
Tb 5.8639 11.52 21.91 39.79 — 
Dy 5.9389 11.67 22.8 41.47 — 
Ho 6.0216 11.80 22.84 42.5 — 
Er 6.1078 11.93 22.74 42.7 — 
Tm 6.18431 12.05 23.68 42.7 — 
Yb 6.25416 12.1761 25.05 43.56 — 
Lu 5.42585 13.9 20.9594 45.25 66.8 


Note: For references, see the table "Ionization Potentials of Atoms and Atomic Ions" in Section 10. 


TABLE 14. Effective Ionic Radii (À)^ 


Rare earth RE К+ RY 

ion CN =6 CN=8 CN =6 CN-8 CN- 12 СХ-6 CN-8 
Sc — — 0.745 0.87 1.116 — — 
Y — — 0.900 1.015 1.220 — — 
La -- — 1.045 1.18 1.320 -- - 
Се — — 1.010 1.14 1.290 0.80 0.97 
Pr — — 0.997 1.14 1.286 0.78 0.96 
Nd — — 0.983 1.12 1.276 — — 
Pm — — 0.97 1.10 1.267 — — 
Sm 1.19 1.27 0.958 1.09 1.260 — — 
Eu 1.17 1.25 0.947 1.07 1.252 — — 
Gd — — 0.938 1.06 1.246 — — 
Tb — — 0.923 1.04 1.236 0.76 0.88 
Dy — — 0.912 1.03 1.228 — — 
Ho — — 0.901 1.02 1.221 — — 
Er — — 0.890 1.00 1.214 — — 
Тіп — — 0.880 0.99 1.207 — — 
Yb 1.00 1.07 0.868 0.98 1.199 — — 
Lu — — 0.861 0.97 1.194 — — 


Note: For additional information, see Shannon, R.D. and Prewitt, C.T., Acta Cryst., 25, 925, 1969 and Shannon, R.D. and Prewitt, C.T., Acta 
Cryst., 26, 1046, 1970. 
5 Radius of O* is 1.40 А for a coordination number (CN) of 6. 


MELTING, BOILING, TRIPLE, AND CRITICAL POINT TEMPERATURES 
OF THE ELEMENTS 


This table summarizes the significant points on the phase 
diagrams for the elements for which data are available. Values 
are given for the solid-liquid-gas triple point & „ normal melting 
point t , normal boiling point t, and critical temperature t ; all 
are on the ITS-90 scale. An "sp" notation indicates a sublima- 
tion point, where the vapor pressure of the solid phase reaches 
101.325 kPa (1 atm). Transition temperatures between allo- 
tropic forms are included for several elements. The major data 
sources are listed below; values from Reference 1, which deals 
with reference points on the ITS-90 scale, were adopted when 
applicable. 
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Element tyl °С tC t, C t C 
Actinium 1050 3198 

Aluminum 660.32 2519 

Americium 1176 2011 

Antimony 630.628 1587 

Argon -189.36 (69 kPa) -185.847 -122.28 
Arsenic (gray) 817 (3.70 MPa) 6165р 1400 
Astatine 302 

Barium 727 1897 

Berkelium (B form) 986 

Beryllium 1287 2471 

Bismuth 271.406 1564 

Boron 2075 4000 

Bromine -7.2 58.8 315 
Cadmium 321.069 767 

Calcium 842 1484 

Californium 900 

Carbon (graphite) 4489 (10.3 MPa) 3825 sp 

Carbon (diamond) 4440 (12.4 GPa) 

Cerium 799 3443 

Cesium 28.5 671 1665 
Chlorine -101.5 -34.04 143.8 
Chromium 1907 2671 

Cobalt 1495 2927 

Copper 1084.62 2562 

Curium 1345 73100 

Dysprosium 1412 2567 

Einsteinium 860 

Erbium 1529 2868 

Europium 822 1529 

Fermium 1527 

Fluorine -219.67 -188.12 -129.02 
Francium 27 

Gadolinium 1313 3273 

Gallium 29.7666 2204 

Germanium 938.25 2833 

Gold 1064.18 2856 

Hafnium 2233 4603 

Helium -268.93 -267.96 
Holmium 1472 2700 

Hydrogen -259.198 (7.2 kPa) -259.1 -252.762 -240.18 
Indium 156.5936 156.60 2072 

Iodine 113.7 184.4 546 
Iridium 2446 4428 

Iron 1538 2861 

Krypton -157.38 (73.2 kPa) -153.34 -63.74 
Lanthanum 920 3464 

Lawrencium 1627 

Lead 327.462 1749 
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Element 
Lithium 
Lutetium 
Magnesium 
Manganese 
Mendelevium 
Mercury 
Molybdenum 
Neodymium 
Neon 
Neptunium 
Nickel 
Niobium 
Nitrogen 
Nobelium 
Osmium 
Oxygen 
Palladium 
Phosphorus (white) 
Phosphorus (red) 
Phosphorus (black) 
Platinum 
Plutonium 
Polonium 
Potassium 
Praseodymium 
Promethium 
Protactinium 
Radium 

Radon 
Rhenium 
Rhodium 
Rubidium 
Ruthenium 
Samarium 
Scandium 
Selenium (vitreous) 
Selenium (gray) 
Silicon 

Silver 

Sodium 
Strontium 
Sulfur (rhombic) 
Sulfur (monoclinic) 
Tantalum 
Technetium 
Tellurium 
Terbium 
Thallium 
Thorium 
Thulium 

Tin (gray) 

Tin (white) 
Titanium 
Tungsten 
Uranium 
Vanadium 
Xenon 
Ytterbium 
Yttrium 

Zinc 
Zirconium 


Melting, Boiling, Triple, and Critical Point Temperatures of the Elements 


tp 


-38.837 


-248.609 (43 kPa) 


-209.999 


590 


39.26 


-111.745 (81.6 kPa) 


БИО 
180.50 
1663 
650 
1246 
827 
-38.8290 
2623 
1016 


644. 
1455 
2477 
-210.0 
827 
3033 
-218.79 
1554.8 
44.15 


610 
1768.2 
640 
254 
63.5 
931 
1042 
1572 
696 
-71 
3185 
1964 
39.30 
2034 
1072 
1541 
180 (trans to gray) 
220.8 
1414 
961.78 
97.794. 
777 
95.3 (trans to monocl) 
115.21 
3017 
2157 
449.5] 
1359 
304 
1750 
1545 
13.2 (trans to white) 
231.93 
1668 
3422 
1135 
1910 


824 
1522 
419.53 
1854.7 


ЫС 
1342 
3402 
1090 
2061 


356.62 
4639 
3074 
-246.053 


2913 
4744 
-195.798 


5012 
-182.953 
2963 
280.5 
4315р 


3825 
3228 
962 
759 
3520 
3000 


-61.7 
5596 
3695 
688 
4150 
1794 
2836 
685 
685 
3265 
2162 
882.940 
1382 
444.61 
444.61 
5458 
4265 
988 
3230 
1473 
4788 
1950 
2602 
2602 
3287 
5555 
4131 
3407 
-108.09 
1196 
3345 
907 
4409 


ال 


2950 


1477 


-228.7 


-146.94 
-118.56 


721 
721 


1950 


104 


1820 


1493 
1493 


2300 


1041 
1041 


16.62 


HEAT CAPACITY OF THE ELEMENTS АТ 25°С 


This table gives the specific heat capacity (c,) in J/g К and the pressure of 100 kPa (1 bar or 0.987 standard atmospheres) for all 
molar heat capacity (C,) in J/mol К at a temperature of 25'Canda the elements for which reliable data are available. 


с C с C 


Name J/gK J/mol K Name Vek J/mol K 
Actinium 0.120 27.2 Molybdenum 0.251 24.06 
Aluminum 0.897 24.20 Neodymium 0.190 27.45 
Antimony 0.207 25.23 Neon 1.030 20.786 
Argon 0.520 20.786 Nickel 0.444 26.07 
Arsenic 0.329 24.64 Niobium 0.265 24.60 
Barium 0.204 28.07 Nitrogen (№) 1.040 29.124 
Beryllium 1.825 16.443 Osmium 0.130 24.7 
Bismuth 0.122 25.52 Oxygen (О,) 0.918 29.378 
Boron 1.026 11.087 Palladium 0.246 25.98 
Bromine (Вг,) 0.474 75.69 Phosphorus (white) 0.769 23.824 
Cadmium 0.232 26.020 Platinum 0.133 25.86 
Calcium 0.647 25.929 Potassium 0.757 29.600 
Carbon (graphite) 0.709 8.517 Praseodymium 0.193 27.20 
Cerium 0.192 26.94 Radon 0.094 20.786 
Cesium 0.242 32.210 Rhenium 0.137 25.48 
Chlorine (СТ) 0.479 33.949 Rhodium 0.243 24.98 
Chromium 0.449 23.35 Rubidium 0.363 31.060 
Cobalt 0.421 24.81 Ruthenium 0.238 24.06 
Copper 0.385 24.440 Samarium 0.197 29.54 
Dysprosium 0.173 28.16 Scandium 0.568 25.52 
Erbium 0.168 28.12 Selenium 0.321 25.363 
Europium 0.182 27.66 Silicon 0.712 19.99 
Fluorine (F,) 0.824 31.304 Silver 0.235 25.350 
Gadolinium 0.236 37.03 Sodium 1.228 28.230 
Gallium 0.373 26.03 Strontium 0.306 26.79 
Germanium 0.320 23.222 Sulfur (rhombic) 0.708 22.70 
Gold 0.129 25.418 Tantalum 0.140 25.36 
Hafnium 0.144 25.73 Tellurium 0.202 25.73 
Helium 5.193 20.786 Terbium 0.182 28.91 
Holmium 0.165 27.15 Thallium 0.129 26.32 
Hydrogen (Н,) 14.304 28.836 Thorium 0.118 27.32 
Indium 0.233 26.74 Thulium 0.160 27.03 
Iodine (L) 0.214 54.43 Tin (white) 0.227 26.99 
Iridium 0.131 25.10 Titanium 0.523 25.060 
Iron 0.449 25.10 Tungsten 0.132 24.27 
Krypton 0.248 20.786 Uranium 0.116 27.665 
Lanthanum 0.195 27.11 Vanadium 0.489 24.89 
Lead 0.130 26.84 Xenon 0.158 20.786 
Lithium 3.582 24.860 Ytterbium 0.155 26.74 
Lutetium 0.154 26.86 Yttrium 0.298 26.53 
Magnesium 1.023 24.869 Zinc 0.388 25.390 
Manganese 0.479 26.32 Zirconium 0.278 25.36 
Mercury 0.140 27.983 
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VAPOR PRESSURE OF THE METALLIC ELEMENTS — EQUATIONS 
C. B. Alcock 


This table gives coefficients in an equation for the vapor pres- The table following this one gives values of the vapor pressure 
sure of 65 metallic elements in both the solid and liquid state. at several temperatures in the 400 K to 2400 K range, as calculated 
Vapor pressures in the range 1077 to 10? Ра (10^ to 103 atm) ае from these equations. 
covered. The equation is: Reprinted with permission of the publisher, Pergamon Press. 


for p in atmospheres: log(p/atm) = A + BT" + ClogT + DT? 

for p in pascals: log (p/Pa) = 5.006 + A + BT? + ClogT + DT? Reference 

for p in torr (mmHg): log (p/torr) = 2.881 + A + ВТ! + ClogT + DT? 

Alcock, C. B., Itkin, V. P, and Horrigan, M. K., Canadian Metallurgical 

where Т 15 the temperature in K. Quarterly, 23, 309, 1984. 

This equation reproduces the observed vapor pressures to an 
accuracy of 5% or better. The metals are listed alphabetically by 
name, and the melting point is included. 


Element Phase A B C D Range/k mp/k 
Aluminum Solid 9.459 -17342 -0.7927 298-mp 933 
Aluminum Liquid 5911  -16211 mp-1800 
Americium Solid 11311 -15059 -1.3449 298-mp 1449 
Barium Solid 12.405 -9690 -2.2890 298-mp 1000 
Barium Liquid 4.007 -8163 mp-1200 

Beryllium Solid 8.042 -17020 -0.4440 298-mp 1560 
Beryllium Liquid 5.786 -15731 mp-1800 

Cadmium Solid 5.939 -5799 298-mp 594 
Cadmium Liquid 5.242 -5392 mp-650 

Calcium Solid 10.127 -9517 -1.4030 298-mp 1115 
Cerium Solid 6.139 -21752 298-mp 1071 
Cerium Liquid 5.611 -21200 mp-2450 

Cesium Solid 4711 -3999 298-mp 302 
Cesium Liquid 4.165 -3830 mp-550 

Chromium Solid 6.800 -20733 0.4391 -0.4094. 298-2000 2180 
Cobalt Solid 10.976 -22576 -1.0280 298-mp 1768 
Cobalt Liquid 6488 -20578 mp-2150 

Copper Solid 9123  -17748 -0.7317 298-mp 1358 
Copper Liquid 5.849 -16415 mp-1850 

Curium Solid 8.369 -20364 -0.5770 298-mp 1618 
Curium Liquid 5223 -18292 mp-2200 

Dysprosium Solid 9.579 -15336 -1.1114 298-mp 1685 
Erbium Solid 9.916 -16642 -1.2154 298-mp 1802 
Erbium Liquid 4.668 -14380 mp-1900 

Europium Solid 9.240 -9459 -1.1661 298-mp 1095 
Gadolinium Solid 8.344  -20861 -0.5775 298-mp 1586 
Gadolinium Liquid 5.557 -19389 mp-2250 

Gallium Solid 6.657 -14208 298-mp 303 
Gallium Liquid 6.754 -13984 -0.3413 mp-1600 

Gold Solid 9152 -19343 -0.7479 298-mp 1337 
Gold Liquid 5.832 -18024 mp-2050 

Hafnium Solid 9.445 -32482 -0.6735 298-mp 2506 
Holmium Solid 9.785 -15899 -1.1753 298-mp 1747 
Indium Solid 5.991  -12548 298-mp 430 
Indium Liquid 5.374 -12276 mp-1500 

Iridium Solid 10.506 -35099 -0.7500 298-2500 2719 
Iron Solid 7.100 -21723 0.4536 -0.5846 298-mp 1811 
Iron Liquid 6.347 -19574 mp-2100 

Lanthanum Solid 7.463 -22551 -0.3142 298-mp 1191 
Lanthanum Liquid 5911 -21855 mp-2450 

Lead Solid 5.643 -10143 298-mp 600 
Lead Liquid 4.911 -9701 mp-1200 

Lithium Solid 5.667 -8310 298-mp 454 
Lithium Liquid 5.055 -8023 mp-1000 

Lutetium Solid 8.793 -22423 -0.6200 298-mp 1936 
Lutetium Liquid 5.648 -20302 mp-2350 
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Vapor Pressure of the Metallic Elements — Equations 


Element 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Neodymium 
Neodymium 
Neptunium 
Neptunium 
Nickel 
Nickel 
Niobium 
Osmium 
Palladium 
Palladium 
Platinum 
Platinum 
Plutonium 
Plutonium 
Plutonium 
Potassium 
Potassium 
Praseodymium 
Praseodymium 
Protactinium 
Protactinium 
Rhenium 
Rhodium 
Rhodium 
Rubidium 
Rubidium 
Ruthenium 
Samarium 
Scandium 
Scandium 
Silver 

Silver 
Sodium 
Sodium 
Strontium 
Tantalum 
Terbium 
Terbium 
Thallium 
Thallium 
Thorium 
Thorium 
Thulium 

Tin 

Tin 
Titanium 
Titanium 
Tungsten 
Tungsten 
Uranium 
Uranium 
Vanadium 
Vanadium 
Ytterbium 
Yttrium 
Yttrium 
Zinc 

Zinc 
Zirconium 
Zirconium 


Phase 
Solid 
Solid 
Liquid 
Solid 
Solid 
Liquid 
Solid 
Liquid 
Solid 
Liquid 
Solid 
Solid 
Solid 
Liquid 
Solid 
Liquid 
Solid 
Solid 
Liquid 
Solid 
Liquid 
Solid 
Liquid 
Solid 
Liquid 
Solid 
Solid 
Liquid 
Solid 
Liquid 
Solid 
Solid 
Solid 
Liquid 
Solid 
Liquid 
Solid 
Liquid 
Solid 
Solid 
Solid 
Liquid 
Solid 
Liquid 
Solid 
Liquid 
Solid 
Solid 
Liquid 
Solid 
Liquid 
Solid 
Solid 
Solid 
Liquid 
Solid 
Liquid 
Solid 
Solid 
Liquid 
Solid 
Liquid 
Solid 
Liquid 


C 
-0.8253 
-1.7896 


-1.1331 
-0.9519 


-3.9991 
-1.3250 
-0.8717 


-0.2575 
-0.3896 
-0.9258 


1.1039 


-6.6675 
-4.4720 


-0.9512 


-1.0075 


-1.1629 
-0.7068 


-0.4723 
-1.3287 
0.2885 


-0.7845 


-1.1926 
-3.2152 
-0.9247 


-0.5288 
6.6473 
-0.9564 


-1.3376 


1.3677 
-12.2231 
2.6982 
-4.0962 
-0.5501 


-1.0849 
-0.8705 


-0.7890 


-0.4527 


-0.3663 


0.7437 


-1.5471 


Range/k 
298-mp 
298-mp 
298-400 
298-2500 
298-mp 
mp-2000 
298-mp 
mp-2500 
298-mp 
mp-2150 
298-2500 
298-2500 
298-mp 
mp-2100 
298-mp 
mp-2500 
298-600 
500-mp 
mp-2450 
298-mp 
mp-600 
298-mp 
mp-2200 
298-mp 
mp-2500 
298-2500 
298-mp 
mp-2500 
298-mp 
mp-550 
298-mp 
298-mp 
298-mp 
mp-2000 
298-mp 
mp-1600 
298-mp 
mp-700 
298-mp 
298-2500 
298-mp 
mp-2200 
298-mp 
mp-1100 
298-mp 
mp-2500 
298-1400 
298-mp 
mp-1850 
298-mp 
mp-2400 
298-2350 
2200-2500 
298-mp 
mp-2500 
298-mp 
mp-2500 
298-900 
298-mp 
mp-2300 
298-mp 
mp-750 
298-m.p 
mp-2500 


mp/k 

923 
1519 

234 
2895 
1294 

917 
1728 
2750 
3306 
1828 
2041 


913 


337 
1204 
1845 


3459 
2236 


312 
2606 
1347 
1814 
1235 

371 
1050 
3280 
1629 

577 


2023 


1818 
505 


1943 
3687 
1408 
2183 


1092 
1795 


693 


2127 
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DENSITY OF MOLTEN ELEMENTS AND REPRESENTATIVE SALTS 


This table lists the liquid density at the melting point, р, , for Data for the elements were selected from the primary litera- 
elements that are solid at room temperature, as well as for some ture; the assistance of Gernot Lang in compiling these data is 
representative salts of these elements. Densities at higher temper- gratefully acknowledged. The molten salt data were derived 
atures (up to the ¢ given in the last column) may be estimated from Reference 1. 
from the equation 


o(t)=p,,. - K(£—&,) References 
1. Janz, С. J, Thermodynamic and Transport Properties of Molten 
where 1, is the melting point and К is given in the fifth column of Salts: Correlation Equations for Critically Evaluated Density, Surface 
the table. If a value of t ax 15 not given, the equation should not Tension, Electrical Conductance, and Viscosity Data, / Phys. Chem. 
be used to extrapolate more than about 20°С beyond the melting Ref. Data, 17, Suppl. 2, 1988. 
point. 2. Nasch, P. M., and Steinemann, S. G., Phys. Chem. Liq., 29, 43, 1995. 
Formula Name t C p,/g cm? К/в ст °С! БЕД 
Ар Silver 961.78 9.320 0.0009 150 
AgBr Silver(I) bromide 430 5.577 0.001035 667 
AgCl Silver(I) chloride 455 4.83 0.00094 627 
Agl Silver(I) iodide 558 5.58 0.00101 802 
AgNO, Silver(I) nitrate 210 3.970 0.001098 360 
Ag, SO, Silver(I) sulfate 660 4.84 0.001089 770 
AI Aluminum 660.32 2.375 0.000233 1340 
AIBr, Aluminum bromide 97.5 2.647 0.002435 267 
AIC, Aluminum chloride 192.6 1.302 0.002711 296 
АП, Aluminum iodide 188.32 3.223 0.0025 240 
As Arsenic 817 5.22 0.000544 
Ац Gold 1064.18 17.31 0.001343 1200 
B Boron 2075 2.08 
Ba Barium 727 3.338 0.000299 1550 
BaBr, Barium bromide 857 3.991 0.000924 900 
BaCl, Barium chloride 961 3.174 0.000681 1081 
BaF, Barium fluoride 1368 4.14 0.000999 1727 
Bal, Barium iodide 711 4.26 0.000977 975 
Be Beryllium 1287 1.690 0.00011 
Весі, Beryllium chloride 415 1.54 0.0011 473 
BeF, Beryllium fluoride 552 1.96 0.000015 850 
Bi Bismuth 271.406 10.05 0.00135 800 
BiBr, Bismuth bromide 219 4.76 0.002637 927 
BiCl, Bismuth chloride 234 3.916 0.0023 350 
Ca Calcium 842 1.378 0.000230 1484 
CaBr, Calcium bromide 742 3.111 0.0005 791 
CaCl, Calcium chloride 775 2.085 0.000422 950 
CaF, Calcium fluoride 1418 2.52 0.000391 2027 
Cal, Calcium iodide 783 3.443 0.000751 1028 
Cd Cadmium 321.069 7.996 0.001218 500 
CdBr, Cadmium bromide 568 4.075 0.00108 720 
CdCl, Cadmium chloride 568 3.392 0.00082 807 
са, Cadmium iodide 388 4.396 0.001117 700 
Се Cerium 799 6.55 0.000710 1460 
Сесі, Cerium(III) chloride 807 3.25 0.00092 950 
CeF, Cerium(III) fluoride 1430 4.659 0.000936 1927 
Co Cobalt 1495 7.75 0.00165 1580 
Ст Chromium 1907 6.3 0.0011 2100 
Cs Cesium 28.44 1.843 0.000556 510 
CsBr Cesium bromide 636 3.133 0.001223 860 
CsCI Cesium chloride 646 2.79 0.001065 906 
CsF Cesium fluoride 703 3.649 0.001282 912 
CsI Cesium iodide 632 3.197 0.001183 907 
CsNO, Cesium nitrate 409 2.820 0.001166 491 
Св,5О, Cesium sulfate 1005 31 0.00095 1530 
Си Copper 1084.62 8.02 0.000609 1630 
Сиа Copper(I) chloride 423 3.692 0.00076 585 
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Formula 
Dy 
DyCl, 

Er 


Name 
Dysprosium 
Dysprosium(III) chloride 
Erbium 
Europium 
Iron 
Iron(II) chloride 
Gallium 
Gallium(III) bromide 
Gallium(III) chloride 
Gallium(III) iodide 
Gadolinium 
Gadolinium(III) chloride 
Gadolinium(III) iodide 
Germanium 
Hafnium 
Мегсигу(П) bromide 
Мегсигу(П) chloride 
Мегсигу(П) iodide 
Holmium 
Indium 
Indium(III) bromide 
Indium(III) chloride 
Indium(III) iodide 
Iridium 
Potassium 
Potassium bromide 
Potassium chloride 
Potassium fluoride 
Potassium iodide 
Potassium nitrate 
Lanthanum 
Lanthanum bromide 
Lanthanum chloride 
Lanthanum fluoride 
Lanthanum iodide 
Lithium 
Lithium bromide 
Lithium chloride 
Lithium fluoride 
Lithium iodide 
Lithium nitrate 
Lithium sulfate 
Lutetium 
Magnesium 
Magnesium bromide 
Magnesium chloride 
Magnesium iodide 
Manganese 
Manganese(II) chloride 
Molybdenum 
Sodium 
Sodium bromide 
Sodium carbonate 
Sodium chloride 
Sodium fluoride 
Sodium iodide 
Sodium nitrate 
Sodium sulfate 
Neodymium 
Nickel 
Nickel(II) chloride 
Osmium 
Lead 
Lead(II) bromide 
Lead(II) chloride 


„°С 
1411 
718 
1529 
822 
1538 
677 
29.7666 
123 
77.9 
212 
1314 
602. 
930 
938.25 
2233 
241 
277 
256 
1472 
156.60 
420 
583 
207 
2446 
63.38 
734 
771 
858 
681 
334 
920 
788 
858 
1493 
778 
180.5 
550 
610 
848.2 
469 
253 
860 
1663 
650 
711 
714 
634 
1246 
650 
2623 
97.794 
747 
856 
800.7 
996 
661 
306.5 
884 
1016 
1455 
1031 
3033 
327.462 
371 
501 


Density of Molten Elements and Representative Salts 


р,/8 cm? 
8.37 
3.62 
8.86 
5.13 
6.98 
2.348 
6.08 
3.116 
2.053 
3.630 
7.4 
3.56 
4.12 
5.60 

12 
5.126 
4.368 
5.222 
8.34 
7.02 
3.121 
2.140 
3.820 

19 
0.828 
2.127 
1.527 
1.910 
2.448 
1.865 
5.94 
4.933 
3.209 
4.589 
4.29 
0.512 
2.528 
1.502 
1.81 
3.109 
1.781 
2.003 
9.3 
1.584 
2.62 
1.68 
3.05 
5.95 
2.353 
9.33 
0.927 
2.342 
1.972 
1.556 
1.948 
2.742 
1.90 
2.069 
6.89 
7.81 
2.653 

20 

10.66 
5.73 
4.951 


k/g ст 3 °С 
0.00143 
0.00068 
0.00157 
0.0028 
0.000572 
0.000555 
0.00062 
0.00246 
0.002083 
0.002377 


0.000671 
0.000908 
0.00055 


0.003233 
0.002862 
0.003235 


0.000836 
0.0015 
0.0021 
0.0015 


0.000232 
0.000825 
0.000583 
0.000651 
0.000956 
0.000723 
0.00061 

0.000096 
0.000777 
0.000682 
0.001110 
0.00052 

0.000652 
0.000432 
0.000490 
0.000917 
0.000546 
0.000407 


0.000234 
0.000478 
0.000271 
0.000651 
0.00105 

0.000437 


0.00023 

0.000816 
0.000448 
0.000543 
0.000636 
0.000949 
0.000715 
0.000483 
0.00076 

0.000726 
0.00066 


0.00122 
0.00165 
0.0015 


Density of Molten Elements and Representative Salts 


Formula 


Name t lC 
Lead(II) iodide 410 
Palladium 1554.8 
Praseodymium 931 
Praseodymium chloride 786 
Platinum 1768.2 
Plutonium 640 
Rubidium 39.31 
Rubidium bromide 692 
Rubidium carbonate 837 
Rubidium chloride 724 
Rubidium fluoride 795 
Rubidium iodide 656 
Rubidium nitrate 310 
Rubidium sulfate 1066 
Rhenium 3185 
Rhodium 1964 
Ruthenium 2334 
Sulfur 115.21 
Antimony 630.628 
Antimony(III) chloride 73.4 
Antimony(V) chloride 4 
Antimony(III) iodide 171 
Scandium 1541 
Selenium 220.8 
Silicon 1414 
Samarium 1072 
Tin 231.93 
Tin(II) chloride 247 
Tin(IV) chloride -33 
Strontium 777 
Strontium bromide 657 
Strontium chloride 874 
Strontium fluoride 1477 
Strontium iodide 538 
Tantalum 3017 
Tantalum(V) chloride 216.6 
Terbium 1359 
Tellurium 449.51 
Thorium chloride 770 
Thorium fluoride 1110 
Titanium 1668 
Titanium(IV) chloride -25 
Thallium 304 
Thallium(I) bromide 460 
Thallium(I) chloride 431 
Thallium(I) iodide 441.8 
Thallium(I) nitrate 206 
Thallium(I) sulfate 632 
Thulium 1545 
Uranium 1135 
Uranium(III) chloride 837 
Uranium(IV) chloride 590 
Uranium(IV) fluoride 1036 
Vanadium 1910 
Tungsten 3422 
Yttrium 1526 
Yttrium chloride 721 
Ytterbium 824 
Zinc 419.53 
Zinc bromide 402 
Zinc chloride 290 
Zinc iodide 450 
Zinc sulfate 680 
Zirconium 1854.7 
Zirconium chloride 437 


p,,/g cm? 


5.691 
10.38 
6.50 
3.23 
19.77 
16.63 
1.46 
2.715 
2.84 
2.248 
2.87 
2.904 
2.519 
2.56 
18.9 
10.7 
10.65 
1.819 
6.53 
2.681 
2.37 
4.171 
2.80 
3.99 
2.57 
7.16 
6.99 
3.36 
2.37 
6.980 
3.70 
2.727 
3.470 
4.085 
15 
2.700 
7.65 
5.70 
3.363 
6.058 
4.11 
1.807 
11.22 
5.98 
5.628 
6.15 
4.91 
5.62 
8.56 
17.3 
4.84 
3.572 
6.485 
5.5 
17.6 
4.24 
2.510 
6.21 
6.57 
3.47 
2.54 
3.878 
3.14 
5.8 
1.643 


k/g ст 3 °С 
0.001594 
0.001169 
0.00093 
0.00074 
0.0024 
0.001419 
0.000451 
0.001072 
0.000640 
0.000883 
0.00102 
0.001143 
0.001068 
0.000665 


0.000895 


0.00080 
0.00067 
0.002293 
0.001869 
0.002483 


0.00036 


0.000601 
0.001253 
0.002687 


0.000745 
0.000578 
0.000751 
0.000885 


0.004316 


0.00035 
0.0014 
0.000759 


0.001735 
0.00144 
0.001755 
0.0018 
0.001761 
0.001873 
0.00130 
0.00050 


0.007943 
0.001945 
0.000992 


0.0005 


0.0011 
0.000959 
0.00053 
0.00136 
0.00047 


0.007464 
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MAGNETIC SUSCEPTIBILITY OF THE ELEMENTS AND INORGANIC COMPOUNDS 


When a material is placed in a magnetic field H, a magnetiza- 
tion (magnetic moment per unit volume) M is induced in the ma- 
terial which is related to H by M = кН, where к is called the volume 
susceptibility. Since H and M have the same dimensions, к is di- 
mensionless. A more useful parameter is the molar susceptibility 
Xm defined by 


Xs = КУ, =K M/p 


where У, is the molar volume of the substance, M the molar mass, 
and p the mass density. When the cgs system is used, the custom- 
ary units for x. are cm? mol"; the corresponding SI units are m? 
mol", 

Substances that have no unpaired electron orbital or spin an- 
gular momentum generally have negative values of x, and are 
called diamagnetic. Their molar susceptibility varies only slightly 
with temperature. Substances with unpaired electrons, which are 
termed paramagnetic, have positive х, and show a much stronger 
temperature dependence, varying roughly as 1/T. The net sus- 
ceptibility of a paramagnetic substance is the sum of the paramag- 
netic and diamagnetic contributions, but the former almost always 
dominates. 

This table gives values of x, for the elements and selected inor- 
ganic compounds. АП values refer to nominal room temperature 
(285 to 300 K) unless otherwise indicated. When the physical state 
(s = solid, l = liquid, g = gas, aq = aqueous solution) is not given, the 


X. /10 ° cm? 
Name Formula mol"! 

Aluminum Al +16.5 
Aluminum trifluoride AIF, -13.9 
Aluminum oxide ALO, -37 
Aluminum sulfate AL(SO), -93 
Ammonia (g) NH, –16.3 
Ammonia (aq) NH, -18.3 
Ammonium acetate NH,C,H,O, -41.1 
Ammonium bromide NH,Br -47 
Ammonium carbonate (NH,),CO, -42.5 
Ammonium chlorate NH,CIO, -421 
Ammonium chloride NH,Cl —36.7 
Ammonium fluoride NH,F -23 
Ammonium iodate NHO, –62.3 
Ammonium iodide NH —66 
Ammonium nitrate NH,NO, -33 
Ammonium sulfate (NH,),SO, —67 
Ammonium thiocyanate NH,SCN —48.1 
Antimony Sb -99 
Stibine (g) SbH, -34.6 
Antimony(III) bromide SbBr, -111.4 
Antimony(III) chloride SbCI, —86.7 
Antimony(III) fluoride SbF, -46 
Antimony(III) iodide SbI, -147.2 
Antimony(III) oxide 5,0, —69.4 
Antimony(III) sulfide 55,5, -86 
Antimony(V) chloride SbCl, -120.5 
Argon (5) Ат -19.32 
Arsenic (gray, As -5.6 
Arsenic (yellow) As -23.2 
Arsine (g) AsH, -35.2 
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most common crystalline form is understood. An entry of Ferro. 
indicates a ferromagnetic substance. 

Substances are arranged in alphabetical order by the most com- 
mon name, except that compounds such as hydrides, oxides, and 
acids are grouped with the parent element (the same ordering used 
in the table "Physical Constants of Inorganic Compounds"). 

In keeping with customary practice, the molar susceptibility 
is given here in units appropriate to the cgs system. These values 
should be multiplied by 4л to obtain values for use in SI equations 
(where the magnetic field strength H has units of A m`"). 
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Хр! 107 cm? 
Мате Formula "امو‎ 

Arsenic(III) bromide AsBr, -106 
Arsenic(III) chloride А8С1, -72.5 
Arsenic(III) iodide Asl, -142.2 
Arsenic(III) oxide Аз,О, -30.34. 
Arsenic(III) sulfide Ав,5, -70 
Barium Ba +20.6 
Barium bromide BaBr, -92 
Barium bromide dihydrate ВаВг,2Н,О -119.3 
Barium carbonate BaCO, —58.9 
Barium chloride BaCl, -72.6 
Barium chloride dihydrate BaCl,-2H,O -100 
Barium fluoride BaF, -51 
Barium hydroxide Ba(OH), —53.2 
Barium iodate Ва(ТО.), —122.5 
Barium iodide Bal, -124.4 
Barium iodide dihydrate Bal,-2H,O –163 
Barium nitrate Ва(МО.), —66.5 
Barium oxide BaO -291 
Barium peroxide BaO, -40.6 
Barium sulfate BaSO, —65.8 
Beryllium Be -9.0 
Beryllium chloride Весі, -26.5 
Beryllium hydroxide Ве(Он), -23.1 
Beryllium oxide BeO -11.9 
Beryllium sulfate BeSO, -37 
Bismuth Bi —280.1 
Bismuth tribromide BiBr, -147 
Bismuth trichloride BiCl, -26.5 
Bismuth fluoride BiF, –61.2 
Bismuth hydroxide Bi(OH), —65.8 


Magnetic Susceptibility of the Elements and Inorganic Compounds 


Name 
Bismuth triiodide 
Bismuth nitrate pentahydrate 
Bismuth oxide 
Bismuth phosphate 
Bismuth sulfate 
Bismuth sulfide 
Boron 
Diborane (g) 
Boric acid (orthoboric acid) 
Boron trichloride 
Boron oxide 
Bromine (1) 
Bromine (g) 
Bromine trifluoride 
Bromine pentafluoride 
Cadmium 
Cadmium bromide 
Cadmium bromide tetrahydrate 
Cadmium carbonate 
Cadmium chloride 
Cadmium chromate 
Cadmium cyanide 
Cadmium fluoride 
Cadmium hydroxide 
Cadmium iodate 
Cadmium iodide 
Cadmium nitrate 
Cadmium nitrate tetrahydrate 
Cadmium oxide 
Cadmium sulfate 
Cadmium sulfide 
Calcium 
Calcium bromide 
Calcium carbonate 
Calcium chloride 
Calcium fluoride 
Calcium hydroxide 
Calcium iodate 
Calcium iodide 
Calcium oxide 
Calcium sulfate 
Calcium sulfate dihydrate 
Carbon (diamond) 
Carbon (graphite) 
Carbon monoxide (g) 
Carbon dioxide (g) 
Cerium (В) 
Cerium(II) sulfide 
Cerium(III) chloride 
Cerium(III) fluoride 
Сегішт(Ш) sulfide 
Cerium(IV) oxide 
Cerium(IV) sulfate tetrahydrate 
Cesium 
Cesium bromate 
Cesium bromide 
Cesium carbonate 
Cesium chlorate 
Cesium chloride 
Cesium fluoride 


Formula 


Bil, 
Bi(NO,),-5H,O 
Bi,O, 

BiPO, 
Bi,(SO,), 

Bi,S, 

B 

ВН, 

HBO, 

BCI, 

B,O, 


Cd 

CdBr, 
савг,АН,О 
CdCO, 
CdCl, 
CdCrO, 
Cd(CN), 
CdF, 
Cd(OH), 
Cd(IO), 
са, 
Cd(NO,), 
Cd(NO,),-4H,O 
CdO 

CdSO, 

CdS 

Ca 

CaBr, 
CaCO, 
CaCl, 

CaF, 
Ca(OH), 
Ca(IO,), 
Cal, 

CaO 

CaSO, 
Са5О,2Н,О 


Сес, 
СеЕ, 
Се,5, 
Сео, 
Се(50),4Ч,О 
Св 
CsBrO, 
CsBr 
Cs,CO, 
CsClo, 
CsCl 
CsF 


Хр! 107 cm? 
"امو‎ 
-200.5 
-159 
—83 


Name 
Cesium iodide 
Cesium superoxide 
Cesium sulfate 
Chlorine (l) 
Chlorine trifluoride (g) 
Chromium 
ChromiumY(II) chloride 
Chromium(II]) chloride 
ChromiumY(III) fluoride 
ChromiumY(III) oxide 
Chromium(IlI) sulfate 
Chromium(VI) oxide 
Cobalt 
Cobalt(II) bromide 
Cobalt(II) chloride 
Cobalt(II) chloride hexahydrate 
Cobalt (II) cyanide 
Cobalt(II) fluoride 
Cobalt(II) iodide 
Cobalt(II) sulfate 
Cobalt(II) sulfide 
Cobalt(ILIII) oxide 
Cobalt(III) fluoride 
Cobalt(III) oxide 
Copper 
Copper(I) bromide 


Copper(I) chloride 

Copper(I) cyanide 

Copper(I) iodide 

Соррег(1) oxide 

Copper(II) bromide 
Соррег(П) chloride 
Соррег(П) chloride dihydrate 
Соррег(П) fluoride 

Соррег(П) fluoride dihydrate 
Copper(II) hydroxide 
Соррег(П) nitrate trihydrate 
Соррег(П) nitrate hexahydrate 
Соррег(П) oxide 

Copper(II) sulfate 

Copper(II) sulfate pentahydrate 


Соррег(П) sulfide 
Dysprosium (а) 
Dysprosium(III) oxide 
Dysprosium(III) sulfide 
Erbium 

Erbium oxide 

Erbium sulfate octahydrate 
Erbium sulfide 
Europium 

Europium(II) bromide 
Europium(II) chloride 
Europium(II) fluoride 
Ешгорішті(П) iodide 
Europium(II) sulfide 
Europium(III) oxide 
Europium(III) sulfate 
Fluorine 

Gadolinium (350 K) 
Gadolinium(III) chloride 


Formula 
CsI 
CsO, 
Cs,SO, 
а, 
СЕ, 
Ст 
CrCl, 
CrCl, 
СТЕ, 
CrO, 
Сг,(50,), 
Сто, 
Со 
CoBr, 
Сос, 
СоС1,6Н,О 
Co(CN), 
CoF, 
Col, 
Со5О, 
Со5 
Со,0, 
СОЕ, 
Co,O, 
Cu 
CuBr 
CuCl 
CuCN 
Cul 
Cu,O 
CuBr, 
CuCl, 
CuCl,2H,O 
CuF, 
СчЕ,2Н,О 
Cu(OH), 


Cu(NOJ),3H,O 
Cu(NO,),-6H,O 


CuO 

CuSO, 
CuSO, 5H,O 
Си5 
Dy 
Dy,O 
Бу,5 
Ег 
Ег,О, 
Ег(5О0),8Н,О 
Ег,5, 

Ец 

EuBr, 

EuCl, 


3 


3 
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Хр! 107 cm? 
mol 
-82.6 

+1534 

-116 

—40.4 
-26.5 
+167 
+7230 
+6350 
+4370 
+1960 
+11800 
+40 
Ferro. 
+13000 
+12660 
+9710 
+3825 
+9490 
+10760 
+10000 
+225 
+7380 
+1900 
+4560 
—5.46 


-20 
+685 
+1080 
+1420 
+1050 
+1600 
+1170 
+1570 
+1625 
+238 
+1330 
+1460 
-2.0 
+98000 
+89600 
+95200 
+48000 
+73920 
+74600 
+77200 
+30900 
+26800 
+26500 
+23750 
+26000 
+23800 
+10100 
+10400 
—9.63 
+185000 
+27930 


4-136 Magnetic Susceptibility of the Elements and Inorganic Compounds 
Хр! 107 cm? Хр! 107 cm? 
Мате Formula "امو‎ Мате Formula "امو‎ 
Gadolinium(III) oxide Gd,O, +53200 Iron(1I) chloride tetrahydrate FeCl,4H,O +12900 
Gadolinium(III) sulfate octahydrate са,(5О,);8Н,О +53280 Iron(II) fluoride FeF, +9500 
Gadolinium(III) sulfide Gd.S, +55500 Iron(II) iodide Fel, 413600 
Gallium Ga –21.6 Iron(II) oxide FeO +7200 
Gallium suboxide Ga,O -34 Iron(II) sulfate FeSO, +12400 
Gallium(II) sulfide Са$ —23 Iron(ID sulfate monohydrate FeSO,-H,O +10500 
Gallium(III) chloride GaCl, –63 Iron(1I) sulfate heptahydrate FeSO,-7H,O +11200 
Gallium(III) sulfide Са,5, -80 Iron(II) sulfide FeS +1074 
Germanium Ge -11.6 Поп(Ш) chloride Еесі, +13450 
Сегтапе (2) Сен, —29.7 Поп(Ш) chloride hexahydrate FeCl,-6H,O +15250 
Germanium(II) oxide GeO –28.8 Iron(III) fluoride FeF, +13760 
Germanium(II) sulfide GeS —40.9 Поп(Ш) fluoride trihydrate ГеЕ,3Н,О +7870 
Germanium(IV) chloride Сес, -72 Поп(Ш) nitrate nonahydrate Fe(NOJ,9H,O +15200 
Germanium(IV) fluoride GeF, -50 Krypton (g) Кг —29.0 
Germanium(IV) iodide Gel, -171 Lanthanum (a) La 495.9 
Germanium(IV) oxide GeO, -34.3 Lanthanum oxide Та,О, -78 
Germanium(IV) sulfide GeS, —53.9 Lanthanum sulfate nonahydrate La, (SO,);9H,O —262 
Gold Au -28 Lanthanum sulfide Las, -37 
Gold(I) bromide AuBr -61 Lead Pb -23 
Gold(I) chloride AuCl —67 Lead(II) acetate Pb(C,H,O,), -891 
Gold(I) iodide Aul -91 Lead(II) bromide PbBr, —90.6 
Gold(III) chloride AuCl, -112 Lead(ID carbonate PbCO, –61.2 
Hafnium Hf +71 Lead(II) chloride РЬСІ, —73.8 
Hafnium oxide HfO, -23 Lead(II) chromate PbCrO, -18 
Helium (g) He –2.02 Lead(II) fluoride PbF, —58.1 
Holmium Ho +72900 Lead(II) iodate یا‎ -131 
Holmium oxide Ho,O, +88100 Lead(II) iodide PbI, —126.5 
Hydrazine (1) N.H, -201 Lead(II) nitrate Pb(NO.), —74 
Hydrogen (1, 20.3 К) H, -5.44 Lead(II) oxide PbO -42 
Hydrogen (2) Н, —3.99 Lead(II) phosphate РЬ (РОД), -182 
Hydrogen chloride (1) на -22.6 Lead(II) sulfate PbSO, —69.7 
Hydrogen chloride (aq) на! -22 Lead(II) sulfide PbS -83.6 
Hydrogen fluoride (1) HF -8.6 Lithium Li +14.2 
Hydrogen fluoride (aq) HF -9.3 Lithium bromide LiBr -34.3 
Hydrogen iodide (s, 195 К) HI -47.3 Lithium carbonate Li,CO, -27 
Hydrogen iodide (l, 233 K) HI -48.3 Lithium chloride LiCl -24.3 
Hydrogen iodide (aq) HI —50.2 Lithium fluoride LiF -101 
Hydrogen peroxide (І) H,O, -17.3 Lithium hydride LiH -4.6 
Hydrogen sulfide (2) H,S -25.5 Lithium hydroxide (aq) LiOH -12.3 
Indium In -10.2 Lithium iodide Lil -50 
Indium(I) chloride ІПСІ -30 Lithium sulfate 11,50, —41.6 
Indium(II) chloride ша, -56 Lutetium Lu 1182.9 
Indium(II) sulfide InS —28 Magnesium Mg +13.1 
Indium(III) bromide InBr, –107 Magnesium bromide MgBr, -72 
Indium(III) chloride ша, -86 Magnesium carbonate MgCO, -32.4 
Indium(IID oxide In,O, -56 Magnesium chloride месі, -47.4 
Indium(II) sulfide In,S, -98 Magnesium fluoride МБЕ, —22.7 
Iodine L -90 Magnesium hydroxide Mg(OH), -22.1 
Iodic acid HIO, -48 Magnesium iodide Mgl, -111 
Iodine pentoxide LO, -79.4 Magnesium oxide MgO -10.2 
Iodine chloride ICI —54.6 Magnesium sulfate MgSO, -42 
Iodine trichloride ICI, -90.2 Magnesium sulfate monohydrate MgSO,H,O -61 
Iodine pentafluoride ЇЕ, —58.1 Magnesium sulfate heptahydrate MgSO,-7H,O -135.7 
Iridium Ir +25 Manganese Mn +511 
Iridium(III) chloride IrCl, -14.4 Manganese(II) bromide MnBr, +13900 
Iridium(IV) oxide НО, +224 Manganese(II) carbonate MnCO, +11400 
Iron Fe Ferro Manganese(II) chloride MnCl, +14350 
Iron(II) bromide FeBr, +13600 Manganese(II) chloride tetrahydrate MnCl,4H,O +14600 
Iron(II) carbonate FeCO, +11300 Manganese(II) fluoride MnF, +10700 
Iron(II) chloride FeCl, +14750 Manganese(II) hydroxide Mn(OH), +13500 
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Name 
Manganese(II) iodide 
Manganese(II) oxide 
Manganese(II) sulfate 
Manganese(II) sulfate monohydrate 
Manganese(II) sulfate tetrahydrate 
Manganese(II) sulfide (a form) 
Manganese(II) sulfide (B form) 
Manganese(ILIII) oxide 
Manganese(III) fluoride 
Manganese(III) oxide 
Manganese(IV) oxide 
Mercury (s, 234 K) 
Mercury (1) 
Mercury(I) bromide 
Mercury(I) chloride 
Mercury(I) fluoride 
Mercury(I) iodide 
Mercury(I) nitrate 
Mercury(I) oxide 
Мегсигу(Т) sulfate 
Mercury(II) bromide 
Мегсигу(П) chloride 
Мегсигу(П) cyanide 
Мегсигу(П) fluoride 
Мегсигу(П) iodide 
Мегсигу(П) nitrate 
Мегсигу(П) oxide 
Мегсигу(П) sulfate 
Мегсигу(П) sulfide 
Мегсигу(П) thiocyanate 


Molybdenum 
Molybdenum(III) bromide 
Molybdenum(IID chloride 
Molybdenumi(III) oxide 
Molybdenum(IV) bromide 
Molybdenum(IV) chloride 
Molybdenum(IV) oxide 
Molybdenum(V) chloride 
Molybdenum(VI) fluoride 
Molybdenum(VI) oxide 
Neodymium (a) 


Neodymium fluoride 
Neodymium oxide 
Neodymium sulfate 
Neodymium sulfide 

Neon (g) 

Neptunium 

Nickel 

Nickel(II) bromide 

Nickel(II) chloride 

Nickel(II) chloride hexahydrate 
Nickel(II) fluoride 

Nickel(II) hydroxide 
Nickel(II) iodide 

Nickel(II) nitrate hexahydrate 
Nickel(II) oxide 

Nickel(II) sulfate 

Nickel(II) sulfide 

Nickel(II) sulfide 

Niobium 


Formula 


Mnl, 

MnO 

MnSO, 
MnSO,H,O 
MnSO,4H,O 
MnS 

Мп5 


Мп,О, 


Hg 
Hg,Br, 
Hg,Cl, 
Hg, 
Нет, 

Hg (МО), 
Hg,O 
Hg,SO, 
HgBr, 
Несі, 
Hg(CN), 


Hg(NO,), 
HgO 
HgSO, 
HgS 
Hg(SCN), 
Mo 
MoBr, 
Мост, 
Мо,О, 
MoBr, 
MoCl, 
MoO, 
Мос, 


NiCl,6H,O 
NIF, 
Ni(OH), 
Nil, 
Ni(NO,),-6H,O 
NiO 


Х./10 cm? 
"امو‎ 
+14400 
+4850 
+13660 
+14200 
+14600 
+5630 
+3850 
+12400 
+10500 
+14100 
+2280 
-24.1 
-33.5 
-105 
-120 
-106 
-166 
-121 
-76.3 
-123 
-94.2 
-82 


-78.1 
—55.4 
-96.5 
+72 
+525 
+43 
-42.0 
+520 
+1750 
+41 
+990 
-26.0 
+3 
+5930 
+4980 
+10200 
+9990 
+5550 
–6.96 
+575 
Ferro. 
+5600 
+6145 
+4240 
+2410 
+4500 
+3875 
+4300 
+660 
+4005 
+190 
+1030 
+208 


Мате 
Niobium(V) oxide 
Nitrogen (g) 
Nitric acid (1) 
Nitrous oxide (g) 
Nitric oxide (s, 90 K) 
Nitric oxide (l, 118 K) 
Nitric oxide (g) 
Nitrogen dioxide (g, 408 K) 
Nitrogen trioxide (g) 


Nitrogen tetroxide (g) 
Osmium 

Oxygen (s, 54 K) 
Oxygen (1, 90 K) 
Oxygen (g) 

Ozone (1) 

Palladium 
Palladium(II) chloride 
Phosphorus (white) 
Phosphorus (red) 
Phosphine (g) 
Phosphoric acid (aq) 
Phosphorous acid (aq) 
Phosphorus(III) chloride (1) 
Platinum 

Platinum(II) chloride 
Platinum(III) chloride 
Platinum(IV) chloride 
Platinum(IV) fluoride 
Plutonium 
Plutonium(IV) fluoride 
Plutonium(IV) oxide 
Plutonium(VI) fluoride 
Potassium 

Potassium bromate 
Potassium bromide 
Potassium carbonate 
Potassium chlorate 
Potassium chloride 
Potassium chromate 
Potassium cyanide 
Potassium ferricyanide 


Potassium ferrocyanide trihydrate 


Potassium fluoride 
Potassium hydrogen sulfate 
Potassium hydroxide (aq) 
Potassium iodate 
Potassium iodide 
Potassium nitrate 
Potassium nitrite 
Potassium permanganate 
Potassium sulfate 
Potassium sulfide 
Potassium superoxide 
Potassium thiocyanate 
Praseodymium (a) 
Praseodymium chloride 
Praseodymium oxide 
Praseodymium sulfide 
Protactinium 

Rhenium 


Formula 
Б,О, 


Bs 
© 


w 


© 


ооо“ 


~ 


oo 


= 


VT 7 OT FW 


O: O O í O O Z. Z Z Z Z بح‎ Z Eh Z Z 


w 


Pd 


K 

KBrO, 
KBr 
K,CO, 
као, 
KCl 
K,CrO, 
KCN 
K,Fe(CN), 


KF 
KHSO, 
KOH 
KIO, 
KI 
KNO, 
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Хр! 107 cm? 
mol 
-10 
-12.0 
-19.9 
-18.9 
+19.8 
+114.2 
+1461 
+150 
-16 
-23.0 
+11 
+10200 
+7699 
+3449 
+6.7 
+540 
-38 
-26.66 
-20.77 
-26.2 
—43.8 
-42.5 
-63.4 
+193 
-54 
-66.7 
-93 
+445 
+525 
+1760 
+730 
+173 
+20.8 
—52.6 
—49.1 
-59 
-42.8 
-38.8 
-3.9 
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Хр! 107 cm? Хр! 107 cm? 

Мате Formula امو‎ Мате Formula "امو‎ 
Rhenium(IV) oxide ReO, +44 Sodium carbonate Ма,СО, -41 
Rhenium(IV) sulfide Ке5, +38 Sodium chlorate NaCIO, -34.7 
Rhenium(V) chloride Кесі, +1225 Sodium chloride NaCl -30.2 
Rhenium(VI) oxide ReO, +16 Sodium dichromate Ма,Сг,О, +55 
Rhenium(VII) oxide Re,O, -16 Sodium fluoride NaF —15.6 
Rhodium Rh +102 Sodium hydrogen phosphate Na,HPO, —56.6 
Rhodium(III) chloride RhCl, -7.5 Sodium hydroxide (ад) NaOH -15.8 
Rhodium(III) oxide Rh,O, +104 Sodium iodate NalO, —53 
Rubidium Rb +17 Sodium iodide Nal -57 
Rubidium bromide RbBr —56.4 Sodium nitrate NaNO, -25.6 
Rubidium carbonate Rb,CO, —75.4 Sodium nitrite NaNO, -14.5 
Rubidium chloride RbCI —46 Sodium oxide Ма,О -19.8 
Rubidium fluoride RbF —31.9 Sodium peroxide Na,O, —28.10 
Rubidium iodide RbI -72.2 Sodium sulfate Ма,50, -52 
Rubidium nitrate RbNO, -41 Sodium sulfate decahydrate Ма,5О,10Н,О -184 
Rubidium sulfate Rb,SO, -88.4 Sodium sulfide Na,S -39 
Rubidium superoxide RbO, +1527 Sodium tetraborate Ма,В,О, -85 
Ruthenium Ru 439 Strontium Sr +92 
Ruthenium(III) chloride RuCl, +1998 Strontium bromide SrBr, —86.6 
Ruthenium(IV) oxide RuO, +162 Strontium bromide hexahydrate SrBr,-6H,O —160 
Samarium (a) $m +1278 Strontium carbonate SrCO, -47 
Samarium(II) bromide SmBr, +5337 Strontium chlorate Sr(ClO,), -73 
Samarium(III) bromide SmBr, +972 Strontium chloride SrCl, –61.5 
Samarium(III) oxide Sm,O, +1988 Strontium chloride hexahydrate 5:С1-6Н,О -145 
Samarium(III) sulfate octahydrate Sm,(SO,),8H,O +1710 Strontium chromate SrCrO, —5.1 
батагиат(Ш) sulfide 5т,5, +3300 Strontium fluoride SrF, -37.2 
Scandium (a) $c 1295.2 Strontium hydroxide Sr(OH), -40 
Selenium Se -25 Strontium iodate Sr(IO,), —108 
Selenium dioxide SeO, -27.2 Strontium iodide 511, -112 
Selenium bromide Se Br, -113 Strontium nitrate Sr(NO,), -57.2 
Selenium chloride (1) Se,Cl, -94.8 Strontium oxide SrO -35 
Selenium hexafluoride (g) SeF, -51 Strontium peroxide SrO, -32.3 
Silicon Si -3.12 Strontium sulfate SrSO, -57.9 
Silane (5) 5н, -20.4 Sulfur (rhombic) 5 —15.5 
Disilane (5) Si,H, -37.3 Sulfur (monoclinic) 5 -14.9 
Tetramethylsilane (1) (CH) Бі —74.80 Sulfuric acid (1) H,SO, -39 
Tetraethylsilane (1) (C,H,),Si –120.2 Sulfur dioxide (2) SO, –18.2 
Tetrabromosilane (1) SiBr, -126 Sulfur trioxide (1) SO, —28.54 
Tetrachlorosilane (1) SiCl, -87.5 Sulfur chloride (1) SSCI, –62.2 
Silicon carbide SiC –12.8 Sulfur dichloride (1) SCI, —49.4 
Silicon dioxide SiO, -29.6 Sulfur hexafluoride (5) SF, -44 
Silver Ag -19.5 Thionyl chloride (I) SOCI, -44.3 
Silver(I) bromide AgBr -61 Tantalum Ta +154 
Silver(I) carbonate Ag, CO, —80.90 Tantalum(V) chloride таст, +140 
Silver(I) chloride AgCl -49 Tantalum(V) oxide Та,О, -32 
Silver(I) chromate Ag,CrO, -40 Technetium Tc +115 
Silver(I) cyanide AgCN -43.2 Tellurium Te -38 
Silver(I) fluoride AgF -36.5 Tellurium dibromide TeBr, –106 
Silver(I) iodide Agl -80 Tellurium dichloride тест, -94 
Silver(I) nitrate AgNO, —45.7 Tellurium hexafluoride (g) TeF, —66 
Silver(I) nitrite AgNO, -42 Terbium (а) Tb +170000 
Silver(I) oxide Ag,O -134 Terbium oxide ТБ,О, +78340 
Silver(I) phosphate Ag,PO, -120 Thallium TI -50 
Silver(I) sulfate Ag, SO, —92.90 Thallium(I) bromate TIBrO, —75.9 
Silver(I) thiocyanate AgSCN —61.8 Thallium(I) bromide TIBr —63.9 
Silver(II) oxide AgO -19.6 Thallium(I) carbonate ТІ,СО, -101.6 
Sodium Na +16 Thallium(I) chlorate TICIO, -65.5 
Sodium acetate МаС,Н,О, -37.6 Thallium(I) chloride TICI —57.8 
Sodium bromate NaBrO, -44.2 Thallium(I) chromate ТІ,СІО, -39.3 
Sodium bromide NaBr -41 Thallium(I) cyanide TICN -49 
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Name 
Thallium(I) fluoride 
Thallium(I) iodate 
Thallium(I) iodide 
Thallium(I) nitrate 
Thallium(I) nitrite 
Thallium(I) sulfate 
Thallium(I) sulfide 
Thorium 
Thorium(IV) oxide 
Thulium 
Thulium oxide 
Tin (gray) 
Tin(II) chloride 
Tin(II) chloride dihydrate 
Tin(II) oxide 
Tin(IV) bromide 
Tin(IV) chloride (1) 
Tin(IV) oxide 
Titanium 
Titanium(II) bromide 
Titanium(II) chloride 
Titanium(II) iodide 
Titanium(II) sulfide 
Titanium(III) bromide 
Titanium(III) chloride 
Titanium(III) fluoride 
Titanium(III) oxide 
Titanium(IV) chloride 
Titanium(IV) oxide 
Tungsten 
Tungsten carbide 
Tungsten(II) chloride 
Tungsten(IV) oxide 
Tungsten(IV) sulfide 
Tungsten(V) bromide 
Tungsten(V) chloride 
Tungsten(VI) chloride 
Tungsten(VI) fluoride (g) 
Tungsten(VI) oxide 
Uranium 
Uranium(III) bromide 
Uranium(II]) chloride 
Uranium(III) hydride 
Uranium(III) iodide 


Formula 
TIF 
THO, 
TII 
TINO, 
TINO, 
TLSO, 
TLS 
Th 
ThO, 
Tm 
Tm,O, 
$n 
SnCl, 
SnCl,2H,O 
$nO 
SnBr, 
SnCl, 


Хр! 107 cm? 
mol 
—44.4 
—86.8 
-82.2 
-56.5 
-50.8 

-112.6 
-88.8 
+97 
-16 

+24700 

+51444 
—37.4 
-69 
-91.4 
-19 

-149 

-115 
-41 

+151 
+720 
+484 
+1790 
+432 
+660 
+1110 
+1300 
+132 
-54 
+5.9 
+53 
+10 
-25 
+57 
+5850 
+270 
+387 
-71 
—53 
-15.8 
+409 
+4740 
+3460 

16244 

+4460 


Мате 
Uranium(IV) bromide 
Uranium(IV) chloride 
Uranium(IV) fluoride 
Uranium(IV) oxide 
Uranium(VI) fluoride 
Uranium(VI) oxide 
Vanadium 
Vanadium(II) bromide 
Vanadium(II) chloride 
Vanadium(III) bromide 
VanadiumY(III) chloride 
Vanadium(III) fluoride 
Vanadium(III) oxide 
Vanadium(III) sulfide 
Vanadium(IV) chloride 
Vanadium(IV) oxide 
Vanadium(V) oxide 
Water (s, 273 K) 
Water (l, 293 K) 
Water (1, 373 К) 
Water (g, 373 K)) 
Xenon (g) 
Ytterbium (B) 
Yttrium (а) 
Yttrium oxide 
Yttrium sulfide 
Zinc 
Zinc carbonate 
Zinc chloride 
Zinc cyanide 
Zinc fluoride 
Zinc hydroxide 
Zinc iodide 
Zinc oxide 
Zinc phosphate 
Zinc sulfate 
Zinc sulfate monohydrate 
Zinc sulfate heptahydrate 
Zinc sulfide 
Zirconium 
Zirconium carbide 


Zirconium nitrate pentahydrate 


Zirconium(IV) oxide 
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Хр! 107 cm? 
Formula mol 
UBr, +3530 
UCI, +3680 
UE, +3530 
UO, +2360 
ОР, +43 
UO, +128 
У +285 
VBr, +3230 
ха, +2410 
УВг, +2910 
VCI +3030 
УЕ, +2757 
у,0, +1976 
(23 +1560 
үсі, %1215 
УО, +99 
У,0, +128 
H,O -12.63 
H,O -12.96 
H,O -13.09 
H,O -13.1 
Xe —45.5 
Yb +67 
Ү +187.7 
Y,0, +444 
Үд, +100 
Zn -9.15 
ZnCO, -34 
ZnCl, -55.33 
Zn(CN), -46 
ZnF, -34.3 
Zn(OH), -67 
Znl, -108 
ZnO -27.2 
Zn (PO), -141 
ZnSO, -47.8 
ZnSO,H,O —63 
7л50,7Н,О -138 
715 -25 
Zr 1120 
ZrC –26 
Zr(NO,),5H,O -77 
710, -13.8 


INDEX OF REFRACTION OF INORGANIC LIQUIDS 


This table gives the index of refraction и of several inorganic 
substances in the liquid state at specified temperatures. The mea- 
surements refer to ambient atmospheric pressure except for sub- 
stances whose normal boiling points are greater than the indicated 
temperature; in this case the pressure is the saturated vapor pres- 
sure of the substance. АП values refer to a wavelength of 589 nm 
unless otherwise indicated. Entries are arranged in alphabetical 
order by chemical formula as normally written. 

Data on the index of refraction at other temperatures and wave- 
lengths may be found in Reference 1. 


Formula Name tC n 
Ar Argon —188 1.2312 
AsCl, Arsenic(III) chloride 16 1.604 
BBr, Boron tribromide 16 1.312 
BrF, Bromine trifluoride 25 1.4536 
BrF, Bromine pentafluoride 25 1.3529 
Br, Bromine 15 1.659 
COS Carbon oxysulfide 25 1.3506 
CO, Carbon dioxide 24 1.6630 
CS, Carbon disulfide 20 1.62774 
CO, Carbon suboxide 0 1.453 
а, Chlorine 20 1.3834 
CrO CI, Chromyl chloride 23 1.524 
Fe(CO), Iron pentacarbonyl 14 1.523 
GeBr, Germanium(IV) bromide 26 1.6269 
сесі, Germanium(IV) chloride 25 1.4614 
HBr Hydrogen bromide 10 1.325 
HCN Hydrogen cyanide 20 1.26136 
на! Hydrogen chloride 18 1.3287* 
HCIO, Perchloric acid 50 1.3819 
HF Hydrogen fluoride 25 1.1574 
HI Hydrogen iodide 16 1.466 
HNO, Nitric acid 25 1.393 
H, Hydrogen —253 1.1096 
H,O Water 20 1.33336 
H,O, Hydrogen peroxide 28 1.4061 
H,S Hydrogen sulfide -80 1.460 

20 1.3682 
Н,5О, Sulfuric acid 20 1.4183 
H,S, Hydrogen disulfide 20 1.630 
8 At 581 nm 
^ At 578 nm 
с At 546 nm 
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Formula Name °С п 
Не Helium —269 1.02451* 
Kr Krypton -157 1.3032* 
NH, Ammonia -77 1.39445 

20 1.3327 
МО Nitric oxide -90 1.330 
М, Nitrogen -196 1.19876? 
N,H, Hydrazine 22 1.470 
МО Nitrous oxide 25 1.238 
O, Oxygen -183 1.2243 ° 
PBr, Phosphorus(III) bromide 25 1.687 
PCI, Phosphorus(III) chloride 21 1.5122 
PH, Phosphine 17 1.317 
P,O, Phosphorus(III) oxide 27 1.540 
5 Sulfur 125 1.9170 
SCI, Sulfur dichloride 14 1.557 
SF, Sulfur hexafluoride 25 1.167 
SOCI, Thionyl chloride 10 1.527 
SO, Sulfur dioxide 25 1.3396 
SO,Cl, Sulfuryl chloride 12 1.444 
SO, Sulfur trioxide 20 1.40965 
SSCI, Sulfur chloride 20 1.671 
SbCl, Antimony(V) chloride 22 1.5925 
SiBr, Tetrabromosilane 31 1.5685 
SiCl, Tetrachlorosilane 25 1.441156 
SnBr, Tin(IV) bromide 31 1.6628 
SnCl, Tin(IV) chloride 25 1.5086 
TiCl, Titanium(IV) chloride 18 1.6076 
Xe Xenon -112 1.3918* 


PHYSICAL AND OPTICAL PROPERTIES OF MINERALS 


The chemical formula, crystal system, density, hardness, and 
index of refraction of some common minerals are given in this 
table. Entries are arranged alphabetically by mineral name. The 
columns are: 


Formula: Chemical formula for a typical sample of the 
mineral. Composition often varies considerably with the 
origin of the sample. 

Crystal system: tricl = triclinic; топос] = monoclinic; 
orth = orthorhombic; tetr = tetragonal; hex = hexagonal; 
rhomb = rhombohedral; cub = cubic. 

Density: Typical density in g/cm’. Individual samples may 
vary by a few percent. 

Hardness: On the Mohs’ scale (range of 1 to 10, with talc 
= 1 and diamond = 10). 

Index of refraction: Values are given for the three coor- 
dinate axes in the order of least, intermediate, and greatest 


Name Formula 

Acanthite Ав,5 

Actinolite Са (Mg,Fe),Si,O,, (OH,F), 

Aegirine NaFe(SiO,), 

Akermanite Ca, MgSi,O, 

Alabandite MnS 

Albite NaAISi,O, 

Allanite (Ca,Mn,Ce,La, Y, Th) (Fe,Ti)(Al,Fe)O-OH 
(Si,OJ(SiO,) 

Allemontite SbAs 

Almandine Fe,ALSi,O,, 

Altaite PbTe 

Aluminite AL(SOJ(OH),7H,O 

Alunite (K,Na)JAL(SO (ОН), 

Alunogen AL(SO),18H,O 

Amblygonite (Li,Na)AI(PO )(EOH) 

Analcite NaAlSi,O,-H,0 

Anatase TiO, 

Andalusite ALOSiO, 

Andesine МаА155О,СаА15,0, 

Andorite PbAgSb,S. 

Andradite Ca, (Fe,Ti),SLO , 

Anglesite PbSO, 

Anhydrite CaSO, 

Ankerite Ca(Fe,Mg,Mn)(CO,), 

Anorthite CaALSi,O, 

Anorthoclase (Na,K)AISi,O, 

Anthophyllite (Mg,Fe),Si,O, (OH,F), 

Apatite Ca, (PO ),(OH,ECI) 

Apophyllite КЕСа,51,О,:8Н,О 

Aragonite CaCO, 

Arcanite KO, 

Argentite Ав,5 

Arsenolite Аз,О, 

Arsenopyrite FeAsS 

Atacamite Са,ОН);СІ 

Augelite AL (PO (OH), 

Augite (Ca,Mg,Fe,Ti,Al) X Si, Al) KON 

Autunite Ca(UO,,)(PO,),-10H20 

Axinite (Ca,Mn,Fe),ALBO,Si,O, (ОН) 


index. For cubic crystals there is only a single value. See 
Reference 1 for details on the axis systems. Variations of 
several percent, depending on the origin and exact compo- 
sition of the sample, are common. 
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Crystal Index of refraction 
system Density g/cm? Hardness n, n, n, 
orth 7.2 2.3 

monocl 3.23 5.5 1.624 1.655 1.664 
топос] 3.58 6 1.763 1.800 1.815 
tetr 2.94 5.5 1.632 1.640 

cub 4.0 3.8 

tricl 2.63 6.3 1.527 1.531 1.538 
monocl 3.8 5.8 1.75 1.78 1.80 
hex 6.0 3.5 

cub 4.32 6.8 1.830 

cub 8.16 3 

monocl 1.74 1.5 1.459 1.464 1.470 
rhomb 2.8 3.8 1.572 1.592 

monocl 1.69 1.8 1.467 1.47 1.478 
tricl 31 5.8 1.591 1.604 1.613 
cub 2.27 5.5 1.486 

tetr 4.23 5.8 2.488 2.561 

orth 3.15 7.5 1.635 1.639 1.644 
tricl 2.67 6.3 1.550 1.553 1.557 
rhomb 5.35 3.3 

cub 3.86 6.8 1.887 

orth 6.29 2.8 1.877 1.883 1.894 
orth 2.96 3.5 1.570 1.575 1.614 
rhomb 3.0 3.8 1.529 1.720 

tricl 2.76 6.3 1.577 1.585 1.590 
tricl 2.58 6 1.523 1.528 1.529 
rhomb 3.21 5.8 1.645 1.658 1.668 
hex 3.2 5 1.645 1.648 

tetr 2.35 4.8 1.535 1.536 

orth 2.83 3.5 1.531 1.680 1.686 
orth 2.66 1.494 1.494 1.497 
orth 7.2 2.3 

cub 3.86 1.5 1.755 

monocl 6.1 5.8 

rhomb 3.76 3.3 1.831 1.861 1.880 
monocl 2.70 4.8 1.574 1.576 1.588 
monocl 3.38 6 1.703 1.707 1.738 
tetr 3.2 2.3 1.553 1.577 

tricl 3.31 6.8 1.684 1.691 1.694 
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Crystal Index of refraction 
Name Formula system Density g/cm? Hardness п, n, n, 
Azurite Cu,(OH),(CO,), monocl 3.77 3.8 1.730 1.758 1.838 
Baddeleyite ZrO, monocl 5.7 6.5 2.13 2.19 2.20 
Barite BaSO, orth 4.49 3.3 1.636 1.637 1.648 
Benitoite BaTi(SiO,), rhomb 3.65 6.3 1.757 1.804 
Bertrandite Be,Si,O,(OH), rhomb 2.6 6 1.589 1.602 1.613 
Beryl Be,AL(SiO,), hex 2.64 78 1582 1.589 
Beryllonite NaBe(PO), monocl 2.81 5.8 1.552 1.558 1.561 
Biotite K(Mg,Fe),AISi,O, (ОНЕ), monocl 3.0 2.8 1595 1651 1651 
Bismuthinite Ві,5, orth 6.78 2 
Bixbyite (Mn,Fe),O, cub 4.95 6.3 
Bloedite Na,Mg(SO,),-4H,O monocl 2.25 2.8 1.483 1.486 1.487 
Boehmite МО(ОН) orth 3.44 3.8 1.64 1.65 1.66 
Boracite Mg,B.O,,Cl rhomb 2.94 73 1.66 1.66 1.67 
Вогах Ма,В,О,10Н,О monocl 1.73 2.3 1.447 1.469 1472 
Bornite Cu,FeS, cub 5.07 3 
Boulangerite Pb,Sb,S,, monocl 6.1 2.8 
Bournonite PbCuSbs, rhomb 5.83 2.8 
Braggite Pts tetr 10.2 
Braunite (Mn,Si),O, tetr 4.78 6.3 
Bravoite (Ni,Fe)S, cub 4.62 5.8 
Breithauptite NiSb hex «8.7 5.5 
Вгосһап е Cu,(SO,)(OH), monocl 3.79 3.8 1.728 1.771 1.800 
Bromyrite AgBr cub 6.47 2.5 2.253 
Brookite TiO, orth 4.23 5.8 2.583 2.584 2.700 
Brucite Mg(OH), hex 2.37 2.5 1.575 1.59 
Bunsenite NiO cub 6.72 5.5 
Cacoxenite Ғе(РО,),(ОН),12Н,0 һех 2.3 3.5 1.580 1.646 
Calcite CaCO, hex 2.71 3 1.486 1.658 
Caledonite Cu,Pb,(SO,),(CO,)(OH), rhomb 5.76 2.8 1.818 1.866 1.909 
Calomel Hg,Cl, tetr 7.16 15 1.973 2.656 
Cancrinite (Na,Ca,K),[AI,Si,O.,,](CO,,SO,,CLOH),-H,0 hex 2.42 5.5 1.495 1.509 
Carnalite КМеС1,6Н,0 rhomb 1.60 25 1.466 1.475 1.494 
Carnotite K,(UO,),(VO,),-3H,O rhomb 15 1.75 1.92 1.95 
Cassiterite SnO, tetr 6.85 6.5 2.006 2.097 
Celestite SrSO, orth 3.96 3.3 1.622 1.624 1.631 
Celsian ВаА1,51,О, monocl 3.25 6.3 1.583 1.588 1.594 
Cerargyrite AgCl cub 5.56 2.5 2.071 
Cerussite PbCO, orth 6.6 3.3 1.804 2.076 2.079 
Cervantite Sb,O, orth 6.64 4.5 
Chabazite Ca[AL,Si,O,,]-6H,O trig 2.08 4.5 1.482 
Chalcanthite CuSO,5H,O tricl 2.29 2.5 1.514 1.537 1.543 
Chalcocite Си,5 orth 5.6 2.8 
Chalcopyrite CuFeS, tetr 4.2 3.8 
Chiolite Na,ALF,, tetr 3.00 3.8 1342 1349 
Chlorite (Mg, АЪЕе) (Si,Al) О (ОН) в monocl 3.0 2.5 1.61 1.62 1.62 
Chloritoid Ее АТО, (SiO), (OH), monocl 3.66 6.5 1.717 1.721 1.726 
Chondrodite Mg(OH,F),2Mg,SiO, monocl 3.21 6.5 1.604 1.615 1.634 
Chromite FeCr,O, cub 5.0 5.5 2.16 
Chrysoberyl BeALO, orth 3.65 8.5 1.746 1.748 1.756 
Chrysocolla CuSiO,-2H,O rhomb 2.4 2 1.575 1.597 1.598 
Cinnabar Hgs hex 8.17 2.3 2.814 3.143 
Claudetite As,O, monocl 3.74 2.5 1.87 1.92 2.01 
Clinohumite Mg(OH,F),4Mg,SiO, monocl 3.21 6 1.633 1.647 1.668 
Clinozoisite Ca, ALSi,O, (ОН) monocl 3.30 6.5 1.693 1.700 1.712 
Cobaltite CoAsS cub &6.1 5.5 
Colemanite Са,В,О,,5Н,О топос] 2.42 4.5 1.586 1.592 1.614 
Columbite (Fe,Mn)(Nb,Ta),O, rhomb 5.20 6 
Connellite Cu,,(SO,)CI,(OH),,-3H,O hex 3.36 3 1.731 1.752 
Copiapite (Fe,Mg)Fe,(SO,),(OH),-20H,O tricl 2.13 2.8 1.52 1.54 1.59 


Coquimbite Fe,(SO,),-9H,O hex 2.1 2.5 1.54 1.56 
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Name 
Cordierite 
Corundum 
Cotunnite 
Covellite 
Cristobalite 
Crocoite 
Cryolite 
Cryolithionite 
Cubanite 
Cummingtonite 
Cuprite 
Danburite 
Datolite 
Daubreelite 
Derbylite 
Diamond 
Diaspore 
Digenite 
Diopside 
Dioptase 
Dolomite 
Douglasite 
Dyscrasite 
Eddingtonite 
Eglestonite 
Emplectite 
Enargite 
Enstatite 
Epidote 
Epsomite 
Erythrite 
Eucairite 
Euclasite 
Eudialite 
Eulytite 
Euxenite 
Fayalite 
Ferberite 
Fergussonite 
Fluorite 
Forsterite 
Franklinite 
Gahnite 
Galaxite 
Galena 
Galenabismuthite 
Ganomalite 
Gaylussite 
Gehlenite 
Geikielite 
Gibbsite 
Glauberite 
Glauconite 
Glaucophane 
Gmelinite 
Goethite 
Goslarite 
Greenockite 
Grossularite 
Gummite 


Formula 
AL(Mg,Fe),Si. AIO,, 
ALO, 
PbCI, 
CuS 
SiO, 
PbCrO, 
Na, AIF, 
Na,Li,ALF,, 
CuFe,S, 
(Mg,Fe),Si,O, (OH), 
Си,О 
CaSi,B,O, 
CaBSiO (ОН) 
Cr,FeS, 
Fe Ti Sb,O,, 
C 
AIO(OH) 
Cu, 5 
CaMgsSi,O, 
СиЅіО (OH), 
CaMg(CO,), 
K,FeCl,-2H,O 
Ag,Sb 
BaALSi,O,,-4H,O 
Hg,OCI, 
CuBiS, 
Cu,AsS, 
MgsiO, 
Ca, AL(ALFe)OH(SiO,), 
MgSO,7H,O 
(Co, Ni), (AsO ),,.8H,O 
CuAgSe 
BeAISiO (ОН) 
(Na,Ca,Ce),(Fe,Mn)(Zr,Ti)(Si,O,), (ОН,СІ) 
Bi SiO., 
(¥,Ca,Ce,U,Th)(Nb,Ta,Ti),O, 
Fe,SiO, 
FeWO, 
(Y,Er,Ce,Fe)(Nb,Ta,Ti)O, 
CaF, 
Mg,SiO, 
ZnFe,O, 
ZnALO, 
MnALO, 
PbS 
PbBi,S, 
(Са,РЬ) (OH,CI), (Si, O.), 
Na,Ca(CO,),-5H,O 
Ca, AL SiO, 
MgTiO, 
АКОН), 
Na,Ca(SO,), 
(K,Na,Ca), (Fe, ALMg), Si. Al, „О (ОН) 
Ма,Ме,А1,55,О, (ОН), 
(Ca,Na,)[ALSi,O,,]-6H,O 
FeO(OH) 
ZnSO,:7H,O 
CdS 
Ca, Al SiO., 
UO,H,O 


4 


Crystal 
system 
rhomb 
hex 
orth 
hex 
hex 
monocl 
monocl 
cub 
rhomb 
monocl 
cub 
rhomb 
monocl 
cub 
rhomb 
cub 
orth 
cub 
monocl 
rhomb 
rhomb 
orth 
rhomb 
rhomb 
cub 
rhomb 
rhomb 
monocl 
monocl 
orth 
monocl 
orth 
monocl 
hex 
cub 
rhomb 
orth 
monocl 
tetr 
cub 
orth 
cub 
cub 
cub 
cub 
rhomb 
hex 
monocl 
tetr 
hex 
monocl 
monocl 
monocl 
monocl 
hex 
orth 
orth 
hex 
cub 
orth 


Density g/cm? 
2.66 
3.97 
5.98 
4.8 
2.33 
6.12 
2.97 
2.77 
4.11 
3.4 
6.0 
3.0 
2.98 
3.81 
4.53 
3.51 
3.4 
5.55 
3.30 
3.5 
2.86 
2.16 
9.74 
2.8 
8.4 
6.38 
4.5 
3.19 
3.44 
1.67 
3.06 
7.7 
3.1 
3.0 
6.6 
5.5 
4.30 
7.51 
5.7 
3.18 
3.21 
5.21 
4.62 
4.04 
7.60 
7.04 
5.6 
1.99 
3.04 
3.85 
2.42 
2.80 
2.7 
3.19 
2.10 
4.3 
1.97 
4.8 
3.59 
7.05 


Hardness 

7 

9 

2.5 
1.8 
6.5 
2.8 
2.5 
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Index of refraction 


n, 
1.540 
1.761 


2.199 


1.484 
2.29 

1.338 
1.340 


1.650 


1.63 
1.624 


2.45 
2.418 
1.694 


1.680 
1.65 

1.500 
1.488 


1.541 
2.49 


1.656 
1.733 
1.433 
1.626 


1.651 
1.623 
2.05 
2.2 
1.827 


2.1 
1.434 
1.635 
2.36 
1.805 
1.92 
3.91 


1.910 
1.444 
1.658 
1.95 

1.57 

1.515 
1.60 

1.634 
1.477 
2.268 
1.457 
2.506 
1.734 


Ms 
1.549 
1.769 


2.217 


1.487 
2.36 
1.338 


1.660 


1.63 
1.652 


2.45 


1.715 


1.687 
1.70 

1.679 
1.500 


1.553 


1.662 
1.755 
1.455 
1.661 


1.655 
1.600 


1.869 


1.651 


1.945 
1.516 
1.669 
2.31 

1.57 

1.535 
1.63 

1.645 
1.485 
2.401 
1.480 
2.529 


n 
у 
1.553 


2.260 
2.66 
1.339 


1.676 


1.63 
1.668 


2.51 
1.741 


1.708 


1.557 


1.669 
1.765 
1.461 
1.699 


1.671 


1.615 


1.879 


1.670 


1.523 


1.59 
1.536 
1.63 
1.648 


2.457 
1.484 
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Name 
Gypsum 
Halite 
Hambergite 
Hanksite 
Harmotome 
Hausmannite 
Haüyne 
Hedenbergite 
Helvite 
Hematite 
Hemimorphite 
Hercynite 
Herderite 
Hessite 
Heulandite 
Hopeite 
Hornblende 
Huebnerite 
Humite 
Huntite 
Hydrogrossularite 
Hydromagnesite 
6 
Ilmenite 
Iodyrite 
Jacobsite 
Jadeite 
Jamesonite 
Jarosite 
Kainite 
Kaliophylite 
Kaolinite 
Kernite 
Kieserite 
Kyanite 
Lanarkite 
Lanthanite 
Laumontite 
Laurionite 
Lawsonite 
Lazulite 
Lazurite 
Leadhillite 
Lepidocrocite 
Lepidolite 
Leucite 
Levyne 
Litharge 
Loellingite 
Maghemite 
Magnesite 
Magnetite 
Malachite 
Manganite 
Manganosite 
Marcasite 
Marialite 
Marshite 
Mascagnite 
Matlockite 


Formula 
Са5О,2Н,О 
NaCl 
Be,(OH)(BO,) 
Na,,K(SO,),(CO,),Cl 
Ва[А1,51 ١, 66,0 
Мп,О, 
(Na,Ca), „АІ 
CaFeSi,O, 
Мп,Ве,5і,О,,5 
Fe,O, 
Zn,Si,O,(OH),-H,O 
Fe(AlO,), 
СаВе(РО,)(Ғе,ОН) 
Ag,Te 
(Ca,Na,K,)[ALSi O,.]-6H,O 
Zn (PO), 4H,O 
Ca, (Mg,Fe),AI(Si, AIO, (ОН), 
MnWO, 
Mg(OH,F),-3Mg,SiO, 
Mg,Ca(CO,), 
Ca,ALSi,O,(SiO,), (ОН), 
3MgCO  Mg(OH),.3H,O 
KAI,[Si, AIO, (ОН), 
FeTiO, 
Agl 
MnFe,O, 
NaAISi,O, 
РЬ Ее5Ь,5,, 
KFe,(SO,),(OH), 
KMg(SO,)CI-3H,O 
KAISIO, 
Al,Si,O (OH), 


4 10 
Na,B,O,4H,O 
MgSO,H,O 
ALOSiO, 

Pb,(SO,)O 
(La,Ce),(CO,),-8H,O 
Ca,[Al,Si,,O,,]-16H,O 
Pb(OH)CI 
CaAl,(OH),Si,O,-H,O 
(Mg,Fe)A1,(PO,),(OH), 
Na,SSi,ALO,, 

Pb,(SO (CO), (OH), 
FeO(OH) 
K,(Li,Al), [Si „АІ, O, ](OH,F), 
KAISi,O, 
(Са,Ма,)А1,51,0,,6Н,О 
РЬО 

FeAs, 

Fe,O, 

MgCO, 

Fe,O, 

Cu,(OH),(CO,) 
MnO(OH) 

MnO 


Si,O, (SO, S), , 


6 6 24 


Na,AL,Si,O,,Cl 
Cul 
(NH,),SO, 


PbCIF 


Crystal 
system 
monocl 
cub 
rhomb 
hex 
monocl 
tetr 
cub 
monocl 
cub 
hex 
rhomb 
cub 
monocl 
orth 
monocl 
orth 
monocl 
monocl 
orth 
trig 
cub 
monocl 
monocl 
rhomb 
hex 
cub 
monocl 
monocl 
rhomb 
monocl 
hex 
tricl 
monocl 
monocl 
tricl 
monocl 
rhomb 
monocl 
rhomb 
rhomb 
monocl 
cub 
monocl 
orth 
monocl 
tetr 
rhomb 
tetr 
rhomb 
cub 
hex 
cub 
monocl 
monocl 
cub 
cub 
tetr 
cub 
orth 
tetr 
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Density g/cm? 
2.32 
2.17 
2.36 
2.56 
2.44 
4.84 
2.47 
3.53 
3.32 
5.25 
3.45 
4.3 
2.98 
8.4 
2.2 
3.0 
3.24 
72 
3.3 
2.70 
3.4 
2.24 
2.8 
4.72 
5.68 
4.87 
3.34 
5.63 
3.09 
2.15 
2.61 
2.65 
1.95 
2.57 
3.59 
6.92 
2.72 
2.3 
6.24 
3.08 
3.23 
2.42 
6.55 
4.26 
2.85 
2.49 
2.10 
9.35 
7.40 
4.88 
3.05 
5.17 
4.05 

«4.3 
5.37 
5.02 
2.56 
5.67 
177 
7.05 


Hardness 


Index of refraction 


n, 
1.520 
1.544 
1.56 
1.461 
1.506 
2.15 
1.502 
1.721 
1.739 
2.91 
1.614 
1.835 
1.592 


1.498 
1.58 
1.67 
2.17 
1.625 


1.70 
1.523 
1.56 


2.21 
2.3 
1.649 


1.715 
1.494 
1.532 
1.549 
1.454 
1.520 
1.715 
1.928 
1.52 

1.508 
2.08 

1.655 
1.615 
1.500 
1.87 

1.94 

1.536 
1.510 
1.496 
2.535 


2.63 
1.536 
2.42 
1.655 
2.25 


1.541 
2.346 
1.520 
2.006 


п, 


1.525 


1.59 
1.481 
1.507 
2.46 


1.727 


3.19 
1.617 


1.612 


1.498 
1.59 
1.67 
2.22 
1.636 


1.527 
1.59 


2.22 


1.654 


1.820 
1.505 
1.537 
1.564 
1.472 
1.533 
1.722 
2.007 
1.587 
1.517 
2.12 

1.675 
1.64 


2.00 


2.20 


1.565 


1.501 


2.665 


1.741 


1.875 


2.25 


1.548 


1.523 
2.145 


п 
у 
1.530 


1.63 


151 
1.746 


1.636 
1.621 


1.506 
1.59 
1.69 
2.32 
1.657 


1.545 
1.59 


1.663 


1.516 


1.565 
1.488 
1.584 
1.731 
2.036 
1.613 
1.519 
2.16 

1.685 
1.650 


2.01 


2.51 
1.566 


1.909 
2.53 


1.533 
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Name 
Meionite 
Melanterite 
Melilite 
Mellite 
Mendipite 
Mesolite 
Metacinnabar 
Microcline 
Miersite 
Millerite 
Mimetite 
Minium 
Mirabilite 
Moissanite 
Molybdenite 
Monazite 
Monetite 
Monticellite 
Montmorillonite 
Montroydite 
Mordenite 
Muscovite 
Nantokite 
Natrolite 
Nepheline 
Newberyite 
Niccolite 
Norbergite 
Nosean 
Oldhamite 
Oligoclase 
Olivenite 
Olivine 
Opal 
Orpiment 
Orthoclase 
Orthopyroxene 
Paragonite 
Parisite 
Pectolite 
Penfieldite 
Pentlandite 
Percylite 
Periclase 
Perovskite 
Petalite 


Pharmacosiderite 


Phenakite 
Phillipsite 
Phlogopite 
Phosgenite 
Piemontite 
Pigeonite 
Pollucite 
Polybasite 
Powellite 
Prehnite 
Proustite 
Pseudobrookite 
Psilomelane 


Formula 
Са,АТ5,О, СО, 
FeSO,7H,O 
(Ca,Na),(Mg,Fe,Al,Si),O, 
А,С,,0,,18Н,0 
РЬ,О,С1, 
Ма,Са,(А1,5,О,),8Н,О 
HgS 
KAISi,O, 
Agl 
NiS 
Pb.(AsO, РО) СТ 
РБ,О, 
Na,SO,-10H,O 
SiC 
Mos, 
(Ce,La,Th)PO, 
CaHPO, 
Ca(Mg,Fe)SiO, 


(0.5Ca,Na), (AL Mg, Fe), [(Si, AI), O, (ОН),яН,О 


HgO 
(Na,K,Ca)[AL,Si,,O,,]-7H,O 
KAL Si, AlO, (ОН), 

CuCl 

Ма, А1,51,0,:2Н,0 
Na,KALSi,O,, 
MgHPO,3H,O 

NiAs 

Mg(OH,F),.Mg,SiO, 
Na, Al Si O, SO, 
Са5 

([NaSi],, , .[CaAI] 
Си (А5О„ (ОН) 
(Mg,Fe)SiO, 
SiO,nH,O 

AS, S, 

КАО, 
(Mg,Fe)SiO, 
NaAl,Si,AlO, (OH), 
(Ce,La,Na)FCO,-CaCO, 
Ca,NaH(SiO,), 

РЬ,СІ (OH), 

(Fe,Ni),S, 

PbCuCL (OH), 

MgO 

Сато, 

LiAlSi,O,, 

Fe,(AsO,),(OH),:5H,O 

Be, SiO, 
K(Ca,,Na),[ALSi,O,,6H,O 
KMg,AISi,O, (OH,F), 

РЬ(СОУСІ, 
Ca,(Mn,Fe,Al),O(Si,O,)(SiO,)(OH) 
(Mg,Fe,Ca)(Mg,Fe)Si,O, 

CsAISi,O, 
(Ag,Cu), „55,5 
Ca(Mo,W)O, 
Ca, Al, SiO (ОН), 
Ав,А85, 

Fe,TiO, 

BaMn,O, (ОН), 


9 716 


0103 А150, 


11 


Crystal 
system 
tetr 
monocl 
tetr 
tetr 
rhomb 
orth 
cub 
monocl 
hex 
hex 
hex 
tetr 
monocl 
hex 
hex 
monocl 
tricl 
orth 
monocl 
orth 
orth 
monocl 
cub 
orth 
hex 
orth 
hex 
orth 
cub 
cub 
tricl 
rhomb 
rhomb 
amorp 
monocl 
monocl 
rhomb 
monocl 
hex 
tricl 
hex 
cub 
cub 
cub 
cub 
monocl 
cub 
rhomb 
monocl 
monocl 
tetr 
monocl 
monocl 
tetr 
monocl 
tetr 
rhomb 
rhomb 
rhomb 
rhomb 


Density g/cm° 
2.78 
1.89 
3.00 
1.64 
7.24 
2.26 
7.70 
2.56 
5.68 
5.5 
7.24 
8.9 
1.46 
3.16 
5.06 
5.2 
2.92 
3.18 
2.5 

1114 
213 
2.83 
4.14 
2.23 
2.61 
2.13 
7.77 
3.21 
2.35 
2.59 
2.64 
4.2 
3.81 
19 
3.46 
2.56 
3.6 
2.85 
4.42 
2.88 
6.6 
4.8 


3.6 

3.98 
2.42 
2.80 
2.98 
2.2 

2.83 
6.13 
3.49 
3.38 
2.9 

6.1 

4.35 
2.93 
5.57 
4.36 
4.71 


Hardness 
5.5 
2 
5.5 
2.3 
2.5 
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Index of refraction 


n, 
1.559 
1.47 
1.639 
1.511 
2.24 


1.506 


1.522 
2.20 


2.128 


1.394 
2.648 


1.787 
1.587 
1.647 
1.55 

2.37 

1.478 
1.563 
1.930 
1.478 
1.534 
1.514 


1.565 
1.495 
2.137 
1.539 
1.77 
1.73 
1.44 
2.40 
1.523 
1.709 
1.572 
1.672 
1.603 
2.13 


2.05 

1.735 
2.34 

1.506 
1.690 
1.654 
1.494 
1.560 
2.118 
1.762 
1.702 
1.517 


1.971 
1.622 
2.792 
2.38 


п, 
1.595 
1.48 
1.645 
1.539 


2.27 


1.526 


2.147 


1.396 
2.691 


1.789 
1.61 
1.655 
1.57 
2.50 
1.480 
1.596 


1.481 
1.538 
1.517 


1.573 


1.543 
1.80 
1.76 


2.81 

1.527 
1.712 
1.602 
1.771 
1.610 
2.21 


1.511 


1.670 
1.497 
1.597 
2.145 
1.773 
1.703 


1.980 
1.628 
3.088 
2.39 


2.31 


1.530 


1.398 


1.840 
1.640 
1.664 
1.57 

2.65 

1.482 
1.602 


1.491 


1.533 


1.592 


1.547 


1.85 


1.78 


3.02 


1.531 


1.723 


1.605 


1.639 


1.519 


1.505 


1.598 


1.796 
1.728 


1.648 


2.42 
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Мате 
Pumpellyite 
Pyrargyrite 
Pyrite 
Pyrochlore 
Pyrochroite 
Pyrolusite 
Pyromorphite 
Pyrope 
Pyrophyllite 
Pyrrhotite 
Quartz 
Rammelsbergite 
Raspite 
Realgar 
Rhodochrosite 
Rhodonite 
Riebeckite 
Rutile 
Safflorite 
Samarskite 
Sapphirine 
Scapolite 
Scheelite 
Scolecite 
Scorodite 
Sellaite 
Senarmontite 
Serpentine 
Siderite 
Sillimanite 
Skutterudite 
Smithsonite 
Sodalite 
Sperrylite 
Spessartite 
Sphalerite 
Sphene 
Spinel 
Spodumene 
Stannite 
Staurolite 
Stercorite 
Stibiotantalite 
Stibnite 
Stilbite 
Stilpnomelane 
Stolzite 
Strengite 
Strontianite 
Struvite 
Sulfur 
Sylvanite 
Sylvite 

Talc 

Tantalite 
Tapiolite 


Tellurobismuthite 


Terlinguaite 
Tetrahedrite 
Thenardite 


Formula 
Ca, AL(ALFe,Mg)[Si., (O,OH),] (SiO (ОНА), 
Ав,555, 
FeS, 
МаСаМЬ,О,Е 
Mn(OH), 
MnO, 
Pb,(PO,,AsO,),Cl 
Mg,ALSi,O,, 
AL,Si,O, (ОН), 
Fe-S, 
SiO, 
NiAs, 
PbWO, 
As,S, 
MnCO, 
(Mn,Fe,Ca)SiO, 
Na,Fe,(Si,O, (ОН), 
TiO, 
(Co,Fe)As, 
(Y,Er,Ce,U,Ca,Fe,Pb,Th) (Nb,Ta,Ti,Sn),O, 
(Mg,Fe),ALO,SiO, 
(Na,Ca),Al,(ALSi),Si,O,, (CLEOH,CO, SO.) 
CaWO, 
СаА155О,4Н,О 
Fe(AsO,)-2H,O 
MgF, 
55,О, 
Mg,Si,O,(OH), 
FeCO, 
ALOSiO, 
(Co,Ni)As, 
ZnCO, 
Na Al Si O, CL 
PtAs, 
Mn,ALSi,O,, 
ZnS 
CaTiSiO,(O,OH,F) 
MgALO, 
LiAlSi,O, 
Cu,FeSn, 
(Fe,Mg,Zn),(ALFe,Ti),O, [(Si,Al)O,],(O,OH) 
Na(NH,)H(PO,)-4H,O 
Sb(Ta,Nb)O, 
55,5, 
МаСа [A] Si „О, 14Н,0 
(K,Na,Ca), „(Ее, Ме) А (О,ОН)„2Н,О 
PbWO, 
FePO,2H,O 
SrCO, 
Mg(NH,)(PO,)-6H,O 
5 
(Ag,Au)Te, 
KCI 
Mg,Si,O, (OH), 
(Ғе,Мп)(Та,МЬ),О, 
FeTa,O, 
Bi,Te, 
Hg,OCl 
(Cu,Fe),,Sb,5., 
Na,SO, 


2 


Crystal 
system 
monocl 
rhomb 
cub 
cub 
hex 
tetr 
hex 
cub 
monocl 
hex 
hex 
orth 
monocl 
monocl 
hex 
orth 
monocl 
tetr 
rhomb 
rhomb 
monocl 
tetr 
tetr 
monocl 
rhomb 
tetr 
cub 
monocl 
hex 
rhomb 
cub 
rhomb 
cub 
cub 
cub 
cub 
monocl 
cub 
monocl 
tetr 
monocl 
tricl 
rhomb 
orth 
monocl 
monocl 
tetr 
orth 
orth 
rhomb 
orth 
monocl 
cub 
monocl 
rhomb 
tetr 
hex 
monocl 
cub 
orth 
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Density g/cm? 
3.21 
5.85 
5.02 
5.3 
3.26 
5.08 
7.04 
3.58 
2.78 
4.62 
2.65 
7.1 
8.46 
3.5 
3.70 
3.48 
3.3 
4.23 
7.3 
5.69 
3.49 
2.64 
6.06 
2.27 
3.28 
3.15 
5.58 
2.55 
3.9 
3.25 
6.8 
4.4 
2.30 

10.58 
4.19 
4.0 
3.50 
3.55 
3.13 
4.4 
3.79 
1.62 
6.6 
4.56 
2.2 
2.8 
8.2 
2.87 
3.5 
171 
2.07 
8.16 
1.99 
2.71 
7.95 
7.9 
7.74 
8.73 
49 
27 


Hardness 
5.5 
2.5 
6.3 
5.3 
2.5 
6.3 
3.8 
6.8 
1.5 


3.8 
2.8 


Index of refraction 


H 
а 


1.688 
2.88 


1.68 


2.048 
1.714 
1.545 


1.544 


1.27 

2.538 
1.597 
1.725 
1.675 
2.609 


2.200 
1.709 
1.551 
1.920 
1.510 
1.784 
1.378 
2.087 
1.55 

1.635 
1.658 


1.621 
1.485 


1.800 
2.369 
1.90 

1.719 
1.656 


1.743 
1.439 
2.38 


1.492 
1.585 
2.19 

1.707 
1.518 
1.495 
1.958 


1.490 
1.545 
2.26 
2.27 
2.35 


1.468 


п, 
1.695 


3.08 


1.72 


2.058 


1.579 


1.553 


1.27 

2.684 
1.816 
1.729 
1.683 
2.900 


1.712 
1.573 
1.936 
1.518 
1.795 
1.390 


1.56 
1.875 
1.660 


1.848 


1.95 


1.662 


1.747 
1.442 
2.41 


1.499 
1.665 
2.27 

1.719 
1.666 
1.496 
2.038 


1.592 
2.32 
2.42 
2.64. 


1.475 


H 
у 
1.705 


1.599 


1.30 
2.704. 


1.737 
1.694 


1.715 


1.519 
1.814 
1.56 


1.660 


2.03 

1.671 
1.755 
1.469 


2.46 


1.503 
1.665 


1.741 
1.668 


1.504 
2.245 


1.595 
2.43 


2.66 


1.483 
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Name 
Thermonatrite 
Thomsenolite 
Thorianite 
Thorite 
Topaz 
Torbernite 
Tourmaline 
Tremolite 
Trevorite 
Tridymite 
Triphyllite- 
Lithiophyllite 
Troegerite 
Troilite 
Trona 
Turquois 
Ullmannite 
Uraninite 
Uvarovite 
Valentinite 
Vanadinite 
Variseite-Strengite 
Vaterite 
Vermiculite 
Vesuvianite 
Villiaumite 
Vivianite 
Wagnerite 
Wavellite 
Whewellite 
Willemite 
Witherite 
Wolframite 
Wollastonite 
Wulfenite 
Wurtzite 
Xenotime 
Zeunerite 
Zincite 
Zircon 
Zoisite 


Formula 
Ма,СО,Н,О 
МаСаАР-Н,О 
ThO, 
ThSiO, 
ALSiO,(OH,E), 
Cu(UO,),(PO,),-8H,O 
Na(Mg,Fe,Mn,Li, Al) Al Si ¿O (BO,), 
Ca,Mg,Si,O, (OH,E), 
NiFe,O, 
SiO, 
Li(Fe,Mn)PO, 


(UO,),(AsO,),-12H,O 

FeS 

Na,H(CO,),-2H,O 
Cu(Al,Fe),(PO,),(OH),-4H,O 
NiSbS 

UO, 

Ca,Cr,Si,O,, 

55,О, 

Pb,(VO,),Cl 

(АЂЕе (РО) 2Н,О 

Сасо, 

(Ма, Са), (Mg,Fe, AI) [(ALSi),O,,] (ОН),8Н,О 
Ca, (Mg,Fe), AI (Si,O.), (SiO). (ОЊЕ), 
NaF 

Fe,(PO),8H,O 

Ма (РОЈЕ 

Al (OH), (РО) 5НЊО 
СаС,О,Н,О 

Zn,SiO, 

BaCO, 

(Fe,Mn)WO, 

CaSiO, 

PbMoO, 

ZnS 

YPO, 
Cu(UO,),(AsO,),-10H,O 
ZnO 

ZrSiO, 

Ca,Al,Si,O,,(OH) 


Crystal 
system 
orth 
monocl 
cub 
tetr 
rhomb 
tetr 
rhomb 
monocl 
cub 
hex 
rhomb 


tetr 

hex 
monocl 
tricl 
cub 

cub 

cub 
orth 
hex 
rhomb 
hex 
monocl 
tetr 

cub 
monocl 
monocl 
rhomb 
cub 

hex 
orth 
monocl 
monocl 
tetr 

hex 

tetr 

tetr 

hex 

tetr 
rhomb 


Density g/cm? 
2.25 
2.98 

10.0 
6.7 
3.53 
3.22 
3.14 
3.0 
5.33 
2.27 
3.46 


4.7 
2.14 
2.9 
6.65 
11.0 
3.83 
5.7 
6.8 
2.72 
2.71 
2.3 
3.33 
2.78 
2.58 
3.15 
2.36 
2.2 
4.1 
4.29 
7.3 
2.92 
6.7 
4.09 
4.8 


5.6 
4.6 
3.26 


Hardness 
1.3 
2 
6.5 
4.8 
8 
2.3 
7 
5.5 
7.8 
7 
45 


2.5 
4 

2.8 
5.3 
5.3 
5.5 
6.8 
2.8 
2.9 
4 


1.5 
6.5 
2.3 
1.8 
5.3 
3.6 
2.8 
5.5 
3.5 
4.3 
4.8 
2.9 
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Index of refraction 


n, 
1.420 
1.407 
2.200 
1.8 
1.618 
1.582 
1.62 
1.599 
2.3 
1.475 
1.68 


1.59 


1.412 
1.70 


1.865 
2.18 

2.350 
1.635 
1.550 
1.542 
1.72 

1.327 
1.598 
1.568 
1.527 
1.491 
1.691 
1.529 
2.26 

1.628 
2.283 
2.356 
1.721 
1.606 
2.013 
1.94 

1.695 


п, 
1.506 


1.414 


1.620 
1.592 
1.65 

1.612 


1.476 
1.68 


1.630 


1.492 
1.73 


2.35 
2.416 
1.654 
1.645 
1.556 
1.73 


1.629 
1.572 
1.535 
1.554 
1.719 
1.676 
2.32 

1.639 
2.403 
2.378 
1.816 


2.029 
1.99 
1.699 


п 
y 
1.524 
1.415 


1.627 


1.622 


1.479 
1.69 


1.540 
1.75 


2.35 

1.668 
1.556 
1.652 
1.582 
1.553 
1.650 
1.677 


2.42 
1.642 


1.711 


CRYSTALLOGRAPHIC DATA ON MINERALS 


This table contains x-ray crystallographic data on about 400 
common minerals, as well as selected crystalline elements. Entries 
are arranged alphabetically by mineral name. The columns are: 


Name: Common name of the mineral. 


Formula: Chemical formula for a typical sample of the mineral. 
Composition often varies considerably with the origin of 


the sample. 


Crystal system: tricl = triclinic; monocl = monoclinic; orth = 
orthorhombic; tetr = tetragonal; hex = hexagonal; rhomb 


= rhombohedral; cubic = cubic. 


Structure type: Prototype for the structural arrangement of the 
crystallographic cell. 
Z: Number of formula units per the unit cell. 


a, b, c: Lengths of the cell edges in A (1A = 10° cm). 


a, В, y : Angles between cell axes. 


Name 
Acanthite 
Acmite (Aegirine) 
Akermanite 
Alabandite 
Almandine 
(Almandite) 
Altaite 
Aluminum 
Alunite 
Analcite 
Anatase 
Andalusite 
Andradite 
Anglesite 
Anhydrite 
Annite 
Anorthite 
Anthophyllite 
Antimony 
Aragonite 
Arcanite 
Argentite 
Argentopyrite 
Arsenic 
Arsenolite 
Arsenopyrite 
Azurite 
Baddeleyite 
Banalsite 
Barite 
Berlinite 
Beryl 
Berzelianite 
Bismite 
Bismuth 
Bismuthinite 
Bixbyite 


Boehmite 
Borax 


4-148 


Formula 
Ав,5 
NaFe(SiO,) 
Ca,Mgsi,O 
MnS 
Ее,А155О,, 


2 


7 


РЬТе 

А! 

KAI,(SO,),(OH), 
NaAISi,O -H,0 

TiO, 

ALOSiO, 
Ca,Fe,Si.O,, 

PbSO, 

CaSO, 
KFe,[AlSi,O (ОН), 
CaAl, Si O, 

Mg SiO, (OH), 
Sb 

CaCO, 

К,5О, 

Ав,5 

AgFe,S, 

As 

As,O, 

FeAsS 
Cu,(OH),(CO,) 
ZrO, 
ВаМа,А1,51,О,, 
Ва5О, 

AIPO, 
Ве,А1(55О.), 


2 


АЈО(ОН) 
Ма,в,О,10Н,О 


Crystal 
system 
monocl 
monocl 
tetr 
cubic 
cubic 


cubic 
cubic 
rhomb 
cubic 
tetr 
orth 
cubic 
orth 
orth 
monocl 
tricl 
orth 
rhomb 
orth 
orth 
cubic 
orth 
rhomb 
cubic 
tricl 
monocl 
monocl 
orth 
orth 
hex 
hex 
cubic 
monocl 
rhomb 
orth 
cubic 


orth 
monocl 


Structure 


type 


diopside 
melilite 
rock salt 
garnet 


rock salt 
copper 


garnet 

barite 
anhydrite 
1M mica 
primitive cell 


arsenic 
aragonite 
arcanite 


arsenic 


diamond 


baddeleyite 


barite 
a-quartz 
beryl 


pseudo-orth 
arsenic 
stibnite 
thallium 
trioxide 
lepidocrocite 
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7 ајА b/À “А а В у 
4 4.228 6.928 7.862 99.58° 
4 9.658 8.795 5.294 107.42? 
2 7.8435 5.010 

4 5.223 

8 11.526 

4 6.4606 

4 4.049 

3 6.982 17.32 

16 13.733 

4 3.785 9.514 

4 7.7959 7.8983 5.5583 

8 12.048 

4 8.480 5.398 6.958 

4 6.991 6.996 6.238 

2 10.29 9.33 5.39 105.1 
8 8.177 12.877 14.169 93.17 . 115.85 91.22? 
4 18.61 18.01 5.24 

6 4.2996 11.2516 

4 5.741 7.968 4.959 

4 5.772 10.072 7.483 

2 4.870 

4 6.64 11.47 6.45 

6 3.760 10.555 

16 11.074 

4 5.760 5.690 5.785 90.00 112.22? 90.00* 
2 5.008 5.844 10.336 92.45* 
4 5.1454 5.2075 5.3107 99.23* 
4 8.50 9.97 16.72 

4 8.878 5.450 7.152 

3 4.942 10.97 

2 9.215 9.192 

4 5.85 

4 7.48 8.14 5.83 112.9* 
6 4.5367 11.8383 

4 11.150 11.300 3.981 

16 9.411 

4 2.868 12.227 3.700 

4 11.858 10.674 12.197 106.68* 
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Name 

Bornite (metastable) 
Breithauptite 
Brochantite 
Bromargyrite 
Bromellite 

Brookite 

Brucite 


Bunsenite 
Bustamite 
Cadmium telluride 
Cadmoselite 
Calcite 
Calomel 
Carbonate-apatite 
Cassiterite 
Cattierite 
Celestite 
Celsian 
Cerianite 
Cerussite 
Cervantite 
Chalcanthite 
Chalcocite 
Chalcopyrite 
Chlorapatite 
Chlorargyrite 
Chloritoid 
Chloromagnesite 
Chondrodite 
Chrysoberyl 
Cinnabar 
Claudetite 
Clausthalite 
Clinoenstatite 
Clinoferrosilite 
Clinohumite 
Clinozoisite 
Cobalt olivine 
Cobalt oxide 
Cobalt sulfide 
Cobalt titanate 
Cobalticalcite 
Cobaltite 
Coesite 
Coffinite 
Colemanite 
Coloradoite 
Cooperite 
Copper 


Corundum 
Cotunnite 
Covellite 
Cristobalite (a) 
Cristobalite (B) 
Cryolite 
Cubanite 
Cummingtonite 
Cuprite 
Danburite 


Formula 
Cu,FeS, 

NiSb 

Cu,SO (OH), 
AgBr 

BeO 


Mg(OH), 


NiO 
CaMn(SiO,), 
CdTe 


Ca,,(PO,),CO,-H,O 
SnO, 

CoS, 

SrSO, 
ВаА1550, 
CeO, 

PbCO, 

5,0, 
CuSO,5H,O 
Си,5 

CuFeS, 
Ca,(PO,),Cl 
AgCl 
FeALO,(SiO), (OH), 
месі, 
2Mg,SiO „МЕЕ, 
BeALO, 

HgS 

Аз,О, 

PbSe 

MgsSiO, 

FeSiO, 
4Mg,SiO „МЕ, 
Ca, AL(SIO),OH 
Co,SiO, 

CoO 

CoS 

CoTiO, 

CoCO, 

CoAsS 

SiO, 

USiO, 
Ca,B.O,,5H,O 
HgTe 

PtS 

Cu 


Na, AIF, 
CuFe,S, 


(Mg,Fe,Mn).(Si,O,,),(OH), 


Cu,O 
CaB,Si,O, 


Crystal 
system 
cubic 
hex 
monocl 
cubic 
hex 
orth 
hex 


cubic 
tricl 
cubic 
hex 
rhomb 
tetr 

hex 

tetr 
cubic 
orth 
monocl 
cubic 
orth 
orth 
tricl 
orth 
tetr 

hex 
cubic 
monocl 
rhomb 
monocl 
orth 
hex 
monocl 
cubic 
monocl 
monocl 
monocl 
monocl 
orth 
cubic 
cubic 
rhomb 
rhomb 
cubic 
monocl 
tetr 
monocl 
cubic 
tetr 
cubic 


rhomb 
orth 
hex 

tetr 
cubic 
monocl 
orth 
monocl 
cubic 
orth 


Structure 


type 
niccolite 


rock salt 
zincite 


cadmium 
iodide 
rock salt 


sphalerite 
zincite 
calcite 


apatite 
rutile 


pyrite 
barite 


fluorite 
aragonite 


apatite 
rock salt 


olivine 
cinnabar 


rock salt 


olivine 
rock salt 
sphalerite 
ilmenite 
calcite 
NiSbS 


zircon 
sphalerite 


face-centered 
cubic 
corundum 


tremolite 


BAKA څک‎ RNHNBDOKRKRWANWOANA LY E 8 کح‎ со Бов о چا نر‎ ٥ I OS جح‎ = c تم‎ 5 ь تم‎ о М 


= 
о 


A کح یم‎ њ № 


Ë Ñ یم‎ od ко соь боо 


ЫА 


9.85 


9.182 


7.157 


5.352 
13.045 


8.436 
11.76 


10.72 
27.323 


5.48 


4.743 
9.4041 


12.984 
8.825 
9.0872 
4.75 


5.581 
10.301 


12.379 


11.264 


7.62 


13.824 90.52° 
7.0021 

17.064 

10.910 
6.883 
3.188 


6.866 
14.408 


5.195 
4.804 
5.949 
13.491 
10.434 
6.777 


97.57° 


18.18 

17.795 

10.29 
4.4267 
9.495 
4.5405 


5.188 

5.2284 
10.27 
10.14 

6.003 


13.918 
14.958 


7.152 
6.263 
6.102 


6.1098 


12.9894 
9.05 

16.34 
6.918 


7.776 
6.23 
5.332 


7.74 


103.27° 


94.58° 


115.20° 


107.28° 


101.77° 


109.03° 


94.27° 
108.33° 
108.43° 


100.83° 
115.93° 


120.00° 


110.12° 


90.18° 


101.92° 
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103.87° 


77.43° 
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Мате 
Datolite 
Daubreeite 
Diamond 
Diaspore 
Dickite 
Digenite 


Diopside 
Dioptase 
Dolerophanite 
Dolomite 
Dravite 

Elbaite 
Enargite 
Enstatite 
Epidote 
Epsomite 
Eskolaite 
Eucairite 
Euclase 
Famatimite 
Fayalite 
Fe-Cordierite 
Fe-Gehlenite 
Fe-Indialite 
Fe-Leucite 
Fe-Microcline 
Fe-Sanidine 
Fe-Skutterudite 
Ferberite 
Ferriannite 
Ferroselite 
Ferrotremolite 
Fluor-edenite 
Fluor-humite 
Fluor-norbergite 
Fluor-phlogopite 
Fluor-richterite 
Fluor-tremolite 
Fluorapatite 
Fluorite 
Forsterite 
Frohbergite 
Gahnite 
Galaxite 
Galena 
Gallium oxide 
Gehlenite 
Geikielite 
Gerhardite 
Gersdorfite 
Gibbsite 
Glauchroite 
Glaucodot 
Glaucophane I 
Glaucophane II 
Goethite 

Gold 


Goldmanite 
Goslarite 


Formula 
CaBSiO,(OH) 
FeCr,S, 

C 

AIO(OH) 
ALSi,O,(OH), 
Cu, „5 


CaMg(SiO,), 
CuSiO,(OH), 
Cu,O(SO,) 
CaMg(CO), 
NaMg,AIB,Si.O, (OH), 
NaLiAL „В.О, (OH), 
Cu,AsS, 

MgsSiO, 

Ca, AL(ALFe)OH(SiO,), 
MgSO,7H,O 

Сг,О, 

AgCuSe 

AIBeSiO,(OH) 

Cu,SbS, 

Fe, SiO, 

Fe AL (AISi.O,,) 
Ca,Fe,SiO, 

Fe AL(AISi.O,.) 
KFeSi,O, 

KFeSi,O, 

KFeSi,O, 

FeAs, + 

FeWO, 
KFe,[FeSi,O,,](OH), 
FeSe, 
Ca,Fe,[Si,O,,,](OH), 
NaCa,Mg,[AISi.O,, ЇЕ, 
3Mg,SiO,-MgF, 
Mg,SiO,-MgF,, 
KMg,[AISi,O 
Na,CaMg,|[Si,O,,]F, 
Ca,Mg,[Si,O,,]F 
Ca,(PO,),F 
CaF, 

Mg, SiO, 

FeTe, 

ZnALO, 
MnALO, 

PbS 

Ga,O, 
Ca,ALSiO, 
MgTiO, 
Cu,(NO,)(OH), 
NiAsS 

Al(OH), 
CaMnSiO, 
(Co,Fe)AsS 
Na,Mg,Al,[Si,O,, (OH) 
Ма,Мв,А1,51,О, (ОН) 
ЕеО(ОН) 

Au 


F 


по] 2 


2 


2 


2 


Са,У,540,, 


ZnSO,7H,O 


Crystal 
system 
monocl 
cubic 
cubic 
orth 
monocl 
cubic 


monocl 
rhomb 
monocl 
rhomb 
rhomb 
rhomb 
orth 
orth 
monocl 
orth 
rhomb 
orth 
monocl 
tetr 
orth 
orth 
tetr 

hex 

tetr 
tricl 
monocl 
cubic 
monocl 
monocl 
orth 
monocl 
monocl 
orth 
orth 
monocl 
monocl 
monocl 
hex 
cubic 
orth 
orth 
cubic 
cubic 
cubic 
rhomb 
tetr 
rhomb 
orth 
cubic 
monocl 
orth 
orth 
monocl 
monocl 
orth 
cubic 


cubic 
orth 


Structure 


type 


spinel 
diamond 


deformed 
fluorite 

diopside 

phenacite 


calcite 
tourmaline 
tourmaline 


corundum 


olivine 
cordierite 
melilite 
beryl 


wolframite 


marcasite 
tremolite 
tremolite 


1M mica 
tremolite 
tremolite 
apatite 
fluorite 
olivine 
marcasite 
spinel 
spinel 
rock salt 
corundum 
melilite 
ilmenite 


olivine 


tremolite 
tremolite 


face-centered 
cubic 

garnet 

epsomite 


нь б 4 d боом 0 > бо бо نم‎ Ë م ۲م ۲م ۲م څک‎ À£ G4 ۲م ۲م‎ М Мм ۲م‎ оын 


BBN م‎ № 


со 


а!А 
9.62 
9.966 
3.5670 
4.401 
5.150 
5.5695 


9.743 
14.61 
8.334 
4.8079 
15.942 
15.842 
6.426 
8.829 
8.89 
11.86 
4.9607 
4.105 
4.763 
5.384 
4.817 
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МА 
7.60 


9.421 
8.940 


8.923 


6.312 


7.422 
18.22 

5.63 
11.99 


20.35 
14.29 


10.477 
17.065 


13.10 
13.12 


5.708 
9.404 
5.778 
18.34 
18.00 
20.72 
10.271 
9.188 
17.96 
18.01 


10.214 
6.265 


13.812 


5.0705 
11.19 
28.39 
17.915 
17.696 

9.957 


12.050 


c/À 
4.84 


2.845 
14.736 


5.251 
7.80 
7.628 
16.010 
7.224 
7.009 
6.144 
5.192 
10.19 
6.858 
13.599 
6.31 
4.618 
10.770 
6.105 
9.287 
4.855 
9.285 
13.970 
7.340 
7.319 


4.965 
10.341 
3.587 
5.30 
5.282 
4.735 
4.709 
10.135 
5.268 
5.267 
6.8841 


5.984 
3.869 


13.429 
5.0675 

13.898 
5.592 


8.6412 
6.529 
5.64 
5.273 
5.277 
3.021 


6.822 


90.75* 


90.15* 


103.58 


105.93” 


108.47 


115.40 


100.25* 


116.05* 
116.10* 


90.00* 
100.07* 


104.50* 


104.83* 


99.92? 
104.33* 
104.52? 


94.57° 


102.78° 
103.67° 


86.23° 
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Name 
Graphite 
Greenockite 
Greigite 
Grossularite 
Grunerite 
Gudmundite 
Gypsum 
Hafnia 

Halite 
Hambergite 
Hardystonite 
Hauerite 
Hausmannite 
Hawleyite 
Heazelwoodite 
Hedenbergite 
Hematite 
Hemimorphite 
Hercynite 
Herzenbergite 


Hessite 
Hexahydrite 

High albite (Analbite) 
High argentite 
High bornite 

High carnegeite 
High chalcocite 
High clinoenstatite 
High digenite 
High germania 
High leucite 

High naumanite 
High sanidine 
Huebnerite 
Huntite 
Hydroxylapatite 
Ice 

Ilmenite 

Indialite (Cordierite) 
Iodargyrite 

Iron (a) 


Jacobsite 
Jadeite 
Jalpaite 
Johannsenite 
Kaliophilite 
Kalsilite 
Kaolinite 
Karelianite 
Keatite 
Kernite 
Kerschsteinite 
Klockmannite 


Knebelite 
Kyanite 
Larnite 
Laurite 


Formula 

C 

CdS 

Fe S, 
Ca, Al SiO., 
Ғе [SiO] (ОН), 
FeSbS 
Са5О,2Ң,0 
НЮ, 

NaCl 
Be,(OH,F)BO, 
Ca,ZnSi,O, 
MnS, 

Mn,O, 

CdS 

Ni,S, 
CaFe(SiO,), 
Fe,O, 
Zn,(OH),Si,O -H,O 
Fe(AIO,), 

505 


Ав,Те 
М,д5О,6Н,О 
NaAlSi,O, 
Ав,5 
Cu,FeS, 
NaAISiO, 

Cu,S 

MgsSiO, 

Си,5 

GeO, 

KAISi,O, 

Ag,Se 

KAISi,O, 
MnWO, 
Mg,Ca(COj), 
Ca,(PO,),OH 
H,O 

FeTiO, 

Mg, AL(AISi.O,.) 
Agl 

Fe 


MnFeO, 
NaAl(SiO.), 
Ag, Cu, ,S 
CaMn(SiO,), 
KAISiO, 
KAISiO, 
ALSi,O,(OH), 
У,0, 

SiO, 
Ма,В,О,АН,О 
CaFeSiO, 
CuSe 


MnFeSiO, 
ALOSiO, 
Ca, SiO, 
RuS, 


Crystal 
system 
hex 

hex 
cubic 
cubic 
monocl 
monocl 
monocl 
monocl 
cubic 
orth 
tetr 
cubic 
tetr 
cubic 
rhomb 
monocl 
rhomb 
orth 
cubic 
orth 


monocl 
monocl 
tricl 
cubic 
cubic 
cubic 
hex 
tricl 
cubic 
hex 
cubic 
cubic 
monocl 
monocl 
rhomb 
hex 

hex 
rhomb 
hex 

hex 
cubic 


cubic 
monocl 
tetr 
monocl 
hex 

hex 
tricl 
rhomb 
tetr 
monocl 
orth 
hex 


orth 
tricl 
monocl 
cubic 


Structure 
type 
graphite 
zincite 
spinel 
garnet 
tremolite 


baddeleyite 
rock salt 


melilite 
pyrite 


sphalerite 


diopside 
corundum 


spinel 
germanium 
sulfide 


a-quartz 


wolframite 
calcite 
apatite 


ilmenite 
beryl 
zincite 
body- 
centered 
cubic 


spinel 
diopside 


diopside 


corundum 


olivine 

deformed 
covellite 

olivine 


pyrite 


на со تم‎ Ov 4d» оо & OO d» М OO & ج‎ +} со мо со OO نم‎ AN 


B. c o о Ñ څک‎ кюк ов бо» 


о ټم‎ Мм св 2 Q نم‎ > ~ 


~ оо 


~ о 


ЫА 


18.44 
5.93 

15.18 
5.1722 


12.201 


9.024 
10.719 


11.190 


4.48 
7.212 
12.870 


8.934 


13.031 
5.758 


8.564 


9.04 


8.959 


9.151 
11.146 


10.602 
7.848 
6.76 


c/À a 
6.7079 
6.7120 


5.342 
6.73 
6.29 
5.2948 


4.426 
5.01 


9.422 


7.134 
5.263 
13.735 
5.120 


3.978 


8.09 
24.41 


7.106 93.54° 


6.722 
5.170 88.27° 


5.652 


7.177 
4.999 
7.816 
6.883 
7.3666 
14.055 
9.3517 
7.5005 


5.220 
11.756 
5.27 

8.522 

8.7032 
7.407 
14.002 
8.604 
15.676 
6.434 
17.25 


91.68" 


6.162 
5.564 
9.28 


89.92? 


101.77 
90.00* 
113.83* 
99.18" 


104.23* 


111.9* 
98.30* 
116.36 


70.03” 


115.98: 
91.18” 


107.50* 


105.00* 


104.87* 


108.83* 


101.25* 
94.55* 


4-151 


90.19* 


91.01* 


89.93” 


105.97 


4-152 


Мате 
Lawrencite 
Lawsonite 
Lead 


Leonhardtite 
Lepidocrocite 
Lepidolite 
Leucite 
Lime 
Lime olivine 
Linnaeite 
Litharge 
Loellingite 
Low albite 
Low bornite 
Low cordierite 
Low germania 
Low nepheline 
Luzonite 
Mackinawite 
Magnesioriebeckite 
Magnesite 
Magnetite 
Malachite 
Maldonite 
Manganese sulfide 
(у) 
Manganese sulfide 
(В) 
Manganosite 
Marcasite 
Margarite 
Marialite 
Marshite 
Mascagnite 
Massicot 
Matlockite 
Maucherite 
Meionite 
Melanophlogite 
Melanterite 
Melonite 


Metacinnabar 
Miargyrite 
Microcline 
Miersite 
Millerite 
Minium 
Minnesotaite 
Mirabilite 
Mn-Indialite 
Molybdenite 
Molybdenum 
Molybdite 
Monteponite 
Monticellite 
Montroydite 
Mullite (2:1) 
Mullite (3:2) 
Muscovite 


Formula 

FeCl, 
CaAl,Si,O,(OH),-H,O 
Pb 


MgSO,4H,O 
FeO(OH) 

K, ALLI,AISi О (ОН), 
КАО, 

Сао 

Ca, SiO, 

Со,5, 

РЬО 

FeAs, 

NaAISi,O, 

Си еб, 

Mg, AL(AISi.O,.) 
GeO, 

NaAlSiO, 
Cu,AsS, 

FeS 
Na,Mg,Fe,[Si,O,,](OH), 
MgCO, 

Ее,О, 
Cu,(OH),CO, 
Ац Ві 

MnS 


MnS 


CaAL [AISi,O КОН), 
Na А ,نک‎ СІ 
Сш 

(NH,),SO, 

PbO 

PbCIF 

кі, Ав, 

Ca, ALSI.O, CO, 
SiO, 
FeSO,-7H,O 
NiTe, 


HgS 

AgsbS, 

KAISi,O, 

Agl 

№15 

РБ,О, 

Fe Si,O (OH), 
Na,$0,10H,O 
Mn,AL(AISi.O,.) 
MoS, 


CaMgsiO, 

HgO 

2А1О,50, 
ЗА1О,2500, 
KALAISi,O, (ОН), 


Crystal 
system 
rhomb 
orth 
cubic 


monocl 
orth 
monocl 
tetr 
cubic 
orth 
cubic 
tetr 
orth 
tricl 
tetr 
orth 
tetr 

hex 

tetr 

tetr 
monocl 
rhomb 
cubic 
monocl 
cubic 
hex 


cubic 


cubic 
orth 
monocl 
tetr 
cubic 
orth 
orth 
tetr 

tetr 

tetr 
cubic 
monocl 
hex 


cubic 
monocl 
tricl 
cubic 
rhomb 
tetr 
monocl 
monocl 
hex 

hex 
cubic 
orth 
cubic 
orth 
orth 
orth 
orth 
monocl 


Structure 


type 


face-centered 
cubic 

2M2 mica 

rock salt 

olivine 


spinel 


marcasite 


rutile 


tremolite 
calcite 
spinel 
zincite 
sphalerite 
rock salt 


marcasite 
2M mica 


sphalerite 
arcanite 


clathrate type 


cadmium 
iodide 
sphalerite 


sphalerite 


beryl 


molybdenite 


rock salt 
olivine 


2M2 mica 


Бокс یم جح‎ ARAN ым ны ы бо 4 бо ON ~ М М DON 4 


ыы 


> о ON (PR (A ж ج‎ Ñ Ñ N Gh Gh GR XO о со ج‎ 


а!А 
3.593 
8.787 
4.9505 


5.922 
3.868 
9.2 
13.074 
4.8108 
5.091 
9.401 
3.9759 
5.300 
8.139 
10.94 
9.721 
4.3963 
9.986 
5.289 
3.675 
9.733 
4.6330 
8.3940 
9.502 
7.958 
3.976 


5.611 


4.4448 
4.443 
5.13 
12.064 
6.0507 
7.782 
5.489 
4.106 
6.870 
12.174 
13.402 
14.072 
3.869 


5.8517 
12.862 
8.582 
6.4963 
9.616 
8.815 
5.4 
11.51 
9.925 
3.1604 
3.1653 
3.962 
4.6953 
4.827 
6.608 
7.5788 
7.557 
5.203 
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b/À 


5.836 


13.604 
12.525 
5.3 


11.371 


5.981 
12.788 


17.062 


17.946 


11.974 


5.423 
8.92 


5.993 
4.755 


6.503 


4.111 
12.964 


9.42 
10.38 


13.858 


11.084 
5.518 
7.6909 
7.6876 
8.995 


c/À 
17.58 
13.123 


7.905 

3.066 
20.0 
13.738 


6.782 


5.023 
2.882 
7.160 
21.88 
9.339 
2.8626 
8.330 
10.440 
5.030 
5.299 
15.016 


3.240 


6.432 


3.3876 
19.50 
7.514 


10.636 
5.891 
7.23 

21.81 
7.652 


11.041 
5.308 


13.220 
7.222 


3.152 

6.565 
19.4 
12.83 

9.297 
12.295 


3.697 


6.376 
3.519 
2.8883 
2.8842 
20.030 


90.85* 


98.00* 


94.207 | 7 


103.30* 


98.75" 


95.00” 


105.57° 


98.63° 


90.62 115.92 


100.00* 
107.75* 


94.47° 


87.68° 


87.68° 
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Name 

Nacrite 
Nantokite 
Natroalunite 
Natrolite 
Neighborite 
Ni-Skutterudite 
Niccolite 
Nickel 


Nickel carbonate 
Nickel olivine 
Nickel selenide 
Niter 
Norsethite 
Oldhamite 
Orpiment 
Orthoclase 
Orthoferrosilite 
Otavite 
Paracelsian 


Paragonite 


Pararammelsbergite 


Paratellurite 
Parawollastonite 
Pectolite 
Pentlandite 
Pentlandite 
Periclase 
Perovskite 
Petalite 
Petzite 
Phenacite 
Phlogopite 
Picrochromite 
Piemontite 
Platinum 


Polymidite 
Portlandite 


Powellite 
Protoenstatite 
Proustite 


Pseudowollastonite 


Pyrargyrite 
Pyrite 
Pyrolusite 
Pyrope 
Pyrophanite 
Pyrophyllite 
Pyroxmangite 
Pyrrhotite 


Pyrrhotite 


Quartz (a) 
Quartz (B) 
Rammelsbergite 
Realgar 
Retgersite 
Rhodochrosite 


Formula 
ALSi,O.(OH), 
CuCl 
NaAl,(SO,),(OH), 
Na, ALSi,O,2H,O 
NaMgF, 


Ni, SiO, 

NiSe, 

KNO, 
BaMg(CO,), 
CaS 

As,S, 

KAISi,O, 
FeSiO, 

сасо, 
BaALSi,O, 
NaALAISI,O, (OH), 
NiAs, 

TeO, 

CaSiO, 
Ca,NaH(SiO,), 
Ғе, „Ni, S. 


375 8 


Fe, „МП, „5, 

MgO 

Сапо, 

LiAlSi,O,, 

Ag,AuTe, 

Be,SiO, 

KMg,AISi,O, (OH), 
MgCr,O, 

Ca, AI, „Мп, (SiO), OH 
Pt 


Ni,S, 
Са(ОН), 


СаМоо, 
MgSiO, 
Ag,ASS, 
CaSiO, 
Ag,SbS, 

FeS, 

MnO, 
Ме,А1,5,О,, 
Митю, 
ALSi,O, (OH), 
MnFe(SiO,), 
Fe, کې‎ 


0.980 


NiAs, 

AsS 
NiSO,4H,O 
MnCO, 


Crystal 
system 
monocl 
cubic 
rhomb 
orth 
orth 
cubic 
hex 
cubic 


rhomb 
orth 
cubic 
orth 
rhomb 
cubic 
monocl 
monocl 
orth 
rhomb 
monocl 
monocl 
orth 
tetr 
monocl 
tricl 
cubic 
cubic 
cubic 
orth 
monocl 
cubic 
rhomb 
monocl 
cubic 
monocl 
cubic 


cubic 
hex 


tetr 
orth 
rhomb 
tricl 
rhomb 
cubic 
tetr 
cubic 
rhomb 
monocl 
tricl 
hex 


hex 


hex 
hex 
orth 
monocl 
tetr 
rhomb 


Structure 


type 


sphalerite 


perovskite 


niccolite 

face-centered 
cubic 

calcite 

olivine 

pyrite 

aragonite 

calcite 

rock salt 


enstatite 
calcite 


2M1 mica 


rock salt 
perovskite 


phenacite 
1M mica 
spinel 


face-centered 
cubic 

spinel 

cadmium 
iodide 

scheelite 


pyrite 
rutile 


garnet 
ilmenite 
2M1 mica 


defect 
niccolite 

defect 
niccolite 


marcasite 


calcite 


ну № со 4 со Qu جح‎ М 


ово ов Ë BO 


Ra 


NN £ со со ۲۷م‎ BHA 


о 


16 


а/А b/A 
8.909 5.146 
5.416 
6.974 
18.30 
5.363 
8.3300 
3.618 
3.5238 


18.63 
7.676 


4.5975 
4.727 
5.9604 
6.431 
5.020 
5.689 
11.49 9.59 
8.562 12.996 
9.080 18.431 
4.9204 
8.58 9.583 
5.13 8.89 
5.75 5.82 
4.810 
15.417 7.321 
7.99 7.04 
10.196 
10.095 
4.2117 
5.3670 
11.32 5.14 
10.38 
12.472 
5.326 
8.333 
8.95 5.70 
3.9231 


10.121 


9.164 


9.210 


9.480 
3.5933 


5.226 

9.25 8.74 
10.816 

6.90 11.78 
11.052 

5.4175 

4.388 
11.459 

5.155 

5.14 8.90 

7.56 17.45 

3.446 


3.440 


4.9136 

4.999 

4.757 5.797 
9.29 13.53 
6.782 

4.7771 


7.6438 


113.70* 


14.723 
5.915 


5.414 
16.75 


4.25 90.45* 

7.193 116.02 

5.238 
16.298 

9.08 90.00” 
19.32 95.17 
11.428 

7.613 

7.066 

7.02 90.05* 


95.40* 
95.27" 


5.4439 
7.62 105.90* 


8.252 
10.311 100.17* 


9.41 115.70* 


4.9086 


11.43 
5.32 
8.6948 

19.65 
8.7177 


90.00* 90.80* 


2.865 


14.18 

18.55 
6.67 84.00* 
5.848 


99.92 
94.30* 


5.709 


5.4051 

5.4592 

3.542 

6.57 106.55* 
18.28 
15.664 


4-153 


102.47 


90.00* 


113.70* 


4-154 


Мате 
Rhodonite 
Riebeckite 
Rutile 
Safflorite 
Sanmartinite 
Sapphirine 
Scacchite 
Scheelite 
Schorl 
Selenium 
Selenolite 
Sellaite 
Senarmontite 


Shandite 
Shortite 
Siderite 
Silicon 
Sillimanite 
Silver 


Silver telluride I 
Silver telluride II 
Smithsonite 
Soda niter 
Sodium melilite 
Sperrylite 
Spessartite 
Sphalerite 
Sphene 

Spinel 
Spodumene 
Spodumene (В) 
Staurolite 
Sternbergite 
Stibnite 

Stilleite 
Stishovite 
Stolzite 
Stromeyerite 
Strontianite 


Sulfur (monoclinic) 


Sulfur 
(orthorhombic) 

Sulfur 
(rhombohedral) 

Sylvite 

Syngenite 


Synthetic anorthite 
Synthetic anorthite 


Talc 
Tantalum 
Teallite 


Tellurite 
Tellurium 
Tellurobismuthite 
Tennantite 
Tenorite 
Tephroite 


Formula 
MnsiO, 
Na,Fe FSi 
TiO, 

Со Fe, As, 
ZnWO, 
MgAI 0,90, 
MnCl, 
CaWO, 
NaFe,Al, 
Se 


О. 


87922 


63 6 27 


Sb,O, 


МЕРЬ,5, 
Ма,Са (СО), 
FeCO, 

Si 

AL,OSiO, 

Ag 


Ag,Te 

Ag, Te 
ZnCO, 
NaNO, 
NaCaAISi,O, 
PtAs, 
Mn,ALSi,O,, 
ZnS 
CaTiSiO, 
MgALO, 
LiAl(SiO)), 
LiAl(SiO,), 
Fe,Al,Si,O,,(OH), 
AgFe,S, 
55,5, 

ZnSe 

SiO, 

PbWO, 

Ag Cu, س‎ 
SrCO, 


5 


KCl 
K,Ca(SO,),-H,O 
CaALSi O, 
CaAL,Si,O, 
Ма О (OH), 
Та 

PbSnS, 


(OH), 


B.Si O, (ОН), 


Crystal 
system 
tricl 
monocl 
tetr 
orth 
monocl 
monocl 
rhomb 
tetr 
rhomb 
hex 

tetr 

tetr 
cubic 


rhomb 
orth 
rhomb 
cubic 
orth 
cubic 


cubic 
cubic 
rhomb 
rhomb 
tetr 
cubic 
cubic 
cubic 
monocl 
cubic 
monocl 
tetr 
monocl 
orth 
orth 
cubic 
tetr 

tetr 
orth 
orth 
monocl 


orth 
rhomb 


cubic 
monocl 
hex 
orth 
monocl 
cubic 
orth 


orth 
hex 
rhomb 
cubic 
monocl 
orth 


Structure 


type 
tremolite 


marcasite 
wolframite 


scheelite 
tourmaline 


rutile 


arsenic 
trioxide 


calcite 
diamond 


face-centered 
cubic 


calcite 
calcite 
melilite 
pyrite 
garnet 
sphalerite 


spinel 
diopside 


stibnite 
sphalerite 
rutile 
scheelite 


aragonite 
S8 ring 
molecules 
S8 ring 
molecules 
56 ring 
molecules 
rock salt 


2M1 mica 
tungsten 


germanium 
sulfide 


tellurite 
selenium 


tetrahedrite 


olivine 


oN 


ы бо оо оо 4» оо OO М N мю ~ 


mm 
о 


нь ج‎ ODN оо 


ъ ы یم‎ ы ы 00 یم‎ ы Оо ь со ds мю OS ON A м 


а!А 
7.682 
9.729 
4.5937 
5.231 
4.691 
9.96 
3.711 
5.242 
16.032 
4.3642 
8.35 
4.621 
11.152 


5.576 
4.961 
4.6887 
5.4305 
7.4843 
4.0862 


5.29 
6.585 
4.6528 
5.0696 
8.511 
5.968 
11.621 
5.4093 
7.07 
8.080 
9.451 
7.5332 
7.90 
11.60 
11.229 
5.6685 
4.1790 
5.4616 
4.066 
6.029 
11.04 


10.4646 
10.818 


6.2931 
9.775 
5.10 
8.22 
5.287 
3.3058 
4.266 


5.607 
4.4570 
4.3835 
10.190 
4.684 
4.871 
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ЫА 
11.818 
18.065 

5.953 


5.720 
28.60 


11.03 


7.6730 


8.72 
8.387 
16.65 


12.675 
11.310 


6.628 
8.414 
10.98 


12.8660 


7.156 


8.60 
9.158 


11.419 


12.034 


3.425 
10.636 


c/À a 
6.707 92.36 
5.334 
2.9618 
2.962 
4.925 
9.85 

17.59 

11.372 
7.149 
4.9588 

5.05 
3.050 


13.658 
7.12 
15.373 


5.7711 


15.025 
16.829 
4.809 


6.56 


5.208 
9.1540 
5.63 
6.63 
3.8389 


2.6649 
12.046 

7.972 

5.107 
10.92 


24.4860 


4.280 


6.251 
14.72 

4.83 
18.95 


4.090 


5.463 
5.9290 
30.487 


5.129 
6.232 


В у 
93.95: 105.66 
103.31? 


89.36” 
110.5° 


113.95° 
110.07° 


90.00° 


96.73° 


104.00° 


99.50° 


99.47° 
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Name 
Tetrahedrite 
Thenardite 
Thorianite 
Thorite 
Tiemannite 
Tin 

Titanium 
Titanium(III) oxide 
Topaz 
Tremolite 
Trevorite 
Tridymite (B) 
Trogtalite 
Troilite 
Tschermakite 
Tungsten 
Tungstenite 
Turquois 
Umangite 
Uraninite 
Ureyite 
Uvarovite 
Uvite 

Vaesite 
Valentinite 


Vanthoffite 
Vaterite 
Villiaumite 
Violarite 
Willemite 
Witherite 
Wolframite 
Wollastonite 
Wulfenite 
Wurtzite 
Wustite 


Xenotime 
Zinc 


Zinc telluride 
Zincite 
Zinkosite 
Zircon 
Zoisite 


Formula 

Сь,,55,5,, 

Na,SO, 

Tho, 

ThsiO, 

HgSe 

Sn 

Ti 

TiO, 

ALSiO(OH,E), 
Са,Мв,5і,О, (OH), 
NiFe,O, 

SiO, 

CoSe, 

FeS 

CaAL SiO, 

W 

WS, 

CuAl (PO ) (OH),.4H,O 
Си, бе, 

UO, 
NaCr(SiO,), 
Са,Сг,51,О,, 
СаМв,А18,51 
NiS, 


Sb,O, 


O, (OH), 


672 


MgSO,3Na,SO, 
CaCO, 

NaF 

FeNi,S, 

Zn, SiO, 

BaCO, 
Fe,,Mn,,WO, 
Садо, 
PbMoO, 

ZnS 


ZnIe 

ZnO 

ZnSO, 

7130, 
Ca,Al,(SiO,),OH 


Crystal 
system 
cubic 
orth 
cubic 
tetr 
cubic 
tetr 

hex 
rhomb 
orth 
monocl 
cubic 
hex 
cubic 
hex 
monocl 
cubic 
hex 
tricl 
tetr 
cubic 
monocl 
cubic 
rhomb 
cubic 
orth 


monocl 
hex 
cubic 
cubic 
rhomb 
orth 
monocl 
tricl 
tetr 
hex 
cubic 


tetr 
hex 


cubic 
hex 
orth 
tetr 
orth 


Structure 
type 
tetrahedrite 
thenardite 
fluorite 
zircon 


sphalerite 


corundum 


tremolite 
spinel 


pyrite 
niccolite 


diopside 


molybdenite 


fluorite 
diopside 
garnet 
tourmaline 
pyrite 
antimony 
trioxide 


rock salt 
spinel 
phenacite 
aragonite 
wolframite 


scheelite 
zincite 
defect rock 
salt 
zircon 
hexagonal 
close pack 
sphalerite 
zincite 
barite 


zircon 


со = an На 4» о со Ë Ë мю к ۲م م‎ На мю 4 н со мю BAN GA ва BONN 


ج یم дээ‏ 


ЫА c/À 
12.304 9.821 
6.327 
3.1813 
4.729 
13.642 
8.792 4.649 
18.052 5.275 
8.2563 
5.877 
8.661 5.272 
12.362 
7.629 9.910 
4.276 
8.712 5.273 
7.19 
12.468 5.421 
9.217 8.199 
8.524 
9.309 
8.904 5.314 
5.731 4.982 
7.32 7.07 
12.110 
6.2565 
5.982 
4.947 
5.2069 
6.740 4.770 
5.979 
5.581 10.06 


68.61% 


90.03” 


104.70 


106.12 


69.71% 


107.44 


113.50 


90.57" 
95.37" 


4-155 


65.08" 


103.43* 


VAPOR PRESSURE OF THE METALLIC ELEMENTS — DATA 


The following values of the vapor pressure of metallic elements 
are calculated from the equations in the preceding table. All values 


are given in pascals. For conversion, note that 1 Pa - 7.50 umHg 
= 9.87.10 ° atm. 


Vapor Pressure in Pa 


Metal mp/K 400 K 600 K 800 K 1000 K 1200 K 1400 K 1600 K 1800 K 2000 K 2200 K 2400 K 
Aluminum 933 3060107 7 0.00256 0.218 6.10 814 
Americium 449 3.86107 0.00167 0.423 21.35 
Barium 000 797x105 0.0450 711 162 
Beryllium 560 304x107 7 0.00314 0.312 912 113 
Cadmium 594 0.000280 18.2 
Calcium 115 2.36x10° 0.146 25.5 
Cerium 071 247x107 8.91х10% 2.97105 0.00233 0.0691 1.04 9.56 60.8 
Cesium 302 0.394 
Chromium 2180 2.45x10* 7.5910 0.0239 1.80 524 774 
Cobalt 768 2.09x107? 7 0.000419 0.0379 115 16.0 
Copper 358 6.60х107" 1.53х10% 0.00122 0.135 3.94 544 
Сипит 618 1.90x10? 4.24х10% 0.00103 0.0629 117 121 821 
Dysprosium 685 54x10? 8.21x10° 0.0241 1.362 275 
Erbium 802 390400 ۹7 0.00205 0.163 4.23 525 
Furopium 095 1.74х10% 0.109 19.4 
Gadolinium 506 5.70х10:0 1.54х10% 0.000429 0.0279 0.618 7.39 56.2 
Gallium 303 94107 0.000565 0114 4.98 844 
Gold 337 3.72x10* 5.44.4102 0.00920 0.374 6.68 67.0 
Hafnium 2506 135x10! 9.81x10? 1.63х10% 9.69105 0.00272 0.0437 
Holmium 747 3.20x10? 2.32x10° 0.00837 0.546 12.3 
ndium 430 8.31x10" .08x10* 0.0127 1.413 40.9 
ridium 2119 1.48x10° 3.72x107 3.06x10° 0.00112 0.0225 
ron 811 5.54x10° 2.51x10° 0.0104 0.961 32.7 36.8 
Lanthanum 191 5.09x10* 2.02x10* 0.00181 0.0596 0.976 9.61 647 
Lead 601 5.54107 0.00618 1.64 68.1 
Lithium 454 7.9010! 0.000489 1.08 109 
Lutetium 936 3.2610 1.59107 6.79x10* 0.00628 0.211 318 26.7 
agnesium 923 6.5310? 0.0152 215 
апдапезе 519 5.55х107 0.00221 0.524 249 
егсигу 234 140 
olybdenum 2895 1.8310? 4.07107 3.03х10° 0.00102 0.0189 
eodymium 294 4555-10! 7.62х107 0.000483 0.0412 1.07 13.4 101 
eptunium 917 3.3110? 1.63х10% 0.000168 0.00604 0.105 1.06 7.28 
ickel 728 2194079: 1.09x10* 0.000471 0.0438 1.37 19.5 
iobium 2750 2.32х10" 9.54 109 147x105 5.98х10° 0.00158 
Osmium 3306 1.85x10 795 2.49х10% 8.75х10° 
Palladium 828 8.2710? 1.40x10* 0.00277 0.144 3.07 304 
Platinum 2041 2.34 108 114х109 0.00143 0.0689 0.153 1.59 
Plutonium 913 1.03х10% 6.17х10% 0.000594 0.0182 0.262 2.20 126 53.8 
Potassium 337 0.0188 96.9 
Praseodymium 204 1.95x10* 246x105 0.00257 0.0904 144 132 80.8 
Protactinium 845 3444107: 8.06х10% 5.57x10° 0.000174 0.00306 
Rhenium 3459 1.37x10 222х10% 141x105 4.45x10° 
Rhodium 2236 1.69x10* 5.99x105 0.000571 0.0217 0.422 441 
Rubidium 312 0.165 
Ruthenium 2606 7.96x10? 1.77105 0.000133 0.00455 0.0858 
Samarium 347 8.17x10° 0.00221 0.942 51.0 
Scandium 814 6.31x10* 0.000129 0.0300 1.80 43.6 91.3 
Silver 235 127x107 0.000603 0.165 7.61 131 
Sodium 371 0.000185 5.60 
Strontium 050 4399401 0.000429 1.134 121 
Tantalum 3280 3.36x10°° 1.87х10% 5.21x107 
Terbium 629 1.92x10° 4.18x10° 0.000988 0.0585 1.15 125 88.0 
Thallium 577 1.59x10* 0.0931 16.9 
Thorium 2023 3.33х10 7" 2.00x108 2.89х10% 0.000154 0.00401 0.0610 
Thulium 818 6034009 ۹75 0.0561 5.22 130 
Tin 505 1.26x10? 8.62х10% 0.00310 0.207 4,85 56.3 
Titanium 943 9.69x10? 7.44108 0.00106 0.0493 0.978 10.6 76.9 
Tungsten 3687 2.62x10 3.01х10% 1.59х10% 
Uranium 408 9.47x10 2.87х10% 427x105 0.000263 0.00678 0.0933 0.803 
Vanadium 2183 2.79x10 767 0.000107 0.00769 0.233 3.68 32.6 
Ytterbium 092 1.03x10° 0.00384 6.74 
Yttrium 795 6.66x10 2.96x107 0.000117 0.0102 0.316 4.27 359 
Zinc 693 147x105 0.653 
Zirconium 2127 105x107? ۹7 8.68х10% 0.000450 0.0110 0.155 
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CODATA KEY VALUES FOR THERMODYNAMICS 


The Committee on Data for Science and Technology (CODATA) 
has conducted a project to establish internationally agreed values 
for the thermodynamic properties of key chemical substances. 
This table presents the final results of the project. Use of these 
recommended, internally consistent values is encouraged in the 
analysis of thermodynamic measurements, data reduction, and 
preparation of other thermodynamic tables. 

The table includes the standard enthalpy of formation at 298.15 
K, the entropy at 298.15 К, and the quantity H° (298.15 К)-Н” (0). 
A value of 0 in the ДР? column for an element indicates the refer- 
ence state for that element. The standard state pressure is 100000 


Pa (1 bar). See the reference for information on the dependence of 
gas-phase entropy on the choice of standard state pressure. 
Substances are listed in alphabetical order of their chemical for- 
mulas when written in the most common form. 
The table is reprinted with permission of CODATA. 


Reference 


Cox, J. D., Wagman, D. D., and Medvedev, V. A., CODATA Key Values for 
Thermodynamics, Hemisphere Publishing Corp., New York, 1989. 


АН" (298.15 K) S° (298.15 K) H° (298.15 K)— H° (0) 

Substance State وا‎ тог“ J-K” тог" "مووا‎ 
Ag ст 0 42.55 + 0.20 5.745 + 0.020 
Ag g 284.9 + 0.8 172.997 + 0.004 6.197 + 0.001 
Ag* aq 105.79 + 0.08 73.45 + 0.40 
AgCI cr —127.01 + 0.05 96.25 + 0.20 12.033 + 0.020 
Al cr 0 28.30 + 0.10 4.540 + 0.020 
Al g 330.0 + 4.0 164.554 + 0.004 6.919 + 0.001 
АГ? ад —538.4 + 1.5 —325 + 10 
AIF, ст —1510.4 + 1.3 66.5 + 0.5 11.62 + 0.04 
ALO, cr, corundum -1675.7 + 1.8 50.92 + 0.10 10.016 + 0.020 
Аг 5 0 154.846 + 0.003 6.197 + 0.001 
В cr, rhombic 0 5.90 + 0.08 1.222 + 0.008 
В 5 565 +5 153.436 + 0.015 6.316 + 0.002 
ВЕ, 5 —1136.0 + 0.8 254.42 + 0.20 11.650 + 0.020 
В,О, сг —1273.5 + 14 53.97 + 0.30 9.301 + 0.040 
Ве ст 0 9.50 + 0.08 1.950 + 0.020 
Ве 5 324 +5 136.275 + 0.003 6.197 + 0.001 
Вео cr —609.4 + 2.5 13.77 € 0.04 2.837 + 0.008 
Вг 5 111.87 + 0.12 175.018 + 0.004 6.197 + 0.001 
Br aq —121.41 + 0.15 82.55 + 0.20 
Br, 1 0 152.21 + 0.30 24.52 + 0.01 
Вг, 5 30.91 + 0.11 245.468 + 0.005 9.725 + 0.001 
C cr, graphite 0 5.74 € 0.10 1.050 + 0.020 
C g 716.68 + 0.45 158.100 + 0.003 6.536 + 0.001 
CO g —110.53 + 0.17 197.660 + 0.004 8.671 + 0.001 
CO, g —393.51 + 0.13 213.785 + 0.010 9.365 + 0.003 
со, aq, undissoc. —413.26 + 0.20 119.36 + 0.60 
сол ад —675.23 + 0.25 —50.0 + 1.0 
Ca ст 0 41.59 + 0.40 5.736 + 0.040 
Са 5 177.8 + 0.8 154.887 + 0.004 6.197 + 0.001 
Ca? aq —543.0 + 1.0 —56.2 + 1.0 
Сао cr –634.92 + 0.90 38.1 + 0.4 6.75 + 0.06 
Cd cr 0 51.80 + 0.15 6.247 + 0.015 
Cd g 111.80 + 0.20 167.749 + 0.004 6.197 + 0.001 
Cd? aq —75.92 + 0.60 —72.8 + 1.5 
CdO cr —258.35 + 0.40 54.8 + 1.5 8.41 + 0.08 
CdSO,:8/3H,O cr —1729.30 + 0.80 229.65 + 0.40 35.56 + 0.04 
а 5 121.301 + 0.008 165.190 + 0.004 6.272 + 0.001 
СІ- ад —167.080 + 0.10 56.60 + 0.20 
CIO, aq —128.10 + 0.40 184.0 + 1.5 
CL g 0 223.081 + 0.010 9.181 + 0.001 
Cs cr 0 85.23 + 0.40 7.711 + 0.020 
Cs g 76.5 + 1.0 175.601 + 0.003 6.197 + 0.001 
Cs* aq —258.00 + 0.50 132.1 + 0.5 
Cu сг 0 33.15 + 0.08 5.004 + 0.008 
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Substance 


State 


aq, undissoc. 
сг 
aq, undissoc. 


CODATA Key Values for Thermodynamics 


A, H? (298.15 К) S° (298.15 K) H° (298.15 K)— H° (0) 
kJ -mol` J. K^? -mol` kJ -mol` 

337.4 + 1.2 166.398 + 0.004 6.197 + 0.001 
64.9 + 1.0 -98 + 4 
–7714 + 1.2 109.2 + 0.4 16.86 + 0.08 
79.38 + 0.30 158.751 + 0.004 6.518 + 0.001 
—335.35 + 0.65 -13.8 + 0.8 
0 202.791 + 0.005 8.825 + 0.001 
0 31.09 + 0.15 4.636 + 0.020 
372 + 3 167.904 + 0.005 7.398 + 0.001 
—1190.20 + 0.50 301.9 + 1.0 17.29 + 0.10 
—580.0 + 1.0 39.71 + 0.15 7.230 + 0.020 
217.998 + 0.006 114.717 + 0.002 6.197 + 0.001 
0 0 
—36.29 + 0.16 198.700 + 0.004 8.648 + 0.001 
—689.93 + 0.20 98.4 + 0.5 
—92.31 + 0.10 186.902 + 0.005 8.640 + 0.001 
-273.30 + 0.70 173.779 + 0.003 8.599 + 0.001 
26.50 + 0.10 206.590 + 0.004 8.657 + 0.001 
—1299.0 + 1.5 —33.5 + 1.5 
—16.3 + 1.5 67+5 
—886.9 + 1.0 131.7 + 3.0 
0 130.680 + 0.003 8.468 + 0.001 
—285.830 + 0.040 69.95 + 0.03 13.273 + 0.020 
—241.826 + 0.040 188.835 + 0.010 9.905 + 0.005 
-1302.6 + 1.5 92.5 + 1.5 
—20.6 + 0.5 205.81 + 0.05 9.957 + 0.010 
—38.6 + 1.5 126 +5 
—1094.8 + 0.8 89.95 + 0.60 13.52 + 0.04 
—1072.8 + 0.8 162.4 + 0.6 
0 126.153 + 0.002 6.197 + 0.001 
0 75.90 + 0.12 9.342 + 0.008 
61.38 + 0.04 174.971 + 0.005 6.197 + 0.001 
170.21 + 0.20 –36.19 + 0.80 
–90.79 + 0.12 70.25 + 0.30 9.117 + 0.025 
166.87 + 0.50 65.74 + 0.80 
—265.37 + 0.40 191.6 + 0.8 23.35 + 0.20 
—743.09 + 0.40 200.70 + 0.20 26.070 + 0.030 
106.76 + 0.04 180.787 + 0.004 6.197 + 0.001 
—56.78 + 0.05 106.45 + 0.30 
0 116.14 + 0.30 13.196 + 0.040 
62.42 + 0.08 260.687 + 0.005 10.116 + 0.001 
0 64.68 + 0.20 7.088 + 0.020 
89.0 + 0.8 160.341 + 0.003 6.197 + 0.001 
—252.14 + 0.08 101.20 + 0.20 
0 164.085 + 0.003 6.197 + 0.001 
0 29.12 + 0.20 4.632 + 0.040 
159.3 + 1.0 138.782 + 0.010 6.197 + 0.001 
-278.47 + 0.08 12.24 + 0.15 
0 32.67 + 0.10 4.998 + 0.030 
147.1 + 0.8 148.648 + 0.003 6.197 + 0.001 
—467.0 + 0.6 —137 +4 
—1124.2 + 1.2 57.2 + 0.5 9.91 + 0.06 
—601.60 + 0.30 26.95 + 0.15 5.160 + 0.020 
472.68 + 0.40 153.301 + 0.003 6.197 + 0.001 
—45.94 + 0.35 192.77 + 0.05 10.043 + 0.010 
—133.26 + 0.25 111.17 + 0.40 
—206.85 + 0.40 146.70 + 0.40 
0 191.609 + 0.004 8.670 + 0.001 
0 51.30 + 0.20 6.460 + 0.020 
107.5 + 0.7 153.718 + 0.003 6.197 + 0.001 
—240.34 + 0.06 58.45 + 0.15 


СОРАТА Key Values for Thermodynamics 


Substance 


State 


aq 
cr, rhombic 


cr, alpha quartz 
cr, white 

g 

aq 

cr, tetragonal 
cr, tetragonal 
сг 


cr 


aq 
cr, gamma 
cr 


АН" (298.15 K) S° (298.15 K) H° (298.15 K)- H° (0) 
КЈ тог“! ГК -mol` kJ -mol` 

0 146.328 + 0.003 6.197 + 0.001 
249.18 + 0.10 161.059 + 0.003 6.725 + 0.001 
—230.015 + 0.040 —10.90 + 0.20 
0 205.152 + 0.005 8.680 + 0.002 
0 41.09 + 0.25 5.360 + 0.015 
316.5 + 1.0 163.199 + 0.003 6.197 + 0.001 
144.0 + 2.0 218.123 + 0.004. 8.904 + 0.001 
58.9 + 0.3 280.01 + 0.50 14.10 + 0.20 
0 64.80 + 0.30 6.870 + 0.030 
195.2 + 0.8 175.375 + 0.005 6.197 + 0.001 
0.92 + 0.25 18.5 + 1.0 
—919.97 + 0.40 148.50 + 0.60 20.050 + 0.040 
0 76.78 + 0.30 7.489 + 0.020 
80.9 + 0.8 170.094 + 0.003 6.197 + 0.001 
—251.12 + 0.10 121.75 + 0.25 
0 32.054 + 0.050 4.412 + 0.006 
277.17 + 0.15 167.829 + 0.006 6.657 + 0.001 
—296.81 + 0.20 248.223 + 0.050 10.549 + 0.010 
—909.34 + 0.40 18.50 + 0.40 
128.60 + 0.30 228.167 + 0.010 9.132 + 0.002 
0 18.81 + 0.08 3.217 + 0.008 
450 + 8 167.981 + 0.004 7.550 + 0.001 
—1615.0 + 0.8 282.76 + 0.50 15.36 + 0.05 
—910.7 + 1.0 41.46 + 0.20 6.916 + 0.020 
0 51.18 + 0.08 6.323 + 0.008 
301.2 + 1.5 168.492 + 0.004 6.215 + 0.001 
–8.9 + 1.0 —16.7 + 4.0 
—280.71 + 0.20 57.17 + 0.30 8.736 + 0.020 
—577.63 + 0.20 49.04 + 0.10 8.384 + 0.020 
0 51.8 + 0.5 6.35 + 0.05 
602 + 6 190.17 + 0.05 6.197 + 0.003 
—1226.4 + 3.5 65.23 + 0.20 10.560 + 0.020 
0 30.72 + 0.10 4.824 + 0.015 
473 + 3 180.298 + 0.010 7.539 + 0.002 
—763.2 + 3.0 353.2 + 4.0 21.5 + 0.5 
—944.0 + 0.8 50.62 + 0.30 8.68 + 0.05 
0 50.20 + 0.20 6.364 + 0.020 
533 + 8 199.79 + 0.10 6.499 + 0.020 
—1085.0 + 1.0 77.03 + 0.20 11.280 + 0.020 
—1019.0 + 1.5 —98.2 + 3.0 
—1223.8 + 1.2 96.11 + 0.40 14.585 + 0.050 
—3574.8 + 2.5 282.55 + 0.50 42.74 + 0.10 
0 169.685 + 0.003 6.197 + 0.001 
0 41.63 + 0.15 5.657 + 0.020 
130.40 + 0.40 160.990 + 0.004 6.197 + 0.001 
—153.39 + 0.20 —109.8 + 0.5 
—350.46 + 0.27 43.65 + 0.40 6.933 + 0.040 
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STANDARD THERMODYNAMIC PROPERTIES OF CHEMICAL SUBSTANCES 


This table gives the standard state chemical thermodynamic 
properties of about 2500 individual substances in the crystalline, 
liquid, and gaseous states. Substances are listed by molecular for- 
mula in a modified Hill order; all substances not containing car- 
bon appear first, followed by those that contain carbon. The 
properties tabulated are: 


AdT Standard molar enthalpy (heat) of formation at 298.15 К 
in kJ/mol 

AG? Standard molar Gibbs energy of formation at 298.15 K 
in kJ/mol 


S Standard molar entropy at 298.15 K in J/mol K 
Molar heat capacity at constant pressure at 298.15 K in 
J/mol K 


The standard state pressure is 100 kPa (1 bar). The standard 
states are defined for different phases by: 


e Тһе standard state of a pure gaseous substance is that of 
the substance as a (hypothetical) ideal gas at the standard 
state pressure. 

e Тһе standard state of a pure liquid substance is that of the 
liquid under the standard state pressure. 

. Тһе standard state of a pure crystalline substance is that of 
the crystalline substance under the standard state pres- 
sure. 


An entry of 0.0 for A,” for an element indicates the reference 
state of that element. See References 1 and 2 for further informa- 
tion on reference states. A blank means no value is available. 
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Crystal Liquid Gas 

Molecular A, H° 4,6% 5% [^ A, 4,6% 5% с, A, H° A G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
Substances not containing carbon: 
Ac Actinium 0.0 56.5 27.2 406.0 366.0 188.1 20.8 
Ag Silver 0.0 42.6 25.4 284.9 246.0 173.0 20.8 
AgBr Silver(l) bromide -100.4 -96.9 107.1 52.4 
AgBr0, білегі) bromate -10.5 713 151.9 
AgCI Silver(l) chloride -127.0 -109.8 96.3 50.8 
AgCI0, Silver(l) chlorate -30.3 645 142.0 
AgCIO, білегі) perchlorate -31. 
АДЕ Silver(l) fluoride -204.6 
Ад, Silver(Il) fluoride -360.0 
Agl Silver(l) iodide -61.8 -66.2 155 56.8 
Agl0, Silver(l) iodate -171.1 -93.7 49.4 102.9 
AgNO; білегі) nitrate -124.4 -33.4 40.9 93.1 
Ад, Disilver 410.0 358.8 251.1 37.0 
Ag;CrO, білегі) chromate -731.7 -641.8 217.6 142.3 
Ag;0 Silver(l) oxide -31. -112 213 65.9 
А0, Silver(Il) oxide -243 21.6 17.0 88.0 
A920; Silver(IIl) oxide 33.9 121.4 00.0 
Ag,0,S Silver(l) sulfate -715.9 -618.4 200.4 131.4 
AgS білегі) sulfide (argentite) -32.6 -40.7 44.0 76.5 
Al Aluminum 0.0 28.3 24.2 330.0 289.4 164.6 21.4 
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Standard Thermodynamic Properties of Chemical Substances 5-5 
Crystal Liquid Gas 

Molecular АН 4,6% 5% [^ A, H° A G° 5% с, A, H° A G° 5% C, 

formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

АВ.Н,, Aluminum borohydride -16.3 145.0 289.1 194.6 13.0 147.0 3792 

АВг Aluminum monobromide -4.0 -42.0 239.5 35.6 

АГ, Aluminum bromide -527.2 180.2 100.6 -425.1 

AICI Aluminum monochloride -47.7 -74.1 228.1 35.0 

AICI, Aluminum dichloride -331.0 

AICI, Aluminum chloride -704.2 -628.8 109.3 911 -583.2 

АЕ Aluminum monofluoride -258.2 -283.7 215.0 31.9 

АҒ; Aluminum fluoride -1510.4 — -14311 66.5 754 -1204.6 -11882 2771 62.6 

АЕ Ма Sodium tetrafluoroaluminate -1869.0 -1827.5 345.7 105.9 

AIH Aluminum monohydride 259.2 231.2 187.9 29.4 

АН; Aluminum hydride -46.0 30.0 40.2 

АНК Potassium aluminum hydride -183.7 

АН, Lithium aluminum hydride -116.3 -44.7 78.7 83.2 

АН,Ма Sodium aluminum hydride -115.5 

А Aluminum monoiodide 65.5 36.0 

All, Aluminum iodide -313.8 -300.8 159.0 98.7 -207.5 

А Aluminum nitride -318.0 -287.0 20.2 30.1 

AIO Aluminum monoxide 912 65.3 218.4 30.9 

АМОР Aluminum phosphate -1733.8 -1617.9 90.8 93.2 

AIP Aluminum phosphide -166.5 

AIS Aluminum monosulfide 200.9 150.1 230.6 334 

Al, Dialuminum 485.9 433.3 233.2 36.4 

А,Вг, Aluminum hexabromide -970.7 

АС Aluminum hexachloride -1290.8 -1220.4 490.0 

А Aluminum hexafluoride -2628.0 

All; Aluminum hexaiodide -516.7 

А,0 Aluminum oxide (Al,0) -130.0 -159.0 2594 45.7 

А,0, Aluminum oxide (corundum) -1675.7 -15823 50.9 79.0 

ALS; Aluminum sulfide -724.0 116.9 105.1 

Ат Americium 0.0 

Ar Argon 0.0 1548 20.8 

As Arsenic (gray) 0.0 351 24.6 302.5 261.0 1742 20.8 

As Arsenic (yellow) 14.6 

ASBr, Агветс(1) bromide -197.5 -130.0 -159.0 363.9 79.2 

AsCl, Arsenic(IIl) chloride -305.0 -259.4 216.3 -261.5 -248.9 327.2 184 

ASF, Агветс(1) fluoride -821.3 -774.2 181.2 126.6 -785.8 -770.8 289.1 65.6 

AsGa Gallium arsenide -71.0 -67.8 64.2 46.2 

ASH, Arsine 66.4 68.9 222.8 38.1 

AsH;0, Arsenic acid -906.3 

Asl; Arsenic(III) iodide -582 -594 213.1 105.8 388.3 80.6 

Asin Indium arsenide -58.6 -53.6 75.7 47.8 

А$0 Arsenic monoxide 70.0 

AS; Diarsenic 2222 171.9 239.4 35.0 

As,0; Arsenic(V) oxide -924.9 -782.3 105.4 116.5 

As,S; Arsenic(III) sulfide -169.0 -168.6 163.6 116.3 

At Astatine 0.0 

Au Gold 0.0 414 254 366.1 326.3 180.5 20.8 

AuBr Gold(l) bromide -14.0 

AuBr, Gold(Ill) bromide -53.3 

AuCI Gold(l) chloride -34.7 

ісі; Gold(Ill) chloride -117.6 

AuF, Gold(Ill) fluoride -363.6 

AuH Gold hydride 295.0 265.7 2112 29.2 

Aul Gold(l) iodide 0.0 

Au; Digold 515.1 36.9 

B Boron (B-rhombohedral) 0.0 59 114 565.0 5210 1534 20.8 

BBr Bromoborane(1) 238.1 195.4 225.0 32.9 

BBr, Boron tribromide -239.7 -238.5 229.7 -205.6 -232.5 324.2 67.8 

BCI Chloroborane(1) 149.5 120.9 213.2 31.7 

BCIO Chloroxyborane -314.0 

BCI; Boron trichloride -427.2 -387.4 206.3 106.7 -403.8 -388.7 290.1 62.7 

ВС$0, Cesium metaborate -972.0 -915.0 104.4 80.6 

ВЕ Fluoroborane(1) -1222 -149.8 200.5 29.6 

ВЕО Fluorooxyborane -607.0 

BF, Boron trifluoride -1136.0 -1119.4 2544 

BF,H,N Aminetrifluoroboron -1353.9 


5-6 Standard Thermodynamic Properties of Chemical Substances 
Crystal Liquid Gas 

Molecular АН 4,6% 5% [^ A, А, G° 5% С, A, H° A, G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
ВЕЊР rihydro(phosphorus -854.0 

trifluoride)boron 
BF,Na Sodium tetrafluoroborate -1844.7 -1750.1 145.3 120.3 
BH Borane(1) 442.7 412.7 171.8 29.2 
BHO, etaboric acid (В, monoclinic) -794.3 -723.4 38.0 -561.9 -551.0 240.1 42.2 
ВН, Вогапе(3) 89.2 93.3 188.2 36.0 
ВН;0; Boric acid -1094.3 -968.9 90.0 86.1 -994.1 
ВНК Potassium borohydride -227.4 -160.3 106.3 96.1 
BH,Li Lithium borohydride -190.8 -125.0 75.9 82.6 
BH,Na Sodium borohydride -188.6 -123.9 101.3 86.8 
Bl, Boron triiodide 714 20.7 349.2 70.8 
BKO, Potassium metaborate -981.6 -923.4 80.0 66.7 
BLIO, Lithium metaborate -1032.2 -976.1 51.5 59.8 
B Boron nitride -254.4 -228.4 14.8 19.7 647.5 614.5 212.3 29.5 
ВМа0, Sodium metaborate -977.0 -920.7 73.5 65.9 
BO Boron monoxide 25.0 -4.0 203.5 29.2 
BO, Boron dioxide -300.4 -305.9 229.6 43.0 
BO;Rb Rubidium metaborate -971.0 -913.0 943 741 
BS Boron monosulfide 342.0 288.8 216.2 30.0 
B; Diboron 830.5 774.0 201.9 30.5 
В.С Tetrachlorodiborane -523.0 -464.8 262.3 137.7 -490.4 -460.6 357.4 95.4 
BF, Tetrafluorodiborane -1440.1 -1410.4 317.3 79.1 
В,Н, Diborane 364 87.6 2321 56.7 
В,0; Diboron dioxide -454.8 -462.3 242.5 57.3 
В,0, Boron oxide -1273.5 -1194.3 540 62.8 -843.8 -832.0 279.8 66.9 
B,S; Boron sulfide -240.6 100.0 1117 67.0 
ВН Borazine -541.0 -392.7 199.6 
В.Н, Tetraborane(10) 66.1 184.3 280.3 932 
B,Na,0, Sodium tetraborate -3291.1 -3096.0 189.5 186.8 
В.Н, Pentaborane(9) 427 171.8 184.2 1511 732 173.6 280.6 996 
BHi Pentaborane(11) 73.2 103.3 230.6 321.0 130.3 
ВН Hexaborane(10) 56.3 946 211.3 296.8 125.7 
ВН Nonaborane(15) 158.4 357.5 364.9 187.0 
Ва Decaborane(14) 473 2328 350.7 186.1 
Ва Barium 0.0 62.5 28.1 180.0 146.0 170.2 20.8 
BaBr, Barium bromide -757.3 -736.8 146.0 
BaCl, Barium chloride -855.0 -806.7 123.7 754 
BaCl,H,0, Barium chloride dihydrate -1456.9 -1293.2 203.0 
BaF, Barium fluoride -1207.1 -1156.8 96.4 71.2 
Ван; Barium hydride -177.0 -138.2 63.0 46.0 
BaH,0, Barium hydroxide -944.7 
Bal; Barium iodide -602.1 
Вам, О, Barium nitrite -768.2 
Вам, Об Barium nitrate -988.0 -792.6 214.0 151.4 
Ва0 Barium oxide -548.0 -520.3 724 473 -112.0 
Ва0,5 Barium sulfate -1473.2 -1362.2 1322 101.8 
Ва5 Barium sulfide -460.0 -456.0 782 494 
Be Beryllium 0.0 9.5 16.4 324.0 286.6 136.3 20.8 
ВеВг, Beryllium bromide -353.5 108.0 69.4 
Весь Beryllium chloride -490.4 -445.6 75.8 62.4 
BeF, Beryllium fluoride -1026.8 -979.4 53.4 51.8 
BeH,0, Beryllium hydroxide -902.5 -815.0 455 62. 
Bel; Вегу ит iodide -192.5 121.0 71. 
Веб Вегу ит oxide -609.4 -580.1 13.8 25.6 
Ве0,5 Beryllium sulfate -1205.2 -1093.8 77.9 85.7 
Веб Beryllium sulfide -2343 34.0 34.0 
Bi Bismuth 0.0 56.7 25.5 207.1 168.2 187.0 20.8 
ВІСІ0 Bismuth oxychloride -366.9 -322.1 120.5 
БІСІ; Bismuth trichloride -379.1 -315.0 177.0 105.0 -265.7 -256.0 358.9 79.7 
ВН, Оз Bismuth hydroxide -711.3 
Bil, Bismuth triiodide -175.3 
Bi, Dibismuth 219.7 36.9 
Ві,0; Bismuth oxide -573.9 -493.7 151.5 1135 
8:0 25 Bismuth sulfate -2544.3 
В!,5, Bismuth sulfide -143.1 -140.6 200.4 122.2 
Bk Berkelium 0.0 


Standard Thermodynamic Properties of Chemical Substances 5-7 
Crystal Liquid Gas 

Molecular A, H° 4,6% 5% [^ A, H° А, G° 5% C, A, H° д, G° 5% C, 

formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

Br Bromine (atomic) 111.9 82.4 175.0 20.8 

BrCl Bromine chloride 14.6 -10 240.1 35.0 

BrCl;Si Bromotrichlorosilane 350.1 90.9 

BrCs Cesium bromide -405.8 -3914 113.1 52.9 

BrCu Copper(I) bromide -104.6 -100.8 96.1 547 

BrF Bromine fluoride -93.8 -109.2 229.0 33.0 

BrF, Bromine trifluoride -300.8 -240.5 178.2 124.6 -255.6 -229.4 292.5 66.6 

ВІР, Bromine pentafluoride -458.6 -351.8 225.1 -428.9 -350.6 320.2 99.6 

Вгбе Germanium топобгот де 235.6 371 

BrGeH, Bromogermane 274.8 56.4 

BrH Hydrogen bromide -36.3 -53.4 198.7 291 

BrHSi Bromosilylene -4644 

BrH,Si Bromosilane 262.4 52.8 

BrH,N Ammonium bromide -270.8 -175.2 113.0 96.0 

Br lodine bromide 40.8 37 258.8 36.4 

Brin Indium(!) bromide -175.3 -169.0 113.0 -56.9 -94.3 259.5 36.7 

Br Potassium bromide -393.8 -380.7 95.9 52.3 

ВКО, Potassium bromate -360.2 -271.2 149.2 105.2 

ВКО, Potassium perbromate -287.9 -1744 170.1 1202 

BrLi Lithium bromide -351.2 -342.0 743 

BrNO Nitrosyl bromide 82.2 824 273.7 45.5 

BrNa Sodium bromide -361.1 -349.0 86.8 514 -143.1 -177.1 241.2 36.3 

BrNa0, Sodium bromate -334.1 -242.6 28.9 

BrO Bromine monoxide 125.8 109.6 233.0 34.2 

810, Bromine dioxide 152.0 155.0 271.1 45.4 

BrRb Rubidium bromide -394.6 -381.8 10.0 52.8 

BrSi Bromosilyldyne 209.0 38.6 

BrTI hallium(l) bromide -173.2 -167.4 205 -87.7 

Br, Bromine 0.0 1522 75.7 30.9 31 245.5 36.0 

Вг;Са Calcium bromide -682.8 -663.6 30.0 

Br,Cd Cadmium bromide -316.2 -296.3 37.2 16.7 

Br,Co Сорай 01) bromide -220.9 79.5 

Br,Cr Chromium(Il) bromide -302.1 

Br,Cu Copper(Il) bromide -141.8 

Воће гоп(1) bromide -249.8 -238.1 40.6 

Dibromosilane 309.7 65.5‏ اك و وا 

Br;Hg ercury(Il) bromide -170.7 -153.1 72.0 

Br;Hg; ercury(I) bromide -206.9 -181.1 218.0 

Вг,Мо agnesium bromide -5243 -503.8 172 

Br,Mn anganese(II) bromide -384.9 

Br,Ni Nickel(Il) bromide -212.1 

Br,Pb Lead(Il) bromide -218.7 -261.9 61.5 80.1 

Br;Pt Platinum(ll) bromide -82.0 

Br,S; Sulfur bromide -13.0 

Вг,56 Selenium dibromide -210 

Br,Sn in(Il) bromide -243.5 

Br,Sr Strontium bromide -717.6 -697.1 135.1 75.3 

Br;Ti itanium(Il) bromide -402.0 

Br,Zn Zinc bromide -328.7 -3121 138.5 

Br,Ce Cerium(III) bromide -891.4 

Br,CISi ribromochlorosilane 3771 95.3 

Br4Dy Dysprosium(|Il) bromide -036.2 

Вг.Ре гоп(1) bromide -268.2 

Вг;ба Gallium(Ill) bromide -306.6 -359.8 180.0 

Br,HSi ribromosilane -355.6 -336.4 248.1 -817.6 -328.5 348.6 80.8 

Вгзіп ndium(IIl) bromide -428.9 -282.0 

Вг,ОР Phosphoric tribromide -458.6 359.8 89.9 

BrP Phosphorus(Ill) bromide -184.5 -175.7 2402 -139.3 -162.8 348.1 76.0 

ВеР! Platinum(Ill) bromide -120.9 

Вг.Ве Rhenium(IIl) bromide -167.0 

Воћи Аићелтиг (И) bromide -138.0 

Вг,50 Antimony(Ill) bromide -2594 -239.3 207.1 -194.6 -223.9 372.9 80.2 

Вг,5с Scandium bromide -743.1 

Br,Ti itanium(lll) bromide -548.5 -523.8 176.6 101.7 

Вг,бе Germanium(IV) bromide -347.7 -331.4 280.7 -300.0 -318.0 396.2 101.8 

Br,Pa Protactinium(IV) bromide -824,0 -787.8 234.0 


5-8 Standard Thermodynamic Properties of Chemical Substances 
Crystal Liquid Gas 

Molecular АН A G° پر‎ [^ A, H° А, G° 5% С, A, H° A G° 5% C, 

formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

Br,Pt Platinum(IV) bromide -156.5 

Br,Si etrabromosilane -457.3 -443.9 2778 -415.5 -431.8 377.9 97.1 

Br,Sn in(IV) bromide -377.4 -350.2 264.4 -314.6 -331.4 411.9 103.4 

16 ellurium tetrabromide -190.4 

Br,Ti itanium(IV) bromide -616.7 -589.5 243.5 131.5 -549.4 -568.2 398.4 100.8 

Br,V Vanadium(lV) bromide -336.8 

Br,Zr Zirconium(IV) bromide -760.7 

BrP Phosphorus(V) bromide -269.9 

Br;Ta antalum(V) bromide -598.3 

Br,W ungsten(VI) bromide -348.5 

Са Calcium 0.0 41.6 25.9 177.8 1440 154.9 20.8 

CaCl, Calcium chloride -795.4 -748.8 108.4 72.9 

CaF, Calcium fluoride -12280 -1175.6 68.5 67.0 

CaH, Calcium hydride -181.5 -142.5 41.4 41.0 

CaH,0, Calcium hydroxide -985.2 -897.5 83.4 87.5 

Cal; Calcium iodide -533.5 -528.9 142.0 

CaN,0; Calcium nitrate -938.2 -742.8 193.2 1494 

Са0 Calcium oxide -634.9 -603.3 38.1 420 

Ca0,S Calcium sulfate -1434.5 -1322.0 106.5 99.7 

CaS Calcium sulfide -482.4 -477.4 56.5 474 

Са:0,Р, Calcium phosphate -4120.8 -3884.7 236.0 221.8 

Cd Cadmium 0.0 51.8 26.0 111.8 167.7 20.8 

CdCl, Cadmium chloride -391.5 -343.9 15.3 747 

CdF, Cadmium fluoride -700.4 -647.7 77.4 

CdH,0, Cadmium hydroxide -560.7 -473.6 96.0 

Cdl, Cadmium iodide -203.3 -201.4 61. 80.0 

Сао Cadmium oxide -2584 -228.7 548 434 

Cd0,S Cadmium sulfate -933.3 -822.7 23.0 99.6 

CdS Cadmium sulfide -161.9 -156.5 64.9 

CdTe Cadmium telluride -92.5 -92.0 00.0 

Се Cerium (ү, fcc) 0.0 72.0 26.9 423.0 385.0 191.8 231 

Сесі; Сепит(!) chloride -1060.5 -984.8 51.0 874 

Cel, Cerium(Ill) iodide -669.3 

(60, Cerium(IV) oxide -1088.7 -10246 62.3 61.6 

(65 Cerium(Il) sulfide -459.4 -451.5 78.2 50.0 

Се,0; Cerium(Ill) oxide -1796.2 -1706.2 150.6 114.6 

С Californium 0.0 

C Chlorine (atomic) 121.3 105.3 165.2 21.8 

CICs Cesium chloride -443.0 -4145 101.2 52.5 

CICsO, Cesium perchlorate -443.1 -314.3 175.1 108.3 

ClCu Соррег(ї) chloride -137.2 -119.9 86.2 485 

CIF Chlorine fluoride -50.3 -518 217.9 321 

CIFO, Perchloryl fluoride -23.8 48.2 279.0 64.9 

CIF, Chlorine trifluoride -189.5 -163.2 -123.0 281.6 63.9 

CIF;S Sulfur chloride pentafluoride -1065.7 

Сібе Germanium monochloride 1552 1242 247.0 36.9 

CIGeH, Chlorogermane 263.7 54,7 

CIH Hydrogen chloride -92.3 -95.3 186.9 291 

CIHO Hypochlorous acid -78.7 -66.1 236.7 372 

CIHO, Perchloric acid -40.6 

СІН] Chlorosilane 250.7 510 

CIH,N Ammonium chloride -314.4 -202.9 94.6 841 

CIH,NO, Ammonium perchlorate -295.3 -88.8 186.2 

CIH,P Phosphonium chloride -145.2 

C odine chloride -23.9 -13.6 135.1 17.8 -5.5 247.6 35.6 

Clin ndium(l) chloride -186.2 -15.0 

C Potassium chloride -436.5 -408.5 82.6 513 -214.6 -2333 239.1 36.5 

CIKO; Potassium chlorate -397.7 -296.3 143.1 100.3 

CIKO, Potassium perchlorate -432.8 -303.1 151.0 112.4 

СІН Lithium chloride -408.6 -3844 593 48.0 

CILIO, Lithium perchlorate -381.0 

CINO Nitrosyl chloride 517 66.1 261.7 447 

CINO; Nitryl chloride 12.6 544 2722 532 

CINa Sodium chloride -4112 -384.1 724 50.5 

CINa0; Sodium chlorite -307.0 

CINaO, Sodium chlorate -365.8 -262.3 123.4 


Standard Thermodynamic Properties of Chemical Substances 5-9 
Crystal Liquid Gas 

Molecular A, H° A G° 5% [^ A, H° A,&° 5% C, АҒ? A,&° $° р 

formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

CINa0, Sodium perchlorate -383.3 -254.9 142.3 

CIO Chlorine oxide 101.8 98.1 226.6 31.5 

CIOV Vanadyl chloride -607.0 -556.0 75.0 

CIO; Chlorine dioxide 102.5 120.5 256.8 42.0 

CIO; Chlorine superoxide (CIOO) 89.1 105.0 263.7 46.0 

CIO,Rb Rubidium perchlorate -437.2 -306.9 61.1 

CIRb Rubidium chloride -435.4 -407.8 95.9 52.4 

CISi Chlorosilylidyne 189.9 36.9 

CITI hallium(|) chloride -2041 -184.9 113 50.9 -67.8 

Cl Chlorine 0.0 223.1 33.9 

Cl;Co Cobalt(Il) chloride -312.5 -269.8 09.2 78.5 

20 Chromium(!l) chloride -395.4 -356.0 15.3 712 

Cl;CrO; Chromyl chloride -519.5 -510.8 221.8 -538.1 -501.6 329.8 845 

Cl,Cu Copper(Il) chloride -220.1 -175.7 08.1 71.9 

Cl,Fe ron(Il) chloride -341.8 -302.3 18.0 76.7 

Бұ! Dichlorosilane 285.7 60.5 

Cl; Hg ercury(1l) chloride -224.3 -178.6 46.0 

CL; Hg; егсигу() chloride -265.4 -210.7 91.6 

Cl;Mg agnesium chloride -641.3 -591.8 89.6 71.4 

Cl,Mn anganese(Il) chloride -481.3 -440.5 18.2 72.9 

CLNi Nickel(II) chloride -305.3 -259.0 97.7 71.7 

00 Chlorine monoxide 80.3 97.9 266.2 45.4 

65 hionyl chloride -245.6 121.0 -2125 -198.3 309.8 66.5 

СІ,0,5 Sulfuryl chloride -394.1 134.0 -364.0 -320.0 311.9 77.0 

00,0 Uranyl chloride -1243.9  -11464 150.5 107.9 

СЫР» Lead(Il) chloride -359.4 -314.1 136.0 

СЫР! Platinum(ll) chloride -1234 

CLS Sulfur dichloride -50.0 

(1,5, Sulfur chloride -594 

Cl;Sn in(Il) chloride -325.1 

Cl,Sr Strontium chloride -828.9 -781.1 114.9 75.6 

СІЛТІ itanium(Il) chloride -513.8 -4644 874 69.8 

Cl;Zn Zinc chloride -415.1 -369.4 111.5 71.3 -266.1 

ClZr Zirconium(ll) chloride -502.0 

Cl Cr Chromium(Ill) chloride -556.5 -486.1 123.0 91.8 

Cl,Dy Dysprosium(|Il) chloride -1000.0 

ChEr Erbium chloride -998.7 100.0 

Cl,Eu Europium(Ill) chloride -936.0 

CI Fe ron(IIl) chloride -399.5 -334.0 142.3 96.7 

CI Ga Gallium(IIl) chloride -524.7 -454.8 142.0 

Cl Gd Gadolinium(IIl) chloride -1008.0 88.0 

CIHSi richlorosilane -539.3 -482.5 221.6 -513.0 -482.0 313.9 75.8 

Cl Ho Holmium chloride -1005.4 88.0 

СЫП ndium(IIl) chloride -537.2 -374.0 

СЫП ridium(Ill) chloride -245.6 

Cl,La Lanthanum chloride -1072.2 108.8 

Сш Lutetium chloride -945.6 -649.0 

CIN Nitrogen trichloride 230.0 

ClNd Neodymium chloride -1041.0 113.0 

CIOP Phosphoric trichloride -597.1 -520.8 222.5 138.8 -558.5 -512.9 325.5 84.9 

CI |0V Vanadyl trichloride -734.7 -668.5 244.3 -695.6 -659.3 3443 89.9 

Cl40s Osmium(IIl) chloride -190.4 

СЫР Phosphorus(IIl) chloride -319.7 -272.3 2171 -287.0 -267.8 311.8 718 

CI Pr Praseodymium chloride -1056.9 100.0 

СЫР! Platinum(IIl) chloride -182.0 

Cl; Re Rhenium(Ill) chloride -264.0 -188.0 123.8 924 

CI Rh Rhodium(Ill) chloride -299.2 

Cl Ru Ruthenium(Il!) chloride -205.0 

(1,50 Ал топу(!) chloride -382.2 -323.7 184.1 107.9 

ClSc Scandium chloride -925.1 

(1,510 батагїшт() chloride -1025.9 

Cl,Tb Terbium chloride -997.0 

СТ Titanium(Ill) chloride -720.9 -653.5 139.7 97.2 

СТ Тпашит(!И) chloride -315.1 

ClTm Thulium chloride -986.6 

ClU Uranium(IIl) chloride -866.5 -799.1 159.0 102.5 


5-10 Standard Thermodynamic Properties of Chemical Substances 
Crystal Liquid Gas 

Molecular A, H° 4,6% 5% [^ A, H° А, G° 5% С, A, H° д, G° 5% C, 

formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

CIV Vanadium(Ill) chloride -580.7 -5112 131.0 93.2 

ChY Yttrium chloride -1000.0 -750.2 75.0 

Cl,Yb Ytterbium(Ill) chloride -959.8 

Cl,Ge Germanium(lV) chloride -531.8 -462.7 245.6 -495.8 -457.3 347.7 96.1 

Cl,Hf Hafnium(lV) chloride -990.4 -901.3 190.8 120.5 -884.5 

CI Pa Protactinium(IV) chloride -1043.0 -953.0 192.0 

Cl Pb Lead(IV) chloride -329.3 

СРЕ Platinum(IV) chloride -231.8 

(1451 etrachlorosilane -687.0 -619.8 239.7 145.3 -657.0 -617.0 330.7 90.3 

Cl,Sn in(IV) chloride -511.3 -440.1 258.6 165.3 -471.5 -432.2 365.8 98.3 

Cl le ellurium tetrachloride -326.4 138.5 

Cl,Th horium(IV) chloride -1186.2 -1094.1 190.4 120.3 -964.4 -932.0 390.7 107.5 

Ch Ti itanium(IV) chloride -804.2 -737.2 252.3 145.2 -763.2 -726.3 353.2 95.4 

CU Uranium(IV) chloride -1019.2 -930.0 197.1 122.0 -809.6 -786.6 419.0 

CIV Vanadium(IV) chloride -569.4 -503.7 255.0 -525.5 -492.0 362.4 96.2 

ClZr Zirconium(IV) chloride -980.5 -089.9 181.6 119.8 

Cl;Nb Niobium(V) chloride -797.5 -683.2 2105 1481 -703.7 -646.0 400.6 120.8 

СЫР Phosphorus(V) chloride -443.5 -374.9 -305.0 364.6 112.8 

Cl;Pa Protactinium(V) chloride -1145.0 -1034.0 238.0 

Cl;Ta antalum(V) chloride -859.0 

CI;U Uranium(VI) chloride -1092.0 -962.0 285.8 175.7 -1013.0 -928.0 431.0 

СЫ ungsten(VI) chloride -602.5 -513.8 

Ст Curium 0.0 

C Coba 0.0 30.0 24.8 4247 380.3 179.5 23.0 

CoF, Сорай 01) fluoride -692.0 -647.2 82.0 68.8 

CoH,0, Сорай 1) hydroxide -539.7 -454.3 79.0 

Col; Сорай 01) iodide -88.7 

СоМ,0; Cobalt(Il) nitrate -420.5 

Co0 Собан 1) oxide -237.9 -214.2 53.0 55,2 

Со0,5 Cobalt(Il) sulfate -888.3 -782.3 118.0 

CoS Cobalt(Il) sulfide -82.8 

С0,53 Cobalt(Ill) sulfide -147.3 

Co;0, Сора (И) oxide -891.0 -774.0 102.5 123.4 

Cr Chromium 0.0 23.8 234 396.6 351.8 1745 20.8 

CrF, Chromium(!l) fluoride -778.0 

СІР, Chromium(II!) fluoride -1159.0 -1088.0 93.9 78.7 

Cri, Chromium(!l) iodide -156.9 

Cri, Chromium(IIl) iodide -205.0 

CrO, Chromium(IV) oxide -598.0 

(10, Chromium(VI) oxide -292.9 266.2 56.0 

CrO;Pb Lead(Il) chromate -930.9 

Cr;Fe0, Chromium iron oxide -1444.7 -1343.8 146.0 133.6 

(1,0, Chromium(IIl) oxide -1139.7 -1058.1 81.2 118.7 

CrO, Chromium(Il,IIl) oxide -1531.0 

Cs Cesium 0.0 85.2 322 76.5 49.6 175.6 20.8 

CsF Cesium fluoride -553.5 -525.5 92.8 511 

CsF,H Cesium hydrogen fluoride -923.8 -858.9 352 87.3 

CsH Cesium hydride -54.2 

CsHO Cesium hydroxide -416.2 -371.8 04.2 69.9 -256.0 -256.5 254.8 49.7 

CsHO,S Cesium hydrogen sulfate -1158.1 

CsH,N Cesium amide -118.4 

Csl Cesium 100106 -346.6 -340.6 231 52.8 

CsNO, Cesium nitrate -506.0 -406.5 55.2 

(50, Cesium superoxide -286.2 

(5,0 Cesium oxide -345.8 -308.1 46.9 16.0 

Cs,0,S Cesium sulfite -1134.7 

Cs,0,S Cesium sulfate -1443.0 -1323.6 211.9 134.9 

(555 Cesium sulfide -359.8 

Си Соррег 0.0 33.2 244 337.4 297.7 166.4 20.8 

CuF, Copper(Il) fluoride -542.7 

CuH,0, Соррег(1ї) hydroxide -449.8 

Cul Соррег(1) iodide -67.8 -69.5 96.7 54,1 

СиМ,0 Copper(Il) nitrate -302.9 

Cud Copper(Il) oxide -157.3 -129.7 426 42.3 

Си0,5 Copper(Il) sulfate -771.4 -662.2 109.2 

Cu0,W Copper(Il) tungstate -1105.0 


Standard Thermodynamic Properties of Chemical Substances 5-11 
Crystal Liquid Gas 

Molecular АН A G° پر‎ [^ A, H° A G° 5% С, A, H° A, G° 5% C, 

formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

CuS Copper(Il) sulfide -53.1 -53.6 66.5 47.8 

CuSe Copper(Il) selenide -39.5 

Си, Dicopper 404.2 431.9 241.6 36.6 

Cu,0 Соррег(!) oxide -168.6 -146.0 93.1 63.6 

Cu,S Соррег(ї) sulfide -19.5 -86.2 20.9 76.3 

Dy Dysprosium 0.0 75.6 277 290.4 254.4 196.6 20.8 

Dyl, Dysprosium(Ill) iodide -620.5 

Dy,0, Dysprosium(IIl) oxide -1863.1 -17715 49.8 116.3 

Er Erbium 0.0 73.2 281 3171 280.7 195.6 20.8 

ErF, Erbium fluoride -1711.0 

Er,0; Erbium oxide -1897.9 -1808.7 55.6 108.5 

Es Einsteinium 0.0 

Eu Europium 0.0 77.8 277 175.3 1422 188.8 20.8 

Eu,0; Europium(Ill) oxide -1651.4 -1556.8 46.0 122.2 

Eu,0, Ешорішті( І,ІІ) oxide -2272.0 -2142.0 205.0 

Е Fluorine (atomic) 79.4 62.3 158.8 22.7 

FGa Gallium monofluoride -251.9 333 

FGe Germanium monofluoride -334 34.7 

FGeH; Fluorogermane 252.8 51.6 

FH Hydrogen fluoride -299.8 -273.3 -275.4 173.8 

FH,Si Fluorosilane 238.4 474 

FH,N Ammonium fluoride -464.0 -348.7 72.0 65.3 

F odine fluoride -95.7 -1185 236.2 334 

Fin ndium(l) fluoride -203.4 

FK Potassium fluoride -567.3 -537.8 66.6 49.0 

FLi Lithium fluoride -616.0 -587.7 35.7 41.6 

FNO itrosyl fluoride -66.5 -51.0 248.1 413 

FNO, itryl fluoride 260.4 49.8 

FNS hionitrosyl fluoride (NSF) 259.8 44.1 

FNa Sodium fluoride -576.6 -546.3 511 46.9 

FO Fluorine oxide 109.0 105.3 216.4 32.0 

FO, Fluorine superoxide (FOO) 25.4 39.4 259.5 445 

FRb Rubidium fluoride -557.7 

FSi Fluorosilylidyne 71 -243 225.8 32.6 

ЕТ! hallium(l) fluoride -324.7 -182.4 

Р, Fluorine 0.0 202.8 313 

F,Fe ron(Il) fluoride -711.3 -668.6 87.0 68.1 

РНК Potassium hydrogen fluoride -927.7 -859,7 104.3 76.9 

F,HN Difluoramine 252.8 434 

F;HNa Sodium hydrogen fluoride -920.3 -0522 90.9 75.0 

F;HRb Rubidium hydrogen fluoride -922.6 -055.6 120.1 79.4 

0 agnesium fluoride -1124.2 -1071.1 572 61.6 

Р Difluoroamidogen 43.1 57.8 249.9 410 

FN, cis-Difluorodiazine 69.5 

FN; trans-Difluorodiazine 82.0 

РМ Nickel(II) fluoride -6514 -604.1 73.6 644 

F,0 Fluorine monoxide 24.5 41.8 247.5 43.3 

F,0S Thionyl fluoride 278.7 56.8 

Р,0, Fluorine dioxide 192 58.2 2772 621 

Р,0,5 Sulfuryl fluoride 284.0 66.0 

F,0,U Uranyl fluoride -1653.5 -1557.4 135.6 103.2 

F Pb Lead(Il) fluoride -664.0 -617.1 110.5 

ЕЗІ Difluorosilylene -619.0 -628.0 252.7 43.9 

F,Sr Strontium fluoride -1216.3 -1164.8 824 70.0 

Ғ,7п Zinc fluoride -764.4 -713.3 737 65.7 

83 Gallium(Ill) fluoride -1163.0 -1085.3 84.0 

0 Gadolinium(IIl) fluoride -1297.0 

F;HSi Trifluorosilane 271.9 60.5 

0 Holmium fluoride -1707.0 

FaN Nitrogen trifluoride -132.1 -90.6 260.8 53.4 

٤0 Neodymium fluoride -1657.0 

БОР Phosphoric trifluoride -12543 -1205.8 2854 68.8 

F, Рһоѕрһогиѕ(111) fluoride -958.4 -936.9 273.1 58.7 

F,Sb Antimony/(Ill) fluoride -915.5 

Scandium fluoride -1629.2 -1555.6 92.0 -1247.0 -1234.0 300.5 67.8‏ 6م 

ЕШ Samarium(IIl) fluoride -1778.0 


5-12 Standard Thermodynamic Properties of Chemical Substances 
Crystal Liquid Gas 

Molecular АН A G° پر‎ [^ A, А, G° 5% С, A, H° д, G° 5% C, 

formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

ЕШ horium(Ill) fluoride -1166.1 -1160.6 3392 73.3 

Uranium(IIl) fluoride -1502.1 -14334 1234 95.1 -1058.5 -1051.9 331.9 74.3‏ لا 

ЊУ Yttrium fluoride -1718.8 -16447 100.0 -1288.7 -1277.8 311.8 70.3 

06 Germanium(IV) fluoride -1190.2 -1150.0 301.9 

РАНЕ Hafnium fluoride -19305 ^ -18304 113.0 -1669.8 

РМ etrafluorohydrazine -84 79.9 301.2 79.2 

F,Pb Lead(IV) fluoride -941.8 

FS Sulfur tetrafluoride -163.2 -722.0 299.6 17.6 

F,Si etrafluorosilane -1615.0 -1572.8 282.8 73.6 

F Th ћопит(М) fluoride -2097.8 -2003.4 142.0 110.7 -1759.0 -1724.0 341.7 93.0 

И! Uranium(lV) fluoride -1914.2 -18233 151.7 116.0 -1598.7 -1572.7 368.0 91.2 

۳ Vanadium(IV) fluoride -1403.3 

F Xe Xenon tetrafluoride -261.5 

F,Zr Zirconium(IV) fluoride -1911.3 -1809.9 104.6 103.7 

F; odine pentafluoride -864.8 -822.5 -751.7 327.7 99.2 

ЕШ) Niobium(V) fluoride -1813.8  -1699.0 160.2 134.7 -1739.7 -1673.6 321.9 97.1 

БР Phosphorus(V) fluoride -1594.4 -1520.7 300.8 84.8 

Ғ-Та antalum(V) fluoride -1903.6 

Бу Vanadium(V) fluoride -1480.3 -1373.1 175.7 -1433.9 -1369.8 320.9 98.6 

ЕШ! Ammonium hexafluorosilicate -2681.7 -2365.3 280.2 228.1 

ЕШ ridium(VI) fluoride -579.7 -461.6 247.7 -544.0 -460.0 357.8 21.1 

РК, Potassium hexafluorosilicate -2956.0 -2798.6 226.0 

Ғ-М0 olybdenum(VI) fluoride -15855 -1473.0 259.7 169.8 -1557.7 -14722 350.5 20.6 

F Na,Si Sodium hexafluorosilicate -2909.6 -2754.2 207.1 187.1 

Ғ05 Osmium(VI) fluoride 246.0 358.1 20.8 

F Pt Platinum(VI) fluoride 235.6 348.3 22.8 

FS Sulfur hexafluoride -1220.5 -1116.5 291.5 97.0 

F Se Selenium hexafluoride -1117.0 -1017.0 313.9 10.5 

ШЙ Hexafluorodisilane -2427.0 -2299.7 219.1 129.5 -2383.3 -2307.3 391.0 29.9 

Бете ellurium hexafluoride -1318.0 

FU Uranium(VI) fluoride -2197.0 -2068.5 227.6 166.8 -2147.4 -20637 377.9 29.6 

FW ungsten(VI) fluoride -1747.7 -16314 251.5 -1721.7 -16321 341.1 19.0 

Fe Ton 0.0 27.3 251 416.3 370.7 180.5 25.7 

Fel, ron(Il) iodide -113.0 

Fel, гоп(11) iodide 71.0 

ҒеМо0, гоп(1) molybdate -1075.0 -975.0 129.3 18.5 

FeO ron(Il) oxide -272.0 

Ғе0,5 гоп(1) sulfate -928.4 -820.8 107.5 00.6 

Fe0,W гоп(1) tungstate -1155.0 -1054.0 131.8 14.6 

6 ron(Il) sulfide -100.0 -100.4 60.3 50.5 

FeS, ron disulfide -178.2 -166.9 52.9 62.2 

Ғе,0; гоп(11) oxide -824.2 -7422 87.4 03.9 

Fe,0,Si ron(Il) orthosilicate -1479.9 -1379.0 1452 32.9 

ез0, гоп(1,11) oxide -1118.4 -10154 146.4 434 

Fm Fermium 0.0 

Fr Francium 0.0 954 

Ga Gallium 0.0 0.0 40.8 26.1 5.6 212.0 233.7 169.0 25.3 

бан,0, байішті( ШІ) hydroxide -964.4 -831.3 100.0 

Gal, Gallium(Ill) iodide -238.9 205.0 100.0 

GaN Gallium nitride -110.5 

ба0 Gallium monoxide 279.5 253.5 231.1 32.1 

GaP Gallium phosphide -88.0 

GaSb Gallium antimonide -41.8 -38.9 76.1 48.5 

ба, Рида ит 438.5 

Ga,0 Gallium suboxide -356.0 

Ga,0, Gallium(Ill) oxide -1089.1 -998.3 85.0 92.1 

Gd Gadolinium 0.0 68.1 37.0 397.5 359.8 194.3 275 

60,0; Gadolinium(IIl) oxide -1819.6 106.7 

Ge Germanium 0.0 314 23.3 372.0 3312 167.9 30.7 

бенз lodogermane 283.2 575 

бен, Germane 90.8 1134 2171 45.0 

Gel, Germanium(lV) iodide -141.8 -1443 271.1 -56.9 -106.3 428.9 104.1 

GeO Germanium(Il) oxide -261.9 -237.2 50.0 -46.2 -73.2 224.3 30.9 

0880, Germanium(IV) oxide -580.0 -521.4 39.7 52,1 

бер Germanium рћозрћ де -21.0 -17.0 63.0 

GeS Germanium(II) sulfide -69.0 -71.5 71.0 92.0 42.0 234.0 33.7 


Standard Thermodynamic Properties of Chemical Substances 5-13 
Crystal Liquid Gas 
Molecular АН 4,6% 5% [^ A, H° А, G° 5% C, A, H° д, G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
GeTe Germanium (lI) telluride 20.0 
Ge, Digermanium 473.1 416.3 252.8 35.6 
Ge,H, Digermane 137.3 162.3 
безНь rigermane 193.7 226.8 
H Hydrogen (atomic) 218.0 203.3 1147 20.8 
HI Hydrogen iodide 26.5 17 206.6 29.2 
НО. odic acid -230.1 
HK Potassium hydride -57.7 
НКО Potassium hydroxide -424.6 -379.4 81.2 68.9 -232.0 -229.7 238.3 492 
НКО,5 Potassium hydrogen sulfate -1160.6 -1031.3 138.1 
HLi Lithium hydride -90.5 -68.3 20.0 27.9 
HLiO Lithium hydroxide -487.5 -441.5 42.8 49.6 -229.0 -234.2 214.4 46.0 
H midogen 351.5 345.6 181.2 29.2 
HNO, Nitrous acid -79.5 -46.0 254.1 45.6 
HNO, Nitric acid -1741 -80.7 155.6 109.9 -133.9 -735 266.9 541 
HN; Hydrazoic acid 264.0 327.3 140.6 294.1 328.1 239.0 43.7 
HNa Sodium hydride -56.3 -33.5 40.0 36.4 
HNaO Sodium hydroxide -425.8 -379.7 64.4 59.5 -191.0 -193.9 229.0 48.0 
НМа0,5 Sodium hydrogen sulfate -1125.5 -992.8 113.0 
HNa,0,P Sodium hydrogen phosphate -1748.1 -1608.2 150.5 135.3 
НО Нудгоху! 39.0 34.2 183.7 29.9 
HORb Rubidium hydroxide -418.8 -373.9 94.0 69.0 -238.0 -239.1 248.5 49.5 
HOTI hallium(l) hydroxide -238.9 -195.8 88.0 
HO, Hydroperoxy 10.5 22.6 229.0 34.9 
НОР etaphosphoric acid -948.5 
HO,RbS Rubidium hydrogen sulfate -1159.0 
HO,Re Perrhenic acid -762.3 -656.4 158.2 
HRb Rubidium hydride -523 
HS ercapto 142.7 113.3 195.7 323 
HSi Silylidyne 361.0 
НТа, antalum hydride -32.6 -69.0 79.1 90.8 
H, Hydrogen 0.0 130.7 28.8 
К Potassium amide -128.9 
H,K0,P Potassium dihydrogen phosphate -1568.3 -1415.9 134.9 116.6 
H,LiN Lithium amide -179.5 
H,Mg agnesium hydride -75.3 -35.9 31.1 35.4 
H,Mg0; agnesium hydroxide -924.5 -033.5 63.2 77.0 
НЫ Amidogen 184.9 194.6 195.0 33.9 
H,NNa Sodium amide -123.8 -64.0 76.9 66.2 
H,NRb Rubidium amide -113.0 
H,N,0; Nitramide -89.5 
H,Ni0; Nickel(Il) hydroxide -529.7 -447.2 88.0 
НО Water -285.8 -237.1 70.0 75.3 -241.8 -228.6 188.8 33.6 
Н,0; Hydrogen peroxide -187.8 -120.4 109.6 89.1 -136.3 -105.6 232.7 43.1 
:0,5п in(Il) hydroxide -561.1 -491.6 155.0 
:0,5г Strontium hydroxide -959.0 
20,711 Zinc hydroxide -641.9 -553.5 81.2 
50351 etasilicic acid -1188.7 -10924 134.0 
Н,0,5 Sulfuric acid -814.0 -690.0 156.9 138.9 
;0,5e Selenic acid -530.1 
Н,5 Hydrogen sulfide -20.6 -33.4 205.8 342 
H,S; Hydrogen disulfide -18.1 841 15.5 515 
H,Se Hydrogen selenide 29.7 15.9 219.0 34.7 
H,Sr Strontium hydride -180.3 
Н,Те Hydrogen telluride 99.6 
НТА horium hydride -139.7 -100.0 50.7 36.7 
H,Zr Zirconium(ll) hydride -169.0 -128.8 350 31.0 
ШЕ) odosilane 210.9 544 
Н, Аттопіа -45.9 -16.4 192.8 35.1 
HNO Hydroxylamine -114.2 
H,0,P Phosphinic acid -604.6 -595.4 
H,0,P Phosphonic acid -964.4 
HOP Phosphoric acid -1284.4 . -11243 1105 106.1 -1271.7 -11236 150.8 145.0 
ЊР Phosphine 54 185 210.2 371 
Н:50 Stibine 145.1 147.8 232.8 411 
H,U Uranium(IIl) hydride -127.2 -72.8 63.7 49.3 


5-14 Standard Thermodynamic Properties of Chemical Substances 
Crystal Liquid Gas 
Molecular АН A G° 5% [^ A, А, G° 5% C, A, H° A G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
НАМ Ammonium iodide -201.4 -112.5 117.0 
H,N Hydrazine 50.6 149.3 121.2 98.9 95.4 159.4 238.5 48.4 
H,N,0; Ammonium nitrite -256.5 
НО Ammonium nitrate -365.6 -183.9 151.1 139.3 
НАМА Ammonium azide 115.5 2742 112.5 
H,0,Si Orthosilicic acid -1481.1 -1332.9 192.0 
H,0;P, Diphosphoric acid -2241.0 -2231.7 
HP; Diphosphine -5.0 20.9 
H,Si Silane 343 56.9 204.6 42.8 
H,Sn Stannane 162.8 188.3 227.7 49.0 
Н-М0 Ammonium hydroxide -361.2 -2540 165.6 154.9 
Н-М05 Ammonium hydrogen sulfite -768.6 
H,N0,S Ammonium hydrogen sulfate -1027.0 
Незђ Disilane 80.3 127.3 212.7 80.8 
Н,М,0,5 Ammonium sulfate -1180.9 -901.7 220.1 187.5 
لو‎ risilane 92.5 120.9 
H,N,0,P Ammonium hydrogen phosphate -1566.9 188.0 
,N40;P Ammonium phosphate -1671.9 
He Helium 0.0 126.2 20.8 
Hf Hafnium 0.0 43.6 25.7 619.2 576.5 186.9 20.8 
НО, Hafnium oxide -1144.7 -1088.2 59.3 60.3 
На ercury 0.0 75.9 28.0 614 31.8 175.0 20.8 
Нађ егсигу(11) iodide -105.4 -101.7 180.0 
HgO lercury(Il) oxide -90.8 -58.5 70.3 44.1 
Hg0,S lercury(Il) sulfate -707.5 
HgS ercury(1l) sulfide (red) -58.2 -50.6 824 48.4 
HgTe егсигу(11) telluride -42.0 
Hg; Dimercury 108.8 68.2 288.1 374 
Нађ ercury(l) iodide -121.3 -111.0 233.5 
Hg,0,S ercury(I) sulfate -743.1 -625.8 200.7 132.0 
Ho Holmium 0.0 75.3 27.2 300.8 264.8 195.6 20.8 
00; Holmium oxide -1880.7 -1791.1 158.2 115.0 
odine (atomic) 106.8 70.2 180.8 20.8 
n ndium(|) iodide -1163 -1205 130.0 7.5 -37.7 267.3 36.8 
K Potassium iodide -327.9 -324.9 106.3 52.9 
КО, Potassium 100416 -501.4 -418.4 151.5 106.5 
ко, Potassium periodate -467.2 -361.4 175.7 
Li Lithium iodide -210.4 -270.3 86.8 51.0 
Ма Sodium iodide -287.8 -286.1 98.5 52.1 
№ 0, Sodium iodate -481.8 92.0 
№ 0, Sodium реподаје -429.3 -323.0 63.0 
0 odine monoxide 126.0 102.5 239.6 32.9 
Rb Rubidium iodide -333.8 -328.9 184 532 
TI hallium(!) iodide -123.8 -125.4 27.6 71 
: odine (rhombic) 00 16.1 544 62.4 19.3 260.7 36.9 
„Мо agnesium iodide -364.0 -358.2 29.7 
Ni Nickel(II) 6 -78.2 
¿Pb Lead(Il) iodide -175.5 -173.6 74.9 774 
pon in(Il) iodide -143.5 
aSr Strontium iodide -558.1 81.6 
221 Zinc iodide -208.0 -209.0 611 
ЕШ ndium(Ill) iodide -238.0 -120.5 
¿La Lanthanum iodide -668.9 
БЕП Lutetium iodide -548.0 
۹ Рповрїїогив(11) iodide -45.6 374.4 78.4 
RU Ruthenium(Il!) iodide -65.7 
Sb Antimony(Ill) iodide -100.4 
Pt Platinum(IV) iodide -72.8 
„Si etraiodosilane -189.5 
,Sn in(IV) iodide 84.9 446.1 105.4 
aTi itanium(IV) iodide -375.7 -371.5 249.4 125.7 -277.8 
ЛІ Vanadium(lV) iodide -122.6 
Wi Zirconium(IV) iodide -481.6 
n ndium 0.0 57.8 26.7 243.3 208.7 173.8 20.8 
nO ndium monoxide 387.0 364.4 236.5 32.6 
nP ndium phosphide -08.7 -77.0 59.8 45.4 


Standard Thermodynamic Properties of Chemical Substances 5-15 
Crystal Liquid Gas 
Molecular A, H° A G° پر‎ [^ A, H° А, G° 5% C, A, H° д, G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
nS ndium(Il) sulfide -138.1 -131.8 67.0 238.0 
nSb ndium antimonide -30.5 -25.5 86.2 49.5 344.3 
1 Diindium 380.9 
n0; ndium(IIl) oxide -925.8 -830.7 1042 92.0 
155: пйїшт(ї!) sulfide -427.0 -412.5 163.6 118.0 
n;Te; ndium(IV) telluride -175.3 
1 ridium 0.0 355 25.1 665.3 617.9 193.6 20.8 
10, ridium(IV) oxide -274.1 57.3 
rS, ridium(IV) sulfide -138.0 
1S, ridium(IIl) sulfide -234.0 
Potassium 0.0 64.7 29.6 89.0 60.5 160.3 20.8 
Мп0, Potassium permanganate -837.2 -737.6 71.7 117.6 
NO, Potassium nitrite -369.8 -306.6 521 107.4 
NO, Potassium nitrate -494.6 -394.9 33.1 96.4 
Ма Potassium sodium 6.3 
0, Potassium superoxide -204.9 -239.4 16.7 17.5 
2 Dipotassium 123.7 87.5 249.7 37.9 
20 Potassium oxide -361.5 
205 Potassium peroxide -494.1 -425.1 021 
20,9 Potassium sulfate -1437.8 -13214 75.6 131.5 
25 Potassium sulfide -380.7 -364.0 05.0 
304P Potassium phosphate -1950.2 
r Krypton 0.0 164.1 20.8 
La Lanthanum 0.0 56.9 27.1 431.0 393.6 182.4 22.8 
LaS Lanthanum monosulfide -456.0 -451.5 73.2 59.0 
La,0, Lanthanum oxide -1793.7 -1705.8 127.3 108.8 
Li Lithium 0.0 291 24.8 159.3 126.6 138.8 20.8 
LINO, Lithium nitrite -372.4 -302.0 96.0 
LINO; Lithium nitrate -483.1 -381.1 90.0 
Li, Dilithium 215.9 174.4 197.0 36.1 
[50 Lithium oxide -597.9 -561.2 37.6 54.1 
Li,0, Lithium peroxide -634.3 
10.51 Lithium metasilicate -1648.1 -1557.2 79.8 99.1 
Li,0,S Lithium sulfate -M365 -13217 1151 117.6 
Li,S Lithium sulfide -441.4 
Li,0,P Lithium phosphate -2095.8 
Lr Lawrencium 0.0 
Lu Lutetium 0.0 51.0 26.9 427.6 387.8 184.8 20.9 
Lu,0, Lutetium oxide -1878.2 -1789.0 110.0 101.8 
d endelevium 0.0 
g agnesium 0.0 32.7 24.9 147.1 112.5 148.6 20.8 
0М0; адпезјит nitrate -790.7 -589.4 164.0 141.9 
00 agnesium oxide -601.6 -569.3 27.0 37.2 
00,5 agnesium sulfate -1284.9 -1170.6 91.6 96.5 
00,5е agnesium selenate -968.5 
0S agnesium sulfide -346.0 -341,8 50.3 45.6 
0 Dimagnesium 287.7 
00,91 agnesium orthosilicate -2174.0 -2055.1 95.1 118.5 
n anganese 0.0 32.0 26.3 280.7 238.5 173.7 20.8 
nN0; anganese(Il) nitrate -576.3 
nNaO, Sodium permanganate -1156.0 
nO anganese(!l) oxide -385.2 -362.9 59.7 45.4 
n0; anganese(lV) oxide -520.0 -465.1 53.1 54,1 
10.51 anganese(ll) metasilicate -1320.9 -1240.5 89.1 86.4 
ns апдапеѕе(1ї) sulfide (œ form) -214.2 -218.4 78.2 50.0 
nSe anganese(!l) selenide -106.7 -111.7 90.8 51.0 
п,03 апдапеѕе(і11) oxide -959.0 -881.1 10.5 07.7 
n,0,Si апдапеѕе(1ї) orthosilicate -1730.5 -1632.1 63.2 29.9 
n;O, anganese(Il,IIl) oxide -1387.8 -1283.2 55.6 39.7 
0 olybdenum 0.0 28.7 24.1 658.1 612.5 182.0 20.8 
oNa,0, Sodium molybdate -1468.1 -1354.3 59.7 417 
00, olybdenum(IV) oxide -588.9 -533.0 46.3 56.0 
00, olybdenum(VI) oxide -145.1 -668.0 77.7 75.0 
00,Pb Lead(Il) molybdate -1051.9 -951.4 66.1 19.7 
05; olybdenum(IV) sulfide -235.1 -225.9 62.6 63.6 
0351 olybdenum silicide -125.2 -125.7 06.3 93.1 


5-16 Standard Thermodynamic Properties of Chemical Substances 
Crystal Liquid Gas 
Molecular A, H° 4,6% 5% [^ A, H° А, G° 5% С, A, H° д, G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
itrogen (atomic) 472.7 455.5 153.3 20.8 
Na0, Sodium nitrite -358.7 -284.6 103.8 
Мао; Sodium nitrate -467.9 -367.0 116.5 92.9 
0 itric oxide 91.3 87.6 210.8 29.9 
0, itrogen dioxide 332 513 240.1 372 
0,80 Rubidium nitrite -367.4 -306.2 172.0 
0,80 Rubidium nitrate -495.1 -395.8 147.3 102.1 
0,11 Thallium(|) nitrate -243.9 -152.4 160.7 99.5 
Р Phosphorus nitride -63.0 171.5 149.4 2111 29.7 
: itrogen 0.0 191.6 29.1 
;0 itrous oxide 81.6 103.7 220.0 38.6 
:0 itrogen trioxide 50.3 86.6 1424 314.7 72.7 
204 itrogen tetroxide -19.5 97.5 209.2 142.7 11.1 99.8 304.4 79.2 
2045r Strontium nitrite -762.3 
20; itrogen pentoxide -43.1 113.9 78.2 143.1 13.3 1171 355.7 95.3 
;O,Pb Lead(!l) nitrate -451.9 
0а Radium nitrate -992.0 -796.1 222.0 
n Strontium nitrate -978.2 -780.0 94.6 149.9 
„О Zn Zinc nitrate -483.7 
¿Na Sodium azide 21.7 93.8 96.9 76.6 
491 Silicon nitride -143.5 -642.6 01.3 
a Sodium 0.0 513 282 107.5 77.0 153.7 208 
a0, Sodium superoxide -260.2 -218.4 15.9 724 
а; Disodium 142.1 103.9 230.2 37.6 
30 Sodium oxide -414.2 -375.5 75.1 69.1 
а,0, Sodium peroxide -510.9 -447.7 95.0 892 
а,0;5 Sodium sulfite -1100.8 -1012.5 45.9 120.3 
а,0;6і Sodium metasilicate -15549 -14628 13.9 
a,0,S Sodium sulfate -1387.1 -1270.2 49.6 128.2 
aS Sodium sulfide -364.8 -349.8 83.7 
b iobium 0.0 364 24.6 725.9 681.1 186.3 30.2 
00 iobium(Il) oxide -405.8 -378.6 48.1 413 
50, iobium(IV) oxide -196.2 -740.5 54.5 57.5 
0,0, iobium(V) oxide -1899.5 -1766.0 1372 132.1 
d eodymium 0.0 71.5 27.5 327.6 292.4 189.4 221 
0:0, eodymium oxide -1807.9 -1720.8 158.6 111.3 
8 eon 0.0 146.3 20.8 
i іске 0.0 29.9 26.1 429.7 384.5 182.2 23.4 
10,5 ickel(Il) sulfate -872.9 -159.7 92.0 138.0 
iS ickel(Il) sulfide -82.0 -79.5 53.0 47.1 
10, ickel(IIl) oxide -489.5 
0 obelium 0.0 
0 Oxygen (atomic) 249.2 231.7 161.1 21.9 
ОР Phosphorus monoxide -28.5 -51.9 222.8 31.8 
ОРБ Lead(Il) oxide (massicot) -217.3 -187.9 68.7 45,8 
ОР Lead(Il) oxide (litharge) -219.0 -188.9 66.5 45.8 
OPd Palladium(ll) oxide -85.4 314 348.9 325.9 218.0 
ORa Radium oxide -523.0 
ORb, Rubidium oxide -339.0 
ORh Rhodium monoxide 385.0 
05 Sulfur monoxide 63 -19.9 222.0 30.2 
05е Selenium monoxide 534 26.8 234.0 313 
05 Silicon monoxide -99.6 -126.4 211.6 29.9 
OSn in(Il) oxide -280.7 -251.9 57.2 443 151 -84 2321 31.6 
05г Strontium oxide -592.0 -561.9 54,4 45.0 15 
OTi itanium(ll) oxide -519.7 -495.0 50.0 40.0 
OTI, hallium(l) oxide -178.7 -147.3 126.0 
OU Uranium(Il) oxide 21.0 
0۷ Vanadium(Il) oxide -431.8 -404.2 38.9 454 
07п Zinc oxide -350.5 -320.5 43.7 403 
0; Oxygen 0.0 205.2 294 
ОР Phosphorus dioxide -279.9 -281.6 252.1 39.5 
0,Pb Lead(IV) oxide -277.4 -217.3 68.6 64.6 
0,80 Rubidium superoxide -218.7 
O;Rb; Rubidium peroxide -472.0 
O;Ru Ruthenium(IV) oxide -305.0 


Standard Thermodynamic Properties of Chemical Substances 5-17 
Crystal Liquid Gas 

Molecular АД? A, G° 5% [^ A, H° A,&° 5% С, АД? $° t, 

formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol J/molK J/molK 

0,5 Sulfur dioxide -320.5 -296.8 -300.1 248.2 39.9 

0,Se Selenium dioxide -225.4 

0,51 Silicon dioxide )0-003117( -910.7 -856.3 415 444 -322.0 

0,Sn in(IV) oxide -577.6 -515.8 49.0 52.6 

6 ellurium dioxide -322.6 -270.3 79.5 

0,Th horium(lV) oxide -1226.4 -1169.2 65.2 61.8 

0;Ti itanium(V) oxide -944.0 -888.8 50.6 55.0 

0,U Uranium(IV) oxide -1085.0 -1031.8 7.0 63.6 -465.7 -471.5 274.6 51.4 

0;W ungsten(IV) oxide -589.7 -533.9 50.5 56.1 

0۲ Zirconium(IV) oxide -1100.6 -1042.8 50.4 56.2 

0; Ozone 142.7 163.2 238.9 39.2 

O,PbS Lead(Il) sulfite -669.9 

ШУ | еай(!) metasilicate -1145.7 -10621 109.6 90.0 

ОР. Praseodymium oxide -1809.6 1174 

0,Rh, Rhodium(IIl) oxide -343.0 103.8 

0,5 Sulfur trioxide -454.5 -374.2 70.7 -441.0 -373.8 113.8 -395.7 -371.1 256.8 50.7 

0,80 Scandium oxide -1908.8 -18194 77.0 942 

0,SiSr Strontium metasilicate -1683.9 -1549.7 96.7 88.5 

0,Sm, Samarium(Il) oxide -1823.0 -17345 151.0 145 

0,Tb, Terbium oxide -1865.2 15.9 

01, Titanium(Ill) oxide -15209 -1434.2 78.8 974 

0,Tm; Thulium oxide -1888.7 | -17945 139.7 16.7 

0,U Uranium(VI) oxide -1223.8 -1145.7 96.1 817 

ОМ Vanadium(Ill) oxide -1218.8 -1139.3 98.3 03.2 

О.М Tungsten(VI) oxide -842.9 -164.0 75.9 73.8 

03Ү; Yttrium oxide -1905.3 -1816.6 99.1 02.5 

0:Үр, Ytterbium(IIl) oxide -18146 -17267 33.1 154 

0,05 Osmium(VIIl) oxide -3941 -304.9 43.9 -337.2 -292.8 293.8 744 

O,PbS Lead(Il) sulfate -920.0 -813.0 48.5 03.2 

0,PbSe Lead(Il) selenate -609.2 -504.9 67.8 

0,Pb,Si Lead(Il) orthosilicate -1363.1  -12526 86.6 37.2 

0,Pb; Lead(Il,Il,IV) oxide -718.4 -601.2 2113 46.9 

0,Ва5 Radium sulfate -1471.1 -1365.6 38.0 

0,80,5 Rubidium sulfate -M356 -1316.9 974 341 

0,8и Ruthenium(VIIl) oxide -239.3 -152.2 46.4 

0,SSr Strontium sulfate -1453.1 -1340.9 17.0 

0,5ТІ; hallium(|) sulfate -931.8 -830.4 230.5 

0,57п Zinc sulfate -982.8 -8715 10.5 992 

0,555 Strontium orthosilicate -2304.5  -2191.1 53.1 34.3 

0,SiZn, Zinc orthosilicate -1636.7 -15232 314 23.3 

0,5171 Zirconium(IV) orthosilicate -2033.4 -1919.1 84.1 98.7 

O,TiZr Zirconium titanate -2024.1 -1915.8 16.7 140 

0550; Ап топу(М) oxide -971.9 -829.2 251 

0,Ta, antalum(V) oxide -2046.0 -1911.2 43.1 35.1 

0,1, itanium(Ill,IV) oxide -2459.4 -23174 29.3 54.8 

ОМ; Vanadium(V) oxide -1550.6 -14195 31.0 277 

ОМ, Vanadium(Ill,IV) oxide -1933.0 -1803.0 63.0 

О;Ве, Rhenium(VII) oxide -1240.1 -1066.0 207.1 66.1 -1100.0 -994.0 452.0 

0;U, Uranium(lV, VI) oxide -3427.1 -3242.9 250.5 215.5 

05521 Zirconium(IV) sulfate -2217.1 72.0 

0,0, Uranium(V, VI) oxide -3574.8  -33695 282.6 238.4 

0;U, Uranium(lV, V) oxide -4510.4 -427541 334.1 293.3 

05 Osmium 0.0 32.6 24.7 791.0 745.0 192.6 20.8 

р Phosphorus (white 0.0 4141 23.8 316.5 280.1 163.2 20.8 

P Phosphorus (red) -17.6 22.8 21.2 

Р Phosphorus (black -39.3 

Р» Diphosphorus 144.0 103.5 218.1 321 

Р, etraphosphorus 58.9 244 280.0 67.2 

Pa Protactinium 0.0 51.9 607.0 563.0 198.1 22.9 

Pb Lead 0.0 64.8 26.4 195.2 162.2 1754 20.8 

PbS Lead(Il) sulfide -100.4 -98.7 91.2 495 

PbSe Lead(Il) selenide -102.9 -101.7 102.5 50.2 

PbTe Lead(Il) telluride -70.7 -69.5 110.0 50.5 

Ра Palladium 0.0 37.6 26.0 378.2 339.7 167.1 20.8 

PdS Palladium(|!) sulfide -15.0 -67.0 46.0 

Pm Promethium 0.0 187.1 243 


5-18 Standard Thermodynamic Properties of Chemical Substances 
Crystal Liquid Gas 

Molecular АН A G° 5% [^ A, А, G° 5% С, A, H° д, G° 5% t, 

formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
Po Polonium 0.0 

Pr Praseodymium 0.0 73.2 27.2 355.6 320.9 189.8 21.4 
Р Platinum 0.0 41.6 25.9 565.3 520.5 192.4 25.5 
PIS Platinum(Il) sulfide -81.6 -76.1 554 434 

PIS; Platinum(IV) sulfide -108.8 -99.6 74.7 65.9 

Pu Plutonium 0.0 

Ra Radium 0.0 71.0 159.0 130.0 176.5 20.8 
Rb Rubidium 0.0 76.8 31.1 80.9 53.1 170.1 20.8 
Re Rhenium 0.0 36.9 25.5 769.9 724.6 188.9 20.8 
Rh Rhodium 0.0 315 25.0 556.9 510.8 185.8 21.0 
Rn Radon 0.0 176.2 20.8 
Ru Ruthenium 0.0 28.5 241 642.7 595.8 186.5 215 

5 Sulfur (rhombic) 0.0 324 22.6 2772 236.7 167.8 237 

5 Sulfur (monoclinic) 0.3 

SSi Silicon monosulfide 1125 60.9 223.7 323 

SSn 11(1) sulfide -100.0 -98.3 77.0 49.3 

SSr Strontium sulfide -472.4 -467.8 68.2 48.7 

STI, hallium(l) sulfide -97.1 -93.7 151.0 

[572] Zinc sulfide (wurtzite) -192.6 

521 Zinc sulfide (sphalerite) -206.0 -201.3 57.7 46.0 

5; Disulfur 128.6 79.7 228.2 32.5 

Sb Antimony 0.0 45.7 25.2 262.3 2221 180.3 20.8 

50, Diantimony 235.6 187.0 254.9 364 

Sc Scandium 0.0 346 25.5 377.8 336.0 174.8 221 

Se Selenium (gray) 0.0 424 25.4 2271 187.0 176.7 208 

Se Selenium (œ form) 67 227.1 

Se Selenium (vitreous) 5.0 227.1 

SeSr Strontium selenide -385.8 

Sell, hallium(l) selenide -59.0 -59.0 172.0 

SeZn Zinc selenide -163.0 -163.0 84.0 

Se; Diselenium 146.0 96.2 252.0 354 

Si Silicon 0.0 18.8 20.0 450.0 405.5 168.0 223 

Si, Disilicon 594.0 536.0 229.9 34.4 

Sm Samarium 0.0 69.6 29.5 206.7 172.8 183.0 30.4 

Sn in (white) 0.0 51.2 27.0 301.2 266.2 168.5 21.3 

Sn in (gray) -2.1 0.1 44.1 25.8 

Sr Strontium 0.0 55.0 26.8 164.4 130.9 164.6 20.8 
a antalum 0.0 415 25.4 782.0 739.3 185.2 20.9 
b erbium 0.0 732 28.9 388.7 349.7 203.6 24.6 
C echnetium 0.0 678.0 181.1 20.8 
e ellurium 0.0 49.7 25.7 196.7 157. 182.7 20.8 
е; Ditellurium 168.2 118.0 268.1 36.7 
h horium 0.0 51.8 27.3 602.0 560.7 190.2 20.8 
i itanium 0.0 30.7 25.0 473.0 428.4 180.3 24.4 
| ћа ит 0.0 64.2 26.3 182.2 147.4 181.0 20.8 
m hulium 0.0 74.0 21.0 2322 197.5 190.1 20.8 

U Uranium 0.0 50.2 277 533.0 488.4 199.8 237 

ү Vanadium 0.0 28.9 24.9 5142 7544 182.3 26.0 

W ungsten 0.0 32.6 243 849.4 807. 174.0 213 

Xe Xenon 0.0 169.7 20.8 

Y Yttrium 0.0 44,4 26.5 4213 381. 179.5 25.9 

Yb Ytterbium 0.0 59.9 26.7 152.3 118.4 173.1 20.8 

Zn Zinc 0.0 41.6 25.4 130.4 948 161.0 20.8 

Zr Zirconium 0.0 39.0 25.4 608.8 566.5 181.4 26.7 

Substances containing carbon: 

C Carbon (graphite) 0.0 57 85 716.7 671.3 1581 20.8 
C Carbon (diamond) 19 2.9 24 61 

CAgN Silver(I) cyanide 146.0 156.9 107.2 66.7 

СА0:0, Silver(l) carbonate -505.8 -436.8 167.4 112.3 

CBa0, Barium carbonate -1213.0 -1134.4 112.1 86.0 

CBeO, Beryllium carbonate -1025.0 52.0 65.0 

CBICIF, Bromochlorodifluoromethane 318.5 74.6 
CBrCl,F Bromodichlorofluoromethane 330.6 80.0 
CBrCl, Bromotrichloromethane -41.1 85.3 
CBrF, Bromotrifluoromethane -648.3 69.3 


Standard Thermodynamic Properties of Chemical Substances 5-19 
Crystal Liquid Gas 
Molecular АН A G° 5% [^ A, H° А, G° 5% C, A, H° д, G° 5% t, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
CBr Cyanogen bromide 140.5 186.2 165.3 248.3 46.9 
CBrN.O, Bromotrinitromethane 325 80.3 
CBr,CIF Dibromochlorofluoromethane 342.8 824 
СВг,С1, Dibromodichloromethane 347.8 874 
CBr;F, Dibromodifluoromethane 325.3 17.0 
СВг,0 Carbonyl bromide -127.2 -96.2 -110.9 309.1 61.8 
CBr,CI ribromochloromethane 357.8 89.4 
СВЕ ribromofluoromethane 345.9 844 
CBr, etrabromomethane 294 477 212.5 144.3 83.9 67.0 358.1 91.2 
CCa0, Calcium carbonate (calcite) -1207.6 -11291 91.7 83.5 
CCa0, Calcium carbonate (aragonite) -1207.8 -11282 88.0 82.3 
CCd0, Cadmium carbonate -150.6 -669.4 92.5 
CCIFO Carbonyl chloride fluoride 276.7 52.4 
CCIF; Chlorotrifluoromethane -706.3 66.9 
СС Cyanogen chloride 112.1 138.0 131.0 236.2 45.0 
ССІМ,0; Chlorotrinitromethane -27.1 18.4 
CCIF, Dichlorodifluoromethane -477.4 -439.4 300.8 72.3 
CCLO Carbonyl chloride -219.1 -204.9 283.5 STT 
CCl, richloromethyl 59.0 
CCIF richlorofluoromethane -301.3 -236.8 225.4 121.6 -268.3 78.1 
CCI, etrachloromethane -1282 130.7 -95.7 83.3 
СС00, Сорай 01) carbonate -713.0 
СС5,0, Cesium carbonate -1139.7 -1054.3 204.5 123.9 
CCuN Соррег(ї) cyanide 96.2 111.3 84.5 
СЕ Cyanogen fluoride 224.7 418 
CF,0 Carbonyl fluoride -639.8 46.8 
CF, rifluoromethyl -477.0 -464.0 264.5 49.6 
СБ rifluoroiodomethane -587.8 307.4 70.9 
CF, etrafluoromethane -933.6 261.6 611 
CFe0, ron(Il) carbonate -740.6 -666.7 92.9 82.1 
CFe, ron carbide 25.1 20.1 104.6 105.9 
CH ethylidyne 595.8 
ОНВГСІЕ Bromochlorofluoromethane 304.3 63.2 
CHBrCl, Bromodichloromethane 316.4 67.4 
CHBIF, Bromodifluoromethane -424.9 295.1 58.7 
CHBr,Cl Chlorodibromomethane 327.7 69.2 
CHBr,F Dibromofluoromethane 316.8 65.1 
CHBr; ribromomethane -22.3 -5.0 220.9 130.7 23.8 8.0 330.9 71.2 
CHCIF, Chlorodifluoromethane -482.6 280.9 55.9 
CHCLF Dichlorofluoromethane 293.1 60.9 
CHCI; trichloromethane -134.1 -73.7 201.7 114.2 -102.7 6.0 295.7 65.7 
CHCsO, Cesium hydrogen carbonate -966.1 
СНЕ Formyl fluoride 246.6 39.9 
CHF, rifluoromethane -695.4 259.7 51.0 
CHI, riiodomethane -181.1 251.0 356.2 75.0 
СНКО, Potassium formate -679.7 
CHKO, Potassium hydrogen carbonate -963.2 -863.5 1155 
CH Hydrogen cyanide 108.9 125.0 112.8 70.6 135.1 124.7 201.8 35.9 
CHNO socyanic acid (HNCO) 238.0 44.9 
CHNS sothiocyanic acid 127.6 113.0 247.8 46.9 
СНМ,0, rinitromethane -32.8 -134 435.6 1341 
CHNa0, Sodium formate -666.5 -599.9 103.8 827 
СНМа0, Sodium hydrogen carbonate -950.8 -851.0 101.7 87.6 
CHO Oxomethyl (HCO) 434 28.0 224.7 34.6 
CH, ethylene 390.4 372.9 194.9 33.8 
ЗІНІ Bromochloromethane 287.6 52.7 
CH;BrF Bromofluoromethane 276.3 49.2 
CHBr, Dibromomethane 293.2 54.7 
CH;CIF Chlorofluoromethane 2644 47.0 
CH,Cl, Dichloromethane -124.2 177.8 101.2 -95.4 270.2 51.0 
CHF, Difluoromethane -452.3 246.7 42.9 
CH, Diiodomethane 68.5 90.4 1741 134.0 119.5 95.8 309.7 57.7 
CHN, Diazomethane 242.9 52.5 
CHN, Cyanamide 58.8 
СН,М,0, Dinitromethane -104.9 -615 358.1 86.4 
СН,0 Formaldehyde -108.6 -102.5 218.8 354 


5-20 Standard Thermodynamic Properties of Chemical Substances 
Crystal Liquid Gas 

Molecular АН A G° 5% [^ АД” А, G° 5% С, A, H° д, G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
СН,0), Paraformaldehyde -177.6 
СН,0, Formic acid -425.0 -361.4 129.0 99.0 -378.7 
CH,S, rithiocarbonic acid 24.0 
CH, ethyl 145.7 147.9 1942 38.7 
CH4BO Borane carbonyl -111.2 -92.9 249.4 59.5 
CHBr Bromomethane -59.8 -35.4 -26.3 246.4 42.4 
CH,CI Chloromethane -81.9 234.6 40.8 
ШЕН ethyltrichlorosilane 262.8 163.1 -528.9 351.1 1024 
CHF Fluoromethane 222.9 37.5 
СН, odomethane -13.6 163.2 126.0 14.4 254.1 44.1 
CH,NO Formamide -254.0 -193.9 
CHNO, Nitromethane -112.6 -14.4 171.8 106.6 -80.8 282.9 55.5 
CHNO, ethyl nitrite -66.1 
CHNO; ethyl nitrate -156.3 -43.4 217.1 157.3 -122.0 305.8 76.6 
CH, ethane -74.6 -50.5 186.3 35.7 
CHN; Ammonium cyanide 0.4 134.0 
СН,М,0 Џгеа -333.1 -245.8 
СН. №5 hiourea -89.1 22.9 
CH,N,0, Nitroguanidine -924 
СН,0 ethanol -2392 -166.6 126.8 81.1 -201.0 -162.3 239.9 441 
СН,5 ethanethiol -46.7 77 169.2 90.5 -22.9 -9.3 255.2 50.3 
CH; ethylamine -47.3 35.7 150.2 102.1 -22.5 32.7 242.9 50.1 
CH;NO, Ammonium hydrogen carbonate -849.4 -665.9 120.9 
СН.М, Guanidine -56.0 
СНЫ№5 Hydrazinecarbothioamide 24.7 
СН,М0, 3-Amino-1-nitroguanidine 224 
CH,CIN ethylamine hydrochloride -298.1 
СН,М, ethylhydrazine 542 180.0 165.9 134.9 94.7 187.0 278.8 714 
CH,Si ethylsilane 256.5 65.9 
CHg,0, егсџгу(!) carbonate -553.5 -468.1 180.0 
CIN Cyanogen iodide 166.2 185.0 96.2 225.5 196.6 256.8 48.3 
Cl, etraiodomethane -392.9 474.0 391.9 95.9 
CKN Potassium cyanide -113.0 -101.9 128.5 66.3 
CKNS Potassium thiocyanate -200.2 -178.3 1243 88.5 
CK;0, Potassium carbonate -1151.0 -1063.5 155.5 1144 
CLi,0, Lithium carbonate -1215.9 -11321 90.4 99.1 
СМ00, agnesium carbonate -1095.8 -1012.1 65.7 75.5 
СМп0; anganese(ll) carbonate -894.1 -816.7 85.8 815 
С Cyanide 437.6 407.5 202.6 29.2 
CNNa Sodium cyanide -87.5 -76.4 115.6 70.4 
CNNaO Sodium cyanate -405.4 -358.1 96.7 86.6 
СМ,0, etranitromethane 384 824 503.7 176.1 
CNa,03 Sodium carbonate -1130.7 -10444 135.0 112.3 
CO Carbon monoxide -110.5 -137.2 197.7 29.1 
COS Carbon oxysulfide -142.0 -169.2 231.6 415 
CO, Carbon dioxide -393.5 -3944 213.8 371 
СО,РЬ Lead(Il) carbonate -699.1 -625.5 131.0 874 
СОВО, Rubidium carbonate -1136.0 -1051.0 181.3 117.6 
0057 Strontium carbonate -1220.1 -1140.1 97.1 81.4 
CO;TI; hallium(l) carbonate -700.0 -614.6 155.2 
CO4Zn Zinc carbonate -812.8 -7315 824 79.7 
CS Carbon monosulfide 280.3 228.8 210.6 29.8 
(5, Carbon disulfide 89.0 64.6 151.3 76.4 116.7 67.1 237.8 454 
CSe, Carbon diselenide 164.8 
CSi Silicon carbide (cubic) -65.3 -62.8 16.6 26.9 
CSi Silicon carbide (hexagonal) -62.8 -60.2 16.5 26.7 
C; Dicarbon 831.9 715.9 199.4 432 
C;BrF; Bromopentafluoroethane -1064.4 
C;Br; CIF, 1,2-Dibromo-1-chloro-1,2,2- -691.7 -656.6 

trifluoroethane 
C;Br,F, 1,2-Dibromotetrafluoroethane -817.7 -789.1 
С.В, Tetrabromoethene 387.1 102.7 
CBr Hexabromoethane 441.9 139.3 
С,Са Calcium carbide -59.8 -64.9 70.0 62.7 
С,Саћ, Calcium cyanide -184.5 
C;Ca0, Calcium oxalate -1360.6 


Standard Thermodynamic Properties of Chemical Substances 5-21 
Crystal Liquid Gas 

Molecular АН A G° پر‎ [^ A, A G° 5% С, A, H° д, G° 5% t, 
formula Мате kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
(CIF, Chlorotrifluoroethene -522.7 -505.5 -523.8 322.1 83.9 
НЕ Chloropentafluoroethane -1118.8 184.2 
C;ChF, ,2-Dichloro-1,1,2,2- -960.2 111.7 -937.0 

tetrafluoroethane 
С,610, Охају! chloride -367.6 -335.8 
НЕЙ ,1,2-Trichloro-1,2,2- -145.0 170.1 -116.8 

trifluoroethane 
CCl, richloroacetonitrile 336.6 96.1 
01, etrachloroethene -50.6 3.0 266.9 1434 -10.9 
2072 ,1,1,2-Tetrachloro-2,2- -489.9 -407.0 382.9 1234 

difluoroethane 
(Cl F; ,1,2,2- Tetrachloro-1,2- 173.6 

difluoroethane 
01,0 richloroacetyl chloride -280.8 -239.8 
(50, Hexachloroethane -202.8 2373 198.2 -143.6 
С.Е. rifluoroacetonitrile -497.9 298.1 77.9 
C;F, etrafluoroethene -820.5 -658.9 300.1 80.5 
Сә Hexafluoroethane -13442 332.3 106.7 
C;HBr Bromoacetylene 253.7 55.7 
C;HBrCIF. -Bromo-2-chloro-1,1,2- -675.3 -644.8 

trifluoroethane 
C;HBrCIF. 2-Bromo-2-chloro-1,1,1- -720.0 -690.4 

trifluoroethane 
C;HC Chloroacetylene 242.0 543 
CHCIF, -Chloro-2,2-difluoroethene -315.5 -289.1 303.0 724 
C;HCLF ,1-Dichloro-2-fluoroethene 313.9 76.5 
C;HCLF, 2,2-Dichloro-1,1,1-trifluoroethane 352.8 102.5 
CHCl; richloroethene -43.6 228.4 124.4 -9.0 324.8 80.3 
C;HCI0 richloroacetaldehyde -2345 151.0 -196.6 
C;HCI0 Dichloroacetyl chloride -280.4 -241.0 
C;HCI,0; richloroacetic acid -503.3 
CHCl; Pentachloroethane -187.6 173.8 -142.0 
C;HF Fluoroacetylene 2317 52,4 
CHF, rifluoroethene -490.5 
С-НҒ;0; rifluoroacetic acid -1069.9 -1031.4 
CHF; Pentafluoroethane -1100.4 
CH, Acetylene 227.4 209.9 200.9 44.0 
СВ 2-Bromo-1,1,1-trifluoroethane -694.5 
С,Н,Вг, cis-1,2-Dibromoethene 311.3 68.8 
CHBr; trans-1,2-Dibromoethene 313.5 70.3 
C,H,Br,Cl, ,2-Dibromo-1,2-dichloroethane -36.9 
C;H,Br, ,1,2,2-Tetrabromoethane 165.7 
C,H,CIF, 2-Chloro-1,1,1-trifluoroethane 326.5 89.1 
8,1; ,1-Dichloroethene -23.9 244 201.5 111.3 28 254 289.0 671 
ЛЕЙ cis-1 ,2-Dichloroethene -26.4 198.4 116.4 46 289.6 65.1 
8,01; trans-1,2-Dichloroethene -24.3 27.3 195.9 116.8 5.0 28.6 290.0 66.7 
C;H,CLO Chloroacetyl chloride -283.7 -2448 
С,Н,С10, Dichloroacetic acid -496.3 
ЛЕРДІ) 2,2,2-Trichloroacetamide -358.0 
C;H;CI, ,1,1,2-Tetrachloroethane 356.0 102.7 
8,01, ,1,2,2-Tetrachloroethane -195.0 246.9 162.3 -149.2 362.8 100.8 
واا‎ ,1-Difluoroethene -335.0 266.2 601 
С2Н,Р, Cis-1,2-Difluoroethene 268.3 58.2 
СОЊЕ! ,4,1-Trifluoro-2-iodoethane -644.5 
C; Hl; cis-1,2-Diiodoethene -2074 
08,0 Кејепе -67.9 -47.5 -48.3 247.6 51.8 
С›Н;0; Glyoxal -212.0 -189.7 212.5 60.6 
C; H0, Oxalic acid -829.9 109.8 91.0 -731.8 -662.7 320.6 86.2 
C,H,0,Sr Strontium formate -1393.3 
С›Н;5 Thiirene 300.0 275.8 255.3 54.7 
C,H,Br Bromoethene 79.2 81.8 275.8 55.5 
C;H,BrO Acetyl bromide -223.5 -190.4 
C,H,Br0, Bromoacetic acid -383.5 -338.3 337.0 80.5 
22:19) Chloroethene -94.1 59.4 14.6 37.2 53.6 264.0 53.7 
CH,CIF, 1-Chloro-1,1-difluoroethane 307.2 82.5 
СНОО Acetyl chloride -272.9 -208.0 200.8 117.0 -242.8 -205.8 295.1 67.8 
СНОО, Chloroacetic acid -509.7 -427.6 -368.5 325.9 78.8 


5-22 Standard Thermodynamic Properties of Chemical Substances 
Crystal Liquid Gas 

Molecular A, H° A G° 5% [^ A, H° A G° 5% с, A, H° д, G° 5% C, 

formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

C;H,CLF 1,1-Dichloro-1-fluoroethane 320.2 88.7 

C;H;Cl 1,1,1-Trichloroethane -177.4 227.4 144.3 -144.4 323.1 93.3 

МЕНЕ 1,1,2-Trichloroethane -190.8 232.6 150.9 -151.3 3372 89.0 

СОЊЕ Fluoroethene -138.8 

СНО Acetyl fluoride -467.2 -442.1 

CHF, 1,1,1-Trifluoroethane -744.6 279.9 78.2 

СОЊЕ, 1,1,2-Trifluoroethane -730.7 

2,2,2-Trifluoroethanol -9324 -888.4‏ لا واا 

С-Н, odoethene 285.0 57.9 

СНО Асеју! iodide -163.5 -126.4 

СОКО; Potassium acetate -723.0 

СН, Acetonitrile 40.6 86.5 149.6 91.5 740 91.9 2434 522 

C; Hs socyanomethane 130.8 159.5 159.0 163.5 165.7 246.9 52.9 

C;H,NO ethyl isocyanate -92.0 

C,H,NO, Nitroethene 33.3 300.5 73.7 

С-Н.МО, Oxamic acid -661.2 -552.3 

CHNS ethyl isothiocyanate 79.4 

С,Н,Ма0, Sodium acetate -708.8 -607.2 123.0 79.9 

CH, Ethylene 524 68.4 219.3 42.9 

С.Н,ВгС! -Bromo-2-chloroethane 130.1 

СНВ ,1-Dibromoethane -66.2 327.7 80.8 

С.Н,Вг, ,2-Dibromoethane -79.2 223.3 136.0 -37.5 

C;H,CIF -Chloro-1-fluoroethane -313.4 

C;H,Cl; ,1-Dichloroethane -158.4 -73.8 211.8 126.3 -127.7 -70.8 305.1 76.2 

C; H,Cl; ,2-Dichloroethane -166.8 1284 -126.4 308.4 78.7 

АЛИ ,1-Difluoroethane -497.0 282.5 67.8 

CH, ,2-Diiodoethane 93 75.0 

СНО, Oxamide -5044 -387.1 

CH,N,0; Ethanedial dioxime -90.5 

СНО, ,1-Dinitroethane -1482 

ЛІГІ? 2-Dinitroethane -165.2 

CH,N,S; Ethanedithioamide -20.8 83.0 

C;H,N, H-1,2,4-Triazol-3-amine 76.8 

C;H40 Acetaldehyde -1922 -127.6 160.2 89.0 -166.2 -133.0 263.8 55.3 

C;H40 Oxirane -78.0 -11.8 153.9 88.0 -52.6 -13.0 2425 47.9 

C;H,0S hioacetic acid -216.9 -175.1 

C;H,0; Acetic acid -484.3 -389.9 159.8 123.3 -432.2 -374.2 283.5 63.4 

C;H,0; ethyl formate -386.1 119.1 -357.4 285.3 64.4 

C; H,0; Peroxyacetic acid 824 

С-Н,0, Glycolic acid -583.0 -504.9 318.6 87.1 

СНА hiirane 51.6 82.0 96.8 255.2 53.3 

CH,Si Ethynylsilane 269.4 72.6 

Bromoethane -90.5 -25.8 198.7 100.8 -61.9 -23.9 286.7 64.5‏ الوا 

СНС! Chloroethane -136.8 -59.3 190.8 104.3 -112.1 -60.4 276.0 62.8 

C;H&CIO 2-Chloroethanol -295.4 

СОЊЕ Fluoroethane 264.5 58.6 

C,H; odoethane -40.0 14.7 211.7 115.1 -8.1 19.2 306.0 66.9 

CH; Ethyleneimine 91.9 26.5 

CHNO Acetamide -317.0 115.0 91.3 -238.3 

СНО N-Methylformamide 123.8 

C;H&NO; itroethane -143.9 134.4 -103.8 320.5 79.0 

C;H;NO; Glycine -528.5 -392.1 

C;H;NO; 2-Nitroethanol -350.7 

С-Н.ХО, Ећу! nitrate -190.4 -1541 

СҢ М5 Thioacetamide -71.7 11.4 

CH; Ethane -84.0 -32.0 229.2 525 

C.H ,Cd Dimethyl cadmium 63.6 139.0 201.9 132.0 01.6 146.9 303.0 

CH Hg Dimethyl mercury 59.8 140.3 209.0 944 146.1 306.0 83.3 

CH ,N,0 N-Methylurea -332.8 

CH N,0; 1,2-Hydrazinedicarboxamide -498.7 

CH N,0; Охају! dihydrazide -295.2 

CH, 0 Ethanol -277.6 -174.8 160.7 112.3 -234.8 -167.9 281.6 65.6 

C;H,0 Dimethyl ether -203.3 -184.1 -112.6 266.4 644 

C.H ,0S Dimethyl sulfoxide -204.2 -99.9 188.3 153.0 -151.3 

СНО Ethylene glycol -460.0 163.2 148.6 -392.2 303.8 82.7 

С-Н,0,5 Dimethyl sulfone -450.1 -302.4 142.0 -373.1 -272.1 310.6 100.0 


Standard Thermodynamic Properties of Chemical Substances 5-23 


Crystal Liquid Gas 
Molecular A, H° 4,6% 5% [^ A, А, G° 5% C, A, H° A, G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
CH60;S Dimethyl sulfite -523.6 -483.4 
(5Н,0,5 Dimethyl sulfate -735.5 -687.0 
CH,S Ethanethiol -13.6 -55 207.0 117.9 -46.1 -4.8 296.2 72.7 
CHS Dimethyl sulfide -65.3 196.4 118.1 -37.4 286.0 744 
CH, S; 1,2-Ethanedithiol -543 -9.7 
C; HS; Dimethyl disulfide -62.6 2354 146.1 -24.7 
CH Zn Dimethyl zinc 23.4 201.6 129.2 53.0 
C;H; Ethylamine -74.1 130.0 -47.5 36.3 283.8 15 
СН; Dimethylamine -43.9 70.0 182.3 137.7 -18.8 68.5 2731 70.7 
C;H;NO Ethanolamine 195.5 
СОЊОМ Dimethylamine hydrochloride -289.3 
Са 1,2-Ethanediamine -63.0 172.6 -18.0 
ІЙ 1,1-Dimethylhydrazine 48.9 206.4 198.0 164.1 84.1 
Са 1,2-Dimethylhydrazine 52.7 92.2 
ЛІГІ? Аттотит охајаје -1123.0 226.0 
C,Hg0, lercury(Il) oxalate -678.2 
Col, Diiodoacetylene 313.1 70.3 
Col, etraiodoethene 305.0 
СО, Potassium охајаје -1346.0 
C.Mg0, agnesium oxalate -1269.0 
CN, Cyanogen 285.9 306.7 241.9 56.8 
СМО 16 183.7 
C,Na,0, Sodium oxalate -1318.0 
C;0,Pb Lead(Il) oxalate -851.4 -750.1 146.0 105.4 
CF, Perfluoropropane -1783.2 
СОЊА alononitrile 186.4 265.5 
C3H,0, 2-Propynoic acid -193.2 
C5H,0, 1,3-Dioxol-2-one -459.9 -418.6 
CHCl; 1,2,3-Trichloropropene -101.8 
АЕ 3,3,3-Trifluoropropene -614.2 
C.H, Acrylonitrile 1474 80.6 
C3H,NO Oxazole -48.0 -15.5 
CHNO soxazole 42.1 78.6 
САН, Allene 90.5 
СН, Ргорупе 84.9 
СН, Cyclopropene 2171 
C3H,Cl, 2,3-Dichloropropene -73.3 
C5H,Cl, ,1,1,3-Tetrachloropropane -208.7 
ЛЕЙ ,2,2,3-Tetrachloropropane -251.8 
СНО 2,2,3,3-Tetrafluoro-1-propanol -1114.9 -1061.3 
С-Н.М, Н-Руга2016 105.4 81.0 179.4 
С-Н.М, Imidazole 49.8 132.9 
С-Н,0 Acrolein 71.3 
С-Н,0, ,2-Propanedione -309.1 -271.0 
С-Н,0; Acrylic acid -383.8 145.7 
С-Н,0, 2-Oxetanone -329.9 1753 12241 -282.9 
С-Н,0; Ethylene carbonate -682.8 133.9 -508.4 
CHBr cis-1-Bromopropene 79 40.8 
С.Н,Вг 3-Вготоргорепе 12.2 452 
С-Н,8г0 Bromoacetone -181.0 
С-Н,С 2-Chloropropene -210 
СНС 3-Chloropropene 1251 
C4H&CIO Epichlorohydrin -148.4 131.6 -107.8 
C4H&CIO, 2-Chloropropanoic acid -522.5 -475.8 
СНОО, 3-Chloropropanoic acid -549.3 
С-Н,С10, Ећу! chloroformate -505.3 -462.9 
С-Н,С10, Methyl chloroacetate -487.0 -444.0 
СНС 1,2,3-Trichloropropane -230.6 183.6 -182.9 
C.H; 3-lodopropene 53.7 91.5 
С-Н,0 lodoacetone -130.5 
(5150, 3-lodopropanoic acid -460.0 
C.H; Propanenitrile 155 119.3 51.7 
C.H; 2-Propyn-1-amine 205.7 
C.H; Ethyl isocyanide 108.6 417 
Сан 0 Acrylamide -212.1 110.6 -224.0 -130.2 
С-Н.МО, Nitroacetone -278.6 


5-24 Standard Thermodynamic Properties of Chemical Substances 


Crystal Liquid Gas 
Molecular АН A G° 5% [^ A, А, G° 5% С, A, H° д, G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
С-Н.МО, ethyl nitroacetate -464.0 
СНО rinitroglycerol -370.9 -279.1 545.9 234.2 
C. Hg Propene 4.0 20.0 
C Hg Cyclopropane 352 533 104.5 237.5 55.6 
ТУЙ ,2-Dibromopropane -113.6 -71.6 
C5H,Cl, ,2-Dichloropropane, (+) -198.8 149.1 -162.8 
СНО 3-Dichloropropane -199.9 -159.2 
CHCl; 2,2-Dichloropropane -205.8 -173.2 
C4H,CLO 2,3-Dichloro-1-propanol -381.5 -316.3 
С-Н,010 ,3-Dichloro-2-propanol -385.3 -818.4 
C. Hil, ,2-Diiodopropane 35.6 
C. Hil, ,3-Diiodopropane -9.0 
C H NO, Propanediamide -546.1 
C H NO; N-(Aminocarbonyl)acetamide -5442 -44.2 
C H,N.0, ,1-Dinitropropane -163.2 -100.7 
C.H ,N,0, 3-Dinitropropane -207.1 
C.H ,N,0, 2,2-Dinitropropane -181.2 
С-НьМ0, Hexahydro-1,3,5-trinitro-1,3,5- 192.0 482.4 230.2 
triazine 
C3H,0 Allyl alcohol -171.8 138.9 -124.5 
C3H,0 Propanal -215.6 -185.6 304.5 80.7 
С-Н,0 Acetone -248.4 199.8 126.3 -2174 -152.7 295.3 74.5 
С-Н,0 Oxetane -110.8 -80.5 
СНО, Propanoic acid -510.7 191.0 152.8 -455.7 
С-Н,0, Ethyl formate 149.3 
C3H0; ethyl acetate -445.9 141.9 -413.3 324.4 86.0 
C3H0; 3-Dioxolane -333.5 118.0 -298.0 
С-Н,0,5 hiolactic acid -468.4 
С-Н,0, :3,5-ТПОХАПё -522.5 133.0 1114 -465.9 
C; HS ethylthiirane 113 45.8 
СН, ,2-Dithiolane 0.0 47.7 313.5 86.5 
CHS 3-Dithiolane 10.0 54,7 323.3 84.7 
CHS ,3,5-Trithiane 80.0 130.4 336.4 111.3 
C. H;Br -Bromopropane -121.9 -87.0 
C.H Br 2-Bromopropane -130.5 -99.4 
СНО -Chloropropane -160.5 -131.9 
C. H;CI 2-Chloropropane -1723 -144.9 
С-Н,С10, 3-Chloro-1,2-propanediol -5253 
C.H; CIO; 2-Chloro-1,3-propanediol -517.5 
СОЊЕ -Fluoropropane -285.9 
СОЊЕ 2-Fluoropropane -293.5 
бан; -lodopropane -66.0 -30.0 
C.H; 2-lodopropane -74.8 -40.3 
C.H; Allylamine -10.0 
C.H; Cyclopropylamine 45.8 187.7 1471 77.0 
С.Н,МО N,N-Dimethylformamide -239.3 150.6 -192.4 
C.H;NO Propanamide -338.2 -259.0 
СНО, -Nitropropane -167.2 -124.3 350.0 104.1 
С.Н,МО, 2-Nitropropane -180.3 170.3 -138.9 
С.Н,МО, Ећу! carbamate -517.1 156.4 -497.3 -446.3 
С.Н,МО, DL-Alanine -563.6 
ШТІ D-Alanine -561.2 
САМО; L-Alanine -604.0 -465.9 
САМО; p-Alanine -558.0 -424.0 
ШТІ Sarcosine -513.3 -367.3 
С-Н,М0,5 L-Cysteine -5341 
С.Н,МО, Propyl nitrate -2145 -174.1 362.6 123.2 
C;H;NO; Isopropyl nitrate -229.7 -191.0 
С.Н,МО, DL-Serine -739.0 
ШТІ 1-бегіпе -732.7 
С-Н,М,0 N-Ethylurea -357.8 
СНО N,N-Dimethylurea -319.1 
С-Н,М,0 N,N-Dimethylurea -312.1 


Standard Thermodynamic Properties of Chemical Substances 5-25 
Crystal Liquid Gas 

Molecular A, H° A, G° 5% [^ A, H° A G° 5% с, A, H° A, G° 5% C, 

formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

СНО Oxymethurea -717.0 

С-Н,0 -Ргорапо! -302.6 193.6 143.9 -255.1 322.6 85.6 

C3H,0 2-Propanol -318.1 181.1 156.5 -212.6 309.2 89.3 

С-Н,0 Ећу! methyl ether -216.4 309.2 93.3 

C.H,0; ,2-Propylene glycol -501.0 190.8 -429.8 

С-Н,0, ,3-Propylene glycol -480.8 -408.0 

СНО, Ethylene glycol monomethyl ether 1714 

С:Н,0, Dimethoxymethane -377.8 244.0 162.0 -348.5 

C3H0; Glycerol -669.6 206.3 218.9 -577.9 

C3H,S -Propanethio -99.9 242.5 144.6 -67.8 

CHS 2-Propanethio -105.9 233.5 145.3 -76.2 

C,H4S Ећу! methyl sulfide -91.6 239.1 144.6 -59.6 

C.H ,S; ,3-Propanedithiol -794 -29.8 

СОЊА rimethyl aluminum -136.4 -9.9 209.4 155.6 -74.1 

СВ rimethylborane -143.1 -32.1 238.9 -124.3 -35.9 314.7 88.5 

С-Н.ВО, rimethyl borate 189.9 

C5H,CISi rimethylchlorosilane -382.8 -246.4 278.2 -352.8 -243.5 369.1 

CHN Propylamine -101.5 164.1 -70.1 39.9 325.4 91.2 

CHN sopropylamine -112.3 218.3 163.8 -83.7 32.2 312.2 97.5 

CHN rimethylamine -45.7 208.5 137.9 -23.6 287.1 91.8 

C.H, CIN Propylamine hydrochloride -354.7 

C.H, CIN rimethylamine hydrochloride -282.9 

C.H, N, ,2-Propanediamine, (+) -97.8 -53.6 

с5ї rimethylsilane 331.0 117.9‏ و8 

Сан; ВМ rimethylamine borane -142.5 70.7 187.0 

СВМ Aminetrimethylboron -204.1 -79.3 218.0 

0,0, Hexachloro-1 ,3-butadiene -245 

C.F, Perfluorocyclobutane -1542.6 

бо Perfluorobutane 127.2 

C,H,N, trans-2-Butenedinitrile 268.2 340.2 

МІ aleic anhydride -469.8 -398.3 

C,H,0, 2-Butynedioic acid -577.3 

C H,N0, 2-Nitrofuran -104.1 -28.8 

C,H,BrNO, N-Bromosuccinimide -335.9 

C,H,CINO, N-Chlorosuccinimide -357.9 

СН, Succinonitrile 139.7 191.6 145.6 209.7 

СНА Pyrazine 139.8 196.1 

САН Pyrimidine 145.9 195.7 

CHN Pyridazine 224.9 278.3 

C H,N,0; Uracil -4294 120.5 -302.9 

СНО Barbituric acid -634.7 

C,H,0 Furan -62.3 177.0 114.8 -34.8 267.2 65.4 

C,H,0; Diketene -233.1 -190.3 

C,H,0, Succinic anhydride -608.6 -527.9 

САНА, ајејс acid -789.4 160.8 137.0 -679.4 

C,H,0, Fumaric acid -8117 168.0 142.0 -675.8 

C,H,S hiophene 80.2 181.2 123.8 14.9 126.1 278.8 72.8 

САН; trans-2-Butenenitrile 951 343 

C, Hs 3-Butenenitrile 117.8 59.7 

C,H, 2-Methylacrylonitrile 126.3 

СН; Ругтоје 63.1 1564 127.7 08.2 

C,H, Cyclopropanecarbonitrile 140.8 82.8 

C,H;NO, Succinimide -459.0 -375.4 

C H;NS 4-Methylthiazole 67.9 11.8 

C H;.N.0 Cytosine -221.3 132.6 

C,H, „2-Вијадјепе 138.6 62.3 

CH; ,3-Butadiene 88.5 199.0 123.6 10.0 

CH; -Butyne 1414 65.2 

C,H, 2-Butyne 119.1 45.7 

С.Н Cyclobutene 56.7 

C H ,N,0; 2,5-Piperazinedione -446.5 

C,H,0 Divinyl ether -39.8 -13.6 

СНО trans-2-Butenal -138.7 -100.6 

C,H,0, trans-2-Butenoic acid 

C,H,0, ethacrylic acid 161.1 

C,H,0, Vinyl acetate -349.2 -314.4 
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Crystal Liquid Gas 

Molecular АН A G° 5% [^ A, А, G° 5% C, A, H° д, G° 5% C, 

formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

C,H,0> Methyl acrylate -362.2 239.5 158.8 -333.0 

C,H,0, y-Butyrolactone -420.9 1414 -366.5 

C,H;O, Acetic anhydride -624.4 -572.5 

C,H;O, Propylene carbonate -6132 218.6 -582.5 

CH, 0, Succinic acid -940.5 167.3 153.1 -823.0 

C4H,0, Dimethyl oxalate -756.3 -708.9 

C,H,S 2,3-Dihydrothiophene 52.9 90.7 133.5 303.5 79.8 

М 2,5-Dihydrothiophene 47.0 86.9 131.6 297.1 83.3 

C,H;CIO 2-Chloroethyl vinyl ether -208.1 -170.1 

C,H;CIO; 2-Chlorobutanoic acid -575.5 

C,H;CIO, 3-Chlorobutanoic acid -556.3 

٢ 4-Chlorobutanoic acid -566.3‏ و8 

C,H;CIO, Propyl chlorocarbonate -533.4 -492.7 

C.H; Butanenitrile -5.8 33.6 

C.H; 2-Methylpropanenitrile -13.8 234 

C,H;NO Acetone cyanohydrin -120.9 

C,H;NO 2-Pyrrolidone -286.2 

C,H;NO 2-Methyl-2-oxazoline -169.5 -130.5 

C,H;NO, Iminodiacetic acid -932.6 

C,H;NO, Ethyl nitroacetate -487.1 

C,H,NO, L-Aspartic acid -973.3 

C,H;N.O Creatinine -238.5 

C,H, 1-Butene -20.8 227.0 118.0 01 

С.Н cis-2-Butene -29.8 219.9 127.0 -7.1 

CH, trans-2-Butene -33.3 -11.4 

CH, sobutene -37.5 -16.9 

CH, Cyclobutane 37 27.7 

CH, Methylcyclopropane 17 

C,H,Br, ,2-Dibromobutane -1424 -91.6 

C,H,Br, ,3-Dibromobutane -148.0 

C,H,Br, ,A-Dibromobutane -140.3 -87.8 

C,H,Br, 2,3-Dibromobutane -139.6 -102.0 

C,H,Br, ,2-Dibromo-2-methylpropane -156.6 -113.3 

C,H,Cl, ,3-Dichlorobutane -237.3 -195.0 

C,H,Cl, 4-Dichlorobutane -229.8 -183.4 

C,H,CLO Bis(2-chloroethyl) ether 220.9 

C, Hil; 4-Diiodobutane -30.0 

C H,N,0; Succinamide -581.2 

СаН№0, Dimethylglyoxime -199.7 

ЕЛГЕН L-Asparagine -789.4 

СМО N-Glycylglycine -747.7 

C H,N,0, 14-Dinitrobutane -237.5 

ЕЛГЕН Cyclotetramethylenetetranitramine 187.9 568.8 275.5 

C,H,0 Ethyl vinyl ether -167.4 -140.8 

C H,0 1,2-Epoxybutane -168.9 230.9 147.0 

C,H,0 Butanal -239.2 246.6 163.7 -204.8 343.7 103.4 

C,H,0 Isobutana -247.3 -215.7 

C,H,0 2-Butanone -273.3 239.1 158.7 -238.5 339.9 101.7 

C,H,0 Tetrahydrofuran -216.2 204.3 124.0 -184.1 302.4 76.3 

C,H,0S S-Ethyl thioacetate -268.2 -228.1 

CH 0; Butanoic acid -533.8 222.2 178.6 -475.9 

C H,0; 2-Methylpropanoic acid 173.0 

C H,0; Propyl formate -500.3 -462.7 

C,H,0> Ethyl acetate -479.3 257.7 170.7 -443.6 

C,H,0, Methyl propanoate 1712 

CH 0; ,3-Dioxane -379.7 143.9 -340.6 

CH 0; 4-Dioxane -353.9 270.2 152.1 -315.3 

C H,0; 2-Methyl-1,3-dioxolane -386.9 -352.0 

C H,0,S Sulfolane 180.0 

С.Н etrahydrothiophene -72.9 -341 45.8 309.6 925 

CH ,S; ,3-Dithiane -10.0 724 333.5 1104 

C,H;S, 4-Dithiane 0.0 84.5 326.2 109.7 

C,H,Br -Bromobutane -143.8 -107.1 

C,HjBr 2-Bromobutane, (+) -154.9 -120.3 

C H,Br 2-Bromo-2-methylpropane -1644 -1324 

C,H,Cl -Chlorobutane -188.1 -154.4 
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Crystal Liquid Gas 
Molecular A, H° 4,6% 5% [^ АД” А, G° 5% C, A, H° д, G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
C,H,Cl 2-Chlorobutane -192.8 -161.1 
C,H,Cl 1-Chloro-2-methylpropane -191.1 -159.3 
C,H,Cl 2-Chloro-2-methylpropane -211.3 -182.2 
C H,CI0 2-Chloroethyl ethyl ether -335.6 -301.3 
МШ 1-lodo-2-methylpropane 162.3 
C, Hj 2-lodo-2-methylpropane -107.5 -121 
C,H, Cyclobutanamine 5.6 41.2 
С.Н Pyrrolidine -41.1 204.1 156.6 -3.6 
C,H,NO Butanamide -364.8 -282.0 
C H,N0 N-Methylpropanamide 179.0 
C H,N0 2-Methylpropanamide -368.6 -282.6 
C H,N0 N,N-Dimethylacetamide -278.3 175.6 -228.0 
C H,N0 Morpholine 164.8 
САМО; 1-Nitrobutane -192.5 -143.9 369.9 115.1 
CHNO, 2-Nitroisobutane -217.2 -177.1 
C,H,NO, Propyl carbamate -552.6 -471.4 
C H,N0, 4-Aminobutanoic acid -581.0 -441.0 
C H,N0, 3-Nitro-2-butanol -390.0 
C H,N0, 2-Methyl-2-nitro-1-propanol -410.1 
C,HNO; DL-Threonine -758.8 
C H,N0, L-Threonine -807.2 
C H,N.,0; Creatine -537.2 
CAH, Butane -147.3 140.9 -125.7 
97197 sobutane -1542 -134.2 
С.Н На Diethyl mercury 30.1 182.8 75.3 
Со Piperazine -45.6 
C,H44N)0 rimethylurea -330.5 
C,H44N)0; N-Nitrodiethylamine -106.2 -53.0 
C,H44N)0, L-Asparagine, monohydrate -1086.6 
САН 0 -Butanol -327.3 225.8 177.2 -274.9 
САН 0 2-Butanol -342.6 214.9 196.9 -292.8 359.5 1127 
CH, 0 2-Methyl-1-propanol -334.7 214.7 181.5 -283.8 
CH, 0 2-Methyl-2-propanol -359.2 193.3 218.6 -312.5 326.7 113.6 
CH, 0 Diethyl ether -279.5 1724 175.6 -252.1 342.7 119.5 
С.Н, 0 Methyl propyl ether -266.0 262.9 165.4 -238.1 
C,H440 Isopropyl methyl ether -278.8 253.8 161.9 -252.0 
C H, 0S Diethyl sulfoxide -268.0 -205.6 
С.Н, 0, 1,2-Butanediol, (+) -523.6 
CH, 0, 1,3-Butanediol -501.0 -433.2 
САН 1,4-Butanediol -505.3 223.4 200.1 -428.7 
САН 2,3-Виїапейїо! -541.5 213.0 -482.3 
С.Н, 0, 2-Methyl-1,2-propanediol -539.7 
КМІГЕЙ Ethylene glycol monoethyl ether 210.8 
СН, 0, Ethylene glycol dimethyl ether -376.6 193.3 
С.Н, 0, Dimethylacetal -420.6 -389.7 
СН 0» tert-Buty! hydroperoxide -293.6 -245.9 
САН 0; Diethylene glycol -628.5 244.8 -571.2 
САН 0045 Diethyl sulfite -600.7 -552.2 
CH, 0.5 Diethyl sulfate -8132 -156.3 
САН S 1-Butanethio -124.7 171.2 -88.0 
МІ 2-Butanethio -131.0 -96.9 
С.Н 2-Methyl-1-propanethiol -132.0 -97.3 
CaHioS 2-Methyl-2-propanethiol -140.5 -109.6 
САН S Diethyl sulfide -1194 269.3 1714 -835 368.1 117.0 
CH. S Methyl ргору! sulfide -118.5 212.5 171.6 -82.2 
С.Н Isopropyl methyl sulfide -124.7 263.1 1724 -90.5 
C Hi S; 1,4-Butanedithiol -105.7 -50.6 
C Hi S; Diethyl disulfide -120.1 269.3 1714 -79.4 
бїйн Butylamine -127.6 179.2 -91.9 
С.Н, sec-Butylamine -137.5 -104.6 
С.Н, tert-Butylamine -150.6 192.1 -121.0 
СН Isobutylamine -132.6 183.2 -98.7 
С.Н Diethylamine -103.7 169.2 -722 
C,H,,NO N,N-Dimethylethanolamine -253.7 -203.6 
С.Н, „№, Diethanolamine -493.8 233.5 -3971 
CaH NO; Tris(hydroxymethyl)methylamine -717.8 
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Crystal Liquid Gas 
Molecular A,H° 4,6% 5% [^ A, H° А, G° 5% С, A, H° A G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
C H,BrN etramethylammonium bromide -251.0 
СНОМ Diethylamine hydrochloride -358.6 
СНОМ etramethylammonium chloride -276.4 
СНОМ etramethylammonium iodide -203.9 
САН; 2-Methyl-1,2-propanediamine -133.9 -90.3 
و‎ РО etramethyl lead 97.9 135.9 
C,H,,Si etramethylsilane -264.0 -100.0 277.3 204.1 -239.1 -99.9 359.0 143.9 
С.Н, etramethylstannane -523 -18.8 
CH, N; Bis(2-aminoethyl)amine 254.0 
СМ; 2-Butynedinitrile 500.4 529.2 
C,NiO, ickel carbonyl -633.0 -588.2 313.4 204.6 -602.9 -587.2 410.6 145.2 
С-Ғе0; гоп pentacarbonyl -774.0 -705.3 3381 240.6 
СОЊЕ О; Hexafluoroacetylacetone -2286.7 
С.Н.МО, 5-Nitro-2-furancarboxylic acid -516.8 
ЕЛІ? 1H-Purine 169.4 
СНО Hypoxanthine -110.8 145.6 1345 
С-Н,М,0; Xanthine -379.6 161.1 151.3 
СНО Uric acid -618.8 1732 166.1 
СН,0, Furfural -201.6 1632 -151.0 
СНО 2-Furancarboxylic acid -498.4 -390.0 
СНО 3-Methyl-2,5-furandione -504.5 -447.2 
СЬНЬЕз0› 1,1,1-Trifluoro-2,4-pentanedione -1040.2 -993.3 
C.H; Pyridine 100.2 132.7 140.4 
С.Н.МО 1H-Pyrrole-2-carboxaldehyde -106.4 
СНЫ Adenine 96.9 147.0 205.7 
СНО Guanine -183.9 
C. Hg cis-3-Penten-1-yne 226.5 
С.Н trans-3-Penten-1-yne 228.2 
С.Н 1,3-Cyclopentadiene 105.9 1343 
СНО, Thymine -462.8 150.8 -328.7 
СНО, Furfuryl alcohol -276.2 204.0 -211.8 
C;H,0, trans-1-Propene-1,2-dicarboxylic -8244 
acid 
C. HS 2-Methylthiophene 44.6 218.5 149.8 83.5 
C;H,S 3-Methylthiophene 43.1 825 
СьН/ trans-3-Pentenenitrile 80.9 25.7 
СН Cyclobutanecarbonitrile 103.0 474 
C.H; -Methylpyrrole 624 03.1 
СН 2-Methylpyrrole 233 740 
СН 3-Methylpyrrole 20.5 70.2 
C;H,N0, Ethyl cyanoacetate 220.2 
C. Hs ,2-Pentadiene 40.7 
C. Hs cis-1,3-Pentadiene 81.4 
C Hs trans-1,3-Pentadiene 76.1 
C; Hg 4-Pentadiene 05.7 
C.H, 2,3-Pentadiene 331 
С.Н 3-Methyl-1,2-butadiene 101.2 
C. Hs 2-Methyl-1,3-butadiene 48.2 229.3 152.6 75.5 
C.H, Cyclopentene 43 201.2 1224 340 
C. Hs Spiropentane 157.5 193.7 134.5 185.2 
С.Н Methylenecyclobutane 93.8 121.6 
ШІЛ Pentaerythritol tetranitrate -538.6 -387.0 614.7 294.8 
СНО Cyclopentanone -235.9 -192.1 
C;H,0, 4-Pentenoic acid -430.6 
CH,0, Allyl acetate 184.1 
СНО; Ethyl acrylate -370.6 -354.2 
СНО, ethyl trans-2-butenoate -382.9 -341.9 
Са; ethyl methacrylate 1912 
C;H,0; 2,4-Pentanedione -423.8 -382.0 
С-Н;0; Dihydro-4-methyl-2(3 H)-furanone -461.3 -406.5 
С.Н,0, etrahydro-2 H-pyran-2-one -436.7 -379.6 
C;H,0; ethyl acetoacetate -623.2 
СНО, Glutaric acid -960.0 
C;H,CI0; Propyl chloroacetate -515.5 -467.0 
C.H; Pentanenitrile -33.1 10.5 
быны 2,2-Dimethylpropanenitrile -39.8 232.0 179.4 -2.3 


Standard Thermodynamic Properties of Chemical Substances 5-29 


Crystal Liquid Gas 

Molecular A, H° 4,6% 5% [^ A, H° А, G° 5% C, A, H° A G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
CH, 1,2,5,6-Tetrahydropyridine 33.5 
C.H,NO 2-Piperidinone -306.6 
CHNO N-Methyl-2-pyrrolidone -262.2 307.8 
0-0; L-Proline -515.2 -366.2 
C.HNO, D-Glutamic acid -1005.3 
С.Н МО, L-Glutamic acid -1009.7 
C. Hi 1-Pentene -46.9 262.6 154.0 -21.1 
СН cis-2-Pentene -53.7 258.6 151.7 -27.6 
СН trans-2-Pentene -58.2 256.5 157.0 -31.9 
СН 2-Methyl-1-butene -61.1 254.0 1572 -352 
C; Hi 3-Methyl-1-butene -51.5 253.3 156.1 -27.5 
С.Н, 2-Methyl-2-butene -68.6 251.0 152.8 -41.7 
C. Ho Cyclopentane -105.1 204.5 128.8 -76.4 
С-Н. Methylcyclobutane -445 
МШ Ethylcyclopropane -24.8 
C; Ho 1,1-Dimethylcyclopropane -33.3 -8.2 
CsHio cis-1,2-Dimethylcyclopropane -26.3 
CsHio trans-1,2-Dimethylcyclopropane -30.7 
CH, Br 2,3-Dibromo-2-methylbutane -137.6 
0 N-Nitrosopiperidine -311 16.6 
СНО N-Nitropiperidine -93.0 -44.5 
СН. №05 L-Glutamine -826.4 
СЕН 0 Cyclopentanol -300.1 204.1 182.5 -2425 362.9 
C;H, 0 Pentanal -267.2 -228.4 
СНО 2-Pentanone -297.3 184.1 -258.8 
C5H 90 3-Pentanone -296.5 266.0 190.9 -257.9 
C;H, 0 3-Methyl-2-butanone -299.5 268.5 179.9 -262.6 
СН, 0 3,3-Dimethyloxetane -182.2 -148.2 
СНО Tetrahydropyran -258.3 -223.4 
0) 05 S-Propyl thioacetate -294.5 -250.4 
C;H, 0, Pentanoic acid -559.4 259.8 210.3 -491.9 
СьНь0› 2-Methylbutanoic acid -554.5 
СН, 0 3-Methylbutanoic acid -561.6 -510.0 
С5Нь0› 2,2-Dimethylpropanoic acid -564.5 -491.3 
С5Нь0› Butyl formate 200.2 
С-Н,0; Ргору! acetate 196.2 
С-Н,0; Isopropyl acetate -518.9 199.4 -481.6 
C;H, 0; Ethyl propanoate -502.7 -463.4 
C;H, 0, Methyl butanoate 198.2 
С5Нь0› (Ethoxymethyl)oxirane -296.5 
С-Н,0; 4-Methyl-1,3-dioxane -416.1 -376.9 
С.Н,0, cis-1,2-Cyclopentanediol -485.0 
C;H440; trans-1,2-Cyclopentanediol -490.1 
C;H, 0; Tetrahydrofurfuryl alcohol -435.7 -369.1 
C;H, 0; Diethyl carbonate -681.5 -637.9 
C;H, 0; Ethylene glycol monomethyl ether 310.0 

acetate 
C;H, 0; Ећу! lactate 254.0 
CH, 0, Glycerol 1-acetate, (DL) -909.2 
С-Н 0; D-Ribose -1047.2 
C;H, 0; D-Xylose -1057.8 
СаН о о-О-Агабтпоругапозе -1057.9 
СН o S hiacyclohexane -106.3 218.2 163.3 -63.5 53.1 323.0 109.7 
СЕН S Cyclopentanethiol -89.5 256.9 165.2 -48.1 
С.Н, „Вг -Bromopentane -170.2 -128.9 
C5H,,Cl -Chloropentane -213.2 -174.9 
CHCl -Chloro-3-methylbutane -216.0 -179.7 
C5H,,Cl 2-Chloro-2-methylbutane -235.7 -202.2 
ІНЕ) 2-Chloro-3-methylbutane -226.6 -185.1 
СНИМ Cyclopentylamine -95.1 241.0 181.2 -54.9 
СНИМ Piperidine -86.4 210.0 179.9 -47.1 
CHNO Pentanamide -379.5 -290.2 
С.Н, МО 2,2-Dimethylpropanamide -399.7 -813.1 
CHNO; 1-Nitropentane -2154 -1644 390.9 137.1 
CHNO, DL-Valine -628.9 
و8‎ МО; L-Valine -617.9 -455.1 
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Crystal Liquid Gas 

Molecular АН A G° 5% [^ A, H° А, G° 5% С, A, H° д, G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
С.Н, МО» 5-Aminopentanoic acid -604.1 -460.0 
СН „№5 L-Methionine -577.5 -413.5 
С.Н, „№, 2-Ethyl-2-nitro-1,3-propanediol -606.4 
C; Hi; Pentane -173.5 167.2 -146.9 
C. Hy Isopentane -178.4 260.4 164.8 -153.6 
С-Н. Neopentane -190.2 -168.0 
САН МО Butylurea -4195 
СНО tert-Butylurea -417.4 
СНО N,N-Diethylurea -372.2 
СНО Tetramethylurea -2622 
СЫН; М5 Tetramethylthiourea -38.1 44.9 
С-Н,0 1-Ретапо! -351.6 208.1 -294.6 
С.Н.,0 2-Pentanol -365.2 -311.0 
С-Н,0 3-Ретапо! -368.9 239.7 -314.9 
C5H,.0 2-Methyl-1-butanol, (+) -356.6 -301.4 
С.Н.,0 3-Methyl-1-butanol -356.4 -300.7 
С-Н,0 2-Methyl-2-butanol -379.5 2414 -329.3 
لام‎ 3-Methyl-2-butanol, (+) -366.6 -813.5 
С.Н.,0 2,2-Dimethyl-1-propanol -399.4 
C.H4,0 Butyl methyl ether -290.6 295.3 192.7 -258.1 
لام‎ ethyl tert-butyl ether -313.6 265.3 187.5 -283.7 
С.Н.,0 Ећу! propyl ether -303.6 295.0 197.2 -272.0 
C;H,,0, 1,5-Pentanedio -528.8 -450.8 
C5H,.0, 2,2-Dimethyl-1 ,3-propanediol -551.2 
СН0; Diethoxymethane -450.5 -414.7 
С5Н›0› 1,1-Dimethoxypropane -443.6 
С.Н,,0, 2,2-Dimethoxypropane -459.4 -429.9 
С.Н,,0, Diethylene glycol monomethyl ether 2711 
СН0, 2-(Hydroxymethyl)-2-methyl-1,3- -744.6 

propanediol 
С:Н.0, Pentaerythritol -920.6 -776.7 
C; H0; Xylitol -1118.5 
C;H,S 1-Pentanethiol -151.3 -110.0 
С5Н.25 2-Methyl-1-butanethiol, (+) -154.4 -114.9 
С:Н.5 3-Methyl-1-butanethiol -1544 -114.9 
С-Н 2-Methyl-2-butanethiol -162.8 290.1 198.1 -127.1 
C;HS 3-Methyl-2-butanethiol -158.8 -121.3 
C;H,S 2,2-Dimethyl-1-propanethiol -165.4 -129.0 
СН 95 Butyl methyl sulfide -142.9 307.5 200.9 -1024 
C; HS tert-Butyl methyl sulfide -157.1 276.1 199.9 -121.3 
C;H,S Ethyl propyl sulfide -144.8 309.5 198.4 -104.8 
5 Ethyl isopropyl sulfide -156.1 -118.3 
С.Н, Pentylamine 218.0 
СН № N,N,N‘ N- -51.1 -18.2 

etramethylmethanediamine 
C, CIF; Chloropentafluorobenzene -858.4 -809.3 
0501, Hexachlorobenzene -127.6 260.2 2012 -355 
С.Б Hexafluorobenzene -991.3 280.8 221.6 -955.4 
Сабо Perfluorocyclohexene -1963.5 -1932.7 
p Perfluorocyclohexane -2406.3 -2370.4 
(%НС10 Pentachlorophenol -292.5 253.2 202.0 
CHF; Pentafluorobenzene -852.7 -841.8 -806.5 
C HF,0 Pentafluorophenol -1024.1 -1007.7 
СЕНЕ, 2,4,5-Tetrafluorobenzene -683.8 
CHCl; ,2,3-Trichlorobenzene -10.8 3.8 
C; HCl, ,2,4-Trichlorobenzene -63.1 -8.1 
CHCl; ,3,5-Trichlorobenzene -78.4 -13.4 
C H,N,0, ,3,5-Trinitrobenzene -37.0 214.6 
Сен МО 2,4,6-Trinitrophenol -217.9 239.7 
C H,N,0, 2,4,6-Trinitro-1,3-benzenediol -467.5 
C H,CINO; -Chloro-4-nitrobenzene -48.7 2502 
CeH4Cl; 0-Dichlorobenzene -17.5 162.4 30.2 
Сенс, m-Dichlorobenzene -20.7 257 
ЛЕЙ p-Dichlorobenzene -42.3 175.4 147.8 22.5 
C H,Cl,0 2,4-Dichlorophenol -2264 -156.3 
СНЕ» 0-Difluorobenzene -330.0 222.6 159.0 -293.8 
CHF m-Difluorobenzene -343.9 223.8 159.1 -309.2 
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Molecular АН 4,6% 5% [^ A, A G° 5% С, A, H° A G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
CHF; p-Difluorobenzene -342.3 157.5 -306.7 
СНО, 1,2-Dinitrobenzene -2.0 200.4 
C H,N,0, 1,3-Dinitrobenzene -27.0 197.5 -36.0 
C H,N,0, 1,4-Dinitrobenzene -38.0 200.0 
СНО, 2,4-Dinitrophenol -232.7 -128.1 
C H,0; p-Benzoquinone -185.7 129.0 -122.9 
C H;Br Bromobenzene 60.9 219.2 154.3 
СНС! Chlorobenzene 114 150.1 52.0 
C H,;CI0 2-Chlorophenol 188.7 
C H,;CI0 3-Chlorophenol -206.4 -189.3 
C H,CI0 4-Chlorophenol -197.7 -181.3 
C H;CLN 3,4-Dichloroaniline -89.1 
C H;F Fluorobenzene -150.6 205.9 146.4 -115.9 
СЫН; lodobenzene 1172 205.4 158.7 164.9 
C H,N0, Nitrobenzene 12.5 185.8 68.5 348.8 120.4 
C H;N0, 3-Pyridinecarboxylic acid -344.9 -221.5 
C H;N0, 2-Nitrophenol -202.4 
C H;N, 1H-Benzotriazole 236.5 335.5 
СНО, 2,3-Dinitroaniline -11.7 
СМО, 2,4-Dinitroaniline -67.8 
СМО, 2,5-Dinitroaniline -443 
СНО, 2,6-Dinitroaniline -50.6 
ЛІГІ? 3,5-Dinitroaniline -38.9 
Саб 1,5-Hexadiyne 3042 
СЕЊ Benzene 49.1 1245 1734 136.0 82.9 129.7 269.2 824 
C H,CIN 2-Chloroaniline -46 
C H, ОМ 3-Chloroaniline -20.3 198.7 
C H,CIN 4-Chloroaniline -33.3 147.3 
C IH ,N,0, 2-Nitroaniline -26.1 166.0 -9.4 63.8 
C IH ,N,0, 3-Nitroaniline -38.3 158.8 -144 584 
СНО; 4-Мигоап пе -42.0 167.0 -20.7 58.8 
C H,0 Phenol -165.1 144.0 1274 -96.4 
C H,0 2-Vinylfuran -10.3 27.8 
C H ,0; p-Hydroquinone -364.5 136.0 -265.3 
C H,0; Pyrocatechol -354.1 -267.5 
C H ,0; Resorcinol -368.0 -214.7 
СеН03 1,2,3-Benzenetriol -551.1 -434.2 
C H,0, 1,2,4-Benzenetriol -563.8 -444.0 
C;H,O; 1,3,5-Benzenetriol -584.6 -452.9 
С5Н%0;3 3,4-Dimethyl-2,5-furandione -581.4 
0-60; Cis-1-Propene-1,2,3-tricarboxylic -12244 

acid 
(5Н%05 trans-1-Propene-1,2,3-tricarboxylic -1232.7 

acid 
CHS Benzenethiol 63.7 222.8 173.2 111.3 
СЕЊ Aniline 31.6 191.9 87.5 -7.0 317.9 107.9 
СЕЊ 2-Methylpyridine 56.7 158.6 99.2 
СЕЊ 3-Methylpyridine 61.9 216.3 158.7 106.4 
СЕЊ 4-Methylpyridine 592 209.1 159.0 103.8 
C.H; 1-Cyclopentenecarbonitrile 1115 156.5 
СЕН Adiponitrile 85.1 128.7 149.5 
Сена, 1,2-Benzenediamine -0.3 
C H,N, 1,3-Benzenediamine -7.8 154.5 159.6 
Са 1,4-Benzenediamine 3.0 
Са Phenylhydrazine 141.0 217.0 202.9 
Сен ЊУ Bis(2-cyanoethyl) sulfide 96.3 
СеН0, Dimethyl maleate 263.2 
C H,0; L-Ascorbic acid -1164.6 
Сао; Citric acid -1543.8 
C H,Cl,0; Bulyl trichloroacetate -545.8 -492.3 
Сена СО; sobutyl trichloroacetate -5534 -500.2 
ТШ Cyclopentanecarbonitrile 0.7 441 
Сењ 2,4-Dimethylpyrrole -422.3 
C. Hg 2,5-Dimethylpyrrole -16.7 39.8 
C H,N0, riacetamide -610.5 -550.1 
CoH МО, Nitrilotriacetic acid -1311.9 
C H,N,0, L-Histidine -466.7 


9' 
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Crystal Liquid Gas 

Molecular АН A G° 5% [^ A, H° А, G° 5% С, A, H° д, G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
бао 1,5-Hexadiene 541 84.2 
СН 3,3-Dimethyl-1-butyne 78.4 
СН Cyclohexene -38.5 2146 148.3 -5.0 
Са 1-Methylcyclopentene -36.4 -3.8 
CeHio 3-Methylcyclopentene -23.7 74 
Ci Hio 4-Methylcyclopentene -17.6 14.6 
С.Н (61,0, Butyl dichloroacetate -550.1 -497.8 
C.H, 0 Cyclohexanone -271.2 182.2 -226.1 
C.H, 0 2-Methylcyclopentanone -265.2 
СеН.00 esityl oxide 2125 
Сен 0 Ethyl trans-2-butenoate -420.0 -375.6 
Сан. 0, ethyl cyclobutanecarboxylate -395.0 -350.2 
С«Н0; Ethyl acetoacetate 248.0 
Сен 0, Propanoic anhydride -679.1 -626.5 
С.Н 0; Adipic acid -994.3 
Сен 0, Diethyl oxalate -805.5 -142.0 
СН, 0, Ethylene glycol diacetate 310.0 
CoH, ,Cl Chlorocyclohexane -207.2 -163.7 
С«Н,1610, Ethyl 4-chlorobutanoate -566.5 -513.8 
СН 1010, Propyl 3-chloropropanoate -537.6 -485.7 
СеН..С10› Butyl chloroacetate -538.4 -487.4 
CH, NO Caprolactam -3294 156.8 -239.6 
Сен. NO -Methyl-2-piperidinone -293.0 
C; Hi -Hexene -74.2 295.2 183.3 -43.5 
Са; cis-2-Hexene -83.9 -52.3 
Са; trans-2-Hexene -85.5 -53.9 
СН cis-3-Hexene -78.9 -47.6 
Се; trans-3-Hexene -86.1 -54.4 
Са; 2-Methyl-1-pentene -90.0 -594 
байн 3-Methyl-1-pentene -78.2 -49.5 
CH; 4-Methyl-1-pentene -80.0 -513 
C Ho 2-Methyl-2-pentene -98.5 -66.9 
CH 3-Methyl-cis-2-pentene -94.5 -62.3 
Сер 3-Methyl-frans-2-pentene -94.6 -63.1 
Се; 4-Methyl-cis-2-pentene -87.0 -57.5 
CoH, 4-Methy|-trans-2-pentene -91.6 -61.5 
C; Hi 2-Ethyl-1-butene -87.1 -56.0 
vM 2,3-Dimethyl-1-butene -93.2 -62.4 
CH; 3,3-Dimethyl-1-butene -87.5 -60.3 
C; Hi; 2,3-Dimethyl-2-butene -101.4 2702 174,7 -68.1 
Са; Cyclohexane -156.4 154.9 -123.4 
САН» Methylcyclopentane -137.9 -106.2 
CoH, Ethylcyclobutane -59.0 -275 
vum ,1,2-Trimethylcyclopropane -96.2 
СНО; — L-Cystine -1032.7 
و8‎ 25,5, hiram 40.2 301.7 
C6H0 Butyl vinyl ether -218.8 232.0 -182.6 
C4H440 Hexanal 280.3 2104 
CgH,20 2-Hexanone -322.0 213.3 -278.9 
СеН0 3-Нехапопе -320.2 305.3 216.9 -277.6 
Сан 0 4-Methyl-2-pentanone 213.3 
СеН.0 2-Methyl-3-pentanone -325.9 -286.0 
لام‎ 3,3-Dimethyl-2-butanone -328.6 -290.6 
CgH,20 Cyclohexanol -348.2 208.2 -286.2 
СеН0 Cis-2-Methylcyclopentanol -345.5 
СеН. 0; Hexanoic acid -583.8 -511.9 
Сен 0; Butyl acetate -5292 2278 -485.3 
СН. 20; tert-Butyl acetate -554.5 231.0 -516.5 
(511505 sobutyl acetate 233.8 
Сен 0; Ећу! butanoate 228.0 
Сан 20; ethyl pentanoate -5142 229.3 -471.1 
СеН.0, ethyl 2,2-dimethylpropanoate -530.0 257.9 -491.2 
Сен о; Diacetone alcohol 221.3 
Сен 05 Ethylene glycol monoethyl ether 376.0 

acetate 
Сен 205 Paraldehyde -673.1 -631.7 
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Crystal Liquid Gas 
Molecular A, H° A G° 5% [^ A, H° А, G° 5% C, A, H° A G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
СеН.06 B-D-Fructose -1265.6 
СеН.06 D-Galactose -1286.3 
(51150, о-0-011с086 -1273.3 
СеН.06 D-Mannose -1263.0 
СеН.06 L-Sorbose -12715 
СЕН 5 hiepane -65.8 794 363.5 131.3 
C; HS Cyclohexanethiol -140.7 255.6 192.6 -96.2 
C Hos Cyclopentyl methyl sulfide -109.8 -64.7 
СеН, Вг -Bromohexane -194.2 453.0 204.0 -148.3 
C.H, CI 2-Chlorohexane -246.1 -204.3 
Сан Cyclohexylamine -147.6 -104.0 
Су 2-Methylpiperidine, (+) -124.9 -84.4 
СМО Hexanamide -423.0 -324.2 
C H, NO N-Butylacetamide -380.9 -305.9 
C H, NO, DL-Leucine -640.6 
C H, NO; D-Leucine -637.3 
C IH, 0, L-Leucine -6374 200.1 -486.8 
C H, МО; DL-Isoleucine -635.3 
C H, МО; L-Isoleucine -637.8 
C H, МО; L-Norleucine -639.1 
C H, МО; 6-Aminohexanoic acid -637.3 
C Hsu Hexane -198.7 195.6 -166.9 
СН, 2-Methylpentane -204.6 290.6 193.7 -174.6 
C Hsu 3-Methylpentane -2024 292.5 190.7 -171.9 
C Hsu 2,2-Dimethylbutane -213.8 272.5 191.9 -185.9 
СН, 2,3-Dimethylbutane -2074 287.8 189.7 -178.1 
C H, N; Azopropane 115 51.3 
C H, N,0; DL-Lysine -678.7 
CIH, N,0; D-Arginine -623.5 250.6 232.0 
С.Н. 0 1-Нехапо! -3775 287.4 240.4 -315.9 
C;H,0 2-Hexanol -392.0 -333.5 
Сен. 0 3-Нехапо! -392.4 286.2 
СеН.0 2-Methyl-1-pentanol 248.0 
САО 3-Methyl-2-pentanol 215.9 
CgH,40 4-Methyl-2-pentanol -394.7 273.0 
CgH,40 2-Methyl-3-pentanol -396.4 
СеН.0 3-Methyl-3-pentanol 2934 
Сен. 0 Dipropyl ether -328.8 323.9 221.6 -293.0 
C H,0 Diisopropyl ether -351.5 216.8 -319.2 
CgH,40 Butyl ethyl ether 159.0 
Сен. 0 tert-Butyl ethyl ether -813.9 
(%Н405 Dipropyl sulfoxide -329.4 -254.9 
(%Н40› 1,2-Hexanedio -5771 -490.1 
CIH, 0, 1,6-Hexanedio -569.9 -548.6 -461.2 
Сен, 0; 2-Methyl-2,4-pentanediol 336.0 
(%Н40› Ethylene glycol monobutyl ether 281.0 
C;H, 0, 1,1-Diethoxyethane -491.4 -453.5 
(%Н40› Ethylene glycol diethyl ether -451.4 259.4 -408.1 
ولاو‎ Diethylene glycol monoethyl ether 301.0 
ولاو‎ Diethylene glycol dimethyl ether 2741 
C.H, „05 Trimethylolpropane -750.9 
C.H, 0, Triethylene glycol -804.3 -125.0 
CIH, 0,S Dipropyl sulfate -859.0 -792.0 
Сен, „06 Galactito -1317.0 
Сена бе D-Mannitol -1314.5 
Сао 1-Hexanethiol -175.7 -129.9 
C Hu S 2-Methyl-2-pentanethiol -188.3 -148.3 
CH S 2,3-Dimethyl-2-butanethiol -187.1 -147.9 
СеН.5 Diisopropyl sulfide -181.6 313.0 232.0 -142.0 
CH S Butyl ethyl sulfide -1723 -127.8 
CH S ethyl pentyl sulfide -167.1 -121.8 
C Hi S; Dipropyl disulfide -171.5 -118.3 
CH, B riethylborane -194.6 94 336.7 241.2 -157.7 16.1 437.8 
C Hi М Dipropylamine -156.1 -116.0 
C Hi N Diisopropylamine -178.5 -143.8 
C H, N riethylamine -127.7 219.9 -92.7 
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Crystal Liquid Gas 

Molecular A, H° A G° پر‎ [^ A, H° А, G° 5% С, A, H° A, G° 5% C, 

formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 

CeHisNO 2-Diethylaminoethanol -305.9 

C H, М0, riethanolamine -664.2 389.0 -558.3 

C Hi N; 1,6-Hexanediamine -205.0 

C H, МОР Hexamethylphosphoric triamide 321.0 

C H, 0Si, Hexamethyldisiloxane -815.0 -541.5 433.8 3114 -111.1 -534.5 535.0 238.5 

C M00; olybdenum hexacarbonyl -982.8 -877.7 325.9 242.3 -912.1 -856.0 490.0 205.0 

CoN, etracyanoethene 623.8 705.0 

CF, Perfluorotoluene -1311.1 355.5 262.3 

"m Perfluoromethylcyclohexane -2931.1 353.1 -2897.2 

CFs Perfluoroheptane -3420.0 561.8 419.0 -3383.6 

C;H,F; 2,3,4,5,6-Pentafluorotoluene -883.8 306.4 225.8 -842.7 

С-Н,010 3-Chlorobenzoyl chloride -189.7 

C;H,N,0; 3,5-Dinitrobenzoic acid -409.8 

C;H&CIO Benzoyl chloride -158.0 -103.2 

СНОО, 2-Chlorobenzoic acid -404.5 -325.0 

C;H&CIO, 3-Chlorobenzoic acid -4243 -342.3 

C;H&CIO; 4-Chlorobenzoic acid -428.9 163.2 -841.0 

СНЕ, (Trifluoromethyl)benzene 188.4 

C-H; Benzonitrile 163.2 209.1 165.2 215.7 

СНО Benzoxazole -242 448 

СНО, 2-Nitrobenzoic acid -378.8 

СНО, 3-Nitrobenzoic acid -394.7 

СНО, 4-Nitrobenzoic acid -392.2 

СНО 2,4,6-Trinitrotoluene -632 243.3 

CH ولا‎ 1H-Benzimidazole 79.5 181.7 

CHN 1H-Indazole 151.9 243.0 

С-Н,М,0, 1-Methyl-2,4-dinitrobenzene -66.4 332 

C;H,0 Benzaldehyde -87.0 221.2 172.0 -36.7 

СНО Benzoic acid -385.2 167.6 146.8 -294.0 

Саб; Salicylaldehyde 222.0 

СНО, 3-(2-Furanyl)-2-propenal -182.0 -105.9 

С-Н,0, 2-Hydroxybenzoic acid -589.9 -494.8 

C;H;Br 4-Bromotoluene 12.0 

C;H;CI 2-Chlorotoluene 166.8 

C;H;CI (Chloromethyl)benzene -32.5 18.9 

C;H;F 4-Fluorotoluene -186.9 1712 -147.4 

C;H;NO Benzamide -202.6 -100.9 

СНО, Aniline-2-carboxylic acid -401.1 -296.0 

СНО, Aniline-3-carboxylic acid -4173 -283.6 

C;HNO,; Aniline-4-carboxylic acid -410.0 177.8 -296.7 

C;H;NO, 2-Nitrotoluene -97 

СНО, 3-Nitrotoluene -31.5 

C;H;NO, 4-Nitrotoluene -48.1 1723 31.0 

C;HNO, (Nitromethyl)benzene -22.8 30.7 

СНО, Salicylaldoxime -183.7 

СІҢ; Toluene 124 157.3 50.5 

СНО Phenylurea -218.6 

СНО 0-Сге$0 -204.6 165.4 154.6 -128.6 

СНО m-Creso -194.0 212.6 224.9 -132.3 

(5,0 p-Creso -199.3 167.3 1502 -1254 

C;H,0 Benzyl alcohol -160.7 216.7 217.9 -100.4 

C;H,0 Anisole -114.8 -67.9 

С Benzylamine 342 207.2 944 

C;Hj 2-Methylaniline -63 56.4 167.6 351.0 130.2 

C;Hj 3-Methylaniline -8.1 54.6 165.4 352.5 125.5 

C;Hj 4-Methylaniline -23.5 55.3 167.7 347.0 126.2 

С-Н М-Мећујап пе 207.1 

С-Н; 1-Cyclohexenecarbonitrile 48.1 101.6 

С 2,3-Dimethylpyridine 9.4 243.7 189.5 67.1 

Со 2,4-Dimethylpyridine 6.1 248.5 184.8 63.6 

СІН) 2,5-Dimethylpyridine 87 248.8 1847 66.5 

С; 2,6-Dimethylpyridine 27 244.2 185.2 58.1 

C;Hj 3,4-Dimethylpyridine 8.3 240.7 191.8 68.8 

С 3,5-Dimethylpyridine 22.5 241.7 184.5 72.) 

C;H440; Ећу! 2-pentynoate -301.8 -250.3 

C;H440; Methyl 2-hexynoate -242.7 
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Crystal Liquid Gas 
Molecular A,H° 4,6% 5% [^ A, H° А, G° 5% С, A, H° A G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
С-Н,.С0, Isopentyl trichloroacetate -580.9 -523.1 
САМ Cyclohexanecarbonitrile -47.2 48 
СН» Bicyclo[2.2.1]heptane -95.1 151.0 -54.8 
СІН, 1-Methylbicyclo(3,1,0)hexane -332 17 
С-Н, Methylenecyclohexane -61.3 -25.2 
С-Н. Vinylcyclopentane -348 
C; Hi; 1-Ethylcyclopentene -53.3 -19.8 
0 2-Methylenecyclohexanol -277.6 
СА 0; Butyl acrylate -422.6 2510 -375.3 
C;H,0, Diethyl malonate 285.0 
C;H44CIO; Butyl 2-chloropropanoate -571.7 -517.3 
C;H44CIO; Isobutyl 2-chloropropanoate -603.1 -549.6 
C7H,,C10, Buty! 3-chloropropanoate -557.9 -502.3 
C;H44CIO; Isobutyl 3-chloropropanoate -572.6 -517.3 
C;H4CIO, Propyl 2-chlorobutanoate -630.7 -578.4 
CH, N Heptanenitrile -82.8 -31.0 
СІН, 1-Heptene -97.9 327.6 211.8 -62.3 
СІН, cis-2-Heptene -105.1 
CH, trans-2-Heptene -109.5 
СІН, cis-3-Heptene -104.3 
СІН, trans-3-Heptene -109.3 
СІН, 5-Methyl-1-hexene -100.0 -65.7 
C; Hi Cis-3-Methyl-3-hexene -115.9 -794 
СІН, trans-3-Methyl-3-hexene -112.7 -76.8 
СІН, 2,4-Dimethyl-1-pentene -117.0 -83.8 
СІН, 4,4-Dimethyl-1-pentene -110.6 -81.6 
СІН, 2,4-Dimethyl-2-pentene -123. -88.7 
СІН, Cis-4,4-Dimethyl-2-pentene -105.3 -72.6 
СІН, trans-4,4-Dimethy|-2-pentene -121.7 -88.8 
СІН, 2-Ethyl-3-methyl-1-butene -114. -79.5 
C; Hi 2,3,3-Trimethyl-1-butene -117.7 -85.5 
СН Cycloheptane -156.6 21181 
CH Methylcyclohexane -190. 1848 -1547 
СІН, Ethylcyclopentane -163.4 279.9 -126.9 
СІН, 1,1-Dimethylcyclopentane -172. -138.2 
СІН, Cis-1,2-Dimethylcyclopentane -165.3 269.2 -1295 
СІН, trans-1,2-Dimethylcyclopentane -171.2 -136.6 
СІН, Cis-1,3-Dimethylcyclopentane -170. -135.8 
C; Hi trans-1,3-Dimethylcyclopentane -168. -133.6 
СІН, 1,1,2,2-Tetramethylcyclopropane 21198 
СН, „Вг, 1,2-Dibromoheptane -212.3 -157.9 
CH, 0 1-Heptana -3115 335.4 230.1 -263.8 
CH, 0 2-Heptanone 2326 
C;H,40 3-Heptanone -2971 
C;H,40 4-Heptanone -298.3 
CH, 0 2,2-Dimethyl-3-pentanone -356.1 -313.6 
CH0 2,4-Dimethyl-3-pentanone -352.9 318.0 297-313 
C;H,40 cis-2-Methylcyclohexanol -390.2 -327.0 
C;H,40 trans-2-Methylcyclohexanol, (+) -415.7 -352.5 
C;H,40 cis-3-Methylcyclohexanol, (+) -416.1 -350.9 
CH, 0 trans-3-Methylcyclohexanol, (+) -3944 -329.1 
CH, 0 cis-4-Methylcyclohexanol -413.2 -347 5 
(-Н,,0 trans-4-Methylcyclohexanol -433.3 -367.2 
C;Hu0; Heptanoic acid -610.2 265.4 -536.2 
СНА Pentyl acetate 261.0 
САО Isopentyl acetate 248.5 
САО Ethyl pentanoate -553.0 -505.9 
C; H0; Ethyl 3-methylbutanoate -571.0 -527.0 
С-Н,,0, Ethyl 2,2-dimethylpropanoate -577.2 -536.0 
СНА Methyl hexanoate -540.2 -492.2 
CH, 0, o-Methylglucoside -1233.3 
С.Н, Br 1-Bromoheptane -218.4 -167.8 
С.Н, Heptane -2242 2247 -187.6 
2-Methylhexane -229.5 323.3 222.9 -194.5 
CH; 3-Methylhexane -226.4 -191.3 
ШІ 3-Ethylpentane -224.9 3145 2196 -1895 
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Crystal Liquid Gas 
Molecular АН A G° 5% [^ A, А, G° 5% С, A, H° A G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
CHi 2,2-Dimethylpentane -238.3 300.3 221.1 -205.7 
CH; 2,3-Dimethylpentane -233.1 -198.7 
C; His 2,4-Dimethylpentane -234.6 303.2 2242 -201.6 
CH 3,3-Dimethylpentane -2342 -201.0 
C; His 2,2,3-Trimethylbutane -236.5 2922 213.5 -2044 
CH, 0 -Heptanol -403.3 272.1 -336.5 
C;H,,0 tert-Buty! isopropyl ether -392.8 -358.1 
C;H, 0; ,7-Heptanediol -574.2 
C;H, 0; 2,2-Diethoxypropane -538.9 -506.9 
CHi S -Heptanethiol -200.5 -149.9 
Сан, Оз Phthalic anhydride -460.1 180.0 160.0 -371.4 
C4H&NO, H-Indole-2,3-dione -268.2 
(5160, Phthalic acid -182.0 207.9 188.1 
СН, Isophthalic acid -803.0 -696.3 
CHO, erephthalic acid -816.1 -717.9 
CHS Benzo[b]thiophene 100.6 166.3 
Сан; H-Indole 86.6 156.5 
C; Hs Styrene 103.8 182.0 147.9 
СН: О Phenyl vinyl ether -26.2 22.7 
C3H,0 Acetophenone -142.5 -86.7 
C3H,0, o-Toluic acid -416.5 174.9 
Сао; m-Toluic acid -426.1 163.6 
CH,O; p-Toluic acid -429.2 169.0 
C3H,0, Methyl benzoate -343.5 2213 -287.9 
С.Н03 Methyl salicylate 249.0 
CIH МО Асејап де -209.4 179.3 
бао 1,7-Octadiyne 3344 
С.Н, Ethylbenzene -12.3 183.2 29.9 
МШ o-Xylene -24.4 186.1 19.1 
C; Hi m-Xylene -254 183.0 173 
C; Hi p-Xylene -24.4 181.5 18.0 
Сан 0 2-Ethylphenol -208.8 -1452 
(160 3-Ethylphenol -2143 -146.1 
Сан 0 4-Ethylphenol -2244 206.9 -144.1 
Сан 0 2,3-Xylenol -241.1 -157.2 
Сан 0 2,4-Xylenol -228.7 -163.8 
(51:60 2,5-Xylenol -246.6 -161.6 
Сан 0 2,6-Xylenol -237.4 -162.1 
C H, 0 3,4-Xylenol -242.3 -157.3 
C H, 0 3,5-Xylenol -244.4 -162.4 
СН, 0 Benzeneethanol 252.6 
Сан 00 Ethoxybenzene -152.6 228.5 -101.6 
Сан, 10» 1,2-Dimethoxybenzene -290.3 -223.3 
pum N-Ethylaniline 82 56.3 
CH; N,N-Dimethylaniline 46.0 00.5 
Саны 2,4-Dimethylaniline -392 
C; Hu 2,5-Dimethylaniline -38.9 
CH, 2,6-Dimethylaniline 238.9 
С.Н. 1-Octen-3-yne 140.7 
С.Н. Cis-1,2-Divinylcyclobutane 124.3 166.5 
С.Н. trans-1,2-Divinylcyclobutane 101.3 143.5 
Са № 2,2'-Azobis[isobutyronitrile] 246.0 237.6 
Сан 0; 2,2,4,4-Tetramethyl-1,3- -379.9 -307.6 
cyclobutanedione 
vM Ethylidenecyclohexane -103.5 -59.5 
Сан, Allylcyclopentane -64.5 -24.1 
Сен „СІМ, Atrazine -1254 
СН, „05 Butanoic anhydride 283.7 
C4H44CIO; 3-Methylbutyl 2-chloropropanoate -627.3 -575.0 
C4H44CIO; 3-Methylbutyl 3-chloropropanoate -593.4 -539.4 
CIH, N Octanenitrile -107.3 -50.5 
C; His 1-Octene -1245 241.0 -81.3 
Саб cis-2-Octene -135.7 239.0 
Саб trans-2-Octene -135.7 239.0 
C; His Cis-2,2-Dimethyl-3-hexene -126.4 -89.3 
Саб trans-2,2-Dimethyl-3-hexene -144.9 -107.7 
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Crystal Liquid Gas 
Molecular A, H° 4,6% 5% [^ A, H° А, G° 5% C, A, H° д, G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
Саб 3-Ethyl-2-methyl-1-pentene -137.9 -100.3 
Саб 2,4,4-Trimethyl-1-pentene -145.9 -110.5 
Са 2,4,4-Trimethyl-2-pentene -1424 -104.9 
СН Cyclooctane -167.7 -124.4 
Са Ethylcyclohexane -212.1 280.9 211.8 -1715 
СН 1,1-Dimethylcyclohexane -218.7 2672 209.2 -180.9 
C; His Cis-1,2-Dimethylcyclohexane -211.8 2741 210.2 -1721 
Саб trans-1 ,2-Dimethylcyclohexane -218.2 273.2 209.4 -179.9 
Са Cis-1,3-Dimethylcyclohexane -222.9 272.6 209.4 -184.6 
Са trans-1 ,3-Dimethylcyclohexane -215.7 276.3 2128 -176.5 
Саб Cis-1,4-Dimethylcyclohexane -215.6 2711 2121 -176.6 
С,Н.5 trans-1 ,4-Dimethylcyclohexane -2224 268.0 210.2 -1845 
СН Propylcyclopentane -188.8 310.8 216.3 -147.7 
Саб 1-Ethyl-1-methylcyclopentane -193.8 
C; His Cis-1-Ethyl-2-methylcyclopentane -190.8 
Ci Hag trans-1-Ethy|-2-methylcyclopentane -195.1 -156.2 
Саб Cis-1-Ethyl-3-methylcyclopentane -1944 
Саб trans-1-Ethy|-3-methylcyclopentane -196.0 
CoH, 60 Octanal -291.9 365.4 
C4H440 2-Ethylhexanal -348.5 -299.6 
C4H440 2-Octanone 2733 
C4H440 2,2,4-Trimethyl-3-pentanone -381.6 -338.3 
C H, 0, Octanoic acid -636.0 297.9 -554.3 
Сан 60; 2-Ethylhexanoic acid -635.1 -559.5 
C4H440; Hexyl acetate 282.8 
CIH, 0; Isobutyl isobutanoate -587.4 -542 9 
C H, 0, Propyl pentanoate -583.0 -533.6 
CIH, 0; Isopropyl pentanoate -502.2 -544.9 
CIH, 0; Methyl heptanoate -567.1 285.1 -515.5 
C,H,;Br 1-Bromooctane -245.1 -189.3 
ШИН 1-Chlorooctane -291.3 -238.9 
C4H,;NO Octanamide -473.2 -362.7 
С.Н.в Octane -250.1 254.6 -208.5 
С.Н.в 2-Methylheptane -255.0 356.4 252.0 -215.3 
С.Н, 3-Methylheptane, (5) -252.3 362.6 250.2 -2125 
CH, 4-Methylheptane -251.6 251.1 -211.9 
С.Н.в 3-Ethylhexane -250.4 -210.7 
Сан, 2,2-Dimethylhexane -261.9 -2245 
Санав 2,3-Dimethylhexane -252.6 -213.8 
С.Н.в 2,4-Dimethylhexane -257.0 -219.2 
СН 2,5-Dimethylhexane -260.4 2492 — 2225 
С.Н 3,3-Dimethylhexane -2575 2466 2199 
СН, 3,4-Dimethylhexane -251,8 -212.8 
С.Н.в 3-Ethyl-2-methylpentane -249.6 -211.0 
Са а 3-Ethyl-3-methylpentane -252,8 -214.8 
байн 2,2,3-Trimethylpentane -256.9 -220.0 
C; His 2,2,4-Trimethylpentane -2592 239.1 -224 0 
Са 2,3,3-Trimethylpentane -253.5 245.6 -216.3 
баг 2,3,4-Trimethylpentane -255.0 3293 2473 -2173 
С.Н.в 2,2,3,3-Tetramethylbutane -269.0 273.7 239.2 -226.0 
CIH, N; Azobutane -40.1 92 
CH, 0 1-Octanol -426.5 3052 -355.6 
Са 0 2-Octanol 330.1 
CH, 0 2-Ethyl-1-hexanol -432.8 347.0 3175  -3653 
C H, 0 Dibulyl ether -377.9 278.2 -332.8 
C4H440 Di-sec-butyl ether -401.5 -360.6 
C4H440 Di-tert-buty! ether -399.6 276.1 -362.0 
C4H440 tert-Butyl isobutyl ether -409.1 -369.0 
C.H, 0; 1,8-Octanediol -626.6 
CIH, 0, 2,5-Dimethyl-2,5-hexanediol -681.7 
CIH, 0; Diethylene glycol топоршу! ether 354.9 
CIH, 0; Diethylene glycol diethyl ether 341.4 
C H, 0,S Dibulyl sulfite -693.1 -625.3 
Сан 0; Tetraethylene glycol -981.7 428.8 -883.0 
C HS Dibutyl sulfide -220.7 405.1 2843 -167.7 
CIH, S Di-sec-butyl sulfide -220.7 -167 7 
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Crystal Liquid Gas 

Molecular A, H° A G° پر‎ [^ A, H° А, G° 5% С, A, H° A,& 5% t, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
CH, S Di-tert-butyl sulfide -232.6 -188.8 
C.H, S Diisobutyl sulfide -229.2 -180.5 
CIH, S; Dibutyl disulfide -222.9 -160.6 
CIH, S; Di-tert-butyl disulfide -255.2 -201.0 
C H, N Dibutylamine -206.0 292.9 -156.6 
CIH, N Diisobutylamine -218.5 -1792 
C H. BIN etraethylammonium bromide -942.7 
C IH,0,Si Ethyl silicate 533.1 3644 
CH» Pb etraethyl lead 52.7 464.6 307.4 09.6 
Сао etraethylsilane 298.1 
CH ,N,0; oluene-2,4-diisocyanate 287.8 
СонуМ Quinoline 1412 200.5 
CHN soquinoline 144.3 216.0 196.2 204.6 
Сену МО 2-Quinolinol -144.9 -25.5 
C,H,NO 8-Quinolinol 82.1 
Со ndene 110.6 21533 186.9 163.4 
С-Н,0, 2-(Acetyloxy)benzoic acid -815.6 
CoHio Cyclopropylbenzene 100.3 150.5 
СУН ndan 15 56.0 190.2 60.3 
CH, CN, Пішоп -329.0 
СМ 2,2'-Dipyrrolylmethane 126.2 
Сан, 00 Ећу! benzoate 246.0 
Сон об; Benzyl acetate 148.5 
Сони МО; L-Phenylalanine -466.9 213.6 203.0 -312.9 
Сони МО; L-Tyrosine -685.1 214.0 216.4 
Сан; Propylbenzene -38.3 287.8 214.7 79 
СН, Isopropylbenzene -41.1 210.7 40 
СН. 2-Ethyltoluene -464 13 
СН. 3-Ethyltoluene -48.7 -1.8 
CoH,» 4-Ethyltoluene -49.8 -3.2 
CoH, 1,2,3-Trimethylbenzene -58.5 267.9 216.4 -9.5 
СН. 1,2,4-Trimethylbenzene -61.8 215.0 -13.8 
СН 1,3,5-Trimethylbenzene -63.4 209.3 -15.9 
Сан 0 2-Isopropylpheno -233.7 -182.2 
Сан. 0 3-Isopropylpheno -252.5 -196.0 
С-Н,,0 4-Isopropylpheno -270.0 -175.3 
Сан. 0; Isopropylbenzene hydroperoxide -148.3 -78.4 
Со МО; Ethyl 3,5-dimethylpyrrole-2- -474.5 

carboxylate 
Со МО; Ethyl 2,4-dimethylpyrrole-3- -463.2 

carboxylate 
Со МО; Ethyl 2,5-dimethylpyrrole-3- -418.7 

carboxylate 
Со МО; Ethyl 4,5-dimethylpyrrole-3- -470.3 

carboxylate 
C, H,0 Isophorone 253.5 
Сон 0, Triacetin -1330.8 458.3 3847 -1245.0 
СН.5 3-Ethyl-2,4,5-trimethylpyrrole -09.2 
C; His 1-Nonyne 16.3 62.3 
Сао, Nonanedioic acid -1054.3 
СМО 2,2,6,6-Tetramethyl-4-piperidinone -334.2 -273.4 
Са Propylcyclohexane -237.4 311.9 242.0 -192.3 
СН 10,30,5p-1,3,5- -2124 

Trimethylcyclohexane 
С-Н,,0 2-Мопапопе -397.2 -340.7 
CH, 0 5-Nonanone -398.2 401.4 303.6 -344.9 
CH440 2,6-Dimethyl-4-heptanone -408.5 2973 -357.6 
Сао; Nonanoic acid -659.7 362.4 -577.3 
Са 0; Butyl pentanoate -613.3 -560.2 
Са 0; Sec-Butyl pentanoate -6242 -573.2 
Сон аб; Isobuty! pentanoate -620.0 -568.6 
Сан 0; Methyl octanoate -590.3 -533.9 
CoHio N-Butylpiperidine -171.8 
C; His 2,2,6,6-Tetramethylpiperidine -206.9 -159.9 
C; Ho, Nonane -274.7 284.4 -228.2 
СН 2,2-Dimethylheptane -288.1 
CoH. 2,2,3-Trimethylhexane -282.7 
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Crystal Liquid Gas 

Molecular A, H° 4,6% 5% [^ A, А, G° 5% C, A, H° A G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
"m 2,2,4-Trimethylhexane -282.8 
СН 2,2,5-Trimethylhexane -293.3 
C; Hs 2,3,3-Trimethylhexane -281.1 
Са 2,3,5-Trimethylhexane -284.0 -242.6 
Cs Hs 2,4,4-Титлећућехапе -2802 
СН, 3,3,4-Trimethylhexane -277.5 
C; Hos 3,3-Diethylpentane -275.4 278.2 -233.3 
"m 3-Ethyl-2,2-dimethylpentane -272.7 
"m 3-Ethyl-2,4-dimethylpentane 2697 
CoH.» 2,2,3,3-Tetramethylpentane -278.3 2715 -2371 
Са 2,2,3,4-Tetramethylpentane -277.7 -236.9 
"m 2,2,4,4-Tetramethylpentane -280.0 266.3 -241.6 
СН 2,3,3,4-Tetramethylpentane -277.9 -236.1 
СН» №0 etraethylurea -380.0 -316.4 
C.H, 0 -Nonano -453.4 -376.5 
С-Нь 0, :9-Мопапе 01 -657.6 
С ripropylamine -207.1 -161.0 
Саона N; 2-Quinolinecarbonitrile 246.5 
Саон N; 3-Quinolinecarbonitrile 242.3 
Сон О ,5-Dinitronaphthalene 29.8 
Саона О ,-Dinitronaphthalene 39.7 
C4;H;CI -Chloronaphthalene 54.6 212.6 119.8 
ТАН 2-Chloronaphthalene 554 1374 
СН -lodonaphthalene 161.5 233.8 
СН 2-lodonaphthalene 1443 235.1 
Сао МО; -Nitronaphthalene 42.6 1112 
CigH, Naphthalene 78.5 201.6 167.4 165.7 150.6 2241 333.1 131.9 
байд Azulene 212.3 289.1 
C4 H,0 -Naphthol -1215 166.9 -304 1494 
С. ‚НО 2-Naphthol -1241 179.0 172.8 -29.9 366.6 147.8 
С.о -Naphthylamine 67.8 132.8 
92711) 2-Naphthylamine 60.2 1343 
Саен ,2-Dihydronaphthalene 71.6 
Соо 4-Dihydronaphthalene 84.2 
0,/Н, 0 -Tetralone -209.6 
СН 0, Dimethyl phthalate 303.1 
СН 0, Dimethyl isophthalate -730.9 
C44 Hg, Dimethyl terephthalate -732.6 261.1 
С 1,2,3,4-Tetrahydronaphthalene -29.2 2175 26.0 
Сыни Butylbenzene -63.2 3212 243.4 -11.8 
байн Sec-Butylbenzene, (+) -66.4 -184 
CigHhs tert-Butylbenzene -71.9 -23.0 
Со Isobutylbenzene -69.8 -219 
Са 1-Isopropyl-2-methylbenzene -73.3 
Са 1-Isopropyl-3-methylbenzene -78.6 
СН 1-Isopropyl-4-methylbenzene -78.0 236.4 
Са 0-Diethylbenzene -68.5 
байн m-Diethylbenzene -735 
Со p-Diethylbenzene -728 
Сао 3-Ethyl-1,2-dimethylbenzene -805 
Са 4-Ethyl-1,2-dimethylbenzene -86.0 
pm 2-Ethyl-1,3-dimethylbenzene -80.1 
nm 2-Ethyl-1,4-dimethylbenzene -84.8 
буйн -Ethyl-2,4-dimethylbenzene -84.1 
Ci Hia -Ethyl-3,5-dimethylbenzene -87.8 
байн ,2,4,5-Tetramethylbenzene -119.9 245.6 215.1 
СНО hymol -309.7 22185 
Л Dipentene -50.8 2494 -2.6 
CioHis Limonene -545 249.0 
Ci His о-Ріпепе -16.4 28.3 
Л В-Ріпепе 77 38.7 
СН о-Тегріпепе -20.6 
Се В-Мугсепе 145 
СН cis, cis-2,6-Dimethyl-2,4,6- -240 

octatriene 
Сао №5 0ь Ethylenediaminetetraacetic acid -1759.5 
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Crystal Liquid Gas 

Molecular A,H° 4,6% 5% [^ A, A G° 5% C, A, H° A, G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
СұН,0 Сатрћог, (+) -319.4 2712 -267.5 
Сов 1,1'-Bicyclopentyl -178.9 
Св cis-Decahydronaphthalene -219.4 265.0 232.0 -169.2 
Св trans-Decahydronaphthalene -230.6 264.9 228.5 -182.1 
CigH 0, Sebacic acid -1082.6 -921.9 
СЇ Decanenitrile -158.4 -915 
Сао 1-Decene -173.8 425.0 300.8 -123.3 
СН cis-1,2-Di-tert-butylethene -163.6 
СН Butylcyclohexane -263.1 345.0 271.0 -213.7 
020, Decanoic acid -713.7 -684.3 -594.9 
СН;0; ethyl nonanoate -616.2 -554.2 
Саб МО, 1-Nitrodecane -351.5 
СН» Decane -300.9 3144 -2495 
СН» 2-Methylnonane -309.8 420.1 313.3 -260.2 
Cio Ho; 5-Methylnonane -307.9 423.8 3144 -258.6 
C4 H0 1-Decanol -478.1 370.6 -396.6 
Сан» Dipentyl ether 250.0 
Саро Diisopentyl ether 379.0 
Со 0, 1,10-Decanediol -678.9 
С. 0; Ethylene glycol dibutyl ether 350.0 
С HS 1-Decanethiol -309.9 -276.5 416.1 350.4 -2115 
Со Dipentyl sulfide -266.4 -204.9 
С.0Н9 Diisopentyl sulfide -281.8 -2215 
Ci H, N Octyldimethylamine -232.8 
C,,H,0, -Naphthalenecarboxylic acid -333.5 -223.1 
C4 Hy; 2-Naphthalenecarboxylic acid -946.1 -232.5 
Са Њу -Methylnaphthalene 56.3 254.8 2244 
Ci Hg 2-Methylnaphthalene 44.9 220.0 196.0 106.7 
СНО; L-Tryptophan -415.3 251.0 238.1 
CuHu ,1-Dimethylindan -53.6 -1.6 
С.Н. - tert-Buty|-3-methylbenzene -109.7 
СН» -tert-Butyl-4-methylbenzene -109.7 -57.0 
СН» Pentamethylbenzene -144.6 -67.2 
СН» Spiro[5.5]undecane -244.5 -188.3 
СН» -Џпдесепе 344.9 
C4:H5;0; ethyl decanoate -640.5 -573.8 
Cuba Undecane -327.2 344.9 -270.8 
C4 H0 -Undecanol -504.8 
ИП ris(perfluorobutyl)amine 418.4 
СЫҢ; Acenaphthylene 186.7 166.4 259.7 
Соң; Phenazine 237.0 328.8 
C4;H,0 Dibenzofuran -53 83.4 
C44H4S Dibenzothiophene 120.0 205.1 
0,555, hianthrene 182.0 286.0 
ШЕЛІ Carbazole 101.7 200.7 
m Acenaphthene 70.3 188.9 190.4 156.0 
С Bipheny 99.4 209.4 198.4 1814 
СНО trans-Azoxybenzene 243.4 342.0 
СНО N-Nitrosodiphenylamine 227.2 
Ci 0 Diphenyl ether -32.1 233.9 216.6 -14.9 52.0 
С Но 1-Naphthaleneacetic acid -359.2 
Ci و‎ ٢ 2-Naphthaleneacetic acid -371.9 
C HN Diphenylamine 1302 219.3 
С.Н 2-Aminobiphenyl 93.8 1844 
C; HN 4-Aminobiphenyl 81.0 
Со На p-Benzidine 70.7 
СНО, Diethyl phthalate -776.6 425.1 366.1 -688.4 
С.Н Cyclohexylbenzene -16.6 -16.7 
Сын NO, Diethyl 3,5-dimethylpyrrole-2,4- -916.7 

dicarboxylate 
СОН» 3,9-Dodecadiyne 197.8 
СОН» 5,7-Dodecadiyne 181.5 
С.Н 1-tert-Butyl-3,5-dimethylbenzene -146.5 
wm Hexamethylbenzene -162.4 306.3 245.6 -77.4 
СН» Cyclohexylcyclohexane -273.7 -215.7 
8 و‎ ٢ Dodecanedioic acid -1130.0 -976.9 
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Crystal Liquid Gas 

Molecular A, H° A G° 5% [^ A, H° А, G° 5% С, A, H° A G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
Со и Sucrose -2226.1 
C HD; B-D-Lactose -2236.7 
Со 1-Dodecene -226.2 484.8 360.7 -165.4 
Сао Dodecanoic acid -774.6 404.3 -737.9 -642.0 
CH, 0; ethyl undecanoate -665.2 -593.8 
Со ЊаО 4 a-Lactose monohydrate -24841 
C, H, Br -Bromododecane -344.7 -269.9 
Со С -Chlorododecane -3923 -821.1 
С.Н Dodecane -350.9 375.8 -289.4 
С Но -Dodecanol -528.5 438.1 -436.6 
Са Ноа Diethylene glycol dibutyl ether 452.0 
С.Н ributylamine -281.6 
(.5Нь:0,Р ributyl phosphate 3794 
СзО Xanthone -191.5 
C Hs Acridine 79.4 273.9 
б 41) Phenanthridine 41.9 240.5 
Сз Benzolflquinoline 50.6 233.7 
СН 9H-Fluorene 89.9 207.3 203.1 175.0 173.1 
C44 H, N; 9-Acridinamine 59.2 
Ci IH, 0 Benzophenone -34.5 224.8 54.9 
С.Н: 9-Methyl-9H-carbazole 05.5 201.0 
(518 Diphenylmethane 71.5 239.3 89.7 139.0 
Са М-Вепгујап пе 01.4 
С.Н № 4,4'-Diaminodiphenylmethane 270.9 
Сао, ridecanedioic acid -1148.3 
Оны -Tridecene 391.8 
C, H, 0; ethyl dodecanoate -693.0 -614.9 
СН ridecane 406.7 
C, H, 0 -Tridecanol -599.4 
C H,0; 9,10-Anthracenedione -188.5 -75.7 
C,,H,0, 9,10-Phenanthrenedione -154.7 -46.6 
Слао, ,A-Dihydroxy-9,10- -595.8 -471.7 

anthracenedione 
СН Anthracene 29.2 207.5 210.5 230.9 
Сайд Phenanthrene 162 215.1 220.6 207.5 
Сайд Diphenylacetylene 312.4 225.9 
СлаН 00; Benzil -153.9 -555 
Ci Ha 0, Benzoyl peroxide -369.4 -281.7 
С.Н cis-Stilbene 183.3 252.3 
С.Н trans-Stilbene 36.9 236.1 
CH; ,1-Diphenylethane 48.7 
Ни ,2-Diphenylethane 515 142.9 
бай» 3-Di-tert-butylbenzene -188.8 
бий» 4-Di-tert-butylbenzene -212.0 
Сл На МО о Pentetic acid -2225.2 
Cu HN etradecanenitrile -260.2 -174.9 
Cu Ha 0; etradecanoic acid -833.5 432.0 -788.8 -693.7 
CH, 0, ethyl tridecanoate -717.9 -635.3 
Cu H, 0 1-Tetradecanol -629.6 388.0 -580.6 
CisH, 0; 2,2-Bis(4-hydroxyphenyl)propane -368.6 
бын, 1,3-Di-fert-butyl-5-methylbenzene -245.8 
СНО 2,6-Di-fert-butyl-4-methylphenol -410.0 -296.9 
СН Decylcyclopentane -367.3 
Ci Ha 0; Pentadecanoic acid -861.7 443.3 -811.7 -699.0 
C, у 0› ethyl tetradecanoate -743.9 -656.9 
СН 0 1-Pentadecanol -658.2 
Со Fluoranthene 189.9 230.6 230.2 289.0 
Сл о Pyrene 125.5 224.9 229.7 225.7 
C44H5;0, Dibutyl phthalate -842.6 -750.9 
Cu О о--0-011с086 pentaacetate -2249.4 
Слабо B-D-Glucose pentaacetate -2232.6 
С Decylbenzene -218.3 -138.6 
Ci Ho 1-Hexadecene -328.7 587.9 488.9 -248.4 
Ci H.0; Hexadecanoic acid -891.5 4524 460.7 -838.1 -7371 
Ci А 0; ethyl pentadecanoate -771.0 -680.0 
СлаЊавг 1-Bromohexadecane -4445 -350.2 


5-42 Standard Thermodynamic Properties of Chemical Substances 


Crystal Liquid Gas 
Molecular АН 4,6% 5% [^ A, H° A G° 5% С, A, H° A G° 5% C, 
formula Name kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK kJ/mol kJ/mol J/molK J/molK 
Ci Ha, Hexadecane -456.1 501.6 -374.8 
Ci H0 -Hexadecanol -686.5 422.0 -517.0 
Cy gHaglN etrabutylammonium iodide -498.6 
C,;H40; Heptadecanoic acid -9244 415.7 -865.6 
Ci H; Вепд[ајапіћгасепе 170.8 293.0 
С Но Chrysene 145.3 269.8 
Са а 0-Тегрћепу! 298.8 274.8 3371 369.1 
Са p-Terphenyl 163.0 285.6 218.7 219.0 
СН riphenylamine 234.7 326.8 
Са ОР riphenyl phosphate 397.5 3562 
C4 Hy P riphenylphosphine 3125 
Са ,3,5-Tri-fert-butylbenzene -320.0 
C4 Ha40; Oleic acid 577.0 
Cu Ha 04 Dibutyl sebacate 619.0 
C Ha 0; Stearic acid -947.7 501.5 -884.7 -781.2 
C, HyCI -Chlorooctadecane -544.1 -446.0 
Са а Octadecane -567.4 480.2 485.6 -414.6 
C4 HaN rihexylamine -433.0 
C, H, 0 riphenylmethanol -25 
Сад! 0; ethyl oleate -734.5 -649.9 
Са! 0; ethyl trans-9-octadecenoate -737.0 
Doha Perylene 182.8 264.6 274.9 
СН Benzo[a]pyrene 254.8 
Сони, Diphenyl phthalate -489.2 
Со а Ећу! oleate -775.8 
CH; Ethyl trans-9-octadecenoate -773.3 
СНО Eicosanoic acid -1011.9 545.1 -940.0 -812.4 
و‎ Tri-o-cresyl phosphate 570.0 578.0 
СН, Dibenz[a,hJanthracene 283.9 
٨ و‎ ٧٢ trans-13-Docosenoic acid -960.7 
С„Н0, Butyl oleate -816.9 
СНО, Butyl stearate 
Cj Ha 0, Bis(2-ethylhexyl) phthalate 704.7 
Cj HN rioctylamine -585.0 
СН 9,10-Diphenylanthracene 308.7 465.6 
СН, 5-Butyldocosane -7135 -587.6 
СН, 1-Butyldocosane -116.0 -593.4 
Саны 9,9'-Bianthracene 326.2 454.3 
CaHa 1-Decylheneicosane -848.0 -705.8 
СН Dotriacontane -968.3 -697.2 
бө Carbon (fullerene-C¢,) 2327.0 2302.0 426.0 520.0 2502.0 2442.) 5440 512.0 
Сп Carbon (fullerene-C;;) 2555.0 2531.0 464.0 650.0 2155.0 2692.0 614.0 585.0 


THERMODYNAMIC PROPERTIES AS A FUNCTION OF TEMPERATURE 
L. V. Gurvich, V. S. Iorish, V. S. Yungman, and O. V. Dorofeeva 


The thermodynamic properties С.Т), $°(Т), H'(T)-H'(T,), аге based upon TRC Tables. See the references for information оп 
-[G'(D)-H'(T)]/T and formation properties A,H'(T), A,G(T), standard states and other details. 
log K;(T) are tabulated as functions of temperature in the range 
298.15 to 1500 K for 80 substances in the standard state.The ref- 
erence temperature, Т, is equal to 298.15 K. The standard state 
pressure is taken as 1 bar (100,000 Pa). The tables are presented 1. Gurvich, L. V., Veyts, I. V., and Alcock, С. B., Едв., Thermodynamic 
in the JANAF Thermochemical Tables format (Reference 2). The Properties of Individual Substances, 4th ed., Hemisphere Publishing 
numerical data are extracted from IVTANTHERMO databases Corp., New York, 1989. 


except for СНО С.Н,О, СН, СНО, С,Н, апа CH,N, which 2. Chase, M. W., et al., JANAF Thermochemical Tables, 3rd ed., J. Phys. 
Chem. Ref. Data, 14, Suppl. 1, 1985. 


References 


Order of Listing of Tables 


No. Formula Name State No. Formula Name State 
1 Ar Argon g 42 CuCl, Copper dichloride g 
2 Br Bromine g 43 F Fluorine g 
3 Br, Dibromine g 44 E; Difluorine g 
4 BrH Hydrogen bromide g 45 FH Hydrogen fluoride g 
5 C Carbon (graphite) cr 46 Ge Germanium crl 
6 C Carbon (diamond) сг 47 Се Germanium g 
7 с, Dicarbon 5 48 GeO, Germanium dioxide cr, | 
| 2 ЕВЕ 7 8 49 сесі, Germanium tetrachloride g 
агрол ав 8 50 н Hydrogen g 
10 CO, Carbon dioxide | 
11 cH, Methane : — ut 207 5 
12 CH, Acetylene g 58 i du ha : 
13 CH, Ethylene g 2 
14 CH, Ethane g 54 H,O Water 8 
15 С.Н, Cyclopropane g 55 1 Iodine 8 
16 C.H, Propane g 56 L Diiodine cr, | 
17 CH, Benzene 1 57 1; Diiodine g 
18 CH, Benzene g 58 IH Hydrogen iodide g 
19 C,H, Naphthalene cr, | 59 K Potassium cr, | 
20 C,H, Naphthalene g 60 K Potassium g 
21 CH,O Formaldehyde g 61 ко Dipotassium oxide сг, | 
22 CHO Methanol g 62 KOH Potassium hydroxide сг,1 
23 CHO Acetaldehyde g 63 KOH Potassium hydroxide g 
24 СНО Ethanol g 64 ка Potassium chloride cr, 1 
25 CHO, Acetic acid g 65 KCl Potassium chloride g 
26 СНО Acetone 5 66 N, Dinitrogen g 
27 CHO Phenol 5 67 МО Nitric oxide g 
28 CF, Carbon tetrafluoride g 68 NO, Nitrogen dioxide g 
29 CHF, Trifluoromethane g 69 MH union : 
30 CCIF, Chlorotrifluoromethane g 70 о 3 Oxygen E 
31 ССЂЕ, Dichlorodifluoromethane g | 
32 CHCIF, Chlorodifluoromethane g йн о, Dioxygen 8 
33 CH,N Methylamine g ° и e 
34 а Chlorine g 2 ° "uir 8 
35 а, Dichlorine g 74 S, Disulfur 8 
36 ан Hydrogen chloride g 75 5, Остави ог 5 
37 Си Copper ای‎ 76 50, Sulfur dioxide g 
38 Cu Copper g 77 Si Silicon cr 
39 CuO Copper oxide cr 78 Si Silicon g 
40 СиО Dicopper oxide сг 79 SiO, Silicon dioxide сг 
41 CuCl, Copper dichloride cr, | 80 5ІСІ, Silicon tetrachloride g 
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5-44 Thermodynamic Properties as a Function of Temperature 


J/K mol kJ/mol 

тк с $° -(С-Н Т)/Т -H (T) AH’ AG* Log K, 
І. ARGON Ar(g) 
298.15 20.786 154.845 154.845 0.000 0.000 0.000 0.000 
300 20.786 154.973 154.845 0.038 0.000 0.000 0.000 
400 20.786 160.953 155.660 2.117 0.000 0.000 0.000 
500 20.786 165.591 157.200 4.196 0.000 0.000 0.000 
600 20.786 169.381 158.924 6.274 0.000 0.000 0.000 
700 20.786 172.585 160.653 8.353 0.000 0.000 0.000 
800 20.786 175.361 162.322 10.431 0.000 0.000 0.000 
900 20.786 177.809 163.909 12.510 0.000 0.000 0.000 
1000 20.786 179.999 165.410 14.589 0.000 0.000 0.000 
1100 20.786 181.980 166.828 16.667 0.000 0.000 0.000 
1200 20.786 183.789 168.167 18.746 0.000 0.000 0.000 
1300 20.786 185.453 169.434 20.824 0.000 0.000 0.000 
1400 20.786 186.993 170.634 22.903 0.000 0.000 0.000 
1500 20.786 188.427 171.773 24.982 0.000 0.000 0.000 
2.BROMINE Вг (g) 
298.15 20.786 175.017 175.017 0.000 111.870 82.379 -14.432 
300 20.786 175.146 175.018 0.038 111.838 82.196 -14.311 
400 20.787 181.126 175.833 2.117 96.677 75.460 – 9.854 
500 20.798 185.765 177.373 4.196 96.910 70.129 -7.326 
600 20.833 189.559 179.097 6.277 97.131 64.752 -5.637 
700 20.908 192.776 180.827 8.364 97.348 59.338 —4.428 
800 21.027 195.575 182.499 10.461 97.568 53.893 —3.519 
900 21.184 198.061 184.093 12.571 97.796 48.420 -2.810 
1000 21.365 200.302 185.604 14.698 98.036 42.921 -2.242 
1100 21.559 202.347 187.034 16.844 98.291 37.397 —1.776 
1200 21.752 204.231 188.390 19.010 98.560 31.850 –1.386 
1300 21.937 205.980 189.676 21.195 98.844 26.279 -1.056 
1400 22.107 207.612 190.900 23.397 99.141 20.686 -0.772 
1500 22.258 209.142 192.065 25.615 99.449 15.072 -0.525 
3.DIBROMINE Вг, (g) 
298.15 36.057 245.467 245.467 0.000 30.910 3.105 —0.544 
300 36.074 245.690 245.468 0.067 30.836 2.933 -0.511 
332.25 36.340 249.387 245.671 1.235 pressure = 1 bar 
400 36.729 256.169 246.892 3.711 0.000 0.000 0.000 
500 37.082 264.406 249.600 7.403 0.000 0.000 0.000 
600 37.305 271.188 252.650 11.123 0.000 0.000 0.000 
700 37.464 276.951 255.720 14.862 0.000 0.000 0.000 
800 37.590 281.962 258.694 18.615 0.000 0.000 0.000 
900 37.697 286.396 261.530 22.379 0.000 0.000 0.000 
1000 37.793 290.373 264.219 26.154 0.000 0.000 0.000 
1100 37.883 293.979 266.763 29.938 0.000 0.000 0.000 
1200 37.970 297.279 269.170 33.730 0.000 0.000 0.000 
1300 38.060 300.322 271451 37.532 0.000 0.000 0.000 
1400 38.158 303.146 273.615 41.343 0.000 0.000 0.000 
1500 38.264 305.782 275.673 45.164 0.000 0.000 0.000 


4. HYDROGEN BROMIDE НВг (g) 


298.15 29.141 198.697 198.697 0.000 —36.290 —53.360 9.348 
300 29.141 198.878 198.698 0.054 —36.333 —53.466 9.309 
400 29.220 207.269 199.842 2.971 —52.109 —55.940 7.305 
500 29.454 213.811 202.005 5.903 —52.484 —56.854 5.939 
600 29.872 219.216 204.436 8.868 —52.844 —57.694 5.023 
700 30.431 223.861 206.886 11.882 —53.168 —58.476 4.363 
800 31.063 227.965 209.269 14.957 —53.446 —59.214 3.866 
900 31.709 231.661 211.555 18.095 —53.677 —59.921 3.478 
1000 32.335 235.035 213.737 21.298 —53.864 —60.604 3.166 


1100 32.919 238.145 215.816 24.561 —54.012 —61.271 2.909 


Thermodynamic Properties as а Function of Temperature 


J/K mol kJ/mol 

TIK Ç 5° -(G°-H°(T))IT — H° (T) AH AG 
1200 33.454 241.032 217.799 27.880 —54.129 -61.925 
1300 33.938 243.729 219.691 31.250 -54.220 -62.571 
1400 34.374 246.261 221.499 34.666 -54.291 -63.211 
1500 34.766 248.646 223.230 38.123 -54.348 63.846 
5. CARBON (GRAPHITE) С (cr; graphite) 
298.15 8.536 5.740 5.740 0.000 0.000 0.000 
300 8.610 5.793 5.740 0.016 0.000 0.000 
400 11.974 8.757 6.122 1.054 0.000 0.000 
500 14.537 11.715 6.946 2.385 0.000 0.000 
600 16.607 14.555 7.979 3.945 0.000 0.000 
700 18.306 17.247 9.113 5.694. 0.000 0.000 
800 19.699 19.785 10.290 7.596 0.000 0.000 
900 20.832 22.173 11.479 9.625 0.000 0.000 
1000 21.739 24.417 12.662 11.755 0.000 0.000 
1100 22.452 26.524 13.827 13.966 0.000 0.000 
1200 23.000 28.502 14.968 16.240 0.000 0.000 
1300 23.409 30.360 16.082 18.562 0.000 0.000 
1400 23.707 32.106 17.164 20.918 0.000 0.000 
1500 23.919 33.749 18.216 23.300 0.000 0.000 
6. CARBON (DIAMOND) C (cr; diamond) 
298.15 6.109 2.362 2.362 0.000 1.850 2.857 
300 6.201 2.400 2.362 0.011 1.846 2.863 
400 10.321 4.783 2.659 0.850 1.645 3.235 
500 13.404 7.431 3.347 2.042 1.507 3.649 
600 15.885 10.102 4.251 3.511 1.415 4.087 
700 17.930 12.709 5.274 5.205 1.361 4.537 
800 19.619 15.217 6.361 7.085 1.338 4.993 
900 21.006 17.611 7.479 9.118 1.343 5.450 
1000 22.129 19.884 8.607 11.277 1.372 5.905 
1100 23.020 22.037 9.731 13.536 1.420 6.356 
1200 23.709 24.071 10.842 15.874. 1.484 6.802 
1300 24.222 25.990 11.934 18.272 1.561 7.242 
1400 24.585 27.799 13.003 20.714 1.646 7.675 
1500 24.824 29.504 14.047 23.185 1.735 8.103 
7.DICARBON С, (g) 
298.15 43.548 197.095 197.095 0.000 830.457 775.116 
300 43.575 197.365 197.096 0.081 830.506 774.772 
400 42.169 209.809 198.802 4.403 832.751 755.833 
500 39.529 218.924 201.959 8.483 834.170 736.423 
600 37.837 225.966 205.395 12.342 834.909 716.795 
700 36.984 231.726 208.758 16.078 835.148 697.085 
800 36.621 236.637 211.943 19.755 835.020 677.366 
900 36.524 240.943 214.931 23.411 834.618 657.681 
1000 36.569 244.793 217.728 27.065 834.012 638.052 
1100 36.696 248.284 220.349 30.728 833.252 618.492 
1200 36.874 251.484 222.812 34.406 832.383 599.006 
1300 37.089 254.444 225.133 38.104 831.437 579.596 
1400 37.329 257.201 227.326 41.824 830.445 560.261 
1500 37.589 259.785 229.405 45.570 829.427 540.997 
8.TRICARBON C,(g) 
298.15 42.202 237.611 237.611 0.000 839.958 774.249 
300 42.218 237.872 237.611 0.078 839.989 773.841 
400 43.383 250.164 239.280 4.354 841.149 751.592 
500 44.883 260.003 242.471 8.766 841.570 729.141 
600 46.406 268.322 246.104 13.331 841.453 706.659 
700 47.796 275.582 249.807 18.042 840.919 684.230 
800 48.997 282.045 253.440 22.884 840.053 661.901 


Log K, 
2.696 
2.514 
2.358 
2.223 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


—0.501 
-0.499 
-0.422 
-0.381 
-0.356 
-0.339 
-0.326 
-0.316 
-0.308 
-0.302 
-0.296 
-0.291 
-0.286 
-0.282 


-135.795 
-134.898 
-98.700 
-76.933 
-62.402 
-52.016 
-44.227 
-38.170 
-33.328 
-29.369 
—26.074 
—23.288 
—20.903 
—18.839 


—135.643 
-134.736 
-98.147 
—76.172 
—61.519 
—51.057 
—43.217 
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5-46 Thermodynamic Properties as a Function of Temperature 


J/Kmol kJ/mol 

TIK с: 5° -(в”-Н (Т)УТ =н°(Т) AH AG Log K, 
900 50.006 287.876 256.948 27.835 838.919 639.698 77 
1000 50.844 293.189 260.310 32.879 837.572 617.633 -32261 
1100 51.535 298.069 263.524 37.999 836.059 595.711 -28.288 
1200 52.106 302.578 266.593 43.182 834.420 573.933 -24.982 
1300 52.579 306.768 269.524 48.417 832.690 552.295 -22.191 
1400 52.974 310.679 272.326 53.695 830.899 530.793 -19.804 
1500 53.307 314.346 275.006 59.010 829.068 509.421 -17.739 
9. CARBON OXIDE СО (g) 
298.15 29.141 197.658 197.658 0.000 —110.530 —137.168 24.031 
300 29.142 197.838 197.659 0.054. —110.519 —137.333 23.912 
400 29.340 206.243 198.803 2.976 —110.121 -146.341 19.110 
500 29.792 212.834 200.973 5.930 —110.027 -155.412 16.236 
600 30.440 218.321 203.419 8.941 —110.157 —164.480 14.319 
700 31.170 223.067 205.895 12.021 —110.453 —173.513 12.948 
800 31.898 227.277 208.309 15.175 —110.870 —182.494 11.915 
900 32.573 231.074 210.631 18.399 —111.378 -191.417 11.109 
1000 33.178 234.538 212.851 21.687 -111.952 -200.281 10.461 
1100 33.709 237.726 214.969 25.032 -112.573 —209.084 9.928 
1200 34.169 240.679 216.990 28.426 —113.228 —217.829 9.482 
1300 34.568 243.430 218.920 31.864 -113.904 -226.518 9.101 
1400 34.914 246.005 220.763 35.338 —114.594 —235.155 8.774 
1500 35.213 248.424 222.527 38.845 —115.291 -243.742 8.488 
10. CARBON DIOXIDE СО, (g) 
298.15 37.135 213.783 213.783 0.000 —393.510 —394.373 69.092 
300 37.220 214.013 213.784 0.069 —393.511 —394.379 68.667 
400 41.328 225.305 215.296 4.004 —393.586 —394.656 51.536 
500 44.627 234.895 218.280 8.307 —393.672 —394.914 41.256 
600 47.327 243.278 221.762 12.909 —393.791 —395.152 34.401 
700 49.569 250.747 225.379 17.758 —393.946 —395.367 29.502 
800 51.442 257.492 228.978 22.811 —394.133 —395.558 25.827 
900 53.008 263.644 232.493 28.036 —394.343 —395.724 22.967 
1000 54.320 269.299 235.895 33.404 —394.568 —395.865 20.678 
1100 55.423 274.529 239.172 38.893 —394.801 —395.984 18.803 
1200 56.354 279.393 242.324 44.483 —395.035 —396.081 17.241 
1300 57.144 283.936 245.352 50.159 —395.265 —396.159 15.918 
1400 57.818 288.196 248.261 55.908 —395.488 —396.219 14.783 
1500 58.397 292.205 251.059 61.719 —395.702 —396.264 13.799 
11. METHANE CH, (g) 
298.15 35.695 186.369 186.369 0.000 —74.600 —50.530 8.853 
300 35.765 186.590 186.370 0.066 —74.656 —50.381 8.772 
400 40.631 197.501 187.825 3.871 -77.703 -41.827 5.462 
500 46.627 207.202 190.744 8.229 —80.520 —32.525 3.398 
600 52.742 216.246 194.248 13.199 – 82.969 – 22.690 1.975 
700 58.603 224.821 198.008 18.769 —85.023 -12.476 0.931 
800 64.084. 233.008 201.875 24.907 —86.693 -1.993 0.130 
900 69.137 240.852 205.773 31.571 –88.006 8.677 —0.504 
1000 73.746 248.379 209.660 38.719 —88.996 19.475 -1.017 
1100 77.919 255.607 213.511 46.306 -89.698 30.358 -1.442 
1200 81.682 262.551 217.310 54.289 -90.145 41.294 -1.797 
1300 85.067 269.225 221.048 62.630 -90.367 52.258 -2.100 
1400 88.112 275.643 224.720 71.291 —90.390 63.231 -2.359 
1500 90.856 281.817 228.322 80.242 -90.237 74.200 —2.584 
12. АСЕТҮ ЕМЕ CH, (g) 
298.15 44.036 200.927 200.927 0.000 227.400 209.879 —36.769 
300 44.174. 201.199 200.927 0.082 227.397 209.770 – 36.524. 
400 50.388 214.814 202.741 4.829 227.161 203.928 – 26.630 


500 54.751 226.552 206.357 10.097 226.846 198.154 -20.701 


Thermodynamic Properties as а Function of Temperature 
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600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 


13.ETHYLENE C,H, (g) 
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14.ETHANE C,H, (g) 
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15. CYCLOPROPANE C,H 
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16.PROPANE C,H, (g) 


298.15 


J/K mol kJ/mol 
с: S° -(в”-Н (Т)УУТ -H'(T) АН" AG 
58.121 236.842 210.598 15.747 226.445 192.452 
60.970 246.021 215.014 21.704 225.968 186.823 
63.511 254.331 219.418 27981 225.436 181.267 
65.831 261.947 223.726 34.399 224.873 175.779 
67.960 268.995 227.905 41.090 224.300 170.355 
69.909 275.565 231.942 47.985 223.734 164.988 
71.686 281.725 235.837 55.067 223.189 159.672 
73.299 287.528 239.592 62.317 222.676 154.400 
74.758 293.014 243.214 69.721 222.203 149.166 
76.077 298.218 246.709 77.264 221.774 143.964 
42.883 219.316 219.316 0.000 52.400 68.358 
43.059 219.582 219.317 0.079 52.341 68.457 
53.045 233.327 221.124 4.881 49.254 74.302 
62.479 246.198 224.864 10.667 46.533 80.887 
70.673 258.332 229.441 17.335 44.221 87.982 
77.733 269.770 234.393 24.764 42.278 95.434. 
83.868 280.559 239.496 32.851 40.655 103.142 
89.234. 290.754 244.630 41.512 39.310 111.036 
93.939 300.405 249.730 50.675 38.205 119.067 
98.061 309.556 254.756 60.280 37.310 127.198 
101.670 318.247 259.688 70.271 36.596 135.402 
104.829 326.512 264.513 80.599 36.041 143.660 
107.594 334.384 269.225 91.223 35.623 151.955 
110.018 341.892 273.821 102.107 35.327 160.275 
52.487 229.161 229.161 0.000 —84.000 —32.015 
52711 229.487 229.162 0.097 – 84.094. – 31.692 
65.459 246.378 231.379 5.999 – 88.988 –13.473 
77.941 262.344 235.989 13.177 —93.238 5.912 
89.188 277.568 241.660 21.545 —96.779 26.086 
99.136 292.080 247.835 30.972 —99.663 46.800 
107.936 305.904 254.236 41.334 —101.963 67.887 
115.709 319.075 260.715 52.525 —103.754 89.231 
122.552 331.628 267.183 64.445 —105.105 110.750 
128.553 343.597 273.590 77.007 —106.082 132.385 
133.804 355.012 279.904 90.131 -106.741 154.096 
138.391 365.908 286.103 103.746 -107.131 175.850 
142.399 376.314 292.178 117.790 —107.292 197.625 
145.905 386.260 298.121 132.209 —107.260 219.404 
, (8) 

55.571 237.488 237.488 0.000 53.300 104.514 
55.941 237.832 237.489 0.103 53.195 104.832 
76.052 256.695 239.924 6.708 47.967 122.857 
93.859 275.637 245.177 15.230 43.730 142.091 
108.542 294.092 251.801 25.374 40.405 162.089 
120.682 311.763 259.115 36.854 37.825 182.583 
130.910 328.564 266.755 49.447 35.854 203.404 
139.658 344.501 274.516 62.987 34.384 224.441 
147.207 359.616 282277 77.339 33.334 245.618 
153.749 373.961 289.965 92.395 32.640 266.883 
159.432 387.588 297.538 108.060 32.249 288.197 
164.378 400.549 304.967 124.257 32.119 309.533 
168.689 412.892 312.239 140.915 32.215 330.870 
172.453 424.662 319.344 157.976 32.507 352.193 
73.597 270.313 270.313 0.000 —103.847 —23.458 


Log K, 
-16.754 
-13.941 
-11.835 
-10.202 

-8.898 
-7.835 
-6.950 
—6.204 
—5.565 
—5.013 


-11.976 
—11.919 
—9.703 
—8.450 
—7.659 
-7.121 
-6.734 
-6.444 
-6.219 
-6.040 
-5.894 
-5.772 
-5.669 
-5.581 


5.609 

5.518 

1.759 
-0.618 
-2.271 
—3.492 
—4.433 
—5.179 
—5.785 
—6.286 
—6.708 
—7.066 
—7.373 
—7.640 


-18.310 
-18.253 
-16.043 
—14.844 
—14.111 
—13.624 
—13.281 
—13.026 
—12.830 
—12.673 
—12.545 
—12.437 
—12.345 
-12.264 


4.110 


5-47 


5-48 Thermodynamic Properties as a Function of Temperature 


J/K mol kJ/mol 
TIK с: 87 -(G-H'(T))IT НТ) AH AG Log K, 
300 73.931 270.769 270.314 0.136 -103.972 -22.959 3.997 
400 94.014 294.739 273.447 8.517 -110.33 15.029 -0.657 
500 112.591 317.768 280.025 18.872 -115.658 34.507 -3.605 
600 128.700 339.753 288.162 30.955 -119.973 64.961 -5.655 
700 142.674 360.668 297.039 44.540 -123.384 96.065 -7.168 
800 154.766 380.528 306.245 59.427 —126.016 127.603 -8.331 
900 165.352 399.381 315.555 75.444 -127.982 159.430 -9.253 
1000 174.598 417.293 324.841 92.452 129.380 191.444 -10.000 
1100 182.673 434.321 334.026 110.325 -130.296 223.574 -10.617 
1200 189.745 450.526 343.064 128.954 130.802 255.770 -11.133 
1300 195.853 465.961 351.929 148.241 -130.961 287.993 -11.572 
1400 201.209 480.675 360.604 168.100 -130.829 320.217 -11.947 
1500 205.895 494.721 369.080 188.460 -130.445 352.422 -12.272 
17.BENZENE CH, (D 
298.15 135.950 173.450 173.450 0.000 49.080 124.521 —21.815 
300 136.312 174.292 173.453 252 49.077 124.989 – 21.762 
400 161.793 216.837 179.082 15.102 48.978 150.320 —19.630 
500 207.599 257.048 190.639 33.204 50.330 175.559 -18.340 
18.BENZENE C,H, (8) 
298.15 82.430 269.190 269.190 0.000 82.880 129.750 – 22.731 
300 83.020 269.700 269.190 0.153 82.780 130.040 – 22.641 
400 113.510 297.840 272.823 10.007 77.780 146.570 —19.140 
500 139.340 326.050 280.658 22.696 73.740 164.260 —17.160 
600 160.090 353.360 290.517 37.706 70.490 182.680 —15.903 
700 176.790 379.330 301.360 54.579 67.910 201.590 -15.042 
800 190.460 403.860 312.658 72.962 65.910 220.820 -14.418 
900 201.840 426.970 324.084 92.597 64410 240.280 —13.945 
1000 211.430 448740 335.473 113.267 63.340 259.890 -13.575 
1100 219.580 469.280 346.710 134.827 62.620 277.640 -13.184 
1200 226.540 488.690 357.743 157.137 62.200 299.320 —13.029 
1300 232.520 507.070 368.534 180.097 62.000 319.090 —12.821 
1400 237.680 524.490 379.056 203.607 61.990 338.870 —12.643 
1500 242.140 541.040 389.302 227.607 62.110 358.640 -12.489 
19. NAPHTHALENE C,H, (cs, D 
298.15 165.720 167.390 167.390 0.000 78.530 201.585 —35.316 
300 167.001 168.419 167.393 0.308 78.466 202.349 —35.232 
353.43 208.722 198.948 169.833 10.290 96.099 224.543 —33.186 
PHASE TRANSITION: Л, Н = 18.980 kJ/mol, A, S = 53.702 J/Kmol, сг-1 
353.43 217.200 252.650 169.833 29.270 96.099 224.543 —33.186 
400 241.577 280.916 181.124 39.917 96.067 241.475 —31.533 
470 276.409 322.712 199.114 58.091 97.012 266.859 —29.658 
20. NAPHTHALENE C,H, (g) 
298.15 131.920 333.150 333.150 0.000 150.580 224.100 —39.260 
300 132.840 333.970 333.157 0.244. 150.450 224.560 – 39.098 
400 180.070 378.800 338.950 15.940 144.190 250.270 – 32.681 
500 219.740 423.400 351.400 36.000 139.220 277.340 – 28.973 
600 251.530 466.380 367.007 59.624. 135.350 305.330 – 26.581 
700 277.010 507.140 384.146 86.096 132.330 333.950 – 24.919 
800 297.730 545.520 401.935 114.868 130.050 362.920 – 23.696 
900 314.850 581.610 419.918 145.523 128.430 392.150 – 22.759 
1000 329.170 615.550 437.806 177.744 127.510 421.700 —22.027 
1100 341.240 647.500 455.426 211.281 127.100 450.630 —21.398 
1200 351.500 677.650 472.707 245.932 126.960 480.450 —20.913 
1300 360.260 706.130 489.568 281.531 127.060 509.770 —20.482 
1400 367.780 733.110 506.009 317.941 127.390 539.740 —20.137 


1500 374.270 758.720 522.019 355.051 127.920 568.940 -19.812 


Thermodynamic Properties as а Function of Temperature 


TIK 
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22.METHANOL CH,OH (g) 


298.15 
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24.ETHANOL С,Н,ОН (g) 


298.15 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 


јЈЛ то kJ/mol 
с: S° -(в”-Н (Т)УУТ -H'(T) АН" AG 
21. FORMALDEHYDE H,CO (g) 
35.387 218.760 218.760 0.000 108.700 -102.667 
35.443 218.979 218.761 0.066 -108.731 -102.630 
39.240 229.665 220.192 3.789 -110.438 -100.340 
43.736 238.900 223.028 7.936 -112.073 -97.623 
48.181 247.270 226.381 12.534 -113.545 -94.592 
52.280 255.011 229.924 17.560 -114.833 -91.328 
55.941 262.236 233.517 22.975 -115.942 -87.893 
59.156 269.014 237.088 28.734 -116.889 -84.328 
61.951 275.395 240.603 34.792 -117.696 -80.666 
64.368 281.416 244.042 41.111 -118.382 -76.929 
66.453 287.108 247.396 47.655 -118.966 -73.134 
68.251 292.500 250.660 54.392 -119.463 69.294 
69.803 297.616 253.833 61.297 -119.887 -65.418 
71.146 302.479 256.915 68.346 -120.249 -61.514 
44.101 239.865 239.865 0.000 —201.000 —162.298 
44.219 240.139 239.866 0.082 —201.068 —162.057 
51.713 253.845 241.685 4.864 —204.622 —148.509 
59.800 266.257 245.374 10.442 -207.750 -134.109 
67.294 277.835 249.830 16.803 -210.387 -119.125 
73.958 288.719 254.616 23.873 -212.570 -103.737 
79.838 298.987 259.526 31.569 -214.350 -88.063 
85.025 308.696 264.455 39.817 -215.782 —72.188 
89.597 317.896 269.343 48.553 —216.916 —56.170 
93.624 326.629 274.158 57.718 -217.794 -40.050 
97.165 334.930 278.879 67.262 -218.457 -23.861 
100.277 342.833 283.497 77.137 -218.936 —7.624 
103.014 350.367 288.007 87.304 —219.261 8.644 
105.422 357.558 292.405 97.729 -219.456 24.930 
23. ACETALDEHYDE C,H,O (8) 
55.318 263.840 263.840 0.000 —166.190 —133.010 
55.510 264.180 263.837 0.103 —166.250 —132.800 
66.282 281.620 266.147 6.189 —169.530 —121.130 
76.675 297.540 270.850 13.345 -172.420 -108.700 
85.942 312.360 276.550 21.486 -174.870 -95.720 
94.035 326.230 282.667 30.494. -176.910 -82.350 
101.070 339.260 288.938 40.258 -178.570 —68.730 
107.190 351.520 295.189 50.698 —179.880 —54.920 
112.490 363.100 301.431 61.669 —180.850 —40.930 
117.080 374.040 307.537 73.153 —181.560 -27.010 
121.060 384.400 313.512 85.065 —182.070 —12.860 
124.500 394.230 319.350 97.344 —182.420 1.240 
127.490 403.570 325.031 109.954 —182.640 15.470 
130.090 412.460 330.571 122.834 -182.750 29.580 
65.652 281.622 281.622 0.000 -234.800 —167.874 
65.926 282.029 281.623 0.122 —234.897 —167.458 
81.169 303.076 284.390 7.474 —239.826 -144.216 
95.400 322.750 290.115 16.318 —243.940 —119.820 
107.656 341.257 297112 26.487 -247.260 -94.672 
118.129 358.659 304.674 37.790 —249.895 —69.023 
127.171 375.038 312.456 50.065 —251.951 —43.038 
135.049 390.482 320.276 63.185 —253.515 —16.825 
141.934 405.075 328.033 77.042 —254.662 9.539 
147.958 418.892 335.670 91.543 —255.454 36.000 
153.232 431.997 343.156 106.609 —255.947 62.520 


1200 


Log K, 


17.987 
17.869 
13.103 
10.198 
8.235 
6.815 
5.739 
4.894 
4.213 
3.653 
3.183 
2.784 
2.441 
2.142 


28.434 
28.216 
19.393 
14.010 
10.371 
7.741 
5.750 
4.190 
2.934 
1.902 
1.039 
0.306 
—0.322 
—0.868 


23.302 
23.122 
15.818 
11.356 
8.334 
6.145 
4.487 
3.187 
2.138 
1.283 
0.560 
—0.050 
—0.577 
—1.030 


29.410 
29.157 
18.832 
12.517 
8.242 
5.151 
2.810 
0.976 
—0.498 
-1.709 
-2.721 
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5-50 Thermodynamic Properties as a Function of Temperature 


J/K mol kJ/mol 

TIK с: S° -(в”-Н (Т)УУТ -H'(T) AH AG Log K, 
1300 157.849 444.448 350.473 122.168 -256.184 89.070 -3.579 
1400 161.896 456.298 357.612 138.160 -256.206 115.630 -4.314 
1500 165.447 467.591 364.571 154.531 -256.044 142.185 -4.951 
25. ACETICACID СНА, (8) 
298.15 63.438 283.470 283.470 0.000 -432.249 -374.254 65.567 
300 63.739 283.863 283.471 0.118 -432.324 -373.893 65.100 
400 79.665 304.404 286.164 7.296 -436.006 -353.840 46.206 
500 93.926 323.751 291.765 15.993 -438.875 -332.950 34.783 
600 106.181 341.988 298.631 26.014 - 63 —311.554 27.123 
700 116.627 359.162 306.064 37.169 –442. 466 —289.856 21.629 
800 125.501 375.331 313.722 49.287 -443.395 -267.985 17.497 
900 132.989 390.558 321.422 62.223 -443.873 -246.026 14.279 
1000 139.257 404.904 329.060 75.844. -443.982 -224.034 11.702 
1100 144.462. 418.429 336.576 90.039 -443.798 -202.046 9,594 
1200 148.760 431189 343.933 104.707 -443.385 -180.086 7.839 
1300 152.302 443.240 351.113 119.765 -442.795 -158.167 6.355 
1400 155.220 454.637 358.105 135.146 -442.071 -136.299 5.085 
1500 157.631 465.432. 364.903 150.793 -441.247 -114.486 3.987 
26. ACETONE С,Н,О (g) 
298.15 74.517 295.349 295.349 0.000 -217.150 -152.716 26.757 
300 74.810 295.809 295.349 0.138 -217.233 -152.339 26.521 
400 91.755 319.658 298.498 8.464. -222.212 -129.913 16.962 
500 107.864 341.916 304.988 18.464 —226.522 —106.315 11.107 
600 122.047 362.836 312.873 29.978 —230.120 —81.923 7.133 
700 134.306 382.627 321.470 42.810 —233.049 —56.986 4.252 
800 144.934 401.246 330.265 56.785 —235.350 —31.673 2.068 
900 154.097 418.860 339.141 71.747 —237.149 —6.109 0.353 
1000 162.046 435.513 347.950 87.563 —238.404 19.707 —1.030 
1100 168.908 451.286 356.617 104.136 —239.283 45.396 -2.157 
1200 174.891 466.265 365.155 121.332 —239.827 71.463 -3.110 
1300 180.079 480.491 373.513 139.072 -240.120 97.362 —3.912 
1400 184.556 493.963 381.596 157.314 —240.203 123.470 —4.607 
1500 188.447 506.850 389.533 175.975 —240.120 149.369 —5.202 
27.PHENOL СНО (g) 
298.15 103.220 314.810 314.810 0.000 —96.400 —32.630 5.720 
300 103.860 315.450 314.810 0.192 —96.490 —32.230 5.610 
400 135.790 349.820 319.278 12217 -100.870 -10.180 1.330 
500 161.910 383.040 328.736 27.152 -104.240 12.970 -1.360 
600 182.480 414.450 340.430 44.412 -106.810 36.650 —3.190 
700 198.840 443.860 353.134 63.508 —108.800 60.750 —4.530 
800 212.140 471.310 366.211 84.079 —110.300 85.020 —5.550 
900 223.190 496.950 379.327 105.861 —111.370 109.590 —6.360 
1000 232.490 520.960 392.302 128.658 —111.990 134.280 —7.010 
1100 240.410 543.500 405.033 152.314 —112.280 158.620 —7.530 
1200 247.200 564.720 417.468 176.703 —112.390 183.350 —7.980 
1300 253.060 584.740 429.568 201.723 —112.330 208.070 —8.360 
1400 258.120 603.680 441.331 227.288 —112.120 233.050 –8.700 
1500 262.520 621.650 452.767 253.325 —111.780 257.540 —8.970 


28. CARBON TETRAFLUORIDE СЕ, (g) 


298.15 61.050 261.455 261.455 0.000 —933.200 —888.518 155.663 
300 61.284 261.833 261.456 0.113 —933.219 —888.240 154.654 
400 72.399 281.057 264.001 6.822 —933.986 —873.120 114.016 
500 80.713 298.153 269.155 14.499 —934.372 —857.852 89.618 
600 86.783 313.434 275.284 22.890 —934.490 —842.533 73.348 
700 91.212 327.162 281.732 31.801 —934.431 —827.210 61.726 
800 94.479 339.566 288.199 41.094 —934.261 —811.903 53.011 


900 96.929 350.842 294.542 50.670 —934.024 —796.622 46.234 
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J/Kmol kJ/mol 
e S° —(6°-Н°(Тд)/Т -H'(T) AH AG 
98.798 361.156 300.695 60.460 -933.745 -781.369 
100.250 370.643 306.629 70.416 -933.442 -766.146 
101.396 379.417 312.334 80.500 -933.125 -750.952 
102.314 387.571 317.811 90.687 -932.800 -735.784 
103.059 395.181 323.069 100.957 -932.470 -720.641 
103.671 402.313 328.116 111.295 -932.137 -705.522 
29. TRIFLUOROMETHANE CHF, (g) 
51.069 259.675 259.675 0.000 —696.700 —662.237 
51.258 259.991 259.676 0.095 —696.735 662.023 
61.148 276.113 261.807 5.722 -698.427 —650.186 
69.631 290.700 266.149 12.275 699.715 -637.969 
76.453 304.022 271.368 19.593 —700.634 -625.528 
81.868 316.230 276.917 27.519 -701.253 -612.957 
86.201 327.455 282.542 35.930 —701.636 -600.315 
89.719 337.818 288.116 44.732 -701.832 -587.636 
92.617 347.426 293.572 53.854 -701.879 -574.944 
95.038 356.370 298.879 63.240 -701.805 -562.253 
97.084 364.730 304.022 72.849 -701.629 -549.574 
98.833 372.571 308.997 82.647 -701.368 -536.913 
100.344 379.952 313.804 92.607 -701.033 -524.274 
101.660 386.921 318.449 102.709 -700.635 -511.662 
30. CHLOROTRIFLUOROMETHANE CCIF, (g) 
66.886 285.419 285.419 0.000 —707.800 —667.238 
67.111 285.834 285.421 0.124 —707.810 —666.986 
77.528 306.646 288.187 7.383 —708.153 —653.316 
85.013 324.797 293.734 15.532 —708.170 —639.599 
90.329 340.794 300.271 24.314 —707.975 —625.901 
94.132 355.020 307.096 33.547 —707.654 —612.246 
96.899 367.780 313.897 43.106 —707.264 —598.642 
98.951 379.317 320.536 52.903 —706.837 —585.090 
100.507 389.827 326.947 62.880 —706.396 —571.586 
101.708 399.465 333.108 72.993 —705.950 —558.126 
102.651 408.357 339.013 83.213 —705.505 —544.707 
103.404 416.604 344.668 93.517 —705.064 —531.326 
104.012 424.290 350.084 103.889 —704.628 —517.977 
104.512 431.484 355.273 114.316 —704.196 —504.660 
31. DICHLORODIFLUOROMETHANE CCIF, (g) 
72.476 300.903 300.903 0.000 —486.000 —447.030 
72.691 301.352 300.905 0.134 —486.002 —446.788 
82.408 323.682 303.883 7.919 —485.945 —433.716 
89.063 342.833 309.804 16.514 —485.618 —420.692 
93.635 359.500 316.729 25.663 —485.136 —407.751 
96.832 374.189 323.909 35.196 —484.576 —394.897 
99.121 387.276 331.027 44.999 —483.984 —382.126 
100.801 399.053 337.942 55.000 —483.388 —369.429 
102.062 409.742 344.596 65.146 —482.800 —356.799 
103.030 419.517 350.969 75.402 —482.226 -344.227 
103.786 428.515 357.061 85.745 —481.667 —331.706 
104.388 436.847 362.882 96.154 —481.121 —319.232 
104.874 444.602 368.445 106.618 —480.588 —306.799 
105.270 451.851 373.767 117.126 —480.065 —294.404 
32. CHLORODIFLUOROMETHANE СНСІЕ, (g) 
55.853 280.915 280.915 0.000 —475.000 —443.845 
56.039 281.261 280.916 0.104 —475.028 —443.652 
65.395 298.701 283.231 6.188 —476.390 —432.978 
73.008 314.145 287.898 13.123 -477.398 -422.001 
78.940 328.003 293.448 20.733 —478.103 —410.851 


600 


Log K, 


40.814 
36.381 
32.688 
29.564 
26.887 
24.568 


116.020 
115.267 
84.905 
66.647 
54.456 
45.739 
39.196 
34.105 
30.032 
26.699 
23.922 
21.573 
19.561 
17.817 


116.896 
116.131 
85.313 
66.818 
54.489 
45.686 
39.087 
33.957 
29.856 
26.503 
23.710 
21.349 
19.326 
17.574 


78.317 
77.792 
56.637 
43.949 
35.497 
29.467 
24.950 
21.441 
18.637 
16.346 
14.439 
12.827 
11.447 
10.252 


77.759 
77.246 
56.540 
44.086 
35.767 
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5-52 Thermodynamic Properties as a Function of Temperature 


J/K mol kJ/mol 

TIK с: 5° —(6°-Н°(Тд)/Т НТ) AH AG Log K, 
700 83.551 340.533 299.294 28.867 —478.574 —399.603 29.818 
800 87.185 351.936 305.172 37.411 —478.870 —388.299 25.353 
900 90.100 362.379 310.956 46.280 —479.031 —376.967 21.878 
1000 92.475 371.999 316.586 55.413 —479.090 —365.622 19.098 
1100 94.433 380.908 322.033 64.761 —479.068 —354.276 16.823 
1200 96.066 389.196 327.289 74.289 —478.982 —342.935 14.927 
1300 97.438 396.941 332.352 83.966 —478.843 —331.603 13.324 
1400 98.601 404.206 337.228 93.769 —478.661 —320.283 11.950 
1500 99.593 411.044 341.923 103.681 —478.443 —308.978 10.759 
33. METHYLAMINE CH,N (5) 
298.15 50.053 242.881 242.881 0.000 – 22.529 32.734 —5.735 
300 50.227 243.196 242.893 0.091 -22.614 33.077 —5.759 
400 60.171 258.986 244.975 5.604 —26.846 52.294 —6.829 
500 70.057 273.486 249.244 12.121 —30.431 72.510 -7.575 
600 78,929 287.063 254.431 19.579 —33.364 93.382 —8.129 
700 86.711 299.826 260.008 27.873 —35.712 114.702 —8.559 
800 93.545 311.865 265.749 36.893 —37.548 136.316 —8.900 
900 99.573 323.239 271.511 46.555 —38.949 158.138 -9.178 
1000 104.886 334.006 277.220 56.786 —39.967 180.098 —9.407 
1100 109.576 344.233 282.861 67.509 —40.681 201.822 —9.584 
1200 113.708 353.944 288.374 78.685 —41.136 224.240 —9.761 
1300 117.341 363.190 293.775 90.239 —41.376 246.364 —9.899 
1400 120.542 372.012 299.061 102.131 —41.451 268.504 —10.018 
1500 123.353 380.426 304.209 114.326 —41.381 290.639 —10.121 
34. CHLORINE Cl(g) 
298.15 21.838 165.190 165.190 0.000 121.302 105.306 —18.449 
300 21.852 165.325 165.190 0.040 121.311 105.207 —18.318 
400 22.467 171.703 166.055 2.259 121.795 99.766 —13.028 
500 22.744 176.752 167.708 4.522 122.272 94.203 —9.841 
600 22.781 180.905 169.571 6.800 122.734 88.546 —7.709 
700 22.692 184.411 171.448 9.074 123.172 82.813 —6.179 
800 22.549 187.432 173.261 11.337 123.585 77.019 —5.029 
900 22.389 190.079 174.986 13.584 123.971 71.175 —4.131 
1000 22.233 192.430 176.615 15.815 124.334 65.289 –3.410 
1100 22.089 194.542 178.150 18.031 124.675 59.368 – 2.819 
1200 21.959 196.458 179.597 20.233 124.996 53.416 – 2.325 
1300 21.843 198.211 180.963 22.423 125.299 47.439 —1.906 
1400 21.742 199.826 182.253 24.602 125.587 41.439 -1.546 
1500 21.652 201.323 183.475 26.772 125.861 35.418 -1.233 
35. DICHLORINE СІ, (в) 
298.15 33.949 223.079 223.079 0.000 0.000 0.000 0.000 
300 33.981 223.290 223.080 0.063 0.000 0.000 0.000 
400 35.296 233.263 224.431 3.533 0.000 0.000 0.000 
500 36.064. 241.229 227.021 7.104. 0.000 0.000 0.000 
600 36.547 247.850 229.956 10.736 0.000 0.000 0.000 
700 36.874. 253.510 232.926 14.408 0.000 0.000 0.000 
800 37.111 258.450 235.815 18.108 0.000 0.000 0.000 
900 37.294. 262.832 238.578 21.829 0.000 0.000 0.000 
1000 37.442 266.769 241.203 25.566 0.000 0.000 0.000 
1100 37.567 270.343 243.692 29.316 0.000 0.000 0.000 
1200 37.678 273.617 246.052 33.079 0.000 0.000 0.000 
1300 37.778 276.637 248.290 36.851 0.000 0.000 0.000 
1400 37.872 279.440 250.416 40.634 0.000 0.000 0.000 
1500 37.961 282.056 252.439 44.426 0.000 0.000 0.000 


36. HYDROGEN CHLORIDE HCI (g) 
298.15 29.136 186.902 186.902 0.000 – 92.310 – 95.298 16.696 
300 29.137 187.082 186.902 0.054 -92.314 -95.317 16.596 
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700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 


37. COPPER 
298.15 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1358 


1358 
1400 
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38. COPPER 
298.15 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 


39. COPPER OXIDE 


298.15 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 


J/K mol kJ/mol 

Ç 5° -(G-H* (T)/T -H° (T) АН” A G° 
29.175 195.468 188.045 2.969 —92.587 —96.278 
29.304 201.990 190.206 5.892 -92.911 -97.164 
29.576 207.354 192.630 8.835 -93.249 -97.983 
29.988 211.943 195.069 11.812 -93.577 -98.746 
30.500 215.980 197.435 14.836 -93.879 -99.464 
31.063 219.604 199.700 17.913 -94.149 -100.145 
31.639 222.907 201.858 21.049 -94.384 -100.798 
32.201 225.949 203.912 24.241 -94.587 -101.430 
32.734 228.774 205.867 27.488 -94.760 -102.044 
33.229 231.414 207.732 30.786 -94.908 -102.645 
33.684 233.893 209.513 34.132 -95.035 -103.235 
34.100 236.232 211.217 37.522 -95.146 -103.817 

Cu (cr, 1) 
24.440 33.150 33.150 0.000 0.000 0.000 
24.460 33.301 33.150 0.045 0.000 0.000 
25.339 40.467 34.122 2.538 0.000 0.000 
25.966 46.192 35.982 5.105 0.000 0.000 
26.479 50.973 38.093 7.728 0.000 0.000 
26.953 55.090 40.234 10.399 0.000 0.000 
27.448 58.721 42.322 13.119 0.000 0.000 
28.014 61.986 44.328 15.891 0.000 0.000 
28.700 64.971 46.245 18.726 0.000 0.000 
29.553 67.745 48.075 21.637 0.000 0.000 
30.617 70.361 49.824 24.644 0.000 0.000 
31.940 72.862 51.501 27.769 0.000 0.000 
32.844 74.275 52.443 29.647 0.000 0.000 
PHASE TRANSITION: Д, Н = 13.141 kJ/mol, Л, S = 9.676 J/K mol, cr-1 
32.800 83.951 52.443 42.788 0.000 0.000 
32.800 84.950 53.403 44.166 0.000 0.000 
32.800 87.213 55.583 47.446 0.000 0.000 
Cu (g) 
20.786 166.397 166.397 0.000 337.600 297.873 
20.786 166.525 166.397 0.038 337.594 297.626 
20.786 172.505 167.213 2.117 337.179 284.364 
20.786 177.143 168.752 4.196 336.691 271.215 
20.786 180.933 170.476 6.274 336.147 258.170 
20.786 184.137 172.205 8.353 335.554 245.221 
20.786 186.913 173.874 10.431 334.913 232.359 
20.786 189.361 175.461 12.510 334.219 219.581 
20.786 191.551 176.963 14.589 333.463 206.883 
20.788 193.532 178.380 16.667 332.631 194.265 
20.793 195.341 179.719 18.746 331.703 181.726 
20.803 197.006 180.986 20.826 330.657 169.270 
20.823 198.548 182.186 22.907 316.342 157.305 
20.856 199.986 183.325 24.991 315.146 145.987 
CuO (cr) 

42.300 42.740 42.740 0.000 —162.000 —134.277 
42.417 43.002 42.741 0.078 —161.994 —134.105 
46.783 55.878 44.467 4.564 —161.487 -124.876 
49.190 66.596 47.852 9.372 —160.775 —115.803 
50.827 75.717 51.755 14.377 —159.973 —106.883 
52.099 83.651 55.757 19.526 —159.124 —98.102 
53.178 90.680 59.691 24.791 —158.247 —89.444 
54.144 97.000 63.491 30.158 -157.356 -80.897 
55.040 102.751 67.134 35.617 —156.462 —72.450 
55.890 108.037 70.615 41.164 —155.582 —64.091 
56.709 112.936 73.94 46.794. -154.733 —55.812 


Log K, 
12.573 
10.151 

8.530 

7.368 

6.494 

5.812 

5.265 

4.816 

4.442 

4.124 

3.852 

3.615 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 


—52.185 
—51.821 
—37.134 
—28.333 
-22.475 
-18.298 
—15.171 
—12.744 
—10.806 
—9.225 
—7.910 
—6.801 
—5.869 
—5.084 


23.524 
23.349 
16.307 
12.098 
9.305 
7.320 
5.840 
4.695 
3.784 
3.043 
2.429 
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5-54 Thermodynamic Properties as a Function of Temperature 


J/Kmol kJ/mol 
TIK с: S° -(G*H°(T))IT НТ) AH AG Log K, 
1300 57.507 117.507 77.118 52.505 —153.940 —47.601 1.913 
1400 58.288 121.797 80.158 58.295 —166.354 —39.043 1.457 
1500 59.057 125.845 83.070 64.163 —165.589 —29.975 1.044 


40. DICOPPER OXIDE Си (cr) 


298.15 62.600 92.550 92.550 0.000 —173.100 —150.344 26.339 
300 62.721 92.938 92.551 0.116 -173.102 -150.203 26.152 
400 67.587 111.712 95.078 6.654 -173.036 -142.572 18.618 
500 70.784 127.155 99.995 13.580 -172.772 —134.984 14.101 
600 73.323 140.291 105.643 20.789 —172.389 -127.460 11.096 
700 75.552 151.764 111.429 28.235 -171.914 -120.009 8.955 
800 77.616 161.989 117.121 35.894. —171.363 —112.631 7.354 
900 79.584 171.245 122.629 43.755 -170.750 -105.325 6.113 
1000 81492 179.729 127.920 51.809 —170.097 —98.091 5.124 
1100 83.360 187.584 132.992 60.052 —169.431 —90.922 4.317 
1200 85.202 194.917 137.850 68.480 —168.791 —83.814 3.648 
1300 87.026 201.808 142.507 77.092 —168.223 —76.756 3.084 
1400 88.836 208.324 146.978 85.885 —194.030 —68.926 2.572 
1500 90.636 214.515 151.276 94.858 —193.438 —60.010 2.090 


41. COPPER DICHLORIDE CuCl, (cr, 1) 


298.15 71.880 108.070 108.070 0.000 -218.000 -173.826 30.453 
300 71.998 108.515 108.071 0.133 -217.975 -173.552 30.218 
400 76.338 129.899 110.957 7.577 -216.494 -158.962 20.758 
500 78.654 147.204 116.532 15.336 -214.873 -144.765 15.123 
600 80.175 161.687 122.884 23.282 -213.182 -130.901 11.396 
675 81.056 171.183 127.732 29.329 -211.185 -120.693 9.340 
PHASE TRANSITION: A,,, Н = 0.700 kJ/mol, ۵ S = 1.037 J/Kmol, crII-crl 
675 82.400 172.220 127.732 30.029 -211.185 -120.693 9.340 
700 82.400 175.216 129.375 32.089 -210.719 -117.350 8.757 
800 82.400 186.219 135.808 40.329 -208.898 -104.137 6.799 
871 82.400 193.226 140.207 46.179 -192.649 -94.893 5.691 
PHASE TRANSITION: Д, Н = 15.001 kJ/mol, ۵ کي‎ = 17.221 J/K'mol, كله‎ 
871 100.000 210.447 140.207 61.180 -192.649 -94.893 5.691 
900 100.000 213.723 142.523 64.080 -191.640 -91.655 5.319 
1000 100.000 224.259 150.179 74.080 -188.212 -80.730 4.217 
1100 100.000 233.790 157.353 84.080 -184.873 -70.144 3.331 
1130.75 100.000 236.547 159.470 87.155 -183.867 -66.951 3.093 


42. COPPER DICHLORIDE CuCl, (g) 


298.15 56.814 278.418 278.418 0.000 —43.268 —49.883 8.739 
300 56.869 278.769 278.419 0.105 -43.271 —49.924 8.692 
400 58.992 295.456 280.679 5.911 —43.428 —52.119 6.806 
500 60.111 308.752 285.010 11.871 —43.606 —54.271 5.670 
600 60.761 319.774 289.911 17.918 —43.814 —56.385 4.909 
700 61.168 329.173 294.865 24.015 —44.060 —58.462 4.362 
800 61.439 337.360 299.677 30.147 —44.349 —60.500 3.950 
900 61.630 344.608 304.274 36.301 —44.688 —62.499 3.627 
1000 61.776 351.109 308.638 42.471 —45.088 —64.457 3.367 
1100 61.900 357.003 312771 48.655 —45.566 —66.372 3.152 
1200 62.022 362.394 316.685 54.851 —46.139 —68.239 2.970 
1300 62.159 367.364 320.395 61.060 —46.829 —70.053 2.815 
1400 62.325 371.976 323.916 67.284 —60.784 -71.404 2.664 
1500 62.531 376.283 327.265 73.526 -61.613 —72.133 2.512 


43. FLUORINE Е (5) 


298.15 22.746 158.750 158.750 0.000 79.380 62.280 —10.911 
300 22.742 158.891 158.750 0.042 79.393 62.173 —10.825 
400 22.432 165.394 159.639 2.302 80.043 56.332 -7.356 


500 22.100 170.363 161.307 4.528 80.587 50.340 —5.259 


Thermodynamic Properties as а Function of Temperature 


TIK 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 


44. DIFLUORINE Е, (2) 
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46. GERMANIUM Се (ст, |) 


298.15 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1211.4 


1211.4 
1300 
1400 


J/K mol kJ/mol 

с: 87 -(в”-Н (Т)УУТ =н°(Т) AH AG 
21.832 174.368 163.161 6.724 81.046 44.246 
21.629 177.717 165.008 8.897 81.442 38.081 
21.475 180.595 166.780 11.052 81.792 31.862 
21.357 183.117 168.458 13.193 82.106 25.601 
21.266 185.362 170.039 15.324 82.391 19.308 
21.194 187.386 171.525 17.447 82.654 12.986 
21.137 189.227 172.925 19.563 82.897 6.642 
21.091 190.917 174.245 21.675 83.123 0.278 
21.054 192.479 175.492 23.782 83.335 —6.103 
21.022 193.930 176.673 25.886 83.533 —12.498 
31.304 202.790 202.790 0.000 0.000 0.000 
31.337 202.984 202.790 0.058 0.000 0.000 
32.995 212.233 204.040 3.277 0.000 0.000 
34.258 219.739 206.453 6.643 0.000 0.000 
35.171 226.070 209.208 10.117 0.000 0.000 
35.839 231.545 212.017 13.669 0.000 0.000 
36.343 236.365 214.765 17.279 0.000 0.000 
36.740 240.669 217.409 20.934 0.000 0.000 
37.065 244.557 219.932 24.625 0.000 0.000 
37.342 248.103 222.334 28.346 0.000 0.000 
37.588 251.363 224.619 32.093 0.000 0.000 
37.811 254.381 226.794 35.863 0.000 0.000 
38.019 257.191 228.866 39.654 0.000 0.000 
38.214 259.820 230.843 43.466 0.000 0.000 

45. HYDROGEN FLUORIDE HF (g) 
29.137 173.776 173.776 0.000 -273.300 -275.399 
29.137 173.956 173.776 0.054. -273.302 -275.412 
29.149 182.340 174.919 2.968 -273.450 -276.096 
29.172 188.846 177.078 5.884 —273.679 —276.733 
29.230 194.169 179.496 8.804. -273.961 -277.318 
29.350 198.683 181.923 11.732 -274.277 -277.852 
29.549 202.614 184.269 14.676 —274.614 —278.340 
29.827 206.110 186.505 17.645 —274.961 -278.785 
30.169 209.270 188.626 20.644 -275.309 -279.191 
30.558 212.163 190.636 23.680 -275.652 -279.563 
30.974 214.840 192.543 26.756 -275.988 —279.904 
31.403 217.336 194.355 29.875 -276.315 -280.217 
31.831 219.679 196.081 33.037 —276.631 —280.505 
32.250 221.889 197.729 36.241 -276.937 -280.771 
23.222 31.090 31.090 0.000 0.000 0.000 
23.249 31.234 31.090 0.043 0.000 0.000 
24.310 38.083 32.017 2.426 0.000 0.000 
24.962 43.582 33.798 4.892 0.000 0.000 
25.452 48.178 35.822 7.414 0.000 0.000 
25.867 52.133 37.876 9.980 0.000 0.000 
26.240 55.612 39.880 12.586 0.000 0.000 
26.591 58.723 41.804 15.227 0.000 0.000 
26.926 61.542 43.639 17.903 0.000 0.000 
27.252 64.124 45.386 20.612 0.000 0.000 
27.571 66.509 47.048 23.353 0.000 0.000 
27.608 66.770 47.232 23.668 0.000 0.000 
PHASE TRANSITION: Д, H = 37.030 kJ/mol, د‎ „5 = 30.568 J/K mol, сг-1 

27.600 97.338 47.232 60.698 0.000 0.000 
27.600 99.286 50.714 63.143 0.000 0.000 
27.600 101.331 54.258 65.903 0.000 0.000 
27.600 103.236 57.460 68.663 0.000 0.000 


1500 


Log K, 
—3.852 
-2.842 
-2.080 
-1.486 
-1.009 
-0.617 
-0.289 
-0.011 

0.228 

0.435 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


48.248 
47.953 
36.054 
28.910 
24.142 
20.733 
18.174 
16.180 
14.583 
13.275 
12.184 
11.259 
10.466 

9.777 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.000 
0.000 
0.000 
0.000 
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5-56 Thermodynamic Properties as a Function of Temperature 


J/K mol kJ/mol 
TIK с: 87 -(G-H'(T))IT НТ) АН" AG Log K, 

47. GERMANIUM Се (5) 

298.15 30.733 167.903 167.903 0.000 367.800 327.009 – 57.290 
300 30.757 168.094. 167.904 0.057 367.814 326.756 —56.893 
400 31.071 177.025 169.119 3.162 368.536 312.959 – 40.868 
500 30.360 183.893 171415 6.239 369.147 298.991 —31.235 
600 29.265 189.334 173.965 9.222 369.608 284.914 —24.804 
700 28.102 193.758 176.487 12.090 369.910 270.773 —20.205 
800 27.029 197.439 178.882 14.845 370.060 256.598 —16.754 
900 26.108 200.567 181.122 17.501 370.073 242.414 —14.069 
1000 25.349 203.277 183.205 20.072 369.969 228.234 —11.922 
1100 24.741 205.664 185.141 22.575 369.763 214.069 —10.165 
1200 24.264 207.795 186.941 25.025 369.471 199.928 —8.703 
1300 23.898 209.722 188.621 27.432 332.088 188.521 -7.575 
1400 23.624 211.483 190.192 29.807 331.704 177.492 —6.622 
1500 23.426 213.105 191.666 32.159 331.296 166.491 —5.798 


48. GERMANIUM DIOXIDE GeO, (cr, l) 


298.15 50.166 39.710 39.710 0.000 -580.200 -521.605 91.382 
300 50.475 40.021 39.711 0.093 -580.204 -521.242 90.755 
400 61.281 56.248 41.850 5.759 -579.893 -501.610 65.503 
500 66.273 70.519 46.191 12.164 -579.013 -482.134 50.368 
600 69.089 82.872 51.299 18.943 -577.915 -462.859 40.295 
700 70.974 93.671 56.597 25.952 -576.729 -443.776 33.115 
800 72.449 103.247 61.841 33.125 -575.498 -424.866 27.741 
900 73.764. 111.857 66.928 40.436 —574.235 -406.113 23.570 
1000 75.049 119.696 71.819 47.877 —572.934 -387.502 20.241 
1100 76.378 126.910 76.504 55.447 -571.582 -369.024 17.523 
1200 77.796 133.616 80.987 63.155 -570.166 -350.671 15.264 
1300 79.332 139.903 85.279 71.010 -605.685 -329.732 13.249 
1308 79.460 140.390 85.615 71.646 -584.059 -328.034 13.100 
PHASE TRANSITION: А, H = 21.500 kJ/mol, A 5 = 16.437 J/K mol, crII-crl 
1308 80.075 156.827 85.615 93.146 -584.059 -328.034 13.100 
1388 81.297 161.617 89.858 99.601 -565.504 -312.415 11.757 


PHASE TRANSITION: A H = 17.200 kJ/mol, A S = 12.392 J/K mol, crI-1 


1388 78.500 174.009 89.858 116.801 -565.504 -312.415 11.757 
1400 78.500 174.685 90.582 117.743 -565.328 —310.228 11.575 
1500 78.500 180.100 96.372 125.593 —563.882 —292.057 10.170 


49. GERMANIUM TETRACHLORIDE Gecl, (g) 


298.15 95.918 348.393 348.393 0.000 —500.000 —461.582 80.866 
300 96.041 348.987 348.395 0.178 —499.991 —461.343 80.326 
400 100.750 377.342 352.229 10.045 -499.447 -448.540 58.573 
500 103.206 400.114 359.604 20.255 -498.845 —435.882 45.536 
600 104.624 419.067 367.980 30.652 —498.234 —423.347 36.855 
700 105.509 435.266 376.463 41.162 —497.634 —410.914 30.662 
800 106.096 449.396 384.715 51.744 —497.057 —398.565 26.023 
900 106.504 461.917 392.611 62.375 —496.509 —386.287 22.419 
1000 106.799 473.155 400.113 73.041 —495.993 —374.068 19.539 
1100 107.020 483.344 407.224 83.733 —495.512 —361.899 17.185 
1200 107.189 492.664 413.961 94.444 —495.067 -349.772 15.225 
1300 107.320 501.249 420.349 105.169 -531.677 —334.973 13.459 
1400 107.425 509.206 426.416 115.907 —531.265 —319.857 11.934 
1500 107.509 516.621 432.185 126.654 —530.861 -304.771 10.613 


50. HYDROGEN H (g) 


298.15 20.786 114.716 114.716 0.000 217.998 203.276 —35.613 
300 20.786 114.845 114.716 0.038 218.010 203.185 —35.377 
400 20.786 120.824 115.532 2.117 218.635 198.149 —25.875 


500 20.786 125.463 117.071 4.196 219.253 192.956 —20.158 


Thermodynamic Properties as а Function of Temperature 
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51. DIHYDROGEN 
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52. HYDROXYL ОН (g) 


298.15 
300 
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53. WATER 
298.15 

300 

373.21 


54. WATER 
298.15 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 


J/K mol kJ/mol 

G S° -(в7-Н (Т)УУТ =н°(Т) AH AG 
20.786 129.252 118.795 6.274 219.867 187.639 
20.786 132.457 120.524 8.353 220.476 182.219 
20.786 135.232 122.193 10.431 221.079 176.712 
20.786 137.680 123.780 12.510 221.670 171.131 
20.786 139.870 125.282 14.589 222.247 165.485 
20.786 141.852 126.700 16.667 222.806 159.781 
20.786 143.660 128.039 18.746 223.345 154.028 
20.786 145.324 129.305 20.824 223.864 148.230 
20.786 146.864 130.505 22.903 224.360 142.393 
20.786 148.298 131.644 24.982 224.835 136.522 

H, (g) 

28.836 130.680 130.680 0.000 0.000 0.000 
28.849 130.858 130.680 0.053 0.000 0.000 
29.181 139.217 131.818 2.960 0.000 0.000 
29.260 145.738 133.974 5.882 0.000 0.000 
29.327 151.078 136.393 8.811 0.000 0.000 
29.440 155.607 138.822 11.749 0.000 0.000 
29.623 159.549 141.172 14.702 0.000 0.000 
29.880 163.052 143.412 17.676 0.000 0.000 
30.204 166.217 145.537 20.680 0.000 0.000 
30.580 169.113 147.550 23.719 0.000 0.000 
30.991 171.791 149.460 26.797 0.000 0.000 
31.422 174.288 151.275 29.918 0.000 0.000 
31.860 176.633 153.003 33.082 0.000 0.000 
32.296 178.846 154.653 36.290 0.000 0.000 
29.886 183.737 183.737 0.000 39.349 34.631 
29.879 183.922 183.738 0.055 39.350 34.602 
29.604 192.476 184.906 3.028 39.384 33.012 
29.495 199.067 187.104 5.982 39.347 31.422 
29.513 204.445 189.560 8.931 39.252 29.845 
29.655 209.003 192.020 11.888 39.113 28.287 
29.914 212.979 194.396 14.866 38.945 26.752 
30.265 216.522 196.661 17.874 38.763 25.239 
30.682 219,731 198.810 20.921 38.577 23.746 
31.135 222.677 200.848 24.012 38.393 22.272 
31.603 225.406 202.782 27.149 38.215 20.814 
32.069 227.954 204.621 30.332 38.046 19.371 
32.522 230.347 206.374 33.562 37.886 17.941 
32.956 232.606 208.048 36.836 37.735 16.521 
H,O () 
75.300 69.950 69.950 0.000 —285.830 -237.14 
75.281 70.416 69.951 0.139 -285.771 —236.839 
76.079 86.896 71.715 5.666 —283.454 —225.160 
H,O (8) 
33.598 188.832 188.832 0.000 —241.826 —228.582 
33.606 189.040 188.833 0.062 —241.844 —228.500 
34.283 198.791 190.158 3.453 —242.845 —223.900 
35.259 206.542 192.685 6.929 —243.822 —219.050 
36.371 213.067 195.552 10.509 —244.751 —214.008 
37.557 218.762 198.469 14.205 -245.620 —208.814 
38.800 223.858 201.329 18.023 —246.424 —203.501 
40.084 228.501 204.094 21.966 -247.158 -198.091 
41.385 232.792 206.752 26.040 -247.820 -192.603 
42.675 236.797 209.303 30.243 -248.410 -187.052 
43.932 240.565 211.753 34.574 —248.933 —181.450 
45.138 244.129 214.108 39.028 —249.392 —175.807 


Log K, 
—16.335 
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-9.932 
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0.000 
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0.000 
0.000 
0.000 
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0.000 
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-1.747 
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-1.240 
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-0.669 
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41.546 
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31.513 


40.046 
39.785 
29.238 
22.884 
18.631 
15.582 
13.287 
11.497 
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8.882 
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5-58 Thermodynamic Properties as a Function of Temperature 


J/K mol kJ/mol 
TIK с: S° -(G*H°(T))IT — H° (T) AH AG Log K, 

1400 46.281 247.516 216.374 43.599 -249.792 -170.132 6.348 
1500 47.356 250.746 218.559 48.282 -250.139 -164.429 5.726 
55.IODINE I(g) 

298.15 20.786 180.787 180.787 0.000 106.760 70.172 —12.294 
300 20.786 180.915 180.787 0.038 106.748 69.945 —12.178 
400 20.786 186.895 181.602 2.117 97.974 58.060 —7.582 
500 20.786 191.533 183.142 4.196 75.988 50.202 —5.244 
600 20.786 195.323 184.866 6.274 76.190 45.025 —3.920 
700 20.786 198.527 186.594 8.353 76.385 39.816 -2.971 
800 20.787 201.303 188.263 10.432 76.574 34.579 -2.258 
900 20.789 203.751 189.851 12.510 76.757 29.319 -1.702 
1000 20.795 205.942 191.352 14.589 76.936 24.038 -1.256 
1100 20.806 207.924 192.770 16.669 77.109 18.740 —0.890 
1200 20.824 209.735 194.110 18.751 77277 13.426 —0.584 
1300 20.851 211.403 195.377 20.835 77.440 8.098 —0.325 
1400 20.889 212.950 196.577 22.921 77.596 2.758 —0.103 
1500 20.936 214.392 197.717 25.013 77.745 – 2.592 0.090 
56. DIIODINE І, (сь 1) 

298.15 54.440 116.139 116.139 0.000 0.000 0.000 0.000 
300 54.518 116.476 116.140 0.101 0.000 0.000 0.000 
386.75 61.531 131.039 117.884 5.088 0.000 0.000 0.000 


PHASE TRANSITION: А, H = 15.665 kJ/mol, А, „5 = 40.504 J/Kmol, сг-1 


386.75 79.555 171.543 117.884 20.753 0.000 0.000 0.000 
400 79.555 174.223 119.706 21.807 0.000 0.000 0.000 
457.67 79.555 184.938 127.266 26.395 0.000 0.000 0.000 


57.DIIODINE І, (2) 


298.15 36.887 260.685 260.685 0.000 62.420 19.324 —3.385 
300 36.897 260.913 260.685 0.068 62.387 19.056 -3.318 
400 37.256 271.584 262.138 3.778 44.391 5.447 -0.711 
457.67 37.385 276.610 263.652 5.931 pressure = 1 bar 

500 37.464 279.921 264.891 7.515 0.000 0.000 0.000 
600 37.613 286.765 267.983 11.269 0.000 0.000 0.000 
700 37.735 292.573 271.092 15.037 0.000 0.000 0.000 
800 37.847 297.619 274.099 18.816 0.000 0.000 0.000 
900 37.956 302.083 276.965 22.606 0.000 0.000 0.000 
1000 38.070 306.088 279.681 26.407 0.000 0.000 0.000 
1100 38.196 309.722 282.249 30.220 0.000 0.000 0.000 
1200 38.341 313.052 284.679 34.047 0.000 0.000 0.000 
1300 38.514 316.127 286.981 37.890 0.000 0.000 0.000 
1400 38.719 318.989 289.166 41.751 0.000 0.000 0.000 
1500 38.959 321.668 291.245 45.635 0.000 0.000 0.000 


58. HYDROGEN IODIDE НІ (g) 


298.15 29.157 206.589 206.589 0.000 26.500 1.700 —0.298 
300 29.158 206.769 206.589 0.054 26.477 1.546 —0.269 
400 29.329 215.176 207.734 2.977 17.093 —6.289 0.821 
500 29.738 221.760 209.904 5.928 —5.481 —9.946 1.039 
600 30.351 227.233 212.348 8.931 —5.819 —10.806 0.941 
700 31.070 231.965 214.820 12.002 —6.101 -11.614 0.867 
800 31.807 236.162 217.230 15.145 –6.323 -12.386 0.809 
900 32.511 239.950 219.548 18.362 –6.489 —13.133 0.762 
1000 33.156 243.409 221.763 21.646 —6.608 —13.865 0.724 
1100 33.735 246.597 223.878 24.991 —6.689 —14.586 0.693 
1200 34.249 249.555 225.896 28.391 -6.741 -15.302 0.666 
1300 34.703 252.314 227.823 31.839 –6.775 —16.014 0.643 
1400 35.106 254.901 229.666 35.330 —6.797 —16.723 0.624 


1500 35.463 257.336 231.430 38.858 —6.814 -17.432 0.607 


Thermodynamic Properties as a Function of Temperature 


J/K mol kJ/mol 

тк с S° -(G-H'(T)/T H-H" (T) Ан" AG* 
59. POTASSIUM K(crl) 
298.15 29.600 64.680 64.680 0.000 0.000 0.000 
300 29.671 64.863 64.681 0.055 0.000 0.000 
336.86 32.130 68.422 64.896 1.188 0.000 0.000 

PHASE TRANSITION: Д, Н = 2.321 kJ/mol, A „5 = 6.891 J/Kmol, сг-1 
336.86 32.129 75.313 64.896 3.509 0.000 0.000 
400 31.552 80.784 66.986 5.519 0.000 0.000 
500 30.741 87.734 70.469 8.632 0.000 0.000 
600 30.158 93.283 73.824 11.675 0.000 0.000 
700 29.851 97.905 76.943 14.673 0.000 0.000 
800 29.838 101.887 79.818 17.655 0.000 0.000 
900 30.130 105.415 82.470 20.651 0.000 0.000 
1000 30.730 108.618 84.927 23.691 0.000 0.000 
1039.4 31.053 109.812 85.847 24.908 0.000 0.000 
60. POTASSIUM К (g) 
298.15 20.786 160.340 160.340 0.000 89.000 60.479 
300 20.786 160.468 160.340 0.038 88.984 60.302 
400 20.786 166.448 161.155 2.117 85.598 51.332 
500 20.786 171.086 162.695 4.196 84.563 42.887 
600 20.786 174.876 164.419 6.274 83.599 34.643 
700 20.786 178.080 166.148 8.353 82.680 26.557 
800 20.786 180.856 167.817 10.431 81.776 18.601 
900 20.786 183.304 169.404 12.510 80.859 10.759 
1000 20.786 185.494 170.905 14.589 79.897 3.021 
1039.4 20.786 186.297 171.474 15.408 pressure - 1 bar 
1100 20.786 187.475 172.323 16.667 0.000 0.000 
1200 20.786 189.284 173.662 18.746 0.000 0.000 
1300 20.789 190.948 174.929 20.825 0.000 0.000 
1400 20.793 192.489 176.129 22.904 0.000 0.000 
1500 20.801 193.923 177.268 24.983 0.000 0.000 
61. DIPOTASSIUM OXIDE КАО (cr, 1) 
298.15 72.000 96.000 96.000 0.000 —361.700 -321.171 
300 72.130 96.446 96.001 0.133 —361.704 —320.920 
400 79.154 118.158 98.914 7.698 —366.554 –306.416 
500 86.178 136.575 104.647 15.964. –366.043 —291.423 
590 92.500 151.348 110.662 24.005 —364.204 -278.079 
PHASE TRANSITION: A Н = 0.700 kJ/mol, Д, S = 1.186 ЈЛ тој, crIII-crII 
590 100.000 152.534 110.662 24.705 —364.204 -278.079 
600 100.000 154.215 111.374 25.705 -363.968 -276.621 
645 100.000 161.447 114.618 30.205 -358.901 -270.109 
PHASE TRANSITION: Д, Н = 4.000 kJ/mol, A S = 6.202 J/K-mol, کی لای‎ 
645 100.000 167.649 114.618 34.205 —358.901 - 9 
700 100.000 175.832 119.111 39.705 —357.592 —262.592 
800 100.000 189.185 127.054 49.705 —355.224 —249.183 
900 100.000 200.963 134.625 59.705 —352.919 —236.067 
1000 100.000 211.499 141.794 69.705 —350.732 -223.202 
1013 100.000 212.791 142.697 71.005 -323.459 -221.546 
PHASE TRANSITION: A „H = 27.000 kJ/mol, А, S =26.654 J/Kmol, сгї-1 

1013 100.000 239.444 142.697 98.005 —323.459 -221.546 
1100 100.000 247.684 150.679 106.705 -479.439 -203.633 
1200 100.000 256.385 159.131 116.705 -475.371 -178.740 
1300 100.000 264.389 166.924 126.705 -471.321 -154.185 
1400 100.000 271.800 174.154 136.705 —467.287 -129.941 
1500 100.000 278.699 180.896 146.705 -463.268 -105.986 
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Log K, 
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5-60 Thermodynamic Properties as a Function of Temperature 


J/K mol kJ/mol 
TIK с S° -(G*-H°(T))IT -H'(T) AH AG Log K, 


62. POTASSIUM HYDROXIDE КОН (cr, 1) 


298.15 64.900 78.870 78.870 0.000 -424.580 -378.747 66.354 
300 65.038 79.272 78.871 0.120 -424.569 -378.463 65.895 
400 72.519 99.007 81.512 6.998 -426.094 -362.765 47.372 
500 80.000 115.993 86.745 14.624 -424.572 -347.093 36.260 
520 81.496 119.159 87.931 16.239 -417.725 -344.002 34.555 
PHASE TRANSITION: А, H = 6.450 kJ/mol, A 5 = 12.404 J/K mol, crII-crl 
520 79.000 131.563 87.931 22.689 -417.725 -344.002 34.555 
600 79.000 142.868 94.520 29.009 -416.274 -332.766 28.969 
678 79.000 152.523 100.649 35.171 -405.464 -321.998 24.807 
PHASE TRANSITION: Д, Н = 9.400 kJ/mol, A 5 = 13.865 J/K mol, сг1-1 
678 83.000 166.388 100.649 44.571 -405.464 -321.998 24.807 
700 83.000 169.038 102.757 46.397 -404.981 -319.297 23.826 
800 83.000 180.121 111.750 54.697 -402.808 -307.206 20.058 
900 83.000 189.897 119.901 62.997 -400.694 -295.383 17.143 
1000 83.000 198.642 127.345 71.297 -398.668 -283.791 14.824 
1100 83.000 206.553 134.192 79.597 -475.618 -267.780 12.716 
1200 83.000 213.775 140.527 87.897 -472.711 -249.014 10.839 
1300 83.000 220.418 146.421 96.197 -469.843 -230.490 9.261 
1400 83.000 226.569 151.929 104.497 -467.011 -212.184 7.917 
1500 83.000 232.296 157.098 112.797 -464.217 -194.080 6.758 


63. POTASSIUM HYDROXIDE KOH (g) 


298.15 49.184 238.283 238.283 0.000 —227.989 —229.685 40.239 
300 49.236 238.588 238.284 0.091 —228.007 —229.696 39.993 
400 51.178 253.053 240.243 5.124 —231.377 —229.667 29.991 
500 52.178 264.591 243.998 10.296 —232.309 —229.129 23.937 
600 52.804. 274.163 248.251 15.547 —233.145 —228.413 19.885 
700 53.296 282.340 252.551 20.853 —233.934 -227.562 16.981 
800 53.758 289.487 256.730 26.206 -234.708 —226.599 14.795 
900 54.229 295.846 260.730 31.605 —235.495 —225.538 13.090 
1000 54.713 301.585 264.533 37.052 —236.322 —224.388 11.721 
1100 55.203 306.823 268.143 42.548 —316.077 —218.535 10.377 
1200 55.686 311.647 271.570 48.092 —315.925 —209.674 9.127 
1300 56.153 316.122 274.827 53.684 —315.764 —200.826 8.069 
1400 56.598 320.300 277.927 59.322 —315.595 —191.991 7.163 
1500 57.016 324.220 280.884 65.003 —315.420 —183.169 6.378 


64. POTASSIUM CHLORIDE KCI (cr, 1) 


298.15 51.300 82.570 82.570 0.000 —436.490 —408.568 71.579 
300 51.333 82.887 82.571 0.095 —436.481 —408.395 71.107 
400 52.977 97.886 84.605 5.312 —438.463 —398.651 52.058 
500 54.448 109.867 88.498 10.685 —437.990 —388.749 40.612 
600 55.885 119.921 92.919 16.201 —437.332 —378.960 32.991 
700 57.425 128.649 97.413 21.865 —436.502 —369.295 27.557 
800 59.205 136.430 101.812 27.694 —435.505 —359.760 23.490 
900 61.361 143.523 106.058 33.719 —434.337 —350.360 20.334 
1000 64.032 150.121 110.138 39.983 —432.981 —341.100 17.817 
1044 65.405 152.908 111.882 42.830 —485.450 —336.720 16.847 


PHASE TRANSITION: A H = 26.320 kJ/mol, А, 5 = 25.210 J/K mol, сг-1 


1044 72.000 178.118 111.882 69.150 —485.450 —336.720 16.847 
1100 72.000 181.880 115.351 73.182 —483.633 —328.790 15.613 
1200 72.000 188.145 121.160 80.382 —480.393 —314.856 13.705 
1300 72.000 193.908 126.537 87.582 —477.158 —301.192 12.102 
1400 72.000 199.244 131.542 94.782 —473.928 -287.778 10.737 


1500 72.000 204.211 136.223 101.982 —470.704 —274.594 9.562 


Thermodynamic Properties as а Function of Temperature 


TIK 


298.15 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 


66.DINITROGEN N, (g) 
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67. NITRIC OXIDE 
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J/K mol kJ/mol 
G S° -(G*H°(T))IT -H'(T) AH AG 
65. POTASSIUM CHLORIDE КО (5) 
36.505 239.091 239.091 0.000 -214.575 -233.320 
36.518 239.317 239.092 0.068 —214.594 -233.436 
37.066 249.904 240.532 3.749 -218.112 -239.107 
37.384 258.212 243.267 7.473 -219.287 -244.219 
37.597 265.048 246.344 11.222 -220.396 -249.100 
37.769 270.857 249.441 14.991 -221.461 -253.799 
37.907 275.910 252.441 18.775 -222.509 -258.347 
38.041 280.382 255.302 22.572 -223.568 -262.764 
38.162 284.397 258.014 26.383 -224.667 -267.061 
38.279 288.039 260.581 30.205 -304.696 -266.627 
38.401 291.375 263.010 34.039 -304.821 -263.161 
38.518 294.454 265.312 37.885 -304.941 -259.684 
38.639 297.313 267.496 41.743 -305.053 -256.199 
38.761 299.983 269.574 45.613 -305.159 -252.706 
29.124 191.608 191.608 0.000 0.000 0.000 
29.125 191.788 191.608 0.054 0.000 0.000 
29.249 200.180 192.752 2.971 0.000 0.000 
29.580 206.738 194.916 5.911 0.000 0.000 
30.109 212.175 197.352 8.894 0.000 0.000 
30.754 216.864 199.812 11.936 0.000 0.000 
31.433 221.015 202.208 15.046 0.000 0.000 
32.090 224.756 204.509 18.222 0.000 0.000 
32.696 228.169 206.706 21.462 0.000 0.000 
33.241 231.311 208.802 24.759 0.000 0.000 
33.723 234.224 210.801 28.108 0.000 0.000 
34.147 236.941 212.708 31.502 0.000 0.000 
34.517 239.485 214.531 34.936 0.000 0.000 
34.842 241.878 216.275 38.404 0.000 0.000 
NO (g) 
29.862 210.745 210.745 0.000 91.277 87.590 
29.858 210.930 210.746 0.055 91.278 87.567 
29.954 219.519 211.916 3.041 91.320 86.323 
30.493 226.255 214.133 6.061 91.340 85.071 
31.243 231.879 216.635 9.147 91.354 83.816 
32.031 236.754 219.168 12.310 91.369 82.558 
32.770 241.081 221.642 15.551 91.386 81.298 
33.425 244.979 224.022 18.862 91.405 80.036 
33.990 248.531 226.298 22.233 91.426 78.772 
34.473 251.794 228.469 25.657 91.445 77.505 
34.883 254.811 230.540 29.125 91.464 76.237 
35.234 257.618 232.516 32.632 91.481 74.967 
35.533 260.240 234.404 36.170 91.495 73.697 
35.792 262.700 236.209 39.737 91.506 72.425 
68. NITROGEN DIOXIDE NO, (g) 

37.178 240.166 240.166 0.000 34.193 52.316 
37.236 240.397 240.167 0.069 34.181 52.429 
40.513 251.554 241.666 3.955 33.637 58.600 
43.664 260.939 244.605 8.167 33.319 64.882 
46.383 269.147 248.026 12.673 33.174 71.211 
48.612 276.471 251.575 17.427 33.151 77.553 
50.405 283.083 255.107 22.381 33.213 83.893 
51.844 289.106 258.555 27.496 33.334 90.221 
53.007 294.631 261.891 32.741 33.495 96.534 
53.956 299.729 265.102 38.090 33.686 102.828 
54.741 304.459 268.187 43.526 33.898 109.105 


1200 


Log K, 
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5-62 Thermodynamic Properties as a Function of Temperature 


J/Kmol kJ/mol 

TIK с: 87 -(в”-Н (Т)УУТ -H'(T) AH AG Log K, 
1300 55.399 308.867 271.148 49.034 34.124 115.363 —4.635 
1400 55.960 312.994 273.992 54.603 34.360 121.603 -4.537 
1500 56.446 316.871 276.722. 60.224 34.604 127.827 -4.451 
69. AMMONIA NH, (g) 
29815 35.630 192.768 192.768 0.000 -45.940 -16.407 2.874 
300 35.678 192.989 192.769 0.066 -45.981 -16.223 2.825 
400 38.674 203.647 194.202 3.778 -48.087 -5.980 0.781 
500 41.994 212.633 197.011 7.811 —49.908 4.764 -0.498 
600 45.229 220.578 200.289 12.174 —51.430 15.846 -1.379 
700 48269 227.781 203.709 16.850 —52.682 27.161 -2.027 
800 51.112 234414 207.138 21.821 —53.695 38.639 -2.523 
900 53.769 240.589 210.516 27.066 —54.499 50.231 —2.915 
1000 56.244. 246.384 213.816 32.569 -55.122 61.903 -3.233 
1100 58.535 251.854 217.027 38.309 -55.589 73.629 -3.496 
1200 60.644 257.039 220.147 44.270 -55.920 85.392 -3.717 
1300 62.576 261.970 223.176 50.432 -56.136 97.177 -3.905 
1400 64.339 266.673 226.117 56.779 -56.251 108.975 -4.066 
1500 65.945 271.168 228.971 63.295 -56.282 120.779 -4.206 
70. OXYGEN O(g) 
298.15 21.911 161.058 161.058 0.000 249.180 231.743 —40.600 
300 21.901 161.194 161.059 0.041 249.193 231.635 —40.331 
400 21.482 167.430 161.912 2.207 249.874 225.677 -29.470 
500 21.257 172.197 163.511 4.343 250.481 219.556 – 22.937 
600 21.124 176.060 165.290 6.462 251.019 213.319 -18.571 
700 21.040 179.310 167.067 8.570 251.500 206.997 -15.446 
800 20.984. 182.115 168.777 10.671 251.932 200.610 —13.098 
900 20.944. 184.584 170.399 12.767 252.325 194.171 —11.269 
1000 20.915 186.789 171.930 14.860 252.686 187.689 —9.804 
1100 20.893 188.782 173.372 16.950 253.022 181.173 —8.603 
1200 20.877 190.599 174.733 19.039 253.335 174.628 —7.601 
1300 20.864 192.270 176.019 21.126 253.630 168.057 —6.753 
1400 20.853 193.815 177.236 23.212 253.908 161.463 —6.024 
1500 20.845 195.254 178.389 25.296 254.171 154.851 —5.392 
71.DIOXYGEN О, (g) 
298.15 29.378 205.148 205.148 0.000 0.000 0.000 0.000 
300 29.387 205.330 205.148 0.054. 0.000 0.000 0.000 
400 30.109 213.873 206.308 3.026 0.000 0.000 0.000 
500 31.094. 220.695 208.525 6.085 0.000 0.000 0.000 
600 32.095 226.454 211.045 9.245 0.000 0.000 0.000 
700 32.987 231.470 213.612 12.500 0.000 0.000 0.000 
800 33.741 235.925 216.128 15.838 0.000 0.000 0.000 
900 34.365 239.937 218.554 19.244 0.000 0.000 0.000 
1000 34.881 243.585 220.878 22.707 0.000 0.000 0.000 
1100 35.314 246.930 223.096 26.217 0.000 0.000 0.000 
1200 35.683 250.019 225.213 29.768 0.000 0.000 0.000 
1300 36.006 252.888 227.233 33.352 0.000 0.000 0.000 
1400 36.297 255.568 229.162 36.968 0.000 0.000 0.000 
1500 36.567 258.081 231.007 40.611 0.000 0.000 0.000 
72. SULFUR S(crl) 
298.15 22.690 32.070 32.070 0.000 0.000 0.000 0.000 
300 22.737 32.210 32.070 0.042 0.000 0.000 0.000 
368.3 24.237 37.030 32.554 1.649 0.000 0.000 0.000 


PHASE TRANSITION: А, H = 0.401 kJ/mol, A,.. 5 = 1.089 J/Kmol, сгї—сг1 
368.3 24.773 38.119 32.553 2.050 0.000 0.000 0.000 
388.36 25.180 39.444 32.875 2.551 0.000 0.000 0.000 


Thermodynamic Properties as а Function of Temperature 


TIK 


388.36 
400 
500 
600 
700 
800 
882.38 


73.SULFUR 
298.15 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 


74.DISULFUR $, (8) 


298.15 
300 
400 
500 
600 
700 
800 
882.38 
900 
1000 
1100 
1200 
1300 
1400 
1500 


75.OCTASULFUR $, (8) 


298.15 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 


76. SULFUR DIOXIDE SO, (g) 


298.15 
300 


J/K mol kJ/mol 
с 5° -(G-H'(T)/T -H (T) Ан" AG* 
PHASE TRANSITION: A H = 1.722 kJ/mol, A „S = 4.431 J/K mol, crI-1 
31710 43.875 32.872 4.273 0.000 0.000 
32.369 44.824 33.206 4.647 0.000 0.000 
38.026 53.578 36.411 8.584 0.000 0.000 
34.371 60.116 39.842 12.164 0.000 0.000 
32451 65.278 43.120 15.511 0.000 0.000 
32.000 69.557 46.163 18.715 0.000 0.000 
32.000 72.693 48.496 21.351 0.000 0.000 
5 (g) 
23.673 167.828 167.828 0.000 277.180 236.704 
23.669 167.974 167.828 0.044 277.182 236.453 
23.233 174.730 168.752 2.391 274.924 222.962 
22741 179.860 170.482 4.689 273.286 210.145 
22.338 183.969 172.398 6.942 271.958 197.646 
22.031 187.388 174.302 9.160 270.829 185.352 
21.800 190.314 176.125 11.351 269.816 173.210 
21.624 192.871 177.847 13.522 215.723 162.258 
21.489 195.142 179.465 15.677 216.018 156.301 
21.386 197.185 180.985 17.821 216.284 150.317 
21.307 199.043 182.413 19.955 216.525 144.309 
21.249 200.746 183.759 22.083 216.743 138.282 
21.209 202.319 185.029 24.206 216.940 132.239 
21.186 203.781 186.231 26.325 217.119 126.182 
32.505 228.165 228.165 0.000 128.600 79.696 
32.540 228.366 228.165 0.060 128.576 79.393 
34.108 237.956 229.462 3.398 122.703 63.380 
35.133 245.686 231.959 6.863 118.296 49.031 
35.815 252.156 234.800 10.413 114.685 35.530 
36.305 257.715 237.686 14.020 111.599 22.588 
36.697 262.589 240.501 17.671 108.841 10.060 
36.985 266.200 242.734 20.706 pressure - 1 bar 
37.045 266.932 243.201 21.358 0.000 0.000 
37.377 270.852 245.773 25.079 0.000 0.000 
37.704 274.430 248.218 28.833 0.000 0.000 
38.030 277.725 250.541 32.620 0.000 0.000 
38.353 280.781 252.751 36.439 0.000 0.000 
38.669 283.635 254.856 40.290 0.000 0.000 
38.976 286.314 256.865 44.173 0.000 0.000 
156.500 432.536 432.536 0.000 101.277 48.810 
156.768 433.505 432.539 0.290 101.231 48.484 
167.125 480.190 438.834 16.542 80.642 32.003 
173.181 518.176 451.022 33.577 66.185 21.409 
177.936 550.180 464.951 51.137 55.101 13.549 
182.441 577.948 479.152 69.157 46.349 7.343 
186.764 602.596 493.071 87.620 39.177 2.263 
190.595 624.821 506.495 106.494 —392.062 6.554 
193.618 645.067 519.355 125.712 -387.728 50.614 
195.684 663.625 531.639 145.185 —383.272 94.233 
196.825 680.707 543.359 164.817 -378.786 137.444 
197.195 696.480 554.539 184.524 —374.356 180.283 
196.988 711.089 565.206 204.237 —370.048 222.785 
196.396 724.662 575.389 223.909 —365.905 264.984 
39.842 248.219 248.219 0.000 -296.810 -300.090 
39.909 248.466 248.220 0.074 —296.833 -300.110 


Log K, 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


—41.469 
—41.170 
—29.115 
—21.953 
—17.206 
—13.831 
—11.309 
—9.417 
—8.164 
—7.138 
—6.282 
—5.556 
—4.934 
—4.394 


—13.962 
—13.823 
–8.276 
—5.122 
—3.093 
—1.685 
—0.657 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


—8.551 
—8.442 
—4.179 
—2.237 
-1.180 
-0.548 
-0.148 
-0.380 
-2.644 
-4.475 
-5.983 
-7.244 
-8.312 
-9.227 


52.574 
52.253 
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5-64 Thermodynamic Properties as a Function of Temperature 


J/K mol kJ/mol 

TIK Ç S° -(G-H'(T))IT -H'(T) AH AG Log K, 
400 43.427 260.435 249.828 4.243 -300.240 -300.935 39.298 
500 46.490 270.465 252.978 8.744 -302.735 -300.831 31.427 
600 48.938 279.167 256.634 13.520 -304.699 -300.258 26.139 
700 50.829 286.859 260.413 18.513 -306.308 -299.386 22.340 
800 52.282 293.746 264.157 23.671 -307.691 -298.302 19.477 
900 53.407 299.971 267.796 28.958 -362.075 -295.987 17.178 
1000 54.290 305.646 271.301 34.345 -362.012 -288.647 15.077 
1100 54.993 310.855 274.664 39.810 -361.934 -281.314 13.358 
1200 55.564 315.665 277.882 45.339 -361.849 -273.989 11.926 
1300 56.033 320.131 280.963 50.920 -361.763 -266.671 10.715 
1400 56.426 324.299 283.911 56.543 -361.680 -259.359 9.677 
1500 56.759 328.203 286.735 62.203 -361.605 -252.053 8.777 
77.SILICON Si (cr) 
298.15 19.789 18.810 18.810 0.000 0.000 0.000 0.000 
300 19.855 18.933 18.810 0.037 0.000 0.000 0.000 
400 22.301 25.023 19.624 2.160 0.000 0.000 0.000 
500 23.610 30.152 21.231 4.461 0.000 0.000 0.000 
600 24.472 34.537 23.092 6.867 0.000 0.000 0.000 
700 25.124 38.361 25.006 9.348 0.000 0.000 0.000 
800 25.662 41.752 26.891 11.888 0.000 0.000 0.000 
900 26.135 44.802 28.715 14.478 0.000 0.000 0.000 
1000 26.568 47.578 30.464 17.114 0.000 0.000 0.000 
1100 26.974 50.130 32.138 19.791 0.000 0.000 0.000 
1200 27.362 52.493 33.737 22.508 0.000 0.000 0.000 
1300 27.737 54.698 35.265 25.263 0.000 0.000 0.000 
1400 28.103 56.767 36.728 28.055 0.000 0.000 0.000 
1500 28.462 58.719 38.130 30.883 0.000 0.000 0.000 
78. SILICON Si(g) 
298.15 22.251 167.980 167.980 0.000 450.000 405.525 —71.045 
300 22.234 168.117 167.980 0.041 450.004 405.249 —70.559 
400 21.613 174.416 168.843 2.229 450.070 390.312 —50.969 
500 21.316 179.204 170.456 4.374 449.913 375.388 —39.216 
600 21.153 183.074 172.246 6.497 449.630 360.508 —31.385 
700 21.057 186.327 174.032 8.607 449.259 345.682 -25.795 
800 21.000 189.135 175.748 10.709 448.821 330.915 -21.606 
900 20.971 191.606 177.375 12.808 448.329 316.205 —18.352 
1000 20.968 193.815 178.911 14.904 447.791 301.553 —15.751 
1100 20.989 195.815 180.358 17.002 447.211 286.957 —13.626 
1200 21.033 197.643 181.723 19.103 446.595 272.416 —11.858 
1300 21.099 199.329 183.014 21.209 445.946 257.927 —10.364 
1400 21.183 200.895 184.236 23.323 445.268 243.489 —9.085 
1500 21.282 202.360 185.396 25.446 444.563 229.101 -7.978 


79. SILICON DIOXIDE SiO, (cr) 


298.15 44.602 41.460 41.460 0.000 -910.700 -856.288 150.016 
300 44.712 41.736 41.461 0.083 -910.708 -855.951 149.032 
400 53.477 55.744 43.311 4.973 -910.912 -837.651 109.385 
500 60.533 68.505 47.094 10.705 -910.540 -819.369 85.598 
600 64.452 79.919 51.633 16.971 -909.841 -801.197 69.749 
700 68.234 90.114 56.414 23.590 -908.958 -783.157 58.439 
800 76.224 99.674 61.226 30.758 -907.668 -765.265 49.966 
848 82.967 104.298 63.533 34.569 -906.310 -756.747 46.613 
PHASE TRANSITION: Д, H = 0.411 kJ/mol, Д کي‎ = 0.484 J/Kmol, сгї—сгїї” 
848 67.446 104.782 63.532 34.980 -906.310 -756.747 46.613 
900 67.953 108.811 66.033 38.500 -905.922 -747.587 43.388 
1000 68.941 116.021 70.676 45.345 -905.176 -730.034 38.133 
1100 69.940 122.639 75.104 52.289 -904.420 -712.557 33.836 


1200 70.947 128.768 79.323 59.333 —901.382 —695.148 30.259 


Thermodynamic Properties as а Function of Temperature 


J/K mol kJ/mol 
TIK с: 87 -(в”-Н (Т)УУТ =н°(Т) AH AG 
PHASE TRANSITION: Д, H = 2.261 kJ/mol, د‎ S = 1.883 ]/Ктао1, crI—crl 

1200 71.199 130.651 79.323 61.594. -901.382 -695.148 
1300 71743 136.372 83.494. 68.742 -900.574 -677.994 
1400 72.249 141.707 87.463 75.941 -899.782 -660.903 
1500 72.739 146.709 91.248 83.191 -899.004 -643.867 
80. SILICON TETRACHLORIDE SiCl, (g) 

298.15 90.404 331.446 331.446 0.000 —662.200 —622.390 
300 90.562 332.006 331.448 0.167 —662.195 —622.143 
400 96.893 359.019 335.088 9.572 —661.853 —608.841 
500 100.449 381.058 342.147 19.456 —661.413 —595.637 
600 102.587 399.576 350.216 29.616 —660.924 —582.527 
700 103.954 415.500 358.432 39.948 —660.417 —569.501 
800 104.875 429.445 366.455 50.392 —659.912 —556.548 
900 105.523 441.837 374.155 60.914 —659.422 —543.657 
1000 105.995 452.981 381.490 71.491 —658.954 —530.819 
1100 106.349 463.101 388.456 82.109 —658.515 —518.027 
1200 106.620 472.366 395.068 92.758 —658.107 —505.274 
1300 106.834 480.909 401.347 103.431 —657.735 —492.553 
1400 107.003 488.833 407.316 114.123 —657.400 —479.860 
1500 107.141 496.220 413.000 124.830 —657.104 —467.189 


Log K, 


30.259 
27.242 
24.658 
22.421 


109.039 
108.323 
79.505 
62.225 
50.713 
42.496 
36.338 
31.553 
27.727 
24.599 
21.994 
19.791 
17.904 
16.269 


5-65 


THERMODYNAMIC PROPERTIES OF AQUEOUS SYSTEMS 


This table contains standard state thermodynamic properties 
of ions and neutral species in aqueous solution. It includes en- 
thalpy and Gibbs energy of formation, entropy, and heat capacity, 
and thus serves as a companion to the preceding table, "Standard 
Thermodynamic Properties of Chemical Substances" The stan- 
dard state is the hypothetical ideal solution with molality т = 1 
mol/kg (mean ionic molality т, in the case of a species which is 
assumed to dissociate at infinite dilution). Further details on con- 
ventions may be found in Reference 1. 

Cations are listed by formula in the first part of the table, fol- 
lowed by anions and finally neutral species. All values refer to 
standard conditions of 25°С and 100 kPa pressure. 


АНІ A G°/ $°/ С, 
Species kJ mol"! kjmol! Jmol'K! Jmol'K"! 
Cations 
Ag: 105.6 77.1 727 21.8 
AI? —531.0 —485.0 -321.7 
МОН“ —694.1 
Ba? —537.6 —560.8 9.6 
BaOH* -730.5 
Be? -382.8 -379.7 -129.7 
Виз 82.8 
BiOH? —146.4 
Ca? —542.8 —553.6 —53.1 
CaOH* —718.4 
Cd? -75.9 -77.6 -73.2 
CdOH* —261.1 
Ce? —696.2 —672.0 -205.0 
Се“ —537.2 —503.8 —301.0 
Co? -582 -54.4 -113.0 
Co? 92.0 134.0 —305.0 
Cr? -143.5 
Cs* -258.3 -292.0 1331 -10.5 
Cut 717 50.0 40.6 
Cu? 64.8 65.5 —99.6 
Dy? —699.0 —665.0 -231.0 21.0 
Er? —705.4 —669.1 -244.3 21.0 
Eu? —527.0 —540.2 -8.0 
Eu? —605.0 —574.1 -222.0 8.0 
Fe? —89.1 -78.9 -137.7 
Без —48.5 -4.7 —315.9 
FeOH* —324.7 —277.4 -29.0 
FeOH? -290.8 —229.4 —142.0 
Fe(OH),* -488.0 
Ga? —88.0 
Ga? -211.7 —159.0 —331.0 
GaOH? —380.3 
Са(ОН), -597.4 
Gd: —686.0 —661.0 -205.9 
H* 0 0 0 0 
Hg? 171.1 164.4 —32.2 
Hg,” 172.4 153.5 84.5 
HgOH* —84.5 —52.3 71.0 
Ho? —705.0 -673.7 -226.8 17.0 
Іп" -12.1 
In? —50.7 
In? —105.0 —98.0 -151.0 
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At! A G°/ $°/ С, 

Species К] mol"! kjmol! Jmol'K! Jmol'K"! 
InOH? -370.3 —313.0 —88.0 
In(OH),* —619.0 —525.0 25.0 
K* —252.4 —283.3 102.5 21.8 
La? —707.1 —683.7 -217.6 —13.0 
Li* -278.5 —293.3 13.4 68.6 
Lu? —665.0 —628.0 —264.0 25.0 
LuF? —931.4 
Mg? —466.9 —454.8 —138.1 
MgOH: -6267 
Mn? -220.8 —228.1 —73.6 50.0 
MnOH* —450.6 —405.0 -17.0 
ын, —132.5 —79.3 113.4 79.9 
мн; -7.5 82.5 151.0 70.3 
Na* —240.1 —261.9 59.0 46.4 
ма” -696.2 -671.6 -206.7 -21.0 
Ni? —54.0 -45.6 -128.9 
NiOH* -287.9 -227.6 -71.0 
PH, 921 
Ра" -619.0 
Pb? -1.7 -24.4 10.5 
PbOH* —226.3 
Pd? 149.0 176.5 -184.0 
Po? 71.0 
Ро“ 293.0 
Pr? —704.6 —679.1 —209.0 -29.0 
Pt? 254.8 
Ra? —527.6 —561.5 54.0 
Rb: —251.2 —284.0 121.5 
Re* –33.0 
Sc? —614.2 —586.6 -255.0 
ScOH? —861.5 —801.2 —134.0 
Sm? -497.5 
Sm? —691.6 —666.6 -211.7 -21.0 
Sn? -8.8 -272 -17.0 
SnOH* -286.2 -254.8 50.0 
Sr? —545.8 —559.5 -32.6 
SrOH* —721.3 
Tb? —682.8 —651.9 -226.0 17.0 
Te(OH), —608.4 —496.1 1117 
Th* —769.0 —705.1 —422.6 
ТҺ(ОН)% —1030.1 —920.5 —343.0 
Th(OH),? —1282.4 —1140.9 -218.0 
ТІР 5.4 -324 125.5 


Thermodynamic Properties of Aqueous Systems 


Species 
TI? 
TIOH? 
TI(OH),* 
Тт? 
U8 


Ү.ОН),“ 
Yb*2 

Yb? 
Y(OH)? 
Zn? 
ZnOH* 
Anions 
AIO, 
АКОН) „т 
AsO, 
А50 ° 
BE. 
BH, 


АНІ 
kJ mol! 
196.6 


—697.9 
—489.1 
—591.2 
-723.4 


-674.5 


-153.9 


-930.9 
-1502.5 
-429.0 
—888.1 
—1574.9 
48.2 
-772.4 


-790.8 
-121.6 
—94.1 
—67.1 
13.0 
—425.6 
—486.0 
—825.1 
-818.4 
-167.2 
—107.1 
—66.5 
—104.0 
—129.3 
150.6 
-677.1 
-881.2 
-1490.3 
-332.6 
561.9 
455.6 


-692.0 
-649.9 


—1292.1 
—2274.8 
—17.6 
—626.2 
—887.3 


15.9 
-514.6 
-581.6 
—714.8 
—909.6 

—1296.3 
-2278.6 


AGI 
kJ mol"! 

214.6 
–15.9 
-244.7 
-662.0 
-4762 
—531.9 
—693.8 
—1780.3 
—527.0 
—644.0 
-879.1 
–147.1 
– 330. 


—830.9 
—1305.3 
—350.0 
—648.4 
—1486.9 
1144 
-678.9 
—2604.8 
—640.1 
-104.0 
-33.4 
18.6 
1181 
-351.0 
-369.3 
-673.9 
-698.3 
—131.2 
—36.8 
17.2 
-8.0 
-8.5 
1724 
—527.8 
—727.8 
—1301.1 
—278.8 
729.4 
695.1 
—2685.1 
—586.8 
—578.1 
—1198.2 
—1089.2 
-1972.2 
121 
-5277 
-755.9 
-614.5 
44.0 
-411.5 
-452.2 
—587.1 
—753.2 
—1130.2 
—2010.2 


$°/ 
J ток“ 
-192.0 


-243.0 
-188.0 
-410.0 
-251.0 


-238.0 


-1121 


—36.8 
102.9 
40.6 
-162.8 
180.0 
110.5 
-37.2 


-159.0 
82.4 
42.0 

161.7 
199.6 
92.0 
86.6 
45.6 
149.4 
56.5 
42.0 
101.3 
162.3 
182.0 
94.1 
—56.9 
50.2 
261.9 
-13.8 
270.3 
95.0 


912 
92.5 


-33.5 
46.0 
62.8 

139.7 

131.8 


79.0 
1351 
149.4 
110.5 
117.0 

90.4 
163.0 


С/ 
Jmol! 


25.0 


25.0 


46.0 


-141.8 


-87.9 
-6.3 


-136.4 


-106.7 


-84.0 


АНУ 
Species kJ mol"! 

I —55.2 
107 -107.5 
IO, -221.3 
107 -151.5 
MnO,” -541.4 
MnO,” –653.0 
MoO,” —997.9 
NO, –104.6 
NO, -207.4 
Му 275.1 
OCN- –146.0 
OH- -230.0 
РО -1277.4 
P.O —2271.1 
Re 46.0 

72 331 
SCN- 76.4 
SO,” —635.5 
so, —909.3 

Hx 30.1 
5,07 –652.3 
5,0 —753.5 
5,0, —1344.7 
Se? 
SeO,? —509.2 
SeO,? —599.1 
МОГ –888.3 
МО 
МО -1075.7 
Neutral species 
AgBr -16.0 
AgCI –61.6 
AgF -227.1 
Agl 50.4 
AgNO, –101.8 
Ag,SO, –698.1 
AlBr, -895.0 
AICI, -1033.0 
AIF, -1531.0 
АП, -699.0 
А,50,), -3791.0 
BaBr, —780.7 
BaCO, -1214.8 
BaCl, -872.0 
BaF, –1202.9 
Ва(НСО,), -1921.6 
Bal, —648.0 
Ва(МО.), -952.4 
BaSO, —1446.9 
BeSO, –1292.0 
CCl,COOH -516.3 
СНСІ,СООН -5121 
CHOOCs —683.8 
CHOOH -425.6 
СНООК -677.9 
CHOONH, —558.1 
CHOONa —665.7 
CHOORb –676.7 
CH,CICOOH —501.3 


CH,COOCs -744.3 


AGI 
kJ mol"! 

—51.6 
-38.5 
-128.0 
-58.5 
-4472 
-500.7 
—836.3 
-322 
-1113 
3482 
-974 
-1572 
–1018.7 
—1919.0 
10.1 
85.8 
92.7 
—486.5 
-744.5 
79.5 
-522.5 
-600.3 
—1114.9 
129.3 
—369.8 
—441.3 
—783.6 
—899.0 


-26.9 
-541 
-201.7 
25.5 
—34.2 
—590.3 
—799.0 
-879.0 
-1322.0 
-640.0 
—3205.0 
—768.7 
—1088.6 
—823.2 
—1118.4 
—1734.3 
—663.9 
—783.3 
—1305.3 
-1124.3 


-643.0 
-351.0 
-634.2 
-430.4 
-612.9 
—635.1 


—661.3 


S 
J mol! ٠ 


111.3 
—5.4 
118.4 
222.0 
191.2 
59.0 
27.2 
123.0 
146.4 
107.9 
106.7 
—10.8 
220.5 
117.0 
230.0 
—14.6 
144.3 
—29.0 
20.1 
28.5 
67.0 
92.0 
244.3 


13.0 
54.0 
50.0 


155.2 
129.3 

59.0 
184.1 
219.2 
165.7 
—74.5 
152.3 
363.2 

12.1 
583.2 
174.5 
—47.3 
122.6 
-18.0 
192.0 
232.2 
302.5 

29.7 
109.6 


226.0 

92.0 
192.0 
205.0 
151.0 
213.0 


219.7 
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С/ 
Jmol! 
-142.3 


-82.0 


-97.5 
-86.6 


-148.5 


-402 


-293.0 


-1201 
-114.6 
-84.9 
-120.5 
-64.9 
-251.0 


-87.9 
—66.1 

-7.9 
-414 
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Species 
CH,COOH 
CH,COOK 
CH,COONH, 
CH,COONa 
CH,COORb 
(COOH), 
(СН)М 
CaBr, 
CaCO, 
CaCl, 


Ca(NO,), 
CaSO, 
CdBr, 
CdCl, 


Cd(NO,) 
Саѕо, 
Сес, 
CoBr, 
Сос, 
Сог, 
Co(NO,) 
CoSO, 
CsBr 
CsCl 
CsF 
CsHCO, 
CsHSO, 
CsI 
CsNO, 
Cs,CO, 
Св,5 
Cs,SO, 
Cs,Se 
Cu(NO,) 
CuSO, 
Русі, 
ЕгСІ, 
EuCl, 
EuCl, 
FeBr, 
FeBr, 
FeCl, 
FeCl, 


2 


2 


2 


АНІ 
kJ mol! 

—486.0 
—738.4 
—618.5 
—726.1 
—737.2 
—825.1 
-76.0 
-785.9 
-1220.0 
-877.1 
—1208.1 
—653.2 
-957.6 
—1452.1 
—319.0 
-410.2 
—741.2 
—186.3 
—490.6 
—985.2 
-1197.5 
—301.2 
-392.5 
-168.6 
-472.8 
-967.3 
-379.8 
—425.4 
—590.9 
—950.3 
-1145.6 
—313.5 
—465.6 
—1193.7 
—483.7 
—1425.8 


—350.0 
—844.5 
—1197.0 
—1207.1 
—862.0 
—1106.2 
—332.2 
—413.4 
—423.4 
—550.2 
—754.4 
—1046.4 
-199.6 
-214.2 
-670.7 
-998.3 
-2825.0 
-1188.0 
-121.6 
150.6 
-167.2 
—332.6 
—55.2 


AGI 
kJ mol"! 

—369.3 
—652.6 
—448.6 
—631.2 
—653.3 
—673.9 
93.1 
-761.5 
—1081.4 
—816.0 
-11112 
-656.7 
-776.1 
—1298.1 
-285.5 
—340.1 
—635.2 
—180.8 
—300.1 
—822.1 
—1065.6 
—262.3 
—316.7 
-157.7 
-276.9 
-7991 
—396.0 
—423.2 
—570.8 
-878.8 
-1047.9 
—343.6 
—403.3 
—1111.9 
—498.3 
—1328.6 
—454.8 
-157.0 
-679.0 
-1059.0 
-1062.7 


-9677 
-286.8 
—316.7 
—341.3 
—398.3 
—636.5 
—840.9 
-1821 
—159.4 
—338.3 
-823.4 
-2242.8 
-1059.0 
-104.0 
172.4 
-1312 
-278.8 
-51.6 


$°/ 
J ток“ 
86.6 
189.1 
200.0 
145.6 
207.9 
45.6 
133.5 
111.7 
-110.0 
59.8 
—80.8 
169.5 
239.7 
—33.1 
91.6 
39.7 
—100.8 
149.4 
219.7 
—53.1 
-38.0 
50.0 


109.0 
180.0 
-92.0 
215.5 
189.5 
1192 
224.3 
264.8 
244.3 
279.5 
209.2 
251.0 
286.2 


193.3 
-79.5 
-61.9 
-75.3 


-54.0 
27.2 
—68.6 
—24.7 
-146.4 
-165.3 
-357.3 
84.9 
18.0 
123.4 
-117.6 
-571.5 
—36.8 
82.4 
94.1 
56.5 
—13.8 
111.3 


С/ 
тог Кі 
-6.3 
15.5 
73.6 
40.2 


-146.9 


-1527 
-99.0 


-389.0 
-389.0 


-402.0 


-410.0 
-141.8 


-136.4 
-106.7 
-142.3 


Thermodynamic Properties of Aqueous Systems 


АНУ 
Species kJ mol"! 

HNO, -207.4 
HSCN 76.4 
н,50, -909.3 
HoCl, –1206.7 
КВг -373.9 
KCl —419.5 
КЕ —585.0 
KHCO, -944.4 
KHSO, —1139.7 
KI -307.6 
KNO, -459.7 
K,CO, -1181.9 
KS -471.5 
K,SO, -1414.0 
K,Se 

LaCl, -1208.8 
LiBr —400.0 
LiCl —445.6 
LiF —611.1 
Lil —333.7 
LiNO, —485.9 
Li,CO, -12341 
1,50, -1466.2 
LuCl, -1167.0 
MgBr, —709.9 
MgCl, -801.2 
Mgl, -577.2 
Mg(NO,), —881.6 
MgSO, -1376.1 
MnBr, -464.0 
MnCl, -555.1 
М, -331.0 
Mn(NO)), -635.5 
MnSO, -11301 
NH,Br —254.1 
NH,BrO, -199.6 
NH,CN 18.0 
NH,Cl -299.7 
NH,CIO, -236.5 
хн,ао, -261.8 
МНЕ —465.1 
NH,HCO, -824.5 
NH,HS -150.2 
NH,HSO, -758.7 
NH,HSO, –1019.9 
NH,HSeO, -714.2 
NH,H,AsO, -847.3 
NH,H,AsO, -1042.1 
NH,H,PO, -1428.8 
NH,H,P,O, -2409.1 
NHI -187.7 
NHJO, -354.0 
NH,NO, -237.2 
NH,NO, -339.9 
NH,OH -362.5 
NH,SCN -56.1 
(NH,),CO, -942.2 
(NH),CrO, -1146.2 
(NH,),Cr,O, -1755.2 
(NH,),HAsO, -1714 


AGI 
kJ mol"! 

-1113 
927 
-744.5 
-1067.3 
-3872 
-414.5 
—562.1 
—870.0 
—1039.2 
—334.9 
—394.5 
-1094.4 
-480.7 
—1311.1 
—437.2 
—1077.3 
—397.3 
—424.6 
-571.9 
—344.8 
—404.5 
-1114.6 
-13312 
-1021.0 
-662.7 
-71741 
—558.1 
–677.3 
—1199.5 


—490.8 


—450.9 
-9727 
-183.3 
—60.7 
93.0 
-210.5 
-87.3 
-87.8 
—358.1 
—666.1 
—67.2 
—607.0 
—835.2 
—531.6 
—666.4 
—832.5 
-1209.6 
-2102.6 
-130.9 
-207.4 
-111.6 
-190.6 
-236.5 
13.4 
-686.4 
-886.4 
-1459.5 
-873.2 


$°/ 
J ток“ 


146.4 
144.3 

20.1 
—57.7 
184.9 
159.0 

88.7 
193.7 
234.3 
213.8 
248.9 
148.1 
190.4 
225.1 


—50.0 
95.8 
69.9 
-0.4 

124.7 

160.2 

-29.7 
47.3 

-96.0 
26.8 

-25.1 
84.5 

154.8 

118.0 


38.9 


218.0 
-53.6 
195.8 
275.1 
207.5 
169.9 
275.7 
295.4 

99.6 
204.6 
176.1 
253.1 
245.2 
262.8 
223.8 
230.5 
203.8 
326.0 
224.7 
231.8 
236.4 
259.8 
102.5 
257.7 
169.9 
277.0 
488.7 
225.1 


С/ 
Jmol! 
—86.6 
—40.2 
-293.0 
—393.0 
—120.1 
—114.6 
—84.9 


—63.0 
-120.5 
-64.9 


-251.0 


-423.0 
—73.2 
—67.8 
—38.1 
—73.6 
—18.0 


-155.6 
-385.0 


-222.0 
-121.0 


-243.0 
-61.9 


-56.5 


-26.8 


-3.8 


–62.3 


-17.6 
—6.7 
—68.6 
39.7 


Thermodynamic Properties of Aqueous Systems 


Species 
(NH,),HPO, 
(NHjS 
(NH,),SO, 
(NH,),SO, 
(NH,),SeO, 
(NH,),PO, 
NaBr 


АНІ 
kJ mol! 
-15572 
-231.8 
-900.4 
-1174.3 
-864.0 
-1674.9 
-361.7 
-407.3 
-572.8 
-932.1 
-1127.5 
-295.3 
-447.5 
-1157.4 
-447.3 
-1389.5 


-1197.9 
-297.1 
-388.3 
-719.2 
-164.4 
-468.6 
-963.2 
-244.8 
—336.0 
—666.9 
-112.1 
—416.3 

—1206.2 
—861.9 
—942.2 

—1436.8 
—372.7 
—418.3 
—583.8 


AGI 
kJ mol"! 

-12478 
-72.6 
-645.0 
—903.1 
—599.8 
—1256.6 
—365.8 
—393.1 
—540.7 
—848.7 
—1017.8 
—313.5 
—373.2 
—1051.6 
—438.1 
—1268.4 
—394.6 
—1065.6 
—253.6 
—307.9 
—603.3 
-149.0 
-268.5 
—790.3 
—232.3 
—286.9 
—582.0 
-127.6 
-246.9 
-1072.7 
-823.8 
-784.0 
—1306.2 
—387.9 
—415.2 
—562.8 


S 

J ток“ 
193.3 
212.1 
197.5 
246.9 
280.7 
117.0 
141.4 
115.5 
45.2 
150.2 
190.8 
170.3 
205.4 
61.1 
103.3 
138.1 


-37.7 
36.0 
—15.1 
—156.5 
93.7 
164.0 
—108.8 
175.3 
123.4 
-17.2 
233.0 
303.3 
-42.0 
167.0 
347.0 
75.0 
203.9 
178.0 
107.5 


С/ 
тог Кі 


—133.1 


-95.4 
-90.0 
-60.2 
-38.0 
-95.8 
-402 


-201.0 


-431.0 


-439.0 


Species 
RbHCO, 
RbHSO, 
RbI 
RbNO, 
Rb,CO, 
Rb,S 
Rb,SO, 
SmCl, 
SrBr, 
SrCO, 
SrCl, 
511, 
Sr(NO,), 
SrSO, 
TbCl, 
TIBr 
TIBr, 
ТІСІ 
ТІСІ, 
ТІЕ 
TII 
TINO, 
TLSO, 
TmCl, 
UCI, 
UO,CO, 
UO,(NO,), 
UO,SO, 
پل تالا‎ 
ZnBr, 
ZnCl, 


Zn(NO,), 
ZnSO, 


АН! 
kJ mol! 

—943.2 
-1138.5 
—306.4 
—458.5 
—1179.5 
—469.4 
—1411.6 
—1193.3 
—788.9 
—1222.9 
—880.1 
-656.2 
-960.5 
—1455.1 
—1184.1 
—116.2 
—168.2 
—161.8 
—305.0 
-327.3 
-49.8 
-202.0 
-898.6 
-11991 
—1259.8 
—1696.6 
—1434.3 
—1928.8 
–1176.1 
—397.0 
—488.2 
—819.1 
—264.3 
—568.6 
—1063.2 


AG 
kJ mol"! 

—870.8 
—1039.9 
—335.6 
—395.2 
—1095.8 
—482.0 
-1312.5 
-1060.2 
—767.4 
—1087.3 
—821.9 
—662.6 
-782.0 
-1304.0 
-1045.5 
—136.4 
—97.1 
—163.6 
—179.0 
-3112 
-84.0 
-143.7 
-809.3 
-1055.6 
-1056.8 
-1481.5 
-1176.0 
—1698.2 
—1037.6 
—355.0 
—409.5 
—704.6 
—250.2 
—369.6 
—891.6 


S 
J mol! ٠ 
212.7 
253.1 
232.6 
267.8 
186.2 
228.4 
263.2 
—42.7 
132.2 
—89.5 
80.3 
190.0 
260.2 
-12.6 
-59.0 
207.9 
54.0 
182.0 
-23.0 
1117 
236.8 
272.0 
271.1 
—75.0 
-184.0 
—154.4 
195.4 
—77.4 
—71.0 
52.7 
0.8 
—139.7 
110.5 
180.7 
—92.0 
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С/ 
J ток“ 


-431.0 


-393.0 


-385.0 


-385.0 
-238.0 
-226.0 
-167.0 
-238.0 
-126.0 
-247.0 


HEAT OF COMBUSTION 


The heat of combustion of a substance at 25"С can be calculated 
from the enthalpy of formation (A H") data in the table "Standard 
Thermodynamic Properties of Chemical Substances" in this 
Section. We can write the general combustion reaction as 


X + O, — СО, (g) + H,O (1) + other products 


For a compound containing only carbon, hydrogen, and oxygen, 
the reaction is simply 


1, 1 
C,H,0, dere. — a CO, (8) +20 H,O (1) 


and the standard heat of combustion A FP, which is defined as the 
negative of the enthalpy change for the reaction (i.e., the heat re- 
leased in the combustion process), is given by 


Molecular formula Name А НИК) mol! 
Inorganic substances 

C Carbon (graphite) 393.5 
CO Carbon monoxide (g) 283.0 
H, Hydrogen (g) 285.8 
HN Ammonia (g) 382.8 
HN, Hydrazine (g) 667.1 
МО Nitrous oxide (5) 82.1 
Hydrocarbons 

CH, Methane (g) 890.8 
CH, Acetylene (g) 1301.1 
CH, Ethylene (g) 14112 
CH, Ethane (g) 1560.7 
C,H, Propylene (g) 2058.0 
С.Н, Cyclopropane (2) 2091.3 
С.Н, Ргорапе (5) 2219.2 
CH, 1,3-Butadiene (g) 2541.5 
CH, Butane (g) 2877.6 
C.H, Pentane (l) 3509.0 
C.H, Benzene (1) 3267.6 
CH,, Cyclohexane (1) 3919.6 
СН, Нехапе (1) 4163.2 
C.H, Toluene (1) 3910.3 
CH, Heptane (1) 4817.0 
CH, Naphthalene (s) 5156.3 
Alcohols and ethers 

CHO Methanol (1) 726.1 
CHO Ethanol (1) 1366.8 
CHO Dimethyl ether (g) 1460.4 
CHO, Ethylene glycol (1) 11892 
C,H,O 1-Propanol (1) 2021.3 
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A,H* =-aA,H°(CO,, g)— DALH" (H,0,1) + A,H?(C,H,0,) 


= 393.51a 4- 142.915b + A,H'(C,H,O,) 


This equation applies if the reactants start in their standard 
states (25°С and one atmosphere pressure) and the products re- 
turn to the same conditions. The same equation applies to a com- 
pound containing another element if that element ends in its stan- 
dard reference state (e.g., nitrogen, if the product is М,); in general, 
however, the exact products containing the other elements must 
be known in order to calculate the heat of combustion. 

The following table gives the standard heat of combustion cal- 
culated in this manner for a few representative substances. 


Molecular formula Name A H°IkJ mol! 
C,H.O, Glycerol (1) 1655.4 
CH, O Diethyl ether (1) 2723.9 
C,H,,0 1-Pentanol (1) 3330.9 
CHO Phenol (s) 3053.5 
Carbonyl compounds 

CH,O Formaldehyde (g) 570.7 
C,H,O Ketene (g) 1025.4 
CHO Acetaldehyde (1) 1166.9 
C,H,O Acetone (1) 1789.9 
C,H.O Propanal (1) 1822.7 
C,H,O 2-Butanone (1) 2444.1 
Acids and esters 

CHO, Formic acid (1) 254.6 
CHO, Acetic acid (1) 874.2 
CHO, Methyl formate (1) 972.6 
C,H O, Methyl acetate (1) 1592.2 
C,H,O, Ethyl acetate (1) 2238.1 
САО, Nicotinic acid (s) 2731.1 
CHO, Benzoic acid (s) 3228.2 
Nitrogen compounds 

CHN Hydrogen cyanide (g) 671.5 
CH,NO, Nitromethane (1) 709.2 
CH,N,O Urea (s) 632.7 
сн; Methylamine (а) 1085.6 
C,H,N Acetonitrile (1) 1247.2 
C,H.NO Acetamide (s) 1184.6 
сн, Trimethylamine (2) 2443.1 
сн,х Pyridine (1) 2782.3 
CHN Aniline () 3392.8 


MOLAR CONDUCTIVITY OF AQUEOUS HF, НСІ, НВг, AND HI 


The molar conductivity A ofan electrolyte solution is defined as Reference 
the conductivity divided by amount-of-substance concentration. 
The customary unit is 5 cm?mol"! (i.e, Ол! cm?mol"!). The first Hamer, W. J., and DeWane, H. J., Electrolytic Conductance and the 


Conductances of the Hydrohalogen Acids in Water, Natl. Stand. Ref. 


part of this table gives the molar conductivity of the hydrohalogen 
Data Sys.- Natl. Bur. Standards (U.S.), No. 33, 1970. 


acids at 25°С as a function of the concentration in mol/L. The зес- 
ond part gives the temperature dependence of A for HCl and HBr. 
More extensive tables and mathematical representations may be 
found in the reference. 


c/mol 17! HF на НВг HI c/mol L^! HF на НВг HI 
Inf. dil. 405.1 426.1 427.7 426.4 3.5 218.3 217.5 215.4 
0.0001 424.5 425.9 424.6 4.0 200.0 199.4 195.1 
0.0005 422.6 424.3 423.0 4.5 183.1 182.4 176.8 
0.001 421.2 422.9 421.7 5.0 167.4 166.5 160.4 
0.005 128.1 415.7 417.6 416.4 5.5 152.9 151.8 145.5 
0.01 96.1 411.9 413.7 412.8 6.0 139.7 138.2 131.7 
0.05 50.1 398.9 400.4 400.8 6.5 127.7 125.7 118.6 
0.10 39.1 391.1 391.9 394.0 7.0 116.9 114.2 105.7 
0.5 26.3 360.7 361.9 369.8 7.5 107.0 103.8 
1.0 24.3 332.2 334.5 343.9 8.0 98.2 94.4 
1.5 305.8 307.6 316.4 8.5 90.3 85.8 
2.0 281.4 2817 288.9 9.0 83.1 
2.5 258.9 257.8 262.5 9.5 76.6 
3.0 237.6 236.8 237.9 10.0 70.7 
с! с! 
mol mol 
L= -20C -10C ОС 10°С 20°С 30°С 40°С 50°С Іс -20C -10C ОС 10°С 20°С 30°С 40°С 50°С 
на НВг 
0.5 2287 283.0 336.4 386.8 436.9 4 0.5 240.9 295.9 347.0 398.9 4536 4968 
1.0 2117 2616 312.2 3590 402.9 4453 1.0 229.6 276.0 329.0 380.4 4186 465.2 
1.5 19.2 2415 2875 3311 3716 410.8 1.5 209.5 2549 298.9 340.6 3818 4214 
2.0 182.0 2227 262.9 3083.3 3424 3782 2.0 150.8 188.6 231.33 271.88 3141 3505 3874 
2.5 1317 168.5 205.1 239.8 277.0 315.2 347.6 2.5 1368 1717 2083 2448 2817 3160 23491 
3.0 120.8 154.6 188. 219.3 253.3 2893 319.0 3.0 125.7 157.2 189. 222.22 255.0 2878 318.6 
3.5 855 1113 1396 1722 2016 2329 2639 2921 3.5 116.1 1441 1746 203.2 2344 2637 291.9 
4.0 793 1027 1292 1581 1856 2142 2422 2682 4.0 84.0 1075 1323 1602 1868 2142 2397 266.9 
4.5 73.7 949 1195 1454 1706 1966 2225 2467 4,5 78.0 99.0 123.0 1464 171.2 195.1 2188 242.6 
5.0 68.5 878 1103 1335 1566 1802 2041 2265 5.0 72.3 914 1126 1340 1557 1782 1996 2213 
5.5 63.6 811 1017 1225 143.6 165.0 1871 2077 5.5 67.0 84.2 1031 1227 1421 1628 1814 2018 
6.0 58.9 74.9 937 1123 1315 1510 1713 1903 6.0 61.8 772 943 1120 1296 1480 1654 183.4 
6.5 54.4 69.1 86.2 103.0 120.4 1382 1569 1743 6.5 56.8 70.7 86.0 102.0 118.0 1341 1505 166.3 
7.0 50.2 63.7 79.3 94.4 110.2 126.4 14333 1597 7.0 51.9 64.6 78.4 92.6 107.1 121.4 1363 1508 


7.5 463 586 730 865 1009 115.7 1316 1462 
80 427 54.0 6714 794 924 106.1 120.6 1340 
85 394 498 617 729 847 973 1107 1230 
90 364 45.9 56.8 671 77.8 89.4 1017 99 
9.5 33.6 423 52.3 61.8 71.5 82.3 93.6 103.9 
100 312 391 48.2 57.0 65.8 75.9 86.3 95.7 
105 289 361 44.5 52.7 60.7 70.1 79.6 88.4 
11.0 268 334 41.1 48.8 56.1 649 736 817 
11.5 249 310 380 453 519 601 68.0 75.6 
120 231 28.7 35.3 420 480 55.66 62.8 70.0 
12.5 214 267 32.7 39.0 444 51.4 57.9 648 
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STANDARD КСІ SOLUTIONS FOR CALIBRATING CONDUCTIVITY CELLS 


This table presents recommended electrolytic conductivity (к) 
values for aqueous potassium chloride solutions with molalities 
of 0.01 mol/kg, 0.1 mol/kg and 1.0 mol/kg at temperatures from 
0°C to 50°C. The values, which are based on measurements at the 
National Institute of Standards and Technology, provide primary 
standards for the calibration of conductivity cells. The measure- 
ments at 0.01 and 0.1 molal are described in Reference 1, while 
those at 1.0 molal are in Reference 2. Temperatures are given on 
the ITS-90 scale. The uncertainty in the conductivity is about 
0.0396 for the 0.01 molal values and about 0.0496 for the 0.1 and 
1.0 molal values. The conductivity of water saturated with atmo- 
spheric CO, is given in the last column. These values were sub- 
tracted from the original measurements to give the values in the 
second, third, and fourth columns. АП к values are given in units of 
10* S/m (numerically equal to uS/cm). 

The assistance of Kenneth W. Pratt is appreciated. 
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10* к/5 m^ 
tC  0.00mKCI O.1mKCl 1.0mKCl НА (СО, sat.) 
0 772.92 7 116.85 63 488 0.58 
5 890.96 8 183.70 72 030 0.68 
10 1013.95 9 291.72 80 844 0.79 
15 1141.45 10 437.1 89 900 0.89 
18 1219.93 11 140.6 — 0.95 
20 1 273.03 11 615.9 99 170 0.99 
25 1408.23 12 824.6 108 620 1.10 
30 1 546.63 14 059.2 118 240 1.20 
35 1687.79 15 316.0 127 970 1.30 
40 1831.27 16 591.0 137 810 1.40 
45 1976.62 17 880.6 147 720 1.51 
50 2123.43 19 180.9 157 670 1.61 
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EQUIVALENT CONDUCTIVITY OF ELECTROLYTES IN AQUEOUS SOLUTION 


Petr Vanysek 


This table gives the equivalent (molar) conductivity A at 25°С 
for some common electrolytes in aqueous solution at concentra- 
tions up to 0.1 mol/L. The units of A are 107 m? S то!“ 

For very dilute solutions, the equivalent conductivity for any 
electrolyte of concentration c can be approximately calculated us- 
ing the Debye-Hückel-Onsager equation, which can be written for 
a symmetrical (equal charge on cation and anion) electrolyte as 


А = Л - (А + BA’)c!? 


For a solution at 25'С and both cation and anion with charge 
|1|, the constants are А = 60.20 and B = 0.229. A? can be found 
from the next table, "Ionic Conductivity and Diffusion at Infinite 
Dilution” The equation is reliable for с < 0.001 mol/L; with higher 


concentration the error increases. 


Concentration (mol/L) 


Compound Infinite dilution 0.0005 0.001 0.005 0.01 0.02 0.05 0.1 
A? A 

AgNO, 133.29 131.29 130.45 127.14 124.70 121.35 115.18 109.09 
1/2BaCl, 139.91 135.89 134.27 127.96 123.88 119.03 111.42 105.14 
1/2CaCl, 135.77 131.86 130.30 124.19 120.30 115.59 108.42 102.41 
1/2Ca(OH), 258 — — 233 226 214 — — 
1/2CuSO, 133.6 121.6 115.20 94.02 83.08 72.16 59.02 50.55 
НСІ 425.95 422.53 421.15 415.59 411.80 407.04 398.89 391.13 
KBr 151.9 149.8 148.9 146.02 143.36 140.41 135.61 131.32 
ка 149.79 147.74 146.88 143.48 141.20 138.27 133.30 128.90 
као, 139.97 138.69 137.80 134.09 131.39 127.86 121.56 115.14 
1/3K;Fe(CN), 174.5 166.4 163.1 150.7 — — — — 
1/4K,Fe(CN), 184 — 167.16 146.02 134.76 122.76 107.65 97.82 
KHCO, 117.94 116.04 115.28 112.18 110.03 107.17 — — 
KI 150.31 148.2 143.32 144.30 142.11 139.38 134.90 131.05 
KIO, 127.86 125.74 124.88 121.18 118.45 114.08 106.67 98.2 
KNO, 144.89 142.70 141.77 138.41 132.75 132.34 126.25 120.34 
KMnO, 134.8 132.7 131.9 — 126.5 — — 113 
KOH 271.5 — 234 230 228 — 219 213 
KReO, 128.20 126.03 125.12 121.31 118.49 114.49 106.40 97.40 
1/3LaCl, 145.9 139.6 137.0 127.5 121.8 115.3 106.2 99.1 
LiCl 114.97 113.09 112.34 109.35 107.27 104.60 100.06 95.81 
LiClO, 105.93 104.13 103.39 100.52 98.56 96.13 92.15 88.52 
1/2MgCl, 129.34 125.55 124.15 118.25 114.49 109.99 103.03 97.05 
NH,Cl 149.6 147.5 146.7 134.4 141.21 138.25 133.22 128.69 
NaCl 126.39 124.44 123.68 120.59 118.45 115.70 111.01 106.69 
NaClO, 117.42 115.58 114.82 111.70 109.54 106.91 102.35 98.38 
Nal 126.88 125.30 124.19 121.19 119.18 116.64 112.73 108.73 
МаООССН, 91.0 89.2 88.5 85.68 83.72 81.20 76.88 72.76 
NaOH 247.7 245.5 244.6 240.7 237.9 — — — 
Na picrate 80.45 78.7 78.6 75.7 73.7 — 66.3 61.8 
1/2Na,SO, 129.8 125.68 124.09 117.09 112.38 106.73 97.70 89.94 
1/2SrCl, 135.73 131.84 130.27 124.18 120.23 115.48 108.20 102.14 
1/2ZnSO, 132.7 121.3 114.47 95.44 84.87 74.20 61.17 52.61 
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IONIC CONDUCTIVITY AND DIFFUSION AT INFINITE DILUTION 


Petr Vanysek 


This table gives the molar (equivalent) conductivity À for com- 
mon ions at infinite dilution. All values refer to aqueous solutions 
at 25°С. It also lists the diffusion coefficient D of the ion in dilute 
aqueous solution, which is related to À through the equation 


D-(RT | Е?)(М |z |) 


where R is the molar gas constant, T the temperature, F the Faraday 
constant, and z the charge on the ion. The variation with tempera- 
ture is fairly sharp; for typical ions, А and D increase by 2 to 396 per 
degree as the temperature increases from 25°С. 

The diffusion coefficient Юг a salt, D „ may be calculated from 
the D, and D values of the constituent ions by the relation 


_(2,+12 DD, D. 
"* ^ zD,*|z |р. 


For solutions of simple, pure electrolytes (one positive and one 
negative ionic species), such as NaCl, equivalent ionic conductiv- 
ity A’, which is the molar conductivity per unit concentration of 
charge, is defined as 


А, D 

Ion 10*m?Smol' 107 کوڅوی‎ 
Inorganic Cations 

Ав" 61.9 1.648 
1/3AP* 61 0.541 
1/2Ва?* 63.6 0.847 
1/2Ве?* 45 0.599 
1/2Ca* 59.47 0.792 
1/2С4" 54 0.719 
1/3Ce* 69.8 0.620 
1/2Co** 55 0.732 
1/3[Co(NH,),]°* 101.9 0.904 
1/3[Co(en),]* 74.7 0.663 
1/6[Со, (trien), је 69 0.306 
1/3Cr* 67 0.595 
Cs* 77.2 2.056 
1/2Cu?* 53.6 0.714 
D* 249.9 6.655 
1/3Dy* 65.6 0.582 
1/3Er* 65.9 0.585 
1/3Eu* 67.8 0.602 
1/2Ее?* 54 0.719 
1/3Fe? 68 0.604. 
1/3Gd** 67.3 0.597 
Ht 349.65 9.311 
1/2Hg** 68.6 0.913 
1/2Hg** 63.6 0.847 
1/3Ho?* 66.3 0.589 
K* 73.48 1.957 
1/3La** 69.7 0.619 
Li* 38.66 1.029 
1/2Mg”* 53.0 0.706 
1/2Mn** 53.5 0.712 
NH, 73.5 1.957 
NH, 59 1571 
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А°= А, БА. 


where A, and A are equivalent ionic conductivities of the cation 
and anion. The more general formula is 


AS =v, Л, +и A 


where v and v_refer to the number of moles of cations and anions 
to which one mole of the electrolyte gives a rise in the solution. 
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А, р 

Топ 10*m?Smol* 107 ст? $ 
Nat 50.08 1.334 
1/3Nd** 69.4 0.616 
1/2Ni** 49.6 0.661 
1/4[Ni,(trien),]* 52 0.346 
1/2Pb** 71 0.945 
1/3Pr** 69.5 0.617 
1/2Ва?* 66.8 0.889 
Rb* 77.8 2.072 
1/3Sc** 64.7 0.574 
1/3Sm** 68.5 0.608 
1/2Sr** 59.4 0.791 
Tl 74.7 1.989 
1/3Tm** 65.4 0.581 
1200,2 32 0.426 
1/3Y* 62 0.550 
1/3Yb** 65.6 0.582 
1/2Zn** 52.8 0.703 
Inorganic Anions 

Au(CN), 50 1.331 
Au(CN), 36 0.959 
B(C,HJ,.- 21 0.559 
Br 78.1 2.080 
Br. 43 1.145 
BrO,- 55.7 1.483 
CN- 78 2.077 
CNO- 64.6 1.720 
1/2СО,- 69.3 0.923 
Cr 76.31 2.032 
со, 52 1.385 
соу 64.6 1.720 
соу 67.3 1.792 
1/3[Co(CN) ]*- 98.9 0.878 
1/2CrO,7 85 1.132 


Ionic Conductivity and Diffusion at Infinite Dilution 


Ion 

Е 

1/4 [Fe(CN),] d 
1/3[Fe(CN) J^ 
H,AsO, 
HCO, 

НЕ, 
1/2HPO,> 
нро; 
нро; 

HS- 

HSO,- 


N(CN); 


1/2PO,F> 
1/ЗРО,- 
1/4P,0, 
1/3P,0,> 
1/5Р,О 7 
ReO; 
SCN- 
1/250,- 
1/250,- 
1/25,0,- 
1/25,0,- 
1/25О2- 
1250 
ЅЪ(ОН) т 
SeCN- 
1/25еО = 
20“ 


Organic Cations 
Benzyltrimethylammonium* 
Isobutylammonium* 
Butyltrimethylammonium* 
Decylpyridinium* 
Decyltrimethylammonium* 
Diethylammonium* 
Dimethylammonium* 
Dipropylammonium* 
Dodecylammonium* 
Dodecyltrimethylammonium* 
Ethanolammonium* 
Ethylammonium* 
Ethyltrimethylammonium* 
Hexadecyltrimethylammonium* 
Hexyltrimethylammonium* 


A 


+ 


10- m? $ шог"! 


55.4 
110.4 
100.9 

34 

44.5 

75 

57 

36 

46 

65 

58 

52 

31 

76.8 

40.5 

54.5 

61.3 

74.5 

54.5 

71.8 

71.42 

48.3 

69 

64.6 
119 
198 

56.9 

63.3 

92.8 

96 

83.6 
109 

54.9 

66 

72 

80.0 

85.0 

66.5 

93 

86 

31.9 

64.7 

75.7 

69 


34.6 
38 

33.6 
29.5 
24.4 
42.0 
51.8 
30.1 
23.8 
22.6 
42.2 
47.2 
40.5 
20.9 
29.6 


D 
107 cm? s! 
1.475 
0.735 
0.896 
0.905 
1.185 
1.997 
0.759 
0.959 
1.225 
1.731 
1.545 
1.385 
0.825 
2.045 
1.078 
1.451 
1.632 
1.984 
1.451 
1.912 
1.902 
1.286 
1.837 
1.720 
3.169 
5.273 
1.515 
0.843 
0.824 
0.639 
0.742 
0.581 
1.462 
1.758 
0.959 
1.065 
1.132 
0.885 
1.238 
1.145 
0.849 
1.723 
1.008 
0.919 


0.921 
1.012 
0.895 
0.786 
0.650 
1.118 
1.379 
0.802 
0.634 
0.602 
1.124 
1.257 
1.078 
0.557 
0.788 


Топ 
Histidyl* 


Hydroxyethyltrimethylarsonium* 


Methylammonium* 
Octadecylpyridinium* 
Octadecyltributylammonium* 
Octadecyltriethylanmonium* 
Octadecyltrimethylammonium* 
Octadecyltripropylammonium* 
Octyltrimethylammonium* 
Pentylammonium* 
Piperidinium* 
Propylammonium* 
Pyrilammonium* 
Tetrabutylammonium* 
Tetradecyltrimethylammonium* 
Tetraethylammonium* 
Tetramethylammonium* 
Tetraisopentylammonium* 
Tetrapentylammmonium* 
Tetrapropylammonium* 
Triethylammonium* 
Triethylsulfonium* 
Trimethylammonium* 
Trimethylhexylammonium* 
Trimethylsulfonium* 
Tripropylammonium* 


Organic Anions 
Acetate- 

р-Апівағе” 
1/2Azelate?^- 
Benzoate™ 
Bromoacetate^ 
Bromobenzoate~ 
Butyrate^ 
Chloroacetate- 

т Chlorobenzoate- 
o—Chlorobenzoate~ 
1/3Citrate- 
Crotonate- 
Cyanoacetate™ 
Cyclohexane carboxylate- 


1/2 1,1-Cyclopropanedicarboxylate? 


Decylsulfate- 
Dichloroacetate- 
1/2Diethylbarbiturate?^- 
Dihydrogencitrate- 
1/2Dimethylmalonate?- 
3,5-Dinitrobenzoate- 
Dodecylsulfate- 
Ethylmalonate- 
Ethylsulfate- 
Fluoroacetate- 
Fluorobenzoate- 
Formate- 
1/2Fumarate?- 
1/2Glutarate?- 
Hydrogenoxalate- 
Isovalerate- 
Iodoacetate- 

Lactate- 


A 


+ 


10- m? 5 шог"! 


23.0 
39.4 
58.7 
20 
16.6 
17.9 
19.9 
17.2 
26.5 
37 
37.2 
40.8 
24.3 
19.5 
21.5 
32.6 
44.9 
17.9 
17.5 
23.4 
34.3 
36.1 
47.23 
34.6 
51.4 
26.1 


40.9 
29.0 
40.6 
32.4 
39.2 
30 

32.6 
39.8 
31 

30.2 
70.2 
33.2 
43.4 
28.7 
53.4 
26 

38.3 
26.3 
30 

49.4 
28.3 
24 

49.3 
39.6 
44.4 
33 

54.6 
61.8 
52.6 
40.2 
32.7 
40.6 
38.8 
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D 


107 cm? s! 


0.612 
1.049 
1.563 
0.533 
0.442 
0.477 
0.530 
0.458 
0.706 
0.985 
0.991 
1.086 
0.647 
0.519 
0.573 
0.868 
1.196 
0.477 
0.466 
0.623 
0.913 
0.961 
1.258 
0.921 
1.369 
0.695 


1.089 
0.772 
0.541 
0.863 
1.044 
0.799 
0.868 
1.060 
0.825 
0.804 
0.623 
0.884 
1.156 
0.764 
0.711 
0.692 
1.020 
0.350 
0.799 
0.658 
0.754 
0.639 
1.313 
1.055 
1.182 
0.879 
1.454 
0.823 
0.700 
1.070 
0.871 
1.081 
1.033 
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Топ 

1/2Malate?- 
1/2Maleate?- 
1/2Malonate?- 
Methylsulfate- 
Naphthylacetate- 
1/2Оха!ағе?- 
Octylsulfate- 
Phenylacetate- 
1/20—Phthalate? 
1/2m-Phthalate?- 


А, 
10-4 m? 5 тој“! 

58.8 
61.9 
63.5 
48.8 
28.4 
74.11 
29 
30.6 
52.3 
54.7 


Ionic Conductivity and Diffusion at Infinite Dilution 


Ion 

Picrate* 
Pivalate- 
Propionate” 
Propylsulfate- 
Salicylate- 
1/2Suberate?- 
1/2Succinate? 
p-Sulfonate 
1/2Tartarate?- 
Trichloroacetate- 


А, 
10-4 m? S тој“! 
30.37 
31.9 
35.8 
37.1 
36 
36 
58.8 
29.3 
59.6 
35 


р 
107 cm? s! 
0.809 
0.849 
0.953 
0.988 
0.959 
0.479 
0.783 
0.780 
0.794 
0.932 


This table gives mean activity coefficients at 25°С for molalities 
in the range 0.1 to 1.0. See the following table for definitions, refer- 


AgNO, 
AICI, 
AL(SO), 
BaCl, 
BeSO, 
СаС1, 
CdCl, 
Cd(NO,), 
Саѕо, 
Сос, 
CrCl, 
Cr(NO,), 
Cr,(SO,), 
CsBr 
CsCl 

CsI 
CsNO, 
CsOH 
CsOAc 
Cs,SO, 
CuCl, 
Cu(NO,), 
CuSO, 
FeCl, 
HBr 

HCl 


H,SO, 
KBr 

KCl 
као, 
КСто, 
КЕ 
K,Fe(CN), 
K,Fe(CN), 
KH,PO, 
KI 
KNO, 
KOAc 
KOH 
KSCN 
КО, 
LiBr 
LiCl 
Liclo, 
Lil 
LiNO, 
LiOH 
LiOAc 
Li,SO, 
MgCl, 
MgSO, 


ACTIVITY COEFFICIENTS OF ACIDS, BASES, AND SALTS 


0.1 
0.734 
0.337 
0.035 
0.500 
0.150 
0.518 
0.2280 
0.513 
0.150 
0.522 
0.331 
0.319 
0.0458 
0.754 
0.756 
0.754 
0.733 
0.795 
0.799 
0.456 
0.508 
0.511 
0.150 
0.5185 
0.805 
0.796 
0.803 
0.818 
0.791 
0.2655 
0.772 
0.770 
0.749 
0.456 
0.775 
0.268 
0.139 
0.731 
0.778 
0.739 
0.796 
0.798 
0.769 
0.441 
0.796 
0.790 
0.812 
0.815 
0.788 
0.760 
0.784 
0.468 
0.529 
0.150 


0.2 
0.657 
0.305 
0.0225 
0.444 
0.109 
0.472 
0.1638 
0.464 
0.103 
0.479 
0.298 
0.285 
0.0300 
0.694 
0.694 
0.692 
0.655 
0.761 
0.771 
0.382 
0.455 
0.460 
0.104 
0.473 
0.782 
0.767 
0.778 
0.807 
0.754 
0.2090 
0.722 
0.718 
0.681 
0.382 
0.727 
0.212 
0.0993 
0.653 
0.733 
0.663 
0.766 
0.760 
0.716 
0.360 
0.766 
0.757 
0.794 
0.802 
0.752 
0.702 
0.742 
0.398 
0.489 
0.107 


0.3 
0.606 
0.302 
0.0176 
0.419 
0.0885 
0.455 
0.1329 
0.442 
0.0822 
0.463 
0.294 
0.279 
0.0238 
0.654 
0.656 
0.651 
0.602 
0.744 
0.761 
0.338 
0.429 
0.439 
0.0829 
0.454 
0.777 
0.756 
0.768 
0.811 
0.735 
0.1826 
0.693 
0.688 
0.635 
0.340 
0.700 
0.184 
0.0808 
0.602 
0.707 
0.614 
0.754 
0.742 
0.685 
0.316 
0.756 
0.744 
0.792 
0.804 
0.736 
0.665 
0.721 
0.361 
0.477 
0.0874 


Petr Vanýsek 


0.4 
0.567 
0.313 
0.0153 
0.405 
0.0769 
0.448 
0.1139 
0.430 
0.0699 
0.459 
0.300 
0.281 
0.0207 
0.626 
0.628 
0.621 
0.561 
0.739 
0.759 
0.311 
0.417 
0.429 
0.0704 
0.448 
0.781 
0.755 
0.766 
0.823 
0.725 


0.673 
0.666 
0.599 
0.313 
0.682 
0.167 
0.0693 
0.561 
0.689 
0.576 
0.750 
0.734 
0.663 
0.286 
0.752 
0.740 
0.798 
0.813 
0.728 
0.638 
0.709 
0.337 
0.475 
0.0756 


ences, and data over a wider concentration range. 


0.5 
0.536 
0.331 
0.0143 
0.397 
0.0692 
0.448 
0.1006 
0.425 
0.0615 
0.462 
0.314 
0.291 
0.0190 
0.603 
0.606 
0.599 
0.528 
0.739 
0.762 
0.291 
0.411 
0.426 
0.0620 
0.450 
0.789 
0.757 
0.769 
0.839 
0.720 
0.1557 
0.657 
0.649 
0.568 
0.292 
0.670 
0.155 
0.0614 
0.529 
0.676 
0.545 
0.751 
0.732 
0.646 
0.264 
0.753 
0.739 
0.808 
0.824 
0.726 
0.617 
0.700 
0.319 
0.481 
0.0675 


0.6 
0.509 
0.356 
0.014 
0.391 
0.0639 
0.453 
0.0905 
0.423 
0.0553 
0.470 
0.335 
0.304 
0.0182 
0.586 
0.589 
0.581 
0.501 
0.742 
0.768 
0.274 
0.409 
0.427 
0.0559 
0.454 
0.801 
0.763 
0.776 
0.860 
0.717 


0.646 
0.637 
0.541 
0.276 
0.661 
0.146 
0.0556 
0.501 
0.667 
0.519 
0.754 
0.733 
0.633 
0.246 
0.758 
0.743 
0.820 
0.838 
0.727 
0.599 
0.691 
0.307 
0.491 
0.0616 


0.7 
0.485 
0.388 
0.0142 
0.391 
0.0600 
0.460 
0.0827 
0.423 
0.0505 
0.479 
0.362 
0.322 
0.0181 
0.571 
0.575 
0.567 
0.478 
0.748 
0.776 
0.262 
0.409 
0.431 
0.0512 
0.463 
0.815 
0.772 
0.785 
0.883 
0.717 
0.1417 
0.636 
0.626 
0.518 
0.263 
0.654 
0.140 
0.0512 
0.477 
0.660 
0.496 
0.759 
0.736 
0.623 
0.232 
0.767 
0.748 
0.834 
0.852 
0.729 
0.585 
0.689 
0.297 
0.506 
0.0571 


0.8 
0.464 
0.429 
0.0149 
0.391 
0.0570 
0.470 
0.0765 
0.425 
0.0468 
0.492 
0.397 
0.344 
0.0185 
0.558 
0.563 
0.554 
0.458 
0.754 
0.783 
0.251 
0.410 
0.437 
0.0475 
0.473 
0.832 
0.783 
0.795 
0.908 
0.718 


0.629 
0.618 
0.253 
0.650 
0.135 
0.0479 
0.456 
0.654 
0.476 
0.766 
0.742 
0.614 
0.777 
0.755 
0.852 
0.870 
0.733 
0.573 
0.688 
0.289 
0.522 
0.0536 


0.9 
0.446 
0.479 
0.0159 
0.392 
0.0546 
0.484 
0.0713 
0.428 
0.0438 
0.511 
0.436 
0.371 
0.0194 
0.547 
0.553 
0.543 
0.439 
0.762 
0.792 
0.242 
0.413 
0.445 
0.0446 
0.488 
0.850 
0.795 
0.808 
0.935 
0.721 


0.622 
0.610 
0.243 
0.646 
0.131 
0.0454 
0.438 
0.649 
0.459 
0.774 
0.749 
0.606 
0.789 
0.764 
0.869 
0.888 
0.737 
0.563 
0.688 
0.282 
0.544 
0.0508 


5-80 Activity Coefficients of Acids, Bases, and Salts 


0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
MnCl, 0.516 0.469 0.450 0.442 0.440 0.443 0.448 0.455 0.466 0.479 
Мп50, 0.150 0.105 0.0848 0.0725 0.0640 0.0578 0.0530 0.0493 0.0463 0.0439 
ولد‎ 0.770 0.718 0.687 0.665 0.649 0.636 0.625 0.617 0.609 0.603 
NH,NO, 0.740 0.677 0.636 0.606 0.582 0.562 0.545 0.530 0.516 0.504 
(NHjSO, 0.439 0.356 0.311 0.280 0.257 0.240 0.226 0.214 0.205 0.196 
NaBr 0.782 0.741 0.719 0.704 0.697 0.692 0.689 0.687 0.687 0.687 
NaCl 0.778 0.735 0.710 0.693 0.681 0.673 0.667 0.662 0.659 0.657 
NaCIO, 0.772 0.720 0.688 0.664 0.645 0.630 0.617 0.606 0.597 0.589 
NaClO, 0.775 0.729 0.701 0.683 0.668 0.656 0.648 0.641 0.635 0.629 
Na,CrO, 0.464 0.394 0.353 0.327 0.307 0.292 0.280 0.269 0.261 0.253 
NaF 0.765 0.710 0.676 0.651 0.632 0.616 0.603 0.592 0.582 0.573 
NaH,PO, 0.744 0.675 0.629 0.593 0.563 0.539 0.517 0.499 0.483 0.468 
Nal 0.787 0.751 0.735 0.727 0.723 0.723 0.724 0.727 0.731 0.736 
NaNO, 0.762 0.703 0.666 0.638 0.617 0.599 0.583 0.570 0.558 0.548 
NaOAc 0.791 0.757 0.744 0.737 0.735 0.736 0.740 0.745 0.752 0.757 
NaOH 0.766 0.727 0.708 0.697 0.690 0.685 0.681 0.679 0.678 0.678 
NaSCN 0.787 0.750 — 0.720 0.715 0.712 0.710 0.710 0.711 0.712 
Na,SO, 0.445 0.365 0.320 0.289 0.266 0.248 0.233 0.221 0.210 0.201 
КІСІ, 0.522 0.479 0.463 0.460 0.464 0.471 0.482 0.496 0.515 0.563 
NiSO, 0.150 0.105 0.0841 0.0713 0.0627 0.0562 0.0515 0.0478 0.0448 0.0425 
Pb(NOJ, 0.395 0.308 0.260 0.228 0.205 0.187 0.172 0.160 0.150 0.141 
RbBr 0.763 0.706 0.673 0.650 0.632 0.617 0.605 0.595 0.586 0.578 
RbCI 0.764 0.709 0.675 0.652 0.634 0.620 0.608 0.599 0.590 0.583 
RbI 0.762 0.705 0.671 0.647 0.629 0.614 0.602 0.591 0.583 0.575 
RbNO, 0.734 0.658 0.606 0.565 0.534 0.508 0.485 0.465 0.446 0.430 
RbOAc 0.796 0.767 0.756 0.753 0.755 0.759 0.766 0.773 0.782 0.792 
Rb,SO, 0.451 0.374 0.331 0.301 0.279 0.263 0.249 0.238 0.228 0.219 
SrCl, 0.511 0.462 0.442 0.433 0.430 0.431 0.434 0.441 0.449 0.461 
TICIO, 0.730 0.652 0.599 0.559 0.527 — — — — — 
TINO, 0.702 0.606 0.545 0.500 — — — — — — 
UO,Cl, 0.544 0.510 0.520 0.505 0.517 0.532 0.549 0.571 0.595 0.620 
00,50, 0.150 0.102 0.0807 0.0689 0.0611 0.0566 0.0515 0.0483 0.0458 0.0439 
ZnCl, 0.515 0.462 0.432 0.411 0.394 0.380 0.369 0.357 0.348 0.339 
Zn(NOj), 0.531 0.489 0.474 0.469 0.473 0.480 0.489 0.501 0.518 0.535 


ZnSO, 0.150 0.140 0.0835 0.0714 0.0630 0.0569 0.0523 0.0487 0.0458 0.0435 


MEAN ACTIVITY COEFFICIENTS OF ELECTROLYTES AS A FUNCTION 


OF CONCENTRATION 
The mean activity coefficient y of an electrolyte X У, 15 defined ^ values refer to a temperature of 25°C. Substances are arranged in 
as alphabetical order by formula. 
2 a „b yl/(a+b) 
Y= (Y) References 


= 


where у, and y_ are activity coefficients of the individual ions Hamer,W. J., and Wu, Y. C., J. Phys. Chem. Ref. Data, 1, 1047, 1972. 
(which cannot be directly measured). This table gives the mean 2. Staples, В. В., Л Phys. Chem. Ref. Data, 6, 385, 1977; 10, 767, 1981; 10, 
activity coefficients of about 100 electrolytes in aqueous solution 779, 1981. 


as a function of concentration, expressed in molality terms. All 3: Goldberg, R. N. et al., Л Phys. Chem. Ref. Data, 7, 263, 1978; 8, 923, 
1979; 8, 1005, 1979; 10, 1, 1981; 10, 671, 1981. 


Mean Activity Coefficient at 25°С 


m/mol kg! AgNO, BaBr, BaCl, Bal, CaBr, CaCl, Cal, 
0.001 0.964 0.881 0.887 0.890 0.890 0.888 0.890 
0.002 0.950 0.850 0.849 0.853 0.853 0.851 0.853 
0.005 0.924 0.785 0.782 0.792 0.791 0.787 0.791 
0.010 0.896 0.727 0.721 0.737 0.735 0.727 0.736 
0.020 0.859 0.661 0.653 0.678 0.674 0.664 0.677 
0.050 0.794 0.573 0.559 0.600 0.594. 0.577 0.600 
0.100 0.732 0.517 0.492 0.551 0.540 0.517 0.552 
0.200 0.656 0.463 0.436 0.520 0.502 0.469 0.524 
0.500 0.536 0.435 0.391 0.536 0.500 0.444. 0.554 
1.000 0.430 0.470 0.393 0.664 0.604 0.495 0.729 
2.000 0.316 0.654 1.242 1.125 0.784 
5.000 0.181 18.7 5.907 
10.000 0.108 43.1 
15.000 0.085 
m/mol Ко“ Cd(NO,), Cd(NO,), CoBr, CoCl, Col, Co(NO,), CsBr 
0.001 0.881 0.888 0.890 0.889 0.887 0.888 0.965 
0.002 0.837 0.851 0.854 0.852 0.849 0.850 0.951 
0.005 0.759 0.787 0.794 0.789 0.783 0.786 0.925 
0.010 0.681 0.728 0.740 0.732 0.724 0.728 0.898 
0.020 0.589 0.664 0.681 0.670 0.661 0.663 0.864 
0.050 0.451 0.576 0.605 0.586 0.582 0.576 0.806 
0.100 0.344 0.515 0.556 0.528 0.540 0.516 0.752 
0.200 0.247 0.465 0.523 0.483 0.527 0.469 0.691 
0.500 0.148 0.428 0.538 0.465 0.596 0.446 0.605 
1.000 0.098 0.437 0.685 0.532 0.845 0.492 0.540 
2.000 0.069 0.517 1.421 0.864 2.287 0.722 0.485 
5.000 0.054 13.9 55.3 3.338 0.454 
10.000 196 
m/mol Кр! CsCl CsF CsI CsNO, CsOH Cs,SO, CuBr, 
0.001 0.965 0.965 0.965 0.964 0.966 0.885 0.889 
0.002 0.951 0.952 0.951 0.951 0.953 0.845 0.853 
0.005 0.925 0.929 0.925 0.924 0.930 0.775 0.791 
0.010 0.898 0.905 0.898 0.897 0.906 0.709 0.735 
0.020 0.864 0.876 0.863 0.860 0.878 0.634 0.674 
0.050 0.805 0.830 0.804 0.796 0.836 0.526 0.594. 
0.100 0.751 0.792 0.749 0.733 0.802 0.444. 0.541 
0.200 0.691 0.755 0.688 0.655 0.772 0.369 0.504 
0.500 0.607 0.721 0.601 0.529 0.755 0.285 0.503 
1.000 0.546 0.726 0.534 0.421 0.782 0.233 0.591 
2.000 0.496 0.803 0.470 0.859 
5.000 0.474 
10.000 0.508 


5-81 
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m/mol kg! CuCl, Си(СО,), Cu(NO,), FeCl, HBr HCl НСО, 
0.001 0.887 0.890 0.888 0.888 0.966 0.965 0.966 
0.002 0.849 0.854 0.851 0.850 0.953 0.952 0.953 
0.005 0.783 0.795 0.787 0.785 0.930 0.929 0.929 
0.010 0.722 0.741 0.729 0.725 0.907 0.905 0.906 
0.020 0.654 0.685 0.664 0.659 0.879 0.876 0.878 
0.050 0.561 0.613 0.577 0.570 0.837 0.832 0.836 
0.100 0.495 0.572 0.516 0.509 0.806 0.797 0.803 
0.200 0.441 0.553 0.466 0.462 0.783 0.768 0.776 
0.500 0.401 0.617 0.431 0.443 0.790 0.759 0.769 
1.000 0.405 0.892 0.456 0.500 0.872 0.811 0.826 
2.000 0.453 2.445 0.615 0.782 1167 1.009 1.055 
5.000 0.601 2.083 3.800 2.380 3.100 
10.000 33.4 10.4 30.8 
15.000 323 
m/mol Кр! НЕ HI HNO, H,SO, KBr KCNS ка 
0.001 0.551 0.966 0.965 0.804 0.965 0.965 0.965 
0.002 0.429 0.953 0.952 0.740 0.952 0.951 0.951 
0.005 0.302 0.931 0.929 0.634 0.927 0.927 0.927 
0.010 0.225 0.909 0.905 0.542 0.902 0.901 0.901 
0.020 0.163 0.884 0.875 0.445 0.870 0.869 0.869 
0.050 0.106 0.847 0.829 0.325 0.817 0.815 0.816 
0.100 0.0766 0.823 0.792 0.251 0.771 0.768 0.768 
0.200 0.0550 0.811 0.756 0.195 0.772 0.716 0.717 
0.500 0.0352 0.845 0.725 0.146 0.658 0.647 0.649 
1.000 0.0249 0.969 0.730 0.125 0.617 0.598 0.604 
2.000 0.0175 1.363 0.788 0.119 0.593 0.556 0.573 
5.000 0.0110 4.760 1.063 0.197 0.626 0.525 0.593 
10.000 0.0085 49.100 1.644 0.527 
15.000 0.0077 2.212 1.077 
20.000 0.0075 2.607 1.701 
ту то] kg као, K,CrO, KF KH,PO,* K,HPO,** KI KNO, 
0.001 0.965 0.886 0.965 0.964 0.886 0.965 0.964 
0.002 0.951 0.847 0.952 0.950 0.847 0.952 0.950 
0.005 0.926 0.779 0.927 0.924 0.779 0.927 0.924 
0.010 0.899 0.715 0.902 0.896 0.715 0.902 0.896 
0.020 0.865 0.643 0.870 0.859 0.643 0.871 0.860 
0.050 0.805 0.539 0.818 0.793 0.538 0.820 0.797 
0.100 0.749 0.460 0.773 0.730 0.457 0.776 0.735 
0.200 0.681 0.385 0.726 0.652 0.379 0.731 0.662 
0.500 0.569 0.296 0.670 0.529 0.283 0.676 0.546 
1.000 0.239 0.645 0.422 0.646 0.444 
2.000 0.199 0.658 0.638 0.332 
5.000 0.871 
10.000 1.715 
15.000 3.120 
m/mol kg" KOH K,SO, LiBr LiCl Liclo, Lil LiNO, 
0.001 0.965 0.885 0.965 0.965 0.966 0.966 0.965 
0.002 0.952 0.844 0.952 0.952 0.953 0.953 0.952 
0.005 0.927 0.772 0.929 0.928 0.931 0.930 0.928 
0.010 0.902 0.704 0.905 0.904 0.908 0.908 0.904 
0.020 0.871 0.625 0.877 0.874 0.882 0.882 0.874 
0.050 0.821 0.511 0.832 0.827 0.843 0.843 0.827 
0.100 0.779 0.424 0.797 0.789 0.815 0.817 0.788 
0.200 0.740 0.343 0.767 0.756 0.795 0.802 0.753 
0.500 0.710 0.251 0.754 0.739 0.806 0.824 0.726 
1.000 0.733 0.803 0.775 0.887 0.912 0.743 
2.000 0.860 1.012 0.924 1.161 1.197 0.837 


5.000 1.697 2.696 2.000 1.298 
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m/mol kg" KOH K,SO, LiBr LiCl LiClO, Lil LiNO, 
10.000 6.110 20.0 9.600 2.500 
15.000 19.9 147 30.9 3.960 
20.000 46.4 486 4.970 
m/mol kg! LiOH 11,50, MgBr, MgCl, Mgl, MnBr, MnCl, 
0.001 0.964. 0.887 0.889 0.889 0.889 0.889 0.888 
0.002 0.950 0.847 0.852 0.852 0.853 0.853 0.850 
0.005 0.923 0.780 0.790 0.790 0.791 0.791 0.786 
0.010 0.895 0.716 0.733 0.734 0.736 0.735 0.727 
0.020 0.858 0.645 0.672 0.672 0.677 0.674 0.662 
0.050 0.794. 0.544 0.593 0.590 0.602 0.595 0.574 
0.100 0.735 0.469 0.543 0.535 0.556 0.543 0.513 
0.200 0.668 0.400 0.512 0.493 0.535 0.508 0.464. 
0.500 0.579 0.325 0.540 0.485 0.594 0.519 0.437 
1.000 0.522 0.284 0.715 0.577 0.858 0.650 0.477 
2.000 0.484 0.270 1.590 1.065 2.326 1.224 0.661 
5.000 0.493 36.1 14.40 109.8 6.697 1.539 
m/mol Ко“! Mn(ClO,), NH,CI NH,CIO, (NH,),HPO,** NH,NO, NaBr NaBrO, 
0.001 0.892 0.965 0.964 0.882 0.964 0.965 0.965 
0.002 0.858 0.952 0.950 0.839 0.951 0.952 0.951 
0.005 0.801 0.927 0.924 0.763 0.925 0.928 0.926 
0.010 0.752 0.901 0.895 0.688 0.897 0.903 0.900 
0.020 0.700 0.869 0.859 0.600 0.862 0.873 0.867 
0.050 0.637 0.816 0.794 0.469 0.801 0.824 0.811 
0.100 0.604 0.769 0.734 0.367 0.744 0.783 0.759 
0.200 0.596 0.718 0.663 0.273 0.678 0.742 0.698 
0.500 0.686 0.649 0.560 0.171 0.582 0.697 0.605 
1.000 1.030 0.603 0.479 0.114 0.502 0.687 0.528 
2.000 3.072 0.569 0.399 0.074 0.419 0.730 0.449 
5.000 0.563 0.303 1.083 
10.000 0.220 
15.000 0.179 
20.000 0.154 
m/mol kg! Na,CO, NaCl NaClO, NaClO, Na,CrO, NaF Na,HPO,* 
0.001 0.887 0.965 0.965 0.965 0.887 0.965 0.887 
0.002 0.847 0.952 0.952 0.952 0.849 0.951 0.848 
0.005 0.780 0.928 0.927 0.928 0.783 0.926 0.780 
0.010 0.716 0.903 0.902 0.903 0.722 0.901 0.717 
0.020 0.644. 0.872 0.870 0.872 0.653 0.868 0.644. 
0.050 0.541 0.822 0.818 0.821 0.554 0.813 0.539 
0.100 0.462 0.779 0.771 0.777 0.479 0.764 0.456 
0.200 0.385 0.734 0.719 0.729 0.406 0.710 0.373 
0.500 0.292 0.681 0.646 0.668 0.318 0.633 0.266 
1.000 0.229 0.657 0.590 0.630 0.261 0.573 0.191 
2.000 0.182 0.668 0.537 0.608 0.231 0.133 
5.000 0.874 0.648 
m/mol Кр! Nal NaNO, NaOH Na,SO, Na,SO, Na,WO, NiBr, 
0.001 0.965 0.965 0.965 0.887 0.886 0.886 0.889 
0.002 0.952 0.951 0.952 0.847 0.846 0.846 0.853 
0.005 0.928 0.926 0.927 0.779 0.777 0.777 0.791 
0.010 0.904 0.900 0.902 0.716 0.712 0.712 0.735 
0.020 0.874 0.866 0.870 0.644. 0.637 0.638 0.675 
0.050 0.827 0.810 0.819 0.540 0.529 0.534 0.596 
0.100 0.789 0.759 0.775 0.462 0.446 0.457 0.546 
0.200 0.753 0.701 0.731 0.386 0.366 0.388 0.514 
0.500 0.722 0.617 0.685 0.296 0.268 0.320 0.535 
1.000 0.734 0.550 0.674 0.237 0.204 0.291 0.692 


2.000 0.823 0.480 0.714 0.196 0.155 0.291 1.476 
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m/mol kg" Nal NaNO, NaOH Na,SO, Na,SO, Na,WO, NiBr, 
5.000 1.402 0.388 1.076 
10.000 4.011 0.329 3.258 
15.000 9.796 
20.000 19.410 
m/mol kg" КІСІ, Ni(CIO )), Ni(NO,), Pb(CIO,), Pb(NO,), RbBr RbCl 
0.001 0.889 0.891 0.889 0.889 0.882 0.965 0.965 
0.002 0.852 0.855 0.851 0.851 0.840 0.951 0.951 
0.005 0.789 0.797 0.787 0.787 0.764 0.926 0.926 
0.010 0.732 0.745 0.730 0.729 0.690 0.900 0.900 
0.020 0.669 0.690 0.666 0.666 0.604 0.866 0.867 
0.050 0.584 0.621 0.581 0.580 0.476 0.811 0.811 
0.100 0.527 0.582 0.524 0.522 0.379 0.760 0.761 
0.200 0.482 0.567 0.481 0.476 0.291 0.705 0.707 
0.500 0.465 0.639 0.467 0.458 0.195 0.630 0.633 
1.000 0.538 0.946 0.528 0.516 0.136 0.578 0.583 
2.000 0.915 2.812 0.797 0.799 0.535 0.546 
5.000 4.785 4.043 0.514 0.544 
10.000 33.8 
m/mol kg RbF RbI RbNO, Rb,SO, SrBr, SrCl, 511, 
0.001 0.965 0.965 0.964 0.886 0.889 0.888 0.890 
0.002 0.952 0.951 0.950 0.845 0.852 0.850 0.854 
0.005 0.927 0.926 0.924 0.776 0.790 0.785 0.793 
0.010 0.902 0.900 0.896 0.710 0.734 0.725 0.740 
0.020 0.871 0.866 0.859 0.635 0.673 0.659 0.681 
0.050 0.821 0.810 0.795 0.526 0.591 0.569 0.606 
0.100 0.780 0.759 0.733 0.443 0.535 0.506 0.557 
0.200 0.739 0.703 0.657 0.365 0.492 0.455 0.526 
0.500 0.701 0.627 0.536 0.274 0.476 0.421 0.542 
1.000 0.697 0.574 0.430 0.217 0.545 0.451 0.686 
2.000 0.724 0.532 0.320 0.921 0.650 
5.000 0.517 
m/mol kg"! UO,Cl, UO,(NO,), ZnBr, ZnCl, 711, 
0.001 0.888 0.888 0.890 0.887 0.893 
0.002 0.851 0.849 0.854 0.847 0.859 
0.005 0.787 0.784 0.794 0.781 0.804 
0.010 0.729 0.726 0.741 0.719 0.757 
0.020 0.666 0.663 0.683 0.652 0.708 
0.050 0.583 0.583 0.606 0.561 0.644 
0.100 0.529 0.535 0.553 0.499 0.601 
0.200 0.493 0.509 0.515 0.447 0.574 
0.500 0.501 0.532 0.516 0.384 0.635 
1.000 0.601 0.673 0.558 0.330 0.836 
2.000 0.948 1.223 0.578 0.283 1.062 
5.000 3.020 0.788 0.342 1.546 
10.000 2.317 0.876 4.698 
15.000 5.381 1.914 
20.000 7.965 2.968 


۶ The anion is Н,РО,. 
** The anion is НРО, 7. 


ENTHALPY OF DILUTION OF ACIDS 


The quantity given in this table is —A „Н, the negative of the to one mole of the acid to produce a solution of the molality in the 
enthalpy (heat) of dilution to infinite dilution for aqueous solu- first column. 
tions of several common acids; i.e., the negative of the enthalphy 


change when a solution of molality т at a temperature of 25°С is Reference 

diluted with an infinite amount of water. The tabulated numbers 

thus represent the heat produced (or, if the value is negative, the Parker, V. B. Thermal Properties of Aqueous Uni-Univalent 

heat absorbed) when the acid is diluted. The initial molality m is Electrolytes, Natl. Stand. Ref. Data Ser. - Natl. Bur. Stand. (U.S.) 2, U.S. 

given in the first column. The second column gives the dilution Government Printing Office, 1965. 

ratio, which is the number of moles of water that must be added 

—A „Н in kJ/mol at 25°C 

m Dil. ratio HE HCl нао, НВг HI HNO, сн,о, CHO, 
55.506 1.0 45.61 48.83 19.73 0.046 2.167 
20 2.775 14.88 19.87 13.81 19.92 2171 9.498 0.038 2.075 
15 3.700 14.34 15.40 7.920 14.29 14.02 6.883 0.109 1.962 
10 5.551 13.87 10.24 2.013 8.694. 7.615 3.933 0.205 1.824 
9 6.167 13.81 9.213 1.280 7.719 6.569 3.368 0.230 1.782 
8 6.938 13.77 8.201 0.611 6.786 5.607 2.791 0.255 1.724 
7 7.929 13.73 7.217 0.046 5.925 4.728 2.251 0.272 1.648 
6 9.251 13.69 6.268 -0.351 5.004 3.975 1.749 0.280 1.540 
5.5506 10 13.66 5.841 -0.490 4.590 3.577 1.540 0.285 1.477 
5 11.10 13.62 5.318 -0.628 4.113 3.197 1.310 0.289 1.393 
4.5 12.33 13.58 4.899 -0.732 3.711 2.828 1.109 0.289 1.310 
4 13.88 13.53 4.402 -0.787 3.330 2.460 0.958 0.289 1.218 
3.5 15.86 13.47 3.958 -0.820 2.966 2.105 0.791 0.289 1.121 
3 18.50 13.45 3.506 -0.782 2.611 1.787 0.665 0.289 1.025 
2.5 22.20 13.43 3.063 -0.724 2.301 1.527 0.582 0.285 0.912 
2 27.75 13.40 2.623 -0.623 1.996 1.318 0.527 0.276 0.803 
1.5 37.00 13.36 2.167 -0.431 1.665 1.125 0.506 0.259 0.678 
1 55.51 13.30 1.695 -0.201 1.314 0.933 0.506 0.226 0.544 
0.5551 100 13.22 1.234 0.050 0.983 0.736 0.502 0.184 0.423 
0.5 111.0 13.20 1.172 0.075 0.941 0.711 0.498 0.176 0.406 
0.2 277.5 13.09 0.761 0.247 0.649 0.536 0.439 0.146 0.331 
0.1 555.1 12.80 0.556 0.272 0.498 0.439 0.372 0.134 0.289 
0.0925 600 12.79 0.540 0.272 0.481 0.427 0.368 0.134 0.285 
0.0793 700 12.70 0.502 0.272 0.452 0.402 0.351 0.134 0.285 
0.0694. 800 12.61 0.473 0.268 0.427 0.385 0.339 0.130 0.280 
0.0617 900 12.50 0.448 0.264 0.406 0.368 0.326 0.126 0.276 
0.05551 1000 12.42 0.427 0.259 0.385 0.351 0.318 0.121 0.272 
0.05 1110 12.24 0.406 0.259 0.372 0.339 0.305 0.121 0.272 
0.02775 2000 11.29 0.310 0.226 0.285 0.264 0.247 0.117 0.264 
0.01850 3000 10.66 0.251 0.197 0.234 0.218 0.213 0.117 0.259 
0.01388 4000 10.25 0.226 0.180 0.205 0.192 0.192 0.113 0.259 
0.01110 5000 9.874 0.197 0.167 0.184 0.172 0.176 0.109 0.255 
0.00555 10000 8.912 0.142 0.126 0.130 0.121 0.130 0.105 0.243 
0.00278 20000 7.531 0.105 0.092 0.092 0.084 0.096 0.096 0.230 
0.00111 50000 5.439 0.067 0.059 0.054 0.050 0.063 0.084 0.222 
0.000555 100000 3.766 0.042 0.042 0.038 0.038 0.046 0.054 0.209 
0.000111 500000 1.255 0.021 0.021 0.021 0.021 0.021 0.038 0.167 
0 со 0 0 0 0 0 0 0 0 
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ENTHALPY OF SOLUTION OF ELECTROLYTES 


This table gives the molar enthalpy (heat) of solution at infinite Reference 
dilution for some common uni-univalent electrolytes. This is the 
enthalpy change when 1 mol of solute in its standard state is dis- Parker, V. B., Thermal Properties of Uni-Univalent Electrolytes, Natl. 
solved in an infinite amount of water. Values are given in kilojoules Stand. Ref. Data Series — Natl. Bur. Stand.(U.S.), No.2, 1965. 
per mole at 25'С. 
дан” дан” дан” 
Solute State kJ/mol Solute State kJ/mol Solute State kJ/mol 
HF g –61.50 LiBr -2H,O с -9.41 као, с 41.38 
НСІ 5 —74.84 LiBrO, с 142 као, с 51.04 
нао, 1 –88.76 Lil с –63.30 КВг с 19.87 
HCIO,- H,O с —32.95 Lil- H,O с —29.66 KBrO, с 41.13 
HBr g -85.14 Lil -2H,O с -14.77 КІ с 20.33 
Н! 5 —81.67 Lil -3H,O с 0.59 KIO, с 27.74 
шо, с 8.79 LiNO, с -11.00 КМО, с 13.35 
HNO, 1 —33.28 LiNO,- H,O с 7.03 КМО, с 34.89 
HCOOH l -0.86 LiNO, c -251 KC,H,O, c 3 
CH,COOH 1 -1.51 KCN с 1172 
NaOH с -44.51 КСМО с 20.25 
NH, g —30.50 NaOH - H,O с -21.41 KCNS с 24.23 
NH,CI с 14.78 NaF с 0.91 КМпо, с 43.56 
NH,ClO, с 33.47 NaCl с 3.88 
NH,Br с 16.78 NaCIO, с 0.33 RbOH с —62.34 
NH c 13.72 NaClO, : 3H,O c 28.58 RbOH-H,O с -17.99 
NH,IO, c 31.80 NaCIO, с 21.72 RbOH - 2H,O с 0.88 
NH,NO, с 19.25 NaClO, c 13.88 RbF c — -2611 
NH,NO, с 25.69 NaClO, + H,O c 22.51 ВЬЕ-Н,О с -042 
NH,C,H,O, с -2.38 NaBr c -0.60 ВЬЕ-1.5Н,О с 1.34 
NH,CN с 17.57 МаВг.2Н,О с 18.64 RbCI с 17.28 
NH,CNS с 22.59 МаВгО, с 26.90 RbCIO, с 47.74 
CH,NH,Cl с 5.77 Nal c -753 RbCIO, c 56.74 
(CH,),NHCI с 1.46 Nal - 26,0 с 16.13 RbBr c 21.88 
N(CH,),Cl с 4.08 Мато, с 20.29 RbBrO, c 48.95 
N(CH,),Br с 24.27 NaNO, с 13.89 кы с 25.10 
N(CHJ,I с 42.07 NaNO, c 20.50 RbNO, с 36.48 
NaC,H,O, c -17.32 
AgCIO, С 7.36 NaC,H,O,: 3H,O С 19.66 Свон с —71.55 
AgNO, с 36.94 NaCN с 1.21 CsOH - H,O c —20.50 
AgNO, с 22.59 NaCN : 0.5H,O c 3.31 CsF c —36.86 
NaCN - 2H,O с 18.58 CsF دو‎ c —10.46 
LiOH c —23.56 NaCNO c 19.20 СаЕ-15Н,О с -5.44 
LiOH- H,O с –6.69 NaCNS с 6.83 CsCl с 17.78 
LiF с 4.73 CsClO, с 55.44 
LiCl с —37.03 KOH с -57.61 CsBr с 25.98 
LiCl- H,O c —19.08 КОН-Н,О с -14.64 CsBrO, с 50.46 
LiClO, c -26.55 КОН. 1.5H,O c -10.46 CsI с 33.35 
LiClO, + 3H,O c 32.61 KF с -17.73 CsNO, c 40.00 
LiBr с —48.83 KF -2H,O с 6.97 
LiBr- H,O с —23.26 KCl с 17.22 
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CHEMICAL KINETIC DATA FOR STRATOSPHERIC MODELING 


The present compilation of kinetic data represents the 12th 
evaluation prepared by the NASA Panel for Data Evaluation. The 
Panel was established in 1977 by the NASA Upper Atmosphere 
Research Program Office for the purpose of providing a critical 
tabulation of the latest kinetic and photochemical data for use by 
modelers in computer simulations of stratospheric chemistry. The 
recommended rate data and cross sections are based on laboratory 
measurements. The major use of theoretical extrapolation of data 
is in connection with three-body reactions, in which the required 
pressure or temperature dependence is sometimes unavailable 
from laboratory measurements, and can be estimated by use of 
appropriate theoretical treatment. In the case of important rate 
constants for which no experimental data are available, the panel 
may provide estimates of rate constant parameters based on anal- 
ogy to similar reactions for which data are available. 

Rate constants are expressed іп the form K(T) = A ехр(-Е/ЕТ), 
where А is the pre-exponential factor, E the activation energy, R 
the gas constant, and T the absolute temperature. Uncertainties 
are expressed by the factor f, e.g., a value of 4.2 х 1079 with f= 2 in- 
dicates that the true value is believed to lie between 2.1х 1077 and 
8.4х 1079. The value of fat other temperatures may be calculated 
from f(298), given in the last column, by: 


f(T) = f 298) exp[(AE/R)(1/T-1/298)] , 


where AE/R is the uncertainty in E/R. 

Table 1 covers rate constant data on second order reactions, 
grouped by class, while Table 2 covers association reactions. 
Relevant equilibrium constant data are given in Table 3. АП con- 
centrations are measured in molecules cm 3. Notes on each reac- 
tion, as well as related photochemical data, may be found in the 
reference. 

The assistance of Robert Hampson is gratefully acknowledged. 
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M. J., Howard, C. J., Ravishankara, A. R., Kolb, C. E., and Molina, M. 
Ј., Chemical Kinetics and Photochemical Data for Use in Atmospheric 
Modeling. Evaluation Number 12, Jet Propulsion Laboratory 
Publication 97—4, Pasadena CA, 1997. 


The report is also available at the World Wide Web site « http:// 
remus jpl.nasa.gov/pub/jpl97». 


TABLE 1. Rate Constants for Second Order Reactions 


A EIR k (298 K) 
Reaction cm? molecule"! s^! K cm? molecule"! s^! А298) 

О, Reactions. 
O +O,— O, +0, 8.0х1072 2060+250 8.0х10-15 1.15 
OCD) Reactions 
OCD) +O,— O + O, 32x1071 –(70+100) 4.0х10:1 12 
OCD) + O, > O,+ O, 1.2х10-% 0+100 12x10- 13 

э 0,+0+0 1.2х10-10 0+100 12х1079 13 
OCD) + H, > OH +H 11х1079 0+100 11х1079 11 
OCD) + H,O > OH + OH 2.2x10- 0+100 2.2x10-” 12 
OCD) +N, > O+ N, ٧ -(110%100) 2.6х10-1 12 
OCD) + NO > N,+ O, 4.9х10-! 0:100 4.9х10-" 13 

— МО + МО 6.7х10-" 0+100 6.7х10-" 13 
OCD) + NH, > ОН + NH, 2.5х10-ю 0+100 2.5х10:% 13 
OCD) + СО, > O + CO, 7.4x1071 —(120+100) 1 х1079 12 
O(!D) + CH, products 1.5х10:19 0+100 1.5х1079 12 
OCD) + HCl — products 1.5х10-% 0+100 1.5х10-19 12 
OCD) + HE — OH + F 1.4х10:% 0+100 1.4х10:% 20 
OCD) + HBr — products 1.5х10:19 0+100 1.5х10-10 20 
OCD) + Cl, > products 2.8х10-0 0+100 2.8х10-9 20 
OCD) + CCLO — products 3.6x 1079 0+100 3.6x 1079 2.0 
O(D) + CCIFO — products 1.9х10-10 0+100 1.9x10-1° 20 
O(!D) + CF,O — products 7.4x10-11 0+100 74х1078 2.0 
OCD) + CCI, — products (СЕС-10) 3.3х10-0 0+100 3.3х10:% 12 
OCD) + CH,Br — products 1.8x 10-1? 0:100 1.8x 10-59 13 
OCD) + CH,Br, — products 2.7х 10-19 0:100 2.7х10-% 13 
O(!D) + CHBr, — products 6.6х 10-19 0:100 6.6x 10-19 15 
OCD) + CHF — products (HEC-41) 1.5х107% 0+100 1.5х10-% 12 
OCD) + CH,F,— products (НЕС-32) 5.1х10-!! 0+100 5.1х10-1 13 
OCD) + CHF, products (HFC-23) 9.1x107? 05100 9.1x107? 12 
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A E/R k (298 K) 

Reaction cm? molecule"! s^! K cm? molecule" s^! А298) 
OCD) + CHCLF — products (HCFC-21) 1.9х10:19 0+100 1.9х1079 13 
O(!D) + CHCIF, — products (HCFC-22) 1.0x107? 0:100 1.0x107? 12 
OCD) + CCLF — products (СЕС-11) 2.3x10-10 02100 2.3х10:% 12 
OCD) + CCLF, — products (СЕС-12) 1.4х10-0 0+100 14х10 13 
OCD) + CCIF, — products (СЕС-13) 8.7х10-1 0-100 8.7х10:1 13 
OCD) + CCIBrF, — products (Halon-1211) 1.5х10:19 0+100 1.5x107? 13 
O(!D) + CBr,F, — products (Halon-1202) 2.2х 10-19 04100 2.2х 10-19 13 
OCD) + CBrF, — products (Halon—1301) 1.0х10:% 0+100 1.0x107? 13 
обср + СЕ, = СЕ, +O (CFC-14) _ = 2.0х10-!# 15 
OCD) + CH,CH,F — products (НЕС-161) 2.6х 10-19 0:100 2.6х 10-19 13 
ОСр) + CH,CHF, — products (НЕС-152а) 2.0х1079 0+100 2.0х1079 13 
OCD) + CH,CCLF— products (HCFC-141b) 2.6х1079 0+100 2.6х 10-19 13 
O(!D) + CH,CCIF, — products (HCFC-142b) 2.2х 10-19 0:100 2.2х 10-19 13 
OCD) + CH,CF, — products (НЕС-143а) 1.0x107? 04100 1.0х1079 3.0 
OCD) + CH,CICCIF, — products (HCFC-132b) 1.6x107? 04100 1.6x107? 2.0 
OCD) + CH,CICF, — products (HCFC- 133a) 1.2x107? 04100 12х1079 13 
OCD) + CH,FCF, — products (НЕС-134а) 4.9x107! 04100 4.9х10-" 1.3 
OCD) + СНСІ,СЕ, — products (HCFC-123) 2.0х10-% 0+100 2.0х 10-19 13 
O(!D) + CHCIFCF, — products (HCFC-124) 8.6х 10-11 04100 8.6х 10-11 13 
OCD) + СНЕ,СЕ,-» products (НЕС-125) 1.2x107? 0:100 1.2x107? 2.0 
OCD) + CCI,CF, — products (СЕС-113а) 2х1079 0+100 2х1079 2.0 
OCD) + ССЂЕССЈЕ, — products (CFC-113) 2х1079 0+100 2х1079 2.0 
OCD) + ССЬЕСЕ, — products (СЕС-114а) 1x10 0100 1x10 2.0 
ОСр) + CCIF,CCIF, — products (CFC-114) 1.3х10:% 0+100 1.3х 1079 13 
OCD) + CCIF,CF, — products (СЕС-115) 5x10" 0100 5x107" 1.3 
OCD) + CBrF,CBrF, — products (Halon-2402) 1.6x107? 04100 1.6x107? 13 
OCD) + СЕСЕ, — О + СЕ,СЕ, (СЕС-116) = - 15х10-3 15 
OCD) + СНЕ,СЕ,СЕ,СНЕ, — products (НЕС-338рсс) 1.8х10-11 04100 1.8х1078 15 
OCD) + с– СЕ, — products - M 8x10-53 13 
Ор) + СЕСНЕСНЕСЕ СЕ, — products (HFC-43-10mee) 21х1079 0+100 21х1079 4 
OCD) + C.F, — products (CFC-41-12) E - 3.9x10-? 2 
OCD) + CF, — products (СЕС-51-14) - - 1x10? 2 
OCD) + 1,2-(CF,),c-C,F, — products - - 2.8x10-? 2 
OCD) + SF, — products = _ 1.8x10-4 15 
Singlet О, Reactions 
O,( A) + О — products = - «2x1076 e 
O,(A) + О, — products 3.6х 10-18 220+100 17х1078 12 
ОСА) + O, + O + 20, 5.2х10-1 2840+500 3.8x1075 12 
ОСА) + H,O — products = - 4.8х10-18 1.5 
ОСА د وه‎ > МО + О i 25 <9х10717 _ 
О,04) + N, — products - = «10-2 = 
O,( A) + CO, — products = - «2x10 Е 
OCE) + О — products - 2 8x10-14 50 
О,(%) + O, — products x E 3.9х10-7 15 
O,('>) + О, — products 223x107? 04200 22х10! 12 
О,(%) + H,O — products = - 5.4х10-7 13 
OCE) + N — products - - «10-2 = 
О,(%) + №, — products 2.1x10-% 0+200 2.1х10:5 12 
О,05)- CO, — products 4.2х10:3 05200 4.2х10:3 12 
HO, Reactions 
O+OH =O, +H 22x10! - (1202100) 3.3x10-1 12 
O € HO, OH + O, 3.0х 107" —(200+100) 5.910-п 12 
O + H,O, > OH + HO, 1.4х10-% 2000+1000 17x1075 2.0 
Н+О OH + O, 1.4х10:% 470+200 299x107! 1.25 
H + HO, — products 8.1x107!! 0:100 8.1x107!! 13 
OH + 0, HO, + O, 1.6х10-2 940+300 6.8х10-4 13 


OH + H, دو‎ H,O+ H 5.5x10-? 2000+100 6.7x1075 11 
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A Е/К К(298 К) 
КеасНоп cm? molecule"! s^! K cm? molecule"! s^! А298) 
ОН + Н” — products 5.0х 1072 2130+200 4.0х10-5 12 
ОН-ОН-Н,0-0 4.2x107? 240x240 19х10-2 14 
OH + HO, > H,O + О, 4.8х 10-11 —(250+200) 11х1079 1.3 
OH + H,O, > H,O« HO, 2.9x107? 160%100 1.7x10-? 12 
НО,+ О,— ОН +20, 11х10-4 500+ 2.0х10-5 13 
HO, НО, > H,O, + O, 2.3х10- —(6004:200) 17x10? 13 
H,O,+ О, 1.710 [M] —(1000+400) 4.9x107?[M] 1.3 
NO, Reactions 
O + NO, > МО + O, 6.5x107? –(120+120) 97x10? 11 
O + NO.— О,+ NO, 1.0х10-" 0+150 1.0х10-" 15 
О + МО, — products <3.0х10:16 
О + HNO, — OH + NO, <3.0х1077 
О + HO,NO, — products 7.8x107 3400+750 8.6х 10:16 3.0 
H + NO, > ОН + NO 4.0х 10-10 340+300 1.3x1071? 1.3 
OH + NO, — products 2.2x107! 1.5 
ОН + HONO — H,O + NO, 1.8х 1078 390+ 4.5х10-2 1.5 
OH + HNO, > H,O + NO, See reference 13 
OH + НОО, — products 1.3х10-2 —(380+) 4.6х10-2 15 
OH + NH, > H,O + NH, 1.7x107? 710x200 1.6x10-8 1.2 
НО, + NO — NO, + OH 3.5х 1072 —(250+50) 8.1x107? 1.15 
НО, + NO, — HONO + О, See reference 
НО, + МО, — products 3.5x107? 1.5 
НО, + МН, — products 3.4x107 2.0 
М-0,-МО-0 1.5х10-11 3600+400 8.5х10-7 1.25 
N+O,— NO + O, <2.0х 1079 
N+NO—-N,+0 2.1x10 —(100+100) 3.0х 1078 1.3 
N + МО, > МО+О 5.8x10-? —(220+100) 123x107! 1.5 
NO + 0,— NO, + O, 2.0х10-2 1400+200 1.8х10-4 11 
ХО + МО, = 2NO, 1.5х10-11 –(170+100) 2.6х1078 1.3 
NO, + O, — NO,+ O, 1.2x10-8 2450+150 32x1077 115 
МО, NO, — МО + МО, +O, See reference 
NO, + NO, — 2NO, + O, 8.5х10-3 2450+500 2.3x 10715 15 
NH, + О, — products «6.0x 10?! 
NH, + O,— products 4.3x107? 930::500 1.9x10-8 3.0 
NH, + NO — products 4.0х10-2 —(450+150) 1.8x1074 13 
NH, + КО, — products 2.1х10-2 —(650+250) 19x10 3.0 
NH + NO — products 4.9x107! 0:300 4.9x107! 1.5 
NH + NO, — products 3.5х 1073 —(1140+500) 1.6x1074 2.0 
O,+ HNO, O,+ HNO, «5.0х10-9 
МО, + H,O > 2HNO, <2.0x10 21 
N.(A,v) + О, — products 2.5х107!, у-0 15 
N,(A,v) + O, — products 4.1x107H, v=0 2.0 
Reactions of Organic Compounds 
О + CH, — products 1.1x1071? 04250 11х1079 1.3 
O + HCN — products 1.0x107! 4000: 1000 1.5x1077 10 
O + CH, — products 3.0х 107: 1600+250 1.4x10-8 13 
О + H,CO — products 3.4x107! 1600+250 1.6x10-8 1.25 
О + CH,CHO — CH,CO + ОН 1.8х 1078 1100+200 4.5x10-8 1.25 
O, + C,H, — products 1.0x10-4 4100+500 1.0х 10729 3 
O, + CH, — products 1.2х10-“ 2630+100 1.7х1078 1.25 
O, + C,H, — products 6.5х 1076 1900+200 1.1x1077 13 
OH + CO — products 1.5х10:3х 0+300 1.5х10:3х 13 
(1+06Р „) (140.6...) 
OH + CH, = CH, + H,O 245x102 1775x100 6.3x1075 11 
ОН + CH, > "CH, + H,O See reference 
OH + CH,D — products 3.5х 1072 1950 + 200 5.0х10-5 1.15 


ОН + H,CO — H,O + HCO 1.0x107! 05200 1.0x107! 1.25 
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A Е/К К(298 К) 
КеасНоп cm? molecule"! s^! K cm? molecule"! s^! А298) 

ОН + СН,ОН — products 6.7x107? 6002x300 8.9х1073 12 
ОН + CH,OOH — products 3.8x107? —(200+200) 7.4x107? 1.5 
OH + НС(О)ОН — products 4.0x10-8 0+200 4.0x10-8 13 
ОН + HCN — products 1.2x10-8 400+150 3.1х10-“ 3 
OH + CH, ^ H,O + C,H, 87 x 1072 1070+100 2.4x10-8 11 
OH + CH, + H,O + C.H, 1.0 x 1073 6604100 1.1х10-2 12 
OH + CH,CHO — CH,CO + H,O 5.6x10-? (2704200) 14x10 12 
OH + C,H,OH — products 7.0x107? 2354x100 3.2x107? 1. 
OH + CH,C(O)OH — products 4.0х10-!3 —(200+400) 8.0х10-3 13 
OH + CH,C(O)CH, > CH,C(O)CH, + H,O 2.2 x 10-2 685+100 2.2x10-8 1.15 
OH + CH,CN — products 7.8х1073 1050+200 2.3x107* 15 
ОН+ CH,ONO, — products 5.0х10-!3 890+500 2.4х10-“ 3 
OH + CH,C(O)O,NO, (PAN)— products «4 x 1074 
OH+ С,Н,ОМО, — products 8.2x10-? 450-300 1.8x10-8 3 
HO, + CH,O — adduct 6.7x10-% —(600+600) 5.0x10-4 5 
НО, + CHO, 2 CH,OOH + O, 3.8х10-3 -(800:-400) 5.6x10-? 
НО, + CHO, ^ C,H,OOH + O, 7.5х10-3 -(700%250) 8.0х10-2 15 
НО, + CH,C(O)O, — products 4,5х10-% -(1000--600) 1.3x1074 2 
NO, + CO — products «4.0х10-9 
МО, + CH,O — products 5.8х107!6 1.3 
МО, + СН,СНО — products 1.4x10-? 1900+300 2.4x10-% 1.3 
CH, + O, — products <3.0<x10-16 
CH, + O, — products 5.4x10-? 220+150 2.6x107? 2 
НСО + О, СО + HO, 3.5x107? —(140+140) 5.5x10-? 1.3 
CH,OH + О, > CHO + HO, 9.1х10-2 0+200 9.1x1072 13 
CHO + O, = CHO + HO, 3.9х10-4 900+300 1.9х10-5 15 
CH,O + МО — CH,O + HNO See reference 
CH,O+ NO, — CH,O + HONO 11x 1078 1200+600 2.0 x 1073 5 
СН.О, + О, — products «3.0х 1077 
CHO, + CHO, — products 2.5х107'% -(190--190) 47х1073 15 
CHO, + NO > CHO + NO, 3.0х10-2 —(280+60) 7.7x10-? 1.15 
CH,O, + CH,C(O)O, — products 1.3x10-? –(640+200) 11х1078 15 
C,H, + O, —^ CH, + HO, <2.0x10-14 
C,H,O + O, > CH,CHO + HO, 6.3 x 10-14 5504200 10x107* 15 
СНО, + СНА, — products 6.8x10-14 0+300 6.8x10-14 2 
C,H,O, + NO — products 2.6x10-? —(365+150) 8.7х10-2 1.2 
CH,C(O)O, + CH,C(O)O, — products 2.9x107? -(500:-150) 15х1078 15 
CH,C(O)O, + NO — products 5.3x10-? -(360--150) 1.8x10-11 14 
FO, Reactions 
О+РО >Е+О, 2.7x107! 0:250 227x107! 3.0 
О + ЕО, — ЕО + О, 5.0х10-1 0-250 5.0х10-1 5.0 
ОН + CH,F — СЊЕ + ЊО (HFC-41) 3.0х 1072 1500+300 2.0х10-“ 11 
OH + CH,F, — СНЕ, + H,O (HFC-32) 1.9х 1072 1550+200 1.0х 1074 1. 
OH + CHF, — CF, + Н,О (HFC-23) 1.0x107? 2440+200 2.8x10-15 1.3 
OH + СЕОН — CF,O + H,O «2x1077 
OH + CH,CH,F — products (HFC-161) 7.0x107? 1100+300 1.7x10-8 14 
ОН + СН,СНЕ, — products (HFC-152a) 2.4x107? 1260+200 3.5х10-“ 1.2 
ОН + CH,FCH,F — CHFCH,F (НЕС-152) + H,O 1.7х10-11 1500+500 1.1x10-8 2.0 
OH + СНСЕ, ^ CH,CF, + H,O (HFC-143a) 1.8х10-2 2170+150 1.2х10-5 11 
ОН + CH,FCHF, — products (НЕС-143) 4.0x107? 1650+300 1.6<x10-14 1.5 
OH + CH,FCF, — CHFCF, + H,O (НЕС-134а) 1.5х 1072 1750+200 4.2х10-% 11 
OH + CHF,CHF, — СЕ,СНЕ, (НЕС-134) + H,O 1.6х 1072 1680+300 5.7х10:5 2.0 
OH + СНЕСЕ, — СЕСЕ, + H,O (НЕС-125) 5.6х1073 1700+300 1.9х10-5 13 
ОН + CH,OCHF, — products (HFOC-152a) 6.0x10-” 1530+150 3.5х10-“ 1.2 
OH + СЕОСН, — CF,OCH, + H,O (НЕОС-143а) 1.5х10-2 1450+150 1210-м 11 
ОН + СЕ,НОСЕ,Н — СЕ,ОСЕ,Н (HFOC-134) + H,O 1.9х10-2 2000+150 2.3х10-5 12 


ОН + СЕОСНЕ, — CE,OCE,+ H,O (HFOC-125) 47х10- 2100+300 41х10-16 12 
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А E/R k (298 K) 
Reaction cm? molecule"! s^! K cm? molecule"! s^! 298) 

ОН + CF,CH,CH, — products (HFC-263fb) - = 4.2x10-14 1.5 
OH + CH,FCF,CHF, — products (НЕС-245са) 2.4x107? 16604150 9.1x1075 13 
OH + CHF,CHFCHE, — products (HFC-245ea) - = 1.6x10-14 20 
OH + CF,CHFCH,F — products (HFC-245eb) = 2 1.5x10-14 20 
OH + CHF,CH,CF, — products (HFC-245fa) 61х1073 1330+150 7.0x1075 12 
ОН + CE,CF,CH,F — СЕ,СЕ,СНЕ (HFC-236cb) +H,O 1.5х10-2 1750+500 42х10-5 2.0 
ОН + СЕ,СНЕСНЕ, — products (НЕС-236еа) 1.1x107? 15904150 5.3x10-% 11 
OH + CE,CH,CF, — СЕСНСЕ, (HFC-236fa) -Н,О 1.3х10-2 2480+150 3.2х10-16 11 
ОН + СЕ СНЕСЕ, — СЕ,СЕСЕ,-Н,О (HFC-227ea) 5.0х107!% 1700+300 1.7x1075 1.1 
OH + CHF,OCH,CF, — products (HFOC-245fa) 2.6x107? 1610+150 1.2х10-“ 2.0 
ОН + CF,CH,CF,CH, — products (HFC-365mfc) 2.0x107? 1750+200 5.7x1075 13 
ОН + СЕ,СН,СН,СЕ, — products (HFC-356mff) 3.0x107? 1800+300 7.1х10-> 13 
OH + CF,CF,CH,CH,F — products (HFC-356mcf) 1.7x107? 1110+200 4.2х10-“ 2.0 
ОН + СНЕ,СЕ,СЕ,СЕ,Н — products (НЕС-338рсс) 7.8х1073 1530+200 4.6х10-5 15 
OH + СЕ,СН,СЕ,СН,СЕ, — products (HFC-458mfcf) 1.2x10-? 1830+200 2.6x10-% 2.0 
OH + СЕ,СНЕСНЕСЕ,СЕ, — products (НЕС—43—10тее) 5.2x10-8 15004300 3.4x1075 13 
OH + CF,CF,CH,CH,CF,CF, > (HFC-55-10—-mcff) products - - 8.3x107^ 15 
Е+О, 20 +0, 2.2х10-" 230+200 1.0х10-" 15 
БУМ د تد‎ 1.4х107% 500+200 2.6х10 8 12 
F + H,O > HF + OH ٢ 0+200 ٢ 13 
F + HNO, — НЕ + NO, 6.0x10-? -(400-:200) 2.3х10-!! 13 
F + CH, ^ HF + CH, 1.6х10:19 260-200 6.7x107 14 
FO + О, — products «1x 10-4 
FO + NO — NO, +F 8.21072 -(300::200) 2.2х10-! 15 
ЕО-ЕО-2Ғ- O, 1.0х10-!1 0+250 LOx10-: 15 
FO, + О, — products <3.4х10-16 
РО, + МО > ЕМО + О, 7.5x10-? 690-400 7.5х10-13 2.0 
РО, + МО, — products 3.8х10-1 2040+500 40x10 2.0 
FO, + CO — products <5.1х10-16 
FO, + CH, — products <2х 1076 
СБО + О, 2 FO, + СРО «3x 107! 5000 «1.5 x 10715 
СР,0 + O, > СЕ.О, + О, 2x10? 1400+600 1.8 x 1074 13 
CF,O + H,O — ОН + СЕОН 3x 1072 >3600 <2 x 1077 
CF,O + NO — CF,O + РМО 3.7 x 107 -(110%70) 5.4 x 107 12 
СЕ,О + МО, — products See reference 
CF,O + CO — products «2 x 1075 
СЕ,О + CH, — CH, + CF,OH 2.6 x 10? 14205200 22 х 1075 11 
CF,O + CH, > C,H, + CF,OH 4.9 x 107? 4003100 1.3 x 1072 12 
СЕ,О, ды О, — СЕ,О + 20, «3 x 10-5 
СЕ,О, + СО — СЕО ЗЕ CO, «5 x 10716 
СЕ,О, + NO — CF,O + NO, 5.4 х 10-2 -(320-150) 1.6 х 1078 11 
CIO, Reactions 
О+ СО Cl + O, 3.0х 107: –(70+70) 3.8х 107: 1.2 
O + OCIO — CIO + O, 2.4x107? 960+300 1.0x10-8 2.0 
O + CLO — CIO + CIO 2.7х10-1 5304150 4.5x10 2 13 
O « НСІ 2 OH + CI 1.0x107! 3300+350 1.5<x10-16 2.0 
O + HOCI — OH + CIO 1.7x10-8 04300 1.7x10-8 3.0 
O + CIONO, — products 2.9x107? 8002200 2.0х1073 15 
О, + OCIO — products 2.1x107? 4700+1000 3.0х10-!° 2.5 
О, + СО, — products = 2 «1.0x10-19 _ 
OH + Cl, = HOCI + Cl 1.4x10-? 9004400 6.7х10-4 12 
OH + CIO — products 1.1x107: - (1202150) 1.7х10-1! 15 
OH + OCIO — HOCI + O, 4.5x10-8 –(800+200) 6.8x10-? 2.0 
OH + HCl > H,O + СІ 2.6x10-? 350+100 8.0х1073 12 
OH + HOCI ^ H,O + CIO 3.0х10-2 500+500 5.0х10- 3.0 
OH + CINO, > HOCI + NO, 2.4x10-? 1250+300 3.6х10-“ 2.0 


ОН + CIONO, — products 1.2x107? 330-200 3.9х10-3 15 
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A E/R k (298 K) 
Reaction cm? molecule"! s^! K cm? molecule"! s^! А298) 
OH + CH,Cl — CH,CI + H,O 4.0x10-? 14004250 3.6x 1074 1.2 
OH + CH,Cl, > сна, + H,O 3.8х10-2 1050+150 11х10-3 14 
OH + CHCI, > са, + H,O 2.0x1072 900150 1.0х10-3 12 
ОН + ССІ, = products ~1.0х107° >2300 «5.0х 1076 - 
OH + СЕСІ, — products (CFC-11) “1.0х10-% >3700 <5.0х10-% - 
OH + CECI, — products (СЕС-12) “1.0х10-% >3600 <6.0х10-% - 
OH + CH,CIF — CHCIF + H,O (HCFC-31) 2.8x107? 1270+200 3.9х10-“ 1.2 
ОН + СНЕС, — CFCI, + Н,О (HCFC-21) 1.7x107? 12504150 2.6х 10-34 12 
OH + СНЕ,С1 — СЕ,СІ + H,O (НСЕС-22) 1.0x107? 16004150 4.7x1075 11 
ОН + CH,OCI — products 2.4x107? 360-200 72х1073 3.0 
OH + CH,CCI, > CH,CCI, + H,O (HCC-140) 1.8х10- 1550+150 10x107* 11 
OH + C,HCI, — products 4.9х10-!3 —(450+200) 2.2x10-12 1.25 
OH + C,Cl, — products 9.4x10-12 1200+200 1.7x10-8 1.25 
OH + CCI,CHO — H,O + са со 8.2х10-2 600+300 1.1х10-2 1.5 
ОН + CH,CFCI, — CH,CFCI, + H,O (HCFC-141b) 1.7x107? 17004150 5.7x10-% 1.2 
OH + СНСЕС — CH,CF,CI + H,O (HCFC-142b) 1.3x107? 18004150 3.1x1075 1.2 
ОН «СН,ПСЕ,(1-» CHCICF,CI (HCFC-132b) + H,O 3.6x107? 1600x400 1.7х10-“ 2.0 
OH + СНСІ,СЕ,СІ — ССІ,СЕ,СІ (НСЕС-122) + H,O 1.0x107? 900x150 4.9x10-4 12 
OH + СНЕСІСЕСІ, — СЕСІСЕСІ, (НСЕС-122а) + H,O 1.0x107? 12504150 1.5х10-“ 11 
OH + СН,СІСЕ, — CHCICF, + H,O (HCFC-133a) 5.2x10-8 1100x300 1.3х10-“ 1.3 
OH + СНА СЕ, — CCLCF, + H,O (НСЕС-123 7.0x10-8 900+150 3.4x1074 12 
OH «СНЕСІСЕ,СІ-> СЕСІСЕ,СІ (НСЕС-123а) + H,O 9.2х1073 1280+150 1.3х10-“ 1.2 
OH + CHFCICF, — CFCICF, + Н,О (HCFC-124) 8.0х 1073 1350+150 8.6x1075 1.2 
OH + СН,СЕ,СЕСІ, — products (HCFC-243cc 7.7х10:8 1700+300 2.6x107^ 2.0 
ОН + CF,CF,CHCI, — products (НСЕС-225са 1.0x107? 1100+200 2.5х10-“ 1.3 
ОН + СЕ,СІСЕ,СНЕСІ — products (HCFC-225cb) 5.5x10-8 12504200 8.3x1075 13 
HO, + Cl > HCI + О, 1.8x107! —(170+200) 32х107: 1.5 
— OH + CIO 4.1<x10-11 450+200 9.1x107? 2.0 
HO, + CIO > НОСІ + O, 4.8x10-8 -(700-) 5.0х10-12 14 
H,O + CIONO, — products - - <2.0х 1073 - 
NO + OCIO — NO, + CIO 2.5x107? 600+300 34х1073 2.0 
NO + СТО, — products - - <2.0х10-“ - 
NO, + НСІ > HNO, + CI - - <5.0х1077 _ 
HO,NO, + HCI — products _ _ <1.0х10-?! - 
Cl + O, — CIO + O, 2.9x10-11 260+100 1.2x107! 1.15 
CI + H, > HCI + H 3.7x107! 2300x200 1.6х10-“ 1.25 
CI + HO, > НСІ + HO, 11x10! 9804500 4.1x1075 1.5 
Cl + NO, — CIO + NO, 2.4x107! 04400 2.4х107" 1.5 
CI + N,O > CIO + №, See reference 
Cl + HNO, — products - - «2.0х 10-15 - 
CI + CH, > HCl + CH, 1.1x107! 14004150 1.0x10-8 11 
CI + CH,D — products - - 74х10“ 2.0 
Cl + H,CO > НСІ + НСО 8.1x107! 30+100 7.3x1071 1.15 
CI + CH,O, — products _ _ 1.6х10-1!9 15 
Cl+ СН.ОН — CH,OH + НСІ 5.4x107!! 04250 5.4x107!! 1.5 
Cl + C,H, — HCI + C,H, 77x10 90490 57x10" 11 
CI + CHO, — CIO + C,H,O - - 7.4x107 2.0 
- HCl + CHO, = Е 7.7х10-й 2.0 
Cl + СН. СМ — products 1.6x107! 2140+300 1.2х10-“ 2.0 
Cl + CH,CO,NO, — products - - <1х10-“ 
Cl + C.H, — HCI + C,H, 1.2х10-% –(40+250) 14x10-1 13 
СІ + OCIO — CIO + CIO 3.4x107! —(160+200 5.8x107!! 1.25 
CI + CIOO — Cl, + O, 2.3х 10-19 04250 2.3х 10-19 3.0 
— CIO « CIO 1.2x107! 04250 1.2x107! 3.0 
CI + CLO — CI, + CIO 6.2x107!! -(130-130 م.و‎ 1.2 
Cl + CLO, — products - - 1.0х 1079 2.0 
Cl + HOCI — products 2.5x107? 1301250 1.6x107? 1.5 
CI + CINO — NO + Cl, 5.8x107!! -(100--200 8.1х10-1 15 
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Reaction 
СІ + CIONO, — products 
Cl+ CH,Cl ^ CH,Cl+ HCI 
Cl+ CH,Cl, = HCl + CHCI, 
Cl+ сна, > HCl + CCl, 
Cl+ СНЕ HCl + CHF (НЕС-41) 
Cl+ СНУ, — HCl + CHE, (HFC-32) 
Cl+ СЕН > НЯ + CF, (НЕС-23) 
Cl+ CH,FCI > HCl + СНЕС! (HCFC-31) 
(+ CHFCI, — НСІ + CFCI, (HCFC-21) 
(+ СНЕ,СІ > HCl + СЕ (HCFC-22) 
Cl + CH,CCI, — СН,ССІ, + НСІ 
Cl + CH,CH,F > НСІ + CH,CHF (НЕС-161) 
— на +CH,CH,F 
Cl + CH,CHE, — HCI + CH,CF, (НЕС-152а) 
— на! + CH,CHE, 
Cl + СЊЕСЊЕ — HCl + CHFCH,F (HFC-152) 
СІ + CH,CFCI, > HCl + CH,CFCl, (НСЕС-1415) 
Cl + CH,CE,Cl HCl + CH,CF,CI (HCFC-142b) 
Cl + CH,CF, > НСІ + CH,CF, (HEC-143a) 
Cl + СН,ЕСНЕ, — НСІ + СНЕСЕ, (HFC-143) 
— HCl + СНЕСНЕ, 
Cl+ CH,CICF, — HCl + CHCICE, (НСЕС-133а) 
Cl + СНЕСЕ, > HCl + СНЕСЕ, (НЕС-134а) 
Cl + СНЕ,СНЕ, — НСІ + CF,CHF, (HCF-134) 
Cl+ CHCI,CE, — HCl + СС СЕ, (HCFC-123) 
Cl+ СНЕСІСЕ, — НСІ + СЕСЕ, (HCFC-124) 
Cl+ СНЕСЕ, — НСІ + СЕ,СЕ,(НЕС-125) 
CIO + O, — CIOO + О, 
— OCIO + O, 
CIO + H, — products 
СЮ + МО — МО, + CI 
CIO + NO, — СОО + NO, 
CIO + N,O — products 
CIO + СО — products 
CIO + CH, — products 
CIO + H,CO — products 
СЮ + CHO, — products 
CIO + CIO — CI, + O, 
— СОО + СІ 
— OCIO « CI 
НСІ + CIONO, — products 
CH,CIO + О, > CHCIO + HO, 
CH,CIO, + НО, > CH,CIO,H + O, 
CH,CIO, + NO > СН,ОО + NO, 
CCLO, + NO — ССЬО + NO, + Cl 
ССЂЕО, + МО — CCIFO + МО, + СІ 
CCIF,O, + NO — СЕ,О + МО, + CI 


BrO, Reactions 

О + BrO > Br + О, 

О + HBr — ОН + Br 

О + HOBr — OH + BrO 

ОН + Вг,  НОВг + Br 

ОН + BrO — products 

ОН + HBr — H,O + Br 

OH + CH,Br — CH,Br + H,O 
OH + CH,Br, > CHBr, + H,O 
OH + CHBr, — CBr, + H,O 


A 
cm? molecule"! s^! 
6.5х10-2 
3.2х10-" 
3.1х10-" 
8.2 10:72 
2.0х10-" 
12х10- 
12х10- 
Б.5х10-12 
5.9x10-12 
2.8х10-2 
1.8х10- 
1.4х10- 
6.4х10-2 
7.2х10-2 
2.6х10-" 
1.8x10-12 
1.4x10-? 
12х10- 
5.5х 10-2 
7.7х10-2 
1.8x10-? 
7.5х10-2 
4.4x 10-2 
1.1х10-2 


1.0x10-? 
~1.0x10-” 
6.4x107? 
4.7х10-9 
»-1.0х10-2 
-1.0х10-2 
~1.0х107° 
~1.0х107° 
3.3x107? 
1.0x107? 
3.0х 107: 
3.5х 1073 


3.3 x 1078 
7 х 10-12 
7.3 х 10-2 
4.5 х 1072 
3.8 х 10-2 


1.9x107! 
5.8x10-? 
1.2x107? 
4.2x107! 
1.1x107! 
4.0x10-? 
2.4x107? 
1.6x107? 


E/R 
K 

-(135-50) 
12504200 
13504500 
13254300 
12004500 
1630+500 
1390+500 
1675+200 
2430+200 
1790+400 

290+500 

880+500 

950+500 
2390+500 
1060+500 
2000+300 
2420+500 
3880+500 
1610+500 
1720+500 
1710+500 
2430+500 
1750+500 
1800+500 


>4000 
>4800 
—(290+100) 
0+400 
>4300 
>3700 
>3700 
>2100 
115+115 
1590+300 
2450+500 
1370+300 


—(820+200 
-(300--200 
—(270+200 
—(350+200 
—(400+200 


—(230+150 
1500+200 
430+300 

0+600 

0+250 
14704150 
9004300 
710x200 


k (298 К) 
cm? molecule"! s^! 
1.0<x10-11 
4.8x10-8 
3.3x10-8 
9.6х10-% 
3.5x10-? 
5.0х107'* 
3.0х 1078 
11х1073 
2.0х10-% 
1.7х10-5 
7.0х10-5 
6.8х10-2 
7.3x10-8 
2.6х1073 
24Х1075 
7.5х10-8 
2.2х10-5 
4.2х 10:85 
2.6х10-7 
2.5х10-% 
2.4x10-4 
5.9х10-5 
1.5x10-5 
22x10-5 
1.2х10-“ 
2.7х10-5 
2.4x10-!6 
«1.4x1077 
«1.0x10715 
«1.0x107? 
17х10- 
4.7x10-5 
«6.0х10-9 
<4.0х10-% 
<4.0х10-% 
<1.0х10-% 
22x10? 
4.8х 10-95 
8.0х 1075 
3.5х 1075 
<1.0х10-%9 
6 x 10-14 
5.2 x 10-2 
1.9 x 10-11 
1.8 x 1078 
1.5 x 1074 
1.5 x 1074 


4.1x107! 
3.8x10-14 
2.8x10-11 
4.2x10-11 
7.5x107! 
1.1x107! 
2.9x10-14 
12х1073 
1.5х 1073 
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298) 
12 
12 
15 
13 
13 
15 
5.0 
2.0 
13 
13 
2.0 
3.0 
3.0 
13 
3.0 
3.0 
12 
12 
5.0 
3.0 
3.0 
3.0 
12 
15 
13 
13 
13 
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A E/R k (298 K) 
Reaction cm? molecule"! s^! K cm? molecule"! s^! А298) 

ОН + СНЕ, Вг — СЕ,Вг + H,O 1.1x107? 1400+200 1.0<x10-14 1.1 
OH + CH,CIBr — CHCIBr + H,O 2.3x107? 9304150 1.0x10-8 1.2 
ОН + СЕ,СІВг — products - - «1.5x10716 - 
OH + СЕВг, — products - - «5.0х 10716 - 
OH + СЕ. В+ — products - - «1.2x10716 - 
OH + CH,BrCF, — CHBrCF, + H,O 1.4x107? 1340+200 1.6х 1074 1.3 
OH + CHFBrCF, — CFBrCF, 7.2х10:3 11104150 1.8х10-4 1.5 
OH + CHCIBrCF, — CCIBrCF, + ЊО 1.3x107? 995x150 4.5x1074 1.5 
OH + CF,BrCHFCl — CF,BrCFCl + H,O 9.3x10-? 1250+150 1.4x107 1.5 
ОН + CF,BrCF,Br — products - - «1.5x10716 - 
НО, + Br > HBr + О, 1.5x107! 6002x600 2.0x107? 2.0 
HO, + BrO — products 3.4x10-? —(540+200) 2.x10-! 15 
NO, + HBr — HNO, + Br - - «1.0x10-16 - 
СІ + CH,CIBr > HCl + CHCIBr 4.3х 10-11 1370+500 4.3x10-8 3.0 
Cl + CH,Br > НСІ + СН,Вг 1.5х 1078 1060+100 4.3x10-8 1.2 
Cl + CH,Br, — HCl + CHBr, 6.4х10-2 810x100 4.2х1073 1.2 
Br + O, > BrO + О, 1.7х1078 800+200 12x10? 1. 
Br + HO, — HBr + HO, 1.0x107! »3000 «5.0x10-16 - 
Br + NO, > BrO + NO, - - 1.6x107! 2.0 
Br + H,CO — HBr + НСО 1.7х1078 800+200 1.1x107? 1.3 
Br + OCIO — BrO + CIO 2.6х1078 1300+300 3.4х10-!3 2.0 
Br + ClO — BrCl + CIO 2.1х10-" 470+150 4.3x107? 1.3 
Br + СІ,О, — products - - 3.0x107? 2.0 
BrO + О, — products ^1.0x107? »3200 «2.0х10-7 - 
ВгО + NO — NO, + Br 8.8x107? –(260+130 21х1078 1.15 
BrO + МО, — products - - 1.0x107? 3.0 
BrO + CIO — Br + OCIO 1.6х 1072 –(430+200 6.8x107? 1.25 

— Br + СОО 2.9x107? —(220+200 6.1x107? 1.25 

— BrCl + О, 5.8х10-!3 —(170+200 1.0x107? 1.25 
BrO + BrO — products 1.5х 1078 -(230%150 32x10? 1.15 
CH,BrO, + NO — CHO + МО, + Br 4x10? –(300+200 1.1 x 107: 15 
10, Reactions 
O«I,—IO«I 1.4x1071? 04250 1.4x1071? 14 
О+10 О, +1 12х1079 2.0 
ОН + I, > HOI +I 1.8х 1079 2.0 
ОН + НІ > H,O «I 3.0х10-" 2.0 
OH + CH,I — H,O + СНА 3.1x107? 11205500 7.2х10-“ 3.0 
OH + СЕГ— HOI + СЕ, 3.1х10-“ 5.0 
HO, + I — HI + O, 1.5x107! 1090+500 3.8x10-15 2.0 
НО, +10 — HOI + O, 84x1071 15 
NO, + HI ^ HNO, + 1 See reference 
I*0,—1O«O, 2.3х10-" 870+200 12х10-2 12 
I+ BrO > IO + Вг _ _ 1.2x107! 2.0 
10 + МО — [+ NO, 9.1x107? —(240+150) 2.0х10-" 1.2 
ІО + CIO — products 5.1х10:2 —(280+200) 13x10! 2.0 
IO + BrO — products - - 6.9x107! 1.5 
ТО + IO — products 1.5x1074 —(500+500) 8.0х 1078 15 
INO + INO > L + 2NO 8.4x107!! 2620x600 1.3х10-“ 2.5 
INO, + INO, — L + 2NO, 2.9x1071 2600-1000 4.7х10-5 3.0 
SO, Reactions 
О + SH 50 + H - - 1.6x107? 5.0 
O+CS—CO+S 2.7х10-% 760x250 2.1x107 11 
O+H,S > ОН + SH 9.2х10-2 1800+550 2.2х10-“ 17 
О + OCS > СО + SO 2.1х107" 2200+150 1.3х10-“ 1.2 
О + CS,  С5 + SO 3.2х10-" 650+150 3.6x107? 1. 
О + CH,SCH, > CH,SO + CH, 13x10: (4104100) 50x10" 14 


О + CH,SSCH, — CH,SO + CH,S 5.5x 107! (250100) 1.3x10-10 1.3 
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A E/R k (298 K) 
Reaction cm? molecule"! s^! K cm? molecule"! s^! А298) 

О, + H,S — products _ _ <2.0х 10779 - 
О, + CH,SCH, — products _ _ <1.0х1078 _ 
O, + SO, — SO, + O, 3.0x107? 27000 <2.0х10-2? - 
ОН + H,S — SH + H,O 6.0х10-!? 75+75 4.7x107? 1. 
OH + OCS — products 1.1x10-8 1200+500 1.9x1075 2.0 
OH + CS, — products See reference _ _ - 
OH + CH,SH — СН, + НО 9.9x107? —(360+100) 3.3x107!! 1.2 
OH + CH,SCH, — H,O + CH,SCH, 1.2х10-" 260+100 5.0x10-? 115 
ОН + CH,SSCH, — products 6.0x10-! —(400+200) 23x10-19 12 
OH +5 > H + SO - - 6.6х107" 3.0 
OH +50 > Н + SO, - = 8.6х10-й 2.0 
НО, + Н,5 — products - - «3.0х 10-99 - 
НО, + СН,5Н — products - - «4.0х 10-99 - 
НО, + CH,SCH, — products - - «5.0х10-9 - 
НО, + SO, — products - - <1.0х1078 - 
NO, + 50, — products _ _ <2.0х10726 - 
NO,+ Н,5 — products - - «8.0х 10-15 - 
NO, + OCS — products - - <1.0х1076 _ 
NO, + CS,— products _ _ «4.0х 10-15 - 
NO, + CH,SH — products 4.4x10-8 —(210+210) 8.9x10-? 1.25 
NO, + CH,SCH,— CH,SCH, + HNO, 1.9x10-8 -(500%200) 1.0х10-2 12 
NO, + CH,SSCH, — products 1.3x10-? 270+270 5.3x10-5 14 
NO, + SO, — products - - «7.0x107! - 
МО, + CH,SCH, — products - - <1.0x10-” - 
CHO, + SO, — products _ _ «5.0x1077 = 
Е + CH,SCH, — products - - 2.4.х 10:10 2.0 
CI + Н,5 ^ НСІ + SH 3.7x107 –(210+100) 74x10 1.25 
Cl + OCS — products _ _ <1.0х1076 - 
CI + CS, — products - - «4.0х 10-99 - 
Cl + CH,SH — СН,5 + HCl 1.2x107? —(150+50) 2.0х1079 1.25 
Cl + CH,SCH, — products See reference - - - 
CIO + OCS — products - - <2.0х10:16 - 
CIO + CH,SCH, — products - - 9.5x1075 2.0 
CIO + SO — СІ +50, 2.8x107!! 0-50 2.8x107!! 1.3 
CIO + SO, — Cl + SO, - - «4.0x 10715 _ 
Br + H,S— HBr + SH 14х10-1 2750x300 1.4x1075 2.0 
Br + CH,SH — CH,S + HBr 9.2x107? 390x100 25x10? 2.0 
Br + CH,SCH, — products See reference 

BrO + CH,SCH, — products 1.5х10-4 —(850+200) 2.6х10:3 13 
ВгО + 50 — Вг + 50, 5.7x107!! 14 
IO + CH,SH — products 6.6x10-15 2.0 
IO + CH,SCH, — products 12х10-4 1.5 
5-0,-50-0 2.3x107? 0:200 2.3x107? 12 
S+O,—SO + O, 12x10-" 2.0 
SO + О, > 50,+ O 2.6х10-3 2400+500 8.4х10-7 2.0 
SO + О, > SO, + О, 3.6х10-2 1100+200 9.0x 107 13 
SO + NO, > SO, + NO 14х1078 0+50 14х10-1 12 
SO + OCIO - SO, + CIO 1.9x107? 3.0 
SO, + H,O — products See reference _ _ 
SO, + МО, products 1.0х10-!° 10.0 
5Н + О, > ОН + 50 <4.0х10-!° - 
SH + О, > HSO + О, 9.0x10-? 2804200 3.5x107? 1.3 
SH + H,O, — products <5.0х 107» - 
SH + NO,— HSO + NO 2.9x107!! —(240+50) 6.5x107! 1.2 
SH + CI, — CISH + CI 1.7x1074 6902x200 17x10? 2.0 
SH + BrCl — products 2.3x107!! —(350+200) 74x10" 2.0 
SH + Br, — BrSH + Br 6.0x107! —(160+160) 1.0х1079 2.0 


SH + F, — FSH + F 4.3х10-" 1390+200 4.0x10-8 2.0 
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A E/R k (298 K) 
Reaction cm? molecule"! s^! K cm? molecule"! s^! А298) 
НЅО + О, — products <2.0х10-17 x: 
HSO + O, — products 1.0x10-8 13 
HSO + NO — products <1.0x10-5 _ 
HSO + МО, — HSO, + NO 9.6x10-2 20 
HSO, + О, НО, + SO, 3.0x10-2 20 
HOSO, + О, > НО, + SO, 1.3х10- 330+200 4.4x10-8 12 
CS + O, => OCS + O 2.9x10-1? 20 
С5 +0, OCS + O, 3.0x 1075 3.0 
CS + МО, OCS + МО 7.6x1077 30 
CH,S + О, — products <3.0х10-18 _ 
CH,S + О, > products 2.0х10-2 -(290::100) 5.3х10-2 1.15 
СН. $ + МО — products «1.0x10-2 2 
CH,S + МО, CH,SO + NO 2.1х10-й -(320%100) 6.1х10-!! 115 
CH,SH + О, — products 6.5x10-2 2.0 
CH,SH + О, — products 3.5x10^! 2.0 
CH,SH + МО — products 19x10: 20 
CH,SH + NO, — products 52х10-1 2.0 
CH,SO + О, — products 6.0х1073 15 
CH,SO + NO, — СН,5О, + NO 12x10: 14 
CH,SOO + O,— products <8.0х10-13 = 
CH,SOO + NO — products 1.1х10-!! 0+100 1.1х10-1 20 
CH,SO,* МО, — products 2.2х10-" 0+100 2.2x10-11 2.0 
CH,SCH, + NO, — products 3.0 x 1079 2.0 
CH,SCH,O, + NO — CH,SCH,O + NO, 19 x 10-4 20 
CH,SS + О, — products 4.6х10-3 2.0 
CH,SS + КО, — products 1.8x10-11 2.0 
CH,SSO + МО, — products 4.5x10-2 2.0 
Metal Reactions 
Ма + O, — Мао + О, 1.0x10° 95+50 7.3х10-0 1.2 
= NaO,+ O - - «4.0x 10711 5 
Ма + МО — Мао + N, 2.8х 10-79 1600+400 1.3х10-2 1.2 
Ма + Cl, — NaCl + С! 7.3х10:% 0-200 7.3х10:% 13 
Мао + О > Ма + O, 3.7х1079 0+400 3.7х1079 30 
NaO + О, — NaO, + О, 11х10 570+300 16х1079 15 
— Ма +20, 6.0х10-й 0+800 6.0х10-!! 30 
Мао + H,— NaOH + H 2.6x107! 0+600 2.6x107! 2.0 
NaO + H,O — NaOH + OH 2.2х1079 0+400 2.2х10-0 2.0 
NaO + NO — Na + NO, 1.5х10-19 0+400 1.5х10-% 40 
Мао + НСІ > products 2.8х1079 0:400 2.8x 10-10 3.0 
NaO, + O> №0 + O, 2.2х10-! 0+600 23x1071 5.0 
Мао, + МО— Мао + NO, - - «107 - 
Мао, + НСІ-> products 2.3х10-% 0+400 2.3х10-10 30 
NaOH + на — NaCl + H,O 2.8х10-% 0+400 2.8х10-10 30 


TABLE 2. Rate Constants for Association Reactions 
The values quoted are suitable for air as the third body, M. The integer in parentheses is the power of ten. 


Low pressure limit High pressure limit 
КТ) = К (300) (7/300)" стб тоіесше 251 К. (Т) = К. (300) (T/300) " cm? molecule" s-t 
Reaction k (300) п К. (300) т 
О, Reactions 
O+ 0240, (6.0+0.5) (-34) 2.3+0.5 £a = 


OCD) Reactions 
OCD) +N,— NO (3.53.0) (-37) 0.6 - - 
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Low pressure limit High pressure limit 
k (1) = К (300) (7/300)" стб тоіесие 251 К. (T) = К. (300) (T/300) " cm? molecule" s-t 
Reaction k (300) п К. (300) т 

HO, Reactions 
H + O, > HO, (5.7+0.5) (-32 1.6+0.5 (7.5+4.0) (-11 0+1.0 
OH + OH НА, (6.2+1.2) (—31 1.0 (2.6+1.0) (-11 0+0.5 
NO. Reactions 
О + МО — NO, (9.0+2.0) (-32 1.5+0.3 (3.0+1.0) (-11 0+1.0 
O+ NO, — NO, (9.0+1.0) (-32 2.0+1.0 (2.2x0.3) (-11 0+1.0 
ОН + МО > HONO (7.0+1.0) (—31 2.6%0.3 (3.6+1.0) (-11 0.1+0.5 
ОН + МО, > HNO, (2.5+0.1) (-30 4.40.3 (1.6+0.2) (-11 1.7%0.2 
НО, + NO, – HO,NO, (1.8+0.3) (-31 3.2+0.4 (4.7+1.0) (-12 14414 
NO, + NO, — NO, (2.2+0.5) (-30 3,941.0 (1.5+0.8) (-12 0.7+0.4 
NO, => NO«O, See reference 
Hydrocarbon Reactions 
CH, + O, CHO, (4.51.5) (-31 3.0+1.0 (1.8+0.2) (-12 17+17 
C,H, + O, > CHO, (1.5+1.0) (-28 3.0+1.0 (8.01.0) (-12 0+1.0 
OH + C,H, > HOCHCH (5.5+2.0) (30 0.0+0.2 (8.3+1.0) (713 -2 
OH + CH, = HOCH,CH, (1.0+0.6) (-28 0.8+2.0 (8.80.9) (-12 0 
CH,O + МО > СН,ОМО (1.4+0.5) (-29 3.8+1.0 (3.6+1.6) (-11 0.6+1.0 
CHO + NO, > CH,ONO, (1.1+0.4) (-28 4.0+2.0 (1.6+0.5) (-11 1.0+1.0 
С,Н.О- NO 2 C,H,ONO (2.8+1.0) (-27 4.0+2.0 (5.0+1.0) (-11 1.0+1.0 
C,H,O + NO, > C,H,ONO, (2.01.0) (-27 4.0+2.0 (2.8+0.4) (-11 1.0+1.0 
CHO, + NO, > CH.O,NO, (1.5+0.8) (-30 4.0+2.0 (6.5+3.2) (-12 2.0+2.0 
CH,C(O)O, + NO, د‎ СН,С(О)О,ХО, (9.73.8) (-29 5.6+2.8 (9.3+0.4)(—12) 1.5+0,3 
FO, Reactions 
F + O, — FO, (4.4+0.4) (-33 1.2+0.5 = z 
Е + МО — FNO (1.8+0.3) (-31 1.0410 (2.8+1.4) (-10) 0.0+1.0 
F4 МО, — FNO, (6.3+3.0) (-32 2.0+2.0 (2.6+1.3) (10) 0.0+1.0 
РО + МО, — FONO, (2.6+2.0) (-31 1.3+1.3 (2.0+1.0) (211) 1.5+1.5 
CF, + O, > СЕ, (3.00.3) (-29 4.0+2.0 (4.0+1.0) (-12) 1.0+1.0 
СЕ,О + NO, — CF,ONO, See reference 
СЕ,О,-МО,СЕ,О,ХО, (2.20.5) (-29 5.0+1.0 (6.01.0) (-12) 2.5+1.0 
СЕ,О + СО — CF,OCO (2.5+0.2) (-31 _ (6.8+0.4) (-14) -1.2 
CF,O > CF,O +F See reference 
CIO, Reactions 
СІ + О, > СОО (2.7+1.0) (-33 1.5+0.5 - - 
Cl+NO СМО (9.0+2.0) (-32 1.6+0.5 - - 
СІ + NO, CIONO — (1.3+0.2) (-30 2.0+1.0 (1.0+0.5) (-10 1.0+1.0 

CINO, (1.8+0.3) (-31 2.0+1.0 (1.00.5) (-10 1.01.0 
Cl + CO — CICO (1.30.5) (-33 3.8+0.5 - - 
Cl + CH,  CICH, (5.91.0) (-30) 2.1+1.0 (2.1+0.4) (-10 1.0+0.5 
Cl + C,H, > асн, (1.6+1) (-29) 3.3+1.0 (3.142) (-10) 1.0+0.5 
Cl + C,Cl, > оон (1.4+0.6) (-28 8.5+1.0 (4.01.0) (-11 12+0.5 
СО + ХО, > CIONO, (1.8+0.3) (-31 3.4+1.0 (1.5x0.7) (-11 1.9+1.9 
OCIO + NO, — О,СЮМО, See reference 
CIO + CIO => CLO, (2.2+0.4) (-32 3.1+0.5 (3.542) (-12) 1.0+1.0 
CIO + OCIO — CLO, (6.2+1.0) (-32 4.7+0.6 (2.4+1.2) (-11 0+1.0 
OCIO + О — ао, (1.9+0.5) (-31 1.1+1.0 (3.1+0.8) (-11 0+1.0 
сна + O, > сн,ао, (1.90.1) (-30 3.2+0.2 (2.940.2) (-12 1.2+0.6 
сна, + О, > CHCLO, (1.30.1) (-30 4.0+0.2 (2.80.2) (-12 1.4+0.6 
CCI, + О, > CCLO, (6.9+0.2) (-31 6.4+0.3 (2.4+0.2) (-12 2.1+0.6 
СЕСІЇ, + O, > СЕСЬО, (5.0+0.8) (-30 4.0+2.0 (6.0+1.0) (-12 1.0+1.0 
CF,Cl+ O, — CE,CIO, (3.0+1.5) (-30 4.0+2.0 (3+2) (-12) 1.0+1.0 
CCLO,+ МО, > са око, (5.0+1.0) (-29 5.0+1.0 (6.0+1.0) (-12 2.5+1.0 
СЕСІ,О, + NO, > СЕСЂО КО, (3.5+0.5) (-29 5.0+1.0 (6.01.0) (-12 2.5+1.0 
СЕ,ПО, + NO, > CE,CIO,NO, (3.30.7) (-29 6.7+1.3 (4.1+1.9) (-12 2.8+07 
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Low pressure limit High pressure limit 
k (1) = К (300) (7/300)" cm*molecule?s" К. (T) = К. (300) (T/300) "cm? molecule" s 
Reaction k (300) п К. (300) т 
BrO, Reactions 
Br + NO, — BrNO, (4.20.8) (-31 2.4+0.5 (2.7+0.5) (-11 0+1.0 
BrO + МО, — BrONO, (5.2+0.6) (-31 3.2+0.8 (6.9+1.0) (-12 2.9+1.0 
IO, Reactions 
1+ NO — INO (1.8+0.5) (-32 1.0+0.5 (1.7+1.0) (-11 0+1.0 
І+ ХО, — INO, (3.0+1.5) (-31 1.0:1.0 (6.6+5.0) (-11 0+1.0 
10 + МО, — ТОМО, (5.9+2.0) (-31 3.5+1.0 (9.0+1.0) (-12 1.5+1.0 
SO. Reactions 
HS + NO — HSNO (2.40.4) (-31 3.0+1.0 (2.7+0.5) (-11 
CH,S «NO — CH,SNO (3.20.4) (-29 4.0+1.0 (3.9+0.6) (-11 2.7+1.0 
О +50,— SO, (1.3+)(-33) –3.6+0.7 
ОН + 50, > HOSO, (3.0+1.0) (-31 3.3+1.5 (1.5+0.5) (-12 0 
CH,SCH, + O, — CH,SCH,O, See reference 
SO, + NH, > H,NSO, (3.9+0.8) (-30 3.0+3.0 (4.7+1.3) (-11 0+1.0 
Metal Reactions 
Na + О, > Мао, (3.2+0.3) (-30 1.4+0.3 (6.0+2.0) (-10 0+1.0 
Мао + О, Мао, (3.5+0.7) (-30 2.0+2.0 (5.7+3.0) (-10 0+1.0 
Мао + СО, -» NaCO, (8.7+2.6) (28 2.0+2.0 (6.5+3.0) (-10 0+1.0 
NaOH + СО, — NaHCO, (1.3+0.3) (-28 2.0+2.0 (6.8+4.0) (-10 041.0 


TABLE 3. Equilibrium Constants 
K(T)/cm? molecule"! = A exp (В/Т) [200 < T/K < 300] 


Reaction A/cm? molecule“! BIK K (298 K) f(298 K) 

HO, + NO, — HO,NO, 2.1х10-7 10900+1000 L6x107! 5 
NO + NO, — NO, 3.3х10-7 4667%100 2.1х10-> 2 
NO, + МО, = NO, 5.2х10-> 6643+250 2.5x10-1° 2 
NO, + NO, — N,O, 2.7х10-7 11000+500 2.9x1071 13 
CH, + NO, > СН,ОХО, 1.3х107% 11200+1000 2.7х10-2 2 
CH,C(O)O, + NO, > CH,C(O)O,NO, 9.0x10-> 14000+200 2.3х10% 2 
Е+ О, > ЕОО 3.2x1075 6100+1200 2.5х10::6 10 
Cl + O, > ООО 5.7х10 > 2500+750 2.5x10?! 

Cl + CO — CICO 1.6x10 5 4000+500 1.1х1079 5 
CIO + O,  С100, 2.9х107» <3700 «7.2x107! - 
CIO + CIO — CIO, 1.3x1077 874441850 7.2x1075 1.5 
CIO + OCIO — CLO, 1.1х107* 5455+300 9.8х1077 

OCIO + NO, — о,аоко, 1x10 9300+1000 3.6х1075 

OH + CS, > CS,OH 4.5х10-29 5140+500 1.4x1077 14 


CH,S + О, > CH,SO, L8x10-7 5545+300 2.2х10- 14 


KINETIC DATA FOR COMBUSTION MODELLING 
D. L. Baulch, C. J. Cobos, R. A. Cox, C. Esser, P. Frank, Th. Just, J. A. Kerr, 
M. Ј. Pilling, Ј. Troe, R. W. Walker, and J. Warnatz 


The following tables present evaluated rate constants and other chemical kinetic data required for modelling the combustion of hydrocarbons. The 
compilation was prepared as part of the project "Kinetics and Mechanisms of Chemical Processes in Combustion", which is one of the projects in the 
third European Community Energy Research and Development Program. The tables are reprinted from the Journal of Physical and Chemical Reference 
Data by permission of the authors and the American Institute of Physics. 

Table 1 lists all the reactions studied and gives the recommended rate constant k for every bimolecular reaction, as well as the applicable temperature 
range and the associated error limits. Where more than one set of products is possible, rate constants or branching ratios are given for all channels 
considered feasible. The data for decomposition reactions and combination reactions are given in Tables 2 and 3, respectively. The reference includes 


a detailed data sheet for each reaction listed here, covering the thermodynamic data, kinetic measurements, and reliability assessments. 
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Table 1 
BIMOLECULAR REACTIONS 
Reaction k/cn? тојесије“ 157! Temp/K Error limits (A log К) 
O Atom Reactions 
O+H, +OH + H 8.5 х 10-2Т? exp( — 3160/T) 300-2500 = 0.5 at 300 K falling to 
+ 0.2 for T > 500 K 
0+ 0H+0,+H 2.0 x 10-1 ехр(112/7) 220-500 + 0.2 
24 x 10-١ exp( —353/T) 1000-2000 £01 
О + НО; > ОН + О; 53 x 107" 300-1000 ж 0.3 at 300 K rising to 
= 0.5 at 1000 K. 
O + Н,О,- ОН + HO; 1.1 x 10-12 ехр(-2000/Т) 300-500 * 0.3 
O + NH; > ОН + NH; 1.6 x 10-1 exp( —3670/T) 500-2500 + 0.5 
О + СН > СО +H 6.6 x 10-1 300-2000 + 0.5 
— СНО» + е 42 x 107? ехр(-850/7) 300-2500 + 0.5 
O + СН, > CO + 2H 2 x 10719 300-2500 = 0.2 at 300 K rising to 
- СО + Нь ] Кук = 0.6 = 0.3 over whole range + 0.7 at 2500 K. 
O + CH; > НСНО + H 14 x 10-19 300-2500 * 0.2 
О + CH, > OH + CH; 1.5 x 10755 Т. exp( — 4270/T) 300-2500 ж 03 at 300 K falling to 
ж 0.15 at 2500 К. 
О + CHO > OH + CO 5.0 x 107! 300-2500 = 0.3 
> CO; + H 5.0 x 1071 300-2500 * 0.3 
O + HCHO > OH + CHO 6.9 x 107? 7957 exp( — 1390/T) 250-2200 = 0.1 at 250 K rising to 
3: 0.3 at 2200 K. 
O + СЊО > О; + CH; 25 x 107! 300-1000 + 0.3 at 300 K rising to 
— OH + HCHO Буй = (0.12 + 0.1) at 300 K = 0.7 at 1000 K. 
O + СМ > СО + N('S) 17 x 107" 300-5000 = 0.2 at 300 K rising to 
S Co € NOD] + 0.6 x 5000 K. 
O + NCO — NO + CO 70 x 1071 1450-2600 = 8 


> О; + CN 
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KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 


BIMOLECULAR REACTIONS (continued) 


—————————————M——M—M—————————M——————————À— 


Reaction 


k/cm? molecule "15-1 


Тетр/К 


Error limits (А log К) 


nM O o ha [a LP рт 


— CO + NH 


оо | 
- OH + CN 


О + СН;ООН — ОН + СН,СООН 
— OH + СНО; 


O + СН — СО + CH 


O + СН; — CO + ?CH, 
— снсо + H 


— СО + CH; 


О + GH; > ОН + СІН; | 
~ НСО + CH; 


-» НСО + CH; 
-» HCHO + СН, 


ч 
— CH;CO + H; 


О + СН; > СН.СНО + H 
— HCHO + CH; 


О + СН, > ОН + CH; 
О + СНСО —2CO + H 


2 HCO + H + CO 


О + СН.СО — CH;O + CO 
— НСО + НСО 


О + CH;CHO э ОН + CH;CO 
— ОН + CH;CHO 


О + СНООН — ОН + C;H,OOH 
- OH + С.Н:ОО 


О + CH, > ОН + CH; ] 
— C4H;OH 


О + СеН:СН, > НСО + CH; 
— CH,CH + H 
-» СЊО + СЫН; 


О + С.Н.СН, — products 


О + р-СНАСНа)г — products 


О + CH;C?H; — products 


O; Reactions 


O; * CH, 2 HO; * CH; 


2.3 х 10-18 T?! exp( — 3075/7) 
6.9 x 10-13 195 ехр(-1390/Т) 
[estimate] 


17 x 107! 
3.6 x 107? T? exp( — 250/T) 


КК = 0.5 = 0.3 over whole range. 


5x107! 


5.75 x 10-18 0 
КИК = 0.35 + 0.05 at p> 3 Torr 
Ку = 0.6 + 0.10 


11 x 10-2 
ЮК = 0.17 = 0.2 at 300 К 


1.66 x 10715 T!5exp (—2920/Т) 


16 x 10-1? 


3.8 x 10-7 exp( — 680/T) 


9.7 х 107? ехр(-910/Т) 


6.9 х 107? T?5 exp( — 1390/7) 
[estimate] 


12 x 10-2 737 exp (—570/T) 


5.5 x 107? 


No recommendation 
53 x 10-15 ТЇ?! exp( — 1260/T) 


2.6 x 10-1 exp( — 1409/T) 


10 x 1073 


6.6 x 107!! ехр(-28630/Т) 
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450-2500 


250-2200 


300-2500 
300-2500 


300-2000 


300-2000 
over whole 
temperature 
range 


300-2500 


300-1200 


300-2500 


230-500 


300-1500 


250-2200 


300-1000 


500-2000 


= 0.2 at 450 K rising to 
* 0.3 at 2500 K. 


x 0.1 at 250 K rising to 
* 0.3 at 2200 K. 


* 1.0 
* 0.2 


= 0.5 


+ 0.1 for T < 1000 K 
rising to + 0.3 at 2000 K. 


+ 0.3 from 300 to 1000 K 
= 0.5 from 1000 to 2500 K 


+ 0.3 at 300 K falling to 
= 0.15 at 1200 К. 


+ 0.3 


= 0.3 


+ 0.05 at 300 K rising to 
= 0.5 at 1500 К. 


X 0.1 at 150 К rising to 
+ 0.3 at 2200 K. 


= 0.5 


+0.3 


+ 0.1 at 300 К rising to 
+ 0.4 at 2800 К 


= 0.5 at 500 К rising to 
+ 1.0 at 2000 К. 


KINETIC DATA FOR COMBUSTION MODELLING (continued) 
'Table 1 
BIMOLECULAR REACTIONS (continued) 


Reaction kicm? тојесије“ 157! Temp/K Error limits (А log k) 
O; + СН — НО, + СН; 10 x 107” exp( — 26100/T) 500-2000 = 0.5 at 500 K rising to 
+ 1.0 at 2000 K 
O; + HCHO — HO; + HCO 10 x 107% exp( — 20460/T) 700-1000 * 0.5 
О; + CH3CHO — НО; + СЊСО 5.0 x 107" ехр(-19700/Т) 600-1100 x 0.5 at 600 K rising to 
= 1.0 at 1100 K. 
H Atom Reactions 
H+O +OH + O 3.3 х 1077 exp( — 8460/T) 300-2500 = 0.1 at 300 K rising to 
+ 0.2 at 2500 K. 
H + O, + Ar > HO, + Ar See Table 3 
H + О, + Н, > НО, + Н, Ѕее ТаЫе 3 
Н + О, + № > НО, + № Ѕее Табје 3 
Н + О, + ЊО > НО, + НО Ѕее ТаЫе 3 
11 د‎ H + Ar > Н, + Ar See Table 3 
H + H + H; — H; + H; See Table 3 
H + OH + H;O > H;O + ЊО See Table 3 
H + OH + Ar > НО + Ar See Table 3 
H + HO + № > HO + N; See Table 3 
H + НО; > H> + О; 7.1 x 107" ехр(-710/Т) 300-1000 + 3 
20H 2.8 x 10:% exp( — 440/T) 300-1000 + 03 
+H,0 +0 5.0 x 10-1 exp(—866/T) 300-1000 >03 
H + НО > OH + Н, 7.5 x 10-16 716 exp( —9270/T) 300-2500 +0.2 
Н + ЊО; > Н, + НО, 2.8 х 107? exp( — 1890/T) 300-1000 * 03 
— OH + H;O 1.7 x 10-1 exp( — 1800/7) 300-1000 + 0.3 
H + NH>H +N 17 x 10-9 1500-2500 + 1.0 
H + NH; — H; + NH 10 x 107! 2000-3000 + 1.0 
H + CH; > H, + CH 1.0 х 10-Ч ехр(900/Т) 300-3000 + 07 
H + CH; — H; + СН, 1.0 x 10-۱۱ exp( — 7600/T) 300-2500 + 10 
— CH, See Table 3 
H + CH, — H; + CH; 22 х 10-2 T?? exp( — 4045/T) 300-2500 = 02 
Н + СНО > Њ + СО 15 پر‎ 86 300-2500 * 0.3 
Н + HCHO > Њ + HCO 3.8 x 107^ TS exp( — 1650/T) 300-2200 + 0.1 at 300 K rising to 
+ 0.5 at 2200 K 
Н + СНО ~» H; + HCHO 3.0 x 10-11 300-1000 * 05 
H + HNCO — NH; + СО No recommendation 
— H; + NCO 3.4 x 10-97-92 exp(—10190/T) 500-1000 + 1.0 
H + NCO > NH + CO 8.7 x 1071 1400-1500 * 0.5 


> НСМ + O 


5-115 


KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 


BIMOLECULAR REACTIONS (continued) 


————MM—M—M———M———————————————————————————————— 


Reaction 


k/cm? molecule -!s-! 


Temp/K 


Error limits (A log k) 


— n MM — M— M ف1ھ9ؤھ‎ M ——— ———À 9 ژ‎ 71 


H + СН; > Н, + CH 
> СН; 


H + CH; > H; + CH: 
> СН, 


H + СН, > CH; + H; 
> СН; 


Н + СН; > 2СН, 
-» СІН, 


H + CH, Н› + СН; 


>H: + СО 


H + CHCO > CH, + СО | 
-» HCCOH 


Н + CH;CO — CH; + CO 
> CH;CHO 


H + СЊСНО > Н; + СЊСО 


— Н, + СЊСНО 


H + СН; + M > СН, + M 


H + Све > H; + CsHs 
CH; 


H + СНО + M > СНОН + M 


H + СНОН — ОНО + Н, 
-» СЫ + OH 


H + С6Н.СН, + M > СОСНСН;) + M 


H + CGH;CH; > Н, + CQH,CH; 
— H; + СЫНСН; 


-» СЫҢ + CH, 
=> СүН СН, 


H «р-С,Н,СНУ, — products 


H + CHC;H, > Н, + C4H;C;IL, 


-» GH |C,Hs 


Н, Reactions 
H; + Ar > 211 + Аг 


H; + H; — 2H + H; 


OH Radical Reactions 
OH + H; э HO + H 
OH+ OH > H,O + O 


OH + OH + M > ЊО,; + M 


1.0 x 10719 exp( — 14000/Т) 
See Table 3 


20 x 107! 
See Table 3 


9.0 x 1079 exp( —7500/T) 
See Table 3 


6.0 x 107?! 
See Table 3 


24 x 10-5 T!5 exp( — 3730/T) 


25 х 107! 


3.0 x 107!! exp( — 1700/T) 
kik very small 


6.8 x 10-15 7156 exp( — 1210/T) 


See Table 3 


No recommendation 
See Table 3 


See Table 3 


1.9 x 10-۱ exp( —6240/T) 
3.7 х 10-1 exp( —3990/T) 


See Table 3 

6.6 x 10-22 73 exp( - 1570/T) 
No recommendation 

No recommendation 

See Table 3 

5.8 x 1075 


24 x 10-12 
See Table 3 


See Table 2 


See Table 2 


1.7 x 107!5 Т" exp( — 1660/T) 
2.5 x 1075 7:14 exp( — 50/T) 


See Table 3 
5-6 


1000-3000 


300-2500 


700-2000 


300-2000 


300-2000 


300-2500 


200-2000 


300-2000 


1000-1150 
1000-1150 


600-2800 


298 


773 


300-2500 


250-2500 


+ 0.15 at 300 K rising to 
+ 0.3 at 2000 K 


+ 0.4 


+ 0.5 at 200 K rising to 
+ 1.0 at 2000 K. 


= 0.1 at 300 rising to 
+ 0.4 at 2000 К. 


+ 03 
+ 0.3 


+ 0.3 at 600 K rising to 
+ 0.5 at 2800 K. 


+ 0.1 at 300 K rising to 
+ 0.3 at 2500 K 
+ 0.2 


KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 


BIMOLECULAR REACTIONS (continued) 


——Є—Є—Є——Є—Є————————————Є—Є—ЄЄ—Є——————-——=———————є—є—є—————— 


Reaction k/cm? molecule -!s^! Temp/K Error limits (A log k) 
ОН + НО, > НО + O; 48 x 10-1 exp(250/T) 300-2000 + 0.2 at 300 K rising to 
= 0.5 at 2000 K. 
OH + H:O: > Н.О + НО, 13 x 107!! ехр(- 670/T) 300-1000 £02 
ОН + NH > NO + H> 8&0 x 107! 300-1000 + 05 
-HO + N 
OH + NH, > O + NH; 3.3 x 10-14 T° exp( — 250/T) 500-2500 = 0.5 
> НО + NH № recommendation 
ОН + CO — H + CO; 1.05 х 10:17 Т!5 ехр(250/Т) 300-2000 = 0.2 at 300 K rising to 
2 0.5 at 2000 K. 
OH + CH; >H + СН;ОН 
=> H + CHO 6.0 x 107! 300-2000 * 0.7 
э Н,0 + ІСН; 
-» СНЗОН See Table 3 
OH + CH, > H;O + СН; 2.6 х 10-17 T!9 exp( —1400/T) 250-2500 + 0.07 at 250 K rising to 
+ 0.15 at 1200 K. 
OH + CHO > H;O + CO 17 x 107? 300-2500 + 0.3 
ОН + HCHO > H,O + CHO 5.7 х 1075 7158 exp(225/T) 300-3000 = 0.1 at 300 K rising to 
ж 0.7 at 3000 K. 
OH + CN — О + HCN 
> МСО + H 10 x 10-10 1500-3000 % 0.5 
OH + HCN — H;O + CN 1.5 x 10-!1 ехр(-5400/Т) 1500-2500 = 0.5 
— HOCN +H No recommendation 
— HNCO +H 
OH + СЊООН > H:O + 00 1.2 x 10-7 exp(130/T) 300-1000 + 02 at 300 K rising to 
+ 0.4 at 1000 K 
— ЊО + СЊООН 1.8 x 10-12 exp(220/T) 300-1000 + 0.1 at 300 K rising to 
+0.3 at 1000 K. 
OH + C;H; > H;O + ОН ] 1.0 x 10-20 exp( — 6500/T) 1000-2000 * 1.0 
— H + CH;CO 
-» C;H;OH See Table 3 
OH + C,H, > НО + СН, 3.4 x 107!! exp( —2990/T) 650-1500 = 05 
OH + С.Н, > ЊО + CH; 12 x 1077 T? exp( — 435/Т) 250-2000 = 0.07 at 250 K rising to 
= 0.15 at 2000 К. 
OH + CH;CO — CH;OH + CO 1.7 x 10-1 300-2000 #10 
-» Н:СО + НСО 
ОН + СЊСНО > H;O + СЊСО ] 3.9 x 10: 7973 exp(560/T) 250-1200 + 0.1 at 250 K rising to 
= Н.О + CH;CHO t 0.3 at 1200 K. 
ОН + C;H,OOH > ЊО + СНОО 3.0 x 107" exp(190/T) 250-1000 = 0.3 at 250 K rising to 


-» Н.О + С,Н,ООН 


[estimate] 
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+ 0.7 at 1000 K 


KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 


BIMOLECULAR REACTIONS (continued) 


Reaction 


ОН + CH; > Н2О + CH; 
=> H + СНОН 
-» С,Н,ОН 
OH + СОМОН — C;H,(OH): 
э НО + СНО 
— НО + СНОН 


ОН + СеН;СН; > Н,О + C ¿H,CH; 

ОН + p-CsH.(CHs)2 -> C4H4CH;CH; + Н.О 
-» p-CsH,(CHs).0H 

ОН + GH;CH; ^ НОСЫН;С:Н; 


-» Н.О + СВОН, 
> H;0 + СНОН 


HO Reactions 


H:O +" МУН د‎ 0181 + М 
НО; Radical Reactions 
НО, + HO; > H;O; + О, 


HO; + NH; — NH; + O; 
— HNO + ЊО 


НО, + CH; > ОН + СНО 
-О; + CH, 


НО, + CH, — H;O; + CH; 


НО, + HCHO > Но; + CHO 
НО, + СН, > OH + СНО 


НО, + СН, > ЊО; + СІН; 


HO; + СЊСНО > ЊО; + СЊСО 


HO, Reactions 


Н.О, + М ~» 20H + M 


N Atom Reactions 
N + CN > N; + C 


N + NCO — NO + CN 
- № + CO 


k/cm? molecule 157! 


2.7 х 10715 7142 ехр(-730/Т) 


22 х 107!! exp( —5330/T) 
See Table 3 


See Table 3 


10 x 107!! 


8.6-10-15 Texp(-1440/T) 
See Table 3 


64 х 10-11 exp( — 1440/7) 
See Table 3 


See Table 3 
8.7 x 10-2 


See Table 2 


3.1 x 107? exp( - 775/T) 


2.6 x 107! 


3 x 1071! 
No recommendation 


15 x 10-۱ ехр(-12400/7) 


5.0 x 1077 exp( — 6580/T) 
33 х 107" exp( - 8650/T) 


22 x 10-1 exp( — 10300/T) 


5.0 x 107? exp( — 6000/T) 


See Table 2 


3 x 107? 


No recommendation 
33 x 107!! 
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Temp/K 


400-1500 
1000-1150 


1000-1150 


400-1200 


500-960 


773 


550-1250 


300-400 


300-2500 


600-1000 


600-1000 
600-900 


500-1000 


900-1200 


300-2500 


1700 


Error limits (A log k) 


+ 3 
+ 3 


+ 0.5 


+ 0.5 at 400 K reducing to 
+0.3 at 1200 К. 


+ 0.15 at 550 K rising to 
+ 0.3 at 1250 K. 


+ 0.2 at 600 K rising to 
= 0.3 at 1000 K. 


+ 0.5 


= 0.15 at 600 K rising to 
% 0.25 at 900 K. 


+ 0.2 at 500 K rising to 
+ 0.3 at 1000 K. 


+ 0.7 


KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 


BIMOLECULAR REACTIONS (continued) 


РОННИ жаз 


Reaction 


k/cm? molecule~'s~! 


Temp/K 


Error limits (A log k) 


———— .—.—————— — ——————_—-——-—-——_<_—+—-—-—_——_— 


NH Radical Reactions 


– КО; + H 


ue vd 
э HNO + O 


— HN; + O 


шиг 1 
- N, + OH 


МН, Radical Reactions 
NH; + O; — products 
NH; + NO > N; + ЊО 
> N, + H + OH 
э №Н + OH 
— №0 + H; 
1С, and ?C; Radical Reactions 
CH Radical Reactions 


СН + О; >» СНО + O 
— CO + OH 


mma] 
> СН; 


CH + ЊО — products 
CH + CO — products 

CH + CO; — products 

CH + CH, — products 
CH + СН; — products 
CH + СН, — products 
CH + СН, — products 
СН + СН, — products 
CH + n-C,Hio > products 
CH + i-C4 Hio — products 
СН + neo-CsHi2 — products 
CH + CH;C;H — products 
CH + CH;O — products 


126 x 107? ехр(-770/Т) 


50 x 10-1 


«3 х 10-18 


18 x 10-22 exp(650/T) 
(ka + Бук = 0.12 at 298 К. 


See data sheets. 


$5 x 107"! 


24 x 107" exp( 1760/Т) 


9.5 x 10-۱1 exp(380/T) 
4.6 x 107? exp(860/T) 
5.7 х 1071 exp( —345/T) 
5.0 x 10-" exp(200/T) 
3.5 x 107" ехр(61/Т) 
22 x 10779 exp(173/T) 
1.8 х 10-% exp(132/T) 
1.9 x 107% exp(240/T) 
44 x 107? exp(28/T) 
2.0 х 10-۱ exp(240/T) 
1.6 х 107° exp(340/T) 
No recommendation 


1.6 x 107? exp(260/T) 


5-119 


270-550 


270-380 


298 


220-2000 


300-2000 


300-1000 


300-1000 
300-1000 
300-1000 
200-700 
200-700 
200-700 
200-700 
300-700 
250-700 
300-700 
300-700 


300-700 


= 0.2 at 270 K rising to 
= 0.5 at 550 К. 


+ 0.2 


+ 0.3 at 300 K rising to 
= 0.5 at 2000 K. 


= 03 


+ 10 


+ 


1.0 


+ 


1.0 


+ 1.0 


+ 0 


+ 1.0 


+ 10 


+ 1.0 


KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 
BIMOLECULAR REACTIONS (continued) 
Reaction к/ст? molecule 71571 Temp/K Error limits (A log К) 
ICH; Radical Reactions 
3CH; + О; > СО + H + ОН 
> СО + 1 + Н 4.1 x 10:1 exp( —750/T) 300-1000 + 0.3 at 300 K rising to 
— CO + НО = 0.5 at 1000 K. 
— СО; + H; 
— HCHO + O 
СН, + СН, > СН; + H; 2.0 x 107% exp( — 400/T) 300-3000 * 0.5 
-» СН. + 2H الما‎ = 0.9 + 0.1 over range 300-3000 К. 
ЗСН, + CH; — СН, + H 7.0 x 107" : 300-3000 + 0.3 at 300 K rising to 
+ 0.5 at 3000 K. 
ЗСН, + СН) > ОН, See Table 3 
ICH: + СІН, > СОН, 
-» с- ОН See Table 3 
— СН:СНСН, + H 
1CH, Radical Reactions 
ICH; + Ar — СН, + Ar 6.0 x 10-2 300-2000 + 03 
сн, + N; >+ 3CH; + № 10 x 10-!! 300-2000 + 0.3 
СН, + СН. > ICH, + СН, 12 x 107" 300-2000 +04 
СН, + СН, — 2СН: + С 80 x 10-1 300-2000 = 4 
ICH; + СУН, > СН, + СН. 23 x 10: 300-2000 + 4 
СН: + СН, — “СН; + СН, 36 x 107" 300-2000 * 4 
СН, + O; > СО + H + ОН 
> СО, + Н, 52 x 1071 300-1000 = 0.3 at 300 K rising to 
— CO + HO + 0.5 at 1000 К 
> 3CH; + O; 
СН, + Н, > СН, + H 12 x 1079? 300-1000 = 0.1 at 300 K rising to 
= 0.3 at 1000 K 
СН: + ОН > CH;CCH; 
^ CH3CCH See Table 3 
> CH,CCH + H 
— СН, + CH: See earlier entry 
ІСН, + СН. > ОН See Table 3 
— CH, + CH, See earlier entry 
СН; Radical Reactions 
СН, + M > CH; + H + M See Table 2 
СН, + O; > CHO + O 22 x 107 exp( — 15800/T) 300-2500 = 0.5 
— HCHO + OH 5.5 x 107? exp( —4500/T) 1000-2500 + 0.5 
مه‎ СНО; 5ее ТаЫе 3 
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KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 
BIMOLECULAR REACTIONS (continued) 
=——— >x>——yynO k. n 
Reaction k/cm? molecule 157! Temp/K Error limits (А log k) 
NENNEN w wi i T.I II IWW m 
CH; + H; > CH, + H 1.14 х 10-20 T??* exp( — 4740/T) 300-2500 = 0.15 in the range 
300-700 K. 
= 0.3 in the range 
700-2500 K. 
CH; + CH; > СН; + H 5 х 10-1 exp( — 6800/T) 1300-2500 + 0.6 
— СІН, + H; No recommendation (see data sheets) 
-» СН See Table 3 
CH; * HCHO CH, * HCO 6.8 x 107? exp( — 4450/T) 300-1000 + 03 
CH, + СН; + M > ОН, + M See Table 3 
- CH, + OH No recommendation 
CH; + CH, > CH, + СНз 6.9 x 107? exp( — 5600/T) 400-3000 = 0.5 
-» п- ОН See Table 3 
СН, + СН; > СН, + CH, 19 x 10-2 300-800 = 04 
-» СзНа See Table 3 
СН, + CH, > СН, + СН; 2.5 x 107?! T$? exp( — 3043/T) 300-1500 + 0.1 at 300 K rising to 
ж 0.2 at 1500 K. 
CH; + СН,СНО — CH, + СЊСО 33 х 10-3 T55* exp( — 1240/T) 300-1250 + 03 
— CH, + СЊСНО No recommendation (see data sheets) 
CH, Reactions 
СН, + M> CH, +H + M See Table 2 
CHO Radical Reactions 
CHO + O; — CO + HO; 
— OH + CO; 5.0 x 10-12 300-2500 + 0.3 
> НСО: 
CHO + CHO > HCHO + CO 50 x 107 300 ж 03 
HCHO Reactions 
HCHO + M > H + СНО + M See Table 2 
— H; + СО + M 
CHOH Reactions 
CH;0H + O; — СЊО + HO; 2.6 x 107? 7719 + 300-1200 + 0.1 at 300 K rising to 
12 x 107% exp( — 1800/T) + 0.3 at 1200 K. 
CH;O Radical Reactions 
CH;0 + M > HCHO + H + M See Table 2 
CH;O + O; > HCHO + HO; 6.7 x 10: exp( — 1070/T) 300-1000 + 0.2 at 500 K rising to 


ж 0.3 at 300 K and 1000 K. 
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KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Reaction 


СН,ООН Reactions 


СН,ООН + М > СЊО + OH + M 


CN Radical Reactions 
СМ + О, > МСО + O 


CN + H;O — HCN + OH 
- НОСМ + H 


CN + CH, — HCN + CH; 


NCO Radical Reactions 
NCO + Моћ + CO + M 
МСО + NO > №0 + CO 


> № + CO; 
э ~ + CO + O 


С›Н Radical Reactions 


э 2CO +H 
> СНО + O 


CH + О; > СО; + CH ] 
> CO + НСО 


СН + Н, э CH: + Н 


СН + С.Н, > C.H; + H 
СН + CH, — products 


СН + СН, -> products 


С-Н, Radical Reactions 
СН, + M> GH; + H + M 
C;H; + O; > HCHO + CHO 


С.Н; Radical Reactions 

С.Н; + O; > ОН, + НО; 

CH; + С.Н; > CH; + С.Н. 
> п-СНо 

C;H, Reactions 


CH, + M > CH; + CH; + M 


Table 1 


k/cm? molecule ` 157! 


See Table 2 


1.1 x 10-1 exp(205/T) 


13 x 10-1 exp( —3750/T) 


15 x 10-1 exp( —940/T) 


See Table 2 


1.7 x 107!! exp(200/T) 


3.0 x 107" 


2.5 х 107!! exp( — 1560/T) 


5.0 x 1071 
20 x 10-2 


No recommendation 


See Table 2 
9.0 x 10:72 


1.7 х 1071* exp(1100/T) 


24 x 8٨ 
See Table 3 


See Table 2 
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BIMOLECULAR REACTIONS (continued) 


Temp/K 


300-2500 


500-3000 


260-400 


300-600 


300 


300-2500 


300-2700 
298 


300-2000 


600-1200 


300-1200 


Error limits (A log &) 


= 0.25 at 300 K rising to 
= 0.5 at 2500 К. 


= 0.3 at 500 К rising to 
+ 0.5 at 3000 К. 


= 0.3 


= 0.3 at 300 К rising to 
= 0.7 at 2500 К. 


= 0.3 


=1 


= 0.3 at 300 К rising to 
ж 0.5 at 2000 К 


KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 1 
BIMOLECULAR REACTIONS (continued) 
Reaction k/cm? molecule 15-1 Temp/K Error limits (А log k) 
CHCO Reactions 
CHCO + О; > СО, + НСО 
э 2CO + OH 2.7 х 107? exp(430/T) 300-550 + 07 
- СО + HO; М = Не, 2 Torr 
> CHO;CO 
CH,CHO Radical Reactions 
CH;CHO + O; — HO, + CH;CHO k. = 2.6 x 107? 250-1000 + 0.2 
— НСНО + CO + OH k, = 3.0 x 10714 300 = 0.3 
-» O;CH;CHO 
CH;CO Radical Reactions 
CH;CO + О, + M > CH;CO; + M See Table 3 
CH;CHO Reactions 
СН,СНО + М > CH; + НСО + M See Table 2 
C2HsO Reactions 
СНО + М э HCHO + CH; + M ] See Table 2 
— СН.СНО + H + M 
СО + О; > CH;CHO + HO; 1.0 x 107? exp( — 830/T) 300-1000 = 0.3 at 300 K rising to 
+ 0.5 at 1000 K 
С:Н,ООН Reactions 
С.Н.ООН + M — СНО + OH + M See Table 2 
СЫН; Radical Reactions 
СН; + M > СН, + СН, + M 
- ОН; + СН, + M | See Table 2 
~ ілеаг-СьН; + M 
СЫН, Reactions 
GH. + M > СН; + H+ M See Table 2 
- СН. + ОН; + M 
СЫНО Radical Reactions 
СНО + M > СН; + СО + M See Table 2 
C,H,CH, Radical Reactions 
— C,H, + СН, + M See Table 2 


С,Н.СН, + M > ОН; + 2 ОН; + M | 


> СН; + СН. + M 
- ОСНХВСН)% М 
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KINETIC DATA FOR COMBUSTION MODELLING (continued) 
Table 1 
BIMOLECULAR REACTIONS (continued) 


Reaction k/cm? molecule~'s~! Temp/K Error limits (A log k) 
= —— 
СЫНУСН; Reactions 


СьН.СН: + M — يلا ولل‎ + H + M See Table 2 
> СН; + CH; + M 


р-С.Н,(СН53) Reactions 


р-С,Н,СНь), + М -> С,Н,СН:СН, + H + M See Table 2 


C,H,;C;Hs Reactions 


С«Н«С-Н, + M — C#H;CH; + CH + M 
— CH, + СН, + M 
— CH,CHCH; + Н, + M See Table 2 
- СН; + СН; + M 
— CsH;sCHCH; + H + M 


Table 2 
DECOMPOSITION REACTIONS 
Reaction Кы” Temp/K Error limits (A log k) 
Жуст? molecule"! 57! 
Fe 
نامع‎ = Eka lM] p 
ЫМ] + к. 
H; + Аг > 211 + Ar ko = 3.7 х 10-10 exp( — 48350/T) 2500-8000 + 3 
Н; + Н, > 2H + H: ko = 1.5 x 107? exp( — 48350/T) 2500-8000 = 0.5 
НО + N>; > H + OH + № ko = 5.8 x 107? exp( — 52920/T) 2000-6000 * 0.5 
H:O: + M—- 2 011 + M К(Аг) = 3 x 1075 ехр(-21600/Т) 1000-1500 * 0.2 
ko(N2) = 2 x 1077 exp( — 22900/T) 700-1500 + 02 
kæ = 3 x 10 exp( —24400/T) 1000-1500 + 0.5 
Е(Ат) = 05 700-1500 AF, = = 01 
СН; + M> CH, + H + M ko = 1.7 x 107* ехр(-45600/Т) 1500-3000 = 0.5 
CH, + M> CH; + H + M ko(Ar) = 1.2 х 1075 exp( — 47000/T) 1000-3000 * 03 
Ю(СН.) = 14 x 1075 exp( —48100/T) 1000-2000 + 03 
æ = 24 x 10/5 exp( — 52800/T) 1000-3000 + 0.5 
Е. (Ar) = ехр(-0.45 ~ 7/3231) 1000-3000 AF, = + 0.1 
Е, (CH4) = ехр(-037 - 7/2210) 1000-2000 AF, = + 0.1 
HCHO + M >H + CHO + M ka(1) = 2.1 x 107* exp(— 39200/Т) 1500-2500 = 3 
— Њ + СО + M Кук = 0.5 at 2200 K 
СНО + M > HCHO + H + M ky = 3.16 x 102 7-7 exp( — 15400/T) 300-1000 * 1.0 
[estimate] 
CH)OOH + М > CHO + ОН+М k. = 4х 105 exp( —21600/T) 400-1000 = 0.5 at 600 K rising to 
= 1.0 at 400 and 1000 K 
NCO + Ar— N + CO + Ar ko = 1.7 x 107? exp( — 23500/T) 1450-2600 + 4 
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KINETIC DATA FOR COMBUSTION MODELLING (continued) 


Table 2 
DECOMPOSITION REACTIONS (continued) 
Reaction К./87! Temp/K Error limits (А log k) 
ky cm? molecule! 57! 
F. 
- kok. [М] _ 
1. 
kis ЫМ] + ke F 
СН. + M> СН + H + M Ко = 6.9 x 107 7-75 exp( — 22900/T) 500-2500 + 5 
k. = 2 x 10% exp( - 20000/T) 500-2500 ж 0.5 
Е = 0.35 500-2500 AF, = + 0.1 
CH, + M—2CH; + M ko(Ar) = 1.1 x 105 T -5-24 exp( —47090/T) 300-2000 = 05 
Ко(С2Но) = 4.5 x 107? exp( — 41930/T) 800-1000 = 0.5 
ka = 18 x 101 T7!7* exp( — 45700/T) 300-2000 = 3 
Е(Аг) = 0.38 ехр(- T/73) +0.62 exp( — 7/1180) 300-2000 AF, = = 0.1 
Е (С›Не) = 0.54 exp( - T/1250) 800-1000 AF, = + 0.1 
СН,СНО + M— CH; + CHO + M k(l atm.) = 7 x 10% exp( — 41100/T) 750-1200 + 0.4 
(pressure dependent region) 
С.Н.О + М > HCHO + СН, + M k. = 8 x 10? exp( — 10830/T) 300-600 + 1.0 
[estimate] 
СНООН + М > СНО + ОН + М k. 4 x 1015 exp( —21600/T) 400-1000 + 0 
СН; + М > СН; + СН, + M N dati 
— GH; + СН, + M о recommendation 
> linear-CHs + M 4.0 x 10? exp( — 36700/T) 1450-1900 + 4 
GH, + Мо СН; + H + M 9.0 x 105 exp( — 54060/T) 1200-2500 = 0.4 at 1200 K 
> СН. + H; + M reducing to + 0.3 
at 2500 K 
СО + М > CH; + СО + M 2.5 х 10!! ехр(—22100/Т) 1000-1580 + 0.2 
C,H;CH; + М > СН; + 2С,Н, + М 
э СН. + СН, + М 5.1 x 103 exp( — 36370/T) 1350-1900 = 0.3 at 1350 K rising 
> CH; + ОН; + M to + 0.5 1900 K 
- ОН, (BCH) + M 
СеН:СН; + М > СНЖН, +H +M 34 x 105 exp( — 44890/T) 920-2200 = 0.3 at 900 K 
- СН; + СН; + M No recommendation rising to + 0.5 
at 2200 K 
р-С.Н,СНь), + М > p- СНСЊСН 4.0 x 1055 exp( — 42600/T) 1400-1800 = 0.5 
+H+M 
CsHsC2Hs + M->CsHsCH2 + CH +M 6.1 x 105 exp( — 37800/T) 770-1800 + 0.1 at 770 K 
—CsHs + СН, +M rising to + 0.4 at 
—CH,CHCH»; + Н+ M No recommendations 
эСН; + СН; + М 
—C,H;CHCH; + Н+ M 
Тађје 3 
COMBINATION REACTIONS 
Reaction К./ст? molecule ~'s- t! Temp/K Error limits (А log k) 
Којсте molecule"? 57! 
F. 
بپ‎ n koka [M] 
3 1 1 — 
k/cm? molecule т! = kM] + ke 
H + O; + Аг — HO; + Аг ko = 17 x 1079 T 798 300--2000 + 0.5 
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KINETIC DATA FOR COMBUSTION MODELLING (continued) 
Table 3 
COMBINATION REACTIONS (continued) 


Reaction kelem? molecule" 157! Temp/K Error limits (А log К) 
kycm$ molecule? اک‎ 
F. 
шон ko k. [M 
3 1-1 = 
k/cm? molecule !s ЫМ] + КЁ 
H + О, + H; > НО, + Н, Ку = 5.8 x 107? T- 98 300-2000 = 0.5 
H + O; + № > НО; + №, ko = 3.9 x 10-34 Т-08 300-2000 + 0.5 
H + O; + H;O > НО; + ЊО Ко = 43 x 10-30 T-95 300-2000 = 0.5 
Н + Н + Аг > Н; + Аг Ко = 18 x 1079 T-19 300-2500 + 0.5 
H + H + يلام يلا‎ + Н, ko = 2.7 x 1071 T7946 100-5000 + 0.5 
H + OH + H:O > ЊО + ЊО ko = 3.9 x 1075 T 7?9 300-3000 = 0.3 
H + ОН + Ar > HO + Аг ko = 23 x 10775 T-29 300-3000 + 03 
H + OH + N> — HO + N; ko = 6.1 x 10-26 7-26 300-3000 + 0.3 
H + CH; + M > CH, + M ko(He) = 6.2 x 10-2 (Т/3000):15 300-1000 = 0.3 
(Аг) = 6 x 107? (Т/300)-1*, 300-1000 = 0.5 
Ко(С2Нь) = 3 x 10-28 (7/300)7:* 300-1000 + 05 
k. = 3.5 x 10719 300-1000 = 3 
F.(He,Ar) = exp(—0.45 — T/3231) 300--1000 AF, = + 0.1 
ЕДС:Н,) = ехр(-0.34 — 7/3053) 300-1000 AF, = + 01 
Н + CH; + Не > СМ, + He k. = 14 x 107!! ехр(- 1300/T) 200-400 + 3 
ko = 33 x 10-30 exp( — 740/T) 200-400 * 0.5 
F. = 0.44 200—400 AF, = + 0.1 
H + ОН + MO СН, + M No recommendation 
H + СН, + M > СН; + M No recommendation 
H + С.Н; + MO СН + M No recommendation 
H + CH; + M > СН + M kæ = 13 x 107" 1400-1700 + 0.5 
H + СН, + M > CH: + M ks = 67 x 107! ехр(—2170/Т) 300-1000 * 0.2 
Н + СЕБО + M — СНОН + M Кы = 42 х 107" 1000 * 0.3 
H + С.Н.СН, + M > СН:СН; + M k. = 5.5 x 10-0 300-2000 + 0.2 at 300 K rising to 
+ 0.7 at 2000 K. 
H + С,Н.СН, + Mo GH,CH; + M ke = 12 х 107% 298 ж 02 
Н + CHsC2Hs + M > СҢ,СІ + M ke = 33 x 107% 298 +01 
ОН + OH + M > H;O; + M ko(N2) = 8 x 107% (T/300) "526 250-1400 * 0.4 
(НО) = 4 x 10-20 300-400 
k. = 15 х 107!! (T/300)- 997 200-1500 + 0.5 
FN) = 05 200-1500 AF, = = 0.2 
ОН + CH; + M > СНОН + M No data available for this channel 


(See Table 1) 
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KINETIC DATA FOR COMBUSTION MODELLING (continued) 
Table 3 
COMBINATION REACTIONS (continued) 


Reaction k-/cm? molecule "s^! Temp/K Error limits (A log k) 
Којсте molecule? 57! 
F. 
3 16-1 ېي‎ 
k/cm? molecule '5 ЫМ] + ka F 
ОН + СН, + M > ОЊОН + M See data sheet 
ОН + GH, + M > СНОН + M ks = 3.8 x 10-12 exp( — 340/T) 240-340 = 0.2 
ОН + СНОН + M > CsH;(OH)2 + М ke = 28 x 107! 298 = 0.1 
OH + CsH;sCH; + М - НОС,Н,СН, + М ke = 3.8 x 107? exp(180/T) 200-300 * 04 
OH + СН (СНз), +M -» СНАСЊ ОН + М ke = 14 x 1071 300-320 = 0.1 
ОН + С6Н:СН; + М > HOCGH;CH; + M 75 x 107? at p < 1 atm. 298 * 0.1 
ЗСН, + СН, + M > ОН, + M 2.0 x 107!! exp( — 3330/T) 300-1000 = 03 
atp = < 10 Torr. 
*'CH; + СН, + M > ОН, + M 
— с-СНе + M 5.3 х 10-12 exp( —2660/T) 300-1000 = 0.2 at 300 K rising to 
э ОН +H +M * 0.3 at 1000 K 
СН, + СН, + M > CH;CCH, + M 
— CH3CCH + M 3.7 x 107% independent of p 300-1000 = 0.3 at 300 K rising to 
- СЊССН + H + M + 0.7 at 1000 К. 
СН, + СН, + М — ОН, 1.1 х 107 independent of p 300-1000 = 0.2 at 300 K rising to 
= 0.5 at 1000 К. 
CH; + О; + М > CH;O; + M К(Аг) = 15 x 10-27-33 300-800 = 0.3 
k(N;) = 16 x 1072 Т-33 300-800 = 0.3 
ke = 13 x 1075 2 300-800 = 03 
F, = 0466 — 1.30 x 107^ T 300-800 
CH; + CH; + Ar — С.Н, + Ar ke = 6 x 107? 300-2000 ж 0.05 at 300 K rising to 
+ 0.3 at 2000 K 
ko = 35 x 1077 T -?9 exp( — 1390/T) 300-2000 = 03 
Ес = 0.38 exp( - T/73) 
+ 0.62exp( — 7/1180) 300-2000 AF, = = 0.1 
CH; + СН; + М > СН; + M ke = 1 x 10712 exp( — 3900/T) 300-600 * 0.5 
CH; + СН. + M > п-ОН; + M 3.5 x 107? exp( -3700/T) 300-600 = 03 
CH; + С.Н; + М > СН, + M k. = 4.7 x 1071 300-800 = 3 
СН; + СН; + M > n-C,Hi + M ka = 1.9 x 1071 300-1200 * 3 
СН,СО + O; + М > СЊСО, + M 2 x 107? 300 = 3 


for p = 1-4 Torr. 
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ELECTRICAL CONDUCTIVITY OF WATER 


This table gives the electrical conductivity of highly purified Reference 
water over a range of temperature and pressure. The first column 
of conductivity data refers to water at its own vapor pressure. Marshall, W. L., J. Chem. Eng. Data 32, 221, 1987. 
Equations for calculating the conductivity at any temperature and 
pressure may be found in the reference. 


Conductivity in uS/cm at the Indicated Pressure 


С Sat. vapor 50 MPa 100 MPa 200 MPa 400 MPa 600 MPa 
0 0.0115 0.0150 0.0189 0.0275 0.0458 0.0667 
25 0.0550 0.0686 0.0836 0.117 0.194 0.291 

100 0.765 0.942 1.13 1.53 2.45 3.51 

200 2.99 4.08 5.22 7.65 13.1 19.5 

300 2.41 4.87 7.80 14.1 28.9 46.5 

400 1.17 4.91 14.3 39.2 71.3 

600 0.134 4.65 33.8 85.7 
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ELECTRICAL CONDUCTIVITY OF AQUEOUS SOLUTIONS 


The following table gives the electrical conductivity of aqueous ст? тог". For these electrolytes the concentration с correspond- 
solutions of some acids, bases, and salts as a function of concen- — ing to the mass percent values given here can be found in the table 
tration. All values refer to 20°C. The conductivity к (often called — "Concentrative Properties of Aqueous Solutions” in Section 7. 
specific conductance in older literature) is the reciprocal of the 
resistivity. The molar conductivity A is related to this by А = к/с, References 
where c is the amount-of-substance concentration of the electro- 1. CRC Handbook of Chemistry, and Physics, 70th Edition, 1989, p. D- 
lyte. Thus if к has units of millisiemens per centimeter (mS/cm), 221. 
as in this table, and c is expressed in mol/L, then A has units of S 02, Wolf, A. V., Aqueous Solutions and Body Fluids, Hoeber, 1996. 


Electrical Conductivity к in mS/cm for the Indicated Concentration in Mass Percent 


Name Formula 0.596 196 296 596 1096 1596 2096 25% 3096 4096 5096 
Acetic acid CH,COOH 0.3 0.6 0.8 1.2 1.5 1.7 1.7 1.6 1.4 1.1 0.8 
Ammonia NH, 0.5 0.7 1.0 1.1 1.0 0.7 0.5 0.4 

Ammonium chloride NH,Cl 10.5 20.4 40.3 95.3 180 

Ammonium sulfate (NH,),SO, 7.4 14.2 25.7 57.4 105 147 185 215 

Barium chloride BaCl, 4.7 9.1 17.4 40.4 76.7 1090 137.0 

Calcium chloride CaCl, 8.1 15.7 29.4 670 117 157 177 183 172 106 
Cesium chloride CsCl 3.8 7.4 13.8 32.9 65.8 102 142 

Citric acid Н,СЦОНДСОО), 12 2.1 3.0 4.7 6.2 7.0 7.2 71 

Соррег(П) sulfate CuSO, 2.9 5.4 9.3 19.0 32.2 42.3 

Formic acid HCOOH 1.4 2.4 3.5 5.6 7.8 9.0 9.9 10.4 10.5 9.9 8.6 
Hydrogen chloride HCl 45.1 92.9 183 

Lithium chloride LiCl 10.1 19.0 34.9 76.4 127 155 170 165 146 
Magnesium chloride MgCl, 8.6 16.6 31.2 66.9 108 129 134 122 98 
Magnesium sulfate MgSO, 4.1 7.6 13.3 27.4 42.7 54.2 51.1 44.1 

Manganese(II) sulfate Мп50, 6.2 10.6 21.6 34.5 43.7 47.6 

Nitric acid HNO, 28.4 561 108 

Oxalic acid HC, 140 218 353 656 

Phosphoric acid H,PO, 5.5 10.1 16.2 31.5 59.4 88.4 118 146 173 209 
Potassium bromide KBr 5.2 10.2 19.5 47.7 956 144 194 

Potassium carbonate К,СО, 7.0 13.6 25.4 58.0 9 152 188 223 

Potassium chloride KCl 8.2 15.7 29.5 71.9 143 208 

Potassium dihydrogen 

phosphate KH,PO, 3.0 5.9 11.0 25.0 44.6 

Potassium hydrogen carbonate KHCO, 4.6 8.9 17.0 38.8 724 101 128 

Potassium hydrogen phosphate K,HPO, 5.2 9.9 18.3 40.3 

Potassium hydroxide KOH 20.0 38.5 750 178 

Potassium iodide KI 3.8 7.5 14.2 35.2 718 110 188 224 

Potassium nitrate KNO, 5.5 10.7 20.1 47.0 873 124 157 182 

Potassium permanganate KMnO, 3.5 6.9 13.0 30.5 

Potassium sulfate K,SO, 5.8 11.2 21.0 48.0 88.6 

Silver(I) nitrate AgNO, 3.1 6.1 12.0 26.7 49.8 72.0 92.8 112 129 162 
Sodium acetate NaCH,COO 3.9 7.6 144 30.9 53.4 64.1 69.3 69.2 64.3 
Sodium bromide NaBr 5.0 9.7 18.4 44.0 846 122 157 191 216 

Sodium carbonate Ма,СО, 7.0 131 23.3 47.0 744 88.6 

Sodium chloride NaCl 8.2 16.0 30.2 70.1 126 171 204 222 

Sodium citrate масно, 74 128 262 421 520 571 573 535 
Sodium dihydrogen phosphate NaH,PO, 2.2 4.4 9.1 21.0 33.2 43.3 49.6 53.1 54.0 46.1 
Sodium hydrogen carbonate NaHCO, 4.2 8.2 15.0 31.4 

Sodium hydrogen phosphate — Na, HPO, 4.6 8.7 15.6 31.4 

Sodium hydroxide NaOH 24.8 48.6 93.1 206 

Sodium nitrate NaNO, 5.4 10.6 20.4 46.2 826 11 134 152 165 178 
Sodium phosphate Ма,РО, 7.3 14.1 227 43.5 

Sodium sulfate Ма,50, 5.9 112 19.8 42.7 713 911 109 

Sodium thiosulfate Ма,5,О, 5.7 10.7 19.5 43.3 767 4 123 134 136 118 
Strontium chloride SrCl, 5.9 11.4 22.0 49.1 915 127 153 168 178 

Sulfuric acid H,SO, 24.3 47.8 92 211 

Trichloroacetic acid CCl,COOH 10.3 19.6 37.2 847 8 193 221 

Zinc sulfate ZnSO, 2.8 5.4 10.0 20.5 33.7 43.3 
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THERMODYNAMIC PROPERTIES OF AIR 


These tables summarize the thermodynamic properties of air in References 

the liquid and gaseous states, as well as along the saturation line. 

In the table for the saturation state, P(boil) is the bubble point tem- 1. Vasserman, А. A., and Rabinovich, V. A. Then mophysical Properties 

perature (ie., the pressure at which boiling begins as the tempera- of Liquid Air and its Components, Izdatel’stvo Komiteta, Standartov, 

ture of the liquid is raised), and P(con) is the dew point tempera- Moscow, 1968: р | . . 
3 : | 2. Vasserman, А. A, et al, Thermophysical Properties of Air and Air 

ture (pressure at which condensation begins as the temperature of , 

) : : Components, Izdatel'stvo Nauka, Moscow, 1966. 

the gas is lowered). The other properties tabulated are density (p), 

enthalpy (Н), entropy (S), and isobaric heat capacity (С). More 

detailed tables may be found in the references. 


Properties in the saturation state: Properties of air in the gaseous state: 
T P(boil) P(con) p (liq) p (gas) P T p H S C 
K bar bar g/cm? g/L bar K g/L J/g ЛЕК JI gk 
65 0.1468 0.0861 0.939 0.464 1 100 3.556 98.3 5.759 1.032 
70 0.3234 0.2052 0.917 1.033 1 200 1.746 199.7 6.463 1.007 
75 0.6366 0.4321 0.894. 2.048 1 300 1.161 300.3 6.871 1.007 
80 1.146 0.8245 0.871 3.709 1 500 0.696 503.4 7.389 1.030 
85 1.921 1.453 0.845 6.258 1 1000 0.348 10466 8.138 1.141 
90 3.036 2.397 0.819 9.980 10 200 17.835 195.2 5.766 1.049 
95 4.574 3.748 0.792 15.21 10 300 11.643 298.3 6.204 1.021 
100 6.621 5.599 0.763 22.39 10 500 6.944 502.9 6.727 1.034 
110 12.59 11.22 0.699 45.15 10 1000 3471 10472 7.477 1.142 
120 21.61 20.14 0.622 87.34 100 200 213.950 148.8 4.949 1.650 
130 34.16 33.32 0.487 184.33 100 300 116.945 279.9 5.486 1.158 
132.55 37.69 37.69 0.313 312.89 100 500 66.934 499.0 6.048 1.073 
100 1000 33613 10524 6.812 1.151 


Properties of liquid air: 


P T p H 5 c, 
bar K g/cm? J/g J/g K Лек 
1 75 0.8935 —131.7 2.918 1.843 

5 75 0.8942 —131.4 2.916 1.840 

5 80 0.8718 -122.3 3.031 1.868 

5 85 0.8482 -112.9 3.143 1.901 

5 90 0.8230 —103.3 3.250 1.941 

5 95 0.7962 -93.5 3.356 1.991 
10 75 0.8952 —131.1 2.913 1.836 
10 80 0.8729 -122.0 3.028 1.863 
10 90 0.8245 —103.1 3.246 1.932 
10 100 0.7695 -83.2 3.452 2.041 
50 75 0.9025 -128.2 2.892 1.806 
50 100 0.7859 -81.8 3.415 1.939 
50 125 0.6222 -28.3 3.889 2.614 
50 150 0.1879 91.9 4.764. 2.721 
100 75 0.9111 -124.5 2.867 1774 
100 100 0.8033 —79.4 3.376 1.852 
100 125 0.6746 —31.4 3.805 2.062 
100 150 0.4871 32.8 4.271 2.832 
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PROPERTIES OF WATER IN THE RANGE 0-100°С 


This table summarizes the best available values of the density, specific 
heat capacity at constant pressure (C), vapor pressure, viscosity, thermal 
conductivity, dielectric constant, and surface tension for liquid water in the 
range 0 — 100 °С. АП values (except vapor pressure) refer to a pressure of 
100 kPa (1 bar). The temperature scale is IPTS-68. 


References 


1. L. Наг, J. S. Gallagher, and а. S. Kell, NBS/NRC Steam Tables, 
Hemisphere Publishing Corp., New York, 1984. 


t Density C, Vap. pres. 
"C g/cm? J'gK kPa 
0 0.99984 4.2176 0.6113 
10 0.99970 4.1921 1.2281 
20 0.99821 4.1818 2.3388 
30 0.99565 4.1784 4.2455 
40 0.99222 4.1785 7.3814 
50 0.98803 4.1806 12.344 
60 0.98320 4.1843 19.932 
70 0.97778 4.1895 31.176 
80 0.97182 4.1963 47.373 
90 0.96535 4.2050 70.117 
100 0.95840 4.2159 101.325 
Ref. 1-3 2 1,3 


2. K. N. Marsh, Ed., Recommended Reference Materials for the Realization 
of Physicochemical Properties, Blackwell Scientific Publications, 
Oxford, 1987. 

3. J. V. Sengers and J. T. В. Watson, Improved international formulations 
for the viscosity and thermal conductivity of water substance, J. Phys. 
Chem. Ref. Data, 15, 1291, 1986. 

4. D.G. Archer and P. Wang, The dielectric constant of water and Debye- 
Hückel limiting law slopes, /. Phys. Chem. Ref. Data, 19, 371, 1990. 

5. N. B. Vargaftik, et al., International tables of the surface tension of 
water, / Phys. Chem. Ref. Data, 12, 817, 1983. 


Ther. 
Visc. cond. Diel. Surf. ten. 
цРа s mW/K m const. mN/m 
1793 561.0 87.90 75.64 
1307 580.0 83.96 74.23 
1002 598.4 80.20 72.75 
797.7 615.4 76.60 71.20 
653.2 630.5 73.17 69.60 
547.0 643.5 69.88 67.94 
466.5 654.3 66.73 66.24 
404.0 663.1 63.73 64.47 
354.4 670.0 60.86 62.67 
314.5 675.3 58.12 60.82 
281.8 679.1 55.51 58.91 
3 3 4 5 


ENTHALPY OF VAPORIZATION OF WATER 


The enthalpy (heat) of vaporization of water is tabulated as a 
function of temperature on the IPTS-68 scale. 


С kJ/mol 
0 45.054 
25 43.990 
40 43.350 
60 42.482 
80 41.585 
100 40.657 
120 39.684 
140 38.643 
160 37.518 
180 36.304 
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Reference 


Marsh, K. N., Ed., Recommended Reference Materials for the Realization of 
Physicochemical Properties, Blackwell, Oxford, 1987. 


t A. 
°C kJ/mol 
200 34.962 
220 33.468 
240 31.809 
260 29.930 
280 27.795 
300 25.300 
320 22.297 
340 18.502 
360 12.966 
374. 2.066 


ENTHALPY OF VAPORIZATION OF WATER 


The enthalpy (heat) of vaporization of water is tabulated as a Reference 
function of temperature on the IPTS-68 scale. 
Marsh, K. N., Ed., Recommended Reference Materials for the Realization of 
Physicochemical Properties, Blackwell, Oxford, 1987. 


t t 
°С kJ/mol °C kJ/mol 
0 45.054 200 34.962 
25 43.990 220 33.468 
40 43.350 240 31.809 
60 42.482 260 29.930 
80 41.585 280 27.795 
100 40.657 300 25.300 
120 39.684 320 22.297 
140 38.643 340 18.502 
160 37.518 360 12.966 
180 36.304 374 2.066 
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FIXED POINT PROPERTIES OF H,O AND D,O 


Temperatures are given on the IPTS-68 scale. 


1. Haar, L., Gallagher, J. S., and Kell, а. S., NBS/NRC Steam Tables, 


References 


Hemisphere Publishing Corp., New York, 1984. 


2. Levelt Sengers, J. M. H., Straub, J., Watanabe, K., and Hill, P. G., 
Assessment of critical parameter values for H,O and D,O, J. Phys. 


Chem. Ref. Data, 14, 193, 1985. 


THERMAL CONDUCTIVITY OF SATURATED НО AND D,O 


This table gives the thermal conductivity Х for water (H,O or 
D,O) in equilibrium with its vapor. Values for the liquid (X) and 


Molar mass 


Melting point(101.325 kPa) 
Boiling point(101.325 kPa) 


Triple point temperature 


Triple point pressure 


Triple point density(l) 
Triple point density(g) 
Critical temperature 


Critical pressure 
Critical density 
Critical specific volume 


Maximum density(saturated liquid) 


Temperature of maximum density 


vapor (A,) are listed, as well as the vapor pressure. 


100 
150 
200 
250 
300 
350 


Kestin, J. et. al, Thermophysical properties of fluid Р.О, J. Phys. 


Chem. Ref. Data, 13, 601, 1984. 


Kestin, J. et. al, Thermophysical properties of fluid H,O, J. Phys. 


Chem. Ref. Data, 13, 175, 1984. 


5. Hill, P. G., MacMillan, R. D. C., and Lee, V., A fundamental equation 


Unit 
g/mol 
°С 
°С 
ye 
Pa 
g/cm? 
mg/L 
°C 
МРа 
g/cm? 
cm?/g 
g/cm? 
°С 


of state for heavy water, J. Phys. Chem. Ref. Data, 11, 1, 1982. 


H,O 
18.01528 
0.00 
100.00 
0.01 
611.73 
0.99978 
4.885 
373.99 
22.064 
0.322 
3.11 
0.99995 
4.0 


р,О 
20.02748 
3.82 
101.42 
3.82 
661 
1.1055 
5.75 
370.74 
21.671 
0.356 
2.81 
1.1053 
11.2 


References 


1. Sengers, J.V. and Watson, J.T.R., Improved international formulations 
for the viscosity and thermal conductivity of water substance, J. Phys. 


Chem. Ref. Data, 15, 1291, 1986. 


2. Matsunaga, N. and Nagashima, A., Transport properties of liquid and 
gaseous D,O over a wide range of temperature and pressure, J. Phys. 


Chem. Ref. Data, 12, 933, 1983. 


H,O هو‎ 

Р/КРа À,/(mW/K m)  À,/ (mW/K m) P/kPa À,/ (mW/Km)  À,/ (mW/K m) 

0.6 561.0 16.49 

1.2 580.0 17.21 1.0 575 17.0 
2.3 598.4 17.95 2.0 589 17.8 
42 615.4 18.70 37 600 18.5 
7.4 630.5 19.48 6.5 610 19.3 
12.3 643.5 20.28 11.1 618 20.2 
19.9 654.3 21.10 18.2 625 21.0 
31.2 663.1 21.96 28.8 629 21.9 
47.4 670.0 22.86 44.2 633 22.8 
70.1 675.3 23.80 66.1 635 23.8 
101.3 679.1 24.79 96.2 636 24.8 
476 682.1 30.77 465 625 30.8 
1555 663.4 39.10 1546 592 39.0 
3978 621.4 51.18 3995 541 52.0 
8593 547.7 71.78 8688 473 752 
16530 447.6 134.59 16820 391 143.0 
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THERMAL CONDUCTIVITY OF SATURATED H,O AND DO 


This table gives the thermal conductivity À for water (Н,О or 
D,O) in equilibrium with its vapor. Values for the liquid (Aj) and 
vapor (À ) are listed, as well as the vapor pressure. 


100 
150 
200 
250 
300 
350 


References 


1. Sengers, J.V. and Watson, J.T.R., Improved international formulations 
for the viscosity and thermal conductivity of water substance, J. Phys. 


Chem. Ref. Data, 15, 1291, 1986. 


2. Matsunaga, N. and Nagashima, A., Transport properties of liquid and 
gaseous D,O over a wide range of temperature and pressure, J. Phys. 


Chem. Ref. Data, 12, 933, 1983. 


H,O هو‎ 

Р/КРа ۸ /(mW/Km) X,/ (mW/K m) Р/КРа ۸ / (mW/K m)  À,/ (mW/K m) 

0.6 561.0 16.49 

1.2 580.0 17.21 1.0 575 17.0 
2.3 598.4 17.95 2.0 589 17.8 
4.2 615.4 18.70 3.7 600 18.5 
7.4 630.5 19.48 6.5 610 19.3 
12.3 643.5 20.28 11.1 618 20.2 
19.9 654.3 21.10 18.2 625 21.0 
31.2 663.1 21.96 28.8 629 21.9 
47.4 670.0 22.86 44.2 633 22.8 
70.1 6753 23.80 66.1 635 23.8 
101.3 679.1 24.79 96.2 636 24.8 
476 682.1 30.77 465 625 30.8 
1555 663.4 39.10 1546 592 39.0 
3978 621.4 51.18 3995 541 52.0 
8593 5477 71.78 8688 473 75.2 
16530 447.6 134.59 16820 391 143.0 
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STANDARD DENSITY OF WATER 


This table gives the density p of water in the temperature range 
from 0°C to 100°С at a pressure of 101325 Pa (one standard atmo- 
sphere). From 0°С to 40°С the values are taken from the IUPAC 
publication in Reference 1 and refer to standard mean ocean water 
(SMOW), free from dissolved salts and gases. SMOW is a stan- 
dard water sample of high purity and known isotopic composi- 
tion. Methods of correcting for different isotopic compositions are 
discussed in Reference 1. The remaining values are taken from the 
NIST Chemistry WebBook, Reference 2. 

Note that the IUPAC values refer to the IPTS-68 temperature 
scale, while the NIST values are based on the ITS-90 scale (where 
the normal boiling point is 99.974°С). The conversion between 
these scales can be found in Sec. 1. The difference between the 
scales leads to a difference in the density of water of about 20 ppm 
in the neighborhood of 100°С and much less at lower tempera- 
tures. 


References 


. Marsh, К. №, Еа, Recommended Reference Materials for the 


Realization of Physicochemical Properties, Blackwell Scientific 
Publications, Oxford, 1987. 


. Lemmon, E.W., McLinden, M.O., and Friend, D.G., “Thermophysical 


Properties of Fluid Systems” in NIST Chemistry WebBook, NIST 
Standard Reference Database Number 69, Eds. РЈ. Linstrom and W.G. 
Mallard, June 2005, National Institute of Standards and Technology, 
Gaithersburg MD, 20899 (http://webbook.nist.gov). 


. Wagner, W., and Pruss, A., “The IAPWS formulation 1995 for the 


thermodynamic properties of ordinary water substance for general 
and scientific use’, J. Phys. Chem. Ref: Data 31, 387-535, 2002. 


. Saul, A., and Wagner, W., “A Fundamental Equation for Water 


Covering the Range From the Melting Line to 1273 K at Pressures up 
to 25000 MPa’, J. Phys. Chem. Ref. Data 18, 1537-1564, 1989. 


tC  p/gcm? tC  p/gcm? tC  p/gcm? tC  p/gcm? tC  p/gcm? 

0.1 09998493 4.3 92 8.5 09998189 12.7 0.9994167 16.9  0.9987942 
0.2 09998558 44 6 86 1 128 0.994043 17.0 9 
03 0.9998622 4.5 8 87 1 12.9 0.9993918 17.1 0.9987595 
0.4 0.9998683 4.6 0.9999719 8.8 0.9997980 13.0 2 17.2 9 
0.5 0.9998743 4.7 0.9999709 8.9 0.9997908 13.1 0.9993665 17.8 0.9987243 
0.6 01 4.8 0139999696 9.0 0.997834 13.2  0.9993536 17.44 0.9987065 
07 0.9998857 49 09999683 9.1 09997759 13.3 0.9993407 17.5 0.9986886 
0.8 0.9998912 5.0 0.9999668 92 0.9997682 13.4 0.9993276 17.6 76 
09 0.998964 51 09999651 93 09997604 13.5 ۹23 17.7 5 
1.0 5 52 2 94 0.9997525 13.6 60 17.8 3 
11 0.9999065 5.3 0.9999612 9.5 0.9997444 13.7 0.9992875 17.9 0.9986160 
1.2 0.9999112 5.4 0.9999591 9.6 0.9997362 13.8 0.9992740 18.0 0.9985976 
1.3 0.9999158 5.5 0.9999568 9.7 9 13.9 0.9992602 18.1 0.9985790 
14 0.9999202 5.6 0.9999544 9.8 0.9997194 14.0 0.9992464 18.2 0.9985604 
1.5 0.9999244 5.7 0.9999518 9.9 0.9997108 14.1 0.9992325 18.3 0.9985416 
1.6 0.9999284 5.8 0.9999490 10.0 0.9997021 14.2 0.9992184 18.4 0.9985228 
1.7 0.9999323 5.9 0.9999461 10.1 0.9996932 14.3 0.9992042 18.5 0.9985038 
1.8 0.9999360 6.0 0.9999430 10.2 0.9996842 14.4 0.9991899 18.6 0.9984847 
1.9 0.9999395 6.1 0.9999398 10.3 0.9996751 14.5 0.9991755 18.7 0.9984655 
2.0 0.9999429 6.2 0.9999365 10.4 0.9996658 14.6 0.9991609 18.8 0.9984462 
21 0.9999461 6.3 0.9999330 10.5 0.9996564 14.7 0.9991463 18.9 0.9984268 
22 0.999949] 64 0.9999293 10.6 0.9996468 14.8 0.9991315 19.0 0.9984073 
23 69 65 55 10.7 0.9996372 14.9 0.9991166 19.1۹ 77 
2.4 0.9999546 6.6 0.9999216 10.8 0.9996274 15.0 0.991016 19.2 0.9983680 
2.5 09999571 67 5 10.9 0.9996174 15.1  0.9990864 19.3 0.9983481 
2.6 0.9999595 6.8 92 11.0 0.9996074 15.2 09990712 19.4 0.9983282 
2.7 6 69 48 11.1۹ 42 15.3 68 19.5 0.9983081 
2.8 0.9999636 7.0 0.9999043 11.2 0.9995869 15.4 0.9990403 19.6 0.9982880 
29 0.9999655 7.1 0.9998996 11.3 4 15.5 047 19.7 77 
3.0 72 72 0.9998948 11.44 0.9995658 15.6 0.9990090 19.8 0.9982474 
3.1 0.9999687 73 0.9998898 11.5 0.9995551 15.7 0.9989932 19.9  0.9982269 
3.2 0.9999700 7.4 0.9998847 11.6 0.9995443 15.8 0.9989772 20.0 0.9982063 
3.3 0.9999712 7.5 0.9998794 11.7 0.9995333 15.9 0.9989612 20.1 0.9981856 
3.4 0.9999722 7.6 0.9998740 11.8 0.9995222 16.0 0.9989450 20.2 0.9981649 
3.5 0.9999731 7.7 0.9998684 11.9 0.9995110 16.1  0.9989287 203 0.9981440 
3.6 0.9999738 7.8 0.9998627 12.0 6 16.2  0.9989123 20.4 0.9981230 
37 3 7.9 0.9998569 12.1  0.9994882 16.3  0.9988957 20.5 0.9981019 
3.8 47 80 09 12.2 0.9994766 16.4  0.9988791 20.6 0.9980807 
3.9 09999749 81 09998448 12.3 8 16.5 0.9988623 207 94 
4.0 0 82 09998385 124 09994530 16.6  0.9988455 20.8 0 
4.1 0.9999748 8.3 0.9998321 12.5 0 167 5 20.9 4 
42 6 8.4 56 12.6 9 16.8 0.9988114 21.0 0.9979948 
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Standard Density of Water 


tC 
21.1 
21.2 
21.3 
21.4 
21.5 
21.6 
21.7 
21.8 
21.9 
22.0 
22.1 
222 
22.3 
22.4 
22.5 
22.6 
22.7 
22.8 
22.9 
23.0 
23.1 
23.2 
23.3 
23.4 
23.5 
23.6 
23.7 
23.8 
23.9 
24.0 
24.1 
24.2 
24.3 
24.4 
24.5 
24.6 
24.7 
24.8 
24.9 
25.0 
25.1 
25.2 
25.3 
25.4 
25.5 
25.6 
25.7 
25.8 
25.9 
26.0 


р/в cm? 

0.9979731 
0.9979513 
0.9979294 
0.9979073 
0.9978852 
0.9978630 
0.9978406 
0.9978182 
0.9977957 
0.9977730 
0.9977503 
0.9977275 
0.9977045 
0.9976815 
0.9976584 
0.9976351 
0.9976118 
0.9975883 
0.9975648 
0.9975412 
0.9975174 
0.9974936 
0.9974697 
0.9974456 
0.9974215 
0.9973973 
0.9973730 
0.9973485 
0.9973240 
0.9972994 
0.9972747 
0.9972499 
0.9972250 
0.9972000 
0.9971749 
0.9971497 
0.9971244 
0.9970990 
0.9970735 
0.9970480 
0.9970223 
0.9969965 
0.9969707 
0.9969447 
0.9969186 
0.9968925 
0.9968663 
0.9968399 
0.9968135 
0.9967870 


tC 
26.1 
26.2 
26.3 
26.4 
26.5 
26.6 
26.7 
26.8 
26.9 
27.0 
27.1 
27.2 
27.3 
27.4 
27.5 
27.6 
27.7 
27.8 
27.9 
28.0 
28.1 
28.2 
28.3 
28.4 
28.5 
28.6 
28.7 
28.8 
28.9 
29.0 
29.1 
29.2 
29.3 
29.4 
29.5 
29.6 
29.7 
29.8 
29.9 
30.0 
30.1 
30.2 
30.3 
30.4 
30.5 
30.6 
30.7 
30.8 
30.9 
31.0 


p/g cm? 

0.9967604 
0.9967337 
0.9967069 
0.9966800 
0.9966530 
0.9966259 
0.9965987 
0.9965714 
0.9965441 
0.9965166 
0.9964891 
0.9964615 
0.9964337 
0.9964059 
0.9963780 
0.9963500 
0.9963219 
0.9962938 
0.9962655 
0.9962371 
0.9962087 
0.9961801 
0.9961515 
0.9961228 
0.9960940 
0.9960651 
0.9960361 
0.9960070 
0.9959778 
0.9959486 
0.9959192 
0.9958898 
0.9958603 
0.9958306 
0.9958009 
0.9957712 
0.9957413 
0.9957113 
0.9956813 
0.9956511 
0.9956209 
0.9955906 
0.9955602 
0.9955297 
0.9954991 
0.9954685 
0.9954377 
0.9954069 
0.9953760 
0.9953450 


tC 
31.1 
31.2 
31.3 
31.4 
31.5 
31.6 
31.7 
31.8 
31.9 
32.0 
32.1 
32.2 
32.3 
32.4 
32.5 
32.6 
32.7 
32.8 
32.9 
33.0 
33.1 
33.2 
33.3 
33.4 
33.5 
33.6 
33.7 
33.8 
33.9 
34.0 
34.1 
34.2 
34.3 
34.4 
34.5 
34.6 
34.7 
34.8 
34.9 
35.0 
35.1 
35.2 
35.3 
35.4 
35.5 
35.6 
35.7 
35.8 
35.9 
36.0 


p/g cm? 

0.9953139 
0.9952827 
0.9952514 
0.9952201 
0.9951887 
0.9951572 
0.9951255 
0.9950939 
0.9950621 
0.9950302 
0.9949983 
0.9949663 
0.9949342 
0.9949020 
0.9948697 
0.9948373 
0.9948049 
0.9947724 
0.9947397 
0.9947071 
0.9946743 
0.9946414 
0.9946085 
0.9945755 
0.9945423 
0.9945092 
0.9944759 
0.9944425 
0.9944091 
0.9943756 
0.9943420 
0.9943083 
0.9942745 
0.9942407 
0.9942068 
0.9941728 
0.9941387 
0.9941045 
0.9940703 
0.9940359 
0.9940015 
0.9939671 
0.9939325 
0.9938978 
0.9938631 
0.9938283 
0.9937934 
0.9937585 
0.9937234 
0.9936883 


°С 
36.1 
36.2 
36.3 
36.4 
36.5 
36.6 
36.7 
36.8 
36.9 
37.0 
37.1 
37.2 
37.3 
37.4 
37.5 
37.6 
37.7 
37.8 
37.9 
38.0 
38.1 
38.2 
38.3 
38.4 
38.5 
38.6 
38.7 
38.8 
38.9 
39.0 
39.1 
39.2 
39.3 
39.4 
39.5 
39.6 
39.7 
39.8 
39.9 
40.0 
41.0 
42.0 
43.0 
44.0 
45.0 
46.0 
47.0 
48.0 
49.0 
50.0 


p/g cm? 
0.9936531 
0.9936178 
0.9935825 
0.9935470 
0.9935115 
0.9934759 
0.9934403 
0.9934045 
0.9933687 
0.9933328 
0.9932968 
0.9932607 
0.9932246 
0.9931884 
0.9931521 
0.9931157 
0.9930793 
0.9930428 
0.9930062 
0.9929695 
0.9929328 
0.9928960 
0.9928591 
0.9928221 
0.9927850 
0.9927479 
0.9927107 
0.9926735 
0.9926361 
0.9925987 
0.9925612 
0.9925236 
0.9924860 
0.9924483 
0.9924105 
0.9923726 
0.9923347 
0.9922966 
0.9922586 
0.9922204. 
0.99183 
0.99144 
0.99104 
0.99063 
0.99021 
0.98979 
0.98936 
0.98893 
0.98848 
0.98804 


tC 
51.0 
52.0 
53.0 
54.0 
55.0 
56.0 
57.0 
58.0 
59.0 
60.0 
61.0 
62.0 
63.0 
64.0 
65.0 
66.0 
67.0 
68.0 
69.0 
70.0 
71.0 
72.0 
73.0 
74.0 
75.0 
76.0 
77.0 
78.0 
79.0 
80.0 
81.0 
82.0 
83.0 
84.0 
85.0 
86.0 
87.0 
88.0 
89.0 
90.0 
91.0 
92.0 
93.0 
94.0 
95.0 
96.0 
97.0 
98.0 
99.0 


p/g cm? 
0.98758 
0.98712 
0.98665 
0.98617 
0.98569 
0.98521 
0.98471 
0.98421 
0.98371 
0.98320 
0.98268 
0.98216 
0.98163 
0.98109 
0.98055 
0.98000 
0.97945 
0.97890 
0.97833 
0.97776 
0.97719 
0.97661 
0.97603 
0.97544. 
0.97484. 
0.97424. 
0.97364 
0.97303 
0.97241 
0.97179 
0.97116 
0.97053 
0.96990 
0.96926 
0.96861 
0.96796 
0.96731 
0.96664 
0.96598 
0.96531 
0.96463 
0.96396 
0.96327 
0.96258 
0.96189 
0.96119 
0.96049 
0.95978 
0.95907 


99.974 0.95837 
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VOLUMETRIC PROPERTIES OF AQUEOUS SODIUM CHLORIDE SOLUTIONS 


This table gives the following properties of aqueous solutions of 
NaCl as a function of temperature and concentration: 


Specific volume v (reciprocal of density) in cm?/g 


Isothermal compressibility к, = -(1/v)(0v/0P), in GPa 
Cubic expansion coefficient a, = (1/у)(9у/9Т),іп КК" 


РС 


Specific volume v in ст?/в 


0 
10 
20 
25 
30 
40 
50 
60 
70 
80 
90 
100 


Compressibility кїп GPa" 


0 
10 
20 
25 
30 
40 
50 
60 
70 
80 
90 
100 


0.100 


0.995732 
0.995998 
0.997620 
0.998834 
1.000279 
1.003796 
1.008064 
1.0130 
1.0186 
1.0249 
1.0317 
1.0391 


0.503 
0.472 
0.453 
0.447 
0.443 
0.438 
0.438 
0.44 
0.45 
0.46 
0.47 
0.49 


0.250 


0.989259 
0.989781 
0.991564 
0.992832 
0.994319 
0.997883 
1.002161 
1.0071 
1.0127 
1.0188 
1.0256 
1.0329 


0.492 
0.463 
0.446 
0.440 
0.436 
0.432 
0.431 
0.44 
0.44 
0.45 
0.47 
0.48 


: В : Ly 
Cubic expansion coefficient a in KK 


0 
10 
20 
25 
30 
40 
50 
60 
70 
80 
90 
100 


—0.058 
0.102 
0.218 
0.267 
0.311 
0.389 
0.458 
0.52 
0.58 
0.64 
0.69 
0.74 


—0.026 
0.123 
0.232 
0.278 
0.320 
0.394 
0.460 
0.52 
0.58 
0.63 
0.68 
0.73 


0.500 


0.978889 
0.979804 
0.981833 
0.983185 
0.984735 
0.988374 
0.992668 
0.9976 
1.0031 
1.0092 
1.0157 
1.0228 


0.475 
0.449 
0.433 
0.428 
0.425 
0.421 
0.421 
0.43 
0.43 
0.44 
0.46 
0.47 


0.024 
0.156 
0.254 
0.296 
0.334 
0.402 
0.464 
0.52 
0.58 
0.63 
0.67 
0.72 


АП data refer to a pressure of 100 kPa (1 bar). The reference 
gives properties over a wider range of temperature and pressure. 


Rogers, P. S. Z., and Pitzer, К. S., J. Phys. Chem. Ref. Data, 11, 15, 1982. 


Molality in mol/kg 
0.750 1.000 
0.968991 0.959525 
0.970256 0.961101 
0.972505 0.963544 
0.973932 0.965038 
0.975539 0.966694 
0.979243 0.970455 
0.983551 0.974772 
0.9885 0.9797 
0.9939 0.9851 
0.9999 0.9909 
1.0063 0.9972 
1.0133 1.0040 
0.459 0.443 
0.436 0.423 
0.422 0.411 
0.417 0.407 
0.414 0.404 
0.411 0.401 
0.411 0.402 
0.42 0.41 
0.42 0.42 
0.43 0.43 
0.45 0.44 
0.46 0.45 
0.069 0.110 
0.186 0.213 
0.274 0.292 
0.312 0.327 
0.347 0.359 
0.410 0.417 
0.467 0.470 
0.52 0.52 
0.57 0.57 
0.62 0.61 
0.67 0.66 
0.71 0.70 


2.000 


0.925426 
0.927905 
0.930909 
0.932590 
0.934382 
0.938287 
0.942603 
0.9474 
0.9526 
0.9581 
0.9640 
0.9703 


0.389 
0.377 
0.371 
0.369 
0.367 
0.367 
0.369 
0.38 
0.38 
0.39 
0.41 
0.42 


0.237 
0.297 
0.349 
0.373 
0.395 
0.438 
0.479 
0.52 
0.56 
0.60 
0.63 
0.66 


Reference 


3.000 


0.896292 
0.899262 
0.902565 
0.904339 
0.906194 
0.910145 
0.914411 
0.9191 
0.9240 
0.9293 
0.9348 
0.9406 


0.346 
0.341 
0.338 
0.337 
0.337 
0.338 
0.340 
0.35 
0.36 
0.37 
0.38 
0.39 


0.313 
0.349 
0.384 
0.401 
0.418 
0.451 
0.484 
0.52 
0.55 
0.58 
0.61 
0.64 


4.000 


0.870996 
0.874201 
0.877643 
0.879457 
0.881334 
0.885276 
0.889473 
0.8940 
0.8987 
0.9037 
0.9089 
0.9144 


0.315 
0.313 
0.313 
0.313 
0.313 
0.315 
0.317 
0.32 
0.33 
0.34 
0.35 
0.37 


0.355 
0.380 
0.406 
0.420 
0.433 
0.460 
0.486 
0.52 
0.54 
0.56 
0.59 
0.61 


5.000 


0.848646 
0.851958 
0.855469 
0.857301 
0.859185 
0.863108 
0.867241 
0.8716 
0.8762 
0.8809 
0.8858 
0.8910 


0.294 
0.294 
0.294 
0.294 
0.294 
0.296 
0.299 
0.30 
0.31 
0.32 
0.33 
0.34 
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DENSITY OF D,O 


Density of liquid Р.О in g/cm’ at a pressure of 100 kPa (1 bar). Reference 


Kirillin, МА, Ed. Heavy Water:  Thermophysical Properties, 
Gosudarstvennoe Energeticheskoe Izdatel'stvo, Moscow, 1963. 


uc 3.8 5 10 15 20 25 30 
Density 1.1053 1.1055 1.1057 1.1056 1.105 1.1044 1.1034 
°С 35 40 45 50 55 60 65 
Density 1.1019 1.1001 1.0979 1.0957 1.0931 1.0905 1.0875 
uc 70 75 80 85 90 95 100 


Density 1.0847 1.0815 1.0783 1.0748 1.0712 1.0673 1.0635 


УАРОК PRESSURE OF ICE 


The values of the vapor (sublimation) pressure of ice in this 
table were calculated from the equation recommended by the 
International Association for the Properties of Steam (IAPS) in 
1993. Temperature values correspond to the ITS-90 temperature 
scale. The uncertainty in the pressure is estimated to be 0.196 for t 
> —25°С and 0.5% for t < —25°C. The first entry in the table is the 


triple point of water. 


tC 
0.01 


p/Pa 
611.657 
611.15 
562.67 
517.72 
476.06 
437.47 
401.76 
368.73 
338.19 
309.98 
283.94 
259.90 
237.74 
217.32 
198.52 
181.22 
165.30 


tC 
-16 
-17 
-18 
-19 
-20 
-21 
-22 
-23 
-24 
-25 
-26 
-27 
-28 
-29 
-30 
-31 
-32 


Wagner, W., Saul, A., and Pruss, A., J. Phys. Chem. Ref. Data, 23, 515, 


1994. 


p/Pa 
150.68 
137.25 
124.92 
113.62 
103.26 
93.77 
85.10 
77.16 
69.91 
63.29 
57.25 
51.74 
46.73 
42.16 
38.01 
34.24 
30.82 


Reference 


РС 


р/Ра 
27.71 
24.90 
22.35 
20.04 
17.96 
16.07 
14.37 
12.84 
7.202 
3.936 
2.093 
1.080 
0.540 
0.261 
0.122 
0.055 


VAPOR PRESSURE OF WATER FROM 0 TO 370°C 


This table gives the vapor pressure of water at intervals of 1° C Reference 
from the melting point to the critical point. 
Haar, L., Gallagher, J. S., and Kell, а. $, NBS/NRC Steam Tables, 
Hemisphere Publishing Corp., New York, 1984. 


tC Р/КРа tC Р/КРа tC Р/КРа tC Р/КРа 
0 0.61129 52 13.623 104 116.67 156 557.32 
1 0.65716 53 14.303 105 120.79 157 571.94 
2 0.70605 54 15.012 106 125.03 158 586.87 
3 0.75813 55 15.752 107 129.39 159 602.11 
4 0.81359 56 16.522 108 133.88 160 617.66 
5 0.87260 57 17.324 109 138.50 161 633.53 
6 0.93537 58 18.159 110 143.24 162 649.73 
7 1.0021 59 19.028 111 148.12 163 666.25 
8 1.0730 60 19.932 112 153.13 164 683.10 
9 1.1482 61 20.873 113 158.29 165 700.29 
10 1.2281 62 21.851 114 163.58 166 717.83 
11 1.3129 63 22.868 115 169.02 167 735.70 
12 1.4027 64 23.925 116 174.61 168 753.94 
13 1.4979 65 25.022 117 180.34 169 772.52 
14 1.5988 66 26.163 118 186.23 170 791.47 
15 1.7056 67 27.347 119 192.28 171 810.78 
16 1.8185 68 28.576 120 198.48 172 830.47 
17 1.9380 69 29.852 121 204.85 173 850.53 
18 2.0644 70 31.176 122 211.38 174 870.98 
19 2.1978 71 32.549 123 218.09 175 891.80 
20 2.3388 72 33.972 124 224.96 176 913.03 
21 2.4877 73 35.448 125 232.01 177 934.64 
22 2.6447 74 36.978 126 239.24 178 956.66 
23 2.8104 75 38.563 127 246.66 179 979.09 
24 2.9850 76 40.205 128 254.25 180 1001.9 
25 3.1690 77 41.905 129 262.04 181 1025.2 
26 3.3629 78 43.665 130 270.02 182 1048.9 
27 3.5670 79 45.487 131 278.20 183 1073.0 
28 3.7818 80 47.373 132 286.57 184 1097.5 
29 4.0078 81 49.324 133 295.15 185 1122.5 
30 4.2455 82 51.342 134 303.93 186 1147.9 
31 4.4953 83 53.428 135 312.93 187 1173.8 
32 4.7578 84 55.585 136 322.14 188 1200.1 
33 5.0335 85 57.815 137 331.57 189 1226.9 
34 5.3229 86 60.119 138 341.22 190 1254.2 
35 5.6267 87 62.499 139 351.09 191 1281.9 
36 5.9453 88 64.958 140 361.19 192 1310.1 
37 6.2795 89 67.496 141 371.53 193 1338.8 
38 6.6298 90 70.117 142 382.11 194 1368.0 
39 6.9969 91 72.823 143 392.92 195 1397.6 
40 7.3814 92 75.614 144 403.98 196 1427.8 
41 7.7840 93 78.494 145 415.29 197 1458.5 
42 8.2054 94 81.465 146 426.85 198 1489.7 
43 8.6463 95 84.529 147 438.67 199 1521.4 
44 9.1075 96 87.688 148 450.75 200 1553.6 
45 9.5898 97 90.945 149 463.10 201 1586.4 
46 10.094 98 94.301 150 475.72 202 1619.7 
47 10.620 99 97.759 151 488.61 203 1653.6 
48 11.171 100 101.32 152 501.78 204 1688.0 
49 11.745 101 104.99 153 515.23 205 1722.9 
50 12.344 102 108.77 154 528.96 206 1758.4 
51 12.970 103 112.66 155 542.99 207 1794.5 


т 
со 


Vapor Pressure of Water from 0 to 370°C 


tC 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 


Р/КРа 
1831.1 
1868.4 
1906.2 
1944.6 
1983.6 
2023.2 
2063.4 
2104.2 
2145.7 
2187.8 
2230.5 
2273.8 
2317.8 
2362.5 
2407.8 
2453.8 
2500.5 
2547.9 
2595.9 
2644.6 
2694.1 
2744.2 
2795.1 
2846.7 
2899.0 
2952.1 
3005.9 
3060.4 
3115.7 
3171.8 
3228.6 
3286.3 
3344-7 
3403.9 
3463.9 
3524.7 
3586.3 
3648.8 
3712.1 
3776.2 
3841.2 
3907.0 


tC 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 


Р/КРа 
3973.6 
4041.2 
4109.6 
4178.9 
4249.1 
4320.2 
4392.2 
4465.1 
4539.0 
4613.7 
4689.4 
4766.1 
4843.7 
4922.3 
5001.8 
5082.3 
5163.8 
5246.3 
5329.8 
5414.3 
5499.9 
5586.4 
5674.0 
5762.7 
5852.4 
5943.1 
6035.0 
6127.9 
6221.9 
6317.0 
6413.2 
6510.5 
6608.9 
6708.5 
6809.2 
6911.1 
7014.1 
7118.3 
7223.7 
7330.2 
7438.0 
7547.0 


tC 
292 
293 

294 
295 

296 
297 

298 

299 
300 
301 

302 
303 

304 
305 

306 
307 

308 

309 
310 
311 

312 
313 
314 
315 
316 
317 
318 
319 
320 
321 

322 
323 
324 
325 
326 
327 
328 
329 
330 
331 

332 
333 


Р/КРа 
7657.2 
7768.6 
7881.3 
7995.2 
8110.3 
8226.8 
8344.5 
8463.5 
8583.8 
8705.4 
8828.3 
8952.6 
9078.2 
9205.1 
9333.4 
9463.1 
9594.2 
9726.7 
9860.5 
9995.8 
10133 
10271 
10410 
10551 
10694 
10838 
10984 
11131 
11279 
11429 
11581 
11734 
11889 
12046 
12204 
12364 
12525 
12688 
12852 
13019 
13187 
13357 


°С 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
373.98 


Р/КРа 
13528 
13701 
13876 
14053 
14232 
14412 
14594. 
14778 
14964 
15152 
15342 
15533 
15727 
15922 
16120 
16320 
16521 
16725 
16931 
17138 
17348 
17561 
17775 
17992 
18211 
18432 
18655 
18881 
19110 
19340 
19574 
19809 
20048 
20289 
20533 
20780 
21030 
21283 
21539 
21799 
22055 


6-9 


BOILING POINT OF WATER AT VARIOUS PRESSURES 


Data are based on the equation of state recommended by the (Hemisphere Publishing Corp., New York, 1984). The temperature 
International Association for the Properties of Steam in 1984, as scale is IPTS-68. 
presented in Haar, Gallagher, and Kell, NBS-NRC Steam Tables Note that: 1 mbar = 100 Pa = 0.000986923 atmos = 0.750062 


mmHg. 

P/mbar TC P/mbar ТРС P/mbar TC P/mbar ТРС 
50 32.88 915 97.17 1013.25 100.00 1200 104.81 
100 45.82 920 97.32 1015 100.05 1250 105.99 
150 53.98 925 97.47 1020 100.19 1300 107.14 
200 60.07 930 97.62 1025 100.32 1350 108.25 
250 64.98 935 97.76 1030 100.46 1400 109.32 
300 69.11 940 97.91 1035 100.60 1450 110.36 
350 72.70 945 98.06 1040 100.73 1500 111.38 
400 75.88 950 98.21 1045 100.87 1550 112.37 
450 78.74 955 98.35 1050 101.00 1600 113.33 
500 81.34 960 98.50 1055 101.14 1650 114.26 
550 83.73 965 98.64 1060 101.27 1700 115.18 
600 85.95 970 98.78 1065 101.40 1750 116.07 
650 88.02 975 98.93 1070 101.54 1800 116.94 
700 89.96 980 99.07 1075 101.67 1850 117.79 
750 91.78 985 99.21 1080 101.80 1900 118.63 
800 93.51 990 99.35 1085 101.93 1950 119.44 
850 95.15 995 99.49 1090 102.06 2000 120.24 
900 96.71 1000 99.63 1095 102.19 2050 121.02 
905 96.87 1005 9977 1100 102.32 2100 121.79 
910 97.02 1010 99.91 1150 103.59 2150 122.54 


6-10 


MELTING POINT OF ICE AS A FUNCTION OF PRESSURE 


This table gives values of the melting temperature of ice at ice I - ice III 2099 MPa  -21.985°C 
various pressures, as calculated from the equation for the ice I - ice Ш - ice V 350.1 —16.986 
liquid water phase boundary recommended by the International ice V - ice VI 632.4 0.16 
Association for the Properties of Steam (IAPS). Temperatures аге ice VI - ice VII 2216 82 


on the ITS-90 scale. See the Reference for information on forms of 
ice that exist at higher pressures. The transition points for trans- 
formations of the various forms of ice (in each case in equilibrium 


with liquid water) are: Reference 
Wagner, W., Saul, A., and Pruss, A., J. Phys. Chem. Ref. Data, 23, 515, 
1994. 
p/MPa °С p/MPa °С p/MPa tC 
0.1 0.00 40 -3.15 130 -12.07 
1 -0.06 50 -4.02 140 -13.22 
2 -0.14 60 —4.91 150 -14.40 
Б] —0.21 70 -5.83 160 -15.62 
4 -0.29 80 -6.79 170 -16.85 
5 -0.36 90 -7.78 180 -18.11 
10 -0.74 100 -8.80 190 -19.39 
20 -1.52 110 -9.86 200 -20.69 
30 -2.32 120 -10.95 210 -22.00 


PROPERTIES OF WATER AND STEAM AS А FUNCTION OF TEMPERATURE 
AND PRESSURE 


This table gives properties of compressed water and superheat- 
ed steam at selected pressures and temperatures. The properties 
included are density p, enthalpy H, entropy S, heat capacity at con- 
stant pressure С, and static dielectric constant (relative permit- 
tivity). The table was generated from the formulation approved 
by the International Association for the Properties of Water and 
Steam for general and scientific use. The reference state for this 
table is the liquid at the triple point, at which the internal energy 
and entropy are taken as zero. A duplicate entry in the tempera- 
ture column indicates a phase transition (liquid—vapor) at that 
temperature; property values are then given for both phases. In 
the 100 MPa section of the table, an entry is given at the critical 
temperature, 647.10 K. Temperatures refer to the ITS-90 scale, on 
which the normal boiling point of water is 373.12 К (99.97°C). 


p/MPa TIK p/kg m? HIJ ١ 
0.1 273.16 999.84 0.10 
0.1 300 996.56 112.65 
0.1 325 987.19 217.15 
0.1 350 973.73 321.84 
0.1 372.76 958.63 417.50 
0.1 372.76 0.59034 2674.9 
0.1 375 0.58653 2679.6 
0.1 400 0.54761 2730.4 
0.1 450 0.48458 2829.7 
0.1 500 0.43514 2928.6 
0.1 550 0.39507 3028.1 
0.1 600 0.36185 3128.8 
0.1 650 0.33384 3230.8 
0.1 700 0.30988 3334.4 
0.1 750 0.28915 3439.5 
0.1 800 0.27102 3546.3 
0.1 850 0.25504 3654.8 
0.1 900 0.24085 3765.0 
0.1 950 0.22815 3876.9 
0.1 1000 0.21673 3990.7 
0.1 1050 0.20640 4106.1 
0.1 1100 0.19701 4223.4 
0.1 1150 0.18844 4342.3 
0.1 1200 0.18058 4463.0 
1 273.16 1000.3 1.02 
1 300 996.96 113.48 
1 325 987.58 217.93 
1 350 974.13 322.56 
1 375 957.43 427.64 
1 400 937.87 533.47 
1 450 890.39 749.20 
1 453.03 887.13 762.51 
1 453.03 5.1450 2777.1 
1 500 4.5323 2891.2 
1 550 4.0581 3001.8 
1 600 3.6871 3109.0 
1 650 3.3843 3215.2 
1 700 3.1305 3321.7 
1 750 2.9140 3429.0 
1 800 2.7265 3537.5 
1 850 2.5624 3647.3 
1 900 2.4174 3758.5 


о 
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[Dielectric constant] 


SIJ а ко CJ gtk Diel. const. 
0.0000 4.2194 87.90 
0.3931 4.1806 77.75 
0.7276 4.1819 69.32 
1.0380 4.1945 61.79 
1.3028 4.2152 55.61 
7.3588 2.0784 1.006 
7.3713 2.0686 1.006 
7.5025 2.0078 1.005 
7.7365 1.9752 1.004 
7.9447 1.9813 1.003 
8.1344 2.0010 1.003 
8.3096 2.0268 1.002 
8.4730 2.0557 1.002 
8.6264 2.0867 1.002 
8.7715 2.1191 1.002 
8.9093 2.1525 1.001 
9.0408 2.1868 1.001 
9.1668 2.2216 1.001 
9.2879 2.2568 1.001 
9.4045 2.2921 1.001 
9.5172 2.3273 1.001 
9.6263 2.3621 1.001 
9.7321 2.3965 1.001 
9.8348 2.4302 1.001 
0.0000 4.2150 87.93 
0.3928 4.1781 77.78 
0.7272 4.1798 69.36 
1.0374 4.1925 61.82 
1.3274 4.2158 55.09 
1.6005 4.2535 49.06 
2.1086 4.3924 38.81 
2.1381 4.4045 38.23 
6.5850 2.7114 1.042 
6.8250 2.2795 1.034 
7.0359 2.1647 1.028 
7.2224 2.1292 1.024 
7.3925 2.1254 1.020 
7.5504 2.1368 1.017 
7.6984 2.1566 1.015 
7.8384 2.1816 1.013 
7.9715 2.2098 1.012 
8.0986 2.2402 1.011 


Properties of Water and Steam as a Function of Temperature and Pressure 


р/МРа TIK p/kg m HIJ ١ SIJ а ко С ко Diel. const. 
1 950 2.2882 3871.3 8.2206 2.2721 1.010 
1 1000 2.1723 3985.7 8.3380 2.3048 1.009 
1 1050 2.0678 4101.8 8.4512 2.3380 1.008 
1 1100 1.9729 4219.5 8.5608 2.3713 1.007 
1 1150 1.8865 4338.9 8.6669 2.4044. 1.007 
1 1200 1.8074 4460.0 8.7699 2.4371 1.006 
10 273.16 1004.8 10.1 0.000 4.173 88.30 
10 300 1001.0 121.7 0.390 4.153 78.11 
10 325 991.46 225.6 0.723 4.160 69.67 
10 350 978.09 329.7 1.031 4.173 62.13 
10 375 961.62 434.4 1.320 4.195 55.40 
10 400 942.42 539.6 1.592 4.230 49.39 
10 450 896.16 753.9 2.096 4.355 39.17 
10 500 838.02 977.1 2.566 4.602 30.79 
10 550 761.82 1218 3.027 5.140 23.53 
10 584.15 688.42 1408 3.360 6.123 18.70 
10 584.15 55.463 2725 5.616 7.140 1.404 
10 600 49.773 2820 5.775 5.136 1.365 
10 650 40.479 3022 6.100 3.396 1.267 
10 700 35.355 3177 6.330 2.874 1.214 
10 750 31.810 3314 6.520 2.645 1.179 
10 800 29.107 3443 6.686 2.531 1.154 
10 850 26.933 3568 6.838 2.473 1.134 
10 900 25.123 3691 6.978 2.445 1.118 
10 950 23.580 3813 7.110 2.436 1.105 
10 1000 22.241 3935 7.235 2.439 1.095 
10 1050 21.063 4057 7.354 2.450 1.086 
10 1100 20.017 4180 7.469 2.466 1.078 
10 1150 19.078 4304 7.579 2.485 1.072 
10 1200 18.230 4429 7.685 2.507 1.066 
100 273.16 1045.3 95.4 —0.008 3.905 91.83 
100 300 1037.2 201.4 0.362 3.979 81.22 
100 325 1026.6 301.3 0.682 4.008 72.58 
100 350 1013.6 401.7 0.979 4.025 64.95 
100 375 998.59 502.6 1.258 4.040 58.19 
100 400 981.82 603.7 1.518 4.056 52.20 
100 450 943.51 807.8 1.999 4.110 42.15 
100 500 899.21 1015 2.436 4.196 34.15 
100 550 848.78 1228 2.842 4.323 27.67 
100 600 791.49 1448 3.225 4.501 22.29 
100 647.10 730.24 1665 3.573 4.733 17.97 
100 650 726.21 1679 3.595 4.750 17.72 
100 700 651.77 1925 3.958 5.083 13.75 
100 750 568.52 2188 4.322 5.449 10.34 
100 800 482.23 2466 4.681 5.610 7.562 
100 850 404.66 2742 5.016 5.380 5.571 
100 900 343.61 3000 5.310 4.887 4.284 
100 950 298.61 3231 5.560 4.382 3.477 
100 1000 265.45 3440 5.774 3.978 2.956 
100 1050 240.32 3631 5.961 3.683 2.601 
100 1100 220.62 3809 6.127 3.471 2.347 
100 1150 204.71 3979 6.278 3.319 2.158 


100 1200 191.53 4142 6.417 3.209 2.011 


PERMITTIVITY (DIELECTRIC CONSTANT) OF WATER AT VARIOUS FREQUENCIES 


The permittivity of liquid water in the radiofrequency and 
microwave regions can be represented by the Debye equation 
(References 1 and 2): 


Е 
140921? 

e= (=, —8_)OT 
1 ؟ 8م ې‎ 


where e = g’ + ie” is the (complex) relative permittivity (і.е., the 
absolute permittivity divided by the permittivity of free space є = 
8.85410? F m' ). Here e, is the static permittivity (see Reference 
З and the table "Properties of Water in the Range 0—100°С” in this 
Section); є is a parameter describing the permittivity іп the high 
frequency limit; т is the relaxation time for molecular orientation; 
and o = 2nfis the angular frequency. The values in this table have 
been calculated from parameters given in Reference 2: 


Other useful quantities that can be calculated from the values in 
the table are the loss tangent: 


tand=e'7/e’ 


and the absorption coefficient a which describes the power atten- 
tuation per unit length (P = P. ег“): 
т ғ” 
о- / = 
We 


and c is the speed of light. The last equation is valid when 
єє << 1. 


References 


1. Fernendez, D. Р, Мшеу, Y., Goodwin, А. R. H., and Levelt Sengers, 
J. M. H., J. Phys. Chem. Ref. Data, 24, 33, 1995. 

2. Kaatze, U., J. Chem. Eng. Data, 34, 371, 1989. 

3. Archer D. G., and Wang, Р, J. Phys. Chem. Ref. Data, 12, 817, 1983. 


orc 25°C 50°C 
e, 5.7 5.2 4.0 
т/р5 17.67 8.27 4.75 
0c 25°С 50°С 

Frequency =” =” ٤ g £ 

0 87.90 0.00 78.36 0.00 69.88 0.00 
1kHz 87.90 0.00 78.36 0.00 69.88 0.00 
1MHz 87.90 0.01 78.36 0.00 69.88 0.00 
10 MHz 87.90 0.09 78.36 0.04 69.88 0.02 
100 MHz 87.89 0.91 78.36 0.38 69.88 0.20 
200 MHz 87.86 1.82 78.35 0.76 69.88 0.39 
500 MHz 87.65 4.55 78.31 1.90 69.87 0.98 
1GHz 86.90 9.01 78.16 3.79 69.82 1.96 
2GHz 84.04 17.39 77.58 7.52 69.65 3.92 
3 GHz 79.69 24.64 76.62 11.13 69.36 5.85 
4 GHz 74.36 30.49 75.33 14.58 68.95 7.75 
5GHz 68.54 34.88 73.73 17.81 68.45 9.62 
10 GHz 42.52 40.88 62.81 29.93 64.49 18.05 
20 GHz 19.56 30.78 40.37 36.55 52.57 28.99 
30 GHz 12.50 22.64 26.53 33.25 40.57 32.74 
40 GHz 9.67 17.62 18.95 28.58 31.17 32.43 
50 GHz 8.28 14.34 14.64 24.53 24.42 30.47 


THERMOPHYSICAL PROPERTIES OF FLUIDS 


These tables give thermodynamic and transport properties of 
some important fluids, as generated from the equations of state 
presented in the references below. The properties tabulated are 
density (p), energy (E), enthalpy (H), entropy (S), isochoric heat 
capacity (C), isobaric heat capacity (С), speed of sound (у), vis- 
cosity (n), thermal conductivity (À), and dielectric constant (D). 
АП extensive properties are given on a molar basis. Not all prop- 
erties are included for every substance. The references should be 
consulted for information on the uncertainties and the reference 
states for E, H, and S. 

Values are given as a function of temperature for several isobars. 
The phase can be determined by noting the sharp decrease in den- 
sity between two successive temperature entries; all lines above 


NITROGEN (М,) 
T p E H 5 
K mol/L J/mol J/mol J/mol K 
P = 0.1 MPa (1 bar) 
70 30.017 —3828 —3824 73.8 
77.25 28.881 —3411 —3407 79.5 
77.25 0.163 1546 2161 151.6 
100 0.123 2041 2856 159.5 
200 0.060 4140 5800 179.9 
300 0.040 6223 8717 191.8 
400 0.030 8308 11635 200.2 
500 0.024 10414 14573 206.7 
600 0.020 12563 17554 212.2 
700 0.017 14770 20593 216.8 
800 0.015 17044 23698 2210 
900 0.013 19383 26869 224.7 
1000 0.012 21786 30103 228.1 
1500 0.008 34530 47004. 241.8 
P-1MPa 
70 30.070 —3838 —3805 73.6 
80 28.504 —3267 -3232 813 
90 26.721 -2685 -2648 882 
100 24.634. – 2073 – 2032 94.6 
103.75 23.727 —1828 –1786 97.1 
103.75 1.472 1788 2467 138.1 
200 0.614 4048 5675 160.3 
300 0.402 6171 8661 172.5 
400 0.300 8273 11609 180.9 
500 0.240 10389 14563 187.5 
600 0.200 12544 17554 193.0 
700 0.171 14756 20600 197.7 
800 0.150 17032 23709 201.8 
900 0.133 19374 26884 205.6 
1000 0.120 21778 30121 209.0 
1500 0.080 34527 47029 222.7 
Р = 10 МРа 
65.32 31.120 -4176 —3855 68.6 
100 26.201 —2328 –1946 92.0 
200 7.117 3037 4442 136.4 
300 3.989 5667 8174 151.7 
400 2.898 7941 11392 161.0 


this point refer to the liquid phase, and all lines below refer to the 
gas phase. If there is no sharp discontinuity in density, all data in 
the table refer to the supercritical region (i.e., the isobar is above 
the critical pressure). 
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c, c, n À 
J/mol K J/mol K uPas mW/m K D 
28.5 57.2 203.9 143.5 1.45269 
27.8 57.8 152.2 133.8 1.43386 
21.6 31.4 5.3 7.6 1.00215 
211 30.0 6.8 9.6 1.00162 
20.8 29.2 12.9 18.4 1.00079 
20.8 29.2 18.0 25.8 1.00053 
20.9 29.2 222 32.3 1.00040 
21.2 29.6 26.1 38.5 1.00032 
21.8 30.1 29.5 44.5 1.00026 
22.4 30.7 32.8 50.5 1.00023 
23.1 31.4 35.8 56.3 1.00020 
23.7 32.0 38.7 62.0 1.00017 
24.3 32.6 41.5 67.7 1.00016 
26.4 34.7 54.0 93.3 1.00010 
28.9 56.9 205.9 144.1 1.45355 
27.8 57.7 139.5 130.7 1.42760 
26.7 59.4 100.1 115.3 1.39824 
26.2 64.4 731 98.5 1.36417 
26.2 67.8 64.8 91.8 1.34947 
241 45.0 7.6 12.5 1.01954 
21.0 30.4 13.2 19.3 1.00812 
20.9 29.6 18.1 26.3 1.00529 
20.9 295 22.4 32.7 1.00395 
21.3 29.7 26.1 38.8 1.00315 
21.8 30.2 29.6 44.8 1.00262 
22.4 30.8 32.8 50.7 1.00224 
23.1 31.4 35.9 56.5 1.00196 
23.7 32.1 38.8 62.2 1.00174 
24.3 32.7 41.5 67.8 1.00157 
26.4 34.8 54.0 93.4 1.00104 
31.8 53.8 275.7 153.8 1.47067 
27.4 56.3 90.2 112.3 1.38942 
22.7 45.5 17.6 30.4 1.09698 
21.4 33.4 20.1 31.9 1.05347 
21.3 31.3 23.7 36.7 1.03860 
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T p E H S C, C, n Х 
K mol/L J/mol J/mol J/mol K J/mol K J/mol K uPa s mW/m K D 
500 2.302 10148 14492 167.9 21.5 30.8 27.1 42.0 1.03055 
600 1.918 12361 17575 173.5 21.9 30.9 30.4 47.4 1.02538 
700 1.647 14613 20683 178.3 225 31.3 33.5 53.0 1.02175 
800 1.445 16919 23837 182.5 23.2 31.8 36.4 58.6 1.01904 
900 1.288 19283 27046 186.3 23.8 32.4 39.3 64.1 1.01694 
1000 1.162 21705 30308 189.8 24.4 32.9 42.0 69.6 1.01526 
1500 0.783 34504 47283 203.5 26.5 34.8 54.3 94.7 1.01020 
OXYGEN (О,) 
p E H S C, C, n À 
TK mol/L J/mol J/mol J/mol K J/mol K J/mol K uPas mW/m K D 


P = 0.1 MPa (1 bar) 


60 40.049 —5883 —5880 72.4 34.9 53.4 425.2 188.2 1.55619 
80 37.204 —4814 —4812 87.7 31.0 53.6 2517 166.1 1.51114 
100 0.123 2029 2840 172.9 21.4 30.5 7.5 9.3 1.00146 
120 0.102 2458 3442 178.4 21.0 29.8 9.0 11.2 1.00121 
140 0.087 2881 4035 182.9 20.9 29.5 10.5 13.1 1.00103 
160 0.076 3301 4624 186.9 20.9 29.4 11.9 15.0 1.00090 
180 0.067 3720 5210 190.3 20.8 29.3 13.3 16.7 1.00080 
200 0.060 4138 5796 193.4. 20.8 29.3 14.6 184 1.00072 
220 0.055 4556 6381 196.2 20.8 29.3 15.9 20.1 1.00065 
240 0.050 4974 6966 198.8 20.9 29.3 17.2 217 1.00060 
260 0.046 5393 7552 201.1 20.9 29.3 18.4 23.2 1.00055 
280 0.043 5812 8138 203.3 21.0 29.4 19.5 24.8 1.00051 
300 0.040 6234 8726 205.3 21.1 29.4 20.6 26.3 1.00048 
320 0.038 6657 9316 207.2 21.2 29.5 217 27.8 1.00045 
340 0.035 7082 9908 209.0 21.3 29.7 22.8 29.3 1.00042 
360 0.033 7510 10503 210.7 21.5 29.8 23.8 30.8 1.00040 
380 0.032 7941 11100 212.3 21.6 30.0 24.8 32.2 1.00038 
Р= 1МРа 

60 40.084 —5887 —5863 72.3 34.9 53.3 428.5 188.4 1.55674 
80 37.254 —4822 -4795 87.6 31.0 53.5 253.8 166.4 1.51192 
100 34.153 -3741 -3712 99.7 28.5 552 155.6 137.9 1.46381 
120 1.198 2163 2997 156.7 24.0 40.6 9.4 13.9 1.01429 
140 0.950 2683 3735 162.4 22.2 34.4 10.8 14.9 1.01133 
160 0.802 3151 4398 166.8 21.5 32.2 12.2 16.3 1.00955 
180 0.698 3598 5030 170.5 21.2 31.2 13.5 17.7 1.00831 
200 0.620 4035 5647 173.8 21.1 30.6 14.8 19.3 1.00738 
220 0.559 4466 6255 176.7 21.0 30.3 16.1 20.8 1.00665 
240 0.509 4894 6858 179.3 21.0 30.1 17.3 22.3 1.00606 
260 0.468 5321 7458 181.7 21.0 29.9 18.5 23.8 1.00556 
280 0.433 5748 8056 183.9 21.1 29.9 19.6 25.2 1.00515 
300 0.403 6174 8654 186.0 21.1 29.9 20.7 26.7 1.00479 
320 0.377 6602 9252 187.9 21.2 29.9 21.8 28.2 1.00448 
340 0.355 7032 9851 189.7 21.4 30.0 22.8 29.6 1.00421 
360 0.335 7463 10452 191.4 21.5 30.1 23.9 31.1 1.00397 
380 0.317 7898 11056 193.1 21.7 30.2 24.9 32.6 1.00376 
P= 10 MPa 

60 40.419 -5931 —5684 71.5 35.1 53.0 461.8 189.9 1.56210 
80 37.727 —4893 —4628 86.7 31.6 52.7 274.4 168.6 1.51936 
100 34.881 —3856 -3570 98.5 291 53.4 171.0 141.2 1.47500 
120 31.721 -2796 -2481 108.4 27.3 55.9 113.0 115.1 1.42677 
140 27.890 —1662 —1304 117.5 26.2 62.9 76.3 91.8 1.36972 
160 22.379 -322 125 127.0 26.1 84.8 48.6 71.2 1.29037 
180 13.232 1489 2245 139.5 26.6 105.9 26.2 46.8 1.16560 


200 8.666 2681 3835 147.9 24.0 60.6 21.2 34.0 1.10650 
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TK 
220 
240 
260 
280 
300 
320 
340 
360 
380 


HYDROGEN (H,) 


TK 


р 
mol/L 


P = 0.1 MPa (1 bar) 


15 

20 

40 

60 

80 

100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 
400 


P-1MPa 
15 
20 
40 
60 
80 
100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 
400 


P-10MPa 
20 

40 

60 

80 

100 

120 


37.738 
35.278 
0.305 
0.201 
0.151 
0.120 
0.100 
0.086 
0.075 
0.067 
0.060 
0.055 
0.050 
0.046 
0.043 
0.040 
0.030 


38.109 
35.852 
3.608 
2.098 
1.523 
1.204 
0.999 
0.854 
0.747 
0.663 
0.597 
0.543 
0.498 
0.460 
0.427 
0.399 
0.299 


39.669 
31.344 
21.273 
14.830 
11.417 
9.357 


Е 
J/mol 
3424 
4029 
4573 
5086 
5581 
6063 
6538 
7009 
7477 


H 
J/mol 
4880 
5742 
6521 
7254 
7959 
8645 
9318 
9982 
10641 


S 


152.9 
156.6 
159.7 
162.5 
164.9 
167.1 
169.1 
171.0 
172.8 


J/mol К 


5 


C 


J/mol K 


22.6 
22.0 
21.8 
21.6 
21.6 
21.7 
21.8 
21.9 
22.0 


J/mol K 


11.2 
15.8 
75.6 
84.3 
90.7 
96.4 
101.6 
106.4 
110.8 
114.7 
118.1 
1212 
123.9 
126.4 
128.6 
130.7 
139.2 


10.9 
15.5 
54.1 
64.3 
71.1 
77.0 
82.3 
87.1 
91.5 
95.4 
98.9 
102.0 
104.7 
107.2 
109.5 
1115 
1201 


13.0 
27.3 
39.7 
48.8 
55.8 
61.8 


C, 


C, 
J/mol K 
46.4 
40.6 
37.6 
35.8 
34.7 
33.9 
33.4 
33.0 
32.8 


J/mol K 


9.7 

11.3 
12.5 
131 
15.3 
18.7 
21.8 
23.8 
24.6 
24.6 
24.1 
23.4 
22.8 
22.3 
21.9 
21.6 
21.0 


10.1 
114 
12.9 
13.2 
15.4 
18.8 
21.9 
23.9 
24.7 
24.6 
24.1 
23.5 
22.9 
22.3 
21.9 
21.6 
21.0 


10.9 
13.2 
13.8 
15.9 
19.3 
22.4 


C 


n 


uPas 


20.5 
20.8 
214 
22.1 
22.9 
23.7 
24.6 
25.4 
26.3 


J/mol К 


144 
19.1 
21.3 
21.6 
23.7 
27.1 
30.2 
32.2 
33.0 
32.9 
32.4 
31.8 
31.2 
30.6 
30.2 
29.9 
29.3 


14,1 
18.4 
28.4 
23.5 
24.7 
27.7 
30.6 
32.5 
33.2 
33.1 
32.5 
31.9 
31.2 
30.7 
30.3 
30.0 
29.4 


15.0 
27.0 
32.5 
31.1 
31.9 
33.5 


Х 


mW/m K 


30.8 
30.1 
30.2 
30.8 
31.6 
32.6 
33.7 
34.9 
36.1 


D 
1.08380 
1.07090 
1.06219 
1.05575 
1.05073 
1.04667 
1.04329 
1.04043 
1.03796 


1.24827 
1.23093 
1.00186 
1.00122 
1.00091 
1.00073 
1.00061 
1.00052 
1.00046 
1.00041 
1.00037 
1.00033 
1.00030 
1.00028 
1.00026 
1.00024 
1.00018 


1.25089 
1.23496 
1.02209 
1.01280 
1.00928 
1.00733 
1.00608 
1.00520 
1.00454 
1.00404 
1.00363 
1.00330 
1.00303 
1.00279 
1.00259 
1.00242 
1.00182 


1.26198 
1.20354 
1.13527 
1.09303 
1.07109 
1.05801 


6-18 Thermophysical Properties of Fluids 


p E H S C, С, 2 

ТК mol/L J/mol J/mol J/mol K J/mol K J/mol K m/s D 

140 7.969 2068 3323 67.0 24.3 34.6 989 1.04925 

160 6.963 2583 4020 71.7 25.0 34.9 1042 1.04294 

180 6.195 3099 4713 75.7 24.9 34.4 1096 1.03814 

200 5.588 3604 5393 79.3 24.4 33.6 1150 1.03436 

220 5.094 4094. 6057 82.5 23.7 32.8 1203 1.03129 

240 4.683 4569 6704. 85.3 231 32.0 1254 1.02874 

260 4.336 5030 7336 87.8 22.6 31.3 1302 1.02659 

280 4.038 5481 7958 90.1 221 30.8 1349 1.02475 

300 3.780 5924. 8570 92.3 21.8 30.4 1394. 1.02315 
400 2.869 8073 11559 100.9 21.2 29.6 1592 1.01753 

HELIUM (Не-4) 
р E H 5 C, C, v, n 

TK mol/L J/mol J/mol J/mol K J/mol K J/mol K m/s uPas D 
P = 0.1 MPa (1 bar) 
3 35.794 —39 -36 9.8 7.6 9.4 222 3.85 1.05646 
4 32.477 —27 —24 13.3 9.1 16.3 185 3.33 1.05114 
5 2.935 52 86 39.1 12.7 27.1 120 1.39 1.00456 
10 1.238 120 201 55.2 12.5 217 185 2.26 1.00192 
20 0.602 247 413 69.9 12.5 21.0 264. 3.58 1.00093 
50 0.240 623 1039 89.0 12.5 20.8 417 6.36 1.00037 
100 0.120 1247 2079 103.4 12.5 20.8 589 9.78 1.00019 
200 0.060 2494 4158 117.8 12.5 20.8 833 15.14 1.00009 
300 0.040 3741 6237 126.3 12.5 20.8 1020 19.93 1.00006 
400 0.030 4988 8315 132.3 12.5 20.8 1177 24.29 1.00005 
500 0.024 6236 10394 136.9 12.5 20.8 1316 28.36 1.00004 
600 0.020 7483 12472 140.7 12.5 20.8 1441 32.22 1.00003 
700 0.017 8730 14551 143.9 12.5 20.8 1557 35.89 1.00003 
800 0.015 9977 16630 146.7 12.5 20.8 1664 39.43 1.00002 
900 0.013 11224 18708 149.1 12.5 20.8 1765 42.85 1.00002 
1000 0.012 12471 20787 151.3 12.5 20.8 1861 46.16 1.00002 
1500 0.008 18707 31179 159.7 12.5 20.8 2279 61.55 1.00001 
Р = 1МРа 
3 39.703 -42 -16 8.6 7.1 7.8 300 5.63 1.06274 
4 38.210 -34 -7 11.2 8.3 10.9 290 5.01 1.06034 
5 35.818 -22 6 14.0 9.7 15.1 269 4.38 1.05650 
10 15.378 78 143 32.2 12.3 30.5 198 3.07 1.02402 
20 6.067 228 393 49.8 12.6 229 274. 3.94 1.00943 
50 2.353 617 1042 69.8 12.5 214 428 6.53 1.00365 
100 1.186 1245 2089 84.3 12.5 20.9 597 9.89 1.00184 
200 0.597 2495 4170 98.7 12.5 20.8 838 15.21 1.00093 
300 0.399 3742 6249 107.1 12.5 20.8 1024 19.96 1.00062 
400 0.300 4990 8327 113.1 12.5 20.8 1180 24.32 1.00046 
500 0.240 6237 10406 117.8 12.5 20.8 1319 28.38 1.00037 
600 0.200 7485 12484 121.5 12.5 20.8 1444 32.23 1.00031 
700 0.172 8732 14562 124.7 12.5 20.8 1559 35.91 1.00027 
800 0.150 9979 16641 127.5 12.5 20.8 1666 39.44 1.00023 
900 0.133 11227 18719 130.0 12.5 20.8 1767 42.86 1.00021 
1000 0.120 12474 20798 132.2 12.5 20.8 1862 46.17 1.00019 
1500 0.080 18710 31190 140.6 12.5 20.8 2280 61.55 1.00012 
P = 10 MPa 
4 51.978 —24 169 6.7 6.0 7.3 586 24.27 1.08262 
5 51.118 -18 177 8.5 7.9 9.3 576 18.16 1.08122 
10 46.872 23 236 16.6 11.0 14.5 546 9.31 1.07432 
20 37.092 154 423 29.5 12.6 20.7 498 6.99 1.05854 


50 19.192 572 1093 49.9 12.9 224 541 8.07 1.03003 
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TK 
100 
200 
300 
400 
500 
600 
700 
800 
900 


1000 
1500 


ARGON (Ar) 


TK 


p 
mol/L 


P = 0.1 МРа (1 bar) 


85 


1MPa 


10 MPa 


35.243 
0.138 
0.123 
0.102 
0.087 
0.076 
0.067 
0.060 
0.055 
0.050 
0.046 
0.043 
0.040 
0.038 
0.035 
0.033 
0.032 


35.307 
34.542 
32.909 
1.181 
0.945 
0.799 
0.697 
0.619 
0.559 
0.509 
0.468 
0.433 
0.403 
0.377 
0.355 
0.335 
0.317 


35.208 
33.744 
30.525 
26.609 


Е 
J/mol 
1231 
2500 
3755 
5006 
6256 
7505 
8754 
10003 
11252 
12500 
18742 


S 
J/mol K 
65.0 
79.6 
88.0 
94.0 
98.6 
102.4 
105.6 
108.4 
110.9 
113.0 
121.5 


S 
J/mol K 


53.6 

129.4 
131.8 
135.7 
139.0 
141.8 
144.3 
146.5 
148.5 
150.3 
152.0 
153.5 
155.0 
156.3 
157.6 
158.7 
159.9 


53.5 

56.1 

60.9 

114.3 
118.5 
121.8 
124.5 
126.9 
128.9 
130.8 
132.6 
134.2 
135.6 
137.0 
138.3 
139.5 
140.6 


55.0 
59.6 
67.8 
75.5 


C, 
J/mol K 

12.8 
12.6 
12.6 
12.6 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 


C, 
J/mol K 


23.1 
13.1 
12.9 
12.6 
12.6 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 


23.1 
21.6 
19.9 
14.7 
13.5 
13.0 
12.8 
12.7 
12.6 
12.6 
12.6 
12.6 
12.5 
12.5 
12.5 
12.5 
12.5 


21.9 
20.4 
18.8 
17.6 


C, 
J/mol K 
21.3 
20.9 
20.8 
20.8 
20.8 
20.8 
20.8 
20.8 
20.8 
20.8 
20.8 


C, 
J/mol K 


44.7 
22.5 
21.9 
214 
211 
21.0 
21.0 
20.9 
20.9 
20.9 
20.9 
20.8 
20.8 
20.8 
20.8 
20.8 
20.8 


44.6 
447 
46.2 
30.1 
25.4 
23.6 
22.7 
22.2 
21.8 
21.6 
21.5 
214 
21.3 
21.2 
21.2 
211 
211 


43.2 
44.0 
46.9 
54.1 


D 
1.01640 
1.00871 
1.00595 
1.00452 
1.00364 
1.00305 
1.00262 
1.00230 
1.00205 
1.00185 
1.00124 


Х 
mW/m K 


132.4 
6.0 
6.6 
7.8 
9.0 
10.2 
114 
12.5 
137 
14.8 
15.8 
16.9 
17.9 
18.9 
19.9 
20.8 
21.7 


133.0 
124.2 
109.2 
9.3 
10.1 
11.1 
12.1 
13.2 
142 
15.3 
16.3 
17.3 
18.3 
19.2 
20.2 
21.1 
22.0 


129.5 
115.1 
92.1 
717 
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p E H S C, C, у, n Х 
ТК mol/L J/mol J/mol J/mol K J/mol K J/mol K m/s uPa s mW/m К 
160 20.816 -1279 -799 83.9 17.4 78.6 357 513 52.8 
180 12.296 228 1042 94.8 17.3 83.6 257 27.8 32.0 
200 8442 1118 2302 1014 15.3 48.6 268 23.3 23.6 
220 6.776 1661 3137 105.4 14.2 36.8 284 22.8 21.6 
240 5.787 2087 3815 108.4 13.7 31.6 300 232 21.3 
260 5.105 2458 4416 110.8 13.4 28.8 314 23.9 21.4 
280 4.596 2798 4974 112.9 13.2 27.1 327 24.8 21.8 
300 4.195 3119 5503 1147 13.1 25.9 339 25.7 22.3 
320 3.869 3427 6012 116.3 13.0 25.0 350 26.7 22.9 
340 3.596 3726 6506 117.8 13.0 244 361 27.7 23.5 
360 3.364. 4017 6989 119.2 12.9 23.9 372 28.7 24.2 
380 3.164 4303 7464 120.5 12,9 23.5 381 29.7 24.9 

METHANE (CH,) 
p E H 5 C, C, n À 
TK mol/L J/mol J/mol J/molK J/molK  J/molK uPa s mW ли К D 


P = 0.1 MPa (1 bar) 


100 27.370 —5258 -5254 73.0 33.4 54.1 156.3 208.1 1.65504 
125 0.099 3026 4039 156.5 25.4 34.6 5.0 13.4 1.00193 
150 0.081 3667 4896 162.7 25.2 34.0 5.9 16.2 1.00159 
175 0.069 4301 5743 168.0 25.2 33.8 6.9 191 1.00136 
200 0.061 4935 6587 172.5 25.3 33.8 7.8 21.9 1.00119 
225 0.054 5571 7434 176.5 25.5 34.0 8.7 24.8 1.00105 
250 0.048 6216 8288 180.1 26.0 34.4 9.6 27.8 1.00095 
275 0.044 6875 9156 183.4 26.6 35.0 10.4 30.9 1.00086 
300 0.040 7552 10042 186.4 27.5 35.9 112 34.1 1.00079 
325 0.037 8252 10951 189.4 28.5 36.9 12.0 37.6 1.00073 
350 0.034 8979 11887 192.1 29.7 38.0 12.8 41.2 1.00068 
375 0.032 9737 12853 194.8 30.9 39.3 13.5 45.1 1.00063 
400 0.030 10528 13852 197.4 323 40.7 14.3 49.1 1.00059 
425 0.028 11354 14886 199.9 33.7 42.1 15.0 53.3 1.00056 
450 0.027 12215 15956 202.3 35.2 43.5 157 57.6 1.00053 
500 0.024 14047 18204 207.1 38.0 46.4 17.0 66.5 1.00047 
600 0.020 18111 23101 216.0 42.9 51.3 19.4 84.1 1.00039 
Р- 1МРа 

100 27.413 -5268 -5231 72.9 33.4 54.0 158.1 208.9 1.65617 
125 25.137 —3882 -3842 85.3 32.4 57.4 892 168.2 1.59261 
150 0.969 3282 4315 140.9 27.9 45.2 6.2 18.4 1.01911 
175 0.765 4041 5348 147.3 26.4 38.9 74 20.6 1.01507 
200 0.644 4736 6289 152.3 25.9 36.8 8.0 23.1 1.01268 
225 0.560 5410 7197 156.6 25.9 36.0 8.9 25.8 1.01102 
250 0.497 6081 8093 160.4 26.2 35.8 9.7 28.7 1.00979 
275 0.448 6758 8991 163.8 26.8 36.1 10.6 31.7 1.00882 
300 0.408 7449 9901 167.0 27.6 36.7 114 34.9 1.00803 
325 0.375 8160 10829 169.9 28.6 37.6 12.1 38.3 1.00738 
350 0.347 8897 11781 172.8 29.7 38.6 12.9 41.9 1.00683 
375 0.323 9662 12760 175.5 31.0 39.8 13.6 45.7 1.00636 
400 0.302 10460 13770 178.1 324 41.1 144 49.6 1.00595 
425 0.284 11291 14814 180.6 33.8 42.4 15.1 53.8 1.00559 
450 0.268 12157 15892 183.1 35.2 43.8 157 58.1 1.00527 
500 0.241 13997 18153 187.8 38.1 46.6 17.0 66.9 1.00474 
600 0.200 18073 23070 196.8 43.0 51.4 19.5 84.5 1.00394 
Р =10 МРа 

100 27.815 —5362 —5003 72.0 33.8 53.2 175.4 217 1.66668 
125 25.754 —4036 —3648 84.1 32.7 55.3 100.4 178.8 1.60895 


150 23.441 —2655 —2229 94.4 314 58.6 65.7 144.6 1.54553 
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p 

TK mol/L 

175 20.613 

200 16.602 

225 10.547 

250 7.013 

275 5.530 

300 4.685 

325 4.115 

350 3.695 

375 3.366 

400 3.101 

425 2.880 

450 2.692 

500 2.389 

600 1.963 

ETHANE (С,Н,) 
p 

TK mol/L 
P = 0.1 МРа (1 bar) 

95 21.50 
100 21.32 
125 20.41 
150 19.47 
175 18.49 
200 0.062 
225 0.054 
250 0.049 
275 0.044. 
300 0.040 
325 0.037 
350 0.035 
375 0.032 
400 0.030 
450 0.027 
500 0.024 
600 0.020 
P- 1 MPa 

95 21.514 
100 21.334 
125 20.427 
150 19.494 
175 18.515 
200 17.464 
225 16.288 
250 0.564 
275 0.489 
300 0.435 
325 0.393 
350 0.360 
375 0.333 
400 0.310 
450 0.272 
500 0.244 
600 0.201 
P = 10 MPa 

95 21.624 


C, 
J/mol K 


E H S 
J/mol J/mol J/mol K 
—1175 —689 103.9 30.3 
542 1144 113.6 30.1 
2680 3628 125.3 30.8 
4289 5714 134.1 29.3 
5387 7195 139.8 28.7 
6320 8454 144.2 28.9 
7192 9622 147.9 29.6 
8047 10753 151.3 30.5 
8903 11874 154.4 31.7 
9774 12999 157.3 32.9 
10666 14138 160.0 34.3 
11584 15298 162.7 35.7 
13507 17692 167.7 38.5 
17700 22795 177.0 43.3 
E H S 
J/mol J/mol J/mol K 
—14555 -14550 80.2 
—14210 -14205 83.8 
-12468 -12463 99.3 
-10717 -10712 1121 
-8938 -8933 123.1 
5503 7123 210.1 
6401 8238 215.4 
7349 9401 220.3 
8360 10624 224.9 
9439 11914 229.4 
10592 13278 233.8 
11823 14719 238.1 
13133 16240 242.3 
14525 17841 246.4 
17548 21282 254.5 
20883 25035 262.4 
28429 33415 277.6 
—14562 -14515 80.2 
-14217 -14170 83.7 
-12478 -12429 99.2 
-10731 -10679 112.0 
-8957 —8903 123.0 
-7127 -7070 132.7 
—5199 —5137 141.8 
6762 8534 198.7 
7902 9949 204.1 
9063 11363 209.0 
10273 12815 213.7 
11546 14321 218.1 
12889 15893 222.5 
14306 17534 226.7 
17367 21038 234.9 
20730 24836 242.9 
28313 33278 258.3 
—14626 —14163 79.5 


C, 
J/mol K 

65.5 
84.7 
102.2 
67.4 
53.4 
48.0 
45.8 
44.9 
44.8 
45.2 
46.0 
46.9 
48.9 
52.9 


C 


уток 


47.2 
47.1 
45.0 
43.4 
42.7 
34.5 
36.5 
38.9 
41.6 
44.5 
47.6 
50.7 
54.0 
57.2 
63.6 
69.7 
80.9 


47.3 
47.2 
45.0 
43.4 
42.7 
42.9 
43.8 
41.6 
43.2 
45.5 
48.3 
51.3 
54.4 
57.5 
63.8 
69.9 
81.0 


47.4 


n 


uPa s 


44.9 
29.4 
17.6 
14.3 
13.8 
13.9 
14.3 
14.7 
15.2 
15.8 
16.3 
16.9 
18.0 
20.2 


C, 
J/mol K 


68.7 
69.3 
69.8 
70.4 
724 
43.8 
45.5 
47.7 
50.2 
53.1 
56.1 
59.2 
62.4 
65.6 
72.0 
78.1 
89.3 


68.7 
69.3 
69.8 
70.3 
72.0 
74.9 
80.2 
57.5 
56.2 
57.2 
59.1 
61.5 
64.2. 
67.1 
73.0 
78.9 
89.8 


68.5 


Х 
mW /m К 
113.4 
85.8 
61.0 
47.6 
44.1 
44.6 
46.6 
492 
52.3 
55.7 
59.4 
63.3 
71.6 
88.3 


2000 


D 
1.47021 
1.36789 
1.22352 
1.14481 
1.11297 
1.09513 
1.08322 
1.07450 
1.06773 
1.06227 
1.05775 
1.05392 
1.04775 
1.03911 


1.93480 
1.92500 
1.87634 
1.82726 
1.77671 
1.00208 
1.00183 
1.00164 
1.00148 
1.00136 
1.00125 
1.00116 
1.00108 
1.00101 
1.00090 
1.00081 
1.00067 


1.93537 
1.92560 
1.87709 
1.82823 
1.77800 
1.72513 
1.66733 
1.01909 
1.01650 
1.01467 
1.01327 
1.01214 
1.01121 
1.01043 
1.00917 
1.00819 
1.00677 


1.94104 
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p E H 5 C, c, v, 

TK mol/L J/mol J/mol J/mol K J/mol K J/mol K m/s D 

100 21.448 —14286 —13819 83.0 47.4 69.1 1974 1.93146 

125 20.570 —12572 -12086 98.5 45.5 69.3 1814 1.88436 

150 19.678 -10858 -10350 1111 43.9 69.6 1637 1.83753 

175 18.758 -9130 -8596 121.9 43.3 70.8 1459 1.79010 

200 17.793 -7363 -6801 131.5 43.5 73.0 1284 1.74134 

225 16.760 —5535 —4938 140.3 44.3 76.4 1110 1.69017 

250 15.620 —3609 —2969 148.6 45.8 81.5 935 1.63488 

275 14.301 —1539 —839 156.7 47.9 89.4 758 1.57249 

300 12.666 757 1547 165.0 50.8 102.7 577 1.49740 

325 10.398 3443 4404. 174.1 54.7 1291 399 1.39745 

350 7.292 6643 8015 184.8 58.8 150.1 290 1.26832 

375 5.182 9419 11349 194.1 60.0 115.7 289 1.18570 

400 4.182 11577 13968 200.8 61.4 96.9 310 1.14797 

450 3.204 15379 18500 211.5 65.8 87.5 347 1.11193 

500 2.677 19135 22870 220.7 71.2 88.0 378 1.09288 

600 2.076 27160 31978 237.3 81.8 94.7 427 1.07142 

PROPANE (C,H,) 
Р Е H S C, С, Y. 

TK mol/L J/mol J/mol J/mol K J/mol K J/mol K m/s D 
P = 0.1 MPa (1 bar) 
90 16.526 -21486 -21426 87.3 59.2 84.5 2126 2.07988 
100 16.295 —20639 -20577 96.2 59.6 85.2 2041 2.05806 
125 15.726 -18495 -18432 115.4 59.2 86.5 1856 2.00674 
150 15.156 —16319 —16253 131.3 58.9 88.0 1685 1.95796 
175 14.577 —14096 —14028 145.0 59.5 90.3 1521 1.91036 
200 13.982 —11806 —11735 157.3 61.0 93.5 1359 1.86300 
225 13.339 —9395 —9387 168.5 63.4 97.9 1197 1.81487 
250 0.050 9194 11213 257.6 573 66.8 228 1.00238 
275 0.045 10691 12930 264.1 61.6 70.7 239 1.00215 
300 0.041 12297 14752 270.5 66.2 75.1 249 1.00195 
325 0.037 14019 16689 276.7 71.1 79.8 259 1.00179 
350 0.035 15862 18744 282.8 76.0 84.6 269 1.00166 
375 0.032 17827 20921 288.8 80.9 89.5 278 1.00154 
400 0.030 19912 23217 294.7 85.7 943 286 1.00144 
450 0.027 24441 28166 306.4 95.2 103.6 303 1.00128 
500 0.024 29428 33573 317.7 104.1 112.6 318 1.00115 
600 0.020 40677 45658 339.7 120.4 128.8 347 1.00095 
P- 1 MPa 
90 16.526 —21486 —21426 87.2 59.3 84.5 2128 2.08034 
100 16.295 —20639 —20577 96.2 59.7 85.2 2043 2.05856 
125 15.726 —18495 —18432 115.3 59.2 86.4 1859 2.00736 
150 15.156 —16319 —16253 131.2 59.0 88.0 1690 1.95873 
175 14.577 —14096 —14028 144.9 59.6 90.2 1526 1.91132 
200 13.982 —11806 —11735 157.2 61.1 93.4 1365 1.86421 
225 13.361 -9424 -9349 168.4 63.4 977 1205 1.81642 
250 12.696 -6919 -6840 179.0 66.4 103.3 1045 1.76672 
275 11.962 —4252 —4169 189.1 70.0 110.8 881 1.71316 
300 11.102 —1360 -1270 199.2 74.1 121.9 708 1.65216 
325 0.428 13278 15614 255.2 74.1 89.6 233 1.02067 
350 0.383 15259 17869 261.9 78.0 91.2 248 1.01846 
375 0.349 17318 20183 268.3 82.2 94.2 261 1.01678 
400 0.322 19472 22582 274.4 86.7 97.8 272 1.01544 
450 0.279 24092 27672 286.4 95.7 105.9 293 1.01337 
500 0.248 29137 33172 298.0 104.4 114.1 312 1.01184 


600 0.203 40455 45374 320.2 120.5 129.7 344 1.00968 
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TK 


P- 10MPa 
90 
100 
125 
150 
175 
200 
225 
250 
275 
300 
325 
350 
375 
400 
450 
500 
600 


p 
mol/L 


16.590 
16.364 
15.810 
15.259 
14.705 
14.141 
13.562 
12.960 
12.322 
11.631 
10.860 
9.973 
8.905 
7.561 
4.614 
3241 
2.242 


S 
J/mol K 


86.5 

95.4 

114.5 
130.3 
144.0 
156.1 
167.2 
177.5 
187.4 
196.9 
206.3 
215.7 
225.2 
235.3 
255.8 
272.0 
297.4 


C, 
J/mol K 


59.9 
60.1 
59.6 
59.3 
59.9 
61.4 
63.7 
66.7 
70.2 
74.1 
78.4 
82.9 
877 
93.0 
101.8 
107.8 
1217 


с, 
J/mol K 


84.4 
85.1 
86.1 
87.5 
89.5 
92.4. 
96.1 
100.7 
106.4 
113.2 
121.5 
132.0 
146.1 
165.7 
167.8 
142.7 
140.5 


2.08489 
2.06350 
2.01342 
1.96617 
1.92048 
1.87557 
1.83076 
1.78529 
1.73826 
1.68849 
1.63437 
1.57361 
1.50271 
1.41671 
1.24060 
1.16439 
1.11122 
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VIRIAL COEFFICIENTS OF SELECTED GASES 


Henry V. Kehiaian 


This table gives second virial coefficients of about 110 inorganic 
and organic gases as a function of temperature. Selected data from 
the literature have been fitted by least squares to the equation 


В/стітоГ! = Улс, 1Т)-117 


1 


where T. = 298.15 K. The table gives the coefficients a(i) and val- 
ues of B at fixed temperature increments, as calculated from this 
smoothing equation. 


Compounds Not Containing Carbon 


Mol. form. Name T/K B/cm? mol! 
Ar Argon 100 -184 
120 —131 
140 -98 
а(1) = -16 160 -76 
а(2) = –60 80 -60 
a(3) = -10 200 -48 
300 -16 
400 -1 
500 Z 
600 12 
700 15 
800 18 
900 20 
1000 22 
BF, Boron trifluoride 200 —338 
240 —202 
280 —129 
а(1) = –106 320 -85 
а(2) - -330 360 —56 
a(3) = -251 400 -37 
a(4) - -80 440 -23 
CIH Hydrogen chloride 190 —451 
230 —269 
270 -181 
а(1) = -144 310 -132 
a(2) - -325 350 -102 
a(3) = -277 390 -81 
а(4) --170 430 -66 
470 -54 
Cl, Chlorine 210 —508 
220 —483 
230 -457 
а(1) = -303 240 -432 
a(2) = -555 250 -407 
a(3) -9 260 -383 
а(4) - 329 270 -360 
а(5) = 68 280 -339 
290 -318 
300 -299 
350 -221 
400 -166 
450 -126 
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The equation may be used with the tabulated coefficients for in- 
terpolation within the indicated temperature range. It should not 
be used for extrapolation beyond this range. 

Compounds are listed in the modified Hill order (see 
Introduction), with carbon-containing compounds following 
those compounds not containing carbon. 

A useful compilation of virial coefficient data from the literature 
may be found in: 


J. H. Dymond and E. B. Smith, The Virial Coefficients of Pure 
Gases and Mixtures, A Critical Compilation, Oxford University 
Press, Oxford, 1980. 


Mol. form. Name T/K В/ст mol"! 
500 -97 
600 -59 
700 -36 
800 -22 
900 -12 
Е, Fluorine 80 —386 
110 -171 
140 -113 
а(1) --25 170 -73 
а(2) -21 200 -47 
a(3) = -185 230 -32 
a(4) - 113 260 -25 
F,Si Silicon tetrafluoride 210 —268 
240 —213 
270 -170 
а(1) = -138 300 -136 
a(2) - -312 330 -108 
360 -84 
390 -64 
420 -47 
450 -32 
ЕД Iodine pentafluoride 320 —2540 
330 – 2344. 
340 – 2172 
а(1) = -3077 350 —2021 
а(2) = -8474 360 -1890 
а(3) = -9116 370 -1775 
380 -1674 
390 -1587 
400 -1510 
410 -1443 
Phosphorus 
ЕР pentafluoride 320 -162 
340 —143 
360 -127 
а(1) = –186 380 -112 
a(2) - -345 400 -98 
420 —86 
440 -75 
460 -64 
Molybdenum 
Е Мо hexafluoride 300 —896 
310 —810 
320 -737 


Virial Coefficients of Selected Gases 6-25 


Mol.form. Name T/K B/cm? mol"! Mol.form. Name T/K B/cm? mol"! 
a(1) = -914 330 -677 1100 -14 
а(2) = -2922 340 —627 1200 -11 
а(3) = -4778 350 —586 HN Ammonia 290 -302 

360 -553 300 -265 
370 -527 310 -236 
380 -506 а(1)--271 320 -213 
390 -491 а(2) = -1022 330 -194 
FS Sulfur hexafluoride 200 —685 а(3) = -2715 340 -179 
250 -416 а(4) - -4189 350 -166 
300 -275 360 -154 
а(1) = -279 350 —190 370 -144 
а(2) - -647 400 -135 380 -135 
а(3) = -335 450 -96 400 -118 
a(4) = -72 500 —68 420 -101 
FU Uranium hexafluoride 320 -1030 H,P Phosphine 190 -457 
340 -905 200 -404 
360 -805 210 —364 
а(1) = -1204 380 —724 а(1) = -146 220 -332 
а(2) = -2690 400 —658 а(2) = -733 230 —305 
a(3) --2144 420 -604 a(3) = 1022 240 -281 
440 —560 a(4) - -1220 250 —258 
Fw Tungsten hexafluoride 320 -641 260 -235 
340 -578 270 -213 
360 -523 280 -190 
a(1) = -719 380 -473 290 -166 
а(2) = -1143 400 —428 He Helium 2 -172 
420 -387 6 -48 
440 -350 10 -24 
460 —317 a(1) = 12 14 -13 
H, Hydrogen 15 -230 а(2)--І 18 -7 
20 -151 22 -3 
25 -108 26 -1 
а(1) = 154 30 -82 30 1 
a(2) - -9.0 35 -64 50 
a(3) =—0.2 40 —52 70 8 
45 -42 90 10 
50 -35 110 10 
60 -24 150 11 
70 -16 250 12 
80 -11 650 13 
90 -7 700 13 
100 -3 Kr Krypton 110 —363 
200 11 120 —307 
300 15 130 —263 
400 18 а(1) = -51 140 -229 
H,O Water 300 -1126 а(2) = -118 150 -201 
320 -850 a(3) = -29 160 -178 
340 -660 a(4) = -5 170 -159 
а(1) = –1158 360 —526 180 -143 
а(2) = -5157 380 —428 190 -129 
а(3) = -10301 400 -356 200 -117 
а(4) --10597 420 —301 250 -75 
а(5) - -4415 440 -258 300 -51 
460 -224 400 -23 
480 -197 500 -8 
500 -175 600 2 
600 -104 700 8 
700 -67 МО Nitric oxide 120 -232 
800 -44 130 -176 
900 -30 140 -138 
1000 -20 а(1) = -12 150 -113 


6-26 


Mol. form. 


МО 


O,S 


Name 

a(2) = -119 
а(3) = 89 
а(4) = -73 
Nitrogen 
a(l) --4 
a(2) = -56 
a(3) = -12 


Nitrous oxide 


a(1) = -130 
a(2) = -307 
a(3) = -248 
Neon 

a(1) - 10.8 
a(2) = -7.5 
a(3) = 0.4 
Oxygen 
a(1)- -16 
a(2) - -62 
a(3) - -8 
a(4) - -3 
Sulfur dioxide 


T/K 
160 
170 
180 
190 
200 
210 
230 
250 
270 
75 
100 
125 
150 
175 
200 
225 
250 
300 
400 
500 
600 
700 
240 
260 
280 
300 
320 
340 
360 
380 
400 
60 
80 
100 
120 
140 
160 
180 
200 
300 
400 
500 
600 
90 
110 
130 
150 
170 
190 
210 
230 
250 
270 
290 
310 
330 
350 
400 
290 
320 
350 


В/ст mol! 
-96 
-83 


Mol. form. 


Mol. form. 
ССІЕ, 


CCLE, 


CCLE 


ССІ 


4 


СЕ 


Virial Coefficients of Selected Gases 


Name 

a(1) = -430 
a(2) - -1193 
a(3) - -1029 
Xenon 

a(1) = -130 
a(2) - -262 
a(3) - -87 


Compounds Containing Carbon 


Name 


Chlorotrifluoromethane 


а(1) = -223 
а(2) = —504 
a(3) = —340 
a(4) = –291 


Dichlorodifluoromethane 


a(1) = –486 
а(2) = -1217 
a(3) = -1188 
а(4) = –698 


Trichlorofluoromethane 


а(1) = -786 

а(2) = –1428 

a(3) = -142 
Tetrachloromethane 
a(1) - -1600 

а(2) = 4059 

a(3) = -4653 
Tetrafluoromethane 
а(1) = -88 

а(2) = —238 

а(3) = -70 


T/K 
380 
410 
440 
470 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
300 
350 
400 
500 
600 
650 


T/K 
240 
290 
340 
390 
440 
490 
540 
250 
280 
310 
340 
370 
400 
430 
460 
240 
280 
320 
360 
400 
440 
480 
320 
340 
360 
380 
400 
420 
250 
300 
350 
400 
450 
500 
600 
700 


B/cm? mol! 
-221 
–181 
–153 
-132 
-421 
-377 
-340 
-307 
-280 
-255 
-234 
-215 
-199 
-184 
-129 
-93 
-69 
-39 
-21 
-14 


В/ст mol! 
—369 

—237 

—165 

-119 

-86 


Virial Coefficients of Selected Gases 


Mol. form. 


CHCIF, 


CHCLF 


сна, 


СНЕ 


сна, 


СЊЕ 


CH,Br 


Name 


Chlorodifluoromethane 


a(1) = –347 
а(2) = —575 
а(3) = 187 


Dichlorofluoromethane 


а(1) = -562 

а(2) = -862 
Trichloromethane 
a(1) - -1193 

a(2) = -2936 

a(3) = -1751 
Trifluoromethane 
а(1) = -177 

а(2) = -399 

a(3) = -250 
Dichloromethane 
a(1) - -913 

a(2) - -3371 

a(3) = —5013 
Difluoromethane 
a(1) - -321 

а(2) = —754 

a(3) = –1300 
Bromomethane 
а(1) = —559 

а(2) = –1324. 


T/K 
800 
300 
325 
350 
375 
400 
425 
250 
275 
300 
325 
350 
375 
400 
425 
450 
320 
330 
340 
350 
360 
370 
380 
390 
400 
200 
220 
240 
260 
280 
300 
320 
340 
360 
380 
400 
320 
330 
340 
350 
360 
370 
380 
400 
420 
280 
290 
300 
310 
320 
330 
340 
350 
280 
290 
300 
310 
320 
340 
360 
380 


В/ст mol! 
33 
—343 
-298 
-257 
-221 
-188 
-158 
-728 
-634 
-557 
-491 
-434 
-385 
—343 
—305 
-271 
—1001 
—926 
—858 
-797 
-740 
-689 
-642 
-599 
-559 
–433 
—350 
—288 
-241 
-204 
-174 
-1Б1 
-132 
-116 
-103 
-91 
-706 
-634 
-574 
-524 
-482 
-447 
-420 
-380 
-357 
-375 
-343 
-316 
—294 
–275 
– 260 
–248 
—238 
—645 
—596 
—551 
—509 
—469 
—396 
—332 
-274 


Mol. form. 
сна 


СЊЕ 


CH, 


CH, 


CH,O 


CH.N 


5 


Name 
Chloromethane 
а(1) = -407 
a(2) = –887 
a(3) = -385 
Fluoromethane 
a(1) = -209 
a(2) = -525 
а(3) = -365 
Iodomethane 
a(1) - -844 
а(2) = -3353 
a(3) = -6590 
Methane 
a(1) - -43 
а(2) = -114 
а(3) = -19 
а(4) = -7 
Methanol 
a(1) = -1752 
a(2) = –4694. 
Methylamine 
a(1) = –459 
а(2) = -1191 
а(3) = -995 


T/K 
280 
300 
320 
340 
360 
380 
400 
420 
440 
460 
480 
500 
600 
280 
300 
320 
340 
360 
380 
400 
420 
310 
320 
330 
340 
350 
360 
370 
380 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
250 
300 
350 
400 
500 
600 
320 
330 
340 
350 
360 
370 
380 
390 
400 
300 
325 
350 
375 
400 
425 
450 


6-27 


B/cm? mol! 
—466 
—402 
—348 
-304 
-266 
-234 
-206 
-182 
-161 
-142 
-126 
-112 
-58 
-244 
-205 
-174 
-150 
-129 
-112 


6-28 Virial Coefficients of Selected Gases 


Mol. form. Name T/K В/ст mol! Mol. form. Name T/K B/cm? mol! 
500 -140 270 -263 
550 -122 C\H,N Ethanenitrile 330 —3468 
CO Carbon monoxide 210 -36 340 -2971 
240 -24 350 -2563 
270 -15 а(1) = -5840 360 —2233 
а(1) = -9 300 -8 а(2) = —29175 370 —1970 
а(2) = —58 330 -3 a(3) = -47611 380 -1765 
а(3) = -18 360 1 390 —1610 
420 7 400 —1499 
480 11 410 —1425 
со, Carbon dioxide 220 -244 CH, Ethene 240 -218 
240 -204 270 -172 
260 -172 300 -139 
а(1) = -127 280 -146 а(1) = -140 330 -113 
a(2) = -288 300 -126 a(2) - -296 360 -92 
a(3) - -118 320 -108 a(3) = -101 390 -76 
340 -94 420 -63 
360 -81 450 -52 
380 -71 сна, 1,2-Dichloroethane 370 -812 
400 -62 390 -716 
500 -30 410 -635 
600 —13 а(1) = –1362 430 —566 
700 -1 а(2) = -3240 450 —508 
800 7 a(3) = -2100 470 —458 
900 12 490 -416 
1000 16 510 -379 
1100 19 530 -347 
CS, Carbon disulfide 280 —932 550 —319 
310 —740 570 -295 
340 —603 CH О Ethanal 290 -1352 
а(1) = –807 370 —504 320 -927 
а(2) = –1829 400 —431 350 —654 
a(3) = -1371 430 -375 а(1) = -1217 380 -482 
COL, 1,2-Dichloro-1,1,2,2- 300 -801 а(2) - -4647 410 —375 
tetrafluoroethane а(3) = -5725 440 —314 
320 -695 470 —283 
340 -608 CH,O, Methyl methanoate 320 -821 
а(1) = -812 360 —536 330 -744 
а(2) = –1773 380 -475 340 –677 
а(3) = –963 400 -423 а(1) = -1035 350 –620 
420 –379 a(2) = -3425 360 —571 
440 -341 a(3) = -4203 370 —528 
460 —307 380 —492 
480 -279 390 -461 
500 -253 400 —435 
с.с, 1,1,2-Trichloro-1,2,2- 290 -1041 сна Chloroethane 320 –634. 
trifluoroethane 360 -450 
310 -943 400 -330 
330 -856 а(1) = -777 440 -249 
а(1) = -999 350 -780 а(2) - -2205 480 -195 
а(2) - -1479 370 -712 а(3) - -1764 520 —157 
390 —651 560 —131 
430 =546 CH, Ethane 200 -409 
450 -500 220 —337 
CH, Ethyne 200 —573 240 —284 
210 —500 а(1) = -184 260 —242 
220 —440 а(2) = -376 280 -209 
а(1) --216 230 -390 а(3) = -143 300 —181 
а(2) = -375 240 – 349 а(4) = —54 320 -159 
а(3) = –716 250 –315 340 —140 


Virial Coefficients of Selected Gases 


Mol. form. 


CHO 


СНО 


С,Н,М 


C,H.N 


C,H 


3 6 


C,H 


Name 
Ethanol 

а(1) = -4475 
а(2) = -29719 
a(3) = –56716 
Dimethyl ether 
а(1) = –455 
а(2) = -965 
Dimethylamine 
a(1) - -662 
a(2) = -1504 
а(3) = –667 
Ethylamine 
а(1) = -785 
а(2) = 2012 
а(3) = -1397 
Cyclopropane 
a(1)- -388 
a(2) - -861 
a(3) - —538 
Propene 

a(1) = -347 
а(2) = –727 
a(3) = -325 


T/K 
360 
380 
400 
500 
600 
320 
330 
340 
350 
360 
370 
380 
390 
275 
280 
285 
290 
295 
300 
305 
310 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
280 
300 
320 
340 
360 
380 
400 
420 


В/ст mol! 
-123 
-109 
-96 
-52 
-24 
-2710 
-2135 
-1676 
-1317 
-1043 
-843 
-705 
-622 
-536 
-517 
-499 
-482 
-465 
-449 
-433 
-418 
-606 
-563 
-523 
-487 
-454 
-423 
-395 
-369 
-345 
-322 
-773 
-710 
-654 
—604 
—558 
-517 
-480 
-447 
-416 
-389 
–363 
–383 
—356 
—332 
–310 
– 290 
– 272 
—256 
-241 
-227 
-215 
-204 
—395 
-342 
-299 
-262 
-232 
-205 
-183 
-163 


Mol. form. 


СНО 


CHO 


СНО 


сна 


C,H 


C,H,O 


Name 


2-Propanone 


a(1) = -2051 

a(2) = –8903 

a(3) = –18056 
а(4) = –16448 
Ethyl methanoate 
a(1) = -1371 

a(2) - -4231 

a(3) = –4312 
Methyl ethanoate 
a(1) - -1709 

а(2) = –6348 

а(3) = -9650 


1-Chloropropane 


а(1) = -1121 
а(2) = –3271 
а(3) = – 3786 
a(4) = -1974 
Propane 

а(1) = -386 
a(2) - -844 
a(3) = –720 
а(4) = -574 
1-Ргорапо1 
а(1) = –2690 
а(2) = –12040 
а(3) = -16738 


T/K 
440 
460 
480 
500 
300 
320 
340 
360 
380 
400 
420 
440 
460 
480 
330 
340 
350 
360 
370 
380 
390 
320 
330 
340 
350 
360 
370 
380 
390 
310 
340 
370 
400 
430 
460 
490 
520 
550 
580 
240 
260 
280 
300 
320 
340 
360 
380 
400 
440 
480 
520 
560 
380 
385 
390 
395 
400 
405 
410 
415 
420 


6-29 


B/cm? mol! 
—146 
—131 
-118 
-106 
-1996 
-1522 
-1198 
-971 
-806 
-683 
-586 
-506 
—437 
-375 
-1003 
-916 
-839 
-771 
-712 
-660 
-614 
-1320 
-1186 
-1074 
-980 
-903 
-840 
-789 
-749 
-1001 
-772 
-614 
-501 
-417 
-352 
-302 
-261 
-227 
-198 
-641 
-527 
-444 
—381 
—331 
-292 
-259 
—232 
—208 
—169 
—138 
-112 
-90 
-873 
-826 
-783 
-744 
-709 
-679 
-651 
-627 
-606 


6-30 Virial Coefficients of Selected Gases 


Mol. form. Name T/K B/cm? тој“ Mol. form. Name T/K B/cm? mol"! 
C,H,O 2-Propanol 380 -821 
385 -766 CH, Butane 250 -1170 
390 —717 280 —863 
a(1) = –3165 395 – 674 310 —668 
а(2) = –16092 400 -636 а(1) = -735 340 -536 
a(3) = -24197 405 -604 а(2) = -1835 370 -442 
410 -576 a(3) = -1922 400 -371 
415 —552 a(4) - -1330 430 -315 
420 -533 460 -270 
сн, Trimethylamine 310 -675 490 -232 
320 -628 520 -199 
330 -585 550 -171 
а(1) = -737 340 -547 Сн, 2-Methylpropane 270 —900 
a(2) - -1669 350 -512 300 -697 
а(3) - -986 360 -480 330 —553 
370 —450 a(1) = -707 360 —450 
CH, 1-Butene 300 -624 a(2) = -1719 390 -374 
320 -539 а(3) - -1282 420 -317 
340 -470 450 -273 
а(1) - -633 360 -413 480 -240 
а(2) - -1442 380 —366 510 -215 
а(3) - -932 400 -327 CH,O 1-Butanol 350 —1693 
420 —294 360 -1544 
CH,O 2-Butanone 310 —2056 370 —1402 
320 -1878 а(1) = -2629 380 -1268 
330 -1712 а(2) - -6315 390 -1141 
а(1) - -2282 340 -1555 400 -1021 
а(2) - -5907 350 -1407 420 -796 
360 -1267 440 —593 
370 -1135 CHO 2-Methyl-1-propanol 390 -1076 
CH,O, Propyl methanoate 330 -1496 400 -979 
340 -1354 410 – 887 
350 -1231 а(1) - -2269 420 -800 
а(1) = -2118 360 -1126 a(2) = –5065 430 -716 
а(2) = –7299 370 —1035 440 —636 
a(3) - -8851 380 -957 C,H,,O 2-Butanol 380 -1110 
390 -890 390 -1005 
400 -834 400 -906 
CH,O, Ethyl ethanoate 330 -1543 а(1) = —2232 410 —811 
340 —1385 а(2) = —5209 420 —721 
350 —1254 C,H O 2-Methyl-2-propanol 380 -924 
а(1) = -2272 360 – 1144 390 – 827 
а(2) = -8818 370 —1055 400 -736 
а(3) = –13130 380 -982 а(1) = —1952 410 —649 
390 —923 a(2) = -4775 420 —567 
400 -878 CH,O Diethyl ether 280 -1550 
CH,O, Methyl propanoate 330 —1588 300 -1199 
340 -1444 320 -954 
350 -1319 а(1) = -1226 340 -776 
a(1) = -2216 360 -1211 a(2) = —4458 360 -638 
а(2) = -7339 370 -1117 а(8) = -7746 380 —525 
a(3) = —8658 380 -1037 а(4) = -10005 400 -428 
390 -968 420 -340 
400 -908 CH,N Diethylamine 320 -1228 
C,H,Cl 1-Chlorobutane 330 —1224 330 -1134 
370 -898 340 -1056 
410 -691 а(1) - -1522 350 -988 
а(1) = –1643 450 —551 а(2) = —5204 360 —926 
а(2) = —4897 490 -449 a(3) = -15047 370 – 868 
a(3) = –6178 530 -371 а(4) = –28835 380 -812 
a(4) - -3718 570 —309 390 —755 


Virial Coefficients of Selected Gases 6-31 


Mol. form. Name T/K B/cm? mol! Mol. form. Name T/K B/cm? mol! 
400 —697 390 -492 
сң Pyridine 350 -1257 400 -464 
360 -1176 450 -357 
370 -1099 500 -279 
а(1) - -1765 380 -1026 550 -218 
а(2) - -3431 390 -957 C.H, Benzene 290 —1588 
400 – 892 300 – 1454 
420 -770 310 -1335 
440 -659 а(1) - -1477 320 -1231 
сн Cyclopentane 300 -1049 а(2) = -3851 330 -1139 
305 -1015 а(3) - -3683 340 -1056 
310 -981 а(4) - -1423 350 -983 
а(1) - -1062 315 -949 400 -712 
a(2) = -2116 320 —918 450 -542 
CH, 1-Pentene 310 -966 500 -429 
320 -898 550 -349 
330 -836 600 -291 
а(1) - -1055 340 -780 СН 2-Methylpyridine 360 —1656 
a(2) = -2377 350 -729 370 -1523 
а(3) = -1189 360 —681 380 —1404 
370 —638 a(1) - -2940 390 -1297 
380 -598 a(2) = -8813 400 —1202 
390 —561 a(3) = -7809 410 -1117 
400 -527 420 -1040 
410 -495 430 -972 
C.H O 2-Pentanone 330 – 2850 CHIN 3-Methylpyridine 380 -1819 
340 -2420 390 -1612 
350 -2076 400 -1448 
а(1) = -4962 360 – 1804. а(1) = —6304 410 —1322 
а(2) = —26372 370 —1595 а(2) = —30415 420 —1230 
а(3) = -46537 380 – 1440 а(3) = –44549 430 -1166 
390 —1332 CHIN 4-Methylpyridine 380 -1787 
сн, Pentane 300 -1234 390 -1578 
310 -1130 400 -1417 
320 -1038 а(1) = -6553 410 -1297 
а(1) = -1254 330 —957 а(2) = —32873 420 —1214 
а(2) = —3345 340 -884 а(8) = –49874. 430 -1163 
a(3) - -2726 350 —818 CH, Cyclohexane 300 —1698 
400 -579 320 -1391 
450 -436 340 -1170 
500 -348 а(1) = -1733 360 —1007 
550 —294 а(2) = —5618 380 – 883 
С.Н, 2-Methylbutane 280 —1263 a(3) = -9486 400 —786 
290 —1166 a(4) - -7936 420 -707 
300 -1079 440 -641 
а(1) - -1095 310 -1001 460 -584 
а(2) = -2503 320 —931 480 —534 
a(3) = -1534 330 —867 500 —488 
340 —810 520 —446 
350 —757 540 —406 
400 —557 560 —368 
450 -424 CH, Methylcyclopentane 305 -1447 
С.Н, 2,2-Dimethylpropane 300 -916 315 -1357 
310 -843 325 -1272 
320 -780 a(1) = -1512 335 -1192 
а(1) = -931 330 —724 а(2) = —2910 345 -1117 
a(2) = -2387 340 -674 CH, Hexane 300 —1920 
a(3) = -2641 350 —629 310 – 1724 
а(4) = –1810 360 —590 320 —1561 
370 —554 a(1) - -1961 330 -1424 
380 -521 а(2) - -6691 340 -1309 


6-32 Virial Coefficients of Selected Gases 


Mol. form. Name T/K В/ст mol! Mol. form. Name T/K B/cm? mol! 
a(3) = -13167 350 -1209 500 -702 
а(4) - -15273 360 -1123 540 -583 
370 -1046 580 -490 
380 -978 620 -416 
390 -916 660 -355 
400 -859 700 -304 
410 -806 Сн, 1,2-Dimethylbenzene 380 —2046 
430 -707 390 -1848 
450 -616 400 -1681 
СН,“ Triethylamine 330 -1562 а(1) = -5632 410 –1543 
340 – 1444. а(2) = – 22873 420 —1428 
350 -1340 а(3) - -28900 430 -1335 
а(1) = –2061 360 – 1249 440 —1261 
a(2) = -5735 370 —1169 CH, 1,3-Dimethylbenzene 380 —2082 
а(3) = —5899 380 -1099 390 -1865 
390 -1037 400 -1679 
400 -983 а(1) = -5808 410 -1521 
CH, Toluene 350 -1641 а(2) = -23244 420 —1388 
360 -1511 а(3) - -27607 430 -1276 
370 -1394 440 -1184 
а(1) = -2620 380 —1289 CH, 1,4-Dimethylbenzene 380 —2043 
а(2) = -7548 390 —1195 390 —1851 
а(3) = –6349 400 – 1110 400 —1680 
410 —1034 a(1) = –4921 410 -1529 
420 -965 а(2) = -16843 420 —1395 
430 —903 а(3) = –16159 430 —1276 
CH, 1-Heptene 340 —1781 440 -1171 
350 —1651 CH, 1-Octene 360 -2147 
360 -1532 370 -2000 
а(1) = –2491 370 – 1424. 380 —1861 
a(2) = 6230 380 -1324 а(1) = -3273 390 -1729 
a(3) - -3780 390 -1233 а(2) = —6557 400 -1604 
400 -1150 410 -1485 
410 -1073 Сн, Осїапе 300 – 4042 
CH, Heptane 300 -2782 350 —2511 
320 —2297 400 —1704 
340 —1928 а(1) = –4123 450 – 1234 
а(1) = -2834 360 -1641 а(2) = –13120 500 —936 
a(2) = —8523 380 -1415 a(3) = –16408 550 -732 
a(3) = –10068 400 -1233 а(4) = –8580 600 —583 
a(4) = —5051 420 —1085 650 —468 
440 —963 700 —375 
460 —862 
480 -775 


VAN DER WAALS CONSTANTS FOR GASES 


The van der Waals equation of state for a real gas is 


) па У У — nb) = nRT 


where P is the pressure, V the volume, T the temperature, и the 
amount of substance (in moles), and К the gas constant. The van 
der Waals constants a and b are characteristic of the substance and 
are independent of temperature. They are related to the critical 
temperature and pressure, Т and Р, by 


а-2782Т2(64Р, b-RT,I8P. 


a b 
Substance bar L?/moP? L/mol 
Acetic acid 1771 0.1065 
Acetone 16.02 0.1124 
Acetylene 4.516 0.0522 
Ammonia 4.225 0.0371 
Aniline 29.14 0.1486 
Argon 1.355 0.0320 
Benzene 18.82 0.1193 
Bromine 9.75 0.0591 
Butane 13.89 0.1164 
1-Butanol 20.94 0.1326 
2-Butanone 19:97 0.1326 
Carbon dioxide 3.658 0.0429 
Carbon disulfide 11.25 0.0726 
Carbon monoxide 1.472 0.0395 
Chlorine 6.343 0.0542 
Chlorobenzene 25.80 0.1454 
Chloroethane 11.66 0.0903 
Chloromethane 7.566 0.0648 
Cyclohexane 21.92 0.1411 
Cyclopropane 8.34 0.0747 
Decane 52.74 0.3043 
1-Decanol 59.51 0.3086 
Diethyl ether 17.46 0.1333 
Dimethyl ether 8.690 0.0774 
Dodecane 69.38 0.3758 
1-Dodecanol 75.70 0.3750 
Ethane 5.580 0.0651 
Ethanol 12.56 0.0871 
Ethylene 4.612 0.0582 
Fluorine 1.171 0.0290 
Furan 12.74 0.0926 
Helium 0.0346 0.0238 
Heptane 31.06 0.2049 
1-Heptanol 38.17 0.2150 
Hexane 24.84 0.1744 
1-Hexanol 31.79 0.1856 
Hydrazine 8.46 0.0462 
Hydrogen 0.2452 0.0265 
Hydrogen bromide 4.500 0.0442 
Hydrogen chloride 3.700 0.0406 
Hydrogen cyanide 11.29 0.0881 
Hydrogen fluoride 9.565 0.0739 
Hydrogen iodide 6.309 0.0530 


This table gives values of а and b for some common gases. Most 
of the values have been calculated from the critical temperature 
and pressure values given in the table "Critical Constants" in this 
section. Van der Waals constants for other gases may easily be cal- 
culated from the data in that table. 

To convert the van der Waals constants to SI units, note that 1 
bar L?/moP = 0.1 Ра m*/mol? and 1 L/mol = 0.001 m?/mol. 


Reference 


Reid, К. C, Prausnitz, J. M., and Poling, B. E., The Properties of Gases 
and Liquids, Fourth Edition, McGraw-Hill, New York, 1987. 


a b 
Substance bar 12/тоР L/mol 
Hydrogen sulfide 4.544 0.0434 
Isobutane 13.32 0.1164 
Krypton 5.193 0.0106 
Methane 2.303 0.0431 
Methanol 9.476 0.0659 
Methylamine 7.106 0.0588 
Neon 0.208 0.0167 
Neopentane 17.17 0.1411 
Nitric oxide 1.46 0.0289 
Nitrogen 1.370 0.0387 
Nitrogen dioxide 5.36 0.0443 
Nitrogen trifluoride 3.58 0.0545 
Nitrous oxide 3.852 0.0444. 
Осїапе 37.88 0.2374 
1-Осїапо1 4471 0.2442 
Oxygen 1.382 0.0319 
Ozone 3.570 0.0487 
Pentane 19.09 0.1449 
1-Pentanol 25.88 0.1568 
Phenol 22.93 0.1177 
Propane 9.39 0.0905 
1-Propanol 16.26 0.1079 
2-Propanol 15.82 0.1109 
Propene 8.442 0.0824 
Pyridine 19.77 0.1137 
Pyrrole 18.82 0.1049 
Silane 4.38 0.0579 
Sulfur dioxide 6.865 0.0568 
Sulfur hexafluoride 7.857 0.0879 
Tetrachloromethane 20.01 0.1281 
Tetrachlorosilane 20.96 0.1470 
Tetrafluoroethylene 6.954 0.0809 
Tetrafluoromethane 4.040 0.0633 
Tetrafluorosilane 5.259 0.0724 
Tetrahydrofuran 16.39 0.1082 
Thiophene 17.21 0.1058 
Toluene 24.86 0.1497 
1,1,1-Trichloroethane 20.15 0.1317 
Trichloromethane 15.34 0.1019 
Trifluoromethane 5.378 0.0640 
Trimethylamine 13.37 0.1101 
Water 5.537 0.0305 
Xenon 4.192 0.0516 
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MEAN FREE PATH AND RELATED PROPERTIES OF GASES 


In the simplest version of the kinetic theory of gases, molecules 
are treated as hard spheres of diameter d which make binary col- 
lisions only. In this approximation the mean distance traveled by 
a molecule between successive collisions, the mean free path /, is 
related to the collision diameter by: 


E 
л /2 Pd? 


where P is the pressure, Т the absolute temperature, and К the 
Boltzmann constant. At standard conditions (P - 100 000 Pa and 
T = 298.15 K) this relation becomes: 


927-10" 
іш چیا‎ лава 
where / and d are in meters. 

Using the same model and the same standard pressure, the colli- 
sion diameter can be calculated from the viscosity n by the kinetic 
theory relation: 


2.67 -10°° (MT)? 
n= 2 


where n is in units of uPa s and M is the molar mass in g/mol. 
Kinetic theory also gives a relation for the mean velocity v of mol- 
ecules of mass m: 


1/2 
y- (22) = 145.5(Т/М)!? m/s 
TM 


Finally, the mean time т between collisions can be calculated from 
the relation ту= 1. 

The table below gives values of /, v, and т for some common 
gases at 25°С and atmospheric pressure, as well as the value of d, 
all calculated from measured gas viscosities (see References 2 and 
3 and the table "Viscosity of Gases" in this section). It is seen from 
the above equations that the mean free path varies directly with T 
and inversely with / while the mean velocity varies as the square 
root of T and, in this approximation, is independent of P. 

А more accurate model, in which molecular interactions are de- 
scribed by a Lennard-Jones potential, gives mean free path values 
about 596 lower than this table (see Reference 4). 


References 


1. Reid, R. С., Prausnitz, J. M., and Poling, B. E., The Properties of Gases 
and Liquids, Fourth Edition, McGraw-Hill, New York, 1987. 

2. Lide, D. R., and Kehiaian, H. V., CRC Handbook of Thermophysical 
and Thermochemical Data, CRC Press, Boca Raton, FL, 1994. 

3. Vargaftik, N. B., Tables of Thermophysical Properties of Liquids and 
Gases, Second Edition, John Wiley, New York, 1975. 

4. Kaye, а. W. C., and Laby, T. H., Tables of Physical and Chemical 
Constants, 15th Edition, Longman, London, 1986. 


Gas d 1 M T 
Air 3.66.10? m 6.91-10 5m 467 m/s 148 ps 
Ar 3.58 7.22 397 182 
CO, 4.53 4.51 379 119 
H, 2.71 12.6 1769 71 
He 2.15 20.0 1256 159 
Kr 4.08 5.58 274 203 
N, 3.70 6.76 475 142 
NH, 4.32 4.97 609 82 
Ne 2.54 14.3 559 256 
О, З.55 7.36 444 166 
Хе 4.78 4.05 219 185 


6-34 


INFLUENCE OF PRESSURE ON FREEZING POINTS 


This table illustrates the variation of the freezing point of rep- References 
resentative types of liquids with pressure. Substances are listed in 
alphabetical order. Note that 1 MPa = 0.01 kbar = 9.87 atm. 1. Isaacs, N. S., Liquid Phase High Pressure Chemistry, John Wiley, New 
York, 1981. 


2. Merrill, L., ] Phys. Chem. Ref. Data, 6, 1205, 1977; 11, 1005, 1982. 


Molecular Freezing point in °С at: 
Substance formula 0.1 MPa 100 MPa 1000 MPa 

Acetic acid CHO, 16.6 37 
Acetophenone C,H,O 20.0 41.2 

Aniline САМ –6.0 13.5 140 
Benzene CH, 5.5 33.4 
Benzonitrile C.H.N -12.8 7.6 

Benzyl alcohol C.H,O -15.2 0.2 
Bromobenzene C.H.,Br -30.6 -І2 108 
Bromoethane С,Н,Вг -118.6 -108 
1-Bromonaphthalene С,Н,Вг -1.8 6.1 
1-Вготоргорапе С,Н,Вг -110 -98 
p-Bromotoluene C.H.Br 28.0 56.7 

Butanoic acid CH,O, –5.7 13.8 

1-Butanol CH, O —89.8 -77.2 

Carbon disulfide CS, -111.5 —98 
Chlorobenzene сна —45.2 -28 84 
p-Chlorotoluene сна 6.9 33.1 

o-Cresol C.H,O 29.8 47.7 

m-Cresol C.H,O 11.8 25.6 

p-Cresol C.H,O 35.8 56.2 
Cyclohexane Сн, 6.6 32.5 
Cyclohexanol C.H,,0 25.5 62.3 
1,2-Dibromoethane СНВ, 9.9 34.0 
p-Dichlorobenzene СНА, 52.7 79.1 
Dichloromethane CHI, —95.1 —83 
N,N-Dimethylaniline САМ 25 26.3 
1,4-Глохапе C „H,O, 11 23 

Ethanol сно -114.1 -108 

Formamide CH,NO —15.5 10.8 

Formic acid CHO, 8.3 20.6 

Furan CHO —85.6 -73 
Hexamethyldisiloxane СНО, –66 -37 

Menthol С ,H40 42 60 

Methyl benzoate C,H,O, -15 31.8 
2-Methyl-2-butanol СНО -8.8 13,4 
2-Methyl-2-propanol CH, O 254 58.1 
Naphthalene C,H, 78.2 115.7 
Nitrobenzene СНО, 5.7 13.5 
m-Nitrotoluene С,Н,МО, 15.5 40.6 
Pentachloroethane сна, -29.0 –6.3 

Potassium K 63.7 78 170 
Potassium chloride CIK 771 945 
Propanoic acid СНО, -20.7 -12 

Silver chloride AgCl 455 545 
Sodium Na 97.8 106 167 
Sodium chloride CINa 800.7 997 
Sodium fluoride FNa 996 1115 
Tetrachloromethane CCI, -23.0 14.2 
Tribromomethane CHBr, 81 31.5 
Trichloromethane сна, -63.6 —45.2 

Water H,O 0.0 -9.0 

o-Xylene CH, -252 -3.5 

m-Xylene СҢ, -47.8 -25.2 

p-Xylene CH, 13.2 46.0 
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CRITICAL CONSTANTS 


The parameters of the liquid—gas critical point are important 
constants in determining the behavior of fluids. This table lists the 
critical temperature, pressure, and molar volume, as well as the 
normal boiling point, for approximately 850 inorganic and organic 
substances. The properties and their units are: 


T,: Normal boiling point in kelvins at a pressure of 101.325 
kPa (1 atmosphere); an "s" following the value indicates 
a sublimation point (temperature at which the solid is in 
equilibrium with the gas at a pressure of 101.325 kPa) 

T': Critical temperature in kelvins 

Р: Critical pressure in megapascals 

V: Critical molar volume in cm?/mol 


The number of digits given for T,, Т, and P. indicates the esti- 
mated accuracy of these quantities; however, values of Т. greater 
than 750 K may be in error by 10 K or more. Although most V. 
values are given to three figures, they cannot be assumed accurate 
to better than a few percent. All values are experimentally deter- 
mined except for a few values, indicated by an asterisk", which аге 
based on extrapolations. Methods of measurement are described 
and critiqued in Reference 1. 

Many of the critical constants in this table are taken from re- 
views produced by the IUPAC Commission on Thermodynamics 
(References 1— 8). Compounds are listed by molecular formula in 
modified Hill order, with compounds not containing carbon pre- 
ceding those that do contain carbon. 

The assistance of Douglas Ambrose is gratefully acknowledged. 
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6-38 Critical Constants 


Molecular 

formula Name ТК T/K Р/МРа V/cm? mol" Ref. 
AIBr, Aluminum bromide 528 763 2.89 310 9 
AICI, Aluminum chloride 453 $ 620 2.63 257 9 
АП, Aluminum iodide 655 983 408 9 
Ar Argon 87.30 150.87 4.898 75 9 
As Arsenic 876 1673 35 9 
А8С1, Arsenic(III) chloride 403 654 252 9 
AsH, Arsine 210.7 373.1 9 
BBr, Boron tribromide 364 581 272 9 
ЕСІ, Boron trichloride 285.80 455 3.87 239 9 
BF, Boron trifluoride 172 260.8 4.98 115 9 
BI, Boron triiodide 482.7 773 356 9 
ВН, Diborane 180.8 289.8 4.05 9 
BiBr, Bismuth tribromide 726 1220 301 9 
BiCl, Bismuth trichloride 720 1179 12.0 261 9 
BrH Hydrogen bromide 206.77 363.2 8.55 9 
Brl Iodine bromide 389 719 139 9 
Br, Bromine 332.0 588 10.34 127 9 
Br,Hg Мегсигу(П) bromide 595 1012 9 
Вг,Са Gallium(III) bromide 552 806.7 303 9 
Br,HSi Tribromosilane 382 610.0 305 9 
Br,P Phosphorus(III) bromide 446.4 711 300 9 
Br,Sb Antimony(III) bromide 553 904. 300 9 
Br,Ge Germanium(IV) bromide 459.50 718 392 9 
Br,Hf Hafnium(IV) bromide 596s 746 415 9 
Br,Si Tetrabromosilane 427 663 382 9 
Br,Sn Tin(IV) bromide 478 744 417 9 
Br,Ti Titanium(IV) bromide 503 795.7 391 9 
Br,Zr Zirconium(IV) bromide 633 s 805 424 9 
Вг,Та Tantalum(V) bromide 622 974 461 9 
CIFO, Perchloryl fluoride 226.40 368.4 5.37 161 9 
СЕМ Nitrogen chloride difluoride 206 337.5 5.15 9 
СЕР Phosphorus(III) chloride difluoride 225.9 362.4 4.52 9 
CIF,PS Phosphorothioc chloride difluoride 279.5 439.2 4.14 9 
CIF,Si Chlorotrifluorosilane 203.2 307.7 3.46 9 
CIF, Chlorine pentafluoride 260.1 416 5.27 233 9 
CIF.S Sulfur chloride pentafluoride 254.10 390.9 9 
CIH Hydrogen chloride 188 324.7 8.31 81 9 
СІН,М Ammonium chloride 611s 1155 163.5 9 
ан Phosphonium chloride 2468 322.3 7.37 9 
CINO Nitrosyl chloride 267.7 440 9 
CIOV Vanadyl chloride 400 636 171 9 
а, Chlorine 239.11 416.9 7.991 123 9 
СЂЕР Phosphorus(III) dichloride fluoride 287.00 463.0 4.96 9 
CLF,Si Dichlorodifluorosilane 241 369.0 3.5 9 
Cl,Hg Mercury(II) chloride 577 973 174 9 
CLOSe Selenium oxychloride 450 730 7.09 235 9 
CLFSi Trichlorofluorosilane 285.40 438.6 3.58 9 
Cl,Ga Gallium(III) chloride 474 694. 263 9 
CLHSi Trichlorosilane 306 479 268 9 
CLP Phosphorus(III) chloride 349.3 563 264 9 
CLSb Antimony(III) chloride 493.5 794 272 9 
С1,Че Germanium(IV) chloride 359.70 553.2 3.861 330 9 
Cl,Hf Hafnium(IV) chloride 590 s 725.7 5.42 314 9 
СІ,ОКе Rhenium(VI) oxytetrachloride 496 781 362 9 
CLOW Tungsten(VI) oxytetrachloride 500.70 782 338 9 
CLSi Tetrachlorosilane 330.80 508.1 3.593 326 9 
С1,5а Tin(IV) chloride 387.30 591.9 3.75 351 9 
CI, Te Tellurium tetrachloride 660 1002 8.56 310 9 
CI „Ti Titanium(IV) chloride 409.60 638 4.66 339 9 
CLZr Zirconium(IV) chloride 604 5 778 5.77 319 9 


Critical Constants 


Molecular 
formula 


СІ,Мо 
СК 
СЕР 
СІ, Та 
СІМ 


Мате 

Molybdenum(V) chloride 
Niobium(V) chloride 
Phosphorus(V) chloride 
Tantalum(V) chloride 
Tungsten(VI) chloride 
Cesium 

Hydrogen fluoride 
Nitryl fluoride 

Fluorine 

Difluoramine 
cis-Difluorodiazine 
trans-Difluorodiazine 
Fluorine monoxide 
Xenon difluoride 
Nitrogen trifluoride 
Trifluoramine oxide 
Phosphorus(III) fluoride 


Phosphorothioc trifluoride 


Tetrafluorohydrazine 
Sulfur tetrafluoride 
Tetrafluorosilane 
Xenon tetrafluoride 
Niobium(V) fluoride 


Molybdenum(VI) fluoride 


Sulfur hexafluoride 
Selenium hexafluoride 
Tellurium hexafluoride 
Uranium(VI) fluoride 
Tungsten(VI) fluoride 
Gallium(III) iodide 
Germane 
Germanium(IV) iodide 
Hydrogen iodide 
Hydrogen 

Water 

Hydrogen peroxide 
Hydrogen sulfide 
Hydrogen selenide 
Ammonia 

Phosphine 

Hydrazine 

Helium 

Hafnium iodide 
Mercury 

Мегсигу(П) iodide 
Iodine 

Antimony(III) iodide 
Tetraiodosilane 
Tin(IV) iodide 
Titanium(IV) iodide 
Zirconium(IV) iodide 
Potassium 

Krypton 

Lithium 

Nitric oxide 

Nitrogen 

Nitrous oxide 
Nitrogen tetroxide 
Sodium 

Neon 


ТК 
541 
527.2 
4338 
512.50 
619.90 
944. 
293 
200.8 

85.03 
250 
167.40 
161.70 
128.40 
387.50 
144.40 
185.7 
171.4 
220.90 
199 
232.70 
187 
388.90 
502 
307.2 
209.35 
226.55 
234.25 
329.65 
290.3 
613 
185.1 
650 
237.60 

20.28 
373.2 
423.4 
213.60 
231.90 
239.82 
185.40 
386.70 

422 
667 5 
629.88 
627 
457.6 
674 
560.50 
637.50 
650 
704 5 

1032 
119.93 

1615 
121.41 

77.36 
184.67 
294.30 

1156 

27.07 


TJK 
850 
803.5 
646 
767 
923 
1938 
461 
349.5 
144.13 
403 
272 
260 
215 
631 
234.0 
303 
2712 
346.0 
309 
364 
259.0 
612 
737 
473 
318.69 
345.5 
356 
505.8 
444 
951 
3122 
973 
424.0 
32.97 
647.14 
728* 
3732 
411 
405.5 
324.5 
653 
5.19 
916 
1750 
1072 
819 
1102 
944 
968 
1040 
960 
2223" 
209.41 
3223" 
180 
12621 
309.57 
431 
2573* 
44А 


Р/МРа V/cm? то! 


369 
4.88 397 
402 
422 
9.4 341 
6.48 69 
5.172 66 
7.09 
5.57 
9.32 148 
4.46 126 
6.43 147 
4.33 
3.82 
3.75 
3.72 
7.04 188 
6.28 155 
4.75 226 
3.77 199 
4.66 250 
4.34 233 
395 
4.95 147 
500 
8.31 
1.293 65 
22.06 56 
22* 
8.94 99 
8.92 
11.35 72 
6.54 
14.7 
0.227 57 
528 
172.00 43 
155 
558 
531 
505 
530 
16* 209* 
5.50 91 
67* 66* 
6.48 58 
3.39 90 
7.255 97 
10.1 167 
35* 116* 
2.76 42 
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Ref. 


NO SO NO OD یف‎ 


о о о о о دص‎ о оо XO XO ‹о OO ص ص ص‎ XO ‹о XO XO 0 0 0 v 0 хо o o 5 


wo 
= 


NO NO NO NO NO NO NO NO NO NO NO NO 9 NO 0 
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Molecular 
formula 


O, 
0,5 
O, 
0,5 


CBrCIF, 
CBrF, 
СВг,Е, 
CCIF, 
CCLF, 
CCLO 
CCLF 
CCl, 
СЕЈ 
СЕ, 
CHBrF, 
CHCIF, 
CHCLF 
CHCI, 


CH,CIF 
CH,Cl, 
CHF, 
CH,O, 
сна! 
сна а 
СНЕ 
CHJ 
CHNO, 
CH, 
CH,O 
CH,S 
CH,CISi 
CH.N 
CHN, 
CH Si 
со 


C,Br,CIF, 
C,Br,F, 
C,CIF, 
С,СЕ, 
СЕ, 
СЕ, 
C,CLF, 
C,CLF, 
са, 
САДЕ, 
C CI, 
СЕМ 


Мате 

Oxygen 

Sulfur dioxide 

Ozone 

Sulfur trioxide 
Osmium(VIII) oxide 
Rhenium(VII) oxide 
Phosphorus 

Rubidium 

Radon 

Sulfur 

Selenium 

Xenon 
Bromochlorodifluoromethane 
Bromotrifluoromethane 
Dibromodifluoromethane 
Chlorotrifluoromethane 
Dichlorodifluoromethane 
Carbonyl chloride [Phosgene] 
Trichlorofluoromethane 
Tetrachloromethane 
Trifluoroiodomethane 
Tetrafluoromethane 
Bromodifluoromethane 
Chlorodifluoromethane 
Dichlorofluoromethane 
Trichloromethane 
Trifluoromethane 
Hydrogen cyanide 
Chlorofluoromethane 
Dichloromethane 
Difluoromethane 
Formic acid 
Chloromethane 
Methyltrichlorosilane 
Fluoromethane 
Iodomethane 
Nitromethane 

Methane 

Methanol 

Methanethiol 
Chloromethylsilane 
Methylamine 
Methylhydrazine 
Methylsilane 

Carbon monoxide 
Carbon oxysulfide 
Carbon dioxide 

Carbon disulfide 


1,2-Dibromo-1-chloro-1,2,2-trifluoroethane 


1,2-Dibromotetrafluoroethane 
Chlorotrifluoroethene 
Chloropentafluoroethane 
1,1-Dichloro-1,2,2,2-tetrafluoroethane 
1,2-Dichloro-1,1,2,2-tetrafluoroethane 
1,1,1-Trichloro-2,2,2-trifluoroethane 
1,1,2-Trichloro-1,2,2-trifluoroethane 
Tetrachloroethene 
1,1,2,2-Tetrachloro-1,2-difluoroethane 
Hexachloroethane 
Trifluoroacetonitrile 


ТК 
90.20 
263.10 
161.80 
318 
408 
633 
553.7 
961 
211.5 
717.75 
958 
165.03 
269.5 
215.4 
295.91 
191.8 
243.4 
281 
296.9 
350.0 
250.7 
145.2 
258.6 
232.5 
282.1 
334.32 
1911 
299 
264.1 
313 
221.6 
374 
249.06 
338.8 
194.8 
315.58 
374.34 
111.67 
3378 
2791 
280 
266.83 
360.7 
215.7 
817 
223 
19465 
319 
366 
320.50 
245.4 
2341 
276.6 
2767 
3187 
320.9 
394.5 
366.0 
457.85 
204.4 


TJK 
154.59 
430.8 
2611 
491.0 
678 
942 
994 
2093* 
377 
1314 
1766 
289.77 
426.88 
340.2 
4713 
302 
384.95 
455 
4711 
556.6 
39644 
227.6 
411.98 
369.5 
451.58 
5364 
298.98 
456.7 
427 
510 
351.56 
588 
41625 
517 
3178 
528 
588 
190.56 
512.5 
470 
517.8 
4307 
567 
352.4 
132.91 
375 
304.13 
552 
560.7 
4878 
379 
353.2 
4186 
41878 
482.9 
4873 
620.2 
551 
695 
311.11 


P JMPa 
5.043 
7.884 
5.57 
8.2 


16" 
6.28 

20.7 

27.2 
5.841 
4.254 
3.97 
4.45 
3.870 
4.136 
5.67 
4.47 
4.516 
3.953 
3.74 
5.132 
5.035 
5.18 
5.47 
4.82 
5.39 
5.70 
6.10 
5.83 


6.679 
3.28 
5.88 


5.87 
4.599 
8.084 
7.23 


7.614 
8.24 


3.499 
5.88 
7.375 
7.90 
3.61 
3.393 
4.05 
3.229 
3.30 
3.252 


3.42 


3.34* 
3.618 


Critical Constants 


V/cm? то! Ref. 

73 9 
122 9 
89 9 
127 9 
9 

334 9 
9 
247* 20 
9 

9 

9 
118 34 
246 9 
196 9 
9 

180 9 
217 9 
190 9 
247 18 
276 9 
226 24 
140 9 
275 47 
164 18 
196 9 
239 9 
133 42 
139 9 
37 

9 

123 42 
7 

139 9 
348 9 
113 9 
9 

173 9 
98.60 2 
117 4 
147 8 
9 

9 

271 9 
8 

93 9 
137 9 
94 22 
173 9 
368 9 
341 9 
212 9 
252 9 
294 9 
297 42 
40 

325 9 
9 

9 

412* 12 
202 9 


Critical Constants 


Molecular 


formula 


Name 

Tetrafluoroethene 
Hexafluoroethane 
1-Chloro-2,2-difluoroethene 
1-Chloro-1,1,2,2-tetrafluoroethane 
1-Chloro-1,2,2,2-tetrafluoroethane 
12-Dichloro-1,1,2-trifluoroethane 
2,2-Dichloro-1,1,1-trifluoroethane 
Trichloroethene 
Trifluoroacetic acid 
Pentafluoroethane 
Trifluoromethyl difluoromethyl ether 
Acetylene 
2-Chloro-1,1,1-trifluoroethane 
cis-1,2-Dichloroethene 
trans-1,2-Dichloroethene 
1,1,2,2-Tetrachloroethane 
1,1-Difluoroethene 
1,1,1,2-Tetrafluoroethane 
1,1,2,2-Tetrafluoroethane 
Bis(difluoromethyl) ether 
Chloroethene [Vinyl chloride] 
1-Chloro-1,1-difluoroethane 
1,1-Dichloro-1-fluoroethane 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Fluoroethene 
1,1,1-Trifluoroethane 
1,1,2-Trifluoroethane 

Methyl trifluoromethyl ether 
Acetonitrile 

Ethylene [Ethene] 
1,2-Dibromoethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Difluoroethane 
Acetaldehyde 

Oxirane [Ethylene oxide] 
Acetic acid 

Methyl formate 

Bromoethane 

Chloroethane 

Fluoroethane 

Ethane 

Dichlorodimethylsilane 
Ethanol 

Dimethyl ether 

1,2-Ethanediol 

Ethanethiol 

Dimethyl sulfide 

Dimethyl disulfide 

Ethylamine 

Dimethylamine 
1,2-Ethanediamine 

Cyanogen 
Chloropentafluoroacetone 


1,3-Dichloro-1,1,2,2,3,3-hexafluoropropane 


Perfluoroacetone 
Perfluorooxetane 
Perfluoropropane 
Perfluorodimethoxymethane 


ТК 
197.3 
195.1 
2547 
261.5 
261 
302.7 
300.97 
360.36 
346 
225.1 
235 
188.45 
279.3 
333.3 
321.9 
418.4 
187.5 
247.07 
253.3 
275 
259.4 
264.1 
305.2 
347.24 
387.0 
201 
225.90 
276.9 
249.49 
354.80 
169.38 
404.8 
330.5 
356.7 
249.10 
293.3 
283.8 
391.1 
304.9 
311.7 
285.5 
235.5 
184.6 
343.5 
351.44 
248.4 
470.5 
308.2 
310.48 
382.89 
289.7 
280.03 
390 
252.1 
281 
308.9 
245.8 
244.8 
236.6 
263 


TJK 
306.5 
293 
400.6 
399.9 
395.65 
461.6 
456.83 
544.2 
491.3 
339.17 
354.0 
308.3 
425.01 
544.2 
516.5 
661.15 
302.9 
374.18 
39174 
420.25 
432 
410.34 
4775 
545 
602* 
3279 
345.86 
429.8 
378.02 
545.6 
282.34 
583.0 
523 
561 
386.7 
466 
469 
590.7 
487.2 
503.9 
460.4 
375.31 
305.32 
5204 
514.0 
400.2 
720 
499 
503 
615 
456 
43722 
613.1 
400 
410.6 
453 
357.14 
361.8 
345.1 
3723 


V/cm? то! 
172 
222 
197 
244 
244 
278 
278 


204 
208.0 
192 
1122 
228 


154 
198 
191 
223 
179 
225 
255 


281" 
144 
194 
207 
228 
173 
131 


236 
225 
181 
154 
142 
171 
172 
215 


145.5 
350 
168 
168 


207 
203.7 


182 


329 
272 
299 
363 
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Ref. 


29,30 
25,45,46 
6 
40 
9 


© 


© о м 


29. 
= 
© 


м 
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6-42 Critical Constants 


Molecular 

formula Name ТК T/K Р/МРа V/cm? тог Ref. 
САНЕ, 1,1,1,2,3,3,3-Heptafluoropropane 256.8 374.89 2.929 274 39,47 
С,НЕО Trifluoromethyl 1,1,2,2-tetrafluoroethyl ether 270 387.78 2.293 337 18,47 
СНЕ, 1,1,1,2,3,3-Hexafluoropropane 279.3 412.38 3.412 269 33 
СНЕ, 1,1,1,3,3,3-Нехайцогоргорапе 272.2 398.07 45 
C,H,F,O 1,2,2,2-Tetrafluoroethyl difluoromethyl ether 296.50 428.95 3.050 315 32 
C,H,F, 3,3,3-Trifluoropropene 256 376.2 3.80 211 9 
C,H,F, 1,1,1,3,3-Pentafluoropropane 288.5 427.20 45 
CHF, 1,1,1,2,2-Pentafluoropropane 255.8 380.11 3.137 273 9 
C,H,F, 1,1,2,2,3-Pentafluoropropane 298.2 447.57 45 
C,H,F,O Methyl pentafluoroethyl ether 278.74 406.80 2.887 301 32 
C,H,F,O Difluoromethyl 2,2,2-trifluoroethyl ether 302.39 443.99 38 
C,H,N Acrylonitrile 350.5 540 4.660 11,12 
C,H,NO Isoxazole 368 552.0 9 
CH, Allene 238.8 394 5.25 6 
CH, Propyne 250.0 402.4 5.63 163.5 6 
сна 3-Chloropropene 318.3 514 9 
C,H,F,O 2,2,2-Trifluoroethyl methyl ether 304.77 448.98 3.513 277 32 
САМ Propanenitrile 370.29 561.3 4.26 229 9 
С.Н, Ргорепе 225.46 364.9 4.60 185 6 
С.Н, Cyclopropane 240.34 398.0 5.54 162 5 
СНА, 1,2-Dichloropropane 369.6 578.5 13 
СНА, 1,3-Dichloropropane 394.1 614.6 13 
C,H,O Allyl alcohol 370.2 545.1 4 
СНО Ргорапа! 321 505 5.26 204 7 
C,H,O Acetone 329.20 508.1 4.700 213 7 
СНО Methyloxirane [1,2-Propylene oxide] 308 485 52 190 7 
CHO, Propanoic acid 414.30 598.5 4.67 233 7 
CHO, Ethyl formate 327.6 508.54 4.74 229 7 
CHO, Methyl acetate 330.02 506.5 4.750 228 7 
СН, Dimethyl carbonate 363.7 557 4.80 252 7 
сна 1-Chloropropane 319.7 503 4.58 9 
сна 2-СМогоргорапе 308.9 484 13 
С,Н,ХО N,N-Dimethylformamide 426 649.6 262 9 
С.Н, Ргорапе 231.1 369.83 4.248 200 2 
C,H,O 1-Propanol 370.4 536.8 5.169 218 4 
C,H,O 2-Propanol 355.5 508.3 4.764 222 4 
C,H,O Ethyl methyl ether 280.6 437.9 4.38 222 7 
C,H,O, 1,2-Propylene glycol 460.8 676.4 5.941 7,14 
C,H,O, 1,3-Propylene glycol [Trimethylene glycol] 487.6 718.2 6.55 14,17 
СНО, 2-Methoxyethanol [Ethylene glycol monomethyl ether] 397.3 597.6 5.285 263 7,1112 
C,H,O, Dimethoxymethane [Methylal] 315 491 3.96 213 7 
СНО, Glycerol 563 850 7.5 7 
C,H,S 1-Propanethiol 341.0 537 4.6 286 8 
С,Н,5 Ethyl methyl sulfide 339.9 533 4.25 8 
C,H,BO, Trimethyl borate 340.7 501.7 3.59 9 
C,H,CISi Trimethylchlorosilane 333 497.8 3.20 366 9 
С.Н, Ргорујапипе 320.37 497.0 4.72 9 
С.Н, Isopropylamine 304.91 471.8 4.54 221 9 
сн, Trimethylamine 276.02 432.79 4.087 254 9 
CBr F, 1,4-Dibromooctafluorobutane 370 532.5 2.39 9 
د يی‎ 1,2-Dichloro-1,2,3,3,4,4-hexafluorocyclobutane 332.7 497* 273" 386" 12 
CF, Perfluorocyclobutane 267.3 388.46 2.784 324 9 
CF, Perfluorobutane 271.3 386.4 2.323 378 9 
CF, Perfluoroisobutane 273 395.4 9 
CH,F,O Perfluoroethyl 2,2,2-trifluoroethyl ether 301.04 421.68 2.330 409 32 
C,H,F.O Perfluoropropyl methyl ether 307.38 437.70 2.481 377 32 
C,H,F.O Perfluoroisopropyl methyl ether 302.49 433.30 2.553 369 32 
C,H,O Furan 304.7 490.2 5.3 218 7 
CHO, Maleic acid 620 7 
CH,S Thiophene 357.2 580 5.70 219 8 


Critical Constants 6-43 


Molecular 

formula Name ТК T/K P /MPa V/cm? тої! Ref. 
CH,F,.O Perfluoroethyl ethyl ether 301.26 431.23 2.533 366 32 
САМ Руггоје 402.94 639.7 6.34 200 10 
CH, 1,3-Butadiene 268.74 425 4.32 221 6 
CH, 1-Butyne 281.23 440 4.60 208 6 
C,H, 2-Butyne 300.1 4887 9 
CHO, Vinyl acetate 346.0 519.2 4.185 7 
CHO, y-Butyrolactone 477 731 5.13 7,11 
CHO, Acetic anhydride 412.7 606 4.0 7 
CHO, Propylene carbonate 515 762.7 4.14 17 
C HN Butanenitrile 390.8 585.4 3.88 9 
CH, 1-Вшепе 266.89 419.5 4.02 240.8 6 
CH, cis-2-Butene 276.86 435.5 4.21 233.8 6 
CH, trans-2-Butene 274.03 428.6 4.10 237.7 6 
CH, Isobutene 266.3 417.9 4.000 238.8 6 
CH, Cyclobutane 285.8 460.0 4.98 210 9 
CH,O Ethyl vinyl ether 308.7 475 4.07 7 
CH,O Butanal 348.0 537 4.32 258 7 
CH,O Isobutanal 337.7 544 5.1 7 
CH,O 2-Butanone [Methyl ethyl ketone] 352.74 536.7 4.207 267 7 
CH,O Tetrahydrofuran 338 540.5 5.19 224 7 
C,H,OS S-Ethyl thioacetate 389.6 590.55 4.075 319 11,12 
C,H,O, Butanoic acid 436.90 615.2 4.06 292 

C,H,O, 2-Methylpropanoic acid 427.60 605.0 3.70 290 7 
C,H,O, Propyl formate 354.1 538.0 4.06 285 7 
C,H,O, Isopropyl formate 341.4 535 3.95 7 
C,H,O, Ethyl acetate 350.26 523.3 3.87 286 7 
C,H,O, Methyl propanoate 353.0 530.7 4.00 282 7 
CHO, 14-Dioxane 374.7 588 521 238 7 
C,H,S Tetrahydrothiophene 394.3 632 5.4 8 
сна 1-Chlorobutane 351.6 5392 13 
сна 2-Chlorobutane 3414 518.6 13 
сна 2-Chloro-2-methylpropane 324.1 500 13 
САМ Pyrrolidine 359.71 568 6.00 238 10 
CH, Butane 2727 425.12 3.796 255 2 
CH, Isobutane 26142 407.8 3.640 259 5 
CH, O 1-Butanol 390.88 563.0 4.414 274 4 
CH, O 2-Butanol [sec-Butyl alcohol] 372.66 536.2 4.202 269 4 
CH, O 2-Methyl-1-propanol [Isobutyl alcohol] 381.04 547.8 4.295 274 4 
CH, O 2-Methyl-2-propanol [tert-Butyl alcohol] 355.6 506.2 3.972 275 4 
C,H,O Diethyl ether 307.7 466.7 3.644 281 7 
CH, O Methyl propyl ether 312.3 476.2 3.801 7 
CH, O Isopropyl methyl ether 303.92 464.4 3.762 7 
C,H,,0, 2-Methyl-1,3-propanediol 484.8 708.0 5.35 17 
CHO, | L2-Butanediol 463.7 680 521 303 7,23 
CHO, | L3-Butanediol 480.7 676 4.02 305 7,23 
C,H,,0, 1,4-Butanediol [Tetramethylene glycol] 508 723.8 5.52 17 
C,H,,0, 1,2-Dimethoxyethane [Ethylene glycol dimethyl ether] 357.7 540 3.90 308 7 
СНО, 1,2-Propylene glycol monomethyl ether 392 579.8 4.113 11,12 
СНО, Diethylene glycol 519.0 750 47 7 
C,H,,S 1-Butanethiol 3717 570 40 324 8 
С.Н, Diethyl sulfide 365.3 557.8 3.90 317.6 8,15 
С,Н,5, Diethyl disulfide 427.2 642 8 
C,H,,N Butylamine 350.15 531.9 4.25 277 10 
САМ sec-Butylamine 335.88 514.3 4.20 278 10 
C,H,,N tert-Butylamine 317.19 483.9 3.84 292 10 
C,H,,N Isobutylamine 340.90 519 4.07 278 10 
C,H,,N Diethylamine 3287 499.99 3.758 9 
CH,N,O  N-(2-Aminoethyl)ethanolamine 512 739.2 4.65 17 
CH,Si Tetramethylsilane 299.8 448.6 2.821 361.6 8 


CH, Sn Tetramethylstannane 351 521.8 2.981 8 


6-44 


Molecular 
formula 


Name 
Bis(2-aminoethyl)amine 
Perfluoropentane 
Hexafluoroacetylacetone 
Furfural 

Pyridine 
2-Methylpyrazine 
2-Methylfuran 
1-Methylpyrrole 
2-Methylpyrrole 
3-Methylpyrrole 
1-Pentyne 
Cyclopentene 
Cyclopentanone 
3,4-Dihydro-2H-pyran 
Pentanenitrile 
N-Methyl-2-pyrrolidone 
1-Pentene 

cis-2-Pentene 
trans-2-Pentene 
2-Methyl-1-butene 
3-Methyl-1-butene 
2-Methyl-2-butene 
Cyclopentane 
Cyclopentanol 

Allyl ethyl ether 
Pentanal 


2-Pentanone [Methyl propyl ketone] 
3-Pentanone [Diethyl ketone] 


3-Methyl-2-butanone 
Tetrahydropyran 
2-Methyltetrahydrofuran 
Pentanoic acid 
3-Methylbutanoic acid 
Isobutyl formate 
Propyl acetate 
Isopropyl acetate 

Ethyl propanoate 
Methyl butanoate 
Methyl isobutanoate 
2-Methoxyethyl acetate 
1-Chloropentane 
2-Chloro-2-methylbutane 
Piperidine 

Pentane 

Isopentane 
Neopentane 
1-Pentanol 

2-Pentanol 

3-Pentanol 
2-Methyl-1-butanol 
3-Methyl-1-butanol 
2-Methyl-2-butanol 
3-Methyl-2-butanol 
Butyl methyl ether 
Methyl tert-butyl ether 
Ethyl propyl ether 
2-Propoxyethanol 
Diethoxymethane 
1,2-Dimethoxypropane 
2,2-Dimethoxypropane 


ТК 
480 
302.4 
327.30 
4349 
388.38 
410 
337.9 
385.96 
420.8 
4161 
3133 
317.4 
403.72 
359 
414.5 
475 
303.11 
310.08 
309.49 
304.4 
293.3 
311.71 
322.5 
413.57 
340.8 
376 
375.41 
374.9 
367.48 
361 
351 
459.3 
449.7 
371.4 
374.69 
361.8 
372.3 
376.0 
365.7 
416 
381.6 
358.8 
379.37 
309.21 
301.03 
282.63 
411.13 
392.5 
389.40 
400.7 
404.3 
375.6 
386.1 
343.31 
3282 
336.36 
423.0 
361 
369 
356 


TJK 
709.8 
420.59 
485.1 
670* 
620.0 
634.3 
528 
596.0 
654 
647 
493.5 
506.5 
624 
562 
610.3 
7218 
4648 
475 
471 
470 
4527 
470 
5117 
619.5 
518 
567 
561.1 
5614 
553.0 
572 
537 
6372 
629 
551 
5497 
531.0 
546.7 
554.5 
540.7 
630.0 
5712 
509.1 
594. 
4697 
460.4 
4338 
588.1 
560.3 
559.6 
5754 
5772 
543.7 
556.1 
512.7 
497.1 
500.2 
615 
5317 
543.0 
510 


P JMPa 
4.38 
2.045 
2.767 
5.89* 
5.67 
5.01 
47 
4.86 
5.08 
5.08 


4.80 
4.60 
4.56 
3.58 


3.56 
3.69 
3.52 
3.8 

3.53 
3.42 
4.51 
4.9 


3.97 
3.683 
3.729 
3.80 
4.77 
3.76 
3.63 
3.40 
3.88 
3.36 
3.31 
3.45 
3.47 
3.43 


4.94 
3.370 
3.38 
3.196 
3.897 
3.675 


3.94 
3.93 
3.71 
3.87 
3.37 
3.430 
3.370 
3.65 


Critical Constants 


V/cm? mol" Ref. 


473 9 


243 10 
283 9 
247 7 
271 10 
266 10 
266 10 


245 
268 


311 
298.4 


304.9 


259 


313 
321 
331 
308 
263 
267 
346 


355 
345 
344 
342 
340 
339 


288 10 
31 
306 
307 
326 
329 
325 


329 


339 
364 
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Critical Constants 


Molecular 
formula 


C,H,,O, 
с,н,5 
C.BrF, 
C CIF, 
C.CLF, 
C CLF, 
СЕ, 


Маше 


Diethylene glycol monomethyl ether 


3-Methyl-1-butanethiol 
Bromopentafluorobenzene 
Chloropentafluorobenzene 


1,2-Dichloro-3,4,5,6-tetrafluorobenzene 
1,3,5-Trichloro-2,4,6-trifluorobenzene 


Hexafluorobenzene 
Perfluorocyclohexene 
Perfluoro-1-hexene 
Perfluorocyclohexane 
Perfluorohexane 
Perfluoro-2-methylpentane 
Perfluoro-3-methylpentane 
Perfluoro-2,3-dimethylbutane 
Pentafluorobenzene 
Pentafluorophenol 
Undecafluorocyclohexane 
1,2,3,4-Tetrafluorobenzene 
1,2,3,5-Tetrafluorobenzene 
1,2,4,5-Tetrafluorobenzene 
1-Chloro-2,4-difluorobenzene 
1-Chloro-2,5-difluorobenzene 
1-Chloro-3,4-difluorobenzene 
1-Chloro-3,5-difluorobenzene 
1,2,3-Trifluorobenzene 
1,2,4-Trifluorobenzene 
1,3,5-Trifluorobenzene 
1-Bromo-2-fluorobenzene 
1-Bromo-3-fluorobenzene 
1-Bromo-4-fluorobenzene 
1-Chloro-2-fluorobenzene 
1-Chloro-3-fluorobenzene 
1-Chloro-4-fluorobenzene 
m-Dichlorobenzene 
o-Difluorobenzene 
m-Difluorobenzene 
p-Difluorobenzene 
Bromobenzene 
Chlorobenzene 
Fluorobenzene 

Iodobenzene 

Benzene 

Phenol 

Aniline 

2-Methylpyridine [2-Picoline] 
3-Methylpyridine [3-Picoline] 
4-Methylpyridine [4-Picoline] 
1,5-Hexadiene 

Cyclohexene 

Cyclohexanone 
2-Methylcyclopentanone 
Mesityl oxide 

Ethyl trans-2-butenoate 
Diallyl sulfide 
Chlorocyclohexane 
Hexanenitrile 

1-Hexene 

Cyclohexane 
Methylcyclopentane 

Butyl vinyl ether 


ТК 
466 
389 
410 
391.11 
430.9 
4716 
353.41 
3252 
330.2 
325.95 
329.8 
330.8 
331.6 
333.0 
358.89 
418.8 
335.2 
367.5 
357.6 
363.4 
400 
401 
400 
391.7 
368 
363 
348.7 
427 
423 
424.7 
410.8 
400.8 
403 
446 
367 
355.8 
362 
429.21 
404.87 
357.88 
461.6 
353.24 
455.02 
457.32 
402.53 
417.29 
418.51 
332.6 
356.13 
428.58 
412.7 
403 
411 
411.8 
415 
436.80 
336.63 
353.88 
345.0 
367 


TJK 
672 
594. 
601 
570.81 
626 
684.8 
516.73 
461.8 
454.4 
4572 
448.77 
455.3 
450 
463 
530.97 
609 
477.7 
550.83 
535.25 
543.35 
609.6 
612.5 
609.2 
592.0 
560.3 
5511 
530.9 
669.6 
652.0 
654.8 
633.8 
615.9 
620.1 
685.7 
566.0 
5484. 
556.9 
670 
6334 
560.09 
721 
562.05 
694.2 
699 
621.0 
645.0 
645.7 
508 
560.4 
665 
631 
605 
599 
653 
586 
633.8 
504.0 
553.8 
532.7 
540 


P JMPa 
3.67 


3.0 
3.238 
5.32 
3.27 
3.273 


2.43 
1.868 
1.923 
1.69 
1.87 
3.531 
4.0 


3.791 
3.747 
3.801 


4.40 
4.52 
4.52 
4.551 
4.52 
4.895 
5.93 
4.89 
4.60 
4.65 
4.70 


4.6 


4.00 


3.30 
3.21 
4.08 
3.79 
3.20 


V/cm? тог 


376 


448 
335 


606 
532 


525 
324 
348 


313 


324 
308 
269 
351 
256 


287 
292 
288 
292 


353 


355.1 
308 
318 
384 
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6-46 Critical Constants 


Molecular 

formula Name ТК T/K P /MPa V/cm? mol" Ref. 
C,H,,0 Hexanal 404 592 3.46 378 7 
C HO 2-Hexanone [Butyl methyl ketone] 400.8 587.1 3.30 377 7 
C HO 3-Hexanone [Ethyl propyl ketone] 396.7 583.0 3.320 378 7 
C HO 4-Methyl-2-pentanone [Isobutyl methyl ketone] 389.7 574.6 3.270 7 
C HO 3,3-Dimethyl-2-butanone 379.3 570.9 3.43 382 7 
C H0 Cyclohexanol 433.99 647.1 4.401 11,12 
C H,0, Hexanoic acid 478.4 655 3.38 413 7 
со, Pentyl formate 403.6 576 3.46 412 7 
CHO, Isopentyl formate 396.7 578 7 
C H,0, Butyl acetate 399.3 575.6 3.14 7 
C. H0, sec-Butyl acetate 385 571 3.01 7 
CHO, Isobutyl acetate 389.7 561 2.99 401 7 
C H,0, Propyl propanoate 395.7 570 3.06 7 
со, Ethyl butanoate 394.5 568.8 3.1 415 7 
CHO, Ethyl 2-methylpropanoate 383.3 554 3.1 415 7 
со, Methyl pentanoate 400.6 590 3.20 422 7 
со, 1,2-Propylene glycol monomethyl ether acetate 420 597.8 3.01 432 7 
C. H0, 2-Ethoxyethyl acetate 429.6 608.0 3.17 443 7,23 
C. H0, Paraldehyde 397.5 563 7 
CHS Cyclohexanethiol 432.0 684 401 8 
сна 1-СМогоћехапе 408.3 599 13 
сна 3-Chloro-3-methylpentane 389 528 13 
CH, Hexane 341.88 507.6 3.025 368 2 
СН, 2-Methylpentane 333.41 497.7 3.04 368 5 
СН, 3-Methylpentane 336.42 504.6 3.12 368 5 
СН, 2,2-Dimethylbutane 322.88 489.0 3.10 358 5 
СН, 2,3-Dimethylbutane 331.08 500.0 3.15 361 5 
сн,О 2-Methoxy-2-methylbutane 359.3 535 3.20 374 7 
CHO 1-Hexanol 430.8 610.3 3.417 387 4 
C,H,,0 2-Hexanol 413 585.9 3.31 384 4 
CH,O 3-Hexanol 408 582.4 3.36 383 4 
CH,,0 2-Methyl-1-pentanol 422 604.4 3.45 4 
сн,О 4-Methyl-1-pentanol 425.1 603.5 4 
С НО 2-Methyl-2-pentanol 394.3 559.5 4 
C НО 4-Methyl-2-pentanol 404.8 574.4 4 
C НО 2-Methyl-3-pentanol 399.7 576.0 3.46 4 
С НО 3-Methyl-3-pentanol 395.6 575.6 3.52 4 
C HO Dipropyl ether 363.23 530.6 3.028 7 
С НО Diisopropyl ether 341.6 500.3 2.832 386 7 
C НО tert-Butyl ethyl ether 345.8 509.4 2.934 395 7 
C НО Methyl pentyl ether 372 546.5 3.042 391 7 
СНО, 1-Ргороху-2-ргорапо! 423 605.1 3.051 14 
CHO, 2-Butoxyethanol 441.6 634 3.27 424 7 
СНО, 1,1-Diethoxyethane [Acetal] 375.40 540 3.22 7 
CHO, 1,2-Diethoxyethane [Ethylene glycol diethyl ether] 394.4 542 7 
СНО, Diethylene glycol monoethyl ether [Carbitol] 469 670 3.167 1112 
СО, Diethylene glycol dimethyl ether 435 617 7 
СНО, Triethylene glycol 558 780 3.3 7 
СМ Dipropylamine 382.5 555.8 3.63 9 
СМ Diisopropylamine 357.1 523.1 3.02 9 
СНМ Triethylamine 362 535.6 3.032 389 9 
CF, Perfluorotoluene 377.7 534.47 2.705 428 9 
CF, Perfluoro-1-heptene 354.2 478.2 9 
CF, Perfluoromethylcyclohexane 349.5 485.91 2.019 570 9 
CF, Perfluoroheptane 355.7 474.8 1.62 664 9 
CHE, 1H-Pentadecafluoroheptane 369.2 495.8 9 
СНЕ, 2,3,4,5,6-Pentafluorotoluene 390.7 566.52 3.126 384 9 
С,Н,ВҮЕ, 1-Bromo-2-(trifluoromethyl)benzene 440.7 656.5 13 
С,Н,ВҮЕ, 1-Bromo-3-(trifluoromethyl)benzene 424.7 627.1 13 
C.H,BrF, 1-Bromo-4-(trifluoromethyl)benzene 433 629.8 13 


Critical Constants 


Molecular 
formula 


см 
CHF, 


Name 

Benzonitrile 
2,4-Difluorotoluene 
2,5-Difluorotoluene 
2,6-Difluorotoluene 
3,4-Difluorotoluene 
Benzaldehyde 
2-Fluorotoluene 
3-Fluorotoluene 
4-Fluorotoluene 
Toluene 

o-Cresol 

m-Cresol 

p-Cresol 

Benzyl alcohol 
Anisole [Methoxybenzene] 
2-Methylaniline 
3-Methylaniline 
4-Methylaniline 
N-Methylaniline 
2,3-Dimethylpyridine 
2,4-Dimethylpyridine 
2,5-Dimethylpyridine 
2,6-Dimethylpyridine 
3,4-Dimethylpyridine 
3,5-Dimethylpyridine 
1-Heptene 
Cycloheptane 
Methylcyclohexane 
Ethylcyclopentane 
1,1-Dimethylcyclopentane 


cis-1,2-Dimethylcyclopentane 
trans-1,2-Dimethylcyclopentane 
cis-1,3-Dimethylcyclopentane 
trans-1,3-Dimethylcyclopentane 


Heptanal 


2-Heptanone [Methyl pentyl ketone] 
3-Heptanone [Ethyl butyl ketone] 


4-Heptanone 


5-Methyl-2-hexanone [Methy] isopentyl ketone] 


2-Methyl-3-hexanone 
Heptanoic acid 

Pentyl acetate 
Isopentyl acetate 
Butyl propanoate 
Isobutyl propanoate 
Propyl butanoate 
Propyl isobutanoate 
Ethyl pentanoate 
Ethyl 3-methylbutanoate 
Ethyl 3-ethoxypropanoate 
1-Chloroheptane 
Heptane 
2-Methylhexane 
3-Methylhexane 
3-Ethylpentane 
2,2-Dimethylpentane 
2,3-Dimethylpentane 
2,4-Dimethylpentane 
3,3-Dimethylpentane 
2,2,3-Trimethylbutane 


ТК 
4643 
390 
391 
385 
385 
452.0 
388 
388 
389.8 
383.78 
464.19 
475.42. 
475.13 
478.46 
426.9 
473.5 
476.5 
473.6 
469.4 
43427 
431.53 
430.13 
417.16 
452.25 
444.99 
366.79 
391.6 
374.08 
376.7 
360.7 
372.7 
365.1 
364.0 
364.9 
426.0 
42420 
420 
417 
417 
408 
495.4 
422.4 
4157 
420.0 
410 
4162 
408.6 
4193 
408.2 
439 
433.6 
371.6 
363.19 
365 
366.7 
3524 
362.93 
353.64 
35921 
354.01 


TJK 
6994. 
5814 
587.8 
581.8 
598.5 
695 
591.2 
591.8 
592.1 
591.80 
697.6 
705.8 
704.6 
715 
646.5 
707 
707 
706 
701 
655.4 
647 
645 
624 
684 
668 
537.3 
604.2 
572.1 
569.5 
547 
565 
553 
551 
553 
617 
6114 
606.6 
602.0 
604.1 
593.3 
678 
599 
586.1 
594.5 
584 
593.1 
5794 
593.3 
582.4 
621.0 
614 
540.2 
5304 
535.2 
540.6 
520.5 
537.3 
519.8 
5364 
5311 


P JMPa 
4.21 


4.7 


4.110 
4.17 
4.36 
4.07 
4.3 
4.24 
4.37 
4.28 
4.58 
5.20 
4.10 
3.95 
3.85 
3.85 
4.20 
4.05 
2.92 
3.82 
3.48 
3.40 
3.45 
3.45 
3.45 
3.45 
3.45 
3.16 
2.97 


3.16 
2.73 
2.76 


2.72 


2.66 


2.74 
2.74 
2.81 
2.89 
2.77 
2.91 
2.74 
2.95 
2.95 


V/cm? mol" 


316 


341 


356 
361 
361 
361 
355 
361 
409 
353 
369 
375 


434 
436 
433 
434 


470 


458 


428 
421 
404 
416 
416 
393 
418 
414 
398 
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6-48 Critical Constants 


Molecular 

formula Name ТК T/K Р/МРа V/cm? тої! Ref. 
C H,O 2-Ethoxy-2-methylbutane 375 546 2.935 463 7 
C H,O 1-Heptanol 449.60 632.6 3.058 435 4 
مې‎ 2-Heptanol 432 608.3 3.021 442 4 
CH,O 3-Heptanol, (S) 430 605.4 434 4 
CH,O 4-Heptanol 429 602.6 432 4 
C.H, O, 1-Butoxy-2-propanol 444.7 624.9 2.739 14 
C.H, O, 1-tert-Butoxy-2-methoxyethane 574 7 
C.H, O, 2,2-Diethoxypropane 387 510.7 7 
C.H, O, Diethylene glycol monopropyl ether 486 680 3.00 489 7 
С.Н, Si, Bis(trimethylsilyl)methane 406 573.9 1.99 8 
СРО Perfluoro-2-butyltetrahydrofuran 375.8 500.2 1.607 588 9 
CE, Perfluorooctane 379.1 502 1.66 9 
СНА Benzo[b]thiophene 494 764. 4.76 379 8 
САМ 4-Methylbenzonitrile 490.2 723 9 
сн, 1H-Indole 526.8 794 4.8 356 10 
C,H, Styrene 418 635.2 3.87 15 
C,H,O Acetophenone 475 709.6 4.01 388 7,23 
C,H,O, Phenyl acetate 469 685.7 3.59 17 
C,H,O, Methyl salicylate 496.1 709 7 
C,H o Ethylbenzene 409.34 617.15 3.609 374 3,15 
CH, o-Xylene 4177 630.3 3.732 370 3 
CH, m-Xylene 412.27 617.0 3.541 375 3 
CH, p-Xylene 411.52 6162 3.511 378 3 
C,H,O 2-Ethylphenol 477.7 703.0 7 
C,H,O 3-Ethylphenol 491.6 716.4. 7 
C,H,O 4-Ethylphenol 491.1 716.4. 7 
C,H,O 2,3-Xylenol 490.1 722.8 7 
C,H,O 2,4-Xylenol 484.13 707.6 7 
C,H,,0 2,5-Xylenol 484.3 706.9 7 
C,H,O 2,6-Xylenol 474.22 701.0 7 
C,H,O 3,4-Xylenol 500 729.8 7 
C.H,O 3,5-Xylenol 494.89 715.6 7 
C,H,O a-Methylbenzenemethanol 478 699 3.77 14 
C,H,O Ethoxybenzene 442.96 647 3.4 7 
C,H,O 2-Methylanisole 444 662.0 7 
C,H,O 3-Methylanisole 448.7 665.3 7 
C,H,O 4-Methylanisole 448.7 666 7 
CHIN  N-Ethylaniline 476.2 698 9 
C,H,,N N,N-Dimethylaniline 467.30 687 3.63 9 
СНО, Diethyl succinate 490.9 663 7 
C,H,N Octanenitrile 478.40 674.4 2.85 9 
CH, 1-Octene 394.44 567.0 2.68 468 6 
CH, Cyclooctane 422 647.2 3.56 410 5 
CH, Ethylcyclohexane 405.1 609 3.04 21 
CH, cis-1,2-Dimethylcyclohexane 403.0 606 2.95 21 
CH, trans-1,2- Dimethylcyclohexane 396.7 596 2.94 21 
CH, cis-1,3-Dimethylcyclohexane 393.3 591 2.94 21 
CH, trans-1,3-Dimethylcyclohexane 397.7 598 2.94 21 
CH, trans-1,4- Dimethylcyclohexane 392.6 587.7 5 
с,н,О Octanal 444 639 2.96 488 7 
СНО 2-Octanone [Hexyl methyl ketone] 445.7 632.7 497 7 
СНО 3-Octanone [Ethyl amyl ketone] 440.7 627.7 497 7 
СНО 4-Octanone [Butyl propyl ketone] 436 623.8 497 7 
СНО 2-Methyl-3-heptanone [Butyl isopropyl ketone] 431 614.9 7 
СНО 5-Methyl-3-heptanone 434 619.0 7 
C.H, O, Octanoic acid 512 693 2.87 519 7 
C.H, O, 2-Ethylhexanoic acid 501 674 2.78 528 7 
C.H, O, Hexyl acetate 444.7 618.4 7 
C.H, O, Isopentyl propanoate 433.4 611 7 
C.H, O, Butyl butanoate 439 612.1 7 


Critical Constants 


Molecular 
formula 
C,H, O, 
С,Н,О, 
C,H, O, 
CHO, 
С.Н, O, 
C,H, O, 
C,H,O, 
сна 
Са 
С.Н, 
С.Н, 
С.Н, 
С.Н, 
С.Н, 
С.Н, 
С.Н, 
С.Н, 
С.Н, 
С.Н, 
С.Н, 
Са 
С.Н, 


Мате 

Isobutyl butanoate 

Isobutyl isobutanoate 

Propyl 3-methylbutanoate 
Ethyl hexanoate 

Methyl heptanoate 
2-Butoxyethyl acetate 
Diethylene glycol monoethyl ether acetate 
1-Chlorooctane 

Octane 

2-Methylheptane 
3-Methylheptane 
4-Methylheptane 
3-Ethylhexane 
2,2-Dimethylhexane 
2,3-Dimethylhexane 
2,4-Dimethylhexane 
2,5-Dimethylhexane 
3,3-Dimethylhexane 
3,4-Dimethylhexane 
3-Ethyl-2-methylpentane 
3-Ethyl-3-methylpentane 
2,2,3-Trimethylpentane 
2,2,4-Trimethylpentane [Isooctane] 
2,3,3-Trimethylpentane 
2,3,4-Trimethylpentane 
2,2,3,3-Tetramethylbutane 
1-Octanol 

2-Octanol 

3-Octanol 

4-Octanol 
4-Methyl-3-heptanol 
5-Methyl-3-heptanol 
2-Ethyl-1-hexanol 

Dibutyl ether 

Di-tert-butyl ether 
1-tert-Butoxy-2-ethoxyethane 
Diethylene glycol monobutyl ether 
Diethylene glycol diethyl ether 
Tetraethylene glycol 
1-Octanethiol 

Dibutyl sulfide 

Dibutylamine 

Diisobutylamine 
Tetraethylsilane 
Perfluorononane 

Quinoline 

Isoquinoline 

Indan 

Propylbenzene 
Isopropylbenzene [Cumene] 
2-Ethyltoluene 

3-Ethyltoluene 

4-Ethyltoluene 
1,2,3-Trimethylbenzene 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene [Mesitylene] 
2-Methoxy-1,4-dimethylbenzene 
1-Methoxy-2,4-dimethylbenzene 
2-Methyl-N, N-dimethylaniline 
1-Nonene 


ТК 
430.1 
4218 
429.1 
440 
447 
465 
4917 
456.7 
398.82 
390.81 
392.1 
390.87 
391.8 
380.01 
388.77 
382.7 
382.27 
385.12 
390.88 
388.81 
39142 
383 
372.37 
388.0 
386.7 
379.60 
468.31 
452.5 
444 
449.5 
443 
445 
457.8 
413.43 
380.38 
421.2 
504 
461 
601 
472.3 
458 
432.8 
412.8 
427.9 
398.5 
510.31 
516.37 
451.12 
432.39 
425.56 
4384 
434.5 
435 
449.27 
442.53 
437.89 
467 
465 
467.3 
420.1 


TJK 
611 
602 
609 
615.2 
628 
640.7 
6735 
643 
568.7 
559.7 
563.6 
5617 
565.5 
549.8 
563.5 
553.5 
550.0 
562.0 
568.8 
567.1 
576.5 
563.5 
543.8 
573.5 
5664. 
567.8 
652.5 
629.6 
628.5 
625.1 
623.5 
6212 
6406 
584 
550 
585 
692 
612 
800 
667 
650 
607.5 
5844 
605 
524 
782 
803 
684.9 
638.35 
631.0 
651 
637 
6402. 
664.5 
649.1 
637.3 
6773 
682 
668 
594.0 
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Р/МРа V/cm? тог Ref. 


7 
7 
7 
7 
7 
2.694 549 7 
2.59 17 
13 
2.49 492 2 
2.50 488 5 
2.55 464 5 
2.54 476 5 
2.61 455 5 
2.53 478 5 
2.63 468 5 
2.56 472 5 
2.49 482 5 
2.65 443 5 
2.69 466 5 
2.70 442 5 
2.81 455 5 
2.73 436 5 
2.57 468 5 
2.82 455 5 
2.73 460 5 
2.87 461 9 
2.777 497 4 
2.754 519 4 
515 4 
515 4 
4 
4 
2.8 4 
3.0 7 
9 
7 
2.79 7 
7 
32 7 
504 8 
2.48 8 
3.11 9 
3.20 9 
2.50 587 8 
1.56 9 
4.86 371 10 
5.10 374 10 
3.95 3 
3.200 440 3 
3.209 
3.38 21 
3.25 21 
3.23 3 
3.454 3 
3.232 3 
3.127 3 
7 
7 
3.12 9 
526 6 
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Molecular 

formula Name ТК T/K P /MPa V/cm? то! Ref. 
CH, Cyclononane 451.6 682 3.34 21 
CH, 1a,3a,5B-1,3,5-Trimethylcyclohexane 413.7 602.2 5 
C,H,O Nonanal 464 659 2.68 543 7 
C,H,,O 2-Nonanone [Heptyl methyl ketone] 468.5 652.2 2.48 560 7,1112 
C,H,,O 3-Nonanone [Ethyl hexyl ketone] 463 648.1 560 7 
C,H,,O 4-Nonanone [Pentyl propyl ketone] 460.7 643.7 560 7 
C,H,,O 5-Nonanone [Dibutyl ketone] 461.60 641.4 2.32 560 7 
СНО, Nonanoic acid 527.7 712 2.35 7 
СНО, Isopentyl butanoate 452 619 7 
C,H 0O, Isobutyl 3-methylbutanoate 441.7 621 7 
СНО, Ethyl heptanoate 460 634 7 
сн, Мопапе 423.97 594.6 2.29 555 2 
СН» 2-Methyloctane 416.4 582.8 2.31 5 
СН» 2,2-Dimethylheptane 405.9 576.7 2.35 5 
СН» 2,2,5-Trimethylhexane 397.24 569.8 5 
СН» 2,2,3,3- Tetramethylpentane 413.4 607.5 2.74 5 
СН» 2,2,3,4- Tetramethylpentane 406.2 592.6 2.60 5 
СН» 2,2,4,4-Tetramethylpentane 395.44 574.6 2.49 5 
СН» 2,3,3,4- Tetramethylpentane 414.7 607.5 2.72 5 
с,н,О 1-Nonanol 486.52 670.7 2.528 572 4 
C,H,O 2-Nonanol 466.7 649.6 2.53 575 4 
C,H,O 3-Nonanol 468 648.0 577 4 
C,H,O 4-Nonanol 465.7 645.1 575 4 
CLF, Perfluoronaphthalene 482 673.1 9 
С.Е, Perfluorodecalin 415 566 1.52 9 
СР Perfluorodecane 417.4 542 1.45 9 
C,H, Naphthalene 491.1 748.4 4.05 407 3 
C, HN 1-Naphthylamine 573.9 850 5.0 438 10 
C, HN 2-Naphthylamine 579.4 850 4.9 438 10 
СН, 1,2,3,4- Tetrahydronaphthalene [Tetralin] 480.8 720 3.65 408 4 
C,H, Butylbenzene 456.46 660.5 2.89 497 3 
C,H, Isobutylbenzene 445.94 650 3.05 4 
СН 1-Isopropyl-4-methylbenzene [p-Cymene] 450.3 652 2.8 3 
C,H, p-Diethylbenzene 456.9 657.9 2.803 3 
C,H, 1,2,4,5-Tetramethylbenzene [Durene] 470.0 676 2.9 3 
C,H,O  Thymol 505.7 698 7 
СН d-Limonene 451 653 470 6 
сын, а-Ріпепе 4294 644 454 6 
C,H. 3-Carene, (+) 444 658 487 6 
C His 1,3-Decadiene 442 615 9 
С.Н, cis-Decahydronaphthalene 469.0 702.3 3.20 9 
C Hj trans-Decahydronaphthalene 460.5 687.1 9 
CHa 1-Decene 443.7 617 2.22 584 6 
C,H,O Decanal 481.7 674 2.60 599 7 
С ,H40 2-Decanone [Methyl octyl ketone] 483 671.8 625 7 
СНО 3-Decanone [Ethyl heptyl ketone] 476 667.6 628 7 
СНО 4-Decanone [Hexyl propyl ketone] 479.7 662.9 628 7 
СНО 5-Decanone [Butyl pentyl ketone] 477 661.0 628 7 
СНО 5-Methyl-2-isopropylcyclohexanol [Menthol] 489 694. 9 
С H, O, Decanoic acid [Capric acid] 541.9 722 2.10 638 7 
С H, O, 2-Ethylhexyl acetate 472 642 2.09 681 7 
С H, O, Ethyl octanoate 481.7 649 7 
С H40, Diethylene glycol monobutyl ether acetate 518 693.9 2.15 17 
C, H,, Decane 447.30 6177 211 624 2 
СН 3,3,5-Trimethylheptane 428.9 609.5 2.32 5 
СН» 2,2,3,3-Tetramethylhexane 433.5 623.0 2.51 5 
Соб» 2,2,5,5-Tetramethylhexane 410.6 581.4 2.19 5 
C,H,O | 1-Decanol 504.3 687.3 2.315 649 4 
С,Н,О | 2-Decanol 484 668.6 646 4 
С,Н,О 3-Decanol 486 666.1 643 4 


Critical Constants 


Molecular 

formula Name 

С НО 4-Decanol 

С НО 5-Decanol 

C, H,S Diisopentyl sulfide 


CH, 1-Methylnaphthalene 
CH, 2-Methylnaphthalene 
CH, Pentylbenzene 


C,H,O 2-Undecanone 
C,H,O 3-Undecanone 
C,H,O 4-Undecanone 
С,Н,О 5-Undecanone 
C,H,O 6-Undecanone 
С Н.О, Undecanoic acid 
С,Н,О Ethyl nonanoate 


САЊА Undecane 

C, HO 1-Undecanol 

C.H, Acenaphthylene 

C,,H,O Dibenzofuran 

СНА Dibenzothiophene 

С „Нм Carbazole 

CHo Biphenyl 

C.H, O Diphenyl ether 

CH, 2,7-Dimethylnaphthalene 
С.Н, Hexylbenzene 

С.Н, Hexamethylbenzene 
C.H, O [1,1’-Bicyclohexyl]-2-one 
C,H 1-Dodecene 


С,Н,О 2-Dodecanone 
С,Н,О 3-Dodecanone 
С,Н,О 4-Dodecanone 
С,Н,О 5-Dodecanone 
С,Н,О 6-Dodecanone 
С,Н,О Dodecanoic acid 


12 2472 
СН» Dodecane 
C, HO 1-Dodecanol 
С HN Acridine 
С HN Phenanthridine 


СНО Benzophenone 
C.H N 9-Methyl-9H-carbazole 
Diphenylmethane 
САН Heptylbenzene 
C.H, O 2-Tridecanone 
C.H, O 3-Tridecanone 
С.Н,О 4-Tridecanone 
C.H, O 5-Tridecanone 
C.H, O 6-Tridecanone 
C.H, O 7-Tridecanone 

C өө, Tridecanoic acid 


14 28-2 
C, H4O, Methyl dodecanoate 
СН» Tridecane 
С НО 1-Tridecanol 
C, Hj, Anthracene 
C, Hi, Phenanthrene 
САН, Octylbenzene 


С,Н,О 2-Tetradecanone 
C,,H,,O 3-Tetradecanone 
C,,H,,O 4-Tetradecanone 
C,,H,,O 7-Tetradecanone 
СНО Tetradecanoic acid 
C.H Tetradecane 
С,Н,О 1-Tetradecanol 


TJK 
483.7 
474 
484 
517.9 
5143 
478.6 
504.7 
500 


500 
501 


500.2 
4691 
518 
553 
560 
605.7 
627.84 
529.3 
531.2 
538 
499.3 
536.6 
537 
487.0 
519.7 


489.47 
533 
618.01 
622.1 
578.6 
616.79 
538.2 
513 
536 


534 


540 
508.62 
547 
613.1 
613 
537 


526.73 
560 


TJK 
663.7 
663.2 
664 
772 
761 
675 
688 
685 
681 
679 
678 
728 
664 
639 
703.6 
792 
824 
897 
901.8 
773 
767 
775 
695 
758 
787 
658 
702 
701 
697 
695 
694 
743 
658 
7194 
891.1 
895 
830 
890 
760 
708 
717 
716 
712 
710 
709 
708 
763 
712 
675 
734 
869.3 
869 
725 
728 
727 
725 
723 
763 
693 
747 


P JMPa 


3.60 


2.58 


2.13 


1.98 
2.147 
3.20 
3.64. 
3.86 
3.13 
3.38 


3.23 
2.35 


1.93 


1.93 
1.82 
1.994. 
3.21 
3.6 
3.35 
3.38 
2.71 
214 


1.64 
1.68 


1.935 


1.98 


1.64 


1.57 
1.81 


V/cm? тої! 


643 
646 


692 
692 
692 
692 
692 


689 
718 


495 
512 
454 
497 


601 


752 
752 
759 
759 
762 


754 


548 
548 
568 
572 
563 


820 
823 
823 
826 
826 
830 


823 


554 


896 


896 


900 


904 


894 
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Ref. 
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Molecular 

formula Name ТК T/K Р/МРа V/cm? тог Ref. 
CHO, Pentadecanoic acid 777 1.57 48 
С.Н, Pentadecane 543.8 708 1.48 966 2 
СН» Decylbenzene 566 752 1.72 16 
СО; Hexadecanoic acid 785 1.49 48 
С Hy, Hexadecane 560.01 723 1.40 1034 2 
СН 2,2,4,4,6,8,8-Heptamethylnonane 519.5 692 5 
С H,,O 1-Hexadecanol 585 770 1.61 9 
С.Н, Undecylbenzene 589 763 1.64 16 
C,H,40, Heptadecanoic acid 792 1.37 48 
С.Н, Heptadecane 575.2 736 1.34 1103 2 
С „НО 1-Heptadecanol 597 780 1.50 9 
С На о-Тегрһепуі 605 857 2.99 731 3 
Сана m-Terphenyl 636 883 2.48 724 3 
الا‎ p-Terphenyl 649 908 2.99 729 3 
С НО, Octadecanoic acid 803 1.33 48 
Сын, Octadecane 589.5 747 1.29 1189 2 
СНО 1-Octadecanol 608 790 1.44 9 
C, H,, Tridecylbenzene 619 790 1.54 16 
C, Hi, Nonadecane 603.1 755 1.16 3 
C Но, Eicosanoic acid 820 1.20 48 
C Has Eicosane 616 768 1.07 3 
C, HO 1-Eicosanol [Arachic alcohol] 629 809 1.30 9 
CH, Heneicosane 629.7 778 1.03 2 
C,H,,O, Docosanoic acid 837 1.11 48 
CH, Docosane 641.8 786 0.98 2 
CH, Тисозапе 653 790 0.92 2 
C.H Те гасозапе 664.5 800 0.87 2 


С.Н, Squalene 694.5 795.9 0.59 15 


SUBLIMATION PRESSURE OF SOLIDS 


This table gives the sublimation (vapor) pressure of some rep- References 
resentative solids as a function of temperature. Entries include 
simple inorganic and organic substances in their solid phase below 1. Lide, D. R. and Kehiaian, H. V, CRC Handbook of Thermophysical 
room temperature, as well as polycyclic organic compounds which and Thermochemical Data, CRC Press, Boca Raton, FL, 1994. 
: А 2. ТЕС Thermodynamic Tables, Thermodynamic Research Center, 

show measurable sublimation pressure only at elevated tempera- чи : 
tures. Substances are listed by molecular formula in the Hill order Teras A&M University, College Station, TX. 

: Ө у و‎ A А E 3. Oja, V. and Suuberg, E. М, ] Chem. Eng. Data, 43, 486, 1998. 
Values marked by * represent the solid-liquid-gas triple point. 
Note that some pressure values are in pascals (Pa) and others 
are in kilopascals (kPa). For conversion, 1 kPa = 7.506 mmHg = 


0.0098692 atm. 
Ar T/K 55 60 65 70 75 80 83.81* 
Argon plkPa 0.2 0.8 2.8 7.7 18.7 40.7 68.8* 
BrH T/K 135 140 150 160 170 180 185.1* 
Hydrogen bromide p/kPa 0.1 0.3 1.1 3.3 8.7 20.1 27.4* 
Br, T/K 170 180 190 200 210 220 230 240* 
Bromine p/Pa 0.069 0.416 2.04 8.45 30.3 96.0 273 710* 
CIH T/K 120 130 140 150 155 159.0* 
Hydrogen chloride p/kPa 0.1 0.5 1.9 5.8 9.5 13.5* 
а, T/K 120 130 140 150 160 170* 
Chlorine p/Pa 0.144 1.52 112 63.1 283 1054* 
F,Si T/K 130 140 150 160 170 175 180 186.3* 
Tetrafluorosilane р/КРа 0.2 0.9 3.9 14.0 43.8 74.2 1224 220.8* 
FS T/K 150 165 180 190 200 210 220 223.1* 
Sulfur hexafluoride p/kPa 04 2.6 113 25.9 54.5 106.1 195.1 232.7* 
НІ T/K 160 170 180 190 200 210 220 222.4* 
Hydrogen iodide p/kPa 0.2 0.8 22 5.3 117 23.6 44.1 49.3* 
H,O T/K 190 210 225 240 250 260 270 273.16* 
Water p/Pa 0.032 0.702 4.942 27.28 76.04. 195.8 470.1 611.66* 
H,S T/K 140 150 160 165 170 175 180 187.6* 
Hydrogen sulfide p/kPa 0.2 0.6 19 32 5.2 83 12.7 22:75 
H,N T/K 160 170 180 190 195 195.4* 
Ammonia р/КРа 0.1 0.4 12 3.5 5.8 6.12* 
L T/K 240 250 260 270 280 290 300 310* 
Iodine p/Pa 0.081 0.297 0.971 2.89 7.92 20.1 47.9 107* 
Kr T/K 80 90 95 100 105 110 115.8* 
Krypton plkPa 0.4 2.7 6.0 12.1 22.8 40.4 73.1* 
NO T/K 85 90 95 100 105 109.5* 
Nitric oxide р/КРа 0.1 0.4 1.3 3.8 10.0 21,9" 
Хе T/K 110 120 130 140 150 155 160 161.4* 
Xenon plkPa 0.3 15 4.9 14.0 34.2 51.1 742. 81.7* 
CHN T/K 200 210 220 230 240 250 255 259.83* 
Hydrogen cyanide p/kPa 0.2 0.4 1.0 22 4.8 9.7 13.6 18.62* 
CH, T/K 65 70 75 80 85 90.69* 
Methane р/КРа 0.1 0.3 0.8 2.1 4.9 11.70* 
со T/K 50 55 60 65 68.13* 
Carbon monoxide p/kPa 0.1 0.6 2.6 82 15.4* 
CO, T/K 130 140 155 170 185 194.7 205 216.58* 
Carbon dioxide plkPa 0.032 0.187 1.674 9.987 44.02 101.3 227.1 518.0* 
C CI, T/K 275 300 325 350 375 400 425 459.9* 
Hexachloroethane p/Pa 0.004 0.056 0.383 1.62 5.30 14.8 36.4 107.4* 
CH, T/K 130 140 150 160 170 180 190 192.4* 
Acetylene plkPa 0.2 0.7 2.6 7.8 20.6 49.0 106.3 126.0* 
CHO, TIK 250 260 270 280 289.7* 
Acetic acid р/КРа 0.092 0.199 0.406 0.79 1.29* 
Сн, ТІК 200 210 220 230 240 250 255 256.58" 
Neopentane p/kPa 07 1.6 3.6 7.8 13.9 24.8 32.4 35.8* 
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Sublimation Pressure of Solids 6-53 
СНС T/K 300 320 330 340 350 360 370 380 
1,2,3,4,5,6-Неха- p/Pa 0.01 0.13 0.39 1.04 2.66 6.42 14.8 327 
chlorocyclohexane (Lindane) 

CHO, TIK 330 340 350 360 370 380 

Resorcinol p/Pa 1.03 2.78 7.09 17.2 39.6 87.6 

CHO, T/K 350 360 370 380 390 400 

p-Hydroquinone р!Ра 1.20 3.18 7.96 19.0 43.4 95.1 

C,H, T/K 250 270 280 290 300 310 330 353.43* 
Naphthalene p/Pa 0.036 0.514 1.662 4.918 13.43 34.15 182.9 999.6* 
СНМ, TIK 290 300 310 320 

Phenazine p/Pa 0.0013 0.0046 0.0150 0.0448 

C,,H,O T/K 300 310 320 330 340 350 

Dibenzofuran р/Ра 0.408 1.21 3.35 8.71 21.4 50.0 

C, HN TIK 350 355 360 

Carbazole p/Pa 0.086 0.140 0.245 

C, но, TIK 330 340 350 360 370 380 
Benz[glisoquinoline—5,10—dione р!Ра 0.006 0.018 0.053 0.148 0.394 0.994 

C, HO TIK 330 340 350 

1H-Phenalen-1-one p/Pa 0.040 0.113 0.302 

C, H,O, TIK 400 410 420 430 

3-Hydroxy-1H-phenalen-1-one р/Ра 0.006 0.018 0.053 0.144 

C, HN TIK 290 300 310 320 

Acridine p/Pa 0.0024 0.0085 0.0278 0.0845 

C, HN TIK 310 320 330 340 

Phenanthridine р/Ра 0.020 0.066 0.206 0.603 

C,,H,, TIK 320 330 340 350 360 370 380 390 
Anthracene p/Pa 0.014 0.043 0.125 0.342 1.01 2.38 5.35 11.5 
C TIK 300 310 320 330 340 350 360 

Phenanthrene p/Pa 0.025 0.085 0.270 0.796 2.02 4.89 112 

С.Н, ТІК 320 330 340 350 360 370 380 390 
Ругепе р/Ра 0.008 0.024 0.073 0.208 0.556 1.32 2.86 6.30 
СНО TIK 360 370 380 390 400 

1-Ругепо! p/Pa 0.005 0.016 0.047 0.135 0.364 

C H,S TIK 330 340 350 360 370 380 390 
Benzo[b]naphtho-(2,1— р/Ра 0.001 0.004 0.012 0.036 0.098 0.255 0.631 
d)thiophene 

C,H, TIK 340 350 360 370 380 390 400 
11H-Benzo[b]fluorene p/Pa 0.003 0.009 0.029 0.085 0.235 0.619 1.55 

EE O, TIK 420 430 440 450 

6,11-Dihydroxy-5,12- р/Ра 0.008 0.022 0.055 0.131 

naphthacenedione 

C,H, TIK 390 400 410 420 

Chrysene p/Pa 0.087 0.221 0.539 1.26 

Сын, ТІК 390 400 410 420 430 440 450 460 
Naphthacene p/Pa 0.005 0.014 0.035 0.084 0.194 0.432 0.928 1.929 
Em. TIK 390 400 410 420 430 

Perylene p/Pa 0.006 0.015 0.040 0.102 0.246 

CE TIK 0 460 470 480 490 

Pentacene р!Ра 0.002 0.006 0.013 0.031 0.069 

CH, T/K 430 440 450 460 470 480 490 500 
Coronene р/Ра 0.004 0.010 0.021 0.046 0.097 0.197 0.389 0.747 


УАРОК PRESSURE 


This table gives vapor pressure data for about 1800 inorganic 
and organic substances. In order to accommodate elements and 
compounds ranging from refractory to highly volatile in a single 
table, the temperature at which the vapor pressure reaches speci- 
fied pressure values is listed. The pressure values run in decade 
steps from 1 Pa (about 7.5 um Hg) to 100 kPa (about 750 mm Hg). 
All temperatures are given in °С. 

The data used in preparing the table came from a large number of 
sources; the main references used for each substance are indicated 
in the last column. Since the data were refit in most cases, values ap- 
pearing in this table may not be identical with values in the source 
cited. The temperature entry in the 100 kPa column is close to, but 
not identical with, the normal boiling point (which is defined as 
the temperature at which the vapor pressure reaches 101.325 kPa). 
Although some temperatures are quoted to 0.1°C, uncertainties of 
several degrees should generally be assumed. Values followed by an 
"e" were obtained by extrapolating (usually with an Antoine equa- 
tion) beyond the region for which experimental measurements were 
available and are thus subject to even greater uncertainty. 

Compounds are listed by molecular formula following the Hill 
convention. Substances not containing carbon are listed first, fol- 
lowed by those that contain carbon. To locate an organic com- 
pound by name or CAS Registry Number when the molecular for- 
mula is not known, use the table "Physical Constants of Organic 
Compounds" in Section 3 and its indexes to determine the mo- 
lecular formula. The indexes to "Physical Constants of Inorganic 
Compounds" in Section 4 can be used in a similar way. 

More extensive and detailed vapor pressure data on selected 
important substances appear in other tables in this section of the 
Handbook. These substances are flagged by a symbol following the 
name as follows: 


*  See"Vapor Pressure of Fluids below 300 K" 

* бее "IUPAC Recommended Data for Vapor Pressure 
Calibration" 

*** See “Vapor Pressure of Ice" and "Vapor Pressure of Water 
from 0 to 370°С” 


The following notations appear after individual temperature 
entries: 


s — Indicates the substance is a solid at this temperature. 

e —Indicates an extrapolation beyond the region where 
experimental measurements exist. 

i— Indicates the value was calculated from ideal gas 
hermodynamic functions, such as those in the JANAF 
Thermochemical Tables (see Reference 8). 


References 


= 


. Lide, D.R., and Kehiaian, H.V., CRC Handbook of Thermophysical 
and Thermochemical Data, CRC Press, Boca Raton, FL, 1994. 

2. Stull, D., in American Institute of Physics Handbook, Third Edition, 
Gray, D.E., Ed., McGraw Hill, New York, 1972. 

3. Hultgren, R., Desai, P.D., Hawkins, D.T., Gleiser, M., Kelley, K.K., and 
Wagman, D.D., Selected Values of Thermodynamic Properties of the 
Elements, American Society for Metals, Metals Park, OH, 1973. 

4. Stull, D., Ind. Eng. Chem., 39, 517, 1947. 

5. ТЁСҮР, Vapor Pressure Database, Version 2.2P, Thermodynamic 

Research Center, Texas A&M University, College Station, TX. 


6-54 


28. 


29. 


30. 


31. 


32. 
33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 
41. 


. TRC Thermodynamic Tables, Thermodynamic Research Center, 


Texas A&M University, College Station, TX. 


. Ohe, S., Computer Aided Data Book of Vapor Pressure, Data Book 


Publishing Co., Tokyo, 1976. 


. Chase, M.W., Davies, C.A., Downey, J.R., Frurip, D.J., McDonald, R.A., 


and Syverud, A.N., JANAF Thermochemical Tables, Third Edition, J. 
Phys. Chem. Ref. Data, Vol. 14, Suppl. 1, 1985. 


. Barin, 1, Thermochemical Data of Pure Substances, VCH Publishers, 


New York, 1993. 


. Jacobsen, R.T., et. al, International Thermodynamic Tables of the Fluid 


State, No. 10. Ethylene, Blackwell Scientific Publications, Oxford, 1988. 


. Wakeham, W.A., International Thermodynamic Tables of the Fluid State, 


No. 12. Methanol, Blackwell Scientific Publications, Oxford, 1993. 


. Janz, G.J., Molten Salts Handbook, Academic Press, New York, 1967. 
. Ohse, R.W. Handbook of Thermodynamic and Transport Properties of 


Alkali Metals, Blackwell Scientific Publications, Oxford, 1994. 


. Gschneidner, K.A., in CRC Handbook of Chemistry and Physics, 77th 


Edition, p. 4-112, CRC Press, Boca Raton, FL, 1996. 


. Leider, H.R., Krikorian, O.H., and Young, О.А. Carbon, 11, 555, 


1973. 


. Ruzicka, K., and Majer, V., J. Phys. Chem. Ref. Data, 23, 1, 1994. 
. Tillner- Roth, R., and Baehr, H.D., J. Phys. Chem. Ref. Data, 23, 657, 1994. 
. Younglove, B.A., and McLinden, M.O., J. Phys. Chem. Ref. Data, 23, 


731, 1994. 


. Outcalt, S.L., and McLinden, M.O., J. Phys. Chem. Ref. Data, 25, 605, 


1996. 


. Weber L.A., and Defibaugh, D.R., J. Chem. Eng. Data, 41, 382, 1996. 
. Rodrigues, М.Е, and Bernardo-Gil, M.G., J. Chem. Eng. Data, 41, 581, 


1996. 


. Piacente, V., Gigli, G., Scardala, P., and Giustini, A., J. Phys. Chem., 


100, 9815, 1996. 


. Barton, J.L., and Bloom, Н., J. Phys. Chem., 60, 1413, 1956. 
. Sense, К.А., Alexander C.A., Bowman, R.E., and Filbert, R.B., /. Phys. 


Chem., 61, 337, 1957. 


. Ewing, C.T., and Stern, K.H., J. Phys. Chem. 78, 1998, 1974. 
. Саду G.H., and Hargreaves, G.B., ] Chem. Soc., 1563, 1961; 1568, 


1961. 


. Skudlarski, K., Dudek, J., and Kapala, J., J, Chem. Thermodynamics, 


19, 857, 1987. 

Wagner, W., and de Reuck, K.M., International Thermodynamic Tables 
of the Fluid State, No. 9. Oxygen, Blackwell Scientific Publications, 
Oxford, 1987. 

Marsh, КМ. Editor, Recommended Reference Materials for the 
Realization of Physicochemical Properties, Blackwell Scientific 
Publications, Oxford, 1987. 

Alcock, C.B., Itkin, V.P., and Horrigan, M.K., Canadian Metallurgical 
Quarterly, 23, 309, 1984. 

Stewart, R.B., and Jacobsen, R.T., J. Phys. Chem. Ref. Data, 18, 639, 
1989. 

Sifner, O., and Klomfar, J., J. Phys. Chem. Ref. Data, 23, 63, 1994. 

Bah, A., and Dupont-Pavlovsky, N., / Chem. Eng. Data, 40, 869, 
1995. 

Behrens, R.G., and Rosenblatt, G., / Chem. Thermodynamics, 4, 175, 
1972. 

Behrens, R.G., and Rosenblatt, G., / Chem. Thermodynamics, 5, 173, 
1973. 

Haar, L., Gallagher, J.S., and Kell, G.S., NBS/NRC Steam Tables, 
Hemisphere Publishing Corp., New York, 1984. 

Wagner, W., Saul, A., and Pruss, A., J. Phys. Chem. Ref. Data, 23, 515. 
1994. 

Behrens, R.G, Lemons, R.S. 
Thermodynamics, 6, 457, 1974. 
Boublik, T., Fried, V., and Hala, E, The Vapor Pressure of Pure 
Substances, Second Edition, Elsevier, Amsterdam, 1984. 

Goodwin, R.D., J. Phys. Chem. Ref. Data, 14, 849, 1985. 

Younglove, B.A., and Ely, J.F., J. Phys. Chem. Ref. Data, 16, 577, 1987. 


and Rosenblatt, G., Л Chem. 


Vapor Pressure 


Mol. form. 


Name 


Substances not containing carbon: 


Ag 
AgBr 
AgCl 
Agl 
Al 
АВН 


3:12 


AICI, 


Silver 

Silver(I) bromide 
Silver(I) chloride 
Silver(I) iodide 
Aluminum 
Aluminum borohydride 
Aluminum trichloride 
Aluminum trifluoride 
Aluminum triiodide 
Aluminum oxide 
Argon* 

Arsenic 

Arsenic(III) chloride 
Arsenic(III) fluoride 
Arsenic(III) iodide 


Arsenic(III) oxide (arsenolite) 


Astatine 

Gold 

Boron 

Boron tribromide 
Boron trichloride* 
Boron trifluoride* 
Tetrafluorodiborane 
Diborane 
Pentaborane(9) 
Barium 

Beryllium 

Beryllium bromide 
Beryllium chloride 
Beryllium fluoride 
Beryllium iodide 
Bismuth 

Bismuth tribromide 
Bismuth trichloride 
Cesium bromide 
Hydrogen bromide* 
Bromosilane 
Ammonium bromide 
Potassium bromide 
Lithium bromide 
Sodium bromide 
Rubidium bromide 
Thallium(I) bromide 
Bromine* 

Cadmium bromide 
Мегсигу(П) bromide 
Thionyl bromide 
Lead(II) bromide 
Sulfur bromide 
Indium(III) bromide 


Phosphorus(V) oxybromide 


Phosphorus(III) bromide 
Antimony(III) bromide 
Germanium(IV) bromide 
Tin(IV) bromide 
Zirconium(IV) bromide 
Phosphorus(V) bromide 
Calcium 

Cadmium 


Temperature in °С for the indicated pressure 


1 Ра 


1010 
569i 
670 
594 
1209 


58.4s 
744 s 


280 5 


133.75 


885 
1373 
2075 


—173.95 


638 5 
11895 
2035 
196 5 


188 5 


668 


5315 


1218 
597 8 


-87.7 8 


373 s 
718 
-49 e 
374 
-7e 


136 5 


591 s 
257 5 


10 Ра 


1140 
6561 
769 
686 
1359 


76.55 
8195 


—226.45 
3235 


163.0 $ 
119$ 
1541 
2289 


-166.0 s 


765 

1335 
240 8 
237 $ 
686е 
2295 
768 


6015 
—153.3 s 


154 $ 
6745 
630 


—71.8 5 
435 8 
98s 
-29e 
431 
15e 


-23e 


167s 
-19s 
683s 
310s 


100 Pa 


1302 
765i 
873 
803 
1544 


97.1s 
906 s 


2122 
-220.3 8 
373 8 
-8e 


196.8s 
156s 
1748 
2549 
-45e 
-94.0 
—156.0 $ 


-162e 


912 

1518 
283s 
284 8 
767 е 
276 $ 
892 

217 $ 


7011 
—140.4 $ 


195 $ 
773 
733 
791 
766 


—52.7 8 
509 $ 
132 $ 
—5е 


1 kPa 


1509 
9051 
1052 
959 
1781 
—46.8 
120.7 s 
1008 s 
218 
2351 
-212.4s 
4335 
21.3 


187 
236.2 5 
202 s 
2008 
2868 
-15e 
—70.5 
—143.0 $ 


—147.0 
—34.8 
1115 
1750 
335 5 
339 5 
869 
333 5 
1052 
2731 
248.9 
8341 
—123.8 5 
–81.0 
246 5 


868 
931 
903 
509 
—29.3 $ 


174 s 
27.8 
597 
78.4 
3287 8 
64e 
42.3 
136.5 
51 

67 
245s 
31$ 
954 
472 


10 kPa 


1782 
1093 i 
1264 
1177 
2091 
-94 
148.25 
1130 s 
285 
2629 
—201.7 $ 
508 $ 
63.1 
8.1 
261 
283.0 
2585 
2347 
3272 
27.5 
—37.4 
—125.9 


-125.8 
3.8 
1413 
2054 
397 5 
402 5 
999 
402 5 
1265 
348 1 
328.6 
10191 
-101.5s 
-47.3 
310.4 $ 


1049 
1120 
1087 
635 
2.5 


227 8 
72.9 
726 
128.1 
364.8 $ 
115.5 
94.6 
196.9 
105 
122 
295 5 
65.5 5 
1170 
594. 


100 kPa 


2160 
13591 
1561 
1503 
2517 
45.5 
180.5 $ 
1276 $ 
385 
2975 
-186.0 
601 8 
129.4 
56.0 
367 е 


334 
2805 
3799 
90.4 
12.3 
—101.1 
-34 
-92.6 
57.6 
1897 
2469 
473 8 
487 
1172е 
487 
1562 
455 1 
438.7 
1293 e 
-67.0 
2.2 
395.18 


1308 
1389 
1350 
817 
58.4 


318 
139.6 
914 
200.9 


1914 
172.6 
286.5 
188 
204 
356 5 
110.1 
1482 
767 
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6-56 Vapor Pressure 


Temperature in °С for the indicated pressure 


Mol. form. Name 1 Ра 10 Pa 100 Pa 1 КРа 10 КРа 100 КРа Ref. 
CdCl, Cadmium chloride 412s 471s 541s 634 768 959 23, 27 
CdF, Cadmium fluoride 1257 1461 1742 4 
са, Cadmium iodide 296 5 344 5 406 498 622 795 4,27 
CdO Cadmium oxide 770s 866 5 983 5 1128s 1314s 1558 5 4 
Се Cerium 1719 1921 2169 2481 2886 3432 14 
CICs Cesium chloride 730 864 1043 1297 4 
CICu Copper(I) chloride 459 543 675 914 1477 4 
CIF Chlorine fluoride* -144.4 -122.6 -90.2 5 
СЕР Phosphorus(III) chloride —119.5 -91.1 -47.6 5 
difluoride 
CIF, Chlorine trifluoride —63.7 -33.0 11.4 5 
CIF, Chlorine pentafluoride -88e -59 -14 7. 
СІН Hydrogen chloride* -138.2 8 -118.0 -85.2 1,5 
СІНО,5 Chlorosulfonic acid -40e -20e 5e 38.7 85.0 153.6 5 
CIH,N Ammonium chloride 91$ 121$ 159 $ 204.7 $ 263.1 $ 339.5 $ 5 
СК Potassium chloride 625 5 704 s 804 945 1137 1411 23,25 
СПА Lithium chloride 649i 7611 905 i 11011 13811 8 
CINO Nitrosyl chloride -116s -100 8 -78.7 8 -502 -5.7 5 
CINO, Nitryl chloride -121 e -113 e -102 e -86.1 –60.9 -15.7 5 
CINa Sodium chloride 653 5 7335 835 987 1182 1461 23,25 
со, Chlorine dioxide* -34.3 10.5 5 
CIRb Rubidium chloride 777 916 1105 1379 4 
CITI Thallium(I) chloride 504 626 806 4 
Cl, Chlorine* —145 $ —133.7 $ —120.2 $ —103.6 $ —76.1 —34.2 1 
С. Со Сођа (0) chloride 818 1048 4 
СІ,ЕР Phosphorus(III) dichloride —71.1 -37.4 13.5 5 
fluoride 
CLF,P Phosphorus(V) dichloride -120e -101e —77.1 —44.3 3e 7 
trifluoride 
CI,Fe Iron(II) chloride 685 821 1025 4 
CLHg Mercury(II) chloride 64.45 94.7 8 130.8 8 174.5 8 228.55 304.0 4 
CLMg Magnesium chloride 762 908 1111 1414 4 
СІ,Мп Manganese(II) chloride 760 933 1189 4 
CLNi Nickel(II) chloride 534 5 592s 662 5 747 5 852 5 985 5 4 
CLOS Thionyl chloride -99e -81е -58e -27.1 14.6 75.2 5 
CLO,S Sulfuryl chloride -27e 11.8 69.0 5 
сі,рь Lead(II) chloride 5416 637 765 949 23 
СІ,5 Sulfur dichloride –7бе —61 e -41е -16.7 15.3 58.7 5 
СІ,5, Sulfur chloride -55e -36e -12e 21.0 67.2 137.1 5 
CLSn Tin(II) chloride 253 308 381 479 622 4 
CLZn Zinc chloride 305i 356i 419i 497i 596i 726i 4,9,12 
CLFe Iron(III) chloride 118s 153s 190 5 2295 268 5 319 4 
CLHSi Trichlorosilane -81e -5бе -21е 31.6 7 
CLN Nitrogen trichloride -25e 13.2 70.6 5 
CLOP Phosphorus(V) oxychloride 39.9 105.0 5 
CLP Phosphorus(III) chloride -93e -77e -55e –26.0 14.5 75.7 5 
Cl Po Polonium(IV) chloride 300.6 389.4 5 
СІ,5е Selenium tetrachloride 23s 45s 71s 1025s 1414 s 19118 5 
CLSi Tetrachlorosilane* -39e 0e 57.3 1 
CI, Te Tellurium tetrachloride 237e 299.4 387.8 5 
CLZr Zirconium(IV) chloride 117s 146 $ 181 $ 222 5 272 5 336 $ 9 
СР Phosphorus(V) chloride -2s 19s 44s 74 $ 1114$ 158.9 s 5 
Co Cobalt 1517 1687 1892 2150 2482 2925 2 
Cr Chromium 1383 s 1534 s 1718 s 1950 2257 2669 2 
Cs Cesium 144.5 195.6 260.9 350.0 477.1 667.0 13,30 
CsF Cesium fluoride 825 999 1249 4 
CsI Cesium iodide 523 s 5955 692 854. 1029 1278 4,25 
Си Соррег 1236 1388 1577 1816 2131 2563 2 
Сш Copper(I) iodide 636 864. 1331 4 
Dy Dysprosium 1105s 1250s 1431i 1681i 2031i 2558i 3 
Er Erbium 1231s 1390s 1612i 1890i 2279i 2859i 3 


Vapor Pressure 


Mol. form. Name 

Eu Europium 

FH Hydrogen fluoride* 

FHO,S Fluorosulfonic acid 

FK Potassium fluoride 

FLi Lithium fluoride 

FNO Nitrosyl fluoride 

FNO, Nitryl fluoride 

ЕМО, Fluorine nitrate 

FNa Sodium fluoride 

FRb Rubidium fluoride 

F, Fluorine* 

EO Fluorine monoxide* 

Е,О5 Thionyl fluoride 

ВО Ке Rhenium(VI) dioxydifluoride 

F,Pb Lead(II) fluoride 

Е,Хе Xenon difluoride 

E Zn Zinc fluoride 

F.N Nitrogen trifluoride* 

F,OP Phosphorus(V) oxyfluoride 

EP Phosphorus(III) fluoride* 

F,MoO Molybdenum(VI) 
oxytetrafluoride 

F,ORe Rhenium(VI) oxytetrafluoride 

FOW Tungsten(VI) oxytetrafluoride 

ES Sulfur tetrafluoride 

Е,бе Selenium tetrafluoride 

FSi Tetrafluorosilane* 

Е,Мо Molybdenum(V) fluoride 

ЕЛЬ Niobium(V) fluoride 

F ORe Rhenium(VII) oxypentafluoride 

Е,Ов Osmium(V) fluoride 

ЕР Phosphorus(V) fluoride 

F.Re Rhenium(V) fluoride 

Е Та Tantalum(V) fluoride 

Еш Iridium(VI) fluoride 

Е Мо Molybdenum(VI) fluoride 

Е,Ов Osmium(VI) fluoride 

F Re Rhenium(VI) fluoride 

ES Sulfur hexafluoride* 

F Se Selenium hexafluoride 

Е Те Tellurium hexafluoride 

ЕМ Tungsten(VI) fluoride 

F5; Sulfur decafluoride 

Fe Iron 

Fr Francium 

Ga Gallium 

Gd Gadolinium 

Ge Germanium 

HI Hydrogen iodide* 

HKO Potassium hydroxide 

HNO, Nitric acid 

HN, Hydrazoic acid 

НМа Sodium hydroxide 

H, Hydrogen* 

H,LSi Diiodosilane 

H,O Water*** 

H,O, Hydrogen peroxide 

H,O,S Sulfuric acid 

H,S Hydrogen sulfide* 


H.S Hydrogen disulfide 


Temperature in °С for the indicated pressure 


1 Ра 
590 $ 


-14e 


801 s 


-160e 


-235 8 
-211.7 


7315 
-201 e 
—124 8 


– 2158 


5s 
2s 


—1665 


—103 5 


—157 $ 


—88 5 
—98 s 
-89 8 
-97 8 
-158 $ 
-143s 
-142s 
—107 $ 


1455 $ 
131 e 
1037 
15631 
1371 
—146 s 
520 е 


513 


-60.7 8 


72 


10 Ра 
684 5 


4e 


896 


-156e 
-149e 
9205 


-229.5 8 
—204.7 


-157s 


–84 s 


—148 5 


-71s 
-82 5 
—73 5 
-82 5 
—147 $ 
—132 $ 
—130$ 
-92 5 


1617 
181е 
1175 
17551 
1541 
—135.2 s 
601 е 


605 


—42.2 $ 


103 
—149 5 


100 Ра 
799 $ 


28e 
869 
1024 
—131е 
-144e 
-135e 
1058 
910 
—222.9 s 
—195.9 
-124e 


295 
9111 
—185е 
—100 s 


33$ 


50.7 $ 
52.1 $ 


—145.6 $ 


—59 $ 
74.1 
—137 $ 
58.8 


—515 
—645 
-548 
—63 $ 
—133.6 $ 
-118s 
-115s 
-748 


1818 
246 е 
1347 
19941 
1750 
—120.8 $ 
704 
-37e 
-79e 
722 


-20.3s 
13e 
140 
-1368 


1 КРа 
961 
—71.1 
59.1 
1017 
1188 
—116.1 
—128.1 
—115.1 
1218 
1001 
—214.8 
—184.2 
—106.5 
89.2 
865 
31.8s 
1048i 
—172.8 
—83.7s 
-152e 
69.3s 


80.1 5 
84.3 5 
-110.0 
13.6 
-1323s 
86.6 

80 

-28s 
1132 
—124.5 $ 
99.5 


-27 8 
-41.2 s 
-30.6 8 
-40.2 8 
-116.68 
-100.7 8 
-96 8 
-52.18 


2073 
335e 
1565 
2300i 
2014 
—101.9 $ 
842 
-9e 
—54е 
874 


11.8 

7.0 

45е 

187 
—118.9 $ 
-27e 


10 kPa 
1179 
-33.7 
101.3 
1216 
1395 
-94.3 
-106.0 
-87.4 
1426 
1145 
-204.3 
-168.2 
-81.5 
131.9 
1054 
67.95 
12371 
—155.5 
—64.15 
—132.6 
117.3 


117.1 
126.7 
—82.1 
51.6 
-115.7s 
140.3 
140 
13.7s 
162.3 
—108.6 $ 
152 e 
119 
3.8 5 
—13.4 s 
—1.7 $ 
—11.9s 
—94.4s 
—77.85 
—71.85 
—24.85 
-22.0 
2406 
465e 
1852 
27031 
2360 
—75.9 $ 
1035 
28.4 
-18.0 
1080 
—258.6 
70.5 
45.8 
89.0 
248 
—95.9 $ 
12.2 


100 КРа 
1523 
19.2 
162.2 
1499 
1672 
—60.1 
–72.6 
—45.0 
1702 
1409 
-188.3 
-144.9 
—44.1 
185e 
1292 
114$ 
15031 
-129.2 
—39.7 $ 
—101.4 
184.1 


171.2 
185.4 
—40.3 
104.7 
—94.9 $ 
213е 
224 
72.8 
226е 
—84.8 
221e 
229 
53.1 
33.5 
47.4 
33.4 
–64.1 $ 
—46.5 s 
-39.18 
16.9 
28.5 
2859 
673е 
2245 
32621 
2831 
-35.9 
1325 
82.2 
35.7 
1377 
-252.8 
1494 
99.6 
149.8 
330 
-60.5 
70.7 
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Mol. form. 
H,Se 

H,Te 

нї 

HN 
H,NO 

H,P 

HIN 
HN, 

H,Si 


Kr 


Name 

Hydrogen selenide 
Hydrogen telluride 
Iodosilane 
Ammonia* 
Hydroxylamine 
Phosphine* 
Ammonium iodide 
Hydrazine 

Silane* 

Helium* 

Hafnium 
Mercury** 
Мегсигу(П) iodide 
Holmium 
Potassium iodide 
Lithium iodide 
Sodium iodide 
Rubidium iodide 
Thallium(I) iodide 
Iodine (rhombic) 
Lead(II) iodide 
Zinc iodide 
Antimony(III) iodide 
Tin(IV) iodide 
Zirconium(IV) iodide 
Indium 

Iridium 

Potassium 
Krypton* 
Lanthanum 
Lithium 

Lutetium 
Magnesium 
Manganese 
Molybdenum 
Molybdenum(VI) oxide 
Nitric oxide* 
Nitrogen* 

Nitrous oxide* 
Nitrogen tetroxide 
Nitrogen pentoxide 
Sodium 

Niobium 
Neodymium 
Neon* 

Nickel 

Lead(II) oxide 
Strontium oxide 


Oxygen* 
Sulfur dioxide* 
Selenium dioxide 
Silicon dioxide 
Ozone* 
Phosphorus(III) oxide 
Sulfur trioxide 
Antimony(III) oxide 
(valentinite) 


Phosphorus(V) oxide 
Rhenium(VII) oxide 
Osmium 


Temperature in °С for the indicated pressure 


Vapor Pressure 


1 Ра 
-145 8 


-1398 


-1828 
1258 


2416 
42.0 
85.18 
11598 


545 


—12.8 $ 


3015 


187 $ 
923 
2440 8 
200.2 
-214.0s 
1732i 
524.3 
1633s 
428s 
955s 
2469s 


-201s 
-236s 
-167s 
—92 5 
—715 
280.6 
2669 
1322.3 
-261s 
1510 
724 
1789s 


124.5 5 
19661 
-189e 


426.1s 


285s 


147s 
2887s 


10 Ра 
-134s 


-127s 


-173s 
159s 


2681 
76.6 
115.6 $ 
13115 


619 


9.35 


3515 


2205 
1052 
2684 
256.5 
—208.0 
19351 
612.3 
1829.8 
500 5 
1074 5 
2721 


–195 $ 
—232 $ 
—157 $ 
-78 5 
-56 5 
344.2 
2934 
1501.2 
-260 8 
1677 
816 
1903 s 


153.9s 
2149i 
-182e 


478 8 


3288 
176 8 
3150 


100 Ра 
-1208 


-1128 


-1618 
2015 


-181 


3004 
120.0 
152.45 
1502 i 
731 
710 
753 
733 


35.9 5 
470 
409 5 


259 5 
1212 
2979 
328 
–199.4 5 
21851 
722.1 
2072.8 
588 5 
1220 5 
3039 


–188 $ 
-226.8 8 
-145.48 
-618 
-40 8 
424.3 
3251 
1725.3 
—2585 
1881 
928 
2047 5 


—985 
188 5 
23681 
– 172 e 


539 5 


377.5 5 
208 8 
3478 


1 КРа 
-102.8 8 


-47.7 
—94.5 $ 
43.7 
—145 $ 
2535 
14.7 
—165.4 


3406 
175.6 
197.8 $ 
1767 1 
866 
824 
883 
866 
520 
68.7 $ 
558 
4881 
214.9 
167.1 
305 8 
1417 
3341 
424 
—188.9 $ 
24991 
871.2 
23801 
698 
1418 
3434. 
801 
—179.3 $ 
-220.2 8 
-131.1s 
—41.1 s 
—19.9 5 
529 
3637 
20231 
-255 $ 
2137 
1065 
2235 $ 
-211.9 
—80 $ 
228 $ 


—158 e 
47.3 
—20 $ 
6108 


434.4 s 
244 s 
3875 


10 kPa 
-78.9 s 
—46.6 
—10.1 
—71.3 
73.3 
—122.7 
318.4s 
55.6 
—143.7 
-270.6 
3921 
250.3 
255.15 
21371 
1052 
972 
1058 
1045 
644 
108 8 
682 
598i 
292.0 
242.7 
361s 
1689 
3796 
559 
-174.6 8 
2905 1 
1064.3 
27991 
859 
1682 
3939 
935 
—168.1 $ 
-211.1s 
-112.9s 
—16.6 $ 
3.9 5 
673 
4120 
24421 
-252 $ 
2468 
1241 
2488 8 
—200.5 
-522 
275 8 


—139.7 
100.3 
6.6 $ 
907 


500.5 $ 
284 s 
4365 


100 kPa Ref. 
-41.5 
-2.3 
45.2 
-33.6 
109.8 
-88.0 
405.2 8 
113е 
-111.8 
—268.9 
4603 
355.9 
353.6 
2691i 
1322 
1170 
1301 
1302 
821 
184.0 
869 
750i 
401.2 
347.7 
430 5 
2067 
4386 
756.2 13,30 
-153.6 5 
34531 3 
1337.1 
3390i 
1088 
2060 
4606 
1151 
—151.9 
-195.9 
-88.7 
28.7 
33.2 
880.2 
4740 2 
3063 i 3 
-246.1 2 
2 
4 
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2911 
1471 


-183.1 1,28 
—10.3 1,5 
3158 38 


-111.5 5 
172.8 4 
44.5 5 
1420 4,35 


591 4 
362 4 
4983 2 


Vapor Pressure 


Mol. form. 
P 


Name 
Phosphorus (white) 
Phosphorus (red) 
Lead 

Lead(II) sulfide 
Palladium 
Polonium 
Praseodymium 
Platinum 
Plutonium 
Radium 
Rubidium 
Rhenium 
Rhodium 
Radon* 
Ruthenium 
Sulfur 
Antimony 
Scandium 
Selenium 
Silicon 
Samarium 

Tin 

Strontium 
Tantalum 
Terbium 
Technetium 
Tellurium 
Thorium 
Titanium 
Thallium 
Thulium 
Uranium 
Vanadium 
Tungsten 
Xenon* 
Yttrium 
Ytterbium 
Zinc 
Zirconium 


Substances containing carbon: 


С 
CBrCIF, 
CBrCl, 
CBrF, 
CBrN 
CBr,F, 
CBr, 
CCIF, 
CCIN 
CCLF, 
CCLO 
CCLF 
CCLNO, 
CCl, 
CFN 
CF, 
CHBrF, 
CHBr, 
CHCIF, 
CHCLF 


Carbon (graphite) 


Bromochloro-difluoromethane 


Bromotrichloromethane 
Bromotrifluoromethane* 
Cyanogen bromide 
Dibromodifluoromethane 
Tetrabromomethane 
Chlorotrifluoromethane 
Cyanogen chloride 


Dichlorodifluoromethane* 


Carbonyl chloride 
Trichlorofluoromethane* 
Trichloronitromethane 
Tetrachloromethane* 
Cyanogen fluoride 
Tetrafluoromethane* 
Bromodifluoromethane 
Tribromomethane 
Chlorodifluoromethane* 
Dichlorofluoromethane 


Temperature in °С for the indicated pressure 


1 Ра 
6s 
182 8 
705 
656 8 
1448 s 


1497.7 
2057 
1483 
546 5 
160.4 
3030s 
2015 
—163 $ 
2315s 
102 5 
534 5 
1372 $ 
227 
1635 
728 5 
1224 
5235 
3024 
1516.1 
2454 е 


2360 
1709 
609 
844 5 
2052 
1828 5 
3204 5 
—190 $ 
1610.1 
463 $ 
337 5 
2366 


-136e 


-168e 


-176e 


-150e 


-127e 


—79.4 s 


—199.9 s 


-152e 
-76е 


10Ра 
348 
2168 
815 
741 $ 
1624 


1699.4 
2277 е 
1680 
633 $ 
212.5 
3341 
2223 
–152 s 
2538 
135 
603 8 
1531 $ 
279 
1829 
8335 
1384 
609 5 
3324 
1706.1 
27256 


2634 
1898 
704 
962 s 
2291 
2016 
3500 
-181s 
1802.3 
540 $ 
397 5 
2618 


2566 5 
-123e 


-156e 


-110e 


-167e 
—94.6 s 
-138e 
-113e 
-107e 
–59 e 

—70.8 s 
-135s 
—193 $ 
—128 $ 


-141е 
-70е 


100 Ра 
69 

256 8 
956 
838 5 
1844 


1954 i 
2542 
1925 
764 
278.9 
3736 
2476 
–139 5 
2814 
176 
738 
17331 
344 
2066 
967 5 
1582 
717 5 
3684 
1928 i 
3051 е 
502 e 
2975 
2130 e 
824 
1108 8 
2586 
2250 
3864. 
–170 8 
2047 1 
637 5 
477 
2924 


27755 
-106e 


-142e 


-91е 
25.6 8 
-155е 
-78.18 
-122е 
-96e 
-89e 
-30e 
–53. $ 
-121.2s 
-183.9s 
-111.4s 


-126e 
-6le 


1КРа 
115 
303 8 
1139 
953 5 
2122 
573 e 
22981 
2870 
2238 
936 
368 
4227 
2790 
-121.4s 
3151 
235 
946 
1993 i 
431 
2363 
1148 i 
1834 
866 
4122 
2232i 
3453 e 
615e 
3410 
2419 
979 
1297 $ 
2961 
2541 
4306 
—155.8 $ 
23541 
774 5 
579 
3302 


3016 8 
-83.4 
-6e 
-122.8 
-13s 
–66 e 
65.8 8 
– 139 е 
-57 8 
-101.8 
-73e 
-63e 
4.4 
—24.4 s 
—104.1s 
—171.6 
—89.75 
30.5 
—107.1 
-49e 


10 kPa 
180 
362 5 
1387 
1088 5 
2480 
730.2 
27811 
3283 
2653 
1173 
496.1 
4854 
3132 
—97.65 
3572 
318 
1218 
2340i 
540 
2748 
1402i 
2165 
1072 
4666 
2640i 
3961е 
768.8 
3986 
2791 
1188 
1548 1 
3454 
2914 
4854 
—136.6 $ 
27631 
9931 
717 
3780 


3299s 
—51.8 
38.9 
-96.6 
17.75 
-30e 
111.6 
-116e 
-29s 
-73.1 
-40.6 
—28.5 
47.8 
15.8 
—82.8 s 
-153,9 
—59.7 $ 
78.3 
—80.5 
-28.7 


100 КРа 
276 
4315 
1754 
1280 
2961 
963.3 
3506i 
3821 
3226 
1526 
685.3 
5681 
3724 
—62.3 
4115 
444 
1585 
2828i 
685 
3264 
1788i 
2620 
1373 
5361 
3218i 
4621e 
992.4 
4782 
3285 
1485 
1944 i 
4129 
3406 
5550 
—108.4 
3334i 
1192i 
912e 
4405 


3635s 
—4.3 
104.4 
—58.1 
61.0 
22.5 
188.9 
-81.7 
13.0 
-30.0 
7.2 
23.3 
112.0 
76.2 
—46.2 
-128.3 
-16s 
148.8 
—41.1 
8.6 
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Mol. form. 


сна, 


CHN 
CHNO 
CH,BrCl 
CH,Br, 
CH,CIF 
CHI, 
CHF, 
Сну, 
СН,О 
CH,O, 
CH,ASE, 
CH,BO 
CH,Br 
сна 
CH,CLSi 
CH,F 
CHJ 
СН,ХО 
СН,ХО, 
СНО, 
CH, 
CH,CLSi 
CH,O 
CH,S 
CH,CISi 
CH,N 
CHN, 
CH,OSi 
CH Si 
CIN 
CNNa 
CN,O, 
СО 


C;Br,CIF, 


CBr F, 
CBr, 
С,СЕ, 
С,СЕ, 
CCLF, 
CCL, 
يی‎ 
С,СЂЕ, 
C,CLN 
CCl, 
С,ОЕ, 
يی‎ 
C,CLO 
CCl, 
СЕМ 
СЕ, 
СЕМО 


24 2 4 


Мате 

Trichloromethane* 
Trifluoromethane* 
Triiodomethane 

Hydrogen cyanide* 

Cyanic acid 
Bromochloromethane 
Dibromomethane 
Chlorofluoromethane 
Dichloromethane* 
Difluoromethane* 
Diiodomethane 
Formaldehyde* 

Formic acid 
Methyldifluoroarsine 

Borane carbonyl 
Bromomethane 
Chloromethane* 
Methyltrichlorosilane 
Fluoromethane* 

Iodomethane 

Formamide 

Nitromethane 

Methyl nitrate 

Methane* 
Dichloromethylsilane 
Methanol* 

Methanethiol 
Chloromethylsilane 
Methylamine 
Methylhydrazine 

Methyl silyl ether 
Methylsilane 

Cyanogen iodide 

Sodium cyanide 
Tetranitromethane 

Carbon monoxide* 

Carbon oxysulfide* 

Carbon oxyselenide 

Carbon dioxide* 

Carbon disulfide 

Carbon diselenide 
1,2-Dibromo-1-chloro-1,2,2- 
trifluoroethane 
1,2-Dibromotetrafluoroethane 
Tetrabromoethylene 
Chlorotrifluoroethylene 
Chloropentafluoroethane 
1,1-Dichlorotetrafluoroethane 
1,2-Dichlorotetrafluoroethane 
1,1,1-Trichlorotrifluoroethane 
1,1,2-Trichlorotrifluoroethane 
Trichloroacetonitrile 
Tetrachloroethylene 
1,1,1,2-Tetrachloro-2,2-difluoroethane 
1,1,2,2-Tetrachloro-1,2-difluoroethane 
Trichloroacetyl chloride 
Hexachloroethane 
Trifluoroacetonitrile 
Tetrafluoroethylene 
1,1,2,2-Tetrafluoro-1,2-dinitroethane 


Temperature in °C for the indicated pressure 


Vapor Pressure 


1Pa 


5115 


-83 e 


-156.7 


—56 $ 


—140.2 $ 


—220 5 


-87e 


-129e 


—159.1 $ 


—146е 


—7.6 $ 


10 Ра 


82.7 $ 


-69е 
-124e 


-92e 
-145.8 


—40.4 s 


—128.6 s 


-83e 


22e 


-75e 
-214.2 8 


-69 e 


-115е 
-115е 


672е 


-148.9 8 
-96 e 


-97е 
-54.5 8 
-134е 


9.98 


100 Ра 
-6le 
-152e 
121e 
-77 8 
-81.1 
-50e 
-37e 
-108e 
-73e 
—131.9 
17е 


-22.3 8 


-114.7 8 
-6le 


53e 


-55e 
—206.8 s 
-77e 
-47.5 
-97е 
-97.9 


-3le 


-144e 


798 


-223s 
-136e 
-120 
—136.7 $ 
-76е 

– 24 е 


—75е 
—31.7 $ 
—119е 


-22e 


-25e 
33.6 $ 


1 kPa 
-34e 
-136e 


-52.6 8 
-56.8 
-25e 
-7e 
-86.2 
-48 e 
-113.6 
55е 
-91е 
-0.8 8 
-15e 
-124 
-77е 
-96e 
-33e 
-130e 
-49e 
93e 
-2e 
-27e 
-197s 
–51е 
-20.4 
—74е 
—74.4 
-76.7 
-4.7 
-90.2 
-124.6 


961 

18.0 
—216.5 $ 
—117е 
-98 
-121.6s 
-49e 
9.4 


-46e 
-3.58 
-99e 


—76.8 


-16e 
10e 
-7e 


7e 
67.7 8 
—126.1 
—132.3 
-30e 


10 kPa 
4.3 
-114.4 


—22.7 $ 
-23.9 
11.4 
35.2 
—55.7 
-12.5 
-88.6 
106.1 
—61.7 
37.0 
22.1 
—99 
-44.3 
—67.1 
7е 
-111е 
-12.4 
145.0 
40е 
9.8 
—183.6 $ 
—14е 
15.2 
-41.7 
-41.5 
-48.1 
32:9 
-61.8 
-97.5 


1182 
61.8 
—207.25 
—90.0 
—67 
—103.1 $ 
—10.9 
56.2 


-72 

32.25 
-7le 
—80.3 
—45.4 
-44.9 


-82 
25.3 
54.4 
31.0 
32.3 
51.7 
116.9 8 
-102.5 
-109.7 
6.4 


100 kPa Ref. 
60.8 1 
-82.3 1 
218.0 5 
25.4 1 
23e 5 
67.7 1 
96.5 5 
—9.4 5 
39.3 1 
-51.9 1 
181.6 5 
-19.3 1 
100.2 1,5 
76.1 5 
-64 4 
3.3 1 
-24.4 1 
65.7 1 
-78.6 1 
421 1 
218e 5 
100.8 1 
63e 5 
-161.7 5 
40.5 1 
64.2 11 
5.7 1 
83 5 
-6.6 1 
91е 1 
-18e 1 
-57.5 5 
153.8 5 
1497 4 
124 e Б] 
—191.7 40 
–50.4 1 
–22 4 
—78.65 5 
45.9 1 
127 е 1 
92.3 5 


47.1 
226.0 
-28.4 
-39.4 
27 
32 
45.6 
47.3 
85.1 
1207 
911 
92.5 
117.8 
184.2 5 
—67.8 
—75.8 
59.5 


л л 


(щл = к ле к кю юк (л (л = = ла‏ = چه فا 
Ол‏ 


Vapor Pressure 


Mol. form. 
CF, 
C,HBrCIE, 
С,НВг,О 
С,НСЕ, 
C,HCLF, 
СНА, 
С,НС,О 
СНС, 
с,нсі, 
С,НЕ,О, 
С,НЕ,О 
с,н, 
CH,Br, 
CH,Br, 
CH,Br,Cl, 
CH,Br,Cl, 
С,Н,Вг, 
сна, 
сна, 
сна, 
C,H,CLF, 
C,H,CLO 
сна, 
сна, 
CH, 
CHE, 
CHO 
С,Н,Вг 
С,Н,ВгО 
C H,Br, 
сна 
C,H,CIF, 
С,Н,СІО 
СН, لال‎ 
C,H,CLF 
СНЕСЕ 
сна, 
СНС, 
СНЕ 
С,Н.ЁО 
СНЕ, 
СНЕО 
CHI 
CHO 
сн, 
C,H,NO 
C,H,NS 
CH, 

СН ВС 
С,Н Вг, 
CH Br, 
C,H,CIF 


Name 

Hexafluoroethane** 
2-Bromo-2-chloro-1,1,1-trifluoroethane 
Tribromoacetaldehyde 
1-Chloro-1,1,2,2-tetrafluoroethane 
2,2-Dichloro-1,1,1-trifluoroethane 
Trichloroethylene 
Trichloroacetaldehyde 
Trichloroacetic acid 
Pentachloroethane 
Trifluoroacetic acid 
Trifluoromethyl difluoromethyl ether 
Acetylene* 
cis-1,2-Dibromoethylene 
trans-1,2—Dibromoethylene 
1,2-Dibromo-1,1-dichloroethane 
1,2-Dibromo-1,2-dichloroethane 
1,1,2,2-Tetrabromoethane 
1,1-Dichloroethylene 
cis-1,2-Dichloroethylene 
trans-1,2-Dichloroethylene 
1,2-Dichloro-1,1-difluoroethane 
Chloroacetyl chloride 
1,1,1,2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 
1,1,1,2-Tetrafluoroethane 
1,1,2,2-Tetrafluoroethane 
Ketene 

Bromoethylene 

Acetyl bromide 
1,1,2-Tribromoethane 
Chloroethylene 
1-Chloro-1,1-difluoroethane 
Acetyl chloride 

Chloroacetic acid 
1,1-Dichloro-1-fluoroethane 
1,2-Dichloro-1-fluoroethane 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Fluoroethylene 

Acetyl fluoride 
1,1,1-Trifluoroethane 
2,2,2-Trifluoroethanol 
Iodoethylene 

Acetyl iodide 

Acetonitrile 

Methylisocyanate 

Methyl thiocyanate 

Ethylene* 
1-Bromo-2-chloroethane 
1,1-Dibromoethane 
1,2-Dibromoethane 
1-Chloro-1-fluoroethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Difluoroethane 

Ethylene glycol dinitrate 
Acetaldehyde 

Ethylene oxide 

Acetic acid 

Methyl formate 


Temperature in °C for the indicated pressure 


1Pa 


-74e 


–147 е 


14e 


-116 e 


-101 e 


-58 e 


–124 e 
-78 e 
-18e 
-139 е 


–100 e 


—42.8 s 


10 Pa 


—101.0 
–59 e 


-23e 


-136e 


-45e 


-Пе 
38e 
-101е 


-87е 


-40e 
-22e 


—151е 
-110e 
—65е 
4e 
-127e 
-123e 
-85e 


-101e 


-49e 


-84e 


25.6 
-105e 
-111е 
-26.7 8 
-95e 


100 Pa 
-155.2s 


15.0 
-110e 
–82.2 
-39e 
-41.6 


Зе 


-121е 
—146.6 $ 
-2le 


22e 
69e 
-82e 
-62е 


-68е 
-23.7 
-15e 
le 


-135e 
-92e 
-49e 
32e 
-110e 
-107e 
—66е 


-83e 
-50e 


-23e 


-153.3 


-33e 


-18.4 


-26e 


–64 e 


-115.2 
51.0 
-87е 
-93e 
-8s 
-76е 


1 КРа 
-137.58 
—41.4 
52.7 
–87.6 
—57.4 
-12e 
-9.8 
83.8 
37.4 


-102e 
—130.7 $ 
10е 
-4e 


64.1 
109e 
-57e 
-34e 
-44e 
-42.2 
5.6 
17е 
32.4 
—94.3 
-96.0 
-115e 
-68е 
-25e 
68e 
-89e 
—85.3 
-40e 
78.4 
—57.9 
-23.8 
-25.3 
те 
-135.2 


-113е 
-8е 
—4l e 
—0.6 
-20e 
—43.5 
16.2 
-1Б5.6 
-0.4 
5e 
18e 
—69.9 
-36.7 
-16.4 
-94.6 
81е 
—62.8 
-70e 
14.2 $ 
—51.8 


10 kPa 
-113.48 
-4.8 
103.0 
-57.0 
-23.3 
26.7 
33.8 
130.0 
86.0 
16.8 
-75.0 
-110.68 
52.2 
42.2 
103.6 
119е 
163.7 
—21.4 
3.8 
-7.5 
-6.8 
461 
62.2 
76.9 
—66.8 
—66.9 
-88.2 
-34.5 
13.9 
117.1 
—59.0 
—55.4 
-3.6 
123.9 
-22.7 
141 
14.2 
49.9 
—109.9 
-641 
-86.6 
26.0 
-3e 
47 е 
21.4 
-102 
63.5 
—135.1 
41.7 
46.4 
62.2 
—36.1 
1.0 
23.7 
—66.1 
117е 
-29.4 
-37.0 
55.9 
-18.1 


100 kPa 
–78.4 $ 
49.8 
173.5 
-12.1 
26.7 
86.8 
97.4 
197.2 
159.4 
71.4 
—35.4 
-84.8 8 
114.8 
107.4 
177.8 
193e 
242.9 
31.2 
60.3 
47.3 
46.3 
105.6 
1297 
144.7 
—26.4 
-23.3 
-50.0 
15.4 
84е 
188.4 
-141 
-10.5 
50.4 
188.9 
31.4 
73.4 
73.7 
113.4 
—72.2 
17.0 
-47.8 
74e 
55.6 
107.0 
81.2 
38.8 
132.5 
-104.0 
105.7 
107.6 
130.9 
15.8 
56.9 
831 
-24.3 
162е 
20.0 
10.2 
117.5 
31.4 
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6-62 Vapor Pressure 


Temperature in °С for the indicated pressure 


Mol. form. Name 1Pa 10 Ра 100 Pa 1 КРа 10 kPa 100 kPa Ref. 
CH,O, Peroxyacetic acid 14.4 55.3 109.7 5 
CHO, Glycolic acid 99.9 5 
CH.ASF, Ethyldifluoroarsine -36e –6.0 35.0 93.1 5 
СН,Вг Bromoethane -111е -96 e -77 e -51.3 -15.5 38.0 5 
сна Chloroethane -126e -112e -94e -70e -37.0 12.0 1 
С,Н,ПО 2-Chloroethanol -61е -39e -12e 23e 67.1 127.3 5 
CH,CIO Chloromethyl methyl ether -96e -80e -59 e -32 e 6e 6le 5 
C H.CLOSi Trichloroethoxysilane -78e -0 e –36.0 —4.6 38.7 102.0 5 
СНС Trichloroethylsilane -79e -61е -38е -8e 34.9 98.7 5 
СНЕ Fluoroethane -142e -127e -106.3 -78.7 -37.9 1 
C,H.FO 2-Fluoroethanol -22e 8.3 47.5 99e 5 
CHI Iodoethane -94e -78e -56е -27.9 11.9 71.9 5 
С,Н,М Ethyleneimine -74e -55e -30e 4.1 55e 5 
C,H.NO Acetamide 16.7s 39.1s 65.28 102.8 150.8 218.2 5 
CH,NO N-Methylformamide 13e 4le 78e 127.9 199.1 1 
СНО, Nitroethane —61е -44 е -21е 8.3 50.1 113.5 5 
СНО, Ethyl nitrate —81е —63 e -41 e -12е 28.2 87 е 1 
CH, Ethane* —183.3 $ —173.2 —161.3 —145.3 -122.8 -88.8 41 
СНС Dichlorodimethylsilane 11.1 70.1 5 
C,H Hg Dimethyl mercury -13.5 29.0 92.1 5 
СНО N-Nitrosodimethylamine 30.7 80.5 149.8 5 
CHO Ethanol -73e —5бе -34e -7e 29.2 78.0 15 
СНО Dimethyl ether* -135e -118e —96.8 -67.6 -25.1 1,5 
CH,OS Dimethyl sulfoxide 274 65.0 115.9 188.6 1 
CHO, Ethylene glycol 2e 24e 51.1 86.1 132.5 196.9 1 
CHO, Ethyl hydroperoxide -70e -49e -25e 6.8 47.0 101е 5 
С,Н;0,5 Dimethyl sulfone 109e 166.8 248.9 5 
CHS Ethanethiol -112e -97e -78e -53e -18e 34.7 1 
CHS Dimethyl sulfide -96e -77e -512 -16.0 37.0 1,5 
CHS, Dimethyl disulfide -71e -53 e -29 e 1.7 45.0 109.3 5 
C,H.BO, Dimethoxyborane -116е -101.9 -83.5 -59.2 -25.4 25е 5 
сн, Ethylamine -71e -53 e -27 e 16.4 1 
C,H.N Dimethylamine -88e —66.9 -37.2 6.6 1 
CH.NO Ethanolamine lle 35e 66.2 109.0 170.6 1 
CH,N, 1,2-Ethanediamine 17.0 57.5 116.6 1,5 
CH,N, 1,1-Dimethylhydrazine -52e -25.6 10.5 63e 5 
CH,N, 1,2-Dimethylhydrazine -49e -33e -9e 26.4 88e 1 
CN, Cyanogen -127s -1141s —98.5 s —79.2 $ -54.9 5 -214 5 
C,CIF,O Chloropentafluoroacetone -122e -109e -93e —71е -39.4 7.4 5 
СС Hexachloropropene -12e lle 40e 79e 132.8 213.6 5 
CF, Perfluoropropene –150 e -138e -122e -101e -72e -30.6 5 
C,F.O Perfluoroacetone -113e -94e -67.8 -27.6 5 
СЕ, Perfluoropropane -139e -124e -105e -77.5 -37.0 1 
C,HN Cyanoacetylene —58.7 s —35.6 $ —7 5 42.0 5 
СНЕ О 1,1,1,3,3,3-Hexafluoro-2-propanol 12.7 57.1 5 
CHF. 1,1,1,2,2—Pentafluoropropane -60e -17.9 5 
сн, 2-Propenenitrile -72e -50e -22e 17.7 77.0 1 
C,H,NS Thiazole 54.4 117.8 5 
CH, Allene* -129e -118e -101.4 —76.7 —34.7 5 
CH, Propyne -94e —65.3 -232 1 
C,H,CIF, 3-Chloro-1,1,1-trifluoropropane –102 e -87e -68е -43e -8e 45.3 5 
C,H,C1,0 1,1-Dichloroacetone le 47.8 118.0 5 
С.Н. СЬО, Methyl dichloroacetate -44e -25e 0e 33e 77.7 142.3 5 
сна, 1,1,1,2-Tetrachloropropane -48e -28e -2e 32e 79.1 149.5 5 
CHEFEO 2,2,3,3-Tetrafluoro-1-propanol -10e 17е 53.9 107.2 5 
CHO Acrolein -87e -67e -40e –3.0 52.8 1 
CHO, Propenoic acid 35e 78.0 140.7 1 
CHO, Vinyl formate -58е –34 e -1.6 46.2 1 
CHO, 2-Oxetanone -21е 8е 45.5 93.8 159.3 5 
وي‎ 0, Ethylene carbonate 12.7s 37e 247 5 


Vapor Pressure 


Mol. form. 
С.Н,Вг 
CjH,Br 
С.Н,Вг 
сна 
сна 
сна 
сна 
C,H,ClO 
снгао, 
сна, 
СНС, 
СНС 
СНА 
C,H.N 
СНО 


Мате 
cis-1-Bromopropene 
2-Bromopropene 
3-Bromopropene 
cis-1-Chloropropene 
trans-1-Chloropropene 
2-Chloropropene 
3-Chloropropene 
Epichlorohydrin 
Methyl chloroacetate 
1,1,3-Trichloropropane 
1,2,3-Trichloropropane 
Trichloro-2-propenylsilane 
3-lodopropene 
Propanenitrile 
Acrylamide 
3-Hydroxypropanenitrile 
Ethyl thiocyanate 

Ethyl isothiocyanate 
Trinitroglycerol 
Propene* 
Cyclopropane 
1-Bromo-3-chloropropane 
1,2-Dibromopropane 
1,3-Dibromopropane 
1,1-Dichloropropane 
1,2-Dichloropropane 
1,3-Dichloropropane 
2,2-Dichloropropane 
1,3-Dichloro-2-propanol 
1,1-Dinitropropane 
Allyl alcohol 

Methyl vinyl ether 
Propanal 

Acetone 
Methyloxirane 
Propanoic acid 

Ethyl formate 

Methyl acetate 
1,3-Dioxolane 
1,3,5-Trioxane 
Thietane 
1-Bromopropane 
2-Bromopropane 
1-Chloropropane 
2-Chloropropane 
2-Chloro-1-propanol 
1-Fluoropropane 
1-Iodopropane 
2-Iodopropane 
Allylamine 
N,N-Dimethylformamide 
N-Methylacetamide 
1-Nitropropane 
2-Nitropropane 

Propyl nitrate 
Propane* 

1-Propanol 

2-Propanol 

Ethyl methyl ether 
1,2-Propylene glycol 


Temperature in °С for the indicated pressure 


1 Ра 
–100 e 
– Пре 
-98e 
-114е 


-120 e 
-107e 


–51е 


-80e 
—69.4 


-lle 
-39e 


48.6 
—160.6 


–51е 
-46e 
-30e 


-78e 
—65е 


-9e 
-63e 


-95 
-109e 


-95e 


-95e 


-106e 


-133e 
-78e 
-89e 


-39e 
—13.3 s 
—56е 


-156.9 
-54e 
—65е 
-98e 
-lle 


10 Pa 
-84e 
-95e 
-80e 
-100e 
-97e 
-106е 
-92е 


-28e 
-3le 


–62 e 
—55.3 


18e 
-20e 


75.7 
—149.0 


-3le 
-26e 
-9e 


-61е 
-46 e 


12е 
-48 e 


-81.8 
-95е 


-80е 
-79 e 
-72 e 


-62е 
-78е 
–84 e 
-90e 
-91е 


-120е 
—60 e 
-71 e 
-88e 
-20e 
13s 
-37e 
-48e 


-145.6 
-38e 
-49e 
-89e 
13e 


100 Pa 
–64 e 
—75е 
-58 e 
-81е 
-77е 
-87е 
-72.4 
-21е 
-Бе 
-Бе 
2е 


-39e 
-36.0 
109.6 
53e 
4e 


118 e 
—134.3 
-124e 
-6e 
-2e 
17e 


-381 
-22е 


21.8 
39e 
-21.9 
-114е 
-69е 
-62.8 
-76е 
0е 
-6le 
-59е 
-50е 


-40 e 
-57 e 
—65е 
—71е 
-74e 


-103 e 
-37 e 
–47 e 
—65е 
Бе 
43e 
-13e 
-22e 
-23.9 
-130.9 
-16e 
-28e 
-77е 
42e 


1КРа 
-37e 
-47e 
-28e 
-55e 
-52e 
-63e 
—46.3 
lle 
25e 
28e 
37e 


-8e 
-7.9 
161е 
96.1 
35e 
17.4 
191e 
-114.9 
-104е 
28е 
3le 
52e 
—14е 
8.1 
10е 
-28e 
59.0 
73.2 
6.8 
-89e 
-42e 
-35.6 
-51.5 
35.1 
-35е 
-33e 
-22e 


-9e 
-28e 
—39.6 
-44.5 
—51.1 
23е 
—80.7 
-6e 
-16.3 
-37e 
38.0 
83.8 
20e 
10.7 
6.1 
-111.4 
10e 
-1.3 
-60e 
78e 


10 kPa 
1.0 
-9e 
12e 
—20.1 
—16.2 
—28.7 
—9.8 
53.8 
66.9 
75.3 
84.9 
53.0 
36e 
35.2 


150.3 
79.1 
66e 
353e 
–88.2 
-75.7 
74.1 
75.3 
98.7 
27.0 
33.7 
54.0 
10.8 
107.6 
120е 
44.5 
-52.7 
-6e 
1.3 
-172 
79.9 
1е 
3.3 
17.0 
53e 
32.5 
11.6 
-17 
-81 
-17.8 
63.8 
-49.4 
36.9 
26.5 
0.4 
83.9 
1361 
64.8 
55.6 
481 
—83.8 
47 е 
33.6 
—34.8 
125.0 


100 kPa 
57.4 
48.0 
69.6 
32.4 
37.0 
22.3 
44.6 
115.5 
129.1 
145.1 
156.3 
116.5 
101.5 
97.4 


220.8 
143.4 
136e 
1007 е 
-47.9 
—33.1 
142.9 
139.5 
166.8 
87.7 
95.9 
119.9 
68.9 
173.9 
187 e 
96.2 
4.6 
47.7 
55.7 
33.9 
140.8 
54.0 
56.6 
75.3 
113.7 
94.5 
70.6 
59.1 
46.2 
35.4 
125.7 
-2.8 
102.0 
89.2 
52e 
152.6 
206.3 
130.8 
119.8 
llle 
-42.3 
96.9 
82.0 
7.0 
1872 
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Ref. 
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6-64 Vapor Pressure 


Temperature in °С for the indicated pressure 


Mol. form. Name 1Pa 10 Ра 100 Pa 1 КРа 10 kPa 100 kPa Ref. 
C.H,O, 1,3-Propylene glycol 4e 30e 62e 101e 149.9 214.0 5 
СНО, Ethylene glycol monomethyl ether -57e -37e -12e 21е 63.8 1243 1 
С.Н,О, Dimethoxymethane -93e -81е -64е -42е -9.3 41.7 5 
СНО, Glycerol 96e 113e 136e 168e 213.4 287e 1 
С,Н,5 1-Propanethiol -94e -78 e -57e -29.1 9.6 67.4 1,5 
СНА 2-Propanethiol -102e -87e -67e -41е -Зе 52.2 1 
СНА Ethyl methyl sulfide -94e -78e -57e -29.7 8.8 66.3 1 
СНА, 1,3-Propanedithiol -53e -28e 3e 43e 97e 1724 5 
C. H,As Trimethylarsine -74e -45e -5.4 52.0 5 
C,H,BO, Trimethyl borate -14e 15.6 67.9 5 
C,H,BS Methyl dimethylthioborane -62e –30.4 114 70.7 5 
C, H,CISi Trimethylchlorosilane -37.8 04 57.3 5 
сн, Propylamine —81е -63 e —38.3 —4.1 46.9 1,5 
С.Н,“ Isopropylamine —91е -74 e —50.4 -17.6 31.5 15 
Сн Trimethylamine -114е -97 e -75.0 —43.8 2.6 1,5 
C,H,NO 1-Amino-2-propanol 18e 53.2 98.2 157.9 5 
C,H,O,P Trimethyl phosphate -3le -7e 23.6 62.8 116.0 192.0 5 
с,н,р Trimethylphosphine —81е -53e —15.0 37.1 5 
C,H,Sb Trimethylstibine -56е -23.8 19е 80e 5 
С.Н N, 1,2-Propanediamine -354 -12.0 18.8 6le 119e 5 
C.N,O Carbonyl dicyanide -21.7 15.3 65.2 5 
C CI, Hexachloro-1,3-butadiene -le 22e 50e 86.7 137.0 209.7 5 
C,F O, Trifluoroacetic acid anhydride -6Зе -39e -7.1 38.8 5 
СЕ, Perfluorocyclobutane –6.2 1 
CF, Perfluorobutane -122e —105е -82e —49.8 -2.5 15 
C HCLO, trans-2-Butenedioyl dichloride 8.0 45.6 94.3 159.8 5 
C,H,CLS 2,5-Dichlorothiophene -20e 22e 81.4 171е 5 
CHO, Maleic anhydride 73.7 127.9 201.7 5 
ري‎ 2-Chlorothiophene -62e -35e 2e 51.8 123e 5 
СНА 2-Iodothiophene -25e 23e 94.9 181.0 5 
CH, 1-Buten-3-yne —96.1 —73.4 —41.8 4.9 5 
CHN, Succinonitrile 24.8 s 266.0 5 
CHO Furan -78e —54е -20e 31.0 1 
C,H,O, Diketene 19.3 63.3 126 е 5 
CHO, Succinic anhydride 121e 180.8 260.8 5 
CHO, Fumaric acid 123.9s 150s 180s 5 
CH,S Thiophene -17е 23.7 83.7 5 
сна 2-Chloro-1,3-butadiene -113e -95e —71е -4le 0.3 59.0 5 
CH,CIO 2-Methyl-2-propenoyl chloride -57e -35e -5e 36.4 98.2 5 
СНА, Ethyl trichloroacetate 15.3 51.9 100.1 166.6 5 
C,H.N 3-Butenenitrile -67 e -48e —23.1 9.3 53.7 118.4. 5 
C,H,N Methylacrylonitrile -12e 29.0 89.8 5 
САМ Руггоје -8e 24e 66.7 129.4 1 
СНО, Methyl cyanoacetate -3e 19e 48e 84e 134.0 204.6 5 
CH,NS Allyl isothiocyanate -45e -27e -3e 32.1 89e 198e 5 
CH,NS 4-Methylthiazole 67.0 5 
CH, 1,2-Butadiene -132e -117е -98е -72.8 -38.9 10.5 5 
CH, 1,3-Butadiene* —106 e -83e -51.9 -4.7 1 
CH, 1-Butyne -125e —111е -94e -712 -39.4 7.8 1 
CH, 2-Butyne —89.2 s —73.85 —53.55 —23.9 26.6 5 
СНО, Ethyl dichloroacetate 2.6 40.1 89.1 156.3 5 
CHO Divinyl ether -99e -80e -56е -221 28.0 5 
СНО trans-2-Butenal -74e —56е -33e -3e 39.7 102.4 5 
CHO 3-Buten-2-one 21e 81.0 5 
CHO Cyclobutanone -34e -4e 37.1 97e 5 
CHO, cis-Crotonic acid 30e 63e 106.7 168.9 5 
CHO, trans-Crotonic acid 74e 120.8 184.9 5 
CHO, 3-Butenoic acid -19e 2e 27e 6le 105.6 168.6 5 
CHO, Methacrylic acid 22e 56e 99.9 161.5 5 
CHO, Vinyl acetate -88e -71е -50e -22e 16.2 72.2 1 


Vapor Pressure 


Mol. form. 
CHO, 
CHO, 


Name 

Methyl acrylate 
2,3-Butanedione 
gamma-Butyrolactone 
Acetic anhydride 
Propylene carbonate 
Dimethyl oxalate 
trans-1-Bromo-1-butene 
2-Bromo-1-butene 
cis-2-Bromo-2-butene 
trans-2-Bromo-2-butene 
1,2,3-Tribromobutane 
1,2,4-Tribromobutane 
3-Chloro-1-butene 
cis-2-Chloro-2-butene 
trans-2-Chloro-2-butene 
3-Chloro-2-methylpropene 
Ethyl chloroacetate 
Butanenitrile 

1-Butene 

cis-2-Butene 
trans-2-Butene 
Isobutene 

Cyclobutane 
Methylcyclopropane 
1,2-Dibromobutane 
1,4-Dibromobutane 
1,1-Dichlorobutane 
1,2-Dichlorobutane 
1,4-Dichlorobutane 
2,2-Dichlorobutane 
Bis(2-chloroethyl) ether 
Ethyl vinyl ether 
1,2-Epoxybutane 
Butanal 

Isobutanal 

2-Butanone 
Tetrahydrofuran 
Butanoic acid 
2-Methylpropanoic acid 
Propyl formate 
Isopropyl formate 

Ethyl acetate 

Methyl propanoate 
cis-2- Butene-1,4-diol 
1,3-Dioxane 

1,4-Dioxane 

Sulfolane 
Tetrahydrothiophene 
1-Bromobutane 
2-Bromobutane 
1-Bromo-2-methylpropane 
2-Bromo-2-methylpropane 
1-Chlorobutane 
2-Chlorobutane 
1-Chloro-2-methylpropane 
2-Chloro-2-methylpropane 
Butyltrichlorosilane 
1-Fluorobutane 
2-Fluorobutane 
1-Iodobutane 


Temperature in °C for the indicated pressure 


1Pa 


-44e 
-40e 


-87e 
-87e 
-90e 
-86e 
0e 
-3e 


-100e 
-102e 


-67e 
-139.0 
-131.2 


—139.1 


-130e 
-54e 
-13e 


-32 e 


-135 е 
-88 e 


-85e 
-94 e 


—30.1 
-78e 
-80e 
-83e 
-80e 
17е 


-66е 
–68.4 
-86 e 
-85e 


-87e 
-96e 
-94e 


-114е 
-117е 
-62e 


10 Ра 
-7le 


-17e 
-25e 
-Бе 


—68 e 
-70 e 
-72 e 
–67 e 
23e 
20e 


-83 e 
-86е 
-75e 


—48 e 
-1252 
174 


—125.5 


-116e 
-30e 
9e 


-26e 
-58е 
-9е 
-102е 
-114е 
-72e 


—68 e 
-78е 


-8.2 
-62е 
—65е 
—66 e 
–64 e 
44e 


49e 

-47e 
—53.9 
—68 e 
—68 e 


-7le 
-80e 
-78 e 


-99e 
-103е 
-43e 


100 Pa 
-48e 


24e 
-le 
43e 


—43.3 
—48 e 
—49.0 
—43.4 
53e 
49e 
–64 e 
-62e 
—65е 
—54е 
-2.6 
-24e 
-107.8 
-99.8 
-102е 
-108.2 


-99.3 
0.4 
37e 
-25e 
-284 
0e 
-35e 
19.8 
-81е 
-87е 
-50е 
-56е 
-46 е 
-573 
12.9 
18.1 
-42e 
-47e 
-45e 
-43e 
77e 
-37e 


87e 

-23e 
—34.1 
-46e 
-46e 


-49e 
-59е 
-56.6 


-80е 
-85е 
-19е 


1 КРа 
-18e 


72e 
3le 
112е 
50.5 
-114 
-20e 
-18.5 
-12.0 
91е 
87е 
-36e 
-34e 
-37e 
-25e 
32.6 
8e 
—85.3 
-76.7 
-80е 
-85.5 
-71.8 
-76.3 
39.6 
74e 
6e 
5.8 
35e 
-Бе 
56.9 
—53.1 
-53e 
-22 e 
-29 e 
-18.1 
-29.8 
52.2 
50.5 
—15.1 
—22.2 
-18e 
-15.8 
174 
-3e 


135e 
9.4 
-54 
-16e 
-16e 


-2le 
-31.0 
-28.7 


-55e 
—60.7 
14e 


10 kPa 
22e 
30.7 
130.2 
75.1 
220e 
98.1 
31.9 
20.7 
23.5 
31.0 
143.7 
139.4 
4e 
6e 
3e 
13.8 
79.1 
52.3 
—53.7 
—44.8 
-47.6 
—54.5 
-38.1 
-442 
92.1 
124.0 
49.3 
53.1 
82.4 
37.8 
106.9 
—16.5 
—5.5 
16.6 
8е 
21.2 
де 
101.4 
92.9 
23.0 
13.2 
20.4 
22.2 
168.5 
43.4 
39.6 
198.0 
54.1 
37.6 
26.6 
26.8 
11.7 
18.4 
8.5 
10.2 
—4.2 
77.2 
-20.0 
-26.7 
60.5 


100 kPa 
79.9 
84.8 
203e 
139.7 
410e 
163.0 
94.4 
80.6 
85.2 
93.5 
219.5 
214.5 
63.6 
66.4 
62.2 
71.5 
143.8 
1172 
—6.6 
3.4 
0.6 
—7.3 
12.1 
4.2 
166.1 
196.5 
113.4 
123.1 
153.4 
102.1 
177.9 
34.7 
62.1 
74.5 
63.8 
79.2 
65.6 
163.3 
154.0 
80.4 
67.7 
76.8 
79.0 
234.9 
106.0 
101.0 
283.5 
120.5 
101.1 
90.7 
91.1 
72.4 
78.1 
67.9 
68.5 
50.3 
148.4 
32.1 
24.7 
130.0 


6-65 


л л 


Хя 


Хя 


Хя 


6-66 


Mol. form. 
CH, 
CH 
CH, 
САМ 
C,H,NO 


Name 

2-Iodobutane 
1-Iodo-2-methylpropane 
2-Iodo-2-methylpropane 
Pyrrolidine 
N-Methylpropanamide 
N,N-Dimethylacetamide 
2-Butanone oxime 
Morpholine 

Isobutyl nitrate 

Butane* 

Isobutane* 

1-Butanol 

2-Butanol 
2-Methyl-1-propanol 
2-Methyl-2-propanol 
Diethyl ether 

Methyl propyl ether 
Isopropyl methyl ether 
1,3-Butanediol 
1,4-Butanediol 
2,3-Butanediol 


Ethylene glycol monoethyl ether 
Ethylene glycol dimethyl ether 


Dimethylacetal 
Diethylperoxide 
Bis(2-hydroxyethyl) sulfide 
Diethylene glycol 
Diethyl sulfate 
1-Butanethiol 
2-Butanethiol 
2-Methyl-1-propanethiol 
2-Methyl-2-propanethiol 
Diethyl sulfide 

Methyl propyl sulfide 
Isopropyl methyl sulfide 
1,4-Butanedithiol 
Diethyl disulfide 
Butylamine 
sec-Butylamine 
tert-Butylamine 
Isobutylamine 
Diethylamine 


N,N-Dimethylethanolamine 


Diethanolamine 


(Dimethylamino)dimethyl-borane 


1,3-Dichloro-1,1,3,3- 
tetramethyldisiloxane 
Tetramethyl silicate 
Tetramethylsilane 
Tetramethylstannane 
Diethylenetriamine 
Nickel carbonyl 
Perfluoropentane 
Iron pentacarbonyl 
2-Chloropyridine 
Furfural 

Pyridine 
1,3-Cyclopentadiene 
Pentanedinitrile 
2-Methylfuran 


Temperature in °C for the indicated pressure 


Vapor Pressure 


1Pa 
-70e 


-75.1 $ 


-8e 


-134.3 
-37e 
-50e 
-39e 


-111е 


-&е 


-49e 


-89e 


35e 
-77е 


–86 e 


-80e 
-78e 
-85e 
-17e 
-46e 


-85e 


-52e 
53e 


-10e 


-26e 


24.1 


10 Pa 
-Біе 
-47 e 
–58.8 5 
–59 e 


8e 
-18e 


-121.0 
-129.0 
-20e 
-34e 
-24e 


-96e 


23e 
45e 
15e 
-29e 


—74е 


58e 
3e 
–59 e 
-69е 
—66 e 


–62 e 
-6le 
—68 e 
Бе 

-26e 


-70е 


-31е 
77е 

-81е 
-33e 


13e 


-8e 


52e 


100 Pa 
-27e 
-214 
-39.5 8 
-38e 


28.0 
7e 


-18e 
—103.9 
-113.0 
0e 
-14e 
-5e 


-77 e 


55e 
77e 
43e 
-3e 
—44е 
-55e 


3le 
86e 
36e 
-37e 
-47e 
-44e 


-40e 
-38e 
-46e 
32e 
0e 
-46e 
-55e 
-67 e 
-50e 
-46e 
-6e 
107e 
—60.1 
-9e 


-83e 
-55.0 
43e 


7A 
16е 
-23e 
-77 e 
85e 
—66е 


1 kPa 
Бе 
12.0 
-52 
-10е 
81.1 
56.4 
38.9 
21е 
15.1 
-81.1 
-90.9 
28е 
12.6 
20.9 


-52.6 
-4де 
—56е 
94e 
Пбе 
77е 
30e 
-15e 
-29e 
-39e 
114.2 
123e 
79e 
-6e 
-17e 
-15e 


-10.8 
-8e 
-17e 
69.1 
35e 
-18.1 
—29.1 
—42.4 
—24.5 
-26e 
27e 
146e 
-31.9 
23.8 


14.4 
—59е 
—25.6 
80е 


10КРа 
50e 
56.8 
41е 
28.5 
105 е 
98.2 
81.9 
64.5 
59.2 
-491 
-59.4 
64e 
48.2 
56.0 
34.4 
-17.8 
173 
-21. 
142.9 
164.7 
121.2 
73.6 
25.2 
7.7 
3.6 


173.6 
134 e 
35.4 
23.4 
26.5 
5.8 
30.3 
33.1 
23.4 
119.9 
82.4 
20.0 
7.5 
8.1 
12.0 
Бе 
70.9 
197.3 
7.0 
69.1 


59.3 


100 kPa Ref. 
119.5 
120.0 
100.0 
86.2 


165.7 
142.9 
128.5 
123.0 
—0.8 141 
-12.0 141 
117.4 1 
99.2 
107.6 
82.1 
34.1 
38.7 
30.4 
206.1 
227.6 
180.3 
135.3 
85.2 
64.1 
65.0 
282.0 
245.2 
208.3 
98.0 
84.5 
88.1 
63.8 
91.7 
95.1 
84.3 
195.1 
153.5 
75.9 
62.3 
43.7 
67.3 
55.2 
133e 
268e 
64.2 
136.5 
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1614 
114.9 
39.8 
245e 
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Vapor Pressure 


Mol. form. 
CHO, 
C.H S 
СНА 
C.H.N 
C.H,NO, 
C.H, 


Temperature in °С for the indicated pressure 


Name 1Pa 
Furfuryl alcohol -30e 
2-Methylthiophene 

3-Methylthiophene 

1-Methylpyrrole 


Ethyl cyanoacetate 16e 
1,2-Pentadiene —109 e 
cis-1,3-Pentadiene —109 e 
trans-1,3-Pentadiene 

1,4-Pentadiene —120 e 
2,3-Pentadiene —106 e 
3-Methyl-1,2-butadiene -111е 
2-Methyl-1,3-butadiene -115e 
1-Pentyne 

2-Pentyne -100e 
3-Methyl-1-butyne 

Cyclopentene –109 е 
Spiropentane -110e 
3-Methyl-3-buten-2-one 

Cyclopropyl methyl ketone 

Cyclopentanone 

3,4-Dihydro-2H-pyran 

4-Pentenoic acid Oe 
Vinyl propanoate 

Ethyl acrylate 

Methyl methacrylate 

2,4-Pentanedione 

Tetrahydro-2H-pyran-2-one 

Methyl acetoacetate 

Glutaric acid 

Dimethyl malonate -22e 
Ethyl 2-chloropropanoate 

Isopropyl chloroacetate 

Pentanenitrile -54e 
2,2-Dimethylpropanenitrile 
N-Methyl-2-pyrrolidone le 
1-Pentene -118.9 
cis-2-Pentene -113.8 
trans-2-Pentene -114.5 
2-Methyl-1-butene -117.7 
3-Methyl-1-butene -125.0 
2-Methyl-2-butene -113.4 
Cyclopentane 

Ethylcyclopropane -118e 
cis-1,2-Dimethylcyclo-propane -118e 
trans-1,2-Dimethylcyclo-propane -122е 
1,5-Dibromopentane le 
1,2-Dichloropentane 

1,5-Dichloropentane -3le 
3-(Dimethylamino)-propanenitrile 

Cyclopentanol 

Allyl ethyl ether 

Pentanal -71e 
2-Pentanone 

3-Pentanone 

3-Methyl-2-butanone -69е 
Tetrahydropyran 

2-Methyltetrahydrofuran 

Pentanoic acid -7.4 
2-Methylbutanoic acid -10e 


3-Methylbutanoic acid -15.8 


10Ра 100 Ра 1 КРа 10 КРа 
-5е 25е 62.6 109.3 
-58е -32е ге 47.9 
—53 e -28e 6e 50.6 
8e 49.9 
39e 67.0 102.1 146.7 
-93e -73e —46.1 -97 
-93e -73e -47.0 -10.5 
—75е —49.0 -13e 
—105е -86e —60.9 -26.2 
-90e -70e -42.9 –6.3 
– 95 e -75e —49.2 —13.1 
-100e -81е —55.4 —19.7 
—75е —49.1 —13.5 
-85e —65е -37.9 -0.5 
-82e -57.5 -23.1 
–94 e -74e -48e —11.1 
—95е -76e -5l e -15e 
-35e -5e 36.0 
-57 е -3le 3e 49e 
-39e -14e 19e 64e 
-22e 22.0 
19e 44e 77 е 122.0 
31.2 
-55е -32.7 -2.8 38.5 
-3le -le 39.7 
—5е 24.7 67.8 
Бе 35.1 74.4 128.3 
50.1 101.1 
121e 153.2 191.9 240.3 
le 30.0 66.7 114.7 
14 36.4 82.5 
-2e 35.0 83.3 
-34e -8e 26e 72.2 
41.1 
24e 53.1 92.3 147.2 
-103.4 -84.0 -58.8 -23.3 
-981 -784 -52.7 -16.8 
-98.9 -791 —53.3 -17.5 
-102.2 -82.7 -57.2 -21.9 
—110.1 -912 -66.7 —32.1 
-97.6 -77.7 -51.6 -15.8 
-77.0 —45.4 —7.1 
-102e -83e -57 e -20e 
-103 e -83 e -57 e -20e 
-108е -89e -63e -27e 
25e 54e 93e 145.6 
30e 77.4 
-10e 17e 54e 104.1 
51.1 101.8 
-13e 11.5 42.2 82.5 
-5бе -28.7 9.8 
-53е -3le -le 40.8 
-le 40.3 
-3le -le 40e 
–54 e -34e —6.9 32.2 
-15e 26.0 
-20e 19:7 
15.3 42.7 76.3 122.1 
10е Збе 69e 112.8 
4e 30.0 64.7 110.6 


100 kPa 
169.7 
112.2 
115.1 
112.3 
205.6 
44.5 
43.7 
42e 
25.6 
47.9 
40.4 
33.7 
39.9 
55.7 
28.6 
43.8 
38.6 
97.3 
112е 
130.3 
84.9 
187.5 
94e 
99.2 
100.0 
137.4 
207.0 
171.3 
302.5 
180.2 
146.0 
148.1 
140.9 
104.8 
229e 
29.6 
36.6 
36.0 
30.8 
19.7 
38.2 
48.8 
35.5 
36.6 
27.8 
221.8 
147.8 
178.9 
171.4 
140.0 
67.2 
102.6 
101.9 
101.6 
94.0 
88e 
79.8 
185.7 
175.2 
176.1 
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6-68 Vapor Pressure 


Temperature in °С for the indicated pressure 


Mol. form. Name 1 Ра 10 Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 
C.H O, Butyl formate -29 e 2e 44.4 105.7 5 
C. HO, Isobutyl formate -69е -53e -3le -3e 374 97.6 5 
C.H O, Propyl acetate -69е —51е -29e 0e 40.9 101.2 1 
C.H O, Isopropyl acetate —61е –40 e -lle 29.8 88.2 5 
C,H O, Ethyl propanoate -69е -52е -30e -le 38.9 98.7 1 
C.H O, Methyl butanoate -68е -50е -28е 0.9 41.7 102.3 5 
СНО, Methyl isobutanoate -83e —65е —41 e -11e 3le 92.1 5 
C. HO, Tetrahydrofurfuryl alcohol -40e -16e 15e 55e 106e 176.8 5 
СНО, Diethyl carbonate -42e -17е 17е 61.6 125.9 5 
СНО, Ethylene glycol monomethyl ether acetate —47 e -26e 0e 34e 79.4 144.1 5 
С.Н, 9 Thiacyclohexane 24e 71.1 141.2 5 
C.H 5 Cyclopentanethiol 18е 64e 1317 5 
С.Н Br 1-Bromopentane -60e -41е -16е 16е 61.5 1291 5 
С.Н „Br 2-Вготорепїапе -69e —51е -27e 5e 49.7 116.9 5 
C,H, Br 3-Bromopentane -68е -50е -26e 6e 50.8 118.1 5 
C,H, Br 1-Bromo-3-methylbutane -67e -49e -25e 8e 52.4 119.9 5 
сна 1-Chloropentane -73e -55e -32e -le 42.5 107.9 5 
сна 2-Chloropentane -80e -62e -39e -9e 33.2 96.1 5 
сна 3-Chloropentane -77е -60е -37e -7е 34.9 97.3 5 
сна 2-Chloro-2-methylbutane -52e -2le 21.8 85.2 5 
сна 1-Chloro-2,2-dimethyl-propane -17е 23.5 83.9 5 
C.H F 1-Fluoropentane -97e -80e -60e -32e 5.7 62.4 5 
CHI 1-Iodopentane -47e -27e -le 34e 83.0 156.5 5 
CHI 1-Iodo-3-methylbutane -34e –6.6 28.8 77.3 147.8 5 
C,H,,N Cyclopentylamine —66е —48 е -26e 4e 45.8 108e 5 
C,H,,N Piperidine 2e 43.3 105.8 5 
CHN N-Methylpyrrolidine -23 e 18.5 78е 5 
C.H NO, 3-Methylbutyl nitrate -26 e 1.0 35.5 81.7 147.0 5 
CH,, Pentane** -115.5 —99.8 —80.0 —54.0 —18.1 35.7 16 
CH Isopentane -119 e -105 e -86e -6le -26e 27.5 1 
CH Меорепїапе* —107.5 $ -90.8 s -68.8 $ —38.5 $ 9.2 1,5 
C,H,,N,O Tetramethylurea 20.7 58.0 106.7 179.5 5 
C.H „O 1-Pentanol -27e -10e 12e 4le 79.8 1374 5 
C.H „O 2-Pentanol -35 e -19e le 28.0 64.9 118.7 1 
C.H „O 3-Pentanol -41е -25e -4e 24e 61.1 114.9 5 
C.H „O 2-Methyl-1-butanol -27 e -11e 9e 36.2 73.4 128.3 1 
C.H „O 3-Methyl-1-butanol -22 e -7e 13e 39.1 75.7 130.1 5 
C.H „O 2-Methyl-2-butanol -5e 17.7 50.6 101.7 1,5 
C.H „O 3-Methyl-2-butanol -3e 22.7 58.2 111.1 5 
C.H „O 2,2-Dimethyl-1-propanol 59.2 112.7 5 
C.H „O Butyl methyl ether -54 e -27 e 12e 69.8 1 
C.H „O Methyl tert-butyl ether —66е -39e -2e 54.8 1 
C.H „O Ethyl propyl ether -92 e -77 e -57 e -30.5 6.7 63.4 1,5 
C.H O, 1,5-Pentanediol 25e 52e 85e 125 e 175.1 238.9 5 
C.H O, Ethylene glycol monopropyl ether 40e 85.6 149.3 5 
C.H „O, Diethoxymethane -65e -43 e -14e 27.3 87.7 5 
C,H,,O, Diethylene glycol monomethyl ether 12e 40e 76e 124.2 193.7 1 
C.H,S 1-Pentanethiol -60е -41е -17е 15е 60е 1262 1 
C.H,S 2-Pentanethiol -70e -52e -28e 3e 46.6 1119 5 
C.H,S 3-Pentanethiol -70e -5le -28e 4e 47.7 113.4 5 
C.H,S 2-Methyl-1-butanethiol 8.0 52.3 118.5 5 
C.H,S 3-Methyl-1-butanethiol 7.8 51.9 117.9 5 
C.H, 2-Methyl-2-butanethiol -8.0 34.6 98.7 5 
C.H,S Butyl methyl sulfide -43e -19e 13e 57e 123.0 1 
C.H,S tert-Butyl methyl sulfide -7.8 34.7 98.4 5 
C.H,S Ethyl propyl sulfide —64е -46e -23e 9e 52.7 118.0 5 
C.H,S Ethyl isopropyl sulfide -72e -54 e -31 e бе 42.7 106.9 5 
C.H М Pentylamine -52е -29 e 1е 42.8 104.0 5 
СВЕТЕ, Bromopentafluorobenzene -10e 23e 68e 136.0 5 
C CIF, Chloropentafluorobenzene -44e -2le lle 53.8 117.6 1 


Vapor Pressure 6-69 


Temperature in “С for the indicated pressure 


Mol. form. Name 1 Ра 10 Pa 100 Pa 1КРа 10КРа 100 kPa Ref. 
CLF, 1,3,5-Trichloro-2,4,6-trifluorobenzene -19e 4e 32e 70e 121.7 197.9 1 
CF, Hexafluorobenzene –56.9 5 –36 8 -11.5s 22.6 79.9 15 
CE, Perfluorocyclohexane —46.2 8 -7.68 48.95 5 
СЕ, Perfluorohexane -75e -57e -32e 2.8 56.8 5 
CF, Perfluoro-2-methylpentane -33e 2.9 57.1 5 
CE, Perfluoro-3-methylpentane -95e -80e -60е -34e 2.8 57.9 5 
СЕ, Perfluoro-2,3-dimethylbutane 4.3 59.3 5 
CAF, Pentafluorobenzene -41е -13e 27e 85.3 5 
C,HF,O Pentafluorophenol 39e 82e 145.2 5 
СНЕ, 1,2,3,4-Tetrafluorobenzene -36e -7e 33.8 94.0 1 
CHF, 1,2,3,5-Tetrafluorobenzene -43e -14е 25.5 84.1 1 
CHF, 1,2,4,5-Tetrafluorobenzene 30.7 89.9 1 
СНО 2,4,6-Trichlorophenol 71.8 114.0 169.5 245.7 5 
CHF, 1,3,5-Trifluorobenzene 18.2 75.0 5 
CH Br, m-Dibromobenzene -7e 16e 44e 83e 137.0 218.2 5 
C H,CINO, 1-Chloro-4-nitrobenzene 15.4s 35.8s 97е 156.0 238 e 5 
CH,Cl, o-Dichlorobenzene -13e 16.3 53.9 104.6 180.0 15 
сна, m-Dichlorobenzene -22e 8.0 46.7 97.8 172.5 15 
сна, p-Dichlorobenzene —45.5 5 -21.8s 8s 46.7 8 99.0 173.6 1,5 
CHO, p-Benzoquinone —4.1 $ 17.8 $ 43.5 $ 74.3 s 111.65 5 
C H,AsCI, Dichlorophenylarsine 6.9 35.2 70е 113е 170e 245e 5 
C.H,Br Bromobenzene -25e le 34.9 83.1 155.4 1 
сна Chlorobenzene -43e -17е 16.8 62.9 131.3 1,5 
C H.CIO o-Chlorophenol 45.8 97.9 173.9 5 
CH,ClO m-Chlorophenol 39.7 80.2 135.1 213.4 5 
CH,ClO p-Chlorophenol 45.0 86.5 142.0 219.9 5 
CH,CL,Si Trichlorophenylsilane ЗЗе 70.2 122.6 201е 5 
СНЕ Fluorobenzene -16.9 24.2 84.4 1 
CHI Iodobenzene -30e -7e 20.9 58.5 110.6 187.8 1 
СНО, Nitrobenzene 10e 40e 78e 132e 210.3 1 
СНО, p-Nitrophenol 72.6s 97.4 $ 5 
CH, 1,5-Hexadien-3-yne -82e —66 e -44.3 -16.0 23.7 83.6 5 
CH, Benzene** -40s —15.15 20.0 79.7 1,5 
СНОМ o-Chloroaniline 10e 39.0 75.2 1314 208.3 5 
СНОМ m-Chloroaniline —5е 19.7 49.4 94.2. 162 e 1069 e 5 
снхо, р-Мигоап пе 87.85 192.0 252.6 3312 5 
CHO Phenol —9.7 $ 9.65 34.1 $ 68.9 113.7 181.4 1,5 
С «Н «О, 1,2,3-Вепхепе о! 162.0 222.8 308.3 5 
CHS Benzenethiol -15e 12e 47e 96.0 168.6 5 
CHIN Aniline —2.5 26.7 63.5 112.5 183.5 1,5 
са, 2-Methylpyridine -56.5 -37.8 —13.9 18.3 62.9 129.0 1,5 
C НМ 3-Methylpyridine -5e 28.8 75.2 143.7 1 
C,H,N 4-Methylpyridine -58.2 s —43.1 $ -3.9 s 29.6 76.1 144.9 1,5 
CH, cis-1,3,5-Hexatriene 216 78е 5 
CH, 1,3-Cyclohexadiene -88e -71 e -50e -2le 19e 79.9 5 
CH, 1,4-Cyclohexadiene -15e 273 85.0 5 
CAN, Adiponitrile 30e 6le 100e 148.6 211.8 297e 5 
C .H,N, m-Phenylenediamine 94.5 140.2 200.8 285.0 5 
сң,м, Phenylhydrazine 38e 69e 109e 163.9 242.5 5 
CHO, Dimethyl maleate 5e 36e 76e 127.3 197e 5 
СНА 2,5-Dimethylthiophene -43e -16e 20e 67.5 134.8 5 
CH, trans-1,3-Hexadiene -86e -70e —51е –24 e 14e 72e 5 
CH, trans-1,4-Hexadiene -98e -81е -60е -33e 7e 65e 5 
CH, 1,5-Hexadiene -99e -84e —64е -37e 0.9 59.2 5 
CH, cis,cis-2,4-Hexadiene 18e 79.6 5 
CH, trans,cis-2,4-Hexadiene -89e -73e -52e -23e 18e 79.6 5 
CH, trans,trans-2,4-Hexadiene -23e 18e 79.6 5 
CH, trans-2-Methyl-1,3-pentadiene -92e -75e -54e -26e 14e 75.6 5 
CH, 2,3-Dimethyl-1,3-butadiene -59е -30е 9,7 68.1 5 
CH, 1-Hexyne -91е -75e –54 e -26e 12.8 71.0 5 


6-70 Vapor Pressure 


Temperature in °С for the indicated pressure 


Mol. form. Name 1 Ра 10 Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 
CH, 2-Hexyne -84e -67e -46e -17e 23.6 84.1 5 
CH, 3-Hexyne -86e -69e -48e -19.1 21.0 81.0 1,5 
CH, 4-Methyl-1-pentyne -97e -81е -61е -34e 4.1 60.7 5 
CH, 4-Methyl-2-pentyne -91е -74 e -54 e -26 e 13.8 72.7 5 
CH, Сусіоһехепе -87е -70е -4де -19е 21е 82.6 1 
CH, CI, 1,1-Dichlorocyclohexane -39e -19e 8e 43e 93.5 170.5 5 
C.H, CI, cis- 1,2-Dichlorocyclohexane 27e 69e 125.7 206.2 5 
CHO 4-Methyl-4-penten-2-one -59e -41е -17е 14е 57.0 121.0 5 
C,H о Сусіоһехапопе -2Бе 1е Збе 84e 155.2 1 
C,H о Mesityl oxide -56е -37e -13e 19e 63.5 129.3 5 
CHO, Vinyl butanoate 53e 114.5 5 
C,H O, Ethyl methacrylate 8e 53.2 116.8 5 
C,H O, Allyl glycidyl ether 40.1 85.7 152.8 5 
СНО, Ethyl acetoacetate -25e -3e 25.7 62.3 1113 180.2 5 
СНО, Ргорапојс anhydride -32e -15e 6e 36e 77.6 142.9 5 
СНО, Diethyl oxalate -5e 18e 44.9 79.4 124.3 185.2 5 
CHO, Dimethyl succinate 30e 70.4 123.3 195.4 5 
СНО, Ethylene glycol diacetate -17е бе 35.0 71.9 1211 190.0 5 
СН 5 Diallylsulfide -58е -38e -124 21.7 68.8 138.1 5 
СНС Chlorocyclohexane -35e -9e 25e 71.6 142.1 5 
CH,N Hexanenitrile -40e -19e 8e 43e 91.5 163.2 15 
CH,N 4-Methylpentanenitrile -50e -20e 20e 75.2 155.2 5 
СНА NO Caprolactam 36.8s 58.95 86.6 5 270 5 
CH,, 1-Hexene —99.8 -82.8 -614 -33.7 5.2 631 1,5 
Сн, cis-2-Hexene -97e -80e -58e -30e 9.9 68.5 5 
CH, trans-2-Hexene -94e -78e -57e -30e 9.3 67.5 5 
сн, с18-3-Нехепе -96e -79e -59e -30.8 7.9 66.0 5 
сн, trans-3-Hexene -95e -79e -58e -30.0 8.8 66.7 5 
CH, 2-Methyl-1-pentene -98e -82e -62e -34.2 4.1 61.7 5 
Сн, 3-Methyl-1-pentene -104 e -88e -68е -41.5 –3.6 53.8 5 
CH,, 4-Methyl-1-pentene -105e -89e -96 -41.6 -3.6 53.5 5 
CH, 2-Methyl-2-pentene -95e -78e -58е -30е 9.0 66.9 5 
Сн, 3-Methyl-cis-2-pentene -95e -79e -58е -30е 8.9 67.3 5 
CH,, 3-Methyl-trans-2-pentene -93e -77е -55e -27.4 11.7 70.0 5 
CH, 4-Methyl-cis-2-pentene -102e -86e —66е —38.7 –0.9 56.0 5 
сн, 4-Methyl-trans-2-pentene -100e -84e -64е –36.8 12 58.2 5 
CH,, 2-Ethyl-1-butene -98e -81е -60 e -32е 6.6 64.3 5 
CH, 2,3-Dimethyl-1-butene -103e -87e -67e –39.9 -1.9 55.2 5 
Сн, 3,3-Dimethyl-1-butene -110e -95e -76e —50.8 -14.5 40.8 5 
Сн, 2,3-Dimethyl-2-butene -75 е -54 е -25e 14e 72.9 1 
CH, Cyclohexane —85.6 5 —68.9 5 -47.6 8 -19.88 19.3 80.4. 1,5 
сн, Methylcyclopentane -97e -80e -58е -28.8 11.6 71.4 15 
CH,, Ethylcyclobutane -99e -82e -61е -32е 9e 70.2 5 
CH, Isopropylcyclopropane -104 e -88e -68е -40e -le 57.9 5 
Сн, 1-Ethyl-1-methylcyclopropane -105e -89e -96 -41 e -3e 56.3 5 
Сн, 1,1,2-Trimethylcyclopropane –109 e -94e -73e -46e -7е 52.0 5 
CHCl, 1,2-Dichlorohexane 49e 98.1 1717 5 
C H,,CLO 2,2’-Dichlorodiisopropyl ether -le 27.3 63.4 112.3 182.1 5 
وي‎ Butyl vinyl ether -87e -67e -42e -9.3 33.6 93.2 5 
CHO Isobutyl vinyl ether -87e -68е -44 e -13е 26.5 80.7 5 
CH,O Hexanal —56е -37 e -13e 19e 62.6 127.8 5 
CH,,0 2-Hexanone -43e -2le 42 34.5 61.9 127.2 1,5 
СНО 3-Нехапопе -40e -16e 15e 58.5 123.1 1 
CH,,0 3-Methyl-2-pentanone 8.5 52.7 117.0 5 
CH,,0 4-Methyl-2-pentanone -61е -43e -21е 9e 51.5 116.1 5 
CHO 2-Methyl-3-pentanone 50.2 113.0 5 
CH,O 3,3-Dimethyl-2-butanone -30e 0e 42.5 105.7 1 
CH,O Cyclohexanol 34e 6le 99.2 160.7 1 
CH,,0, Hexanoic acid 33e 59e 93e 139.3 204.5 1 
CHO 4-Methylpentanoic acid 36e 49e 67.1 92.9 133.6 206.8 5 


Vapor Pressure 


Mol. form. 


Name 

Diethylacetic acid 
Isopentyl formate 
Butyl acetate 

Isobutyl acetate 
Propyl propanoate 
Ethyl butanoate 

Ethyl 2-methylpropanoate 
Methyl pentanoate 
Methyl isopentanoate 
Diacetone alcohol 


Ethylene glycol monoethyl ether acetate 


Paraldehyde 
Cyclohexanethiol 


cis-Tetrahydro-2,5-dimethylthiophene 


Tetrahydro-3-methyl-2H-thiopyran 
1-Bromohexane 
1-Chlorohexane 
1-Fluorohexane 
1-Iodohexane 
Cyclohexylamine 

Hexane 

2-Methylpentane 
3-Methylpentane 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
1-Hexanol 

2-Hexanol 

3-Hexanol 
2-Methyl-1-pentanol 
4-Methyl-1-pentanol 
2-Methyl-2-pentanol 
3-Methyl-2-pentanol 
4-Methyl-2-pentanol 
2-Methyl-3-pentanol 
3-Methyl-3-pentanol 
2-Ethyl-1-butanol 
3,3-Dimethyl-1-butanol 
2,3-Dimethyl-2-butanol 
Dipropyl ether 

Diisopropyl ether 

Butyl ethyl ether 

tert-Butyl ethyl ether 
2-Methyl-2,4-pentanediol 
Ethylene glycol monobutyl ether 
1,1-Diethoxyethane 
Ethylene glycol diethyl ether 
1,2,6-Hexanetriol 
Dipropylene glycol 
Diethylene glycol monoethyl ether 
Diethylene glycol dimethyl ether 
Trimethylolpropane 
Triethylene glycol 
1-Hexanethiol 
2-Hexanethiol 

Dipropyl sulfide 
Diisopropyl sulfide 
Isopropyl propyl sulfide 
Butyl ethyl sulfide 
Hexylamine 
Butylethylamine 


Temperature in °С for the indicated pressure 


1 Ра 

-9e 

-60e 
-63e 
-63e 
-62e 
-49e 
—65е 


—4l e 
-25e 


-53e 
—48 e 
-45e 
-55e 
-80e 
-33e 


—96.4 s 
-100e 
-99e 


-103e 


-28e 
-43e 


-29e 


-43e 


-37e 


-80e 


-78e 
-90e 
-8e 

-3le 
—68 e 


92 e 


-42e 
73e 

44e 

-45e 
-50e 
-50e 
—65е 


-49e 


10 Pa 
16e 

-41е 
-43 e 
-45 е 
-42 e 
-34 e 
-47 е 


-17e 
-8e 


-34e 
-27e 
-25e 
-36e 
–62 e 
-Пе 


-792 
-84 e 
-83e 
-90e 
-87e 
5e 

-10e 
-23e 


-15e 


-24e 


-23e 
-Бе 
-16e 


—63е 
-76e 
-61е 
-74 e 
17e 

-8e 

—49 e 
-59 e 
114.8 


-20e 
98e 

74e 

-25e 
-32e 
-30e 
-47e 


-30e 


100 Pa 
46e 
-17e 
-19e 
-2le 
-18e 
-14е 
-24.6 


13е 
14e 


-8e 
0e 
2e 
-lle 
-40e 
16e 
-9e 
-57.6 
–64 e 
-62е 
—71.5 
—66е 
28e 
12e 
le 
14e 
24e 
3e 


0e 


-4e 
17e 
9e 
-Бе 
—4l e 
-55e 
-39 e 
-53e 
48e 
20e 
-26e 
-35.3 
146.0 


40e 
8.3 
128 e 
109.0 
le 
-8e 
-6e 
-23e 


-Бе 
-10e 


1КРа 
83e 
15e 
14e 
10e 
14e 
14.3 
5.4 
19.2 


50.1 
44.6 
17е 


25е 
35е 
Збе 
21е 
-lle 
53e 
22e 
-29.3 
-36e 
-34.3 
-45.5 
-39.0 
56.8 
41.4 
33e 
45.9 
53e 
27.1 
36.5 
30e 
29.8 
229 
46e 
42e 
23e 
-12e 
-28e 
-10e 
-24.6 
86e 
55e 
37 
–2.8 
191e 
110е 
80.3 
44.3 
167.8 
152.6 
35e 
25e 
28e 
9e 
18.5 
29e 
22e 
6.1 


10 kPa 
130.7 
59.1 
61.0 
53.4 
58.3 
55.2 
47.3 
63.7 
53.3 
98.5 
88.0 
62.2 
84.8 
72.0 
84.1 
83.7 
66.7 
30.4 
104.0 
66.6 
9.8 
2e 
4.6 
—7.7 
-04 
97.3 
81.5 
75.4 
88.3 
92.4 
63.0 
76.1 
71.9 
68.8 
61.1 
85.7 
84.3 
61.3 
28.8 
Пе 
31.0 
14.4 
134.4 
103.2 
44.2 
44.4 


162.6 
1324 
92.3 
220.5 
207.2 
81.7 
69.9 
73.6 
53.1 
63.8 
74.8 
66.0 
47.7 


100 kPa 
192.5 
124e 
125.6 
116e 
122.0 
1211 
109.8 
1274 
116.3 
164 е 
155.6 
124 е 
158.3 
142.1 
157.5 
154.8 
134.6 
91.1 
180.8 
133.5 
68.3 
59.9 
62.9 
49.4 
57.6 
157.1 
139.6 
135.1 
147.6 
1514 
120.9 
133.8 
131.3 
126.0 
121.1 
146.1 
142.5 
118.2 
89.7 
68.1 
91.9 
72.6 
197.5 
170.2 
101.9 
118.8 


2314 
201.4 
159.4 
295e 
277.9 
152.2 
138.4 
1424 
119.6 
131.6 
143.8 
130.6 
107.0 
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6-72 Vapor Pressure 


Temperature in °С for the indicated pressure 


Mol. form. Name 1 Ра 10 Ра 100 Ра 1 КРа 10 kPa 100 kPa Ref. 
وي‎ Dipropylamine -48e -25e 6e 47.5 108.8 5 
СН, Diisopropylamine -47e -17.5 23.5 84.0 5 
وي‎ Triethylamine -58е -45 е -29 e -5e 29.9 88.5 1 
C,H, NO 2-Diethylaminoethanol 97e 160.6 5 
Сн, ХО, Triethanolamine 75e 108e 148e 196e 256.7 334e 5 
С НОР Triethyl phosphate 34 76 132 211 4 
CHN, Hexamethylenediamine 76.0 128.2 199.0 5 
C H. O,Si Diethoxydimethylsilane -62e -44e -212 91 51.0 113.0 5 
C,H,CLO,Si, 15-Dichloro-1,1,3,3,5,5- -29e -7е 22.2 59.7 110.5 183.4 5 
hexamethyltrisiloxane 
C .H,,OSi, Hexamethyldisiloxane -56 e -34 e -5e 37.1 100.1 5 
С,МоО, Molybdenum hexacarbonyl 17.4 s 42.8 s 73.15 109.9 s 1554 5 5 
CF, Perfluoromethylcyclohexane -21е 18е 75.9 1 
СЕ, Perfluoroheptane -62e -41 e -14е 247 82.1 1 
CHE, 1H-Pentadecafluoroheptane -7e 35.9 96.0 5 
CH,CIENO,  1-Chloro-2-nitro-4- 3e 26e 55e 92.8 145.2 222.0 5 
trifluoromethyl)benzene 

CH,F, 2,3,4,5,6-Pentafluorotoluene -20e lle 53.6 117.0 5 
CHCIF, 1-Chloro-2-(trifluoromethyl) benzene le 34.5 81.8 151.8 5 
CH,CIF, 1-Chloro-3-(trifluoromethyl) benzene -53е -34 e -9e 24.2 69.8 137.2 5 
CH,CIF, 1-Chloro-4-(trifluoromethyl) benzene -9e 24.2 70.4 138.1 5 
C HCLO o-Chlorobenzoyl chloride 93e 149e 237.0 5 
C H,CLO m-Chlorobenzoyl chloride 87.8 147e 225.0 5 
C-H FNO, l-Nitro-3- (trifluoromethyl) benzene Пе 39e 76.2 1273 202.2 5 
CHE, 1-Fluoro-4-(trifluoromethyl) benzene -38e -6e 38.6 102.3 5 
C H,BrO Benzoyl bromide -15e lle 42.6 83.9 139.5 218.0 5 
C.H,CIO Benzoyl chloride 27.5 67.0 1204 196.7 5 
С.Н, С, (Trichloromethyl)benzene 9e 40.6 81.5 1362 213.0 5 
CHF, (Trifluoromethyl)benzene -3e 39e 101.6 5 
C.H,N Benzonitrile -6e 23.9 63.1 115.7 190.0 5 
C.H,NS Phenyl isothiocyanate 79.4 105e 117е 5 
CHCl, 2,4-Dichlorotoluene 6e ЗЗе 68.3 119.5 199.1 5 
CHCl, 3,4-Dichlorotoluene -13e 9e 38e 76e 129.3 208.4 5 
сна, (Dichloromethyl)benzene 31 72 130 213 4 
CHO Benzaldehyde -9e 19e 54.6 104.6 178.3 1 
CHO, Salicylaldehyde -le 29e 68e 120.7 196.2 5 
C.H,Br o-Bromotoluene -10e 17е 54е 104.8 181.1 5 
С,Н,Вг m-Bromotoluene -34e -lle 19.4 58.1 109.9 183.1 5 
C,H, Br p-Bromotoluene 57e 107.8 183.8 5 
C,H,Br (Bromomethyl)benzene 25.4 66.8 121.7 198.3 5 
сна o-Chlorotoluene -24e 3e 38e 86.3 158.7 15 
сна m-Chlorotoluene -4le -21е бе 4le 89e 161.8 5 
сна p-Chlorotoluene 40e 88.9 161.5 15 
сна (Chloromethyl)benzene -34e -Пе 17.7 55.4 106.3 178.9 5 
C H,CIO 1-Chloro-2-methoxy-benzene -22e 2e 33e 72e 125.2 201е 5 
СНЕ o-Fluorotoluene -50е -26 e 5е 49.0 113.9 5 
СНЕ m-Fluorotoluene -67e -48e -25e 7e 51.0 116.1 5 
СНЕ p-Fluorotoluene -48e -24e 7e Біе 116.2 5 
СНО, o-Nitrotoluene 23e 40e 62e 94e 141.9 221.9 5 
CH.NO, m-Nitrotoluene 45e 89.7 148.7 231.3 5 
CH.NO, 2-Nitroanisole 15e 45e 82e 129e 189.4 271.8 5 
CH, Toluene —78.1 —57.1 —31.3 1.5 45.2 110.1 5 
CH, Bicyclo[2.2.1]hepta-2,5-diene -15e 27.4 9le 5 
CH,CLSi Dichloromethylphenylsilane 32.4 71.8 126.0 205.0 5 
CH,O o-Cresol —6.4 5 12.8 $ 40.2 72.3 120.3 190.5 1,5 
C H,O m-Cresol 20.8 33.6 52.4 82.6 130.6 201.8 15 
C H,O p- Cresol —0.2 5 20.7 5 52.7 83.1 130.7 201.5 1,5 
C H,O Benzyl alcohol 8e 28e 54e 88e 134.7 204.9 1 
C H,O Anisole -2le 4e 38e 84e 153.2 1,5 
C H,S 3-Methylbenzenethiol 0e 29e 66e 117.9 194.6 5 
C HN Benzylamine 25.6 62.6 1127 183.9 5 


Vapor Pressure 


Mol. form. Name 

C HN o-Methylaniline 

CH,N m-Methylaniline 

CH,N p-Methylaniline 

сн, N-Methylaniline 

C. HN 2-Ethylpyridine 

СНА 3-Ethylpyridine 

C H,N 4-Ethylpyridine 

C. HN 2,3-Dimethylpyridine 
сн, 2,4-Dimethylpyridine 

C HN 2,5-Dimethylpyridine 
C. HN 2,6-Dimethylpyridine 

C HN 3,4-Dimethylpyridine 

C HN 3,5-Dimethylpyridine 
CH,N, Toluene-2,4-diamine 
сн, 1-Нерїупе 

сн, 2-Нергупе 

CH, 3-Heptyne 

CH,, 5-Methyl-1-hexyne 
сн, 5-Methyl-2-hexyne 
CH, 2-Methyl-3-hexyne 
сн, 4,4-Dimethyl-1-pentyne 
CH 4,4-Dimethyl-2-pentyne 
CH, Bicyclo[4.1.0]heptane 
сн, Cycloheptene 

сн, 1-Methylbicyclo(3,1,0)hexane 
CH, Methylenecyclohexane 
CH,, 1-Methylcyclohexene 
CH,, 4-Methylcyclohexene 
CH,, 1-Ethylcyclopentene 
сн, 1,2-Dimethylcyclopentene 
сн, 1,5-Dimethylcyclopentene 
CH,O Cycloheptanone 

CH O, Butyl acrylate 

C H,,0, Propyl methacrylate 

C H,O, Ethyl levulinate 
CHO, Diethyl malonate 
CH,,O, Dimethyl glutarate 

C,H CIO Heptanoyl chloride 
CH, 1-Heptene 

CH, cis-2-Heptene 

CH, trans-2-Heptene 

CH, cis-3-Heptene 

CH, trans-3-Heptene 


CH 2-Methyl-1-hexene 


7 4 
CH, 4-Methyl-1-hexene 
CH, 2-Methyl-2-hexene 
CH, cis-3- Methyl-2-hexene 
CH, trans-4-Methyl-2-hexene 
CH, trans-5-Methyl-2-hexene 
CH, trans-2-Methyl-3-hexene 
CH, 3-Ethyl-1-pentene 
CH, 2,3-Dimethyl-1-pentene 
CH,, 2,4-Dimethyl-1-pentene 
сн, 3,3-Dimethyl-1-pentene 
CH,, 4,4-Dimethyl-1-pentene 
CH,, 2,3-Dimethyl-2-pentene 
сн, 2,4-Dimethyl-2-pentene 
CH,, cis-3,4-Dimethyl-2-pentene 
CH,, trans-3,4-Dimethyl-2-pentene 
CH,, cis-4,4-Dimethyl-2-pentene 


Temperature in °C for the indicated pressure 


1Pa 
1.0 
3.8 


-16e 
-46e 
-38e 
-35e 


—75е 


—71е 
-80e 
—75е 
-78e 


-76e 
-72e 
-76e 
-75e 
-75e 
-77 e 


-52 e 


-23e 
-lle 
-17e 
-82.1 
-79e 
-79e 
-80e 
-80e 
-81е 
–84 ۰ 
-80e 
-79e 
-83e 
-83e 
-84e 
-85e 
-85e 
-88e 
-87e 
-94e 
-79e 
-84e 
-83e 
-82e 
-90e 


10 Ра 
18.8 
22.0 


6e 

-26e 
-17e 
-15e 


-53 e 
-59 e 
-57 e 
-57 e 
-59 e 


-31 e 


17e 
4e 
15e 
4e 
–63.8 
-61е 
-61е 
-62е 
-62е 
–64 e 
-67 е 
-63e 
–62 e 
—66 e 
—66 e 
–67 e 
—68 e 
—68 e 
-7le 
-7le 
-78e 
–62 e 
—68 e 
-65e 
–64 e 
-73e 


100 Pa 
42.6 
46.2 


34e 
-16 
де 

Пе 


37 
4e 
-3e 
19e 
lle 
100.4 
-35e 
-27e 
-3le 
-40e 
-34e 
-39e 
-52e 
-48e 


-30.0 


-35e 
-30e 
-36e 
-34e 
-34e 
-36e 
18e 

-4.5 


45.3 

36.0 

47e 

29.4 

-40.6 
-38e 
-39e 
-40e 
-40e 
-42e 
-45e 
-40e 
-39e 
-44e 
-44e 
-45e 
-46e 
-46e 
-50e 
—50е 
-57 e 
-39e 
-46e 
-43e 
-42e 
-Біе 


1 КРа 
76.1 
80.1 
77.1 
70.3 
33е 
44e 
46e 
42e 
40.0 
39e 
299 
55e 
48e 
145.3 
-Бе 
4e 
0e 
-lle 
-4e 
-9e 
-24e 
-19e 


3.4 


-Бе 
le 
-Бе 
-3e 
-3e 
—5.5 
53.7 
30.4 
26e 
82.6 
76.4 
87.7 
59.7 
-10.7 
-8e 
-8e 
-10e 
-10e 
-12e 
-16e 
-10e 
-9e 
-15e 
-15e 
-16e 
-17e 
-17е 
-21е 
-21е 
-28e 
-9e 
-18e 
-14e 
-13e 
-22e 


10 kPa 
125.6 
128.8 
126.2 
121.1 
79.3 
92.7 
94.4 
89.9 
87.5 
86.2 
75.8 
104.8 
98e 
202.9 
37.1 
46.9 
42.7 
30.1 
38.6 
32.6 
15.9 
21.4 
49.9 
47.5 
29.8 
38e 
45e 
37.9 
40.7 
40.2 
37.3 
104.0 
78.0 
73.8 
133.2 
128.5 
139.8 
96.9 
31.1 
34.3 
34.0 
32.3 
32.2 
29.3 
25.3 
32.0 
33.4 
25.9 
26.3 
24.6 
23.2 
23.4 
20.0 
181 
11.5 
33.5 
22.6 
272 
29.0 
18.6 


100 КРа 
199.9 
202.9 
199.9 
195.8 
149.0 
166.5 
168.6 
160.6 
157.9 
156.6 
143.6 
178.6 
171.5 
279.5 
99.5 
111.5 
106.4 
91.4 
102.0 
94.8 
75.6 
82.6 
116.3 
108e 
92.6 
103.0 
109.8 
102.3 
105.8 
105.3 
101.5 
178.7 
146.9 
139.7 
205.7 
198.3 
209.5 
144.0 
93.2 
98.0 
97.5 
95.3 
95.2 
91.6 
86.3 
95.0 
96.8 
87.1 
87.7 
85.5 
83.7 
83.8 
81.2 
77.1 
72.1 
96.9 
82.9 
88.8 
91.1 
80.0 
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6-74 Vapor Pressure 


Temperature in “С for the indicated pressure 


Mol. form. Name 1 Ра 10 Ра 100 Ра 1 kPa 10 КРа 100 КРа Ref. 
CH, trans-4,4-Dimethyl-2-pentene -90e -73e -52e -23e 16.6 76.3 5 
CH, 2,3,3-Trimethyl-1-butene -9le -75e -53e -24.2 16.3 77.5 5 
CH, ې رګا‎ бе 51.1 118.4 1 
сн, Methylcyclohexane -79e -62e -39e -79 35.5 100.5 1 
CH, Ethylcyclopentane -76e -59e -35e -5e 38.4 103.0 5 
сн, 1,1-Dimethylcyclopentane -69е -47e -17е 24.8 87.4 5 
CH, cis-1,2-Dimethylcyclopentane -38e -8e 34.9 99.0 5 
CH, trans-1,2-Dimethylcyclopentane -83e —66е —43 e -13e 28.4 91.4 5 
сн, cis-1,3-Dimethylcyclopentane -84e —66е -44e -14e 28.2 91.1 5 
CH, trans-1,3-Dimethylcyclopentane -84e -67e -44e -14e 27.4 90.3 5 
CH,O 1-Heptanal -41е -21е 4e 37e 83.7 152.3 5 
CHO 2-Heptanone -22e 3e 36e 82.2 150.6 1 
CHO 3-Heptanone -28e 0e 36e 83.2 147.0 5 
CH,O 4-Heptanone -27e -6e 18.8 50.2 90.3 143.4 5 
CH,,0 5-Methyl-2-hexanone -27e -2e 31.0 76.6 144.4 5 
CH, O 2,4-Dimethyl-3-pentanone -61е -42 e -18е 14е 58.5 124.8 1 
C H,O, Heptanoic acid 24e 46e 72e 107e 154.6 222.6 5 
C H,,0, Pentyl acetate -58е -39e -14e 20e 70.1 149e 5 
C H,,0, Isopentyl acetate —51е —30е -&е 30.3 76.2 141.4 5 
CH,,0, Isobutyl propanoate -35e -19e 2e 3le 72.0 136.1 5 
C H,,0, Propyl butanoate -35e -19e 3e 32.0 74.9 142.8 5 
C H,,0, Propyl isobutanoate -28e -5.7 24.5 67.5 133.3 5 
CH,,0, Isopropyl isobutanoate -44e -19.7 122 56.0 120.1 5 
C H,,0, Ethyl 3-methylbutanoate -57e -36e -10e 23.9 69.5 1344 5 
CH O, Methyl hexanoate -47 e -26 e 2e 36.6 83.3 149 e 5 
CH,,0, 4-Methoxy-4-methyl-2-pentanone 43e 89.8 160e 5 
СН Вг 1-Bromoheptane -30e -9e 18e 54e 104.4 178.4 5 
сна 1-Chloroheptane -39e -19e 7e 4le 88.6 159.9 5 
CH,,F 1-Fluoroheptane —64е -45e -22e 10e 53.3 1174 5 
сна 1-Iodoheptane -19e 3e 32e 71е 123.8 203.4 5 
сн, Неріапе -78.6 –60.2 -37.0 —6.6 35.4 98.0 16 
CH, 2-Methylhexane -82e —65е -43e -13e 27.8 89.7 1 
CH, 3-Methylhexane —81е –64 е -42e -12e 29.2 91.5 1 
CH, 3-Ethylpentane —81е —63 e -41е -11e 30.5 93.1 1 
CH, 2,2-Dimethylpentane -90e -73e -52е -22.9 17.6 78.8 1 
CH, 2,3-Dimethylpentane -87e –68.4 —45.3 —14.9 26.8 89.3 5 
сн, 2,4-Dimethylpentane -89e -72e -50e -21.3 19.2 80.1 1 
CH, 3,3-Dimethylpentane -88e -71e -49e -18.8 22.9 85.6 1 
сн, 2,2,3- Trimethylbutane -23.2 18.1 80.4 5 
CH, O 1-Heptanol 17е 40е 70.1 112.5 176е 1 
СН,О 2-Heptanol -9e 7e 27e 55.0 95.2 158.7 5 
CH O 3-Heptanol -8 e 7e 27e 54.5 93.9 156.3 5 
CH O 4-Heptanol -16e le 22e 5le 91.9 154.6 5 
CHO 2,2-Dimethyl-3-pentanol 9e 35e 73.1 135.5 5 
CHS 1-Heptanethiol -30e -9e 18e 53e 102.7 176.4 5 
сн Heptylamine 5e 39e 86.7 156.4 5 
CH,N, N,N-Diethyl-1,3-propanediamine 50.1 99.9 1677 5 
с, Perfluorooctane 5e 45.0 105.6 5 
C,H,O, Phthalic anhydride 48.25 72.4 $ 192.7 284.2 5 
СНО Benzofuran -16e 12e 47.9 97.7 1707 5 
сна o-Chlorostyrene -33e -10e 20e 58e 110.8 188e 5 
САМ 2-Methylbenzonitrile le 32.1 72.2 126.6 204.7 5 
САМ 4-Methylbenzonitrile 40.1 78.7 134.3 221.3 5 
САМ Benzeneacetonitrile -3e 23e 55.3 97.4 153.7 233.1 5 
САМ Indole 20.65 44.5 $ 254.0 5 
СНО, Methyl 2-nitrobenzoate 17е 49e 89e 140e 208e 302e 5 
C,H, Styrene -3le -5e 28.6 75.4 144.7 1 
C,H, 1,3,5,7-Cyclooctatetraene 24.3 71.0 140.1 5 
C,H,O Acetophenone 36e 73e 125.3 201.5 5 
C,H,O, Phenyl acetate 3e 33.1 72.2 123.9 195.5 5 


Vapor Pressure 


Mol. form. Name 

C,H,O, Methyl benzoate 
СНО, 4-Methoxybenzaldehyde 
C,H,O, Methyl salicylate 
C,H,Cl 1-Chloro-2-ethylbenzene 
сна 1-Chloro-4-ethylbenzene 
СНО, 1-Ethyl-4-nitrobenzene 
CH, Ethylbenzene 

CH, о-Хујепе 

CH, m-Xylene 

СВ, p-Xylene 

CH, O o-Ethylphenol 

C,H O m-Ethylphenol 

C,H O p-Ethylphenol 

C,H,,O 2,3-Xylenol 

C,H O 2,4-Xylenol 

C,H O 2,5-Xylenol 

CH, O 2,6-Xylenol 

C,H O 3,4-Xylenol 

C,H O 3,5-Xylenol 

C,H,,O Benzeneethanol 
СНО Phenetole 

C,H O, 2-Phenoxyethanol 
C,H,,0, 1,3-Dimethoxybenzene 
روي‎ p-Ethylaniline 

C,H,,N N-Ethylaniline 

CHIN N,N-Dimethylaniline 
C,H,,N 2,4-Xylidine 

C,H,,N 2,6-Xylidine 

CHIN 5-Ethyl-2-picoline 
C,H, NO o-Phenetidine 

Сн, 1,5-Cyclooctadiene 
CH, 4-Vinylcyclohexene 
وي‎ O, Diethyl maleate 

СН, 2,5-Dimethyl-1,5-hexadiene 
CH, 1-Octyne 

Сн, 2-Octyne 

Сн, 3-Octyne 

CH, 4-Octyne 

Сн, 1-Ethylcyclohexene 
СНО, Cyclohexyl acetate 
C,H,,0, Butyl methacrylate 
СНО, Butanoic anhydride 
СНО, Ethyl succinate 
C,H,,0, Dipropyl oxalate 

Dimethyl adipate‏ د وي 

C,H, Br (2-Bromoethyl)cyclohexane 
C,H,.CIO Octanoyl chloride 
C,H,N Octanenitrile 

сн, 1-Octene 

сн, cis-2-Octene 

сн, trans-2-Octene 

сн, cis-3-Octene 

сн, trans-3-Octene 

сн, cis-4-Octene 

C,H trans-4-Octene 


C.H 2-Methyl-1-heptene 
2,2-Dimethyl-cis-3-hexene 
2,3-Dimethyl-2-hexene 
CH 2,3,3-Trimethyl-1-pentene 
2,4,4-Trimethyl-1-pentene 


Temperature in °C for the indicated pressure 


1Pa 


9e 
-le 
-30e 
-27e 
10e 
–56.2 


—14е 


—15е 
—65.7 
-59е 
-59е 
-65е 
-6le 
—63е 
—65е 
—66е 
—74е 
—65е 


—79е 


10 Ра 
-le 
35e 
22e 
-9e 
-6e 
36e 
—36.8 


-35e 


16.9 
29.2 


34.38 


33.25 
16.7 $ 
40.2 s 
37.2 $ 
25е 
-9e 
46e 
34e 
21e 
8e 


21e 


-9.3 

27e 

-37e 
-43e 
20e 

-26e 
-40e 
-33e 
-35e 
-36e 
-35e 


-2e 
20e 
20e 
28e 
8e 
22e 
8e 
—46.1 
-41е 
-41е 
—46 e 
—43 e 
—44 e 
—46 e 
—48 e 
—56е 
—47 е 
-53 e 
-61е 


100 Ра 
29е 
68.1 
51е 
18е 
22е 
69е 
-12.0 
-7е 
-10e 


44.5 
57.5 
60e 
57.2 s 
50.2 
55.9 s 
39.6 $ 
63.7 $ 
61.1 $ 
54e 
17e 
75.9 
56e 
49e 
38e 
28e 
5le 
37e 
20e 
60e 
-8e 
-19e 
52.2 
-10e 
-16e 
-8e 
-lle 
-12e 
-lle 


30e 
51.0 
49.9 
6le 
36.9 
46e 
37e 
-214 
-17е 
-17е 
-22е 
-19е 
-20e 
-22e 
-24e 
-33e 
-23e 
-30e 
-38e 


1 КРа 
68e 
110.8 
88.8 
54e 
58e 
111.6 
21.1 
27e 
23.4 
22.4 
81.1 
91.9 
95.5 
91.4 
85.5 
87.4 
75.3 
102.1 
98.0 
92e 
5le 
115.4 
86.7 
87e 
76.4 
66e 
88e 
80e 


102.2 
30e 
14.1 
93.5 
14e 
16e 
25e 
22e 
21e 
22e 


47 е 
7le 
91.1 
88.6 
103 e 
75.3 
74.7 
75e 
10.5 
15e 
14e 
10e 
13e 
lle 
10e 
8e 
-3e 
10e 
le 
-7e 


10 kPa 
121.2 
167.9 
141.8 
103.7 
108.7 
168 e 
67.1 
74.2 
69.8 
68.9 
130.9 
144.8 
144.6 
141.7 
137.2 
137.0 
125.9 
152.3 
147.9 
143.6 
99 e 
168.7 
135.5 
139.4 
128.8 
118.1 
139.1 
137.7 


156.0 
80.2 
59.9 
148.4 
50.8 
60.3 
70.6 
66.8 
65.6 
68e 
103.1 
93.3 
123.8 
143.7 
140.4 
156.1 
129.7 
109e 
1277 
54.9 
59e 
59e 
55.1 
57e 
56e 
54.6 
52.3 
40.1 
54.3 
43.8 
36.2 


100 kPa 
198.9 
248.5 
219.9 
177.9 
183.9 
245e 
135.7 
143.9 
138.7 
137.9 
204.0 
217.9 
217.5 
216.4 
210.5 
210.6 
200.6 
226.4 
221.3 
217.7 
169.3 
244.8 
223е 
216.7 
204.2 
193.6 
210.9 
217.7 
178.0 
228.1 
150е 
129е 
224.8 
115.1 
125.8 
137.8 
132.8 
1314 
136.5 
172.9 
159.0 
196.5 
216.1 
213.0 
227.3 
212.5 
150e 
204.4 
120.9 
125.2 
124.5 
1224 
122.8 
122.1 
121.8 
1187 
105.0 
1213 
107.9 
101.0 
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6-76 Vapor Pressure 


Temperature in “С for the indicated pressure 


Mol. form. Name 1Pa 10 Ра 100 Pa 1 КРа 10 КРа 100 КРа Ref. 
сн, 2,3,4-Trimethyl-2-pentene -68e -49e -26e 6e 50.0 115.8 5 
CH, 2,4,4- Trimethyl-2-pentene -73e —56е -33e —2e 40.4 104.5 5 
сн, Cyclooctane 30e 78е 150.7 1 
сн, Ethylcyclohexane -61е -42 e -17е 15.8 61.9 1313 5 
сн, 1,1-Dimethylcyclohexane -27e 5e 50.6 119.1 5 
сн, cis-1,2-Dimethylcyclohexane -44e -20e 14e 59.7 129.2 5 
сн, trans-1,2-Dimethylcyclohexane -68е -4де -2Бе 8е 53.9 1229 5 
сн, cis-1,3-Dimethylcyclohexane -68е -48e -23e 10e 55.6 123.1 5 
сн, trans-1,3-Dimethylcyclohexane -62e -45e -23e 8e 51.5 120.9 5 
сн, cis-1,4-Dimethylcyclohexane —66е —47 е -23e 10e 55.3 123.8 5 
CH, trans-1,4-Dimethylcyclohexane -27e 5e 50.6 118.9 5 
сн, Propylcyclopentane -60е -41е -16е 16.5 62.1 130.5 5 
сн, Isopropylcyclopentane —65е -46e -21е 12e 57.3 125.9 5 
CH, 1-Ethyl-1-methylcyclopentane -67e -49e -24e 8e 53.2 121.0 5 
сн, cis-1-Ethyl-2-methylcyclopentane -63e -44e -19e 13.3 59.1 127.6 5 
сн, 1,1,2-Trimethylcyclopentane 2e 46.2 113.2 5 
сн, 1,1,3-Trimethylcyclopentane -77е -59e -36e -5e 38.7 104.4 5 
сн, 152',4a-1,2,4- Trimethylcyclo-pentane -70е –52 e —28е 4e 48.9 116.2 5 
сн, 1’,2a,4’-1,2,4-Trimethylcyclo-pentane -74e —56е -33e -le 42.8 108.8 5 
CH, O 1-Propylcyclopentanol 9e 24e 43e 69.0 108.4 173.5 5 
C,H O Octanal бе 45.7 97.8 170.2 5 
C,H O 2-Octanone -3 e 23e 57e 103.8 172.1 5 
C,H,,O 3-Octanone 8e 47.7 97e 161е 5 
C,H O 2,2,4-Trimethyl-3-pentanone 11.3 42.1 81.7 134.6 5 
C,H <O, Octanoic acid 37e 58e 85e 120e 165.5 238.4 1,5 
C.H, O, 2-Ethylhexanoic acid 108 e 159.6 226.6 5 
C,H <O, Hexyl acetate -37 e -13e 16e 52.8 100.4 164 e 5 
C,H <O, Isopentyl propanoate 3.1 40.7 90.6 159.8 5 
C.H, O, Isobutylisobutanoate -47e -26e 0.4 34.8 81.1 147.0 5 
C,H О, Propyl 3-methylbutanoate 1.8 38.9 87.9 155.6 5 
C,H <O, Ethyl hexanoate -31e -9 e 18.7 53.9 100.7 166.2 5 
C.H, O, Methyl heptanoate -30e -9e 19e 54.2 1024 172e 5 
C,H .O, Diethylene glycol monoethyl ether -16e 10.6 43.9 86.2 141.3 216.6 5 
acetate 
C,H „Br 1-Вготоосїапе -17е бе 34e 72e 123.8 200.3 5 
C,H,,Cl 1-Chlorooctane -25e -4e 23e 59e 108.8 182.9 5 
сна 3-(СШоготе у ћергапе 100.3 172.4 5 
C,H,F 1-Fluorooctane 29e 74.6 141.8 5 
санд 1-Iodooctane -6e 18e 48e 87e 142.5 224.5 5 
сн, Octane -42.6 -17.9 14.4 58.9 125.3 16 
сн, 2-Methylheptane -96 -49.1 -24.5 7.6 51.6 1172 1,5 
CH, 3-Methylheptane -67e -48.1 -23.6 8.5 52.7 118.5 15 
сн, 4-Methylheptane —65е —47 е -24e 7.8 51.6 117.2 5 
сн, 3-Ethylhexane 8e 52.1 1181 5 
CH, 2,2-Dimethylhexane -73e —55е -32e -15 41.6 106.4 5 
сн, 2,3-Dimethylhexane 5e 49.2 115.1 5 
сн, 2,4-Dimethylhexane 0.6 43.9 109.0 5 
CH, 2,5-Dimethylhexane -7le -53e -30e 0.7 43.8 108.6 5 
сн, 3,3-Dimethylhexane -72e –54 e -30e 14 45.4 111.5 5 
сн, 3,4-Dimethylhexane 7e 50.9 117.3 5 
CH, 3-Ethyl-2-methylpentane -96 -50e -27e 5e 48.9 115.2 5 
сн, 3-Ethyl-3-methylpentane -70e -5le -27e 5e 50.2 117.8 5 
сн, 2,2,3- Trimethylpentane -74e —56е -32e -0.8 43.1 109.4 5 
CH, 2,2,4- Trimethylpentane -81.9 –63.4 —39.8 -8.9 34.0 98.8 5 
сн, 2,3,3- Trimethylpentane -72e –54 e -30e 2.1 46.9 114.3 5 
сн, 2,3,4- Trimethylpentane -74e -54.5 -30.0 22 46.7 1131 1,5 
CH, 2,2,3,3- Tetramethylbutane —62.5 $ —44 s —20.9 s 8.9 5 48.85 105.8 
C,H ¿O 1-Octanol 12e 30e 53e 84e 128.2 194.8 1,39 
СНО 2-Осїапо1 40е 69.9 112.5 179.4 1,39 


CH О 3-Octanol 12e 24e 40e 64e 102.8 174.1 1 


Vapor Pressure 


Mol. form. 
C,H ¿O 
C,H,,O 
СНО 
C,H ¿O 
C,H,,O 


Name 

4-Octanol 
4-Methyl-3-heptanol 
5-Methyl-3-heptanol 
4-Methyl-4-heptanol 
2-Ethyl-1-hexanol 
2-Ethyl-2-hexanol 
2,4,4-Trimethyl-2-pentanol 
2,2,4-Trimethyl-3-pentanol 
Dibutyl ether 

Di-sec-butyl ether 
Di-tert-butyl ether 


Ethylene glycol monohexyl ether 


1,2-Dipropoxyethane 
Di-tert-butyl peroxide 


Diethylene glycol monobutyl ether 


Diethylene glycol diethyl ether 
Tetraethylene glycol 
1-Octanethiol 

Dibutyl sulfide 
Dibutylamine 
Diisobutylamine 

Ethyl silicate 
Tetraethylsilane 
Perfluorononane 
Toluene-2,4-diisocyanate 
Quinoline 

Isoquinoline 

Indene 
cis-1-Propenylbenzene 
trans-1-Propenylbenzene 
Isopropenylbenzene 

Indan 
2,4-Dimethylbenzaldehyde 
Ethyl benzoate 

Benzyl acetate 
1-Bromo-4-isopropylbenzene 
1-Chloro-2-isopropylbenzene 
1-Chloro-4-isopropylbenzene 
Propylbenzene 
Isopropylbenzene 
o-Ethyltoluene 
m-Ethyltoluene 
p-Ethyltoluene 
1,2,3-Trimethylbenzene 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Benzyl ethyl ether 

Phenyl propyl ether 
Phenyl isopropyl ether 
2,4,6-Trimethylaniline 
N,N-Dimethyl-o-toluidine 
Amphetamine 

Isophorone 

Triacetin 

Diethyl glutarate 
Nonanenitrile 

1-Nonene 
2-Methyl-1-octene 
Butylcyclopentane 
Propylcyclohexane 


Temperature in °С for the indicated pressure 


1 Ра 


-52e 
-35e 
-17e 


-13e 


-2e 
-55e 


-13e 


14e 

-32 e 
89 e 

-15e 
-22 e 
-37 e 
-57 e 
-77 e 


-1.3 


-38 e 


-33e 
-3e 
-18e 
-lle 
-8e 
-23e 


-43e 
-46e 
-40e 
-42e 
—4l e 


-37 e 
-39 e 


-20e 
12e 
-25e 


37.6 
-le 
-3e 
—50.1 
-53e 
-45e 
-46e 


10 Ра 


-28e 
-16e 
le 


4e 
-7e 
9e 
-35e 


14e 


37e 
-7e 
117е 
бе 
0e 
-16e 
-36e 
–52 e 


39e 
237 
30.2 


-154 
-16е 


-12е 
23е 
8е 
15е 
15е 
-16 
3е 
-23 e 
-26 e 
-19е 
-21е 
-21е 
-12е 
-16е 
-18е 
-10е 
-10е 
-16 
36е 
-3e 


le 
62e 
26e 
21e 
-294 
–34 e 
– 24 e 
– 26 e 


100 Ра 
40е 
le 
8e 
24e 
45e 
26e 
13e 
24e 
-8e 
-19e 
-33e 
46e 
-442 
-26e 
66.8 
25e 
151.1 
34e 
27e 
10e 
-9.0 
-2le 
–6.5 


72e 
55.4 
60.7 
12e 
13.3 
13.3 
3.2 

16е 
54e 
39e 
46.6 
45e 
27e 
3le 
4e 

-le 
8e 

5e 

6e 

15e 
lle 
9e 

20.4 
21e 
23e 
66e 
24.4 
33e 
33.1 
90e 
60.2 
50.9 
-3.3 
-9e 
le 

0e 


1КРа 
66.9 
39e 
40e 
55e 
75e 
55e 
40e 
47 е 
26е 
12.1 
-2e 
86e 
-2.0 
43 
104.9 
64.9 
192.2 
7le 
63e 
44e 
25.5 
21.6 
30.5 


113.9 
96.8 
101.3 
53.0 
51.4 
51.6 
41.5 
52e 
93.2 
80.1 
86.9 
84e 
64e 
69e 
38e 
33e 
43e 
40.4 
41е 
52е 
47 е 
43.7 
59.3 
61е 
56e 
104.1 
60.6 
70.1 
75.1 
124 e 
103.3 
90.7 
30.4 
25e 
36e 
35.1 


10 kPa 
107.3 
87.6 
84.8 
97.2 
118.3 
96.3 
79.8 
82.6 
73.0 
55.4 
41.7 
1377 
63.6 
46.6 
153 е 
1171 
242.9 
1221 
113.5 
90.8 
72.2 
80.5 
80.6 
4де 
1697 
153.4 
157.9 
106.8 
103.7 
103.7 
92.8 
102.3 
144.6 
135.1 
139.5 
138.1 
114.6 
120.5 
86.7 
80.9 
92.1 
88.9 
89.2 
101.5 
95.9 
92.4 
111.3 
113.9 
103.7 
154.9 
110.7 
118е 
132.4 
165 e 
159.6 
145.4 
77.1 
72е 
84e 
83.6 


100 kPa 
176.0 
155.0 
153.0 
160.7 
184.2 
160.3 
146.1 
150.4 
141.2 
120.6 
106.8 
206.9 
179.2 
110.5 
230.4 
189е 
307.3 
198.5 
188.4 
159.1 
139.0 
164.1 
152.6 
114.7 
247 е 
236.5 
2427 
181.0 
178.4 
178.4 
164.9 
177.5 
214.5 
212.8 
211е 
218.5 
190.5 
197.8 
158.8 
152.0 
164.7 
160.8 
161.5 
175.6 
168.9 
164.3 
184.5 
189.3 
176.9 
226е 
184.5 
202.0 
215.1 
214е 
236.5 
225.1 
146.4 
144.1 
156.1 
156.2 
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6-78 Vapor Pressure 


Temperature in “С for the indicated pressure 


Mol. form. Name 1Pa 10 Ра 100 Pa 1КРа 10КРа 100 kPa Ref. 
сн, Isopropylcyclohexane -48e -28e -2e 33e 81.3 154.0 5 
CH, trans-1-Ethyl-4-methylcyclo-hexane -53e -33e -8e 25e 71.8 141.5 5 
CH, 1,1,2-Trimethylcyclohexane -12е 23e 71.5 145.5 5 
сн, 1,1,3-Trimethylcyclohexane -60e —41 e -16e 18e 65.2 136.1 5 
CH, 1’,2a,4a-1,2,4-Trimethylcyclo-hexane -7le —50е —22e 15e 65.7 140.7 5 
СНа 1535,5'-1,3,5-Trimethylcyclo-hexane -72e -50е -22 e 14e 65.1 140.0 5 
CH, Isobutylcyclopentane -105e -88e —64е -28e 3le 147.0 5 
CH, cis-1-Methyl-2-propylcyclo-pentane -52e -33e -7e 28e 77 е 152.0 5 
сн, trans-1-Methyl-2-propylcyclo-pentane -56е -36e -Пе 23e 72e 145.8 5 
CH, 1,1,3,3-Tetramethylcyclo-pentane -72e –54 е -30e 2e 47e 1174 5 
сн,о Nonanal -3e 274 65.5 115.6 184.6 5 
C,H ¿O 2-Nonanone 8e 35e 7le 121.0 194.0 5 
C,H ¿O 5-Nonanone -le 39.1 94e 188e 5 
CHO 2,6-Dimethyl-4-heptanone -32e -12e 14e 48e 96.2 1677 5 
C,H 0O, Nonanoic acid 48е 69е 97е 133 e 182.7 255.1 5 
СНО, Heptyl acetate -16e 6e 34e 70e 119.9 191.9 5 
CHO, Isopentyl butanoate 55e 105.6 1784 5 
C,H 0O, Isobutyl 3-methylbutanoate 11.3 48.3 97.9 168.3 5 
СНО, Propyl hexanoate -26e -2e 28e 65.1 1134 178e 5 
СН О, Methyl octanoate -26e -9e 13e 40e 76e 127.9 5 
сна 1-Chlorononane -11е 11е 39е 76 е 127.8 204.7 5 
СН» Мопапе —46.8 -26.0 0.0 34.0 80.8 150.3 16 
СН» 2-Methyloctane -49e -30e -5e 28е 73.9 142.8 5 
СН» 3-Methyloctane -49e -29e -5e 29e 74.7 143.7 5 
СН» 4-Methyloctane -50e -30e -6e 27e 73.2 141.9 5 
CH, 2,2-Dimethylheptane -58е -39e -15e 18e 63.6 132.3 5 
СН» 2,3-Dimethylheptane -53e -33e -9e 25e 70.8 140.0 5 
СН» 2,6-Dimethylheptane -55e -36e -12e 21е 66.4 134.7 5 
CH, 3-Ethyl-4-methylhexane -9e 24e 70.6 139.9 5 
СН» 2,2,4-Trimethylhexane —66.1 —46.4 -21.3 11.8 57.7 126.0 5 
СН» 2,2,5-Trimethylhexane —65.1 —45.8 -21.2 11.2 56.2 123.7 1,5 
СН» 2,3,3-Trimethylhexane -58e -38e -13e 20e 66.7 137.2 5 
СН» 2,3,5-Trimethylhexane –60 e —41 e -16e 17е 62.3 130.9 5 
СН» 2,4,4-Trimethylhexane -62e -43e -18e 15e 61.0 130.2 5 
CH, 3,3,4- Trimethylhexane -53e -33e -7e 28e 76.3 148.9 5 
СН» 3,3-Diethylpentane -9e 26e 73.7 145.7 1 
СН» 3-Ethyl-2,4-dimethylpentane -58е -38e -13e 20e 66.7 136.2 5 
CH, 2,2,3,3- Tetramethylpentane 2le 68.5 139.8 1 
СН» 2,2,3,4- Tetramethylpentane -6le -42e -17е 16е 62.5 132.6 1 
СН» 2,2,4,4- Tetramethylpentane -49e -25e 8e 53.2 121.8 1 
CH, 2,3,3,4- Tetramethylpentane -57e -37 e -12e 22e 69.7 141.1 1 
CHO 1-Nonanol 40e 64e 96.9 141.0 213.0 5,39 
C,H,O 3-Nonanol 24e 47e 78e 123.0 194.2 5 
CH,O 4-Nonanol 45e 76.4 1213 192.0 5 
C,H,O 5-Nonanol 13e 3le 54e 84.5 128.1 194.7 5 
C,H,O 2,2,4,4-Tetramethyl-3-pentanol 58 100 167 5 
C,H,S 1-Nonanethiol -2e 21e 49e 87e 140.4 2192 5 
СН, BO, Triisopropyl borate 73.1 139.0 5 
СВМ Nonylamine 9e 37e 75e 126.2 202.1 5 
C,H,N Tripropylamine -39e -18e 8e 42e 88.2 156.0 5 
CLF; Perfluoronaphthalene 5.25 25.16 48.15 5 
СЕ» Perfluorodecane 52e 132.9 5 
С,Н,Вг 1-Bromonaphthalene 17е 45е 80.3 126.7 189.8 280.5 5 
Соња 1-Chloronaphthalene 14e 39e 70.5 112.8 171.6 258.6 5 
C,H, Naphthalene** 3.25 24.15 49.35 80.7 135.6 217.5 1,5 
C,H, Azulene 24.16 465 71.55 103.3 162.6 244.0 5 
с,н,О 1-Naphthol 1372 196.7 281.8 5 
C,,H,O 2-Naphthol 140.7 200.5 286.8 5 
C, HN 1-Naphthalenamine 62e 99.0 146.9 210.7 300.1 5 
С HN 2-Naphthalenamine 36.3s 65.95 103 5 150.9 2151 305.5 5 


Vapor Pressure 6-79 


Temperature in °С for the indicated pressure 


Mol. form. Name 1 Ра 10 Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 
C, HN 2-Methylquinoline 5.3 31.9 63.8 102.9 165.8 247.2 5 
C, HN 4-Methylquinoline 29e 54e 85e 127e 183.0 265.1 5 
C. HN 6-Methylquinoline 27e 5le 81e 122e 179.2 264.5 5 
C HN 8-Methylquinoline 15e 40e 70e llle 166.1 247.3 5 
(071397 m-Divinylbenzene -29e —4е 27.1 67.6 122.1 199е 5 
C. H, O, Dimethyl phthalate 27e 56e 92.7 137.8 195.8 272.7 5 
C. H, O, Dimethyl isophthalate 85e 129.5 189.2 273e 5 
СНО, Dimethyl terephthalate 56.6s 7945 106.1 5 137.95 197.9 282 е 5 
CH, 1,2,3,4- Tetrahydronaphthalene -2le 3e 33.2 74.1 1274 207.8 5 
CH, 2-Ethylstyrene -3le -8e 21e 60e 1117 187e 5 
Соб, 3-Ethylstyrene -28e -5.3 24.1 62.6 116е 193 е 5 
СН,» 4-Ethylstyrene -3le -8.2 21.3 60.5 115е 196е 5 
Cp H,O Estragole 48.5 88.0 140.7 214.6 5 
C,,H,,O 4-Isopropylbenzaldehyde 54.1 96.0 152.2 231.5 5 
C,,H,,0, 4-Allyl-2-methoxyphenol 9e 37e 72e 115.9 173.8 252.9 5 
C,,H,,0, 2-Phenylethyl acetate —4е 22е 54e 96e 152.3 232.0 5 
СНО, Propyl benzoate -8e 18e 50.2 92.3 149.2 230.5 5 
C,,H,,0, Ethyl phenylacetate -9e 19e 52e 95e 150.2 225e 5 
C H,0, Isoeugenol 125e 185.3 267.1 5 
CH, Butylbenzene -28e -7e 2le 56.9 107.6 182.8 1,5 
СН, sec-Butylbenzene -35e -14e 13e 48e 98.3 172.8 5 
Соба tert-Butylbenzene -37e -16e 10e 46e 94.9 168.6 5 
CH, Isobutylbenzene -36e -15e 12e 47.9 97.8 172.3 5 
C,H, o-Cymene -39e -16e 13e 5le 103.1 177.8 5 
C,H, m-Cymene -34e -13e 14e 50e 99.9 174.6 5 
С.Н, р-Сутепе -33e -12e 16e 52e 102.2 176.6 5 
CH, 0-Diethylbenzene -28e -6e 21e 58e 107.9 182.9 5 
Соба m-Diethylbenzene -28e -7e 20e 56 e 106.2 180.6 5 
Саба p-Diethylbenzene -28e -6e 21e 57e 108.1 183.3 5 
C,H, 3-Ethyl-1,2-dimethylbenzene -22e 0e 28e 66e 117.2 193.4 5 
СН 4-Ethyl-1,2-dimethylbenzene -24e -2e 26e 63e 113.6 189.2 5 
CH, 2-Ethyl-1,3-dimethylbenzene -2e 26e 63e 1137 189.5 5 
C,H, 2-Ethyl-1,4-dimethylbenzene -27e -5e 23e 60e 110.6 186.4 5 
Соба 1-Ethyl-2,4-dimethylbenzene -25e —4е 24е 61е 112.2 187.9 5 
CH, 1-Ethyl-3,5-dimethylbenzene -28e -6e 21е 58е 108.3 183.2 5 
СН, 1-Methyl-2-propylbenzene -27e -6e 22e 58.2 108.9 184.3 5 
C,H, 1-Methyl-3-propylbenzene -29e -8e 20e 56.1 106.5 181.3 5 
CH, 1-Methyl-4-propylbenzene -29e -7e 20e 56.6 1074 182.8 5 
Соба 1,2,3,4- Tetramethylbenzene 7e 36e 74e 126.6 204.5 5 
C,H, 1,2,3,5-Tetramethylbenzene -19e 3e 32e 69e 120.9 197.5 5 
CH, 1,2,4,5-Tetramethylbenzene 119.9 196.3 5 
C HO 2-Butylphenol 7e 3le 6le 101e 155.2 2344 5 
C H0 Butyl phenyl ether -16e 8e 38e 77е 131.3 209.7 5 
CHO Thymol 18.9 s 3795 59.5 101.2 155.0 2304 5 
C HN 2-Methyl-5-isopropylaniline 19e 43e 72e 1074 150e 204 e 5 
C HN N-Butylaniline lle 35e 66e 106e 160.9 241.0 5 
C HN N,N-Diethylaniline -lle 14e 44.3 84.2 138.4 216.3 5 
CH, Dipentene -42e -19e 10.6 48.7 100.2 173.9 5 
CH, d-Limonene -45e -21е 91 48.0 100.4 174.5 5 
CH, I-Limonene -33e -12e 16e 52.0 102.3 177.0 21 
CH, В-Мугсепе 9.4 47.3 98.3 171.0 5 
CH, a-Pinene -48e -27e -le 33.6 82.2 155.1 21 
C H, B-Pinene -43e -22e 5.0 40.6 90.5 165.5 21 
CH, Camphene 90.7 160.1 4 
CH, Terpinolene 26.5 64.9 1154 184.6 5 
CH, B-Phellandrene 16е 53.2 104 е 171.0 5 
C. H, O (+)-Camphor -15.8s 10s 41.55 80.85 1314 5 207.6 5 
Cp HO Pulegone 37e 49.1 66.4 92.2 135.1 220.2 5 
Саба 1-Decyne -34e -13e 14e 5le 100.3 173.5 5 
CH, cis-Decahydronaphthalene -26e —4е 24е 62.4 115.5 195.3 1 


6-80 Vapor Pressure 


Temperature in °С for the indicated pressure 


Mol. form. Name 1 Ра 10 Ра 100 Ра 1 КРа 10 КРа 100 КРа Ref. 
CH, trans-Decahydronaphthalene -10e 18e 55.3 107.9 186.8 1 
C HO а-Тегршео! 48 89 142 217 4 
C H,O Eucalyptol 10.6 48.5 100.3 1754 5 
C, H, O trans-Geraniol 4e 3le 63.2 104.3 157.7 229.6 5 
C H, O, Sebacic acid 125.9s 5 
C.H, O, Dipropyl succinate lle 38e 72.1 115.4 172.3 250.4 5 
C H, O, Diethyl adipate 4e 35e 72е 116.6 1712 239.5 5 
C HN Decanenitrile 13e 36e 66e 105.8 160.6 241.6 5 
СН, 1-Decene -35.5 -137 137 49.0 97.9 1701 L5 
СН» Сус1одесапе 29е 68e 1213 201.8 1 
C Ha, Butylcyclohexane -3le -9e 18e 54e 104.7 1804 5 
C Ho, Isobutylcyclohexane -37e -16e 10e 46e 95.9 170.8 5 
СН» tert-Butylcyclohexane -39e -18e 9e 45e 95.3 17141 5 
C,H,O Decanal 16e 472 86.3 1377 208.0 5 
C. H, O, Decanoic acid 58e 80е 108 е 145 е 1952 269.5 5 
C H, O, Octyl acetate -26e -3e 27e 66.3 120.0 198.2 5 
Соб о, 2-Ethylhexyl acetate -lle 5e 26e 57.6 107.1 197.2 5 
C, H, O, Isopentylisopentanoate 22e 62.8 116.9 193.6 5 
C, H, O, Ethyl octanoate -17е 9e 4le 81.4 133.2 203e 5 
СНО, Diethylene glycol monobutyl ether 6e 34e 69e 112.6 169.2 245.4 5 
acetate 

CH, Br 1-Bromodecane 9e 33e 63e 104 e 159.2 240.0 5 
C H, Cl 1-Chlorodecane 2e 25e 54e 92е 145.7 225.3 5 
C H; F 1-Fluorodecane -22e 0e 27e 64e 113.3 185.7 5 
СН» Ресапе -106 16.7 52.3 1011 1737 16 
СВ» 2-Methylnonane -34e -14e 12e 47e 94.8 166.5 5 
СН» 3-Methylnonane -34e -14e 12e 47e 95.1 167.3 5 
СВ» 4-Methylnonane -36e -16e 10e 45e 93.1 165.2 5 
СВ» 5-Methylnonane -36e -16e 10e 45e 92.6 164.6 5 
СН» 2,4-Dimethyloctane 38e 84.9 1554 5 
CH, 2,7-Dimethyloctane -39e -19e 7e 4le 88.4 1594 5 
СВ» 2,2,6-Trimethylheptane -46e -27e -2e 32e 78.5 148.4 5 
СН 3,3,5-Trimethylheptane Oe 35e 82.7 155.2 5 
СВ» 2,2,3,3-Tetramethylhexane -46e -25e le 36e 85.6 159.8 5 
СВ» 2,2,5,5-Tetramethylhexane -10e 22e 68.3 137.0 5 
СН 2,4-Dimethyl-3-isopropylpentane -46e -26e 0e 35e 83.2 156.5 5 
CH, 2,2,3,3,4-Pentamethylpentane -24e 3e 39e 89.1 165.5 5 
СВ» 2,2,3,4,4-Pentamethylpentane -29e -3e 33e 82.8 1587 5 
CHO 1-Decanol 30e 50e 75e 109e 157.3 230.6 1,39 
C HO 4-Decanol 18e 37e 6le 93e 139e 210e 5 
C, HO Dipentyl ether -3le -8e 22e 60e 111.6 186.2 5 
СНО Diisopentyl ether 14.0 51.5 101.8 172.8 5 
CHO, Ethylene glycol dibutyl ether 0e 20e 44e 78.4 1271 202.9 5 
C, H0, Tetraethylene glycol dimethyl ether 138e 200.9 275.3 5 
С,Н,5 1-Decanethiol lle 34e 64e 103e 157.5 238.6 5 
C HS Diisopentylsulfide 7e 82e 118е 139 e 5 
C HN Dipentylamine 77 е 1277 202.0 5 
C О, Decamethyltetrasiloxane -3le -6e 26e 66.8 118.8 193.9 5 
يلکیل يل‎ Decamethylcyclopentasiloxane -2e 19e 46e 82e 132.9 210.4 5 
СНО, 1-Naphthalenecarboxylic acid 191.9 239.3 299.6 5 
C HO, 2-Naphthalenecarboxylic acid 197.9 246.0 308.1 5 
C,H, 1-Methylnaphthalene 5e 29e 60e 102e 159.1 244.1 1 
C,H, 2-Methylnaphthalene 57e 99е 156.0 240.5 1 
C, HO, Ethyl trans-cinnamate 79 125 187 271 4 
C,H,0, Myristicin 23e 53e 88.9 135.2 196.0 2794 5 
CH, 4-Isopropylstyrene -25e -le 30.2 70.3 124.5 202.1 5 
С.Н, 1,2,3,4- Tetrahydro-5-methylnaphthalene 9e 3le 60e 99e 153.1 233.8 5 
CH, 1,2,3,4- Tetrahydro-6-methylnaphthalene 6 36e 62e 97e 147.8 228.5 5 
CHO, Butyl benzoate 6e 34e 67.9 110.3 165e 237e 5 
C,H Pentylbenzene -14e 8e 37e 74е 126.7 204.9 5 


Vapor Pressure 


Mol. form. Name 
p-tert-Butyltoluene 
C H 1,3-Diethyl-5-methylbenzene 


CH, 2-Ethyl-1,3,5-trimethylbenzene 
CH, 1-Ethyl-2,4,5-trimethylbenzene 
С.Н, 1-Undecyne 

С.Н, 2-Undecyne 

C.H, O, 10-Undecenoic acid 

C, H4O, Ethyl diethylmalonate 

C, HN Undecanenitrile 

САН» 1-Undecene 

C H,, cis-2-Undecene 

САН, trans-2-Undecene 

САН, cis-4-Undecene 

СНА, trans-4-Undecene 

САН, cis-5-Undecene 

САН, trans-5-Undecene 

СНА, Pentylcyclohexane 

САН, Hexylcyclopentane 

C, HO 2-Undecanone 

CHO 6-Undecanone 

C, HO, Undecanoic acid 
CHO, Heptyl butanoate 

C, HO, Propyl octanoate 
CHO, Methyl decanoate 

САНА Undecane 

C, H,, 2-Methyldecane 

САНА 3-Methyldecane 

САНА 4-Methyldecane 

C, H,, 2,4,7-Trimethyloctane 
C, HO 1-Undecanol 

С,Н,,5 1-Undecanethiol 

C, FN Trinonafluorobutylamine 
C.H, Acenaphthylene 

СН,“ Carbazole 

СН Acenaphthene 

С.Н, Вірһепуі 

C,H N, Azobenzene 

C, HO Diphenyl ether 

CHO 1-Acetonaphthone 

C.H, O 2-Acetonaphthone 

C, HS Diphenyl sulfide 

CH, N Diphenylamine 

CH., 1-Ethylnaphthalene 
CH, 2-Ethylnaphthalene 
CH., 1,2-Dimethylnaphthalene 
с,Н, 2,7-Dimethylnaphthalene 
C, HO, Diethyl phthalate 

C.H, p-lsopropenylisopropylbenzene 
C.H, Cyclohexylbenzene 

C.H, O, 3-Methylbutyl benzoate 
СН, Hexylbenzene 

С.Н, 1,2-Diisopropylbenzene 
C.H, 1,3-Diisopropylbenzene 
С.Н, 1,4-Diisopropylbenzene 
С.Н, Hexamethylbenzene 
C.H, 1,5,9- Cyclododecatriene 
C.H, O, Geranyl acetate 

C.H, O, Dibutyl maleate 

СН» 1-Dodecyne 


CH Cyclohexylcyclohexane 


Temperature in °C for the indicated pressure 


1 Ра 
– 24 е 
– 26 е 


-13e 
-22e 
-17e 
35e 


-21.6 
-14e 
-14e 
-19e 
-17e 
-19e 
-18e 
-17e 
-15e 
17e 


68e 
2e 
-2e 
10e 
—18.4 
-20e 
-35e 
-38e 


52.2 
23e 


24s 


37e 
48.35 
20е 
485 
16е 
14e 
26e 
31.5s 
12e 
-lle 


-2e 
-14e 
-14e 
-6e 
46.35 
-14e 


12.3 
-lle 


10 Pa 
-2e 
-le 
6e 
lle 
0e 
6e 
67e 


44e 
69e 


5le 


4le 
39e 
Біе 
53.18 
Біе 
1Бе 
28е 


100Ра 
27е 
29.5 
Збе 
40е 
29е 
35e 
105e 
74e 
78.6 
29,7 
34e 
33e 
30e 
3le 
30e 
3le 
34e 
36e 
64.3 
57e 
118 e 
62e 
55e 
62e 
32.6 
28e 
22e 
20e 


82e 
77e 
29.0 
80.6 s 


1 kPa 
64.1 
69.5 
75.7 
79.4 
67e 
74e 
150.0 
105 e 
120.3 
66.4 
70.2 
69.3 
66.6 
67.1 
66.2 
67.0 
72e 
73e 
103.0 
95e 
156 e 
102.6 
94.0 
100.9 
69.5 
64e 
61.9 
60.8 
43e 
118 e 
118 e 
63.3 


126.2 
111.1 
144.8 
116 e 
154.6 
163.0 
137.5 
150.5 
114e 
113e 
123 e 
115.9 
150.5 
87e 
98 e 
115.0 
90e 
74e 
74e 
90e 
121.8 8 
87e 
110.8 
144.2 
82e 
96.0 


10 kPa 
115.5 
123.5 
129.6 
132.1 
118.5 
127.4 
205.4 
149.4 
177.3 
117.1 
120.6 
119.6 
117.1 
1174 
116.7 
1174 
124.2 
125.0 
153.6 
148.4 
207.2 
155.1 
145.2 
154.0 
120.2 
114.0 
115.6 
113.9 
94е 
167.6 
173.6 
109.9 


254.7 
187 е 
169.5 
206.7 
173 e 
215.2 
221.1 
202.2 
2137 
171.8 
171.2 
180.5 
175e 
215.9 
142.4 
154.7 
1777 
144.5 
125.9 
125.5 
148.8 
178.3 
145.0 
166.9 
203 е 
135.8 
154.1 


100 kPa 
190.8 
200.2 
207.6 
207.7 
194.5 
205.4 
274.5 
219e 
259.9 
192.2 
196e 
195e 
192e 
193e 
191e 
192e 
202.7 
202.5 
232.6 
226.9 
283.6 
224.7 
215e 
232e 
195.4 
188.7 
190.4 
186.4 
170.4 
244.1 
256.8 
176.8 


354.0 
276e 
254.7 
292.7 
257.4 
294.9 
300.3 
291.8 
301.4 
257.7 
257.3 
265.7 
260е 
296.2 
221е 
239.5 
261.4 
225.5 
203.2 
202.6 
238e 
263.7 
2298 
242.9 
272 e 
2144 
2372 


6-81 


Ref. 
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6-82 


Mol. form. 


Name 

Methyl 10-undecenoate 
Dimethyl sebacate 
Dodecanenitrile 
1-Dodecene 
Hexylcyclohexane 
Heptylcyclopentane 
Dodecanal 

Dodecanoic acid 

Decyl acetate 

Ethyl decanoate 
1-Bromododecane 
1-Chlorododecane 
Dodecane 

1-Dodecanol 
Diethylene glycol dibutyl ether 
Tributylamine 
Triisobutylamine 
Tributyl phosphate 


Dodecamethylcyclohexasiloxane 


Acridine 
Phenanthridine 
Fluorene 

Phenyl benzoate 
Phenyl salicylate 
Diphenylmethane 
Methyldiphenylamine 
1-Isopropylnaphthalene 
Heptylbenzene 

Ethyl 10-undecenoate 
1-Tridecene 
Heptylcyclohexane 
Octylcyclopentane 
Tridecanoic acid 
Methyl dodecanoate 
Tridecane 
1-Tridecanol 
Anthracene 
Phenanthrene 
Benzil 

cis-Stilbene 
trans-Stilbene 
Benzoin 
1,1-Diphenylethane 
Dibenzylamine 
1-Butylnaphthalene 
2-Butylnaphthalene 
Octylbenzene 
Diethyl sebacate 
Tetradecanenitrile 
1-Tetradecene 
Octylcyclohexane 
Nonylcyclopentane 
Tetradecanoic acid 
Tetradecane 
1-Tetradecanol 
Tetradecylamine 
Tetradecamethylhexasiloxane 
1-Pentylnaphthalene 
Nonylbenzene 
Nonylcyclohexane 


Temperature in °C for the indicated pressure 


Vapor Pressure 


1Pa 
10е 


Збе 
-8.3 
-3e 
-le 


78e 
12e 
8e 

3le 
27e 
-54 


5e 
-26e 


18e 


79s 
48.4s 


35e 
27e 
12e 
32e 
4.1 
lle 
13e 
87e 
38e 
7.2 
71.6 
89.2s 
535 


2бе 


19е 
48е 
67е 
44e 
20.1 


52e 
16.1 
16.9 
25e 
96e 
19.1 
80.0 


6e 

34e 
33.0 
35e 


10 Pa 
38e 
53e 
60e 
152 
20e 
22e 


100e 
40e 
35e 
57e 
5le 
182 


34.4 
le 
le 


4le 


45e 
63e 
Біе 
Збе 
55e 
28.5 
34e 
36e 
109e 
6le 
31.5 
101.0 
125.9s 
83s 


54e 


47e 
77e 
82e 
67e 
46.2 
83e 
79e 
41.3 
44.3 
49e 
118e 
44.1 
110.5 


36e 
62e 
58.9 
60e 


100 Pa 
73e 
97 
92e 
44.8 
50e 
Біе 
70е 
128е 
74e 
69e 
90e 
81e 
47.6 


70.2 
35e 
28.9 


69e 
124.4 


102.3 


77e 
98.4 
82e 
66e 
86e 
59.0 
65e 
66e 
138e 
90e 
61.8 
103 е 
151.5 8 
120.8 
123 
88е 


82.0 
113.1 
103 е 
98е 
79.1 
120 
114.0 
72.7 
77.8 
80e 
147e 
75.3 
149.6 
104 e 
72e 
96e 
92.0 
92e 


1 kPa 
Пбе 
150 
133 е 
82.9 
89е 
90е 
116.2 
166e 
115.1 
111.8 
132e 
122e 
85.8 
133e 
115.3 
77.7 
64.9 


108 e 
176.2 


137.4 
151.4 
166.0 
1193 
1431 
123.2 
107 e 
125.2 
98.3 

105 e 
106 e 
176e 
130e 
101.1 
140e 
165s 
170.4 
175 

130.4 
155.6 
181 

125.3 
158.9 
135e 
139e 
121.9 
166 

159.0 
113.2 
120.0 
120e 
186e 
115.7 
152e 
147 е 
176 
141.3 
135.4 
134e 


10 kPa 
172.2 
214 
190.5 
135.4 
143.1 
143.5 
175.9 
219.1 
168.1 
166.1 
190.8 
1787 
1382 
185.0 
174.1 
134.5 
112.5 
205e 
162.2 
246.0 


205.4 
217.9 
224.8 
177.7 
201.6 
180.8 
162.7 
179.5 
152.5 
160.9 
160.9 
230.3 
184.9 
155.1 
192.3 
238.8 
238.4 
246 

183e 
218.1 
248 

181е 
218.5 
186.7 
197.5 
178.1 
225 

219.7 
168.7 
177.6 
177.2 
241.3 
171.1 
205.3 
206.1 
176.0 
202.2 
193.7 
193.4 


100 kPa Ref. 
247.1 5 
293 4 
275.5 5 
212.8 5 
224.2 5 
223.5 5 
256.6 5 
298.1 5 
238e 5 
238e 5 
275.3 5 
262.6 5 
215.8 16 
264.1 
253.8 
213.4 
178.5 
288.3 
244.7 
345.4 


295e 
313.3 
3124 
263.6 
281.6 
267.3 
246.2 
258.4 
232.3 
244.3 
243.1 
311.5 
269e 
234.9 
273.1 
340.2 
337.7 
346 

253e 
305.8 
342 

254e 
299.4 
288.6 
287.4 
263.8 
305 

306.3 
250.6 
263.2 
261.5 
325.6 
253.0 
286.7 
290.9 
259.1 
289e 
281.4 
280.9 
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Vapor Pressure 


Mol. form. 


Name 
Decylcyclopentane 
Methyl tetradecanoate 
Pentadecane 

Dibutyl phthalate 
1-Hexadecene 
Hexadecanoic acid 
Hexadecane 
1-Hexadecanol 
Hexadecylamine 
Benzanthrone 

Methyl hexadecanoate 
Heptadecane 
1-Heptadecanol 
о-Тегрһепуі 
т-Тегрһепуі 
p-Terphenyl 
Hexaethylbenzene 
Oleic acid 

Elaidic acid 
Stearaldehyde 

Stearic acid 
Octadecane 
1-Octadecanol 
Triphenylmethane 
Methyl oleate 
Nonadecane 

Eicosane 

1-Eicosanol 
Eicosamethylnonasiloxane 
Tri-o-cresyl phosphate 
Tri-m-cresyl phosphate 
Tri-p-cresyl phosphate 
Heneicosane 

Brassidic acid 

Erucic acid 

Butyl oleate 

Behenic acid 

Butyl stearate 
Docosane 

Tricosane 

Dioctyl phthalate 
Bis(2-ethylhexyl) phthalate 
Tetracosane 
Pentacosane 
Hexacosane 
Heptacosane 
Octacosane 
Nonacosane 

Squalane 

Carbon (fullerene-C,,) 


Temperature in °C for the indicated pressure 


1Pa 
37e 


30.5 


38.4 


41.1 
99.5 
63e 


65e 
51.5 
94e 
66e 
87e 
127.1s 


94e 


61.5 
106e 
81s 
85e 
71.1 
80.4 
119е 


119.0 
147.8 
140.6 
82.3 

134 е 
126е 
95.5 

145.4 
99.6 

83.5 

102.9 
130е 
122.0 
115.0 
119.7 
125.1 
136.7 
136.5 
148.2 
66е 

598 $ 


10 Ра 
61е 
75е 
56.1 
104.0 
65.0 
136e 
67.4 
130.6 
91е 
184 е 
93 
78.5 
117е 
94e 
118e 
154.7 


126e 
124e 


153e 
89.0 
130e 


114е 
991 

108.9 
143e 


156.1 
177.3 
174e 
113.5 
166e 
160e 
124.2 
176.5 
128e 
115.0 
135.1 
163.7 
153.2 
148.1 
152.7 
158.8 
168.8 
169.8 
182.8 
84e 

662s 


100 Pa 
93e 
110 
88.1 
142.7 
98.1 
165e 
100.3 
171.9 
126e 
229.3 
129 
112.0 
146e 
129e 
156e 


165.5 
166 

1426 
183 е 
1231 
160 е 
Пре 
149.7 
133.8 
144.2 
173 e 
1416 
201.0 
211.4 
214e 
152.2 
203.6 
199.4 
158 е 
213.7 
162е 
154.0 
174.8 
203.8 
189.2 
188.5 
193.2 
200.1 
206.5 
210.9 
221.2 
105.8 


1 kPa 
134 е 
155 

129.6 
191.5 
140.5 
205е 
142.7 
175e 
171е 
290.3 
177 

155.3 
185 e 
176e 
206.6 
217.2 
144.1 
214.5 
216 

186e 
223e 
167.3 
200.5 
175e 
195.6 
178.8 
189.8 
213e 
183.1 
256.3 
251.3 
262 e 
201.6 
249.8 
247.4 
198 е 
259.3 
201е 
203.6 
221е 
2526 
2313 
239.1 
244.4 
252.1 
255.8 
263.1 
271.5 
131.9 


10 kPa 
192.5 
214 
186.3 
254.5 
198.8 
261.9 
200.7 
229.0 
232.6 
377.2 


214.5 
240.1 
241.3 
275.3 
284.0 
206.8 
277.0 
280 

246.9 
281.6 
227.6 
257.3 
254.6 
256e 
240.1 
252.1 
270.0 
236.7 
326.3 
298 e 
320 e 
263.8 
307.6 
306.5 
245 e 
3162 
249 e 
274.8 
285.3 
311е 
281.1 
295.4 
305.0 
3143 
323.3 
332.0 
340.2 
163.7 


100 kPa 
278.8 
295 
270.1 
339.4 
284.3 
350.2 
286.3 
311.7 
320.5 
511 е 


302 е 
323.3 
336.3 
374.6 
383.0 
297.5 
359.7 
361 

336.7 
374.5 
316е 
343.0 
360.0 
340 е 
330е 
344 e 
355.1 
307.1 
418 е 
355е 
392 e 
355.9 
382.0 
381.1 
304 e 
390е 
307 e 
368.0 
379.5 
385е 
341.1 
390.6 
401.1 
411.3 
4212 
430.6 
439.7 
203.2 
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VAPOR PRESSURE OF FLUIDS AT TEMPERATURES BELOW 300 К 


This table gives vapor pressures of 67 important fluids in the 
temperature range 2 to 300 K. Helium (*He), hydrogen (H,), and 
neon (Ne) are covered on this page. The remaining fluids are listed 
on subsequent pages by molecular formula in the Hill order (see 
Introduction). The data have been taken from evaluated sources; 
references are listed at the end of the table. 


Helium Hydrogen Neon 
T/K Р/КРа T/K Р/КРа T/K Р/КРа 
22 5.3 14.0 7.90 25.0 513 
2.3 6.7 14.5 10.38 26.0 718 
2.4 8.3 15.0 13.43 27.0 98.5 
2.5 10.2 15.5 17.12 28.0 132.1 
2.6 12.4 16.0 21.53 29.0 173.5 
2.7 14.8 16.5 2674 30.0 223.8 
2.8 17.5 17.0 32.84 31.0 284.0 
2.9 20.6 17.5 39.92 32.0 355.2 
3.0 24.0 18.0 48.08 33.0 438.6 
31 27.8 18.5 57.39 34.0 535.2 
3.2 32.0 19.0 67.96 35.0 646.2 
3.3 36.5 19.5 79.89 36.0 772.8 
34 41.5 20.0 93.26 37.0 916.4 
3.5 47.0 20.5 108.2 38.0 1078 
3.6 52.9 21.0 124.7 39.0 1260 
37 59.3 21.5 143.1 40.0 1462 
3.8 66.1 22.0 163.2 41.0 1688 
3.9 73.5 22.5 185.3 42.0 1939 
4.0 81.5 23.0 209.4 43.0 2216 
4.1 90.0 23.5 235.7 44.0 2522 
BCI, BF, 
Ar Boron Boron 
T/K Argon trichloride trifluoride 
50 Ol s 
55 02 s 
60 08 s 
65 28 s 
70 77.28 
75 187 s 
80 407 s 
85 79.0 
90 134 
95 213 
100 324 
105 473 
110 666 
115 910 
120 1214 
125 1584 
130 2027 
135 2553 
140 3170 
145 3892 7.7 
150 4736 13.4 
155 22.3 
160 352 
165 53.7 
170 791 
175 113 
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Pressures are given in kilopascals (kPa). Note that: 
1 kPa - 7.50062 Torr 
100 kPa = 1 bar 
101.325 kPa - 1 atmos 
"s" following an entry indicates that the compound is solid at 
that temperature. 


Helium Hydrogen Neon 
T/K Р/КРа T/K Р/КРа T/K Р/КРа 
42 99.0 24.0 264.2 
43 108.7 24.5 295.1 
44 119.0 25.0 328.5 
&5 129.9 25.5 364.3 
4.6 141.6 26.0 402.9 
47 153.9 26.5 444.3 
48 167.0 27.0 488.5 
4.9 180.8 27.5 535.7 
5.0 195.4. 28.0 586.1 
5.1 210.9 28.5 639.7 
29.0 696.7 
29.5 757.3 
30.0 821.4 
30.5 889.5 
31.0 961.5 
31.5 1038.0 
32.0 1119.0 
32.5 1204.0 
Ref. 17,18 1 13 
BrH CIF CIH 
Hydrogen Br, Chlorine Hydrogen 
bromide Bromine fluoride chloride 
0.1 
0.3 01 s 
0.6 03 s 
12 05 s 
Ol s 21 10 s 
03 s 3.6 19 s 
06 s 6.0 3.4 s 
11 s 9.5 58 s 
19 s 14.6 9.5 s 
33 s 21.8 14.7 
54 s 317 22.0 
87 s 44.8 31.9 
134 8 62.0 45.1 
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ЕСІ, ВЕ, BrH CIF CIH 
Ar Boron Boron Hydrogen Br, Chlorine Hydrogen 
T/K Argon trichloride trifluoride bromide Bromine fluoride chloride 
180 0.1 157 20.1 s 84.2 62.5 
185 0.2 214 295 s 112 84.7 
190 0.3 285 37.9 147 113 
195 0.5 372 51.8 190 148 
200 0.8 479 69.5 242 190 
205 1.2 608 91.8 304 242 
210 1.8 762 119 378 304 
215 2.6 944 153 464 377 
220 3.8 1160 194 01 s 564 463 
225 5.2 1413 242 02 s 680 563 
230 7.2 1709 299 03 s 812 678 
235 9.7 2056 366 04 s 961 811 
240 12.9 2460 443 07 s 1130 961 
245 17.0 2913 532 11 s 1319 1132 
250 22.0 3481 633 17 s 1529 1325 
255 28.1 4123 748 26 s 1762 1542 
260 35.6 4874 878 38 s 2019 1784 
265 44.5 1023 55 s 2301 2054 
270 55.1 1185 7.3 2608 2354 
275 67.6 1364 9.5 2941 2686 
280 82.2 1562 12.3 3303 3053 
285 99.1 1780 15.6 3693 3457 
290 119 2018 19.7 4111 3901 
295 141 2278 24.6 4560 4388 
300 166 2561 30.5 5039 4921 
Ref. 8,15 12 12 12 12 12 12 
CIO, сз ЕН EO ЕМ 
Chlorine СІ, Silicon Hydrogen F, Difluorine Nitrogen 
T/K dioxide Chlorine tetrachloride fluoride Fluorine oxide trifluoride 
50 
55 0.4 
60 1.5 
65 4.8 
70 12.3 
75 27.6 0.1 
80 55.3 0.2 
85 101 0.5 0.1 
90 172 12 0.2 
95 276 2.6 0.4 
100 420 5.3 0.9 
105 615 10.1 2.0 
110 870 18.0 4.0 
115 1196 30.5 7.3 
120 1605 49.3 12.8 
125 2108 76.7 21.1 
130 2721 115 33.5 
135 3458 168 51.1 
140 4339 237 75.4 
145 328 108 
150 444 150 
155 588 205 
160 766 273 
165 981 357 
170 1238 459 
175 1.8 1541 581 
180 2.8 1895 726 
185 4.2 2303 896 
190 6.1 0.3 2771 1092 
195 0.1 8.7 0.5 3302 1319 
200 0.3 12.3 0.8 3899 1578 
205 0.5 16.9 1.2 4567 1871 


210 0.9 22.9 0.1 1.7 5308 2203 
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со, СІ Бі 

Chlorine Cl, Silicon 
T/K dioxide Chlorine tetrachloride 
215 1.4 30.5 0.2 
220 2.3 40.1 0.3 
225 3.5 51.9 0.5 
230 5.3 66.4 0.7 
235 7.6 84.0 1.0 
240 10.8 105 15 
245 14.9 130 2.0 
250 20.1 160 2.8 
255 26.6 194 3.8 
260 34.6 234 5.0 
265 44.4 280 6.6 
270 56.1 332 8.6 
275 69.9 392 11.1 
280 86.2 459 14.2 
285 105 535 17.9 
290 127 619 223 
295 151 714 277 
300 179 818 34.0 
Ref. 12 5 12 

E,P Е Бі ES 

Phosphorus Silicon Sulfur 
T/K trifluoride tetrafluoride hexafluoride 
105 0.1 
110 0.2 
115 0.5 
120 1.0 
125 1.9 01 s 
130 3.5 02 s 
135 5.9 04 s 
140 9.5 09 s Ol s 
145 14.9 19 s 02 s 
150 22.5 38 s 04 s 
155 33.1 75 s 08 s 
160 47.3 14.0 s 15 s 
165 66.0 252 5 26 s 
170 90.1 43.8 s 44 s 
175 121 742 s 71 s 
180 159 122 5 113 s 
185 206 197 5 173 s 
190 262 280 259 s 
195 330 376 380 s 
200 410 488 544 s 
205 503 618 766 5 
210 611 766 106 5 
215 736 932 145 5 
220 877 1117 195 5 
225 1037 1324 249 
230 1217 1555 305 
235 1418 1816 371 
240 1640 2111 448 
245 1885 2449 536 
250 2154 2841 636 
255 2448 3301 750 
260 2767 878 
265 3112 1021 
270 1181 
275 1358 
280 1554 
285 1768 
290 2003 
295 2258 
300 2534 


Ref. 12 12 12,15 


Vapor Pressure of Fluids at Temperatures Below 300 K 


FH EO ЕМ 
Hydrogen Е, Difluorine Nitrogen 
fluoride Fluorine oxide trifluoride 
2.3 2577 
32 2995 
4.4 3464 
5.9 3991 
7.9 
10.3 
13.4 
17.2 
21.8 
27.4 
34.2 
42.2 
51.8 
63.1 
76.3 
91.7 
110 
130 
12 12 12 1 
HI H,S 
Hydrogen Hydrogen нх H,P 
iodide sulfide Ammonia Phosphine 
0.1 
0.2 
0.4 
0.7 
1.3 
Ol s 2.3 
02 s 3.9 
03 s 6.2 
06 s 9.6 
01 s 11 s 14.5 
02 s 19 s 01 s 21.1 
04 s 32 s 02 s 30.0 
0.8 s 52 s 03 s 41.6 
13 s 83 s 06 s 56.6 
22 s 127 s 12 s 75.6 
34 s 189 s 21 s 99.2 
53 s 26.6 35 s 128 
80 s 36.7 58 s 163 
117 s 49.8 8.7 205 
168 s 66.4 12.6 254 
236 s 87.1 17.9 312 
325 s 113 24.9 379 
4.0 s 144 34.1 456 
56.2 182 45.9 544 
71.4 227 60.8 644. 
89.7 281 79.6 756 
112 344 103 881 
137 416 131 1019 
168 500 165 1172 
203 597 207 1341 
244 706 256 1525 
290 830 313 1725 
343 969 381 1942 
404 1124 460 2176 
472 1297 552 2428 
548 1488 655 2699 
633 1698 774. 2987 
727 1929 909 3295 
831 2181 1062 3621 
12 12,15 11 12 
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H,Si Kr NO N, NO О, 0,5 
Т/К Silane Krypton Nitric oxide Nitrogen Nitrous oxide Oxygen Sulfur dioxide 
50 04 s 
55 18 s 0.2 
60 63 s 0.7 
65 17.4 23 
70 38.6 6.3 
75 01 s 76.1 145 
80 04 s 137 30.1 
85 11 s Ol s 229 56.8 
90 27 s 04 s 361 99.3 
95 0.1 60 s 13 s 541 163 
100 0.2 121 s 38 8 779 254 
105 0.4 228 $ 100 65 1084 379 
110 1.0 404 s 23.5 1467 543 
115 1.9 680 s 46.8 1939 0.1 756 
120 3.5 103 86.5 2513 0.1 1022 
125 6.1 150 151 3209 0.3 1351 
130 10.0 211 248 0.7 1749 
135 15.8 290 391 1.3 2225 
140 24.1 388 592 2.5 2788 
145 35.3 509 867 43 3448 
150 50.3 655 1231 7.1 4219 
155 69.8 830 1703 114 
160 94.6 1037 2302 17.6 
165 126 1278 3050 26.4 
170 164 1557 3971 38.5 0.1 
175 210 1877 5089 54.7 0.2 
180 265 2241 6433 75.9 0.3 
185 331 2655 103 0.5 
190 408 3120 138 0.8 
195 498 3641 181 1.3 
200 602 4223 234 2.0 
205 722 4870 298 3.0 
210 859 374 4.4 
215 1017 465 6.3 
220 1196 571 9.0 
225 1398 694 12.6 
230 1628 835 17.3 
235 1888 996 23.3 
240 2180 1179 31.1 
245 2509 1385 40.9 
250 2880 1615 53.2 
255 3296 1870 68.3 
260 3763 2152 86.7 
265 4288 2462 109 
270 2802 136 
275 3172 168 
280 3573 205 
285 4006 249 
290 4473 300 
295 4973 359 
300 5508 426 
Ref. 12 13,15 12,15 1 12 3 12 
CBrF, CCIF, CCLF, CCLF 
O, Rn Xe Bromotri- Chlorotri- Dichlorodi- Trichloro- 
T/K Ozone Radon Xenon fluoromethane fluoromethane fluoromethane  fluoromethane 
100 0.1 Ol s 
105 0.2 01 s 
110 0.4 03 s 
115 1.0 07 s 0.1 
120 2.0 15 s 0.2 
125 3.8 27 s 0.3 
130 6.8 0.1 49 s 0.6 
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СВТЕ, CCIF, CCLF, ССІ,Е 
о, Кп Хе Вгото - Chlorotri- Dichlorodi- Trichloro- 
T/K Ozone Radon Xenon fluoromethane fluoromethane fluoromethane  fluoromethane 
135 11.5 0.3 85 s 0.1 11 
140 18.7 0.5 140 s 0.3 2.0 
145 29.1 0.9 222 s 0.5 33 
150 43.7 1.5 342 s 0.9 53 
155 63.6 24 51.1 s 1.5 83 0.1 
160 89.9 3.8 74.2 8 2.5 12.6 0.3 
165 124 5.8 101 3.9 18.6 0.5 
170 168 8.6 134 5.9 26.8 0.8 
175 222 12.5 173 8.8 37.6 13 
180 289 177 222 12.8 51.7 21 
185 367 24.5 280 181 69.7 3.2 
190 468 33.2 348 25.1 92.3 48 0.2 
195 584 44.4 428 34.1 120 6.9 0.3 
200 721 58.2 521 45.6 155 9.9 0.4 
205 881 75.3 628 60.0 196 137 0.6 
210 1068 96 750 77.8 246 18.8 1.0 
215 1285 121 889 99.5 304 25.2 14 
220 1536 151 1045 126 372 33.3 2.0 
225 1824 185 1220 157 451 43.3 2.9 
230 2155 1416 194 542 55.5 4.1 
235 2534 1633 237 646 70.4 5.6 
240 2968 1872 287 763 88.1 7.6 
245 3464 2136 344 896 109 10.1 
250 4031 2425 410 1044 134 133 
255 4678 2742 485 1210 163 172 
260 5417 3087 570 1394 196 22.1 
265 3462. 665 1598 234 28.0 
270 3869 771 1823 278 35.1 
275 4310 889 2071 327 437 
280 4786 1021 2343 383 53.8 
285 5299 1166 2641 445 65.7 
290 1325 2968 515 79.6 
295 1501 3325 593 95.6 
300 1692 3716 679 141 
Ref. 12 15 12,13 12 12 12 12 
са, СЕ, CO COS CO, CHCIF, CHCI, 
Tetrachloro- Tetrafluoro- Carbon Carbon Carbon Chlorodifluo- Trichloro- 
T/K methane methane monoxide oxysulfide dioxide methane methane 
50 01 s 
55 06 s 
60 26 s 
65 82 s 
70 21.0 
75 44.4 
80 83.7 
85 147 
90 0.1 239 
95 0.3 371 
100 0.8 545 
105 1.7 771 
110 3.4 1067 
115 6.5 1428 
120 11.5 1877 
125 19.3 2400 
130 30.8 3064 
135 47.4 01 s 
140 70.2 0.1 02 s 
145 101 0.2 04 s 
150 141 0.4 08 s 0.1 
155 191 0.8 17 S 0.3 
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са, СЕ, со COS CO, CHCIF, CHCI, 
Tetrachloro- Tetrafluoro- Carbon Carbon Carbon Chlorodifluo- Trichloro- 
T/K methane methane monoxide oxysulfide dioxide methane methane 

160 254 1.3 31 s 0.5 

165 332 2.2 57 5 0.8 

170 425 34 99 s 14 

175 537 5.2 168 s 23 

180 669 7.8 276 5 3.6 

185 824 11.3 440 s 5.5 

190 1005 15.9 684 s 81 

195 1216 22.1 104 5 11.8 

200 1460 30.0 155 5 16.7 

205 1743 40.1 227 5 231 

210 2073 52.7 327 5 315 

215 2457 68.2 465 5 421 0.1 

220 2907 87.2 599 55.3 0.2 

225 3438 110 734 717 0.3 

230 137 893 91.6 0.4 

235 169 1075 116 0.7 

240 207 1283 144 1.0 

245 250 1519 178 14 

250 301 1785 218 2.0 

255 1.5 358 2085 264 27 

260 2.1 423 2419 317 37 

265 2.8 497 2790 377 5.0 

270 3.7 580 3203 446 6.6 

275 4.9 673 3658 525 8.7 

280 6.4 777 4161 613 11.3 

285 8.2 892 4714 711 14.4 

290 10.5 1019 5318 821 18.3 

295 132 1159 5984 944 22.9 

300 16.5 1313 6713 1080 28.5 

Ref. 12 12 9 12 6, 19 12 12 

СНЕ, CHN CHI, СН,Е, 
Trifluoro- Hydrogen Dichloro- Difluoro- СН,О сна CH,F 

T/K methane cyanide methane methane Formaldehyde Chloromethane  Fluoromethane 
120 0.1 
125 0.2 
130 0.4 
135 0.7 0.6 
140 1.4 0.1 1.2 
145 2.5 0.2 2.1 
150 4.3 0.3 3.6 
155 7.1 0.6 5.9 
160 11.1 1.0 9.3 
165 17.0 1.7 14.1 
170 25.3 2.8 20.9 
175 36.5 44 29.9 
180 51.4 6.8 42.0 
185 70.9 10.2 13 241 57.6 
190 95.8 14.8 2.0 3.1 77.4. 
195 127 21.2 3.0 4.6 102 
200 166 01 s 0.1 29.5 4.4 6.7 133 
205 214 02 s 0.2 40.5 6.4 9.5 171 
210 271 04 s 0.3 54.5 9.1 13.1 216 
215 340 06 s 0.4 72.1 12.7 17.9 270 
220 421 1 5 0.6 94.1 17.4 240 333 
225 516 15 s 0.9 121 23.4 31.8 408 
230 626 22 $ 14 154 31.0 414 495 
235 754. 33 s 2.0 193 40.6 53.3 595 
240 900 47 s 2.8 240 52.5 67.7 711 
245 1067 68 s 3.8 295 67.0 85.1 843 
250 1257 97 s 5.3 360 84.6 106 993 
255 1472 136 s 7.1 434 106 131 1163 


260 1713 18.8 9.5 521 131 159 1355 
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СНЕ, CHN CHI, CH, 
Trifluoro- Hydrogen Dichloro- Difluoro- СН,О сна CH,F 
T/K methane cyanide methane methane Formaldehyde Chloromethane  Fluoromethane 
265 1984 24.1 12.4 620 161 193 1571 
270 2287 30.5 161 732 196 232 1813 
275 2624 38.3 20.7 860 236 277 2084 
280 3000 47.7 26.3 1004 283 327 2387 
285 3418 58.8 33.0 1165 337 385 2724 
290 3881 72.1 41.1 1346 399 450 3099 
295 4393 87.6 50.8 1547 470 524 3516 
300 105.9 62.1 1770 549 606 3978 
Ref. 12 12,16 12 12 12 12 12 
СНО 
єн, CHO CH, CH, CH, Dimethyl C,H, 
T/K Methane Methanol Acetylene Ethylene Ethane ether Propadiene 
65 0.1 
70 0.3 
75 0.8 
80 2.1 
85 4.9 
90 10.6 
95 20.0 
100 34.5 
105 57.0 
110 88.4 0.3 
115 133 0.8 0.1 
120 192 14 0.4 
125 269 27 0.7 
130 368 01 $ 4.5 13 
135 491 03 s 77 2.2 
140 642, 07 s 11.9 3.8 
145 824 13 s 18.3 6.0 
150 1041 26 s 27.5 9.7 0.1 
155 1297 46 s 39.9 15.0 0.1 0.2 
160 1594 78 5 56.4 21.5 0.2 0.3 
165 1937 128 s 77.9 31.0 0.3 0.6 
170 2331 206 s 105 42.9 0.5 1.0 
175 2779 322 s 140 59.0 0.9 1.7 
180 3288 490 s 182 78.7 14 27 
185 3865 729 s 234 104 21 41 
190 4520 106 5 296 135 332 6.1 
195 146 369 172 47 8.9 
200 190 456 217 6.8 12.5 
205 244 557 271 9.6 17.4 
210 309 673 334 13.3 23.7 
215 385 806 407 18.1 31.6 
220 475 958 492 24.3 41.4 
225 579 1128 590 32.1 53.5 
230 0.1 699 1321 700 41.9 68.2 
235 0.2 837 1535 826 53.9 85.8 
240 0.4 993 1774 967 68.6 107 
245 0.5 1170 2039 1125 86.3 131 
250 0.8 1370 2331 1301 108 160 
255 12 1593 2652 1496 133 193 
260 17 1843 3005 1712 162 230 
265 24 2121 3391 1949 197 273 
270 3.3 2429 3813 2210 237 322 
275 4.5 2771 4275 2495 283 376 
280 6.2 3150 2806 335 438 
285 8.3 3567 3146 395 506 
290 11 4028 3515 463 582 
295 14.4 4535 3917 538 666 
300 18.7 5093 4355 623 759 


Ref. 2,16 12 12,16 4 2 12 12 
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CH, 
C,H, C,H, Buta-1,3- 
T/K Propylene Propane diene 
140 0.1 
145 0.2 
150 0.4 
155 0.7 
160 1.2 0.8 
165 2.0 14 
170 3.1 2.2 0.1 
175 4.7 3.3 0.2 
180 7.0 5.0 0.4 
185 10.1 7.3 0.6 
190 14.2 10.5 1.0 
195 19.7 15.0 1.5 
200 26.9 20.1 2.3 
205 35.9 27.0 34 
210 47.3 36.0 48 
215 613 47.0 67 
220 78.5 60.0 92 
225 99.2 77.0 12.5 
230 124 97.0 16.7 
235 153 120 21.9 
240 188 148 28.4 
245 228 180 36.3 
250 274 218 46.0 
255 327 261 57.6 
260 387 311 71.3 
265 456 367 87.6 
270 533 431 107 
275 619 502 129 
280 715 582 154 
285 822 671 184 
290 940 769 217 
295 1069 878 255 
300 1212 998 297 
Ref. 7 2 12 
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CH, CH, СН, сн, 
Butane Isobutane Pentane Neopentane 
0.1 
0.1 
0.1 0.3 
0.2 0.4 
0.3 0.7 
0.5 11 Ol s 
0.8 1.7 02 s 
1.3 2.5 04 s 
1.9 3.7 07 s 
2.8 5.3 11 s 
4.0 74 16 s 
5.7 10.2 24 s 
7.8 13.8 1.0 36 s 
10.6 18.3 1.5 52 s 
14.1 24.0 2.1 73 5 
18.5 311 3.0 102 s 
24.1 39.8 4.2 139 s 
30.9 50.3 5.7 187 s 
39.1 62.9 7.6 248 5 
49.1 77.8 10.0 324 s 
61.0 95.4 13.0 41.6 
75.0 116 16.6 51.4 
91.5 140 211 63.0 
111 167 26.6 76.6 
133 198 33.1 92.3 
159 234 40.8 111 
188 274 50.0 131 
221 319 60.7 155 
258 370 73.2 182 
2 2 14 12,16 
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IUPAC RECOMMENDED DATA FOR VAPOR PRESSURE CALIBRATION 


These precise vapor pressure values are recommended as sec- References 
ondary standards. Values are given in kPa (1 kPa = 0.0098692 atm 
- 7.5006 Torr). Reprinted by permission of IUPAC. 1. Marsh, K.N., Ed., Recommended Reference Materials for the Realization 


of Physicochemical Properties, Blackwell Scientific Publications, 
Oxford, 1987. 

2. Ruzicka, К., Fulem, M., and Ruzicka, V., "Recommended Vapor 
Pressure of Solid Naphthalene’, J. Chem. Eng. Data, 50, 1956-1970, 


2005. 

T/K СО, (5) H,O(s) C, КО) n-CH,, CH, СЕ, H,O Hg 
180 27.62 3.0410! 
190 68.44 4.33.1019 
200 155.11 0.0002 4.69.10? 
210 327.17 0.0007 4.02.10% 
220 0.0026 2.82.107 
230 0.0089 1.66-10% 
240 0.0273 8.37.10 
250 0.0760 3.69.10? 7.60 
260 0.1958 1446-10 12.98 
270 0.4701 5.09.10* 21.15 0.485 
280 0.00163 33.11 5.148 4.322 0.991 
290 0.004798 50.01 8.606 7.463 1.919 
300 0.01308 73.17 13.816 12.328 3.535 
310 0.03328 104.07 21.389 19.576 6.228 
320 0.07956 144.3 32.054 30.009 10.540 
330 0.1797 195.7 46.656 44.578 17.202 
340 0.3854 260.1 66.152 64.380 27.167 
350 0.7884 339.4 91.609 90.664 41.647 
360 435.9 124.192 124.816 62.139 
370 551.5 165.2 168.4 90.453 
380 688.8 215.9 223.0 128.74 
390 850.2 277.7 290.4 179.48 
400 1038 353.2 372.6 245.54 0.138 
410 1256 441.0 471.5 330.15 0.215 
420 1507 545.5 589.3 436.89 0.329 
430 1793 667.6 728.3 569.73 0.493 
440 2120 808.8 890.9 732.99 0.724 
450 2490 971.1 1080 931.36 1.045 
460 2910 1156 1297 1169.9 1.485 
470 1366 1547 1453.9 2.078 
480 1602 1833 1789.0 2.866 
490 1868 2159 2181.4 3.899 
500 2164 2530 2637.3 5.239 
510 2494 2954 3163.3 6.955 
520 2861 3766.4 9.131 
530 3267 4453.9 11.861 
540 3717 5233.5 15.256 
550 4216 6113.4 19.438 
560 4770 7102.0 25.547 
570 8208.6 30.74 
580 9443.0 38.19 
590 10816 47.09 
600 12339 57.64 
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ENTHALPY OF VAPORIZATION 


The molar enthalpy (heat) of vaporization A Н, which is de- 
finedas the enthalpy change in the conversion of one mole of liquid 
to gas at constant temperature, is tabulated here for approximately 
850 inorganic and organic compounds. Values are given, when 
available, both at the normal boiling point ¢,, referred to a pressure 
of 101.325 kPa (760 mmHg), and at 25°C. Substances are listed by 
molecular formula in the modified Hill order (see Preface). 

The values in this table were measured either by calorimetric 
techniques or by application of the Claperyon equation to the 
variation of vapor pressure with temperature. See Reference 1 for 
a discussion of the accuracy of different experimental techniques 
and for methods of estimating enthalpy of vaporization at other 
temperatures. 
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Mol.form. Name 


AgBr Silver(I) bromide 
AgCI Silver(I) chloride 
AgI Silver(I) iodide 

Al Aluminum 

АВН, Aluminum borohydride 
AIBr, Aluminum tribromide 
АП, Aluminum triiodide 
Ar Argon 

AsBr, Arsenic(III) bromide 
AsCI, Arsenic(III) chloride 
AsF, Arsenic(III) fluoride 
AsF, Arsenic(V) fluoride 
AsH, Arsine 

Asl, Arsenic(III) iodide 
Au Gold 

B Boron 

BBr, Boron tribromide 
ЕСІ, Boron trichloride 
BF, Boron trifluoride 

BI, Boron triiodide 

В.Е, Tetrafluorodiborane 
B,H, Diborane 

BH, Tetraborane 

ВН, Pentaborane(11) 

Ba Barium 

вест, Beryllium chloride 
Bel, Beryllium iodide 

Bi Bismuth 

BiBr, Bismuth tribromide 
BiCl, Bismuth trichloride 
BrF Bromine fluoride 
BrF, Bromine trifluoride 
BrF, Bromine pentafluoride 
BrH Hydrogen bromide 
BrH,Si Bromosilane 

BrIn Indium(I) bromide 
1548! Thallium(I) bromide 
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АН A, HQS'C) 
tC kJ/mol kJ/mol 
1502 198 
1547 199 
1506 143.9 
2519 294 
44.5 30 
255 23.5 
382 32.2 
—185.85 6.43 
221 41.8 
130 35.01 
57.8 297 
—52.8 20.8 
—62.5 16.69 
424 593 
2856 324 
4000 480 
91 30.5 
12.65 23.77 23.1 
—101 19.33 
210 40.5 
-34 28 
-924 14.28 
18 27.1 
63 31.8 
1897 140 
482. 105 
487 70.5 
1564 151 
453 75.4 
447 72.61 
20 25.1 
125.8 47.57 
40.76 30.6 
—66.38 12.69 
1.9 24.4 
656 92 
819 99.56 
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Mol. form. 
Br, 
Вг,Са 
Br,H,Si 
Br,Hg 
Br,Pb 
Br,Sn 
Br,Zn 
Br,Ga 
Br,HSi 
Br,OP 
Br,P 
Br,Sb 
Br,Ge 
Br,Si 
Br,Sn 
Br, Ti 
Вг,Та 
са 
CdCl, 


Name 

Bromine 

Cadmium bromide 
Dibromosilane 
Мегсигу(П) bromide 
Lead(II) bromide 

Tin(II) bromide 

Zinc bromide 
Gallium(III) bromide 
Tribromosilane 
Phosphorus(V) oxybromide 
Phosphorus(III) bromide 
Antimony(III) bromide 
Germanium(IV) bromide 
Tetrabromosilane 
Tin(IV) bromide 
Titanium(IV) bromide 
Tantalum(V) bromide 
Cadmium 

Cadmium chloride 
Cadmium fluoride 
Cadmium iodide 
Chlorine fluoride 
Perchloryl fluoride 
Phosphorus(III) chloride difluoride 
Chlorine trifluoride 
Chlorotrifluorosilane 
Hydrogen chloride 
Chlorosilane 

Nitrosyl chloride 

Nitryl chloride 

Chlorine dioxide 
Thallium(I) chloride 
Chlorine 

ChromiumY(II) chloride 
Chromyl chloride 
Phosphorus(III) dichloride fluoride 
Dichlorodifluorosilane 
Dichlorosilane 
Мегсигу(П) chloride 
Chlorine monoxide 
Thionyl chloride 

Sulfuryl chloride 

Lead(II) chloride 

Tin(II) chloride 
Titanium(II) chloride 
Zinc chloride 
Gallium(III) chloride 
Trichlorosilane 
Phosphorus(V) oxychloride 
Vanadyl trichloride 
Phosphorus(III) chloride 
Antimony(III) chloride 
Titanium(III) chloride 
Germanium(IV) chloride 
Tungsten(VI) oxytetrachloride 
Tetrachlorosilane 
Tin(IV) chloride 
Tellurium tetrachloride 
Thorium(IV) chloride 
Titanium(IV) chloride 


&/°С 
58.8 
844 
66 
322 
892 
639 
697 
279 
109 
191.7 
172.95 
280 
186.35 
154 
205 
230 
349 
767 
960 
1748 
742 
-1011 
-46.75 
-47.25 
1175 
—70.0 
-85 
-304 
—5.5 
-15 
11 
720 
—34.04 
1300 
117 
14 
-32 
8.3 
304 
2.2 
75.6 
69.4 
951 
623 
1500 
732 
201 
33 
105.5 
127 
75.95 
220.3 
960 
86.55 
227.55 
57.65 
114.15 
387 
921 
136.45 


A P) 
kJ/mol 
29:96 

115 
31 
58.89 

133 

102 

118 
38.9 
34.8 
38 
38.8 
59 
414 
37.9 
43.5 
44.37 
62.3 
99.87 

124.3 

214 

115 
24 
19.33 
17.6 
27.53 
187 
16.15 
21 
25.78 
25.7 
30 

102.2 
20.41 

197 
35.1 
24.9 
212 
25 
58.9 
259 
317 
314 

127 
86.8 

232 

126 
23.9 


34.35 
36.78 
30.5 
45.19 
124 
27.9 
67.8 
28.7 
34.9 
77 
146.4 
362 


A „H(25°C) 
kJ/mol 
30.91 


9.08 


17.65 


24.2 


31 
30.1 


25.7 
38.6 


32.1 


29.7 
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A HS) A „H(25°C) 
Mol. form. Name کب‎ kJ/mol kJ/mol 
CLV Vanadium(IV) chloride 148 41.4 42.5 
С. Мо Molybdenum(V) chloride 268 62.8 
CLNb Niobium(V) chloride 254.0 52.7 
С1,Та Tantalum(V) chloride 239.35 54.8 
а Tungsten(VI) chloride 346.75 52.7 
FH,Si Fluorosilane —98.6 18.8 
FLi Lithium fluoride 1673 147 
FNO Nitrosyl fluoride –59.9 19.28 
ЕМО, Nitryl fluoride -724 18.05 
ЕМ5 Thionitrosyl fluoride (NSF) 4.8 22.2 
Е; Fluorine -188.12 6.62 
EH,Si Difluorosilane -77.8 16.3 
EO Fluorine monoxide -144.75 11.09 
Е,О5 Thionyl fluoride —43.8 21.8 
EO, Fluorine dioxide -57 191 
Е,РЬ Lead(II) fluoride 1293 160.4 
F,Zn Zinc fluoride 1500 190.1 
E.HSi Trifluorosilane -95 16.2 
ЕМ Nitrogen trifluoride —128.75 11.56 
Е,О,Ке Rhenium(VII) dioxytrifluoride 185.4 65.7 
EP Phosphorus(III) fluoride -101.5 16.5 
F,PS Phosphorus(V) sulfide trifluoride —52.25 19.6 
F,MoO Molybdenum(VI) oxytetrafluoride 186.0 50.6 
EN, Tetrafluorohydrazine —74 13.27 
F,ORe Rhenium(VI) oxytetrafluoride 1717 61.0 
د‎ Tungsten(VI) oxytetrafluoride 185.9 59.5 
ES Sulfur tetrafluoride -40.45 26.44 
Е,бе Selenium tetrafluoride 106 47.2 
F,Th Thorium(IV) fluoride 1680 258 
EI Iodine pentafluoride 100.5 41.3 
Е,Мо Molybdenum(V) fluoride 213.6 51.8 
F,Nb Niobium(V) fluoride 229 52.3 
Е,Ов Osmium(V) fluoride 225.9 65.6 
ЕР Phosphorus(V) fluoride —84.6 17.2 
F,Re Rhenium(V) fluoride 221.3 58.1 
F,Ta Tantalum(V) fluoride 229.2 56.9 
ЕМ Vanadium(V) fluoride 48.3 44.52 
ЕП Iridium(VI) fluoride 53.6 30.9 
Е Мо Molybdenum(VI) fluoride 34.0 29.0 
F Os Osmium(VI) fluoride 47.5 28.1 
F Re Rhenium(VI) fluoride 33.8 28.7 
ES Sulfur hexafluoride 8.99 
FW Tungsten(VI) fluoride 17.1 26.5 
Ga Gallium 2204 254 
Gal, Gallium(III) iodide 340 56.5 
Ge Germanium 2833 334 
GeH, Germane 88.1 14.06 
Сен, Digermane 30.8 25.1 
сен, Trigermane 110.5 322 
HI Hydrogen iodide -35.55 19.76 17.36 
HLiO Lithium hydroxide 1626 188 
HNO, Nitric acid 83 39.1 
HN, Hydrazoic acid 357 30.5 
HNaO Sodium hydroxide 1388 175 
H, Hydrogen -252.87 0.90 
H,O Water 100.0 40.657 43.990 
H,O, Hydrogen peroxide 150.2 51.6 
H,S Hydrogen sulfide -59.55 18.67 14.08 
H,S, Hydrogen disulfide 70.7 33.78 


H,Se Hydrogen selenide —41.25 19.7 
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A HS) A (25°C) 
Mol. form. Name tC kJ/mol kJ/mol 
H,Te Hydrogen telluride -2 192 
HN Ammonia —33.33 23.33 19.86 
НР Phosphine -87.75 14.6 
H,Sb Stibine -17 21.3 
НМ, Hydrazine 113.55 41.8 44.7 
нр, Diphosphine 63.5 28.8 
H,Si Silane -111.9 12.1 
H,Sn Stannane —51.8 19.05 
H Si, Disilane -143 212 
H Si, Trisilane 52.9 28.5 
He Helium —268.93 0.08 
Hg Mercury 356.73 59.11 
Hgl, Мегсигу(П) iodide 354 59.2 
Пп Indium(I) iodide 712 90.8 
ITI Thallium(I) iodide 824 104.7 
8 Iodine 184.4 41.57 
LPb Lead(ID iodide 872 104 
LSn Tin(II) iodide 714 105 
LP Phosphorus(III) iodide 227 43.9 
LSb Antimony(III) iodide 401 68.6 
1,51 Tetraiodosilane 287.35 50.2 
1,5п Ти (ТУ) iodide 364.35 56.9 
111 Titanium(IV) iodide 377 58.4 
Kr Krypton -153.22 9.08 
Моо, Molybdenum(VI) oxide 1155 138 
NO Nitric oxide -151.74 13.83 
М, Миговеп —195.79 5.57 
МО Nitrous oxide —88.48 16.53 
N,O, Nitrogen tetroxide 21.15 38.12 
Ne Neon —246.08 1.71 
O, Oxygen -182.95 6.82 
O,S Sulfur dioxide —10.05 24.94 22.92 
0,5 Sulfur trioxide 45 40.69 43.14 
P Phosphorus 280.5 12.4 14.2 
Pb Lead 1749 179.5 
S Sulfur 444.60 45 
STI, Thallium(I) sulfide 1367 154 
Se Selenium 685 95.48 
Te Tellurium 988 114.1 
Xe Xenon —108.11 12.57 
CCIF, Chlorotrifluoromethane -814 15.8 
ССЂЕ, Dichlorodifluoromethane -29.8 20.1 
CCLF Trichlorofluoromethane 237 25.1 
ССІ, Tetrachloromethane 76.8 29.82 32.43 
CHBr, Tribromomethane 149.1 39.66 46.05 
CHCIF, Chlorodifluoromethane —40.7 20.2 
CHCLF Dichlorofluoromethane 8.9 25.2 
CHCl, Trichloromethane 61.17 29.24 31.28 
CH,BrCl Bromochloromethane 68.0 30.0 
СН, Вг, Dibromomethane 97 32.92 36.97 
CH,Cl, Dichloromethane 40 28.06 28.82 
СНЫ, Diiodomethane 182 42.5 
CH,O, Formic acid 101 22.69 20.10 
CH,Br Bromomethane 3.5 23.91 22.81 
сна Chloromethane —24.09 21.40 18.92 
CH, Iodomethane 42.55 27.34 27.97 
СН,ХО Formamide 220 60.15 
CH,NO, Nitromethane 101.19 33.99 38.27 
CH Methane —161.48 8.19 


4 


CHO Methanol 64.6 35.21 37.43 
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Mol. form. 


CH,N 
CHN, 
CN,O, 
CO 

CS, 
C,Br,CIF, 
С,Вг,Р, 
С,СЕ, 
ден 
C,CLF, 
C,CLF, 
СС 
CF, 
C,HBrCIF, 
C, HCl, 
С,НСІ, 
С,НЕ,О, 
CH,Br, 
С,Н, 1, 
сна, 
сна, 
сна, 
C,H,Br 
сна 


Мате 

Methylamine 
Methylhydrazine 
Tetranitromethane 

Carbon monoxide 

Carbon disulfide 
1,2-Dibromo-1-chloro-1,2,2-trifluoroethane 
1,2-Dibromotetrafluoroethane 
Chloropentafluoroethane 
1,2-Dichlorotetrafluoroethane 
1,1,1-Trichlorotrifluoroethane 
1,1,2-Trichloro-1,2,2-trifluoroethane 
Tetrachloroethylene 
Hexafluoroethane 
2-Bromo-2-chloro-1,1,1-trifluoroethane 
Trichloroethylene 
Pentachloroethane 
Trifluoroacetic acid 
1,1,2,2-Tetrabromoethane 
1,1-Dichloroethylene 
cis-1,2-Dichloroethylene 
trans-1,2-Dichloroethylene 
1,1,2,2-Tetrachloroethane 
Bromoethylene 
Chloroethylene 
1,1-Dichloro-1-fluoroethane 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
1,1,1-Trifluoroethane 
Acetonitrile 

Ethylene 

1,2-Dibromoethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Difluoroethane 
Acetaldehyde 

Ethylene oxide 

Acetic acid 

Methyl formate 

Bromoethane 

Chloroethane 
2-Chloroethanol 

Iodoethane 
N-Methylformamide 
Nitroethane 

Ethane 

Ethanol 

Dimethyl ether 

Dimethyl sulfoxide 

Ethylene glycol 

Ethanethiol 

Dimethyl sulfide 
1,2-Ethanedithiol 

Dimethyl disulfide 
Dimethylamine 

Ethanolamine 
1,2-Ethanediamine 
1,1-Dimethylhydrazine 
Cyanogen 
1,2-Dichlorohexafluoropropane 
Methyl trichloroacetate 


&/°С 
—6.32 
87.5 

126.1 

-191.5 
46 
өз 
47.35 

—37.95 
3.8 
46.1 
477 
121.3 
—78.1 
50.2 
87.21 
159.8 
73 
243.5 
31.6 
60.1 
48.7 
146.5 
15.8 
-13.3 
32.0 
74.09 
113.8 
-47.25 
81.65 
-103.77 
131.6 
574 
83.5 
-24.95 
201 
10.6 
117.9 
317 
38.5 
12.3 
128.6 
72.5 
199.51 
114.0 
—88.6 
78.29 
—24.8 
189 
197.3 
35.1 
37.33 
146.1 
109.8 
6.88 
171 
117 
63.9 
—21.1 
34.1 
153.8 
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A HS) A „H(25°C) 
kJ/mol kJ/mol 
25.60 23.37 
36.12 40.37 
40.74 49.93 

6.04 

26.74 27.51 

31.17 35.04 

27.03 28.39 

19.41 

23.3 

26.85 28.08 

27.04 28.40 

34.68 39.68 

16.15 

28.08 29.61 

31.40 34.54 

36.9 

33.3 

48.7 

26.14 26.48 

30.2 

28.9 

37.64 45.71 

23.4 

20.8 

26.06 26.48 

29.86 32.50 

34.82 40.24 

18.99 

29.75 32.94 

13.53 

34.77 41.73 

28.85 30.62 

31.98 35.16 

21.56 19.08 

25.76 25.47 

25.54 24.75 

23.70 23.36 

27.92 28.35 

27.04 28.03 

24.65 

41.4 

29.44 31.93 
56.19 

38.0 

14.69 5.16 

38.56 42.32 

21.51 18.51 

43.1 

50.5 

26.79 27.30 

27.0 27.65 

37.93 44.68 

33.78 37.86 

26.40 25.05 

49.83 

37.98 44.98 

32.55 35.0 

23.33 19.75 

26.28 26.93 
48.33 


Enthalpy of Vaporization 6-99 


A HS) A  H(25°C) 

Mol. form. Name tC kJ/mol kJ/mol 
С.Н, Acrylonitrile 77.3 32.6 

C,H,CLO, Methyl dichloroacetate 142.9 39.28 47.72 
C,H,O Acrolein 52.6 28.3 

C,H,O, 2-Oxetanone 162 47.03 
С,Н,Вг 3-Вготоргорепе 70.1 30.24 32.73 
сна 3-Chloropropene 45.1 29.0 

С.Н, СО, Methyl chloroacetate 129.5 39.23 46.73 
сна, 1,2,3-Trichloropropane 157 37.1 

сн, Propanenitrile 97.14 31.81 36.03 
C.H, Propene -47.69 18.42 14.24 
C.H, Cyclopropane —32.81 20.05 16.93 
C,H Br, 1,2-Dibromopropane 141.9 35.61 41.67 
C,H. Br, 1,3-Dibromopropane 167.3 47.45 
СНА, 1,3-Dichloropropane 120.9 35.18 40.75 
СНО Allyl alcohol 97.0 40.0 

C,H,O Propanal 48 28.31 29.62 
СНО Acetone 56.05 29.10 30.99 
СНО Methyloxirane 35 27.35 27.89 
C,H,O Oxetane 47.6 28.67 29.85 
с,ңо, Propanoic acid 141.15 32.14 
C,H O, Ethyl formate 544 29.91 31.96 
с,ң о, Methyl acetate 56.87 30.32 32.29 
CHS Thietane 95 32.32 35.97 
С,Н.Вг 1-Вготоргорапе 711 29.84 32.01 
С,Н,Вг 2-Вготоргорапе 59.5 28.33 30.17 
сна 1-СМогоргорапе 46.5 27.18 28.35 
C,H,Cl 2-Chloropropane 35.7 26.30 26.90 
СНА 1-Iodopropane 102.6 32.08 36.25 
СНА 2-Iodopropane 89.5 30.68 34.06 
C,H NO N-Ethylformamide 198 58.44 
С,Н,ХО N,N-Dimethylformamide 153 46.89 
C,H NO, 1-Мигоргорапе 1311 38.5 

C,H NO, 2-Nitropropane 120.2 36.8 

C,H, Propane —42.1 19.04 14.79 
C,H,O 1-Propanol 97.2 41.44 47.45 
C,H,O 2-Propanol 82.3 39.85 45.39 
СНО, 1,2-Propylene glycol 187.6 52.4 

C,H,O, 1,3-Propylene glycol 214.4 57.9 

C,H,O, Ethylene glycol monomethyl ether 124.1 37.54 45.17 
СНО, Glycerol 290 61.0 

С,Н,5 1-Propanethiol 67.8 29.54 31.89 
C,H.S 2-Propanethiol 52.6 27.91 29.45 
С,Н,5 Ethyl methyl sulfide 66.7 29.53 31.85 
C, H,S, 1,3-Propanedithiol 172.9 49.66 
СЕМ Ргорујапипе 47.22 29.55 31.27 
С.Н, Isopropylamine 31.76 27.83 28.36 
С.Н, Trimethylamine 2.87 22.94 21.66 
С.Н № 1,3-Propanediamine 139.8 40.85 50.16 
CF, Perfluorocyclobutane -5.9 232 

CF, Perfluorobutane -1.9 22.9 

CHN, Succinonitrile 266 48.5 

CHN, Pyrimidine 123.8 43.09 49.79 
CHN, Pyridazine 208 53.47 
C,H,O Furan 315 27.10 27.45 
ено; Diketene 1261 36.80 42.89 
C,H,S Thiophene 84.0 31.48 34.70 
СНО, Ethyl trichloroacetate 167.5 50.97 
САМ 2-Methylacrylonitrile 90.3 31.8 

САМ Руггоје 129.79 38.75 45.09 


сн, Cyclopropanecarbonitrile 135.1 35.55 41.94 


6-100 Enthalpy of Vaporization 


A Ht) A „H(25°C) 

Mol. form. Name tC kJ/mol kJ/mol 
САО, Methyl cyanoacetate 200.5 48.2 

C,H.NS 4-Methylthiazole 133.3 37.58 43.85 
C,H, 1,2-Butadiene 10.9 24.02 23.21 
C,H, 1,3-Butadiene -441 2247 20.86 
CH, 1-Butyne 8.08 24.52 23.35 
C,H.CLO, Ethyl dichloroacetate 155 50.60 
CHO, Vinyl acetate 72.5 34.6 

CHO, Methyl acrylate 807 33.1 

CHO, y-Butyrolactone 204 52.2 

CHO, Acetic anhydride 139.5 38.2 

2,3-Dihydrothiophene 1121 33.24 37.74‏ 5 يی 
CH,S 2,5-Dihydrothiophene 1224 34.83 39.95‏ 
снао, Ethyl chloroacetate 144.3 40.43 49.47‏ 
сн, Butanenitrile 117.6 33.68 39.33‏ 
САМ 2-Methylpropanenitrile 103.9 32.39 37.13‏ 
CH, 1-Butene –6.26 22.07 20.22‏ 
CH, cis-2-Butene 371 23.34 22.16‏ 
CH, trans-2-Butene 0.88 22.72 21.40‏ 
CH, Cyclobutane 12.6 24.19 23.51‏ 
CH,Br, 1,4-Dibromobutane 197 53.09‏ 
C НЕ, 1,2-Dichlorobutane 124.1 33.90 39.58‏ 
сна, 1,4-Dichlorobutane 161 46.36‏ 
CH,CLO Bis(2-chloroethyl) ether 178.5 45.2‏ 

C,H,O Ethyl vinyl ether 35.5 26.2 

C,H,O 1,2-Epoxybutane 63.4 30.3 

C,H,O Butanal 74.8 31.5 

сно 2-Butanone 79.59 31.30 34.79 
CH,O Tetrahydrofuran 65 29.81 31.99 
CH,O, Butanoic acid 163.75 40.45 
CHO, 2-Methylpropanoic acid 154.45 35.30 
CH,O, Propyl formate 80.9 33.61 37.53 
C,H,O, Ethyl acetate 7741 31.94 35.60 
CHO, Methyl propanoate 79.8 32.24 35.85 
C,H,O, 1,3-Dioxane 106.1 34.37 39.09 
C,H,O, 1,4-Dioxane 101.5 34.16 38.60 
CH,S Tetrahydrothiophene 121.0 34.66 39.43 
C H,Br 1-Bromobutane 101.6 32.51 36.64 
C H,Br 2-Bromobutane 91.3 30.77 34.41 
C H,Br 1-Bromo-2-methylpropane 9141 31.33 34.82 
CH,Br 2-Bromo-2-methylpropane 73.3 29.23 31.81 
сна 1-Chlorobutane 78.6 30.39 33.51 
сна 2-Chlorobutane 68.2 29.17 31.53 
сна 1-Chloro-2-methylpropane 68.5 29.22 31.67 
сна 2-СМого-2-те у ргорапе 50.9 27.55 28.98 
CH 1-Iodobutane 130.6 34.66 40.63 
CH, 2-Iodobutane 120.1 33.27 38.46 
CH, 1-Iodo-2-methylpropane 1211 33.54 38.83 
CH 2-Iodo-2-methylpropane 100.1 3143 35.41 
САМ Pyrrolidine 86.56 33.01 37.52 
CH,NO N-Ethylacetamide 205 64.89 
C,H,NO N,N-Dimethylacetamide 165 50.24 
C,H,NO Morpholine 128 37.1 

CH, Butane -0.5 22.44 21.02 
CH, Isobutane -11.73 21.30 19.23 
C,H,O 1-Butanol 11773 43.29 52.35 
C,H,O 2-Butanol 99.51 40.75 49.72 
C,H,,O 2-Methyl-1-propanol 107.89 41.82 50.82 
CH, O 2-Methyl-2-propanol 824 39.07 46.69 
C,H,O Diethyl ether 345 26.52 27.10 


CH O Methyl propyl ether 39.1 26.75 27.60 


Enthalpy of Vaporization 6-101 


A HS) A HQS'C) 

Mol. form. Мате tC kJ/mol kJ/mol 
СНО Isopropyl methyl ether 30.77 26.05 26.41 
CH,,0, 1,2-Butanediol 190.5 52.84 71.55 
с,н,о, 1,3-Butanediol 207.5 54.31 74.46 
C,H,,0, Ethylene glycol monoethyl ether 135 39.22 48.21 
C,H,,0, Ethylene glycol dimethyl ether 85 32.42 36.39 
CH,O, Diethylene glycol 245.8 52.3 

C,H,,S 1-Butanethiol 98.5 32.23 36.63 
C,H,S 2-Butanethiol 85 30.59 33.99 
CH,S 2-Methyl-1-propanethiol 88.5 31.01 34.63 
CH,S 2-Methyl-2-propanethiol 64.3 28.45 30.78 
C,H,,S Diethyl sulfide 92.1 31.77 35.80 
СН 5 Methyl propyl sulfide 95.6 32.08 36.24 
CH,S Isopropyl methyl sulfide 84.8 3071 34.15 
С,Н,5, 1,4-Butanedithiol 195.5 55.10 
CH,S, Diethyl disulfide 1541 37.58 45.18 
C,H,,N Butylamine 77.00 31.81 35.72 
сн, sec-Butylamine 62.73 29.92 32.85 
CH,N tert-Butylamine 44.04 28.27 29.64 
сн, Isobutylamine 67.75 30.61 33.85 
C,H,N Diethylamine 55.5 29.06 31.31 
CH,N Isopropylmethylamine 50.4 2871 30.69 
CH, NO 2-Amino-2-methyl-1-propanol 165.5 50.6 

C,H,,NO, Diethanolamine 268.8 65.2 

C,H F.O, Hexafluoroacetylacetone 54.15 27.05 30.58 
C,H,O, Furfural 161.7 43.2 

САМ Pyridine 115.23 35.09 40.21 
CHO, Furfuryl alcohol 171 53.6 

СН,5 2-Methylthiophene 112.6 33.90 38.87 
С.Н 3-Methylthiophene 115.5 34.24 39.43 
САМ trans-3-Pentenenitrile 142.6 37.09 44.77 
С.Н, Cyclobutanecarbonitrile 149.6 36.88 44.34 
C.H, Spiropentane 39 26.76 27.49 
C.H,O Cyclopropyl methyl ketone 1113 34.07 39.41 
C.H,O Cyclopentanone 130.57 36.35 42.72 
C.H,O, Methyl cyclopropanecarboxylate 114.9 35.25 41.27 
C.H,O, Allyl acetate 103.5 36.3 

C,H,O, Ethyl acrylate 99.4 34.7 

C.H,O, Methyl methacrylate 100.5 36.0 

C.H,O, 2,4-Pentanedione 138 34.30 41.77 
С.Н, Pentanenitrile 141.3 36.09 43.60 
С.Н, 3-Methylbutanenitrile 127.5 35.10 41.64 
САМ 2,2-Dimethylpropanenitrile 106.1 3240 37.35 
CH, 1-Pentene 29.96 25.20 25.47 
сн cis-2-Pentene 36.93 26.86 
C.H, trans-2-Pentene 36.34 26.76 
C. Hi, 2-Methyl-1-butene 312 25.50 25.92 
Сн, 3-Methyl-1-butene 20.1 23.77 
C.H, 2-Methyl-2-butene 38.56 26.31 27.06 
C.H, Cyclopentane 49.3 27.30 28.52 
С.Н, CL 1,2-Dichloropentane 148.3 36.45 43.89 
C,H Cl, 1,5-Dichloropentane 179 50.71 
C,H O Cyclopentanol 140.42 57.05 
C,H O 2-Pentanone 102.26 33.44 38.40 
C.H,,O 3-Pentanone 101.96 33.45 38.52 
C,H O 3-Methyl-2-butanone 94.33 32.35 36.78 
C,H O 3,3-Dimethyloxetane 80.6 30.85 33.94 
C.H,,O Tetrahydropyran 88 31.17 34.58 
C,H O, Pentanoic acid 186.1 44.1 

C,H O, 2-Methylbutanoic acid 177 46.91 


C.H,,0, Butyl formate 106.1 36.58 41.11 


6-102 Enthalpy of Vaporization 


A HS) A HQS'C) 
Mol. form. Name کب‎ kJ/mol kJ/mol 
C,H O, Isobutyl formate 98.2 33.6 
C.H O, Propyl acetate 101.54 33.92 39.72 
C.H,,0, Isopropyl acetate 88.6 32.93 37.20 
C,H O, Ethyl propanoate 99.1 33.88 39.21 
C.H O, Methyl butanoate 102.8 33.79 39.28 
C.H, O, Methyl isobutanoate 92.5 32.61 37.32 
C,H O, Tetrahydrofurfuryl alcohol 178 45.2 
C,H,,O, Diethyl carbonate 126 43.60 
C.H, O, Ethylene glycol monomethyl ether acetate 143 43.9 
C.H S Thiacyclohexane 141.8 35.96 42.58 
С,Н,5 Cyclopentanethiol 1321 35.32 41.42 
C.H, Вг 1-Bromopentane 129.8 35.01 41.28 
сна 1-Chloropentane 107.8 33.15 38.24 
сна 2-Chloropentane 97.0 31.79 36.03 
сна 1-Chloro-3-methylbutane 98.9 32.02 36.24 
СНА 1-Iodopentane 155 45.27 
C,H,,N Piperidine 106.22 39.29 
C,H, Pentane 36.06 25.79 26.43 
С.Н, Isopentane 27.88 24.69 24.85 
C.H,, Neopentane 9.48 22.74 21.84 
C,H,,0 1-Pentanol 137.98 4436 57.02 
C,H,,0 2-Pentanol 119.3 41.40 54.21 
С,Н,О 3-Pentanol 116.25 54.0 
C.H,,O 2-Methyl-1-butanol 128 55.16 
СНО 3-Methyl-1-butanol 1311 44.07 55.61 
C,H,,0 2-Methyl-2-butanol 1024 39.04 50.10 
С НО 3-Methyl-2-butanol 112.9 53.0 
С,Н,О Butyl methyl ether 70.16 29.55 32.37 
С,Н,О sec-Butyl methyl ether 59.1 28.09 30.23 
C.H,,O Methyl tert-butyl ether 55.2 27.94 29.82 
С,Н,О Isobutyl methyl ether 58.6 28.02 30.13 
СНО Ethyl propyl ether 63.21 28.94 31.43 
C.H,,O Ethyl isopropyl ether 54.1 2821 30.08 
СНО, 1-Ethoxy-2-methoxyethane 102.1 34.33 39.83 
СНО, 1,5-Pentanediol 239 60.7 
C.H,O, Ethylene glycol monopropyl ether 149.8 41.40 52.12 
СНО, Diethoxymethane 88 31.33 35.65 
СНО, Diethylene glycol monomethyl ether 193 46.6 
C.H,S 1-Pentanethiol 126.6 34.88 41.24 
С,Н,5 2-Methyl-1-butanethiol 119.1 33.79 39.45 
С,Н,5 2-Methyl-2-butanethiol 99.1 31.37 35.67 
С.Н,,5 Butyl methyl sulfide 123.5 34.47 40.46 
С,Н,5 tert-Butyl methyl sulfide 99 31.47 35.84 
С,Н,5 Ethyl propyl sulfide 118.6 34.24 39.97 
С.Н,,5 Ethyl isopropyl sulfide 107.5 32.74 37.78 
C,H,,N Pentylamine 104.3 34.01 40.08 
C,H,,N Ethylisopropylamine 69.6 29.94 33.13 
C CIF, Chloropentafluorobenzene 117.96 34.76 41.07 
CF, Hexafluorobenzene 80.26 31.66 35.71 
CHF, Pentafluorobenzene 85.74 3215 36.27 
сна, 0-Dichlorobenzene 180 39.66 50.21 
сна, m-Dichlorobenzene 173 38.62 48.58 
сна, p-Dichlorobenzene 174 38.79 49.0 
CHE, o-Difluorobenzene 94 32.21 36.18 
CHE, m-Difluorobenzene 82.6 31.10 34.59 
CHE, p-Difluorobenzene 89 31.77 35.54 
С,Н,Вг Bromobenzene 156.06 44.54 
сна Chlorobenzene 131.72 35.19 40.97 
СНЕ Fluorobenzene 84.73 31.19 34.58 


CHI Iodobenzene 188.4 39.5 


Enthalpy of Vaporization 6-103 


A HS) A „H(25°C) 

Mol. form. Name کب‎ kJ/mol kJ/mol 
САО, Nitrobenzene 210.8 55.01 
CH, Benzene 80.09 30.72 33.83 
C,H,CIN o-Chloroaniline 208.8 444 

СНО Phenol 181.87 45.69 57.82 
CHS Benzenethiol 169.1 39.93 47.56 
сам Aniline 184.17 42.44 55.83 
снм 2-Methylpyridine 129.38 36.17 42.48 
C.H.N 3-Methylpyridine 14414 37.35 44.44 
CHN 4-Methylpyridine 145.36 37.51 44.56 
сн, 1-Cyclopentenecarbonitrile 44.98 
САМ Cyclopentanecarbonitrile 43.43 
СНО, Triacetamide 60.41 
CH, Cyclohexene 82.98 30.46 33.47 
СНО Cyclohexanone 155.43 45.06 
СНО Mesityl oxide 130 36.1 

С НО, Methyl cyclobutanecarboxylate 135.5 37.13 44.72 
СНО, Propanoic anhydride 170 41.7 

CHO, Diethyl oxalate 1857 42.0 

C.H, O, Ethylene glycol diacetate 190 61.44 
C HN Hexanenitrile 163.65 47.91 
Сн, 1-Нехепе 63.48 30.61 
Сн, cis-2-Hexene 68.8 32.19 
Сн, trans-2-Hexene 67.9 31.60 
Сн, cis-3-Hexene 66.4 31.23 
Сн, trans-3-Hexene 67.1 31.55 
CH,, 2-Methyl-1-pentene 62.1 30.48 
Сн, 3-Methyl-1-pentene 54.2 28.62 
Сн, 4-Methyl-1-pentene 53.9 28.71 
CH,, 2-Methyl-2-pentene 67.3 31.60 
Сн, 3-Methyl-cis-2-pentene 677 32.09 
Сн, 3-Methyl-trans-2-pentene 704 31.35 
Сн, 4-Methyl-cis-2-pentene 56.3 29.48 
CH, 4-Methyl-trans-2-pentene 58.6 29.97 
Сн, 2-Ethyl-1-butene 64.7 31.13 
Сн, 2,3-Dimethyl-1-butene 55.6 29.18 
Сн, 3,3-Dimethyl-1-butene 41.2 26.61 
Сн, 2,3-Dimethyl-2-butene 73.3 29.64 32.51 
CH,, Cyclohexane 80.73 29.97 33.01 
Сн, Methylcyclopentane 71.8 29.08 31.64 
Сн, Ethylcyclobutane 70.8 28.67 31.24 
СНС, 1,2-Dichlorohexane 173 48.16 
СНО Butyl vinyl ether 94 31.58 36.17 
C HO 2-Hexanone 127.6 36.35 43.14 
C H,jO 3-Hexanone 123.5 35.36 42.47 
СНО 3-Methyl-2-pentanone 117.5 34.16 40.53 
CH,,0 4-Methyl-2-pentanone 116.5 34.49 40.61 
C H,jO 2-Methyl-3-pentanone 113.5 33.84 39.79 
С НО 3,3-Dimethyl-2-butanone 106.1 33.39 37.91 
CH,,0 Cyclohexanol 160.84 62.01 
СНО, Butyl acetate 126.1 36.28 43.86 
CH,,0, tert-Butyl acetate 95.1 33.07 38.03 
C.H,,0, Isobutyl acetate 116.5 35.9 

СНО, Propyl propanoate 122.5 35.54 43.45 
C .H,.O, Ethyl butanoate 121.5 35.47 42.68 
C. H,0, Ethyl 2-methylpropanoate 110.1 33.67 39.83 
СНО, Methyl pentanoate 1274 35.36 43.10 
C .H,.O, Methyl 2,2-dimethylpropanoate 101.1 33.42 38.76 
C .H,.O, Ethylene glycol monoethyl ether acetate 156.4 40.76 52.61 
C. HS Cyclohexanethiol 158.9 37.06 44.57 


СН Вг 1-Вготоһехапе 155.3 45.89 


6-104 Enthalpy of Vaporization 


A HS) A „H(25°C) 
Mol. form. Name کب‎ kJ/mol kJ/mol 
сна 1-СМогоћехапе 135 35.67 42.83 
СН 1-Iodohexane 181 49.75 
САМ Cyclohexylamine 134 36.14 43.67 
CH, Hexane 68.73 28.85 31.56 
СН, 2-Ме{һу1репїапе 60.26 27.79 29.89 
СН, 3-Methylpentane 63.27 28.06 30.28 
СН, 2,2-Dimethylbutane 49.73 26.31 27.68 
СН, 2,3-Dimethylbutane 57.93 27.38 29.12 
CH,N, Azopropane 114 39.88 
CHO 1-Hexanol 157.6 44.50 61.61 
C,H,,0 2-Hexanol 140 41.01 58.46 
C.H,,O 2-Methyl-1-pentanol 149 50.2 
C.H,,O 4-Methyl-1-pentanol 151.9 44.46 60.47 
сн,О 2-Methyl-2-pentanol 1211 39.59 54.77 
C.H,,O 4-Methyl-2-pentanol 131.6 44.2 
C.H,,O 2-Ethyl-1-butanol 147 43.2 
СНО Dipropyl ether 90.08 3131 35.69 
C.H,,O Diisopropyl ether 68.51 29.10 32.12 
сн,О Butyl ethyl ether 92.3 31.63 36.32 
сн,О Methyl pentyl ether 99 32.02 36.85 
C.H,,O, 2-Methyl-2,4-pentanediol 197.1 57.3 
C.H,,O, Ethylene glycol monobutyl ether 168.4 56.59 
СО, 1,1-Diethoxyethane 102.25 36.28 43.20 
C.H,,O, Ethylene glycol diethyl ether 119.4 36.28 43.20 
C.H,,O, Bis(ethoxymethyl) ether 140.6 36.17 44.69 
C.H,,O, Diethylene glycol monoethyl ether 196 47.5 
CH,,0, Diethylene glycol dimethyl ether 162 36.17 44.69 
يی‎ Triethylene glycol 285 714 
C .H,,S Dipropyl sulfide 142.9 36.60 44.21 
С.Н, 45 Diisopropyl sulfide 120.1 33.80 39.60 
C H,S Isopropyl propyl sulfide 132.1 35.11 41.78 
CHS Butyl ethyl sulfide 144.3 37.01 44.51 
C.H;,,S Methyl pentyl sulfide 145.1 37.41 45.24 
СНМ Hexylamine 132.8 36.54 45.10 
C.H,N Butylethylamine 107.5 33.97 40.15 
сн,м Dipropylamine 109.3 33.47 40.04 
СМ Diisopropylamine 83.9 30.40 34.61 
СНМ Isopropylpropylamine 96.9 32.14 37.23 
C,H, N Triethylamine 89 31.01 34.84 
С;МоО, Molybdenum hexacarbonyl 701 72.51 
СНЕ, 2,3,4,5,6- Pentafluorotoluene 117.5 34.75 41.12 
CHF, (Trifluoromethyl)benzene 102.1 32.63 37.60 
сн,х Benzonitrile 1911 45.9 
C HO Benzaldehyde 179.0 42.5 
CHO, Salicylaldehyde 197 38.2 
сна o-Chlorotoluene 159.0 37.5 
сна p-Chlorotoluene 162.4 38.7 
СНЕ o-Fluorotoluene 115 35.4 
СНЕ p-Fluorotoluene 116.6 34.08 39.42 
C.H, Toluene 110.63 33.18 38.01 
сно o-Cresol 191.04 45.19 
C.H,O m-Cresol 202.27 47.40 61.71 
C.H,O p-Cresol 201.98 47.45 
сно Benzyl alcohol 205.31 50.48 
C.H,O Anisole 153.7 38.97 46.90 
C.H,N Benzylamine 185 60.16 
САМ o-Methylaniline 200.3 44.6 
C. HN m-Methylaniline 203.3 44.9 
C. HN p-Methylaniline 200.4 44.3 


САМ 1-Cyclohexenecarbonitrile 53.55 


Enthalpy of Vaporization 


Mol. form. 
C. HN 
C.H,N 
САМ 
C.H,N 
C.H,N 
САМ 
СНО 
СНМ 
CH, 
CH,,0, 
CH,, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
СНО 
C.H,,O 
C.H,,O 
C.H,,O 
C.H,,O 
C.H,,O 
C.H,,O, 
сна, 


Мате 
2,3-Dimethylpyridine 
2,4-Dimethylpyridine 
2,5-Dimethylpyridine 
2,6-Dimethylpyridine 
3,4-Dimethylpyridine 
3,5-Dimethylpyridine 
Dicyclopropyl ketone 
Cyclohexanecarbonitrile 
1-Methylbicyclo(3,1,0)hexane 
Diethyl malonate 
1-Heptene 

cis-2-Heptene 
trans-2-Heptene 
cis-3-Heptene 
trans-3-Heptene 
cis-3-Methyl-3-hexene 
trans-3-Methyl-3-hexene 
2,4-Dimethyl-1-pentene 
4,4-Dimethyl-1-pentene 
2,4-Dimethyl-2-pentene 
cis-4,4-Dimethyl-2-pentene 
trans-4,4-Dimethyl-2-pentene 
2-Ethyl-3-methyl-1-butene 
2,3,3-Trimethyl-1-butene 
Methylcyclohexane 
Ethylcyclopentane 
cis-1,3-Dimethylcyclopentane 
2-Heptanone 
2,2-Dimethyl-3-pentanone 
2,4-Dimethyl-3-pentanone 
1-Methylcyclohexanol 
cis-2-Methylcyclohexanol 
trans-2-Methylcyclohexanol 
Pentyl acetate 

Isopentyl acetate 

Ethyl pentanoate 

Ethyl 3-methylbutanoate 
Ethyl 2,2-dimethylpropanoate 
Methyl hexanoate 
1-Bromoheptane 
1-Chloroheptane 

Heptane 

2-Methylhexane 
3-Methylhexane 
3-Ethylpentane 
2,2-Dimethylpentane 
2,3-Dimethylpentane 
2,4-Dimethylpentane 
3,3-Dimethylpentane 
2,2,3-Trimethylbutane 
Hexyl methyl ether 
1-Heptanol 

3-Heptanol 

Butyl propyl ether 

Ethyl pentyl ether 
Heptylamine 
Perfluorooctane 

Styrene 

Acetophenone 

Methyl benzoate 


tC 
161.12 
158.38 
156.98 
144.01 
179.10 
171.84 
161 


93.1 
200 
93.64 
98.4 
98 
95.8 
95.7 
95.4 
93.5 
81.6 
72.5 
83.4 
80.4 
76.7 
89 
77.9 
100.93 
103.5 
90.8 
151.05 
125.6 
125.4 
155 
165 
167.5 
1492 
142.5 
1461 
135.0 
1184 
149.5 
179 
159 
98.5 
90.04 
92 
93.5 
79.2 
89.78 
80.49 
86.06 
80.86 
126.1 
176.45 
157 
118.1 
117.6 
156 
105.9 
145 
202 
199 


А P) 
kj/mol 
39.08 
38.53 
38.68 
37.46 
39.99 


39.46 


31.07 
54.8 


31.27 
31.96 
30.40 


36.09 
34.64 
79.0 
48.5 
53.0 
38.42 
37.5 
36.96 
37.0 
34.51 
38.55 


31.77 
30.62 
30.9 

31.12 
29.23 
30.46 
29.55 
29.62 
28.90 
34.93 


42.5 
33.72 
34.41 


33.38 
38.7 
43.98 


A (25°C) 
kJ/mol 
47.82 
47.49 
47.04 
45.34 
50.50 
49.33 
53.70 
51.92 
34.77 


35.49 
36.26 
36.27 
35.81 
35.84 
36.31 
35.70 
33.03 
31.13 
34.19 
32.56 
32.81 
34.35 
32.09 
35.36 
36.40 
34.20 
47.24 
42.34 
41.51 


48.56 
47.01 


41.25 
48.04 
50.60 
47.66 
36.57 
34.87 


35.22 
32.42 
34.26 
32.88 
33.03 
32.05 
42.07 
66.81 


40.22 
41.01 
49.96 
41.13 


55.40 
55.57 
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A HS) A HQS'C) 
Mol. form. Name tC kJ/mol kJ/mol 
C,H,O, Methyl salicylate 222.9 46.7 
C,H o Ethylbenzene 136.19 35.57 42.24 
CH, o-Xylene 144.5 36.24 43.43 
CH, m-Xylene 139.12 35.66 42.65 
CH, p-Xylene 138.37 35.67 42.40 
с,н,О 2,4-Xylenol 210.98 64.96 
с,н,О 2,5-Xylenol 2111 46.9 
с,н,О 2,6-Xylenol 201.07 75.81 
C,H,,O 3,4-Xylenol 227 85.03 
с,н,О 3,5-Xylenol 22174 82.01 
СНО Phenetole 169.81 51.04 
C,H,N N-Ethylaniline 203.0 58.3 
C,H,,N N,N-Dimethylaniline 194.15 52.83 
C,H,,N 2,4-Dimethylaniline 214 61.3 
C,H,N 2,5-Dimethylaniline 214 61.7 
C,H,,N 2,3,6-Trimethylpyridine 171.6 39.95 50.61 
روي‎ 2,4,6-Trimethylpyridine 170.6 39.87 50.33 
C,H, 1-Octyne 126.3 35.83 42.30 
CH, 2-Octyne 137.6 37.26 44.49 
CH, 3-Octyne 1331 36.94 43.92 
CH, 4-Octyne 131.6 36.0 42.73 
C,H,,O, Butanoic anhydride 200 50.0 
C,H,N Octanenitrile 205.25 56.80 
CH, 1-Octene 12129 34.07 40.34 
CH, cis-2,2-Dimethyl-3-hexene 105.5 36.86 
CH, trans-2,2-Dimethyl-3-hexene 100.8 37.03 
CH, 3-Ethyl-2-methyl-1-pentene 109.5 37.27 
CH, 2,4,4-Trimethyl-1-pentene 101.4 35.59 
CH, 2,4,4-Trimethyl-2-pentene 104.9 37.23 
сн, Ethylcyclohexane 131.9 34.04 40.56 
C,H, 1,1-Dimethylcyclohexane 119.6 32.51 37.92 
C,H, cis-1,2-Dimethylcyclohexane 129.8 33.47 39.70 
сн, trans-1,2-Dimethylcyclohexane 123.5 32.96 38.36 
CH, cis-1,3-Dimethylcyclohexane 120.1 32.91 38.26 
Сн, trans-1,3-Dimethylcyclohexane 124.5 33.39 39.16 
CH, cis-1,4-Dimethylcyclohexane 1244 33.28 39.02 
Сн, trans-1,4-Dimethylcyclohexane 1194 32.56 37.90 
CH, Propylcyclopentane 131 34.70 41.08 
сн, Isopropylcyclopentane 126.5 33.56 39.44 
CH, 1-Ethyl-1-methylcyclopentane 121.6 33.20 38.85 
СНО 2,2,4-Trimethyl-3-pentanone 135.1 35.64 43.30 
C.H, O, Octanoic acid 239 58.5 
C.H, O, 2-Ethylhexanoic acid 228 75.60 
C.H, O, Isobutyl isobutanoate 148.6 38.2 
C.H, O, Ethyl hexanoate 167 51.72 
C.H, O, Methyl heptanoate 174 51.62 
С.Н „Вг 1-Вготоосїапе 200 55.77 
C,H,,Cl 1-Chlorooctane 181.5 52.42 
C,H,F 1-Fluorooctane 1424 40.43 49.65 
CH, Octane 125.67 3441 41.49 
Сн, 2-Methylheptane 117.66 33.26 39.67 
сн, 3-Methylheptane 118.9 33.66 39.83 
сн, 4-Methylheptane 117.72 33.35 39.69 
Сн, 3-Ethylhexane 118.6 33.59 39.64 
сн, 2,2-Dimethylhexane 106.86 32.07 37.28 
сн, 2,3-Dimethylhexane 115.62 33.17 38.78 
Сн, 2,4-Dimethylhexane 109.5 32.51 37.76 
сн, 2,5-Dimethylhexane 109.12 32.54 37.85 
сн, 3,3-Dimethylhexane 111.97 32.31 37.53 


CH 3,4-Dimethylhexane 11773 33.24 38.97 
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A HS) A HQS'C) 
Mol. form. Мате tC kJ/mol kJ/mol 
сн, 3-Ethyl-2-methylpentane 115.66 32.93 38.52 
сн, 3-Ethyl-3-methylpentane 118.27 32.78 37.99 
СН, 2,2,3-Trimethylpentane 110 31.94 36.91 
сн, 2,2,4-Trimethylpentane 99.22 30.79 35.14 
сн, 2,3,3-Trimethylpentane 114.8 3242 37.27 
Сн, 2,3,4-Trimethylpentane 113.5 32.36 37.75 
сн, 2,2,3,3-Tetramethylbutane 106.45 42.90 
C,H,N, Azobutane 49.31 
СНО 1-Octanol 195.16 70.98 
СНО 2-Octanol 180 44.4 
СНО 2-Ethyl-1-hexanol 184.6 54.2 
CH,O Dibutyl ether 140.28 36.49 44.97 
СНО Di-sec-butyl ether 1211 34.06 40.84 
СНО Di-tert-butyl ether 107.23 32.15 37.61 
СНО, 1,2-Dipropoxyethane 50.62 
C.H,,O, Diethylene glycol diethyl ether 188 58.40 
C.H,,S Dibutyl sulfide 185 52.96 
(05:17: Di-tert-butyl sulfide 149.1 33.26 43.76 
C.H,,S Diisobutyl sulfide 171 48.71 
C,H,,N Dibutylamine 159.6 3844 49.45 
C,H,N 2-Ethylhexylamine 169.2 40.0 
C,H.N Quinoline 237.16 49.7 59.30 
C,H,N Isoquinoline 243.22 49.0 60.26 
CH, Cyclopropylbenzene 173.6 50.22 
сн, Indan 177.97 39.63 48.79 
C,H O, Benzyl acetate 213 49.4 
CH, Propylbenzene 15924 46.22 
CH, Isopropylbenzene 152.41 45.13 
C,H,, 1,2,3-Trimethylbenzene 176.12 49.05 
СН, 1,2,4-Trimethylbenzene 169.38 47.93 
СН, 1,3,5-Trimethylbenzene 164.74 47.50 
C,H,,O, Triacetin 259 85.74 
Сн, Butylcyclopentane 156.6 36.16 45.89 
CH, Propylcyclohexane 156.7 45.08 
СН, Isopropylcyclohexane 154.8 44.02 
СНО 2-Мопапопе 195.3 56.44 
C,H,,O 5-Nonanone 188.45 53.30 
СН О 2,6-Dimethyl-4-heptanone 169.4 50.92 
СНО, Methyl octanoate 192.9 56.41 
CH, Nonane 150.82 37.18 46.55 
СН» 2,2,5-Trimethylhexane 124.09 33.65 40.16 
Сн, 2,3,5-Trimethylhexane 131.4 34.43 41.41 
СН» 3,3-Diethylpentane 146.3 34.61 42.0 
СН» 2,2,4,4- Tetramethylpentane 122.29 32.51 38.49 
C,H, O 1-Nonanol 213.37 76.86 
С H.Br 1-Bromonaphthalene 281 39.3 
C,,H,Cl 1-Chloronaphthalene 259 52.1 
C,H, Naphthalene 217.9 43.2 
с,н,хХ 2-Methylquinoline 246.5 66.1 
C HN 4-Methylquinoline 262 67.6 
C HN 6-Methylquinoline 258.6 67.7 
С HN 8-Methylquinoline 247.5 65.7 
СН, 1,2,3,4- Tetrahydronaphthalene 207.6 43.9 
С.Н, Butylbenzene 183.31 38.87 51.36 
Соба sec-Butylbenzene 173.3 47.98 
СН tert-Butylbenzene 169.1 47.71 
С.Н, Isobutylbenzene 172.79 47.86 
CH, 1-Isopropyl-4-methylbenzene 177.1 38.2 
C, H, O (+)-Camphor 207.4 59.5 


C,H cis-Decahydronaphthalene 195.8 41.0 
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A Ht) A „H(25°C) 
Mol. form. Name tC kJ/mol kJ/mol 
CH, trans-Decahydronaphthalene 187.3 40.2 
C. HN Decanenitrile 243 66.84 
C H, 1-Decene 170.5 50.43 
C Ha, Butylcyclohexane 180.9 49.36 
C H, O, 2-Ethylhexyl acetate 199 43.5 
C H, O, Isopentyl isopentanoate 190.4. 45.9 
C, H,, Decane 17415 39.58 51.42 
СН» 2-Methylnonane 167.1 38.23 49.63 
Саб, 3-Methylnonane 167.9 38.26 49.71 
СВ» 5-Methylnonane 165.1 38.14 49.34 
CH, 2,4- Dimethyloctane 156 36.47 47.13 
C H,O 1-Decanol 231.1 81.50 
СНО Diisopentyl ether 172.5 35.1 
C, HS 1-Decanethiol 240.6 65.48 
С.Н, 1-Methylnaphthalene 244.7 45.5 
CH, N Undecanenitrile 253 71.14 
САН, Pentylcyclohexane 203.7 53.88 
СНА Undecane 195.9 41.91 56.58 
САНА 2-Methyldecane 189.3 40.25 54.28 
Cl 4-Methyldecane 187 40.70 53.76 
СНА 2,4,7-Trimethyloctane 168.1 38.22 49.91 
CEN Tris(perfluorobutyl)amine 178 46.4 
C.H, O Diphenyl ether 258.0 48.2 
СН, Cyclohexylbenzene 240.1 59.94 
C, H,, Cyclohexylcyclohexane 238 57.98 
СН,“ Dodecanenitrile 277 76.12 
СНА 1-Dodecene 213.8 60.78 
СН, 2,2,4,6,6- Pentamethylheptane 177.8 48.97 
С.Н, Dodecane 216.32 44.09 61.52 
С,Н,О 1-Dodecanol 259 91.96 
C.H, BO, Tributyl borate 234 56.1 
СН,“ Tributylamine 216.5 46.9 
CHN N-Benzylaniline 306.5 79.6 
C H,O, Methyl dodecanoate 267 77.17 
сын, Tridecane 235.47 46.20 66.68 
C.H, Phenanthrene 340 75.50 
C, H,0, Benzyl benzoate 323.5 53.6 
C, HN Tetradecanenitrile 85.29 
CH, Tetradecane 253.58 48.16 71.73 
C, H40 1-Tetradecanol 289 102.20 
CH, Pentadecane 270.6 50.08 76.77 
С H,O, Dibutyl phthalate 340 79.2 
СН 1-Hexadecene 284.9 80.25 
С На Неха4есапе 286.86 51.84 81.35 
C.H, Heptadecane 302.0 53.58 86.47 
С НО, Oleic acid 360 674 
Сын, Octadecane 316.3 55.23 91.44 
C.H Nonadecane 329.9 56.93 96.4 


C.H Eicosane 343 58.49 101.81 


ENTHALPY OF FUSION 


This table lists the molar enthalpy (heat) of fusion, А, H, of over 
1100 inorganic and organic compounds. АП values refer to the 
enthalpy change at equilibrium between the liquid phase and the 
most stable solid phase at the phase transition temperature. Most 
values of Л, H are given at the normal melting point t, . However, 
a "t" following the entry in the melting point column indicate a 
triple-point temperature, where the solid, liquid, and gas phases 
are in equilibrium. Temperatures are given on the ITS-90 scale. 

А * following an entry indicates that the value includes the en- 
thalpy of transition between crystalline phases whose transforma- 
tion occurs within 1°С of the melting point. 

Substances are listed by name, either an IUPAC systematic 
name or, in the case of drugs and other complex compounds, a 
common synonym. Inorganic compounds, including metal salts of 
organic acids, are listed first, followed by organic compounds. The 
molecular formula in the Hill convention is included. 
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Aluminum iodide АП, 188.28 15.90 
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Ammonium fluoride ЕНМ 238 12.6 
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Molecular A „НЛ 
Мате formula tC mol! 
Arsenic(III) oxide (claudetite) А5,0, 314 18 
Arsenic(V) oxide Аз,О, 730 60 
Arsenic(III) selenide Ав,5е, 377 40.8 
Arsenic(III) sulfide Ав,5, 312 28.7 
Arsenic sulfide As,S, 307 25.4 
Arsenic(III) telluride As,Te, 375 46.0 
Barium Ba 727 7.12 
Barium bromide BaBr, 857 322 
Barium carbonate CBaO, 1555 40 
(high pres.) 
Barium chloride BaCl, 961 15.85 
Barium fluoride BaF, 1368 23.36 
Barium hydride BaH, 1200 25 
Barium hydroxide BaH,O, 408 16 
Barium iodide Bal, 711 26.5 
Barium oxide BaO 1973 46 
Barium sulfate BaO,S 1580 40 
Barium sulfide BaS 2227 63 
Beryllium Be 1287 7.895 
Beryllium bromide BeBr, 508 18 
Beryllium carbide CBe, 2127 75.3 
Beryllium chloride вест, 415 8.66 
Beryllium fluoride BeF, 552 4.77 
Beryllium iodide Bel, 480 20.92 
Beryllium nitride Be,N, 2200 111 
Beryllium oxide BeO 2578 86 
Beryllium sulfate ВеО,5 1127 6 
Bismuth Bi 271.406 11.106 
Bismuth oxide Bi,O, 825 14.7 
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Name 

Bismuth sulfide 
Bismuth tribromide 
Bismuth trichloride 
Bismuth trifluoride 
Bismuth triiodide 
Boric acid 

Boron 

Boron nitride 
Boron oxide 

Boron sulfide 
Boron trichloride 
Boron trifluoride 
Bromine 

Bromine pentafluoride 
Cadmium 
Cadmium bromide 
Cadmium chloride 
Cadmium fluoride 
Cadmium iodide 
Cadmium nitrate 
Calcium 

Calcium bromide 


Calcium carbonate (calcite) 


Calcium chloride 
Calcium fluoride 
Calcium hydride 
Calcium iodide 
Calcium nitrate 
Calcium oxide 
Calcium sulfate 
Calcium sulfide 
Carbon (graphite) 
Cerium 

Cerium(III) bromide 
Cerium(III) chloride 
Сегішт(Ш) fluoride 
Сегішт(Ш) iodide 
Cerium(III) oxide 
Cerium(IV) oxide 
Cesium 

Cesium carbonate 
Cesium chloride 
Cesium chromate 
Cesium fluoride 
Cesium hydride 
Cesium hydroxide 
Cesium iodide 

Cesium metaborate 
Cesium molybdate 
Cesium nitrate 

Cesium nitrite 

Cesium oxide 

Cesium peroxide 
Cesium sulfate 
Chlorine 

Chromium 
Chromium(II) bromide 
Chromium(III) bromide 
ChromiumY(II) chloride 
Chromium({(III) chloride 


Molecular 
formula 


Bi,S, 
BiBr, 
BiCl, 


L °C 
777 
219 
234 
649 
408.6 
170.9 

2075 

2967 
450 
563 
-107.3 
-126.8 

TA 
-60.5 
321.069 
568 
568 

1075 
388 
360 
842 
742 

1330 
775 

1418 

1000 
783 
561 

2613 

1460 

2524 

4489 
799 
732 
807 

1430 
760 

2250 

2480 

28.5 
793 
646 
963 
703 
528 
342.3 
632 
732 
956.3 
409 
406 
495 
594 

1005 

-101.5 

1907 
842 
812 
824 
827 


Name 

Chromium (II) fluoride 
Chromium(III) fluoride 
Chromium(II) iodide 
Chromium(III) iodide 
Chromium(III) oxide 
Chromium(VI) oxide 
Сћгопишт (1) sulfide 
Cobalt 

Cobalt(II) bromide 
Cobalt(II) chloride 
Cobalt(II) fluoride 
Cobalt(II) iodide 
Cobalt(II) selenite 
Cobalt(II) sulfide 
Copper 
Copper(I) bromide 
Copper(I) chloride 
Соррег(П) chloride 
Соррег(П) fluoride 
Соррег(1) iodide 
Copper(I) oxide 
Соррег(П) oxide 


Соррег(Т) sulfide 
Curium 

Decaborane(14) 
Dysprosium 
Буврговішт(Ш) fluoride 
Dysprosium(III) oxide 
Einsteinium 

Erbium 

Erbium chloride 

Erbium fluoride 

Erbium oxide 

Europium 

Europium(II) bromide 
Europium(IID chloride 
Europium(IID fluoride 
Europium (11) oxide 
Ешгорішт(Ш) oxide 
Fluorine 

Gadolinium 
Gadolinium(III) bromide 
Gadolinium(III) chloride 
Gadolinium(III) fluoride 
Gadolinium(III) iodide 
Gadolinium(III) oxide 
Gallium 

Gallium antimonide 
Gallium arsenide 
Gallium(III) bromide 
Gallium(III) chloride 
Gallium(III) iodide 
Gallium(III) oxide 
Germanium 
Germanium(IV) bromide 
Germanium(I]) iodide 
Germanium(IV) iodide 
Germanium(IV) oxide 
Germanium(II) selenide 
Germanium(II) sulfide 


Molecular 
formula 


„РС 
894. 
1425 
867 
857 
2432 
197 
1567 
1495 
678 
737 
1127 
520 
659 
1117 
1084.62 
483 
423 
598 
836 
591 
1244 
1227 
1129 
1345 
98.78 
1412 
1157 
2408 
860 
1529 
776 
1146 
2418 
822 
683 
623 
647 
1967 
2350 
-219.67 
1313 
785 
602 
1232 
930 
2425 
29.7666 
712 
1238 
123 
77.9 
212 
1807 
938.25 
26.1 
428 
146 
1116 
675 
658 


125 
14.2 
25.5 
16.20 
43 
46.0 
58.1 
35 
16.3 
30 
13.26 

5.1 
7.08 
15.0 
55 
7.93 
65.6 
49 
9.62 
14.64 
21.97 
11.35 
58.6 
120 
9.41 
19.90 
32.6 
28.2 
130 
9.21 
25.1 
33.1 
6.40 
40 
117 
0.51 
9.67 
38.1 
40.6 
52.4 
54.0 
60 
5.585 
25.1 
87.64 
1L7 
11.51 
12.9 

100 
36.94 
12 
33.3 
19.1 
12.6 
247 
21.3 
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Мате 
Germanium(IV) sulfide 
GermaniumY(II) telluride 
Gold 

Hafnium 

Hafnium nitride 
Hafnium(IV) oxide 
Holmium 

Holmium bromide 
Holmium chloride 
Holmium fluoride 
Holmium oxide 
Hydrazine 
Hydrogen 
Hydrogen bromide 
Hydrogen chloride 
Hydrogen fluoride 
Hydrogen iodide 
Hydrogen peroxide 
Hydrogen sulfide 
Indium 

Indium antimonide 
Indium arsenide 
Indium(I) bromide 
Indium(III) bromide 
Indium(I) chloride 
Indium(III) chloride 
Indium(III) fluoride 
Indium(I) iodide 
Indium(II) iodide 
Indium(III) iodide 
Indium(III) oxide 
Indium(II) sulfide 
Iodine 


Iodine chloride 
Iridium 

Iridium(VI) fluoride 
Iron 

Iron boride (FeB) 
Iron(II) bromide 
Iron(II) chloride 
Iron(III) chloride 
Iron(II) fluoride 
Iron(III) fluoride 
Iron(II) iodide 
Iron(II) oxide 
Iron(ILIIT) oxide 
Iron(III) oxide 

Iron sodium oxide 
Iron(II) sulfide 
Krypton 
Lanthanum 
Lanthanum bromide 
Lanthanum chloride 
Lanthanum fluoride 
Lanthanum iodide 
Lead 

Lead(II) bromide 
Lead(II) chloride 
Lead(II) fluoride 
Lead(II) iodide 


Molecular 
formula 


Се5, 
GeTe 


A لل‎ 
tC mol? 
840 16.3 
724 47.3 
1064.18 12.55 
2233 27.20 
3310 62.8 
2800 96 
1472 11.76 
919 50.1 
720 30.5 
1143 56.3 
2415 130 
1.54 12.66 
-259.198 t 0.12 
-86.80 2.41 
-114.17 2.00 
-83.36 4.58 
-50.76 2.87 
-0.43 12.50 
-85.5 2.38 
156.60 3.291 
524 47.7 
942 77.0 
285 24.3 
420 26 
225 9.20 
583 27 
1172 64. 
364.4 17.26 
155 1.29 
207 18.48 
1912 105 
692 36.0 
113.7 15.52 
27.38 11.6 
2446 41.12 
44 8.40 
1538 13.81 
1658 62.66 
691 43.0 
677 42.83 
307.6 40 
1100 50 
367 0.58 
594 39 
1377 24.1 
1597 138 
1539 87 
1347 49.4 
1188 31.5 
-157.38 1.64 
920 6.20 
788 54.0 
858 544 
1493 50.2 
778 56.1 
327.462 4.774 
371 16.44 
501 21.88 
830 14.7 
410 23.4 


Мате 

Lead(II) oxide (massicot) 
Lead(II) sulfate 
Lead(II) sulfide 
Lithium 

Lithium aluminate 
Lithium bromide 
Lithium carbonate 
Lithium chloride 
Lithium chromate 
Lithium fluoride 


Lithium hexafluoroaluminate 


Lithium hydride 
Lithium hydride-d 
Lithium hydroxide 
Lithium iodide 
Lithium metasilicate 
Lithium nitrate 
Lithium nitrite 
Lithium oxide 

Lithium perchlorate 
Lithium sulfate 
Lutetium 

Lutetium oxide 
Magnesium 
Magnesium bromide 
Magnesium carbonate 
Magnesium chloride 
Magnesium fluoride 
Magnesium hydride 
Magnesium iodide 
Magnesium orthosilicate 
Magnesium oxide 
Magnesium phosphate 
Magnesium sulfate 
Magnesium sulfide 
Magnesium tetraboride 
Manganese 
Manganese(II) bromide 
Manganese(II) chloride 
Manganese(II) fluoride 
Manganese(II) iodide 
Manganese(II) oxide 


Manganese(II) sulfide (о. form) 


Mercury 

Мегсигу(П) bromide 
Мегсигу(П) chloride 
Мегсигу(П) fluoride 
Mercury(I) iodide 
Мегсигу(П) iodide (yellow) 
Мегсигу(П) sulfide (black) 
Metaboric acid (ү form) 
Molybdenum 


Molybdenum boride (Mo,B.) 


Molybdenum(IV) chloride 
Molybdenum(V) chloride 
Molybdenum(VI 
dioxydichloride 
Molybdenum(V) fluoride 
Molybdenum(VI) fluoride 
Molybdenum monoboride 
Molybdenum(VI) oxide 


Molecular 
formula 
OPb 
O,PbS 
PbS 

Li 
AILiO, 
BrLi 
CLi,O, 
CILi 
CrLi Oo, 
FLi 

AIF Li, 
HLi 
DLi 
HLiO 
ILi 
Li,O,Si 
LiNO, 
LiNO, 
Li,O 
CILiO, 
11,0,5 
Lu 
Lu,O, 
Mg 
Br,Mg 
CMgO, 
CLMg 
F,Mg 
HjMg 
LMg 
Mg,O,Si 
MgO 
Mg,O,P, 
MgO,S 
М5 
B,Mg 
Mn 
Br,Mn 
CLMn 
Е,Мп 
LMn 
MnO 
MnS 


Enthalpy of Fusion 


A p HAJ 
„°С mol? 
887 25.6 
1087 40.2 
1113 49.4 
180.50 3.00 
1610 87.9 
550 17.66 
732 44.8 
610 19.8 
482 30.5 
848.2 27.09 
785 86.19 
692 21.8 
694 22 
473 20.9 
469 14.6 
1201 28 
253 26.7 
222 9.2 
1437 35.6 
236 29.3 
860 9.00 
1663 18.65 
2490 133 
650 8.48 
711 39.3 
990 59 
714 43.1 
1263 58.7 
327 14 
634 26 
1897 71 
2825 77 
1348 121 
1137 14.6 
2226 63 
727 0.0 
1246 12.91 
698 33.5 
650 30.7 
900 30 
638 41.8 
1842 43.9 
1530 26.1 
-38.829 2.295 
241 17.9 
277 19.41 
645 23.0 
290 31.4 
256 15.6 
820 40 
236 14.3 
2623 37.48 
2210 226 
317 16.7 
194 19 
176 17.0 
45.67 6.1 
17.5 4.33 
2600 55.23 
802 48.7 


Enthalpy of Fusion 


Name 

Molybdenum(VI) 
oxytetrachloride 

Molybdenum(VI) 
oxytetrafluoride 


Molybdenum(V) 
oxytrichloride 
Molybdenum(IID sulfide 
Neodymium 
Neodymium(III) bromide 
Меодутішт(Ш) chloride 
Меодутішт(Ш) fluoride 
Neodymium(IID iodide 
Меоп 
Neptunium 
Nickel 
Nickel boride (Ni,B) 
Nickel boride (Ni,B) 
Nickel(II) bromide 
Nickel(II) chloride 
Nickel(II) fluoride 
Nickel(II) iodide 
Nickel(II) oxide 
Nickel(II) sulfide 
Nickel disulfide 
Nickel subsulfide 
Niobium 
Niobium(V) bromide 
Niobium(V) chloride 
Niobium(V) fluoride 
Niobium(V) iodide 
Niobium nitride 
Niobium(II) oxide 
Niobium(IV) oxide 
Niobium(V) oxide 
Nitric acid 


Nitric oxide 


Nitrogen 
Nitrogen tetroxide 


Nitrous oxide 

Osmium 

Osmium(VIII) oxide 
Oxygen 

Palladium 

Palladium(II) chloride 
Phosphinic acid 
Phosphonic acid 
Phosphoric acid 
Phosphorus (white) 
Phosphorus (red) 
Phosphorus(III) chloride 
Phosphorus heptasulfide 
Phosphorus(V) oxide 
Phosphorus sesquisulfide 
Phosphoryl chloride 
Platinum 

Plutonium 
Plutonium(III) bromide 
Plutonium(III) chloride 
Plutonium(III) fluoride 
Plutonium(IV) fluoride 
Plutonium(VI) fluoride 


Molecular 
formula 


СІ,МоО 
Е,МоО 
CLMoO 


Мо,5, 
Nd 
Br, Nd 
сама 
рма 
ыма 
Ме 
Мр 


A p HAJ 
„°С mol? 
105 14.3 
97.2 4 
310 22 
1807 0.13 
1016 7.14 
682 45.3 
759 48.5 
1377 54.8 
787 41.5 
-248.609 0.328 
644 3.20 
1455 17.48 
1125 42.15 
1166 72.28 
963 56 
1031 779 
1380 69 
800 48 
1957 50.7 
976 30.1 
1007 65.7 
789 19.7 
2477 30 
254 24.0 
205.8 33.9 
80 12.2 
327 37.7 
2050 46.0 
1937 85.4 
1901 92 
1512 104.3 
-41.6 10.5 
-163.6 2.30 
-210.0 0.71 
-9.3 14.65 
-90.8 6.54 
3033 57.85 
40.6 14.3 
-218.79 0.44 
1554.8 16.74 
679 18.41 
26.5 9.7 
74.4 12.8 
424 13.4 
44.15 0.659 
579.2 18.54 
-93 7.10 
308 36.6 
562 27.[2 
173 20.1 
1.18 13.1 
1768.2 22.175 
640 2.824 
681 58.6 
760 63.6 
1396 59.8 
1037 42.7 
51.6 18.6 


Name 

Plutonium(III) iodide 
Plutonium(III) oxide 
Plutonium(IV) oxide 
Polonium 

Potassium 

Potassium aluminate 
Potassium bromide 
Potassium carbonate 
Potassium chloride 
Potassium chromate 
Potassium cyanide 
Potassium fluoride 
Potassium fluoroborate 
Potassium hydride 
Potassium hydrogen fluoride 
Potassium hydroxide 
Potassium iodide 
Potassium metaborate 
Potassium nitrate 
Potassium nitrite 
Potassium oxide 
Potassium peroxide 
Potassium sulfate 
Potassium sulfide 
Potassium superoxide 
Praseodymium 
Praseodymium(III) bromide 
Praseodymium(III) chloride 
Ргазео4утиит(Ш) fluoride 
Praseodymium(III) iodide 
Protactinium 

Radium 

Rhenium 
Rhenium(VII) oxide 
Rhodium 

Rubidium 

Rubidium bromide 
Rubidium carbonate 
Rubidium chloride 
Rubidium fluoride 
Rubidium hydride 
Rubidium hydroxide 
Rubidium iodide 
Rubidium metaborate 
Rubidium nitrate 
Rubidium nitrite 
Rubidium oxide 
Rubidium peroxide 
Rubidium sulfate 
Rubidium superoxide 
Ruthenium 
Ruthenium(V) fluoride 
Samarium 
Samarium(III) oxide 
Scandium 

Scandium chloride 
Scandium fluoride 
Scandium oxide 
Selenium (gray) 
Selenium dioxide 


Molecular 
formula 
LPu 
O,Pu, 
О,Ри 
Ро 

К 
АКО, 
ВК 
CK,O, 
CIK 
СгК,О, 
СКМ 
ЕК 
ВЕ,К 
НК 
ЕНК 
НКО 
IK 
BKO, 
KNO, 
KNO, 


6-113 
A لل‎ 
t РС mol? 
777 50.2 
2085 113 
2390 67 
254 10.0 
63.5 2.335 
1713 82 
734 25.52 
899 27.6 
771 26.28 
974 33.0 
622 14.6 
858 27.2 
570 17.66 
619 21 
238.8 6.62 
406 7.90 
681 24.0 
947 31.38 
334 9.6 
438 16.7 
740 27 
545 20.5 
1069 36.6 
948 16.15 
535 20.6 
931 6.89 
693 47.3 
786 50.6 
1399 57.3 
738 53.1 
1572 12.34 
696 Z Z 
3185 34.08 
327 65.7 
1964 26.59 
39.30 2.19 
692 23.3 
873 30 
724 24.4 
795 25.8 
585 22 
385 8.0 
656 22.1 
860 31 
310 4.6 
422 12.1 
505 20 
570 21 
1066 37.3 
540 21 
2334 38.59 
101 74.5 
1072 8.62 
2335 119 
1541 14.10 
967 67.4 
1552 62.6 
2489 127 
220.8 6.69 
360 17.6 


6-114 


Мате 

Silicon 

Silicon dioxide (cristobalite) 
Silicon monosulfide 
Silver 

Silver(I) bromide 
Silver(I) chloride 
Silver(I) iodide 
Silver(I) nitrate 
Silver(I) oxide 

Silver(I) sulfate 
Silver(I) sulfide 
Sodium 

Sodium bromate 
Sodium bromide 
Sodium carbonate 
Sodium chlorate 
Sodium chloride 
Sodium chromate 
Sodium cyanide 
Sodium fluoride 
Sodium formate 
Sodium hexafluoroaluminate 
Sodium hexafluorosilicate 
Sodium hydride 
Sodium hydroxide 
Sodium iodate 

Sodium iodide 

Sodium metaborate 
Sodium metasilicate 
Sodium nitrate 
Sodium nitrite 

Sodium oxide 

Sodium peroxide 
Sodium sulfate 

Sodium sulfide 
Sodium sulfite 
Strontium 

Strontium bromide 
Strontium carbonate 
Strontium chloride 
Strontium fluoride 
Strontium hydride 
Strontium hydroxide 
Strontium iodide 
Strontium nitrate 
Strontium oxide 
Strontium sulfate 
Strontium sulfide 
Sulfur (monoclinic) 
Sulfur hexafluoride 
Sulfuric acid 

Sulfur trioxide (y-form) 
Tantalum 

Tantalum boride (ТаВ,) 
Tantalum(V) bromide 
Tantalum(V) chloride 
Tantalum(V) fluoride 
Tantalum(V) iodide 
Tantalum nitride (TaN) 
Tantalum nitride (Ta,N) 


Molecular 
formula 
Si 

O,Si 

SSi 

Ag 
AgBr 
AgCl 
Agl 
AgNO, 
Ag,O 
Ав,О,5 


Маше 

Tantalum(V) oxide 
Technetium 
Tellurium 

Tellurium dioxide 
Tellurium tetrabromide 
Tellurium tetrachloride 
Terbium 
Terbium(III) bromide 
Terbium(III) chloride 
Tetrachlorosilane 
Tetraiodosilane 
Thallium 

Thallium(I) bromide 
Thallium(I) carbonate 
Thallium(I) chloride 
Thallium(I) fluoride 
Thallium(I) formate 
Thallium(I) iodide 
Thallium(I) nitrate 
Thallium(I) oxide 
Thallium(III) oxide 
Thallium(I) sulfate 
Thallium(I) sulfide 
Thorium 
Thorium(IV) bromide 
Thorium(IV) chloride 
Thorium(IV) fluoride 
Thorium(IV) iodide 
Thorium(IV) oxide 
Thulium 
Thulium(III) chloride 
Thulium(III) fluoride 
Tin (white) 

Тіп(П) bromide 
Tin(IV) bromide 
Tin(II) chloride 
Tin(IV) chloride 
Tin(II) fluoride 
Tin(IV) fluoride 
Tin(II) iodide 

Tin(IV) iodide 

Tin(II) oxide 

Tin(IV) oxide 

Tin(II) sulfide 

Tin(II) telluride 
Titanium 


Titanium boride 
Titanium(IV) bromide 
Titanium(II) chloride 
Titanium(IV) chloride 
Titanium(IV) fluoride 
Titanium(IV) iodide 
Titanium nitride 
Titanium(III) oxide 
Titanium(IV) oxide (rutile) 
Titanium(II) sulfide 
Tungsten 

Tungsten boride (WB) 
Tungsten boride (W.B) 
Tungsten boride (WB) 


Enthalpy of Fusion 


Molecular A p HAJ 
formula „°С mol? 
Ода, 1875 120 
Тс 2157 33.29 
Те 449.51 17.38 
O,Te 733 28.9 
Вг Ле 380 24.7 
CI „Te 224 18.9 
Tb 1359 10.15 
Br Tb 830 31.5 
CLTb 582 19.5 
ся -68.74 7.60 
I „Si 120.5 19.7 
TI 304 4.142 
1548! 460 16.4 
солт, 273 18 
СІТІ 431 15.56 
ЕТІ 326 13.87 
сном 101 10.9 
ITI 441.7 14.7 
NO,TI 206 9.6 
OTI, 579 30.3 
олі, 834 53 
O,STI, 632 23.8 
STI, 457 23.0 
Th 1750 13.81 
Br aTh 679 54.4 
CLTh 770 43.9 
F Th 1110 41.8 

I aTh 566 48.1 
O,Th 3350 90 
Tm 1545 16.84 
Cl, Tm 845 34.9 
F Tm 1158 28.9 
5п 231.93 7.148 
Br,Sn 232 18.0 
Br jon 29.1 12.2 
Cl Sn 247.0 14.52 
Cl,Sn -34.07 9.20 
F Sn 215 10.5 
F Sn 442 27.6 
LSn 320 18.0 
I yon 402 0.16 
OSn 977 27.7 
O,Sn 1630 23.4 
SSn 881 31.6 
SnTe 806 45.2 
Ti 1668 14.15 
В,Ті 2920 100.4 
Br,Ti 38.3 129 
CLTi 1035 34.3 
CL Ti -24.12 9.97 
ЕЛ 377 41 
LTi 155 19.8 
NTi 2947 66.9 
олі, 1842 104.6 
O,Ti 1912 68 
STi 1927 32 
W 3422 52.31 
BW 2800 80 
BW, 2740 117 
B.W, 2370 240 


Enthalpy of Fusion 


Name 

Tungsten(V) bromide 
Tungsten(V) chloride 
Tungsten(VI) chloride 
Tungsten(VI) fluoride 
Tungsten(VI) oxide 


Tungsten(VI) oxytetrachloride 
Tungsten(VI) oxytetrafluoride 


ranium 
ranium(III) bromide 
ranium(IV) bromide 
ranium(IV) chloride 
ranium(III) fluoride 
ranium(IV) fluoride 
ranium(V) fluoride 
ranium(VI) fluoride 
ranium(IV) iodide 

ranium(IV) oxide 


(єв GG UC UII ce. се 


ranyl chloride 
Vanadium 
Vanadium(II) chloride 
Vanadium(IV) chloride 
Vanadium(II) fluoride 
VanadiumY(III) fluoride 
Vanadium(V) fluoride 
Vanadium(II) oxide 
Vanadium(III) oxide 
Vanadium(IV) oxide 
Vanadium(V) oxide 
Water 

Xenon 


Xenon difluoride 
Xenon tetrafluoride 
Xenon hexafluoride 
Ytterbium 
Ytterbium(III) chloride 
Yttrium 

Yttrium chloride 
Yttrium fluoride 
Yttrium oxide 

Zinc 

Zinc bromide 

Zinc chloride 

Zinc fluoride 

Zinc iodide 

Zinc oxide 

Zinc phosphide (ZnP,) 
Zinc selenite 

Zinc sulfide (wurtzite) 
Zinc telluride 
Zirconium 

Zirconium boride 
Zirconium(II) bromide 
Zirconium(III) bromide 
Zirconium(IV) bromide 
Zirconium(II) chloride 
Zirconium(III) chloride 
Zirconium(IV) chloride 
Zirconium(II) fluoride 
Zirconium(III) fluoride 


Zirconium(IV) fluoride 


Molecular 


formula 
Br W 
CLW 
СІ 
ЕМ 
О 
СОМ 


1495 
1036 
348 
64.06 
506 
2847 
577 
1910 
1350 
-28 
1490 
1395 
19.5 
1790 
1957 
1545 
681 
0.00 
-111.745t 
129.03 
117.1 
49.48 
824 
854 
1522 
721 
1155 
2439 
419.53 
402 
325 
872 
450 
1974. 
980 
621 
1827 
1295 
1854.7 
3050 
827 
727 
450 
722 
627 
437 
902 
927 
910 


Мате 

Zirconium(II) iodide 
Zirconium(III) iodide 
Zirconium(IV) iodide 
Zirconium nitride 
Zirconium(IV) oxide 
Zirconium(IV) sulfide 


Organic compounds 
Acenaphthene 
Acenaphthylene 
Acetaldehyde 
Acetamide 
Acetaminophen 
Acetanilide 
Acetic acid 
Acetic anhydride 
Acetone 
Acetonitrile 
Acrylic acid 
Acrylonitrile 
Allene 
Allobarbital 
2-Aminobenzoic acid 
4-Aminobenzoic acid 
3-Amino-1-propanol 
Aminopyrine 
Ampyrone 
Aniline 
Anisole 
Anthracene 
Antipyrine 
trans- Azobenzene 
trans- Azoxybenzene 
Barbital 
Benzaldehyde 
Benzamide 
Benz[a]anthracene 
Benzene 
Benzeneacetic acid 
1,2-Benzenediamine 
1,3-Benzenediamine 
1,4-Benzenediamine 
Benzenethiol 
p-Benzidine 
Benzil 
Benzocaine 
Benzoic acid 
Benzonitrile 
Benzo[c]phenanthrene 
Benzophenone 
Benzo[a]pyrene 
Benzo[e]pyrene 
p-Benzoquinone 
Benzoyl chloride 
Benzyl alcohol 
2,2’-Binaphthalene 
Biphenyl 
Bromobenzene 
1-Bromobutane 
2-Bromobutane 


Molecular 
formula 
LZr 

LZr 

LZr 

NZr 

O,Zr 

S,Zr 


CHO 


1072 


146 
188.2 
124 
107.5 
109 
-6.02 
-37.13 
215.76 
112 
67.88 
34.6 
190 
-57.1 
127.3 
160.5 
5.49 
76.5 
102.1 
66.0 
141.1 
-14.93 
127 
94.87 
89.7 
122.35 
-13.99 
68 
47.9 
181.1 
181.4 
115 
-0.4 
-15.4 
187.9 
68.93 
-30.72 
-112.6 
-112.65 


21.49 


2.31 
15.59 
30.5 
21.3 
11.73 
10.5 

5.77 

8.16 

9.51 

6.23 

4.40 
32.3 
20.5 
22.5 
19.7 
27.6 
24.9 
10.54 
12.9 
29.4 
27.3 
22.52 
17.9 
24.7 

9.32 
19.5 
21.4 

9.87 
16.3 
23.1 
15.57 
23.8 
11.48 
19.1 
23.5 
22.3 
18.02 

91 
16.3 
18.19 
17.3 
16.6 
18.5 
19.2 

8.97 
38.9 
18.57 
10.70 

9.23 

6.89 


6-116 


Мате 

Bromoethane 
Bromoethene 
1-Bromoheptane 
1-Bromohexane 
Bromomethane 
1-Bromonaphthalene 
2-Bromonaphthalene 
1-Bromooctane 
1-Bromopentane 
1-Bromopropane 
2-Bromopropane 
Bromotrichloromethane 
1,2-Butadiene 
1,3-Butadiene 

Butanal 

Butane 

1,4-Butanediol 
1-Butanethiol 

Butanoic acid 
1-Butanol 

2-Butanol 

2-Butanone 

1-Butene 

cis-2-Butene 
trans-2-Butene 
cis-2-Butenoic acid 
trans-2-Butenoic acid 
tert-Butylamine 
Butylbenzene 
Butylcyclohexane 

Butyl methyl ether 
1-Butyne 

2-Butyne 
y-Butyrolactone 
Caffeine 

Carbazole 

Carbon dioxide 

Carbon diselenide 
Carbon disulfide 
Carbon monoxide 
Carbon oxysulfide 
Carbonyl chloride 
Chloroacetic acid 
2-Chloroaniline 
3-Chloroaniline 
4-Chloroaniline 
Chlorobenzene 
2-Chlorobenzoic acid 
Chlorocyclohexane 
Chlorodifluoromethane 
Chloroethane 
Chloroethene 
Chloromethane 
2-Chloro-2-methylpropane 
1-Chloronaphthalene 
2-Chloronaphthalene 
1-Chloro-2-nitrobenzene 
1-Chloro-3-nitrobenzene 
1-Chloro-4-nitrobenzene 
Chloropentafluoroethane 


Molecular 

formula „°С 
С,Н,Вг -118.6 
С,Н,Вг -139.54 
СН Вг -56.1 
СН Br -83.7 
СН Вг -93.68 
CHBr 6.1 
C, H,Br 55.9 
C,H, Br -55.0 
C.H, Br -88.0 
C,H,Br -110.3 
C,H Br -89.0 
CBrCl, -5.65 
C,H, -136.2 
C,H, -108.91 
C,H,O -96.86 
СН -138.3 
CH,O, 20.4 
CH,S -115.7 
CH,O, -5.1 
C,H,,O -88.6 
СНО -88.5 
CH,O -86.64 
CH, -185.34 
CH, -138.88 
CH, -105.52 
C,H O, 15 
CHO, 71.5 
C,H,,N -66.94 
CH, -87.85 
СН» -74.73 
С,Н,О -115.7 
CH, -125.7 
CH, -322 
CHO, -43.61 
C.H, О, 236.3 
СН,“ 246.3 
CO, -56.558 
CSe, -43.7 
CS, -112.1 
CO -205.02 
COS -138.8 
CCLO -127.78 
снао, 63 
C,H,CIN -1.9 
С НАМ -10.28 
С НАМ 70.5 
сна -45.31 
С.Н, СЮ, 140.2 
сна -43.81 
CHCIF, -157.42 
сна -138.4 
сна -153.84 
сна -97.7 
сна -25.60 
Са -2.5 
C,,H,Cl 58.0 
C,H,CINO, 32.1 
C,H,CINO, 444 
C,H,CINO, 82 
С,СЕ, -99.4 


Name 
2-Chlorophenol 
3-Chlorophenol 
4-Chlorophenol 
1-Chloropropane 
2-Chloropropane 
2-Chlorotoluene 
Chlorotrifluoroethene 
Chrysene 

Coronene 

o-Cresol 

m-Cresol 

p-Cresol 

Cyanamide 
Cyanogen 
Cyclobutane 
Cycloheptane 
Cycloheptanol 
Cyclohexane 
Cyclohexanol 
Cyclohexanone 
Cyclohexene 
Cyclohexylamine 
Cyclohexylbenzene 
Cyclooctane 
Cyclopentane 
Cyclopentanol 
Cyclopentene 
Cyclopentylamine 
Cyclopropane 
Cyclopropylamine 
cis-Decahydronaphthalene 
trans-Decahydronaphthalene 
Decanal 

Decane 

Decanoic acid 
1-Decanol 

1-Decene 
1,2-Dibromoethane 
1,2-Dibromopropane 
1,3-Dibromopropane 


1,2-Dibromotetrafluoroethane 


o-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichlorobenzene 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Dichloroethene 
cis-1,2-Dichloroethene 
Dichloromethane 
1,2-Dichloropropane 
2,2-Dichloropropane 
1,2-Dichloro-1,1,2,2- 
tetrafluoroethane 
Diethyl ether 
3,3-Diethylpentane 
Diethyl sulfide 
o-Difluorobenzene 
m-Difluorobenzene 
Diisopropyl ether 
1,2-Dimethoxyethane 
Dimethoxymethane 


Molecular 


formula 
слао 
снао 
слао 
сна 
C,H,Cl 


Enthalpy of Fusion 


A لل‎ 
t РС mol? 
9.4 13.0 
32.6 14.9 
42.8 14.1 
-122.9 5.54 
-117.18 7.39 
-35.8 9.6 
-158.2 5.55 
255.5 26.2 
437.4 19.2 
31.03 15.82 
12.24 10.71 
34.77 12.71 
45.56 7.27 
-27.83 8.11 
-90.7 1.09 
-8.46 1.88 
72 1.60 
6.59 2.68 
25.93 178 
-27.9 1.328 
-103.5 3.29 
-17.8 17.5 
7.07 15.6 
14.59 2.41 
-93.4 0.61 
-17.5 1.535 
-135.0 3.36 
-82.7 8.31 
-127.58 5.44 
-35.39 13.18 
-42.9 9.49 
-30.4 14.41 
-4.0 34.5 
-29.6 28.72 
31.4 27.8 
6.9 43 
-66.3 13.81 
9.84 10.89 
-55.49 8.94 
-34.5 14.6 
-110.32 7.04 
-17.0 12.4 
-24.8 12.6 
53.09 18.19 
-96.9 7.87 
-35.7 8.84 
-122.56 6.51 
-80.0 7.2 
-97.2 4.60 
-100.53 6.40 
-33.9 2.30 
-92.53 1.51 
-116.2 7.19 
-33.1 10.09 
-103.91 10.90 
-47.1 11.05 
-69.12 8.58 
-85.4 12.04 
-69.20 12.6 
-105.1 8.33 


Enthalpy of Fusion 


Name 

Dimethylamine 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
2,3-Dimethyl-2-butene 
1,1-Dimethylcyclohexane 
cis-1,2-Dimethylcyclohexane 


trans-1,2-Dimethylcyclohexane 


cis-1,3-Dimethylcyclohexane 


trans-1,3-Dimethylcyclohexane 


cis-1,4-Dimethylcyclohexane 


trans-1,4-Dimethylcyclohexane 


Dimethyl disulfide 
Dimethyl ether 
N,N-Dimethylformamide 
1,1-Dimethylhydrazine 
1,2-Dimethylhydrazine 
Dimethyl oxalate 
2,2-Dimethylpentane 
2,4-Dimethylpentane 
3,3-Dimethylpentane 
Dimethyl sulfide 
Dimethyl sulfone 
Dimethyl sulfoxide 
N,N-Dimethylurea 
N,N’-Dimethylurea 
Dimethyl zinc 
1,4-Dioxane 
1,3-Dioxolane 
Diphenylamine 
Diphenyl ether 
Diphenylmethane 
Dipropyl ether 
Divinyl ether 
Docosane 

Dodecane 
Dodecanoic acid 
1-Dodecanol 
1-Dodecene 
Dotriacontane 
Eicosane 

1-Eicosanol 

Estradiol benzoate 
Ethane 
1,2-Ethanediamine 
1,2-Ethanediol 
Ethanethiol 

Ethanol 
Ethinylestradiol 
Ethyl acetate 
Ethylbenzene 
Ethylcyclohexane 
Ethylene 

Ethyl methyl sulfide 
3-Ethylpentane 
2-Ethyltoluene 
3-Ethyltoluene 
4-Ethyltoluene 
Fluoranthene 
9H-Fluorene 
Fluorobenzene 


Molecular 
formula 
C,H.N 
CH, 
CH, 
СН» 
C.H, 
СН 
СН 
C.H, 
СН 


СНО 
C,H,O, 
сно, 
С.Н, 
С.Н, 
CH, 
С,Н,5 
CH, 


Name 

Formamide 
Formic acid 

Furan 

Furfural 

Furfuryl alcohol 
Glycerol 
Heneicosane 
Heptacosane 
Heptadecane 
Heptanal 

Heptane 
Heptanoic acid 
1-Heptanol 
1-Heptene 
Hexachlorobenzene 
Hexachloroethane 
Hexacontane 
Hexacosane 
Hexadecane 
Hexadecanoic acid 
1-Hexadecanol 
Hexafluorobenzene 
Hexafluoroethane 
Hexamethylbenzene 
Hexanal 

Hexane 
1,6-Hexanedioic acid 
1,6-Hexanediol 
1-Hexanol 
2-Hexanone 
3-Hexanone 
Hexatetracontane 
Hexatriacontane 
1-Hexene 
cis-2-Hexene 
Hydrogen cyanide 
p-Hydroquinone 
2-Hydroxybenzoic acid 
Imidazole 

Indan 

Indene 
Indomethacin 
Iodobenzene 
Isobutane 
Isobutene 
Isopentane 
Isopropylamine 
Isopropylbenzene 
1-Isopropyl-4-methylbenzene 
Isoquinoline 
Khellin 

Maleic anhydride 
Methane 
Methanethiol 
Methanol 

Methyl acetate 
Methylamine 
2-Methylaniline 
3-Methylaniline 
4-Methylaniline 


Molecular 

formula tC 
CH,NO 2.49 
CH,O, 8.3 
CHO -85.61 
C,H,O, -38.1 
CHO, -14.6 
C,H,O, 18.1 
CH, 40.01 
C.H. 59.23 
СН, 22.0 
C.H,,O -43.4 
CH, -90.55 
СНО, -7.17 
C H,O -332 
CH, -118.9 
C CL 228.83 
С,СІ, 186.81 
Саб 99 3 
C,H,, 56.1 
СНА 18.12 
СНО, 62.5 
С НО 49.2 
CF, 5.03 
CF, -100.05 
С.Н, 165.5 
CH,,0 -56 
CH, -95.35 
СНО, 152.5 
C. H,0, 41.5 
C.H,,O -47.4 
CH,,0 -55.5 
C HO -55.4 
С H,, 87.6 
Са На 75.8 
Сн, -139.76 
Сн, -144.11 
CHN -13.29 
CHO, 172.4 
CHO, 159.0 
СНА, 89.5 
C,H,, -51.38 
C,H, -1.5 
С,Н,,ОМО, 160 
CHI -31.3 
CH, -159.4 
CH, -140.7 
С.Н, -159.77 
СЕМ -95.13 
СН, -96.02 
CH, -67.94 
C,H.N 26.47 
C,,H,,0, 154 
C,H,O, 52.56 
CH, -182.47 
CH,S -123 
CH,O -97.53 
C,H O, -98.25 
сн; -93.5 
C.H,N -14.41 
САМ -313 
C. HN 43.6 
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Мате 

Methyl benzoate 
2-Methyl-1,3-butadiene 
2-Methyl-2-butanol 
3-Methyl-2-butanone 
2-Methyl-1-butene 
3-Methyl-1-butene 
2-Methyl-2-butene 
Methyl tert-butyl ether 
Methylcyclohexane 
Methylcyclopentane 
Methylcyclopropane 
2-Methylfuran 
2-Methylheptane 
3-Methylheptane 
4-Methylheptane 
2-Methylhexane 
Methylhydrazine 
Methyl methacrylate 
1-Methylnaphthalene 
2-Methylnaphthalene 
Methyl nitrate 
Methyloxirane 
2-Methylpentane 
3-Methylpentane 
2-Methyl-1-propanol 
2-Methyl-2-propanol 
2-Methylpyridine 
3-Methylpyridine 
4-Methylpyridine 
N-Methylurea 
Morpholine 
Naphthalene 
1-Naphthol 
2-Naphthol 
Neopentane 
Niacinamide 
2-Nitroaniline 
3-Nitroaniline 
4-Nitroaniline 
Nitrobenzene 
Nitroethane 
Nitromethane 
2-Nitrophenol 
3-Nitrophenol 
4-Nitrophenol 
Nitrosobenzene 
4-Nitrotoluene 
Nonacosane 
Nonadecane 
Nonanal 

Nonane 

Nonanoic acid 
5-Nonanone 
Octacosane 
Octadecane 
1-Octadecanol 
Octane 

Octanoic acid 
1-Octanol 
Octatriacontane 


Molecular 

formula tC 
C,H,O, -12.4 
C.H, -145.9 
С,Н,О -9.1 
C,H,,O -93.1 
C.H, -137.53 
C.H, -168.43 
C.H, -133.72 
C.H,,O -108.6 
сн -126.6 
Сн, -142.42 
CH, -177.6 
СНО -91.3 
сн, -109.02 
Сн, -120.48 
сн, -121.0 
CH, -118.2 
CHN, -52.36 
C.H,O, -47.55 
CHo -30.43 
CHo 34.6 
САМО, -83.0 
C,H,O -111.9 
CH, -153.6 
СН, -162.90 
СНО -101.9 
C,H,,O 25.69 
САМ -66.68 
сн, -18.14 
сам 3.67 
СНО 104.9 
CH,NO -4.8 
CH, 80.26 
C. HO 95.0 
C, HO 121.5 
С.Н, -16.4 
СНО 130 
CHN,O, 71.0 
CHN,O, 113.4 
сн, 147.5 
САО, 5.7 
СНО, -89.5 
CH,NO, -28.38 
САО, 44.8 
СНО, 96.8 
САО, 113.6 
C.H.NO 67 
C.H.NO, 51.63 
СН 63.7 
СН, 32.0 
СНО -19.3 
СН» -53.46 
C,H О, 12.4 
СНО -3.8 
C,H,, 61.1 
C Ha 28.2 
C, HO 57.9 
CH, -56.82 
C.H, O, 16.5 
СНО -14.8 
C.H 78.6 


Name 

1-Octene 
2-Oxepanone 
Oxetane 

Oxirane 
4-Oxopentanoic acid 
Paraldehyde 
Pentachloroethane 
Pentacontane 
Pentacosane 
Pentadecane 
cis-1,3-Pentadiene 
trans-1,3-Pentadiene 
1,4-Pentadiene 
Pentaerythritol 
Pentafluorobenzene 
Pentafluorophenol 
2,3,4,5,6-Pentafluorotoluene 
Pentane 
Pentanedioic acid 
Pentanenitrile 
1-Pentanethiol 
Pentanoic acid 
1-Pentanol 
2-Pentanone 
3-Pentanone 
Pentatriacontane 
1-Pentene 
cis-2-Pentene 
trans-2-Pentene 
Perfluoroacetone 
Perfluorobutane 
Perfluorocyclobutane 
Perfluoroheptane 
Perfluorohexane 
Perfluoropropane 
Perfluorotoluene 
Perylene 
Phenacetin 
Phenanthrene 
Phenobarbital 
Phenol 
a-Phenylbenzeneacetic acid 
Phenylbutazone 
Phenylhydrazine 
Piperidine 
Potassium acetate 
Propane 
1,3-Propanediol 
Propanenitrile 
1-Propanethiol 
2-Propanethiol 
Propanoic acid 
1-Propanol 
2-Propanol 
Propene 
Propylamine 
Propylbenzene 
Propylcyclohexane 
Pyrazine 
1H-Pyrazole 


Molecular 
formula 
СН 
СНО, 
C,H,O 
CHO 


C,,H,,N,O, 
сно 
C,,H,,0, 
C,,H,,N,O 


19: -20' 27,2 


Enthalpy of Fusion 


A. HAJ 


fus 


mol! 
15.31 
13.83 
6.5 
5.17 
9.22 
13.5 
11.3 
162.4 
56.9 
34.6 
5.64 
7.14 
6.12 
4.8 
10.87 
16.41 
13.1 
8.40 
20.3 
9 
17.53 
14.16 
10.50 
10.63 
11.59 
86.3 
5.94 
7.11 
8.35 
8.38 
7.66 
2.77 
6.95 
6.84 
0.477 
11.54 
31.9 
33.0 
16.46 
27.8 
11.51 
31.3 
27.7 
14.05 
14.85 
7.65 
3.50 
7.1 
5.03 
5.48 
5.74 
10.66 
5.37 
5.41 
3.003 
10.97 
9.27 
10.37 
12.9 
14.0 


Enthalpy of Fusion 


Name 

Pyrene 

Pyridine 

Pyrocatechol 

Pyrrole 

Pyrrolidine 

Quinoline 

Resorcinol 

Sebacic acid 

Sodium acetate 

Sodium hydrogen carbonate 

Spiro[2.2]pentane 

Stearic acid 

trans-Stilbene 

Styrene 

Succinic acid 

Succinic anhydride 

Succinonitrile 

Sulfacetamide 

Sulfadiazine 

Sulfamerazine 

Sulfamethoxazole 

Sulfamethoxypyridazine 

Sulfapyridine 

Sulfathiazole 

Sulfisoxazole 

о-Тегрһепуі 

р-Тегрһепуі 

Tetrabromomethane 

1,1,2,2-Tetrachloro-1,2- 
difluoroethane 

1,1,2,2-Tetrachloroethane 

Tetrachloroethene 

Tetrachloromethane 

Tetracontane 

Tetracosane 

Tetradecane 

Tetradecanoic acid 

1-Tetradecanol 

1,2,3,5-Tetrafluorobenzene 

1,2,4,5-Tetrafluorobenzene 

Tetrafluoroethene 

Tetrafluoromethane 

Tetrahydrofuran 

Tetrahydropyran 

Tetrahydrothiophene 

1,2,4,5-Tetramethylbenzene 

Tetramethyl lead 

2,2,3,3-Tetramethylpentane 

2,2,4,4-Tetramethylpentane 

Tetramethylsilane 

Tetramethylstannane 

Tetratetracontane 

Tetratriacontane 

1H-Tetrazole 


Molecular 
formula 


C,H 10 
см 
CHO 


2 


C.H,N,O.S 


10 273 


C H,N,O,S 


10 472 


C, H,N,O,S 


12 472 


C H,N,O,S 


11 3 3 


C, H,,N,O,S 


12 473 


C,,H,,N,0,S 


11723.72 


Мате 

Thiazole 

Thietane 

Thiophene 

Thiourea 

Thymol 

Toluene 

o-Toluic acid 

m-Toluic acid 

р-ТоШіс acid 

Triacontane 

1,3,5-Triazine 

Tribromomethane 

Trichloroacetic acid 

1,2,3-Trichlorobenzene 

1,2,4-Trichlorobenzene 

1,3,5-Trichlorobenzene 

1,1,1-Trichloroethane 

1,1,2-Trichloroethane 

Trichloroethene 

Trichlorofluoromethane 

Trichloromethane 

1,1,2-Trichloro-1,2,2- 
trifluoroethane 

Tricosane 

Tridecane 

1-Tridecanol 

1,1,1-Trifluoroethane 

Trifluoromethane 

Triiodomethane 

Trimethoprim 

Trimethylamine 

1,2,3-Trimethylbenzene 

1,2,4-Trimethylbenzene 

1,3,5-Trimethylbenzene 

2,2,3-Trimethylbutane 

2,2,4-Trimethylpentane 

1,3,5-Trinitrobenzene 

Trinitroglycerol 

2,4,6-Trinitrotoluene 

1,3,5-Trioxane 

Triphenylamine 

Triphenylene 

Tritriacontane 

Undecane 

Urea 

o-Xylene 

m-Xylene 

p-Xylene 

2,3-Xylenol 

2,5-Xylenol 

2,6-Xylenol 

3,4-Xylenol 

3,5-Xylenol 


Molecular 
formula 


CHNS 
CHS 
CHS 
CH.N,S 
Сун 40 


C,HCLO, 
сна, 
сна, 
сна, 
сна, 
сна, 
сна, 
CCIF 


PRESSURE AND TEMPERATURE DEPENDENCE OF LIQUID DENSITY 


This table gives data on the variation of the density of some References 
common liquids with pressure and temperature. The pressure de- 
pendence is described to first order by the isothermal compress- 1. Lide, D. R., and Kehiaian, Н. V., CRC Handbook of Thermophysical 


and Thermochemical Data, CRC Press, Boca Raton, FL, 1994. 


ibility coefficient к defined as 
2. LeNeindre, B., Effets des Hautes et Trés Hautes Pressions, in Techniques 


x = -(1/V) (9V/9D).. de l'Ingénieur, Paris, 1991. 
5 3. Landolt-Bórnstein, Numerical Data and Functional Relationships іп 
where V is the volume, and the temperature dependence by the Science and Technology, New Series, YV/4, High-Pressure Properties of 


Matter, Springer- Verlag, Heidelberg, 1980. 


cubic expansion coefficient о, 
4. Riddick, J.A., Bunger, W.B., and Sakano, Т.К., Organic Solvents, Fourth 


а = (1/V) (ду/ат) Edition, John Wiley & Sons, New York, 1986. 
Р 5. Isaacs, М. 5., Liquid Phase High Pressure Chemistry, John Wiley, New 
Substances are listed by molecular formula in the Hill order. More York, 1981. 


precise data on the variation of density with temperature over a 
wide temperature range can be found in Reference 1. 


Molecular Isothermal compressibility Cubic thermal expansion 
formula Name °С кх 10*/МРаг! °С a x 108°C? 
CLP Phosphorus trichloride 20 9.45 20 1.9 
H,O Water 20 4.591 20 0.206 
25 4.524 25 0.256 
30 4.475 30 0.302 
Hg Mercury 20 0.401 20 0.1811 
ccl, Tetrachloromethane 20 10.50 20 1.14 
40 12.20 40 1.21 
70 15.6 70 1.33 
CHBr, Tribromomethane 50 8.76 25 0.91 
CHCI, Trichloromethane 20 9.96 20 1.21 
50 12.9 50 1.33 
CH,Br, Dibromomethane 27 6.85 
CHI, Dichloromethane 25 10.3 25 1.39 
CH, Iodomethane 27 10.3 25 1.26 
СН,О Methanol 20 12.14 20 1.49 
40 13.83 40 1.59 
CS, Carbon disulfide 20 9.38 20 1.12 
40 10.6 35 1.16 
CC, Tetrachloroethylene 25 7.56 25 1.02 
СНА, Trichloroethylene 25 8.57 25 1.17 
сна, trans-1,2-Dichloroethylene 25 112 25 1.36 
сна, 1,1-Dichloroethane 20 7.97 25 0.93 
сна, 1,2-Dichloroethane 30 8.46 20 1.14 
CH, Acetic acid 20 9.08 20 1.08 
80 13.7 80 1.38 
С,Н,Вг Bromoethane 20 11.53 20 1.31 
СНА Iodoethane 20 9.82 25 1.17 
CHO Ethanol 20 11.19 20 1.40 
70 15.93 70 1.67 
CHO, Ethylene glycol 20 3.64 20 0.626 
C,H,O Acetone 20 12.62 20 1.46 
40 15.6 40 1.57 
С.Н.Вг 1-Вготоргорапе 0 10.22 25 1.2 
сна 1-Chloropropane 0 12.09 20 14 
СНА 1-Iodopropane 0 10.22 25 1.09 
C,H,O 1-Propanol 0 8.43 0 1.22 
СНО 2-Propanol 40 13.32 40 1.55 
C,H,O, 1,2-Propanediol 0 4.45 20 0.695 
С.Н,О, 1,3-Propanediol 0 4.09 20 0.61 
C.H,O, Glycerol 0 2.54 20 0.520 
CH,O, Ethyl acetate 20 11.32 20 1.35 
60 16.2 60 1.54 
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Pressure and Temperature Dependence of Liquid Density 


Molecular 
formula 


CH,Br 
CHI 
CH O 


Name 
1-Bromobutane 
1-Iodobutane 
1-Butanol 
Diethyl ether 


Diethylene glycol 
Cyclopentane 
1-Bromopentane 
1-Iodopentane 
Pentane 
1-Pentanol 
Bromobenzene 
Chlorobenzene 
Nitrobenzene 
Benzene 


Phenol 
Aniline 


Cyclohexane 
Hexane 


2-Methylpentane 
3-Methylpentane 
2,3-Dimethylbutane 
1-Hexanol 
Triethanolamine 
Toluene 


Anisole 
Cycloheptane 
Heptane 
о-Хујепе 
m-Xylene 
p-Xylene 
Cyclooctane 
Octane 


1-Octanol 
Mesitylene 
Triacetin 
Nonane 
Decane 
Undecane 
Dodecane 
Tridecane 
Tetradecane 
Pentadecane 
Butyl phthalate 
Hexadecane 


Methyl oleate 


Isothermal compressibility 


Cubic thermal expansion 


tC 
25 


кх10“/МРа-"! 
10.26 
7.73 
810 
18.65 
20.85 
3.34 
13.31 
8.42 
7.56 
21.80 
7.71 
6.46 
7.45 
4.93 
9.66 
11.28 
6.05 
4.53 
6.32 
11.30 
15.2 
16.69 
20.27 
13.97 
14.57 
17.97 
8.24 
3.61 
8.96 
11.0 
6.60 
9.22 
14.38 
8.10 
8.46 
8.59 
8.03 
12.82 
15.06 
7.64 
8.14 
4.49 
11.75 
10.94 
10.31 
9.88 
9.48 
9.10 
8.82 
5.0 
8.57 
9.78 
6.18 


tC 
20 


60 


a x 10°/°С! 


1.13 
1.02 
1.12 
1.65 
1.72 
0.635 
1.35 
1.04 


1.64 
1.02 
0.86 
0.94 
0.833 
1.14 
1.21 
0.82 
0.81 
0.91 
1.15 
1.29 
141 
1.52 
1.43 
1.40 
1.39 
1.03 
0.53 
1.05 
1.13 
0.951 


1.26 
0.96 
0.99 
1.00 


1.16 
1.23 
0.827 
0.94 
0.94 
1.08 
1.02 
0.97 
0.93 
0.90 
0.87 


0.86 


0.85 
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PROPERTIES OF CRYOGENIC FLUIDS 


This table gives physical and thermodynamic properties of eight 
cryogenic fluids. The properties are: 


Property 
M 
Т, 


t 


Р, 

р,0) 
Ане T, 
T 


A HG T, 
p() @T, 
р (5) @ 7, 
C, () e T, 
С, (8) е T, 
T 


c 


P 


c 


P. 
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Molar mass in grams per mole 

Triple point temperature in kelvins 

Triple point pressure in kilopascals 

Liquid density at the triple point in grams per 
milliliter 

Enthalpy of fusion at the triple point in joules per 
gram 

Normal boiling point in kelvins at a pressure of 
101325 pascals (760 mmHg) 

Enthalpy of vaporization at the normal boiling 
point in joules per gram 

Liquid density at the normal boiling point in 
grams per milliliter 

Vapor density at the normal boiling point in 
grams per liter 

Liquid heat capacity at constant pressure at the 
normal boiling point in joules per gram kelvin 
Vapor heat capacity at constant pressure at the 
normal boiling point in joules per gram kelvin 
Critical temperature in kelvins 

Critical pressure in megapascals 

Critical density in grams per milliliter 


Units Air N, О, H, 
g/mol 28.96 28.014 31.999 2.0159 
K 59,75 63.15 54.3584 13.8 
kPa 12.463 0.14633 7.042 
g/mL 0.959 0.870 1.306 0.0770 
J/g 25.3 13.7 59.5 

K 78.67 77.35 90.188 20.28 
J/g 198.7 198.8 213.1 445 
g/mL 0.8754 0.807 1.141 0.0708 
g/L 3.199 4.622 4.467 1.3390 
J/g К 1.865 2.042 1.699 9.668 
J/g К 1.341 0.980 12.24 
K 132.5 126.20 154.581 32.98 
MPa 3.766 3.390 5.043 1.293 
g/mL 0.316 0.313 0.436 0.031 


In the case of air, the value given for the triple point temperature 
is the incipient solidification temperature, and the normal boiling 
point value is the incipient boiling (bubble) point. See Reference 3 
for more details. 


- 
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He Ne Ar Kr Xe CH, 
4.0026 20.180 39.948 83.800 131.290 16.043 
24.5561 83.8058 115.8 161.4 90.694. 
50 68.95 72.92 81.59 11.696 
1.251 1.417 2.449 2.978 0.4515 
16.8 28.0 16.3 13.8 58.41 
4.2221 27.07 87.293 119.92 165.10 111.668 
20.7 84.8 161.0 108.4 96.1 510.83 
0.124901 1.204 1.396 2.418 2.953 0.4224 
16.89 9.51 5.79 8.94 1.816 
4.545 1.877 1.078 0.533 0.340 3.481 
9.78 0.570 0.248 0.158 2.218 
5.1953 44.40 150.663 209.40 289.73 190.56 
0.227460 2.760 4.860 5.500 5.840 4.592 
0.06964 0.484 0.531 0.919 1.110 0.1627 


PROPERTIES OF REFRIGERANTS 


This table gives physical properties of compounds that have 
been used as working fluids in traditional refrigeration systems or 
are under consideration as replacements in newer systems. Some 
are also used as solvents and blowing agents. Many of the com- 
pounds listed are believed to be less harmful to the environment 
than the traditional halocarbons refrigerants. 

Compounds are listed by their ASHRAE standard refriger- 
ant designations (Reference 1), which appear in the first column. 
These codes are often prefixed by symbols such as CFC- (for chlo- 
rofluorocarbon), HCFC- (for hydrochlorofluorocarbon), or sim- 
ply R- (for refrigerant). The molecular formula and CAS Registry 
Number are also given. The properties tabulated are: 


normal melting point in °С 

normal boiling point in °С (at 101.325 kPa or 760 
mmHg) 

t critical temperature in °C 

Threshold Limit Value, which is the maximum safe con- 
centration in air in the workplace, expressed as the time— 
weighted average (TWA) in parts per million by volume 
over ап 8-hr workday апа 40–ћг workweek. A value fol- 
lowed by C is an absolute ceiling limit. 


References 


1. ASHRAE Standard 34-1997, Number Designation and Safety 
Classification of Refrigerants. 

2. ASHRAE Fundamentals Handbook 2001, Chapter 19. Refrigerants, 
American Society of Heating, Refrigerating, and Air-Conditioning 
Engineers, Atlanta, GA, 2001. 

3. Platzer, B., Polt, A., and Mauer, G., Thermophysical Properties of 
Refrigerants, Springer, Berlin, 1990. 

4. Sako, T., Sato, М., Nakazawa, N., Oowa, M., Yasumoto, M., Ito, Н., 
and Yamashita, S., J. Chem. Eng. Data, 41, 802, 1996. 

5. Schmidt, J. W., Carrillo-Nava, E., and Moldover, M. R., Fluid Phase 
Equilibria, 122, 187, 1996. 

6. Salvi-Narkhede, M., Wang, B.-H., Adcock, J. L., and Van Hook, W. А., 
J. Chem. Thermodynamics, 24, 1065, 1992. 

7. Fialho, P. S., and Nieto de Castro, C. A., Int. J. Thermophys., 21, 385, 
2000. 

8. Daubert, Т. E., Danner, К. Р, Sibul, H. M., and Stebbins, С. С, 
Physical and Thermodynamic Properties of Pure Compounds: Data 
Compilation, extant 2002 (core with supplements), Taylor & Francis, 
Bristol, PA. 

Further references and additional data on the critical properties 
may be found in the table “Critical Constants” in this section. 


Molecular CAS Reg. 
Code Name formula No. t lC tC tC TLV 
10 Tetrachloromethane CCl, 56-23-5 -22.62 76.8 283.4 5 
11 Trichlorofluoromethane CCLF 75-69-4 –110.44 23.7 197.9 1000С 
12 Dichlorodifluoromethane CCLF, 75-71-8 -158 -29.8 111.80 1000 
1281 Bromochlorodifluoromethane CBrCIF, 353-59-3 -159.5 -37 153.73 
1282 Dibromodifluoromethane СВг,Е, 75-61-6 -1101 22.76 198.1 100 
13 Chlorotrifluoromethane CCIF, 75-72-9 -181 -814 29 
13B1 Bromotrifluoromethane CBrF, 75-63-8 -172 —57.8 67.0 1000 
14 Tetrafluoromethane CF, 75-73-0 -183.60 -128.0 -45.5 
20 Trichloromethane CHCI, 67-66-3 —63.41 61.17 263.2 10 
21 Dichlorofluoromethane CHCLF 75-43-4 -135 8.9 178.43 10 
22 Chlorodifluoromethane CHCIF, 75-45-6 -157.42 -40.7 96.3 1000 
22В1 Bromodifluoromethane CHBrF,, 1511-62-2  -145 -14.6 138.83 
23 Trifluoromethane СНЕ, 75-46-7 -1552 -82.1 25.83 
30 Dichloromethane CHI, 75-09-2 -972 40 237 50 
31 Chlorofluoromethane CH,CIF 593-70-4 —135.1 -9.1 154 
32 Difluoromethane CHF, 75-10-5 -136.8 -51.6 78.41 
40 Chloromethane сна 74-87-3 -97.7 —24.09 143.10 50 
4l Fluoromethane CH,F 593-53-3 -141.8 —78.4 446 
50 Methane CH, 74-82-8 -182.47 -161.48 —82.59 1000 
110 Hexachloroethane C CI, 67-72-1 186.8 184.7 5р 422 1 
111 Pentachlorofluoroethane C,CLF 354—56-3 101.3 138 
112 1,1,2,2- Tetrachloro-1,2-difluoroethane САДЕ, 76-12-0 24.8 92.8 278 500 
112a 1,1,1,2-Tetrachloro-2,2-difluoroethane САДЕ, 76-11-9 41.0 92.8 500 
113 1,1,2-Trichloro-1,2,2-trifluoroethane C CLE, 76-13-1 —36.22 47.7 214.1 1000 
113a 1,1,1-Trichloro-2,2,2-trifluoroethane C,CLF, 354—58—5 14.37 45.5 209.7 
114 1,2-Dichloro-1,1,2,2-tetrafluoroethane CC, 76-14-2 —92.53 35 145.63 1000 
114а 1,1-Dichloro-1,2,2,2-tetrafluoroethane CC, 374-07-2 —56.6 3.4 145.4 
11482 1,2-Dibromotetrafluoroethane CBrF, 124-73-2 —110.32 47.35 214.6 
115 Chloropentafluoroethane С,СЕ, 76-15-3 –99.4 -391 80.0 1000 
116 Hexafluoroethane CF, 76-16-4 —100.05 —78.1 20 
120 Pentachloroethane CHCI, 76-01-7 —28.78 162.0 
121 1,1,2,2- Tetrachloro-1-fluoroethane C,HCI,F 354-14-3 -82.6 116.7 
1214 1,1,1,2-Tetrachloro-2-fluoroethane C,HCI,F 354-11-0 -95.3 1171 
122 1,2,2-Trichloro-1,1-difluoroethane C,HCLF, 354-21-2 -140 71.9 


6-121 


6-122 


Соде 
122a 
122b 
123 
123a 
124 
124a 
125 
E125 
130 
131 
132 
132b 
133 
133a 
133b 
134 
134a 
E134 
140 
140a 
141 
141b 
142 
142b 
143 
143a 
143m 
Е14За 
150 
150а 
151 
151а 
152 
152а 
160 
161 
170 
216са 
218 
227са2 
227еа 
227те 
236ea 
236fa 
236me 
245ca 
245cb 
245fa 
245mc 
245mf 
245qc 
254pc 
290 
C316 
C317 
C318 
347mcc 
347mmy 
600 
600a 


Name 
1,2,2-Trichloro-1,2-difluoroethane 
1,1,1-Trichloro-2,2-difluoroethane 
2,2-Dichloro-1,1,1-trifluoroethane 
1,2-Dichloro-1,1,2-trifluoroethane 
1-Chloro-1,2,2,2-tetrafluoroethane 
1-Chloro-1,1,2,2-tetrafluoroethane 
Pentafluoroethane 
Trifluoromethyl difluoromethyl ether 
1,1,2,2-Tetrachloroethane 
1,1,2-Trichloro-2-fluoroethane 
1,2-Dichloro-1,2-difluoroethane 
1,2-Dichloro-1,1-difluoroethane 
1-Chloro-1,2,2-trifluoroethane 
2-Chloro-1,1,1-trifluoroethane 
1-Chloro-1,1,2-trifluoroethane 
1,1,2,2-Tetrafluoroethane 
1,1,1,2-Tetrafluoroethane 
Bis(difluoromethyl) ether 
1,1,2-Trichloroethane 
1,1,1-Trichloroethane 
1,2-Dichloro-1-fluoroethane 
1,1-Dichloro-1-fluoroethane 
1-Chloro-2,2-difluoroethane 
1-Chloro-1,1-difluoroethane 
1,1,2-Trifluoroethane 
1,1,1-Trifluoroethane 
Methyl trifluoromethyl ether 
2,2,2-Trifluoroethyl methyl ether 
1,2-Dichloroethane 
1,1-Dichloroethane 
1-Chloro-2-fluoroethane 
1-Chloro-1-fluoroethane 
1,2-Difluoroethane 
1,1-Difluoroethane 
Chloroethane 
Fluoroethane 
Ethane 
1,3-Dichloro-1,1,2,2,3,3-hexafluoropropane 
Perfluoropropane 
Trifluoromethyl 1,1,2,2-tetrafluoroethyl ether 
1,1,1,2,3,3,3-Heptafluoropropane 
Trifluoromethyl 1,2,2,2-tetrafluoroethyl ether 
1,1,1,2,3,3-Нехайцогоргорапе 
1,1,1,3,3,3-Нехайцогоргорапе 
1,2,2,2- Tetrafluoroethyl difluoromethyl ether 
1,1,2,2,3-Pentafluoropropane 
1,1,1,2,2-Pentafluoropropane 
1,1,1,3,3-Pentafluoropropane 
Methyl pentafluoroethyl ether 
Difluoromethyl 2,2,2-trifluoroethyl ether 
Difluoromethyl 1,1,2-trifluoroethyl ether 
Methyl 1,1,2,2-tetrafluoroethyl ether 
Propane 
1,2-Dichloro-1,2,3,3,4,4-hexafluorocyclobutane 
1-Chloro-1,2,2,3,3,4,4-heptafluorocyclobutane 
Perfluorocyclobutane 
Perfluoropropyl methyl ether 
Perfluoroisopropyl methyl ether 
Butane 
Isobutane 


Molecular 
formula 

C,HCLF, 
C,HCLF 
СНЕСЕ, 
C,HCLF, 
C,HCIF, 
C,HCIF, 
CHF, 
С,НЕ,О 
сна, 
C,H,CLF 
C,H,CLF, 
CHCLF, 
C,H,CIF, 
C,H,CIF, 
C,H,CIF, 
СНЕ, 
СНЕ, 
СНЕО 


224 


сна, 


2 


CAS Reg. 

No. t C 
354-15-4 -174 
354-12-1 
306-83-2 -107 
354-23-4 -78 
2837-89-0 
354-25-6 -117 
354-33-6 —103 
3822-68-2 -157 
79-34-5 -42.4 
359-28-4 
431-06-1 -101.2 
1649-08-7 -101.2 
431-07-2 
75-88-7 -105.5 
421-04-5 
359-35-3 -89 
811-97-2 -103.3 
1691-17-4 
79-00-5 -36.3 
71-55-6 —30.01 
430-57-9 -60 
1717-00-6 -103.5 
338-65-8 
75-68-3 -130.8 
430-66-0 -84 
420-46-2 -111.3 
421-14-7 -149 
460-43-5 
107-06-2 —35.7 
75-34-3 -96.9 
762-50-5 
1615-75-4 
624-72-6 
75-37-6 -117 
75-00-3 -138.4 
353-36-6 -143.2 
74—84—0 -182.79 
662-01-1 -125.4 
76-19-7 –147.70 
2356-61-8  -141 
431-89-0 -131 
2356-62-9 
431-63-0 
690-39-1 -93.6 
57041-67-5 
679-86-7 
1814-88-6 
460-73-1 
22410-44-2 
1885-48-9 
69948-24-9 
425-88-7 -107 
74-98-6 -187.63 
356-18-3 -24.2 
377-41-3 -391 
115-25-3 —40.19 
375-03-1 
22052-84-2 
106-97-8 -138.3 
75-28-5 -159.4 
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(ес 
72.5 
73 
27.82 
29.5 
-12 
-11.7 
—48.1 
-38 
145.2 
102.4 
59.6 
462 
17.3 
61 
12 


t °C 


151.86 


118.59 
101.03 
147.10 
329 
272 


204.1 


137.19 
156.6 
72.71 
104.87 
175.83 
288 
250 


113.5 
187.2 
102.16 
32.17 
180 
71.9 
114.63 
101.74 


139.23 
124.92 
155.80 
174.42 
106.96 
154.05 
133.65 
170.84 


96.68 
224 


115.31 
164.55 
160.15 
151.97 
134.6 


TLV 


10 
350 


10 
100 


100 


1000 


1000 


1000 
1000 
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Code 
610 
611 
717 
744 
764 
1112a 
1113 
1114 
1120 
1130 
1132a 
1140 
1141 
1150 
1270 


Name 
Diethyl ether 
Methyl formate 
Ammonia 
Carbon dioxide 
Sulfur dioxide 
1,1-Dichloro-2,2-difluoroethene 
Chlorotrifluoroethene 
Tetrafluoroethene 
Trichloroethene 
trans-1,2-Dichloroethene 
1,1-Difluoroethene 
Chloroethene 
Fluoroethene 
Ethylene 
Propene 


Molecular 
formula 


CAS Reg. 
No. t C 
60-29-7 -116.2 


107-31-3 -99 
7664-41-7 -7773 
124-38-9 -56.56 
7446-09-5 -75.5 


79-35-6 -116 
79-38-9 -158.2 
116-14-3 -131.15 
79-01-6 -84.7 
156-60-5 —49.8 
75-38-7 -144 
75-01-4 -153.84 
75-02-5 -160.5 
74-85-1 -169.15 
115-07-1 -185.24 


ес 
34.5 
317 
-33.33 
—78.5 sp 
-10.05 
19 
-27.8 
—75.9 
87.21 
48.7 
-85.7 
-13.8 
-72 
-103.77 
-47.69 


6-123 


500 


DENSITY AND SPECIFIC VOLUME OF MERCURY 


The data in this table have been adjusted to the 115-90 tem- 
perature scale. The uncertainty in density values is 0.0003 g/mL 
between —20 and —10°С; 0.0001 or less between -10 and 200°С; 
and 0.0002 between 200 and 300°С. 


tC 
-20 
-19 
-18 
-17 
-16 
-15 
-14 
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6-124 


p/(g/mL) 
13.64461 
13.64212 
13.63964 
13.63716 
13.63468 
13.63220 
13.62972 
13.62724 
13.62476 
13.62228 
13.61981 
13.61733 
13.61485 
13.61238 
13.60991 
13.60743 
13.60496 
13.60249 
13.60002 
13.59755 
13.59508 
13.59261 
13.59014 
13.58768 
13.58521 
13.58275 
13.58028 
13.57782 
13.57535 
13.57289 
13.57043 
13.56797 
13.56551 
13.56305 
13.56059 
13.55813 
13.55567 
13.55322 
13.55076 
13.54831 
13.54585 
13.54340 
13.54094 
13.53849 
13.53604 
13.53359 
13.53114 
13.52869 
13.52624 
13.52379 


v/(mL/kg) 
73.2890 
73.3024 
73.3157 
73.3291 
73.3424 
73.3558 
73.3691 
73.3824 
73.3958 
73.4091 
73.4225 
73.4358 
73.4492 
73.4625 
73.4759 
73.4892 
73.5026 
73.5160 
73.5293 
73.5427 
73.5560 
73.5694 
73.5827 
73.5961 
73.6095 
73.6228 
73.6362 
73.6495 
73.6629 
73.6763 
73.6896 
73.7030 
73.7164 
73.7297 
73.7431 
73.7565 
73.7698 
73.7832 
73.7966 
73.8100 
73.8233 
73.8367 
73.8501 
73.8635 
73.8769 
73.8902 
73.9036 
73.9170 
73.9304 
73.9438 


tC 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


p/(g/mL) 
13.52134 
13.51889 
13.51645 
13.51400 
13.51156 
13.50911 
13.50667 
13.50422 
13.50178 
13.49934 
13.49690 
13.49446 
13.49202 
13.48958 
13.48714 
13.48470 
13.48226 
13.47982 
13.47739 
13.47495 
13.47251 
13.47008 
13.46765 
13.46521 
13.46278 
13.46035 
13.45791 
13.45548 
13.45305 
13.45062 
13.44819 
13.44576 
13.44333 
13.44090 
13.43848 
13.43605 
13.43362 
13.43120 
13.42877 
13.42635 
13.42392 
13.42150 
13.41908 
13.41665 
13.41423 
13.41181 
13.40939 
13.40697 
13.40455 
13.40213 


Ambrose, D., Metrologia, 27, 245, 1990. 


v/(mL/kg) 
73.9572 
73.9705 
73.9839 
73.9973 
74.0107 
74.0241 
74.0375 
74.0509 
74.0643 
74.0777 
74.0911 
74.1045 
74.1179 
74.1313 
74.1447 
74.1581 
74.1715 
74.1850 
74.1984 
74.2118 
74.2252 
74.2386 
74.2520 
74.2655 
74.2789 
74.2923 
74.3057 
74.3192 
74.3326 
74.3460 
74.3594 
74.3729 
74.3863 
74.3998 
74.4132 
74.4266 
74.4401 
74.4535 
74.4670 
74.4804 
74.4939 
74.5073 
74.5208 
74.5342, 
74.5477 
74.5612 
74.5746 
74.5881 
74.6016 
74.6150 


Reference 


С 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 


p/(g/mL) 
13.39971 
13.39729 
13.39487 
13.39245 
13.39003 
13.38762 
13.38520 
13.38278 
13.38037 
13.37795 
13.37554 
13.37313 
13.37071 
13.36830 
13.36589 
13.36347 
13.36106 
13.35865 
13.35624 
13.35383 
13.35142 
13.3273 
13.3033 
13.2793 
13.2553 
13.2314 
13.2075 
13.1836 
13.1597 
13.1359 
13.1120 
13.0882 
13.0644 
13.0406 
13.0167 
12.9929 
12.9691 
12.9453 
12.9214 
12.8975 
12.8736 


v/(mL/kg) 
74.6285 
74.6420 
74.6554 
74.6689 
74.6824 
74.6959 
74.7094 
74.7229 
74.7364 
74.7498 
74.7633 
74.7768 
74.7903 
74.8038 
74.8173 
74.8308 
74.8443 
74.8579 
74.8714 
74.8849 
74.8984 
75.0337 
75.1693 
75.3052 
75.4413 
75.5778 
75.7147 
75.8519 
75.9895 
76.1274 
76.2659 
76.4047 
76.5440 
76.6838 
76.8241 
76.9650 
77.1064 
77.2484 
77.3909 
77.5341 
77.6779 


THERMAL PROPERTIES OF MERCURY 


Lev R. Fokin 


The first of these tables gives the molar heat capacity at constant Reference 
pressure of liquid and gaseous mercury as a function of tempera- 
ture. To convert to specific heat in units of J/g K, divide these val- Douglas, T. B., Ball, A. Т. and Ginnings, D. C., J. Res. Natl. Bur. Stands., 
ues by 200.59, the atomic weight of mercury. 46, 334, 1951. 


С, (J/mol К) С, (J/mol К) С, (J/mol К) 
tC Liquid Gas °С паша Са$ t/°C Liquid Gas 
-38.84 28.2746 20.786 140 27.3675 20.786 340 27.1500 20.836 
-20 28.1466 20.786 160 27.3090 20.786 356.73 27.1677 20.849 
0 28.0190 20.786 180 27.2588 20.790 360 27.1709 20.853 
20 27.9002 20.786 200 27.2169 20.790 380 27.1981 20.870 
25 27.8717 20.786 220 27.1834 20.794 400 27.2324 20.891 
40 27.7897 20.786 240 27.1583 20.794 420 27.2738 20.916 
60 27.6880 20.786 260 27.1412 20.799 440 27.3207 20.941 
80 27.5952 20.786 280 27.1320 20.807 460 27.3742 20.974 
100 27.5106 20.786 300 27.1303 20.815 480 27.4332 21.008 
120 27.4349 20.786 320 27.1366 20.824 500 27.4985 21.046 

The second table gives the molar heat capacity of solid mercury References 


in its rhombohedral (a—mercury) form. 
1. Busey and Giaque, J. Am. Chem. Soc., 75, 806, 1953. 
2. Amitin, Lebedeva, and Paukov, Rus. J. Phys. Chem., 2666, 1979. 


tC С,/О/шо! K) С C /(J/ mol K) tC С,/О/шо! K) С C,/J/mol K) 
—268.99 0.99* —248.15 12.74 -193.15 23.16 -93.15 26.69 
-268.99 0.97** —243.15 14.78 -183.15 23.76 —73.15 27.28 
—268.15 1.6 —233.15 17.90 —173.15 24.24 —53.15 27.96 
—263.15 4.6 —223.15 19.94 -153.15 25.00 -38.87 28.5 
—258.15 7.6 —213.15 21.40 -133.15 25.61 * Superconducting state 
-253.15 10.33 -203.15 22.42 -113.15 26.15 “Normal state 


The final table gives the cubic thermal expansion coefficient where v is the specific volume (given in the table on the preceding 
a, the isothermal compressibility coefficient к,, and the speed of page). 
sound И for liquid mercury as a function of temperature. These 


properties are defined as follows: Reference 
= Ц ду | л -Ц%) И? = ӘР ai Vukalovich, M. Р, et al., Thermophysical Properties of Mercury, Moscow 
"yw oT и 7 Мар ie Е др) p= Standard Press, 1971. 
K, x 10%Љаг“ K, x 109/Баг”! 
tC a x 10*/K7! At 1 bar Ає 1000 Баг U/ms"! tC a x 10*/K7! At 1 bar Ає 1000 Баг | U/ms^ 
-20 1.818 3.83 1470 120 1.8058 4.513 4.33 14047 
0 1.8144 3.918 3.78 1460.8 140 1.8074 4.622 1395.4 
20 1.8110 4.013 3.87 1451.4 160 1.8100 4.731 4.53 1386.1 
40 1.8083 4.109 3.96 1442.0 180 1.8136 4.844 1376.7 
60 1.8064 4.207 1432.7 200 1.818 4.96 1367 
80 1.8053 4.308 4.14 1423.4 250 1.834 5.26 1344 
100 1.8051 4.410 1414.1 300 1.856 5.59 1321 
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SURFACE TENSION OF COMMON LIQUIDS 


The surface tension y of about 200 liquids is tabulated here as Substances are listed by molecular formula in the modified Hill 
a function of temperature. Values of y are given in units of mil- order, with substances not containing carbon appearing before 
linewtons per meter (mN/m), which is equivalent to dyn/cmincgs those that do contain carbon. A more extensive compilation of 
units. The values refer to a nominal pressure of one atmosphere surface tension may be found in Reference 1. 
(about 100 kPa) except in cases where the indicated temperature 


is above the normal boiling point of the substance; in those cases, References 
the applicable pressure is the saturation vapor pressure at the tem- 
perature in question. 1. Jasper, J. J., J. Phys. Chem. Ref. Data, 1, 841, 1972. 
The uncertainty of the values is 0.1 to 0.2 mN/m ог less іп most 2. Kahl, H., Wadewitz, T., and Winkelmann, J., J. Chem. Eng. Data, 48, 
cases. Values at temperatures between the points tabulated can be 580, 2003. 
obtained by linear interpolation to a good approximation. 
yin mN/m 
Mol. formula Name 10°C 25°C 50°C 75°С 100°С 
Вг, Bromine 43.68 40.95 36.40 
CLO,S Sulfuryl chloride 28.78 
CLOP Phosphoryl chloride 32.03 28.85 25.66 
CLP Phosphorus trichloride 27.98 24.81 
CLSi Silicon tetrachloride 19.78 18.29 15.80 
H,O Water 74.23 71.99 67.94 63.57 58.91 
HN, Hydrazine 66.39 
Hg Mercury 488.55 485.48 480.36 475.23 470.11 
CCl, Tetrachloromethane 26.43 23.37 20.31 17.25 
CS, Carbon disulfide 33.81 31.58 27.87 
CHBr, Tribromomethane 44.87 41.60 38.33 
CHCI, Trichloromethane 26.67 23.44 20.20 
CH,Br, Dibromomethane 39.05 35.33 31.61 
CHI, Dichloromethane 27.20 
CHO, Formic acid 37.13 34.38 31.64 
сн, Iodomethane 32.19 30.34 
СН,ХО Formamide 57.03 54.92 52.82 50.71 
CH,NO, Nitromethane 39.04 36.53 32.33 
CHO Methanol 23.23 22.07 20.14 
СНМ Methylamine 19.15 
с,нсі, Pentachloroethane 34.15 31.20 28.26 
CHF,O, Trifluoroacetic acid 13.53 11.42 
CHI, 1,1,2,2- Tetrachloroethane 35.58 32.41 29.24 26.07 
CH,Cl, 1,1,1-Trichloroethane 25.18 22.07 
сна, 1,1,2-Trichloroethane 34.02 30.65 27.27 23.89 
C\H,N Acetonitrile 28.66 25.51 
CH,Br, 1,2-Dibromoethane 39.55 36.25 32.95 
сна, 1,1-Dichloroethane 24.07 
сна, 1,2-Dichloroethane 31.86 28.29 24.72 
CHO Acetaldehyde 22.54 20.50 17.10 
CHO, Acetic acid 27.10 24.61 22.13 
CH,O, Methyl formate 26.72 24.36 20.43 16.50 12.57 
С,Н,Вг Bromoethane 25.36 23.62 
CH, Iodoethane 30.38 28.46 25.24 
СНО, Nitroethane 34.02 32.13 29.00 
CHO Ethanol 23.22 21.97 19.89 
С,Н,О8 Dimethyl sulfoxide 42.92 40.06 
CHO, Ethylene glycol 47.99 45.76 43.54 41.31 
СНА Dimethyl sulfide 25.27 24.06 
CHS Ethanethiol 23.08 
СНА, Dimethyl disulfide 33.39 30.04 
CH.N Dimethylamine 26.34 
C H.N Ethylamine 19.20 
С,Н,ХО Ethanolamine 48.32 45.53 42.73 
СН,Вг 3-Вготоргорепе 26.31 23.17 
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yin mN/m 
Mol. formula Name 10°С 25°С 50°С 75°С 100°С 
сна 3-Chloropropene 23.14 
C,H.CIO Epichlorohydrin 38.40 36.36 32.96 29.56 26.16 
сн,х Propanenitrile 26.75 23.87 
СНА, 1,2-Dichloropropane 28.32 25.22 22.12 
СНО Acetone 24.57 22.72 19.65 
CHO Allyl alcohol 26.63 25.28 23.02 20.77 
CHO, Ethyl formate 25.16 23.18 
C,H.O, Methyl acetate 26.66 24.73 21.51 
CHO, Propanoic acid 26.20 23.72 2123 
С.Н.Вг 1-Вготоргорапе 27.08 25.26 22.21 
С,Н,Вг 2-Вготоргорапе 25.03 23.25 20.30 
сна 1-Chloropropane 23.16 21.30 
сна 2-Chloropropane 20.49 19.16 
С,Н,МО N,N-Dimethylformamide 37.56 35.74 32.70 29.66 26.62 
C,H,NO, 2-Nitropropane 31.02 29.29 26.39 
СНО 1-Propanol 24.48 23.32 21.38 19.43 
CHO 2-Propanol 2211 20.93 18.96 16.98 
C,H,O, 2-Methoxyethanol 32.32 30.84 28.38 25.92 23.46 
СНА 1-Propanethiol 24.20 21.02 
С,Н,5 2-Ргорапе ој 21.33 18.39 
СВ Ргорујапипе 21.75 
СВ Trimethylamine 13.41 
C,H,N, Pyridazine 49.51 47.96 45.37 42.78 40.19 
C,H,N, Pyrimidine 30.33 27.80 25.28 22.75 
C,H,S Thiophene 30.68 27.36 
САМ Руггоје 38.71 37.06 34.31 
CH,O, Acetic anhydride 34.08 31.93 28.34 24.75 21.16 
САМ Butanenitrile 26.92 24.33 21.73 
CH,O 2-Butanone 23.97 21.16 
CH,O, 1,4-Dioxane 32.75 29.28 25.80 22.32 
CH,O, Ethyl acetate 25.13 23.39 20.49 17.58 14.68 
CH,O, Methyl propanoate 26.32 24.44 21.29 
CH,O, Butanoic acid 26.05 23.75 2145 
C,H,Br 1-Bromobutane 27.58 25.90 23.08 20.27 17.45 
сна 1-Chlorobutane 24.85 23.18 20.39 
CH, 1-Iodobutane 29.79 28.24 25.67 23.09 20.51 
сн Pyrrolidine 30.58 29.23 26.98 
CHO 1-Butanol 26.28 24.93 22.69 20.44 18.20 
C,H O 2-Butanol 23.74 22.54 20.56 18.57 16.58 
C,H O 2-Methyl-2-propanol 19.96 17.71 
C,H,,O Diethyl ether 16.65 
CH, O, 2-Ethoxyethanol 28.35 26.11 23.86 21.62 
C,H O, Diethylene glycol 44.77 42.57 40.37 38.17 
CH, S Diethyl sulfide 26.22 24.57 21.80 
CH,N Butylamine 23.44 20.63 
CH,N Isobutylamine 21.75 19.02 
сд,х tert-Butylamine 16.87 
CH,N Diethylamine 19.85 
сна, Furfural 45.08 43.09 39.78 36.46 33.14 
C.H,N Pyridine 36.56 33.29 30.03 
C.H, Cyclopentene 24.45 22.20 
C.H,O Cyclopentanone 34.45 32.80 30.05 27.30 24.55 
С,Н,ХО N-Methyl-2-pyrrolidinone 41.94 40.21 37.33 34.45 31.57 
сн 1-Репїепе 17.10 15.45 
сн 2-Methyl-2-butene 18.61 17.15 
CH, Cyclopentane 24.07 21.88 18.22 
СНО 2-Pentanone 23.25 21.62 
C. HO 3-Pentanone 24.74 22.13 
C.H о Pentanal 26.95 25.44 22.91 


C.H о Butyl formate 26.05 24.52 21.95 19.39 16.82 
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yin mN/m 
Mol. formula Name 10°С 25°С 50°С 75°С 100°С 
C.H, O, Propyl acetate 25.48 23.80 21.00 18.20 15.40 
C.H, O, Isopropyl acetate 23.37 21.76 19.08 16.40 
C.H, O, Ethyl propanoate 25.55 23.80 20.88 17.96 
C.H, O, Methyl butanoate 26.34 24.62 21.76 18.89 16.03 
сна 1-Chloropentane 26.01 24.40 21.71 19.02 16.33 
С.Н, Piperidine 30.64 28.91 26.03 23.14 20.26 
сн, Репїапе 17.15 15.49 
C,H,,O 1-Pentanol 26.67 25.36 23.17 20.99 18.80 
С,Н,О 2-Репїапо1 24.96 23.45 20.94 18.43 15.92 
C.H „O 3-Methyl-1-butanol 24.94 23.71 21.66 19.61 17.56 
C.H,,N Pentylamine 24.69 22.14 19.58 
сна, m-Dichlorobenzene 37.15 35.43 32.57 29.70 26.83 
С,Д,Вг Bromobenzene 36.98 35.24 32.34 29.44 26.54 
сна Chlorobenzene 34.78 32.99 30.02 27.04 24.06 
C H,CIO о-СМогорћепо! 39.70 36.89 34.09 31.28 
C.H,ClO m-Chlorophenol 41.18 38.66 36.13 33.61 
CHF Fluorobenzene 28.47 26.66 23.65 20.64 
СНА Iodobenzene 40.40 38.71 35.91 33.10 30.29 
СНО, Nitrobenzene 40.56 37.66 34.77 
CH, Benzene 28.22 25.00 21.77 
CHO Phenol 38.20 35.53 32.86 
CHIN Aniline 42.12 39.41 36.69 
С НМ 2-Methylpyridine 33.00 29.90 26.79 
САМ, Adiponitrile 45.45 43.02 40.58 
CH, Cyclohexene 28.01 26.17 23.12 
C.H, O Cyclohexanone 36.43 34.57 31.46 28.36 25.25 
C.H, N Hexanenitrile 27.37 25.11 22.84 
Сн, Сусіоһехапе 25.91 24.16 21.26 15.44 
Сн, Methylcyclopentane 23.47 21.72 18.82 
CH, 1-Hexene 1944 17.90 15.33 
CH,O Cyclohexanol 32.92 30.50 28.09 25.67 
CHO 2-Hexanone 25.45 22.72 
CH,,0, Butyl acetate 26.48 24.88 22.21 19.54 16.87 
C H,0, Isobutyl acetate 24.58 23.06 20.53 17.99 15.46 
CH,,0, Ethyl butanoate 25.51 23.94 21.33 18.71 16.10 
CH,,0, Paraldehyde 27.22 25.63 22.97 20.32 17.66 
сна 1-СМогоћехапе 27.28 25.73 23.13 20.54 17.94 
CH,N Cyclohexylamine 31.22 28.25 25.28 
CH, Hexane 1942 17.89 15.33 
CH, 2-Methylpentane 18.37 16.88 14.39 
CH, 3-Methylpentane 19.20 17.61 14.96 
CH,O Diisopropyl ether 17.27 14.65 
CH,O 1-Hexanol 25.81 23.81 21.80 19.80 
C H,O, 1,1-Diethoxyethane 20.89 18.31 15.74 
CH,,0, 2-Butoxyethanol 27.36 26.14 24.10 22.06 20.02 
وي‎ Triethylamine 20.22 17.74 
сн,ы Dipropylamine 22.31 19.75 17.20 
СН,“ Diisopropylamine 19.14 16.45 
сн,х Benzonitrile 38.79 35.90 33.00 
СНО Benzaldehyde 39.63 38.00 35.27 32.55 29.82 
CH, Toluene 29.46 27.73 24.85 21.98 19.10 
CH,O o-Cresol 36.90 34.38 31.85 29.32 
CH,O m-Cresol 35.69 33.38 31.07 28.76 
CH,O Benzyl alcohol 27.89 24.44 
C H,O Anisole 35.10 32.09 29.08 
СН,“ N-Methylaniline 36.90 34.47 32.05 
C.H,N 2,3-Dimethylpyridine 32.71 30.04 27.36 
C.H,N Benzylamine 39.30 36.27 33.23 
CH, Methylcyclohexane 24.98 23.29 20.46 
CH, 1-Heptene 21.29 19.80 17.33 1485 
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yin mN/m 
Mol. formula Name 10°С 25°С 50°С 75°С 100°С 
CH,O 2-Heptanone 26.12 23.48 
CH,,0, Pentyl acetate 26.67 25.17 22.69 20.20 17.72 
CH,,0, Heptanoic acid 27.76 25.64 
CH,, Heptane 21.14 19.66 17.19 14.73 
CH. 3-Methylhexane 20.76 19.31 16.88 1446 
C,H,O Acetophenone 39.04 36.15 33.27 
C,H,O, Methyl benzoate 37.17 34.25 31.32 
C,H,O, Methyl salicylate 40.98 39.22 36.28 33.35 30.41 
CH, Ethylbenzene 30.39 28.75 26.01 23.28 20.54 
CH, o-Xylene 3141 29.76 27.01 24.25 21.50 
CH, m-Xylene 30.13 28.47 25.71 22.95 20.19 
сн, p-Xylene 28.01 25.32 22.64 19.95 
CH, O Phenetole 3241 29.65 26.89 
CH IN N,N-Dimethylaniline 35.52 32.90 30.27 
с,н,м N-Ethylaniline 36.33 33.65 30.98 
CH, Ethylcyclohexane 26.73 25.15 22.51 
сн, Octane 22.57 21.14 18.77 16.39 14.01 
CH, 2,5-Dimethylhexane 20.77 19.40 17.12 14.84 12.56 
СНО 1-Octanol 28.30 27.10 25.12 
сн, Dibutylamine 24.12 2174 19.36 
C,H N Diisobutylamine 21.72 19.44 17.16 
C,H, N Quinoline 44.19 42.59 39.94 37.28 34.62 
CH, Cumene 29.27 27.69 25.05 22.42 19.78 
СН, 1,2,4-Trimethylbenzene 30.74 29.20 26.64 24.07 21.51 
CH,, Mesitylene 28.89 27.55 25.31 23.07 20.82 
CHO 5-Nonanone 26.28 23.85 
CH, Nonane 23.79 22.38 20.05 1771 15.37 
C,H, O 1-Nonanol 29.03 27.89 26.00 24.10 22.20 
СН 1,2,3,4- Tetrahydronaphthalene 33.17 30.78 28.40 
C.H, Decane 2475 23.37 2107 1877 16.47 
C H,O 1-Decanol 29.61 28.51 26.68 24.85 23.02 
C.H, Undecane 25.56 2421 21.96 19.70 17.45 
С,Н,О Diphenyl ether 26.75 24.80 
C,H,N Tributylamine 24.39 22.32 20.24 
C.H, Tridecane 26.86 25.55 23.37 21.19 19.01 
C,,H,,0, Benzyl benzoate 44.47 42.82 40.06 37.31 34.55 
C.H, Tetradecane 2743 26.13 23.96 2178 19.61 
САН, Нехадесапе 27.05 24.91 22.78 20.64 


C.H Octadecane 27.87 25.77 23.66 21.55 


PERMITTIVITY (DIELECTRIC CONSTANT) OF LIQUIDS 


Christian Wohlfarth 


The permittivity of a substance (often called the dielectric con- 
stant) is the ratio ofthe electric displacement D to the electric field 
strength E when an external field is applied to the substance. The 
quantity tabulated here is the relative permittivity, which is the ra- 
tio ofthe actual permittivity to the permittivity of a vacuum; it is a 
dimensionless number. 

The table gives the static relative permittivity =, i.e., the relative 
permittivity measured in static fields or at low frequencies where 
no relaxation effects occur. The fourth column ofthe table lists the 
value of e, at the temperature specified in the third column, usually 
293.15 or 298.15 K. Otherwise, the temperature closest to 293.15 
K was chosen, or (as it is the case for many of the substances in- 
cluded here) e, is given at the only temperature for which data are 
available. 

The static permittivity refers to nominal atmospheric pressure 
as long as the corresponding temperature is below the normal 
boiling point. Otherwise, at temperatures above the normal boil- 
ing point, the pressure is understood to be the saturated vapor 
pressure of the substance considered. 

For substances where information on the temperature depen- 
dence of the permittivity is available, the table gives the coeffi- 
cients of a simple polynomial fitting of permittivity to temperature 
with an equation of the form 


ё (Т) = a + ВТ + cT? + dT? 


where T' is the absolute temperature in K. Since the parameter d 
was used in only a few cases where the quadratic fit was not sat- 
isfactory, only a, b, and c are listed as columns in the table, while 
the d values are given at the end of this introduction. For all other 
substances, d - 0. The temperature range of the fit is given in the 
last column. The coefficients of the fitting equation can be used to 


Mol.form. Name TIK =, 
AIBr, Aluminum tribromide 373.2 3.38 
Ar Argon 140.00 1.3247 
AsH, Arsine 200.9 2.40 
BBr, Boron tribromide 273.2 2.58 
BH, Diborane 180.66 1.8725 
В.Н, Pentaborane(9) 2982 21.1 
BrF, Bromine trifluoride 298.2 106.8 
BrF, Bromine pentafluoride 2977 7.91 
BrH Hydrogen bromide 186.8 823 
BrNO Nitrosyl bromide 2884 13.4 
Br, Bromine 297.9 3.1484 
Br,OS Thionyl bromide 293.2 9.06 
Br,OV Vanadyl tribromide 298.2 3.6 
Br,Ge Germanium(IV) bromide 299.9 2.955 
Br,Sn Tin(IV) bromide 30345 3.169 
CIFO, Perchloryl fluoride 150.2 2.194 
CIF, Chlorine trifluoride 293.2 4.394. 
CIF, Chlorine pentafluoride 193.2 4.28 
ан Hydrogen chloride 158.9 14.3 
CINO Nitrosyl chloride 285.2 182 
Cl, Chlorine 208.0 2.147 
CLF,P Phosphorus(V) dichloride trifluoride 22863 2.8129 
CLOS Thionyl chloride 298.2 8.675 
CLOSe Selenium oxychloride 293.2 46.2 
CLO,S Sulfuryl chloride 293.2 91 


calculate dielectric constants within the fitted temperature range 
but should not be used for extrapolation outside this range. The 
user who needs dielectric constant data with more accuracy than 
can be provided by this equation is referred to Reference 1, which 
gives the original data together with their literature source. 

Substances are listed by molecular formula in modified Hill or- 
der, with substances not containing carbon preceding those that 
do contain carbon. 

* [ndicates that the isomer was not specified in the original ref- 
erence. 

** [ndicates a compound for which the cubic term is needed: 


Ethanol d = –0.15512 Е-05 
N-Methylacetamide d = -0.12998Е-04 
1,2-Propylene glycol d = -0.32544Е-05 
1-Butanol d = -0.48841Е-06 
2-Butanol d = -0.89512Е-06 


d = -0.45229Е-06 
d = -0.25968Е-05 
d = —0.48716E-05 


2-Methyl-1-propanol 
2-Methyl-2-propanol 
N-Butylacetamide 
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a b c Range/K 
0.12408Е+01 0.68755Е-02 —0.45344E-04 87-149 
0.37674E+01 —0.97454E-02 0.14537E-04 157-201 
0.23848Е-01 —0.29501E-02 0.64189E-06 108-181 
0.40952E+03 -0.24414Е-01 0.38225Е-02 226-298 
0.11428Е-02 —0.11822E-01 262-298 
0.32701Е+01 —0.12535Е-03 273-327 
0.61112Е+01 —0.84211Е-02 203-298 
0.34450Е-01 -0.16083Е-02 300-316 
0.50001Е+01 —0.60383E-02 304-316 
0.23808Е+01 —0.38629E-03 —0.57143E-05 125-150 
0.96716Е+01 —0.18000Е-01 273-313 
0.78192Е+01 —0.20860Е-01 0.13132E-04 193-256 
0.47316Е+02 —0.28455Е+00 0.48650Е-03 159-258 
0.29440Е-01 -0.44649Е-02 0.30388Е-05 208-240 
0.46501Е+01 —0.80358Е-02 172-229 
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Mol. form. 
CLS 
СІ,5, 
СЇЕР 
СОР 
CLOV 
CLP 
CLPS 
CLFP 
С Се 
CI Pb 
Cl, Si 
ClSn 
ст 
CLV 
СКР 
СІ,5Ь 


CBrCIF, 
CBrCl, 
CBrF, 
CBr,Cl, 
CBr,F, 
CBr,Cl 
CBr,F 
CBr,NO 
CCIF, 
وي‎ 
CCLO 
CCLD 
CCLF 
CCLNO, 
CCI 
CF 


2 


4 


4 


Name 
Sulfur dichloride 
Sulfur chloride 


Phosphorus(V) trichloride difluoride 


Phosphorus(V) oxychloride 
Vanadyl trichloride 
Рһоврһогив(Ш) chloride 


Phosphorus(V) sulfide trichloride 
Phosphorus(V) tetrachloride fluoride 


Germanium(IV) chloride 
Lead(IV) chloride 
Tetrachlorosilane 
Tin(IV) chloride 
Titanium(IV) chloride 
Vanadium(IV) chloride 
Phosphorus(V) chloride 
Antimony(V) chloride 
Hydrogen fluoride 
Fluorine 

Iodine pentafluoride 
Sulfur hexafluoride 
Xenon hexafluoride 
Iodine heptafluoride 
Sulfur decafluoride 
Hydrogen iodide 
Hydrogen 

Water 

Hydrogen peroxide 
Hydrogen sulfide 
Ammonia 

Hydrazine 

Helium 

Iodine 

Krypton 
Manganese(VII) oxide 
Nitric oxide 

Nitrogen 

Nitrogen trioxide 
Nitrogen tetroxide 
Neon 

Oxygen 

Sulfur dioxide 

Ozone 

Sulfur trioxide 
Phosphorus 

Sulfur 

Selenium 

Xenon 


Bromochlorodifluoromethane 


Bromotrichloromethane 
Bromotrifluoromethane 
Dibromodichloromethane 
Dibromodifluoromethane 
Tribromochloromethane 
Tribromofluoromethane 
Tribromonitromethane 
Chlorotrifluoromethane 
Dichlorodifluoromethane 
Carbonyl chloride 
Trichloromethane-d 
Trichlorofluoromethane 
Trichloronitromethane 
Tetrachloromethane 
Tetrafluoromethane 


TIK 
298.2 
288.2 
268.0 
293.2 
298.2 
290.2 
298.2 
272.64 
273.2 
293.2 
273.2 
273.2 
257.4 
298.2 
433.2 
293.0 
273.2 
53.48 
293.2 
223.2 
328.2 
298.2 
293.2 
220.2 
13.52 
293.2 
290.2 
283.2 
293.2 
298.2 
2.055 
391.25 
119.80 
293.2 
1.997 
63.15 
203.2 
293.2 
26.11 
54.478 
298.2 
90.2 
291.2 
307.2 
407.2 
510.65 
161.35 
123.2 
293.2 
123.2 
298.2 
273.2 
333.2 
293.2 
298.2 
123.2 
123.2 
295.2 
298.2 
293.2 
293.2 
293.2 
126.3 


ғ, 
2.915 
4.79 
2.3752 
14,1 
34 
3.498 
4.94 
2.6499 
2.463 
2.78 
2.248 
3.014 
2.843 
3.05 
2.85 
3.222 
83.6 
1.4913 
37.13 
1.81 
4.10 
1.75 
2.0202 
3.87 
1.2792 
80.100 
74.6 
5.93 
16.61 
51.7 
1.0555 
11.08 
1.664 
3.28 


1.4680 
31.13 
2.44. 
1.1907 
1.5684 
16.3 
4.75 
311 
4.096 
3.4991 
544 
1.880 
3.920 
2.405 
3.730 
2.542 
2.939 
2.601 
3.00 
9.034 
3.010 
3.500 
4.30 
4.67 
3.00 
7.319 
2.2379 
1.685 


0.28905E+01 


0.59098E+01 


0.33503E+01 


-0.55078E+01 


0.58041E+01 
0.43951E+01 
0.33668E+01 


0.45413E+01 
0.50352E+03 
0.14144E+01 
0.95184E+02 


0.51557E+03 
0.13327E+01 
0.24921E+03 
0.48511E+03 
0.14736E+02 
0.66756E+02 
0.22061E+03 
0.10640E+01 
0.64730E+02 


0.37655E+01 


0.12550E+01 
0.92287E+02 
0.28212E+01 
0.12667E+01 
0.15434E+01 
0.52045E+02 
0.86344E+01 


0.79018E+00 
0.51651E+01 
0.67569E+01 


0.52442E+01 
0.29249E+01 
0.54154E+01 
0.32330E+01 
0.67296E+01 


0.53203E+01 
0.16079E+02 
0.43677E+01 
0.46984E+01 


0.53203E+01 
0.14403E+02 
0.28280E+01 
0.20350E+01 


—0.19228E-02 


—0.83322E-02 


—0.29651E-02 
0.64881E-01 


—0.27129E-01 
—0.48805E-02 
—0.19675E-02 


—0.45078E-02 
-0.19297Е-01 

0.26387Е-02 
-0.19800Е--00 


—0.44552Е+01 
—0.51946Е-02 
-0.79069Е--00 
—0.23145Е+01 
—0.33675Е-01 
-0.24696Е--00 
—0.89633E+00 
—0.35584E-02 
-0.29266Е--00 


—0.16463E-02 


0.67949E-02 
-0.43306Е--00 
-0.13000Е-02 
—0.29064E-02 
0.14615E-02 
—0.16125Е+00 
—0.54807Е-01 


0.23911Е-01 
—0.77381Е-02 
—0.25829Е-02 


—0.11000Е-01 
—0.17650Е-02 
—0.13680Е-01 
—0.23162Е-02 
—0.22133E-01 


—0.11061E-01 
—0.23630E-01 
—0.11020E-01 
—0.97600E-02 


—0.11061E-01 
—0.24178E-01 
—0.20339E-02 
—0.27616E-02 


—0.13091E-03 


0.51678E-04 


0.14372E-02 
—0.28356E-04 


0.96795E-02 
0.72997E-03 
0.31020E-02 
0.96740E-05 
0.25913E-03 
0.11066E-02 


0.39759E-03 


—0.56704E-04 
0.65000E-03 


—0.21964E-04 
0.11042E-03 
0.12596E-03 


—0.42826E-04 
0.89120E-05 


0.30213E-04 


0.10688E-04 


0.10688E-04 


0.71795E-07 


Range/K 


215-268 


290-333 


244-273 
246-273 


207-273 
234-273 
237-257 


276-320 
200-273 
54-144 

273-313 


220-236 
14-19 
273-372 
233-303 
212-363 
238-323 
278-323 
2-4 
391-441 


283-312 


63-126 
203-243 
253-293 
26-29 
55-154 
213-449 
90-185 


307-358 
407-479 
511-575 


123-223 
273-333 
123-173 
298-333 
139-273 


206-323 
298-328 
123-173 
123-223 


206-323 
276-333 
283-333 
126-142 


6-133 


6-134 Permittivity (Dielectric Constant) of Liquids 


Mol.form. Name TIK =, а b c Range/K 
CHBr, Tribromomethane 2832 4.404 0.71707 Е+01 —0.98000E-02 283-343 
CHCI, Trichloromethane 293.2 4.8069 0.15115Е+02 —0.51830Е-01 0.56803E-04 218-323 
СНЕ, Trifluoromethane 294.0 5.2 0.11442E+03 —0.75600E+00 0.13562E-02 130-263 
CHN Hydrogen cyanide 293.2 114.9 0.37331E+04 —0.23180E+02 0.36963E-01 258-299 
CH,Br, Dibromomethane 2832 7.77 0.18060Е+02 —0.36333E-01 283-313 
CHI, Dichloromethane 298.0 8.93 0.40452Е+02 —0.17748Е+00 0.23942E-03 184-306 
CHF, Difluoromethane 152.2 53.74 0.19428E+03 —0.12939Е+01 0.24280Е-02 152-224 
CHI, Diiodomethane 298.2 5.32 

CH,O, Formic acid 298.2 51.1 0.14040E+03 —0.24673Е+00 —0.17151Е-03 287-358 
CH,Br Bromomethane 275,7 971 0.40580E+02 -0.18418Е-00 0.26219Е-03 195-276 
сна Chloromethane 295.2 10.0 0.42775E+02 —0.16175E+00 0.17108E-03 190-392 
CH,CIO,S Methanesulfonyl chloride 293.2 34.0 0.10384E+03 —0.33838E+00 0.34156E-03 293-373 
CH,DO Methan-d,-ol 297.5 31.68 0.20839Е+03 —0.10318Е+01 0.14740E-02 176-298 
CH,F Fluoromethane 131.0 51.0 0.11338Е-03 —0.63979Е+00 0.9698 3Е-03 150-299 
сн, Iodomethane 293.2 6.97 0.24264E+02 —0.93914Е-01 0.11926Е-03 223-303 
CH,NO Formamide 293.2 111.0 0.26076Е+03 —0.61145Е+00 0.34296Е-03 278-333 
CH,NO, Nitromethane 293.2 37.27 0.11227E+03 —0.35591Е+00 0.34206Е-03 288-343 
CH,NO, Methyl nitrite 200.0 20.77 0.11071E+03 —0.73428Е+00 0.14054E-02 110-260 
CH,NO, Methyl nitrate 293.2 23.9 

CH, Methane 91.0 1.6761 0.15996E+01 0.27434E-02 —0.22086E-04 91-184 
CHO Methanol 293.2 33.0 0.19341E+03 —0.92211E+00 0.12839Е-02 177-293 
CHN Methylamine 215.2 16.7 0.34398E+02 —0.73630E-01 —0.41279E-04 198-258 
СМО, Tetranitromethane 293.2 2.317 

COS Carbon oxysulfide 185.0 4.47 0.84702E+01 —0.21488E-01 143-185 
COSe Carbon oxyselenide 283.2 3.47 0.48740E+01 —0.49425E-02 219-283 
CO, Carbon dioxide 295.0 1.4492 0.79062 Е+00 0.10639E-01 —0.28510E-04 220-300 
CS, Carbon disulfide 2932 2.6320 0.45024Е-01 —0.12054E-01 0.19147E-04 154-319 
CBr,F, 1,2-Dibromotetrafluoroethane 298.2 2.34 

СЕ, 1,2-Dichlorotetrafluoroethane 2732 2.4842 0.36663E+01 —0.42271E-02 —0.36255E-06 193-273 
САО, Охају! chloride 294.35 | 3.470 

C,CLN Trichloroacetonitrile 2922 7.85 

C Cl, Tetrachloroethylene 303.2 2.268 

СС, ES 1,1,2,2-Tetrachloro-1,2-difluoroethane 308.2 2.52 

С,НВг,О Tribromoacetaldehyde 293.2 7.6 

сна, Trichloroethylene 301.5 3.390 0.58319Е+01 —0.80828E-02 302-338 
C,HCLF, 1,2,2-Trichloro-1,1-difluoroethane 303.2 4.01 0.75423E+01 —0.11667E-01 303-333 
C,HCLO Trichloroacetaldehyde 298.2 6.8 

C,HCLO, Trichloroacetic acid 3332 4.34 0.13412Е-01 0.90000Е-02 -0.24130Е-14 333-393 
сна, Pentachloroethane 298.2 3.716 0.65972E+01 —0.96800E-02 298-338 
С,НЕ,О, Trifluoroacetic acid 293.2 8.42 0.21652E+02 —0.68146Е-01 0.78571Е-04 263-323 
CH, Acetylene 195.0 2.4841 

С,Н,Вг, cis-1,2-Dibromoethylene 298.2 7.08 

С,Н,Вг, trans-1,2-Dibromoethylene 298.2 2.88 

C,H,Br, 1,1,2,2-Tetrabromoethane 303.2 6.72 0.16246E+02 -0.31500Е-01 303-333 
сна, 1,1-Dichloroethylene 293.2 4.60 

CHI, cis- 1,2-Dichloroethylene 298.2 9.20 

сна, trans-1,2-Dichloroethylene 293.2 2.14 

СНО, Dichloroacetic acid 2932 8.33 0.11014Е-02 -0.10859Е-01 0.49242Е-05 284-363 
сна, 1,1,1,2- Tetrachloroethane 207.2 9.22 0.19606E+02 —0.49847E-01 207-233 
сна, 1,1,2,2-Tetrachloroethane 293.2 8.50 

СН», cis-1,2-Diiodoethylene 345.65 4.46 

C,H,CIO Acetyl chloride 295.2 15.8 

снао, Chloroacetic acid 3382 12.35 0.17310Е-02 —0.14674E-01 338-393 
C,H,CLNO, 1,1-Dichloro-1-nitroethane 303.2 16.3 0.37576E+02 —0.70400E-01 303-333 
С,Н,С, 1,1,1-Trichloroethane 293.2 7.243 0.27705E+02 —0.10621Е+00 0.12424Е-03 258-318 
С.Н. СЬ 1,1,2-Trichloroethane 298.2 7.1937 0.17147E+02 —0.33371E-01 288-318 
C,H,F,O 2,2,2-Trifluoroethanol 293.2 27.68 0.90593E+02 -0.21421Е-00 293-318 
соңы Acetonitrile 293.2 36.64 0.29724E+03 —0.15508Е+01 0.22591Е-02 288-333 
C H,NO Methyl isocyanate 288.7 21.75 

CH, Ethylene 270.0 1.4833 0.13546Е-01 0.62614E-02 —0.21374E-04 200-270 
С,Н,ВгСІ 1-Bromo-2-chloroethane 2832 7.41 0.19493Е-02 —0.59054E-01 0.58036E-04 263-363 
C,H,Br, 1,2-Dibromoethane 293.2 4.9612 0.67142E+01 —0.59800E-02 293-313 


сна, 1,1-Dichloroethane 298.2 10.10 0.24429E+02 —0.48000E-01 288-318 


Permittivity (Dielectric Constant) of Liquids 


Name 
1,2-Dichloroethane 
Bis(chloromethyl) ether 
Ethylene glycol dinitrate 
Acetaldehyde 

Ethylene oxide 
Thioacetic acid 

Acetic acid 

Methyl formate 
Ethylene glycol sulfite 
Bromoethane 
Chloroethane 
2-Chloroethanol 
Iodoethane 
Ethyleneimine 
Acetamide 
N-Methylformamide 
Acetaldoxime 
Nitroethane 

Methyl carbamate 

Ethyl nitrate 

Ethane 

Ethanol 

Dimethyl ether 
Dimethyl sulfoxide 
Ethylene glycol 
Dimethyl sulfone 
Dimethyl sulfate 
Ethanethiol 

Dimethyl sulfide 
1,2-Ethanedithiol 
Dimethyl disulfide 
Ethylamine 
Ethanolamine 
1,2-Ethanediamine 
Hexachloroacetone 
Perfluoroacetone 
Cyanoacetylene 
1,1,1,3,3,3-Hexafluoro-2-propanol 
4-Chloro-1,3-dioxolan-2-one 
Acrylonitrile 
Cyanoacetic acid 

Allene 

Propyne 
3-Chloro-1,1,1-trifluoropropane 
2-Chloroethyl isocyanate 
1,1-Dichloroacetone 
2,2,3,3-Tetrafluoro-1-propanol 
Propargyl alcohol 
Ethylene carbonate 
3-Bromopropene 
2-Bromopropanoic acid 
1,2,3-Tribromopropane 
2-Chloropropene 
3-Chloropropene 
3-Chloro-1,2-propanediol dinitrate 
Epichlorohydrin 

Ethyl chloroformate 
Methyl chloroacetate 
1,2,3-Trichloropropane 
3-lodopropene 
Propanenitrile 

Ethyl isocyanate 

Ethyl isothiocyanate 


a 
0.24404E+02 


0.52661E+02 


—0.15731Е+02 


0.19699Е+02 
0.85483Е-02 
0.28473Е-02 
0.60693E+02 
0.11155E+03 
0.25598E+02 
0.61405E+02 


—0.20055Е+03 


0.10383E+04 


0.57406E+02 
0.36773E+02 


0.20185E+01 
0.15145E+03 
0.22389E+02 
0.38478E+02 
0.14355E+03 
0.10830E+03 


0.11228E+02 
0.19109E+02 
0.30163E+02 
0.14890E+03 
0.48922E+02 
0.76423E+01 
0.34809E+01 
0.91803E+03 


0.11109E+03 


0.26049E+01 


0.60871E+01 


0.22361E+02 
0.64311E+02 


0.99895E+02 
0.20746E+03 


0.11024E+02 


0.15356E+02 


0.82222E+02 


b 
—0.47892Е-01 


—0.21337Е+00 


0.12662Е+00 
—0.36429Е-01 
—0.15400Е+00 
—0.85495Е-01 
—0.31290Е+00 
—0.30149Е+00 
—0.94367Е-01 
—0.14474Е+00 
0.15515Е+01 
—0.43165Е+01 


—0.97657Е-01 
—0.55700Е-01 


—0.51493E-03 
-0.87020Е--00 
—0.86524E-01 
0.16939E+00 
—0.48573Е+00 
—0.15900Е+00 


—0.13500Е-01 
—0.32000Е-01 
—0.79000Е-01 
—0.62491E+00 
—0.17021Е+00 
—0.15838Е-01 
—0.92883E-02 
-0.49149Е-01 


-0.36806Е--00 


—0.44147E-03 


—0.11730E-01 


—0.68840E-01 
—0.12217Е+00 


—0.38911Е+00 
—0.37610Е+00 


—0.16596Е-01 


—0.18250Е-01 


—0.22937Е+00 


0.25947 Е-03 


—0.17738E-03 


0.67971E-04 


0.47154E-03 


0.11424E-03 


—0.22392E-02 
0.48398E-02 


—0.48148E-05 
0.19570E-02 
0.91291E-04 
—0.47423E-03 
0.46703E-03 


0.77143E-03 
0.17262E-03 
0.10618E-04 
0.12282Е-04 
0.69104Е-02 
0.34879Е-03 


-0.63420Е-05 


0.60594Е-04 


0.40776Е-03 


0.17424E-03 


Range/K 
293-343 


293-243 


293-363 
288-302 
298-328 
243-308 
237-293 
140-175 
183-343 
273-298 
364-448 
276-353 


276-333 
328-368 


95-295 

163-523 
155-258 
288-343 
293-423 
383-398 


293-333 
298-323 
233-273 
253-293 
273-333 
269-303 
151-238 
281-314 


233-413 
156-269 
185-246 


275-313 
288-403 


213-293 
313-343 


303-358 


309-349 


213-473 


6-135 


MT as 


2 


ОООООООО 


о 
~ 
~ 


Мате 

Trinitroglycerol 

Propene 
1,2-Dibromopropane 
1,3-Dibromopropane 
2-Chloro-2-nitropropane 
1,2-Dichloropropane 
1,3-Dichloropropane 
2,2-Dichloropropane 
2,2-Dinitropropane 

Allyl alcohol 

Propanal 

Acetone 

Propanoic acid 

Ethyl formate 

Methyl acetate 
3-Hydroxypropanoic acid 
Dimethyl carbonate 
1,3,5-Trioxane 
1-Bromopropane 
2-Bromopropane 
1-Chloropropane 
3-Chloro-1-propanol 
1-Chloro-2-propanol 
3-Chloro-1,2-propanediol 
1-Iodopropane 
2-Iodopropane 
N-Ethylformamide 
N,N-Dimethylformamide 
N-Methylacetamide 
1-Nitropropane 
2-Nitropropane 

Propyl nitrite 

Isopropyl nitrite 

Ethyl carbamate 

Propane 

1-Propanol 

2-Propanol 
1,2-Propylene glycol 
1,3-Propylene glycol 
Ethylene glycol monomethyl ether 
Dimethoxymethane 
Glycerol 

1-Propanethiol 
2-Propanethiol 
1,2-Propanedithiol 
1,3-Propanedithiol 
Trimethyl borate 
Trimethylchlorosilane 
Propylamine 
Isopropylamine 
Trimethylamine 
Trimethyl phosphate 
Hexachloro-1,3-butadiene 
Trichloroacetic anhydride 
Trifluoroacetic acid anhydride 
Dichloroacetic anhydride 
Maleic anhydride 
2,2,3,3,4,4,4- Heptafluoro-1-butanol 
Succinonitrile 

Pyrazine 

Furan 

Thiophene 
2-Chloro-1,3-butadiene 


19.25 
2.1365 
4.60 
9.482 
31.90 
8.37 
10.27 
11.37 
42.4 
19.7 
18.5 
21.01 
344 
8.57 
7.07 
30.0 
3.087 
15.55 
8.09 
9.46 
8.588 
36.0 
59.0 
31.0 
7.07 
8.19 
102.7 
38.25 
179.0 
24.70 
26.74 
12.35 
13.92 
14.14 
1.6678 
20.8 
20.18 
27.5 
35.1 
17.2 
2.644 
46.53 
5.937 
5.952 
7.24 
8.11 
2.2762 
10.21 
5.08 
5.6268 
2.440 
20.6 
2.55 
5.0 
2.7 
15.8 
52.75 
14.4 
62.6 
2.80 
2.88 
2.739 
4.914 


0.29623Е+01 
0.54973E+01 
0.29193E+02 


0.18915E+02 
0.21609E+02 
0.32421E+02 


0.62714E+02 


0.88157E+02 
0.18793E+01 
0.15884E+02 
0.13190E+02 


0.17769E+02 
0.26195E+02 
0.21214E+02 
0.12436E+03 


—0.19169E+02 


0.13744E+02 


0.64764 Е+03 
0.15364E+03 
0.15975E+04 
0.94999E+02 
0.60138E+02 
0.70552E+02 
0.74578E+02 
0.32431E+02 
0.22883E+01 
0.98045E+02 
0.10416E+03 
0.24546E+03 
0.11365E+03 
0.11803E+03 
0.25877E+01 
0.77503E+02 
0.11602E+02 


0.14667E+02 
0.66607E+01 


-0.19492Е-02 


0.17719Е-02 
0.40429Е-02 
0.39745Е-01 


0.17724E+03 


0.13636E+01 
0.32941E+01 


b 


—0.37564E-02 
—0.31695E-02 
—0.94450E-01 


—0.35907E-01 
—0.37333E-01 
—0.72188E-01 


—0.14771E+00 


-0.34300Е--00 
0.46841Е-02 
—0.25333E-01 
—0.21226E-01 


—0.32599E-01 
—0.72995E-01 
—0.43130E-01 
—0.60841E+00 
0.13605E+01 


—0.22745E-01 


-0.28499Е-01 
-0.60367Е--00 
-0.90451Е-01 
-0.38358Е-00 
-0.11566Е--00 
-0.40362Е--00 
-0.38283Е-00 
—0.65097E-01 

—0.23276E-02 

-0.36860Е--00 
—0.41011Е+00 
—0.15738Е+01 
-0.36680Е--00 
-0.58000Е--00 
-0.93019Е-03 

-0.37984Е-01 

-0.19580Е-01 


-0.32660Е-01 
0.31310Е-01 


0.29806Е--00 
-0.59022Е-01 
—0.21441E+00 
—0.51331E-02 


–0.54654 Е+00 


0.12864E-01 
—0.19019E-02 


0.92800E-04 


0.37879E-05 


0.38925E-03 
0.19983E-05 


0.55454E-04 


0.92060E-03 
—0.55567E-02 


0.34286E-02 
0.71505E-03 
0.18345E-01 
0.48480E-03 


0.66687E-03 
0.57071E-03 
0.28571E-04 
0.84710E-06 
0.36422E-03 
0.42049E-03 
0.38068E-02 
0.33766E-03 
0.81001E-03 
0.38472E-05 
—0.23107E-03 


0.25000E-04 


—0.87500E-04 


—0.69284E-03 


0.54780E-04 
0.32634E-03 


0.54046E-03 


—0.22701E-04 


Permittivity (Dielectric Constant) of Liquids 


Range/K 


220-250 
283-333 
293-368 


281-323 
303-333 
245-293 


213-303 


273-323 
289-408 
288-318 
276-318 


274-328 
186-328 
273-313 
145-215 
153-177 


293-323 


298-338 
213-353 
303-473 
276-333 
276-303 
110-310 
150-300 
328-368 
90-300 

193-493 
193-493 
193-403 
288-328 
254-318 
171-293 
288-343 
273-318 


293-333 
303-343 


223-273 
204-296 
213-298 
273-298 


236-351 


188-277 
253-293 


Permittivity (Dielectric Constant) of Liquids 


Mol. form. 
C H,CLO, 
САМ 
C,H,NO 
CH, 
CHO 
CHO 
CHO 
CHO, 
CHO, 
CHO, 
CHO, 
CHO, 
CH.Br 
С,Н,Вг 
CH,BrO, 
CH,BrO, 


Name 

Ethyl trichloroacetate 
Pyrrole 

Allyl isocynate 
1,3-Butadiene 

Divinyl ether 
Ethoxyacetylene 
Cyclobutanone 

Methyl acrylate 
2,3-Butanedione 
y-Butyrolactone 

Acetic anhydride 
Propylene carbonate 
cis-2-Bromo-2-butene 
trans-2-Bromo-2-butene 
2-Bromobutanoic acid 
Ethyl bromoacetate 

Methyl 3-bromopropanoate 
Propyl chlorocarbonate 
Methyl 2-chloropropanoate 
Butanenitrile 
2-Methylpropanenitrile 
2-Pyrrolidone 

1-Butene 

cis-2-Butene 

Isobutene 
1,2-Dibromobutane 
1,3-Dibromobutane 
1,4-Dibromobutane 
2,3-Dibromobutane 
1,2-Dibromo-2-methylpropane 
1,2-Dichlorobutane 
1,4-Dichlorobutane 
1,2-Dichloro-2-methylpropane 
Bis(2-chloroethyl) ether 
Butanal 

2-Butanone 
Tetrahydrofuran 

Butanoic acid 
2-Methylpropanoic acid 
Propyl formate 

Ethyl acetate 

Methyl propanoate 
1,4-Dioxane 
2-Hydroxybutanoic acid 
3-Hydroxybutanoic acid 
Ethyl methyl carbonate 
Ethylene glycol monoacetate 
1-Bromobutane 
2-Bromobutane 
1-Bromo-2-methylpropane 
2-Bromo-2-methylpropane 
1-Chlorobutane 
2-Chlorobutane 
1-Chloro-2-methylpropane 
2-Chloro-2-methylpropane 
1-Iodobutane 
2-Iodobutane 
2-Iodo-2-methylpropane 
Pyrrolidine 
N-Methylpropanamide 
N-Ethylacetamide 
N,N-Dimethylacetamide 
2-Butanone oxime 


0.12672E+02 
0.34299E+02 
0.27674E+01 


0.43974E+02 
0.11968E+02 
0.46907E+01 


0.15940E+03 


0.15627E+02 
0.36001E+01 


0.22449E+02 
0.53884E+02 
0.52554E+02 
0.11054E+03 
0.29354E+01 
0.28802E+01 
0.33701E+01 
0.11199E+03 
0.34031E+02 
0.20944E+02 
0.23849E+02 


0.31925E+02 
0.59766E+01 
0.39429E+02 


0.15457E+02 
0.30739E+02 
0.15010E+01 


0.15646E+02 
0.12798E+02 
0.27299E+01 


0.22542E+02 
0.18461E+02 
0.37558E+02 
0.35085E+02 
0.13565E+02 
0.30376E+02 
0.14945E+02 
0.35077E+02 
0.16493E+02 
0.10883E+02 
0.76780E+01 
0.38191E+02 


0.74494E+03 
0.15420E+03 


b 


—0.14075Е-01 
—0.66444Е-01 
—0.26738Е-02 


—0.15712Е+00 
—0.16500Е-01 
—0.22302Е-02 


—0.39530E+00 


—0.19600E-01 
0.72500E-02 


—0.36250E-01 
—0.99257E-01 
—0.96000E-01 
—0.47945E+00 
—0.32580E-02 
—0.31064E-02 
—0.43295E-02 
—0.63334E+00 
—0.13254E+00 
—0.55620E-01 
—0.96300E-01 


—0.13232E+00 
0.49300E-01 
—0.20028E+00 


0.90152E-01 
—0.12946E+00 
0.50046E-02 


—0.44066E-01 
—0.22540E-01 
—0.17440E-02 


—0.79306E-01 
—0.32933E-01 
—0.20571E+00 
—0.14075E+00 
—0.10161E-01 
—0.11377E+00 
—0.33747E-01 
—0.12867E+00 
—0.50262E-01 
—0.14680E-02 
0.69900E-02 
—0.15462E+00 


—0.31400E+01 
—0.57506E+00 


—0.62671E-05 


0.19264E-03 


0.26284E-03 


0.68182E-03 


0.91250E-03 
0.16250E-03 
0.50000E-04 
0.12500E-03 


0.17007E-03 
—0.12500E-03 
0.30917E-03 


—0.27100E-03 
0.17195E-03 


0.39137E-04 


0.89867E-04 


0.35496E-03 
0.19960E-03 
—0.38750E-04 
0.13429E-03 
0.23036E-04 
0.14304E-03 
0.52485E-04 
—0.30000E-04 
—0.37500E-04 
0.17941E-03 


0.36131E-02 
0.61911E-03 


Range/K 


293-357 
288-333 
185-265 


220-317 
303-333 
278-348 


273-333 


303-333 
303-343 


303-343 
293-333 
293-313 
298-338 
220-250 
197-296 
220-289 
293-333 
293-333 
303-333 
293-333 


293-356 
308-338 
165-296 


293-333 
224-295 
287-403 


293-433 
293-333 
293-313 


183-363 
274-328 
112-273 
258-293 
273-323 
273-323 
273-323 
273-323 
293-323 
293-323 
283-323 
274-333 


213-353 
294-433 


6-137 
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C H,O,Si 


Name 

Morpholine 

tert-Butyl nitrite 

Propyl carbamate 
Ethyl-N-methyl carbamate 
N-Acetylethanolamine 
Butyl nitrate 

Butane 

Isobutane 

1-Butanol 

2-Butanol 
2-Methyl-1-propanol 
2-Methyl-2-propanol 
Diethyl ether 
1,2-Butanediol 
1,3-Butanediol 
1,4-Butanediol 

Ethylene glycol monoethyl ether 
Ethylene glycol dimethyl ether 
Bis(2-hydroxyethyl) sulfide 
Diethylene glycol 

Diethyl sulfite 
1,2,3,4-Butanetetrol 
Diethyl sulfate 
1-Butanethiol 
2-Butanethiol 
2-Methyl-1-propanethiol 
2-Methyl-2-propanethiol 
Diethyl sulfide 
Butylamine 

Diethylamine 
Diethanolamine 
Dimethoxydimethylsilane 
Trimethoxymethylsilane 
Tetramethyl silicate 
Diethylsilane 
Tetramethylsilane 
Diethylenetriamine 

Iron pentacarbonyl 
2-Bromopyridine 
2-Chloropyridine 
2,2,3,3,4,4,5,5-Octafluoro-1-pentanol 
Furfural 

Pyridine 
Pyridine-1-oxide 
2-Methylfuran 

Furfuryl alcohol 

Propyl trichloroacetate 
Ethyl cyanoacetate 
1,3-Pentadiene* 
1,4-Pentadiene 
2-Methyl-1,3-butadiene 
Cyclopentene 
Cyclopentanone 

Ethyl acrylate 

Methyl trans-2-butenoate 
Methyl methacrylate 
2,4-Pentanedione 
Dimethyl malonate 

Ethyl 2-bromopropanoate 
Isobutyl chlorocarbonate 
Ethyl 2-chloropropanoate 
Ethyl 3-chloropropanoate 
Methyl 4-chlorobutanoate 


0.24356Е+02 
0.11477E+03 
0.37016E+03 


0.22379E+01 
0.23295E+01 
0.10578E+03 
0.13850E+03 
0.10762E+03 
0.22541E+03 
0.79725E+01 
0.63702E+02 
0.72883E+02 
0.13079E+03 


0.48832E+02 
0.13128E+03 
0.13973E+03 


0.11201E+02 
0.10866E+02 


0.10597E+02 


0.13322E+02 
0.26462E+02 
0.73435E+02 


0.57840E+02 


0.73391E+02 
0.98702E+02 


0.43991E+02 
0.20878E+02 


0.29994E+01 
0.28170E+01 
0.28177E+01 
0.24083E+02 
0.47827E+02 


0.32098E+02 


0.26470E+02 


0.25965E+02 


0.21951E+02 
0.17127E+02 


Permittivity (Dielectric Constant) of Liquids 


—0.36400Е-01 
—0.47568Е+00 
—0.13113E+01 


—0.13884E-02 

—0.19953E-02 

—0.50587E+00 
—0.75146E+00 
—0.51398E+00 
—0.14990E+01 
—0.12519E-01 

—0.13807E+00 
—0.14770E+00 
—0.46985E+00 


—0.24218E+00 
—0.52719Е+00 
—0.54725Е+00 


—0.20767Е-01 
—0.17993E-01 


—0.17500E-01 


—0.44176E-01 
-0.13750Е--00 
—0.21377Е+00 


—0.23873Е+00 


—0.23678E+00 
-0.34237Е-00 


-0.15150Е--00 
0.16450Е--00 


-0.34578Е-02 
-0.23147Е-02 
-0.27597Е-02 
-0.30286Е-01 
—0.24394E+00 


—0.14568E+00 


—0.76656E-01 


—0.46250E-01 


—0.38750E-01 
—0.25000E-01 


0.54127E-03 
0.13214E-02 


—0.66711E-06 
0.14197E-06 
0.84733E-03 
0.14086E-02 
0.83702E-03 
0.34050E-02 


0.46320E-03 


0.34413E-03 
0.60465E-03 
0.61149E-03 


0.50250E-04 
0.20373E-03 
0.17500E-03 


0.28841E-03 


0.22930E-03 
0.34502E-03 


0.15925E-03 
—0.35269E-03 


0.85300E-06 
—0.43975E-06 
0.89346E-06 
—0.16802E-04 
0.35000E-03 


0.20000E-03 


0.67888E-04 


Range/K 


338-378 
298-373 
298-348 


135-303 
115-303 
193-553 
172-533 
173-533 
298-503 
283-301 
278-323 
278-323 
288-328 


256-318 
253-333 
288-343 


273-318 
273-318 


283-313 


223-333 
243-323 
273-323 


213-333 


298-398 
298-398 


293-323 
343-398 


178-294 
198-293 
171-319 
219-298 
303-343 


303-343 
293-433 
303-343 


303-343 
303-343 


Permittivity (Dielectric Constant) of Liquids 6-139 


Mol.form. Мате тк =, а Ь с Range/K 
САМ Pentanenitrile 293.2 20.04 0.55793Е+02 —0.15750Е+00 0.12432E-03 183-333 
САМ 2,2-Dimethylpropanenitrile 293.2 21.1 0.58418Е-02 —0.16884E+00 0.14131E-03 293-453 
C.H,NO Isobutyl isocyanate 293.2 11.638 0.38026Е+02 —0.12714Е+00 0.12679Е-03 293-353 
C.H,NO N-Methyl-2-pyrrolidone 293.2 32.55 

Сн 1-Pentene 293.2 2.011 —0.11438Е+01 0.25420Е-01 -0.50000Е-04 273-293 
Сн, 2-Methyl-1-butene 293.2 2.180 

C.H, 2-Methyl-2-butene 296.0 1.979 0.26064E+01 —0.19578E-02 —0.53908Е-06 225-296 
C.H, Cyclopentane 293.2 1.9687 0.24287E+01 —0.15304E-02 —0.13095E-06 278-313 
C.H, Ethylcyclopropane 293.2 1.933 

C.H, Br, 1,2-Dibromopentane 298.2 4.39 

C,H, Br, 1,4-Dibromopentane 293.2 9.05 0.26443E+02 —0.88640E-01 0.10000E-03 293-333 
C,H, Br, 1,5-Dibromopentane 303.2 9.14 0.38192E+02 -0.15648Е-00 0.20000Е-03 303-333 
C.H, Cl, 1,2-Dichloropentane 293.2 6.89 0.19016E+02 —0.57954E-01 0.56801E-04 293-356 
C.H, Cl, 1,5-Dichloropentane 298.2 9.92 

C.H, O Cyclopentanol 288.2 18.5 0.10565E+03 —0.44244E+00 0.48657E-03 258-323 
C.H, O Pentanal 293.2 10.00 

C.H, O 2,2-Dimethylpropanal 293.2 9.051 0.18645Е+02 —0.32395Е-01 —0.16157E-05 280-333 
C.H, O 2-Pentanone 293.2 15.45 0.40893E+02 —0.10423Е+00 0.60557E-04 204-353 
C.H, O 3-Pentanone 293.2 17.00 0.12690E+02 0.95177E-01 —0.27321E-03 233-353 
C.H, O 3-Methyl-2-butanone 293.2 10.37 0.30695E+02 —0.10962E+00 0.13810E-03 293-328 
C.H O Tetrahydropyran 293.2 5.66 0.19793Е+02 —0.76071E-01 0.94852E-04 234-333 
C.H O 2-Methyltetrahydrofuran 298.2 6.97 

C.H, O, Pentanoic acid 294.4. 2.661 0.33491E+01 —0.75156E-02 0.17820E-04 250-344 
C.H, O, Butyl formate 303.2 6.10 0.21532E+02 —0.84106E-01 0.10952E-03 288-323 
C.H, O, Isobutyl formate 293.2 6.41 

C.H, O, Propylacetate 293.2 5.62 0.17677 Е+02 —0.61404E-01 0.69196E-04 253-353 
C.H, O, Ethyl propanoate 293.2 5.76 

C.H, O, Methyl butanoate 301.2 5.48 0.38604E+02 —0.19171Е+00 0.27128Е-03 301-343 
C.H, O, Tetrahydrofurfuryl alcohol 303.2 13.48 

С;Н,0,5 3-Methyl sulfolane 298.2 29.4 0.53158Е+02 —0.93730Е-01 0.47275E-04 298-398 
C.H, O, Diethyl carbonate 297.2 2.820 

C.H, O, Ethyl lactate 303.2 15.4 0.31225Е+02 —0.43531E-01 -0.28571Е-04 273-373 
C.H, O, 1,2,3-Propanetriol-1-acetate 242.2 38.57 0.10653E+03 -0.26439Е--00 -0.62371Е-04 215-242 
С.Н, Вг 2-Bromo-2-methylbutane 298.2 9.21 

C,H, Br 1-Bromopentane 299.2 6.31 0.20954E+02 —0.78743E-01 0.98908E-04 183-328 
C,H, Br 3-Bromopentane 298.2 8.37 

C,H, Br 1-Bromo-3-methylbutane 291.5 6.33 0.27743E+02 -0.13927Е-00 0.22627Е-03 123-292 
сна 1-Chloropentane 293.2 6.654 0.18626Е+02 —0.54719Е-01 0.47143E-04 273-323 
сна 1-Chloro-3-methylbutane 292.0 6.10 0.22228Е+02 —0.93189Е-01 0.12991Е-03 171-297 
сна 2-Chloro-2-methylbutane 222.75 12.31 0.55104E+02 —0.29866Е+00 0.47840E-03 201-223 
СНЕ 1-Fluoropentane 293.2 3.931 

СНА 1-Тодорепїапе 293.2 5.78 0.15753Е+02 —0.50543E-01 0.56401E-04 293-323 
СНА 3-Iodopentane 293.2 7.432 

СНА 1-Iodo-3-methylbutane 292.2 5.6 

СНА 2-Iodo-2-methylbutane 293.2 8.192 

C.H,N Piperidine 293.0 4.33 0.82317Е+01 —0.11229Е-01 —0.71429Е-05 293-333 
C,H, N N-Methylpyrrolidine 298.2 32.2 

C,H, NO 2,2-Dimethylpropanamide 298.2 20.13 0.10400E+03 —0.46017Е+00 0.60000Е-03 298-328 
C,H, NO N,N-Diethylformamide 293.2 29.6 

C,H, NO 2-Pentanone oxime 293.2 3.3 

C,H, NO, Pentyl nitrite 298.2 7.21 

СН, Репїапе 293.2 1.8371 

СН, Isopentane 293.2 1.845 0.22384E+01 —0.12985E-02 -0.16182Е-06 143-293 
СН, Neopentane 296.0 1.769 0.10949E+02 —0.63057Е-01 0.10835Е-03 251-296 
C,H,,N,O Tetramethylurea 293.2 23.10 

СНО 1-Pentanol 298.2 15.13 0.73397E+02 —0.28165Е+00 0.28427Е-03 213-513 
СНО 2-Pentanol 298.2 13.71 0.16437 Е+03 -0.86506Е--00 0.11955Е-02 273-323 
C.H,,O 3-Pentanol 298.2 13.35 0.12838E+03 -0.60980Е--00 0.75000E-03 288-318 
СНО 2-Methyl-1-butanol 298.2 15.63 0.14020E+02 0.13948E+00 —0.45000Е-03 288-318 
СНО 3-Methyl-1-butanol 293.2 15.63 0.79733Е+02 -0.31272Е-00 0.32014E-03 173-513 
СНО 2-Methyl-2-butanol 298.2 5.78 0.11662 Е+03 -0.69756Е--00 0.10920Е-02 268-318 
СНО 3-Methyl-2-butanol 298.2 12.1 


C.H „O 2,2-Dimethyl-1-propanol 333.2 8.35 0.92350E+02 –0.41870 Е+00 0.50000E-03 333-373 


Permittivity (Dielectric Constant) of Liquids 


Name TIK =, а b c Range/K 
1,2-Pentanediol 296.8 17.31 0.18436E+03 —0.10682E+01 0.17037E-02 197-297 
1,4-Pentanediol 295.7 26.74 0.13568E+03 —0.59198Е+00 0.75398Е-03 193-318 
1,5-Pentanediol 2932 26.2 0.11858E+03 —0.45920E+00 0.49341E-03 243-343 
2,3-Pentanediol 296.9 17.37 0.95876Е+02 —0.46463Е+00 0.67434Е-03 238-297 
2,4-Pentanediol 294.2 24.69 0.11914Е-03 -0.52569Е-00 0.69607Е-03 224-294 
Diethoxymethane 293.2 2.527 0.25294E+01 0.73988E-04 —0.28331E-06 227-293 
Tetramethoxymethane 293.2 2.40 

Xylitol 293.2 40.0 

1-Pentanethiol 293.2 4.847 0.71131E+01 —0.30228E-02 —0.16414E-04 273-333 
2-Methyl-2-butanethiol 2932 5.087 0.15116Е-02 -0.50700Е-01 0.56250Е-04 273-333 
Tetrakis(methylthio)methane 3432 2.818 

Pentylamine 293.2 4.27 0.11274E+02 —0.34965Е-01 0.37706Е-04 223-353 
1,1,3,3-Tetramethylguanidine 298.2 11.5 

Ethoxytrimethylsilane 298.2 3.013 

Hexafluorobenzene 298.2 2.029 0.24041E+01 —0.83086E-03 —0.14286E-05 298-338 
Perfluorohexane 298.2 1.76 

2,4,6-Trinitrophenol 294.2. 40 

1-Bromo-2-fluorobenzene 298.2 472 

1-Bromo-3-fluorobenzene 298.2 4.85 

1-Bromo-4-fluorobenzene 298.2 2.60 

1-Bromo-3-nitrobenzene 3282 20.2 0.81413Е-02 —0.27645E 00 0.27367E-03 328-413 
o-Dibromobenzene 293.2 7.86 —0.81849E-02 0.62671E-01 —0.12222E-03 293-353 
m-Dibromobenzene 2932 4.81 0.93214Е-01 —0.20273E-01 0.16667Е-04 293-353 
p-Dibromobenzene 368.2 2.57 

1-Chloro-2-fluorobenzene 298.2 6.10 

1-Chloro-3-fluorobenzene 298.2 4.96 

1-Chloro-4-fluorobenzene 298.2 3.34 

1-Chloro-2-nitrobenzene 3232 37.7 0.16800E+03 —0.59708Е+00 0.59957Е-03 323-436 
1-Chloro-3-nitrobenzene 3232 20.9 0.77193E+02 —0.25118Е+00 0.23798Е-03 323-433 
1-Chloro-4-nitrobenzene 393.2 8.09 

o-Dichlorobenzene 293.2 10.12 0.13629E+02 0.10622E-02 —0.44444E-04 293-353 
m-Dichlorobenzene 2932 5.02 0.77565E+01 —0.93333E-02 —0.26880E-14 293-353 
p-Dichlorobenzene 328.2 2.3943 0.26999E+01 —0.35325E-03 —0.17619E-05 328-363 
1-Fluoro-2-iodobenzene 298.2 8.22 

1-Fluoro-4-iodobenzene 298.2 3.12 

o-Difluorobenzene 301.2 13.38 0.59107E+02 -0.23611Е--00 0.27987E-03 273-323 
m-Difluorobenzene 301.2 5.01 0.14448Е-02 -0.46982Е-01 0.51948Е-04 273-323 
o-Diiodobenzene 323.2 5.41 0.31150E+02 —0.14428E+00 0.20000E-03 323-353 
m-Diiodobenzene 323.2 411 

p-Diiodobenzene 393.2 2.88 

2-Pyridinecarbonitrile 303.2 93.77 0.45596E+03 —0.17746E401 0.19105E-02 303-398 
3-Pyridinecarbonitrile 3232 20.54 0.60484Е-02 -0.17280Е--00 0.15218Е-03 323-398 
4-Pyridinecarbonitrile 3532 5.23 0.12533Е+02 —0.30115E-01 0.26674Е-04 353-398 
1,3-Dinitrobenzene 365.2 22.9 0.10406E+03 —0.34133E+00 0.32609E-03 365-413 
Bromobenzene 293.2 5.45 0.94100E+01 —0.12537E-01 —0.31127E-05 234-333 
Chlorobenzene 293.2 5.6895 0.19471E+02 —0.70786E-01 0.82466E-04 293-430 
o-Chlorophenol 296.2 7.40 0.29755E+02 —0.11256E+00 0.12390E-03 296-448 
m-Chlorophenol 293.2 6.255 

p-Chlorophenol 314.2 11.18 0.31997E+02 —0.94241E-01 0.88392E-04 314-453 
Benzenesulfonyl chloride 323.2 28.90 0.83886E+02 —0.23405E+00 0.19713E-03 323-473 
4-Chlorobenzenethiol 338.2 3.59 

Fluorobenzene 293.2 5.465 

Iodobenzene 293.2 4.59 0.89442E+01 —0.20008E-01 0.17641E-04 243-323 
N-Sulfinylaniline 298.2 6.97 

Nitrobenzene 293.0 35.6 0.11212E+03 -0.35211Е-00 0.31128Е-03 279-533 
o-Nitrophenol 323.2 16.50 0.33827E+02 —0.62123E-01 0.26774Е-04 323-453 
m-Nitrophenol 3732 35.45 0.18967E+03 –0.66144 Е+00 0.66532E-03 373-458 
p-Nitrophenol 3932 42.20 0.22901Е--03 —0.74264E+00 0.68006E-03 393-463 
Benzene 293.2 2.2825 0.26706Е+01 —0.91648E-03 —0.14257E-05 293-513 
m-Bromoaniline 293.2 13.0 

o-Chloroaniline 293.2 13.40 

m-Chloroaniline 293.2 13.3 


o-Nitroaniline 353.0 47.3 0.18900E+03 –0.56977 Е+00 0.47484E-03 353-468 


Permittivity (Dielectric Constant) of Liquids 


Mol. form. 
САМО 
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снхо, 
C,H,O 

CHO, 

CHO, 

CHS 
сы 
C,H,N 
сн 
сн 
C,H,NO 
C,H,NO 


Name 

m-Nitroaniline 
p-Nitroaniline 

Phenol 

Pyrocatechol 

Resorcinol 

Benzenethiol 

Aniline 

2-Methylpyridine 
3-Methylpyridine 
4-Methylpyridine 
2-Methylpyridine-1-oxide 
3-Methylpyridine-1-oxide 
1,3-Cyclohexadiene 
1,4-Cyclohexadiene 
Phenylhydrazine 
2,5-Dimethylpyrazine 
2,6-Dimethylpyrazine 
1,4-Cyclohexanedione 
Butyl trichloroacetate 
Isobutyl trichloroacetate 
Cyclopentanecarbonitrile 
1,5-Hexadiene 
cis,cis-2,4-Hexadiene 
trans, trans-2,4-Hexadiene 
2-Methyl-1,3-pentadiene* 
3-Methyl-1,3-pentadiene 
4-Methyl-1,3-pentadiene 
2,3-Dimethyl-1,3-butadiene 
1-Hexyne 

Cyclohexene 
Butoxyacetylene 
Cyclohexanone 

Mesityl oxide 

Ethyl 2-butenoate 

Ethyl methacrylate 

Ethyl acetoacetate 
Propanoic anhydride 
Monomethyl glutarate 
Diethyl oxalate 

Dimethyl succinate 
Ethylene glycol diacetate 
Bromocyclohexane 

Ethyl 2-bromobutanoate 


Ethyl 2-bromo-2-methylpropanoate 


Chlorocyclohexane 
Hexanenitrile 
4-Methylpentanenitrile 
Cyclohexanone oxime 
1-Hexene 
trans-2-Hexene 
cis-3-Hexene 
trans-3-Hexene 
Cyclohexane 
Methylcyclopentane 
Ethylcyclobutane 
1,6-Dibromohexane 
3,4-Dibromohexane 
1,6-Dichlorohexane 
1-Methylcyclopentanol 
Isobutyl vinyl ether 
2-Hexanone 
4-Methyl-2-pentanone 
3,3-Dimethyl-2-butanone 


a 

0.20352E403 
0.48673Е+03 
0.63391Е+02 
0.74930E+02 
0.30252E+02 
0.57155E+01 
0.89534E+01 
0.34560E+02 
0.19643E+03 
0.33765E+02 
0.11705E+03 
0.59851E+02 


0.27459E+01 


0.69830E+02 
0.30014E+01 
0.27284E+01 
0.26774E+01 


0.51328E+01 
0.26258E+01 
0.58591E+01 
0.30598E+01 


0.41577E+02 


0.40962E+02 


0.16779E+02 
0.21938E+02 
0.13551E+02 
0.25093E+02 


0.49005E+02 
0.77044E+02 


0.31476E+01 
0.24338E+01 
0.30691E+01 


0.24293E+01 
0.21587E+01 


—0.55185Е+01 


0.11277Е+02 
0.75444E+02 
0.48060E+01 
0.70378E+02 
0.36341E+02 
0.66857E+02 


b 
—0.66582Е+00 
—0.15040Е+01 
-0.24988Е--00 
—0.22142E+00 
—0.56443E-01 
—0.70336E-02 
0.38990E-02 
—0.11980E+00 
-0.11167Е-01 
-0.10113Е-00 
—0.35301Е+00 
—0.12682Е+00 


—0.16975Е-02 


—0.25303Е+00 
—0.28668Е-02 
—0.17178Е-02 
—0.16977Е-02 


—0.12774Е-01 
—0.17990Е-02 
—0.17099Е-01 
—0.39841Е-02 


-0.11463Е-00 


-0.20520Е--00 


-0.39839Е-01 
-0.66226Е-01 
-0.23109Е-01 
-0.95171Е-01 


-0.23193Е-00 
—0.40784E+00 


—0.50003E-02 
—0.11323E-02 
—0.45458E-02 


—0.12095E-02 
—0.22450E-03 


0.11746Е+00 


0.67200E-02 
–0.36617 Е+00 
—0.50000E-02 
—0.29385Е+00 
—0.97119Е-01 
—0.28552Е+00 


с 
0.61310E-03 
0.12857E-02 
0.26930E-03 
0.18919E-03 
0.35578E-04 
0.73617E-05 
—0.36310E-04 
0.12500E-03 
0.16667E-02 
0.93860E-04 
0.32000E-03 
0.86622E-04 


—0.36461E-06 


0.31491E-03 

—0.31026E-06 
—0.62926E-06 
—0.55637E-06 


0.14215E-04 
0.12035E-06 
0.20856E-04 
0.37554E-05 


0.92454E-04 


0.29286E-03 


0.38095E-04 
0.66800E-04 
0.55440E-05 
0.12224E-03 


0.32500E-03 
0.60000E-03 


0.46673E-05 
—0.13720E-05 
0.39898E-05 


—0.58741E-06 
—0.12500E-05 


—0.23658E-03 


—0.50000E-04 
0.47021E-03 
—0.41495E-14 
0.35289E-03 
0.61896E-04 
0.34422E-03 


Range/K 
398-468 
428-468 
303-433 
388-463 
393-463 
303-358 
293-413 
293-333 
303-333 
274-333 
323-398 
318-398 


232-356 


201-293 
151-294 
234-351 
232-353 


198-323 
223-323 
184-296 
141-313 


253-423 


303-343 


293-363 
293-368 
293-433 
223-290 


303-333 
303-333 


149-294 
157-295 
155-296 


283-333 
293-323 


274-328 


308-338 
310-333 
293-323 
243-293 
204-373 
243-293 
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6-142 Permittivity (Dielectric Constant) of Liquids 


Mol.form. Name TIK =, а b c Range/K 

СНО Cyclohexanol 293.2 16.40 0.10173Е+03 —0.43072Е+00 0.47926Е-03 293-423 

СНО, Hexanoic acid 298.2 2.600 0.21730E+01 0.14840E-02 —0.16526E-06 298-433 

CHO, 2-Ethylbutanoic acid 296.2 2.72 

CHO, tert-Butylacetic acid 296.2 2.85 

CHO, Pentyl formate 292.2 5.7 

C.H,,0, Isopentyl formate 288.2 5.44 0.29257E+02 —0.14028E+00 0.20000E-03 288-323 

CHO, Butyl acetate 293.2 5.07 0.13825E+02 —0.43994E-01 0.48214Е-04 253-353 

СНО, sec- Butyl acetate 293.2 5.135 0.12427E+02 —0.32035Е-01 0.24286Е-04 273-323 

CHO, tert-Butyl acetate 293.2 5.672 0.55435E+02 —0.30494Е+00 0.46107Е-03 273-323 

CHO, Isobutyl acetate 293.2 5.068 0.14323E+02 —0.46048Е-01 0.49286Е-04 273-323 

CHO, Propyl propanoate 293.2 5.249 

C.H,,0, Ethyl butanoate 301.2 5.18 0.48698E+02 -0.25660Е--00 0.37237E-03 301-343 

C.H,,0, Methyl pentanoate 293.2 4.992 

СНО, Diacetone alcohol 298.2 182 

C H0, Ethylene glycol monoethyl ether 303.2 7.567 0.23290E+02 -0.71566Е-01 0.65000E-04 303-323 
acetate 

CHS Cyclohexanethiol 298.2 5.420 

СНВ 1-Вготоћехапе 298.2 5.82 0.15233Е+02 —0.44385Е-01 0.43039E-04 274-328 

сна 1-Chlorohexane 293.2 6.104 0.15994E+02 —0.43647E-01 0.33393E-04 273-323 

СНОО 6-Chloro-1-hexanol 242.2 21.6 —0.73364Е+01 0.46377E+00 -0.14202Е-02 195-242 

соны 1-Iodohexane 293.3 5.35 0.16685E+02 —0.61309Е-01 0.77262Е-04 293-323 

CHN Cyclohexylamine 293.2 4.547 

СЫН МО N-Propylpropanamide 298.2 118.1 0.58846Е+03 -0.22012Е-01 0.20870Е-02 298-328 

СНО N-Butylacetamide 293.2 104.0 0.70739Е+03 -0.37369Е-01 0.71585Е-02 253-493 

СНО N,N-Diethylacetamide 2932 32.1 

СН, Нехапе 293.2 1.8865 0.19768Е+01 0.70933E-03 —0.34470E-05 293-3 

СН, 2-Methylpentane 293.2 1.886 0.20745E+01 0.50871E-03 —0.39286E-05 273-323 

СН, 3-Methylpentane 293.2 1.886 0.24739Е-01 -0.23190Е-02 0.10714E-05 273-323 

СН, 2,2-Dimethylbutane 293.2 1.869 0.22740E+01 —0.96229E-03 —0.14286E-05 273-313 

СН, 2,3-Dimethylbutane 293.2 1.889 0.24305E+01 —0.20081E-02 0.53571E-06 273-323 

1-Hexanol 293.2 13.03 0.62744E+02 —0.24214Е+00 0.24704Е-03 233-513‏ وي 

C.H,,0 2-Hexanol 298.2 11.06 

3-Hexanol 298.2 9.66‏ وي 

CH, O 3-Methyl-1-pentanol 298.2 152 

CH, O 3-Methyl-3-pentanol 293.2 4.322 

2-Ethyl-1-butanol 362.2 6.19‏ وي 

2,2-Dimethyl-1-butanol 293.2 10.5 0.14054E+03 —0.72925E400 0.97821E-03 243-393‏ يی 

Dipropyl ether 297.0 3.38 0.14600E+02 —0.72670Е-01 0.11742Е-03 161-297‏ وي 

Diisopropyl ether 303.2 3.805‏ وي 

C,H,,OS Dipropyl sulfoxide 303.2 30.37 0.84868E+02 —0.23486E+00 0.18198E-03 303-373 

СНО, 2-Methyl-2,4-pentanediol 293.2 25.86 0.14531E+03 —0.65285Е+00 0.83503Е-03 203-333 

СНО, Ethylene glycol diethyl ether 293.2 3.90 0.99099E+01 —0.33403E-01 0.44048E-04 223-303 

СНО Dipropyl sulfone 303.2 32.62 0.70195Е+02 -0.15008Е--00 0.86506Е-04 303-398 

СНО, 1,2,6-Нехапе о] 285.3 31.5 0.26127E+03 —0.14552Е+01 0.22765Е-02 261-285 

СНО, Diethylene glycol dimethyl ether 298.2 7.23 0.28291Е+02 —0.11236Е+00 0.14000Е-03 298-333 

СНО, Triethylene glycol 293.2 23.69 0.91845E+02 –0.33827 Е+00 0.36062 Е-03 253-333 

CHO, | D-Glucitol 3532 355 

CHO, | D-Mannitol 4432 246 

CHS 1-Hexanethiol 293.2 4.436 0.11774Е+02 —0.37298Е-01 0.41875E-04 273-333 

CH, B Triethylborane 293.2 1.974 

C HN Hexylamine 293.2 4.08 0.80244E+01 —0.16627E-01 0.10874E-04 253-373 

C HN Dipropylamine 293.2 2.923 0.11376Е+02 —0.49796E-01 0.71792E-04 243-323 

C HN Triethylamine 293.2 2.418 0.29205Е+01 —0.14007Е-02 —0.13469E-05 233-323 

С,Н,ОР Triethylphosphine oxide 3232 35.5 

C.H,,0,P Triethyl phosphate 298.2 13.20 0.61230E+02 —0.26047E+00 0.33333E-03 298-333 

СНЬР5 Triethylphosphine sulfide 3712 39.0 

C.H, O.Si Diethoxydimethylsilane 298.2 3.216 

C.H, Si Triethylsilane 293.2 2.323 

C,H,,N,OP  Hexamethylphosphoric triamide 293.2 313 0.95666E+02 -0.29769Е--00 0.26407Е-03 283-363 

CHN, N,N'-Bis(2-aminoethyl)-1,2- 293.2 10.76 0.50699E+02 –0.21730 Е+00 0.27582Е-03 213-333 
ethanediamine 

СНО Hexamethyldisiloxane 293.2 2.179 0.34537E+01 —0.61530Е-02 0.61544Е-05 213-313 


C.H,,O,Si Hexamethylcyclotrisiloxane 343.2 2.139 
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Name 
Hexamethyldisilazane 
Perfluoromethylcyclohexane 
Perfluoroheptane 
2,3,4,5,6-Pentachlorotoluene 
4-Chlorophenyl isocyanate 
Benzoyl bromide 

Benzoyl chloride 

Benzoyl fluoride 
(Trifluoromethyl)benzene 
Benzonitrile 

Phenyl isocyanate 
4-Chloro-3-nitrotoluene 
2,4-Dichlorotoluene 
2,6-Dichlorotoluene 
3,4-Dichlorotoluene 
(Dichloromethyl)benzene 
Benzaldehyde 
Salicylaldehyde 
o-Bromotoluene 
m-Bromotoluene 
p-Bromotoluene 
(Bromomethyl)benzene 
o-Bromoanisole 
p-Bromoanisole 
o-Chlorotoluene 
m-Chlorotoluene 
p-Chlorotoluene 
(Chloromethyl)benzene 
p-Chloroanisole 
p-Toluenesulfonyl chloride 


4-Methoxybenzenesulfonyl chloride 


o-Fluorotoluene 
m-Fluorotoluene 
p-Fluorotoluene 
p-lodotoluene 
2-Vinylpyridine 
4-Vinylpyridine 
Benzyl nitrite 
o-Nitrotoluene 
m-Nitrotoluene 
p-Nitrotoluene 
4-Nitrothioanisole 
2-Nitroanisole 
3-Nitroanisole 
4-Nitroanisole 
Toluene 

o-Cresol 

m-Cresol 

p-Cresol 

Benzyl alcohol 
Anisole 
2-Methoxyphenol 
3-Methoxyphenol 
4-Methoxyphenol 
Ethyl thiophene-2-carboxylate 
Methyl phenyl sulfone 
Benzenemethanethiol 
4-Methylbenzenethiol 
(Methylthio)benzene 
Benzylamine 
o-Methylaniline 
m-Methylaniline 
p-Methylaniline 


a 
0.23358E+01 


0.40896E+01 
0.84231Е+02 


0.57605Е+02 
0.17541E+02 


0.35046E+02 
0.51315E+02 
0.10229E+02 
0.11522E+02 
0.10014E+02 
0.18482E+02 
0.12023E+02 
0.74367E+01 
0.11507E+02 
0.13921E+02 
0.20265E+01 
0.17108E+02 
0.64019E+01 


0.10420E+03 
0.62492E+02 


0.16684E+03 
0.65402E+02 
0.59811E+02 
0.32584E+01 
0.21633E+02 
0.81716E+02 
0.70253E+02 
0.13661E+03 
0.10887E+02 
0.31751E+02 
0.37279E+02 
0.39483E+02 


0.16628E+02 
0.87052E+01 
0.21841E+02 


0.10988E+02 
0.13477E+02 
0.78897E+01 


b 
0.16127E-02 


—0.31667E-02 
—0.31089E+00 


—0.13354E400 
—0.29790E-01 


—0.61271E-01 
—0.15379Е+00 
—0.25050Е-01 
—0.24946Е-01 
—0.13918Е-01 
—0.57207Е-01 
—0.59116Е-02 
0.12648Е-01 
—0.31148Е-01 
—0.37186Е-01 
0.40060Е-01 
—0.45285Е-01 
0.30560Е-01 


—0.41726Е+00 
—0.16235Е+00 


—0.58196Е+00 
-0.16460Е--00 
-0.10955Е-00 
-0.34410Е-02 
-0.71069Е-01 
-0.35039Е-00 
-0.28870Е--00 
–0.72127 Е+00 
—0.32372E-01 
—0.88173E-01 
—0.12113Е+00 
-0.12142Е-00 


-0.68276Е-01 
—0.15347E-01 
—0.97630E-01 


—0.18976E-01 
—0.35551E-01 
—0.10196E-01 


с 
—0.62078E-05 


0.32857E-03 


0.87767E-04 
0.15476E-05 


0.16222Е-04 
0.14111E-03 
0.20357E-04 
0.15714E-04 
—0.50000E-05 
0.57321E-04 
—0.13787E-04 
—0.42128E-04 
0.27143E-04 
0.31786E-04 
—0.87500E-04 
0.35000E-04 
—0.87500E-04 


0.51607E-03 
0.12844E-03 


0.57382E-03 
0.12560E-03 
0.36042E-04 
0.15937E-05 
0.70590E-04 
0.39878E-03 
0.31979E-03 
0.10225E-02 
0.33629E-04 
0.72953E-04 
0.11698E-03 
0.10841E-03 


0.94636E-04 
0.95238E-05 
0.13750E-03 


0.91958E-05 
0.33135E-04 
0.51190E-05 


Range/K 
294-333 


288-348 
283-313 


273-453 
293-353 


301-346 
289-453 
273-323 
273-323 
273-293 
273-323 
303-358 
303-358 
273-323 
273-323 
293-333 
273-323 
293-333 


273-323 
303-403 


293-423 
318-443 
338-443 
207-316 
298-453 
274-463 
298-453 
303-333 
294-413 
291-448 
298-433 
334-453 


298-358 
323-358 
303-343 


298-398 
298-398 
333-403 
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Name TIK =, а b c Range/K 
N-Methylaniline 293.2 5.96 

2-Ethylpyridine 293.2 8.33 0.36397 Е+02 -0.15070Е--00 0.18750Е-03 293-333 
4-Ethylpyridine 293.2 10.98 —0.73831Е+01 0.14326Е+00 -0.27500Е-03 293-333 
2,4-Dimethylpyridine 293.2 9.60 0.25895E+02 —0.73900E-01 0.62500Е-04 293-333 
2,6-Dimethylpyridine 293.2 7.33 0.17714Е+02 —0.39080Е-01 0.12500E-04 293-333 
2,6-Dimethylpyridine-1-oxide 298.2 46.11 0.22765 E403 -0.90760Е--00 0.10011Е-02 298-398 
o-Methoxyaniline 303.2 5.230 0.79911E+01 —0.92183E-02 0.37879E-06 303-393 
m-Methoxyaniline 298.2 8.76 0.28179Е+02 —0.97840Е-01 0.11027Е-03 289-393 
p-Methoxyaniline 3332 7.85 0.30149Е-02 —0.10523Е+00 0.11467Е-03 333-453 
1-Methyl-1-phenylhydrazine 292.2 7.3 

Isopentyl trichloroacetate 293.2 7.287 

1,6-Heptadiene 293.0 2.161 0.30815E+01 —0.36095Е-02 0.16354Е-05 184-293 
Сус1оһерїепе 295.0 2.265 0.32309Е+01 —0.42373E-02 0.32572E-05 227-363 
Cycloheptanone 298.2 13.16 0.17511Е+03 —0.11221Е+01 0.19417Е-02 258-298 
2-Methylcyclohexanone 293.2 14.0 

3-Methylcyclohexanone 293.2 124 

4-Methylcyclohexanone 293.2 12.35 

Cyclohexanecarboxylic acid 304.2 2.67 

Cyclohexyl formate 293.2 6.47 

Butyl acrylate 3012 5.25 0.38296Е+02 -0.19109Е--00 0.27006Е-03 301-343 
Monomethyl adipate 293.2 6.69 0.11962 Е+02 —0.23973E-01 0.20608E-04 293-433 
Diethyl malonate 304.2 7.550 0.14809E+02 —0.31207Е-01 0.24066Е-04 304-393 
Dimethyl glutarate 293.2 7.87 0.20697 Е+02 —0.57794E-01 0.48405E-04 293-433 
1,2,3-Propanetriol-1,3-diacetate 288.2 9.80 0.28321Е+02 —0.89073Е-01 0.86891E-04 258-374 
1-Heptene 293.2 2.092 0.21755Е+01 0.13896Е-02 —0.57049E-05 273-323 
2-Methyl-2-hexene 293.2 2.962 

3-Ethyl-2-pentene 293.2 2.051 

Cycloheptane 293.2 2.0784 0.25136Е+01 —0.15089Е-02 0.84915Е-07 278-333 
Methylcyclohexane 293.2 2.024 

1,2-Dibromoheptane 298.2 3.77 

2,3-Dibromoheptane 298.2 5.08 

3,4-Dibromoheptane 298.2 470 

1,7-Dichloroheptane 298.2 8.34 

1-Heptanal 295.2 9.07 

2-Heptanone 293.2 11.95 0.38348E+02 —0.12531Е+00 0.12005Е-03 253-413 
3-Heptanone 293.2 12.7 

4-Heptanone 293.2 12.60 0.41520E+02 -0.13839Е--00 0.13497Е-03 253-393 
5-Methyl-2-hexanone 293.2 13.53 0.52353Е+02 -0.17695Е-00 0.15195Е-03 293-333 
Cyclohexanemethanol 3332 9.70 0.10164E+03 —0.45839Е +00 0.54762Е-03 333-368 
2-Methylcyclohexanol* 293.2 9.375 0.17315Е+03 —0.98794Е +00 0.14634Е-02 273-323 
3-Methylcyclohexanol* 293.2 13.79 0.65896Е+02 -0.21954Е-00 0.14107Е-03 273-323 
4-Methylcyclohexanol* 293.2 13.45 0.65021Е+02 —0.22896Е+00 0.17946Е-03 273-323 
Heptanoic acid 288.2 3.04 0.36423Е+01 —0.31996E-02 0.39362E-05 288-423 
Pentyl acetate 293.2 4.79 0.12091Е+02 —0.36536Е-01 0.39732E-04 253-353 
Isopentyl acetate 293.2 4.72 

Butyl propanoate 293.2 4.838 

Propyl butanoate 293.2 4.3 

Ethyl pentanoate 291.2 4.71 

Ethyl 3-methylbutanoate 293.2 4.71 

Methyl hexanoate 293.2 4.615 

1-Bromoheptane 303.2 5.255 0.15289Е+02 —0.50621Е-01 0.57753E-04 203-343 
2-Bromoheptane 295.2 6.46 

4-Bromoheptane 295.2 6.81 

1-Chloroheptane 293.2 5.521 0.14279Е+02 —0.39431Е-01 0.32321E-04 273-323 
2-Chloroheptane 295.2 6.52 

3-Chloroheptane 295.2 6.70 

4-Chloroheptane 295.2 6.54 

1-Iodoheptane 298.2 4.92 0.11856Е+02 —0.33493E-01 0.34368E-04 294-323 
3-Iodoheptane 295.2 6.39 

Heptane 293.2 1.9209 0.24740E+01 —0.22577E-02 0.12428E-05 273-373 
2-Methylhexane 293.2 1.9221 0.24759Е-01 -0.22535Е-02 0.12500Е-05 293-323 
3-Methylhexane 293.2 1.920 0.27089Е+01 —0.37908Е-02 0.37500Е-05 273-323 


3-Ethylpentane 293.2 1.942 0.23771Е+01 —0.15140Е-02 0.10093Е-06 163-363 
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Mol.form. Name TIK =, а b c Range/K 
CH, 2,2-Dimethylpentane 293.2 1.915 0.23414Е-01 -0.14362Е-02 -0.51322Е-07 153-353 
CH, 2,3-Dimethylpentane 293.2 1.929 0.25637E+01 —0.26328E-02 0.16071Е-05 273-323 
CH, 2,4-Dimethylpentane 293.2 1.902 0.23979Е+01 —0.17436Е-02 0.17857Е-06 273-323 
CH, 3,3-Dimethylpentane 291.3 1.9419 0.24007E+01 —0.16802Е-02 0.36069Е-06 291-322 
CH, 2,2,3- Trimethylbutane 2932 1.930 
СНО 1-Heptanol 293.2 11.75 0.60662 Е+02 -0.24049Е--00 0.25155Е-03 239-513 
СНО 2-Heptanol 293.7 9.72 0.10050Е+03 -0.49793Е-00 0.64504E-03 207-365 
C.H, O 3-Heptanol 296.1 7.07 0.19586E+03 —0.11465E+01 0.17175E-02 248-349 
CH, O 4-Heptanol 296.2 6.18 0.28995E+03 —0.18499E+01 0.30109E-02 270-301 
C.H, O 2-Methyl-2-hexanol 297.0 3.257 
C.H, O 3-Methyl-2-hexanol 297.2 4.990 0.59724E+02 —0.32417E+00 0.47058E-03 244-372 
СНО 3-Methyl-3-hexanol 298.2 3.248 
C H,O 3-Ethyl-3-pentanol 293.2 3.158 
СНО 2,2-Dimethyl-1-pentanol 293.2 6.020 0.37318Е+02 -0.17095Е--00 0.22022Е-03 283-393 
C.H, O Ethyl pentyl ether 296.2 3.6 
СНО Ethyl isopentyl ether 293.2 3.955 0.66541E+01 —0.55450E-02 —0.12500E-04 293-323 
C H,O, Triethoxymethane 293.2 4.779 
C HS 1-Heptanethiol 293.2 4.194 0.71333Е+01 —0.97320Е-02 —0.12500Е-05 273-333 
C HUN Heptylamine 293.2 3.81 0.87794E+01 —0.24363E-01 0.25325E-04 253-373 
СНО Triethoxymethylsilane 298.2 3.845 
CHF, 1,3-Bis(trifluoromethyl)benzene 303.2 5.98 
C.H, Phenylacetylene 298.2 2.98 
C,H,CI, 2,5-Dichlorostyrene 298.2 2.58 
сна, 1,2,3,4- Tetrachloro-5,6- 2932 8.0 

dimethylbenzene 
сна, 1,2,3,5- Tetrachloro-4,6- 2932 5.4 

dimethylbenzene 
СНО Phenoxyacetylene 298.2 4.76 
САМ Benzeneacetonitrile 299.2 17.87 0.82175Е+02 —0.37416Е+00 0.53220Е-03 299-343 
C,H.NO, 4-Methoxyphenyl isocyanate 3332 10.26 0.20780E+02 -0.31571Е-01 333-403 
C,H,NO, Methyl 2-nitrobenzoate 300.1 27.76 
C,H, Styrene 293.2 2.4737 0.44473E+01 —0.11422E-01 0.16000E-04 293-313 
C,H,O Acetophenone 298.2 17.44 0.26099E+02 0.64048E-02 —0.11905E-03 298-333 
C,H,O, Benzeneacetic acid 3532 3.47 0.24104E+01 0.30000E-02 353-393 
СНО, Benzyl formate 303.2 6.34 0.26162E+02 -0.11026Е--00 0.14787Е-03 303-358 
C,H,O, Phenyl acetate 298.2 5.403 0.11327E+02 —0.26707Е-01 0.22938Е-04 298-404 
C,H,O, Methyl benzoate 302.7 6.642 0.17486E+02 —0.51027E-01 0.50222E-04 303-393 
C,H,O, (Hydroxyacetyl)benzene 298.2 21.33 0.42286Е+02 —0.69215Е-01 —0.35714Е-05 298-368 
C,H,O, 4-Methoxybenzaldehyde 303.2 22.0 
C,H,O, Methyl salicylate 314.4 8.80 0.20501Е+02 —0.39045E-01 0.68298E-05 223-398 
C,H,Br 1-Bromo-2-ethylbenzene 298.2 5.55 
C,H,Br 1-Bromo-3-ethylbenzene 298.2 5.56 
C,H,Br 1-Bromo-4-ethylbenzene 298.2 5.42 
C,H,BrO 1-Bromo-2-ethoxybenzene 313.2 7.04 0.23146Е+02 —0.75753Е-01 0.77778E-04 313-358 
ска 1-Chloro-2-ethylbenzene 298.2 4.36 
ска 1-Chloro-3-ethylbenzene 298.2 5.18 
ска 1-Chloro-4-ethylbenzene 298.2 5.16 
C,H,NO, 1-Ethyl-2-nitrobenzene 2734 21.9 
САО, Methyl 2-aminobenzoate 298.2 21.9 
САО, Ethyl 4-pyridinecarboxylate 293.2 8.95 
CH, Ethylbenzene 293.2 2.4463 0.35969Е+01 —0.53169Е-02 0.47500Е-05 293-323 
CH, o-Xylene 293.2 2.562 0.36163E+01 —0.40177E-02 0.14286E-05 273-323 
CHo m-Xylene 293.2 2.359 0.28421E+01 —0.10191E-02 —0.21429E-05 273-323 
CH, p-Xylene 293.2 2.2735 0.23140E+01 0.97221E-03 -0.37500Е-05 293-363 
C,H,,O 2,3-Xylenol 343.2 4.81 0.14399E+02 —0.41438E-01 0.39244E-04 343-433 
СНО 2,4-Хујепо] 303.2 5.060 0.22125Е+02 —0.85543E-01 0.96548E-04 303-363 
СНО 2,5-Хујепо] 338.2 5.36 0.18049E+02 —0.54991Е-01 0.51656Е-04 338-455 
C,H,,O 2,6-Xylenol 313.2 4.90 0.12284E+02 —0.32996E-01 0.29867E-04 313-453 
СНО 3,4-Хујепо] 333.2 9.02 0.54423Е+02 —0.21153Е+00 0.22508Е-03 333-453 
C.H, O 3,5-Xylenol 323.2 9.06 0.54251E+02 —0.21647E+00 0.23542E-03 323-453 
СНО Benzeneethanol 293.2 12.31 0.12170E+03 -0.63124Е-00 0.87776E-03 278-333 
СНО 1-Phenylethanol 293.2 8.77 0.32971Е+02 —0.12042Е+00 0.12809Е-03 293-423 


CH „O Phenetole 293.2 4.216 -0.15043Е-02 0.13752E+00 —0.24500E-03 293-313 


Permittivity (Dielectric Constant) of Liquids 


Name TIK =, а b c Range/K 
2-Methylanisole 293.2 3.502 0.50825E+01 —0.62297Е-02 0.28571Е-05 293-333 
3-Methylanisole 293.2 3.967 0.12830Е+02 —0.49701Е-01 0.66429E-04 293-333 
4-Methylanisole 293.2 3.914 0.86608E+01 —0.23510E-01 0.25000E-04 293-333 
1,2-Dimethoxybenzene 293.2 4.45 0.74604E+01 —0.13445E-01 0.10737E-04 293-443 
1,3-Dimethoxybenzene 298.2 5.363 0.11911Е+02 —0.30804Е-01 0.29643E-04 298-358 
1,4-Dimethoxybenzene 333.7 5.60 0.11289E+02 —0.20765E-01 0.11987E-04 334-463 
Ethyl phenyl sulfone 348.2 39.0 

(Ethylthio)benzene 298.2 4.95 

p-Ethylaniline 298.2 4.84 

N-Ethylaniline 293.2 5.87 

N,N-Dimethylaniline 298.2 4.90 0.84052E+01 —0.13549Е-01 0.62835Е-05 289-453 
2,4,6-Trimethylpyridine 298.2 7.807 0.20990E+02 —0.57419Е-01 0.44286Е-04 298-358 
4-Ethoxyaniline 298.2 7.43 

Hexamethylene diisocyanate 288.2 14.41 0.26715Е-02 -0.42696Е-01 288-403 
Diethyl maleate 298.2 7.560 0.13953Е+02 —0.21969E-01 0.17817E-05 298-343 
Diethyl fumarate 296.2 6.56 

1,7-Octadiene 293.0 2.186 0.28376Е+01 —0.17442E-02 —0.16141E-05 214-293 
cis- Cyclooctene 296.0 2.306 0.31115Е+01 —0.32058Е-02 0.16713E-05 269-406 
1,2-Dimethylcyclohexene 296.0 2.144 0.26443E+01 —0.17973E-02 0.35815E-06 211-374 
1,3-Dimethylcyclohexene 296.0 2.182 0.29951E+01 —0.34615E-02 0.24026E-05 213-373 
Methyl cyclohexanecarboxylate 293.2 4.87 

Cyclohexyl acetate 293.2 5.08 

Butanoic anhydride 293.2 12.8 

2-Methylpropanoic anhydride 292.2 13.6 

Diisopropyl oxalate 293.2 6.403 0.10709E+02 —0.16328Е-01 0.56000Е-05 293-368 
Diethyl succinate 293.2 6.098 0.80213Е+01 0.11810Е-02 —0.26400Е-04 293-343 
Dimethyl а рае 293.2 6.84 0.11739Е+02 —0.17281Е-01 0.11447E-05 293-433 
Octanenitrile 293.2 13.90 

1-Octene 293.2 2.113 0.24348Е-01 0.34200Е-03 -0.50000Е-05 273-323 
cis-3-Octene 298.2 2.062 

trans-3-Octene 298.2 2.002 

cis-4-Octene 298.2 2.053 

trans-4-Octene 298.2 2.004 

3-Methyl-2-heptene* 293.2 2.436 

2,5-Dimethyl-2-hexene 2932 2.431 

2,4,4-Trimethyl-1-pentene 298.2 2.0908 

Cyclooctane 295.0 2.116 0.25036E+01 —0.12460E-02 —0.23175Е-06 295-411 
1,8-Dibromooctane 298.2 7.43 0.94117E+00 0.61520E-01 —0.13333E-03 298-328 
1,8-Dichlorooctane 298.2 7.64 

2-Octanone 293.2 9.51 —0.16219Е+02 0.18799E+00 —0.34156E-03 293-333 
3-Octanone 303.2 10.50 

Octanoic acid 288.2 2.85 0.29391E+01 —0.38721E-03 288-423 
2-Ethylhexanoic acid 296.2 2.64 

Hexyl acetate 293.2 4.42 

Pentyl propanoate 293.2 4.552 

Isopentyl propanoate 273.2 5.21 0.17665E+02 —0.71718Е-01 0.95635Е-04 273-373 
Butyl butanoate 298.2 4.39 0.79684E+01 —0.12000E-01 0.15266E-13 298-318 
Propyl pentanoate 292.2 4.0 

Ethyl hexanoate 293.2 4.45 0.11007E+02 —0.32800E-01 0.35714E-04 253-353 
Methyl heptanoate 293.2 4.355 

Isopentyl lactate 273.2 112 0.48649Е-02 -0.21253Е-00 0.27619Е-03 273-373 
1-Bromooctane 293.2 5.0957 0.12404E+02 —0.35050Е-01 0.34542Е-04 283-353 
2-Bromooctane 293.2 5.44 

1-Chlorooctane 298.2 5.05 0.11346Е-02 -0.25120Е-01 0.13450E-04 274-328 
2-Chlorooctane 293.2 5.42 

1-Fluorooctane 293.2 3.89 

1-Iodooctane 293.2 4.67 0.12452E+02 —0.41229E-01 0.50108Е-04 233-313 
1-Nitrooctane 293.2 11.46 

Octane 293.2 1.948 0.22590E+01 —0.84212Е-03 —0.75758E-06 233-393 
2-Methylheptane 293.2 1.9519 

3-Ethylhexane 293.2 1.9617 

2,2-Dimethylhexane 293.2 1.9498 


2,5-Dimethylhexane 293.95 1.9619 0.25821Е+01 —0.26804Е-02 0.19404Е-05 294-324 


Permittivity (Dielectric Constant) of Liquids 6-147 


Mol.form. Name TIK ٤ а b c Range/K 
C.H, 3,3-Dimethylhexane 2932 1.9645 

CH, 3,4-Dimethylhexane 292.1 1.9814 0.26849Е-01 —0.33712E-02 0.32949E-05 292-324 
CH, 3-Ethyl-3-methylpentane 291.49 1.9869 0.25983Е+01 —0.28027Е-02 0.24195Е-05 292-324 
CH, 2,2,3- Trimethylpentane 2932 1.960 

C.H, 2,2,4-Trimethylpentane 293.2 1.943 0.23677E+01 —0.14768E-02 0.94261E-07 173-373 
CH, 2,3,3- Trimethylpentane 293.2 1.9780 

CH, 2,3,4-Trimethylpentane 293.2 1.9738 

C,H,,O 1-Octanol 293.2 10.30 0.51647 Е+02 —0.20371Е+00 0.21320Е-03 258-513 
C,H ¿O 2-Octanol 293.2 8.13 0.63760E+02 —0.27643E+00 0.31075E-03 213-513 
C,H ¿O 3-Octanol 293.2 5.55 0.12505E+03 -0.70646Е--00 0.10245Е-02 223-383 
C,H,,O 4-Octanol 293.2 4.48 0.51049Е-02 —0.26664E+00 0.37280E-03 243-403 
C,H,,O 2-Methyl-1-heptanol 293.1 5.16 0.61698Е-02 –0.33647 Е+00 0.49066E-03 236-328 
C,H,,O 3-Methyl-1-heptanol 290.3 2.884 0.84687 Е+01 —0.33712E-01 0.49793E-04 241-316 
C,H,,O 4-Methyl-1-heptanol 290.6 4.63 0.48612E+02 —0.26773E+00 0.39972E-03 237-332 
C,H,,O 5-Methyl-1-heptanol 290.4 7.68 0.54581E+02 —0.24772E+00 0.29734E-03 235-328 
C,H,,O 6-Methyl-1-heptanol 290.3 10.54 0.57997 Е+02 –0.23517 Е+00 0.24663E-03 265-328 
C,H,,O 2-Methyl-2-heptanol 292.2 343 

C,H,,O 3-Methyl-2-heptanol 289.6 747 0.39178Е+02 —0.17976Е+00 0.24218Е-03 229-329 
C,H,,O 4-Methyl-2-heptanol 290.0 3.59 0.39715E+02 —0.23115Е+00 0.36771Е-03 240-333 
C,H,,O 5-Methyl-2-heptanol 278.5 7.5 0.68568Е-02 -0.40706Е--00 0.67433Е-03 230-279 
C,H ¿O 6-Methyl-2-heptanol 290.1 6.41 0.77520E+02 —0.41724Е+00 0.59448Е-03 239-329 
C,H,,O 2-Methyl-3-heptanol 293.2 3.260 —0.59739Е+01 0.56700Е-01 -0.83125Е-04 343-403 
C,H,,O 3-Methyl-3-heptanol 293.2 3.013 -0.38440Е-01 0.42327Е-01 -0.61250Е-04 343-403 
C,H,,O 4-Methyl-3-heptanol 293.2 3.312 —0.48003Е+01 0.50740Е-01 -0.75000Е-04 343-403 
C,H,,O 5-Methyl-3-heptanol 293.2 3.832 0.61967 Е+01 —0.63750E-02 343-383 
C,H,,O 6-Methyl-3-heptanol 293.2 4.992 0.23037 Е+02 —0.98029E-01 0.12479E-03 283-383 
C,H,,O 2-Methyl-4-heptanol 296.3 3.338 0.42102E+00 0.10427E-01 —0.20438E-05 230-333 
C,H,,O 3-Methyl-4-heptanol 290.0 7.46 0.33354E+02 –0.14077 Е+00 0.17750Е-03 230-330 
C,H,,O 4-Methyl-4-heptanol 296.2 2.902 

C,H,,O 2-Ethyl-1-hexanol 298.2 7.58 0.86074E+02 —0.42636E+00 0.55078E-03 208-318 
C,H,,O 2,2-Dimethyl-1-hexanol 293.2 4.50 0.91244Е-01 —0.21785E-01 0.21018E-04 283-393 
C,H,,O Dibutyl ether 293.2 3.0830 0.65383Е+01 —0.16172E-01 0.14969E-04 293-314 
C.H, OS Dibutyl sulfoxide 313.2 24.73 0.67156E+02 —0.16448E+00 0.92275E-04 313-393 
C,H 0, 2-Ethyl-1,3-hexanediol 293.2 18.73 0.57919E+02 —0.17128E+00 0.12949Е-03 233-333 
C,H,,O,S Dibutyl sulfone 3232 25.72 0.66248E+02 —0.16417E+00 0.12001E-03 323-398 
СНО, Triethylene glycol dimethyl ether 298.2 7.62 

СНО, Tetraethylene glycol 293.2 20.44 0.83547 Е+02 —0.31691Е+00 0.34689Е-03 253-333 
С.Н کې‎ 1-Octanethiol 293.2 3.949 0.63667 Е+01 —0.87920E-02 0.18750E-05 273-333 
С.Н $ Dibutyl sulfide 298.2 4.29 

C,H,N Octylamine 293.2 3.58 0.77931Е+01 —0.20015Е-01 0.19347 Е-04. 273-373 
C,H,N Dibutylamine 293.2 2.765 0.52504E+01 —0.10538Е-01 0.71485Е-05 243-323 
C,H4O,Si Ethyl silicate 293.2 2.50 

СА نک‎ Tetraethylsilane 293.2 2.090 

САН Sn Tetraethylstannane 293.2 2.241 

CHN, Tetraethylenepentamine 293.2 9.40 0.40553E+02 —0.16681E+00 0.20659Е-03 213-333 
C,H,O,Si, Octamethylcyclotetrasiloxane 296.2 2.390 0.36286Е+01 —0.56885E-02 0.50874E-05 296-333 
C,H,.N,O, Toluene-2,4-diisocyanate 293.2 8.433 0.22174E+02 —0.66982E-01 0.68571E-04 293-353 
C,H,O, 2H-1-Benzopyran-2-one 343.2 34.04 0.11311Е+03 —0.33804E+00 0.31324E-03 343-423 
C,H,N Quinoline 293.2 9.16 0.33432E+02 -0.13497Е-00 0.17788Е-03 258-323 
C,H.N Isoquinoline 298.2 11.0 0.14412E+03 —0.79935E+00 0.11839E-02 298-323 
C,H,O Cinnamaldehyde 305.8 17.72 0.41837E+02 —0.11060E+00 0.10401E-03 306-354 
C,H,O, 2-(Acetyloxy)benzoic acid 333.2 6.55 0.69994E+01 —0.14553E-02 333-416 
Сн, 1-Propenylbenzene 293.2 2.73 

сн Allylbenzene 293.2 2.63 

СН, Isopropenylbenzene 293.2 2.28 

С.Н OS 4-Acetylthioanisole 355.2 11.34 

C,H, O, Ethyl benzoate 293.2 6.20 0.18216E+02 —0.62361E-01 0.72884E-04 288-343 
C,H, O, Methyl 4-methylbenzoate 306.2 4.3 

C,H „O, Benzyl acetate 303.2 5.34 0.11727E+02 —0.30869Е-01 0.32340E-04 303-358 
C,H „O, Phenyl propanoate 293.2 4.77 

C,H, O, 4-Acetylanisole 313.2 17.3 

C,H O, Ethyl salicylate 308.2 8.48 0.18910E+02 —0.35623E-01 0.46529E-05 225-321 


C,H O. Methyl 2-methoxybenzoate 294.2 7:7 


Permittivity (Dielectric Constant) of Liquids 


Name TIK =, а b c Range/K 
(3-Bromopropyl)benzene 302.2 5.41 0.11360Е+02 -0.27471Е-01 0.25775E-04 302-358 
N-Ethylbenzamide 3527 42.6 —0.20109Е+03 0.17866E+01 —0.31065E-02 353-389 
N,N-Dimethylbenzamide 3182 20.77 0.76725E+02 —0.26908E+00 0.29409E-03 318-443 
Ethyl 2-aminobenzoate 298.2 4.14 

Propylbenzene 293.2 2.370 0.26933E+01 0.21679Е-03 —0.44643Е-05 273-323 
Isopropylbenzene 293.2 2.381 0.31149Е-01 —0.30801E-02 0.19643E-05 273-323 
o-Ethyltoluene 293.2 2.595 

m-Ethyltoluene 293.2 2.365 

p-Ethyltoluene 293.2 2.265 

1,2,3-Trimethylbenzene 293.2 2.656 0.76006E+01 -0.29118Е-01 0.41786Е-04 273-323 
1,2,4-Trimethylbenzene 293.2 2.377 0.31517E+01 —0.30634E-02 0.14286E-05 273-323 
1,3,5-Trimethylbenzene 293.2 2.279 0.38998E+01 —0.88072E-02 0.11149E-04 288-358 
Benzenepropanol 293.2 11.97 0.94482E+02 -0.45540Е--00 0.59307E-03 213-303 
a-Ethylbenzenemethanol 293.2 6.68 0.44520Е-02 -0.21505Е--00 0.29443E-03 233-373 
a,a-Dimethylbenzenemethanol 303.2 5.61 0.57072E+01 0.86568E-02 —0.29580E-04 303-373 
1-Phenyl-2-propanol 293.2 9.35 0.10762 Е+03 -0.56026Е--00 0.76915E-03 233-373 
Benzyl ethyl ether 298.2 3.90 

2,6-Dimethylanisole 293.2 3.780 0.76700Е--01 -0.18298Е-01 0.17143E-04 293-333 
3,5-Dimethylanisole 293.2 3.711 0.54981Е-01 -0.56651Е-02 —0.14286E-05 293-3 
Butyl thiophene-2-carboxylate 293.2 6.40 

Benzenepropanethiol 303.2 4.36 0.82411Е-01 —0.15034E-01 0.73617E-05 303-358 
Benzylethylamine 293.2 4.3 

N-Propylaniline 293.2 5.48 

2-Methyl-N,N-dimethylaniline 293.2 34 

4-Methyl-N, N-dimethylaniline 293.2 3.9 

Trimethylphenoxysilane 298.2 3.3953 

Triacetin 293.6 711 0.17819Е+02 —0.53656Е-01 0.57759E-04 219-304 
Trimethylphenylsilane 298.2 2.3533 0.21463Е+01 0.32711Е-02 —0.86264E-05 288-323 
2-Nonenoic acid 296.2 2.5 

Cyclohexyl propanoate 293.2 4.82 

Ethyl cyclohexanecarboxylate 293.2 4.64 

Diethyl glutarate 303.2 6.659 

Nonanenitrile 293.2 12.08 

1-Nonene 293.2 2.180 0.22710Е+01 0.15797Е-02 —0.64286Е-05 273-323 
1,9-Dibromononane 293.2 7.153 0.18931E+02 —0.57764E-01 0.60000E-04 293-343 
2-Nonanone 295.2 9.14 

5-Nonanone 293.2 10.6 

Di-tert-butyl ketone 28765 100 

2,6-Dimethyl-4-heptanone 293.2 9.91 0.33178Е+02 -0.11290Е--00 0.11454E-03 273-393 
Nonanoic acid 294.9 2.475 0.25039Е+01 0.67274Е-03 —0.24180E-05 295-365 
2-Methyloctanoic acid 293.2 2.39 

2-Ethylheptanoic acid 293.2 1.98 

Heptyl acetate 293.2 42 

Pentyl butanoate 3012 4.08 0.59029Е+01 —0.49905Е-02 —0.34292Е-05 301-343 
Isopentyl butanoate 293.2 4.0 

Isobutyl pentanoate 292.2 3.8 

Methyl octanoate 293.2 4.101 

1-Bromononane 298.2 4.74 0.79870E+01 —0.10488E-01 —0.13450E-05 274-328 
1-Chlorononane 293.2 4.803 0.95528Е+01 —0.16200Е-01 —0.16365Е-13 293-323 
N,N-Dibutylformamide 2932 18.4 

Nonane 293.2 1.9722 0.23894E+01 —0.14830E-02 0.14881E-06 253-393 
2-Methyloctane 293.2 1.967 

4-Methyloctane 293.2 1.967 

2,4-Dimethylheptane 293.2 1.89 

2,5-Dimethylheptane 293.2 1.89 

2,6-Dimethylheptane 293.2 1.987 

Tetraethylurea 296.8 14.29 0.52820E+02 —0.18790E+00 0.19580E-03 205-411 
1-Nonanol 293.2 8.83 0.97467 Е+02 –0.5 1103 Е+00 0.71429Е-03 288-343 
2-Nonanol 298.2 6.66 0.10136Е+03 —0.55612Е+00 0.80000Е-03 288-308 
3-Nonanol 298.2 4.49 0.55214Е-02 -0.31920Е--00 0.50000E-03 288-308 
4-Nonanol 298.2 3.69 0.27954Е+01 0.30000Е-02 —0.52375Е-13 288-308 
5-Nonanol 298.2 3.54 –0.25463Е+01 0.35320Е-01 —0.50000E-04 288-308 


Tripropylborane 293.2 2.026 


Permittivity (Dielectric Constant) of Liquids 
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Name 

Nonylamine 
Tripropylamine 

Tripropyl phosphate 
1-Bromonaphthalene 
1-Chloronaphthalene 
1-Nitronaphthalene 
Naphthalene 

1-Naphthol 

2-Naphthol 
1-Naphthylamine 
2-Naphthylamine 
2-Methylquinoline 
4-Methylquinoline 
6-Methylquinoline 
8-Methylquinoline 

Methyl 2- (acetyloxy)benzoate 
Dimethyl phthalate 

1,2,3,4- Tetrahydronaphthalene 
4-Ethylstyrene 
Dicyclopentadiene 
Tetrahydro-2-naphthol* 
4-Isopropylbenzaldehyde 

4- Allyl-2-methoxyphenol 
2-Phenylethyl acetate 
Benzyl propanoate 

Phenyl butanoate 

Propyl benzoate 

Ethyl phenylacetate 
Butylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Isobutylbenzene 
1-Isopropyl-4-methylbenzene 
o-Diethylbenzene 
m-Diethylbenzene 
p-Diethylbenzene 
1-Ethyl-3,5-dimethylbenzene 
1,2,3,4-Tetramethylbenzene 
1,2,4,5-Tetramethylbenzene 
L-Nicotine 
1-Phenyl-2-methyl-2-propanol 
Butyl phenyl ether 

Thymol 

N,N-Diethylaniline 
y-Terpinene 

d-Limonene 

I-Limonene 

Terpinolene 

a-Pinene 

В-Ріпепе 

а-Тегріпепе 

В-Мугсепе 

Сагуепопе 

d-Fenchone 
2-Chlorobornane 

Pinane 
cis-Decahydronaphthalene 
trans-Decahydronaphthalene 
Eucalyptol 

Cyclohexyl butanoate 
Diethyl adipate 

1-Decene 

cis-5-Decene 


a 

0.53575Е+01 
0.33380Е+01 
0.33166Е+02 
0.10561Е+02 
0.84861E+01 
0.36267E+02 


0.16489E+02 
0.92865E+01 
0.10577E+02 
0.19722E+02 
0.11688E+02 
0.17788E+02 
0.21696E+02 
0.19356E+02 
0.19579E+02 


0.29172E+01 


0.30564E+01 
0.98978E+02 


0.52377E+02 


0.42301E+01 


0.10927E+02 


0.28348E+01 


0.27924E+01 


0.28055E+01 
0.25266E+01 


0.33822E+01 
0.26834E+01 
0.21347E+02 
0.21922E+02 


0.50773E+01 


0.25410E+01 
0.26615E+01 


0.14824E+02 
0.19091E+01 


b 
-0.71982Е-02 
-0.86332Е-02 
—0.10514Е+00 
—0.27671Е-01 
—0.12357Е-01 
—0.41283E-01 


—0.46700E-01 
—0.10500E-01 
—0.22114E-01 
—0.60679E-01 
—0.78400E-02 
—0.32580E-01 
—0.63400E-01 
—0.61900E-01 
—0.69970E-01 


0.12832E-02 


—0.20000E-02 
—0.48267E+00 


-0.24380Е--00 


0.13962Е-01 


-0.20535Е-01 


-0.68586Е-03 


-0.38350Е-03 


—0.92614E-03 
—0.25121E-03 


—0.33630E-02 
—0.10327E-02 
—0.57177E-01 
—0.84231E-01 


0.15399E-01 


—0.11420E-02 
—0.21241E-02 


—0.40749E-01 
0.33442E-02 


с 
0.19481E-05 
0.18322E-04 
0.10000E-03 
0.27655E-04 
0.26899E-05 
—0.25595E-04 


0.42857E-04 
0.42501E-15 
0.17857E-04 
0.60714E-04 
—0.25000E-04 
0.12500E-04 
0.62500E-04 
0.62500E-04 
0.80889E-04 


—0.59453E-05 


0.82443E-15 
0.63008E-03 


0.33333E-03 


—0.36426E-04 


0.11745E-04 


—0.32143E-05 


—0.37500E-05 


—0.25000E-05 
—0.24867E-05 


0.17475E-05 
—0.73533E-06 
0.50655E-04 
0.99475E-04 


—0.50000E-04 


0.15092E-06 
0.16864E-05 


0.37600E-04 
—0.87500E-05 


Range/K 
293-373 
243-293 
293-373 
293-323 
274-328 
333-403 


373-453 
413-453 
333-453 
393-473 
293-333 
293-333 
293-333 
293-333 
329-371 


298-343 


313-373 
293-363 


273-323 
303-358 
303-358 
273-323 
273-323 


273-323 
277-333 


273-412 
356-430 
293-363 
298-423 


303-328 


293-373 
293-373 


293-343 
273-323 
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Permittivity (Dielectric Constant) of Liquids 


Name TIK =, а b c Range/K 
trans-5-Decene 298.2 2.030 

5-Methyl-4-nonene 293.2 2.175 

2,4,6-Trimethyl-3-heptene 2932 2.293 

1,10-Dibromodecane 303.2 6.56 0.17350Е--02 -0.50328Е-01 0.48633E-04 303-368 
1,10-Dichlorodecane 308.2 6.68 –0.57423Е+01 0.94220Е-01 —0.17500E-03 308-338 
2-Decanone 287.2 83 

Menthol 309.3 3.90 0.68202E+01 —0.15894Е-01 0.20837Е-04 309-358 
2,2-Dimethyloctanoic acid 296.2. 2.8 

Octyl acetate 288.2 4.18 —0.34691Е+01 0.58106Е-01 —0.10952Е-03 288-323 
2-Methylheptyl acetate 288.2 4.27 0.23285Е+02 -0.11538Е-00 0.17143Е-03 288-323 
Pentyl pentanoate 305.6 4.076 0.77641E+01 —0.14335E-01 0.73740E-05 306-393 
Isopentyl pentanoate 292.2 3.6 

Isopentyl isopentanoate 288.2 4.39 0.14698E+02 —0.57726Е-01 0.76190Е-04 288-323 
Methyl nonanoate 293.2 3.943 

1-Bromodecane 298.2 4.44 0.11202E+02 —0.33491Е-01 0.36314Е-04 274-328 
1-Chlorodecane 293.2 4.581 0.68741E+01 —0.12210E-02 —0.22500E-04 293-323 
N,N-Dibutylacetamide 293.2 19.1 

Decane 293.2 1.9853 0.24054E+01 —0.15445E-02 0.44643E-06 253-393 
2,7-Dimethyloctane 2932 1.98 

4-Propylheptane 293.2 1.9955 

1-Decanol 293.2 7.93 0.47195Е+02 -0.20740Е--00 0.24942Е-03 293-343 
2-Decanol 298.2 5.82 0.13621Е+03 -0.81000Е--00 0.12500Е-02 288-308 
3-Decanol 298.2 4.05 0.52090E+02 —0.31020E+00 0.50000E-03 288-308 
4-Decanol 298.2 3.42 —0.11260Е+02 0.93960Е-01 —0.15000E-03 288-308 
5-Decanol 298.2 3.24 -0.25832E+01 0.31456Е-01 —0.40000E-04 288-308 
2,2-Dimethyl-1-octanol 293.2 7.86 0.69536Е--02 —0.34596E+00 0.46250E-03 293-333 
Dipentyl ether 298.2 2.798 

Diisopentyl ether 293.2 2.817 0.44690E+01 —0.63710Е-02 0.25000Е-05 293-323 
Dipentyl sulfoxide 348.2 18.8 

Tetraethylene glycol dimethyl ether 298.2 7.68 

Dipentyl sulfide 298.2 3.826 

Decylamine 293.2 3.31 0.61497E+01 —0.12801E-01 0.10606Е-04 293-373 
Ресате ћу е газ охапе 293.2 2.370 

Decamethylcyclopentasiloxane 293.2 2.50 

1-Methylnaphthalene 293.2 2.915 0.45126Е+01 —0.76480Е-02 0.75000E-05 293-333 
2-Methylnaphthalene 3132 2.747 

1-Methoxynaphthalene 293.2 4.020 0.71885Е+01 —0.14838Е-01 0.13750E-04 293-333 
2-Methoxynaphthalene 3532 3.563 0.56702 Е+01 —0.69754E-02 0.28571E-05 353-373 
Ethyl trans-cinnamate 293.2 5.63 

Ethyl benzoylacetate 303.2 13.50 0.93644Е-01 0.74280Е-01 -0.20000Е-03 303-323 
Benzyl butanoate 3012 4.55 

Phenyl pentanoate 293.2 4.30 

Butyl benzoate 303.2 5.52 0.77854E+01 —0.34972E-02 —0.13149E-04 303-358 
Isobutyl benzoate 2912 5.39 

1,3-Diethyl-5-methylbenzene 293.2 2.264 

Pentamethylbenzene 334.0 2.358 0.30196Е+01 —0.22619Е-02 0.83831Е-06 334-413 
1-Опаесепе 293.2 2.137 0.22132Е+01 0.13121Е-02 —0.53571Е-05 273-323 
2-Undecanone 285.3 8.3 

Nonyl acetate 293.2 3.87 

Pentyl hexanoate 288.2 4.22 0.83503E+01 —0.18449E-01 0.14286E-04 288-323 
1-Bromoundecane 272.6 4.61 

Undecane 293.2 1.9972 0.23637E+01 —0.12500E-02 —0.85869Е-16 283-363 
1-Undecanol 313.2 5.98 

Undecylamine 293.2 3.25 0.54945Е-01 -0.96161Е-02 0.66017E-05 293-373 
Tris(perfluorobutyl)Jamine 293.2 2.15 

Dibenzofuran 3732 3.00 

Biphenyl 348.2 2.53 0.26869E+01 0.63072Е-03 —0.30995E-05 348-428 
trans- Azoxybenzene 3112 52 

Diphenyl ether 283.2 3.726 

2-Acetonaphthone 3332 13.03 0.14538Е+03 -0.73040Е--00 0.10000E-02 333-363 
Diphenyl sulfoxide 344.7 16.6 

Diphenyl sulfone 406.2 21.1 

Diphenyl sulfide 298.2 5.43 


Permittivity (Dielectric Constant) of Liquids 6-151 


Mol.form. Name TIK =, а b c Range/K 
C.H, N Diphenylamine 323.2 3.73 

C,H, NO N-1-Naphthylenylacetamide 433.2 24.3 0.84739Е-02 —0.12391Е+00 —0.35714E-04 433-533 
с,Н, 1,6-Dimethylnaphthalene 293.2 2.7250 

с,Н,О 1-Ethoxynaphthalene 292.2 3.3 

CHO, Propyl cinnamate 293.2 5.45 

C,,H,,0, Diethyl phthalate 293.2 7.86 

C,H,O 2-Cyclohexylphenol 328.2 3.97 

C,H,O 4-Cyclohexylphenol 404.2 4.42 

C.H, O, Pentyl benzoate 293.2 5.07 

C.H, O, Pentyl salicylate 301.2 6.25 

C.H, O, Isopentyl salicylate 293.12 7.26 0.13129Е+02 —0.19190Е-01 —0.36060E-05 225-7 
C,,H,,NO N-Butyl-N-phenylacetamide 298.2 11.66 

С.Н, Hexylbenzene 293.2 2.3 

С.Н, 1,3,5-Triethylbenzene 293.2 2.256 

С.Н, Hexamethylbenzene 449.0 2.172 0.35710Е+01 —0.46912Е-02 0.35088Е-05 449-489 
C, H40, 1-Вогпуі acetate 303.2 4.46 0.60791Е+01 0.98200Е-02 —0.50000E-04 303-323 
C,,H,,O Dicyclohexyl ether 293.2 3.45 0.95324E+01 —0.31740E-01 0.37500E-04 293-333 
C, H0 Cyclododecanone 303.2 114 0.39327Е+02 —0.13248Е+00 0.13298Е-03 303-423 
C,,H,,0, Dibutyl tartrate 314.2 9.4 

С.Н, 1-Dodecene 293.2 2.152 0.22581Е+01 0.11106Е-02 —0.50000E-05 273-323 
C, H,O, Decyl acetate 293.2 3.75 

C, H,O, Ethyl decanoate 293.2 3.75 0.70969E+01 —0.15080Е-01 0.12500Е-04 293-353 
C,,H,,0, Methyl undecanoate 293.2 3.671 

C,,H,,Br 1-Bromododecane 298.2 4.07 0.86103E+01 —0.20891E-01 0.18994E-04 274-328 
с,,Н, СІ 1-Chlorododecane 298.2 4.17 0.10002 Е+02 —0.27798E-01 0.27559E-04 274-328 
CHI 1-Iodododecane 298.2 3.91 0.34641Е-01 0.97404E-02 —0.27602E-04 293-323 
С.Н, Dodecane 293.2 2.0120 0.23697 Е+01 —0.12200E-02 —0.36375E-16 283-363 
C, HO 1-Dodecanol 303.2 5.82 0.18518Е+02 —0.44859E-01 0.99900E-05 303-358 
C,H4O 2-Butyl-1-octanol 363.2 3.28 

C,H,BO,  Tributyl borate 293.2 2.23 

C,H4N Dodecylamine 303.2 3.07 0.27999Е+01 0.44810Е-02 —0.11905E-04 303-373 
С НМ Tributylamine 293.2 2.340 0.19846Е-01 0.28108Е-02 —0.54545E-05 233-293 
С „НОР Tributyl phosphate 293.2 8.34 0.26304E+02 —0.88480E-01 0.92857Е-04 293-373 
C,H,4O,Si 6 298.2 321 

С,Н,,5а Tetrapropylstannane 293.2 2.267 

С,Н,О8, | Hexaethyldisiloxane 298.2 2.259 0.36559E+01 —0.72406E-02 0.85714E-05 298-333 
CHO Benzophenone 300.2 12.62 0.34130E+02 —0.10249E+00 0.10268Е-03 300-420 
СНО Phenyl salicylate 290.2 6.92 0.26545 E402 —0.11180Е+00 0.15220Е-03 290-358 
С.Н, Diphenylmethane 303.2 2.540 0.30638Е--01 -0.17286Е-02 303-333 
с,Н,О Benzyl phenyl ether 3132 3.748 

СНО, Hexyl benzoate 293.2 4.80 

СН» Heptylbenzene 293.2 2.26 

C,,H,,O a-Ionone* 2924 10.78 

C,,H,,O B-Ionone* 297.65 6 

C,,H,,0, Diethyl nonanedioate 303.2 5.133 

C.H, 1-Tridecene 293.2 2.139 0.14154E+01 0.66514E-02 —0.14286E-04 273-323 
С НО 7-Tridecanone 3032 7.6 

C H,O, Ethyl undecanoate 293.2 3.55 

C H,O, Methyl dodecanoate 293.2 3.539 

С.Н, Br 1-Вгото десапе 28115 9 

C uH, Tridecane 293.2 2.0213 0.23731Е+01 —0.12000Е-02 —0.21841Е-15 283-363 
СН» 5-Butylnonane 293.2 2.0319 

С НО 1-Tridecanol 3332 4.02 

C.H, Anthracene 502.0 2.649 0.20571Е+02 —0.69169Е-01 0.66667E-04 502-516 
C.H, Phenanthrene 3832 2.72 

С H0, Benzil 368.2 13.04 —0.23599Е+02 0.22715E+00 —0.34667E-03 368-393 
C, HO, Benzyl benzoate 303.2 5.26 0.76856E+01 —0.80000E-02 —0.80361E-15 303-358 
C, H0, Benzyl salicylate 3012 4.12 

Сан, 1,2-Diphenylethane 331.2 2.47 0.31178E+01 —0.21572E-02 0.59800E-06 331-451 
C, HO Dibenzyl ether 293.2 3.821 0.80154E+01 —0.20536E-01 0.21250E-04 293-333 
C, HN Dibenzylamine 293.2 3.446 

C,H,O,Si — Dimethyldiphenoxysilane 298.2 3.500 0.51669Е-01 —0.77001E-02 0.70156E-05 283-353 
C.H, O, Pentyl cinnamate 293.2 4.89 


6-152 Permittivity (Dielectric Constant) of Liquids 


Mol.form. Name T/K =, а b c Range/K 
САН, Octylbenzene 293.2 2.26 

C „H,O, Diisobutyl adipate 293.2 5.19 

C, H4O, Diethyl sebacate 303.2 4.995 0.39143Е-02 —0.20965Е+00 0.32000Е-03 303-313 
C „H,O, Dodecyl acetate 293.2 3.6 

C, ,H40, Ethyl laurate 273.2 3.94 

C „H,O, Methyl tridecanoate 293.2 3.442 

C,,H,,Br 1-Bromotetradecane 293.2 3.84 0.10058E+02 —0.33905E-01 0.43528E-04 274-328 
С.Н, Tetradecane 293.2 2.0343 0.23832E+01 —0.11900Е-02 —0.51229E-16 283-363 
C, H4O 1-Tetradecanol 318.2 4.42 0.12272E+02 —0.24667E-01 —0.13168Е-13 318-358 
C, HN Tetradecylamine 312.55 2.90 

с,Н,О, Phenyl 2-(acetyloxy)benzoate 384.2 4.33 

C, HO, Tributyrin 282.8 5.72 0.13152E+02 —0.36684Е-01 0.36795Е-04 199-283 
C.H, O, Methyl tetradecanoate 293.2 3.352 

C.H, Br 1-Bromopentadecane 293.35 3.88 

С.Н, Репїадесапе 293.2 2.0391 0.23792Е+01 —0.11600Е-02 —0.71069Е-16 283-363 
с,Н,О 1-Pentadecanol 3332 3.70 

С HN Pentadecylamine 31325 2.85 

С HN Triisopentylamine 294.2 2.29 

СНО, Dibutyl phthalate 293.2 6.58 0.12444Е-02 -0.20000Е-01 293-333 
С НО, Hexadecanoic acid 3382 2.417 

С H,O, Ethyl myristate 293.2 3.50 0.52642E+01 —0.60000E-02 -0.47358Е-15 293-353 
С H,O, Methyl pentadecanoate 293.2 3.296 

CHBr 1-Вготоћехадесапе 298.2 3.68 0.58668Е--01 —0.73333E-02 —0.52666E-14 298-328 
С HI 1-Iodohexadecane 293.2 3.57 0.79531Е+01 —0.22859Е-01 0.26955E-04 293-323 
С.Н, Hexadecane 293.2 2.0460 0.23861Е+01 —0.11600E-02 0.25555E-15 293-363 
С НО 1-Hexadecanol 3332 3.69 0.85935Е+01 —0.14714Е-01 —0.45533Е-13 333-363 
С H,.N Hexadecylamine 328.35 271 

С H4 Sn Tetrabutylstannane 293.2 9.74 0.56115Е+02 —0.24812E+00 0.30682E-03 293-313 
C,H,0, 2-Naphthyl salicylate 293.0 6.30 0.11229Е+02 —0.18857Е-01 0.70332E-05 293-353 
С „НО 9-Нергадесапопе 328.2 5.43 0.44176Е+02 —0.21183Е+00 0.28571Е-03 328-363 
C.H, О, Methyl palmitate 3132 3.124 

С.Н, Heptadecane 293.2 2.0578 0.23627E+01 —0.10400Е-02 —0.10397E-12 293-308 
C H,O 1-Heptadecanol 3332 341 

C, HO, Dipentyl phthalate 293.2 6.00 

С НО, Phenyl laurate 293.2 3.28 

C.H, O, Linolenic acid 293.2 2.825 0.33867E+01 —0.19181E-02 274-368 
C.H, O, Dicyclohexyl adipate 308.2 4.84 

С ,H40, Linoleic acid 293.2 2.754 0.32073Е+01 —0.15477Е-02 275-368 
С НО, Oleic acid 293.2 2.336 0.25385Е+01 —0.69448Е-03 275-368 
С НО, Dibutyl sebacate 293.2 4.54 

С НО, Stearic acid 293.2 2.314 0.27159Е+01 —0.13300Е-02 293-373 
С НО, Hexadecyl acetate 308.2 3.19 0.47310Е+01 —0.50000Е-02 0.41338E-14 308-348 
С НО, Ethyl palmitate 303.2 3.07 0.57938Е+01 —0.12294E-01 0.10919E-04 303-455 
С НО, Methyl heptadecanoate 3132 3.07 

С.Н, Вг 1-Вготоосіадесапе 303.35 3.53 0.46790E+01 —0.30355E-02 —0.24798E-05 303-332 
С НО 1-Octadecanol 3332 3.38 0.73784E+01 —0.12000E-01 —0.22871Е-13 333-363 
C,H,BO, Trihexyl borate 293.2 2.22 

C,H,N Octadecylamine 32635 2.67 

С.Н, Triphenylmethane 367.2 2.46 0.40201Е+01 —0.66507Е-02 0.65329Е-05 367-448 
C,H,O,Si — Methyltriphenoxysilane 298.2 3.628 

C, H40, Methyl linolenate 293.2 3.355 

C H40, Methyl linoleate 293.2 3.466 

С НО. Methyl oleate 293.2 3211 

C H,O 10-Nonadecanone 353.2 5.37 

С НО. Methyl stearate 3132 3.021 

С.Н, Мопадесапе 293.2 2.0706 

C,H, O, Dihexyl phthalate 293.2 5.62 

Со, Ethyl oleate 3012 3.17 0.57033E+01 —0.11223E-01 0.93447E-05 301-423 
СНО, Octadecyl acetate 308.2 3.07 0.44569Е-01 -0.45000Е-02 0.33923Е-14 308-348 
СНО, Ethyl stearate 313.2 2.958 0.70930Е+01 —0.19081Е-01 0.19555E-04 331-440 
СНО, Methyl nonadecanoate 3132 2.982 

C, HO 1-Eicosanol 338.2 3.13 0.21700E+01 0.12497E-01 —0.28571E-04 338-363 
C, HO Didecyl ether 293.2 2.644 0.41465E+01 —0.62240E-02 0.37500E-05 293-333 


Permittivity (Dielectric Constant) of Liquids 6-153 


Mol.form. Name T/K =, а b c Range/K 
С,Н,О,8, | Eicosamethylnonasiloxane 293.2 2.645 0.57840E+01 —0.16568E-01 0.20000E-04 293-323 
С,Н,ОР  Tricresyl phosphate* 298.2 6.7 
C, H,O; 1,2,3-Propanetriyl hexanoate 293.2 4.476 
C, H40, Butyl oleate 298.2 4.00 
C,,H,,0, Butyl stearate 298.2 3.120 0.73894E+02 —0.46261E+00 0.75500E-03 298-343 
CH, Docosane 293.2 2.0840 
C, HO 1-Docosanol 348.2 2.94 0.82062 Е+01 —0.25069E-01 0.28571E-04 348-373 
C,H4O,Si Тетарћепохузапе 3332 3.4915 
C, H40, Dioctyl phthalate 293.2 5.22 
C,H, O, Dioctyl sebacate 299.2 4.01 
C,H, O, 1,2,3-Propanetriyl octanoate 293.2 3.931 
C H40, Ethylene glycol ditetradecanoate 343.2 2.98 
Cy He Triacontane 373.2 1.9112 
C.H, 2,6,10,15,19,23- 3732 1.9106 
Hexamethyltetracosane 
C,H, O, Ethylene glycol dipalmitate 348.2 2.89 
C,H, O, Hexadecyl stearate 333.2 2.61 
يی‎ На О, Ethylene glycol distearate 353.2 2.79 
يی‎ На О, Glycerol trilaurate 3132 3.287 
C.H, O, Glycerol tripalmitate 328.2 2.901 —0.29131Е+01 0.32206Е-01 -0.44154Е-04 328-393 
С. На Об Glycerol trioleate 293.2 3.109 
С НО, Glycerol trielaidate 3132 2.980 
СН О, Glycerol tristearate 3532 2.740 


PERMITTIVITY (DIELECTRIC CONSTANT) OF GASES 


This table gives the relative permittivity є (often called the di- 
electric constant) of some common gases at a temperature of 20°С 
and pressure of one atmosphere (101.325 kPa). Values of the per- 
manent dipole moment џ in Debye Units (1 D = 3.33564 x 10? C 
m) are also included. 

The density dependence of the permittivity is given by the equa- 
tion 


3 9kT 


!= 226 | لع 


where p, is the molar density, N 15 Avogadro's number, К is the 
Boltzmann constant, T is the temperature, and а is the molecular 
polarizability. Therefore, in regions where the gas can be consid- 
ered ideal, = — 1 is approximately proportional to the pressure at 
constant temperature. For nonpolar gases (и = 0), е —1 is inversely 
proportional to temperature at constant pressure. 


Mol. form. Name £ wD 
Compounds not containing carbon 
Air (dry, CO, free) 1.0005364 

Ar Argon 1.0005172 0 

BF, Boron trifluoride 1.0011 0 
BrH Hydrogen bromide 1.00279 0.827 
CIH Hydrogen chloride 1.00390 1.109 
ЕМ Nitrogen trifluoride 1.0013 0.235 
ES Sulfur hexafluoride 1.00200 0 

HI Hydrogen iodide 1.00214 0.448 
H, Hydrogen 1.0002538 0 
H,S Hydrogen sulfide 1.00344 0.97 
HN Ammonia 1.00622 1.471 
He Helium 1.0000650 0 

Kr Krypton 1.00078 0 
NO Nitric oxide 1.00060 0.159 
N, Nitrogen 1.0005480 0 
МО Nitrous oxide 1.00104 0.161 
Ne Neon 1.00013 0 

O, Oxygen 1.0004947 0 
O,S Sulfur dioxide 1.00825 1.633 
O, Ozone 1.0017 0.534 
Xe Xenon 1.00126 0 


The number of significant figures indicates the accuracy of the val- 
ues given. The values of = for air, Ar, Н, He, N,, О, and СО, are rec- 
ommended as reference values; these are accurate to 1 ppm or better. 

The second part of the table gives the permittivity of water va- 
por in equilibrium with liquid water as a function of temperature 
(derived from Reference 4). 
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Mol. form. Name £ wD 
Compounds containing carbon 
CF, Tetrafluoromethane 1.00121 0 
CO Carbon monoxide 1.00065 0.110 
CO, Carbon dioxide 1.000922 0 
CH,Br Bromomethane 1.01028 1.822 
сна Chloromethane 1.01080 1.892 
CH,F Fluoromethane 1.00973 1.858 
СН Iodomethane 1.00914 1.62 
CH, Methane 1.00081 0 
CH, Acetylene 1.00124 0 
сна Chloroethylene 1.0075 1.45 
CH, Ethylene 1.00134 0 
сна Chloroethane 1.01325 2.05 
CH, Ethane 1.00140 0 
CHO Dimethyl ether 1.0062 1.30 
СН, Ргорепе 1.00228 0.366 
СН, Cyclopropane 1.00178 0 
С.Н, Ргорапе 1.00200 0.084 
CH, Butane 1.00258 0 
CH Isobutane 1.00260 0.132 


Permittivity of Saturated Water Vapor 


tC £ 

0 1.00007 
10 1.00012 
20 1.00022 
30 1.00037 
40 1.00060 
50 1.00095 
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°С £ 
60 1.00144 
70 1.00213 
80 1.00305 
90 1.00428 
100 1.00587 


AZEOTROPIC РАТА FOR BINARY MIXTURES 


J. Gmehling, J. Menke, J. Krafczyk, K. Fischer, J.-C. Fontaine, and H. V. Kehiaian 


Binary homogeneous (single-phase) liquid mixtures having an 
extremum (maximum or minimum) vapor pressure P at constant 
temperature T, as a function of composition, are called azeotropic 
mixtures, or simply azeotropes. The composition is usually 
expressed as mole fractions, where x, for component 1 in the liq- 
uid phase and y, for component 1 in the vapor phase are identical. 
Mixtures that do not show a maximum or minimum are called 
zeotropic. A maximum (minimum) of the Р(х,) or P(y,) curves 
corresponds to a minimum (maximum) of the boiling tempera- 
ture T at constant Р, plotted as a function of x, ог y, [see T(x,) and 
То’) curves, Types I and Ш, in Fig.1]. Azeotropes in which the 
pressure is a maximum (temperature is a minimum) are often 
called positive azeotropes, while pressure-minimum (tempera- 
ture-maximum) azeotropes are called negative azeotropes. The 
coordinates of an azeotropic point are the azeotropic temperature 
Тум» pressure P,,, and the vapor-phase composition y, ,,, which is 
the same as the liquid-phase composition x, д». 

In the two-phase liquid-liquid region of partially miscible (het- 
erogeneous) mixtures, the vapor pressure at constant T (or the 
boiling temperature at constant P) is independent of the global 
composition x, of the two coexisting liquid phases between the 
equilibrium compositions x,'and x,” (Хү < x/”). 

The constant vapor pressure (boiling temperature) above the 
two-phase region of certain partially miscible mixtures is usually 
larger (smaller) than the vapor pressure (boiling temperature) at 
any other liquid-phase composition in the homogeneous region. 
In this case, the vapor-phase composition is inside the miscibility 
gap. Mixtures of this type are called heteroazeotropic mixtures, or 
simply heteroazeotropes. (Fig. 1, Type II), as opposed to the other 
types of azeotropes, called homoazeotropes. 

Only in a few cases partially miscible mixtures present a posi- 
tive or negative azeotropic point in the single-phase region, out- 
side the miscibility gap, similar to the azeotropic points of 
homogeneous mixtures (Fig. 1, Types IV and VI). 

А few binary mixtures, for example the system perfluoroben- 
zene 4 benzene, may present two azeotropic points at constant 
temperature (pressure), a positive and a negative one. They are 
called double azeotropic mixtures, or simply double azeotropes. 
(Fig. 1, Type V). 

The knowledge of the occurrence of azeotropic points in binary 
and higher systems is of special importance for the design of dis- 
tillation processes. The number of theoretical stages of a distilla- 
tion column required for the separation depends on the 
separation factor 01, i.e. the ratio of the K;-factors (K, = уух) of 
the components i (i = 1, 2). The required separation factor can be 
calculated with the following simplified relation (Reference 1): 


0552 К/К, = (yo)! (уг/%) = (үР19/ (Р) (1) 


where *y; is the activity coefficient of component i in the liquid 
phase and P? is the vapor pressure of the pure component i. 

In distillation processes, only the difference between the sepa- 
ration factor and unity (o; — 1) can be exploited for the separa- 
tion. If the separation factor is close to unity, a large number of 
theoretical stages is required for the separation. If the binary sys- 
tem to be separated shows an azeotropic point (ол = 1), the sepa- 
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ration is impossible by ordinary distillation, even with an 
infinitely large number of stages. 

Following eq. (1) azeotropic behavior will always occur in 
homogeneous binary systems when the vapor pressure ratio P,'/ 
Pj is equal to the ratio of the activity coefficients ۰. 

Various thermodynamic methods based on g*-models (Wilson, 
МЕТІ, UNIQUAC) or group contribution methods (UNIFAC, 
modified UNIFAC, ASOG, PSRK) can be used for either calculat- 
ing or predicting the required activity coefficients for the compo- 
nents under given conditions of temperature and composition 
(Reference 2). 

Because of the importance of azeotropic data for the design of 
distillation processes, compilations have been available in book 
form for quite some time (References 3-7). The most recent 
printed data collection was published in 1994 (Reference 8). A 
revised and extended version appeared in 2004 (Reference 9). 

А collection of approximately 47,400 zeotropic and azeotro- 
pic data sets, compiled from 6600 references, are stored in a com- 
prehensive computerized data bank (Reference 10). The 
references from the above-mentioned compilations and from the 
vapor-liquid equilibrium part of the Dortmund Data Bank (Refer- 
ence 11) were supplemented by references found from CAS 
online searches, private communications, data from industry, etc.. 
Over 24,000 zeotropic data and over 20,000 azeotropic data are 
available for binary systems. Nearly 9096 of the binary azeotropic 
data show a pressure maximum. In most cases (ca. 90%) these аге 
homogeneous azeotropes, and in approximately 7—8% of the cases 
heterogeneous azeotropes are reported. Less than 1096 of the data 
stored show a pressure minimum. Approximately 21,000 of the 
data sets stored were published after 1970. 

The table below provides information about azeotropes for 808 
selected binary systems. Compounds are listed in the modified 
Hill order, with carbon-containing compounds following those 
compounds not containing carbon. In columns 1 and 2 are the 
molecular formulas of components 1 and 2 written in the Hill 
convention. In column 3 the names of the components are given, 
either a systematic IUPAC name or a name in ubiquitous use. Col- 
umns 4, 5, and 6 contain the azeotropic coordinates of the mix- 
tures: temperature T,» pressure P,, and vapor-phase 
composition у; az- The explanation of the type of azeotrope (col- 
umn 7) is given by the following codes: 


O: homogeneous azeotrope in a completely miscible system 
L: homogeneous azeotrope in a partially miscible system 

E: heterogeneous azeotrope 

X: pressure maximum 

N: pressure minimum 

D: double azeotrope 

C: system contains a supercritical compound 
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Figure 1 Different types of binary azeotropic systems: I - homogeneous pressure-maximum azeotrope in a completely miscible system 


(OX); II - heterogeneous pressure-maximum azeotrope (EX); III - homogeneous pressure-minimum azeotrope in a com- 
pletely miscible system (ON); IV - homogeneous pressure-maximum azeotrope in a partially miscible system (LX); V - D: 
double azeotrope (OND, ОХР); VI - homogeneous pressure-minimum azeotrope in a partially miscible system (LN). А - 
у\(х,); B - P(x,) and Р(у)); C - T(x,) and T(y,). Continuous line - (х1); Dashed line - (y). 
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Molecular formula 


Comp. 1 Comp. 2 Name ТК Уул: P,,/kPa Type 
AICI, Aluminum chloride 
CLOP Phosphoryl trichloride 660.15 0.5150 101.33 ONC 
CIH Hydrogen chloride 
Н,О Water 389.34 0.1083 133.32 ONC 
CLOS Thionyl chloride 
CLP Phosphorus(III) chloride 345.85 0.4200 101.33 OX 
CLOS Sulfuryl chloride 
CLP Phosphorus(III) chloride 364.15 0.5000 101.33 ON 
СОР Phosphoryl trichloride 
а Niobium(V) chloride 536.15 0.4020 101.33 ON 
Ст Та Tantalum(V) chloride 558.85 0.4650 101.33 ON 
СІ,Се Germanium(IV) chloride 
C,H,Cl, 1,2-Dichloroethane 350.75 0.4630 101.33 Ox 
CLSi Tetrachlorosilane 
CjH4N Acetonitrile 321.05 0.6900 101.33 EX 
CI; Mo Molybdenum(V) chloride 
Clw Tungsten(VI) chloride 274.70 0.9750 101.33 OX 
FH Hydrogen fluoride 
H,O Water 382.15 0.3508 101.33 ON 
CCLF Trichlorofluoromethane 283.15 0.7840 129.45 EX 
HNO, Nitric acid 
Н,О Water 393.20 0.3820 101.33 ON 
H,O Water 
CHCl, Trichloromethane 329.27 0.1603 101.33 EX 
СН,О Formaldehyde 355.75 0.9300 53.33 OX 
СН,О, Formic acid 380.35 0.4272 101.33 ON 
CH;NO, Nitromethane 356.90 0.5160 101.33 EX 
С,НСІ, Trichloroethene 346.55 0.3560 101.33 EX 
C,H,N Acetonitrile 349.95 0.3100 101.33 Ox 
C,H, Cl, 1,2-Dichloroethane 345.43 0.3570 101.33 EX 
C,H,O Ethanol 351.25 0.1030 101.33 OX 
C,H,N, 1,2-Ethanediamine 391.85 0.4450 101.33 ON 
СНМ Acrylonitrile 344.05 0.2850 101.33 EX 
C,H,O Acrolein 325.45 0.0730 101.33 LX 
C,H,O Propanal 320.65 0.0600 101.33 LX 
C4H,O Allyl alcohol 361.15 0.5562 101.33 OX 
C3H,O, Methyl acetate 330.05 0.1060 103.62 LX 
C3H,O, 1,3-Dioxolane 344.95 0.2520 101.30 Ox 
C,H,O, Ethyl formate 325.75 0.0700 101.33 EX 
СНО, Propanoic acid 373.05 0.9500 101.33 OX 
С;Н,Вг 1-Вготоргорапе 336.35 0.2210 101.33 ЕХ 
CHO 1-Propanol 360.80 0.5680 101.33 OX 
C4H,0 2-Propanol 353.70 0.3260 101.33 ох 
СНО, 2-Methoxyethanol 372.65 0.9441 99.99 Ox 
СНО, Dimethoxymethane 315.05 0.0269 101.38 LX 
САМ cis-2-Butenenitrile 358.45 0.3832 101.33 EX 
C,H;N trans-2-Butenenitrile 363.05 0.6843 101.33 EX 
C,H;N Pyrrole 348.15 0.7514 50.13 EX 
C,H,O, Methacrylic acid 372.25 0.9464 98.93 OX 
C,H,O 2-Butanone 346.54 0.3480 101.33 LX 
C,H,O Tetrahydrofuran 336.67 0.1828 101.33 Ox 
C,H,O Isobutanal 332.80 0.1698 100.99 EX 
C,H,O, Ethyl acetate 343.55 0.2990 101.33 EX 
C,H,O, Butanoic acid 372.95 0.9559 101.33 Ox 
СНО, 1,4-Dioxane 360.65 0.5280 101.33 OX 
C,H,O, Propyl formate 344.85 0.3090 101.33 EX 
C,H,O, Methyl propanoate 344.75 0.3050 101.33 EX 


C,H,Br 1-Bromobutane 353.95 0.4950 101.33 EX 
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Molecular formula 


Comp. 1 


Comp. 2 
С,Н,Вг 
ска 
C,H,O 
C,H,O 
C,H,O 
C,H, N 
C.H;N 
C;H, 
C;H, 
С.Н,О 
С.Н,О, 
СН, 
C.H,,O 
С.Н,О 
С,Н,О 
С,Н,О 
СНО, 
C.H, O; 
C,H,,O, 
С;Н,О; 
СНО 
СНО 
СНО 
СНО 
CH, 
C,H,N 
C,H,N 
CH, 
CH, O 
CH, O 
C.H, O, 
СН» 
САО, 
СНО, 
САО, 
САО, 
C.H,,0, 
СНО, 
СНО, 
СНМ 
СН 
CH, O 
С,Н,О 
СНО 
СЊМ 
CH,N 
CH, 
C;H,O 
C;HN 
СНО, 
СН 
C,H, O, 
C,H,,O, 
Cri. 
СНО 
сн, 
С,Н,О 
СН, 


Мате 
1-Bromo-2-methylpropane 
1-Chloro-2-methylpropane 
1-Butanol 
2-Butanol 
2-Methyl-2-propanol 
Butylamine 
Pyridine 
2-Methyl-1,3-butadiene 
Methylenecyclobutane 
Cyclopropyl methyl ketone 
Methyl methacrylate 
2-Methyl-2-butene 
3-Methyl-2-buten-1-ol 
3-Methyl-3-buten-1-ol 
2-Methyl-3-buten-2-ol 
3-Pentanone 
Isopropyl acetate 
Propyl acetate 
Butyl formate 
Isobutyl formate 
3-Methyl-1-butanol 
2-Methyl-2-butanol 
1-Pentanol 
2-Pentanol 
Benzene 
Aniline 
4-Methylpyridine 
Cyclohexene 
Cyclohexanone 


Methyldihydropyran (unspecified isomer) 


4-Vinyl-1,3-dioxane 
1-Hexene 

Butyl acetate 

Isobutyl acetate 
4,4-Dimethyl-1,3-dioxane 


4,5-Dimethyl-1,3-dioxane (unspecified isomer) 


4-Ethyl-1,3-dioxane 
Diacetone alcohol 
Propyl propanoate 
Cyclohexylamine 
Hexane 

Butyl ethyl ether 
1-Hexanol 
Di(ethylene glycol) dimethyl ether 
Diisopropylamine 
Dipropylamine 
Toluene 

Benzyl alcohol 
2,6-Dimethylpyridine 
1,2-Propanediol diacetate 
1-Heptene 

Isopentyl acetate 
Butyl propanoate 
Heptane 

1-Heptanol 

Styrene 
Acetophenone 
m-Xylene 


тык 

348.45 
333.95 
365.45 
360.50 
353.00 
349.85 
367.30 
305.85 
313.15 
361.65 
354.45 
309.75 
369.55 
333.15 
359.25 
356.05 
349.75 
355.91 
356.95 
352.75 
367.97 
360.85 
369.08 
363.15 
342.35 
372.55 
370.50 
343.95 
369.45 
360.75 
367.65 
318.15 
363.35 
361.05 
366.00 
365.05 
365.75 
370.00 
362.05 
369.55 
334.75 
349.85 
367.89 
372.70 
347.25 
359.00 
357.25 
373.05 
369.17 
358.15 
350.20 
367.05 
367.95 
352.35 
371.99 
367.15 
371.15 
365.15 


مهل 
0.3730 


0.1970 
0.7540 
0.6200 
0.4011 
0.0700 
0.7500 
0.0520 
0.0212 
0.7060 
0.4996 
0.0650 
0.9141 
0.8680 
0.5770 
0.4750 
0.3960 
0.5228 
0.5360 
0.4460 
0.8265 
0.6355 
0.8633 
0.7550 
0.2980 
0.9580 
0.8972 
0.3090 
0.8694 
0.5841 
0.8955 
0.1510 
0.7013 
0.6440 
0.7779 
0.7966 
0.7257 
0.9900 
0.6600 
0.8692 
0.2110 
0.4070 
0.9432 
0.9679 
0.3654 
0.6046 
0.5230 
0.9840 
0.8647 
0.9740 
0.4100 
0.7990 
0.8340 
0.4510 
0.9703 
0.8000 
0.9675 
0.7667 


Р,,/КРа 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.30 
101.19 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.75 
101.33 
92.49 
101.33 
101.33 
101.33 
101.33 
101.33 
100.93 
101.33 
63.35 
101.33 
101.33 
101.33 
101.50 
101.30 
90.79 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
59.41 
101.33 
101.46 
101.33 
101.33 
101.33 
101.33 
101.19 
101.33 
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6-159 Azeotropic Data for Binary Mixtures 


Molecular formula 


Comp. 1 Comp. 2 Name T,,/K Уул: Р,,/КРа Туре 
сын, p-Xylene 365.15 0.7450 101.33 EX 
С.Н, Ethylbenzene 364.15 0.7221 101.33 EX 
СНО, Butyl butanoate 369.85 0.9110 101.33 EX 
Сын, Octane 362.75 0.6850 101.33 EX 
С.Н, 2,2,4-Trimethylpentane 351.95 0.4420 101.33 EX 
C;H,40 Dibutyl ether 368.65 0.7628 101.33 EX 
с,н,О 1-Octanol 37275 0.9820 101.33 EX 
C,H,.N Dibutylamine 370.05 0.8850 101.33 EX 
CH, Isopropenylbenzene 369.95 0.8880 101.33 EX 
СУН, Isopropylbenzene 368.15 0.8340 101.33 EX 
С,Н,О 2-Phenyl-2-propanol 371.25 0.9718 101.33 EX 
сын, Мопапе 367.95 0.8280 101.33 ЕХ 
С.Н,О 1-Nonanol 373.00 0.9846 101.33 EX 
Сон» Decane 370.75 0.9180 101.33 EX 
СНО 1-Decanol 373.13 0.9865 101.33 EX 
СНМ Tributylamine 372.80 0.9762 101.46 EX 
CCl, Tetrachloromethane 
C,H,O Ethanol 338.19 0.6140 101.33 Ox 
С.Н,О Асеїопе 341.25 0.0337 149.93 ОХ 
C,H,O 1-Propanol 346.28 0.8032 101.33 ох 
С,Н,О 2-Propanol 341.83 0.6686 101.33 OX 
C,H,O 2-Butenal 348.15 0.6500 97.86 Ox 
C,H,O 2-Methylpropenal 339.15 0.6000 97.86 Ox 
C,H,O 2-Butanone 346.99 0.6630 101.33 Ox 
C,H,O, Ethyl acetate 347.95 0.5700 101.33 ох 
C.H,O 1-Butanol 349.71 0.9500 101.33 ох 
С,Н,О 2-Methyl-1-propanol 348.95 0.9080 101.33 OX 
С,Н,О 2-Methyl-3-buten-2-ol 348.45 0.9009 101.06 OX 
CS, Carbon disulfide 
CH,O Methanol 310.65 0.7000 101.33 LX 
СНСІ, Trichloromethane 
CH,O Methanol 328.15 0.6480 107.99 OX 
C,H,O Ethanol 332.45 0.8410 101.33 Ox 
C4H,O Acetone 337.58 0.6398 101.33 ON 
C3H,O, Methyl acetate 337.51 0.6760 101.33 ON 
С,Н,О 2-Propanol 334.15 0.9500 101.33 Ox 
C,H,O 2-Butenal 329.15 0.9950 97.86 Ox 
СН, 2-Methyl-1-pentene 333.95 0.6235 101.19 OX 
CH, Hexane 333.45 0.7840 101.33 OX 
CHN Hydrogen cyanide 
сна 3-Chloropropene 296.45 0.8016 101.33 OX 
CH,Cl, Dichloromethane 
C,H,O Ethanol 312.05 0.9600 101.33 Ox 
CH,O, Formic acid 
C,H,CI, 1,2-Dichloroethane 350.17 0.4275 101.33 Ox 
C;H, о Butyl formate 372.15 0.8700 101.33 Ox 
CH jo m-Xylene 365.95 0.8545 101.33 EX 
СН;МО, Nitromethane 
C,H,O Ethanol 333.15 0.2850 53.61 OX 
С;Н,Вг 1-Вготоргорапе 343.25 0.1020 99.82 OX 
C,H,O, 1,4-Dioxane 373.25 0.4101 101.48 Ox 
С.Н, 2-Methyl-2-butene 311.15 0.0570 101.33 LX 
СУН Methylcyclohexane 354.85 0.5123 101.33 EX 
CH, Heptane 353.25 0.4790 101.33 EX 
С.Н, Остапе 363.38 0.6964 99.73 EX 
C, Ha, Nonane 369.29 0.8403 99.73 EX 
Со» Decane 371.96 0.9239 99.73 EX 


Сан, Undecane 373.16 0.9619 99.73 EX 


Azeotropic Data for Binary Mixtures 


Molecular formula 


Comp. 1 


CH,O 


С,СЬЕ, 


Comp. 2 
СН» 


C,HBrCIF, 
С,Н;Вг 
сна 
C,H,O 
C3H,O, 
С.Н,О, 
С.Н,О, 
С.Н,О, 
C3H,Cl 
C,H,F,O 
С.Н,О, 
C,H,O 
C,H,O 
С.Н,О, 
С,Н,О 
C,H, O; 
СЊЕО 


C.H; 
СН, 
СН, 
СН, 
C;H, 
C;H, 
C.H, 
С-Н, 
С-Н, 
С-Н, 
с.Н,О 
С;Н,, 
С.Нь, 
СНО 
СНО 
СНО 
وي‎ 
وي‎ 
САМ, 
CF, 
CHE 
CH, 
СН, 
СН, 
СН, 
CH 
CHO 
CHO 
C,H,,0 
C,H,,0 
CH, 
Ста 
Се 
C,H,,O 
С.Н, 
CH, 


C,H,E,O 


Name 
Dodecane 
Methanol 
2-Bromo-2-chloro-1,1,1-trifluoroethane 
Bromoethane 
3-Chloropropene 
Acetone 
Methyl acetate 
1,3-Dioxolane 
Ethyl formate 
Dimethyl carbonate 
1-Chloropropane 
Bis(2,2,2-trifluoroethyl) ether 
Vinyl acetate 
2-Butanone 
Tetrahydrofuran 
Ethyl acetate 
Diethyl ether 
Dimethylacetal 
1,1,1,2,3,3-Hexafluoro-3- 
(2,2,2-trifluoroethoxy)propane 
1,3-Cyclopentadiene 
2-Methyl-1,3-butadiene 
Methylenecyclobutane 
1-Methylcyclobutene 
cis-1,3-Pentadiene 
trans-1,3-Pentadiene 
2-Methyl-1-butene 
3-Methyl-1-butene 
2-Methyl-2-butene 
1-Pentene 
2,3-Epoxy-2-methylbutane 
Isopentane 
Pentane 
Butyl methyl ether 
Methyl tert-butyl ether 
Ethyl propyl ether 
Diethoxymethane 
2,2-Dimethoxypropane 
N,N,N;N-Tetramethylmethanediamine 
Hexafluorobenzene 
Fluorobenzene 
Benzene 
Cyclohexane 
2-Methyl-1-pentene 
2,3-Dimethylbutane 
Hexane 
tert-Butyl ethyl ether 
Diisopropyl ether 
Butyl ethyl ether 
2-Methoxy-2-methylbutane 
Toluene 
Methylcyclohexane 
Heptane 
2-Ethoxy-2-methylbutane 
Octane 
Nonane 
1,1,2-Trichloro-1,2,2-trifluoroethane 
2,2,2-Trifluoroethanol 


тык 
373.75 


317.25 
308.05 
312.15 
328.29 
328.15 
334.66 
318.15 
337.25 
313.35 
326.28 
332.05 
323.15 
332.75 
335.66 
305.15 
330.35 


330.67 
309.05 
303.55 
309.05 
304.85 
311.10 
309.65 
300.55 
291.05 
306.25 
300.05 
334.95 
297.05 


303.20 
330.00 
325.00 
330.00 
336.03 
334.15 
335.15 
318.15 
333.35 
331.56 
328.75 
330.00 
313.15 
333.15 
330.95 
330.00 
335.00 
335.55 
336.65 
333.15 
331.95 
335.15 
335.55 
337.25 


316.58 


مهل 
0.9846 


0.1890 
0.1610 
0.2570 
0.2400 
0.3480 
0.6910 
0.3000 
0.8504 
0.2500 
0.4450 
0.6182 
0.8020 
0.5040 
0.7120 
0.0500 
0.4700 


0.5600 
0.2120 
0.1670 
0.2190 
0.1900 
0.2300 
0.2110 
0.1720 
0.0890 
0.2160 
0.1469 
0.6590 
0.0930 


0.1930 
0.5515 
0.3140 
0.4050 
0.8127 
0.7250 
0.7670 
0.6100 
0.6625 
0.6090 
0.6090 
0.4517 
0.3620 
0.5160 
0.6002 
0.5390 
0.8010 
0.7735 
0.8820 
0.7520 
0.7279 
0.8736 
0.8830 
0.9526 


0.7770 


P,,/kPa 
99.73 


93.33 
101.33 
100.39 
101.33 
107.19 
101.30 

81.34 
102.52 
101.59 
101.30 
101.33 

58.80 
101.33 
101.33 

93.33 
101.33 


101.30 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
102.47 
101.33 
101.33 


101.30 
100.08 
103.15 
112.25 
101.52 
100.00 
101.33 

61.73 
101.62 
101.33 
106.66 
141.80 

85.50 
149.64 
101.54 
101.61 

98.84 
101.69 
101.33 
102.87 
101.33 

97.28 
101.33 
101.33 


101.33 


6-160 


6-161 Azeotropic Data for Binary Mixtures 


Molecular formula 


Comp. 1 Comp. 2 Name T,,/K Уул: Р,,/КРа Туре 
C,H,O Ethanol 317.75 0.8456 101.42 OX 
C,H,O 2-Propanol 319.35 0.9159 100.95 Ox 
С,Н,О 2-Methyl-2-propanol 319.95 0.9426 101.09 OX 
CCl, Tetrachloroethene 
C;H;Cl, 1,1,2-Trichloroethane 385.95 0.2115 101.33 Ox 
CH, 1-Octene 393.15 0.5900 101.33 OX 
сын, cis-4-Octene 393.65 0.7100 101.33 ох 
С.Н, trans-4-Octene 393.45 0.6700 101.33 Ox 
Сын, Octane 371.90 0.8781 5344 OX 
С,СЦЕ, 1,1,2,2- Tetrachloro-1,2-difluoroethane 
C,H,Cl, 1,2-Dichloroethane 353.80 0.2700 101.33 Ox 
C,HBrCIF, 2-Bromo-2-chloro-1,1,1-trifluoroethane 
CHO Diethyl ether 323.65 0.7200 93.33 ON 
CHCI, Trichloroethene 
C,H,Cl, 1,2-Dichloroethane 355.35 0.3324 101.36 OX 
C,H,O Ethanol 343.85 0.4741 101.33 Ox 
C,H,O 2-Butenal 360.15 0.9000 97.86 OX 
C¿H,, Cyclohexane 353.40 0.0975 101.32 ох 
C,H,CI, trans-1,2-Dichloroethene 
СЊЕО 1,1,1,2,3,3-Hexafluoro-3- 
(2,2,2-trifluoroethoxy)propane 318.50 0.8390 101.30 OX 
C,H,N Acetonitrile 
CHO 2-Propanol 348.15 0.5287 100.81 OX 
C,H,O, Vinyl acetate 344.65 0.1948 98.33 ох 
C,H,O 2-Butanone 352.15 0.3195 101.15 OX 
С,Н,О Tetrahydrofuran 338.95 0.0784 101.13 OX 
С,Н,О 2-Methyl-2-propanol 333.15 0.6200 56.93 OX 
C;H, 2-Methyl-1,3-butadiene 306.75 0.0410 101.33 OX 
С.Н, Methylenecyclobutane 312.45 0.1450 101.33 OX 
СНО, Methyl methacrylate 355.25 0.9866 102.07 ох 
C.H, 2-Methyl-2-butene 308.95 0.1320 101.33 ох 
С.АНо 1-Pentene 301.85 0.0830 101.33 OX 
CH; Isopentane 298.45 0.1040 101.33 EX 
C,H, Benzene 328.15 0.4560 54.65 OX 
С,Н,О 2-Methoxy-2-methylbutane 346.13 0.5835 100.56 Ox 
CH, O 2-Ethoxy-2-methylbutane 348.85 0.7219 98.99 Ox 
сын, 1-Ресепе 354.55 0.9924 100.51 ох 
C;H,CL, 1,1-Dichloroethane 
C,H,O 2-Propanol 329.55 0.8928 101.60 OX 
CH, Hexane 329.30 0.8025 101.21 OX 
C;H,Cl 1,2-Dichloroethane 
C,H,O 2-Propanol 347.25 0.5258 100.32 OX 
C,H, O 2-Methyl-1-propanol 356.05 0.9173 101.26 OX 
C,H,,O 2-Methyl-2-propanol 349.45 0.5336 101.43 OX 
СУН Methylcyclohexane 354.65 0.8036 101.21 OX 
СУН» 2,2,4-Trimethylpentane 343.15 0.7600 73.13 Ox 
C,H,O Acetaldehyde 
C,H, 1,3-Butadiene 268.15 0.0520 101.33 Ox 
С.Н, 2-Methyl-1,3-butadiene 292.23 0.8140 101.33 OX 
СНО, Acetic acid 
САМ Pyridine 411.25 0.5780 101.33 ON 
С,Н,О 3-Methyl-2-butanol 392.65 0.7210 101.33 ON 
САМ 2-Methylpyridine 417.27 0.5120 101.33 ON 
C;H4,0, Vinyl butanoate 386.45 0.5750 101.33 ох 
CH, Hexane 341.40 0.0839 101.33 ох 
сым 2,4-Dimethylpyridine 435.45 0.3022 101.33 ON 
CH, Heptane 364.95 0.4490 101.33 Ox 


сын, o-Xylene 389.75 0.8640 101.33 OX 


Azeotropic Data for Binary Mixtures 


Molecular formula 


Comp. 1 


СНО, 


С,Н,Вг 


C;H,NO, 


C,H,O 


Comp. 2 
С.Н, 
С.Н, 
СУН» 
Сон, 
СН 


C,H,Br 
С,Н,О 
C;H, 
C.H, 
СН» 
C.H; 
Cy 


CH. 
C.H, 


С,Н,О 
CH, 


сыны 
С.Н,О, 
СЊЕБО 


C,H,E,O 
C,H,O 
C,H,O 
C,H,O 
C,H,O, 
C,H,O, 
C,H,O, 
CHIN 
С.Н,Б,О 


СН, 
СН, 
C.H, 
C.H, 
С,Н,О 
С,Н,О 
С,Н,О 
С,Н,О 
وب‎ 
وب‎ 
С.Нь, 
С.Нь, 


Маше 
р-Хујепе 
Осїапе 
Мопапе 
Decane 
Undecane 
Methyl formate 
Bromoethane 
Diethyl ether 
2-Methyl-1,3-butadiene 
2-Methyl-2-butene 
Isopentane 
Pentane 
Hexane 
Bromoethane 
2-Methyl-2-butene 
Isopentane 
Nitroethane 
2-Methyl-1-propanol 
Heptane 
Ethanol 
Acrylonitrile 
Methyl acetate 
1,1,2,22- Tetrafluoroethyl 1,1,1- 
trifluoroethyl ether 
Bis(2,2,2-trifluoroethyl) ether 
Butanal 
2-Butanone 
Tetrahydrofuran 
Ethyl acetate 
1,4-Dioxane 
Methyl propanoate 
Butylamine 
1,1,1,2,3,3-Hexafluoro-3- 


(2,2,2-trifluoroethoxy)propane 


2-Methyl-1,3-butadiene 
Cyclopentene 
2-Methyl-2-butene 
Cyclopentane 
2,3-Epoxy-2-methylbutane 
3-Methyl-2-butanone 
2-Pentanone 
3-Pentanone 

Isopropyl acetate 

Methyl butanoate 
Isopentane 

Pentane 

Methyl tert-butyl ether 
Diethoxymethane 
Fluorobenzene 

Benzene 

Cyclohexane 

Hexane 

tert-Butyl ethyl ether 
2-Methoxy-2-methylbutane 
Toluene 
2-Ethoxy-2-methylbutane 
Octane 
2,2,4-Trimethylpentane 


тык 

388.40 
378.85 
386.05 
390.05 
391.15 


303.05 
301.55 
298.90 
297.75 
291.55 
294.85 
302.65 


308.55 
300.55 


375.81 
362.95 


343.95 
329.79 


326.67 
331.90 
345.45 
347.15 
344.95 
344.85 
351.33 
346.30 
354.99 


337.88 
305.95 
323.40 
309.79 
323.44 
343.45 
350.85 
351.15 
351.33 
349.85 
346.30 
299.95 
307.15 
327.75 
348.30 
343.85 
341.25 
337.95 
331.65 
339.95 
346.81 


349.75 
349.35 
349.85 
344.42 


Ха 
0.8200 


0.6870 
0.8250 
0.9250 
0.9720 


0.7360 
0.6030 
0.5150 
0.5760 
0.4920 
0.5740 
0.8490 


0.5110 
0.2180 


0.4080 
0.3520 


0.4440 
0.0362 


0.2000 
0.2840 
0.3690 
0.5080 
0.1290 
0.4590 
0.9480 
0.5140 
0.5900 


0.3980 
0.1500 
0.1440 
0.0795 
0.1800 
0.2930 
0.8250 
0.9779 
0.9590 
0.7010 
0.8800 
0.0540 
0.0537 
0.0380 
0.6497 
0.4752 
0.4600 
0.4540 
0.3410 
0.3728 
0.5820 


0.8152 
0.7644 
0.8250 
0.6450 


Р,, Ра 
101.33 
101.33 
101.33 
101.33 
101.33 


101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 


101.33 
101.33 


101.33 
101.33 


101.33 
101.33 


101.30 
101.30 
101.33 
101.33 
125.00 
101.33 
101.33 
103.91 
101.33 


101.30 
101.33 
134.00 
101.33 
121.00 
101.33 
101.33 
100.50 
101.33 
101.33 

83.88 
101.33 
101.33 
101.33 
102.35 
101.54 
101.33 
102.26 
101.33 
101.72 
101.32 


101.33 
101.54 
101.33 
101.33 


Туре 
ох 
ох 
ох 
ох 
ох 


ох 
ох 
ох 
ох 
ох 
ох 
ох 


ох 
ох 


ох 
ох 


ох 
ох 


ох 
ох 
ох 
ох 
ох 
ох 
ох 
ох 
ОМ 


OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 


6-162 


6-163 Azeotropic Data for Binary Mixtures 


Molecular formula 


Comp. 1 Comp. 2 Name T,,/K Уул: P,,/kPa Type 
C, Ha, Nonane 351.35 0.9400 101.33 ох 
C,H,O, 1,2-Ethanediol 
С,Н,О, Di(ethylene glycol) monomethyl ether 463.95 0.4388 101.33 OX 
وی‎ ٢ Di(ethylene glycol) monoethyl ether 467.15 0.6480 101.33 OX 
С,Н,О o-Cresol 462.67 0.3797 101.33 Ox 
С;Н,О; Di(ethylene glycol) monoisopropyl ether 466.35 0.6964 101.33 OX 
СНО; Di(ethylene glycol) monopropyl ether 468.55 0.8448 101.33 OX 
СНО; Di(propylene glycol) monomethyl ether 
(unspecified isomer) 457.65 0.3500 101.33 OX 
САМ 2,4,6-Trimethylpyridine 443.65 0.1734 101.33 Ox 
СН ,O; Di(ethylene glycol) monobutyl ether 469.15 0.9102 101.33 OX 
СН ,O; Di(ethylene glycol) monoisobutyl ether 467.55 0.8355 101.33 OX 
С,Н,О, Di(propylene glycol) monoethyl ether 
(unspecified isomer) 458.65 0.4800 101.33 OX 
С.Н,,О, Di(propylene glycol) monopropyl ether 
(unspecified isomer) 463.15 0.6590 101.33 OX 
Србу Оз Di(propylene glycol) monobutyl ether 
(unspecified isomer) 465.75 0.8130 101.33 OX 
C,H4N Acrylonitrile 
C.H, Methylenecyclobutane 313.80 0.1275 101.33 OX 
СН, Benzene 347.45 0.5575 101.46 OX 
СН, Cyclohexane 337.75 0.4836 101.94 Ox 
CH, Hexane 330.90 0.4048 101.05 OX 
С,Н,О Асго1еїп 
С.Н, 2-Methyl-1,3-butadiene 306.45 0.1980 101.33 ох 
С,Н,О Ргорапа! 
С.Н, 2-Methyl-1,3-butadiene 306.35 0.1700 101.33 OX 
C.H, Methylenecyclobutane 311.30 0.3600 101.33 OX 
C,H,O Acetone 
C3H,O, Methyl acetate 328.85 0.6470 101.33 Ox 
С;Н,Вг 1-Вготоргорапе 328.75 0.9915 99.75 OX 
С,Н,О Tetrahydrofuran 328.85 0.9603 100.35 OX 
С.Н 2-Chloro-2-methylpropane 322.05 0.1944 102.11 OX 
С.Н, 2-Methyl-1,3-butadiene 306.95 0.0610 101.33 Ox 
СН, Methylenecyclobutane 311.25 0.2800 101.33 OX 
С.Н, 1-Methylcyclobutene 307.75 0.2220 101.33 OX 
САН, 2-Methyl-1-butene 303.25 0.1400 101.33 ох 
сын, 2-Methyl-2-butene 308.75 0.2440 101.33 ох 
CH; Isopentane 298.75 0.1730 101.33 Ox 
С,Н,О Methyl tert-butyl ether 324.35 0.4824 102.19 ох 
С.Н, Сусіоһехапе 330.05 0.7590 109.32 ох 
CH, 1-Hexene 323.35 0.5973 101.40 OX 
СН, 2-Methyl-1-pentene 333.40 0.5793 140.60 OX 
CHa Hexane 322.95 0.6480 101.33 ох 
C H, O Diisopropyl ether 327.10 0.7424 100.17 OX 
СНМ Triethylamine 318.15 0.9800 68.13 OX 
СУН Methylcyclohexane 318.15 0.9500 68.66 ох 
С,Н,О Allyl alcohol 
С,Н,О, Ethyl propanoate 367.65 0.5597 99.79 OX 
C,H, Benzene 349.90 0.2203 101.33 Ox 
СЕН,» Сус1оһехапе 333.15 0.2790 63.98 OX 
С,Н,О, Methyl acetate 
C3H,Br 1-Bromopropane 329.60 0.9727 99.56 OX 
CHo Cyclohexene 330.35 0.9121 102.87 OX 
СН, Cyclohexane 328.65 0.8000 101.33 OX 
С.Н, Methylcyclopentane 325.85 0.6917 99.50 OX 
CH, 1-Hexene 323.15 0.6340 92.08 ох 


СН, 2-Methyl-1-pentene 325.15 0.5931 100.38 OX 


Azeotropic Data for Binary Mixtures 


Molecular formula 


Comp. 1 


C3H,O, 


C3H,O, 


С.Н,О, 


С,Н,Вг 


C,H,NO 


C,H;NO, 
CHNO, 


C,H,O 


C,H,O 


Comp. 2 
СН 
CH, 


C4H;Br 
СН; 


C,H,N 


СНО, 
CH, 
C.H; 
СН 
СН 
С,Н,О 
CH, 


C,H,O 
СН, 


CH, 
СН; 
СН; 


СН; 
СН; 
C,H,E,O 


C,H,F,O 
C,H,O; 
C,H,O; 
С,Н,О, 
СНО, 
CH; 
CH, 
CH, 
СНО; 
СН, 
CH, 
CH, 
C,H, 
СН 
СН 
СН, 
CH; 
СУН 
СУН 
СУН» 


СНЕО 
С,Н,О, 
C,H,O 
СНО 
С.Н,Б,О 


CH, 


Name 
Hexane 
Heptane 
Ethyl formate 
2-Bromopropane 
Cyclohexane 
Propanoic acid 
Pyridine 
Dimethyl carbonate 
Diethoxymethane 
Benzene 
Cyclohexane 
Methylcyclopentane 
Hexane 
Dipropyl ether 
Heptane 
1-Bromopropane 
2-Propanol 
Cyclohexane 
N,N-Dimethylformamide 
Heptane 
1,4-Dimethyl-4-vinylcyclohexene 
1-Methyl-3- 
(1-methylethylidene)cyclohexene 
1-Nitropropane 
Heptane 
2-Nitropropane 
Heptane 
1-Propanol 
1,1,2,2- Tetrafluoroethyl 1,1,1- 
trifluoroethyl ether 
Bis(2,2,2-trifluoroethyl) ether 
2,3- Butanedione 
1,4-Dioxane 
Propyl acetate 
Diethoxymethane 
Benzene 
Cyclohexane 
Methylcyclopentane 
4,4-Dimethyl-1,3-dioxane 
Hexane 
Toluene 
Heptane 
Styrene 
o-Xylene 
m-Xylene 
p-Xylene 
1-Octyne 
Octane 
2,2,4-Trimethylpentane 
Nonane 
2-Propanol 
Bis(2,2,2-trifluoroethyl) ether 
2,3-Butanedione 
2-Butanone 
2-Methyl-2-propanol 
1,1,1,2,3,3-Hexafluoro-3- 
(2,2,2-trifluoroethoxy)propane 
2-Methyl-1,3-butadiene 


тык 
326.65 
32315 


326.15 
323.15 


42175 


358.71 
353.50 
346.95 
342.35 
338.15 
356.45 
355.15 


339.15 
343.35 


370.15 
415.65 


419.05 


369.25 


367.55 


329.23 
336.22 
359.30 
365.30 
367.88 
359.01 
350.20 
347.68 
340.85 
368.20 
348.15 
365.35 
357.65 
369.08 
369.85 
369.90 
369.60 
369.00 
366.85 
357.89 
369.95 


334.16 
350.85 
350.55 
343.05 


34123 
307.05 


ДЕ 
0.6590 


0.9570 


0.7090 
0.8210 


0.6860 


0.4437 
0.1366 
0.3780 
0.2680 
0.2540 
0.5044 
0.5930 


0.7349 
0.9219 


0.0800 
0.5880 


0.7250 


0.1630 


0.2920 


0.0350 
0.1100 
0.3600 
0.6418 
0.6190 
0.2320 
0.2060 
0.2490 
0.1729 
0.9597 
0.1900 
0.6770 
0.4830 
0.9884 
0.9886 
0.9531 
0.9531 
0.8600 
0.7483 
0.4580 
0.9225 


0.2230 
0.6454 
0.3830 
0.5551 


0.3420 
0.0150 


Р,, Ра 
106.66 
79.48 


101.33 
91.46 


101.33 


100.42 
100.48 
101.49 
103.46 

98.46 
100.73 

99.67 


99.97 
98.84 


101.33 
101.33 


101.33 


101.33 


101.33 


101.30 
101.30 
100.67 
101.30 
101.33 

99.43 
101.33 
101.33 
101.19 
101.30 
137.23 
101.33 
101.33 

98.13 

98.66 

99.06 

99.99 
101.33 
101.33 
101.30 
101.33 


101.30 
100.95 
101.33 

60.27 


101.30 
101.33 
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6-165 Azeotropic Data for Binary Mixtures 


Molecular formula 


Comp. 1 Comp. 2 Name ТК Уул: Р,,/КРа Туре 
C.H, 2-Methyl-2-butene 310.95 0.0460 101.33 ох 
С,Н,О 2,3-Epoxy-2-methylbutane 346.10 0.1400 101.33 OX 
С,Н,О 3-Methyl-2-butanone 354.75 0.8500 101.33 Ox 
С,Нь, Isopentane 298.15 0.1370 101.33 OX 
СНО, Diethoxymethane 351.45 0.6107 98.61 Ox 
C,H5F Fluorobenzene 347.75 0.4666 101.25 Ox 
C,H, Benzene 345.03 0.3960 101.33 Ox 
CH, Cyclohexene 344.65 0.4271 101.40 OX 
СН, Cyclohexane 342.75 0.4050 101.33 Ox 
СН, Methylcyclopentane 336.45 0.2900 98.14 OX 
CH, Hexane 338.15 0.2900 112.66 OX 
С,Н,О Diisopropyl ether 340.00 0.2050 103.36 OX 
C,H,;N Diisopropylamine 352.94 0.4890 101.33 Ox 
C,H, Toluene 354.65 0.8370 101.33 Ox 
СН Methylcyclohexane 350.85 0.6530 101.33 OX 
CH, Heptane 349.55 0.6023 101.33 OX 
С,Н,О tert-Butyl isopropyl ether 349.95 0.5306 102.70 OX 
сын, Octane 354.63 0.8990 101.33 OX 
Са 2,2,4-Trimethylpentane 349.58 0.6350 101.30 OX 
СНО, 2-Methoxyethanol 
C,H, Styrene 393.95 0.7787 98.93 Ox 
сын, o-Xylene 392.65 0.7127 98.79 ох 
Сын» m-Xylene 392.15 0.6397 99.73 OX 
CH, p-Xylene 392.65 0.6303 99.99 OX 
CH, 1-Octene 380.75 0.4700 101.33 OX 
СұН, cis-4-Octene 381.25 0.4900 101.33 Ox 
Се trans-4-Octene 381.05 0.4900 101.33 Ox 
C,H,O, Dimethoxymethane 
С.Н, 1,3-Cyclopentadiene 313.65 0.3350 101.33 OX 
С.Н, 2-Methyl-1,3-butadiene 306.80 0.0160 101.33 Ox 
С Methylenecyclobutane 310.35 0.4630 101.33 OX 
C.H, 1-Methylcyclobutene 309.05 0.2900 101.33 OX 
С,Н,О, 1,2-Propanediol 
СНО; Di(propylene glycol) monomethyl ether 
(unspecified isomer) 456.85 0.5691 101.33 OX 
СН ,O; Di(propylene glycol) monoethyl ether 
(unspecified isomer 458.75 0.7778 101.33 OX 
С.Н,О, Di(propylene glycol) monoisopropyl ether 
(unspecified isomer 458.95 0.8130 101.33 OX 
C;H440, Di(propylene glycol) monopropyl ether 
(unspecified isomer 458.95 0.9010 101.33 OX 
Србу Оз Di(propylene glycol) monobutyl ether 
(unspecified isomer 459.65 0.9721 101.33 OX 
Србу Оз Di(propylene glycol) monoisobutyl ether 
(unspecified isomer 459.05 0.9255 101.33 OX 
С,Н,О, 1,3-Propanediol 
С,Н,О, Di(ethylene glycol) monomethyl ether 455.25 0.6300 101.33 OX 
وی‎ O; Di(ethylene glycol) monoethyl ether 459.25 0.9350 101.33 OX 
C,H, 1,3-Butadiene 
С.Н, 2-Butene (unspecified isomer) 267.59 0.7650 101.33 Ox 
C,H,O 2-Butenal 
C,H, Toluene 374.15 0.5950 97.86 Ox 
сын, Octane 353.15 0.4950 97.86 OX 
C,H,O, Vinyl acetate 
C¿H,, Cyclohexane 340.45 0.6200 101.33 Ox 
CH, Hexane 335.25 0.4450 101.33 OX 
C,H,O, 2,3-Butanedione 


C,H, Toluene 362.70 0.9513 101.34 Ox 


Azeotropic Data for Binary Mixtures 


Molecular formula 


Comp. 1 
C,H,0, 


C,H,O 


C,H,O 


C,H,O 


C,H,0, 


C,H40; 


C,H,0, 


C,H4,0; 
C,H,O, 
сња 


C,H,NO 


C,H, O 


Comp. 2 


CH, 
СУН 


Мате 
Acetic anhydride 
1-Octene 
Octane 
Butanal 
2-Methyl-1-pentene 
2-Butanone 
Ethyl acetate 
Benzene 
Cyclohexene 
1-Hexene 
Hexane 
Diisopropyl ether 
Dipropyl ether 
Methylcyclohexane 
Heptane 
Tetrahydrofuran 
2-Methyl-1-pentene 
Hexane 
Ethyl acetate 
2-Methyl-2-propanol 
Benzene 
Cyclohexene 
Cyclohexane 
1-Hexene 
Hexane 
Methylcyclohexane 
Butanoic acid 
Pyridine 
Butyl butanoate 
Butyl butanoate 


Undecane 
1,4-Dioxane 
2-Butanol 

Propyl acetate 
2-Methyl-2-butanol 
Cyclohexene 
Methylcyclopentane 
Triethylamine 
Heptane 
2-Ethoxy-2-methylbutane 
Propyl formate 
Benzene 

Methyl propanoate 
Methylcyclohexane 
1-Chlorobutane 
Cyclohexane 
N,N-Dimethylacetamide 
o-Xylene 
Ethylbenzene 
1-Butanol 

Pyridine 

Diethyl carbonate 
Chlorobenzene 
Cyclohexane 

Butyl acetate 
Isobutyl acetate 
Hexane 

Toluene 


тык 


367.53 
397.65 


334.15 


349.55 
351.53 
343.29 
334.75 
337.15 
340.55 
351.40 
350.50 
350.15 


334.65 
323.15 


349.75 
350.55 
347 45 
345.00 
333.15 
338.00 
349.90 


436.35 
434.60 
434.78 


435.55 


371.75 
373.35 
373.75 
355.75 
343.85 
343.15 
364.30 
369.15 


343.15 


352.45 


348.31 


416.95 
408.95 


392.00 
370.85 
388.25 
352.68 
389.97 
387.15 
341.35 
378.85 


Ул» 


0.2840 
0.3500 


0.2293 


0.1700 
0.4790 
0.5110 
0.1760 
0.3280 
0.1938 
0.7785 
0.7984 
0.7670 


0.2867 
0.5900 


0.7778 
0.9453 
0.6183 
0.5390 
0.1230 
0.3430 
0.9001 


0.9117 
0.6532 
0.8639 


0.9060 


0.4732 
0.6334 
0.8119 
0.1065 
0.0538 
0.2500 
0.4868 
0.5452 


0.3770 


0.8956 


0.5800 


0.0591 
0.0037 


0.7050 
0.6346 
0.6950 
0.0787 
0.7700 
0.5980 
0.0370 
0.3320 


Р,,/КРа 


53.88 
129.80 


101.48 


101.33 
101.33 

89.35 
100.58 
101.33 
101.56 
100.88 

98.93 
101.33 


101.29 
65.83 


101.28 
102.45 
100.87 
102.45 

9147 
101.32 
101.83 


101.33 
93.33 
93.33 


101.33 


100.77 
101.13 
99.62 
101.44 
99.79 
56.80 
101.06 
100.27 


76.08 


101.33 


95.85 


103.40 
101.70 


101.33 

53.20 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 


Туре 


OX 
OX 


OX 


OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 


OX 
OX 


OX 
OX 
OX 
OX 
OX 
OX 
OX 


ON 
OXD 
OND 


OX 


OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 


OX 


OX 


OX 


OX 
OX 


ON 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
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6-167 Azeotropic Data for Binary Mixtures 


Molecular formula 


Comp. 1 Comp. 2 Name Тук Уул: P,,/kPa Type 
С.Н, 3-Ethylcyclopentene 367.65 0.1900 101.33 OX 
CH, Heptane 366.55 0.2272 101.38 ОХ 
C,H, Styrene 388.71 0.8923 98.39 Ox 
С.Н, o-Xylene 388.05 0.8671 100.13 Ox 
С.Н, m-Xylene 387.75 0.7865 101.46 ох 
С.Н, p-Xylene 387.85 0.7823 99.73 OX 
С,Н,, 1-Octyne 386.50 0.6200 101.33 OX 
СУН 2-Octyne 398.30 0.7910 101.33 Ox 
С.Н, 1-Octene 363.45 0.4530 53.33 Ox 
С.Н, cis-4-Octene 382.35 0.5300 101.33 Ox 
С.Н; trans-4-Octene 382.15 0.5310 101.33 Ox 
С.Н, Octane 383.15 0.5500 102.79 OX 
С,Н,О Dibutyl ether 390.59 0.8754 101.33 OX 
CH, 1-Butylcyclopentene 356.70 0.8450 79.99 OX 
CH; 1-Nonyne 390.60 0.9400 101.33 Ox 
СУН» Мопапе 389.05 0.8128 101.33 OX 
C,H, O 2-Butanol 
С,Н,О 3-Pentanone 370.50 0.6075 99.98 OX 
CH, Cyclohexene 352.75 0.2046 101.25 Ox 
САН Cyclohexane 349.90 0.1892 101.02 OX 
СН Нехапе 348.15 0.1010 128.66 ОХ 
СНО 2-Methoxy-2-methylbutane 359.15 0.0991 102.12 OX 
СН Toluene 353.44 0.5550 56.67 OX 
СН; Heptane 361.95 0.4116 102.70 OX 
С,Н,О 2-Ethoxy-2-methylbutane 367.75 0.4931 102.89 OX 
CHo m-Xylene 369.85 0.9717 101.06 OX 
С.Н, р-Хујепе 369.55 0.9646 101.46 OX 
С,Н, Octane 371.05 0.8001 101.30 OX 
C,H, O Diethyl ether 
C;H,, Pentane 306.85 0.5500 101.33 OX 
C,H,,O 2-Methyl-1-propanol 
СНО, Isobutyl formate 370.90 0.1930 101.33 OX 
C,H, Benzene 352.45 0.0780 101.33 Ox 
CC Hio Cyclohexene 353.75 0.1363 100.31 Ox 
CH, Cyclohexane 351.35 0.1325 101.45 OX 
СН, Methylcyclopentane 343.15 0.0567 100.35 OX 
CH, Toluene 374.35 0.4941 101.33 OX 
CHo m-Xylene 380.35 0.9300 101.33 OX 
С.Н, р-Хујепе 380.30 0.9200 101.33 OX 
С.Н, Octane 376.58 0.6700 101.30 OX 
C,H, O 2-Methyl-2-propanol 
C;H, Methylenecyclobutane 314.65 0.0150 101.33 OX 
CHo Cyclohexene 346.00 0.4172 99.61 OX 
СН, Methylcyclopentane 339.35 0.2559 99.93 OX 
СН, 1-Нехепе 333.25 0.2650 101.30 OX 
CH, Hexane 337.70 0.2502 101.30 ох 
С,Н,О tert-Butyl ethyl ether 342.85 0.2512 101.44 OX 
С,Н,О Diisopropyl ether 340.45 0.1058 101.72 OX 
С,Н,О 2-Methoxy-2-methylbutane 353.20 0.5617 101.80 Ox 
C,H, Toluene 353.44 0.9200 93.61 Ox 
С,Н,О tert-Butyl isopropyl ether 350.90 0.5390 102.94 OX 
сын, Octane 343.15 0.9680 61.18 ох 
СН, 2,2,4-Trimethylpentane 339.28 0.6040 59.49 OX 
C,H4,0, 1,4-Butanediol 
СЬН»О 1-Pentadecanol 502.75 0.9980 101.33 Ox 
C,H4,0, 1,2-Dimethoxyethane 
СУН Methylcyclohexane 350.00 0.8190 79.42 Ox 


C,H,,0, 2-Ethoxyethanol 


Azeotropic Data for Binary Mixtures 


Molecular formula 


Comp. 1 


САН Оз 
C,H,,N 


C;H;N 


сн, 


сн, 


C;H, 


C;H, 


C.H, 


C;H,O 


С,Н,О, 


СН, 
сн 


С,Н,О 


С,Н,О 


С,Н,О 


СНО, 


Comp. 2 
CH, 
С.Н, 
СаНо 
С,Нь, 
СаНо 


Мате 
Styrene 
o-Xylene 
m-Xylene 
p-Xylene 
Ethylbenzene 
Di(ethylene glycol) 
1-Nonanol 
Butylamine 
Benzene 
Pyridine 
Toluene 
Heptane 
Nonane 
2-Methyl-1-buten-3-yne 
2-Methyl-1,3-butadiene 
2-Methyl-1-butene 
Isopentane 
1,3-Cyclopentadiene 
2-Methyl-2-butene 
Pentane 
2-Methyl-1,3-butadiene 
Pentane 
Tris(perfluoroethyl)amine 
3-Methyl-1-butyne 
Isopentane 
1-Pentyne 
2-Methyl-2-butene 
Pentane 
Cyclopentanone 
3-Methyl-1-butanol 
1-Pentanol 
Methyl methacrylate 
Heptane 
Octane 
2-Methyl-1-butene 
Tris(perfluoroethyl)amine 
2-Methyl-2-butene 
Tris(perfluoroethyl)amine 
3-Methyl-3-buten-1-ol 
Cyclohexane 
4,4-Dimethyl-1,3-dioxane 
Toluene 
Heptane 
2-Methyl-3-buten-2-ol 
Cyclohexane 
1-Hexene 
Toluene 
3-Pentanone 
Methylcyclohexane 
2-Ethoxy-2-methylbutane 
Propyl acetate 
Cyclohexane 
Methylcyclohexane 


Heptane 
2-Ethoxy-2-methylbutane 
Isopentane 
Tris(perfluoroethyl)amine 
2-Methyl-1-butanol 


тык 

405.75 
404.95 
401.75 
402.55 
401.05 


486.65 


343.15 


383.19 
368.61 
388.15 


305.88 
303.15 
299.35 


310.85 
307.75 


310.55 
303.35 


297.15 


310.95 
307.55 


402.02 
403.84 


366.35 
373.70 


301.95 


307.65 


352.65 
403.05 
381.55 
370.00 


350.15 
336.55 
366.55 


366.95 
371.15 


353.15 
368.40 


366.75 
370.95 


299.65 


ЈА 
0.6438 


0.5965 
0.5159 
0.5042 
0.4632 


0.0095 


0.7000 


0.2250 
0.3002 
0.9350 


0.7210 
0.3450 
0.3620 


0.3000 
0.1959 


0.7421 
0.8200 


0.5650 


0.3300 
0.3050 


0.5944 
0.9196 


0.4597 
0.9651 


0.8450 


0.8170 


0.0215 
0.7590 
0.2391 
0.2100 


0.1904 
0.0479 
0.7788 


0.4441 
0.4764 


0.0598 
0.4746 


0.4215 
0.6529 


0.9020 


P,,/kPa 
101.33 
101.36 
101.33 
102.19 
100.94. 


101.33 


80.89 


101.33 
101.33 
101.33 


101.33 
101.33 
101.33 


101.33 
101.30 


114.66 
101.33 


101.33 


101.33 
101.33 


101.33 
101.33 


99.94 
100.16 


101.33 


101.33 


101.10 
102.26 
101.60 
101.30 


101.20 
101.30 
101.20 


99.82 
100.21 


100.43 
100.90 


101.38 
100.03 


101.33 


Type 
OX 
OX 
OX 
OX 
OX 


OX 


OX 


OX 
OX 
OX 


OX 
OX 
OX 


OX 
OX 


OX 
EX 


OX 


OX 
OX 


OX 
OX 


OX 
OX 


OX 


OX 


OX 
OX 
OX 
OX 


OX 
OX 
OX 


OX 
OX 


OX 
OX 


OX 
OX 


OX 
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6-169 Azeotropic Data for Binary Mixtures 


Molecular formula 


Comp. 1 Comp. 2 Name T,,/K Уул: P,,/kPa Type 
C.H, o-Xylene 402.05 0.7417 101.87 ох 
С.Н, m-Xylene 400.65 0.6316 101.85 ох 
Сын» р-Хујепе 400.15 0.6273 101.07 OX 
СНо Ethylbenzene 398.75 0.5657 99.46 Ox 
СНО 3-Methyl-1-butanol 
С,Н,О Cyclohexanone 404.87 0.9094 101.33 ох 
CH, Toluene 383.15 0.1250 101.33 OX 
C,H,,0, Isopentyl acetate 403.95 0.9900 101.33 Ox 
CH, Heptane 368.15 0.1016 95.06 ох 
СНО 2-Methyl-2-butanol 
CH; Benzene 352.35 0.1500 101.33 OX 
СН» Cyclohexane 351.95 0.1100 101.33 OX 
CH; Methylcyclopentane 344.75 0.0551 101.80 OX 
CH, Hexane 339.06 0.0436 93.55 ох 
СУН Methylcyclohexane 366.60 0.3965 99.87 OX 
CH, Heptane 348.15 0.3140 56.83 OX 
CH, O 2-Ethoxy-2-methylbutane 369.85 0.3904 100.52 Ox 
СНО 1-Pentanol 
С,Н,О Cyclohexanone 392.37 0.9748 53.32 OX 
CHO, Isopentyl acetate 407.45 0.6000 101.33 OX 
CH, Heptane 37145 0.0576 101.33 OX 
сын, Octane 393.15 0.2847 101.33 OX 
C; Hy, Nonane 404.45 0.6242 101.33 OX 
Со» Ресапе 410.65 0.9221 101.33 ох 
С,Н,О 3-Pentanol 
с;н, Heptane 368.15 0.2001 98.62 ох 
СНО, Diethoxymethane 
С.Н, Сусіоһехапе 353.21 0.1774 101.39 ох 
CH, Hexane 361.27 0.9101 102.30 OX 
C.F, Hexafluorobenzene 
C,H, Benzene 353.60 0.7600 101.33 OND 
C,H, Benzene 352.50 0.1832 101.33 OXD 
СЕМ Tris(perfluoroethyl)amine 
СН, Benzene 329.95 0.5900 101.33 EX 
С.Н, Сусіоһехапе 329.35 0.5690 101.33 ЕХ 
CH, Hexane 327.65 0.4840 101.33 OX 
С,Н,Вг Bromobenzene 
C H,O Cyclohexanol 403.15 0.7390 52.45 ох 
C,H, Benzene 
СН» Cyclohexane 353.15 0.5460 109.18 ох 
СН, Methylcyclopentane 333.15 0.1390 69.93 OX 
CH, Hexane 341.45 0.0500 101.33 OX 
CH, Heptane 353.25 0.9922 101.32 ох 
СН, 2,2,4-Trimethylpentane 353.25 0.9751 101.32 Ox 
С,Н,О Phenol 
CHN Aniline 459.09 0.3884 101.33 ON 
CHN 2-Methylpyridine 458.33 0.7852 101.32 ON 
CHN 3-Methylpyridine 462.93 0.6918 101.32 ON 
CH,N Benzonitrile 465.11 0.2345 101.33 ON 
C;H,O Benzaldehyde 447.00 0.6001 73.00 ON 
C;H4N 2,6-Dimethylpyridine 459.32 0.7539 101.32 ON 
сын, Octane 398.17 0.0690 101.32 OX 
CH, Propylbenzene 428.15 0.1150 91.85 Ox 
CH, 1,2,3-Trimethylbenzene 443.45 0.3936 101.33 OX 
СН, 1,2,4-Trimethylbenzene 440.65 0.2409 101.33 OX 
СН, 1,3,5-Trimethylbenzene 436.95 0.1828 101.33 OX 
сын, 1-Мопепе 413.15 0.1297 86.57 OX 


сын, Мопапе 419.18 0.2180 101.32 OX 


Azeotropic Data for Binary Mixtures 


Molecular formula 


Comp. 1 


CH.N 


CH.N 


Comp. 2 Name 
СН 1,2,3,4- Tetrahydronaphthalene 
Срба Butylbenzene 
СН sec-Butylbenzene 
СН, tert-Butylbenzene 
СН, Diethylbenzene (unspecified isomer) 
СН o-Diethylbenzene 
СН, m-Diethylbenzene 
СЫҢ, 1-Ethyl-3,5-dimethylbenzene 
СН 2-Ethyl-1,4-dimethylbenzene 
СН Isobutylbenzene 
СН 1-Isopropyl-2-methylbenzene 
СН 1-Isopropyl-3-methylbenzene 
Срба 1-Isopropyl-4-methylbenzene 
Срба 1-Methyl-2-propylbenzene 
СН, 1-Methyl-3-propylbenzene 
СН 1-Methyl-4-propylbenzene 
СН 1,2,3,5- Tetramethylbenzene 
CioHi4 1,2,4,5-Tetramethylbenzene 
Срба trans-Decahydronaphthalene 
СН Decane 
СН 1-Butyl-2-methylbenzene 
СН 1-Butyl-3-methylbenzene 
С.Н 1-Butyl-4-methylbenzene 
СН» 1-Undecene 
Ci Ha; Dodecane 
Ci Ha, Tetradecane 

Aniline 
С,Н,О o-Cresol 
CH, 1,2,3-Trimethylbenzene 
СУН,» 1,2,4-Trimethylbenzene 
C,H, 1,3,5-Trimethylbenzene 
СУН» Мопапе 
СН Butylbenzene 
СН sec-Butylbenzene 
C, Hu tert-Butylbenzene 
СН o-Diethylbenzene 
СЫҢ, m-Diethylbenzene 
СН, p-Diethylbenzene 
СН 1-Ethyl-3,5-dimethylbenzene 
СН 2-Ethyl-1,4-dimethylbenzene 
СН Isobutylbenzene 
СЫҢ, 1-Isopropyl-2-methylbenzene 
Срба 1-Isopropyl-3-methylbenzene 
СЫҢ, 1-Isopropyl-4-methylbenzene 
СН 1-Methyl-2-propylbenzene 
СН 1-Methyl-3-propylbenzene 
СН 1-Methyl-4-propylbenzene 
СН 1,2,3,5- Tetramethylbenzene 
СН, 1,2,4,5-Tetramethylbenzene 
СН Decane 
СН 1-Butyl-2-methylbenzene 
С.Н 1-Butyl-3-methylbenzene 
С.Н 1-Butyl-4-methylbenzene 
С.Н, Undecane 
Ci Has Dodecane 
СЫН, Tridecane 
С.Н Tetradecane 


2-Methylpyridine 


ТК 

448.15 
447.05 
441.15 
439.95 
446.45 
447.15 


445.95 
447.95 
447.95 
441.75 
443.75 
443.05 
443.65 
447.75 
446.35 
447.15 
454.25 
453.36 
443.15 
434.15 
455.55 
454.15 
454.55 
443.15 
450.73 
452.48 


464.29 
444.65 
441.80 
437.68 
422.35 
448.65 
443.15 
438.25 
448.75 
447.45 
448.85 
449.65 
449.65 
442.75 
445.95 
444.15 
445.35 
449.45 
447.85 
448.75 
456.55 
455.36 
440.43 
458.15 
456.55 
457.05 
449.05 
453.52 
456.22 
457.05 


مهل 
0.9031 


0.5535 
0.3129 
0.2773 
0.4705 
0.5565 


0.5152 
0.5840 
0.5840 
0.3522 
0.4643 
0.4027 
0.4430 
0.5801 
0.5264 
0.5575 
0.7957 
0.7857 
0.5419 
0.4450 
0.8504 
0.8099 
0.8230 
0.6426 
0.7900 
0.9650 


0.0953 
0.3331 
0.1850 
0.1071 
0.1770 
0.4993 
0.3021 
0.2104 
0.5024 
0.4584 
0.5086 
0.5310 
0.5310 
0.2890 
0.4052 
0.3419 
0.3829 
0.5270 
0.4711 
0.5035 
0.7504 
0.7349 
0.4660 
0.8091 
0.7661 
0.7807 
0.6970 
0.8220 
0.9300 
0.9770 


Р,,/КРа 
84.25 
101.33 
101.33 
101.33 
101.33 
101.33 


101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 

99.85 
101.32 
101.33 
101.33 
101.33 

92.31 
101.32 
101.32 


101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
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Type 
OX 
OX 
OX 
OX 
OX 
OX 


OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 


ON 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
OX 
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Molecular formula 


Comp. 1 Comp. 2 Name T,,/K Уул: P,,/kPa Type 
С.Н, Octane 394.27 0.4610 101.33 OX 
C, Ha, Nonane 402.35 0.8790 101.33 ох 
C,H;N 3-Methylpyridine 
С,Н,О m-Cresol 477.01 0.1556 101.32 ON 
С-Н, 2,6-Dimethylpyridine 416.64 0.2940 101.33 OX 
C,H;N 4-Methylpyridine 
CH,O m-Cresol 477.74 0.1822 101.32 ON 
сым 2,6-Dimethylpyridine 417.08 0.2000 101.32 ох 
CH, O Methyldihydropyran (unspecified isomer) 
C,H, Toluene 381.85 0.0207 101.30 Ox 
С,Н,О 4-Methylenetetrahydropyran 
C-H; Toluene 381.15 0.5253 101.20 OX 
С,Н,О Cyclohexanol 
сын, o-Xylene 415.95 0.1426 101.33 ох 
Сын» m-Xylene 411.85 0.0503 101.33 OX 
CH, p-Xylene 410.95 0.0505 101.33 OX 
C, Has Nonane 410.20 0.3350 79.99 ох 
C,H,,0, Butyl acetate 
сын, 1-Octene 393.00 0.3030 101.33 ох 
C,H,,0, 4,4-Dimethyl-1,3-dioxane 
Сын» о-Хујепе 404.65 0.9662 101.30 OX 
CH, Octane 393.95 0.3343 101.20 OX 
C; Hy, Nonane 402.15 0.8864 101.30 OX 
Сан» Ресапе 405.35 0.9999 100.60 OX 
С,Н,О 1-Нехапо! 
сын, Octane 398.55 0.0886 101.33 ох 
сын, Nonane 416.95 0.3649 101.33 OX 
Сан» Decane 427.05 0.7123 101.33 OX 
C;H,,0, 2,2-Dimethoxybutane 
CH, Toluene 380.15 0.9180 101.44 OX 
С.Е,, Perfluoroheptane 
с;н, Heptane 328.16 0.6100 53.60 ох 
C;H;N Benzonitrile 
С,Н,О o-Cresol 468.91 0.5100 101.33 ON 
С,Н,О m-Cresol 476.10 0.1441 101.33 ON 
C;H,O p-Cresol 476.95 0.0898 101.33 ON 
C,H,,O 2,6-Xylenol 477.15 0.0807 101.33 ON 
С,Н,О 0-Cresol 
C,H,,N 2,4,6-Trimethylpyridine 470.35 0.6561 101.33 ON 
СН, sec-Butylbenzene 444.65 0.0938 101.33 OX 
СН Diethylbenzene (unspecified isomer) 453.10 0.2694 101.33 Ox 
СН 1,2,4,5- Tetramethylbenzene 462.37 0.6273 101.33 OX 
сын, Decane 433.15 0.3100 7871 OX 
CH, 1-Undecene 448.15 0.5516 83.07 OX 
СНА Undecane 433.15 0.5800 56.40 OX 
сын, Родесапе 458.15 0.8466 93.55 OX 
С,Н,О m-Cresol 
CHN 2,6-Dimethylpyridine 475.66 0.9869 101.32 ON 
C,H,N Quinoline 511.20 0.0356 101.33 ON 
C,H,, Nonane 413.15 0.0400 76.54 ох 
сын, Naphthalene 474.65 0.9680 101.33 OX 
СН 1,2,3,4- Tetrahydronaphthalene 468.45 0.5900 93.10 ох 
СН sec-Butylbenzene 445.85 0.0136 101.33 Ox 
СН Diethylbenzene (unspecified isomer) 454.10 0.1010 101.33 Ox 
СН 1,2,4,5- Tetramethylbenzene 466.87 0.3591 101.33 ох 
сын, Decane 433.15 0.2170 75.85 OX 
С,Н,О p-Cresol 


Сұң, Naphthalene 474.55 0.9414 101.33 OX 


Azeotropic Data for Binary Mixtures 


Molecular formula 


Comp. 1 


с.н,О 


C,H,N 


CHO; 


С,Н O 


СаНо 


С,Н,О 


С,Н,О 


С,Н,О 


С,Н,О 


С,Н,О 


С,Н,О 


С,Н,О 


С,Н,О 


Comp. 2 
СН 
СН 


СН» 


СН» 
С.Н 
СН 
Саб 


Мате 
sec-Butylbenzene 


Diethylbenzene (unspecified isomer) 


Benzyl alcohol 
Decane 
2-Methylaniline 
Decane 
Undecane 
Dodecane 
Tridecane 
Pentyl acetate 
Nonane 
1-Heptanol 
Nonane 
Decane 
Undecane 
o-Xylene 
Nonane 
2,6-Xylenol 
Quinoline 
Naphthalene 
1,2,4,5-Tetramethylbenzene 
2,3-Xylenol 
Quinoline 
Naphthalene 
2,4-Xylenol 
Quinoline 
Naphthalene 


1,2,4,5-Tetramethylbenzene 
2,5-Xylenol 

Quinoline 

Naphthalene 
1,2,4,5-Tetramethylbenzene 
3,4-Xylenol 

Isoquinoline 

Quinoline 

Naphthalene 
3-Methylisoquinoline 
2-Methylquinoline 
3-Methylquinoline 
7-Methylquinoline 
2,3-Dimethylquinoline 
3,5-Xylenol 

Isoquinoline 

Quinoline 

Naphthalene 
2-Methylquinoline 
2,3-Dimethylquinoline 
2-Ethylphenol 

Quinoline 

Naphthalene 
1,2,4,5-Tetramethylbenzene 
3-Ethylphenol 

Quinoline 

Naphthalene 
1,2,4,5-Tetramethylbenzene 
4-Ethylphenol 

Quinoline 

Naphthalene 


ТК 
446.05 
454.50 


445.75 


446.91 
46140 
468.90 
472.55 


419.20 


42345 
438.75 
447.85 


41740 


511.00 
475.70 
468.85 


513.30 
485.45 


512.30 
481.25 


474.05 


512.30 
481.25 
474.35 


519.75 
514.77 
490.95 
524.35 
521.17 
523.60 
525.85 
521.60 


518.05 
513.58 
489.33 
520.65 
520.70 


511.75 
478.35 
471.45 


512.70 
483.45 
475.95 


513.45 
486.10 


مهل 
0.0186 


0.1105 


0.2490 


0.1770 
0.4930 
0.7650 
0.9070 


0.5380 


0.1071 
0.4308 
0.8014 


0.8498 


0.0890 
0.9381 
0.3480 


0.2684 
0.4123 


0.1717 
0.6435 


0.1869 


0.1717 
0.6435 
0.1763 


0.2955 
0.3907 
0.1158 
0.0811 
0.1647 
0.1152 
0.0466 
0.2113 


0.1915 
0.3287 
0.2601 
0.0094 
0.0530 


0.1041 
0.8005 
0.3707 


0.2089 
0.5551 
0.1249 


0.2832 
0.3762 


Р,,/КРа 
101.33 
101.33 


101.33 


101.33 
101.33 
101.33 
101.33 


101.32 


101.33 
101.33 
101.33 


101.33 


101.33 
101.33 
101.33 


101.33 
101.33 


101.33 
101.33 


101.33 


101.33 
101.33 
101.33 


101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 
101.33 


101.33 
101.33 
101.33 
101.33 
101.33 


101.33 
101.33 
101.33 


101.33 
101.33 
101.33 


101.33 
101.33 


Туре 
ОХ 
ОХ 


ОХ 


ОХ 
ОХ 
ОХ 
ОХ 


ОХ 


ОХ 
ОХ 
ОХ 


ОХ 


ОМ 
ОХ 
ОХ 


ОМ 
ОХ 


ОМ 
ОХ 


ОХ 


ОМ 
ОХ 
ОХ 


ОМ 
ОМ 
ОХ 
ОМ 
ОМ 
ОМ 
ОМ 
ОМ 


ОМ 
ОМ 
ОХ 
ОМ 
ОМ 


ОМ 
ОХ 
ОХ 


ОМ 
ОХ 
ОХ 


ОМ 
ОХ 
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6-173 Azeotropic Data for Binary Mixtures 


Molecular formula 


Comp. 1 Comp. 2 Name ТК Уул: P,,/kPa Type 
C,H,,N 2,4-Dimethylaniline 

САНА Undecane 468.13 0.1490 101.33 OX 

СЫН» Родесапе 482.95 0.4520 101.33 OX 

CH Tridecane 488.43 0.7880 101.33 OX 

С.Н, Tetradecane 490.53 0.9840 101.33 OX 
С,Н,,О 1-Octanol 

СН» Ресапе 446.45 0.1029 101.33 OX 

САНА Undecane 460.05 0.4772 101.33 OX 

CH Dodecane 466.95 0.8836 101.33 OX 
C,H;N Isoquinoline 

САН, 2-Methylnaphthalene 513.90 0.2074 101.33 OX 
C;H;N Quinoline 

C,H,O 3-Isopropylphenol 514.70 0.6109 101.33 ON 

C,H,,0 2-Isopropylphenol 512.75 0.8015 101.33 ON 

СНО 2-Propylphenol 513.60 0.7243 101.33 ON 

C,H,,0 3-Propylphenol 514.70 0.6109 101.33 ON 

СНО 4-Propylphenol 515.35 0.5451 101.33 ON 

Санио 2-Butylphenol 515.70 0.5350 101.33 ON 

СНО 2-tert-Butylphenol 513.70 0.7299 101.33 ON 

СНО 3-tert-Butylphenol 517.05 0.4315 101.33 ON 

C, Hi O 4-Isobutylphenol 515.95 0.5061 101.33 ON 

СНО 2-sec-Butylphenol 514.70 0.6339 101.33 ОМ 

C, Hi O 4-sec-Butylphenol 516.45 0.4551 101.33 ON 

СиНь 2-Methylnaphthalene 511.05 0.9213 101.33 OX 

Cj H0 2-tert-Butyl-5-methylphenol 515.45 0.5854 101.33 ON 

С,Н,О 2-sec-Butyl-4-methylphenol 516.10 0.5139 101.33 ON 
CH; 1,2,3- Trimethylbenzene 

Сан» Decane 433.35 0.4010 72.54 OX 
CH; 1,2,4- Trimethylbenzene 

сын, Ресапе 433.35 0.8600 80.25 OX 
C,H,,0 2-Ethyl-4-methylphenol 

сын, Naphthalene 488.20 0.2218 101.33 OX 
СНО 2-Ethyl-5-methylphenol 

сың, Naphthalene 489.45 0.1710 101.33 OX 
СНО 2-Isopropylphenol 

сын, Naphthalene 483.15 0.5102 101.33 OX 

Colu 1,2,4,5-Tetramethylbenzene 476.25 0.1036 101.33 OX 
СНО 2,4,6- Trimethylphenol 

сың, Naphthalene 486.70 0.3161 101.33 OX 
CHO 1-Nonanol 

САНА Undecane 468.45 0.0925 101.33 OX 

CH Dodecane 480.65 0.5235 101.33 OX 
СНО 1-Decanol 


сын» Родесапе 489.25 0.1068 101.33 OX 


VISCOSITY OF GASES 


The following table gives the viscosity of some common gases 
as a function of temperature. Unless otherwise noted, the viscos- 
ity values refer to a pressure of 100 kPa (1 bar). The notation Р-0 
indicates the low pressure limiting value is given. The difference 


between the viscosity at 100 kPa and the limiting value is generally 
less than 1%. Viscosity is given in units of Pa s; note that 1 uPa s 
= 107 poise. Substances are listed in the modified Hill order (see 
Introduction). 


Viscosity in micropascal seconds (иРа s) 


100K 200K 300K 400K 500K 600K Ref. 
Air 71 13.3 18.6 23.1 27.1 30.8 1 

Аг Атвоп 8.0 15.9 22.9 28.8 34.2 39.0 2,8 
BF, Boron trifluoride 12.3 171 217 261 30.2 13 
ан Hydrogen chloride 14.6 19.7 24.3 13 
FS Sulfur hexafluoride (P=0) 15.3 19.8 23.9 27.7 10 
H, Hydrogen (P=0) 4.2 6.8 9.0 10.9 12.7 144 4 
D, Deuterium (P-0) 5.9 9.6 12.6 15.4 17.9 20.3 11 
H,O Water 10.0 13.3 17.3 214 6 
D,O Deuterium oxide 11.1 13.7 17.7 22.0 7 
Не Helium (Р=0) 9.7 15.3 20.0 24.4 28.4 323 8 
Kr Krypton (P-0) 8.8 17.1 25.6 33.1 39.8 45.9 8 
NO Nitric oxide 13.8 19.2 23.8 28.0 31.9 13 
N, Nitrogen (P-0) 12.9 17.9 22.2 26.1 29.6 12 
МО Nitrous oxide 10.0 15.0 19.4 23.6 274 13 
Ne Neon (P-0) 14.4 24.3 324 38.9 45.0 50.8 8 
О, Oxygen (Р=0) 7.5 14.6 20.8 26.1 30.8 35.1 12 
O,S Sulfur dioxide 8.6 12.9 17.5 217 13 
Хе Хепоп (Р=0) 8.3 15.4 23.2 30.7 37.6 44.0 8 
CO Carbon monoxide 6.7 12.9 17.8 22.1 25.8 29.1 13 

CO, Carbon dioxide 10.0 15.0 19.7 24.0 28.0 9,10 
CHCl, Chloroform 10.2 13.7 16.9 20.1 13 
CH, Methane 7.7 11.2 14.3 17.0 19.4 10 
CH,O Methanol 13.2 16.5 19.6 13 
CH, Acetylene 10.4 13.5 16.5 13 
CH, Ethylene 7.0 10.4 13.6 16.5 19.1 3 
CH, Ethane 6.4 9.5 12.3 14.9 17.3 5 
CHO Ethanol 1L6 145 170 13 
C,H, Propane 83 10.9 13.4 15.8 5 
CH, Butane 75 100 123 146 5 
CH, Isobutane 7.6 10.0 12.3 14.6 5 
C,H,,O Diethyl ether 7.6 10.1 12.4 13 
СН, Pentane 67 92 114 134 13 
СН, Нехапе 8.6 10.8 12.8 13 

References 7. N. Matsunaga and A. Nagashima, Transport properties of liquid and 
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Data Series on Materials Properties, Vol. V-1, Hemisphere Publishing 
Corp., New York, 1988. 


VISCOSITY OF LIQUIDS 


The absolute viscosity of some common liquids at temperatures 
between -25 and 100°С is given in this table. Values were derived 
by fitting experimental data to suitable expressions for the tem- 
perature dependence. The substances are arranged by molecular 
formula in the modified Hill order (see Preface). All values are 
given in units of millipascal seconds (mPa s); this unit is identical 
to centipoise (cp). 

Viscosity values correspond to a nominal pressure of 1 atmos- 
phere. If a value is given at a temperature above the normal boiling 
point, the applicable pressure is understood to be the vapor pres- 
sure of the liquid at that temperature. A few values are given at a 
temperature slightly below the normal freezing point; these refer 
to the supercooled liquid. 

The accuracy ranges from 1% in the best cases to 5 to 10% in the 
worst cases. Additional significant figures are included in the table 
to facilitate interpolation. 
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Viscosity in mPa s 


Molecular 

formula Name -25С 0С 
Compounds not containing carbon 
Br, Bromine 1.252 
CLHSi Trichlorosilane 0.415 
CLP Phosphorous trichloride 0.870 0.662 
CLSi Tetrachlorosilane 
H,O Water 1.793 
H,N, Hydrazine 
Hg Mercury 
NO, Nitrogen dioxide 0.532 
Compounds containing carbon 
CCLF Trichlorofluoromethane 0.740 0.539 
CCl, Tetrachloromethane 1.321 
CS, Carbon disulfide 0.429 
CHBr, Tribromomethane 
сна, Trichloromethane 0.988 0.706 
CHN Hydrogen cyanide 0.235 
CH,Br, Dibromomethane 1.948 1.320 
CHI, Dichloromethane 0.727 0.533 
CHO, Formic acid 
CH Iodomethane 0.594 
CH,NO Formamide 7.14 
CH,NO, Nitromethane 1.311 0.875 
CH,O Methanol 1.258 0.793 
CH,N Methylamine 0.319 0.231 
C,CLF, 1,1,2-Trichlorotrifluoro-ethane 1.465 0.945 
са, Tetrachloroethylene 1.114 
СНС, Trichloroethylene 0.703 
С,НСІ, Pentachloroethane 3.761 
С,НЕ,О, Trifluoroacetic acid 
сна, cis-1,2-Dichloroethylene 0.786 0.575 
СНА, trans-1,2-Dichloroethylene 0.522 0.398 
сна, 1,1,1,2-Tetrachloroethane 3.660 2.200 
С,Н,СЕ, 1-Chloro-1,1-difluoro-ethane 0.477 0.376 
снао Acetyl chloride 
С.Н. СЪ 1,1,1-Trichloroethane 1.847 1.161 
САМ Acetonitrile 0.400 
СНВ, 1,2-Dibromoethane 


25°C 50°C 75°С 100°С 
0.944 0.746 
0.326 
0.529 0.439 
99.4 96.2 
0.890 0.547 0.378 0.282 
0.876 0.628 0.480 0.384 
1.526 1.402 1.312 1.245 
0.402 
0.421 
0.908 0.656 0.494 
0.352 
1.857 1.367 1.029 
0.537 0.427 
0.183 
0.980 0.779 0.652 
0.413 
1.607 1.030 0.724 0.545 
0.469 
3.343 1.833 
0.630 0.481 0.383 0.317 
0.544 
0.656 0.481 
0.844 0.663 0.535 0.442 
0.545 0.444 0.376 
2.254 1.491 1.061 
0.808 0.571 
0.445 
0.317 0.261 
1.437 1.006 0.741 0.570 
0.368 0.294 
0.793 0.578 0.428 
0.369 0.284 0.234 
1.595 1.116 0.837 0.661 
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Molecular 
formula 

сна, 
сна, 
CHO, 
CHO, 
С,Н,Вг 
сна 
СНА 
СНО 
C,H,NO 
СНО 
C,H.OS 
C,H O, 
CHS 
С,Н 5 
сн 
С,Н,ХО 
С,Н,Вг 
сна 
снао 
сн, 
сңо 
СНО 
СНО 
C.H O, 
СНО 
CHO, 
С,Н Вг 
С,Н,Вг 
сна 
сна 
СНА 
СНА 
C.H.NO 
C,H,NO, 
C,H,O 
сңо 
C,H,O, 


2 


2 


Name 
1,1-Dichloroethane 
1,2-Dichloroethane 
Acetic acid 
Methyl formate 
Bromoethane 
Chloroethane 
Iodoethane 
N-Methylformamide 
Nitroethane 
Ethanol 
Dimethyl sulfoxide 
Ethylene glycol 
Dimethyl sulfide 
Ethanethiol 
Dimethylamine 
Ethanolamine 
3-Bromopropene 
3-Chloropropene 
Epichlorohydrin 
Propanenitrile 
Acetone 
Allyl alcohol 
Propanal 
Ethyl formate 
Methyl acetate 
Propanoic acid 
1-Bromopropane 
2-Bromopropane 
1-Chloropropane 
2-Chloropropane 
1-Iodopropane 
2-Iodopropane 
N,N-Dimethylformamide 
1-Nitropropane 
1-Propanol 
2-Propanol 
1,2-Propylene glycol 
Glycerol 
1-Propanethiol 
2-Propanethiol 
Propylamine 
Isopropylamine 
Furan 
Pyrrole 
Acetic anhydride 
Butanenitrile 
2-Butanone 
Tetrahydrofuran 
1,4-Dioxane 
Ethyl acetate 
Methyl propionate 
Propyl formate 
Butanoic acid 
2-Methylpropanoic acid 
Sulfolane 
Tetrahydrothiophene 
1-Bromobutane 
1-Chlorobutane 
Pyrrolidine 
N,N-Dimethylacetamide 


Viscosity in mPa s 


Viscosity of Liquids 


-25°C 


0.635 
0.416 


1.354 
3.262 


0.300 


2.492 


0.540 


1.851 
8.645 


0.661 


0.720 
0.849 


1.914 


0°С 


1.125 


0.424 
0.477 
0.319 
0.723 
2.549 
0.940 
1786 


0.356 
0.364 
0.232 


0.620 
0.408 
1.570 


0.395 


0.506 
0.477 
1.499 
0.645 
0.612 
0.436 
0.401 
0.970 
0.883 
1.176 
1.160 
3.815 
4.619 
248 


0.503 
0.477 


0.454 
0.475 
2.085 
1.241 


0.533 
0.605 


0.578 
0.581 
0.669 
2.215 
1.857 


0.815 
0.556 
1.071 


25°С 50°С 
0.464 0.362 
0.779 0.576 
1.056 0.786 
0.325 
0.374 
0.556 0.444 
1.678 1.155 
0.688 0.526 
1.074 0.694 
1.987 1.290 
16.1 6.554 
0.284 
0.287 
21.1 8.560 
0.471 0.373 
0.314 
1.073 0.781 
0.294 0.240 
0.306 0.247 
1.218 0.759 
0.321 0.249 
0.380 0.300 
0.364 0.284 
1.030 0.749 
0.489 0.387 
0.458 0.359 
0.334 
0.303 
0.703 0.541 
0.653 0.506 
0.794 0.624 
0.798 0.589 
1.945 1.107 
2.038 1.028 
40.4 11.3 
934 152 
0.385 
0.357 0.280 
0.376 
0.325 
0.361 
1.225 0.828 
0.843 0.614 
0.553 0.418 
0.405 0.315 
0.456 0.359 
1.177 0.787 
0.423 0.325 
0.431 0.333 
0.485 0.370 
1.426 0.982 
1.226 0.863 
6.280 
0.973 0.912 
0.606 0.471 
0.422 0.329 
0.704 0.512 
1.927 


75°С 


0.447 
0.599 


0.365 
0.824 
0.415 
0.476 


3.340 


3.935 


0.597 
0.202 


0.505 


0.569 


0.436 
0.407 


0.460 
0.685 
0.576 
4.770 
39.8 


0.612 
0.472 
0.330 
0.249 


0.569 
0.259 
0.266 
0.293 
0.714 
0.639 
3.818 


0.379 
0.261 


100°С 


0.464 


0.606 


0.337 


1.975 


1.998 


0.474 


0.449 


0.363 


0.374 


2.750 
14.8 


0.377 
0.268 


0.542 
0.492 
2.559 


Viscosity of Liquids 6-177 


Molecular Viscosity in mPa s 
formula Name -25°C 0°С 25°С 50°С 75°С 100°С 

CH,NO Morpholine 2.021 1.247 0.850 0.627 
CH, O 1-Butanol 12.19 5.185 2.544 1.394 0.833 0.533 
C,H,,O 2-Butanol 3.096 1.332 0.698 0.419 
C,H,O 2-Methyl-2-propanol 4.312 1.421 0.678 
C,H,O Diethyl ether 0.283 0.224 
CH,O, Diethylene glycol 30.200 11.130 4.917 2.505 
СН 5 Diethyl sulfide 0.558 0.422 0.331 0.267 
САМ Butylamine 0.830 0.574 0.409 0.298 
CH,N Isobutylamine 0.770 0.571 0.367 
C,H,,N Diethylamine 0.319 0.239 
C,H, NO, Diethanolamine 109.5 28.7 9.100 
C.H,O, Furfural 2.501 1.587 1.143 0.906 0.772 
сн Ругїйїпе 1.361 0.879 0.637 0.497 0.409 
CH, 1-Pentene 0.313 0.241 0.195 
C.H, 2-Methyl-2-butene 0.255 0.203 
Сн, Cyclopentane 0.555 0.413 0.321 
C,H,,O Mesityl oxide 1.291 0.838 0.602 0.465 0.381 0.326 
C.H O 2-Pentanone 0.641 0.470 0.362 0.289 0.238 
C.H, O 3-Pentanone 0.592 0.444 0.345 0.276 0.227 
C,H,,0, Butyl formate 0.937 0.644 0.472 0.362 0.289 
C.H, O, Propyl acetate 0.768 0.544 0.406 0.316 0.255 
C.H, O, Ethyl propanoate 0.691 0.501 0.380 0.299 0.242 
C,H O, Methyl butanoate 0.759 0.541 0.406 0.318 0.257 
C.H, O, Methyl isobutanoate 0.672 0.488 0.373 0.296 
C,H, N Piperidine 1.573 0.958 0.649 0.474 
CH, Pentane 0.351 0.274 0.224 
С.Н, Isopentane 0.376 0.277 0.214 
СНО 1-Pentanol 25.4 8.512 3.619 1.820 1.035 0.646 
C,H,,0 2-Pentanol 3.470 1.447 0.761 0.465 
C,H,,0 3-Pentanol 4.149 1.473 0.727 0.436 
СНО 2-Methyl-1-butanol 4.453 1.963 1.031 0.612 
СНО 3-Methyl-1-butanol 8.627 3.692 1.842 1.031 0.631 
C.H,,N Pentylamine 1.030 0.702 0.493 0.356 
CF, Hexafluorobenzene 2.789 1.730 1.151 
СНА, o-Dichlorobenzene 1.958 1.324 0.962 0.739 0.593 
сна, m-Dichlorobenzene 1.492 1.044 0.787 0.628 0.525 
C.H,Br Bromobenzene 1.560 1.074 0.798 0.627 0.512 
сна Chlorobenzene 1.703 1.058 0.753 0.575 0.456 0.369 
C,H.CIO o-Chlorophenol 3.589 1.835 1.131 0.786 
CH,ClO m-Chlorophenol 4.041 
СНЕ Fluorobenzene 0.749 0.550 0.423 0.338 
CHI Iodobenzene 2.354 1.554 1.117 0.854 0.683 
САО, Nitrobenzene 3.036 1.863 1.262 0.918 0.704 
CH, Benzene 0.604 0.436 0.335 
C,H.CIN o-Chloroaniline 3.316 1.913 1.248 0.887 
CHO Phenol 3.437 1784 1.099 
САМ Апшпе 3.847 2.029 1.247 0.850 
CHAN, Phenylhydrazine 13.0 4.553 1.850 0.848 
CH, Cyclohexene 0.882 0.625 0.467 0.364 
СНО Cyclohexanone 2.017 1.321 0.919 0.671 
CHIN Hexanenitrile 0.912 0.650 0.488 0.382 
Сн, Сусіоһехапе 0.894 0.615 0.447 
Сн, Methylcyclopentane 0.927 0.653 0.479 0.364 
CH, 1-Hexene 0.441 0.326 0.252 0.202 
C HO Cyclohexanol 57.5 12.3 4.274 1.982 
со 2-Нехапопе 1.300 0.840 0.583 0.429 0.329 0.262 
СНО 4-Methyl-2-pentanone 0.545 0.406 
CH,,0, Butyl acetate 1.002 0.685 0.500 0.383 0.305 
C H,0, Isobutyl acetate 0.676 0.493 0.370 0.286 


CH, о Ethyl butanoate 0.639 0.453 


6-178 Viscosity of Liquids 


Molecular Viscosity in mPa s 
formula Name -25°C 0°С 25°С 50°С 75°С 100°С 

C .H,.O, Diacetone alcohol 28.7 6.621 2.798 1.829 1.648 
CH,,0, Paraldehyde 1.079 0.692 0.485 0.362 
са,х Cyclohexylamine 1.944 1.169 0.782 0.565 
CH, Hexane 0.405 0.300 0.240 
СН, 2-Methylpentane 0.372 0.286 0.226 
CH, 3-Methylpentane 0.395 0.306 
С НО Dipropyl ether 0.542 0.396 0.304 0.242 
CHO 1-Hexanol 4.578 2.271 1.270 0.781 
C,H, N Triethylamine 0.455 0.347 0.273 0.221 
СМ Dipropylamine 0.751 0.517 0.377 0.288 0.228 
СМ Diisopropylamine 0.393 0.300 0.237 
С.Н, ХО, Triethanolamine 609 114 31.5 11.7 
C.H.N Benzonitrile 1.267 0.883 0.662 0.524 
сна o-Chlorotoluene 1.390 0.964 0.710 0.547 0.437 
сна m-Chlorotoluene 1.165 0.823 0.616 0.482 0.391 
сна p-Chlorotoluene 0.837 0.621 0.483 0.390 
C.H, Toluene 1.165 0.778 0.560 0.424 0.333 0.270 
сно o-Cresol 3.035 1.562 0.961 
СНО m-Cresol 12.9 4.417 2.093 1.207 
C.H,O Benzyl alcohol 5.474 2.760 1.618 1.055 
сно Anisole 1.056 0.747 0.554 0.427 
сн N-Methylaniline 4.120 2.042 1.222 0.825 0.606 
C. HN o-Methy] aniline 10.3 3.823 1.936 1.198 0.839 
САМ m-Methyl aniline 8.180 3.306 1.679 1.014 0.699 
C.H,N Benzylamine 1.624 1.080 0.769 0.577 
CH Methylcyclohexane 0.991 0.679 0.501 0.390 0.316 
CH, 1-Heptene 0.441 0.340 0.273 0.226 
СНО 2-Heptanone 0.714 0.407 0.297 
СНО, Heptanoic acid 3.840 2.282 1.488 1.041 
CH, Heptane 0.757 0.523 0.387 0.301 0.243 
CH, 3-Methylhexane 0.350 
СНО 1-Heptanol 5.810 2.603 1.389 0.849 
مې‎ 2-Heptanol 3.955 1.799 0.987 0.615 
с,н,О 3-Heptanol 1.957 0.976 0.584 
с,н,О 4-Heptanol 4.207 1.695 0.882 0.539 
сн Heptylamine 1.314 0.865 0.600 0.434 
C,H, Styrene 1.050 0.695 0.507 0.390 0.310 
C,H,O Acetophenone 1.681 0.634 
C,H,O, Methyl benzoate 1.857 
C,H,O, Methyl salicylate 1.102 0.815 
CH, Ethylbenzene 0.872 0.631 0.482 0.380 0.304 
CH, o-Xylene 1.084 0.760 0.561 0.432 0.345 
CH, m-Xylene 0.795 0.581 0.445 0.353 0.289 
CH, p-Xylene 0.603 0.457 0.359 0.290 
с,н,О Phenetole 1.197 0.817 0.594 0.453 
C,H,,N N,N-Dimethylaniline 1.996 1.300 0.911 0.675 0.523 
C,H,,N N-Ethylaniline 3.981 2.047 1.231 0.825 0.596 
сн, Ethylcyclohexane 1.139 0.784 0.579 
C.H, O, Octanoic acid 5.020 2.656 1.654. 1.147 
сн, Octane 0.700 0.508 0.385 0.302 0.243 
с,н,О 1-Octanol 7.288 3.232 1.681 0.991 
C,H,,O 4-Methyl-3-heptanol 1.904 1.085 0.702 0.497 0.375 
C,H,,O 5-Methyl-3-heptanol 2.052 1.178 0.762 0.536 0.401 
СНО 2-Ethyl-1-hexanol 20.7 6.271 2.631 1.360 0.810 
C,H,,O Dibutyl ether 1.417 0.918 0.637 0.466 0.356 0.281 
C,H,N Dibutylamine 1.509 0.918 0.619 0.449 0.345 
C,H,N Diisobutylamine 1.115 0.723 0.511 0.384 0.303 
C,H,N Quinoline 3.337 1.892 1.201 0.833 
СН Indane 2.230 1.357 0.931 0.692 0.545 


C.H Cumene 1.075 0.737 0.547 


Viscosity of Liquids 6-179 


Molecular Viscosity in mPa s 
formula Name -25°C orc 25°C 50°C 75°С 100°С 

C,H,,O Isophorone 4.201 2.329 1.415 0.923 0.638 
C,H,,O 5-Nonanone 1.199 0.834 0.619 0.484 
رل لل‎ Nonanoic acid 7.011 3.712 2.234 1.475 
СН» Мопапе 0.964 0.665 0.488 0.375 0.300 
C,H,O 1-Nonanol 9.123 4.032 

C,H,O, Dimethyl phthalate 63.2 144 5.309 2.824 1.980 
CH, Butylbenzene 0.950 0.683 0.515 

Сын, cis-Decahydronaphthalene 12.8 5.645 3.042 1.875 1271 0.924 
C,H, trans-Decahydronaphthalene 6.192 3.243 1.948 1.289 0.917 0.689 
С H, O, Decanoic acid 4.327 2.651 

C, H,, Decane 2.188 1277 0.838 0.598 0.453 0.359 
CHO 1-Decanol 10.9 4.590 

C, H,, Undecane 1.707 1.098 0.763 0.562 0.433 
СНО Diphenyl ether 2.130 1.407 1.023 
СЫН Dodecane 2277 1.383 0.930 0.673 0.514 
С.Н, Diphenylmethane 1.265 0.929 
СНА Tridecane 2.909 1.724 1.129 0.796 0.594 
С.Н, Tetradecane 2.128 1.376 0.953 0.697 
C, HO, Dibutyl phthalate 483 66.4 16.6 6.470 3.495 2.425 
C,H Hexadecane 3.032 1.879 1.260 0.899 


C.H Octadecane 2.487 1.609 1.132 


THERMAL CONDUCTIVITY OF GASES 


This table gives the thermal conductivity of several gases as a 
function of temperature. Unless otherwise noted, the values refer 
to a pressure of 100 kPa (1 bar) or to the saturation vapor pressure 
if that is less than 100 kPa. The notation P = 0 indicates the low 


pressure limiting value is given. In general, the P = 0 and P = 100 
kPa values differ by less than 196. Units are milliwatts per meter 
kelvin. Substances are listed in the modified Hill order. 


Thermal conductivity in mW/m K 


МЕ Мате 100К 200К 300K 400 K 500K 600 K Ref. 
Air 9.4 18.4 26.2 33.3 39.7 45.7 1 
Ar Argon 6.2 12.4 17.9 22.6 26.8 30.6 2,8 
BF, Boron trifluoride 19.0 24.6 11 
CIH Hydrogen chloride 9.2 14.5 19.5 24.0 28.1 11 
FS Sulfur hexafluoride (P = 0) 13.0 20.6 27.5 33.8 16 
H, Hydrogen (P = 0) 68.6 131.7 186.9 230.4 4 
H,O Water 18.7 27.1 35.7 47.1 6 
Deuterium oxide 27.0 36.5 47.6 7 
H,S Hydrogen sulfide 14.6 20.5 26.4 32.4 11 
нм Аттоша 244 37.4 51.6 66.8 11 
He Helium (P - 0) 75.5 119.3 156.7 190.6 222.3 252.4 8 
Кг Кгурїоп (Р = 0) 3.3 6.4 9.5 12.3 14.8 17.1 8 
МО Nitric oxide 17.8 25.9 33.1 39.6 46.2 11 
N, Nitrogen 9.8 18.7 26.0 32.3 38.3 44.0 12 
МО Nitrous oxide 9.8 17.4 26.0 34.1 41.8 11 
Ne Neon (P - 0) 22.3 37.6 49.8 60.3 69.9 78.7 8 
О, Oxygen 9.3 18.4 26.3 33.7 41.0 48.1 10 
O,S Sulfur dioxide 9.6 14.3 20.0 25.6 11 
Xe Xenon (P = 0) 2.0 3.6 5.5 7.3 8.9 10.4 8 
ССЂЕ, Dichlorodifluoromethane 9.9 15.0 20.1 25.2 13 
СЕ, Tetrafluoromethane (Р = 0) 16.0 241 32.2 39.9 16 
со Carbon monoxide (Р = 0) 25.0 32.3 39.2 45.7 14 
CO, Carbon dioxide 9.6 16.8 25.1 33.5 41.6 9 
CHCI, Trichloromethane 7.5 11.1 15.1 11 
CH, Methane 22.5 34.1 49.1 66.5 84.1 5,15 
СН,О Methanol 26.2 38.6 53.0 11 
CC, 1,2-Dichlorotetrafluoroethane 10.25 15.7 21.1 13 
C,CLF, 1,1,2-Trichlorotrifluoroethane 9.0 13.6 18.3 13 
C,H, Acetylene 21.4 33.3 45.4 56.8 11 
CH, Ethylene 11.1 20.5 34.6 49.9 68.6 3 
CH, Ethane 11.0 21.3 35.4 52.2 70.5 5 
CHO Ethanol 14.4 25.8 38.4 532 11 
C,H,O Acetone 11.5 20.2 30.6 42.7 11 
C,H, Propane 18.0 30.6 45.5 61.9 5 
CF, Perfluorocyclobutane 12.5 19.5 13 
CH, Butane 164 28.4 43.0 59.1 5 
Сн Isobutane 16.1 279 42.1 57.6 5 
C,H,O Diethyl ether 15.1 25.0 371 11 
CH, Pentane 14.4 24.9 37.8 52.7 11 
СН, Нехапе 23.4 35.4 487 11 
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THERMAL CONDUCTIVITY OF LIQUIDS 


This table gives the thermal conductivity of about 275 liquids at 
temperatures between -25 and 100°С. Values refer to nominal 
atmospheric pressure; when an entry is given for a temperature 
above the normal boiling point of the liquid, the pressure is 
understood to be the saturation vapor pressure at that tempera- 
ture. Reference 1 contains data on many of these liquids at high 
pressures. Data on halocarbon refrigerants over a wide range of 


temperature and pressure may be found in Reference 6. 
Values given to three decimal places (i.e., to 0.001 W/m К) have 
an uncertainty of 2% to 596. Values given to 0.0001 W/m K should 
be accurate to 1% or better. 
Substances are arranged by molecular formula in Hill order, 
except that compounds not containing carbon precede those that 


do contain carbon. 


References 


1. Vargaftik, N. B., Filippov, L. P., Tarzimanov, A. A. and Totskii, E. E., 
Handbook of Thermal Conductivity of Liquids and Gases, CRC Press, 


Boca Raton FL, 1994. 


2. Daubert, T. E., Danner, R. P, Sibul, Н. M., and Stebbins, C. C., Physi- 
cal and Thermodynamic Properties of Pure Compounds: Data Com- 
pilation, extant 1994 (core with four supplements), Taylor and 
Francis, Bristol, PA (also available as a database). 

. Watanabe, H., J. Chem. Eng. Data 48, 124, 2003. 

. Watanabe, H., and Seong, D. J., Int. / Thermophys. 23, 337, 2002. 

5. Nieto de Castro, C. A., Li, S. F. У., Nagashima, А., Trengove, В. D., 

and Wakeham, W. A., / Phys. Chem. Ref. Data 15, 1073, 1986. 

6. Krauss, R., and Stephan, К., / Phys. Chem. Ref. Data 18, 43, 1989. 

7. Assael, M. J., Ramires, M. L. V., Nieto de Castro, C. A., and Wake- 
ham, W. A., J. Phys. Chem. Ref. Data 19, 113, 1990. 

8. Ramires, M. L. V., Nieto de Castro, C. A., Nagasaka, Y., Nagashima, A., 
Assael, M. J., and Wakeham, W. A., / Phys. Chem. Ref. Data 24, 1377, 
1995. 

9. Ramires, M. L. V., Nieto de Castro, C. A., Perkins, R. A., Nagasaka, Y., 

Nagashima, A., Assael, M. J., and Wakeham, W. А., J. Phys. Chem. Ref. 

Data 29, 133, 2000. 

Marsh, K. N., Ed., Recommended Reference Materials for the Realiza- 

tion of Physicochemical Properties, Blackwell Scientific Publications, 

Oxford, 1987. 

11. Beaton, C. Е, and Hewitt, G. Е, Physical Property Data for the Design 

Engineer, Hemisphere Publishing Corp., New York, 1989. 


~ фо 
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Thermal conductivity in W/m К 


Molecular 

formula Name —25°C 
Cl,Ge Germanium(IV) chloride 0.111 
CLSi Tetrachlorosilane 
Cl,Sn Tin(IV) chloride 0.123 
ст Titanium(IV) chloride 
Н,О Water 
Hg Mercury 7.85 
CCLF Trichlorofluoromethane 0.102 
ССІ, Tetrachloromethane 
СНСІ, Trichloromethane 0.127 
CH,Br, Dibromomethane 0.120 
CH,Cl, Dichloromethane 0.158 
CH-L Diiodomethane 
CH,O, Formic acid 
CH,NO, Nitromethane 0.226 
CH,O Methanol 0.218 
CS; Carbon disulfide 
С,Вг,Е, 1,2-Dibromotetrafluoroethane 0.071 
C,CLF, 1,1,2-Trichloro-1,2,2-trifluoroethane 0.0847 
С.СІ, Tetrachloroethene 
C;CLFE, 1,1,2,2- Tetrachloro-1,2-difluoroethane 
С,НСІ, Trichloroethene 0.128 
C;H;CI, 1,1,2,2- Tetrachloroethane 0.124 
С,Н,С, 1,1,1-Trichloroethane 
СНМ Acetonitrile 0.208 
C;H,Br, 1,2-Dibromoethane 
C;H4CI, 1,2-Dichloroethane 0.144 
С.Н,О, Acetic acid 
СНО, Methyl formate 
С,Н,Вг Bromoethane 0.107 
сна Chloroethane 0.145 
С,Н4 Iodoethane 
C;H;NO N-Methylformamide 
C;H;NO, Nitroethane 
С,Н,О Ethanol 0.181 
C;H,0, 1,2-Ethanediol 
C;H;NO Ethanolamine 


0°С 25°С 50°С 75°С 100°С Ref. 
0.105 0.100 0.095 0.090 0.084 1 

0.099 0.096 2 
0.117 0.112 0.106 0.101 0.095 1 
0.143 0.138 0.134 0.129 0.124 1 
0.5562 0.6062 0.6423 0.6643 0.6729 8 
8.175 8.514 8.842 9.161 9.475 1 
0.096 0.089 0.083 0.076 0.070 1 
0.109 0.103 0.098 0.092 0.087 1 
0.122 0.117 0.112 0.107 0.102 2 
0.114 0.108 0.103 0.097 2 
0.149 0.140 0.133 0.128 0.127 1 

0.098 0.093 0.088 0.083 1 

0.267 0.265 0.263 0.261 1 
0.215 0.204 0.193 0.182 0.171 1 
0.210 0.202 0.195 0.189 0.182 1 
0.154 0.149 2 
0.066 0.061 0.057 0.053 0.049 1 
0.0790 0.0736 0.0683 6 
0.117 0.110 0.104 0.098 0.093 1 

0.082 0.078 0.074 0.069 1 
0.121 0.114 0.106 0.098 0.090 1 
0.118 0.111 0.104 0.098 0.091 1 
0.106 0.101 0.096 2 
0.198 0.188 0.178 0.168 2 

0.100 0.096 0.092 0.088 1 
0.139 0.133 0.128 0.122 0.117 1 

0.158 0.153 0.149 0.144 2 
0.194 0.187 1 
0.104 0.101 1 
0.132 0.119 0.106 0.093 2 
0.091 0.087 0.083 0.079 1 

0.203 0.201 0.199 0.196 2 

0.173 0.161 0.149 1 
0.174 0.167 0.160 0.153 0.148 1 
0.248 0.254 0.258 0.261 0.261 1 

0.240 0.238 0.236 1 


6-186 


6-187 Thermal Conductivity of Liquids 


Thermal conductivity in W/m K 


Molecular 

formula Name -25°C 0°С 25°С 50°С 75°С 1000C Ref. 
Сб Perfluoropropane 0.062 0.056 0.051 0.046 0.041 0.035 1 
ОМ Acrylonitrile 0.186 0.176 0.166 0.156 0.146 0.136 1 
C,H;CIO Epichlorohydrin 0.142 0.137 0.131 0.125 0.119 0.114 2 
C,H,O Allyl alcohol 0.162 1 
C,H,O Acetone 0.169 0.161 2 
C,H,O Methyloxirane 0.181 0.171 1 
C,H,O, Propanoic acid 0.147 0.144. 0.141 0.139 0.136 1 
С.Н,О, Ethyl formate 0.181 0.171 0.160 0.149 0.138 1 
СНО, Methyl acetate 0.174 0.164 0.153 0.143 0.133 0.122 2; 
С,Н,Вг 1-Вготоргорапе 0.108 0.104 0.099 0.094 1 
C,H;CI 1-Chloropropane 0.129 0.123 0.116 0.110 0.104 0.098 1 
С.НЯ 1-Iodopropane 0.096 0.092 0.087 0.083 0.078 0.074 1 
CHI 2-1одоргорапе 0.089 0.085 0.082 0.078 0.074 0.071 1 
С,Н,МО N,N-Dimethylformamide 0.183 0.175 0.167 0.159 1 
C;H;NO, 1-Миторгорапе 0.152 0.144. 0.137 1 
С.Н,О 1-Ргорапо! 0.162 0.158 0.154 0.149 0.145 0.141 2 
С.Н;О 2-Propanol 0.146 0.141 0.135 0.129 0.124 0.118 2 
СНО, 1,2-Propanediol 0.199 0.200 0.200 0.200 0.199 0.197 1 
С.Н,О, 2-Methoxyethanol 0.190 0.180 0.170 1 
С.Н,О, Glycerol 0.285 0.288 0.292 0.296 1 
СВМ Trimethylamine 0.143 0.133 2 
CF, Perfluorocyclobutane 0.082 0.072 0.063 0.053 0.044 0.034 1 
С,Н,О Furan 0.142 0.134 0.126 2 
C,H,S Thiophene 0.199 0.195 0.191 0.186 2 
C,H, 1,2-Butadiene 0.147 0.134 1 
C,H, 2-Butyne 0.137 0.129 0.121 2 
С.Н,О, Vinyl acetate 0.151 0.141 0.131 0.120 1 
C4H,0, Acetic anhydride 0.170 0.164 0.158 0.152 0.146 1 
С,Н,О Butanal 0.155 0.147 0.140 0.132 1 
С,Н,О 2-Butanone 0.158 0.151 0.145 0.139 0.133 2 
C,H,O Tetrahydrofuran 0.132 0.126 0.120 0.114 2 
С,Н,О, Propyl formate 0.151 0.144 0.137 0.130 1 
C,H,O, Ethyl acetate 0.151 0.144 0.136 1 
C,H,O, Methyl propanoate 0.141 0.137 1 
С.Н,О, 1,4-Dioxane 0.159 0.147 0.135 0.123 2 
C,H Br 1-Bromobutane 0.112 0.107 0.103 0.098 0.093 0.088 1 
СНА 1-Iodobutane 0.094 0.090 0.085 0.081 0.077 1 
C,H,NO N,N-Dimethylacetamide 0.175 0.172 0.168 1 
С,Н,О 1-Butanol 0.158 0.153 0.147 0.142 0.137 1 
С,Н,О 2-Methyl-2-propanol 0.112 0.110 0.109 0.108 1 
С,Н,О Diethyl ether 0.150 0.140 0.130 0.120 0.110 0.100 2 
CjH40, 2-Ethoxyethanol 0.190 0.182 0.174 0.165 1 
C;H;N Pyridine 0.171 0.166 0.162 0.157 0.153 1 
С.Н,О, Furfuryl alcohol 0.179 1 
С.Н, 2-Methyl-1,3-butadiene 0.141 0.130 0.119 1 
С.Н, 1-Решупе 0.144 0.136 0.127 0.119 1 
С.Н; Cyclopentene 0.143 0.136 0.129 2 
С.Н,О, Methyl methacrylate 0.156 0.147 0.137 0.127 0.117 1 
С.Н,О, 2,4-Pentanedione 0.154 0.150 0.146 0.143 1 
СНО N-Methyl-2-pyrrolidone 0.167 0.162 0.157 1 
CsHio 1-Pentene 0.131 0.124. 0.116 2 
СУН Cyclopentane 0.140 0.133 0.126 2 
С.Н ,O Pentanal 0.146 0.139 0.133 0.127 0.121 1 
С.Н,О 2-Pentanone 0.149 0.142 0.135 0.128 0.121 1 
С.Н,О 3-Решапопе 0.151 0.144 0.137 0.129 0.122 1 
C;H,,0, Pentanoic acid 0.140 0.137 0.133 0.130 1 
C;H,,0, Butyl formate 0.136 0.130 0.123 0.117 1 
C;H,,0, Propyl acetate 0.146 0.140 0.135 0.130 0.124 1 
С.Н,О, Ethyl propanoate 0.133 0.121 1 
С.Н,О, Methyl butanoate 0.140 1 
С.Н, Вг 1-Bromopentane 0.113 0.109 0.105 0.101 0.097 0.093 1 
сна 1-Chloropentane 0.125 0.120 0.115 0.109 1 


Thermal Conductivity of Liquids 


Molecular 
formula 

сн, 
С.Н, 
СН» 
СНО 
С.Н,О 
СНО, 
СНО; 
CF, 
CF, 
C,H,Cl, 
C,H;Cl, 
C,H,Cl, 
C,H,Cl, 
C,H,Cl, 
C,H;Br 
СНО 
С,Н.Ё 
сыны 
С,Н.ХО, 
C.H, 
C,H,CIN 
С,Н,О 
CHN 
С.Н, 
СН 
C,H,,O 
واي‎ 
СеН Оз 
СНО, 
CH, 
СН, 
СНО 
СНО 
C ,H,,O, 
C H,,O; 
C H,,O; 
С,Н,О, 
С,Н,О, 
СНО 
С,Н,,Вг 
сыны 
CH4 
СеНа 
CoA, 
СН, 
СН, 
СНО 
С,Н,О 
СНО; 
СНО; 
СНО; 
СН 
СЕ» 
C;HN 
C;H,0 
СІҢ; 
С,Н,О 
С,Н,О 
C;H,0 
C;H,0 
СВМ 
C;HN 


Name 
1-Iodopentane 
Pentane 
Isopentane 
1-Pentanol 
2-Methyl-2-butanol 
1,5-Pentanediol 
Diethylene glycol monomethyl ether 
Hexafluorobenzene 
Perfluorohexane 
1,2,3- Trichlorobenzene 
1,2,4- Trichlorobenzene 
o-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichlorobenzene 
Bromobenzene 
Chlorobenzene 
Fluorobenzene 
Iodobenzene 
Nitrobenzene 
Benzene 
2-Chloroaniline 
Phenol 
Aniline 
Hexanedinitrile 
Cyclohexene 
Cyclohexanone 
Mesityl oxide 
Ethyl acetoacetate 
Diethyl oxalate 
1-Hexene 
Cyclohexane 
2-Hexanone 
Cyclohexanol 
Hexanoic acid 
Butyl acetate 
Propyl propanoate 
Ethyl butanoate 
Methyl pentanoate 
Paraldehyde 
]-Bromohexane 
1-Iodohexane 
Hexane 
2-Methylpentane 
3-Methylpentane 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
1-Hexanol 
Dipropyl ether 
1,2-Diethoxyethane 
Diethylene glycol monoethyl ether 
Triethylene glycol 
Triethylamine 
Perfluoroheptane 
Benzonitrile 
Benzaldehyde 
Toluene 
o-Cresol 
m-Cresol 
Benzyl alcohol 
Anisole 
2-Methylaniline 
3-Methylaniline 


Thermal conductivity in W/m K 


—25°С 


0.130 


0.159 


0.119 
0.137 


0.106 


0.142 


0.170 


0.138 


0.115 


0.133 
0.120 
0.122 
0.108 
0.115 
0.161 


0.146 
0.068 


0.1455 


0°С 
0.096 
0.1207 


0.155 
0.119 
0.221 


0.067 


0.125 


0.120 


0.115 
0.132 


0.103 


0.175 


0.136 


0.163 


0.129 


0.156 


0.148 
0.143 


0.143 
0.143 


0.111 
0.098 
0.1250 
0.1127 
0.1142 
0.1006 
0.1076 
0.157 
0.137 


0.193 
0.139 
0.064 


0.1385 


25°С 


0.092 
0.1113 
0.111 
0.150 
0.116 
0.222 
0.190 


0.065 


0.112 
0.121 
0.116 


0.111 
0.127 
0.136 
0.101 
0.149 
0.1411 
0.148 


0.174 
0.130 
0.138 
0.156 
0.155 
0.157 
0.121 
0.123 
0.145 
0.138 
0.142 
0.136 


0.137 
0.138 
0.130 
0.108 
0.095 
0.1167 
0.1050 
0.1064 
0.0934 
0.1003 
0.152 
0.130 


0.195 
0.132 
0.060 
0.148 
0.153 
0.1310 


0.149 
0.159 
0.145 
0.162 
0.161 


50°С 


0.088 
0.1018 


0.145 
0.113 


0.185 
0.083 
0.064 
0.110 
0.109 
0.117 
0.113 
0.112 
0.107 
0.123 
0.131 
0.098 
0.145 
0.1329 


0.153 


0.168 
0.124 
0.134 
0.149 
0.152 


0.113 
0.117 
0.134 
0.134 
0.137 
0.130 
0.133 
0.131 
0.132 


0.104 
0.091 
0.1083 
0.0972 
0.0986 
0.0861 
0.0930 
0.147 
0.123 
0.140 
0.188 
0.196 
0.125 
0.056 
0.142 
0.148 
0.1235 


0.147 
0.158 
0.142 


75°С 


0.084 
0.0923 


0.141 
0.109 


0.180 


0.108 
0.106 
0.113 
0.109 
0.108 
0.103 
0.118 
0.126 
0.095 
0.142 
0.1247 


0.149 


0.118 
0.130 
0.142 
0.148 


0.111 
0.124 
0.130 
0.131 
0.123 


0.126 
0.127 


0.101 
0.088 
0.0999 
0.0894 
0.0909 
0.0788 
0.0857 
0.142 
0.117 
0.133 
0.184 
0.196 
0.118 
0.053 
0.136 
0.143 
0.1162 


0.145 
0.156 
0.139 


100°С 


0.081 
0.083 


0.136 
0.106 


0.175 


0.106 


0.109 


0.105 
0.099 
0.113 


0.092 
0.139 


0.147 


0.126 
0.134 
0.144 


0.115 
0.126 


0.116 


0.097 
0.084 
0.092 
0.082 
0.083 
0.072 
0.078 
0.137 


0.125 
0.180 
0.196 
0.111 


0.130 
0.139 
0.1095 


0.154 
0.136 


= 
8, 
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6-188 


6-189 Thermal Conductivity of Liquids 


Thermal conductivity in W/m K 


Molecular 

formula Name -25°C 0°С 25°С 50°С 75°С 1000C Ref. 
СНА 1-Heptene 0.139 0.132 0.125 0.118 0.111 1 
СН Сус1оһерїапе 0.123 0.118 0.112 0.108 1 
С,Н,О Heptanal 0.140 1 
СНО 3-Heptanone 0.143 0.137 0.131 0.125 0.119 1 
СНО 4-Heptanone 0.136 0.131 0.125 0.120 1 
СНО, Hexyl formate 0.141 0.133 0.126 0.119 1 
C,H,,0, Heptanoic acid 0.140 0.137 0.133 1 
C,H,,0, Pentyl acetate 0.141 0.134 0.126 0.120 0.113 1 
C,H,,0, Butyl propanoate 0.139 0.133 0.126 0.121 1 
C;H,40, Ethyl pentanoate 0.132 1 
СНАО, Methyl hexanoate 0.136 0.131 0.126 0.121 1 
C.H, Heptane 0.1378 01303 0.1228 01152 7 5 
СН, 2-Methylhexane 0.125 01177 01105 01033 00961 9 3 
СН, 3-Methylhexane 0.126 01184 01112 01040 0.09068 0.090 3 
СН, 3-Ethylpentane 0.128 0.1203 0.1128 0.1053 0.0978 0.090 3 
C.H, 2,2-Dimethylpentane 0.111 0.1046 0.0980 0.0913 0.0847 0.078 3 
СН, 6 2,3-Dimethylpentane 0.120 0.1127 01059 0.0990 0.0922 0.085 3 
СН, 2,4-Dimethylpentane 0.116 0.1089 0.1020 0.0951 0.0882 0.081 3 
СН, 3,3-Dimethylpentane 0.113 0.1068 0.1001 0.0934 0.0867 0 3 
СН, 2,2,3-Trimethylbutane 0.107 0.1011 0.0950 0.0889 0.0828 0.077 3 
СНО 1-Heptanol 0.160 0.158 0.153 0.149 0.144 0.139 1 
СЕ, Perfluorooctane 0.066 0.062 0.059 0.055 0.052 1 
СУН» Styrene 0.148 0.142 0.137 0.131 0.126 0.120 2 
C,H,0 Acetophenone 0.147 0.146 0.144 0.142 1 
C,H,0, Methyl benzoate 0.147 1 
СУН Ethylbenzene 0.143 0.137 0.130 0.123 0.116 0.110 1 
СУН о-Ху1епе 0.131 0.126 0.120 0.114 2 
СУН т-Ху1епе 0.130 0.124 0.118 0.113 2 
С.Н, p-Xylene 0.130 0.124 0.118 0.112 2 
С,Н,О Ethoxybenzene 0.151 0.145 0.140 0.135 0.130 1 
C,H,,0, 2-Phenoxyethanol 0.169 0.168 0.166 0.165 1 
САМ N-Ethylaniline 0.150 1 
C,H,,N N,N-Dimethylaniline 0.122 0.119 0.115 1 
С.Н, 1-Остепе 0.139 0.133 0.126 0.120 0.114 0.107 1 
СНО 2-Octanone 0.141 0.135 0.129 0.124 0.118 1 
СНО Heptyl formate 0.141 0.137 0.132 0.128 0.123 1 
СНО, Octanoic acid 0.146 0.143 0.139 0.135 1 
СНО, Hexyl acetate 0.135 0.129 0.123 0.118 1 
C,H,,0, Pentyl propanoate 0.138 0.132 1 
CsH, O, Ethyl hexanoate 0.142 0.137 0.133 0.128 0.123 1 
Сана 1-Chlorooctane 0.130 0.127 0.124 0.121 0.119 1 
СУН Octane 0.139 0.1317 01244 01171 01097 2 4 
СУН 2-Methylheptane 0.127 0.1206 01139 010722 01005 0.094 3 
СН, 3-Methylheptane 0.128 0.1216 0.1149 0.1081 0.1014 0.095 3 
СУН 2,2,4-Trimethylpentane 0.107 0.1007 0.0948 0.0888 0.0829 0.077 3 
СУН 2,3,4- Trimethylpentane 0.115 0.1093 0.1035 00976 0.0918 6 3 
СН ҺО Ethyl hexyl ether 0.131 0.126 0.120 0.114 0.109 1 
СНО 1-Octanol 0.162 0.158 0.153 0.148 0.143 1 
C,H,,0 Dibutyl ether 0.139 0.132 0.125 0.118 0.112 1 
C,H,,0; Diethylene glycol monobutyl ether 0.163 0.158 0.153 0.148 1 
СН О. Triethylene glycol dimethyl ether 0.169 0.158 0.147 1 
С,Н,,О, Tetraethylene glycol 0.191 0.192 1 
СВМ Quinoline 0.147 0.144 0.141 0.138 1 
СУН Indan 0.135 1 
СНО Ethyl benzoate 0.141 1 
СН, Propylbenzene 0.134 0.130 0.125 0.120 0.115 0.109 1 
С,Н,, Isopropylbenzene 0.132 0.128 0.123 0.118 0.112 0.107 1 
CH; 1,2,4- Trimethylbenzene 0.129 0.124 0.118 0.114 1 
СН, 1,3,5- Trimethylbenzene 0.143 0.139 0.134 0.129 0.123 0.117 1 
СН 1-Мопепе 0.136 0.130 0.123 0.116 0.110 0.104. 1 
C,H,,0, Nonanoic acid 0.150 0.146 0.142 0.138 1 
СНО, Heptyl acetate 0.135 0.128 0.122 0.116 1 


Thermal Conductivity of Liquids 


Molecular 
formula 


C,H,,Br 
СоН оС! 
C;HyI 
СУН» 
C;H40 
C, 9H;Br 
Соња 
СНО; 
С.Н, 

Hia‏ يی 
Ci Hj;‏ 
Ci Hj‏ 
C, Hia‏ 
C, Hi‏ 
Ci Hg‏ 
Ci Ho,‏ 
C, |H, O‏ 
СьН»О»‏ 
СНО‏ 
СНО‏ 
СН»‏ 
СНО‏ 
СНО‏ 
С,НьО,‏ 
С.Н‏ 
С.Н,‏ 
Спиро‏ 
و يي 
С.Н,,0,‏ 
С.Н,,0,‏ 
С.Н‏ 
СНО‏ 
С,Н,О‏ 
СНО;‏ 
СН,‏ 
СНз‏ 
C, H40;‏ 
C; H40;‏ 
СН‏ 
СНО‏ 
СНО;‏ 
СН‏ 
СН»‏ 
СН»‏ 
С.Н,‏ 
С.Н,»‏ 
СЫН» О‏ 
С,НьО,‏ 
C, Hs;‏ 
Ci; Hs;‏ 
СНО‏ 
Сун 0,‏ 
СНО;‏ 


Мате 
1-Вготопопапе 
1-СШогопопапе 
1-Iodononane 
Nonane 
1-Nonanol 
1-Bromonaphthalene 
1-Chloronaphthalene 
Dimethyl phthalate 
1,2,3,4-Tetrahydronaphthalene 
Butylbenzene 
sec-Butylbenzene, (+)- 
tert-Butylbenzene 
1-Isopropyl-4-methylbenzene 
o-Diethylbenzene 
trans-Decahydronaphthalene 
1-Decene 
Decanal 
Heptyl propanoate 
Hexyl butanoate 
Decanoic acid 
Decane 
1-Decanol 
Dipentyl ether 
1,2-Dibutoxyethane 
Pentylbenzene 
1-Undecene 
6-Undecanone 
Undecanoic acid 
Octyl propanoate 
Heptyl butanoate 
Undecane 
1-Undecanol 
Diphenyl ether 
Diethyl phthalate 
Cyclohexylbenzene 
Hexylbenzene 
Decyl acetate 
Octyl butanoate 
Dodecane 
1-Dodecanol 


Diethylene glycol dibutyl ether 


Tributylamine 
1-Tridecene 
Tridecane 
1-Tetradecene 
Tetradecane 
1-Tetradecanol 
Dibutyl phthalate 
Hexadecane 
Octadecane 
Butyl palmitate 
Butyl oleate 
Dioctyl hexanedioate 


Thermal conductivity in W/m K 


-25°C 


0.141 


0.132 


0.138 


0.142 


0°C 25°C 50°C 75°C 100°C 

0.116 0.112 0.109 0.106 0.103 

0.132 0.128 0.124 0.120 0.115 

0.105 0.102 0.099 0.095 0.092 

0.1337 0.1269 01201 0.1133 0.106 

0.164 0.159 0.155 0.150 0.145 
0.110 0.109 0.108 0.106 
0.126 


0.1473 0.1443 0.1409 0.1373 


0.131 0.129 0.128 0.126 
0.126 0.121 0.116 0.111 
0.129 0.124 0.119 0.114 0.108 
0.117 0.114 0.110 0.106 
0.127 0.122 0.117 0.112 0.107 
0.133 0.127 0.122 0.116 0.111 
0.113 
0.132 0.126 0.120 0.114 0.109 
0.149 0.144 0.139 0.134 0.129 
0.137 0.132 0.127 0.122 
0.137 0.132 0.127 0.121 
0.148 0.144 0.140 
0.1360 0.1296 0.1232 0.1167 0.110 
0.162 0.159 0.155 0.151 
0.131 0.125 0.121 0.116 
0.140 0.134 0.127 0.120 
0.135 0.130 0.125 0.120 0.115 
0.126 0.118 0.114 0.108 
0.137 0.132 0.127 
0.153 0.149 
0.135 0.130 0.125 0.120 
0.139 0.134 0.129 0.123 
0.136 0.128 0.122 0.116 
0.169 0.165 0.161 0.158 
0.139 0.135 0.131 
0.172 0.169 0.166 
0.121 0.119 0.117 
0.141 0.137 0.132 0.128 0.124 
0.146 0.136 0.126 
0.139 0.134 0.129 0.125 
0.135 0.130 0.124 0.119 
0.167 0.163 0.159 
0.150 0.146 0.143 0.139 0.135 
0.129 
0.130 0.125 0.120 0.115 
0.130 0.125 0.120 0.115 
0.136 0.131 0.126 0.121 
0.139 0.134 0.129 0.124 
0.167 0.162 0.157 
0.139 0.136 0.134 0.131 0.129 
0.140 0.135 0.130 0.125 
0.146 0.142 0.137 
0.151 0.148 0.144 0.140 
0.157 0.153 0.149 0.145 
0.157 0.153 0.149 0.145 


Ref. 


1 
1 
1 
4 
1 
1 
1 
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6-190 


DIFFUSION IN GASES 


This table gives binary diffusion coefficients D,, for a number mixtures of gases. Each gas pair is ordered alphabetically accord- 
of common gases as a function of temperature. Values refer to at- ing to the most common way of writing the formula. The listing of 
mospheric pressure. The diffusion coefficient is inversely propor- pairs then follows alphabetical order by the first constituent. 
tional to pressure as long as the gas is in a regime where binary 
collisions dominate. See Reference 1 for a discussion of the depen- 
dence of D,, on temperature and composition. 

The first part ofthe table gives data for several gases in the pres- 1. Marrero, T. R., and Mason, Е. A., J. Phys. Chem. Ref. Data, 1, 1, 1972. 
ence of a large excess of air. The remainder applies to equimolar 2. Kestin, J., et al., J. Phys. Chem. Ref. Data, 13, 229, 1984. 


References 


Р”,/ст? 57! for p = 101.325 kPa and the Specified T/K 


System 200 273.15 293.15 373.15 473.15 573.15 673.15 
Large Excess of Air 

Ar-air 0.167 0.189 0.289 0.437 0.612 0.810 
СН, -аіг 0.210 0.321 0.485 0.678 0.899 
СО-аіг 0.208 0.315 0.475 0.662 0.875 
CO,-air 0.160 0.252 0.390 0.549 0.728 
H,-air 0.668 0.756 1.153 1.747 2.444 3.238 
H,O-air 0.242 0.399 0.638 0.873 1.135 
He-air 0.617 0.697 1.057 1.594 2.221 2.933 
SF -air 0.150 0.233 0.329 0.438 
Equimolar Mixture 

Ar-CH, 0.306 0.467 0.657 0.876 
Ar-CO 0.168 0.190 0.290 0.439 0.615 0.815 
Ar-CO, 0.129 0.148 0.235 0.365 0.517 0.689 
Ar-H, 0.698 0.794 1.228 1.876 2.634 3.496 
Ar-He 0.381 0.645 0.726 1.088 1.617 2.226 2.911 
Ar-Kr 0.064 0.117 0.134 0.210 0.323 0.456 0.605 
Ar-N, 0.168 0.190 0.290 0.439 0.615 0.815 
Ar-Ne 0.160 0.277 0.313 0.475 0.710 0.979 1.283 
Ar-O, 0.166 0.187 0.285 0.430 0.600 0.793 
Аг-5Е, 0.128 0.202 0.290 0.389 
Ат-Хе 0.052 0.095 0.108 0.171 0.264 0.374 0.498 
CH,-H, 0.708 1.084 1.648 231 3.070 
СН,Не 0.650 0.992 1.502 2.101 2.784 
CH,-N, 0.208 0.317 0.480 0.671 0.890 
CH,-O, 0.220 0.341 0.523 0.736 0.978 
CH.SF, 0.167 0.257 0.363 0.482 
CO-CO, 0.162 0.250 0.384 

CO-H, 0.408 0.686 0.772 1.162 1.743 2.423 3.196 
CO-He 0.365 0.619 0.698 1.052 1.577 2.188 2.882 
CO-Kr 0.131 0.149 0.227 0.346 0.485 0.645 
CO-N, 0.133 0.208 0.231 0.336 0.491 0.673 0.878 
CO-O, 0.202 0.307 0.462 0.643 0.849 
CO-SF, 0.144 0.226 0.323 0.432 
CO,-C.H, 0.084 0.133 0.209 

CO,-H, 0.315 0.552 0.627 0.964 1.470 2.066 2.745 
CO,-H,O 0.162 0.292 0.496 0.741 1.021 
CO,-He 0.300 0.513 0.580 0.878 1.321 

CO,-N, 0.160 0.253 0.392 0.553 0.733 
CO,-N,O 0.055 0.099 0.113 0.177 0.276 

CO,-Ne 0.131 0.227 0.258 0.395 0.603 0.847 

СО,-О, 0.159 0.248 0.380 0.535 0.710 
СО,-5Е, 0.099 0.155 

D,-H, 0.631 1.079 1.219 1.846 2.778 3.866 5.103 
H,-He 0.775 1.320 1.490 2.255 3.394 4.726 6.242 
H,-Kr 0.340 0.601 0.682 1.053 1.607 2.258 2.999 
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6-192 


200 
0.408 
0.572 


0.330 


0.365 


0.563 


0.282 


0.131 
0.035 


0.111 


273.15 
0.686 
0.982 
0.692 


0.513 


0.559 
0.619 
0.948 
0.641 


0.478 
0.131 
0.228 
0.064 


0.107 
0.193 


293.15 


0.772 
1.109 
0.782 
0.412 
0.581 
0.242 
0.244 
0.629 
0.698 
1.066 
0.723 
0.400 
0.538 
0.149 
0.258 
0.073 
0.317 
0.202 


0.122 
0.219 
0.097 


373.15 


1.162 
1.684 
1.188 
0.649 
0.890 
0.399 
0.403 
0.942 
1.052 
1.592 
1.092 
0.592 
0.807 
0.227 
0.392 
0.116 
0.483 
0.307 
0.148 
0.188 
0.332 
0.154 


473.15 
1.743 
2.541 
1.792 
0.998 
1.349 


0.645 
1.404 
1.577 
2.362 
1.640 
0.871 
1.201 
0.346 
0.587 
0.181 
0.731 
0.462 
0.231 
0.287 
0.498 
0.238 


573.15 
2.423 
3.541 
2.497 
1.400 
1.885 


0.882 
1.942 
2.188 
3.254 
2.276 
1.190 
1.655 
0.485 
0.812 
0.257 
1.021 
0.643 
0.328 
0.404 
0.688 
0.334 


Diffusion in Gases 


673.15 
3.196 
4.677 
3.299 
1.851 
2.493 


1.147 
2.550 
2.882 
4.262 
2.996 
1.545 
2.168 
0.645 
1.063 
0.344 
1.351 
0.849 
0.436 
0.539 
0.901 
0.441 


DIFFUSION COEFFICIENTS IN LIQUIDS AT INFINITE DILUTION 


This table lists diffusion coefficients D,,, at infinite dilution for 
some binary liquid mixtures. Although values are given to two 
decimal places, measurements in the literature are often in poor 
agreement. Therefore most values in the table cannot be relied 
upon to better than 1096. 

Solvents are listed in alphabetical order, as are the solutes within 
each solvent group. 


Di 
Solute Solvent tC 105cm? s~! 

Acetic acid Acetone 25 3.31 
Benzoic acid Acetone 25 2.62 
Formic acid Acetone 25 3.77 
Nitrobenzene Acetone 20 2.94 
Tetrachloromethane Acetone 25 3.29 
Trichloromethane Acetone 25 3.64 
Water Acetone 25 4.56 
Acetic acid Benzene 25 2.09 
Aniline Benzene 25 1.96 
Benzoic acid Benzene 25 1.38 
Bromobenzene Benzene 8 1.45 
2-Butanone Benzene 30 2.09 
Chloroethylene Benzene 8 1.77 
Cyclohexane Benzene 25 2.25 
Ethanol Benzene 25 3.02 
Formic acid Benzene 25 2.28 
Heptane Benzene 25 1.78 
Methanol Benzene 25 3.80 
Toluene Benzene 25 1.85 
1,2,4-Trichlorobenzene Benzene 8 1.34 
Trichloromethane Benzene 25 2.26 
Adipic acid 1-Виїапо1 30 0.40 
Benzene 1-Butanol 25 1.00 
Biphenyl 1-Butanol 25 0.63 
Butyric acid 1-Butanol 30 0.51 
p-Dichlorobenzene 1-Butanol 25 0.82 
Methanol 1-Butanol 30 0.59 
Oleic acid 1-Butanol 30 0.25 
Propane 1-Butanol 25 1.57 
Water 1-Butanol 25 0.56 
Benzene Cyclohexane 25 1.4 
Tetrachloromethane Cyclohexane 25 1.49 
Toluene Cyclohexane 25 1.57 
Allyl alcohol Ethanol 20 0.98 
Benzene Ethanol 25 1.81 
Iodine Ethanol 25 1.32 
Iodobenzene Ethanol 20 1.00 
3-Methyl-1-butanol Ethanol 20 0.81 
Pyridine Ethanol 20 1.10 
Tetrachloromethane Ethanol 25 1.50 
Water Ethanol 25 1.24 
Acetic acid Ethyl acetate 20 2.18 
Acetone Ethyl acetate 20 3.18 
2-Butanone Ethyl acetate 30 2.93 
Ethyl benzoate Ethyl acetate 20 1.85 
Nitrobenzene Ethyl acetate 20 2.25 
Water Ethyl acetate 25 3.20 
Benzene Heptane 25 3.91 
Toluene Heptane 25 3.72 
Bromobenzene Hexane 8 2.60 
2-Butanone Hexane 30 3.74 
Dodecane Hexane 25 2.73 
Iodine Hexane 25 4.45 
Methane Hexane 25 0.09 
Propane Hexane 25 4.87 
Tetrachloromethane Hexane 25 3.70 
Toluene Hexane 25 4.21 
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Reference 


Landolt-Bórnstein, Numerical Data and Functional Relationships in 
Science and Technology, Sixth Edition, Vol. II/5a, Springer-Verlag, 


Heidelberg, 1969. 


Solute 
Acetone 
Benzene 
Cyclohexane 
Ethanol 
Iodine 
Trichloromethane 
Acetic acid 
Benzene 
Benzoic acid 
Cyclohexane 
Formic acid 
Water 
Acetone 
Benzene 
2-Butanone 
Butyl acetate 
Diethyl ether 
Ethanol 
Ethyl acetate 
Acetic acid 
Acetone 
Acetonitrile 
Alanine 
Allyl alcohol 
Aniline 
Arabinose 
Benzene 
1-Butanol 
Caprolactam 
Chloroethylene 
Cyclohexane 
Diethylamine 
Ethanol 
Ethanolamine 
Ethyl acetate 
Ethylbenzene 
Ethylene glycol 
Glucose 
Glycerol 
Glycine 
Lactose 
Maltose 
Mannitol 
Methane 
Methanol 
3-Methyl-1-butanol 
Methylcyclopentane 
Phenol 
1-Propanol 
Propene 
Pyridine 
Raffinose 
Sucrose 
Toluene 
Urea 
Urethane 


Solvent 
Tetrachloromethane 
Tetrachloromethane 
Tetrachloromethane 
Tetrachloromethane 
Tetrachloromethane 
Tetrachloromethane 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Trichloromethane 
Trichloromethane 
Trichloromethane 
Trichloromethane 
Trichloromethane 
Trichloromethane 
Trichloromethane 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 


tC 
25 


DA 
10-5 сп? 87! 

1.75 
1.42 
1.30 
1.90 
1.63 
1.66 
2.26 
2.54 
1.49 
2.42 
2.65 
6.19 
2.55 
2.89 
2.13 
1.71 
2.15 
2.20 
2.02 
1.29 
1.28 
1.26 
0.91 
0.90 
0.92 
0.69 
1.02 
0.56 
0.87 
1.34 
0.84 
0.97 
1.24 
1.08 
1.00 
0.81 
1.16 
0.67 
1.06 
1.05 
0.38 
0.38 
0.50 
1.49 
1.28 
0.69 
0.85 
0.89 
0.87 
1.44 
0.58 
0.33 
0.52 
0.85 
1.38 
0.80 


VAPOR PRESSURE OF SATURATED SALT SOLUTIONS 


This table gives the vapor pressure of water above saturated so- 
lutions of some common salts at ambient temperatures. Data on 
pure water are given on the last line for comparison. 

The references provide additional information on water activity, 


osmotic coefficient, and enthalpy of vaporization. 


Salt 
BaCl, 
Са(МО,), 
CuSO, 
FeSO, 
KBr 

KIO, 
K,CO, 
LiCl 
Mg(NO,), 
MnCl, 
NH,CI 
NH,NO, 
(NH,),SO, 
NaBr 
NaCl 
NaNO, 
NaNO, 
RbCl 
ZnSO, 
Water 


10°C 
0.971 
0.701 
1.113 
0.978 
0.953 
1.100 
0.541 
0.128 
0.726 
0.697 
0.971 
0.853 
0.901 
0.722 
0.921 
0.703 
0.884 
0.862 
0.945 
1.228 


15°C 
1.443 
1.015 
1.574 
1.516 
1.338 
1.564 
0.802 
0.193 
0.999 
1.064 
1.328 
1.152 
1.319 
1.004 
1.285 
0.994 
1.244 
1.215 
1.401 
1.706 


Apelblat, A., J. Chem. Thermodynamics, 24, 619, 1992. 
Apelblat, A., J. Chem. Thermodynamics, 25, 63, 1993. 
Apelblat, A., J. Chem. Thermodynamics, 25, 1513, 1993. 


References 


Apelblat, A. and Korin, E., J. Chem. Thermodynamics, 30, 59, 1998. 


1. 
22 
3. 
4. 
Vapor Pressure in kPa 
20°С 25°С 30°С 
2.073 2.887 3.903 
1.381 1.772 2.154 
2.189 2.996 4.037 
2.208 3.035 3.950 
1.853 2.533 3.419 
2.177 2.970 3.979 
1.134 1.536 1.997 
0.279 0.384 
1.339 1.749 2.231 
1.515 2.020 2.535 
1.836 2.481 
1.524 1.972 
1.871 2.573 3.439 
1.376 1.858 2.475 
1.768 2.401 3.218 
1.381 1.888 2.540 
1.719 2.335 3.121 
1.684 2.298 3.088 
1.986 2.698 3.523 
2.339 3.169 4.246 


35°С 
5.133 
2.487 
5.363 
4.884 
4.563 
5.236 
2.499 


2.782 
3.002 


4.474 
3.255 
4.262 
3.368 
4.109 
4.089 
4.431 
5.627 


40°С 
6.576 


6.778 
3.016 


3.397 


4.229 
5.581 
4.403 
5.333 
5.343 
5.382 
7.381 


Ref. 


PP A A A н> оо تام‎ м о не نم‎ ново о о = н 
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DIFFUSION OF GASES IN WATER 


This table gives values of the diffusion coefficient, D, for diffu- 
sion of several common gases in water at various temperatures. 
For simple one-dimensional transport, the diffusion coefficient 
describes the time-rate of change of concentration, dc/dt, through 
the equation 


dc/dt = D d?c/dx? 


where x is, for example, the perpendicular distance from a gas-liq- 
uid interface. The values below have been selected from the refer- 
ences indicated; in some cases data have been refitted to permit 
interpolation in temperature. 

Gas-liquid diffusion coefficients are difficult to measure, and 
large differences are found between values obtained by differ- 


ent authors and through different experimental methods. See 
References 1 and 2 for a discussion of measurement techniques. 


References 


1. Jáhne, B., Heinz, G., and Dietrich, W., J. Geophys. Res., 92, 10767, 
1987. 

. Himmelblau, D. M., Chem. Rev., 64, 527, 1964. 

Boerboom, A. J. H., and Kleyn, G., J. Chem. Phys., 50, 1086, 1969. 

. O’Brien, В. N., and Hyslop, W. Е, Can. J. Chem., 55, 1415, 1977. 

Maharajh, D. M., and Walkley, J., Can. J. Chem., 51, 944, 1973. 

Landolt-Bórnstein, Numerical Data and Functional Relationships in 

Science and Technology, Sixth Edition, Ш5а, Transport Phenomena I 

(Viscosity and Diffusion), Springer-Verlag, Heidelberg, 1969. 


ونو د د 


1/10 cm? 8"! 


10'С 15°С 20°С 
Аг 
CHCLF 
CH,Br 
сна 
CH, 1.24 1.43 1.62 
CO, 1.26 1.45 1.67 
CH, 1.43 1.59 1.78 
Cl, 1.13 15 
HBr 
HCl 
H, 3.62 4.08 4.58 
H,S 
He 5.67 6.18 6.71 
Kr 1.20 1.39 1.60 
NH, 1.3 1.5 
NO, 1.23 
N, 
МО 1.62 2.11 
Ме 2.93 3.27 3.64 
O, 1.67 2.01 
Rn 0.81 0.96 1.13 
so, 1.62 
Xe 0.93 1.08 1.27 


25°C 30'С 35'C Ref. 
2.5 3,4 
1.80 5 
1.35 5 
1.40 5 
1.84 2.08 2.35 1 
1.91 2.17 2.47 1 
1.99 2.23 2 
1.89 2,6 
3.15 6 
3.07 
5.11 5.69 6.31 1 
1.36 2,6 
7.28 7.87 8.48 13 
1.84 2.11 2.40 13 
2 
14 1.59 2,6 
2.0 2 
2.57 2,6 
4.03 4.45 4.89 13 
2.42 2,6 
1.33 1.55 1.80 1 
1.83 2.07 2.32 2 
147 1.70 1.95 13 
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PROPERTIES OF ICE AND SUPERCOOLED WATER 


The common form of ice at ambient temperature and pressure 
is hexagonal ice, designated as ice I, (see phase diagram in Section 
12). The data given here refer to that form. Data have been tak- 
en from the references indicated; values have been interpolated 
and smoothed in some cases. All properties are sensitive to the 
method of preparation of the sample, since air or other gases are 
sometimes occluded. For this reason there is often disagreement 
among values found in the literature. 


Density of ice І, and supercooled water іп g cm ° 


р (supercooled 


tC р (ice) water) 
0 0.9167 0.9998 
-10 0.9187 0.9982 
-20 0.9203 0.9935 
-30 0.9216 0.9839 
-40 0.9228 
-50 0.9240 
-60 0.9252 
-80 0.9274 
-100 0.9292 
-120 0.9305 
-140 0.9314 
-160 0.9331 
-180 0.9340 
Ref. 1 8 
°С «/105*C7 — x/105 MPa" 
0 159 13.0 
-10 155 12.8 
-20 149 12.7 
-30 143 12.5 
-40 137 12.4 
-50 130 122 
-60 122 121 
-80 105 119 
-100 85 11.6 
-120 77 114 
-140 60 113 
-160 45 112 
-180 30 11.1 
—200 11.0 
—220 10.9 
—240 10.9 
—250 10.9 
Ref. 1,2,3,5 15 
References 


1. Eisenberg, D., and Kauzmann, W., The Structure and Properties of 
Water, Oxford University Press, Oxford, 1969. 

2. Landolt-Bórnstein, Numerical Data and Functional Relationships in 
Science and Technology, New Series, V /1b, Springer-Verlag, Heidelberg, 
1982. 

3. LaPlaca, S., and Post, B., Acta Cryst., 13, 503, 1960. [Thermal expan- 
sion of lattice] 

4. Brill, R., and Tippe, A., Acta Cryst., 23, 343, 1967. [Thermal expansion 
of lattice] 


Density values (except at 0°С) and the thermal expansion coeffi- 
cient were calculated from the temperature variation in the crystal 
lattice constants of ice (see Ref. 1). The thermal expansion coef- 
ficient appears to become negative around —200°C, but there is 
considerable scatter in the data. 


Phase transition properties: 


۸ H(0°C) = 333.6 J/g (Ref. 2) 
А H(0*C) = 2838 J/g (Ref. 2) 


Other properties of ice I,: 


а; cubic thermal expansion coefficient, a, = -(1/V)(0V/ ді), 
к: adiabatic compressibility, к = —(1/V)( dV/dp), 
£: relative permittivity (dielectric constant) 
К: thermal conductivity 
c: specific heat capacity at constant pressure 
Р 


£ k'Wem"'C! се! °С 
91.6 0.0214 2.11 
94.4 0.023 2.03 
97.5 0.024 1.96 
99.7 0.025 1.88 
101.9 0.026 1.80 
106.9 0.028 1.72 
119.5 0.030 1.65 
0.033 1.50 
0.037 1.36 
0.042 1.23 
0.049 1.10 
0.057 0.97 
0.070 0.83 
0.087 0.67 
0.118 0.50 
0.20 0.29 
0.32 0.17 
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5. Leadbetter, A. J., Proc. Roy. Soc. A 287, 403, 1965. [Compressibility 
and thermal expansion] 

6. Auty, R. P., and Cole, R. H., J. Chem. Phys., 20, 1309, 1952. [Dielectric 
constant] 

7. Slack, С. A., Phys. Rev. B, 22, 3065, 1980. [Thermal conductivity] 

8. Hare, D. E., and Sorensen, C. M., J. Chem. Phys., 87, 4840, 1987. 
[Supercooled water] 

9. Hobbs, P. V., Ice Physics, Clarendon Press, Oxford, 1974. 
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PROPERTIES OF LIQUID HELIUM 


The following data were obtained by a critical evaluation of all ex- 
isting experimental measurements on liquid helium, using a fitting 
procedure described in the reference. АП values refer to liquid he- 
lium at saturated vapor pressure; temperatures are оп ће ITS-90 
scale. Several properties show a singularity at the lambda point 
(2.1768 K). 


р: vapor pressure 

р: density 

C,: molar heat capacity 

A H: molar enthalpy of vaporization 


TIK р/КРа p/gcm? СЛ ток“ A H/J mol! 


vap 


0.0 0.1451397 0 59.83 
0.5 0.1451377 0.010 70.24 
1.0 0.01558 0.1451183 0.415 80.33 
1.5 0.4715 0.1451646 4.468 89.35 
2.0 3.130 0.1456217 21.28 93.07 
2.5 10.23 0.1448402 9.083 92.50 
3.0 24.05 0.1412269 9.944 94.11 
3.5 47.05 0.1360736 12.37 92.84 
4.0 81.62 0.1289745 15.96 87.00 
4.5 130.3 0.1188552 21.8 75.86 
5.0 196.0 44.7 47.67 
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: relative permittivity (dielectric constant) 
: surface tension 

: coefficient of linear expansion 

: viscosity 

: thermal conductivity 


ызаа م‎ 


Reference 


Donnelly, В. J., and Barenghi, C. F., J. Phys. Chem. Reference Data, 27, 1217, 
1998. 


£ с Лиш 10%/К! myuPas ХМ сток“ 
1.057255 0.000 
1.057254 0.3530 0.107 
1.057246 0.3471 0.309 3.873 
1.057265 0.3322 -2.36 1.346 
1.057449 0.3021 -12.2 1.468 
1.057135 0.2623 39.4 3.259 0.1497 
1.055683 0.2161 61.5 3.517 0.1717 
1.053615 0.1626 88.7 3.509 0.1868 
1.050770 0.1095 129 3.319 0.1965 
1.046725 0.0609 211 

0.0157 


SURFACE TENSION OF AQUEOUS MIXTURES 


The composition dependence of the surface tension of binary References 
mixtures of several compounds with water is given in this table. 
The data are tabulated as a function of the mass percent of the 1. Vazquez, G., Alvarez, E., and Navaza, J. М, J. Chem. Eng. Data, 40, 
non-aqueous component. Data for methanol, ethanol, 1-propanol, 611, 1995. 


: 2 2. Landolt-Bórnstein, Numerical Data and Functional Relationships in 
and 2-propanol are taken from Reference 1, which also gives val- | 5 : : 
Science and Technology, New Series, [У 116, Surface Tension, Springer- 
ues at other temperatures. 


Verlag, Heidelberg, 1997. 


Surface Tension in mN/m for the Specified Mass 96 


Compound tC 096 1096 2096 3096 4096 5096 6096 7096 8096 9096 10096 
Acetic acid 30 71.2 514 43.3 412 38.2 37.4 36.1 33.5 31.5 30.2 26.3 
Acetone 25 72.0 44.9 40.5 36.7 33.0 30.1 29.4 29.4 27.6 24.5 23.1 
Acetonitrile 20 72.8 48.5 40.2 34.1 31.6 30.6 30.0 29.6 29.1 28.7 28.4. 
1,2-Butanediol 25 72.0 66.1 60.4. 55.1 50.1 45.6 43.3 41.9 40.8 39.2 35.8 
1,3-Butanediol 30 71.2 58.1 51.6 48.7 45.8 43.9 42.4 41.2 40.0 39.0 37.0 
1,4-Butanediol 30 71.2 61.2 56.9 54.2 52.0 50.7 49.5 47.9 46.6 45.2 43.8 
Butanoic acid 30 71.2 42.4 37.5 35.5 34.8 32.2 30.8 29.2 27.4. 26.3 25.5 
2-Butanone 20 72.8 41.6 32.2 25.2 24.6 
y-Butyrolactone 30 71.2 64 58 53 50 48 46 45 44 42.8 427 
Chloroacetic acid 25 72.0 59.8 53.6 51.3 49.7 48.3 47.5 46.1 
Diethanolamine 25 72.0 66.8 63.2 60.7 58.8 57.2 55.7 54.3 52.7 50.6 47.2 
N,N-Dimethylacetamide 25 72.0 72.0 72.0 72.4 73.5 74.9 75.4 73.0 65.7 54.7 36.4 
N,N-Dimethylformamide 25 72.0 65.4 59.2 53.8 49.6 47.3 46.9 449 42.3 38.4 35.2 
1,4-Dioxane 25 72.0 41.2 39.6 37.9 36.2 34.5 33.7 
Ethanol 25 72.01 47.53 37.97 32.98 30.16 27.96 26.23 25.01 23.82 22.72 21.82 
Ethylene glycol 20 72.8 68.5 64.9 61.9 57.0 482 
Formic acid 20 72.8 66 60 55.7 522 50.3 48.8 47.1 44.7 40.9 38.0 
Glycerol 25 72.0 70.5 69.5 68.5 67.9 67.4 66.9 66.5 65.7 64.5 62.5 
Methanol 25 72.01 56.18 47.21 41.09 36.51 32.86 29.83 27.48 25.54 23.93 22.51 
Morpholine 20 72.8 65.1 60.7 58.9 56.7 53.0 49.6 47.0 43.7 41.8 38.7 
Nitric acid 20 72.8 71.9 70.7 68.9 66.6 63.8 60.6 56.8 52.6 47.9 42.6 
Propanoic acid 30 71.2 46.6 42.2 37.7 35.6 33.1 31.7 30.2 28.2 27.4 25.8 
1-Propanol 25 72.01 34.32 27.84 25.98 25.26 24.80 24.49 24.08 23.86 23.59 23.28 
2-Propanol 25 72.01 40.42 30.57 26.82 25.27 24.26 23.51 22.68 22.14 21.69 21.22 
1,2-Propylene glycol 30 71.2 60.5 54.9 50.7 47.2 44.5 41.5 38.6 37.6 36.3 35.5 
1,3-Propylene glycol 30 71.2 62.6 58.8 55.7 53.8 52.8 51.7 50.8 49.6 48.2 47.0 
Pyridine 25 72.0 52.8 512 48.0 46.8 46.6 45.8 45.0 43.6 40.9 37.0 
Sulfolane 20 72.8 62.5 61.6 59.6 57.1 54.9 50.9 
Sulfuric acid 50 67.9 73.5 75.1 73.6 712 68.0 64.1 60.0 56.4 53.6 51.7 
Trichloroacetaldehyde 25 72.0 56.7 51.0 46.7 44.1 43.0 42.5 41.5 38.9 34.7 29.4 
Trichloroacetic acid 25 72.0 55.8 46.5 42.8 41.6 40.6 39.4 38.3 37.4 36.5 
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VISCOSITY OF CARBON DIOXIDE ALONG THE SATURATION LINE 


The table below gives the viscosity of gas and liquid CO, along References 
the liquid—vapor saturation line. 
1. Fenghour, A., Wakeham, W. A., and Vesovic, V., J. Phys. Chem. Ref. 
Data, 27, 31, 1998. 
2. Angus, S., et al, International Tables for the Fluid State: Carbon 
Dioxide, Pergamon Press, Oxford, 1976. 


Gas Liquid 
TIK Р/КРа n/uPa s n/uPa 8 
205 227 10.33 
210 327 10.60 
215 465 10.87 
220 600 11.13 241.68 
225 735 11.41 221.72 
230 894. 11.69 203.75 
235 1075 11.98 187.48 
240 1283 12.27 172.67 
245 1519 12.58 159.13 
250 1786 12.90 146.69 
255 2085 13.24 135.20 
260 2419 13.61 124.30 
265 2790 14.02 114.63 
270 3203 1447 105.21 
275 3658 14.99 96.44 
280 4160 15.61 87.89 
285 4712 16.37 79.64 
290 5315 17.36 71.47 
295 5984 18.79 63.01 
300 6710 21.29 53.33 
302 6997 23.52 48.30 
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PERMITTIVITY (DIELECTRIC CONSTANT) OF WATER AS A 
FUNCTION OF TEMPERATURE AND PRESSURE 


The following table summarizes the relative permittivity (static Temperatures are given on the ITS-90 scale. Liquid-vapor 
dielectric constant) of liquid water and steam over a wide range of boundaries are indicated by horizontal lines. 
temperature and pressure. Values are given from slightly above the 
freezing point to 1000 K and at pressures from normal atmospher- 
ic to 1000 MPa (about 10000 atm). The values are generated from 
an equation that correlates the best experimental measurements Fernandez, D. P, Goodwin, A. R. H., Lemmon, Е. W., Levelt Sengers, J. M. H., 
from a large number of sources. The correlating equation and full and Williams, R. C., J. Phys. Chem. Ref. Data, 26, 1125, 1997. 
details of the formulation may be found in Reference 1. 


Reference 


Pressure in MPa 
ТІК 0.1 1 2 5 10 20 50 100 200 500 1000 
275 87.16 87.20 87.24 87.36 87.57 87.97 89.16 91 05 94,55 103.7 


280 85.19 85.23 85.27 85.39 85.59 85.98 87.14 88.98 92.38 101.3 

285 83.27 83.30 83.34 83.46 83.65 84.04 85.17 86.96 90.27 98.91 

290 81.39 81.42 81.46 81.57 81.76 82.14 83.24 84.99 88.22 96.64 

295 79.55 79.58 79.62 79 73 79.92 80.29 81.37 83.08 86.24 94.44 

300 77.75 77.78 77.82 77.93 78.11 78.48 79.54 81.22 84.31 92.31 

305 75.99 76.02 76.06 76.17 76.35 76.71 77.75 79.40 82.43 90.25 101.3 
310 74.27 74.30 74.33 74.44 74.62 74.98 76.01 77.63 80.61 88.26 99.06 
315 72.58 72.61 72.65 72.76 72.93 73.28 74.30 75.90 78.84 86.34 96.87 


320 70.93 70.97 71.00 71.11 71.28 71.63 72.64 74.22 77.11 84.48 9476 
340 6470 6473 64.77 64.87 65.04 65.38 66.36 67.89 70.65 77.58 87.07 
360 59.00 59.03 59 07 59.17 59.34 59.68 60.65 62.15 64.83 71.45 80.36 
380 1.006 53.83 53.86 53.97 54.14 54.48 55.45 56.94 59.57 65.95 74.43 
400 1.005 49.06 49.10 49.21 49.39 49.73 50.71 52.20 54.80 61.00 69.12 
420 1.005 44.70 44.74 44.85 45.04 45.39 46.39 47.90 50.48 56.53 64.35 
440 1.004 40.70 40.74 40 85 41.05 41.42 42.45 43.98 46.55 52.48 60.03 
460 1.004 1.041 37.04 37.17 37.37 37.76 38.84 40.40 42.99 48.81 56.11 
480 1.004 1.038 33.61 33.75 33.97 34.39 35.53 37.14 39.75 45.47 52.55 
500 1.003 1.034 1.074 30.55 30.79 31.25 32.47 34.15 36.79 42.44 49.30 
550 1.003 1.028 1.059 1.177 23.53 24.18 25.73 27.67 30.46 35.99 42.38 
600 1.002 1.024 1.049 1.137 1.365 17.50 19.90 22.29 25.34 30.82 36.82 
650 1.002 1.020 1.041 1.112 1.267 2.066 14.50 1772 21.12 26.62 32.31 
700 1.002 1.017 1.036 1.095 1.214 1.603 8.963 13.75 17.60 23.17 28.60 
750 1.002 1.015 1.031 1.082 1.179 1.452 4.424 10.34 14.65 20.30 25.51 
800 1.001 1.013 1.027 1.071 1.154 1.365 2.844 7.562 12.17 17.88 22.91 
850 1.001 1.012 1.024 1.063 1.134 1.307 2.269 5.571 10.10 15.83 20.70 
900 1.001 1.011 1.022 1.056 1.118 1.265 1.975 4.284 8.416 14.08 18.80 
950 1.001 1.010 1.020 1.050 1.105 1.232 1.793 3.477 7.066 12.57 17.15 
1000 1.001 1.009 1.018 1.046 1.095 1.206 1.668 2.956 6.003 11.27 1572 
1050 1.001 1.008 1.016 1.041 1.086 1.184 1.576 2.601 5.172 10.14 14.45 
1100 1.001 1.007 1.015 1.038 1.078 1.167 1.505 2.347 4.523 9.160 13.34 
1150 1.001 1.007 1.014 1.035 1.072 1.151 1.449 2.158 4.012 8.309 12.35 
1200 1.001 1.006 1.013 1.032 1.066 1.139 1.403 2.011 3.606 7.569 11.47 


VISCOSITY AND DENSITY OF AQUEOUS HYDROXIDE SOLUTIONS 


The viscosity and density of aqueous hydroxide solutions at Reference 
25'C is tabulated here as a function of concentration. Viscosity is 
given in millipascal second, which is equal to the c.g.s. unit cen- Sipos, P. M., Hefter, G., and May, P. M., J. Chem. Eng. Data, 45, 613, 2000. 
tipoise (cP). The last entry in each column refers to the saturated 
solution. 


Viscosity in mPa s 


cimol 121 LiOH NaOH KOH СОН (СН), мон 
0.5 1.017 0.997 0.937 0.91 1.017 
10 1.169 1.116 0.990 0.94 1.186 
1.5 1.340 1.248 1.050 0.97 1.430 
2.0 1.537 1.396 1.116 1.03 1.762 
3.0 2.050 1.754 1.269 119 3.031 
40 2.734 2.228 1.448 141 7.238 
5.0 2.867 1.657 1.67 
6.0 3.727 1.902 1.98 
7.0 4.869 2.196 2.40 
8.0 6.351 2.554 3.09 
9.0 8.230 3.005 4.31 

10.0 10.554 3.581 6.46 

11.0 13.362 4.328 

12.0 16.677 5.303 

13.0 20.503 6.577 

14.0 24.826 8.235 

15.0 29.604 

16.0 34.767 

17.0 40.212 

18.0 45.800 

19.0 51.354 

Sat. 3.311 51.911 8.526 8.850 


Density in g/cm? 


cimol 1! LiOH NaOH KOH CsOH (CH),NOH 
0.5 1.012 1.019 1.022 1.063 0.999 
1.0 1.025 1.040 1.045 1.128 1.002 
15 1.038 1.059 1.068 1.193 1.005 
2.0 1.050 1.078 1.090 1.257 1.009 
3.0 1.072 1.115 1.133 1.383 1.019 
4.0 1.093 1.149 1.174 1.508 1.030 
5.0 1.182 1.214 1.632 
6.0 1.213 1.253 1.755 
7.0 1.243 1.290 1.876 
8.0 1271 1.326 1.997 
9.0 1.299 1.362 2.117 

10.0 1.325 1.396 2.236 

11.0 1.350 1.429 2.354 

12.0 1.374 1.462 2471 

13.0 1.397 1.494 2.587 

14.0 1.419 1.524 2.703 

15.0 1441 

16.0 1.461 

17.0 1.481 

18.0 1.499 

19.0 1.517 

Sat. 1.109 1.519 1.529 2.800 1.032 
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VAPOR PRESSURE OF MERCURY 


The following table gives the vapor pressure of mercury in kilo- References 
pascals (100 kPa = 1 bar) from 0°C to the critical temperature. The 
values through 800°C come from References 1 and 2. Those from 1. Vukalovich, M. Р, and Fokin, L. R, Thermophysical Properties of 
900°C through 1400°C are taken from Reference 3; they should Mercury, Standards Press (USSR), 1972. 


: : А . - 2. Vargaftik, N. B., Vinogradov, Y. K., and Yargin, V. S., Handbook of 
only be considered approximations. The final set refers to the criti- gau e ү 8 : } gin, Я 
У РР Physical Properties of Liquids and Gases, Third Edition, Begell House, 


cal point. New York, 1996. 

3. Hensel, F., and Frank, E. U., Rev. Mod. Phys. 40, 697, 1968. 
tC р/КРа РС р/КРа tC р/КРа РС р/КРа 
0 2.728 х 10° 220 4.304 440 380.1 660 3953 

10 7.101 x 10° 230 5.758 450 436.2 670 4285 
20 1.729 x 10* 240 7.614 460 498.6 680 4636 
30 3.680 х 10“ 250 9.959 470 567.9 690 5009 
40 8.626 x 10* 260 12.892 480 644.6 700 5403 
50 1.786 x 10? 270 16.527 490 729.2 710 5820 
60 3.536 x 10? 280 20.993 500 822.2 720 6259 
70 6.724 x 10? 290 26.435 510 924.2 730 6722 
80 0.01232 300 33.015 520 1035.8 740 7210 
90 0.02128 310 40.910 530 1157.6 750 7722 
100 0.03745 320 50.320 540 1290.1 760 8260 
110 0.06247 330 61.460 550 1434.0 770 8825 
120 0.1015 340 74.567 560 1589.9 780 9417 
130 0.1608 350 89.896 570 1758.4 790 10037 
140 0.2491 360 107.72 580 1940.3 800 10685 
150 0.3778 370 128.34 590 2136 900 19300 
160 0.5618 380 152.07 600 2346 1000 32000 
170 0.8204 390 179.25 610 2572 1100 50000 
180 1.178 400 210.24 620 2814 1200 73000 
190 1.664 410 245.4 630 3072 1300 103000 
200 2.315 420 285.2 640 3347 1400 139000 
210 3.177 430 329.9 650 3641 1477 172000 


6-129 


VISCOSITY OF LIQUID METALS 


This table gives the viscosity of several liquid metals as a function Properties of the Alkali Metals, Ohse, R. H., Ed., Blackwell Scientific 
of temperature. Experimental data from some of the references were Publishers, Oxford, 1985. [Li, Na, K, Rb, Cs] 
smoothed to produce the table. Viscosity is given іп millipascal sec- 2: Rothwell, E., J. Inst. Metals, 90, 389, 1961. [AI] 


| : و‎ 3. Culpin, M. Е, Proc. Phys. Soc., 70, 1079, 1957. [Ca] 
Pa s), which ls the c.g.s. t t p). 
ond (mPa s), whic equals he ces; unir eenupolse (cP) 4. Landolt-Bornstein, Numerical Data and Functional Relationships in 


Science and Technology, Sixth Edition, П/5а, Transport Phenomena I 
References (Viscosity and Diffusion), Springer-Verlag, Heidelberg, 1961 [Co, Au, 
Mg, Ni, Ag] 
1. Shpil’rain, E. E., Yakimovich, К. A., Fomin, V. A., Skovorodjko, S. N., . Spells, K. E., Proc. Phys. Soc., 48, 299, 1936. [Ga] 
and Mozgovoi, A. G., in Handbook of Thermodynamic and Transport 6. Walsdorfer, H., Arpshofen, 1., and Predel, В., 2. Met., 79, 503, 1988. 
[In) 


л 


Viscosity in mPa s 


tC Lithium Sodium Potassium Rubidium Cesium Gallium 
50 0.542 0.598 1.921 
100 0.687 0.441 0.435 0.469 1.608 
150 0.542 0.358 0.365 0.389 1.397 
200 0.566 0.451 0.303 0.316 0.334 1.245 
250 0.503 0.387 0.263 0.280 0.294 1.130 
300 0.453 0.341 0.234 0.252 0.264 1.040 
350 0.412 0.306 0.211 0.230 0.240 0.968 
400 0.379 0.278 0.193 0.212 0.221 0.909 
450 0.352 0.255 0.178 0.197 0.206 0.859 
500 0.328 0.237 0.166 0.185 0.192 0.817 
550 0.308 0.221 0.155 0.174 0.181 0.781 
600 0.290 0.208 0.146 0.165 0.171 0.750 
650 0.275 0.196 0.138 0.157 0.163 0.722 
700 0.261 0.186 0.132 0.150 0.156 0.698 
750 0.249 0.177 0.126 0.143 0.149 0.677 
800 0.238 0.170 0.120 0.138 0.143 0.657 
850 0.228 0.163 0.115 0.133 0.138 0.640 
900 0.219 0.156 0.111 0.128 0.134 0.624 
950 0.211 0.151 0.107 0.124 0.129 0.610 
1000 0.204 0.146 0.104 0.120 0.125 0.597 
1050 0.197 0.141 0.101 0.117 0.122 0.585 
1100 0.191 0.137 0.098 0.114 0.119 0.574 
1150 0.185 0.133 0.095 0.111 0.116 
1200 0.180 0.129 0.092 0.108 0.113 
1250 0.175 0.126 0.090 0.105 0.110 
1300 0.170 0.123 0.088 0.103 0.108 
1350 0.166 0.120 0.086 0.101 0.106 
1400 0.162 0.117 0.084 0.099 0.104 
1450 0.158 0.115 0.082 0.097 0.102 
1500 0.155 0.113 0.081 0.095 0.100 
1550 0.151 0.110 0.079 0.093 0.098 
1600 0.148 0.108 0.078 0.092 0.097 
1650 0.145 0.106 0.076 0.090 0.095 
1700 0.142 0.105 0.075 0.094. 
1750 0.139 0.103 0.074 0.092 
1800 0.137 0.101 0.091 
1850 0.135 0.100 0.090 
1900 0.132 0.098 0.089 
1950 0.130 0.097 0.088 
2000 0.128 0.096 0.086 
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Viscosity of Liquid Metals 


tC 
250 
300 
350 
400 
450 
700 
750 
800 
850 
900 
1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
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Viscosity in mPa s 
Aluminum Calcium Cobalt Gold Indium Magnesium Nickel Silver 
1.35 
122 
112 
1.04 
0.98 
1.2289 110 
1.200 0.96 
1.115 0.84 
1.028 1.107 0.74 
0.959 0.67 
3.80 
3.56 
5.130 3.31 
4.874 3.06 
4.640 2.82 
4.429 2.61 
4.240 242 
2.28 
2.20 
2.19 
4.15 4.35 
3.89 4.09 
3.64 3.87 
3.41 3.67 
3.20 3.49 
2.99 3.32 


PROPERTIES OF AMINO ACIDS 


This table gives selected properties of some important amino 
acids and closely related compounds. The first part of the table 
lists the 20 "standard" amino acids that are the basic constituents 
of proteins. The second part includes other amino acids and re- 
lated compounds of biochemical importance. Within each part of 
the table the compounds are listed by name in alphabetical order. 
Structures are given in the following table. 


Symbol : Three-letter symbol for the standard amino acids 

M.: Molecular weight 

іс Melting point 

pK , РК, , pK, , pK, : Negative of the logarithm of the acid dis- 
sociation constants for the COOH and NH» groups 
(and, in some cases, other groups) in the molecule 


(at 25°С) 
pl: pH at the isoelectric point 
5: Solubility in water in units of grams of compound per 


kilogram of water; a temperature of 25"С is under- 
stood unless otherwise stated in a superscript. When 
quantitative data are not available, the notations sl.s. 
(for slightly soluble), s. (for soluble), and v.s. (for very 
soluble) are used. 
V? Partial molar volume in aqueous solution at infinite 
dilution (at 25*C) 


Data on the enthalpy of formation of many of these compounds 
are included in the table "Standard Thermodynamic Properties of 


Chemical Substances" in Section 5 of this Handbook. Absorption 
spectra and optical rotation data can be found in Reference 3. 
Partial molar volume is taken from Reference 5; other thermody- 
namic properties, including solubility as a function of tempera- 
ture, are given in References 3 and 5. Most of the pK values come 
from References 1, 6, and 7. 
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У,0/ст? 
Symbol Name Mol. form M, t ^C pK, pK, pK, pK, pl S/g kg" mol! 
Ala L-Alanine C,H,NO, 89.09 297 2.33 9.71 6.00 166.9 60.54 
Arg L-Arginine CH; N.O; 174.20 244 2.03 9.00 12.10 10.76 182.6 127.42 
Asn L-Asparagine CH,N,O, 132.12 235 2.16 8.73 5.41 25.1 78.0 
Asp L-Aspartic acid CHNO, 133.10 270 1.95 9.66 3.71 2.77 5.04 74.8 
Суз L-Cysteine C,H,NO,S 121.16 240 1.91 10.28 8.14 5.07 V.S. 73.45 
Gln L-Glutamine CHINO, 14614 185 218 900 5.65 42.5 
Glu L-Glutamic acid C,H,NO, 147.13 160 2.16 9.58 4.15 3.22 8.6 89.85 
Gly Glycine СНО, 75.07 290 2.34 9.58 5.97 250.2 43.26 
His L-Histidine САМО, 155.15 287 170 9.09 6.04 7.59 43.5 98.3 
Пе L-Isoleucine C و‎ МО, 131.17 284 2.26 9.60 6.02 34.2 105.80 
Leu L-Leucine СН МО, 131.17 293 2.32 9.58 5.98 22.0 107.77 
Гуз L-Lysine С,Н,М,О, 14619 224 215 916 1067 9.74 5.8 108.5 
Met L-Methionine C,H,,NO,S 149.21 281 2.16 9.08 5.74 56 105.57 
Phe L-Phenylalanine C,H МО, 165.19 283 2.18 9.09 5.48 27.9 121.5 
Рго L-Proline C.H,NO, 115.13 221 1.95 10.47 6.30 1622 82.76 
Ser L-Serine СНО, 105.09 228 2:19 9.05 5.68 250 60.62 
Thr L-Threonine C,H,NO, 119.12 256 2.20 8.96 5.60 98.1 76.90 
Trp L-Tryptophan C,H,N,O, 20423 289 238 9.34 5.89 13.2 143.8 
Tyr L-Tyrosine СН, МО, 181.19 343 2.24 9.04 10.10 5.66 0.46 
Val L-Valine C,H NO, 117.15 315 2.27 9.52 5.96 88 90.75 
V,°/cm? 

Name Mol. form M, t °C pK, pK, pK, pl 5/6 Ке! mol! 
N-Acetylglutamic acid C,H, NO, 189.17 199 5. 
N6-Acetyl-L-lysine C HN,O, 188.22 265 2.12 9.51 
B-Alanine СНО, 89.09 200 3:51 10.08 723.6 58.28 
2-Aminoadipic acid C,H, NO, 161.16 207 2.14 4.21 9.77 3.18 22% 
DL-2-Aminobutanoic acid CH,NO, 103.12 304 2.30 9.63 6.06 210 75.6 
DL-3-Aminobutanoic acid CH,NO, 103.12 194.3 3.43 10.05 7.30 1250 76.3 
4-Aminobutanoic acid CH,NO, 103.12 203 4.02 10.35 971 73. 
10-Aminodecanoic acid CH, NO, 187.28 188.5 167.3 
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Мате 
7-Aminoheptanoic acid 
6-Aminohexanoic acid 
L-3-Amino-2- 

methylpropanoic acid 


2-Amino-2-methylpropanoic 


acid 
9-Aminononanoic acid 
8-Aminooctanoic acid 
5-Amino-4-oxopentanoic 
acid 
5-Aminopentanoic acid 
o-Anthranilic acid 
Azaserine 
Canavanine 
L-y-Carboxyglutamic acid 
Carnosine 
Citrulline 
Creatine 
L-Cysteic acid 
L-Cystine 
2,4-Diaminobutanoic acid 
3,5-Dibromo-L-tyrosine 
3,5-Dichloro-L-tyrosine 
3,5-Diiodo-L-tyrosine 
Dopamine 
L-Ethionine 
N-Glycylglycine 
Guanidinoacetic acid 
Histamine 
L-Homocysteine 
Homocystine 
L-Homoserine 


3-Hydroxy-DL-glutamic acid 


5-Hydroxylysine 
trans-4-Hydroxy-L-proline 
L-3-lodotyrosine 
L-Kynurenine 
L-Lanthionine 
Levodopa 
L-1-Methylhistidine 
L-Norleucine 
L-Norvaline 
L-Ornithine 
O-Phosphoserine 
L-Pyroglutamic acid 
Sarcosine 

Taurine 
L-Thyroxine 


Mol. form 
C H,,NO, 
СН МО, 


6 13 


C.H,,N,O, 


C,H,NO, 
C,H,,N,O, 


C,H,LNO, 


9792 


C,H,,NO, 


СМО, 
C,H,NO, 
C,H,NO, 
с, 
сно, 
C,H,INO, 
С Н^О; 
C,H,N,O,S 
C,H,,NO, 
СМО, 
C,H,,NO, 
C.H,,NO, 
СМО, 
C,H,NO,P 
C.H.NO, 
C,H.NO, 
C,H,NO,S 
С m NO, 


M, 
145.20 
131.17 
103.12 


103.12 


173.26 
159.23 
131.13 


117.15 
137.14 
173.13 
176.17 
191.14 
226.23 
175.19 
131.13 
169.16 
240.30 
118.13 
338.98 
250.08 
432.98 
153.18 
163.24 
132.12 
117.11 
111.15 
135.19 
268.35 
119.12 
163.13 
162.19 
131.13 
307.08 
208.21 
208.24 
197.19 
169.18 
131.17 
117.15 
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185.07 
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2.51 
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9.35 
9.30 
14.30 
8.70 
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9.06 
10.01 
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9.25 
4.75 
6.76 


1.30 
2.05 
10.44 


6.16 
8.88 
13.10 


6.11 
10.38 
2.54 


9.83 


8.70 


9.96 
6.48 


10.52 
5.70 


6.45 


3.20 


8.03 


11.79 


Properties of Amino Acids 


7.29 


7.93 


5.92 


9.27 


6.09 


9:73 


5/5 kg! 
VS. 
863 


V/cm? 
mol? 
120.0 
104.2 
77.55 
151.3 
136.1 


87.6 


84.49 


107.7 
91.8 


STRUCTURES OF COMMON AMINO ACIDS 


OH 
NH; 


L-Alanine (Ala) 


О 


HS OH 
NH; 


L-Cysteine (Cys) 


L-Histidine (His) 


[9] 


de OH 
NH» 


L-Methionine (Met) 


HO OH 


O 0 
N-Acetylglutamic acid 


DL-2-Aminobutanoic acid 


HN — ов 


L-3-Amino-2-methylpropa- 
noic acid 


[9] [9] 
ZN 
H o v A 
МН, 


Azaserine 


NH; OH 


NH; 


L-Isoleucine (Пе) 


0 


OH 
NH; 


L-Phenylalanine (Phe) 


L-Tryptophan (Trp) 


Ї A. 
NH; 


N6-Acetyl-L-lysine 


NH, О 


ы ab 


DL-3-Aminobutanoic acid 


NH 
X pon 


0 


2-Amino-2-methylpropanoic 
acid 


Canavanine 


0 
HN 
2 үтү гон 
O NH 
L-Asparagine (Asn) 
OH OH 
° 
МН, 
L-Glutamic acid (Glu) 
0 
Y^p 
NH; 
L-Leucine (Leu) 


OH 
T 
н О 


L-Proline (Pro) 


О 
OH 
NH; 
HO 


L-Tyrosine (Tyr) 


4-Aminobutanoic acid 


Н, OH 


0 


5-Amino-4-oxopentanoic acid 


OH OH 
o“ ~ О 
HN 
> o “он 


L-y-Carboxyglutamic acid 


О 


О 
НО 


NH; ОН 
L-Aspartic acid (Asp) 


О 


НМ 
2 OH 


Glycine (Gly) 


L-Lysine (Lys) 


0 


HO OH 
NH; 


L-Serine (Ser) 


О 
чк 


NH; 


L-Valine (Val) 


OH 
Ao 
0 
NH; OH 


2-Aminoadipic acid 


OH 


НМ — А 
3 о 


6-Aminohexanoic acid 


ос‏ وس 


0 


5-Aminopentanoic acid 


OH 
О N 
база S 4 T 
Ó H 
Carnosine 


7-3 


7-4 


OH 
NH; 


2,4-Diaminobutanoic acid 


L-Ethionine 


О О МН: 
HS 8 OH 
OH HO S 
NH; NH; Ó 


L-Homocysteine 


О 
OH 
NH 
HO Ë 
I 


L-3-lodotyrosine 


0 
нө ps 
NH, A 2 

> SN 


| 
L-1-Methylhistidine 


9 0 
Р. 
но Ó “Оо OH 
МН, 


O-Phosphoserine 


L-Thyroxine 


OH 
HN N 
"Y 


Creatine 


Ó NH Br 


3,5-Dibromo-L-tyrosine 


ОН‏ ې 
HN ро‏ 
Ó‏ 


N-Glycylglycine 


Homocystine 


O NH 
OH 
0 
NH; 


L-Kynurenine 


О 


ыы 


L-Norleucine 
OH 
07 ^N 
H о 


L-Pyroglutamic acid 


Structures of Common Amino Acids 


0 
سي‎ он 
HO | 
Ó NH; 


L-Cysteic acid 


HO NH 


Guanidinoacetic acid 


HO 


L-Norvaline 


0 


р 


Sarcosine 


NH; 0 
но. مش‎ он 
0 NH; 
L-Cystine 


NH; 


HO 
OH 


Dopamine 


Histamine 


HO. 
е 
М 
но 
trans-4-Hydroxy-L-proline 


0 
OH 


NH, 
HO ші 


он 
Levodopa 


L-Ornithine 


HN, „0 
il OH 
Ó 


Taurine 


PROPERTIES OF PURINE AND PYRIMIDINE BASES 


This table lists some of the important purine and pyrimidine tion stage. The last column gives the aqueous solubility 5 at the in- 
bases that occur in nucleic acids. The pK, values (negative loga- dicated temperature in units of grams рег 100 grams of solution. 


rithm of the acid dissociation constant) are given for each ioniza- The numbering system in the rings is: 
H H 
2 
Ты d'a 
8CH 
HCR , үү HCR , 8CH 
H 
Pyrimidine 
Purine 
References 


1. Dawson, R. M. C., et al., Data for Biochemical Research, 3rd ed., 
Clarendon Press, Oxford, 1986. 
2. O'Neil, M. J., Ed., The Merck Index, 13th ed., Merck and Co., Rahway, 


NJ, 2001. 
Common Systematic Mol. Mol. pK, S/mass % 
name name form. wt. values (temp.) 
Pyrimidines 
Cytosine 4-Amino-2-hydroxypyrimidine САМО 111.10 4.60 12.16 0.73 (25°C 
5-Methylcytosine 4-Amino-2-hydroxy-5- 
methylpyrimidine САМО 125.13 4.6 124 0.45 (25°С 
5-Hydroxymethylcytosine 4-Amino-2-hydroxy-5-hydroxy- 
methylpyrimidine C.H.N,O, 141.13 4.3 13 

Uracil 2,4-Dihydroxypyrimidine CH,N,O, 112.09 0.5 9.5 >13 0.27 (25°С 
Тћупипе 5-Methyluracil C.H.N,O, 126.11 9.94 >13 0.35 (25°C 
Orotic acid Uracil-6-carboxylic acid C.H,N,O, 156.10 2.4 9.5 >13 0.18 (18°С 
Purines 
Adenine 6-Aminopurine CHN. 135.14 <1 4.3 9.83 0.104 (25°C) 
Guanine 2-Amino-6-hydroxypurine САМО 151.13 3.3 9.2 12.3 0.0068 (40°С) 
7-Methylguanine 7-Methyl-2-amino-6-hydroxypurine C.H,N,O 165.16 3.5 9.9 
Isoguanine 6-Amino-2-hydroxypurine САМО 151.13 4.5 9.0 0.006 (25*C) 
Xanthine 2,6-Dioxopurine C,H,N,O, 152.11 0.8 7.4 11.1 0.05 (20*C) 
Hypoxanthine 6-Hydroxypurine C.H,N,O 136.11 2.0 8.9 12.1 0.07 (19°С) 
Uric acid 2,6,8- Trihydroxypurine C.H,N,O, 168.11 5.4 11.3 0.002 (20°C) 
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THE GENETIC CODE 


This table gives the correspondence between a messenger RNA Theamino acid symbols are given in the tableentitled "Structures 
codon and the amino acid which it specifies. The symbols for bas- of Common Amino Acids” A chain-initiating codon is indicated 
es in the codon are: by init and a chain-terminating codon by term. 

Example: UCA codes for Ser, UAC codes for Tyr, etc. 
U: uracil 
C: cytosine 
А: adenine 
G: guanine 
Second position 
First position U C A G Third position 
U Phe Ser Tyr Cys U 
Phe Ser Tyr Cys С 
Leu Ser term term A 
Leu Ser term Trp G 
С Leu Pro His Arg U 
Leu Pro His Arg С 
Leu Pro Gin Arg A 
Leu Pro Gin Arg G 
A Ile Thr Asn Ser U 
Ile Thr Asn Ser 6 
Пе Thr Lys Arg A 
Met (init) Thr Lys Arg G 
G Val Ala Asp Gly U 
Val Ala Asp Gly 6 
Val Ala Glu Gly A 
Val (init) Ala Glu Gly G 


PROPERTIES OF FATTY ACIDS 


This table gives the systematic names and selected properties 
of some of the more important fatty acids of five or more carbon 
atoms. Compounds are listed first by degree of saturation and, 
secondly, by number of carbon atoms. The following data are in- 
cluded: 


М; Molecular weight 

S: Aqueous solubility at 20°С in units of grams of solute per 
100 grams of water 

t: Melting point in °C 


Common name 


Saturated 
Valeric acid 
Isovaleric acid 
Caproic acid 
Enanthic acid 
Caprylic acid 
Pelargonic acid 
Capric acid 
Lauric acid 
Tridecylic acid 
Myristic acid 
Pentadecylic acid 
Palmitic acid 
Margaric acid 
Stearic acid 
Arachidic acid 
Phytanic acid 
Behenic acid 
Lignoceric acid 
Cerotic acid 
Montanic acid 


Monounsaturated 
Caproleic acid 
Palmitoleic acid 
Oleic acid 

Elaidic acid 
Vaccenic acid 
Erucic acid 
Brassidic acid 
Nervonic acid 


Diunsaturated 
Linoleic acid 


Triunsaturated 
cis-Eleostearic acid 
trans-Eleostearic acid 


Linolenic acid 


Tetraunsaturated 
Arachidonic acid 


Systematic name 


Pentanoic acid 
3-Methylbutanoic acid 
Hexanoic acid 
Heptanoic acid 
Octanoic acid 
Nonanoic acid 
Decanoic acid 
Dodecanoic acid 
Tridecanoic acid 
Tetradecanoic acid 
Pentadecanoic acid 
Hexadecanoic acid 
Heptadecanoic acid 
Octadecanoic acid 
Eicosanoic acid 
3,7,11,15-Tetramethylhexadecanoic acid 
Docosanoic acid 
Tetracosanoic acid 
Hexacosanoic acid 
Octacosanoic acid 


9-Decenoic acid 
cis-9-Hexadecenoic acid 
cis-9-Octadecenoic acid 
trans-9-Octadecenoic acid 
trans-11-Octadecenoic acid 
cis-13-Docosenoic acid 
trans-13-Docosenoic acid 
cis-15-Tetracosenoic acid 


cis,cis-9,12-Octadecadienoic acid 


trans,cis, trans-9,11,13-Octadecatrienoic acid 
trans, trans, trans-9,11,13- 

Octadecatrienoic acid 

cis, cis,cis-9,12,15-Octadecatrienoic acid 


5,8,11,14-Eicosatetraenoic acid, (all-trans) 


References 


1. Dawson, R. M. C., Elliott, D. C., Elliott, W. H., and Jones, К. M., Data 


for Biochemical Research, 3rd ed., Clarendon Press, Oxford, 1986. 


Mol. form. 


СНО, 
СНО, 


22' laa 2 
C.H, O. 


24 46 2 


280.45 


278.44 
278.44 


278.44 


304.47 


49 
71.5 


-11 


-49.5 


2. Fasman, а. D., Ed., Practical Handbook of Biochemistry and Molecular 
Biology, CRC Press, Boca Raton, FL, 1989. 


S 


2.5 

4.3 
0.967 
0.24 
0.080 
0.0284 
0.015 
0.0055 
0.0033 
0.0020 
0.0012 
0.00072 
0.00042 
0.00029 
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CARBOHYDRATE NAMES AND SYMBOLS 


The following table lists the systematic names and symbols for Reference 
selected carbohydrates and some of their derivatives. The symbols 
for monosaccharide residues and derivatives are recommended McNaught, A. D, Pure Appl. Chem., 68, 1919-2008, 1996. 
by IUPAC for use in describing the structures of oligosaccharide 
chains. A more complete list can be found in the reference. 


Common name Symbol Systematic name 
Abequose Abe 3,6-Dideoxy-D-xylo-hexose 
N-Acetyl-2-deoxyneur-2-enaminic acid Neu2en5Ac 
N-Acetylgalactosamine GalNAc 
N-Acetylglucosamine GlcNAc 
N-Acetylneuraminic acid Neu5Ac 
Allose АП allo-Hexose 
Altrose Alt айто-Нехозе 
Apiose Api 3-C-(Hydroxymethyl)-glycero-tetrose 
Arabinitol Ara-ol Arabinitol 
Arabinose Ara arabino-Pentose 
Arcanose 2,6-Dideoxy-3-C-methyl-3-O-methyl-xylo-hexose 
Ascarylose 3,6-Dideoxy-L-arabino-hexose 
Boivinose 2,6-Dideoxy-p-gulose 
Chalcose 4,6-Dideoxy-3-O-methyl-p-xylo-hexose 
Cladinose 2,6-Dideoxy-3-C-methyl-3-O-methyl-L-ribo-hexose 
Colitose 3,6-Dideoxy-L-xylo-hexose 
Cymarose 6-Deoxy-3- O-methyl-ribo-hexose 
3-Deoxy-D-manno-oct-2-ulosonic acid Kdo 
2-Deoxyribose dRib 2-Deoxy-erythro-pentose 
2,3-Diamino-2,3-dideoxy-p-glucose GIcN3N 
Diginose 2,6-Dideoxy-3-O-methyl-/yxo-hexose 
Digitalose 6-Deoxy-3-O-methyl-p-galactose 
Digitoxose 2,6-Dideoxy-p-ribo-hexose 
3,4-Di-O-methylrhamnose Rha3,4Me, 
Ethyl glucopyranuronate GlcpA6Et 
Evalose 6-Deoxy-3-C-methyl-p-mannose 
Fructose Fru arabino-Hex-2-ulose 
Fucitol Fuc-ol 6-Deoxy-p-galactitol 
Fucose Fuc 6-Deoxygalactose 
B-p-Galactopyranose 4-sulfate B-p-Galp4S 
Galactosamine GalN 2-Amino-2-deoxygalactose 
Galactose Gal galacto-Hexose 
Glucitol Glc-ol 
Glucosamine GIcN 2-Amino-2-deoxyglucose 
Glucose Glc gluco-Hexose 
Glucuronic acid GlcA 
N-Glycoloylneuraminic acid Neu5Gc 
Gulose Gul gulo-Hexose 
Hamamelose 2-C-(Hydroxymethyl)-p-ribose 
Idose Ido ido-Hexose 
Iduronic acid IdoA 
Lactose Lac B-p-Galactopyranosyl-(1—4)-p-glucose 
Lyxose Lyx lyxo-Pentose 
Maltose a-D-Glucopyranosyl-(1—4)-p-glucose 
Mannose Man manno-Hexose 
2-C-Methylxylose Xyl2CMe 
Muramic acid Mur 2-Amino-3-O- [(R)-1-carboxyethyl]-2-deoxy-p-glucose 
Mycarose 2,6-Dideoxy-3-C-methyl-L-ribo-hexose 
Mycinose 6-Deoxy-2,3-di-O-methyl-p-allose 
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Carbohydrate Names and Symbols 


Common name 
Neuraminic acid 
Panose 
Paratose 
Primeverose 
Psicose 
Quinovose 


Raffinose 
Rhamnose 
Rhodinose 
Ribose 

Ribose 5-phosphate 
Ribulose 
Rutinose 
Sarmentose 
Sedoheptulose 
Sorbose 
Streptose 
Sucrose 
Tagatose 
Talose 
Turanose 
Tyvelose 
Xylose 
Xylulose 


Symbol 
Neu 


Psi 
Qui 


Rha 
Rib 


Rib5P 
Ribulo (Rul) 


Sor 


Tag 
Tal 


Tyv 
Xyl 
Xylulo (Xul) 
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Systematic name 
5-Amino-3,5-dideoxy-pD-glycero-D-galacto-non-2-ulosonic acid 
a-D-Glucopyranosyl-(1—6)-a-p-glucopyranosyl-(1— 4)-p-glucose 
3,6-Dideoxy-p-ribo-hexose 
B-p-Xylopyranosyl-(1—6)-p-glucose 
ribo-Hex-2-ulose 
6-Deoxyglucose 
B-p-Fructofuranosyl-a-p-galactopyranosyl-(1—6)-a-p- 
glucopyranoside 
6-Deoxymannose 
2,3,6-Trideoxy-L-threo-hexose 
ribo-Pentose 


erythro-Pent-2-ulose 
a-L-Rhamnopyranosyl-(1—6)-p-glucose 
2,6-Dideoxy-3-O-methyl-p-xylo-hexose 
D-altro-Hept-2-ulose 

xylo-Hex-2-ulose 
5-Deoxy-3-C-formyl-r-lyxose 
B-p-Fructofuranosyl-a-p-glucopyranoside 
lyxo-Hex-2-ulose 

talo-Hexose 
a-D-Glucopyranosyl-(1—3)-p-fructose 
3,6-Dideoxy-p-arabino-hexose 
xylo-Pentose 

threo-Pent-2-ulose 


BIOLOGICAL BUFFERS 


This table of frequently used buffers gives the pK, value at 25°С 
and the useful pH range of each buffer. The buffers are listed in 
order of increasing pH. 


The table is reprinted with permission of Sigma Chemical 
Company, St. Louis, Mo. 


Useful 
Acronym Name Mol. wt. pK, pH range 
MES 2-(N-Morpholino)ethanesulfonic acid 195.2 6.1 5.5—6.7 
BIS TRIS Bis(2-hydroxyethyl)iminotris(hydroxymethyl)methane 209.2 6.5 5.8-72 
АРА N-(2-Acetamido)-2-iminodiacetic acid 190.2 6.6 6.0-72 
ACES 2-[(2-Amino-2-oxoethyl)amino]ethanesulfonic acid 1822 6.8 6.1-7.5 
PIPES Piperazine-N, N’-bis(2-ethanesulfonic acid) 302.4 6.8 6.1-7.5 
MOPSO 3-(N-Morpholino)-2-hydroxypropanesulfonic acid 225.3 6.9 6.2–7.6 
BIS TRISPROPANE  L3-Bis[tris(hydroxymethyl)methylamino]propane 282.3 6.8: 6.3-9.5 
ВЕ5 N,N-Bis(2-hydroxyethyl)-2-aminoethanesulfonic acid 213.2 74 6.4—7.8 
MOPS 3-(N-Morpholino)propanesulfonic acid 209.3 72 6.5-7.9 
НЕРЕ5 N-(2-Hydroxyethyl)piperazine-N’-(2-ethanesulfonic acid) 238.3 7.5 6.8–8.2 
TES N-Tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid 229.2 7.5 6.8-8.2 
DIPSO 3-[N,N-Bis(2-hydroxyethyl)amino]-2-hydroxypropanesulfonic acid 243.3 7.6 7.0-8.2 
TAPSO 3-[N-Tris(hydroxymethyl)methylamino)-2-hydroxypropanesulfonic acid 259.3 7.6 7.0-8.2 
TRIZMA Tris(hydroxymethyl)aminomethane 121.1 841 7.0-9.1 
HEPPSO N-(2-hydroxyethyl)piperazine-N"-(2-hydroxypropanesulfonic acid) 268.3 7.8 7.1-8.5 
POPSO Piperazine-N,N’ -bis(2-hydroxypropanesulfonic acid) 362.4 7.8 7.2-8.5 
EPPS N-(2-Hydroxyethyl)piperazine-N’-(3-propanesulfonic acid) 252.3 8.0 7.3-8.7 
ТЕА Triethanolamine 149.2 7.8 7.3-8.3 
TRICINE N-Tris(hydroxymethyl)methylglycine 179,2 8.1 7.4-8.8 
BICINE N,N-Bis(2-hydroxyethyl)glycine 163.2 8.3 7.6-9.0 
TAPS N-Tris(hydroxymethyl)methyl-3-aminopropanesulfonic acid 243.3 8.4 7.7-9.1 
AMPSO 3-[(1,1-Dimethyl-2-hydroxyethyljamino]-2-hydroxypropanesulfonic acid 227.3 9.0 8.3-9.7 
CHES 2-(N-Cyclohexylamino)ethanesulfonic acid 207.3 9.3 8.6–10.0 
CAPSO 3-(Cyclohexylamino)-2-hydroxy-1-propanesulfonic acid 237.3 9.6 8.9-10.3 
АМР 2-Amino-2-methyl-1-propanol 89.1 9.7 9.0-10.5 
САР5 3-(Cyclohexylamino)-1-propanesulfonic acid 221.3 10.4 9.7—11.1 


* pK, = 9.0 for the second dissociation stage. 
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TYPICAL pH VALUES OF BIOLOGICAL MATERIALS AND FOODS 


This table gives typical pH ranges for various biological fluids and common foods. АП values refer to 25°С. 


Biological Materials Hominy (lye) 6.8-8.0 
Blood, human 7.35-7.45 Jams, fruit 5,5-4,0 
Blood, dog 6.9-7.2 Jellies, fruit 2.8-3.4 
Spinal fluid, human 7.3-7.5 Lemons 2.2-2.4 
Saliva, human 6.5-7.5 Limes L8-2.0 
Gastric contents, human 1.0-3.0 Maple syrup 6.5-7.0 
Duodenal contents, human 4.8-8.2 Milk, cows 6.3-6.6 
Feces, human 4.6-8.4 Olives 3.6-3.8 
Urine, human 4.8—8.4 Oranges 3.0-4.0 
Milk, human 6.6–7.6 Oysters 6.1–6.6 
Bile, human 6.8–7.0 Peaches 3,4—3,6 
Реагѕ 3.6–4.0 
Foods Peas 5.8-6.4 
Apples 2.9-3.3 Pickles, dill 3.2-3.6 
Apricots 3.6-4.0 Pickles, sour 3.0-3.4 
Asparagus 5.4—5.8 Pimento 4.6-5.2 
Bananas 45-7 Plums 2.8-3.0 
Beans 5.0-6.0 Potatoes 5.6–6.0 
Beers 4.0-5.0 Pumpkin 4.8—5.2 
Beets 4.9-5.5 Raspberries 3.2-3.6 
Blackberries 3.2-3.6 Rhubarb 3.1-32 
Bread, white 5.0-6.0 Salmon 6.1-6.3 
Butter 6.1-6.4 Sauerkraut 3.4-3.6 
Cabbage 5.2-5.4 Shrimp 6.8-7.0 
Carrots 4.9-5.3 Soft drinks 2.0-4.0 
Cheese 4.8-6.4 Spinach 5.1-5.7 
Cherries 3.2-4.0 Squash 5.0—5.4 
Cider 2.9-3.3 Strawberries 3.0-3.5 
Corn 6.0-6.5 Sweet potatoes 5.3-5.6 
Crackers 6.5-8.5 Tomatoes 4.0—4.4 
Dates 6.2—6.4 Tuna 5.9-6.1 
Eggs, fresh white 7.6–8.0 Turnips 5.2—5.6 
Flour, wheat 5.5-6.5 Vinegar 24-4 
Gooseberries 2.8-3.0 Water, drinking 6.5-8.0 
Grapefruit 3.0-3.3 Wines 2.8-3.8 
Grapes 3.5-4.5 


CHEMICAL COMPOSITION OF THE HUMAN BODY 


The elemental composition of the "standard man" of mass 70 kg References 
is given below. 
1. Padikal, T. N., and Fivozinsky, S. P, Medical Physics Data Book, 
National Bureau of Standards Handbook 138, U. S. Government 
Printing Office, Washington, DC, 1981. 
2. Snyde, W. S., et al., Reference Man: Anatomical, Physiological, and 
Metabolic Characteristics, Pergamon, New York, 1975. 


Amount Percent of total 
Element (g) body mass 
Oxygen 43,000 61 
Carbon 16,000 23 
Hydrogen 7000 10 
Nitrogen 1800 2.6 
Calcium 1000 14 
Phosphorus 780 11 
Sulfur 140 0.20 
Potassium 140 0.20 
Sodium 100 0.14 
Chlorine 95 0.12 
Magnesium 19 0.027 
Silicon 18 0.026 
Iron 4.2 0.006 
Fluorine 2.6 0.0037 
Zinc 23 0.0033 
Rubidium 0.32 0.00046 
Strontium 0.32 0.00046 
Bromine 0.20 0.00029 
Lead 0.12 0.00017 
Copper 0.072 0.00010 
Aluminum 0.061 0.00009 
Cadmium 0.050 0.00007 
Boron «0.048 0.00007 
Barium 0.022 0.00003 
Tin «0.017 0.00002 
Manganese 0.012 0.00002 
Iodine 0.013 0.00002 
Nickel 0.010 0.00001 
Gold «0.010 0.00001 
Molybdenum «0.0093 0.00001 
Chromium «0.0018 0.000003 
Cesium 0.0015 0.000002 
Cobalt 0.0015 0.000002 
Uranium 0.00009 0.0000001 
Beryllium 0.000036 
Radium 3.1107! 
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STANDARD TRANSFORMED GIBBS ENERGIES OF FORMATION FOR BIOCHEMICAL 
REACTANTS 


Robert N. Goldberg and Robert A. Alberty 


This table contains values of the standard transformed Gibbs 
energies of formation A G ° for 130 biochemical reactants. Values 
of AG” are given at pH 7.0, the temperature 298.15 K, and the 
pressure 100 kPa for three ionic strengths: J = 0, J = 0.1 mol/L and 
1=0.25 mol/L. Thetable can be used for calculating apparent equi- 
librium constants К” and standard apparent reduction potentials 
E^ for biochemical reactions. Such a listing is more compact than 
tabulating the actual apparent equilibrium constants or standard 
apparent reduction potentials, which would require a very large 
number of reactant- product combinations. In the table, all reac- 
tants are in aqueous solution unless indicated otherwise. 

А biochemical reactant is a sum of species. For example, ATP 
consists of an equilibrium mixture of the aqueous species АТР“, 
НАТР”, НАТР“, МвАТР”, etc. Similarly, phosphate refers to the 
equilibrium mixture of the aqueous species PO ?, HPO,”, H,PO,, 
H,PO m MgHPO р etc. Biochemical reactions are written using bio- 
chemical reactants in terms of an apparent equilibrium constant 
К”, which is distinct from the standard equilibrium constant K. 
This subject is discussed in an IUPAC report (see Reference 1 be- 
low). 

The apparent equilibrium constant К” and the standard trans- 
formed Gibbs energy change A G ° for a biochemical reaction can 
be calculated from the A G° values by using the relationship 


-RT ln K’ = AG? = v. AG”, 


where the summation is over all of the biochemical reactants. The 
quantity у, is the stoichiometric number of reactant i (у, is posi- 
tive for reactants on the right side of the equation and negative for 
reactants on the left side); R is the gas constant. As an example, the 
hydrolysis reaction of ATP is 


АТР + Н,О@) = ADP + phosphate. 


Reactant 


Acetaldehyde 

Acetate 

Acetone 

Acetyl Coenzyme A 
Acetylphosphate 

cis-Aconitate 

Adenine 

Adenosine 

Adenosine 5’-diphosphate (ADP) 
Adenosine 5’-monophosphate (A MP) 
Adenosine 5’-triphosphate (ATP) 
D-Alanine 

Ammonia 

D-Arabinose 

L-Asparagine 

L-Aspartate 
1,3-Biphosphoglycerate 
Butanoate 

1-Butanol 
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At pH 7.00 and J = 0.25 М, Д.С” and К’ are calculated as follows: 


АС” = (-1424.70 - 1059.49 - (-2292.50 —155.66))-(kJ mol") = 
-36.03 К] тог" 


К' = ехр[-(-36030 J له م‎ (/))8.3145 J mol КЭ)-(298.15 K)} = 
2.05-106 


An example involving a biochemical half-cell reaction is 
acetaldehyde(aq) + 2 e` = ethanol(aq). 


At 298.15 K, pH 7.00, and J = 0, the standard apparent reduction 
potential E^ can be calculated as follows 


E” = -(1/nF).{A,G "(ethanol) - AG "(acetaldehyde)], 


where z is the number of electrons in the half-cell reaction and F is 
the Faraday constant. Then, 


E^ = [-1/(2-9.6485-10^ C mol)].(58.10-10? J mol - 20.83-103] 
mol?) - -0.193 V 
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ter/MathSource/797>. 
AG^(I = 0) AG^(I = 0.1 M) AG^(I = 0.25 M) 
К] mol! К] mol! Қ) mol! 
20.83 2327 24.06 
-249.46 -248.23 -247.83 
80.04 83.71 84.90 
-60.49 -58.65 -58.06 
-1109.34 -1107.57 -1107.02 
-797.26 -800.93 -802.12 
510.45 513.51 514.50 
324.93 332.89 335.46 
-1428.93 -1425.55 -1424.70 
-562.04 -556.53 -554.83 
-2292.61 -2292.16 -2292.50 
-91.31 -87.02 -85.64 
80.50 82.34 82.93 
-342.67 -336.55 -334.57 
-206.28 -201.38 -199.80 
-456.14 -453.08 -452.09 
-2202.06 -2205.69 -2207.30 
-72.94 -69.26 -68.08 
227.72 233.84 235.82 
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Reactant AG^(I = 0) AG^(I - 0.1 M) AG^(I = 0.25 M) 
К] mol! Қ) mol! kJ mol! 
Citrate -963.46 -965.49 -966.23 
Isocitrate -956.82 -958.84 -959.58 
Coenzyme А (CoA) -7.98 -7.43 -7.26 
CO(aq) -119.90 -119.90 -119.90 
CO(g) -137.17 -137.17 -137.17 
СО (aq) [total] -547.33 -547.15 -547.10 
CO,(g) -394.36 -394.36 -394.36 
Стеайпе 100.41 105.92 107.69 
Creatinine 256.55 260.84 262.22 
L-Cysteine -59.23 -55.01 -53.65 
L-Cystine -187.03 -179.69 -177.32 
Cytochrome c [oxidized] 0.00 -5.51 -7.29 
Cytochrome c [reduced] -24.51 -26.96 -27.75 
Dihydroxyacetone phosphate -1096.60 -1095.91 -1095.70 
Ethanol 58.10 61.77 62.96 
Ethyl acetate -18.00 -13.10 -11.52 
Ferredoxin [oxidized] 0.00 -0.61 -0.81 
Ferredoxin [reduced] 38.07 38.07 38.07 
Flavine adenine dinucleotide (FAD) [oxidized] 1238.65 1255.17 1260.51 
Flavine adenine dinucleotide (FAD) [reduced] 1279.68 1297.43 1303.16 
Flavin adenine dinucleotide-enzyme (FADenz) [oxidized] 1238.65 1255.17 1260.51 
Flavin adenine dinucleotide-enzyme (FADenz) [reduced] 1229.96 1247.71 1253.44 
Flavin mononucleotide (FMN) [oxidized] 759.17 768.35 771.32 
Flavin mononucleotide (FMN) [reduced] 800.20 810.61 813.97 
Formate -311.04 -311.04 -311.04 
D-Fructose -436.03 -428.69 -426.32 
D-Fructose 1,6-diphosphate -2202.84 -2205.66 -2206.78 
D-Fructose 6-phosphate -1321.71 -1317.16 -1315.74 
Fumarate -521.97 -523.19 -523.58 
D-Galactose -429.45 -422.11 -419.74 
a-D-Galactose 1-phosphate -1317.50 -1313.01 -1311.60 
D-Glucose -436.42 -429.08 -426.71 
a-D-Glucose 1-phosphate -1318.03 -1313.34 -1311.89 
D-Glucose 6-phosphate -1325.00 -1320.37 -1318.92 
Glutamate -377.82 -373.54 -372.16 
D-Glutamine -128.46 -122.34 -120.36 
Glutathione [oxidized] 1198.69 1214.60 1219.74 
Glutathione [reduced] 625.75 634.76 637.62 
Glutathione-coenzyme A 563.49 572.06 574.83 
D-Glyceraldehyde 3-phosphate -1088.94 -1088.25 -1088.04 
Glycerol -177.83 -172.93 -171.35 
sn-Glycerol 3- phosphate -1080.22 -1077.83 -1077.13 
Glycine -180.13 -177.07 -176.08 
Glycolate -411.08 -409.86 -409.46 
Glycylglycine -200.55 -195.65 -194.07 
Glyoxylate -428.64 -428.64 -428.64 
Н (ад) 97.51 98.74 99.13 
H,(g) 79.91 81.14 81.53 
H,O() -157.28 -156.05 -155.66 
Н,О (ад) -54.12 -52.89 -52.50 
3-Hydroxypropanoate -318.62 -316.17 -315.38 
Hypoxanthine 249.33 251.77 252.56 
Indole 503.49 507.78 509.16 
Lactate -316.94 -314.49 -313.70 
Lactose -688.29 -674.83 -670.48 
L-Leucine 167.18 175.14 177.71 
L-Isoleucine 175.53 183.49 186.06 
D-Lyxose -349.58 -343.46 -341.48 
Malate -682.88 -682.85 -682.85 


Maltose -695.65 -682.19 -677.84 
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Reactant AG^(I = 0) AG^(I - 0.1 M) AG^(I = 0.25 M) 
kJ mol! К] mol! К] mol! 
D-Mannitol -383.22 -374.65 -371.89 
Mannose -430.52 -423.18 -420.81 
Methane(aq) 125.50 127.94 128.73 
Methane(g) 109.11 111.55 112.34 
Methanol -15.48 -13.04 -12.25 
L-Methionine -63.40 -56.67 -54.49 
М (ад) 18.70 18.70 18.70 
N,(g) 0.00 0.00 0.00 
Nicotinamide Adenine Dinucleotide (NAD) [oxidized] 1038.86 1054.17 1059.11 
Nicotinamide Adenine Dinucleotide (NAD) [reduced] 1101.47 1115.55 1120.09 
Nicotinamide Adenine Dinucleotide Phosphate (NADP) [oxidized] 163.73 173.52 176.68 
Nicotinamide Adenine Dinucleotide Phosphate (NADP) [reduced] 229.67 235.79 237.77 
О (ад) 16.40 1640 16.40 
O,(g) 0.00 0.00 0.00 
Oxalate -673.90 -676.35 -677.14 
Oxaloacetate -713.38 -714.60 -715.00 
Oxalosuccinate -979.05 -979.05 -979.05 
2-Oxoglutarate -633.58 -633.58 -633.58 
Palmitate 979.25 997.61 1003.54 
L-Phenylalanine 232.42 239.15 241.33 
Phosphate -1058.56 -1059.17 -1059.49 
2-Phospho-D-glycerate -1340.72 -1341.32 -1341.79 
3-Phospho-D-glycerate -1346.38 -1347.19 -1347.73 
Phosphoenolpyruvate -1185.46 -1188.53 -1189.73 
1-Propanol 143.84 148.74 150.32 
2-Propanol 134.42 139.32 140.90 
Pyrophosphate -1934.95 -1939.13 -1940.66 
Pyruvate -352.40 -351.18 -350.78 
Retinal 1118.78 1135.91 1141.45 
Retinol 1170.78 1189.14 1195.07 
Ribose -339.23 -333.11 -331.13 
Ribose 1-phosphate -1215.87 -1212.24 -1211.14 
Ribose 5-phosphate -1223.95 -1220.32 -1219.22 
Ribulose -336.38 -330.26 -328.28 
L-Serine -231.18 -226.89 -225.51 
Sorbose -432.47 -425.13 -422.76 
Succinate -530.72 -530.65 -530.64 
Succinyl Coenzyme A -349.90 -348.06 -347.47 
Sucrose -685.66 -672.20 -667.85 
Thioredoxin [oxidized] 0.00 0.00 0.00 
Thioredoxin [reduced] 54.32 55.41 55.74 
L-Tryptophan 364.78 372.12 374.49 
L-Tyrosine 68.82 75.55 77.73 
Ubiquinone [oxidized] 3596.07 3651.15 3668.94. 
Ubiquinone [reduced] 3586.06 3642.37 3660.55 
Urate -206.03 -204.81 -204.41 
Urea -42.97 -40.53 -39.74 
Uric acid -197.07 -194.63 -193.84 
L-Valine 80.87 87.60 89.78 
D-Xylose -350.93 -344.81 -342.83 


D-Xylulose -346.59 -340.47 -338.49 


THERMODYNAMIC QUANTITIES FOR THE IONIZATION REACTIONS OF BUFFERS 
IN WATER 


Robert N. Goldberg, Nand Kishore, and Rebecca M. Lennen 


This table contains selected values for the pK, standard mo- 
lar enthalpy of reaction A H°, and standard molar heat-capacity 
change А С° for the ionization reactions of 64 buffers many of 
which are relevant to biochemistry and to biology. The values 
pertain to the temperature Т = 298.15 K and the pressure p = 0.1 
MPa. The standard state is the hypothetical ideal solution of unit 
molality. These data permit one to calculate values of the pK and 
of A IT at temperatures іп the vicinity {Т = (274 K to 350 K)} of the 
reference temperature Ө = 298.15 К by using the following equa- 
tions? 


A G: = -RTInK, = In(10)-RT-pK, , (1) 


Крк, = —(A G° /0) + А,Н%{(1/0)-(1/Т)} + 
A.C*,,{(8/T) 1 + In(T/8 )), (2) 


АН%-АН%» AC°.(T- 0). (3) 


Here, A G° is the standard molar Gibbs energy change and K is 
the equilibrium constant for a reaction; R is the gas constant (8.314 
472] K` mol’). The subscripts Тапа 0 denote the temperature to 
which a quantity pertains, the subscript p denotes constant pres- 


sure, and the subscript r denotes that the quantity refers to a re- 
action. Combination of equations (1) and (2) yields the following 
equation that gives pK as a function of temperature: 


pK, = -(RÀn(10))? [-(In(10)-RT.-pK, /0) + A H° (1/0) – (1/Т)} 
+ AC (0 /T) – 1 + In(T/0))]. (4) 


The above equations neglect higher order terms that involve 
temperature derivatives of A C^. Also, it is important to recognize 
that the values of pK and А.Н” effectively pertain to ionic strength 
1-0. However, the values of pK and A H° are almost always depen- 
dent on the ionic strength and the actual composition of the solu- 
tion. These issues are discussed in Reference 1 which also gives an 
approximate method for making appropriate corrections. 
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Selected Values of Thermodynamic Quantities for the Ionization Reactions of Buffers in Water at T = 298.15 K and p = 0.1 MPa 


АН” AC, 

Buffer Reaction pK Қ) mol ТК mol! 
ACES HL: = H* + L^, (HL = CH,N,O,S) 6.847 3043 -49 
Acetate HL = Н + L; (HL = СНО) 4.756 -0.41 -142 
ADA HjL' = H* + НДА, (H,L= C H, N,O.) 1.59 

H,L* = H* + HL- 2.48 16.7 

HL = Н+ + 12- 6.844. 12.23 -144 
2-Amino-2-methyl-1,3-propanediol HL: = H* + L, (L = C,H,,NO,) 8.801 49.85 -44 
2-Amino-2-methyl-1-propanol HL* = Н+ + L, (L = C,H,,NO) 9.694 54.05 ==>21 
3-Amino-1-propanesulfonic acid HL = H* +17, (HL = C,H,NO,S) 10.2 
Ammonia NH;= H: + NH, 9.245 51.95 8 
AMPSO HL: = H* +15, (HL = CH,NO,S) 9.138 43.19 -61 
Arsenate H,AsO, = H* + H,AsO; 2.31 -7.8 

Н,АѕО; = Н* + HAsO? 7.05 17 

HAsO?- H* + AsO} 11.9 15.9 
Barbital H,L = H: + HL+, (HL = C,H,,N,O,) 7.980 24.27 -135 

HL = Н+ + 12- 12.8 
BES HL: = H* + L7, (HL = С,Н,МОБ) 7.187 24.25 -2 
Bicine H,L*= H* + HL*, (HL = CH,NO)) 2.0 

HL = Ep + 17 8.334 26.34 0 
Bis-tris HjL'-H* + H,L:, (H,L = C.H NO.) 6.484 284 27 
Bis-tris propane H,L* = H* + НІХ, (L = С НАМОЈ 6.65 

HLt=H*t+L 9.10 
Borate H,BO, = H: + HBO; 9.237 138 =—240 
Cacodylate H,L* = Н+ + HL, (HL = С,Н,АѕО,) 1.78 -3.5 

HLH + 17 6.28 -3.0 —86 
CAPS HL: = Н" +15, (HL = С,Н,МОБ) 10.499 48.1 57 
CAPSO HL: = H* +17, (HL = C,H,,NO,S) 9.825 46.67 21 
Carbonate H,CO, = Н* + HCO; 6.351 9.15 -371 

HCO; = Н+ + COZ 10.329 14.70 -249 
CHES HL: = H* +15, (HL = С,Н,МОБ) 9.394 39.55 9 


Buffer 
Citrate 


L-Cysteine 


Diethanolamine 
Diglycolate 


3,3-Dimethylglutarate 


DIPSO 

Ethanolamine 
N-Ethylmorpholine 
Glycerol 2-phosphate 
Glycine 


Glycine amide 
Glycylglycine 


Glycylglycylglycine 
HEPES 

HEPPS 

HEPPSO 
L-Histidine 
Hydrazine 


Imidazole 
Maleate 


2-Mercaptoethanol 
MES 

Methylamine 
2-Methylimidazole 
MOPS 

MOPSO 


Oxalate 


Phosphate 


Phthalate 
Piperazine 
PIPES 


POPSO 
Pyrophosphate 


Succinate 


Sulfate 


Thermodynamic Quantities for the Ionization Reactions of Buffers in Water 


Reaction 
HL = H* + HL, (HL = СНО) 
H,L -H'« HL? 
HL? = H+ + L* 
H,L* = Ht + НІ, (НІ = С,Н,МО,5) 
H,L = H* + HL- 
HL = H: + L% 
HL: = Н+ + L, (L = C,H,,NO,) 
H,L = H* + НГ, (HL = C,H,O,) 
HL = Н? + L> 
H,L = H* + HL, (НІ = C,H 
HL = H* + 12- 
НІЎ = 117 +15, (HL = C,H,,NO;S) 
НИ = Н+ + L, (L = C,H,NO) 
НЫ = Н? + L, (L = C.H,,NO) 
H,L = H* + HL, (НІ = C,H,NO,P) 
HL = Н* +L? 
H,L* = Н? + НІХ, (HL = C,H,NO,) 
HL* = Н+ + 17 
НИ = Н+ + L, (L = С,Ң,М,О) 
H,L* = H* + HL*, (HL = C,H,N,O,) 
НІЗ-НЕжір 
H,L* = Н+ + НІА, (HL = CH, 
HL*= H* +17 
H,L* = Н+ + HL*, (HL = C,H,,N,O,S) 
НІЎ = Н+ + 17 
HL* = 11 +15, (HL = C,H,,N,O;S) 
HL: = Ht: + 17, (HL = С,Н,,М,0,5) 
H,L* = Ht: + НІ, (HL = C,H,N,O,) 
H,L* = H' + HL 
HL-2H*4«L 
H,L* = H* + НГ», (L = HN) 
HL* = H*+L 
HL: = H: + L, (L = СНА) 
H,L = Н* + HL, (НІ = СНО) 
HL = H* + 12- 
HL = Н* + L-, (HL = C,H,OS) 
HL: = H: + 17, (HL = СН,МО,5) 
НИ = Н" + L, (L = CH,N) 
НИ = Н* + L, (L = СНА) 
HL: = H: + 15, (HL = CH,,NO;S) 
H,L* = Ht + НІА, (HL = С,Н,.МО,5) 
HL* = Н+ + 17 
Н = Н* + HL, (НІ = СНА) 
НІГ = Н* + 12- 
H,PO, = H* + H,PO; 
H,PO,, = H: + HPO? 
НРО = Н+ + POF 
H,L = Н* + HL, (НІ = СНОО) 
HL-2H*«L- 
H,L* = Ht + НІХ, (L = С,Н,М,) 
HL* = H*+L 
НИЯ = Н* + 17, (HL = C,H,.N,O:S,) 


8 18 27672 
НІЎ = Н+ +15, (HL = C,,H,,N,O,S,) 
НР,О, = Н' + НО, 
HPO, = Н+ + НО 
H,P,O?- Н' + HP,O? 
НР,О = H: + PO? 
HL = Н* + HL, (НІ = C,H,O,) 
НГ = Н+ + 12- 
HSO-, = Н+ + SOF 


о) 


12 


NO) 


АН AC, 
К] mol ТК mol! 
4.07 -131 
2.23 -178 
—3.38 -254 
=—0.6 
36.1 =—66 
34.1 &—204 
42.08 36 
—0.1 м-142 
-72 =—138 
30.18 42 
50.52 26 
27.4 
-12.2 —330 
-1.85 -212 
4.00 -139 
44.2 -57 
42.9 
0.11 -128 
43.4 -16 
0.84 
417 
20.4 47 
213 48 
23.70 47 
3.6 
295 176 
43.8 -233 
38.1 
417 
36.64 -9 
11 =—21 
—3.6 =—31 
26.2 
14.8 5 
55.34 33 
36.8 
211 25 
25.0 “38 
-3.9 =—231 
7.00 -231 
-8.0 -141 
3.6 -230 
16.0 -242 
-2.70 -91 
-2.17 -295 
31.11 86 
42.89 75 
11.2 22 
-92 =—90 
—5.0 &—130 
0.5 -136 
14 -141 
3.0 -121 
-0.5 -217 
-22.4 -258 


Thermodynamic Quantities for the Ionization Reactions of Buffers in Water 


Buffer 
Sulfite 


TAPS 
TAPSO 
L(+)-Tartaric acid 


TES 
Tricine 


Triethanolamine 
Triethylamine 
Tris 


Reaction 
H,SO, = Н* + HSO; 
HSO-, = H* + 507 
HL: = Н+ + 17, (HL = СН,МО,5) 
HL: = Н+ + 15, (HL = СН МО) 
H,L = H* + НГ, (HL = СНО) 
HL-= Н+ + 12- 
HL: = Н+ + 15, (HL = C.H,.NO,S) 
H,L* = Ht + НІА, (HL = C,H,,NO,) 
НІ? = Н+ + 17 
НИ = Н+ + L, (L = C,H,,NO,) 
НИ = H* + L, (L = СН, № 


HL: = H: + L, (L = CHINO.) 


pK 
1.857 
7.172 
844 
7.635 
3.036 
4.366 
7.550 
2.023 
8.135 
7.762 
10.72 
8.072 


7-15 
AH Ac 
kJ mol"! ТК mol! 

—17.80 -272 
—3.65 —262 
40.4 15 
39.09 -16 
3.19 -147 
0.93 -218 
32.13 0 
5.85 -196 
31.37 —53 
33.6 50 
43.13 151 
47.45 —59 


PREPARATION OF SPECIAL ANALYTICAL REAGENTS 


Aluminon (qualitative test for aluminum). Aluminon is a trade 
name for the ammonium salt of aurintricarboxylic acid. 
Dissolve 1 g of the salt in 1 L of distilled water. Shake the solu- 
tion well to insure thorough mixing. 

Bang's reagent (for glucose estimation). Dissolve 100 g of K,CO,, 
66 g of KCI and 160 g of KHCO, in the order given in about 
700 mL of water at 30°C. Add 4.4 g of CuSO, and dilute to 1 L 
after the CO, is evolved. This solution should be shaken only 
in such a manner as not to allow entry of air. After 24 hours 
300 mL are diluted to 1 L with saturated КСІ solution, shaken 
gently and used after 24 hours; 50 mL is equivalent to 10 mg 
glucose. 

Barfoed's reagent (test for glucose). See Cupric acetate. 

Baudisch's reagent. See Cupferron. 

Benedict's solution (qualitative reagent for glucose). With 
the aid of heat, dissolve 173 g of sodium citrate and 100 g of 
Na,CO, in 800 mL of water. Filter, if necessary, and dilute to 
850 mL. Dissolve 17.3 g of CuSO,-5H,O in 100 mL of water. 
Pour the latter solution, with constant stirring, into the car- 
bonate-citrate solution, and dilute to 1 L. 

Benzidine hydrochloride solution (for sulfite determina- 
tion). Make a paste of 8 g of benzidine hydrochloride 
(С.Н,(МН,),2НСІ) and 20 mL of water, add 20 mL of HCI (sp. 
gr. 1.12) and dilute to 1 L with water. Each mL of this solution 
is equivalent to 0.00357 g of H,SO,. 

Bertrand's reagent (glucose estimation). Consists of the follow- 
ing solutions: 

1. Dissolve 200 g of Rochelle salt and 150 g of NaOH in suf- 
ficient water to make 1 L of solution. 

2. Dissolve 40 g of CuSO, in enough water to make 1 L of 
solution. 

3. Dissolve 50 g of Fe,(SO,), and 200 g of H,SO, (sp. gr. 
1.84) in sufficient water to make 1 L of solution. 

4. Dissolve 5 g of KMnO, in sufficient water to make 1 L of 
solution. 


Bial's reagent (for pentose). Dissolve 1 g of orcinol (5-methyl- 
1,3-benzenediol) in 500 mL of 30% НСІ to which 30 drops of a 
10% solution of FeCl, has been added. 

Boutron — Boudet soap solution: 

1. Dissolve 100 g of pure castile soap in about 2.5 L of 5696 
ethanol. 
2. Dissolve 0.59 g of Ba(NO,), in 1 L of water. 


Adjust the castile soap solution so that 2.4 mL of it will give a 
permanent lather with 40 mL of solution (b). When adjusted, 2.4 
mL of soap solution is equivalent to 220 parts per million of hard- 
ness (as CaCO,) for a 40 mL sample. See also Soap solution. 
Brucke's reagent (protein precipitation). See Potassium iodide- 

mercuric iodide. 

Clarke's soap solution (estimation of hardness in water). 

1. Dissolve 100 g of pure powdered castile soap in 1 L of 
8096 ethanol and allow to stand over night. 

2. Prepare a solution of СаСІ, by dissolving 0.5 g of CaCO, 
іп НСІ (sp. gr. 1.19), neutralize with NH,OH and make 
slightly alkaline to litmus, and dilute to 500 mL. One mL is 
equivalent to 1 mg of CaCO,. 


Titrate (1) against (2) and dilute (1) with 80% ethanol until 1 mL 
of the resulting solution is equivalent to 1 mL of (2) after making 
allowance for the lather factor (the amount of standard soap solu- 
tion required to produce a permanent lather in 50 mL of distilled 
water). One mL of the adjusted solution after subtracting the lath- 
er factor is equivalent to 1 mg of CaCO,. See also Soap solution. 
Cobalticyanide paper (Rinnmann’s test for Zn). Dissolve 4 g of 
K,Co(CN), and 1 g of КАО, іп 100 mL of water. Soak filter 
paper in solution and dry at 100°C. Apply drop of zinc solu- 
tion and burn in an evaporating dish. A green disk is obtained 
if zinc is present. 

Cochineal. Extract 1 g of cochineal for 4 days with 20 mL of alco- 
hol and 60 mL of distilled water. Filter. 


Congo red. Dissolve 0.5 g of congo red in 90 mL of distilled water 
and 10 mL of alcohol. 

Cupferron (Baudisch's reagent for iron analysis). Dissolve 6 g 
of the ammonium salt of N-hydroxy-N-nitrosoaniline (cup- 
ferron) іп 100 mL of H,O. Reagent good for 1 week only and 
must be kept in the dark. 

Cupric acetate (Barfoed's reagent for reducing monosaccha- 
rides). Dissolve 66 g of cupric acetate and 10 mL of glacial 
acetic acid in water and dilute to 1 L. 

Cupric oxide, ammoniacal; Schweitzer's reagent (dissolves 
cotton, linen, and silk, but not wool). 

1. Dissolve 5 g of cupric sulfate in 100 mL of boiling water, 
and add sodium hydroxide until precipitation is complete. 
Wash the precipitate well, and dissolve it in a minimum 
quantity of ammonium hydroxide. 

2. Bubble a slow stream of air through 300 mL of strong 
ammonium hydroxide containing 50 g of fine copper turn- 
ings. Continue for 1 hour. 


Cupric sulfate in glycerin-potassium hydroxide (reagent for 
silk). Dissolve 10 g of cupric sulfate, CuSO,-5H,O, іп 100 mL 
of water and add 5 g of glycerol. Add KOH solution slowly 
until a deep blue solution is obtained. 

Cupron (precipitates copper). Dissolve 5 g of benzoinoxime in 
100 mL of 9596 ethanol. 

Cuprous chloride, acidic (reagent for CO in gas analysis). 

1. Cover the bottom of a 2-L flask with a layer of cupric 
oxide about 0.5 inch deep, suspend a coil of copper wire 
so as to reach from the bottom to the top of the solution, 
and fill the flask with hydrochloric acid (sp. gr. 1.10). Shake 
occasionally. When the solution becomes nearly colorless, 
transfer to reagent bottles, which should also contain cop- 
per wire. The stock bottle may be refilled with dilute hy- 
drochloric acid until either the cupric oxide or the copper 
wire is used up. Copper sulfate may be substituted for cop- 
per oxide in the above procedure. 

2. Dissolve 340 g of CuCl,-2H,O in 600 mL of conc. НСІ 
and reduce the cupric chloride by adding 190 mL of a satu- 
rated solution of stannous chloride or until the solution 
is colorless. The stannous chloride is prepared by treating 
300 g of metallic tin in a 500 mL flask with conc. HCl until 
no more tin goes into solution. 

3. (Winkler method). Add a mixture of 86 g of CuO and 17 
g of finely divided metallic Cu, made by the reduction of 
CuO with hydrogen, to a solution of HCl, made by dilut- 
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ing 650 mL of conc. НСІ with 325 mL of water. After the 
mixture has been added slowly and with frequent stirring, 
a spiral of copper wire is suspended in the bottle, reaching 
all the way to the bottom. Shake occasionally, and when 
the solution becomes colorless, it is ready for use. 


Cuprous chloride, ammoniacal (reagent for CO in gas analysis). 
1. The acid solution of cuprous chloride as prepared above 
is neutralized with ammonium hydroxide until an ammo- 
nia odor persists. An excess of metallic copper must be 
kept in the solution. 

2. Pour 800 mL of acidic cuprous chloride, prepared by the 
Winkler method, into about 4 L of water. Transfer the pre- 
cipitate to a 250 mL graduate. After several hours, siphon 
off the liquid above the 50 mL mark and refill with 7.596 
NH,OH solution which may be prepared by diluting 50 
mL of conc. NH,OH with 150 mL of water. The solution 
is well shaken and allowed to stand for several hours. It 
should have a faint odor of ammonia. 


Dichlorofluorescein indicator. Dissolve 1 g in 1 L of 7096 alcohol 
or 1 g ofthe sodium salt in 1 L of water. 

Dimethyglyoxime, 0.01 N. Dissolve 0.6 g of dimethylglyoxime 
(2,3-butanedione oxime) in 500 mL of 9596 ethanol. This is 
an especially sensitive test for nickel, a very definite crimson 
color being produced. 

Diphenylamine (reagent for rayon). Dissolve 0.2 g in 100 mL of 
concentrated sulfuric acid. 

Diphenylamine sulfonate (for titration of iron with K,Cr,O,). 
Dissolve 0.32 g of the barium salt of diphenylamine sulfonic 
acid in 100 mL of water, add 0.5 g of sodium sulfate and filter 
off the precipitate of BaSO,. 

Diphenylcarbazide. Dissolve 0.2 g of diphenylcarbazide in 10 mL 
of glacial acetic acid and dilute to 100 mL with 9596 ethanol. 

Esbach's reagent (estimation of protein). To a water solution of 
10 g of picric acid and 20 g of citric acid, add sufficient water 
to make 1 L of solution. 

Eschka's compound. Two parts of calcined ("light") magnesia are 
thoroughly mixed with 1 part of anhydrous sodium carbon- 
ate. 

Fehling's solution (reagent for reducing sugars.) 

1. Copper sulfate solution. Dissolve 34.66 g of Си5О,5Н,О 
in water and dilute to 500 mL. 

2. Alkaline tartrate solution. Dissolve 173 g of potassium 
sodium tartrate (Rochelle salt, КМаС,Н,О,4Н,О) and 50 
g of NaOH in water and dilute when cold to 500 mL. 


Mix equal volumes of the two solutions at the time of using. 

Ferric-alum indicator. Dissolve 140 g of ferric ammonium sulfate 
crystals in 400 mL of hot water. When cool, filter, and make up 
to a volume of 500 mL with dilute nitric acid. 

Folin's mixture (for uric acid). To 650 mL of water add 500 g of 
(NH,),SO,, 5 g of uranium acetate, and 6 g of glacial acetic 
acid. Dilute to 1 L. 

Formaldehyde — sulfuric acid (Marquis' reagent for alka- 
loids). Add 10 mL of formaldehyde solution to 50 mL of sul- 
furic acid. 

Froehde's reagent. See Sulfomolybdic acid. 

Fuchsin (reagent for linen). Dissolve 1 g of fuchsin in 100 mL of 
alcohol. 
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Fuchsin — sulfurous acid (Schiff's reagent for aldehydes). 
Dissolve 0.5 g of fuchsin and 9 g of sodium bisulfite in 500 
mL of water, and add 10 mL of НСІ. Keep in well-stoppered 
bottles and protect from light. 

Gunzberg's reagent (detection of HCl in gastric juice). Prepare 
as needed a solution containing 4 g of phloroglucinol (1,3,5- 
benzenetriol) and 2 g of vanillin in 100 mL of absolute etha- 
nol. 

Hager's reagent. See Picric acid. 

Hanus solution (for iodine number). Dissolve 13.2 g of resub- 
limed iodine in 1 L of glacial acetic acid which will pass the 
dichromate test for reducible matter. Add sufficient bromine 
to double the halogen content, determined by titration (3 mL 
is about the proper amount). The iodine may be dissolved by 
the aid of heat, but the solution should be cold when the bro- 
mine is added. 

Iodine, tincture of. To 50 mL of water add 70 g of I, and 50 g of 
KI. Dilute to 1 L with alcohol. 

Iodo-potassium 10414е (Wagner's reagent for alkaloids). 
Dissolve 2 g of iodine and 6 g of KI in 100 mL of water. 

Litmus (indicator). Extract litmus powder three times with boil- 
ing alcohol, each treatment consuming an hour. Reject the 
alcoholic extract. Treat residue with an equal weight of cold 
water and filter; then exhaust with five times its weight of boil- 
ing water, cool and filter. Combine the aqueous extracts. 

Magnesia mixture (reagent for phosphates and arsenates). 
Dissolve 55 g of magnesium chloride and 105 g of ammonium 
chloride in water, barely acidify with hydrochloric acid, and 
dilute to 1 L. The ammonium hydroxide may be omitted un- 
til just previous to use. The reagent, if completely mixed and 
stored for any period of time, becomes turbid. 

Magnesium uranyl acetate. Dissolve 100 g of UO,(C,H,O,),-2H,O 
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in 60 mL of glacial acetic acid and dilute to 500 mL. Dissolve 
330 g of Mg(C,H,O,),-4H,O in 60 mL of glacial acetic acid 
and dilute to 200 mL. Heat solutions to the boiling point until 
clear, pour the magnesium solution into the uranyl solution, 
cool and dilute to 1 L. Let stand over night and filter if neces- 
sary. 

Marme's reagent. See Potassium-cadmium iodide. 

Marquis' reagent. See Formaldehyde-sulfuric acid. 

Mayer's reagent (white precipitate with most alkaloids in 
slightly acid solutions). Dissolve 1.358 g of HgCl, in 60 mL 
of water and pour into a solution of 5 g of Kl in 10 mL of H,O. 
Add sufficient water to make 100 mL. 

Methyl orange indicator. Dissolve 1 g of methyl orange in 1 L of 
water. Filter, if necessary. 

Methyl orange, modified. Dissolve 2 g of methyl orange and 2.8 g 
of xylene cyanole FF in 1 L of 5096 alcohol. 

Methyl red indicator. Dissolve 1 g of methyl red in 600 mL of 
alcohol and dilute with 400 mL of water. 

Methyl red, modified. Dissolve 0.50 g of methyl red and 1.25 g 
of xylene cyanole FF in 1 L of 9096 alcohol. Or, dissolve 1.25 
g of methyl red and 0.825 р of methylene blue in 1 L of 90% 
alcohol. 

Millon’s reagent (for albumins and phenols). Dissolve 1 part of mer- 
cury in 1 part of cold fuming nitric acid. Dilute with twice the vol- 
ume of water and decant the clear solution after several hours. 

Molisch’s reagent. See 1-Naphthol. 


1-Naphthol (Molisch’s reagent for wool). Dissolve 15 g of 1- 
naphthol in 100 mL of alcohol or chloroform. 
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Nessler's reagent (for ammonia). Dissolve 50 g of KI in the small- 
est possible quantity of cold water (50 mL). Add a saturated 
solution of mercuric chloride (about 22 g in 350 mL of water 
will be needed) until an excess is indicated by the formation of 
a precipitate. Then add 200 mL of 5 N NaOH and dilute to 1 
L. Let settle, and draw off the clear liquid. 

Nickel oxide, ammoniacal (reagent for silk). Dissolve 5 g of 
nickel sulfate in 100 mL of water, and add sodium hydroxide 
solution until nickel hydroxide is completely precipitated. 
Wash the precipitate well and dissolve in 25 mL of concen- 
trated ammonium hydroxide and 25 mL of water. 

Nitron (detection of nitrate radical). Dissolve 10 g of nitron (1,4- 
diphenyl-3-(phenylamino)-1,2,4-triazolium hydroxide) in 5 
mL of glacial acetic acid and 95 mL of water. The solution may 
be filtered with slight suction through an alumdum crucible 
and kept in a dark bottle. 

1-Nitroso-2-naphthol. Make a saturated solution in 5096 acetic 
acid (1 part of glacial acetic acid with 1 part of water). Does 
not keep well. 

Nylander's solution (carbohydrates). Dissolve 20 g of bismuth 
subnitrate and 40 g of Rochelle salt in 1 L of 8% NaOH solu- 
tion. Cool and filter. 

Obermayer’s reagent (for indoxyl in urine). Dissolve 4 g of FeCl, 
in 1 L of HCI (sp. gr. 1.19). 

Oxine. Dissolve 14 g of 8-hydroxyquinoline in 30 mL of glacial 
acetic acid. Warm slightly, if necessary. Dilute to 1 L. 

Oxygen absorbent. Dissolve 300 g of ammonium chloride in 1 L 
of water and add 1 L of concentrated ammonium hydroxide 
solution. Shake the solution thoroughly. For use as an oxygen 
absorbent, a bottle half full of copper turnings is filled near- 
ly full with the NH,CI-NH,OH solution and the gas passed 
through. 

Pasteur's salt solution. To 1 L of distilled water add 2.5 g of potas- 
sium phosphate, 0.25 g of calcium phosphate, 0.25 g of mag- 
nesium sulfate, and 12.00 g of ammonium tartrate. 

Pavy's solution (glucose reagent). To 120 mL of Fehling’s solution, 
add 300 mL of NH,OH (sp. gr. 0.88) and dilute to 1 L with water. 

Phenanthroline ferrous ion indicator. Dissolve 1.485 g of 1,10- 
phenanthroline monohydrate in 100 mL of 0.025 M ferrous 
sulfate solution. 

Phenolphthalein. Dissolve 1 g of phenolphthalein in 50 mL of al- 
cohol and add 50 mL of water. 

Phenolsulfonic acid (determination of nitrogen as nitrate). 
Dissolve 25 g of phenol in 150 mL of conc. H,SO, add 75 mL of 
fuming Н,5О, (1596 SO,), stir well and heat for 2 hours at 100°C. 

Phloroglucinol solution (pentosans). Make a 396 phloroglucinol 
(1,3,5-benzenetriol) solution in alcohol. Keep in a dark bottle. 

Phosphomolybdic acid (Sonnenschein's reagent for alkaloids). 

1. Prepare ammonium phosphomolybdate and after wash- 
ing with water, boil with nitric acid and expel NH,; evapo- 
rate to dryness and dissolve in 2 M nitric acid. 

2. Dissolve ammonium molybdate in HNO, and treat with 
phosphoric acid. Filter, wash the precipitate, and boil 
with aqua regia until the ammonium salt is decomposed. 
Evaporate to dryness. The residue dissolved in 10% HNO, 
constitutes Sonnenschein’s reagent. 
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Phosphoric acid — sulfuric acid mixture. Dilute 150 mL of conc. 
Н,5О, and 100 mL of conc. H,PO, (85%) with water to a vol- 
ume of 1L. 

Phosphotungstic acid (Schcibicr's reagent for alkaloids). 

1. Dissolve 20 g of sodium tungstate and 15 g of sodium 
phosphate in 100 mL of water containing a little nitric 
acid. 

2. The reagent is a 1096 solution of phosphotungstic acid in 
water. Thc.phosphotungstic acid is prepared by evaporat- 
ing a mixture of 10 g of sodium tungstate dissolved in 5 g 
of phosphoric acid (sp. gr. 1.13) and enough boiling water 
to effect solution. Crystals of phosphotungstic acid sepa- 
rate. 


Picric acid (Hager's reagent for alkaloids, wool and silk). 
Dissolve 1 g of picric acid in 100 mL of water. 

Potassium antimonate (reagent for sodium). Boil 22 g of potas- 
sium antimonate with 1 L of water until nearly all of the salt 
has dissolved, cool quickly, and add 35 mL of 10% potassium 
hydroxide. Filter after standing overnight. 

Potassium-cadmium iodide (Marme's reagent for alkaloids). 
Add 2 g of Cdl, to a boiling solution of 4 g of KI in 12 mL of 
water, and then mix with 12 mL of saturated KI solution. 

Potassium hydroxide (for CO, absorption). Dissolve 360 g of 
KOH in water and dilute to 1 L. 

Potassium iodide — mercuric iodide (Brucke's reagent for pro- 
teins). Dissolve 50 g of KI in 500 mL of water, and saturate 
with mercuric iodide (about 120 g). Dilute to 1 L. 

Potassium pyrogallate (for oxygen absorption). For mixtures of 
gases containing less than 2896 oxygen, add 100 mL of KOH 
solution (50 g of KOH to 100 mL of water) to 5 g of pyrogal- 
lol. For mixtures containing more than 28% oxygen the KOH 
solution should contain 120 g of KOH to 100 mL of water. 

Pyrogallol, alkaline. 

1. Dissolve 75 g of pyrogallic acid in 75 mL of water. 
2. Dissolve 500 g of KOH in 250 mL of water. When cool, 
adjust until sp. gr. is 1.55. 
For use, add 270 mL of solution (2) to 30 mL of solution (1). 

Rosolic acid (indicator). Dissolve 1 g of rosolic acid in 10 mL of 
alcohol and add 100 mL of water. 

Scheibler's reagent. See Phosphotungstic acid. 

Schiff's reagent. See Fuchsin-sulfurous acid. 

Schweitzer's reagent. See Cupric oxide, ammoniacal. 

Soap solution (reagent for hardness in water). Dissolve 100 g 
of dry castile soap in 1 L of 8096 alcohol (5 parts alcohol to 1 
part water). Allow to stand several days and dilute with 7096 to 
8096 alcohol until 6.4 mL produces a permanent lather with 20 
mL of standard calcium solution. The latter solution is made 
by dissolving 0.2 g of CaCO, in a small amount of dilute HCI, 
evaporating to dryness and making up to 1 L. 

Sodium bismuthate (oxidation of manganese). Heat 20 parts of 
NaOH nearly to redness in an iron or nickel crucible and add 
slowly 10 parts of basic bismuth nitrate which has been pre- 
viously dried. Add 2 parts of sodium peroxide, and pour the 
brownish-yellow fused mass onto an iron plate to cool. When 
cold, break up in a mortar, extract with water, and collect on 
an asbestos filter. 

Sodium hydroxide (for CO, absorption). Dissolve 330 g of 
NaOH in water and dilute to 1 L. 
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Sodium nitroprusside (reagent for hydrogen sulfide and wool). 
Use a freshly prepared solution of 1 g of sodium nitroferricya- 
nide in 10 mL of water. 

Sodium oxalate (primary standard). Dissolve 30 g of the com- 
mercial salt in 1 L of water, make slightly alkaline with sodi- 
um hydroxide, and let stand until perfectly clear. Filter and 
evaporate the filtrate to 100 mL. Cool and filter. Pulverize the 
residue and wash it several times with small volumes of water. 
The procedure is repeated until the mother liquor is free from 
sulfate and is neutral to phenolphthalein. 

Sodium plumbite (reagent for wool). Dissolve 5 g of sodium hy- 
droxide in 100 mL of water. Add 5 g of litharge (PbO) and boil 
until dissolved. 

Sodium polysulfide. Dissolve 480 g of Ма,5-9Н,О in 500 mL of 
water, add 40 g of NaOH and 18 g of sulfur. Stir thoroughly 
and dilute to 1 L with water. 

Sonnenschein's reagent. See Phosphomolybdic acid. 

Starch solution. 

1. Make a paste with 2 g of soluble starch and 0.01 g of Hgl, 
with a small amount of water. Add the mixture slowly to 
1L of boiling water and boil for a few minutes. Keep in a 
glass stoppered bottle. If other than soluble starch is used, 
the solution will not clear on boiling; it should be allowed 
to stand and the clear liquid decanted. 

2. A solution of starch which keeps indefinitely is made as 
follows: Mix 500 mL of saturated NaCl solution (filtered), 
80 mL of glacial acetic acid, 20 mL of water and 3 g of 
starch. Bring slowly to a boil and boil for 2 minutes. 

3. Make a paste with 1 g of soluble starch and 5 mg of На, 
using as little cold water as possible. Then pour about 200 
mL of boiling water on the paste and stir immediately. This 
will give a clear solution if the paste is prepared correctly 
and the water actually boiling. Cool and add 4 g of KI. 
Starch solution decomposes on standing due to bacterial 
action, but this solution will keep well if stored under a 
layer of toluene. 


Stoke's reagent. Dissolve 30 g of FeSO, and 20 g of tartaric acid 
in water and dilute to 1 L. Just before using, add concentrated 
NH,OH until the precipitate first formed is redissolved. 

Sulfanilic acid (reagent for nitrites). Dissolve 0.5 g of sulfanilic 
acid in a mixture of 15 mL of glacial acetic acid and 135 mL of 
recently boiled water. 

Sulfomolybdic acid (Froehde's reagent for alkaloids and gluco- 
sides). Dissolve 10 g of molybdic acid or sodium molybdate in 
100 mL of conc. H,SO,. 

Tannic acid (reagent for albumin, alkaloids, and gelatin). 
Dissolve 10 g of tannic acid in 10 mL of alcohol and dilute 
with water to 100 mL. 
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Titration mixture (residual chlorine in water analyasis). Prepare 
1 L of dilute НСІ (100 mL of HCI (sp. gr. 1.19) in sufficient wa- 
ter to make 1 L). Dissolve 1 g of o-tolidine in 100 mL of the 
dilute НСІ and dilute to 1 L with dilute НСІ solution. 

Trinitrophenol solution. See Picric acid. 


Turmeric tincture (reagent for borates). Digest ground turmeric 
root with several quantities of water which are discarded. Dry 
the residue and digest it several days with six times its weight 
of alcohol. Filter. 

Uffelmann's reagent (turns yellow in presence of lactic acid). 
То a 2% solution of pure phenol in water, add a water solution 
of FeCl, until the phenol solution becomes violet in color. 

Wagner’s reagent. See Iodo- potassium iodide. 

Wagner’s solution (used in phosphate rock analysis to prevent 
precipitation of iron and aluminum). Dissolve 25 g of citric 
acid and 1 g of salicylic acid in water and dilute to 1 L. Use 50 
mL of the reagent. 

Wij’s iodine monochloride solution (for iodine number). 
Dissolve 13 g of resublimed iodine in 1 L of glacial acetic acid 
which will pass the dichromate test for reducible matter. Set 
aside 25 mL ofthis solution. Pass into the remainder of the so- 
lution dry chlorine gas (dried and washed by passing through 
H,SO, (sp. gr. 1.84)) until the characteristic color of free iodine 
has been discharged. Now add the iodine solution which was 
reserved, until all free chlorine has been destroyed. A slight 
excess of iodine does little or no harm, but an excess of chlo- 
rine must be avoided. Preserve in well stoppered, amber col- 
ored bottles. Avoid use of solutions which have been prepared 
for more than 30 days. 

Wij's special solution (for iodine number). To 200 mL of gla- 
cial acetic acid that will pass the dichromate test for reducible 
matter, add 12 g of dichloramine T (N,N-dichloro-4-methyl- 
benzenesulfonamide), and 16.6 g of dry KI (in small quantities 
with continual shaking until all the KI has dissolved). Make 
up to 1 L with the same quality of acetic acid used above and 
preserve in a dark colored bottle. 

Zimmermann-Reinhardt reagent (determination of iron). 
Dissolve 70 g of MnSO,-4H,O in 500 mL of water, add 125 mL 
of conc. H,SO, апа 125 mL of 85% H,PO,, and dilute to 1 L. 

Zinc chloride solution, basic (reagent for silk). Dissolve 1000 g 
of zinc chloride in 850 mL of water, and add 40 g of zinc oxide. 
Heat until solution is complete. 

Zinc uranyl acetate (reagent for sodium). Dissolve 10 g of 
UO,(C,H,O)),:2H,O in 6 g of 30% acetic acid with heat, if nec- 
essary, and dilute to 50 mL. Dissolve 30 g of Zn(C,H,O,), H,O 
in 3 g of 3096 acetic acid and dilute to 50 mL. Mix the two solu- 
tions, add 50 mg of NaCl, allow to stand overnight and filter. 


STANDARD SOLUTIONS OF ACIDS, BASES, AND SALTS 


For each compound listed, the last column of this table gives Reference 
the mass in grams which is contained in 1 liter of a solution whose 
amount-of-substance concentration divided by the equivalence Compendium of Analytical Nomenclature (IUPAC), Pergamon Press, 
factor of the compound equals 0.1 mol/L. In the older literature Oxford, 1978. 
such a solution is often referred to as a “decinormal solution” 


(0.1 N). 

Atomic or 

molecular Equivalence Mass in 
Name Formula weight factor grams 
Acetic acid HC,H,O, 60.0530 1 6.0053 
Ammonia NH, 17.0306 1 1.7031 
Ammonium ion ЫН, 18.0386 1 1.8039 
Ammonium chloride NH,CI 53.4916 1 5.3492 
Ammonium sulfate (NH,),SO, 132.1388 1/2 6.6069 
Ammonium thiocyanate NH,CNS 76.1204 1 7.6120 
Barium Ba 137.34 1/2 6.867 
Barium carbonate BaCO, 197.3494 1/2 9.8675 
Barium chloride hydrate BaCl, - 2H,O 244.2767 1/2 12.2138 
Barium hydroxide Ba(OH), 171.3547 1/2 8.5677 
Barium oxide BaO 153.3394 1/2 7.6670 
Bromine Br 79.909 1 7.9909 
Calcium Ca 40.08 1/2 2.004 
Calcium carbonate CaCO, 100.0894 1/2 5.0045 
Calcium chloride CaCl, 110.9860 1/2 5.5493 
Calcium chloride hydrate CaCl, -6H,O 219.0150 1/2 10.9508 
Calcium hydroxide Ca(OH), 74.0947 1/2 3.7047 
Calcium oxide CaO 56.0794 1/2 2.8040 
Chlorine а 35.453 1 3.5453 
Citric acid C,H,O, H,O 210.1418 1/3 7.0047 
Cobalt Co 58.9332 1/2 2.9466 
Copper Cu 63.54 1/2 3.177 
Copper oxide (cupric) CuO 79.5394 1/2 3.9770 
Copper sulfate hydrate Си5О,.5Н,О 249.6783 1/2 12.4839 
Hydrochloric acid НСІ 36.4610 1 3.6461 
Hydrocyanic acid HCN 27.0258 1 2.7026 
Iodine I 126.9044 1 12.6904 
Lactic acid CHO, 90.0795 1 9.0080 
Malic acid CHO, 134.0894 1/2 6.7045 
Magnesium Mg 24.312 1/2 1.2156 
Magnesium carbonate MgCO, 84.3214 1/2 4.2161 
Magnesium chloride MgCl, 95.2180 1/2 4.7609 
Magnesium chloride hydrate MgCl, - 6H,O 203.2370 1/2 10.1623 
Magnesium oxide MgO 40.3114 1/2 2.0156 
Manganese Mn 54.938 1/2 2.7469 
Manganese sulfate MnSO, 150.9996 1/2 7.5500 
Mercuric chloride НЕСІ, 271.4960 1/2 13.5748 
Nickel Ni 58.71 1/2 2.9356 
Nitric acid HNO, 63.0129 1 6.3013 
Oxalic acid НСО: 90.0358 1/2 4.5018 
Oxalic acid hydrate Н,СО,2Н,О 126.0665 1/2 6.3033 
Охайс acid anhydride CO, 72.0205 1/2 3.6010 
Phosphoric acid H,PO, 97.9953 1/3 3.2665 
Potassium K 39.102 1 3.9102 
Potassium bicarbonate KHCO, 100.1193 1 10.0119 
Potassium carbonate K,CO, 138.2134 1/2 6.9106 
Potassium chloride KCl 74.5550 1 7.4555 
Potassium cyanide KCN 65.1199 1 6.5120 
Potassium hydroxide KOH 56.1094 1 5.6109 
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Мате 

Potassium oxide 
Potassium tartrate 
Silver 

Silver nitrate 
Sodium 

Sodium bicarbonate 
Sodium carbonate 
Sodium chloride 
Sodium hydroxide 
Sodium oxide 
Sodium sulfide 
Succinic acid 
Sulfuric acid 
Tartaric acid 

Zinc 

Zinc sulfate hydrate 


Formula 
K,O 
КНСО, 
Ав 
AgNO, 
Na 
NaHCO, 
Na,CO, 
NaCl 
NaOH 
Ма,О 
Ма,5 
H,CHO, 
H,SO, 
CHO, 


Zn 
ZnSO,.7H,O 


Atomic or 
molecular 
weight 
94.2034 
226.2769 
107.87 
169.8749 
22.9898 
84.0071 
105.9890 
58.4428 
39.9972 
61.9790 
78.0436 
118.0900 
98.0775 
150.0888 
65.37 
287.5390 


Standard Solutions of Acids, Bases, and Salts 


Equivalence 
factor 


1/2 


Mass in 
grams 
4.7102 
11.3139 
10.787 
16.9875 
2.2990 
8.4007 
5.2995 
5.8443 
3.9997 
3.0990 
3.9022 
5.9045 
4.9039 
7.5044 
3.269 
14.3769 


STANDARD SOLUTIONS OF OXIDATION AND REDUCTION REAGENTS 


For each reagent listed, the last column of this table gives the 
mass in grams which is contained in a solution whose amount-of- 
substance concentration divided by the equivalence factor of the 
compound equals 0.1 mol/L. The equivalence factor given refers to 
the most common reactions of the reagent. In the older literature 
such a solution is often called a "decinormal solution" (0.1 N). 


Name Formula 
Antimony Sb 
Arsenic As 
Arsenic trisulfide Ав,5, 
Arsenous oxide As,O, 
Barium peroxide BaO, 
Barium peroxide hydrate BaO, - 8H,O 
Calcium Ca 
Calcium carbonate CaCO, 
Calcium hypochlorite Са(0сђ, 
Calcium oxide CaO 
Chlorine 0 
Chromium trioxide CrO 


Ferrous ammonium sulfate 


FeSO,(NH,)SO, · 6H,O 


Hydroferrocyanic acid H,Fe(CN), 
Hydrogen peroxide H,O, 
Hydrogen sulfide H,S 
Iodine I 

Iron Fe 

Iron oxide (ferrous) FeO 

Iron oxide (ferric) Fe,O, 
Lead peroxide PbO, 
Manganese dioxide MnO, 
Nitric acid HNO, 
Nitrogen trioxide МО, 
Nitrogen pentoxide N,O, 
Oxalic acid C,H,O, 
Oxalic acid hydrate СН,О, : 2H,O 
Oxygen 0 
Potassium dichromate K,Cr,O, 
Potassium chlorate као, 
Potassium chromate K,CrO, 
Potassium ferrocyanide K,Fe(CN), 


Potassium ferrocyanide hydrate 


Potassium iodide 


K,Fe(CN), - ЗНАО 
KI 


Potassium nitrate KNO, 
Potassium perchlorate као, 
Potassium permanganate KMnO, 
Sodium chlorate NaCIO, 
Sodium nitrate NaNO, 
Sodium thiosulfate hydrate Ма,5,О,.5Н,О 
Stannous chloride 581, 
Stannous oxide $nO 

Sulfur dioxide SO, 

Tin $n 


Reference 


Compendium of Analytical Nomenclature (IUPAC), Pergamon Press, 


Oxford, 1978. 


Atomic or 
molecular 
weight 
121.75 
74.9216 
246.0352 
197.8414 
169.3388 
313.4615 
40.08 
100.0894 
142.9848 
56.0794 
35.453 
99.9942 
392.0764 
215.9860 
34.0147 
34.0799 
126.9044 
55.847 
71.8464 
159.6922 
239.1888 
86.9368 
63.0129 
76.0116 
108.0104 
90.0358 
126.0665 
15.9994 
294.1918 
122.5532 
194.1076 
368.3621 
422.4081 
166.0064 
101.1069 
138.5526 
158.0376 
106.4410 
84.9947 
248.1825 
189.5960 
134.6894 
64.0628 
118.69 


Equivalence 


factor 
1/2 
1/2 
1/4 
1/4 
1/2 
1/2 
1/2 


Mass in 


grams 
6.0875 
3.7461 
6.1509 
4.9460 
8.4669 
15.6730 
2.004 
5.0045 
3.5746 
2.8040 
3.5453 
3.3331 
39.2076 
21.5986 
1.7007 
1.7040 
12.6904 
5.5847 
7.1846 
7.9846 
11.9594 
4.3468 
2.1004 
1.9002 
1.8001 
4.5018 
6.3033 
0.8000 
4.9032 
2.0425 
6.4733 
36.8362 
42.2408 
16.6006 
3.3702 
1.7319 
3.1608 
1.7740 
2.8332 
24.8183 
9.4798 
6.7345 
3.2031 
5.935 
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Determination 
Aluminium 


Ammonia 
Antimony 


Arsenic 
Barium 


Beryllium 


Bismuth 


Boron 


Bromide 


Cadmium 


Calcium 


Cerium 


8-8 


ORGANIC ANALYTICAL REAGENTS FOR THE DETERMINATION 


OF INORGANIC SUBSTANCES 


G. Ackermann, L. Sommer, and D. Thorburn Burns 


Reagents 
Alizarin Red S 
Aluminon 


Aluminon 4 Cetyltrimethylammonium bromide 
Chrome Azurol S 

Chrome Azurol 5 + Cetyltrimethylammonium bromide 
Chromazol KS + Cetylpyridinium bromide 
Eriochrome Cyanine R 


Eriochrome Cyanine R + Cetyltrimethylammonium 
bromide 


8-Hydroxyquinoline 


Phenol + Sodium hypochlorite 
Brilliant Green 
Bromopyrogallol Red 
Rhodamine B 


Silver diethyldithiocarbamate 
Silver diethyldithiocarbamate 


Sulfonazo III 


Beryllon II 

Chrome Azurol S 

Chrome Azurol $ + Cetyltrimethylammonium bromide 
Eriochrome Cyanine R 


Eriochrome Cyanine R + Cetyltrimethylammonium 
bromide 


Dithizone 


Pyrocatechol Violet 


Pyrocatechol Violet 4 Cetyltrimethylammonium bromide 


Thiourea 
Xylenol Orange 


Azomethine H 
Carminic acid 


Curcumin 
Methylene Blue 
Fluorescein 


Phenol Red 
2-(5-Bromo-2-pyridylazo)-5-diethylaminophenol 
Cadion 

Dithizone 


4—(2-Pyridylazo)resorcinol 
Chlorophosphonazo III 
Glyoxal-bis(2-hydroxyanil) 


Murexide 
Phthalein Purple 
N-benzoyl-N-phenylhydroxylamine 


Ref. 

Onishi, Part Па, p 28. (5), Snell, Metals I, p 587. (7) 

Fries/Getrost, p 16. (2), Onishi, Па, p 21. (5), Snell, Metals I, p 590. 
(7) 

Huaxue Shiji, 8, 85, (1986) 

Onishi, Part Ia, p 26. (5), Snell, Metals I, p 605. (7) 

Marczenko, p 133. (3), Snell, Metals I, p 606. (7) 

Analyst, 107, 428, (1982). 

Fries/Getrost, p 19. (2), Onishi, Part Па, p 25. (5), Snell, Metals I, p 
611. (7) 

Snell, Metals I, p 613. (7), Analyst, 107, 1431, (1982). 


Fries/Getrost, p 22. (2), Marczenko, p 131. (3), Onishi, Part IIa, p 31. 
(5), Snell, Metals 1, p 622. (7) 

Boltz, p 210 (1), Marczenko, p 413. (3), Snell, Nonmetals, р 604. (9) 

Onishi, Part IIa, p 102. (5), Snell, Metals I, p 384. (7) 

Talanta, 13, 507, (1966). 

Fries/Getrost, p 32. (2), Marczenko, p 141. (3), Onishi, Part IIa, p 93. 
(5), Snell, Metals I, p 404. (7) 

Fries/Getrost, p 36. (2) 

Fries/Getrost, p 41. (2), Marczenko, p 153. (3), Onishi, Part IIa, p 
153. (5), Snell, Metals I, p 370. (7) 

Fries/Getrost, p 46. (2), Snell, Metals II, p 1782. (8), Onishi, Part IIa, 
p 202. (5) 

Snell, Metals L p 667. (7) 

Marczenko, p 163. (3), Snell, Metals 1, p 672. (7) 

Marczenko, p 164. (3), Snell, Metals I, p 673. (7) 

Snell, Metals L p 675. (7), Talanta, 31, 249, (1984). 

Zh. Anal. Khim., 33, 1298, (1978). 


Onishi, Part IIa, p 262. (5), Snell, Metals I, p 303. (7) 

Fres. Z. Anal. Chem., 186, 418, (1962). 

Zh. Anal. Khim., 38, 216, (1983). 

Onishi, Part IIa, p 260. (5), Snell, Metals I, p 317. (7) 

Friez/Getrost, p 57. (2), Marczenko, p 172. (3), Snell, Metals I, p 320. 
(7) 

Snell, Nonmetals, p 165. (9) 

Boltz, p 14. (1), Fries/Getrost, p 65. (2), Snell, Nonmetals, p 170. (9), 
Williams, p 35. (11) 

Boltz, p 8. (1), Fries/Getrost, p 68. (2), Marczenko, p 180. (3), Snell, 
Монте, р 180. (9), Fres. Z. Anal. Chem., 323, 266, (1986). 

Boltz, p 21. (1), Marczenko, р 183. (3), Snell, Nonmetals, p 205. (9), 
Talanta, 31, 547, (1984). 

Boltz, p 48. (1), Snell, Nonmetals, p 276., Fres. Z. Anal. Chem., 301, 
28 (1980). 

Boltz, p 44. (1), Marczenko, p 190. (3), Snell, Nonmetals, p 28. (9) 

Marczenko, p 197. (3) 

Onishi, Part IIa, p 323. (5) 

Fries/Getrost, p 78. (2), Onishi, Part Па, p 315. (5), Snell, Metals L p 
279. (7), West, p 25. (10). 

Fres. Z. Anal. Chem., 310, 51, (1982). 

Marczenko, p 207. (3), Snell, Metals II, p 1744. (8) 

Fries/Getrost, p 86. (2), Onishi, Part Па, p 352. (5), Snell, Metals L p 
1762. (8) 

Onishi, Part IIa, p 357. (5), Snell, Metals II, p 1769. (8) 

Anal. Chim. Acta, 34, 71 (1966). 

Anal. Chim. Acta, 48, 155, (1969). 
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Determination 


Chlorine 


Chromium 


Cobalt 


Copper 


Cyanide 


Fluoride 


Gallium 


Germanium 


Gold 


Hafnium 
Indium 


Iodide 
Iodine 
Iridium 


Iron 


Reagents 
8-Hydroxyquinoline 


N,N-Diethyl-1,4-phenylenediamine 
1,5-Diphenylcarbazide 


4-(2-Pyridylazo)resorcinol 
4-(2-Pyridylazo)resorcinol + Tetradecyldimethyl- 

benzylammonium chloride 
4-(2-Pyridylazo)resorcinol + Hydrogen peroxide 
Nitroso-R salt 


1-Nitroso-2-naphthol 
2-Nitroso-1-naphthol 


4-(2-Pyridylazo)resorcinol 
4-(2-Pyridylazo)resorcinol + Diphenylguanidine 
Bathocuproine 

Bathocuproine disulfonic acid 

Dithizone 


Neocuproine 
Cuprizone 


4-(2-pyridylazo)resorcinol + Tetradecyldimethyl- 
benzylammonium chloride 

Barbituric Acid + Pyridine 

Barbituric Acid + Pyridine-4-carboxylic acid 

Alizarin Fluorine blue + Lanthanum(III) ion 


Eriochrome Cyanine R + Zirconium(IV) ion 
Pyrocatechol violet + Diphenylguanidine 
8-Hydroxyquinoline 
1-(2-Pyridylazo)-2-naphthol 
4-(2-Pyridylazo)resorcinol 

Rhodamine B 


Xylenol Orange 

Xylenol Orange + 8-Hydroxyquinoline 
Brilliant Green + Molybdate 
Phenylfluorone 


5-(4-Diethylaminobenzylidene) rhodanine 
Rhodamine B 


Arsenazo III 
Bromopyrogallol Red 
Chrome Azurol 5 


Chrome Azurol $ + Cetyltrimethylammonium bromide 


Dithizone 


8-Hydroxyquinoline 
1-(2-Pyridylazo)-2-naphthol 
4-(2-Pyridylazo)resorcinol 
Neocuproine + Copper(II) 
Starch 

Rhodamine 6G + Tin(II) 
N,N-Dimethyl-4-nitrosoaniline 
Bathophenanthroline 


Bathophenanthroline disulfonic acid 


Ref. 

Fries/Getrost, p 93. (2), Marczenko, p 220. (3), Onishi, Part IIa, p 
383. (7) 

Boltz, p 92. (1), Fries/Getrost, p 101. (2), Snell, Nonmetals, p 225. 
(9), Analyst, 90, 187, (1965). 

Fries/Getrost, p 105. (2), Onishi, Part IIa, p 412. (5), Snell, Metals I, 
p 714. (7), West, p 12. (10) 

Snell, Metals L p 736. (7), West, p 17. (10) 

West, p 17. (10), Anal. Chim. Acta, 67, 297, (1973). 


Fres. Z. Anal. Chem., 304, 382, (1980). 

Fries/Getrost, p 118. (2), Onishi, Part IIa, p 454. (5), Snell, Metals I, 
p 953. (7) 

Fries/Getrost, p 111. (2), Marczenko, p 246. (3), Snell, Metals 1, p 
947. (5) 

Fries/Getrost, p 113. (2), Onishi, Part IIa, p 459. (5), Snell, Metals I, 
p 949. (7), West, p 45. (10) 

Snell, Metals L p 969. (7), West, p 44. (10) 

Zh. Anal. Khim., 35, 1306, (1980). 

Fries/Getrost, p 135. (2), Snell, Metals I, p 148. (7) 

Fries/Getrost, p 137. (2), West, p 52. (10) 

Marczenko, p 258. (3), Onishi, Part IIa, p 529. (5), Snell, Metals I, р 
199. (7) 

Snell, Metals L p 217. (5), West, p 51. (10) 

Onishi, Part IIa, p 534. (5), Snell, Metals I, p 157. (7), West, p 53. 
(10) 

Anal. Chim. Acta, 138, 321, (1982). 


Fries/Getrost, p 153. (2), Snell, Nonmetals, р 653. (9) 

Anal. Chim. Acta, 99, 197, (1978). 

Boltz, p 129. (1), Fries/Getrost, p 158. (2), Snell, Nonmetals, p 333. 
(9), Williams, p 354. (11) 

Boltz, p 119. (1), Snell, Nonmetals, p 359. (2), Williams, p 357. (11) 

Snell, Metals L p 500. (7) 

Onishi Pt IIa, p 582. (5), Snell, Metals I, p 505. (7) 

Snell, Metals I, p 512. (7) 

Snell, Metals I, p 513. (7) 

Marczenko, p 284. (3), Onishi, Part IIa, p 578. (5), Snell, Metals I, p 
515. (7) 

Fries/Getrost, p 166. (2), Snell, Metals I, p 523. (7) 

Zh. Anal. Khim., 26,75, (1971). 

Snell, Metals L p 562. (7) 

Fries/Getrost, p 168. (2), Marczenko, p 292. (3), Onishi, Part IIa, p 
607. (5), Snell, Metals L p 570. (7) 

Fries/Getrost, p 173. (2), Onishi, Part IIa, p 631. (5), Snell, Metals II, 
p 1516. (8) 

Fries/Getrost, p 175. (2), Marczenko, p 301. (3), Onishi, Part IIa, p 
637. (5), Snell, Metals II, p 513. (8) 

Snell, Metals II, p 1184. (8), Talanta, 19, 807, (1972). 

Snell, Metals 1, p 469. (7) 

Snell, Metals L p 474. (7) 

Anal. Chim. Acta, 67, 107, (1973). 

Fries/Getrost, p 179. (2), Onishi, Part IIa, p 672. (5), Snell, Metals I, 
р 474. (7) 

Onishi, Part IIa, p 670. (5), Snell, Metals I, p 475. (7) 

Snell, Metals L p 480. (7) 

Marczenko, p 309. (3), Snell, Metals I, p 480. (7) 

Anal. Chim. Acta, 69, 321, (1974). 

Boltz, р 162. (1), Marczenko, р 316. (3), Snell, Nonmetals, p 307. (9) 

Marczenko, p 323. (3) 

Anal. Chem., 27, 1776, (1955). 

Fries/Getrost, p 189. (2), Onishi, Part IIa, p 729. (5), Snell, Metals I, 
p 763. (7) 

Fries/Getrost, p 191. (2), Snell, Metals I, p 772. (7) 
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Determination 


Lanthanum 
Lead 


Lithium 


Magnesium 


Manganese 


Mercury 


Molybdenum 


Nickel 


Niobium 


Nitrate 


Nitrite 


Osmium 
Palladium 


Organic Analytical Reagents for the Determination of Inorganic Substances 


Reagents 
2,2’-Bipyridyl 


Chrome Azurol 5 + Cetyltrimethylammonium bromide 


1,10-Phenanthroline 


1,10-Phenanthroline + Bromothymol Blue 
Ferrozine 

Arsenazo III 

Dithizone 


Sodium diethyldithiocarbamate 
4-(2-Pyridylazo)resorcinol 


Thoron 

Eriochrome Black T 
8-Hydroxyquinoline 
8-Hydroxyquinoline + Butylamine 
Titan Yellow 

Xylidyl Blue 

Formaldoxime 


Dithizone 


Michler’s thioketone 

Xylenol Orange 

Bromopyrogallol Red + Cetylpyridium chloride 
Phenylfluorone 

Toluene-3,4-dithiol 


2-(5-Bromo-2-pyridylazo)-5-diethylaminophenol 
Dimethylglyoxime 


Dimethylglyoxime + Oxidant 
2,2’-Furildioxime 
2-(2-Pyridylazo)-2-naphthol 


4-(2-Pyridylazo)resorcinol 


N-Benzoyl-N-phenylhydroxylamine 


Pyrocatechol + EDTA ог 2,2’Bipyridyl or 1-(2-thenoyl)- 


3,3,3,-trifluoroacetone 
Bromopyrogallol red 
Bromopyrogallol red + Cetylpyridinium chloride 
4-(2-Pyridylazo)resorcinol 


Sulfochlorophenol 5 
Xylenol Orange 
Brucine 


Chromotropic acid 


Sulfanilamide + N-(1-Naphthyl)ethylenediamine 
dihydrochloride 

Sulfanilamide + N-(1-Naphthyl)ethylenediamine 
dihydrochlorine 


Sulfanilic acid + 1-Naphthylamine 


1,5-Diphenylcarbazide 
2-(5 Bromo-2-pyridylazo)-5-diethylaminophenol 


Ref. 

Snell, Metals I, p 750. (7) 

Snell, Metals I, p 757. (7), Coll. Czech. Chem. Comm., 45, 2656, 
(1980). 

Fries/Getrost, p 199. (2), Marczenko, p 331. (3), Onishi, Part Ha, p 
725. (5), Snell, Metals I, p 795. (7) 

Zh. Anal. Khim., 25, 1348, (1970). 

Onishi, Part Па, p 730. (5), Snell, Metals I, p 783. (7) 

Marczenko, p 468. (3), Snell, Metals II, p 1910. (8) 

Fries/Getrost, p 207. (2), Onishi, Part Па, р 824. (5), Snell, Metals J, 
p 2. (7), West, p 34. (10) 

Fries/Getrost, p 214. (2), Snell, Metals I, p 27. (7) 

Fries/Getrost, p 220. (2), Marczenko, p 347. (3), Snell, Metals I, p 34. 
(7) 

Onishi, Part IIa, p 863. (5), Snell, Metals II, p 1726. (8), Talanta, 30, 
587, (1983). 

Fries/Getrost, p 226. (2), Marczenko, p 355. (3), Onishi, Part IIb, p 
13. (6), Snell, Metals II, p 1932. (8) 

Onishi, Part IIb, p 11. (6), Snell, Metals II, p 1938. (8) 

Fries/Getrost, p 228. (2), Snell, Metals II, p 1938. (8) 

Fries/Getrost, p 234. (2), Marczenko, p 352. (3), Snell, Metals II, p 
1945. (8) 

Fries/Getrost, p 231. (2), Onishi, Part IIb, p 14. (6), Snell, Metals П, р 
1950. (8) 

Fries/Getrost, p 236. (2), Marczenko, p 364. (3), Onishi Part IIb, p 
38. (6), Snell, Metals II, 1010. (8) 

Fries/Getrost, p 243. (2), Marczenko, p 373. (3), Onishi, Part IIb, p 
66. (6), Snell, Metals I, p 107. (7), West, p 29. (10) 

Marczenko, p 375. (3), Snell, Metals I, p 126. (7) 

Talanta, 16, 1023, (1969) 

West, p 58. (10) 

Snell, Metals I, p 1311. (8), Microchem. J., 31, 56, (1985). 

Fries/Getrost, p 251. (2), Marczenko, p 384. (3), Onishi, Part IIb, p 
96. (6), Snell, Metals II, p 1301. (8) 

Marczenko, p 397. (3), Talanta 28, 189, (1981). 

Fries/Getrost, p 263. (2), Marczenko, p 393. (3), Onishi, Part IIb, p 
125. (6), Snell, Metals I, p 887. (7) 

Fries/Getrost, p 263. (2), Onishi, Part IIb, p 125. (6), Snell, Metals I, 
p 887. (7) 

Marczenko, p 396. (3), Snell, Metals I, p 904. (7) 

Snell, Metals I, p 910. (7) 

Snell, Metals I, p 911. (7), West, p 39. (10), Anal. Chim. Acta, 82, 
431, (1976). 

Snell, Metals II, p 1425. (8) 

Snell, Metals II, p 1427. (8) 


Marczenko, p 407. (3), Snell, Metals II, p 1426. (8) 

Talanta, 32, 189, (1985). 

Fries/Getrost, p 274. (2), Marczenko, p 406. (3), Onishi, Part IIb, p 
160. (7), Snell, Metals II, p 1447. (8) 

Onishi, Part IIb, p 161. (7), Snell, Metals II, p 1430. (8) 

Onishi, Part IIb, р 164. (7) 

Boltz, p 227. (1), Fries/Getrost, p 280. (2), Snell, Nonmetals, p 546. 
(9) 

Boltz, p 229. (1), Fries/Getrost, p 281. (2), Snell, Nonmetals, p 548. 
(9), Williams, p 132. (11), Fres. Z. Anal. Chem., 320, 490, (1985). 

Fries/Getrost, p 279. (2), Snell, Nonmetals, p 559. (9) 


Boltz, p 241. (1), Snell, Nonmetals, p 585. (8), Analyst, 109, 1281, 
(1984). 

Boltz, p 237. (1), Fries/Getrost, p 285. (2), Marczenko, p 419. (3), 
Snell, Nonmetals, p 586. (9) 

Marczenko, p 428. (3) 

Talanta, 33, 939, (1986). 
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Determination 


Phosphate 


Platinum 


Rare Earths 


Rhenium 


Rhodium 
Ruthenium 


Scandium 


Selenium 


Silver 


Sulfate 


Sulfide 


Sulfite 


Tantalum 


Tellurium 


Thallium 


Thorium 


Tin 


Reagents 
Dithizone 


2-Nitroso-1-naphthol 


4-(2-Pyridylazo)resorcinol 
Rhodamine B + Molybdate 
Malachite Green + Molybdate 
Sulfochlorophenolazorhodamine 
Dithizone 


2-Mercaptobenzothiazole 
Arsenazo I 


Arsenazo III 


Xylenol Orange 
2,2/-Furildioxime 


1-(2-Pyridylazo)-2-naphthol 
1,10-Phenanthroline 
Thiourea 


1,4-Diphenylthiosemicarbazide 
Alizarin red S 


Arsenazo III 
Chrome Azurol 5 
Xylenol Orange 


3,3'-Diaminobenzidine 


2,3-Diaminonaphthaline 
Dithizone 


Eosin + 1,10-Phenanthroline 
Methylthymol blue + Barium (II) 
N,N,-Dimethyl-1,4-phenylenediamine 


Pararosaniline + Formaldehyde 


Methyl Violet 
4-(2-Pyridylazo)resorcinol 
Phenylfluorone 
Diethyldithiocarbamate 


Bismuthiol II 
Brilliant green 


Dithizone 
Rhodamine B 
Arsenazo III 
Thoron 


Xylenol Orange 

Xylenol Orange + Cetyltrimethylammonium bromide 

Pyrocatechol violet (and 4 Cetyltrimethylammonium 
bromide) 

Gallein 

Phenylfluorone 


Ref. 

Marczenko, p 440. (3), Onishi, Part IIb, p 227. (6), Snell, Metals II, р 
1577. (8) 

Fries/Getrost, p 294. (2), Onishi, Part IIb, p 226. (6), Snell, Metals II, 
p 1581. (8) 

Snell, Metals II, p 1583. (8) Analyst, 107, 708, (1982). 

Snell, Nonmetals, p 103. (9) 

Snell, Nonmetals, p 12. (9), Analyst, 108, 361, (1983). 

Onishi, Part IIb, p 253. (6), Talanta, 34, 87, (1987). 

Fries/Getrost, p 300. (2), Onishi, Part IIb, p 253. (6), Snell, Metals II, 
p 1534. (8) 

Fries/Getrost, p 302. (2), Zh. Anal. Khim., 24, 1172, (1969). 

Marczenko, p 470. (3), Onishi, Part IIa, p 785. (5), Snell, Metals II, p 
1857. (8) 
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Determination Reagents 


Toluene-3,4-dithiol + Dispersant 


Titanium Chromotropic acid 


Diantipyrinylmethane 
Tiron 


Tungsten Pyrocatechol Violet 
Tetraphenylarsonium chloride + Thiocyanate 
Toluene-3,5-dithiol 


Uranium Arsenazo III 


2-(5-Bromo-2-pyridylazo)diethylaminophenol 


Vanadium 


Yttrium 


Zinc 


Zirconium 


Chlorophosphonazo III 
1-(2-Pyridylazo)-2-naphthol 


N-Benzoyl-N-phenylhydroxylamine 


8-Hydroxyquinoline 
4-(2-pyridylazo)resorcinol 


Alizarin Red 5 

Arsenazo III 

Xylenol Orange 

Dithizone 
1-(2-Pyridylazo)-2-naphthol 
Xylenol Orange 

Zircon 

Alizarin Red 5 


Arsenazo III 


Pyrocatechol Violet 
Morin 


Xylenol Orange 
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ACID-BASE INDICATORS 


A. K. Covington 


The first part of this table lists some common acid-base indica- 
tors in alphabetical order along with the approximate pH range(s) 
at which a color change occurs. Following this is a table of the 
same indicators ordered by pH range, which includes the nature of 
the color change, instructions on preparation of the indicator solu- 
tion, and the acid dissociation constant pK, when available. 


Indicator pH Range 
Alizarin 5.6-7.2; 11.0-12.4 
Alizarin Red 5 4.6-6.0 
Alizarin Yellow R 10.1-12.0 
Benzopurpurine 4B 2.2-4.2 


4,4’-Bis(2-amino-1- 

naphthylazo)-2,2’- 

stilbenedisulfonic acid 3.0-4.0 
4,4'-Bis(4-amino-1- 

naphthylazo)-2,2’- 


stilbenedisulfonic acid 8.0-9.0 
Brilliant Yellow 6.6-7.8 
Bromocresol Green 3.8-5.4 
Bromocresol Purple 5.2-6.8 
Bromophenol Blue 3.0-4.6 
Bromothymol Blue 6.0-7.6 
Chlorophenol Red 5.2-6.8 
Clayton Yellow 12.2-13.2 
Congo Red 3.0-5.0 
o-Cresolphthalein 8.2-9.8 
Cresol Red 0.0-1.0; 7.0-8.8 
Crystal Violet 0.0-1.8 
Curcumin (Turmaric) 7.4-8.6 
p-(2,4-Dihydroxyphenylazo) benzenesulfonic acid, 

sodium salt 11.4-12.6 
p-Dimethylaminoazobenzene 2.8-4.4 
4-(4-Dimethylamino-1-naphylazo)-3- 

methoxybenzenesulfonic acid 3.5-4.8 
2-(p-Dimethylamino-phenylazo)pyridine 0.2-1.8; 4.4-5.6 
N,N-Dimethyl-p-(m-tolylazo)aniline 2.6-4.8 
2,4-Dinitrophenol 2.0-4.7 
2-(2,4 Dinitrophenylazo)-1-naphthol-3,6- 

disulfonic acid, disodium salt 6.0-7.0 
6,8-Dinitro-2,4-(1H)quinazolinedione 6.4-8.0 
Erythrosin, disodium salt 2.2-3.6 
4-(p-Ethoxyphenylazo)-m-phenylene-diamine 

monohydrochloride 4.4-5.8 


Тће сојог соде 15: 


С = colorless А = amber B/G = blue-green 
Pk - pink Y = yellow V = violet 
R = red B - blue P = purple 
О = orange 
Reference 


Bishop, E., Ed., Indicators, Pergamon, Oxford, 1972. 


Indicator 

Ethyl bis(2,4-dimethylphenyl)ethanoate 
Ethyl Orange 
Ethyl Red 
Ethyl Violet 
5,5'-Indigodisulfonic acid, disodium salt 
Malachite Green 
Metacresol Purple 
Metanil Yellow 
Methyl Green 
Methyl Orange 
Methyl Red 
Methyl Violet 
p-Naphtholbenzein 
Neutral Red 
p-Nitrophenol 
m-Nitrophenol 
Orange IV 
Paramethyl Red 
Phenolphthalein 
Phenol Red 
4-Phenylazodiphenylamine 
4-Phenylazo-1-naphthylamine 
Propyl Red 
Quinaldine Red 
Resazurin 
Resorcin Blue 
Tetrabromophenolphthalein ethyl ester, 

potassium salt 
Thymol Blue 
Thymolphthalein 
4-o-Tolylazo-o-toluidine 
1,3,5-Trinitrobenzene 
2,4,6-Trinitrotoluene 
Turmaric 


pH Range 
8.4-9.6 
3.4-4.8 
4.0-5.8 
0.0-2.4 
11.4-13.0 
0.2-1.8 


1.2-2.8; 7.4-9.0 


1.2-2.4 
0.2-1.8 
3.2-4.4 
4.8-6.0 
0.0-1.6 
8.2-10.0 
6.8-8.0 
5.4-6.6 
6.8-8.6 
1.4-2.8 
1.0-3.0 
8.2-10.0 
6.6-8.0 
1.2-2.6 
4.0-5.6 
4.8-6.6 
14-32 
3.8-6.4 
4.4-6.2 


3.0-4.2 


1.2-2.8; 8.0-9.6 


9.4-10.6 
1.4-2.8 
12.0-14.0 
11.5-13.0 
7.4-8.6 


8-15 


8-16 


pH range 
0.0-1.0 
0.0-1.6 
0.0-1.8 
0.0-2.4 
0.2-1.8 
0.2-1.8 
0.2-1.8 
1.0-3.0 
1.2-2.4 
1.2-2.6 
1.2-2.8 
1.2-2.8 
1.4-2.8 
1.4-2.8 
1.4-3.2 
2.0-4.7 
2.2-3.6 
2.2-4.2 
2.6-4.8 
2.8-4.4 
3.0-4.0 


3.0-4.2 


3.0-4.6 
3.0-5.0 
3.2-4.4 
3.4-4.8 
3.5-4.8 


3.8-5.4 
3.8-6.4 
4.0-5.6 
4.0-5.8 
4.4-5.6 
4.4-5.8 


4.4-6.2 
4.6-6.0 
4.8-6.0 
4.8-6.6 
5.2-6.8 
5.2-6.8 
5.4-6.6 
5.6-7.2 
6.0-7.0 


6.0-7.6 
6.4-8.0 
6.6-7.8 
6.6-8.0 
6.8-8.0 
6.8-8.6 
7.0-8.8 
7.4-8.6 
7.4-9.0 
8.0-9.0 


8.0-9.6 
8.2-10.0 


Color 
change 
R-Y 
Y-B 
Y-B 
Y-B 
Y-B/G 
Y-B 
Y-R 
R-Y 
R-Y 
R-Y 
R-Y 
R-Y 
R-Y 
(ода 
C-R 
C-Y 
O-R 
V-R 
R-Y 
R-Y 
P-R 


Y-B 


Y-B 
B-R 
R-Y 
R-Y 
У-Ү 


Ү-В 
О-У 
КУ 
C-R 
R-Y 
O-Y 


R-B 
Y-R 
R-Y 
R-Y 
Y-P 
Y-R 
C-Y 
Y-R 
Y-B 


Y-B 
C-Y 
Y-R 
Y-R 
R-A 
C-Y 
Y-R 
Y-R 
Y-P 
B-R 


Y-B 
O-B 


Indicator 
Cresol Red 
Methyl Violet 
Crystal Violet 
Ethyl Violet 
Malachite Green 
Methyl Green 
2-(p-Dimethylaminophenylazo)pyridine 
Paramethyl Red 
Metanil Yellow 
4-Phenylazodiphenylamine 
Thymol Blue 
Metacresol Purple 
Orange IV 
4-o-Tolylazo-o-toluidine 
Quinaldine Red 
2,4-Dinitrophenol 
Erythrosin, disodium salt 
Benzopurpurine 4B 
N,N-Dimethyl-p-(m-tolylazo)aniline 
p-Dimethylaminoazobenzene 
4,4’-Bis(2-amino-1-naphthylazo)-2,2’- 
stilbenedisulfonic acid 
Tetrabromophenolphthalein ethyl ester, 
potassium salt 
Bromophenol Blue 
Congo Red 
Methyl Orange 
Ethyl Orange 
4-(4-Dimethylamino-1-naphylazo)-3- 
methoxybenzenesulfonic acid 
Bromocresol Green 
Resazurin 
4-Phenylazo-1-naphthylamine 
Ethyl Red 
2-(p-Dimethylaminophenylazo) pyridine 
4-(p-Ethoxyphenylazo)-m-phenylene- 
diamine monohydrochloride 
Resorcin Blue 
Alizarin Red S 
Methyl Red 
Propyl Red 
Bromocresol Purple 
Chlorophenol Red 
p-Nitrophenol 
Alizarin 


2-(2,4-Dinitrophenylazo)-1-naphthol-3,6- 


disulfonic acid, disodium salt 
Bromothymol Blue 
6,8-Dinitro-2,4-(1H)quinazolinedione 
Brilliant Yellow 
Phenol Red 
Neutral Red 
m-Nitrophenol 
Cresol Red 
Turmaric (Curcumin) 
Metacresol Purple 
4,4’-Bis(4-amino-1-naphthylazo)-2,2’- 
stilbenedisulfonic acid 
Thymol Blue 
p-Naphtholbenzein 


pk 


1.3 


1.65 
1.51 


2.63 
3.96 


4.10 


3.46 


4.34 


4.90 


5.42 


9.20 


Acid-Base Indicators 


Preparation 
0.1 g in 26.2 mL 0.01 M NaOH + 223.8 mL water 
0.01-0.0596 in water 
0.0296 in water 
01 g in 50 mL 5096 v/v methanol-water 
water 
0.196 in water 
0.196 in ethanol 
ethanol 
0.0196 in water 
0.01 gin 1 mL 1 M НС + 50 mL ethanol + 49 mL water 
0.1 g in 21.5 mL 0.01 M NaOH + 228.5 mL water 
0.1 g in 26.2 mL 0.01 M NaOH + 223.8 mL water 
0.0196 in water 
water 
196 in ethanol 
sat. solution in water 
0.196 in water 
0.196 in water 
0.196 in water 
01 g in 100 mL 9096 v/v ethanol-water 
0.1 g in 5.9 mL 0.05 M NaOH + 94.1 mL water 


0.196 in ethanol 


0.1 g in 14.9 mL 0.01 M NaOH + 235.1 mL water 
0.196 in water 

0.196 in water 

0.05-0.2?6 in water or aqueous ethanol 

0.196 in 6096 ethanol-water 


0.1 g in 14.3 mL 0.01 M NaOH + 235.7 mL water 

water 

0.196 in ethanol 

0.1g in 100 mL 5096 v/v methanol-water 0.1% in ethanol 
0.196 in ethanol 

0.196 in water 


0.2% in ethanol 

water 

0.02 g in 100 mL 60% v/v ethanol-water 

ethanol 

0.1 g in 18.5 mL 0.01 M NaOH + 231.5 mL water 
0.1 g in 23.6 mL 0.01 M NaOH + 226.4 mL water 
0.196 in water 

0.196 in methanol 


0.196 in water 


0.1 g in 16 mL 0.01 M NaOH + 234 mL water 
25gin 115 mL 1 M NaOH + 50 mL water at 100°C 
196 in water 

0.1 g in 28.2 mL 0.01 M NaOH + 221.8 mL water 
0.01 g in 100 mL 50% v/v ethanol-water 

0.396 in water 
0.1 g in 26.2 mL 0.01 M NaOH + 223.8 mL water 
ethanol 
0.1 g in 26.2 mL 0.01 M NaOH + 223.8 mL water 
0.1 g in 5.9 mL 0.05 M NaOH + 94.1 mL water 


0.1 g in 21.5 mL 0.01 M NaOH + 228.5 mL water 
196 in dil. alkali 


Acid-Base Indicators 


pH range 
8.2-10.0 
8.2-9.8 
8.4-9.6 
9.4-10.6 
10.1-12.0 
11.0-12.4 
11.4-12.6 


11.4-13.0 
11.5-13.0 
12.0-14.0 
12.2-13.2 


Color 
change 
C-Pk 
C-R 
C-B 
C-B 
Y-R 
R-P 
Ү-О 


B-Y 
C-O 
C-O 
Y-A 


Indicator pK 
Phenolphthalein 9.5 
o-Cresolphthalein 
Ethyl bis(2,4-dimethylphenyl)ethanoate 
Thymolphthalein 
Alizarin Yellow R 
Alizarin 
p-(2,4-Dihydroxyphenylazo) 

benzenesulfonic acid, sodium salt 
5,5’-Indigodisulfonic acid, disodium salt 
2,4,6-Trinitrotoluene 
1,3,5-Trinitrobenzene 
Clayton Yellow 


8-17 


Preparation 
0.5 g in 100 mL 50% v/v ethanol-water 
0.04% in ethanol 
sat. solution in 50% acetone-ethanol 
0.04 g in 100 mL 50% v/v ethanol-water 
0.01% in water 
0.1% in methanol 


0.1% in water 


water 

0.1-0.5% in ethanol 
0.1-0.5% in ethanol 
0.1% in water 


FLUORESCENT INDICATORS 


Jack DeMent 


Fluorescent indicators are substances which show definite 
changes in fluorescence with change in pH. Some fluorescent ma- 
terials are not suitable for indicators since their change in fluores- 
cence is too gradual. Fluorescent indicators find greatest utility in 
the titration of opaque, highly turbid or deeply colored solutions. A 
long wavelength ultraviolet ("black light") lamp in a dimly lighted 
room provides the best environment for titrations involving fluo- 
rescent indictors, although bright daylight is sometimes sufficient 
to evoke a response in the bright green, yellow and orange fluores- 


pHOto2 
Indicator С.Т. From pH To pH 
Benzoflavine = 0.3, yellow fl. 1.7, green fl. 
3,6-Dioxyphthalimide = 0, blue fl. 2.4, green fl. 
Eosine YS 768 0,yellow colored 3.0, yellow fl. 
Erythrosine 772 0, yellow colored 3.6, yellow fl. 
Esculin = 1.5, colorless 2, blue fl. 
4-Ethoxyacridone = 1.2, green fl. 3.2, blue fl. 
3,6-Tetramethyldiaminooxanthone = 1.2, green fl. 3.4, blue fl. 

pH2to4 
Chromotropic acid — 3.5, colorless 4.5, blue fl 
Fluorescein 766 4, colorless 4.5, green fl. 
Magdala Red — 3.0, purple colored 4.0, fl 
a-Naphthylamine — 3.4, colorless 4.8, blue fl. 
B-Naphthylamine — 2.8, colorless 4.4, violet fl. 
Phloxine 774 3.4, colorless 5.0, bright yellow fl. 
Salicylic acid — 2.5, colorless 3.5, blue fl. 

pH4to6 
Acridine 788 4.9, green fl. 5.1, violet colored 
Dichlorofluorescein = 4.0, colorless 5.0, green fl. 


3,6-Dioxyxanthone = 
Erythrosine 772 


cent indicators. Titrations are carried out in non-fluorescent glass- 
ware. One should check the glassware prior to use to make certain 
that it does not fluoresce due to the wavelengths of light involved 
in the titration. The meniscus of the liquid in the burette can be 
followed when a few particles of an insoluble fluorescent solid are 
dropped onto its surface. 

In this table the indicators are arranged by approximate pH 
range covered. In the case of some of the dyestuffs the end point 
may vary slightly with the source or manufacturer. 


5.4, colorless 
4.0, colorless 


7.6, blue-violet fl. 
4.5, yellow-green fl. 


B-Methylesculetin == 4.0, colorless 6.2, blue fl 
Neville-Winther acid — 6.0, colorless 6.5, blue fl. 
Resorufin эв 4.4, yellow fl 6.4, weak orange fl. 
Quininic acid == 4.4, yellow colored 5.0, blue fl. 
Quinine [first end point] — 5.0, blue fl. 6.1, violet fl. 
pH6to8 
Acid R Phosphine — (claimed for range pH 6.0–7.0) 
Brilliant Diazol Yellow — 6.5, colorless 7.5, violet, fl. 
Cleves acid — 6.5, colorless 7.5, green fl. 
Coumaric acid — 7.2, colorless 9.0, green fl. 
3,6-Dioxyphthalic dinitrile беу 5.8, blue fl. 8.2, green fl. 
Magnesium 8-hydrozyquinolinate — 6.5, colorless 7.5, golden fl. 
B-Methylumbelliferone = 7.0, colorless 7.5, blue fl. 
1-Naphthol-4-sulfonic acid — 6.0, colorless 6.5, blue fl. 
Orcinaurine — 6.5, colorless 8.0, green fl. 
Patent Phosphine 789 (for the range pH 6.0—7.0, green-yellow fl.) 
Thioflavine 816 (for the region pH 6.5-7.0, yellow fl.) 
Umbelliferone — 6.5, colorless 7.6, blue fl. 
pH 8 to 10 

Acridine Orange 788 8.4, orange colored 10.4, green fl. 
Ethoxyphenylnaphthostilbazonium 

chloride — 9, green fl. 11, non-fl. 
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Fluorescent Indicators 


G Salt 

Naphthazol derivatives 
a-Naphthionic acid 
2-Naphthol-3,6-disulfonic acid 
B-Naphthol 
a-Naphtholsulfonic acid 
1,4-Naphtholsulfonic acid 
Orcinsulfonphthalein 

Quinine [second end point] 
R-Salt 

Sodium 1-naphthol-2-sulfonate 


Courmarin 

Eosine BN 

Papaverine (permanganate 
oxidized) 

Schaffers Salt 

SS-Acid (sodium salt) 


Cotarnine 
a-Naphthionic acid 
B-Naphthionic acid 


9.0, dull blue fl. 

8.2, colorless 

9, blue fl. 

9.5, dark blue fl 

8.6, colorless 

8.0, dark blue fl. 

8.2, dark blue fl. 

8.6, yellow colored 

9.5, violet fl. 

9.0, dull blue fl. 

9.0, dark blue fl. 
pH 10 to 12 

9.8, deep green fl. 

10.5, colorless 


9.5, yellow fl. 

5.0, violet fl. 

10.0, violet fl. 
pH 12 to 14 

12.0, yellow fl. 

12, blue fl. 

12, blue fl. 
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9.5, bright blue fl. 

10.0, yellow or green fl. 
11, green fl. 

Light blue fl. at higher pH 
Blue fl. at higher pH 

9.0, bright violet fl. 

Light blue fl. at higher pH 
10.0 fl. 

10.0, colorless 

9.5, bright blue fl. 

10.0, bright violet fl. 


12, light green fl. 
14.0, yellow fl. 


11.0, blue fl. 
11.0, green-blue fl. 
12.0, yellow-colored 


13.0, white fl. 
13, green fl. 
13, violet fl. 


CONVERSION FORMULAS FOR CONCENTRATION OF SOLUTIONS 


G - Molality 

M - Molarity 

N - Mole fraction 

R - Density of solution in grams per milliliter 


A - Weight percent of solute 

B - Molecular weight of solvent 

E - Molecular weight of solute 

F = Grams of solute per liter of solution 


Concentration of 
solute- SOUGHT 


A N G M Е 
А == 100N x E 100Gx E МХЕ F 
NXE+(1-N)B 1000--Gx E 10R 10R 
N A == BxG BxM BxF 
E BxG +1000 M(B—E)+1000R | F(B-E)«1000Rx E 
A 100-4 
=+ 
E B 
G 1000A 1000N = 1000M 1000F 
E(100 — A) B-NxB 1000R - (M x E) E(1000R – Р) 
M 10Ёх A 1000R x N 10008 x G == Е 
Е МхЕ-(1-М)В 1000 +Е xG Е 
F 10AR 1000Rx N x E 1000R xGx E МХЕ — 
№МхЕ+(1- N)B 1000+СхЕ 


Concentration of solute—GIVEN 


ELECTROCHEMICAL SERIES 


Petr Vanysek 


There are three tables for this electrochemical series. Each table 
lists standard reduction potentials, E° values, at 298.15 К (25°С), 
and at a pressure of 101.325 kPa (1 atm). Table 1 is an alphabetical 
listing of the elements, according to the symbol of the elements. 
Thus, data for silver (Ag) precedes those for aluminum (Al). Table 
2 lists only those reduction reactions which have Е? values posi- 
tive in respect to the standard hydrogen electrode. In Table 2, the 
reactions are listed in the order of increasing positive potential, 
and they range from 0.0000 V to + 3.4 V. Table 3 lists only those 
reduction potentials which have Ё° negative with respect to the 
standard hydrogen electrode. In Table 3, the reactions are listed 
in the order of decreasing potential and range from 0.0000 V to 
—4.10 V. The reliability of the potentials is not the same for all the 
data. Typically, the values with fewer significant figures have lower 


reliability. The values of reduction potentials, in particular those 
of less common reactions, are not definite; they are subject to oc- 
casional revisions. 

Abbreviations: ac = acetate; bipy = 2,2’-dipyridine, or bipyridine; 
en = ethylenediamine; phen = 1,10-phenanthroline. 
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TABLE 1. Alphabetical Listing 


Reaction EIN 
Ac* + Зе== Ас -2.20 
Ас +e = Ag 0.7996 
Ag” + e = Ав 1.980 
Ag(ac) + e = Ag + (ac) 0.643 
AgBr + e = Ag+ Вг 0.07133 
AgBrO, + e = Ag + BrO,- 0.546 
Ag,C,O, +2 e = 2 Ag + CO," 0.4647 
AgCI + e = Ag + СГ 0.22233 
AgCN +e = Ag + СМ —0.017 
Ag,CO, + 2e == 2 Ag + СО 0.47 
Ag,CrO, +2 e = 2 Ag + СО 0.4470 
AgF + e = Ag+ F- 0.779 
Ag,[Fe(CN),] +4 e = 4 Ag + [Fe(CN) J^ 0.1478 
Agl +e = Ag+I- —0.15224 
AglO, +e = Ag +10, 0.354 
Ag,MoO, + 2e = 2 Ag + MoO,” 0.4573 
AgNO, +e = Ag + 2 NO, 0.564 
АБО + H,O + 2e = 2 Ag + 2 ОН 0.342 
Ag,O, + H,O + 2 e = 2 AgO + 2 OH- 0.739 
Ag +2 e = Аг 1.9 
Ар? + e = Ар» 1.8 
Ag,O, + 4 H* +e = 2 Ag + 2 H,O 1.802 
2 AgO + H,O + 2 e = Ag,O + 2 OH- 0.607 
AgOCN + e = Ag + OCN- 0.41 
AgS + 2e = 2 Ag + 5? —0.691 
Ags +2Н'+ 2е <= 2 Ag + Н,5 -0.0366 
AgSCN +e = Ag + SCN- 0.08951 
Ag,SeO, + 2 e = 2 Ag + SeO > 0.3629 
Ag,SO, +2 e == 2 Ag + SO 0.654 
Ag,WO, + де == 2 Ag + WOP- 0.4660 
АВ+ + Зе < AI —1.662 
АКОН), + Зе = Al + З OH- -2.31 
АКОН) + Зе = Al + 4 OH- – 2.328 
Н,АІО + H,O + Зе == Al + 4 OH- -2.33 
МЕ + Зе = Al+6F —2.069 
Ат“ + e == Ат? 2.60 
Ат? +2е= Am -1.9 
Ат" + Зе == Am –2.048 
Ат» +e = Am? —2.3 
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Reaction E/V 
As +3 H* + Зе = AsH, —0.608 
Аѕ,О, +6 H* «6e == 2 As + 3 H,O 0.234 
HAsO, + 3H* + Зе == As + 2 H,O 0.248 
AsO, +2 H,O + Зе == As + 4 OH- —0.68 
H,AsO, + 2 H* + 2 e = HAsO, + 2 H,O 0.560 
AsO, +2 H,O + 2е = AsO, + 4 OH- —0.71 
At, +2e = 2 АЕ 0.3 
Aut +e == Au 1.692 
Au + 2е = Au: 1.401 
Ац? + Зе == Au 1.498 
Ац? + e` = Ам 1.8 
AuOH* + Н+ +2е == Aw + HO 1.32 
AuBr, +e = Ац + 2 Bro 0.959 
AuBr, + Зе = Au+4Br 0.854. 
AuCl, + Зе == Au + 4 СГ 1.002 
Au(OH), + 3 H* + Зе = Au + 3 H,O 1.45 
Н,ВО +5 H,O + 8e = BH, +8 OH- -1.24 
H,BO, + H,O + Зе = B + 4 OH- -1.79 
H,BO, +3Н*+3е = B«3 H,O —0.8698 
B(OH), + 7 H: + 8e = BH, +3H,O -0.481 
Ва» + 2 е == Ва – 2.912 
Ва» + 2 e = Ba(Hg) -1.570 
Ва(ОН), + 2e = Ba 217 –2.99 
Ве» 42e — Be -1.847 
Be,O,™ +3 H,O + 4е = 2 Be + 6 OH” –2.63 
p-benzoquinone +2Н' +2 e = 0.6992 

hydroquinone 

Bit + e = Bi 0.5 
Bi* + Зе == Bi 0.308 
Ві +2е = Bit 0.2 
Bi +3 H* + Зе == ВН, -0.8 
ВІСІ, + Зе = Ві +4 СГ 0.16 
Bi,O, +3 H,O +6e = 2В1 +6 OH- -0.46 
Ві,О, +4 H* +2 e = 280: + 2 H,O 1.593 
BiO* + 2 Н+ + Зе == Ві + H,O 0.320 
BiOCI + 2 H: + Зе = Ві + СГ + H,O 0.1583 
ВК + e == ВК» 1.67 
ВК» + 2e == ВК -1.6 
ВК» ې‎ e == ВК» -2.8 
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Reaction 
Br,(aq) + Је = 2 Br 
Br (l) +2е = 2Вг 
НВгО + H: x 2e = Br + H,O 
НВгО + Н+ + e == 1/2 Br,(aq) + H,O 
НВгО + Н+ + e = 1/2 Br,(l) + H,O 
BrO- + HO + 2e = Br + 2 OH- 
ВгО +6Н' +5е = 1/2 Br, + 3 H,O 
BrO, + 6 Н* + бе = Br +3 H,O 
BrO, +3 H,O + бе = Br + 6 ОН” 
(CN), +2Н*+2е = 2 НСМ 
2HCNO + 2Н' + 2e = (CN), + 2 H,O 
(CNS), +2 e = 2 CNS- 
СО, +2 H* +2e == HCOOH 
Ca* +е = Са 
Са» + 2 e == Са 
Ca(OH), + 2e = Са +2 OH- 
Calomel electrode, 1 molal КСІ 
Calomel electrode, 1 molar KCl (NCE) 
Calomel electrode, 0.1 molar KCl 
Calomel electrode, saturated KCl (SCE) 
Calomel electrode, saturated NaCl (SSCE) 
Са" +2 e = Cd 
Са» + 2e = Cd(Hg) 
Cd(OH), +2 e = Cd(Hg) + 2 OH- 
CdSO, + 2е = Са + SO, 
САОН) + 2 e == Cd + 4 OH- 
Сао + H,O + 2е = Cd + 2 OH- 
Ce? + Зе == Се 
Се» + Зе == Ce(Hg) 
Се" +e == Се» 
CeOH* + Н? +e == Ce* + H,O 
Cf* +e = С 
се +e = СР 
СЕ + Зе == СЕ 
C£* +2е == СЕ 
CL(g + 2е = 2 СГ 
HCIO + Н +*+ e = 1/2 Cl, + H,O 
HCIO + H* + 2e = СГ + H,O 
CIO- + H,O + 2 e = СГ +2 ОН" 
CIO, + H* + e = HCIO, 
HCIO, + 21717 + 2е == НСО + H,O 
HClO, + З Н* + Зе = 1/2 Cl, + 2 H,O 
HCIO, + З H* + 4e = CF + 2 H,O 
CIO, + H,O + 2e = CIO + 2 OH- 
CIO, + 2 H,O +4е = Cl + 4 OH- 
СІО (aq) + e = CIO, 
CIO, + 2 H: + e = СЮ, + H,O 
CIO, + 3 H: + 2e = НОО, + H,O 
CIO, +6 Н*+5е = 1/2 Cl, + 3 H,O 
CIO, + 6 H* + бе = СТ +3 H,O 
CIO, + H,O + 2e = CIO, + 2 OH- 
CIO, + 3 H,O + бе = С + 6 OH- 
ClO, + 2H*+2e = CIO, H,O 
ClO, + 8H' «7e = 1/2 С, + 4 H,O 
ClO, +8 H+ + 8e = CI +4 H,O 
CIO, + HO + 2e == CIO, +2 ОН- 
Ст“ + e = Ст» 
Ст“ + Зе = Ст 
Со" + 2e = Со 


Со% + e == Со» 


EIN 
1.0873 
1.066 
1.331 
1.574 
1.596 
0.761 
1.482 
1.423 
0.61 
0.373 
0.330 
0.77 
—0.199 
—3.80 
—2.868 
—3.02 
0.2800 
0.2801 
0.3337 
0.2412 
0.2360 
—0.4030 
—0.3521 
—0.809 
—0.246 
—0.658 
—0.783 
-2.336 
-1.4373 
1.72 
1.715 
3.3 
-1.6 
-1.94 
-212 
1.35827 
1.611 
1.482 
0.81 
1.277 
1.645 
1.628 
1.570 
0.66 
0.76 
0.954 
1.152 
1.214 
1.47 
1.451 
0.33 
0.62 
1.189 
1.39 
1.389 
0.36 
3.0 
-2.04 
-0.28 
1.92 


Reaction 

[Co(NH,),]** + e == [Co(NH,),]* 
Co(OH), +2 e = Со + 2 OH- 
Co(OH), + e = Co(OH), + OH- 
Ст» +2 e = Cr 
Сг + e == Ст» 
) +3 e = Cr 
Cr,O2 + 14 H: +6 e = 2 Сг" +7 H,O 
СгО + 2H,O+3e == Cr + 4 OH- 
HCrO, + 7 Н+ + Зе = Сг +4 H,O 
CrO, + 4 H: +e == Cr* +2H,O 
Cr(V) +e = Cr(IV) 
СгО2 +4H,O + Зе = Cr(OH), + 5 OH- 
Cr(OH), + Зе = Cr+ 3 OH- 
Cs* + e = Cs 
Cut + e == Си 
Си“ + e == Си" 
Си“ +2 e = Си 
Си" +2 e = Cu(Hg) 
Си“ +e = Си“ 
Cu,O, +6 Н" + 2e == 2Cu* + З H,O 
Си" + 2 CN- + e == [Cu(CN),]- 
Cul, +e = Си+2 Г 
Cu,O + H,O + 2e == 2 Cu + 2 ОН" 
Cu(OH), +2 e = Cu + 2 OH- 
2 Cu(OH), + 2e == СиО +2 OH- + H,O 
2D*+2e = D, 
Dy" +2 e = Dy 
Ру" + Зе = Dy 
Ру? + e = Бу” 
Ег+ +2е == Er 
Er*+3e == Ег 
Er* +e = Er” 
Е$?* +e == Es* 
Е5 + Зе = Es 
Е52* + Зе = Es 
Eu? + Је == Eu 
Eu?* + Зе == Eu 
Eu?* + e = Eu” 
Е,+2Н' + 2е = 2 НЕ 
F +2e = 2 Е 
Е,О +2 Н' + 4е = Н,О +2 Е- 
Ее» + 2 е == Ее 
Fe?* + Зе == Fe 
Без +e == Ғе” 
2 НРеО, + 8H' + бе = Fe,O, + 5 H,O 
HFeO, + 4 H: + Зе = FeOOH + 2 H,O 
HFeO, + 7 H: + Зе = Ре +4 H,O 
Fe,O, + 411 + Је = 2FeOH' + H,O 
Fe(CN),]* +e == [Fe(CN),]* 
FeO, +8 Н + Зе Fe*+4H,O 
Fe(bipy),]** + e = Fe(bipy),]?* 
Fe(bipy),]** + e = Ее(Ыру).]?* 
Fe(OH), + e = Fe(OH), + ОН" 
Fe(phen),]** + e = [Ее(рћеп),|> 
Ее(рћеп),| + e = [Ее(рћеп),|> (1 molar 

H,SO,) 
Ferricinium]* + e = ferrocene 


Fm?*+ е == Fm? 
Fm** + Зе = Fm 
Еп + 2e = Fm 
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EIN 
0.108 
-0.73 
0.17 
-0.913 
-0.407 
-0.744 
1.232 
-12 
1.350 
1.48 
1.34 
—0.13 
-1.48 
—3.026 
0.521 
0.153 
0.3419 
0.345 
2.4 
2.0 
1.103 
0.00 
—0.360 
—0.222 
—0.080 
—0.013 
-22 
-2.295 
-2.6 
-2.0 
-2.331 
-3.0 
-13 
-1.91 
-2.23 
-2.812 
-1.991 
-0.36 
3.053 
2.866 
2.153 
– 0.447 
—0.037 
0.771 
2.09 
2.08 
2.07 
0.16 
0.358 
2.20 
0.78 
1.03 
-0.56 
1.147 


1.06 
0.400 
-11 
—1.89 
-2.30 
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Reaction ЕЧУ Reaction E/V 
Fri +e = Fr –2.9 Та“ + Зе = Га –2.379 
Са?* + Зе = Ga – 0.549 La(OH), + Зе = Та + 3 OH- –2.90 
Ga! + e = Ga -02 Li: + e = Li —3.0401 
GaOH? + H* + Зе = Ga + H,O —0.498 Lrt + Зе = Іг -1.96 
11 60۵0 + HO + Зе = ба + 4 OH- —1.219 Та“ + Зе = Lu -2.28 
Саз + Зе = Gd -2.279 Маз + e == Ма“ -0.1 
Ge” + 2 e = Ge 0.24 Md* + Зе == Md —1.65 
Get + 4 e = Ge 0.124 ма» +2 e == Md –2.40 
Ge“ + 2 e = Се” 0.00 Mg: +e = Mg –2.70 
GeO, + 2 H* + 2e = СеО + H,O -0.118 Mg” +2e = Mg -2.372 
H,GeO, +4 Н*+4е = Ge + 3H,O -0.182 Mg(OH), + 2e = Mg + 2 OH- -2.690 
2H*+2e_H, 0.00000 Мп” +2 e == Mn —1.185 
Н, + 2е = 2 Н- -2.23 Mn* +e = Ма” 1.5415 
HO, + H: + e = H,O, 1.495 MnO, + 4 H: +2 e = Mn” + 2 НО 1.224 
2 H,O +2e = Н, +2 OH- —0.8277 MnO, + e = MnO,” 0.558 
H,O, +2Н*+2е = 2 H,O 1.776 MnO, +4H*+3e == MnO, +2 H,O 1.679 
Hf* +4e == НЕ -1.55 MnO, + 8H*+5e = Mn” « 4HjO 1.507 
НЕО? +2 Н + 4e = Hf + HO -1.724 MnO, +2H,O + Зе = MnO, + 4 OH- 0.595 
НЮ, + 4 Н* +4е = Hf + 2 H,O —1.505 MnO,” +2 Н,О + ге = MnO, + 4 OH- 0.60 
HfO(OH), + H,O + Фе = Hf + 4 OH- -2.50 Mn(OH), + 2e = Mn+ 2 OH- -1.56 
Hg” +2е = Hg 0.851 Mn(OH), + e == Mn(OH), + OH- 0.15 
2Hg" «2e = Hg,” 0.920 Мп,О, + 6 Н* +e = 2Mn*+3H,O 1.485 
На“ «2e == 2 На 0.7973 Мо? + Зе = Mo -0.200 
Hg,(ac), + 2e = 2 Hg + (ас)” 0.51163 MoO, + 4H* + 4e == Mo + 4 H,O – 0.152 
Hg Br, +2е = 2 Hg + 2 Bro 0.13923 Н,Мо,О, + 45 Н* + 42e = 7 Мо + 24 0.082 
НЕС] + 2е = 2 Hg + 2 CI- 0.26808 H,O 
Hg, HPO, + 2 e = 2 Hg + HPO,” 0.6359 MoO, + 6 H: + бе = Mo + 3 H,O 0.075 
Hg I, + 2е = 2 На +21- —0.0405 N, + 2 H,O +6 H* +6 e = 2 МНОН 0.092 
HgO + H,O + Зе = 2 Hg + 2 OH- 0.123 3N,+2 H: «2e = 2HN, -3.09 
HgO + H,O +2 e = Hg + 2 OH- 0.0977 Ку +3 Н +2 e —2NH, 1.275 
Hg(OH), + 2 H* + 2 e = Hg + 2 H,O 1.034 N,O+2H*+2e = №, + H,O 1.766 
Hg,SO,+2e = 2 Hg + SO, 0.6125 АМО, +2 Н' +2 e = N, +2 H,O 2.65 
Но» 42e = Ho —2.1 МО, +2е —2NO, 0.867 
Но» + Зе = Ho —2.33 МО, +2Н' + 2e = 2 МНО, 1.065 
Но» + e = Но» —2.8 N,O,* 4H* + 4e = 2 МО +2 H,O 1.035 
ح 26م رآ‎ 27 0.5355 2 МН.ОН* + H* + 2e = МН + 2 H,O 1.42 
1-+2е = 31 0.536 2МО +2 H: +2 e = N,O + H,O 1.591 
НЛО + де = 105 + 3OH- 0.7 2NO+H,O+2e = МО +2 ОН" 0.76 
HJO,+H*+2e = 10; +3 H,O 1.601 HNO, + H*+e = NO + H,O 0.983 
2HIO «2H: «2e = I, +2 H,O 1.439 2 HNO, + 4 H: + 4e = H,N,O, + 2 H,O 0.86 
HIO + H* +2 e = Г+ НО 0.987 2 HNO, + 411 + 4e = МО + З H,O 1.297 
10-+H,O+2e = Г +2 OH- 0.485 NO, + HO +e = NO + 2 OH- -0.46 
210, + 12Н' + 10е = L +6 H,O 1.195 2 NO; +2Н,О +4е = МО +4 OH- -0.18 
IO +6Н' „бе = Г +3НО 1.085 2NO, +ЗНО «4e = МО +6 OH- 0.15 
IO, + 2 НО + 4е = IO- +4 OH- 0.15 NO, +3 H: + 2е = HNO, + НО 0.934 
I0, +3 H,O + бе = IO- + 6 OH- 0.26 NO, +4Н' + Зе = NO +2 H,O 0.957 
Int +e = In —0.14 2 МО; +4H:+2e = N,O,+2H,O 0.803 
In? +e = In* —0.40 NO, + HO +2 e == NO, + 2 OH- 0.01 
In? +e = ју» —0.49 2 NO- +2 НО + 2е = МО, +4 OH- —0.85 
In: 42e == Int -0.443 Na* +e = Na -2.71 
In** + Зе = In —0.3382 Nb* + Зе = Nb -1.099 
In(OH), + Зе = In +3 OH- —0.99 NbO, + 2 Н +2 e = МО + H,O –0.646 
In(OH), + Зе = In + 40Н- —1.007 NbO, + 4 Н* +4 e = Nb +2 H,O —0.690 
In,O, + 3 H,O + бе = 2In+6 OH- –1.034 МО + 2H* «2e = Nb + H,O -0.733 
Ir*+3e = Ir 1.156 Nb,O, + 10 H: + 10e = 2 Nb + 5 H,O -0.644 
ШС + e = [IrCl,]* 0.8665 Nd* + Зе — Nd -2.323 
[IrCL]- + Зе = Ir+6Cl 0.77 Nd* + 2 e = Nd -21 
IrO, +ЗНО + 6e = 2 Ir + 6 OH- 0.098 ма» + e = Nd” -2.7 
К++е = К 2.931 М? +2 e = Ni -0.257 


Ni(OH), +2 e = Ni + 2 OH- —0.72 
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Reaction 
МО, + 4H* + 2e = Ni” + 2 H,O 
NiO, + 2 H,O + 2 e = М(ОН), + 2 OH- 
Мо» + e = Мо» 

Мо" + Зе = Мо 

Мо" + 2e = No 

Мр“ + Зе = Np 

Мр“ + e == Мр“ 

NpO, + H,O + H: + e = Np(OH), 

O, +2 H: +2 e = HO, 

O, +4 H: +4 e = 2 H,O 

O, + H,O + 2е = HO, + ОН: 

O, +2 H,O + 2e = H,O, + 2 OH- 

O, +2 H,O + 4e = 4 OH- 

О, +2 H*+2e = O, + H,O 

O, + H,O +2 e = O, + 2 OH- 

O(g) +2 Н+ 2e = H,O 

ОН +e == ОН" 

HO, + HO + Је = 3 OH- 

OsO, + 8 H* +8е = Os + 4 H,O 

OsO, + 4 H* +4e = OsO, +2 H,O 

[Os(bipy),* + e = [Оѕ(Ыру), 2” 

[Os(bipy),]** + e == (Оз(Ыру), 2% 

P(red) + 3 H* + Зе = PH,(g) 

P(white) + 3 H: + Зе = PH, (g) 

P +3 H,O + Зе = PH,(g) + 3 OH- 

H,P, +e = P +2 ОН- 

НРО, + H* +e = P +2 H,O 

H,PO, +2 H: +2 e = НРО, + HO 

НРО, +3 H* + Зе = P +3 H,O 

HPO +2 H,O + 2e = H,PO, + З OH- 

HPO,” +2 НО + Зе = P +5 OH- 

H,PO, +2 H: +2 e = НРО, + H,O 

РО +2 H,O + Зе = HPO,” +3 OH- 

Pa% + Зе = Ра 

Pat + Фе = Ра 

Pa** + e == Ра” 

Pb**+2e = Pb 

Pb? +2e = Pb(Hg) 

PbBr, + 2e = Pb+2Br 

PbCl, + 2е == Pb + 2 СГ 

PbF, +2е = Pb + 2 F- 

РБНРО, + 2e = Pb + HPO,” 

РЫ, 42e == Pb+2r 

PbO + H,O + 2е = Pb + 2 OH- 

PbO, + 4 H: + Је == Pb* + 2 H,O 

HPbO, + H,O + 2e = Pb + З OH- 

PbO, + H,O + 2e = PbO + 2 OH- 

PbO, + SO? +4H*+2e = PbSO, + 2 
H,O 

PbSO, + 2 e = Pb + SO, 

PbSO, + 2 e = Pb(Hg) + SO, 

Ра» + 2 е = Ра 

[PdCl] + 2e = ра +4 СГ 

[Расі] + 2e = [РАС ل‎ + 2 СГ 

Pd(OH), + 2e = Ра + 2 OH- 

Pm? + 2e == Pm 


Pm? + Зе == Рт 
Рт» + e == Рт > 
Ро" + 2 e == Ро 
Роч" + 4 e = Ро 


EIN 
1.678 
—0.490 
1.4 
—1.20 
-2.50 
-1.856 
0.147 
-0.962 
0.695 
1.229 
—0.076 
—0.146 
0.401 
2.076 
1.24 
2.421 
2.02 
0.878 
0.838 
1.02 
0.81 
0.80 
—0.111 
—0.063 
—0.87 
—1.82 
—0.508 
—0.499 
-0.454 
-1.65 
—1.71 
—0.276 
—1.05 
-1.34 
-1.49 
-19 
—0.1262 
—0.1205 
—0.284 
—0.2675 
—0.3444 
—0.465 
—0.365 
—0.580 
1.455 
—0.537 
0.247 


1.6913 
—0.3588 
—0.3505 
0.951 
0.591 
1.288 
0.07 
-22 
-2.30 
-2.6 

0.9 

0.76 


Reaction 
Рг + e == Pr* 
Pr*+2e == Pr 
Pr + Зе = Pr 
Pr? +e == Pr” 
Ре" + 2 e = Pt 
ІРІСІ +2 e = Pt +4 СГ 
(РС + 2e == [PtCl,]* + 2 СГ 
РКОН), + 2e = РЕ+2 OH- 
PtO, + 217 + 2 e == РіО, + H,O 
РО, + 4 H* + 2e = Pt(OH)? + H,O 
РОН: + H' +2 e = Pt + HO 
РО, +2 H* +2 e = PtO + H,O 
PtO, +4 H* +4 e = Pt +2 H,O 
Pu?* + Зе == Pu 
Put + e == کم‎ 
Pu + e == Ри“ 
PuO,(OH), + 2H* + 2e = Pu(OH), 
PuO,(OH), + H* +e = PuO,OH + H,O 
Ка» + ге = Ка 
Rb: +e == Rb 
Ке» + Зе = Re 
КеО + 4Н' + Зе == ReO, +2 H,O 
ReO, +4 H* + Фе = Ке + 2 НО 
ReO, + 2 H: + e == ReO, + H,O 
ReO, +4H,O+7e = Re+8 OH 
ReO, +8H*+7e „ Re +4 H,O 
Rh* +e = Rh 
Rh* + 2e = Rh 
Rh** + Зе = Rh 
(КАСТ ЈУ + Зе = Rh +6 СГ 
RhOH* + Н+ + Зе = Rh + H,O 
Ки" + ге = Ru 
Ки» + e == Ки?” 
ВиО, + 4H* + 2e = Ru” +2 H,O 
RuO, +e = RuO,> 
RuO, +e = RuO, 
ВиО, + 6 Н* + 4e = Ru(OH),”* +2 H,O 
КиО, + 811 + 8e = Ru + 4 H,O 
[Ru(bipy),)** + e^ = [Ru(bipy),]** 
[Ru(H,O),]** + е = [Ru(H,0),] 
[Ru(NH,),]** + e^ = [Ru(NH,),]** 
[Ru(en),]** +e- = [Ru(en),]** 
[Ru(CN),]* + e^ = [Ru(CN) | 
$ +2е = S> 
S - 2H! + 2e == H,S(aq) 
5+ ЊО +2е = SH + ОН" 
2S+2e = S> 
502 +4H: + Је = 2 H,SO, 
SO, +2e = 250,“ 
SO, +2Н' + 2е = 2 НО 
50 +2e = 250 
2 H,SO, + H' +2 e = НО +2 H,O 
Н,50,+4Н' + 4е = S+3H,O 
280, +2 НО + 2е = SO, + 4 OH- 
280, + ЗН,О + 4е == SO, + 6 OH- 
508 +4 Н? «2e == Н,50, + H,O 
250 + 4Н + 2е = SOC + HO 
SO + H,O + 2е == 50, + 2 OH- 
Sb + 3 H* + Зе == SbH, 


2+ 
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EIN 
32 
-2.0 
—2.353 
—3.1 
1.18 
0.755 
0.68 
0.14 
17 
1.5 
1.2 
1.01 
1.00 
—2.031 
1.006 
1.099 
1.325 
1.062 
-2.8 
-2.98 
0.300 
0.510 
0.2513 
0.768 
-0.584 
0.368 
0.600 
0.600 
0.758 
0.431 
0.83 
0.455 
0.2487 
1.120 
0.59 
1.00 
1.40 
1.038 
1.24 
0.23 
0.10 
0.210 
0.86 
—0.47627 
0.142 
—0.478 
—0.42836 
0.564 
2.010 
2.123 
0.08 
—0.056 
0.449 
—1.12 
—0.571 
0.172 
—0.22 
—0.93 
—0.510 


8-24 

Reaction E/V 
Sb,O, + 6 H* + бе = 2 Sb + 3 H,O 0.152 
Sb,O, (senarmontite) + 4 H* + Фе = Sb,O, 0.671 

+2 H,O 
Sb,O, (valentinite) + 4 H* + 4e = Sb,O,+2 0.649 
H,O 

Sb,O, + 6 Н* + Фе = 2 SbO: + 3 H,O 0.581 
SbO* + 2 Н+ + Зе = Sb + 2 H,O 0.212 
SbO, +2 H,O + Зе = Sb + 4 OH- —0.66 
5БО + H,O + 2e == ББО + 2 OH- -0.59 
Sc +3е = Sc —2.077 
Se+2e = کو‎ —0.924 
Se + 2Н' + 2 e = Н,5е(аа) – 0.399 
H,SeO, +4 Н*+4е == бе + З H,O 0.74 
Se + 2 H* + 2 e = Н,Ѕе —0.082 
ل5‎ +3 H,O + Фе = Se +6 OH- –0.366 
5е0 > +4 H: «2e == Н,5еО, + H,O 1.151 
5е0 > + H,O + 2 e = $e0, + 2 OH- 0.05 
SIF? +4e = Si-6F- -1.24 
SiO + 2H' «2e = Si + HO -0.8 
SiO, (quartz) + 4 Н? + 4e = Si+2H,O 0.857 
SiO; + ЗЊО + Фе = Si + 6 OH- —1.697 
Sm? +e == کو‎ —1.55 
Sm? + Зе = Sm -2.304 
Sm? + 2e == Sm —2.68 
Sn? +2 е == Sn —0.1375 
Sn* + 2 е _ Sn” 0.151 
Sn(OH), + З Н + 2e == $n* +3 H,O 0.142 
SnO, + 4 H* + 2 e = Sn™ +2 H,O —0.094 
SnO, + 4H* + 4e = Sn +2 H,O -0.117 
SnO, + 3H* + 2e == SnOH* + H,O —0.194 
SnO, + 2 H,O + Фе == Sn + 4OH- -0.945 
HSnO, + HO + 2e = Sn + З OH- —0.909 
Sn(OH) + Је == HSnO, + 3 OH- + H,O —0.93 
Srt +e == Sr —4.10 
Sr* +2 е == Sr —2.899 
Sr** +2 е == Sr(Hg) -1.793 
Sr(OH), +2е = Sr +2 OH- –2.88 
Ta,O,+ 10 Н* + 10е = 2 Та + 5 H,O -0.750 
Та» + Зе == Та –0.6 
Те» + Зе == Те 0.400 
TcO, +4H'+3e = TcO, + 2 H,O 0.782 
Те“ + e == Те» 0.3 
TcO, +8 Н*+7е = Tc +4H,O 0.472 
Tb* +e = Tb* 31 
Tb? + Зе == Тр -2.28 
Те + 2 е == Те” -1.143 
16121 «2e = НЛе -0.793 
Te“ + 4e = Те 0.568 
Тео, + 4H* + 4e = Те +2 H,O 0.593 
Тео +" ЗЊО + 4e = Те +6 OH- —0.57 
Тео +8 H* «7e = Tec 4 HO 0.472 
H,TeO, + 2H* + 2e = Тео, + 4 H,O 1.02 
Th* + Фе = Th —1.899 
ТБО, + 4117 + 4e = Th 2 ЊО —1.789 
Th(OH), + Ае = Th+4 OH- -2.48 
те +2e = Ti -1.630 
Ті? + e = Т” —0.9 


TiO, +4 H* +2е = Ti^ + 2 H,O —0.502 


Electrochemical Series 


Reaction EIN 
Ti*+3e = Тї —1.37 
ПОН» + H: + e = TP* + H,O —0.055 
T +e = TI —0.336 
TI +e = TI(Hg) —0.3338 
TP* +2е = ТГ 1.252 
TP* + Зе = ТІ 0.741 
TIBr + e = ТІ + Вг —0.658 
ТІСІ + e = TI + CF —0.5568 
TII +e = TI«Ir -0.752 
Т.О, +3 H,O «4e = 2 Tl: +6 OH- 0.02 
ПОН +е = TI + OH- –0.34 
TI(OH), +2 e = ПОН + 2 OH- -0.05 
TISO, + 2e = TI + SO;- -0.4360 
Tm? + e == Тт” -22 
Tm?: + Зе = Tm -2.319 
Tm? + ге == Tm –2.4 
U*43e—U -1.798 
Ut је = U* —0.607 
UO; + АН +e = U“ + 2 H,O 0.612 
ЏО,“ +e == ЏО", 0.062 
UO,* +4 H: «2e = U“ + 2 НО 0.327 
UO," «4H* „бе = U+2H,O -1444 
У» +2е = У —1.175 
УЗ + e = у» -0.255 
МО" + 2 Н*+е = У + H,O 0.337 
VO, +2 H: +e = УО?” + HO 0.991 
V,0, +6 H' «2e = 2У0 + H,O 0.957 
V,0, + 10H*+ 10e = 2V+5H,O -0.242 
V(OH),* + 2 H: +e = УО? +3 H,O 1.00 
У(ОН) + 4H* «5e = V +4 H,O -0.254 
[V(phen),]** + e == [V(phen),]”* 0.14 
у" + Зе == W 0.1 
W,O,*2H* «2e = 2 WO, + H,O -0.031 
WO,+4H'+4e = W +2 H,O -0.119 
WO,+6H'+6e = W +3 H,O -0.090 
WO, +2 H: +2 e = WO, + H,O 0.036 
2 WO, + 2 H: + 2е = W,O, + HO -0.029 
H,XeO, + 2H*+2e = XeO,+3H,O 2.42 
Хео, +6 Н+ бе = Xe+3H,O 2.10 
XeF +e = Хе + F- 3.4 
م۷‎ Зе =Y – 2.372 
Yb** +e == ҮР —1.05 
Үр" 4 3e = Үр -2.19 
Yb? +2е = УБ –2.76 
Zn" + де = Zn –0.7618 
705 + де = Zn(Hg) –0.7628 
ZnO,” +2 H,O + 2е = Zn +4 OH- —1.215 
ZnSO, . 7 H,O + 2 e = Zn(Hg) + SO? + 7 –0.7993 

Н,О (Saturated ZnSO,) 

ZnOH* + Ht + 2e = Zn + H,O —0.497 
Zn(OH)? + 2е = Zn +4 OH- —1.199 
Zn(OH), - 2e = Zn +2 ОН" —1.249 
ZnO + HO + 2e = Zn + 2 OH- -1.260 
ZrO, + 411 «4e = Zr +2 ЊО —1.553 
ZrO(OH), + H,O + Фе = Zr + 4 OH- –2.36 
71" 44e = Zr —1.45 
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TABLE 2. Reduction Reactions Having F° Values More Positive than That of the Standard Hydrogen Electrode 


Reaction 
2H'«2e = H, 
Cul, +e == Си+2Г 
Ge“ +2 e = де» 
NO, + Н,О + 2е == NO, + 2 OH- 
TLO,+3H,O+4e = 2TI*+6OH- 
SeO, + HO + 2e = 5е0, + 2 OH- 
WO,+2H*+2e = WO, + H,O 
UO,” + e = ОО; 
Pd(OH), +2 e = Pd + 2 OH- 
AgBr + e = Ag + Bro 
MoO, +6 H* + бе = Mo + 3 H,O 
5,02 +2e = 2 S0, 


H,Mo.0,,> + 45 H: + 42e = 7 Mo + 24 H,O 


7724 


AgSCN + e == Ag + SCN- 

N, +2 H,O + 6 H: + бе = 2 МОН 
HgO + HO + 2e = На + 2 OH- 
IrO, +3 H,O + бе == 21r +6 OH- 
2NO+2e = МО 

(Ки(МН,) | + e == [Ru(NH,),]* 

W + Зе = W 

[Co(NH,),]** + e == [Со(МН,) 2% 
HgO + H,O + 2е == 2 Hg + 2 ОН" 
Ge* +4 e = Ge 

Hg,Br, + 2e = 2 Hg + 2 Вг- 

Pt(OH), +2 e = Pt + 2 OH- 
[V(phen),]** + e = [V(phen),* 
$+2Н*+2е == H,S(aq) 

Sn(OH), +3 H*+2e = Sn*+3H,O 
Мр“ +e = Мр“ 

Ар [Fe(CN),] + Фе = 4 Ag + [Ее(СМ) ال‎ 
10, + 2 ЊО + Фе = 10- + 4 OH- 
Mn(OH), + e = Mn(OH), + OH- 
2NO, +3H,O+4e = МО + 6 OH- 
Sn* + 2e == Sn* 

Sb,O, + 6H' +6 e = 2 Sb + 3 H,O 
Си“ + e == Си" 

ВОС! + 2 Н + Зе = Bi + СГ + H,O 
ВІСІ, + Зе = Bi + 4 СГ 

Fe,O, + 4 H* +2 e = 2 Ее ОН + H,O 
Co(OH), +e = Co(OH), + OH 
50 +4Н*+2е = Н,50, + H,O 

В + 2 е = Bi 

[Ru(en),]** + e = [Ru(en),]”* 
SbO* + 2 H: + Зе = Sb + 2 H,O 
AgCl +e = Ag + СГ 

[Ru(H,O),* +e = [Ru(H,O)J?* 
As,O,+6H*+6e = 2 As + 3 H,O 
Calomel electrode, saturated NaCl (SSCE) 
де“ + 2 е = Ge 

Ки? +e = Ки» 

Calomel electrode, saturated KCl 
PbO, + H,O + 2e = PbO + 2 OH- 
HAsO, +3 H* + Зе = As + 2 H,O 
Ки» + e _ Ки“ 

ReO, + 4H* + Фе = Ке +2 H,O 
IO, +3H,O+6e = Г + ОН- 


EIN 
0.00000 
0.00 
0.00 
0.01 
0.02 
0.05 
0.036 
0.062 
0.07 
0.07133 
0.075 
0.08 
0.082 
0.8951 
0.092 
0.0977 
0.098 
0.10 
0.10 
0.1 
0.108 
0.123 
0.124 
0.13923 
0.14 
0.14 
0.142 
0.142 
0.147 
0.1478 
0.15 
0.15 
0.15 
0.151 
0.152 
0.153 
0.1583 
0.16 
0.16 
0.17 
0.172 
0.2 
0.210 
0.212 
0.22233 
0.23 
0.234 
0.2360 
0.24 
0.24 
0.2412 
0.247 
0.248 
0.2487 
0.2513 
0.26 


Reaction 
Не,СІ, + 2 e == 2 Hg + 2 СТ 
Calomel electrode, 1 molal KCI 
Calomel electrode, 1 molar KCI (NCE) 
At, +2е = 2 АЕ 
Ке» + Зе == Re 
Те» + e == Те» 
Bi* + Зе = Bi 
BiO' +2 H* +3 e = Bi + H,O 
UO,” +4 H: + 2е = U“ +2 H,O 
CIO, + H,O +2 e = CIO, + 2 OH- 
2 HCNO + 2 H* + 2 e = (CN), + 2 H,O 
Calomel electrode, 0.1 molar КС1 
УО? +2 Н +e = V* + H,O 
Си» +2 e = Си 
АБО + H,O +2е == 2 Ag + 2 ОН" 
Си» + 2e = Cu(Hg) 
AglO, + e = Ag +107 
[Ее(СК) | + e = [Fe(CN)J^- 
CIO, + H,O + 2е = CIO, +2 OH- 
Ag,SeO, + 2 e = 2 Ав + 560 = 
КеО + 8 Н*+7е = Ке + А ЊО 
(CN), +2Н' +2е == 2 НСМ 
[Ferricinium]* + е == ferrocene 
Те» + 2е == Тс 
О,+2 ЊО + 4е == 4ОН- 
AgOCN +e == Ag + ОСЫ" 
(КАСУ + Зе = Rh + 6 CI- 
Ag,CrO, + 2e = 2 Ag + CIO," 
H,SO, +4 H* + 4е = 5 +3 H,O 
Ки" +2 e = Ru 
Ag,MoO, +2 e = 2 Ag + MoO,” 
Ag,C,O, + 2e = 2 Ag + СО 
Ag, WO, +2 e == 2 Ag + WOP- 
Ag,CO, +2 e = 2 Ag + СО 
TcO, +8 H* +7 e = Te +4 H,O 
Тео +8 Н*+7е = Te +4 H,O 
IO- + H,O +2 e = Г +2 OH- 
NiO, + 2 H,O + 2e = М(ОН), + 2 OH- 
Bit +e = Bi 
КеО + 4 H: + Зе = ReO, + 2 H,O 
Hg,(ac), + 2e = 2 Hg + 2(ас)“ 
Cut + e == Си 
L+2e ح‎ 217 
L + ге = 3Гг 
AgBrO, +e == Ag + ВО 
MnO, +e = MnO, 
H,AsO, +2 Ht + 2е = HAsO, + 2 H,O 
5,02 + 4H' «2e = 2 Н,50, 
AgNO, +e == Ag + NO, 
Te* + 4е == Те 
Sb,O, + 6 H: +4е = 2 SbO: + 3 H,O 
RuO, + e == ШО,” 
[РАС] + 2e == Pd +4 СГ 
Тео, + 4H* + 4e = Те + 2 H,O 
MnO, +2 H,O + Зе = MnO, + 4 OH- 
Rh? +2е = Rh 


EIN 
0.26808 
0.2800 
0.2801 
0.3 
0.300 
0.3 
0.308 
0.320 
0.327 
0.33 
0.330 
0.3337 
0.337 
0.3419 
0.342 
0.345 
0.354 
0.358 
0.36 
0.3629 
0.368 
0.373 
0.400 
0.400 
0.401 
0.41 
0.431 
0.4470 
0.449 
0.455 
0.4573 
0.4647 
0.4660 
0.47 
0.472 
0.472 
0.485 
0.490 
0.5 
0.510 
0.51163 
0.521 
0.5355 
0.536 
0.546 
0.558 
0.560 
0.564 
0.564 
0.568 
0.581 
0.59 
0.591 
0.593 
0.595 
0.600 
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8-26 


Reaction 
Rh* +e = Rh 
Мпо + 2H,0 + 2е == MnO, + 4 OH- 
2 АБО + HO + 2e == Ар,О +2 OH- 
BrO, +3 Н,О + бе = Br +6 ОН” 
ПО, + 4117 +e = 0"-2Н,О 
Hg,SO,+2e = 2 Hg + SO, 
ClO, +3 H,O + бе = Cl + 6ОН- 
Hg,HPO, + 2 e = 2 Hg + HPO,” 
Ag(ac) + e = Ag + (ac) 


Sb,O,(valentinite) + 4 Ht +4е == Sb,O, +2 H,O 


Ag,SO, + 2е = 2 Ag + SO 
CIO, + H,O + 2е = CIO + 2 OH- 


Sb,O,(senarmontite) + 4 H* + 4e == Sb,O, + 2 


H,O 
[РЕСІ] + 2e = [PtC1,]2 +2 Ch 
O, +2 H: +2 e = HO, 


p-benzoquinone + 2 H: + 2e == hydroquinone 


HjJO +2e = IO, +3 OH- 
Ag,O,+ H,O + 2е = 2 AgO + 2 OH- 
TP* +Зе = TI 

ІРІСІ, +2 e = Pt +4 СГ 
Rh*+3e = Rh 

CIO, +2 H,O + Ае = Cl + 4 OH- 
2NO+H,O+2e = МО + 2 OH- 
Ро" + 4e == Ро 

BrO- + HO +2 e = Br + 2 ОН" 
ReO, + 2 H: +e == ReO, + H,O 
(CNS), + 2e = 2 CNS- 

Пес +Зе = Ir+6 СК 

Fe% + e == Fe” 

AgF+e = Ag+F- 

[Fe(bipy),* + e = |Ғе(Біру),|2 
TcO, +4H'+3e == Тео, +2 H,O 
На“ +2е = 2 На 

Agi +е = Ag 

[Ов(Брру),] + е = [Os(bipy),]” 
2NO, -4H' + 2е = МО, +2 ЊО 
[Os(bipy);?* + е = [Os(bipy),]** 
RhOH* + H +Зе = Rh + H,O 
OsO, + 8 H: + 8e = Os + 4 H,O 
CIO- + H,O +2 e = СГ + 2 OH- 
Hg? +2e = Hg 

AuBr, + Зе = Au + 4 Bro 

SiO, (quartz) + 4 H* «4e = Si + 2 H,O 
2 HNO, +4 H: +4 e = H,N,O, + H,O 
[Ru(CN),]* + e^ = [Ru(CN)J^ 
Ші р +e = [та У 
МО, + 2е = 2МО/ 
HO, + H,O + 2е = 3 OH- 
Ро" + 2e = Ро" 

2 Hg” +2 e = Hg,” 
NO, +3 Н'+ 2е = HNO, + H,O 
Pd* + 2 e == Ра 

CIO, (aq) +e = СО, 

NO, *4H' + Зе = МО +2 ЊО 
V,0,+6H*+2e = 2 УО +3 H,O 
AuBr, +e = Au + 2 Br 
HNO, + H* +e == МО + HO 


EIN 
0.600 
0.60 
0.607 
0.61 
0.612 
0.6125 
0.62 
0.6359 
0.643 
0.649 
0.654 
0.66 


0.671 
0.68 
0.695 
0.6992 
0.7 
0.739 
0.741 
0.755 
0.758 
0.76 
0.76 
0.76 
0.761 
0.768 
0.77 
0.77 
0.771 
0.779 
0.78 
0.782 
0.7973 
0.7996 
0.80 
0.803 
0.81 
0.83 
0.838 
0.841 
0.851 
0.854 
0.857 
0.86 
0.86 
0.8665 
0.867 
0.878 
0.9 
0.920 
0.934 
0.951 
0.954 
0.957 
0.957 
0.959 
0.983 


Electrochemical Series 


Reaction 
НО + Н+ 2е = Г + H,O 
УО +2 H' +e = УО + HO 
PtO, + 4H* + 4e = Pt +2 H,O 
КиО, +e == ШОР 
У(ОН) +2 H* +e = УО? +3 H,O 
АС + Зе = Ац+4СГ 
Pu* + e = Ри» 
РО, + 2H* + 2e == РіО + H,O 
OsO, + 4H + 4е = OsO, +2 H,O 
H,TeO, + 2 H* + 2e = Тео, +4 H,O 
[Fe(bipy),]** + e = [Fe(bipy),]** 
Hg(OH), + 2 H* + 2e = Hg + 2 H,O 
N,O,+4H*+4e == 2 МО + 2 ЊО 
КиО, + 8 H* + 8 e = Ки +4H,O 


[Fe(phen),]** + e = [Fe(phen),]** (1 molar Н,5О,) 


PuO,(OH), + Н+ + e = РиО,ОН + H,O 
МО, +2Н' + 2e = 2HNO, 

Вг) + 2e == 2Вг 

10, +6H*+6e = Г+ ЗЊО 

Br (ад) + 2e = 2Вг 

Ру" + e == Ри“ 

Си" + 2 СМ + e == [Cu(CN),]- 
КиО, + 4H* + 2e == Ки + 2 H,O 
[Fe(phen),]** + е =- |Ғе(рһеп),|2 
SeO, + 4H* + 2e == Н,5еО, + HO 
CIO, +2 H* +e = CIO, + H,O 

П + Зе Ir 

Pt + 2е == Pt 

CIO, +2 Н «2e = CIO, + Н,О 
210, + 12 Н" + 10е = L +6НО 
РОН: + H' + 2е = Pt + H,O 

CIO, +3 H: + 2е = НОО, + H,O 
MnO, +4 H: + 2е = Mn” +2 H,O 
О, +4Н' + 4e = 2 Н,О 

Cr,O2 + 14 H: + бе = 2 Сг +7 H,O 
О, + H,O + 2e = О, +2 OH- 
[Ru(bipy),]** + е = [Ru(bipy),* 

TP* +2 е = TF 

NH; + 3 H: +2 e = 2NH,* 

CIO, + H* +e = НОО, 

[РАСТ] + 2e = [РАС] + 2 СГ 

2 HNO, +4 H* +4e = МО + З H,O 
АФОН? + Н +2 e == Au + H,O 
PuO,(OH), +2 H- +2 e = Pu(OH), 
НВгО + H' + 2 e = Br + H,O 

Cr(V) + e = Cr(IV) 

HCrO, + 7 H: + Зе = Cr” +4 H,O 
Cl (g) +2 e == 227 
ClO, +8 H: +8 e = СГ + 4Н,О 
ClO, +8 Н «7e = 1/2 Cl, +4 H,O 
Мо» + e == Мо» 

КиО, + 6117 + 4e == Ru(OH),* + 2 НО 
Ац + Зе = Aut 

2 NH,OH: + Ht «2e = NH +2 H,O 
BrO, +6Н' +6 e = Br + 3H,O 
2HIO+2H*+2e = L +2H,O 
Au(OH), + 3 Н* +3 e = Au + 3 H,O 


EIN 
0.987 
0.991 
1.00 
1.00 
1.00 
1.002 
1.006 
1.01 
1.02 
1.02 
1.03 
1.034 
1.035 
1.038 
1.06 
1.062 
1.065 
1.066 
1.085 
1.0873 
1.099 
1.103 
1.120 
1.147 
1.151 
1.152 
1.156 
1.18 
1.189 
1.195 
1.2 
1.214 
1.224 
1.229 
1.232 
1.24 
1.24 
1.252 
1.275 
1.277 
1.288 
1.297 
1.32 
1.325 
1.331 
1.34 
1.350 
1.35827 
1.389 
1.39 
14 
1.40 
1.401 
1.42 
1.423 
1.439 
1.45 


Electrochemical Series 


Reaction 
310, + 6 Н* + бе = СГ + ЗН,О 
PbO, +4 Н+ + 2e = Pb*+2H,O 
CIO, +6Н' + бе = 1/2 Cl, + 3 H,O 
CrO, +4 H: +e == С" +2 H,O 
BrO,- +6Н' + 5 e == 1/2Br,+3H,O 
HCIO + Н*+2е = СГ + HO 
Мп,О, +6 H: +e = 2Mn*+3H,O 
НО, + H* + e = НО, 
Au*+3e = Au 
РО, +4 H: + 2e = Pt(OH),* + H,O 
MnO, +8Н' + бе = Mn*+4H,O 
Mn* + e = Мп” 
HClO, +3H*+4e = СГ +2 H,O 
HBrO + H* + e == 1/2 Br,(aq) + H,O 
2 NO +2 H: +2e = N,O + H,O 
В.О, +4 H* +2 e = 2BiO' +2 НО 
НВгО + H* + e = 1/2 Br,(l) + H,O 
НЛО, + H* + 2 e = IO; + 3 H,O 
HCIO + H: +e = 1/2 Cl, + H,O 
HClO, + 3 Н* + Зе = 1/2 Cl, + 2 H,O 
HClO, + 2 H* + 2е = НОО + H,O 
Bk“ +e == ВК» 
МО, +4 H* +2 e = Ni” + 2 H,O 
MnO, +4 Н? +3e MnO, +2 H,O 
PbO, + 50,2 +4 H: + 2 e = PbSO, +2 H,O 
Ац +e == Au 
РО, + 2H* + 2e = РіО, + H,O 
СеОН* + Н? +е == Се* + H,O 
Се" + e == Се» 
МО +2 H* +2 e= N, + HO 
H,O, +2 H* +2 e = 2 H,O 


EIN 
1.451 
1.455 
1.47 
1.48 
1.482 
1.482 
1.485 
1.495 
1.498 
1.5 
1.507 
1.5415 
1.570 
1.574 
1.591 
1.593 
1.596 
1.601 
1.611 
1.628 
1.645 
1.67 
1.678 
1.679 
1.6913 
1.692 
1.7 
1.715 
1.72 
1.766 
1.776 


8-27 
Reaction EIN 

Ag" +e = Ар» 1.8 
Au* + e = Au: 1.8 
Ag,O, +4 H* +e = 2 Ag + 2 H,O 1.802 
Со" + e == Со?(2 molar H,SO,) 1.83 
Аг» +2е = Ag: 1.9 
Co% + e == Со“ 1.92 
Ag” +e = Ар 1.980 
Cu,O, + 6 H: + 2 e = 2Cu*+3H,O 2.0 
5,02-+ 2e = 280 2.010 
ОН +e = ОН: 2.02 
HFeO, + 7 H: + Зе = Ке" + 4Н,О 2.07 
O,+2H:+2e = O, + H,O 2.076 
HFeO, + 4 Н* + Зе = FeOOH +2 H,O 2.08 
2 HFeO, + 8H* + бе = Fe,O, + 5 H,O 2.09 
XeO, +6 Н* + бе = Xe + 3 H,O 2.10 
50 + 2 H: +2 e = 2 НЅО 2.123 
ЕО+2Н* +4е = H,O +2F- 2.153 
FeO, + 8Н' + Зе == Fe*+4H,O 2.20 
Cu? + e == Си“ 2.4 
H,XeO, + 2H* +2 e = XeO, + 3 H,O 2.42 
O(g) +2 H: +2 e = H,O 2.421 
Am“ + e == Ат» 2.60 
H,N,O, +2 H* + 2е = N, + 2 H,O 2.65 
Е, +2е = 2 Е 2.866 
Ст“ +e = Ст» 3.0 
F, +2 H: «2e = 2 НЕ 3.053 
Tb* +e = 7 3.1 
Ру“ + е == Pr” 3.2 
С + e = СВ 3.3 
XeF +e == Хе + Е- 3.4 


TABLE 3. Reduction Reactions Having F° Values More Negative than That of the Standard Hydrogen Electrode 


Reaction 
2H'«2e = H, 
217 +2 e = D, 
AgCN +e = Ag + CN- 
2 WO, +2 H: + 2е = W,O, + H,O 
W,O, +2 H: +2 e = 2 WO, + H,O 
AgS +2 Н*+2е = 2Ag+H,S 
Fe* + Зе == Fe 
Не, + 2е == 2 На + 2Г 
ТКОН), + 2e == ПОН + 2 OH- 
ТОН” + Н+ + e = Тї + HO 
2 H,SO, 11م‎ +2 e = HS,O, + 2 H,O 
P(white) + 3 H: + Зе = PH,(g) 
O, +H,O +2e = HO; + OH- 
2 Cu(OH), + 2e == СиО +2 OH- + HO 
Se + 2H' +2 e == H,Se 
WO,+6H*+6e = W +3 H,O 
SnO, + 4H*+2e = Sn" + 2 НО 
Маз + e == Ма» 
P(red) +3 H: + Зе = РН. (8) 
SnO, +4 H: +4 e = Sn +2 H,O 
GeO, + 2 H* + 2е = СеО + H,O 
WO, +4 11 +4 e = W +2 H,O 
Pb? + 2 e = Pb(Hg) 


EIN 
0.00000 
—0.013 
—0.017 
—0.029 
—0.031 
—0.0366 
—0.037 
—0.0405 
—0.05 
—0.055 
—0.056 
—0.063 
—0.076 
—0.080 
—0.082 
—0.090 
—0.094 
—0.1 
—0.111 
—0.117 
—0.118 
—0.119 
—0.1205 


Reaction EIN 
Pb? 42e = Pb —0.1262 
СгО2 +4 H,O + Зе = Cr(OH), + 5 OH- —0.13 
Sn? + 2e == Sn —0.1375 
пе == In —0.14 
O, +2 НО + 2е = H,O, + 2 OH- —0.146 
MoO, + 4H* + Фе == Mo + 4 H,O —0.152 
AgI +e = Ag«T –0.15224 
2NO, +2 НО +4е = МО + 4OH- —0.18 
H,GeO, +4 Н*+4е = Ge + 3 H,O —0.182 
SnO, + 3H* + Је == ЅпОН* + H,O -0.194 
CO, +2 Н*+2е = HCOOH —0.199 
Mo% + Зе = Мо –0.200 
Gat + e == Са -0.2 
250,2 + 4Н + 2е = SOC + HO –0.22 
Cu(OH), + 2 e = Си + 2 ОН" -0.222 
У,О, +10Н' + 10е = 2 У +5H,O -0242 
CdSO, + 2 е = Cd + SO, –0.246 
МОН) + 4H* «5e = V +4 H,O —0.254 
УЗ + e = у» —0.255 
NP*42e-—Ni —0.257 
РЬСІ, +2е =РЬ+2СГ —0.2675 
НРО, +2 H: «2e = НРО, + H,O -0.276 
Co^ + 2e = Co —0.28 


8-28 
Reaction EIN 
PbBr, + Је = Pb+2Br —0.284 
Tl: +e = TI(Hg) 0.3338 
Tl +e = TI —0.336 
I*+3e = In —0.3382 
ТОН + e = Tl + OH- —0.34 
PbF, +2e = Pb+2F- —0.3444 
PbSO, +2 e = Pb(Hg) + SO, —0.3505 
Са» +2 e = Cd(Hg) —0.3521 
PbSO, +2 e = Pb + 50 > -0.3588 
Cu,O + H,O + 2e = 2 Cu + 2 ОН" —0.360 
Eu?* + e = Ец” —0.36 
РЫ, :2e-pb«2lI —0.365 
ل5‎ +3 H,O + Фе = Se +6 OH- —0.366 
Se-2H' «2e = Н,5е(аа) —0.399 
ш? +e = In* -0.40 
са“ +2 e = Са —0.4030 
Ст" +e = Сг” —0.407 
25+2е = Sy —0.42836 
TLSO, + Је = TI + SO -0.4360 
In™*+2e == In* —0.443 
Fe* +2е == Ее —0.447 
HPO, +3 Н*+3е = P +3 H,O -0.454 
Bi,O, +3 H,O + бе = 2 Bi + 6 OH- -0.46 
NO, + HO +e = NO + 2 ОН —0.46 
PbHPO, + 2 e = Pb + HPO > -0.465 
S+2e = S> —0.47627 
S+ H,O + 2е = HS- + OH- —0.478 
B(OH), +7 H: + 8e = BH, + 3 H,O -0.481 
In?* +e = In* —0.49 
ZnOH* + H* + 2 e = Zn + H,O —0.497 
GaOH? + H* + Зе = Ga + H,O —0.498 
H,PO, +2 H: +2 e = HPO, + H,O -0.499 
TiO, +4 H*+2e = те» + 2 H,O —0.502 
H,PO,+H*+e = P +2H,O —0.508 
Sb+3H:+3e = SbH, —0.510 
HPbO, + HO +2е = Pb + 3 OH- —0.537 
Ga? + Зе = Ga – 0.549 
ТІСІ + e = TI + CF —0.5568 
Fe(OH), + e — Fe(OH), + ОН- —0.56 
160 + ЗН,О + 4e = Te+6 OH- —0.57 
280, + ЗН,О + 4е == 50" + 6 OH- -0.571 
PbO + H,O + 2е = Pb + 2 OH- —0.580 
ReO, + 4Н,О +7 e = Re +8 OH —0.584 
SbO, + H,O + 2e = 50, + 2 OH- –0.59 
Ta? + Зе = Ta -0.6 
U* +e = U* -0.607 
As +3 H* + Зе = AsH, —0.608 
Nb,O, + 10 H* + 10e = 2 Nb + 5 H,O -0.644 
NbO, + 2 H* + 2 e = МО + H,O —0.646 
Са(он) 2- +2е == Са + 4 OH- —0.658 
ТІВг + e == ТІ + Br —0.658 
SbO, +2 НО + Зе == Sb + 4 OH- –0.66 
AsO, +2 ЊО + Зе == As +4 OH- —0.68 
МО, +4 H: «4e = Nb + 2 H,O -0.690 
AgS + де = 2 Ag+ خو‎ —0.691 
АѕО +2 H,O + 2е = AsO, + 4 ОН” —0.71 


Ni(OH), +2 e = Ni + 2 OH- —0.72 


Electrochemical Series 


Reaction EIN 
Со(ОН), + 2e = Co + 2 OH- –0.73 
NbO + 2H*+2e = Nb + НО —0.733 
H,SeO, +" 4 Н*+4е = Se+3H,O —0.74 
Ст" +3 e = Сг -0.744 
Ta,O, + 10 Н* + 10е = 2 Ta + 5 H,O —0.750 
ТИ +e = TI«I —0.752 
Zn?* «2e = Zn —0.7618 
Zn* + 2e == Zn(Hg) —0.7628 
Сао + H,O + 2 e = Cd + 2 OH- —0.783 
Te +2 H* + 2e = НЛе —0.793 
ZnSO,7H,O + 2е = Zn(Hg) + $0, + 7 H,O —0.7993 
(Saturated ZnSO,) 
Bi+3H*+3e = BiH, —0.8 
SiO - 2H* + 2е = Si + H,O –0.8 
Са(ОН), + 2e = Cd(Hg) + 2 OH- —0.809 
2H,O + 2e = H, + 2 OH- -0.8277 
2 NO-, + 2 H,O +2 e = NO, + 4 OH- -0.85 
HBO, +3H*+3e = B +3 H,O -0.8698 
P +3 H,O + Зе = РН, (8) + 3 OH- —0.87 
Ti^ + e == Ti” -0.9 
HSnO, + HO + 2e == Sn + 3OH- —0.909 
Cr* +2 e = Ст —0.913 
Зе + 2 e = کو‎ – 0.924. 
50 + H,O + 2 e = SO, + 2 OH- —0.93 
5п(ОН) + Зе == HSnO, + 3 OH- + H,O —0.93 
SnO, + 2 H,O + Фе = Sn + 4OH- —0.945 
In(OH), + Зе = In + 3 OH- —0.99 
NpO, + H,O + H* + e = Np(OH), —0.962 
In(OH), + Зе = In + 4 OH- —1.007 
In,O, +3 H,O +бе == 2 п +6 OH- -1.034 
PO +2 Н,0 +2е = HPO + 3 OH- -1.05 
Yb* +e = Yb^* —1.05 
МБ» + Зе = Nb -1.099 
Ет?* + e == Ет” -141 
280, +2 НО + 2е == SO, + 4 OH- -112 
Те + 2 е == Те” —1.143 
У*+2е = V -1.175 
Mn? + де == Mn -1.185 
Zn(OH) + 2е = Zn +4 OH- —1.199 
CrO, +2 H,O + Зе == Cr + 4 OH- -1.2 
Мо" + Зе = Мо -120 
ZnO, +2H,O + 2е = Zn +4 OH- —1.215 
H,GaO, + HO + Зе = Ga + 4 OH- —1.219 
НВО, +5 H,O + 8е = BH, +8 OH- -124 
ЧЕ + 4е = 51+6Е- -1.24 
Zn(OH), +2е = Zn + 2 ОН" —1.249 
ZnO + H,O + 2е = Zn + 2 OH- -1.260 
Es* + e == Es** -13 
Pa?* + Зе = Pa —1.34 
Ti + Зе = Ti —1.37 
Се" + Зе = Ce(Hg) —1.4373 
UO,*+4H*+6e = U+2H,O -1444 
Тг +4e = Zr -1.45 
Cr(OH), +3 e = Cr + 3 OH- -1.48 
Ра" + 4 e == Ра —1.49 
НЮ, +4 H* +4 e = Hf + 2 H,O -1.505 
Не“ + Фе == НЕ —1.55 


Electrochemical Series 


Reaction EIN 

Sm* + e = Sm* -1.55 
ZrO, + 4H* « 4e = Zr+2H,O —1.553 
Mn(OH), + Је = Mn + 2 OH- -1.56 
Ва» + 2 e = Ba(Hg) -1.570 
Bk? +2 e == ВК -1.6 
Cf* + e = СР -1.6 
те +2е = Ti —1.630 
ма» + Зе = Md —1.65 
HPO,? +2 H,O +2е = H,PO, +3 OH- -1.65 
А + Зе == AI —1.662 
SiO; + HO + 4e = Si + 6 OH- —1.697 
HPO,” +2 Н,О + Зе = P +5 OH- -171 
НЕО? + 2H' +4 e = Hf + HO -1.724 
ThO, +4 Н*+4е = Th+2H,O -1.789 
H,BO, + H,O + Зе = B + 4 OH- -1.79 
Sr** + 2 e = Sr(Hg) -1793 
U*¥+3e=U -1.798 
H,PO-, +e = P +2 OH- -182 
Ве» + 2 е == Be —1.847 
Мр“ + Зе = № -1.856 
Ет?* + Зе = Fm -1.89 
Th* +4е = Th -1.899 
Аш?” +2е = Am —1.9 
Pat +e == Ра” -1.9 
Es* + Зе == Es —1.91 
СР + Зе = СЕ —1.94 
Lr*+3e == Іг —1.96 
Eu?** + Зе = Eu —1.991 
Er* 42e == Er -2.0 
Рг + 2 е == Рг –2.0 
Pu* + Зе = Pu -2.031 
Ст" + Зе = Ст -2.04 
Ат“ + Зе = Am – 2.048 
МЕР +3e = Al+6F- —2.069 
5с+ + Зе = Sc – 2.077 
Ho? + Зе = Но -241 
Nd? + 2 е = Nd —2.1 
СР*+2е == СЕ -2.12 
Үр" + 3e = Yb -2.19 
Ac* + Зе == Ас -2.20 
Dy* +2 e = Dy -22 
Tm? +e == Тш?” -22 
Рт» + 2 e == Рт -22 
Е$?* + 2e = Es -2.23 
H,+2e = 2 Н- —2.23 
ад“ + Зе = Gd – 2.279 
Tb? + Зе = Тр -2.28 
Та“ + Зе = Lu -2.28 
Ру" + Зе = Dy -2.295 
Am* + e == Ат?” –2.3 


Em? + 2e == Ет –2.30 


Reaction 
Pm? + Зе == Pm 
Sm + Зе = Sm 
АКОН), + Зе = Al + 3 OH- 
Tm? + Зе = Tm 
Ма“ + Зе = Nd 
АЦОН)- +3 e = Al + 4OH- 
Н,АІО + H,O + Зе = Al + 4 OH- 
Но" + Зе = Но 
Er* + Зе == Er 
Сез + Зе == Се 
Pr? + Зе == Pr 
ZrO(OH), + H,O + Фе = Zr + 4 OH- 
Ма» + де == Mg 
Үз 43e =Y 
Та“ + Зе == Га 
Tm? + ге = Tm 
ма» +2 e = Md 
Th(OH), + 4e = Th + 4 OH- 
HfO(OH), + H,O + Фе = Hf + 4 OH- 
Мо“ + 2e = Мо 
Ру? +e = Ру“ 
Рт“ + e == Pm? 
Ве, О +3 H,O + Фе = 2 Be + 6 OH” 
Sm? + 2e == Sm 
Mg(OH), +2 e = Mg + 2 OH- 
Ма“ +e == Ма» 
Mg' +e == Mg 
Ма" +e == Ма 
уђ“ + 2е = УБ 
Bk?* + e == ВК“ 
Но» + e == Но» 
Ка» + Зе = Ка 
Eu* + Је = Eu 
Са» 42e = Са 
Sr(OH), + 2е = Sr + 2 OH- 
Sr*+2e == Sr 
Ег +e = Fr 
Та(ОН), + Зе = Та + З OH- 
Ва" + 2 е == Ва 
Ке = К 
Rb: +e = Rb 
Ва(ОН), + 2e = Ba + 2 OH- 
Er* +e == Er* 
Ca(OH), +2 e = Ca + 2 OH- 
Cs* + e = Cs 
Lit + e = Li 
3N,+2 H: +2 e = 2 HN, 
Ру“ +e == Р 
Cat +e = Са 


Srt +e = Sr 


EIN 
-2.30 
-2.304 
-2.31 
-2.319 
-2.323 
-2.328 
-2.33 
-2.33 
-2.331 
-2.336 
-2.353 
-2.36 
-2.372 
-2.372 
-2.379 
—2.4 
-2.40 
-2.48 
-2.50 
-2.50 
-2.6 
-2.6 
-2.63 
-2.68 
-2.690 
-2.7 
-2.70 
-2.71 
-2.76 
-2.8 
-2.8 
-2.8 
-2.812 
-2.868 
-2.88 
-2.899 
-2.9 
-2.90 
-2.912 
-2.931 
-2.98 
-2.99 
-3.0 
—3.02 
—3.026 
—3.0401 
—3.09 
—3.1 
—3.80 
-4.10 
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REDUCTION AND OXIDATION POTENTIALS FOR CERTAIN ION RADICALS 


Petr Vanysek 


There are two tables for ion radicals. The first table lists reduc- 
tion potentials for organic compounds which produce anion radi- 
cals during reduction, a process described as A + е — А“. The sec- 
ond table lists oxidation potentials for organic compounds which 
produce cation radicals during oxidation, a process described as 
А = А+ + e. To obtain reduction potential for a reverse reaction, 
the sign for the potential is changed. 

Unlike the table of the Electrochemical Series, which lists stan- 
dard potentials, values for radicals are experimental values with 
experimental conditions given in the second column. Since the 
measurements leading to potentials for ion radicals are very de- 
pendent on conditions, an attempt to report standard potentials 
for radicals would serve no useful purpose. For the same reason, 
the potentials are also reported as experimental values, usually a 
half-wave potential (Е, in polarography) or a peak potential (E, 
in cyclic voltammetry). Unless otherwise stated, the values are re- 
ported vs. SCE (saturated calomel electrode). To obtain a value vs. 


normal hydrogen electrode, 0.241 V has to be added to the SCE 
values. All the ion radicals chosen for inclusion in the tables result 
from electrochemically reversible reactions. More detailed data on 
ion radicals can be found in the Encyclopedia of Electrochemistry 
of Elements, (A. J. Bard, Ed.), Vol. XI and XII in particular, Marcel 
Dekker, New York, 1978. 

Abbreviations are: CV — cyclic voltammetry; DMF — ММ- 
Dimethylformamide; E swp — potential sweep; E" — standard po- 
tential; E, — peak potential; Е, — half-peak potential; ےم‎ — half 
wave potential; M — mol/L; MeCN — acetonitrile; pol — polar- 
ography; rot Pt dsk — rotated Pt disk; SCE — saturated calomel 
electrode; TBABF, — tetrabutylammonium tetrafluoroborate; 
TBAI — tetrabutylammonium iodide; ТВАР — tetrabutylam- 
monium perchlorate; TEABr — tetraethylammonium bromide; 
TEAP — tetraethylammonium perchlorate; THF — tetrahydrofu- 
ran; TPACF,SO, — tetrapropylammonium trifluoromethanesul- 
fite; TPAP — tetrapropylammonium perchlorate; and wr — wire. 


Reduction Potentials (Products are Anion Radicals) 


Substance 

Acetone 
1-Naphthyphenylacetylene 
1-Naphthalenecarboxyaldehyde 
2-Naphthalenecarboxyaldehyde 
2-Phenanthrenecarboxaldehyde 
3-Phenanthrenecarboxaldehyde 
9-Phenanthrenecarboxaldehyde 
1-Anthracenecarboxaldehyde 
1-Pyrenecarboxaldehyde 
2-Pyrenecarboxaldehyde 
Anthracene 


9,10-Dimethylanthracene 
1-Phenylanthracene 


2-Phenylanthracene 
8-Phenylanthracene 
9-Phenylanthracene 


1,8-Diphenylanthracene 
1,9-Diphenylanthracene 
1,10-Diphenylanthracene 
8,9-Diphenylanthracene 
9,10-Diphenylanthracene 


1,8,9-Triphenylanthracene 
1,8,10-Triphenylanthracene 
9,10-Dibiphenylanthracene 
Benz(a)anthracene 


Azulene 
Annulene 
Benzaldehyde 
Benzil 
Benzophenone 


Chrysene 


Fluoranthrene 
Cyclohexanone 
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Potential 

Conditions/electrode/technique V (vs. SCE) 
DMF, 0.1 M TEABr/Hg/pol E „=-2.84 
DMF, 0.03 M TBAI/Hg/pol Е »„=-1.91 
-/Hg/pol Е» = —0.91 
-/Hg/pol Е = —0.96 
-/Hg/pol Е,,--1.00 
-/Hg/pol E = -0.94 
-/Hg/pol Е = —0.83 
-/Нр/ро1 Е,,--0.75 
-/Hg/pol E = —0.76 
-/Hg/pol Е,,--1.00 
DME 0.1 М TBAP/Pt dsk/CV E, = –2.00 
DMF, 0.5 M ТВАВЕ /На/СУ Еј, = -193 
MeCN, 0.1 M TEAP/Hg/CV Е,,--2.07 
DMF, 0.1 M TBAI/Hg/pol Ej,7-192 
DME, 0.1 M TBAP/Pt/CV E, = –2.08 
MeCN, 01 M TBAP/Pt/CV E, =-2.10 
DMF, 0.5 М TBABE,/Hg/CV E, = -1.91 
DMF, 0.1 M TBAI/Hg/pol Е,,--1.878 
DMF, 0.1 M TBAI/Hg/pol Е,,--1.875 
DMF, 0.5 M ТВАВЕ 7٧ E, = -191 
DMF, 0.5 M ТВАВЕ /На/СУ E, = -193 
DMF, 0.1 M TBAI/Hg/pol E „=-1.863 
DMF, 0.5 M ТВАВЕ 7٧ E,,- -1.88 
DMF, 0.1 M TBAI/Hg/pol Е,,--1.846 
DMF, 0.1 M TBAI/Hg/pol Е = -1.786 
DMF, 0.5 M ТВАВЕ /На/СУ Е,,--1.90 
MeCN, 0.1 M TBAP/rot Pt/E swp Е,--183 
DMF, 0.1 M TBAI/Hg/pol Е,,--1.835 
DMF, 0.5 M ТВАВЕ /На/СУ Е,, = -1.85 
DMF, 0.5 M ТВАВЕ /На/СУ E,,- -181 
MeCN, 0.1 M TBAP/rot Pt/E swp Е,,--1.94 
MeCN, 0.1 M TEAP/Hg/CV Е,--211 
MeCN, 01 M TEAP/Hg/pol E, „= -240: 
DMF, 0.1 M TBAI/Hg/pol E = -1.10° 
DMF, 0.5 M ТВАР 0°C/Hg/pol E, = -123 
DMF, 0.1 M TBAP/Hg/pol Е,,--1.67 
DMSO, 0.1 M TBAP/Hg/pol E,,- -1.04 
-/Hg/pol Е,,--1.80 
DME/Pt dsk/CV E = -1.72 
MeCN, 0.1 M TEAP/Hg/pol E „= -273° 
DMF, 0.1 M TBAP/Pt dsk/CV E = -1.76 
DMF, 0.1 M TEABr/Hg/pol Еј = -279 


Reduction and Oxidation Potentials for Certain Ion Radicals 


Substance 
5,5-Dimethyl-3-phenyl-2-cyclohexen-1-one 
1,2,3-Indanetrione hydrate (ninhydrin) 
Naphthacene 

Naphthalene 


1-Phenylnaphthalene 
1,2-Diphenylnaphthalene 
Cyclopentanone 
Phenanthrene 


Pentacene 

Perylene 

1,3-Diphenyl-1,3-propanedione 
2,2-Dimethyl-1,3-diphenyl-1,3 propanedione 
Pyrene 


Diphenylsulfone 

Triphenylene 

9,10-Anthraquinone 

1,4-Benzoquinone 
1,4-Naphthohydroquinone, dipotassium salt 
Rubrene 


Benzocyclooctatetraene 
sym-Dibenzocyclooctatetraene 
Ubiquinone-6 
(9-Phenyl-fluorenyl)* 
(Triphenylcyclopropenyl)* 
(Triphenylmethyl)* 


(Tribiphenylmethyl)* 
(Tri-4-t-butyl-5-phenylmethyl)* 
(Tri-4-isopropylphenylmethyl)* 
(Tri-4-methylphenylmethyl)* 
(Tri-4-cyclopropylphenylmethyl)* 
(Tropylium)* 


Conditions/electrode/technique 
DME, 0.5 M/Hg/pol 
DMF, 0.2 M NaNO, /Hg/pol 
DME, 0.1 М TBAI/Hg/pol 
DMF, 0.1 M TBAP/Pt dsk/CV 
DMF, 0.5 M TBABF,/Hg/CV 
DMF, MeCN, 01 M TEAP/Hg/CV 
DME, 0.1 M TBAI/Hg/pol 
DMF, 0.5 M TBABF,/Hg/CV 
DMF, 0.5 M ТВАВЕ /На/ СУ 
DME, 0.1 M TEABr/Hg/pol 
MeCN, 0.1 M TBAP/Pt wr/CV 
MeCN, 0.1 M TEAP/Hg/pol 
THE 0.1 M TBAP/rot Pt dsk/E swp 
MeCN, 0.1 M TEAP/Hg/CV 
DMSO, 0.2 M TBAP/Hg/CV 
DMSO, TBAP/Hg/CV 
DME, 0.1 M TBAP/Pt/CV 
MeCN, 0.1 M TEAP/Hg/pol 
DMF, TEABr 
MeCN, 0.1 M TEAP/Hg/pol 
DMF, 0.5 М ТВАР, 20°/Pt dsk/CV 
MeCN, 0.1 M TEAP/Pt/CV 
DMF, 0.5 М ТВАР, 20°/Pt 7٧ 
DMF, 0.1 M TBAP/Pt dsk/CV 
DME, 0.1 M TBAI/Hg/pol 
THE 0.1 M TBAP/Hg/pol 
THE 0.1 M TBAP/Hg/pol 
MeCN, 0.1 M TEAP/Pt/CV 
10.2 M H,SO,/Hg/CV 
MeCN, 0.1 M TEAP/Hg/CV 
MeCN, 0.1 M TBAP/Hg/pol 
H,SO, 10.2 M/Hg/CV 
MeCN, 0.1 M TBAP/Hg/pol 
MeCN, 0.1 M TBAP/Hg/pol 
MeCN, 0.1 M TBAP/Hg/pol 
MeCN, 0.1 M TBAP/Hg/pol 
MeCN, 0.1 M TBAP/Hg/pol 
MeCN, 0.1 M TBAP/Hg/pol 
DME, 0.15 M TBAI/Hg/pol 
DME, 0.15 M TBAI/Hg/pol 
DME, 0.15 M TBAI/Hg/pol 
DME, 0.15 M TBAI/Hg/pol 
DME, 0.15 М TBAI/Hg/pol 
DME, 0.15 M TBAI/Hg/pol 
DME, 0.15 M TBAI/Hg/pol 


Oxidation Potentials (Products are Cation Radicals) 


Anthracene 
9,10-Dimethylanthracene 
9,10-Dipropylanthracene 
1,8-Diphenylanthracene 
8,9-Diphenylanthracene 
9,10-Diphenylanthracene 
Perylene 

Pyrene 

Rubrene 

Tetracene 
1,4-Dithiabenzene 
1,4-Dithianaphthalene 
Thianthrene 

а vs 0.01 M Ag/AgClO, 

> vs. Hg/Hg,SO,, 17 M H,SO, 
* vsHg pool 

* vs Ag/saturated AgNO, 

° vs Ag/0.01 М Ag+ 


CH,Cl,, 0.2 M ТВАВЕ, —70'C/Pt dsk/CV 
MeCN, 0.1 M LiCIO /Pt wr/CV 

MeCN, 0.1 M TEAP/Pt/CV 

CH,CL, 0.2 M TPrACF,SO,/rot Pt wr/E swp 
CH,CI, 0.2 M TPrACF,SO,/rot Pt wr/E swp 
MeCN/Pt/CV 

MeCN, 0.1 M TBAP/Pt/CV 

DMF, 0.1 M TBAP/Pt dsk/CV 

DMF, 0.1 M TBAP/Pt dsk/CV 

СН,С1, 0.2 M ТВАВЕ, -70°C/Pt wr/CV 
MeCN, 0.1 M TEAP/Pt dsk/rot 

MeCN, 0.1 M TEAP/Pt dsk/rot 

0.1 M TPAP/Pt/CV 


Potential 

V (vs. SCE) 
Е,--171 
= –0.039 


277 


па = —1.53 
=-2.55 

па = 2.56 
=-2.63 


277 

12 = -2.50 
12 = -2.36 
12 = -2.25 
12 = -2.82 
12 = -2.47 
5 —2.88* 
12 = -1.40 
12 = -1.73 
--142 


12: 


7-180 
7-214 

7-249 
--216 


жет 


2-287 


1/2 - 
12 = -1.01 
= –0.54 


Р 


па = —1.55 
=-148 
„= 1410 
=-2.13 


277 


7-229 
„= —1.05° 
= -0.01^ 


p 


E = -1.87 
in = 0.27 
= –0.58 


P 


in = 019 
5013 
пр = 0.07 
12 = 0.05 
пр = 0.01 
--047 


277 


=-1.55 


277 


=-1.55 


277 


--1.57 


= =: 


= –1.60 


277 


--1.87 


277 
= –1.96 


277 


= –2.05 
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pH SCALE FOR AQUEOUS SOLUTIONS 


A.K. Covington 


А Working Party of IUPAC, after extensive considerations over 
five years, has recently produced a report (1) which sets pH firmly 
within the International System of Units (SI). A summary of these 
important developments is given below. 

The concept of pH is unique amongst the commonly encoun- 
tered physicochemical quantities in that, in terms of its definition, 


pH = - lg ан (1) 


it involves a single ion quantity, the activity of the hydrogen ion, 
which is immeasurable by any thermodynamically valid method 
and requires a convention for its evaluation. 

pH was originally defined by Загепзеп (2) in terms of the con- 
centration of hydrogen ions (in modern nomenclature) as pH = – 16 
(с,//с9) where ې‎ is the hydrogen ion concentration in mol dm, and 
c? = 1 mol dm? is the standard amount concentration. Subse- 
quently (3), it was accepted as more satisfactory to define pH in 
terms of the relative activity of hydrogen ions in solution 


pH = – lg ar = — lg (тнун /то) (2) 


where ан is the relative (molality basis) activity and үн is the molal 
activity coefficient of the hydrogen ion H: at the molality тн, and 
m? the standard molality. The quantity pH is intended to be a 
measure of the activity of hydrogen ions in solution. However, 
since it is defined in terms of a quantity that cannot be measured 
by a thermodynamically valid method, eqn.(2) can only be consid- 
ered a notional definition of pH. 

pH being a single ion quantity, it is not determinable in terms of 
a fundamental (or base) unit of any measurement system, and 
there is difficulty providing a proper basis for the traceability of 
pH measurements. A satisfactory approach is now available in 
that pH determinations can be incorporated into the Interna- 
tional System (SI) if they can be traced to measurements made 
using a method that fulfils the definition of a 'primary method of 
measurement' (4). 

The essential feature of a primary method is that it must oper- 
ate according to a well-defined measurement equation in which 
all of the variables can be determined experimentally in terms of 
SI units. Any limitation in the determination of the experimental 
variables, or in the theory, must be included within the estimated 
uncertainty of the method if traceability to the SI is to be estab- 
lished. If a convention were used without an estimate of its uncer- 
tainty true traceability to SI would not be established. The 
electrochemical cell without liquid junction, known as the 
Harned cell (5), fulfils the definition of a primary method for the 
measurement of the acidity function, р(ан}с), and subsequently 
of the pH of buffer solutions. 

The Harned cell is written as 


Pt | H, | buffer 5, СГ | AgCI | Ag CellI 


and contains a standard buffer, S, with chloride ions, as potassium 
or sodium chloride, added in order to use the silver-silver chloride 
electrode as reference electrode. The application of the Nernst 
equation to the spontaneous cell reaction of Cell I: 
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1 H, + AgCl > Ag(s) + H: + СГ 


yields the potential difference E, of the cell (corrected to 1 atm 
(101.325 kPa), the partial pressure of hydrogen gas used in elec- 
trochemistry in preference to 100 kPa) as 


E= E? - (RT /F)ln 10 lg [(тнун/т°) (тес! т°)] (3) 


which can be rearranged, since аң = тууџ/ то, to give the acidity 
function 


Plau Ya) = – lg(auya) = GE, – E°)/[(RT/F)n10] + 1g(mc/m?) (4) 


where Р is the standard potential difference of the cell, and hence 
of the silver-silver chloride electrode, and y,, is the activity coeffi- 
cient of the chloride ion. 

The standard potential difference of the silver/silver chloride 
electrode, E^, is determined from a Harned cell in which only НСІ 
is present at a fixed molality (e.g. т = 0.01 mol kg?) 


Pt | H, | HCl (m)| AgCl | Ag Cell Ia 


The application of the Nernst equation to the НСІ cell (Ia) gives 
E, = E» – RT /P)ln 1016 (трсу m.) Yna] (5) 


where £j, has been corrected to 1 atmosphere partial pressure of 
hydrogen gas (101.325 kPa) and ү, „с is the mean ionic activity 
coefficient of НСІ. 

Values of the activity coefficient (ү, па) at molality 0.01 mol kg? 
and various temperatures were given by Bates and Robinson (6). 
The standard potential difference depends on the method of 
preparation of the electrodes, but individual determinations of the 
activity coefficient of НС! at 0.01 mol kg? are more uniform than 
values of E». Hence the practical determination of the potential 
difference of the cell with НСІ at 0.01 mol kg"! is recommended at 
298.15 K at which the mean ionic activity coefficient is 0.904. (It is 
unnecessary to repeat the measurement of E? at other tempera- 
tures but simply to correct published smoothed values by the 
observed difference in E? at 298.15 K) 

In national metrology institutes (NMIs), measurements of Cells 
I and Ia are often done simultaneously in a thermostat bath. Sub- 
tracting eqn.(5) from (3) gives 

AE = E,- E, - (RT /P)ln 1006 mal m) (nonam) — 
Ig (mcm?) У ај) (6) 


which is independent of the standard potential difference. There- 
fore, the subsequently calculated pH does not depend on the stan- 
dard potential difference and hence does not depend on the 
assumption that the standard potential of the hydrogen electrode 
is zero at all temperatures. Therefore, the Harned cell gives an 
exact comparison between hydrogen ion activities at different 
temperatures. 

The quantity р(януа) = – lg (анус), оп the left hand side of (4), 
is called the acidity function (5). To obtain the quantity pH 
according to eqn. (2) from the acidity function, it is necessary to 
evaluate lg Үс independently. This is done in two steps: (i) the 
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value of lg (анус) at zero chloride molality, lg (йүс), is evaluated 
and (ii) a value for the activity of the chloride ion Ya, at zero chlo- 
ride molality (sometimes referred to as the limiting or 'trace' 
activity coefficient) is calculated using the Bates-Guggenheim 
convention (7). The value of lg (анус)° corresponding to zero 
chloride molality is determined by linear extrapolation of mea- 
surements using Harned cells with at least three added molalities 
of sodium or potassium chloride (J < 0.1 mol kg). 

The value of lg (a,/:))? corresponding to zero chloride molality 
is determined by linear extrapolation of measurements using 
Harned cells with at least three added molalities of sodium or 
potassium chloride (7 < 0.1 mol kg?) in accord with eqn. (7): 


— lg (ана) = – 1g (auc)? + та (7) 


where S is an empirical, temperature dependent, constant. 
The Bates-Guggenheim convention (7) assumes that the trace 
activity coefficient of the chloride ion is given by 


lg Ya 2—-A17 / (1 + Ва П?) (8) 


where A is the Debye-Hückel temperature dependent constant (lim- 
iting slope), a is the теап distance of closest approach of the ions 
(ion size parameter), Ва is set equal to 1.5 (mol kg!) '? at all temper- 
atures in the range 5-50? C, and 115 the ionic strength of the buffer 
(which for its evaluation requires knowledge of appropriate acid dis- 
sociation constants). 

The various stages in the assignment of primary standard pH 
values are combined in eqn. (9), which is derived from eqns. (4), 
(5) and (8) 


pH(PS) = lim та 0 {(Е,- E°)/[(RT /F)In 10] + lg (mg/m?) 
АГРИПА + 1.5 (I/m9)!2] (9) 


In order for a particular buffer solution to be considered a pri- 
mary buffer solution, it must be of the "highest metrological" 
quality (4) in accordance with the definition of a primary stan- 
dard. It is recommended that it have the following attributes (9): 


1. High buffer value in the range 0.016-0.07 (mol ОН-)/ 
pH. 

2. Small dilution value at half concentration (change in 
pH with change in buffer concentration) in the range 
0.01-0.20. 

3. Small dependence of pH on temperature less than + 
0.01 К". 

4. Low residual liquid junction potential « 0.01 in pH. 

5. Ionic strength «0.1 mol kg! to permit applicability of 
Bates-Guggenheim convention. 

6. ММІ certificate for specific batch. 

7. Reproducible purity of preparation (lot to lot differ- 
ences of | ApH(PS)| < 0.003). 

8. Long term stability of stored solid material. 


Values for the above and other important parameters for the 
primary and secondary buffer materials are given in Table 1. 


Primary Standard Buffers 


As there can be significant variations in the purity of samples of 
a buffer of the same nominal chemical composition, it is essential 
that the primary buffer material used has been certified with val- 
ues that have been measured with Cell I. The Harned cell is used 
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by many national metrological institutes for accurate measure- 
ments of pH of buffer solutions. 

Typical values of the pH(PS) of the seven solutions from the six 
accepted primary standard reference buffers, which meet the condi- 
tions stated above, are listed in Table 2. Batch-to-batch variations in 
purity can result in changes in the pH value of samples of at most 
0.003. The typical values in Table 2 should not be used in place of 
the certified value (from a Harned cell measurement) for a specific 
batch of buffer material. 

The required attributes listed above effectively limit the range of 
primary buffers available to between pH 3 and 10 (at 25 °С). Cal- 
cium hydroxide and potassium tetraoxalate are excluded because 
the contribution of hydroxide or hydrogen ions to the ionic strength 
is significant. Also excluded are the nitrogen bases of the type BH* 
(such as tris(hydroxymethyl)aminomethane and piperazine phos- 
phate) and the zwitterionic buffers (e.g. HEPES and MOPS (10)). 
These do not comply because either the Bates-Guggenheim con- 
vention is not applicable, or the liquid junction potentials are high. 
This means the choice of primary standards is restricted to buffers 
derived from oxy-carbon, -phosphorus, -boron and mono, di- and 
tri-protic carboxylic acids. The uncertainties (11) associated with 
Harned cell measurements are calculated (1) to be 0.004 in pH at 
ММБ, with typical variation between batches of primary standard 
buffers of 0.003. 


Secondary Standards 


Substances that do not fulfil all the criteria for primary stan- 
dards, but to which pH values can be assigned using Cell I are 
considered to be secondary standards (Table 3). Reasons for their 
exclusion as primary standards include difficulties in achieving 
consistent and suitable chemical quality (e.g. acetic acid is a liq- 
uid), suspected high liquid junction potential, or inappropriate- 
ness of the Bates-Guggenheim convention (e.g. other charge-type 
buffers). The uncertainty is higher (e.g. 0.01) for biological buff- 
ers. Certain other substances, which cannot be used in cells con- 
taining hydrogen gas electrodes, are also classed as secondary 
standards. 


Calibration Procedures 


(a) One-point calibration 
А single point calibration is insufficient to determine 
both slope and one-point parameters. The theoreti- 
cal value for the slope can be assumed but the practi- 
cal slope may be up to 5% lower. Alternatively, a value 
for the practical slope can be assumed from the man- 
ufacturer's prior calibration. The one-point calibra- 
tion therefore yields only an estimate of pH(X). Since 
both parameters may change with age of the elec- 
trodes, this is not a reliable procedure. 

(b) Two-point calibration [target uncertainty: 0.02-0.03 
at 25 °С] 
In the majority of practical applications, glass elec- 
trodes cells are calibrated by a two-point calibration, 
or bracketing, procedure using two standard buffer 
solutions, with pH values, РН(51) and pH(S9), brack- 
eting the unknown pH(X). Bracketing is often taken 
to mean that the pH(S,) and pH(S;) buffers selected 
from Table 2 should be those that are immediately 
above and below pH(X). This may not be appropriate 
in all situations and choice of a wider range may be 
better. 
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(c) Multi-point calibration [target uncertainty: 0.01-0.03 
at 25 *C]. 
Multi-point calibration is carried out using up to five 
standard buffers . The use of more than five points 
yields no significant improvement in the statistical 
information obtainable. 
Details of uncertainty computations (11) have been 
given (1). 


Measurement of pH and choice of pH Standard 
Solutions 


Та) If pH is not required to better than +0.05 any pH 
standard solution may be selected. 

1b) If pH is required to 20.002 and interpretation in 
terms of hydrogen ion concentration or activity is 
desired, choose a standard solution, pH(PS), to 
match X as closely as possible in terms of pH, com- 
position and ionic strength. 

2) Alternatively, a bracketing procedure may be 
adopted whereby two standard solutions are chosen 
whose pH values, pH(S1), pH(S2) are on either side 
of pH(X). Then if the corresponding potential dif- 
ference measurements are Е(51), E(S2), E(X), then 
pH(X) is obtained from 


pH(X) = pH(S1) + [E(X) - E(S1)]/ ЊЕ 


where 96k = 100[E(S2) - E(S1)]/[pH(S2) - pH(S1)] is 
the apparent percentage slope. This procedure is 
very easily done on some pH meters simply by 
adjusting downwards the slope factor control with 
the electrodes in S2. The purpose of the bracketing 
procedure is to compensate for deficiencies in the 
electrodes and measuring system. 
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Information to be given about the measurement 
of pH(X) 


The standard solutions selected for calibration of the pH meter 
system should be reported with the measurement as follows: 


System calibrated with pH(S) = .... at ...K. 


System calibrated with two primary standards, pH(PS1) =.... 
and pH(PS2) =....at ....K. 


System calibrated with z standards, рН(51) =.... 
at....K. 


, pH(S2) =.... etc. 


Interpretation of pH(X) in terms of hydrogen ion 
concentration 


The defined pH has no simple interpretation in terms of hydrogen ion 
concentration but the mean ionic activity coefficient of a typical 1:1 elec- 
trolyte can be used to obtain hydrogen ion concentration subject to an 
uncertainty of 3.9% in concentration, corresponding to 0.02 in pH. 
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TABLE 1. Summary of Useful Properties of Some Primary and Secondary Standard Buffer Substances and Solutions 


Molar 
Molality/ таѕѕ/ 
Salt or solid substance Formula mol kg! g тог! 
Potassium tetroxalate КЊСО 20 0.1 254.191 
dihydrate 
Potassium tetraoxalate КН,С,О,2Н,О. 0.05 254.191 
dihydrate 
Potassium hydrogen KHC,H,0, 0.0341 188.18 
tartrate (sat at 25°C) 
Potassium dihydrogen KH,C,H;O, 0.05 230.22 
citrate 
Potassium hydrogen KHC,H,O, 0.05 204.44 
phthalate 
Disodium hydrogen Ма,НРО, 0.025 141.958 


orthophosphate + 


Amount Buffer pH 
conc. at Mass/g Dilution value (В)/ Temperature 
Density/ 20°C/ tomake value mol OH-  coefficient/ 
g/mL moldm? 1dm?  ApH;, dm? K! 
1.0091 0.09875 25.101 
1.0032 0.04965 12.620 0.186 0.070 0.001 
1.0036 0.034 6.4 0.049 0.027 - 0.0014 
1.0029 0.04958 11.41 0.024 0.034 - 0.022 
1.0017 0.04958 10.12 0.052 0.016 0.00012 
1.0038 0.02492 3.5379 0.080 0.029 - 0.0028 
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Amount Buffer pH 
Molar conc. at Mass/g Dilution value (В)/ Temperature 
Molality/ таѕѕ/ Density/ 20/ tomake value mol OH-  coefficient/ 
Salt or solid substance Formula mol kg! g mol”! g/mL mol dm? 1dm? АрН,; dm? к! 
potassium dihydrogen KH,PO, 0.025 136.085 3.3912 
orthophosphate 
Disodium hydrogen Na,HPO, 0.03043 141.959 0 0.08665 4.302 0.07 0.016 - 0.0028 
orthophosphate + 
potassium dihydrogen KH,PO, 0.00869 136.085 0.03032 1179 
orthophosphate 
Disodium tetraborate Ма,В,О-10Н,О 0.05 381.367 1.0075 0.04985 19.012 
decahydrate 
Disodium tetraborate Na,B,O;10H,O 0.01 381.367 1.0001 0.00998 3.806 0.01 0.020 - 0.0082 
decahydrate 
Sodium hydrogen Мансо, 0.025 84.01 1.0013 0.02492 2.092 0.079 0.029 -0.0096 
carbonate + 
sodium carbonate Na,CO; 0.025 105.99 2.640 
Calcium hydroxide (sat. at Са(ОН), 0003 7409 0.9991 0.02025 15 -0.28 0.09 -0.033 
25°С) 
TABLE 2. Typical Values of pH(PS) for Primary Standards at 0-50°C 
Temperature in °С 
Primary standards (PS) 0 5 10 15 20 25 30 35 37 40 50 
Sat. potassium hydrogen tartrate (at 3.557 3.552 3.549 3.548 3.547 3.549 
25°С) 


0.05 mol kg! potassium dihydrogen 3.863 3.840 3.820 3.802 3.788 3776 3.766 3759 3.756 3.754 3.749 
citrate 


0.05 mol kg! potassium hydrogen 4.000 3.998 3.997 3.998 4.000 4.005 401 4.018 4022 4.027 4.050 
phthalate 
0.025 mol kg? disodium hydrogen 6.984 6951 6.923 6.900 6.881 6865 6.853 6.844 6.841 6.838 6.833 


phosphate 4 
0.025 mol kg potassium dihydrogen 
phosphate 
0.03043 mol kg? disodium hydrogen 7.534 7500 7472 7.448 7429 7413 7.400 7389 7.38 7.380 7.367 
phosphate 4 
0.008695 mol kg? potassium 
dihydrogen phosphate 
0.01 mol kg' disodium tetraborate 9.464 9.395 9.332 9276 9.225 9.180 9.139 9.102 9.088 9.068 9.011 


0.025 mol يا‎ sodium hydrogen 10.317 10.245 10.179 10.118 10.062 10.012 9966 9.926 9.910 9.889 9.828 
carbonate + 
0.025 mol يا‎ sodium carbonate 
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TABLE 3. Values of pH(SS) of Some Secondary Standards from Harned Cell I Measurements 


Temperature in °С 


Secondary standards 0 5 10 15 20 25 30 37 40 50 
0.05 mol kg! potassium tetroxalate? 1.67 1.67 1.67 1.67 1.68 1.68 1.68 1.69 1.69 171 
0.05 mol kg? sodium hydrogen diglycolate^ 3.47 3.47 3.48 3.48 3.49 3.50 3.52 3.53 3.56 
0.1 mol dm? acetic acid + 0.1 mol dm? sodium 468 4.67 4.67 4.66 4.66 4.65 4.65 4.66 4.66 4.68 
acetate 
mol dm? acetic acid + 0.1 mol dm? sodium 4.74 4.73 4.73 4.72 4.72 4.72 4.72 4.73 4.73 4.75 
acetate 
0.02 mol kg! piperazine phosphate * 6.58 6.51 6.45 6.39 6.34 6.29 6.24 6.16 6.14 6.06 
0.05 mol kg! tris hydrochloride + 0.01667 mol 8.47 8.30 8.14 7.99 7.84 7.70 7.56 7.38 7.31 7.07 
kg" tris © 
0.05 mol kg"! disodium tetraborate 9.51 9.43 9.36 9.30 9.25 9.19 9.15 9.09 9.07 9.01 
Saturated (at 25 °С) calcium hydroxide 13.42 13.21 13.00 12.81 12.63 1245 1229 1207 1198 1171 


a Potassium trihydrogen dioxalate (КН.С,О,) 
^ Sodium hydrogen 2,2'-oxydiacetate 
< 2-Amino-2-(hydroxymethyl)-1,3 propanediol or tris(hydroxymethyl)aminomethane 


PRACTICAL pH MEASUREMENTS ОМ NATURAL WATERS 


A. K. Covington and W. Davison 


(1) Dilute solutions and freshwater including 'acid-rain' samples 
(I < 0.02 mol kg?) 

Major problems could be encountered due to errors associated 
with the liquid junction. It is recommended that either a free dif- 
fusion junction is used or it is verified that the junction is working 
correctly using dilute solutions as follows. For commercial elec- 
trodes calibrated with IUPAC aqueous RVS or PS standards, the 
pH(X) of dilute solutions should be within £0.02 of those given 
in Table 1. The difference in determined pH(X) between a stirred 
and unstirred dilute solution should be « 0.02. The characteristics 
of glass electrodes are such that below pH 5 the readings should 
be stable within 2 min, but for pH 5 to 8.8 or so minutes may be 
necessary to attain stability. Interpretation of pH(X) measured in 
this way in terms of activity of hydrogen ion, a,,, is subject! to an 
uncertainty of +0.02 in pH. 


H 


(2) Seawater 


Measurements made by calibration of electrodes with IUPAC 
aqueous RVS or PS standards to obtain pH(X) are perfectly valid. 
However, the interpretation of pH(X) in terms ofthe activity of hy- 
drogen ion is complicated by the non zero residual liquid junction 
potential as well as by systematic differences between electrode 
pairs, principally attributable to the reference electrode. For 35%о 
salinity seawater (5 = 0.035) а, calculated from рН(Х) is typically 
1296 too low. Special seawater pH scales have been devised to over- 
come this problem: 

(i) The total hydrogen ion scale, pH., is defined in terms of the 
sum of free and complexed (total) hydrogen ion concentrations, 
where 


TC, = [H°] + [HSO,] + [HF]. 
So, pH, = - log "Су 


Calibration of the electrodes with a buffer having a composition 
similar to that of seawater, to which рН, has been assigned, results 
in values of pHT(X) (Tables 2, 3) which are accurately interpre- 
table in terms of "C, 

(ii) The free hydrogen ion scale, pH, is defined, and fully inter- 
pretable, in terms of the concentration of free hydrogen ions. 


РН, = - log [H7] 


Values of pH, as a function of temperature have been assigned to 
the same set of pH, seawater buffers,and so alternatively can be 
used for calibration (Tables 2, 3) ?? 


(3) Estuarine water 


Prescriptions for seawater scale buffers are available for a range 
of salinities. Reliable estuarine рН measurements can be made 
by calibrating with a buffer of the same salinity as the sample. 
However, these buffers are difficult to prepare and their use pre- 
sumes prior knowledge of salinity of the sample. Interpretable 
measurements of estuarine pH can be made by calibration with 
IUPAC aqueous RVS or PS standards if the electrode pair is ad- 
ditionally calibrated using а 2096 salinity seawater buffer.' The dif- 
ference between the assigned рН. of the seawater buffer and its 
measured pH(X) value using RVS or PS standards is 


ApH = pH,,. - pH(X) 


SWS 


Values of ApH should be in the range of 0.08 to 0.18. It empiri- 
cally corrects for differences between the two pH scales and for 
measurement errors associated with the electrode pair. The pH(X) 
of samples measured using IUPAC aqueous buffers, can be con- 
verted to pH., or pH, using the appropriate measured ApH: 


pH, = pH(X) - ApH 
or pH, = pH(X) - ApH 


This simple procedure is appropriate to pH measurement at salini- 
ties from 296۰ to 3596۰. For salinities lower than 296۰ the procedures 
for freshwaters should be adopted. 
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TABLE 1. pH of Dilute Solutions at 25°С, Degassed and Equilibrated with Air, Suitable as Quality Control Standards 


Ionic strength Concentration(x) pH pH 
mmol kg mmol kg Poo, = Poo, = air 

Potassium hydrogen phthalate 10.7 10 4.12 4.12 

11 1 4.33 4.33 
xKH,PO, + xNa,HPO, 9.9 25 7.07 7.05 
xKH,PO, + 3.5xNa,HPO, 10 0.87 761 7.58 
Na,B,O,- 10,0 10 5 9.20 = 
на 0.1 0.1 4.03 4.03 
SRM2694-I* — — 4.30 — 
SRM2694-II* — — 3.59 — 


Note: The pH of solutions near to pH 4 is virtually independent of temperature over the range of 5 to 30°С. 
* Simulated rainwater samples are available (Reference 5) from NIST containing sulfate, nitrate, chloride, fluoride, sodium, potassium, calcium and magnesium. 


TABLE 2. Composition of Seawater Buffer of Salinity S = 35%о at 25°С (Reference 3) 


Solute mol dm? mol Ко“! 5 Ке! g dm? 
NaCl 0.3666 0.3493 20.416 20.946 
Na,SO, 0.02926 0.02788 3.96 4.063 
KCl 0.01058 0.01008 0.752 0.772 
CaCl, 0.01077 0.01026 1.139 1.169 
MgCl, 0.05518 0.05258 5.006 5.139 
Tris 0.06 0.05717 6.926 7.106 
Tris - НСІ 0.06 0.05717 9.010 9.244 


Tris = tris(hydroxymethyl)aminomethane (HOCH,),CNH,. 
А 20% buffer is made Бу diluting the 35%о in the ratio 20:35. 


TABLE 3. Assigned Values of 20%o and 35%o Buffers on Free and Total Hydrogen Ion Scales. Calculated from Equations 
Provided by Millero (Reference 3) 


pH, pH, pH, pH, 
Temp (°C) S = 20% S = 35% 5 = 20% S = 35% 

5 8.683 8.718 8.759 8.81 

10 8.513 8.542 8.597 8.647 
15 8.351 8.374 8.442 8.491 
20 8.195 8.212 8.292 8.341 
25 8.045 8.057 8.149 8.197 
30 7.901 7.908 8.011 8.059 


35 7.762 7.764 7.879 7.926 


BUFFER SOLUTIONS GIVING ROUND VALUES OF pH АТ 25°С 


A B C D E 
pH pH х pH х pH х pH х 
1.00 67.0 2.20 49.5 4.10 1.3 5.80 3.6 7.00 46.6 
1.10 52.8 2.30 45.8 4.20 3.0 5.90 4.6 7.10 45.7 
1.20 42.5 2.40 42.2 4.30 4.7 6.00 5.6 7.20 44.7 
1.30 33.6 2.50 38.8 4.40 6.6 6.10 6.8 7.30 43.4 
1.40 26.6 2.60 35.4 4.50 8.7 6.20 81 7.40 42.0 
1.50 20.7 2.70 32.1 4.60 11.1 6.30 9.7 7.50 40.3 
1.60 16.2 2.80 28.9 4.70 13.6 6.40 11.6 7.60 38.5 
1.70 13.0 2.90 25.7 4.80 16.5 6.50 13.9 7.70 36.6 
1.80 10.2 3.00 22.3 4.90 19.4 6.60 16.4 7.80 34.5 
1.90 8.1 3.10 18.8 5.00 22.6 6.70 19.3 7.90 32.0 
2.00 6.5 3.20 15.7 5.10 25.5 6.80 22.4. 8.00 29.2 
2.10 5.10 3.30 12.9 5.20 28.8 6.90 25.9 8.10 26.2 
2.20 3.9 3.40 10.4 5.30 31.6 7.00 29.1 8.20 22.9 
3.50 8.2 5.40 34.1 7.10 32.1 8.30 19.9 
3.60 6.3 5.50 36.6 7.20 34.7 8.40 17.2 
3.70 4.5 5.60 38.8 7.30 37.0 8.50 14.7 
3.80 2.9 5.70 40.6 7.40 39.1 8.60 12.2 
3.90 1.4 5.80 42.3 7.50 40.9 8.70 10.3 
4.00 0.1 5.90 43.7 7.60 42.4 8.80 8.5 
7.70 43.5 8.90 7.0 
7.80 44.5 9.00 5.7 
7.90 45.3 
8.00 46.1 
H I J 
pH pH pH х pH pH х 
8.00 20.5 9.20 0.9 9.60 5.0 10.90 3.3 12.00 6.0 
8.10 19.7 9.30 3.6 9.70 62 11.00 41 12.10 8.0 
8.20 18.8 9.40 6.2 9.80 7.6 11.10 5.1 12.20 10.2 
8.30 177 9.50 8.8 9.90 91 1120 6.3 12.30 12.8 
8.40 16.6 9.60 11.1 10.00 10.7 11.30 7.6 12.40 16.2 
8.50 15.2 9.70 13.1 10.10 12.2 11.40 9.1 12.50 20.4 
8.60 13.5 9.80 15.0 10.20 13.8 11.50 111 12.60 25.6 
8.70 11.6 9.90 16.7 10.30 15.2 11.60 13.5 12.70 32.2 
8.80 9.6 10.00 18.3 10.40 16.5 11.70 16.2 12.80 41.2 
8.90 7.1 10.10 19.5 10.50 17.8 11.80 19.4 12.90 53.0 
9.00 4.6 10.20 20.5 10.60 19.1 11.90 23.0 13.00 66.0 
9.10 2.0 10.30 21.3 10.70 20.2 12.00 26.9 
10.40 22.1 10.80 21.2 
10.50 22.7 10.90 22.0 
10.60 23.3 11.00 22.7 
10.70 23.8 
10.80 24.25 
A. 25 ml of 0.2 molar KCl + x ml of 0.2 molar НСІ. 
B. 50 ml of 0.1 molar potassium hydrogen phthalate + x ml of 0.1 molar НСІ. 
C. 50 ml of 0.1 molar potassium hydrogen phthalate + x ml of 0.1 molar NaOH. 
D. 50 ml of 0.1 molar potassium dihydrogen phosphate + x ml of 0.1 molar NaOH. 
E. 50 ml of 0.1 molar tris(hydroxymethyl)aminomethane + x ml of 0.1 M HCI. 
F. 50 ml of 0.025 molar borax + x ml of 0.1 molar НСІ. 
G. 50 ml of 0.025 molar borax + x ml of 0.1 molar NaOH. 
H. 50 ml of 0.05 molar sodium bicarbonate + x ml of 0.1 molar NaOH. 
E 50 ml of 0.05 molar disodium hydrogen phosphate + x ml of 0.1 molar NaOH. 
1 25 ml of 0.2 molar КСЈ + x ml of 0.2 molar NaOH. 
Final volume of mixtures - 100 ml. 
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DISSOCIATION CONSTANTS OF INORGANIC ACIDS AND BASES 


The data in this table are presented as values of pK , defined as 
the negative logarithm of the acid dissociation constant K for the 
reaction 


ВН = B- + Н" 


Thus pK, = -log К, , and the hydrogen ion concentration [Н*] can 
be calculated from 


ШІ 
° [ВН] 


In the case of bases, the entry in the table is for the conjugate acid; 
e.g., ammonium ion for ammonia. The ОН“ concentration in the 
system 


NH, + H,O = NH, + OH- 


Name Formula 
Aluminum(III) ion АГ? 
Ammonia NH, 
Arsenic acid H,AsO, 
Arsenious acid H,AsO, 
Barium(II) ion Ba? 
Boric acid H,BO, 
Calcium(II) ion Ca? 
Carbonic acid H,CO, 
Chlorous acid HCIO, 
Chromic acid H,CrO, 
Cyanic acid HCNO 
Germanic acid H,GeO, 
Hydrazine N,H, 
Hydrazoic acid HN, 
Hydrocyanic acid HCN 
Hydrofluoric acid HF 
Hydrogen peroxide H,O, 
Hydrogen selenide H,Se 
Hydrogen sulfide H,S 
Hydrogen telluride H,Te 
Hydroxylamine NH,OH 
Hypobromous acid HBrO 
Hypochlorous acid нао 
Hypoiodous acid HIO 
Iodic acid HIO, 
Lithium ion ЇГ 
Magnesium(II) ion Mg? 
Nitrous acid HNO, 
Perchloric acid HCIO, 
Periodic acid HIO, 
Phosphoric acid H,PO, 
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can be calculated from the equation 


K, = Kus! K, = 
b venil a [NH,] 


where К. = 1.01 x 107^ at 25 °C. Note that pK, + pK, = pK, ще: 
All values refer to dilute aqueous solutions at zero ionic strength 
at the temperature indicated. The table is arranged alphabetically 


by compound name. 


Reference 


1. Perrin, D. D., Jonization Constants of Inorganic Acids and Bases in 
Aqueous Solution, Second Edition, Pergamon, Oxford, 1982. 


Step tC pK, 
25 5.0 
25 9.25 
1 25 2.26 
25 6.76 
3 25 11.29 
25 9.29 
25 13.4 
1 20 9.27 
2 20 >14 
25 12.6 
1 25 6.35 
25 10.33 
25 1.94 
1 25 0.74 
25 649 
25 346 
1 25 9.01 
2 25 12.3 
25 8.1 
25 4.6 
25 9.21 
25 3.20 
25 11.62 
1 25 3.89 
2 25 11.0 
1 25 7.05 
2 25 19 
1 18 2.6 
2 25 11 
25 5.94 
25 8.55 
25 740 
25 10.5 
25 0.78 
25 13.8 
25 114 
25 3.25 
20 -1.6 
25 1.64 
1 25 2.16 
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Name Formula Step tC pK, 
2 25 7.21 
3 25 12.32 
Phosphorous acid H,PO, 1 20 1.3 
2 20 6.70 
Pyrophosphoric acid НР,О, 1 25 0.91 
2 25 2.10 
3 25 6.70 
4 25 9.32 
Selenic acid H,SeO, 2 25 1.7 
Selenious acid H,SeO, 1 25 2.62 
2 25 8.32 
Silicic acid но, 1 30 99 
2 30 11.8 
3 30 12 
4 30 12 
Sodium ion Na* 25 14.8 
Strontium(II) ion Sr? 25 132 
Sulfamic acid NH,SO,H 25 1.05 
Sulfuric acid H,SO, 2 25 1.99 
Sulfurous acid H,SO, 1 25 1.85 
2 25 7.2 
Telluric acid H,TeO, 1 18 7.68 
2 18 11.0 
Tellurous acid H,TeO, 1 25 6.27 
2 25 8.43 
Tetrafluoroboric acid HBF, 25 0.5 
Thiocyanic acid HSCN 25 -1.8 


Water H,O 25 13.995 


DISSOCIATION CONSTANTS OF ORGANIC ACIDS AND BASES 


This table lists the dissociation (ionization) constants of over 
1070 organic acids, bases, and amphoteric compounds. All data 
apply to dilute aqueous solutions and are presented as values of 
pK, which is defined as the negative of the logarithm of the equi- 
librium constant K, for the reaction 


НА = H: + А 


K = [H'][AT/[HA] 


where [H+], etc. represent the concentrations of the respective 
species in mol/L. It follows that pK, = pH + log[HA] – log[A, so 
that a solution with 50% dissociation has pH equal to the pK, of 
the acid. 

Data for bases are presented as pK values for the conjugate acid, 
i.e., for the reaction 


ВН = H* +B 


In older literature, an ionization constant K, was used for the reac- 
tion B + H,O = BH: + OH . This is related to К by 


Mol. form. Name Step ۴ pK, 
CHNO Cyanic acid 25 3.7 
CH,N, Cyanamide 29 1.1 
CH,O Formaldehyde 25 13.27 
СН,О, Formic acid 25 3.75 
CH,NO, Nitromethane 25 10.21 
CH,NS, Carbamodithioic acid 25 2.95 
СН,Х,О Urea 25 0.10 
CH,N,S Thiourea 25 -1 
CH,O Methanol 25 15.5 
CH,S Methanethiol 25 10.33 
CH,N Methylamine 25 10.66 
CH,NO O-Methylhydroxylamine 12.5 
CH.N, Guanidine 25 13.6 
С,НСІ,О Trichloroacetaldehyde 25 10.04 
C,HCLO, Trichloroacetic acid 20 0.66 
CHE,O, Trifluoroacetic acid 25 0.52 
СНО, Dichloroacetic acid 25 1.35 
CHO, Glyoxylic acid 25 3.18 
CHO, Oxalic acid 1 25 1.25 

25 3.81 
C.H,BrO, Bromoacetic acid 25 2.90 
снао, Chloroacetic acid 25 2.87 
СНО 2,2,2-Trichloroethanol 25 12.24 
C,H,FO, Fluoroacetic acid 25 2.59 
СНЕО 2,2,2-Trifluoroethanol 25 12.37 
C,H,1O, Iodoacetic acid 25 3.18 
САДО, Nitroacetic acid 24 1.48 
C,HN, 1H-1,2,3-Triazole 20 117 
CHN, 1H-1,2,4-Triazole 20 227 
сн, Aminoacetonitrile 25 5.34 
CHO Acetaldehyde 25 13.57 
C,H,OS Thioacetic acid 25 3.33 
C,H,O, Acetic acid 25 4.756 
C,H,O,S Thioglycolic acid 25 3.68 
C,H,O, Glycolic acid 25 3.83 
сн, Ethyleneimine 25 8.04 


pK, + pK, = рК „= 14.00 (at 25°C) 


water 


Compounds are listed by molecular formula in Hill order. 
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Mol. form. Name Step 1РС pK, 
С,Н,ХО Acetamide 25 15.1 
СНО, Acetohydroxamic acid 8.70 
СНО, Nitroethane 25 8.46 
СНО, Glycine 1 25 2.35 

2 25 9.78 
CHN, Ethanimidamide 25 12.1 
СНО Ethanol 25 15.5 
C,H.OS 2-Mercaptoethanol 25 9.72 
C,H.O, Ethyleneglycol 25 15.1 
C,H.AsO, Dimethylarsinic acid 1 25 1.57 
25 6.27 
C,H.N Ethylamine 25 10.65 
сн Dimethylamine 25 10.73 
C,H.NO Ethanolamine 25 9.50 
С,Н,ХО,5 2-Aminoethanesulfonic 1 25 1.5 
acid 2 25 9.06 
C,H.NS Cysteamine 1 25 8.27 
2 25 10.53 
C,H.N, Biguanide 1 11.52 
2 2.93 
САМ, 1,2-Ethanediamine 1 25 9.92 
2 25 6.86 
C,H,O,P, 1-Hydroxy-1,1- 1 1.35 
diphosphonoethane 2 2.87 
3 7.03 
4 113 
C,H,O, 2-Propynoic acid 25 1.84 
САМО Oxazole 33 0.8 
С,Н,ХО Isoxazole 25 -2.0 
СНО, Cyanoacetic acid 25 2.47 
C,H,NS Thiazole 25 2.52 
C,H,N,O, Cyanuric acid 1 6.88 
2 11.40 
3 13.5 
C,H,N, 1H-Pyrazole 25 2.49 
СНА, Imidazole 25 6.99 


Dissociation Constants of Organic Acids and Bases 


Mol. form. 
C,H,N,S 
СНО 
CHO, 
C,H,O, 
СНО, 


Мате 
2-Thiazolamine 
Propargyl alcohol 
Acrylic acid 
Pyruvic acid 
Malonic acid 


Hydroxypropanedioic 
acid 

3-Bromopropanoic acid 

2-Chloropropanoic acid 

3-Chloropropanoic acid 

3-Aminopropanenitrile 

1,3,5-Triazine-2,4,6- 
triamine 

Allyl alcohol 

Propanoic acid 

(Methylthio)acetic acid 

Lactic acid 

3-Hydroxypropanoic acid 

Glyceric acid 

Allylamine 

Azetidine 

2-Propanone oxime 

L-Alanine 


B-Alanine 
Sarcosine 


L-Cysteine 


L-Serine 


DL-Cysteic acid 


Glycocyamine 

Ethylene glycol 
monomethyl ether 

Glycerol 

Propylamine 

Isopropylamine 

Trimethylamine 

2-Methoxyethylamine 

Trimethylamine oxide 

1,2-Propanediamine, (+) 


1,3-Propanediamine 
1,3-Diamino-2-propanol 
1,2,3- Triaminopropane 


Flucytosine 
Pyrazine 
Pyrimidine 
Pyridazine 
Uracil 
Barbituric acid 
Alloxanic acid 


Step 


кән м мн 


Q N نم‎ У = Q NN نم‎ NN = N = نم‎ = 


Ne Nne N نم نم‎ = 


РС 


pK, 


5.36 


Name 
5-Nitropyrimidinamine 
2-Butynoic acid 
Maleic acid 


Fumaric acid 


Oxaloacetic acid 


Pyrrole 
Succinimide 
2-Pyrimidinamine 
4-Pyrimidinamine 
Cytosine 


6-Methyl-1,2,4-triazine- 

3,5(2H,4H)-dione 
1-Methylimidazol 
Allantoin 
Acetazolamide 
trans-Crotonic acid 
3-Butenoic acid 
Cyclopropanecarboxylic acid 
2-Oxobutanoic acid 
Acetoacetic acid 
Succinic acid 


Methylmalonic acid 
Malic acid 
DL-Tartaric acid 
meso-Tartaric acid 
L-Tartaric acid 


Dihydroxytartaric acid 
2-Chlorobutanoic acid 
3-Chlorobutanoic acid 
4-Chlorobutanoic acid 
4-Cyanobutanoic acid 
N-Acetylglycine 
Iminodiacetic acid 


L-Aspartic acid 


Creatinine 


2,4,6-Pyrimidinetriamine 
L-Asparagine 


N-Glycylglycine 


Butanoic acid 
2-Methylpropanoic acid 
3-Hydroxybutanoic acid, (+) 
4-Hydroxybutanoic acid 
Ethoxyacetic acid 
Pyrrolidine 


Step 


Q N نم‎ N نم‎ ~ = 


во ы NH‏ ټم мон мон‏ نم ټم 


о نم‎ о ~ نر‎ мон 


кы نم‎ м نم‎ 


tC 
20 
25 
25 
25 
25 


25 


8-43 


pK, 
0.35 
2.62 
1.92 
6.23 
3.02 
4.38 
2.55 
4.37 
13.03 


Мате 
Могрћо пе 
2-Methylalanine 


N,N-Dimethylglycine 
DL-2-Aminobutanoic acid 


4-Aminobutanoic acid 


DL-Homocysteine 


L-Threonine 
L-Homoserine 
Creatine 
Piperazine 


2,4-Diaminobutanoic acid 


1,2,3,4- Butanetetrol 
Butylamine 
sec-Butylamine 
tert-Butylamine 
Diethylamine 
Tris(hydroxymethyl) 
methylamine 
1,4-Butanediamine 


3-Bromopyridine 
2-Chloropyridine 
3-Chloropyridine 
4-Chloropyridine 
2-Fluoropyridine 
4-Nitropyridine 
1H-Purine 


Hypoxanthine 

Allopurinol 

Uric acid 

1,7-Dihydro-6H- 
purine-6-thione 

2-Thiophenecarboxylic acid 

3-Thiophenecarboxylic acid 

2-Furancarboxylic acid 

3-Furancarboxylic acid 

Pyridine 

2-Pyridinol 


3-Pyridinol 
4-Pyridinol 
2(1H)-Pyridinone 
Pyridine-1-oxide 


1H-Pyrrole-2-carboxylic 
acid 


Step 


Q N نم‎ У ت نم‎ N = N l2 نم‎ Q NN к N = ƏN = 


юм نم‎ N نم‎ N == نم‎ = 


РС 


РК, 
8.50 
2.36 

10.21 
9.89 
2.29 
9.83 
4.031 

10.556 
2.22 
8.87 

10.86 
2.09 
9.10 
271 
9.62 
2.63 

143 
9.73 
5.33 
1.85 
8.24 

10.44 

13.9 

10.60 

10.56 

10.68 

10.84 
83 


10.80 
9.63 
2.84 
0.49 
2.81 
3.83 

-0.44 
1.61 
2.30 
8.96 
8.7 

10.2 
3.89 
7.77 

11.17 
3.49 
4.1 
3.16 
3.9 
5.23 
0.75 

11.65 
4.79 
8.75 
3.20 

11.12 
0.75 

11.65 
0.79 
4.45 


Dissociation Constants of Organic Acids and Bases 


Mol. form. 
СНО, 
САМО 
CHN. 
САМО 
СНА 
сн,х 
САМ 
CHN, 
САМО 


56 272 


CHO, 


2 


2 


2 


Name Step 
1H-Pyrrole-3-carboxylic 
acid 
Pyrazinecarboxamide 
Adenine 1 


Guanine 
2-Pyridinamine 
3-Pyridinamine 
4-Pyridinamine 
2-Methylpyrazine 
Thymine 
1,1-Cyclopropanedi- 
carboxylic acid 
trans-1-Propene-1,2- 
dicarboxylic acid 
1-Propene-2,3- 
dicarboxylic acid 
2-Oxoglutaric acid 


мн он мын 


5,5- Dimethyl-2,4- 

oxazolidinedione 
L-Pyroglutamic acid 
2,5-Pyridinediamine 
Methylaminopyrazine 
Azaserine 
2,4-Dimethylimidazole 
Methazolamide 
trans-3-Pentenoic acid 
Dimethylmalonic acid 
Glutaric acid 


Methylsuccinic acid 

L-Proline 

5-Amino-4-oxopentanoic 
acid 


trans-4-Hydroxyproline 


L-Glutamic acid 


Histamine 


мн Q кюк ne نم نم‎ Ne Ne Ne 


Glycylalanine 
L-Glutamine 


Glycylserine 


кы نم‎ м н 


Pentanoic acid 
2-Methylbutanoic acid 
3-Methylbutanoic acid 
2,2-Dimethylpropanoic acid 
D-2-Deoxyribose 

L-Ribose 

D-Xylose 

Piperidine 
N-Methylpyrrolidine 
4-Methylmorpholine 
L-Valine 1 


tC 
20 


40 
20 
25 
25 
27 
25 
25 
25 
25 
25 
25 
25 
25 
25 
37 


25 
20 
25 


25 


25 
25 
18 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 


25 
25 
25 
25 
25 
25 
25 
20 
25 
25 
20 
25 
25 
18 
25 
25 
25 
25 
25 


pK, 
5.00 


0.5 

4.3 

9.83 
9.92 
6.82 
6.04 
9.11 
1.45 
9.94 
1.82 
7.43 
3.09 
4.75 
3.85 
5.45 
2.47 
4.68 
6.13 


3.32 
6.48 
3.39 
8.55 
8.36 
7.30 
4.51 
3.15 
4.32 
5.42 
4.13 
5.64 
1.95 
10.64 
4.05 
8.90 
1.82 
9.66 
2.13 
4.31 
9.67 
6.04 
9.75 
3.15 
2.17 
9.13 
2.98 
8.38 
4.83 
4.80 
4.77 
5.03 
12.61 
12.22 
12.14 
11.123 
10.46 
7.38 
2.29 
9.74 


Dissociation Constants of Organic Acids and Bases 


Mol. form. 
C,H, NO 


2 


C.H NO 


2 


C,H, NO 


2 


C,H, NO 


2 


C,H, NO 
C,H, NO 


2 


5 


2 


C,H,,N,O 
C,H,,N,O 


25243 


Маше 
DL-Norvaline 


L-Norvaline 
N-Propylglycine 
5-Aminopentanoic acid 


Betaine 
L-Methionine 


Tetramethylurea 
L-Ornithine 


Pentylamine 
3-Pentanamine 
3-Methyl-1-butanamine 
2-Methyl-2-butanamine 
2,2-Dimethylpropylamine 
Diethylmethylamine 
Choline 
1,5-Pentanediamine 


4-Amino-3,5,6-trichloro- 
2-pyridinecarboxlic acid 
2,4,6-Trinitrophenol 
2,3-Dichlorophenol 
2,4-Dinitrophenol 
2,5-Dinitrophenol 
Pteridine 
2-Bromophenol 
3-Bromophenol 
4-Bromophenol 
3,5-Dibromoaniline 
2-Chlorophenol 
3-Chlorophenol 
4-Chlorophenol 
2,4-Dichloroaniline 
2-Fluorophenol 
3-Fluorophenol 
4-Fluorophenol 
2-Iodophenol 
3-Iodophenol 
4-Iodophenol 
2-Pyridinecarboxaldehyde 
4-Pyridinecarboxaldehyde 
Nitrobenzene 
2-Pyridinecarboxylic acid 


3-Pyridinecarboxylic acid 
4-Pyridinecarboxylic acid 


2-Nitrophenol 
3-Nitrophenol 
4-Nitrophenol 
1H-Benzotriazole 
2-Amino-4- 
hydroxypteridine 
Xanthopterin 


Step 
1 


Ne ڼ۲م‎ > = м 


көн ne نم‎ н 


РС 


pK, 


2.36 
9.72 
2.32 
9.81 
2.35 
10.19 
4.27 


Name Step 
3 

2-Bromoaniline 

3-Bromoaniline 

4-Bromoaniline 

2-Chloroaniline 

3-Chloroaniline 

4-Chloroaniline 

2-Fluoroaniline 

3-Fluoroaniline 

4-Fluoroaniline 

2-Iodoaniline 

3-Iodoaniline 

4-Iodoaniline 

3-Pyridinecarboxamide 

2-Pyridinecarbox- 1 
aldehyde oxime 

2-Nitroaniline 

3-Nitroaniline 

4-Nitroaniline 

Phenol 

p-Hydroquinone 


Pyrocatechol 


Resorcinol 


Ne ڼم‎ ~ кн 


Benzenesulfinic acid 
Benzenesulfonic acid 
5-Hydroxy-2-(hydroxy- 
methyl)-4H-pyran-4-one 
3-Hydroxybenzene- 
sulfonic acid 
4-Hydroxybenzene- 
sulfonic acid 
cis-1-Propene-1,2,3- 
tricarboxylic acid 
trans-1-Propene-1,2,3- 1 
tricarboxylic acid 2 
Benzenethiol 
Benzeneboronic acid 
Aniline 
2-Methylpyridine 
3-Methylpyridine 
4-Methylpyridine 
2-Aminophenol 


3-Aminophenol 


4-Aminophenol 


Юю نم‎ мю نم‎ ~ ны 


2-Methoxypyridine 
3-Methoxypyridine 
4-Methoxypyridine 
2-Aminobenzenesulfonic 
acid 
3-Aminobenzenesulfonic 
acid 
4-Aminobenzenesulfonic 
acid 
N-Methylpyridinamine 
0-Phenylenediamine 1 


tC 
20 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
20 
20 
20 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
20 
25 


25 


25 


25 


25 
25 
25 


25 
25 
25 
25 
20 
20 
20 
20 
25 
25 
20 
25 
25 
25 


25 


25 


20 
20 


8-45 


pK, 
9.31 
2.53 
3.53 
3.89 
2.66 
3.52 
3.98 
3.20 
3.59 
4.65 
2.54 
3.58 
3.81 
33 
3.59 
10.18 
-0.25 
2.46 
1.02 
9.99 
9.85 
114 
9.34 
12.6 
9.32 
111 
13 
0.70 
7.9 


9.07 
9.11 
1.95 


2.80 
4.46 
6.62 
8.83 
4.87 
6.00 
5.70 
5.99 
4.78 
9.97 
4.37 
9.82 
5.48 
10.30 
3.28 
4.78 
6.58 
2.46 


3.74 
3.23 


9.65 
4.57 


Мате 
m-Phenylenediamine 
p-Phenylenediamine 


Phenylhydrazine 
2,4-Hexadienoic acid 
1,3-Cyclohexanedione 
2,2-Dimethyl-1,3- 
dioxane-4,6-dione 
L-Ascorbic acid 


Citric acid 


Isocitric acid 


Nitrilotriacetic acid 


L-y-Carboxyglutamic acid 


4,6-Dimethylpyrimi- 
dinamine 
L-Histidine 


Cyclopentanecarboxylic 
acid 

Ethyl acetoacetate 

3-Methylglutaric acid 

Adipic acid 


2-Piperidinecarboxylic 
acid 

Adipamic acid 

2-Aminoadipic acid 


N-(N-Glycylglycyl)glycine 
Glycylasparagine 
Triethylenediamine 


L-Cystine 


Hexanoic acid 
4-Methylpentanoic acid 
B-D-Fructose 
a-D-Glucose 
D-Mannose 
Cyclohexylamine 
1-Methylpiperidine 
1,2-Dimethylpyrrolidine 
N-Ethylmorpholine 


Step 
2 


он м мн 


көн м نم‎ = Ë о МЮ к фо N نم‎ Q) N к Q N = نم‎ = 


Ë оо N نم‎ N نم‎ NN نم‎ NN نر‎ QO N н 


tC 
20 
20 
20 
20 
20 
15 
25 
25 


pK, 

0.80 
5.11 
2.50 
6.31 
2.97 
8.79 
476 
5.26 
5.1 


Dissociation Constants of Organic Acids and Bases 


Mol. form. 
СНО 


2 


C,H,,NO 


2 


C,H,,NO 


2 


C,H,,NO 


2 


C,H,,NO 


4 


сыны 


CH NSi, 
С,НЕ,О, 
С,Н,Вг,ХО 
CHN,O, 
C.H.CLNO, 
САМО, 
C.H,BrO, 
C.H,BrO, 
C.H,BrO, 
снао, 
снао, 
снао, 
C.H,FO, 
C.H,FO, 
C.H,FO, 
СНЕО 
C.H,F,O 
C.H.IO, 
C.H.IO, 
CHO, 
САМО 
САМО 
СНМО 
С,Ң,МО,5 
САМО, 
снхо, 
САМО, 


Мате 
L-Leucine 


L-Isoleucine 
L-Norleucine 


6-Aminohexanoic acid 


N,N-Bis(2-hydroxy- 
ethyl)glycine 
Citrulline 


cis-1,2-Cyclohexane- 
diamine 

trans-1,2-Cyclohexane- 
diamine 

cis-2,5-Dimethyl- 
piperazine 

L-Lysine 


L-Arginine 


D-Mannitol 
Hexylamine 
Diisopropylamine 
Triethylamine 
Triethanolamine 
1,6-Hexanediamine 


N,N,N;N’-Tetramethyl- 
1,2-ethanediamine 
Hexamethyldisilazane 
Pentafluorobenzoic acid 
3,5-Dibromo-4- 
hydroxybenzonitrile 
2,4,6-Trinitrobenzoic acid 
Triclopyr 
2,4-Dinitrobenzoic acid 
2-Bromobenzoic acid 
3-Bromobenzoic acid 
4-Bromobenzoic acid 
2-Chlorobenzoic acid 
3-Chlorobenzoic acid 
4-Chlorobenzoic acid 
2-Fluorobenzoic acid 
3-Fluorobenzoic acid 
4-Fluorobenzoic acid 
2-(Trifluoromethyl)phenol 
3-(Trifluoromethyl)phenol 
2-Iodobenzoic acid 
3-Iodobenzoic acid 
4-Iodobenzoic acid 
2-Hydroxybenzonitrile 
3-Hydroxybenzonitrile 
4-Hydroxybenzonitrile 
Saccharin 
2-Nitrobenzoic acid 
3-Nitrobenzoic acid 
4-Nitrobenzoic acid 


Step 
1 


l2 N نم‎ N мю ~ 


Q N нон N رم‎ NRF N = ~ = 


l2 نم‎ Ne 


tC 
25 
25 
25 
25 


pK, 
2.33 
9.74 
2.32 
9.76 
2.34 
9.83 
4.37 


Dissociation Constants of Organic Acids and Bases 8-47 


Mol. form. Name Step t/C pK, Mol. form. Name Step t/C pK, 
СНО, 2,3-Pyridinedicarboxylic 1 25 2.43 САН 2-Methylaniline 25 4.45 
acid 2 25 4.78 СНА 3-Methylaniline 25 4.71 
CHNO, 2,4-Pyridinedicarboxylic 1 25 215 сн 4-Methylaniline 25 5.08 
acid САН N-Methylaniline 25 4.85 
C,H,NO, 2,6-Pyridinedicarboxylic 1 25 216 см 2-Ethylpyridine 25 5.89 
acid 2 25 4.76 C. HN 2,3-Dimethylpyridine 25 6.57 
CHNO, 3,5-Pyridinedicarboxylic 1 25 240 см 2,4-Dimethylpyridine 25 699 
acid САН 2,5-Dimethylpyridine 25 6.40 
Chlorothiazide 1 6.85 C. HN 2,6-Dimethylpyridine 25 6.65 
C; H,CIN,O,S, 2 9.45 САН 3,4- Dimethylpyridine 25 6.46 
CHIEN 3-(Trifluoromethyl)aniline 25 3.49 сн, 3,5-Dimethylpyridine 25 6.15 
СНЕМ 4-(Trifluoromethy])aniline 25 2.45 СМО 2-Methoxyaniline 25 4.53 
C HN, 1H-Benzimidazole 25 5.53 С,Н,ХО 3-Methoxyaniline 25 4.20 
C HN, 2-Aminobenzonitrile 25 0.77 С,Н,ХО 4-Methoxyaniline 25 5.36 
C. HAN, 3-Aminobenzonitrile 25 2.75 C.H,NS 2-(Methylthio)aniline 25 3.45 
CHN, 4-Aminobenzonitrile 25 1.74 С,Н,М5 4-(Methylthio)aniline 25 4.35 
C HO Benzaldehyde 25 14.90 C H,N, 2-Dimethylaminopurine 1 20 4.00 
CHO, Benzoic acid 25 4.204 2 20 10.24 
C HO, Salicylaldehyde 25 8.37 C H,NO, L-1-Methylhistidine 1 25 1.69 
C HO, 3-Hydroxybenzaldehyde 25 8.98 2 25 6.48 
CHO, 4-Hydroxybenzaldehyde 25 7.61 3 25 8.85 
CHO, 2-Hydroxybenzoic acid 1 20 2.98 C H,NO, L-3-Methylhistidine 1 25 1.92 
2 20 13.6 2 25 6.56 
CHO, 3-Hydroxybenzoic acid 1 25 4.08 3 25 8.73 
2 19 9.92 C.H,.O, Cyclohexanecarboxylic acid 25 4.91 
CHO, 4-Hydroxybenzoic acid 1 25 4.57 C H0, Heptanedioic acid 1 25 4.71 
2 25 9.46 2 25 5.58 
C HO, 2,4- Dihydroxybenzoic acid 1 25 3.11 C H,0, Butylpropanedioic acid 1 5 2.96 
2 25 8.55 С.Н NO, a-Ethylglutamic acid 1 25 3.846 
3 25 14.0 2 25 7.838 
C HO, 2,5-Dihydroxybenzoic acid 1 25 2.97 СНО, Heptanoic acid 25 4.89 
C HO, 3,4- Dihydroxybenzoic acid 1 25 4.48 C.H,,O, a-Methylglucoside 25 13.71 
2 25 8.83 C.H,N 1-Ethylpiperidine 23 10.45 
3 25 12.6 C HN 1,2-Dimethylpiperidine,(+) 25 10.22 
CHO, 3,5-Dihydroxybenzoic acid 1 25 4.04 СНО, Carnitine 25 3.80 
C.H O, 2,4,6-Trihydroxybenzoic 25 1.68 C,H, N Heptylamine 25 10.67 
acid C HUN 2-Heptanamine 19 10.7 
CHO, 3,4,5-Trihydroxybenzoic 25 4.41 C,H.NO, 3-Cyanobenzoic acid 25 3.60 
acid СНО, 4-Cyanobenzoic acid 25 3.55 
С,Н,ХО Benzamide 25 713 CHAN, Cinnoline 20 2.37 
C,H NO, Aniline-2-carboxylic acid 1 25 2.17 CHAN, Quinazoline 29 3.43 
2 25 4.85 сң, Quinoxaline 20 0.56 
СНО, Aniline-3-carboxylic acid 1 25 3.07 CHAN, Phthalazine 20 3.47 
2 25 4.79 C,H.N,O, Nitrofurantoin 7.2 
C.H.NO, Aniline-4-carboxylic acid 1 25 2.50 C.H O, 3-Formylbenzoic acid 25 3.84 
2 25 4.87 C,H.O, 4-Formylbenzoic acid 25 3.77 
C.H.NO, 4-Amino-2-hydroxy- 3.25 CHO, Phthalic acid 1 25 2943 
benzoic acid 2 25 5.432 
CH,CIN,O,S, | Hydrochlorothiazide 1 7.9 СНО, Isophthalic acid 1 25 3.70 
2 92 2 25 4.60 
CHN,O, Theobromine 18 7.89 CHO, Terephthalic acid 1 25 3.54 
C H,N,O, Theophylline 1 25 8.77 2 25 4.34 
C.H,O o-Cresol 25 10.29 сњао, 2-Chlorobenzeneacetic acid 25 4.07 
сно m-Cresol 25 10.09 C,H.CIO, 3-Chlorobenzeneacetic acid 25 4.14 
C.H,O p-Cresol 25 10.26 C,H,CIO, 4-Chlorobenzeneacetic acid 25 4.19 
С,Н,О8 4-(Methylthio)phenol 25 9.53 C,H,ClO, 2-Chlorophenoxyacetic acid 25 3.05 
C.H,O, 2-Methoxyphenol 25 9.98 C,H.CIO, 3-Chlorophenoxyacetic acid 25 3.10 
C H,O, 3-Methoxyphenol 25 9.65 C,H NO, 2-Nitrobenzeneacetic acid 25 4.00 
C. H,O, 4-Methoxyphenol 25 10.21 C,H.NO, 3-Nitrobenzeneacetic acid 25 3.97 
C.H,S Benzenemethanethiol 25 9.43 СНО, 4-Nitrobenzeneacetic acid 25 3.85 
C. HN Benzylamine 25 9.34 C,H,F,N,)O,S,  Hydroflumethiazide 1 8.9 


Dissociation Constants of Organic Acids and Bases 


Name Step t/C pK, Mol. form. Name Step t/C pK, 
2 9.7 2 25 82 
2-Methyl-1H-benzimidazole 1 25 6.19 С,Н,Һ,0,5, Homocystine 1 25 1.59 
о-ТоШіс acid 25 3.91 2 25 2.54 
m-Toluic acid 25 4.25 3 25 8.52 
р-ТоШіс acid 25 4.37 4 25 9.44 
Benzeneacetic acid 25 4.31 C.H, O, Octanoic acid 25 4.89 
1-(2-Hydroxyphenyl)ethanone 25 10.06 C.H, O, 2-Propylpentanoic acid 4.6 
1-(3-Hydroxyphenyl)ethanone 25 9.19 C,H,N 2-Propylpiperidine,(S) 10.9 
1-(4-Hydroxyphenyl)ethanone 25 8.05 C,H,N 2,2,4-Trimethylpiperidine 30 11.04 
2-Methoxybenzoic acid 25 4.08 C,H,,NO trans-6-Propyl-3- 10.3 
3-Methoxybenzoic acid 25 4.10 piperidinol, (35) 
4-Methoxybenzoic acid 25 4.50 C,H N Octylamine 25 10.65 
Phenoxyacetic acid 25 3.17 C,H,N N-Methyl-2-heptanamine 17 10.99 
Mandelic acid 25 3.37 C,H,N Dibutylamine 21 11.25 
2,5-Hydroxybenzeneacetic 25 4.40 C, HAN, 1,8-Octanediamine 1 20 11.00 
acid 2 20 10.1 
Acetanilide 25 0.5 C,H,BrN 3-Bromoquinoline 25 2.69 
2-(Methylamino) benzoic 25 5.34 trans-o-Chlorocinnamic 25 423 
acid acid 
3-(Methylamino)benzoic 25 5.10 trans-m-Chlorocinnamic 25 4.29 
acid acid 
4-(Methylamino)benzoic 25 5.04 trans-p-Chlorocinnamic 25 4.41 
acid acid 
N-Phenylglycine 1 25 1.83 C,H.N Quinoline 20 4.90 
4.39 C,H.N Isoquinoline 20 5.40 
4-Bromo-N,N- 25 4.23 С,Н,ХО 2-Quinolinol 1 20 -0.31 
dimethylaniline 2 20 11.76 
3-Chloro-N,N- 20 3.83 С,Н,ХО 3-Quinolinol 1 20 4.28 
dimethylaniline 2 20 8.08 
4-СМого-М\- 20 439 C,H.NO 4-Quinolinol 1 20 223 
dimethylaniline 2 20 11.28 
N,N-Dimethyl-3- 25 2.62 С,Н,ХО 6-Quinolinol 1 20 5.15 
nitroaniline 2 20 8.90 
N-Ethylaniline 25 5.12 С,Н,ХО 8-Ошпо по! 1 25 4.91 
N,N-Dimethylaniline 25 5.07 2 25 9.81 
2,6-Dimethylaniline 25 3.89 C;H.NO 7-Isoquinolinol 1 20 5.68 
Benzeneethanamine 25 9.83 2 20 8.90 
2,4,6-Trimethylpyridine 25 7.43 C,H NO, 2-Cyanophenoxyacetic acid 25 2.98 
2-Ethoxyaniline 28 4.43 C,H NO, 3-Cyanophenoxyacetic acid 25 3.03 
3-Ethoxyaniline 25 4.18 C,H NO, 4-Cyanophenoxyacetic acid 25 2.93 
4-Ethoxyaniline 28 5.20 С,Н,Х,О,5 Azathioprine 8.2 
4-(2-Aminoethyl)phenol 1 25 9.74 СВМ, 2-Quinolinamine 20 7.34 
2 25 10.52 C,H,N, 3-Quinolinamine 20 4.91 
2-(2-Methoxyethyl)pyridine 5.5 CHN, 4-Quinolinamine 20 9.17 
Dopamine 1 25 8.9 CHN, 1-Isoquinolinamine 20 7.62 
2 25 10.6 С, 3-Isoquinolinamine 20 5.05 
Norepinephrine 1 25 8.64 C,H,O, cis-Cinnamic acid 25 3.88 
2 25 9.70 C;H,O, trans-Cinnamic acid 25 4.44 
6-Azauridine 6.70 C,H,O, a-Methylenebenezene- 4.35 
Phenylbiguanide 1 10.76 acetic acid 
2 2.13 C;H,O, 2-(Acetyloxy)benzoic acid 25 3.48 
Barbital 25 7.43 C,H,Br,NO, 3,5-Dibromo-L-tyrosine 1 2.17 
5,5-Dimethyl-1,3- 25 5.15 2 6.45 
cyclohexanedione 3 7.60 
Arecoline 6.84 сњао, 3-(2-Chlorophenyl)- 25 4.58 
Thioctic acid 5.4 propanoic acid 
Octanedioic acid 1 25 4.52 C;H,CIO, 3-(3-Chlorophenyl)- 25 4.59 
Tropine 15 3.80 propanoic acid 
Pseudotropine 15 3.80 сњао, 3-(4-Chlorophenyl)- 25 4.61 
N-Glycylleucine 25 3.18 propanoic acid 
N-Leucylglycine 1 25 3.25 C,H,LNO, L-3,5-Diiodotyrosine 1 25 2.12 
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Mol. form. Name Step t/C pK, Mol. form. Name Step t/C pK, 
2 25 532 C,,H,O 1-Naphthol 25 939 
з 25 948 с,н,О 2-Naphthol 25 963 
СНО, N-Benzoylglycine 25 3.62 сын 1-Naphthylamine 25 3.92 
СНО, 3-(2-Nitrophenyl)- 25 4.50 С HN 2-Naphthylamine 25 4.16 
propanoic acid С HN 2-Methylquinoline 20 5.83 
СНО, 3-(4-Nitrophenyl)- 25 4.47 сын, 4-Мећујашпо пе 20 5.67 
propanoic acid С HN 5-Methylquinoline 20 5.20 
САО, Сатђепда 448 С H,NO 5-Amino-1-naphthol 25 3.97 
C;H,N.O,S, Sulfathiazole 7.2 C мо 6-Methoxyquinoline 20 5.03 
C,H, INO, L-3-Iodotyrosine 1 25 2.2 С HNO, 1H-Indole-3-acetic acid 4.75 
2 25 8.7 C H, O, o-Methylcinnamic acid 25 4.50 
3 25 9.1 C H, O, m-Methylcinnamic acid 25 4.44 
СН N, 2-Ethylbenzimidazole 25 6.18 C H, O, p-Methylcinnamic acid 25 4.56 
C,H O, 3,5-Dimethylbenzoic acid 25 4.32 C HN, Tryptamine 25 10.2 
C,H O, Benzenepropanoic acid 25 4.66 C,,H,,N,O 5-Hydroxytryptamine 1 25 9.8 
C,H O, a-Methylbenzeneacetic acid 25 4.64 2 25 111 
ен о, a-Hydroxy-o-methyl- 25 — 347 C,H,N,O, | Dinoseb 4.62 
benezeneacetic acid С О, Dideoxyinosine 9.12 
C;H,CLN,O,S, Methylclothiazide 9.4 C,,H,,O 5,6,7,8-Tetrahydro-2- 25 10.48 
сн, N-Allylaniline 25 4.17 naphthalenol 
СВМ 1-Indanamine 22 9.21 Сабо, Benzenebutanoic acid 25 4.76 
C,H,,NO, 4-(Dimethylamino)- 1 6.03 C, رو‎ Propyl 3,4,5-trihydroxy- 8.11 
benzoic acid 2 11.49 benzoate 
C,H NO, Ethyl 4-aminobenzoate 2.5 C H4N,O, Adenosine 1 25 3.6 
C,H,,NO, L-Phenylalanine 1 25 2.20 2 25 12.4 
2 25 әзі с,н,м, L-Nicotine 1 8.02 
C,H, NO, L-Tyrosine 1 25 2.20 2 3.12 
2 25 911 C,H,N,O,P  5-Adenylic acid 1 3.8 
3 25 10.1 2 62 
C,H NO, Levodopa 1 25 2.32 CHO 2-tert-Butylphenol 25 10.62 
2 25 8.72 C, H0 3-tert- Butylphenol 25 10.12 
3 25 9.96 C, H0 4-tert- Butylphenol 25 10.23 
4 25 11.79 C HN N-tert-Butylaniline 25 7.00 
C,H,,N,O, Tyrosineamide 25 7.33 C HN N,N-Diethylaniline 25 6.57 
C,H,,N N-Isopropylaniline 25 5.77 С Но d-Ephedrine 10 10.139 
C,H NO, Epinephrine 1 25 8.66 Суб NO l-Ephedrine 10 9.958 
2 25 995 C,H,N,OS L-Glutathione 1 235 212 
C,H,N,O, 5-Uridylic acid 1 64 2 25 359 
2 9.5 3 25 8.75 
C,H,,N,O, Cytidine 1 422 4 25 965 
2 12.5 с,н,Х,О, L-Argininosuccinic acid 1 25 1.62 
C,H,,CINO  Phenylpropanolamine 9.44 2 25 270 
hydrochloride 3 25 4.26 
C,H,,N,0, Metharbital 8.45 4 25 958 
CH, N,O,P 3’-Cytidylic acid 1 0.8 C H, O, Sebacic acid 1 4.59 
2 4.28 2 5.59 
3 6.0 C. H, N Bornylamine 25 10.17 
C,H,,N,0, Carnosine 1 20 2.73 C HN Neobornylamine 25 10.01 
2 20 6.87 C H4N Butylcyclohexylamine 25 11.23 
3 20 9.73 C, Ha N 1,2,2,6,6-Pentamethyl- 30 11.25 
C;H,.NO,S Captopril 1 3.7 piperidine 
2 9.8 С HN Decylamine 25 10.64 
C,H,,N,O Minoxidil 4.61 CHN, 1H-Perimidine 20 635 
C,H, O, Nonanedioic acid 1 25 4.53 C,,H,O, 1-Naphthalenecarboxylic 25 3.69 
2 25 5.33 acid 
C,H,,0, Nonanoic acid 25 4.96 C,,H,O, 2-Naphthalenecarboxylic 25 4.16 
C;H,N N-Butylpiperidine 23 10.47 acid 
C,H,N 2,2,6,6-Tetramethyl- 25 11.07 C,,H,,N Methyl-1-naphthylamine 27 3.67 
piperidine C, HENO, Iopanoic acid 4.8 
C;H,N Nonylamine 25 10.64 C, HNO, L-Tryptophan 1 25 2.46 


C H;NO, 8-Quinolinecarboxylic acid 25 1.82 2 25 9.41 


8-50 


Mol. form. 
C, HN,O,S 


12 473 


С,Н,ЕМ,О5 


3a 3 2-3 
C,,H,,NO, 
C, H,,N,O,S 


13:73-7753 


Name 
Sulfamethoxypyridazine 
Mefluidide 
Hydrastinine 
Sulfisoxazole 
Cytisine 1 


2-tert-Butylbenzoic acid 
3-tert-Butylbenzoic acid 
4-tert-Butylbenzoic acid 
Pilocarpine 1 


Pentostatin 

N,N-Diethyl-2-methyl- 
aniline 

Isoproterenol 

Tetrodotoxin 

Methoxamine hydrochloride 

Amobarbital 

Undecylamine 

Methylphosphonothioic acid 
S[2-[bis(1-isopropyl)amino]- 
ethyl], O-ethylester 

Bithionol 1 


1,10-Phenanthroline 
Phenazine 
2-Hydroxybiphenyl 
3-Hydroxybiphenyl 
4-Hydroxybiphenyl 
Diphenylamine 
2-Aminobiphenyl 
3-Aminobiphenyl 
4-Aminobiphenyl 
2-Benzylpyridine 
4-Aminoazobenzene 
p-Benzidine 


Phenobarbital 


l2 نم نم‎ мн 


Iocetamic acid 
N,N-Dimethyl-1- 
naphthylamine 
N,N-Dimethyl-2- 
naphthylamine 
Sulfamethazine 1 


Sulfacytine 
Agaritine 1 


Aspergillic acid 
Nizatidine 1 


Sucrose 

a-Maltose 

Dicyclohexylamine 

Dodecylamine 

Acridine 

Phenanthridine 

9-Acridinamine 
2-Phenylbenzimidazole 1 


Step 


tC 


25 


25 
21 


25 
20 
20 
20 
25 
25 
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C „H ENO S, 


14 11273 
C,H,0, 
C, H,,O, 


14 1273 


C,,H,,N,O. 


43 وړ 
C,,H,,NO,‏ 
С.Н,М,О5‏ 


14 21 3^3 


C,,H,,N,O 


14 22 2783 


C „H, N 


14 31 


C.H, CIN,O, 


15 10 


Name 
2-Phenylbenzoic acid 
2-Phenoxybenzoic acid 
3-Phenoxybenzoic acid 
4-Phenoxybenzoic acid 
3,6- Acridinediamine 
Ethacrynic acid 
Harmine 
Sulfabenzamide 
4-Benzylaniline 
Harmaline 
Imazapyr 


Ketamine 
4-[(Dipropylamino)- 
sulfonyl]benzoic acid 
2,6-Di-tert-butylpyridine 
(Tridecyl)amine 
Perfluidone 
a-Phenylbenzeneacetic acid 
a-Hydroxy-a-phenyl- 
benezeneacetic acid 
Trimethoprim 
Methylphenidate 
Tolazamide 
Atenolol 
Tetradecylamine 
Clonazepam 


L-Thyroxine 
Fenoprofen 
Mefenamic acid 
Methyl Red 
NeutralRed 
Tropacocaine 
Imazethapyr 
Physostigmine 
Sparteine 
Pentadecylamine 
Valium 
Chlorodiazepoxide 
Lysergic acid 
Cephalexin 
Cephradine 


Lycodine 


Hexadecylamine 
Apomorphine 


Piperine 
Morphine 


Riboflavin 


Step 


Q ~ م‎ ~ н 


l2 نم‎ NF м н 


Ne N мю نم نم‎ = 


= 


tC 
25 
25 
25 
25 
20 


25 
25 


25 


25 
25 


25 


25 


25 
25 
25 


15 


25 


pK, 
3.46 
3.53 
3.95 
4.57 
9.65 
3.50 
7.70 
4.57 
217 
42 
19 
3.6 
7.5 
58 


3.58 
10.63 
2.5 
3.94 
3.04 


6.6 
8.9 
3.6 
9.6 
10.62 
1.5 
10.5 
22 
6.45 
101 
7.3 
42 
2.5 
9.5 
6.7 
4.32 
2.1 
3.9 
6.12 
12.24 
2.24 
9.46 
10.61 
3.4 
4.8 
3.44 
7.68 
5.2 
7.3 
2.63 
7.27 
3.97 
8.08 
10.61 
7.0 
8.92 
12.22 
8.21 
9.85 
17 
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Mol. form. 


کل لل 


19 1475 


C, H,.CINO, 


19 16 


C, H4 NO 


20 26 272 


C,H, N.O 


21 22 2 2 


Мате 


Mycophenolic acid 
Hyoscyamine 
Nadolol 

Clozapine 


Codeine 
Dibenzepin 
Linoleic acid 
Clindamycin 
Octadecylamine 
Bromophenol Blue 
Phenol Red 
Indomethacin 
Cephaloridine 
Phenylbutazone 
Protriptyline 
Thebaine 
Cinchonine 


Cinchonidine 


Cupreine 
Gibberellic acid 
Ergometrinine 
Ergonovine 
Phenolphthalein 
Papaverine 
Amitriptyline 
Folinic acid 


Quinine 
Quinidine 


Hydroquinine 
Bromocresol Green 
Bromocresol Purple 
CresolRed 
Hydrastine 
Strychnine 


Step 
2 


ы نم‎ м نم‎ 


Ñ نم‎ мю نم‎ WN н 


tC 
25 


21 


25 


15 


25 


25 


pK, 


9.69 
4.5 
9.7 
9.67 
3.70 
7.60 
8.21 
8.25 
7.6 
7.6 
10.60 
40 
7.9 
4,5 
32 
4.5 
82 
6.05 
5.85 
9.92 
5.80 
10.03 
6.57 
4.0 
7.3 
6.8 
9.7 
6.4 
9.4 
3.1 
4.8 
10.4 
8.52 
&13 
5.4 
10.0 
5.33 
4.7 
6.3 
8.3 
7.8 
8.26 


Mol. form. 
C, H,CIFNO, 


21 23 


C,H, NO, 


21 31 


С.Н. МО 


21535-3773 


C,H,O 


1874 


с НАМ, 


22 22 


C, H,NO, 


22 23 


С,Н,М,О 


23 26 274 


C,H,O 


24 4074 


C,H,O 


24 4075 


СНО, 


25 292 


СН, NO, 


25 4l 


C,H,NO, 


26 43 


C,,H,,NO_S 


26 45 


С.Н, Вг,О,5 


27 28 


С,Н,М,О 


29 40 274 


C,,H,,BrO, 


30 23 


Мате 
Haloperidol 
Furethidine 
Lisinopril 


o-Cresolphthalein 
Droperidol 
Noscapine 
Colchicine 
Benzpiperylon 


Atisine 
Brucine 


Deoxycholic acid 
Cholic acid 
Amiodarone 
Aconine 
Glycocholic acid 
Taurocholic acid 
Bromothymol Blue 
Verapamil 
Etoposide 

Emetine 


Bromadiolone 
Oleanolic acid 
Novobiocin 


Teniposide 
Reserpine 
Aconitine 
Veratridine 
Erythromycin 
Rifampin 


Solanine 
Vincristine 
Vinblastine 


Step 


Ф о ~ н 


tC 


20 


25 


21 


15 
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pK, 
83 
748 
2.5 
40 
6.7 
101 
94 
7.64 
7.8 
12.36 
6.73 
9.13 
123 
6.04 
11.07 
6.58 
64 
6.56 
9.52 
44 
14 
7.0 
8.6 
9.8 
5.77 
6.64 
4.04 
2.52 
43 
9.1 
10.13 
6.6 
5.88 
9.54 
8.8 
17 
7.9 
6.66 
5.4 
5.4 
74 


CONCENTRATIVE PROPERTIES OF AQUEOUS SOLUTIONS: DENSITY, REFRACTIVE 
INDEX, FREEZING POINT DEPRESSION, AND VISCOSITY 


This table gives properties of aqueous solutions of 66 substanc- 1 
es as a function of concentration. All data refer to a temperature of 


20°С. The properties are: 


Mass 9€: Mass of solute divided by total mass of solution, ^ 


expressed as percent. n 
m Molality (moles of solute per kg of water). 
с Molarity (moles of solute per liter of solution). 


Density of solution іп g/cm’. 


Acetic acid 

Acetone 

Ammonia 

Ammonium chloride 

Ammonium sulfate 

Barium chloride 

Calcium chloride 

Cesium chloride 

Citric acid 

Copper sulfate 

Disodium ethylenediamine 
tetraacetate (EDTA sodium) 

Ethanol 

Ethylene glycol 

Ferric chloride 

Formic acid 

D-Fructose 

D-Glucose 

Glycerol 

Hydrochloric acid 

Lactic acid 

Lactose 


Index of refraction, relative to air, at a wavelength of 589 
nm (sodium D line); the index of pure water at 20°С is 
1.3330. 

Freezing point depression in "С relative to pure water. 
Absolute (dynamic) viscosity in mPa s (equal to 
centipoise, cD); the viscosity of pure water at 20°С is 
1.002 mPa s. 


Density data for aqueous solutions over a wider range of tem- 
peratures and pressures (and for other compounds) may be found 
in Reference 2. Solutes are listed in the following order: 


Lithium chloride 
Magnesium chloride 
Magnesium sulfate 
Maltose 

Manganese(II) sulfate 
D-Mannitol 

Methanol 

Nitric acid 

Oxalic acid 

Phosphoric acid 
Potassium bicarbonate 
Potassium bromide 
Potassium carbonate 
Potassium chloride 
Potassium hydroxide 
Potassium iodide 
Potassium nitrate 
Potassium permanganate 
Potassium hydrogen phosphate 
Potassium dihydrogen phosphate 
Potassium sulfate 
1-Propanol 


References 


1. Wolf, A. V., Aqueous Solutions and Body Fluids, Hoeber, 1966. 
2. Sóhnel, O., and Novotny, P., Densities of Aqueous Solutions of Inorganic Substances, Elsevier, Amsterdam, 1985. 


Solute Mass % 
Acetic acid 0.5 
CH,COOH 1.0 
2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

10.0 

12.0 

14.0 

16.0 

18.0 

20.0 

22.0 

24.0 
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2-Propanol 

Silver nitrate 

Sodium acetate 

Sodium bicarbonate 

Sodium bromide 

Sodium carbonate 

Sodium chloride 

Sodium citrate 

Sodium hydroxide 

Sodium nitrate 

Sodium phosphate 

Sodium hydrogen phosphate 
Sodium dihydrogen phosphate 
Sodium sulfate 

Sodium thiosulfate 
Strontium chloride 

Sucrose 

Sulfuric acid 

Trichloroacetic acid 
Tris(hydroxymethyl)methylamine 
Urea 

Zinc sulfate 


m/mol kg"! cimol L^ р/ cm? n АРС n/mPa s 
0.084 0.083 0.9989 1.3334 0.16 1.012 
0.168 0.166 0.9996 1.3337 0.32 1.022 
0.340 0.333 1.0011 1.3345 0.63 1.042 
0.515 0.501 1.0025 1.3352 0.94 1.063 
0.694 0.669 1.0038 1.3359 1.26 1.084 
0.876 0.837 1.0052 1.3366 1.58 1.105 
1.063 1.006 1.0066 1.3373 1.90 1.125 
1.253 1.175 1.0080 1.3381 2.23 1.143 
1.448 1.345 1.0093 1.3388 2.56 1.162 
1.647 1.515 1.0107 1.3395 2.89 1.186 
1.850 1.685 1.0121 1.3402 3.23 1.210 
2.271 2.028 1.0147 1.3416 3.91 1.253 
2.711 2.372 1.0174 1.3430 4.61 1.298 
3.172 2.718 1.0200 1.3444 5.33 1.341 
3.655 3.065 1.0225 1.3458 6.06 1.380 
4.163 3.414 1.0250 1.3472 6.81 1.431 
4.697 3.764 1.0275 1.3485 7.57 1.478 
5.259 4.116 1.0299 1.3498 8.36 1.525 
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Solute Mass 96 m/mol Ка“! cimol L^ p/g cm? n АРС n/mPa s 
26.0 5.851 4.470 1.0323 1.3512 9.17 1.572 
28.0 6.476 4.824 1.0346 1.3525 10.00 1.613 
30.0 7.137 5.180 1.0369 1.3537 10.84 1.669 
32.0 7.837 5.537 1.0391 1.3550 11.70 1.715 
34.0 8.579 5.896 1.0413 1.3562 12.55 1.762 
36.0 9.367 6.255 1.0434 1.3574 13.38 1.812 
38.0 10.207 6.615 1.0454 1.3586 1.852 
40.0 11.102 6.977 1.0474 1.3598 1.912 
50.0 16.653 8.794 1.0562 1.3653 2.158 
60.0 24.979 10.620 1.0629 1.3700 2.409 
70.0 38.857 12.441 1.0673 1.3738 2.629 
80.0 66.611 14.228 1.0680 1.3767 2.720 
90.0 149.875 15.953 1.0644 1.3771 2.386 
92.0 191.507 16.284 1.0629 1.3766 2.240 
94.0 260.894 16.602 1.0606 1.3759 2.036 
96.0 399.667 16.911 1.0578 1.3748 1.813 
98.0 815.987 17.198 1.0538 1.3734 1.535 
100.0 17.447 1.0477 1.3716 1.223 
Acetone 0.5 0.087 0.086 0.9975 1.3334 0.16 1.013 
(CH,),CO 1.0 0.174 0.172 0.9968 1.3337 0.32 1.024 
2.0 0.351 0.343 0.9954 1.3344 0.65 1.047 
3.0 0.533 0.513 0.9940 1.3352 0.97 1.072 
4.0 0.717 0.684 0.9926 1.3359 1.30 1.099 
5.0 0.906 0.853 0.9912 1.3366 1.63 1.125 
6.0 1.099 1.023 0.9899 1.3373 1.96 1.150 
7.0 1.296 1.191 0.9886 1.3381 2.29 1.174 
8.0 1.497 1.360 0.9874 1.3388 2.62 1.198 
9.0 1.703 1.528 0.9861 1.3395 2.95 1.221 
10.0 1.913 1.696 0.9849 1.3402 3.29 1.244 
Ammonia 0.5 0.295 0.292 0.9960 1.3332 0.55 1.009 
NH, 1.0 0.593 0.584 0.9938 1.3335 1.14 1.015 
2.0 1.198 1.162 0.9895 1.3339 2.32 1.029 
3.0 1.816 1.736 0.9853 1.3344 3.53 1.043 
4.0 2.447 2.304 0.9811 1.3349 4.78 1.057 
5.0 3.090 2.868 0.9770 1.3354 6.08 1.071 
6.0 3.748 3.428 0.9730 1.3359 7.43 1.085 
7.0 4.420 3.983 0.9690 1.3365 8.95 1.099 
8.0 5.106 4.533 0.9651 1.3370 10.34 1.113 
9.0 5.807 5.080 0.9613 1.3376 11.90 1.127 
10.0 6.524 5.622 0.9575 1.3381 13.55 1.141 
12.0 8.007 6.695 0.9502 1.3393 17.13 1.169 
14.0 9.558 7.753 0.9431 1.3404 21.13 1.195 
16.0 11.184 8.794 0.9361 1.3416 25.63 1.218 
18.0 12.889 9.823 0.9294 1.3428 30.70 1.237 
20.0 14.679 10.837 0.9228 1.3440 36.42 1.254 
22.0 16.561 11.838 0.9164 1.3453 43.36 1.268 
24.0 18.542 12.826 0.9102 1.3465 51.38 1.280 
26.0 20.630 13.801 0.9040 1.3477 60.77 1.288 
28.0 22.834 14.764 0.8980 1.3490 71.66 
30.0 25.164 15.713 0.8920 1.3502 84.06 
Ammonium 0.5 0.094 0.093 0.9998 1.3340 0.32 0.999 
chloride 1.0 0.189 0.187 1.0014 1.3349 0.64 0.996 
NH,Cl 2.0 0.382 0.376 1.0045 1.3369 1.27 0.992 
3.0 0.578 0.565 1.0076 1.3388 1.91 0.988 
4.0 0.779 0.756 1.0107 1.3407 2.57 0.985 
5.0 0.984 0.948 1.0138 1.3426 3.25 0.982 
6.0 1.193 1.141 1.0168 1.3445 3.94. 0.979 


7.0 1.407 1.335 1.0198 1.3464 4.66 0.976 
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Solute Mass 96 m/mol Ке! cimol L^ p/g cm? n АРС n/mPas 
8.0 1.626 1.529 1.0227 1.3483 5.40 0.974 
9.0 1.849 1.726 1.0257 1.3502 6.16 0.972 
10.0 2.077 1.923 1.0286 1.3521 6.95 0.970 
12.0 2.549 2.320 1.0344 1.3559 8.60 0.969 
14.0 3.043 2.722 1.0401 1.3596 0.969 
16.0 3.561 3.128 1.0457 1.3634 0.971 
18.0 4.104 3.537 1.0512 1.3671 0.973 
20.0 4.674 3.951 1.0567 1.3708 0.978 
22.0 5.273 4.368 1.0621 1.3745 0.986 
24.0 5.903 4.789 1.0674 1.3782 0.996 
Ammonium 0.5 0.038 0.038 1.0012 1.3338 0.17 1.008 
sulfate 1.0 0.076 0.076 1.0042 1.3346 0.33 1.014 
(NH,),SO, 2.0 0.154 0.153 1.0101 1.3363 0.63 1.027 
3.0 0.234 0.231 1.0160 1.3379 0.92 1.041 
4.0 0.315 0.309 1.0220 1.3395 1.21 1.057 
5.0 0.398 0.389 1.0279 1.3411 1.49 1.073 
6.0 0.483 0.469 1.0338 1.3428 1.77 1.090 
7.0 0.570 0.551 1.0397 1.3444 2.05 1.108 
8.0 0.658 0.633 1.0456 1.3460 2.33 1.127 
9.0 0.748 0.716 1.0515 1.3476 2.61 1.147 
10.0 0.841 0.800 1.0574 1.3492 2.89 1.168 
12.0 1.032 0.971 1.0691 1.3523 3.47 1.210 
14.0 1.232 1.145 1.0808 1.3555 4.07 1.256 
16.0 1.441 1.323 1.0924 1.3586 4.69 1.305 
18.0 1.661 1.504 1.1039 1.3616 1.359 
20.0 1.892 1.688 1.1154 1.3647 1421 
22.0 2.134 1.876 1.1269 1.3677 1.490 
24.0 2.390 2.067 1.1383 1.3707 1.566 
26.0 2.659 2.262 1.1496 1.3737 1.650 
28.0 2.943 2.460 1.1609 1.3766 1.743 
30.0 3.243 2.661 1.1721 1.3795 1.847 
32.0 3.561 2.866 1.1833 1.3824 1.961 
34.0 3.898 3.073 1.1945 1.3853 2.086 
36.0 4.257 3.284 1.2056 1.3881 2.222 
38.0 4.638 3.499 1.2166 1.3909 2.371 
40.0 5.045 3.716 1.2277 1.3938 2.530 
Barium 0.5 0.024 0.024 1.0026 1.3337 0.12 1.009 
chloride 1.0 0.049 0.048 1.0070 1.3345 0.23 1.016 
BaCl, 2.0 0.098 0.098 1.0159 1.3360 0.46 1.026 
3.0 0.149 0.148 1.0249 1.3375 0.69 1.037 
4.0 0.200 0.199 1.0341 1.3391 0.93 1.049 
5.0 0.253 0.251 1.0434 1.3406 1.18 1.062 
6.0 0.307 0.303 1.0528 1.3422 1.44 1.075 
7.0 0.361 0.357 1.0624 1.3438 1.70 1.087 
8.0 0.418 0.412 1.0721 1.3454 1.98 1.101 
9.0 0.475 0.468 1.0820 1.3470 2.27 1.114 
10.0 0.534 0.524 1.0921 1.3487 2.58 1.129 
12.0 0.655 0.641 1.1128 1.3520 3.22 1.161 
14.0 0.782 0.763 1.1342 1.3555 3.92 1.195 
16.0 0.915 0.889 1.1564 1.3591 4.69 1.234 
18.0 1.054 1.019 1.1793 1.3627 1.277 
20.0 1.201 1.156 1.2031 1.3664 1.325 
22.0 1.355 1.297 1.2277 1.3703 1.378 
24.0 1.517 1.444 1.2531 1.3741 1.437 
26.0 1.687 1.597 1.2793 1.3781 1.503 
Calcium 0.5 0.045 0.045 1.0024 1.3342 0.22 1.015 
chloride 1.0 0.091 0.091 1.0065 1.3354 0.44 1.028 


CaCl, 2.0 0.184 0.183 1.0148 1.3378 0.88 1.050 
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Solute Mass 96 m/mol Ка“! cimol L^ p/g cm? n АРС n/mPa s 
3.0 0.279 0.277 1.0232 1.3402 1.33 1.078 
4.0 0.375 0.372 1.0316 1.3426 1.82 1.110 
5.0 0.474 0.469 1.0401 1.3451 2.35 1.143 
6.0 0.575 0.567 1.0486 1.3475 2.93 1.175 
7.0 0.678 0.667 1.0572 1.3500 3.57 1.208 
8.0 0.784 0.768 1.0659 1.3525 4.28 1.242 
9.0 0.891 0.872 1.0747 1.3549 5.04 1.279 
10.0 1.001 0.976 1.0835 1.3575 5.86 1.319 
12.0 1.229 1.191 1.1014 1.3625 7.70 1.408 
14.0 1.467 1.413 1.1198 1.3677 9.83 1.508 
16.0 1.716 1.641 1.1386 1.3730 12.28 1.625 
18.0 1.978 1.878 1.1579 1.3784 15.11 1.764 
20.0 2.253 2.122 1.1775 1.3839 18.30 1.930 
22.0 2.541 2.374 1.1976 1.3895 21.70 2.127 
24.0 2.845 2.634 1.2180 1.3951 25.30 2.356 
26.0 3.166 2.902 1.2388 1.4008 29.70 2.645 
28.0 3.504 3.179 1.2600 1.4066 34.70 3.000 
30.0 3.862 3.464 1.2816 1.4124 41.00 3.467 
32.0 4.240 3.759 1.3036 1.4183 49.70 4.035 
34.0 4.642 4.062 1.3260 1.4242 4.820 
36.0 5.068 4.375 1.3488 1.4301 5.807 
38.0 5.522 4.698 1.3720 1.4361 7.321 
40.0 6.007 5.030 1.3957 1.4420 8.997 
Cesium 0.5 0.030 0.030 1.0020 1.3334 0.10 1.000 
chloride 1.0 0.060 0.060 1.0058 1.3337 0.20 0.997 
CsCl 2.0 0.121 0.120 1.0135 1.3345 0.40 0.992 
3.0 0.184 0.182 1.0214 1.3353 0.61 0.988 
4.0 0.247 0.245 1.0293 1.3361 0.81 0.984 
5.0 0.313 0.308 1.0374 1.3369 1.02 0.980 
6.0 0.379 0.373 1.0456 1.3377 1.22 0.977 
7.0 0.447 0.438 1.0540 1.3386 1.43 0.974 
8.0 0.516 0.505 1.0625 1.3394 1.64 0.971 
9.0 0.587 0.573 1.0711 1.3403 1.85 0.969 
10.0 0.660 0.641 1.0798 1.3412 2.06 0.966 
12.0 0.810 0.782 1.0978 1.3430 2.51 0.961 
14.0 0.967 0.928 1.1163 1.3448 2.97 0.955 
16.0 1.131 1.079 1.1355 1.3468 3.46 0.950 
18.0 1.304 1.235 1.1552 1.3487 3.96 0.945 
20.0 1.485 1.397 1.1756 1.3507 4.49 0.939 
22.0 1.675 1.564 1.1967 1.3528 0.934 
24.0 1.876 1.737 1.2185 1.3550 0.930 
26.0 2.087 1.917 1.2411 1.3572 0.926 
28.0 2.310 2.103 1.2644 1.3594 0.924 
30.0 2.546 2.296 1.2885 1.3617 0.922 
32.0 2.795 2.497 1.3135 1.3641 0.922 
34.0 3.060 2.705 1.3393 1.3666 0.924 
36.0 3.341 2.921 1.3661 1.3691 0.926 
38.0 3.640 3.146 1.3938 1.3717 0.930 
40.0 3.960 3.380 1.4226 1.3744 0.934 
42.0 4.301 3.624 1.4525 1.3771 0.940 
44.0 4.667 3.877 1.4835 1.3800 0.947 
46.0 5.060 4.142 1.5158 1.3829 0.956 
48.0 5.483 4.418 1.5495 1.3860 0.967 
50.0 5.940 4.706 1.5846 1.3892 0.981 
60.0 8.910 6.368 1.7868 1.4076 1.120 
64.0 10.560 7.163 1.8842 1.4167 1.238 
Citric acid 0.5 0.026 0.026 1.0002 1.3336 0.05 1.013 
(HO)C(COOH), 1.0 0.053 0.052 1.0022 1.3343 0.11 1.024 


2.0 0.106 0.105 1.0063 1.3356 0.21 1.048 
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Solute Mass 96 m/mol Ка“! cimol L^ p/g cm? n АРС n/mPas 
3.0 0.161 0.158 1.0105 1.3368 0.32 1.073 
4.0 0.217 0.211 1.0147 1.3381 0.43 1.098 
5.0 0.274 0.265 1.0189 1.3394 0.54 1.125 
6.0 0.332 0.320 1.0232 1.3407 0.65 1.153 
7.0 0.392 0.374 1.0274 1.3420 0.76 1.183 
8.0 0.453 0.430 1.0316 1.3433 0.88 1.214 
9.0 0.515 0.485 1.0359 1.3446 1.00 1.247 
10.0 0.578 0.541 1.0402 1.3459 1.12 1.283 
12.0 0.710 0.655 1.0490 1.3486 1.38 1.357 
14.0 0.847 0.771 1.0580 1.3514 1.66 1.436 
16.0 0.991 0.889 1.0672 1.3541 1.95 1.525 
18.0 1.143 1.008 1.0764 1.3569 2.26 1.625 
20.0 1.301 1.130 1.0858 1.3598 2.57 1.740 
22.0 1.468 1.254 1.0953 1.3626 2.88 1.872 
24.0 1.644 1.380 1.1049 1.3655 321 2.017 
26.0 1.829 1.508 1.1147 1.3684 3.55 2.178 
28.0 2.024 1.639 1.1246 1.3714 3.89 2.356 
30.0 2.231 1.772 1.1346 1.3744 4.25 2.549 
Copper 0.5 0.031 0.031 1.0033 1.3339 0.08 1.017 
sulfate 1.0 0.063 0.063 1.0085 1.3348 0.14 1.036 
CuSO, 2.0 0.128 0.128 1.0190 1.3367 0.26 1.084 
3.0 0.194 0.194 1.0296 1.3386 0.37 1.129 
4.0 0.261 0.261 1.0403 1.3405 0.48 1.173 
5.0 0.330 0.329 1.0511 1.3424 0.59 1.221 
6.0 0.400 0.399 1.0620 1.3443 0.70 1.276 
7.0 0.472 0.471 1.0730 1.3462 0.82 1.336 
8.0 0.545 0.543 1.0842 1.3481 0.93 1.400 
9.0 0.620 0.618 1.0955 1.3501 1.05 1.469 
10.0 0.696 0.694 1.1070 1.3520 118 1.543 
12.0 0.854 0.850 1.1304 1.3560 1.45 1.701 
14.0 1.020 1.013 1.1545 1.3601 1.75 1.889 
16.0 1.193 1.182 1.1796 1.3644 2.136 
18.0 1.375 1.360 1.2059 1.3689 2.449 
Disodium 0.5 0.015 0.015 1.0009 1.3339 0.07 1.017 
ethylenediamine 1.0 0.030 0.030 1.0036 1.3348 0.14 1.032 
tetraacetate 1.5 0.045 0.045 1.0062 1.3356 0.21 1.046 
(EDTA sodium) 2.0 0.061 0.060 1.0089 1.3365 0.27 1.062 
٧ О, 2.5 0.076 0.075 1.0115 1.3374 0.33 1.077 
3.0 0.092 0.090 1.0142 1.3383 0.40 1.093 
3.5 0.108 0.106 1.0169 1.3392 0.46 1.109 
4.0 0.124 0.121 1.0196 1.3400 0.52 1.125 
4.5 0.140 0.137 1.0223 1.3409 0.58 1.142 
5.0 0.157 0.152 1.0250 1.3418 0.65 1.160 
5.5 0.173 0.168 1.0277 1.3427 0.71 1.178 
6.0 0.190 0.184 1.0305 1.3436 0.77 1.197 
Ethanol 0.5 0.109 0.108 0.9973 1.3333 0.20 1.023 
CH,CH,OH 1.0 0.219 0.216 0.9963 1.3336 0.40 1.046 
2.0 0.443 0.432 0.9945 1.3342 0.81 1.095 
3.0 0.671 0.646 0.9927 1.3348 1.23 1.140 
4.0 0.904 0.860 0.9910 1.3354 1.65 1.183 
5.0 1.142 1.074 0.9893 1.3360 2.09 1.228 
6.0 1.385 1.286 0.9878 1.3367 2.54 1.279 
7.0 1.634 1.498 0.9862 1.3374 2.99 1.331 
8.0 1.887 1.710 0.9847 1.3381 3.47 1.385 
9.0 2.147 1.921 0.9833 1.3388 3.96 1442 
10.0 2.412 2.131 0.9819 1.3395 4.47 1.501 
12.0 2.960 2.551 0.9792 1.3410 5.56 1.627 


14.0 3.534 2.967 0.9765 1.3425 6.73 1.761 
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Solute Mass 96 m/mol Ка“! cimol L^ p/g cm? n АРС n/mPa s 
16.0 4.134 3.382 0.9739 1.3440 8.01 1.890 
18.0 4.765 3.795 0.9713 1.3455 9.40 2.019 
20.0 5.427 4.205 0.9687 1.3469 10.92 2.142 
22.0 6.122 4.613 0.9660 1.3484 12.60 2.259 
24.0 6.855 5.018 0.9632 1.3498 14.47 2.370 
26.0 7.626 5.419 0.9602 1.3511 1641 2.476 
28.0 8.441 5.817 0.9571 1.3524 18.43 2.581 
30.0 9.303 6.212 0.9539 1.3535 20.47 2.667 
32.0 10.215 6.601 0.9504 1.3546 2244 2.726 
34.0 11.182 6.987 0.9468 1.3557 24.27 2.768 
36.0 12.210 7.370 0.9431 1.3566 25.98 2.803 
38.0 13.304 7.747 0.9392 1.3575 27.62 2.829 
40.0 14471 8.120 0.9352 1.3583 29.26 2.846 
42.0 15.718 8.488 0.9311 1.3590 30.98 2.852 
44.0 17.055 8.853 0.9269 1.3598 32.68 2.850 
46.0 18.490 9.213 0.9227 1.3604 34.36 2.843 
48.0 20.036 9.568 0.9183 1.3610 36.04 2.832 
50.0 21.706 9.919 0.9139 1.3616 37.67 2.813 
60.0 32.559 11.605 0.8911 1.3638 44.93 2.547 
70.0 50.648 13.183 0.8676 1.3652 2.214 
80.0 86.824 14.649 0.8436 1.3658 1.881 
90.0 195.355 15.980 0.8180 1.3650 1.542 
92.0 249.620 16.225 0.8125 1.3646 1475 
94.0 340.062 16.466 0.8070 1.3642 1.407 
96.0 520.946 16.697 0.8013 1.3636 1.342 
98.0 16.920 0.7954 1.3630 1.273 
100.0 17.133 0.7893 1.3614 1.203 
Ethylene 0.5 0.081 0.080 0.9988 1.3335 0.15 1.010 
glycol 1.0 0.163 0.161 0.9995 1.3339 0.30 1.020 
(CH,OH), 2.0 0.329 0.322 1.0007 1.3348 0.61 1.048 
3.0 0.498 0.484 1.0019 1.3358 0.92 1.074 
4.0 0.671 0.646 1.0032 1.3367 1.24 1.099 
5.0 0.848 0.809 1.0044 1.3377 1.58 1.125 
6.0 1.028 0.972 1.0057 1.3386 1.91 1.153 
7.0 1.213 1.136 1.0070 1.3396 2.26 1.182 
8.0 1.401 1.299 1.0082 1.3405 2.62 1.212 
9.0 1.593 1.464 1.0095 1.3415 2.99 1.243 
10.0 1.790 1.628 1.0108 1.3425 3.37 1.277 
12.0 2.197 1.959 1.0134 1.3444 4.16 1.348 
14.0 2.623 2.292 1.0161 1.3464 5.01 1.424 
16.0 3.069 2.626 1.0188 1.3484 5.91 1.500 
18.0 3.537 2.962 1.0214 1.3503 6.89 1.578 
20.0 4.028 3.300 1.0241 1.3523 7.93 1.661 
24.0 5.088 3.981 1.0296 1.3564 10.28 1.843 
28.0 6.265 4.669 1.0350 1.3605 13.03 2.047 
32.0 7.582 5.364 1.0405 1.3646 16.23 2.280 
36.0 9.062 6.067 1.0460 1.3687 19.82 2.537 
40.0 10.741 6.776 1.0514 1.3728 23.84 2.832 
44.0 12.659 7.491 1.0567 1.3769 28.32 3.166 
48.0 14.872 8.212 1.0619 1.3811 33.30 3.544 
52.0 17.453 8.939 1.0670 1.3851 38.81 3.981 
56.0 20.505 9.671 1.0719 1.3892 44.83 4.475 
60.0 24.166 10.406 1.0765 1.3931 51.23 5.026 
Ferric 0.5 0.031 0.031 1.0025 1.3344 0.21 1.024 
chloride 1.0 0.062 0.062 1.0068 1.3358 0.39 1.047 
FeCl, 2.0 0.126 0.125 1.0153 1.3386 0.75 1.093 
3.0 0.191 0.189 1.0238 1.3413 1.15 1.139 
4.0 0.257 0.255 1.0323 1.3441 1.56 1.187 


5.0 0.324 0.321 1.0408 1.3468 2.00 1.238 
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Solute Mass 96 m/mol Ке! cimol L^ p/g cm? n АРС n/mPas 
6.0 0.394 0.388 1.0493 1.3496 248 1.292 
7.0 0.464 0.457 1.0580 1.3524 2.99 1.350 
8.0 0.536 0.526 1.0668 1.3552 3.57 1412 
9.0 0.610 0.597 1.0760 1.3581 4.19 1.480 

10.0 0.685 0.669 1.0853 1.3611 4.85 1.553 
12.0 0.841 0.817 1.1040 1.3670 6.38 1.707 
14.0 1.004 0.969 1.1228 1.3730 822 1.879 
16.0 1.174 1.126 1.1420 1045 2.080 
18.0 1.353 1.289 1.1615 13.08 2.311 
20.0 1.541 1.457 1.1816 16.14 2.570 
24.0 1.947 1.810 1.2234 23.79 3.178 
28.0 2.398 2.189 1.2679 33.61 4038 
32.0 2.901 2.595 1.3153 49.16 5.274 
36.0 3.468 3.030 1.3654 7.130 
40.0 4.110 3.496 1.4176 9.674 

Formic acid 0.5 0.109 0.109 0.9994 1.3333 0.21 1.006 

HCOOH 1.0 0.219 0.217 1.0006 1.3336 0.42 1.011 
2.0 0.443 0.436 1.0029 1.3342 0.82 1.017 
3.0 0.672 0.655 1.0053 1.3348 1.24 1.195 
4.0 0.905 0.876 1.0077 1.3354 1.67 1.032 
5.0 1.143 1.097 1.0102 1.3359 2.10 1.039 
6.0 1.387 1.320 1.0126 1.3365 2.53 1.046 
7.0 1.635 1.544 1.0150 1.3371 2.97 1.052 
8.0 1.889 1.768 1.0175 1.3376 3.40 1.058 
9.0 2.149 1.994 1.0199 1.3382 3.84 1.064 

10.0 2.414 2.221 1.0224 1.3387 4.27 1.070 
12.0 2.962 2.678 1.0273 1.3397 5.19 1.082 
14.0 3.537 3.139 1.0322 1.3408 6.11 1.094 
16.0 4.138 3.605 1.0371 1.3418 7.06 1.106 
18.0 4.769 4.074. 1.0419 1.3428 8.08 1.119 
20.0 5.431 4.548 1.0467 1.3437 9.11 1.132 
28.0 8.449 6.481 1.0654 1.3475 13.10 1.179 
36.0 12.220 8.477 1.0839 1.3511 17.65 1.227 
44.0 17.070 10.529 1.1015 1.3547 22.93 1.281 
52.0 23.535 12.633 1.1183 1.3581 29.69 1.340 
60.0 32.587 14.813 1.1364 1.3612 38.26 1.410 
68.0 46.166 17.054 1.1544 1.3641 1.490 

D-Fructose 0.5 0.028 0.028 1.0002 1.3337 0.05 1.015 

C. HO, 1.0 0.056 0.056 1.0021 1.3344 0.10 1.028 
2.0 0.113 0.112 1.0061 1.3358 0.21 1.054 
3.0 0.172 0.168 1.0101 1.3373 0.32 1.080 
4.0 0.231 0.225 1.0140 1.3387 0.43 1.106 
5.0 0.292 0.283 1.0181 1.3402 0.54 1.134 
6.0 0.354 0.340 1.0221 1.3417 0.66 1.165 
7.0 0.418 0.399 1.0262 1.3431 0.78 1.198 
8.0 0.483 0.458 1.0303 1.3446 0.90 1.232 
9.0 0.549 0.517 1.0344 1.3461 1.03 1.270 

10.0 0.617 0.576 1.0385 1.3476 1.16 1.309 
12.0 0.757 0.697 1.0469 1.3507 1.43 1.391 
14.0 0.904 0.820 1.0554 1.3538 1.71 1.483 
16.0 1.057 0.945 1.0640 1.3569 2.01 1.587 
18.0 1.218 1.072 1.0728 1.3601 2.32 1.703 
20.0 1.388 1.201 1.0816 1.3634 2.64 1.837 
22.0 1.566 1.332 1.0906 1.3667 3.05 1.986 
24.0 1.753 1.465 1.0996 1.3700 3.43 2.154 
26.0 1.950 1.600 1.1089 1.3734 3.82 2.348 
28.0 2.159 1.738 1.1182 1.3768 4.20 2.562 
30.0 2.379 1.878 1.1276 1.3803 2.817 


32.0 2.612 2.020 1.1372 1.3839 3.112 
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Solute Mass 96 m/mol Ке! cimol L^ p/g cm? n АРС n/mPas 
34.0 2.859 2.164 1.1469 1.3874 3.462 
36.0 3.122 2.312 1.1568 1.3911 3.899 
38.0 3.402 2.461 1.1668 1.3948 4.418 
40.0 3.700 2.613 1.1769 1.3985 5.046 
42.0 4.019 2.767 1.1871 1.4023 5.773 
44.0 4.361 2.925 1.1975 1.4062 6.644 
46.0 4.728 3.084 1.2080 1.4101 7.753 
48.0 5.124 3.247 1.2187 1.4141 9.060 

D-Glucose 0.5 0.028 0.028 1.0001 1.3337 0.05 1.010 

C. HO, 1.0 0.056 0.056 1.0020 1.3344 0.11 1.021 

2.0 0.113 0.112 1.0058 1.3358 0.21 1.052 
3.0 0.172 0.168 1.0097 1.3373 0.32 1.083 
4.0 0.231 0.225 1.0136 1.3387 0.43 1.113 
5.0 0.292 0.282 1.0175 1.3402 0.55 1.145 
6.0 0.354 0.340 1.0214 1.3417 0.67 1.179 
7.0 0.418 0.398 1.0254 1.3432 0.79 1.214 
8.0 0.483 0.457 1.0294 1.3447 0.91 1.250 
9.0 0.549 0.516 1.0334 1.3462 1.04 1.289 
10.0 0.617 0.576 1.0375 1.3477 117 1.330 
12.0 0.757 0.697 1.0457 1.3508 144 1416 
14.0 0.904 0.819 1.0540 1.3539 173 1.512 
16.0 1.057 0.944 1.0624 1.3571 2.03 1.625 
18.0 1.218 1.070 1.0710 1.3603 2.35 1.757 
20.0 1.388 1.199 1.0797 1.3635 2.70 1.904 
22.0 1.566 1.329 1.0884 1.3668 3.07 2.063 
24.0 1.753 1.462 1.0973 1.3702 3.48 2.242 
26.0 1.950 1.597 1.1063 1.3736 3.90 2.458 
28.0 2.159 1.734 1.1154 1.3770 4.34 2.707 
30.0 2.379 1.873 1.1246 1.3805 4.79 2.998 
32.0 2.612 2.014 1.1340 1.3840 3.324 
34.0 2.859 2.158 1.1434 1.3876 3.704 
36.0 3.122 2.304 1.1529 1.3912 4.193 
38.0 3.402 2.452 1.1626 1.3949 4.786 
40.0 3.700 2.603 1.1724 1.3986 5.493 
42.0 4.019 2.756 1.1823 1.4024 6.288 
44.0 4.361 2.912 1.1924 1.4062 7.235 
46.0 4.728 3.071 1.2026 1.4101 8.454 
48.0 5.124 3.232 1.2130 1.4141 9.883 
50.0 5.551 3.396 1.2235 1.4181 11.884 
52.0 6.013 3.562 1.2342 1.4222 14.489 
54.0 6.516 3.732 1.2451 1.4263 17.916 
56.0 7.064 3.905 1.2562 1.4306 22.886 
58.0 7.665 4.081 1.2676 1.4349 29.389 
60.0 8.326 4.261 1.2793 1.4394 37.445 
Glycerol 0.5 0.055 0.054 0.9994 1.3336 0.07 1.011 
CH,OHCHOHCH,OH 1.0 0.110 0.109 1.0005 1.3342 0.18 1.022 
2.0 0.222 0.218 1.0028 1.3353 0.41 1.048 
3.0 0.336 0.327 1.0051 1.3365 0.63 1.074 
4.0 0.452 0.438 1.0074 1.3376 0.85 1.100 
5.0 0.572 0.548 1.0097 1.3388 1.08 1.127 
6.0 0.693 0.659 1.0120 1.3400 1.32 1.157 
7.0 0.817 0.771 1.0144 1.3412 1.56 1.188 
8.0 0.944 0.883 1.0167 1.3424 1.81 1.220 
9.0 1.074 0.996 1.0191 1.3436 2.06 1.256 
10.0 1.207 1.109 1.0215 1.3448 2.32 1.291 
12.0 1.481 1.337 1.0262 1.3472 2.88 1.365 
14.0 1.768 1.568 1.0311 1.3496 3.47 1.445 
16.0 2.068 1.800 1.0360 1.3521 4.09 1.533 


18.0 2.384 2.035 1.0409 1.3547 4.76 1.630 
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Solute Mass 96 m/mol Ке! cimol L^ p/g cm? n АРС n/mPa s 
20.0 2.715 2.271 1.0459 1.3572 5.46 1.737 
24.0 3.429 2.752 1.0561 1.3624 7.01 1.988 
28.0 4.223 3.242 1.0664 1.3676 8.77 2.279 
32.0 5.110 3.742 1.0770 1.3730 10.74 2.637 
36.0 6.108 4.252 1.0876 1.3785 12.96 3.088 
40.0 7.239 4.771 1.0984 1.3841 15.50 3.653 
44.0 8.532 5.300 1.1092 1.3897 4.443 
48.0 10.024 5.838 1.1200 1.3954 5.413 
52.0 11.764 6.385 1.1308 1.4011 6.666 
56.0 13.820 6.944 1.1419 1.4069 8.349 
60.0 16.288 7.512 1.1530 1.4129 10.681 
64.0 19.305 8.092 1.1643 1.4189 13.657 
68.0 23.075 8.680 1.1755 1.4249 18.457 
72.0 27.923 9.277 1.1866 1.4310 27.625 
76.0 34.387 9.884 1.1976 1.4370 40.571 
80.0 43.436 10.498 1.2085 1.4431 59.900 
84.0 57.009 11.121 1.2192 1.4492 84.338 
88.0 79.632 11.753 1.2299 1.4553 147.494 
92.0 124.878 12.392 1.2404 1.4613 384.467 
96.0 260.615 13.039 1.2508 1.4674 780.458 
100.0 13.694 1.2611 1.4735 
Hydrochloric 0.5 0.138 0.137 1.0007 1.3341 0.49 1.008 
acid 1.0 0.277 0.275 1.0031 1.3353 0.99 1.015 
HCI 2.0 0.560 0.553 1.0081 1.3376 2.08 1.029 
3.0 0.848 0.833 1.0130 1.3399 328 1.044 
4.0 1.143 1.117 1.0179 1.3422 4.58 1.059 
5.0 1.444 1.403 1.0228 1.3445 5.98 1.075 
6.0 1.751 1.691 1.0278 1.3468 7.52 1.091 
7.0 2.064 1.983 1.0327 1.3491 9.22 1.108 
8.0 2.385 2.277 1.0377 1.3515 11.10 1.125 
9.0 2.713 2.574 1.0426 1.3538 13.15 1.143 
10.0 3.047 2.873 1.0476 1.3561 1540 1.161 
12.0 3.740 3.481 1.0576 1.3607 20.51 1.199 
14.0 4.465 4.099 1.0676 1.3653 1.239 
16.0 5.224 4.729 1.0777 1.3700 1.282 
18.0 6.020 5.370 1.0878 1.3746 1.326 
20.0 6.857 6.023 1.0980 1.3792 1.374 
22.0 7.736 6.687 1.1083 1.3838 1.426 
24.0 8.661 7.362 1.1185 1.3884 1.483 
26.0 9.636 8.049 1.1288 1.3930 1.547 
28.0 10.666 8.748 1.1391 1.3976 1.620 
30.0 11.754 9.456 1.1492 1.4020 1.705 
32.0 12.907 10.175 1.1594 1.4066 1.799 
34.0 14.129 10.904 1.1693 1.4112 1.900 
36.0 15.427 11.642 1.1791 1.4158 2.002 
38.0 16.810 12.388 1.1886 1.4204 2.105 
40.0 18.284 13.140 1.1977 1.4250 
Lactic acid 0.5 0.056 0.055 0.9992 1.3335 0.10 1.014 
CH,CHOHCOOH 1.0 0.112 0.111 1.0002 1.3340 0.19 1.027 
2.0 0.227 0.223 1.0023 1.3350 0.38 1.056 
3.0 0.343 0.334 1.0043 1.3360 0.57 1.084 
4.0 0.463 0.447 1.0065 1.3370 0.76 1.110 
5.0 0.584 0.560 1.0086 1.3380 0.95 1.138 
6.0 0.709 0.673 1.0108 1.3390 1.16 1.167 
7.0 0.836 0.787 1.0131 1.3400 1.36 1.198 
8.0 0.965 0.902 1.0153 1.3410 1.57 1.229 
9.0 1.098 1.017 1.0176 1.3420 1.79 1.262 
10.0 1.233 1.132 1.0199 1.3430 2.02 1.296 


12.0 1.514 1.365 1.0246 1.3450 2.49 1.366 
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Solute Mass 96 m/mol Ке! cimol L^ p/g cm? n АРС n/mPa s 
14.0 1.807 1.600 1.0294 1.3470 2.99 1.441 
16.0 2.115 1.837 1.0342 1.3491 3.48 1.522 
18.0 2.437 2.076 1.0390 1.3511 3.96 1.607 
20.0 2.775 2.318 1.0439 1.3532 4.44 1.699 
24.0 3.506 2.807 1.0536 1.3573 1.902 
28.0 4.317 3.305 1.0632 1.3615 2.136 
32.0 5.224 3.811 1.0728 1.3657 2.414 
36.0 6.244. 4.325 1.0822 1.3700 2.730 
40.0 7.401 4.847 1.0915 1.3743 3.114 
44.0 8.722 5.377 1.1008 1.3786 3.566 
48.0 10.247 5.917 1.1105 1.3828 4.106 
52.0 12.026 6.466 1.1201 1.3871 4.789 
56.0 14.129 7.023 1.1297 1.3914 5.579 
60.0 16.652 7.588 1.1392 1.3958 6.679 
64.0 19.736 8.161 1.1486 1.4001 8.024 
68.0 23.590 8.741 1.1579 1.4045 9.863 
72.0 28.546 9.328 1.1670 1.4088 12.866 
76.0 35.154 9.922 1.1760 1.4131 16.974 
80.0 44.405 10.522 1.1848 1.4173 22.164 
Lactose 0.5 0.015 0.015 1.0002 1.3337 0.03 1.013 
C,H,O, 10 0.030 0.029 1.0021 1.3345 0.06 1.026 
2.0 0.060 0.059 1.0061 1.3359 0.11 1.058 
3.0 0.090 0.089 1.0102 1.3375 0.17 1.089 
4.0 0.122 0.119 1.0143 1.3390 0.23 1.120 
5.0 0.154 0.149 1.0184 1.3406 0.29 1.154 
6.0 0.186 0.179 1.0225 1.3421 0.35 1.191 
7.0 0.220 0.210 1.0267 1.3437 0.42 1.232 
8.0 0.254 0.241 1.0308 1.3453 0.50 1.276 
9.0 0.289 0.272 1.0349 1.3468 1.321 
10.0 0.325 0.304 1.0390 1.3484 1.370 
12.0 0.398 0.367 1.0473 1.3515 1.476 
14.0 0.476 0.432 1.0558 1.3548 1.593 
16.0 0.556 0.498 1.0648 1.3582 1.724 
18.0 0.641 0.565 1.0746 1.3619 1.869 
Lithium 0.5 0.119 0.118 1.0012 1.3341 0.42 1.019 
chloride 1.0 0.238 0.237 1.0041 1.3351 0.84 1.037 
LiCl 2.0 0.481 0.476 1.0099 1.3373 1.72 1.072 
3.0 0.730 0.719 1.0157 1.3394 2.68 1.108 
4.0 0.983 0.964 1.0215 1.3415 3.73 1.146 
5.0 1.241 1.211 1.0272 1.3436 4.86 1.185 
6.0 1.506 1.462 1.0330 1.3457 6.14 1.226 
7.0 1.775 1.715 1.0387 1.3478 7.56 1.269 
8.0 2.051 1.971 1.0444 1.3499 9.11 1.313 
9.0 2.333 2.230 1.0502 1.3520 10.79 1.360 
10.0 2.621 2.491 1.0560 1.3541 12.61 1411 
12.0 3.217 3.022 1.0675 1.3583 16.59 1.522 
14.0 3.840 3.564 1.0792 1.3625 21.04 1.647 
16.0 4.493 4.118 1.0910 1.3668 1.787 
18.0 5.178 4.683 1.1029 1.3711 1.942 
20.0 5.897 5.260 1.1150 1.3755 2.128 
22.0 6.653 5.851 1.1274 1.3799 2.341 
24.0 7.449 6.453 1.1399 1.3844 2.600 
26.0 8.288 7.069 1.1527 1.3890 2.925 
28.0 9.173 7.700 1.1658 1.3936 3.318 
30.0 10.109 8.344 1.1791 1.3983 3.785 
Magnesium 0.5 0.053 0.053 1.0022 1.3343 0.26 1.024 
chloride 1.0 0.106 0.106 1.0062 1.3356 0.52 1.046 


MgCl, 2.0 0.214 0.213 1.0144 1.3381 1.06 1.091 
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Solute Mass 96 m/mol kg! cimol L^ p/g cm? n АРС n/mPas 
3.0 0.325 0.322 1.0226 1.3406 1.65 1.139 
4.0 0.438 0.433 1.0309 1.3432 2.30 1.188 
5.0 0.553 0.546 1.0394 1.3457 3.01 1.241 
6.0 0.670 0.660 1.0479 1.3483 1.298 
7.0 0.791 0.777 1.0564 1.3508 1.358 
8.0 0.913 0.895 1.0651 1.3534 1.423 
9.0 1.039 1.015 1.0738 1.3560 1.493 
10.0 1.167 1.137 1.0826 1.3587 1.570 
12.0 1.432 1.387 1.1005 1.3641 1.745 
14.0 1.710 1.645 1.1189 1.3695 1.956 
16.0 2.001 1.911 1.1372 1.3749 2.207 
18.0 2.306 2.184 1.1553 1.3804 2.507 
20.0 2.626 2.467 1.1742 1.3859 2.867 
22.0 2.962 2.758 1.1938 1.3915 3.323 
24.0 3.317 3.060 1.2140 1.3972 3.917 
26.0 3.690 3.371 1.2346 1.4030 4.694 
28.0 4.085 3.692 1.2555 1.4089 5.709 
30.0 4.501 4.022 1.2763 1.4148 7.017 
Magnesium 0.5 0.042 0.042 1.0033 1.3340 0.10 1.027 
sulfate 1.0 0.084 0.084 1.0084 1.3350 0.19 1.054 
MgSO, 2.0 0.170 0.169 1.0186 1.3371 0.36 1.112 
3.0 0.257 0.256 1.0289 1.3391 0.52 1.177 
4.0 0.346 0.345 1.0392 1.3411 0.69 1.249 
5.0 0.437 0.436 1.0497 1.3431 0.87 1.328 
6.0 0.530 0.528 1.0602 1.3451 1.05 1.411 
7.0 0.625 0.623 1.0708 1.3471 1.24 1.498 
8.0 0.722 0.719 1.0816 1.3492 1.43 1.593 
9.0 0.822 0.817 1.0924 1.3512 1.64 1.702 
10.0 0.923 0.917 1.1034 1.3532 1.85 1.829 
12.0 1.133 1.122 1.1257 1.3572 2.31 2.104 
14.0 1.352 1.336 1.1484 1.3613 2.86 2.412 
16.0 1.582 1.557 1.1717 1.3654 3.67 2.809 
18.0 1.824 1.788 1.1955 1.3694 3.360 
20.0 2.077 2.027 1.2198 1.3735 4.147 
22.0 2.343 2.275 1.2447 1.3776 5.199 
24.0 2.624 2.532 1.2701 1.3817 6.498 
26.0 2.919 2.800 1.2961 1.3858 8.066 
Maltose 0.5 0.015 0.015 1.0003 1.3337 0.03 1.016 
C,H,O, 10 0.030 0.029 1.0023 1.3345 0.06 1.030 
2.0 0.060 0.059 1.0063 1.3359 0.11 1.060 
3.0 0.090 0.089 1.0104 1.3374 0.17 1.092 
40 0.122 0.119 1.0144 1.3389 0.23 1.126 
5.0 0.154 0.149 1.0184 1.3404 0.29 1.162 
6.0 0.186 0.179 1.0224 1.3420 0.35 1.200 
7.0 0.220 0.210 1.0265 1.3435 0.42 1.239 
8.0 0.254 0.241 1.0305 1.3450 0.48 1.281 
9.0 0.289 0.272 1.0345 1.3466 0.55 1.325 
10.0 0.325 0.303 1.0385 1.3482 0.62 1.372 
12.0 0.398 0.367 1.0465 1.3513 0.77 1474 
14.0 0.476 0.431 1.0545 1.3546 0.92 1.588 
16.0 0.556 0.497 1.0629 1.3578 1.08 1715 
18.0 0.641 0.564 1.0716 1.3612 1.25 1.859 
20.0 0.730 0.631 1.0801 1.3644 1.43 2.021 
22.0 0.824 0.700 1.0894 1.3678 1.64 2.216 
24.0 0.923 0.770 1.0984 1.3714 1.85 2.463 
26.0 1.026 0.842 1.1080 1.3749 2.08 2.753 
28.0 1.136 0.914 1.1171 1.3785 2.34 3.066 
30.0 1.252 0.988 1.1269 1.3821 2.62 3.427 


40.0 1.948 1.375 1.1769 1.4013 4.41 6.926 
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Solute Mass 96 m/mol Ка“! cimol L^ p/g cm? n АРС n/mPa s 
50.0 2.921 1.797 1.2304 1.4217 17.786 
52.0 3.165 1.886 1.2416 1.4260 22.034 
54.0 3.429 1.976 1.2528 1.4308 28.757 
56.0 3.718 2.068 1.2638 1.4350 38.226 
58.0 4.034 2.159 1.2740 1.4394 49.298 
60.0 4.382 2.253 1.2855 1.4440 
Manganese(II) 1.0 0.067 0.067 1.0080 1.3348 0.16 1.046 
sulfate 2.0 0.135 0.135 1.0178 1.3366 0.31 1.090 
Мп50, 3.0 0.205 0.204 1.0277 1.3384 0.44 1.137 
4.0 0.276 0.275 1.0378 1.3402 0.57 1.187 
5.0 0.349 0.347 1.0480 1.3420 0.70 1.242 
6.0 0.423 0.421 1.0583 1.3438 0.84 1.301 
7.0 0.498 0.495 1.0688 1.3457 0.98 1.363 
8.0 0.576 0.572 1.0794 1.3475 1.12 1.431 
9.0 0.655 0.650 1.0902 1.3494 1.28 1.505 
10.0 0.736 0.729 1.1012 1.3513 144 1.587 
12.0 0.903 0.893 1.1236 1.3551 1.80 1.779 
14.0 1.078 1.063 1.1467 1.3589 2.21 2.005 
16.0 1.261 1.240 1.1705 1.3629 2.67 2.272 
18.0 1.454 1.424 1.1950 1.3668 3.19 2.580 
20.0 1.656 1.616 1.2203 1.3708 3.80 2.938 
D-Mannitol 0.5 0.028 0.027 1.0000 1.3337 0.05 1.019 
CH,(CHOH),CH,OH 1.0 0.055 0.055 1.0017 1.3345 0.10 1.032 
2.0 0.112 0.110 1.0053 1.3359 0.21 1.057 
3.0 0.170 0.166 1.0088 1.3374 0.32 1.081 
4.0 0.229 0.222 1.0124 1.3389 0.43 1.107 
5.0 0.289 0.279 1.0159 1.3403 0.54 1.135 
6.0 0.350 0.336 1.0195 1.3418 0.66 1.166 
7.0 0.413 0.393 1.0230 1.3433 0.77 1.200 
8.0 0.477 0.451 1.0266 1.3447 0.90 1.236 
9.0 0.543 0.509 1.0302 1.3462 1.02 1.275 
10.0 0.610 0.567 1.0338 1.3477 1.15 1.314 
11.0 0.678 0.626 1.0375 1.3491 1.28 1.355 
12.0 0.749 0.686 1.0412 1.3506 141 1.398 
13.0 0.820 0.746 1.0450 1.3521 1.55 1.443 
14.0 0.894 0.806 1.0489 1.3536 1.69 1.489 
15.0 0.969 0.867 1.0529 1.3552 1.84 1.537 
Methanol 0.5 0.157 0.156 0.9973 1.3331 0.28 1.022 
CH,OH 1.0 0.315 0.311 0.9964 1.3332 0.56 1.040 
2.0 0.637 0.621 0.9947 1.3334 1.14 1.070 
3.0 0.965 0.930 0.9930 1.3336 1.75 1.100 
4.0 1.300 1.238 0.9913 1.3339 2.37 1.131 
5.0 1.643 1.544 0.9896 1.3341 3.02 1.163 
6.0 1.992 1.850 0.9880 1.3343 3.71 1.196 
7.0 2.349 2.155 0.9864 1.3346 4.41 1.229 
8.0 2.714 2.459 0.9848 1.3348 5.13 1.264 
9.0 3.087 2.762 0.9832 1.3351 5.85 1.297 
10.0 3.468 3.064 0.9816 1.3354 6.60 1.329 
12.0 4.256 3.665 0.9785 1.3359 8.14 1.389 
14.0 5.081 4.262 0.9755 1.3365 9.72 1.446 
16.0 5.945 4.856 0.9725 1.3370 11.36 1.501 
18.0 6.851 5.447 0.9695 1.3376 13.13 1.554 
20.0 7.803 6.034 0.9666 1.3381 15.02 1.604 
22.0 8.803 6.616 0.9636 1.3387 16.98 1.652 
24.0 9.856 7.196 0.9606 1.3392 19.04 1.697 
26.0 10.966 7.771 0.9576 1.3397 21.23 1.735 
28.0 12.138 8.341 0.9545 1.3402 23.59 1.769 


30.0 13.376 8.908 0.9514 1.3407 25.91 1.795 
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Solute Mass 96 m/mol Ке! cimol L^ p/g cm? n АРС n/mPa s 
32.0 14.688 9.470 0.9482 1.3411 28.15 1.814 
34.0 16.078 10.028 0.9450 1.3415 30.48 1.827 
36.0 17.556 10.580 0.9416 1.3419 32.97 1.835 
38.0 19.129 11.127 0.9382 1.3422 35.60 1.839 
40.0 20.807 11.669 0.9347 1.3425 38.60 1.837 
50.0 31.211 14.288 0.9156 1.3431 54.50 1.761 
60.0 46.816 16.749 0.8944 1.3426 74.50 1.600 
70.0 72.826 19.040 0.8715 1.3411 1.368 
80.0 124.844 21.144 0.8468 1.3385 1.128 
90.0 280.899 23.045 0.8204 1.3348 0.861 
100.0 24.710 0.7917 1.3290 0.586 
Nitric acid 0.5 0.080 0.079 1.0009 1.3336 0.28 1.004 
HNO, 1.0 0.160 0.159 1.0037 1.3343 0.56 1.005 
2.0 0.324 0.320 1.0091 1.3356 1.12 1.007 
3.0 0.491 0.483 1.0146 1.3368 1.70 1.010 
4.0 0.661 0.648 1.0202 1.3381 2.32 1.014 
5.0 0.835 0.814 1.0257 1.3394 2.96 1.018 
6.0 1.013 0.982 1.0314 1.3407 3.63 1.022 
7.0 1.194 1.152 1.0370 1.3421 4.33 1.027 
8.0 1.380 1.324 1.0427 1.3434 5.05 1.032 
9.0 1.570 1.498 1.0485 1.3447 5.81 1.038 
10.0 1.763 1.673 1.0543 1.3460 6.60 1.044 
12.0 2.164 2.030 1.0660 1.3487 8.27 1.058 
14.0 2.583 2.395 1.0780 1.3514 10.08 1.075 
16.0 3.023 2.768 1.0901 1.3541 12.04 1.094 
18.0 3.484 3.149 1.1025 1.3569 1416 1.116 
20.0 3.967 3.539 1.1150 1.3596 1.141 
22.0 4.476 3.937 1.1277 1.3624 1.169 
24.0 5.011 4.344 1.1406 1.3652 1.199 
26.0 5.576 4.760 1.1536 1.3680 1.233 
28.0 6.172 5.185 1.1668 1.3708 1.271 
30.0 6.801 5.618 1.1801 1.3736 131 
32.0 7.468 6.060 1.1934 1.3763 1.354 
34.0 8.175 6.512 1.2068 1.3790 1.400 
36.0 8.927 6.971 1.2202 1.3817 1.450 
38.0 9.727 7.439 1.2335 1.3842 1.504 
40.0 10.580 7.913 1.2466 1.3867 1.561 
Oxalic acid 0.5 0.056 0.056 1.0006 1.3336 0.16 1.013 
(COOH), 1.0 0.112 0.111 1.0030 1.3342 0.30 1.023 
1.5 0.169 0.167 1.0054 1.3347 0.44 1.033 
2.0 0.227 0.224 1.0079 1.3353 0.57 1.044 
2.5 0.285 0.281 1.0103 1.3359 0.71 1.055 
3.0 0.343 0.337 1.0126 1.3364 0.84 1.065 
3.5 0.403 0.395 1.0150 1.3370 0.97 1.076 
4.0 0.463 0.452 1.0174 1.3375 1.09 1.086 
4.5 0.523 0.510 1.0197 1.3381 1.097 
5.0 0.585 0.568 1.0220 1.3386 1.108 
6.0 0.709 0.684 1.0265 1.3397 1.129 
7.0 0.836 0.802 1.0310 1.3407 1.150 
8.0 0.966 0.920 1.0355 1.3418 1.172 
Phosphoric 0.5 0.051 0.051 1.0010 1.3335 0.12 1.010 
acid 1.0 0.103 0.102 1.0038 1.3340 0.24 1.020 
H,PO, 2.0 0.208 0.206 1.0092 1.3349 0.46 1.050 
3.0 0.316 0.311 1.0146 1.3358 0.69 1.079 
4.0 0.425 0.416 1.0200 1.3367 0.93 1.108 
5.0 0.537 0.523 1.0254 1.3376 1.16 1.138 
6.0 0.651 0.631 1.0309 1.3385 1.38 1.169 


7.0 0.768 0.740 1.0363 1.3394 1.62 1.200 
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Solute Mass 96 m/mol Ке! cimol L^ p/g cm? n АРС n/mPa s 
8.0 0.887 0.850 1.0418 1.3403 1.88 1.232 
9.0 1.009 0.962 1.0474 1.3413 2.16 1.267 
10.0 1.134 1.075 1.0531 1.3422 2.45 1.303 
12.0 1.392 1.304 1.0647 1.3441 3.01 1.382 
14.0 1.661 1.538 1.0765 1.3460 3.76 1.469 
16.0 1.944 1.777 1.0885 1.3480 4.45 1.565 
18.0 2.240 2.022 1.1009 1.3500 5.25 1.671 
20.0 2.551 2.273 1.1135 1.3520 6.23 1.788 
22.0 2.878 2.529 1.1263 1.3540 7.38 1.914 
24.0 3.223 2.791 1.1395 1.3561 8.69 2.049 
26.0 3.585 3.059 1.1528 1.3582 10.12 2.198 
28.0 3.968 3.333 1.1665 1.3604 11.64 2.365 
30.0 4.373 3.614 1.1804 1.3625 13.23 2.553 
32.0 4.802 3.901 1.1945 1.3647 14.94 2.766 
34.0 5.257 4.194 1.2089 1.3669 16.81 3.001 
36.0 5.740 4.495 1.2236 1.3691 18.85 3.260 
38.0 6.254 4.803 1.2385 1.3713 21.09 3.544 
40.0 6.803 5.117 1.2536 1.3735 23.58 3.856 
Potassium 0.5 0.050 0.050 1.0014 1.3335 0.18 1.009 
bicarbonate 1.0 0.101 0.100 1.0046 1.3341 0.34 1.015 
KHCO, 2.0 0.204 0.202 1.0114 1.3353 0.67 1.027 
3.0 0.309 0.305 1.0181 1.3365 0.98 1.040 
4.0 0.416 0.409 1.0247 1.3376 1.29 1.053 
5.0 0.526 0.515 1.0310 1.3386 1.60 1.067 
6.0 0.638 0.622 1.0379 1.3397 1.91 1.081 
7.0 0.752 0.730 1.0446 1.3409 2.22 1.096 
8.0 0.869 0.840 1.0514 1.3419 2.53 1.112 
9.0 0.988 0.951 1.0581 1.3430 2.84 1.128 
10.0 1.110 1.064 1.0650 1.3441 3.16 1.145 
12.0 1.362 1.293 1.0788 1.3462 3.79 1.183 
14.0 1.626 1.528 1.0929 1.3484 4.41 1.224 
16.0 1.903 1.770 1.1073 1.3506 1.270 
18.0 2.193 2.017 1.1221 1.3528 1.319 
20.0 2.497 2.272 1.1372 1.3550 1.373 
22.0 2.817 2.533 1.1527 1.3572 1.432 
24.0 3.154 2.801 1.1685 1.3595 1.497 
Potassium 0.5 0.042 0.042 1.0018 1.3336 0.15 1.000 
bromide 1.0 0.085 0.084 1.0054 1.3342 0.29 0.998 
KBr 2.0 0.171 0.170 1.0127 1.3354 0.59 0.994 
3.0 0.260 0.257 1.0200 1.3366 0.88 0.990 
4.0 0.350 0.345 1.0275 1.3379 1.18 0.985 
5.0 0.442 0.435 1.0350 1.3391 1.48 0.981 
6.0 0.536 0.526 1.0426 1.3403 1.78 0.977 
7.0 0.633 0.618 1.0503 1.3416 2.10 0.974 
8.0 0.731 0.711 1.0581 1.3429 242 0.970 
9.0 0.831 0.806 1.0660 1.3441 274 0.967 
10.0 0.934 0.903 1.0740 1.3454 3.07 0.964 
12.0 1.146 1.099 1.0903 1.3481 3.76 0.958 
14.0 1.368 1.302 1.1070 1.3507 4.49 0.953 
16.0 1.601 1.512 1.1242 1.3535 5.25 0.949 
18.0 1.845 1.727 1.1419 1.3562 6.04 0.946 
20.0 2.101 1.950 1.1601 1.3591 6.88 0.944 
22.0 2.370 2.179 1.1788 1.3620 7.76 0.943 
24.0 2.654 2.416 1.1980 1.3650 8.70 0.943 
26.0 2.952 2.661 1.2179 1.3680 9.68 0.944 
28.0 3.268 2.914 1.2383 1.3711 10.72 0.947 
30.0 3.601 3.175 1.2593 1.3743 11.82 0.952 
32.0 3.954 3.445 1.2810 1.3776 12.98 0.959 


34.0 4.329 3.724 1.3033 1.3809 0.968 
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Solute Mass 96 m/mol Ке! cimol L^ p/g cm? n АРС n/mPa s 
36.0 4.727 4.012 1.3263 1.3843 0.979 
38.0 5.150 4.311 1.3501 1.3878 0.993 
40.0 5.602 4.620 1.3746 1.3914 1.010 
Potassium 0.5 0.036 0.036 1.0027 1.3339 0.18 1.013 
carbonate 1.0 0.073 0.073 1.0072 1.3347 0.34 1.025 
K,CO, 2.0 0.148 0.147 1.0163 1.3365 0.66 1.048 
3.0 0.224 0.223 1.0254 1.3382 0.99 1.071 
4.0 0.301 0.299 1.0345 1.3399 1.32 1.094 
5.0 0.381 0.378 1.0437 1.3416 1.67 1.119 
6.0 0.462 0.457 1.0529 1.3433 2.03 1.146 
7.0 0.545 0.538 1.0622 1.3450 240 1.174 
8.0 0.629 0.620 1.0715 1.3467 2.77 1.204 
9.0 0.716 0.704. 1.0809 1.3484 3.17 1.235 
10.0 0.804 0.789 1.0904 1.3501 3.57 1.269 
12.0 0.987 0.963 1.1095 1.3535 445 1.339 
14.0 1.178 1.144 1.1291 1.3569 5.39 1414 
16.0 1.378 1.330 1.1490 1.3603 6.42 1.497 
18.0 1.588 1.523 1.1692 1.3637 7.55 1.594 
20.0 1.809 1.722 1.1898 1.3671 8.82 1.707 
24.0 2.285 2.139 1.2320 1.3739 11.96 1.978 
28.0 2.814 2.584 1.2755 1.3807 16.01 2.331 
32.0 3.405 3.057 1.3204 1.3874 21.46 2.834 
36.0 4.070 3.559 1.3665 1.3940 28.58 3.503 
40.0 4.824 4.093 1.4142 1.4006 37.55 4.360 
50.0 7.236 5.573 1.5404 1.4168 9.369 
Potassium 0.5 0.067 0.067 1.0014 1.3337 0.23 1.000 
chloride 1.0 0.135 0.135 1.0046 1.3343 0.46 0.999 
ка 2.0 0.274 0.271 1.0110 1.3357 0.92 0.999 
3.0 0.415 0.409 1.0174 1.3371 1.38 0.998 
4.0 0.559 0.549 1.0239 1.3384 1.85 0.997 
5.0 0.706 0.691 1.0304 1.3398 2.32 0.996 
6.0 0.856 0.835 1.0369 1.3411 2.80 0.994 
7.0 1.010 0.980 1.0434 1.3425 3.29 0.992 
8.0 1.166 1.127 1.0500 1.3438 3.80 0.990 
9.0 1.327 1.276 1.0566 1.3452 4.30 0.989 
10.0 1.490 1.426 1.0633 1.3466 4.81 0.988 
12.0 1.829 1.733 1.0768 1.3493 5.88 0.990 
14.0 2.184 2.048 1.0905 1.3521 0.994 
16.0 2.555 2.370 1.1043 1.3549 0.999 
18.0 2.944 2.701 1.1185 1.3577 1.004 
20.0 3.353 3.039 1.1328 1.3606 1.012 
22.0 3.783 3.386 1.1474 1.3635 1.024 
24.0 4.236 3.742 1.1623 1.3665 1.040 
Potassium 0.5 0.090 0.089 1.0025 1.3340 0.30 1.010 
hydroxide 1.0 0.180 0.179 1.0068 1.3350 0.61 1.019 
KOH 2.0 0.364 0.362 1.0155 1.3369 1.24 1.038 
3.0 0.551 0.548 1.0242 1.3388 1.89 1.058 
4.0 0.743 0.736 1.0330 1.3408 2.57 1.079 
5.0 0.938 0.929 1.0419 1.3427 3.36 1.102 
6.0 1.138 1.124 1.0509 1.3445 4.14 1.126 
7.0 1.342 1.322 1.0599 1.3464 4.92 1.151 
8.0 1.550 1.524 1.0690 1.3483 1.177 
9.0 1.763 1.729 1.0781 1.3502 1.205 
10.0 1.980 1.938 1.0873 1.3520 1.233 
12.0 2.431 2.365 1.1059 1.3558 1.294 
14.0 2.902 2.806 1.1246 1.3595 1.361 
16.0 3.395 3.261 1.1435 1.3632 1.436 


18.0 3.913 3.730 1.1626 1.3670 1.521 
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Solute Mass 96 m/mol Ке! cimol L^ p/g cm? n АРС n/mPas 
20.0 4.456 4.213 1.1818 1.3707 1.619 
22.0 5.027 4.711 1.2014 1.3744 1.732 
24.0 5.629 5.223 1.2210 1.3781 1.861 
26.0 6.262 5.750 1.2408 1.3818 2.006 
28.0 6.931 6.293 1.2609 1.3854 2.170 
30.0 7.639 6.851 1.2813 1.3889 2.357 
40.0 11.882 9.896 1.3881 1.4068 3.879 
50.0 17.824 13.389 1.5024 1.4247 7.892 
Potassium 0.5 0.030 0.030 1.0019 1.3337 0.11 0.999 
iodide 1.0 0.061 0.061 1.0056 1.3343 0.22 0.997 
KI 2.0 0.123 0.122 1.0131 1.3357 0.43 0.991 
3.0 0.186 0.184 1.0206 1.3370 0.64 0.986 
4.0 0.251 0.248 1.0282 1.3384 0.86 0.981 
5.0 0.317 0.312 1.0360 1.3397 1.08 0.976 
6.0 0.385 0.377 1.0438 1.3411 1.30 0.969 
7.0 0.453 0.443 1.0517 1.3425 1.53 0.963 
8.0 0.524 0.511 1.0598 1.3440 1.77 0.957 
9.0 0.596 0.579 1.0679 1.3454 2.01 0.951 
10.0 0.669 0.648 1.0762 1.3469 2.26 0.946 
12.0 0.821 0.790 1.0931 1.3498 2.77 0.937 
14.0 0.981 0.937 1.1105 1.3529 3.30 0.929 
16.0 1.147 1.088 1.1284 1.3560 3.87 0.921 
18.0 1.322 1.244 1.1469 1.3593 4.46 0.915 
20.0 1.506 1.405 1.1659 1.3626 5.09 0.910 
22.0 1.699 1.571 1.1856 1.3661 5.76 0.905 
24.0 1.902 1.744 1.2060 1.3696 6.46 0.901 
26.0 2.117 1.922 1.2270 1.3733 721 0.898 
28.0 2.343 2.106 1.2487 1.3771 8.01 0.895 
30.0 2.582 2.297 1.2712 1.3810 8.86 0.892 
32.0 2.835 2.495 1.2944 1.3851 9.76 0.891 
34.0 3.103 2.700 1.3185 1.3893 10.72 0.890 
36.0 3.388 2.913 1.3434 1.3936 11.73 0.890 
38.0 3.692 3.134 1.3692 1.3981 12.81 0.893 
40.0 4.016 3.364 1.3959 1.4027 13.97 0.897 
Potassium 0.5 0.050 0.050 1.0014 1.3335 0.17 0.999 
nitrate 1.0 0.100 0.099 1.0045 1.3339 0.33 0.996 
KNO, 2.0 0.202 0.200 1.0108 1.3349 0.64 0.990 
3.0 0.306 0.302 1.0171 1.3358 0.94 0.986 
4.0 0.412 0.405 1.0234 1.3368 1.22 0.983 
5.0 0.521 0.509 1.0298 1.3377 1.50 0.980 
6.0 0.631 0.615 1.0363 1.3386 1.76 0.977 
7.0 0.744 0.722 1.0428 1.3396 2.02 0.975 
8.0 0.860 0.830 1.0494 1.3405 2.27 0.973 
9.0 0.978 0.940 1.0560 1.3415 2.52 0.971 
10.0 1.099 1.051 1.0627 1.3425 2.75 0.970 
12.0 1.349 1.277 1.0762 1.3444 0.970 
14.0 1.610 1.509 1.0899 1.3463 0.972 
16.0 1.884 1.747 1.1039 1.3482 0.976 
18.0 2.171 1.991 1.1181 1.3502 0.982 
20.0 2.473 2.240 1.1326 1.3521 0.990 
22.0 2.790 2.497 1.1473 1.3541 0.999 
24.0 3.123 2.759 1.1623 1.3561 1.010 
Potassium 0.5 0.032 0.032 1.0017 0.11 1.001 
permanganate 1.0 0.064 0.064 1.0051 0.22 1.000 
KMnO, 1.5 0.096 0.096 1.0085 0.32 0.999 
2.0 0.129 0.128 1.0118 0.43 0.998 
3.0 0.196 0.193 1.0186 0.995 


4.0 0.264 0.260 1.0254 0.992 
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Solute Mass 96 m/mol Ко“! cimol L^ p/g cm? n АРС n/mPa s 
5.0 0.333 0.327 1.0322 0.989 
6.0 0.404 0.394 1.0390 0.985 
Potassium 0.5 0.029 0.029 1.0025 1.3338 0.13 1.013 
hydrogen 1.0 0.058 0.058 1.0068 1.3345 0.25 1.023 
phosphate 1.5 0.087 0.087 1.0110 1.3353 0.37 1.034 
К,НРО, 2.0 0.117 0.117 1.0153 1.3361 0.49 1.046 
2.5 0.147 0.146 1.0195 1.3368 0.61 1.057 
3.0 0.178 0.176 1.0238 1.3376 0.73 1.069 
3.5 0.208 0.207 1.0281 1.3384 0.86 1.081 
4.0 0.239 0.237 1.0324 1.3392 0.97 1.094 
4.5 0.271 0.268 1.0368 1.3399 1.10 1.107 
5.0 0.302 0.299 1.0412 1.3407 1.22 1.120 
6.0 0.366 0.362 1.0500 1.3422 1.46 1.147 
7.0 0.432 0.426 1.0590 1.3438 1.70 1.177 
8.0 0.499 0.491 1.0680 1.3453 1.95 1.209 
Potassium 0.5 0.037 0.037 1.0018 1.3336 0.13 1.010 
dihydrogen 1.0 0.074 0.074 1.0053 1.3342 0.25 1.019 
phosphate 1.5 0.112 0.111 1.0089 1.3348 0.37 1.028 
KH,PO, 2.0 0.150 0.149 1.0125 1.3354 0.49 1.038 
3.0 0.227 0.225 1.0197 1.3365 0.72 1.060 
4.0 0.306 0.302 1.0269 1.3377 0.96 1.083 
5.0 0.387 0.380 1.0342 1.3388 1.19 1.108 
6.0 0.469 0.459 1.0414 1.3400 141 1.133 
7.0 0.553 0.539 1.0486 1.3411 1.63 1.160 
8.0 0.639 0.621 1.0558 1.3422 1.84 1.187 
9.0 0.727 0.703 1.0630 1.3434 2.04 1.215 
10.0 0.816 0.786 1.0703 1.3445 2.23 1.245 
Potassium 0.5 0.029 0.029 1.0022 1.3336 0.14 1.006 
sulfate 1.0 0.058 0.058 1.0062 1.3343 0.26 1.011 
КО, 2.0 0.117 0.116 1.0143 1.3355 0.50 1.021 
3.0 0.177 0.176 1.0224 1.3368 0.73 1.033 
4.0 0.239 0.237 1.0306 1.3380 0.95 1.045 
5.0 0.302 0.298 1.0388 1.3393 117 1.058 
6.0 0.366 0.360 1.0470 1.3405 1.072 
7.0 0.432 0.424 1.0553 1.3417 1.087 
8.0 0.499 0.488 1.0637 1.3428 1.102 
9.0 0.568 0.554 1.0721 1.3440 1.117 
10.0 0.638 0.620 1.0806 1.3452 1.132 
1-Propanol 1.0 0.168 0.166 0.9963 1.3339 0.31 1.051 
CH,CH,CH,OH 2.0 0.340 0.331 0.9946 1.3348 0.61 1.100 
3.0 0.515 0.496 0.9928 1.3357 0.93 1.152 
4.0 0.693 0.660 0.9911 1.3366 1.24 1.208 
5.0 0.876 0.823 0.9896 1.3376 1.57 1.267 
6.0 1.062 0.987 0.9882 1.3385 1.91 1.325 
7.0 1.252 1.149 0.9868 1.3394 2.26 1.387 
8.0 1.447 1.312 0.9855 1.3404 2.61 1.449 
9.0 1.646 1.474 0.9842 1.3414 2.99 1.514 
10.0 1.849 1.635 0.9829 1.3423 3.36 1.577 
12.0 2.269 1.958 0.9804 1.3442 4.09 1.710 
14.0 2.709 2.278 0.9779 1.3460 4.91 1.849 
16.0 3.169 2.595 0.9749 1.3477 5.78 1.986 
18.0 3.652 2.911 0.9719 1.3494 6.67 2.106 
20.0 4.160 3.223 0.9686 1.3510 7.76 2.218 
24.0 5.254 3.838 0.9612 1.3539 9.12 2.432 
28.0 6.471 4.441 0.9533 1.3566 10.17 2.612 
32.0 7.830 5.033 0.9452 1.3592 10.66 2.765 


36.0 9.359 5.613 0.9370 1.3614 2.900 
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Solute Mass 96 m/mol kg! cimol L^ p/g cm? n АРС n/mPas 
40.0 11.093 6.182 0.9288 1.3635 3.010 
60.0 24.958 8.860 0.8875 1.3734 3.186 
80.0 66.556 11.275 0.8470 1.3812 2.822 
100.0 13.368 0.8034 1.3852 2.227 
2-Propanol 1.0 0.168 0.166 0.9960 1.3338 0.30 1.056 
CH,CHOHCH, 2.0 0.340 0.331 0.9939 1.3346 0.60 1.112 
3.0 0.515 0.495 0.9920 1.3355 0.93 1.166 
4.0 0.693 0.659 0.9902 1.3364 1.26 1.225 
5.0 0.876 0.822 0.9884 1.3373 1.61 1.287 
6.0 1.062 0.985 0.9871 1.3382 1.96 1.352 
7.0 1.252 1.148 0.9855 1.3392 2.32 1.417 
8.0 1.447 1.310 0.9843 1.3400 2.68 1.485 
9.0 1.646 1.472 0.9831 1.3410 3.06 1.553 
10.0 1.849 1.633 0.9816 1.3420 3.48 1.629 
12.0 2.269 1.955 0.9793 1.3439 4.43 1.794 
14.0 2.709 2.276 0.9772 1.3459 5.29 1.970 
16.0 3.169 2.596 0.9751 1.3478 6.36 2.160 
18.0 3.652 2.913 0.9725 1.3496 7.40 2.352 
20.0 4.160 3.227 0.9696 1.3514 8.52 2.550 
40.0 11.093 6.191 0.9302 1.3642 
60.0 24.958 8.809 0.8824 1.3717 
80.0 66.556 11.103 0.8341 1.3742 
100.0 13.058 0.7848 1.3776 
Silver 0.5 0.030 0.030 1.0027 1.3336 0.10 1.003 
nitrate 1.0 0.059 0.059 1.0070 1.3342 0.20 1.005 
AgNO, 2.0 0.120 0.120 1.0154 1.3352 0.40 1.009 
3.0 0.182 0.181 1.0239 1.3363 0.59 1.013 
4.0 0.245 0.243 1.0327 1.3374 0.78 1.016 
5.0 0.310 0.307 1.0417 1.3385 0.96 1.020 
6.0 0.376 0.371 1.0506 1.3396 1.15 1.024 
7.0 0.443 0.437 1.0597 1.3407 1.33 1.027 
8.0 0.512 0.503 1.0690 1.3419 1.51 1.031 
9.0 0.582 0.571 1.0785 1.3431 1.69 1.035 
10.0 0.654 0.641 1.0882 1.3443 1.87 1.039 
12.0 0.803 0.783 1.1079 1.3467 221 1.049 
14.0 0.958 0.930 1.1284 1.3493 2.55 1.060 
16.0 1.121 1.083 1.1496 1.3519 2.86 1.072 
18.0 1.292 1.241 1.1715 1.3546 1.086 
20.0 1472 1.406 1.1942 1.3574 1.101 
22.0 1.660 1.577 12177 1.3602 1.117 
24.0 1.859 1.755 1.2420 1.3632 1.135 
26.0 2.068 1.940 1.2672 1.3662 1.154 
28.0 2.289 2.132 1.2933 1.3694 1.176 
30.0 2.523 2.332 1.3204 1.3726 1.200 
32.0 2.770 2.541 1.3487 1.3760 1.227 
34.0 3.033 2.758 1.3780 1.3795 1.257 
36.0 3.311 2.985 1.4087 1.3832 1.290 
38.0 3.608 3.223 1.4407 1.3871 1.326 
40.0 3.925 3.472 1.4743 1.3911 1.366 
Sodium 0.5 0.061 0.061 1.0008 1.3337 0.22 1.021 
acetate 1.0 0.123 0.122 1.0034 1.3344 0.43 1.040 
CH,COONa 2.0 0.249 0.246 1.0085 1.3358 0.88 1.080 
3.0 0.377 0.371 1.0135 1.3372 1.34 1.124 
4.0 0.508 0.497 1.0184 1.3386 1.82 1171 
5.0 0.642 0.624 1.0234 1.3400 2.32 1222 
6.0 0.778 0.752 1.0283 1.3414 2.85 1.278 
7.0 0.918 0.882 1.0334 1.3428 3.40 1.337 


8.0 1.060 1.013 1.0386 1.3442 3.98 1.401 
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Solute Mass 96 m/mol Ке! cimol L^ p/g cm? n АРС n/mPa s 
9.0 1.206 1.145 1.0440 1.3456 4.57 1.468 
10.0 1.354 1.279 1.0495 1.3470 1.539 
12.0 1.662 1.552 1.0607 1.3498 1.688 
14.0 1.984 1.829 1.0718 1.3526 1.855 
16.0 2.322 2.112 1.0830 1.3554 2.054 
18.0 2.676 2.400 1.0940 1.3583 2.284 
20.0 3.047 2.694 1.1050 1.3611 2.567 
22.0 3.438 2.993 1.1159 1.3639 2.948 
24.0 3.849 3.297 1.1268 1.3666 3.400 
26.0 4.283 3.606 1.1377 1.3693 3.877 
28.0 4.741 3.921 1.1488 1.3720 4.388 
30.0 5.224 4.243 1.1602 1.3748 4.940 
Sodium 0.5 0.060 0.060 1.0018 1.3337 0.20 1.015 
bicarbonate 1.0 0.120 0.120 1.0054 1.3344 0.40 1.028 
NaHCO, 1.5 0.181 0.180 1.0089 1.3351 0.59 1.042 
2.0 0.243 0.241 1.0125 1.3357 0.78 1.057 
2.5 0.305 0.302 1.0160 1.3364 0.98 1.071 
3.0 0.368 0.364 1.0196 1.3370 1.16 1.086 
3.5 0.432 0.426 1.0231 1.3377 1.35 1.102 
4.0 0.496 0.489 1.0266 1.3383 1.54 1.118 
4.5 0.561 0.552 1.0301 1.3390 1.72 1.134 
5.0 0.627 0.615 1.0337 1.3396 1.90 1.151 
5.5 0.693 0.679 1.0372 1.3403 2.08 1.168 
6.0 0.760 0.743 1.0408 1.3409 2.26 1.185 
Sodium 0.5 0.049 0.049 1.0021 1.3337 0.17 1.004 
bromide 1.0 0.098 0.098 1.0060 1.3344 0.34 1.007 
NaBr 2.0 0.198 0.197 1.0139 1.3358 0.69 1.012 
3.0 0.301 0.298 1.0218 1.3372 1.04 1.017 
4.0 0.405 0.400 1.0298 1.3386 1.39 1.022 
5.0 0.512 0.504 1.0380 1.3401 1.76 1.028 
6.0 0.620 0.610 1.0462 1.3415 2.14 1.034 
7.0 0.732 0.717 1.0546 1.3430 2.53 1.040 
8.0 0.845 0.826 1.0630 1.3445 2.93 1.046 
9.0 0.961 0.937 1.0716 1.3460 3.34 1.053 
10.0 1.080 1.050 1.0803 1.3475 3.77 1.060 
12.0 1.325 1.281 1.0981 1.3506 4.67 1.077 
14.0 1.582 1.519 1.1164 1.3538 5.65 1.096 
16.0 1.851 1.765 1.1352 1.3570 6.74 1.119 
18.0 2.133 2.020 1.1546 1.3604 1.144 
20.0 2.430 2.283 1.1745 1.3638 1.174 
22.0 2.741 2.555 1.1951 1.3673 1.207 
24.0 3.069 2.837 1.2163 1.3708 1.244 
26.0 3.415 3.129 1.2382 1.3745 1.287 
28.0 3.780 3.431 1.2608 1.3783 1.336 
30.0 4.165 3.744 1.2842 1.3822 1.395 
32.0 4.574 4.069 1.3083 1.3862 1.465 
34.0 5.007 4.406 1.3333 1.3903 1.546 
36.0 5.467 4.755 1.3592 1.3946 1.639 
38.0 5.957 5.119 1.3860 1.3990 1.745 
40.0 6.479 5.496 1.4138 1.4035 1.866 
Sodium 0.5 0.047 0.047 1.0034 1.3341 0.22 1.025 
carbonate 1.0 0.095 0.095 1.0086 1.3352 0.43 1.049 
Ма,СО, 2.0 0.193 0.192 1.0190 1.3375 0.75 1.102 
3.0 0.292 0.291 1.0294 1.3397 1.08 1.159 
40 0.393 0.392 1.0398 1.3419 142 1.222 
5.0 0.497 0.495 1.0502 1.3440 177 1.292 
6.0 0.602 0.600 1.0606 1.3462 2.13 1.367 


7.0 0.710 0.707 1.0711 1.3483 1.448 
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Solute Mass 96 m/mol kg"! cimol L^ p/g cm? n АРС n/mPa s 
8.0 0.820 0.816 1.0816 1.3504 1.538 
9.0 0.933 0.927 1.0922 1.3525 1.638 
10.0 1.048 1.041 1.1029 1.3547 1.754 
11.0 1.166 1.156 1.1136 1.3568 1.884 
12.0 1.287 1.273 1.1244 1.3589 2.028 
13.0 1.410 1.392 1.1353 1.3610 2.186 
14.0 1.536 1.514 1.1463 1.3631 2.361 
15.0 1.665 1.638 1.1574 1.3652 2.551 
Sodium 0.5 0.086 0.086 1.0018 1.3339 0.30 1.011 
chloride 1.0 0.173 0.172 1.0053 1.3347 0.59 1.020 
NaCl 2.0 0.349 0.346 1.0125 1.3365 1.19 1.036 
3.0 0.529 0.523 1.0196 1.3383 1.79 1.052 
4.0 0.713 0.703 1.0268 1.3400 2.41 1.068 
5.0 0.901 0.885 1.0340 1.3418 3.05 1.085 
6.0 1.092 1.069 1.0413 1.3435 3.70 1.104 
7.0 1.288 1.256 1.0486 1.3453 4.38 1.124 
8.0 1.488 1.445 1.0559 1.3470 5.08 1.145 
9.0 1.692 1.637 1.0633 1.3488 5.81 1.168 
10.0 1.901 1.832 1.0707 1.3505 6.56 1.193 
12.0 2.333 2.229 1.0857 1.3541 8.18 1.250 
14.0 2.785 2.637 1.1008 1.3576 9.94. 1.317 
16.0 3.259 3.056 1.1162 1.3612 11.89 1.388 
18.0 3.756 3.486 1.1319 1.3648 14.04 1.463 
20.0 4.278 3.928 1.1478 1.3684 16.46 1.557 
22.0 4.826 4.382 1.1640 1.3721 19.18 1.676 
24.0 5.403 4847 1.1804 1.3757 1.821 
26.0 6.012 5.326 1.1972 1.3795 1.990 
Sodium 1.0 0.039 0.039 1.0049 1.3348 0.20 1.043 
citrate 2.0 0.079 0.078 1.0120 1.3366 0.39 1.081 
(HO)C(COONa), 3.0 0.120 0.118 1.0186 1.3383 0.59 1.122 
4.0 0.161 0.159 1.0260 1.3401 0.79 1.166 
5.0 0.204. 0.200 1.0331 1.3419 0.97 1.210 
6.0 0.247 0.242 1.0405 1.3437 1.17 1.263 
7.0 0.292 0.284 1.0482 1.3455 1.36 1.314 
8.0 0.337 0.327 1.0557 1.3473 1.57 1.371 
9.0 0.383 0.371 1.0632 1.3491 1.77 1.427 
10.0 0.431 0.415 1.0708 1.3509 1.96 1.499 
12.0 0.528 0.505 1.0861 1.3546 2.38 1.649 
14.0 0.631 0.598 1.1019 1.3583 2.82 1.832 
16.0 0.738 0.693 1.1173 1.3618 3.27 2.045 
18.0 0.851 0.790 1.1327 1.3656 3.82 2.290 
20.0 0.969 0.891 1.1492 1.3693 4.39 2.596 
24.0 1.224 1.099 1.1813 1.3767 3.409 
28.0 1.507 1.318 1.2151 1.3845 4.586 
32.0 1.823 1.548 1.2487 1.3923 6.541 
36.0 2.180 1.792 1.2843 1.4001 9.788 
Sodium 0.5 0.126 0.125 1.0039 1.3344 0.43 1.027 
hydroxide 1.0 0.253 0.252 1.0095 1.3358 0.86 1.054 
NaOH 2.0 0.510 0.510 1.0207 1.3386 1.74 1.112 
3.0 0.773 0.774 1.0318 1.3414 2.64 1.176 
4.0 1.042 1.043 1.0428 1.3441 3.59 1.248 
5.0 1.316 1.317 1.0538 1.3467 4.57 1.329 
6.0 1.596 1.597 1.0648 1.3494 5.60 1.416 
7.0 1.882 1.883 1.0758 1.3520 6.69 1.510 
8.0 2.174 2.174 1.0869 1.3546 7.87 1.616 
9.0 2.473 2.470 1.0979 1.3572 9.12 1.737 
10.0 2.778 2.772 1.1089 1.3597 10.47 1.882 


12.0 3.409 3.393 1.1309 1.3648 13.42 2.201 
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Solute Mass 96 m/mol Ке! cimol L^ p/g cm? n АРС n/mPa s 
14.0 4.070 4.036 1.1530 1.3697 16.76 2.568 
15.0 4.412 4.365 1.1640 1.3722 2.789 
16.0 4.762 4.701 1.1751 1.3746 3.043 
18.0 5.488 5.387 1.1971 1.3793 3.698 
20.0 6.250 6.096 1.2192 1.3840 4.619 
22.0 7.052 6.827 1.2412 1.3885 5.765 
24.0 7.895 7.579 1.2631 1.3929 7.100 
26.0 8.784 8.352 1.2848 1.3971 8.744 
28.0 9.723 9.145 1.3064 1.4012 10.832 
30.0 10.715 9.958 1.3277 1.4051 13.517 
32.0 11.766 10.791 1.3488 1.4088 16.844 
34.0 12.880 11.643 1.3697 1.4123 20.751 
36.0 14.064 12.512 1.3901 1.4156 25.290 
38.0 15.324 13.398 1.4102 1.4186 30.461 
40.0 16.668 14.300 1.4299 1.4215 36.312 
Sodium 0.5 0.059 0.059 1.0016 1.3336 0.20 1.004 
nitrate 1.0 0.119 0.118 1.0050 1.3341 0.40 1.007 
NaNO, 2.0 0.240 0.238 1.0117 1.3353 0.79 1.012 
3.0 0.364 0.359 1.0185 1.3364 1.18 1.018 
4.0 0.490 0.483 1.0254 1.3375 1.56 1.025 
5.0 0.619 0.607 1.0322 1.3387 1.94 1.032 
6.0 0.751 0.734 1.0392 1.3398 2.32 1.040 
7.0 0.886 0.862 1.0462 1.3409 2.70 1.049 
8.0 1.023 0.991 1.0532 1.3421 3.08 1.059 
9.0 1.164 1.123 1.0603 1.3432 346 1.069 
10.0 1.307 1.256 1.0674 1.3443 3.84 1.081 
12.0 1.604 1.527 1.0819 1.3466 4.60 1.107 
14.0 1.915 1.806 1.0967 1.3489 5.37 1.138 
18.0 2.583 2.387 1.1272 1.3536 6.98 1.215 
20.0 2.941 2.689 1.1429 1.3559 7.81 1.263 
30.0 5.042 4.326 1.2256 1.3678 1.609 
40.0 7.844 6.200 1.3175 1.3802 2.226 
Sodium 0.5 0.031 0.031 1.0042 1.3343 0.19 1.033 
phosphate 1.0 0.062 0.062 1.0100 1.3356 0.37 1.064 
Ма,РО, 1.5 0.093 0.093 1.0158 1.3369 0.53 1.094 
2.0 0.124 0.125 1.0216 1.3381 0.67 1.126 
2.5 0.156 0.157 1.0275 1.3394 0.79 1.161 
3.0 0.189 0.189 1.0335 1.3406 1.198 
3.5 0.221 0.222 1.0395 1.3419 1.238 
4.0 0.254 0.255 1.0456 1.3432 1.281 
4.5 0.287 0.289 1.0517 1.3444 1.327 
5.0 0.321 0.323 1.0579 1.3457 1.375 
5.5 0.355 0.357 1.0642 1.3470 1.426 
6.0 0.389 0.392 1.0705 1.3482 1.480 
6.5 0.424 0.427 1.0768 1.3495 1.538 
7.0 0.459 0.462 1.0832 1.3507 1.598 
7.5 0.495 0.498 1.0896 1.3519 1.662 
8.0 0.530 0.535 1.0961 1.3532 1.729 
Sodium hydrogen 0.5 0.035 0.035 1.0032 1.3340 0.17 1.021 
phosphate 1.0 0.071 0.071 1.0082 1.3349 0.32 1.042 
Na,HPO, 1.5 0.107 0.107 1.0131 1.3358 0.46 1.064 
2.0 0.144 0.143 1.0180 1.3368 1.088 
2.5 0.181 0.180 1.0229 1.3377 1.113 
3.0 0.218 0.217 1.0279 1.3386 1.138 
3.5 0.255 0.255 1.0328 1.3396 1.165 
4.0 0.293 0.292 1.0378 1.3405 1.193 
4.5 0.332 0.331 1.0428 1.3414 1.223 


5.0 0.371 0.369 1.0478 1.3424 1.254 
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Solute Mass 96 m/mol Ка“! cimol L^! p/g cm? n АРС n/mPa s 
5.5 0.410 0.408 1.0528 1.3433 1.286 
Sodium 0.5 0.042 0.042 1.0019 1.3336 0.14 1.018 
dihydrogen 1.0 0.084 0.084 1.0056 1.3343 0.28 1.035 
phosphate 1.5 0.127 0.126 1.0094 1.3349 0.42 1.051 
NaH,PO, 2.0 0.170 0.169 1.0131 1.3356 0.56 1.068 
2.5 0.214 0.212 1.0168 1.3362 0.70 1.085 
3.0 0.258 0.255 1.0206 1.3369 0.84 1.103 
3.5 0.302 0.299 1.0244 1.3375 0.98 1.121 
4.0 0.347 0.343 1.0281 1.3382 1.12 1.140 
4.5 0.393 0.387 1.0319 1.3388 1.25 1.160 
5.0 0.439 0.432 1.0358 1.3395 1.39 1.180 
6.0 0.532 0.522 1.0434 1.3408 1.65 1.223 
7.0 0.627 0.613 1.0511 1.3421 1.89 1.270 
8.0 0.725 0.706 1.0589 1.3434 2.12 1.319 
9.0 0.824 0.800 1.0668 1.3447 2.35 1.371 
10.0 0.926 0.896 1.0747 1.3460 2.58 1428 
12.0 1.137 1.091 1.0907 1.3486 3.06 1.552 
14.0 1.357 1.292 1.1070 1.3512 3.53 1.694 
16.0 1.588 1.499 1.1236 1.3538 4.03 1.861 
18.0 1.830 1.711 1.1404 1.3565 4.55 2.050 
20.0 2.084 1.930 1.1576 1.3592 5.10 2.283 
22.0 2.351 2.155 1.1752 1.3618 2.550 
24.0 2.632 2.387 1.1931 1.3646 2.850 
26.0 2.929 2.625 1.2113 1.3673 3214 
28.0 3.242 2.870 1.2299 1.3700 3.682 
30.0 3.572 3.123 1.2488 1.3728 4.300 
32.0 3.923 3.383 1.2682 1.3756 5.079 
34.0 4.294 3.650 1.2879 1.3784 6.008 
36.0 4.689 3.925 1.3080 1.3812 7.098 
38.0 5.109 4.208 1.3285 1.3840 8.363 
40.0 5.557 4.499 1.3493 1.3869 9.814 
Sodium 0.5 0.035 0.035 1.0027 1.3338 0.17 1.013 
sulfate 1.0 0.071 0.071 1.0071 1.3345 0.32 1.026 
Ма,50, 2.0 0.144 0.143 1.0161 1.3360 0.61 1.058 
3.0 0.218 0.217 1.0252 1.3376 0.87 1.091 
4.0 0.293 0.291 1.0343 1.3391 113 1.126 
5.0 0.371 0.367 1.0436 1.3406 1.36 1.163 
6.0 0.449 0.445 1.0526 1.3420 1.56 1.202 
7.0 0.530 0.523 1.0619 1.3435 1.244 
8.0 0.612 0.603 1.0713 1.3449 1.289 
9.0 0.696 0.685 1.0808 1.3464 1.337 
10.0 0.782 0.768 1.0905 1.3479 1.390 
12.0 0.960 0.938 1.1101 1.3509 1.508 
14.0 1.146 1.114 1.1301 1.3539 1.646 
16.0 1.341 1.296 1.1503 1.3567 1.812 
18.0 1.545 1.483 1.1705 1.3595 2.005 
20.0 1.760 1.677 1.1907 1.3620 2.227 
22.0 1.986 1.875 1.2106 1.3643 2.481 
Sodium 0.5 0.032 0.032 1.0024 1.3340 0.14 1.012 
thiosulfate 1.0 0.064 0.064 1.0065 1.3351 0.28 1.023 
Ма,5,О, 2.0 0.129 0.128 1.0148 1.3371 0.57 1.044 
3.0 0.196 0.194 1.0231 1.3392 0.84 1.066 
40 0.264 0.261 1.0315 1.3413 1.09 1.090 
5.0 0.333 0.329 1.0399 1.3434 1.34 1.115 
6.0 0.404 0.398 1.0483 1.3454 1.59 1.141 
7.0 0.476 0.468 1.0568 1.3475 1.83 1.169 
8.0 0.550 0.539 1.0654 1.3496 2.06 1.199 


9.0 0.626 0.611 1.0740 1.3517 2.30 1.231 
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Solute Mass 96 m/mol Ке! cimol L^ p/g cm? n АРС n/mPa s 
10.0 0.703 0.685 1.0827 1.3538 2.55 1.267 
12.0 0.862 0.835 1.1003 1.3581 3.06 1.345 
14.0 1.030 0.990 1.1182 1.3624 3.60 1.435 
16.0 1.205 1.150 1.1365 1.3667 4.17 1.537 
18.0 1.388 1.315 1.1551 1.3711 4.76 1.657 
20.0 1.581 1.485 1.1740 1.3756 5.37 1.798 
30.0 2.711 2.417 1.2739 1.3987 2.903 
40.0 4.216 3.498 1.3827 1.4229 5.758 
Strontium 0.5 0.032 0.032 1.0027 1.3339 0.16 1.012 
chloride 1.0 0.064 0.064 1.0071 1.3348 0.31 1.021 
SrCl, 2.0 0.129 0.128 1.0161 1.3366 0.62 1.039 
3.0 0.195 0.194 1.0252 1.3384 0.93 1.057 
4.0 0.263 0.261 1.0344 1.3402 1.26 1.076 
5.0 0.332 0.329 1.0437 1.3421 1.61 1.096 
6.0 0.403 0.399 1.0532 1.3440 1.98 1.116 
7.0 0.475 0.469 1.0628 1.3459 2.38 1.136 
8.0 0.549 0.541 1.0726 1.3478 2.80 1.157 
9.0 0.624 0.615 1.0825 1.3498 3.25 1.180 
10.0 0.701 0.689 1.0925 1.3518 3.74 1.204 
12.0 0.860 0.843 1.1131 1.3558 4.81 1.258 
14.0 1.027 1.002 1.1342 1.3599 6.03 1.317 
16.0 1.202 1.167 1.1558 1.3641 741 1.383 
18.0 1.385 1.338 1.1780 1.3684 8.98 1.460 
20.0 1.577 1.515 1.2008 1.3728 10.74 1.549 
22.0 1779 1.699 1.2241 1.3772 1274 1.650 
24.0 1.992 1.890 1.2481 1.3817 14.99 1.765 
26.0 2.216 2.087 1.2728 1.3864 1.897 
28.0 2.453 2.293 1.2983 1.3911 2.056 
30.0 2.703 2.507 1.3248 1.3961 2.245 
32.0 2.968 2.730 1.3523 1.4013 2.527 
34.0 3.250 2.962 1.3811 1.4067 2.846 
36.0 3.548 3.205 14114 1.4124 3.206 
Sucrose 0.5 0.015 0.015 1.0002 1.3337 0.03 1.015 
C,H,O, 10 0.030 0.029 1.0021 1.3344 0.06 1.028 
2.0 0.060 0.059 1.0060 1.3359 0.11 1.055 
3.0 0.090 0.089 1.0099 1.3373 0.17 1.084 
4.0 0.122 0.118 1.0139 1.3388 0.23 1.114 
5.0 0.154 0.149 1.0178 1.3403 0.29 1.146 
6.0 0.186 0.179 1.0218 1.3418 0.35 1.179 
7.0 0.220 0.210 1.0259 1.3433 0.42 1.215 
8.0 0.254 0.241 1.0299 1.3448 0.49 1.254 
9.0 0.289 0.272 1.0340 1.3463 0.55 1.294 
10.0 0.325 0.303 1.0381 1.3478 0.63 1.336 
12.0 0.398 0.367 1.0465 1.3509 0.77 1.429 
14.0 0.476 0.431 1.0549 1.3541 0.93 1.534 
16.0 0.556 0.497 1.0635 1.3573 1.10 1.653 
18.0 0.641 0.564 1.0722 1.3606 1.27 1.790 
20.0 0.730 0.632 1.0810 1.3639 1.47 1.945 
22.0 0.824 0.700 1.0899 1.3672 1.67 2.124 
24.0 0.923 0.771 1.0990 1.3706 1.89 2.331 
26.0 1.026 0.842 1.1082 1.3741 2.12 2.573 
28.0 1.136 0.914 1.1175 1.3776 2.37 2.855 
30.0 1.252 0.988 1.1270 1.3812 2.64 3.187 
32.0 1.375 1.063 1.1366 1.3848 2.94. 3.762 
34.0 1.505 1.139 1.1464 1.3885 3.27 4.052 
36.0 1.643 1.216 1.1562 1.3922 3.63 4.621 
38.0 1.791 1.295 1.1663 1.3960 4.02 5.315 
40.0 1.948 1.375 1.1765 1.3999 4.45 6.162 


42.0 2.116 1.456 1.1868 1.4038 4.93 7.234 
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Solute 


Sulfuric acid 
H,SO, 


Trichloroacetic 
acid 
CCI,COOH 


Mass 96 


44.0 
46.0 
48.0 
50.0 
60.0 
70.0 
80.0 


0.5 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 
10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 
42.0 
44.0 
46.0 
48.0 
50.0 
52.0 
54.0 
56.0 
58.0 
60.0 
70.0 
80.0 
90.0 
92.0 
94.0 
96.0 
98.0 
100.0 


0.5 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 


m/mol Ка“! 


2.295 
2.489 
2.697 
2.921 
4.382 
6.817 
11.686 


0.051 
0.103 
0.208 
0.315 
0.425 
0.537 
0.651 
0.767 
0.887 
1.008 
1.133 
1.390 
1.660 
1.942 
2.238 
2.549 
2.876 
3.220 
3.582 
3.965 
4.370 
4.798 
5.252 
5.735 
6.249 
6.797 
7.383 
8.011 
8.685 
9.411 
10.196 
11.045 
11.969 
12.976 
14.080 
15.294 
23.790 
40.783 
91.762 
117.251 
159.734 
244.698 
499.592 


0.031 
0.062 
0.125 
0.189 
0.255 
0.322 
0.391 
0.461 


c/mol L^ 


1.539 
1.623 
1.709 
1.796 
2.255 
2.755 
3.299 


0.051 
0.102 
0.206 
0.311 
0.418 
0.526 
0.635 
0.746 
0.858 
0.972 
1.087 
1.322 
1.563 
1.810 
2.064 
2.324 
2.592 
2.866 
3.147 
3.435 
3.729 
4.030 
4.339 
4.656 
4.981 
5.313 
5.655 
6.005 
6.364 
6.734 
7.113 
7.502 
7.901 
8.312 
8.734 
9.168 
11.494 
14.088 
16.649 
17.109 
17.550 
17.966 
18.346 
18.663 


0.031 
0.061 
0.123 
0.186 
0.249 
0.313 
0.377 
0.442 


p/g cm? 
1.1972 
1.2079 
1.2186 
1.2295 
1.2864 
1.3472 
14117 


1.0016 
1.0049 
1.0116 
1.0183 
1.0250 
1.0318 
1.0385 
1.0453 
1.0522 
1.0591 
1.0661 
1.0802 
1.0947 
1.1094 
1.1245 
1.1398 
1.1554 
1.1714 
1.1872 
1.2031 
1.2191 
1.2353 
1.2518 
1.2685 
1.2855 
1.3028 
1.3205 
1.3386 
1.3570 
1.3759 
1.3952 
1.4149 
1.4351 
1.4558 
1.4770 
1.4987 
1.6105 
1.7272 
1.8144 
1.8240 
1.8312 
1.8355 
1.8361 
1.8305 


1.0008 
1.0034 
1.0083 
1.0133 
1.0182 
1.0230 
1.0279 
1.0328 


1.3337 
1.3343 
1.3356 
1.3369 
1.3381 
1.3394 
1.3406 
1.3418 


АРС 


0.21 
0.42 
0.80 
1.17 
1.60 
2.05 
2.50 
2.95 
3.49 
4.08 
4.64 
5.93 
7.49 
9.26 
11.29 
13.64 
16.48 
19.85 
24.29 
29.65 
36.21 
44.76 
55.28 


0.11 
0.21 
0.42 
0.64 
0.86 
1.08 
1.30 
1.53 


n/mPa s 
8.596 
10.301 
12.515 
15.431 
58.487 

481.561 


1.010 
1.019 
1.036 
1.059 
1.085 
1.112 
1.136 
1.159 
1.182 
1.206 
1.230 
1.282 
1.337 
1.399 
1.470 
1.546 
1.624 
1.706 
1.797 
1.894 
2.001 
2.122 
2.255 
2.392 
2.533 
2.690 
2.872 
3.073 
3.299 
3.546 
3.826 
4.142 
4.499 
4.906 
5.354 
5.917 


1.011 
1.021 
1.044 
1.069 
1.096 
1.123 
1.150 
1.177 


8-75 
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Solute Mass 96 m/mol Ка“! cimol L^ p/g cm? n АРС n/mPa s 
8.0 0.532 0.508 1.0378 1.3431 1.76 1.204 
9.0 0.605 0.574 1.0428 1.3444 1.99 1.233 
10.0 0.680 0.641 1.0479 1.3456 2.23 1.263 
12.0 0.835 0.777 1.0583 1.3483 2.73 1.326 
14.0 0.996 0.916 1.0692 1.3510 3.26 1.393 
16.0 1.166 1.058 1.0806 1.3539 3.82 1.462 
18.0 1.343 1.203 1.0921 1.3568 1.533 
20.0 1.530 1.351 1.1035 1.3597 1.608 
24.0 1.933 1.654 1.1260 1.3652 1.768 
28.0 2.380 1.968 1.1485 1.3705 1.935 
32.0 2.880 2.294 1.1713 1.3759 2.118 
36.0 3.443 2.632 1.1947 1.3813 2.320 
40.0 4.080 2.984 1.2188 1.3868 1.543 
44.0 4.809 3.349 1.2435 1.3923 2.797 
48.0 5.650 3.726 1.2682 1.3977 3.076 
Tris 0.5 0.041 0.041 0.9994 1.3337 0.08 1.014 
(hydroxymethyl)- 1.0 0.083 0.083 1.0006 1.3344 0.16 1.027 
methylamine 2.0 0.168 0.166 1.0030 1.3359 0.31 1.054 
H,NC(CH,OH), 3.0 0.255 0.249 1.0054 1.3374 0.47 1.083 
4.0 0.344 0.333 1.0078 1.3388 0.64 1.115 
5.0 0.434 0.417 1.0103 1.3403 0.80 1.148 
6.0 0.527 0.502 1.0128 1.3418 0.97 1.182 
7.0 0.621 0.587 1.0153 1.3433 1.15 1.218 
8.0 0.718 0.672 1.0179 1.3448 1.33 1.256 
9.0 0.816 0.758 1.0204 1.3463 1.51 1.295 
10.0 0.917 0.844 1.0230 1.3478 1.70 1.337 
12.0 1.126 1.019 1.0282 1.3508 2.08 1.427 
14.0 1.344 1.194 1.0335 1.3539 2.47 1.527 
16.0 1.572 1.372 1.0389 1.3570 2.90 1.642 
18.0 1.812 1.552 1.0443 1.3601 3.36 1.772 
20.0 2.064 1.733 1.0498 1.3633 3.85 1.920 
30.0 3.538 2.670 1.0781 1.3797 2.998 
40.0 5.503 3.657 1.1076 1.3970 5.208 
Urea 0.5 0.084 0.083 0.9995 1.3337 0.16 1.007 
(NH,),CO 1.0 0.168 0.167 1.0007 1.3344 0.31 1.010 
2.0 0.340 0.334 1.0033 1.3358 0.62 1.012 
3.0 0.515 0.502 1.0058 1.3372 0.93 1.017 
40 0.694 0.672 1.0085 1.3387 1.24 1.025 
5.0 0.876 0.842 1.0111 1.3401 1.55 1.033 
6.0 1.063 1.013 1.0138 1.3416 1.88 1.041 
7.0 1.253 1.185 1.0165 1.3431 2.22 1.049 
8.0 1448 1.358 1.0192 1.3446 2.56 1.057 
9.0 1.647 1.531 1.0220 1.3461 2.91 1.065 
10.0 1.850 1.706 1.0248 1.3476 3.26 1.074 
12.0 2.270 2.059 1.0304 1.3506 3.95 1.091 
14.0 2.710 2.415 1.0360 1.3537 4.66 1.109 
16.0 3.171 2.775 1.0417 1.3568 5.40 1.130 
18.0 3.655 3.139 1.0473 1.3599 6.19 1.153 
20.0 4.163 3.506 1.0530 1.3629 7.00 1.178 
22.0 4.696 3.878 1.0586 1.3661 7.81 1.205 
24.0 5.258 4.253 1.0643 1.3692 8.64 1.235 
26.0 5.850 4.632 1.0699 1.3723 9.52 1.266 
28.0 6.475 5.014 1.0756 1.3754 10.45 1.298 
30.0 7.136 5.401 1.0812 1.3785 11.40 1.332 
32.0 7.835 5.791 1.0869 1.3817 12.34 1.371 
34.0 8.577 6.185 1.0926 1.3848 13.27 1.413 
36.0 9.366 6.584 1.0984 1.3881 14.20 1.459 
38.0 10.205 6.988 1.1044 1.3913 15.11 1.509 


40.0 11.100 7.397 1.1106 1.3947 15.99 1.565 
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Solute Mass 96 m/mol Ке! cimol L^ p/g cm? n АРС n/mPa s 
42.0 12.057 7.812 1.1171 1.3982 16.83 1.629 
44.0 13.082 8.234 1.1239 1.4018 17.62 1.700 
46.0 14.183 8.665 1.1313 1.4056 1.780 
Zinc sulfate 0.5 0.031 0.031 1.0034 1.3339 0.08 1.021 
ZnSO, 1.0 0.063 0.062 1.0085 1.3348 0.15 1.040 
2.0 0.126 0.126 1.0190 1.3366 0.28 1.081 
3.0 0.192 0.191 1.0296 1.3384 0.41 1.126 
4.0 0.258 0.258 1.0403 1.3403 0.53 1.175 
5.0 0.326 0.326 1.0511 1.3421 0.65 1.227 
6.0 0.395 0.395 1.0620 1.3439 0.77 1.283 
7.0 0.466 0.465 1.0730 1.3457 0.89 1.341 
8.0 0.539 0.537 1.0842 1.3475 1.01 1.403 
9.0 0.613 0.611 1.0956 1.3494 1.14 1.470 
10.0 0.688 0.686 1.1071 1.3513 1.27 1.545 
12.0 0.845 0.840 1.1308 1.3551 1.55 1.716 
14.0 1.008 1.002 1.1553 1.3590 1.89 1.918 


16.0 1.180 1.170 1.1806 1.3630 2.31 2.152 


Saturated vapor 


Saturated vapor 


Pressure 
(bars) 


250 

500 

750 
1,000 
1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 


Pressure 
(bars) 


250 

500 

750 
1,000 
1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 


ION PRODUCT OF WATER SUBSTANCE 


William L. Marshall and E. U. Franck 


Temperature (°С) 

0 25 50 75 100 150 200 250 300 
14.938 13.995 13.275 12.712 12.265 11.638 11.289 11.191 11.406 
14.83 13.90 13.19 12.63 12.18 11.54 11.16 11.01 11.14 
14.72 13.82 13.11 12.55 12.10 11.45 11.05 10.85 10.86 
14.62 13.73 13.04 12.48 12.03 11.36 10.95 10.72 10.66 
14.53 13.66 12.96 12.41 11.96 11.29 10.86 10.60 10.50 
14.34 13.53 12.85 12.29 11.84 11.16 10.71 10.43 10.26 
14.21 13.40 12.73 12.18 11.72 11.04 10.57 10.27 10.08 
14.08 13.28 12.62 12.07 11.61 10.92 10.45 10.12 9.91 
13.97 13.18 12.53 11.98 11.53 10.83 10.34 9.99 9.76 
13.87 13.09 12.44 11.90 11.44 10.74 10.24 9.88 9.63 
13.77 13.00 12.35 11.82 11.37 10.66 10.16 9.79 9.52 
13.60 12.83 12.19 11.66 11.22 10.52 10.00 9.62 9.34 
13.44 12.68 12.05 11.53 11.09 10.39 9.87 9.48 9.18 
13.31 12.55 11.93 11.41 10.97 10.27 9.75 9.35 9.04 
13.18 12.43 11.82 11.30 10.86 10.17 9.64 9.24 8.93 
13.04 12.31 11.71 11.20 10.77 10.07 9.54 9.13 8.82 
12.91 12.21 11.62 11.11 10.68 9.98 9.45 9.04 8.71 

Temperature (°С) 

350 400 450 500 600 700 800 900 1000 
12.30 — — — — — — — — 

11.77 19.43 21.59 22.40 23.27 23.81 24.23 24.59 24.93 
11.14 11.88 13.74 16.13 18.30 19.29 19.92 20.39 20.80 
10.79 11.17 11.89 13.01 15.25 16.55 17.35 17.93 18.39 
10.54 10.77 11.19 11.81 13.40 14.70 15.58 16.22 16.72 
10.22 10.29 10.48 10.77 11.59 12.50 13.30 13.97 14.50 
9.98 9.98 10.07 10.23 10.73 11.36 11.98 12.54 12.97 
9.79 9.74 9.77 9.86 10.18 10.63 11.11 11.59 12.02 
9.61 9.54 9.53 9.57 9.78 10.11 10.49 10.89 11.24 
9.47 9.37 9.33 9.34 9.48 9.71 10.02 10.35 10.62 
9.34 9.22 9.16 9.15 9.23 9.41 9.65 9.93 10.13 
9.13 8.99 8.90 8.85 8.85 8.95 9.11 9.30 9.42 
8.96 8.80 8.69 8.62 8.57 8.61 8.72 8.86 8.97 
8.81 8.64 8.51 8.42 8.34 8.34 8.40 8.51 8.64 
8.68 8.50 8.36 8.25 8.13 8.10 8.13 8.21 8.38 
8.57 8.37 8.22 8.10 7.95 7.89 7.89 7.95 8.12 
8.46 8.25 8.09 7.96 7.78 7.70 7.68 7.70 7.85 


Data іп this table were calculated from the equation, log, K * = А + B/T + C/T’ + D/T? + (E + F/T + G/T’) log, p>, where K * = K (то! kg 7), and p * = 
p,/(g ст“). The parameters are: 


А = —4.098 


B = -3245.2 К 
С = +2.2362 x 10° K? 
D = -3.984 x 107 K? 


E = +13.957 
F = 1262.3 K 
G = +8.5641 x 10° K? 


Reprinted with permission from W. L. Marshall and E. U. Franck, J. Phys. Chem. Ref. Data, 10, 295, 1981. 
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IONIZATION CONSTANT OF NORMAL AND HEAVY WATER 


This table gives the ionization constant in molality terms for References 
НО and Р.О at temperatures from 0 to 100°C at the saturated 
vapor pressure. The quantity tabulated is -log Ky, where К isde- 1. Marshall W. L., and Franck, E. U., J. Phys. Chem. Ref. Data, 10, 295, 


fined by 1981, 
2. Mesmer В. E., and Herting, D. L., J. Solution Chem., 7, 901, 1978. 


Ку = т,хт_ 


and m, and т аге the тоја ез, in mol/kg of water, Юг H* and 
ОНУ, respectively. 


-log Ку 
РС H,O D,O 
0 14.938 15.972 
5 14.727 15.743 
10 14.528 15.527 
15 14.340 15.324 
20 14.163 15.132 
25 13.995 14.951 
30 13.836 14.779 
35 13.685 14.616 
40 13.542 14.462 
45 13.405 14.316 
50 13.275 14.176 
55 13.152 14.044 
60 13.034. 13.918 
65 12.921 13.798 
70 12.814 13.683 
75 12.712 13.574 
80 12.613 13.470 
85 12.520 13.371 
90 12.428 13.276 
95 12.345 13.186 
100 12.265 13.099 
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SOLUBILITY OF SELECTED GASES IN WATER 


L. H. Gevantman 


The values in this table are taken almost exclusively from the 
International Union of Pure and Applied Chemistry "Solubility 
Data Series" Unless noted, they comprise evaluated data fitted 
to a smoothing equation. The data at each temperature are then 
derived from the smoothing equation which expresses the mole 
fraction solubility X, of the gas in solution as: 


In X, = A + B/T* + Cln Т 
where 
T* = T/100 K 


АП values refer to a partial pressure of the gas of 101.325 kPa (one 
atmosphere). 


The equation constants, the standard deviation for In X, (except 
where noted), and the temperature range over which the equation 
applies are given in the column headed Equation constants. There 
are two exceptions. The equation for methane has an added term, 
DT *. The equation for H,Se and Н,5 takes the form, 


In X, - A- B/T + Сп T + DT 


where Т 18 the temperature іп kelvin. 

Solubilities given for those gases which react with water, namely 
ozone, nitrogen oxides, chlorine and its oxides, carbon dioxide, 
hydrogen sulfide, hydrogen selenide and sulfur dioxide, are re- 
corded as bulk solubilities; i.e., all chemical species of the gas and 
its reaction products with water are included. 


Gas T/K Solubility (X ) Equation constants Ref. 

Hydrogen (Н,) 288.15 1.510 x 10% A = -48.1611 1 
M, = 2.01588 293.15 1.455 x 10% В = 55.2845 

298.15 1.411 х 10% С = 16.8893 

303.15 1.377 х 105 Std. dev. = + 0.54% 

308.15 1.350 x 107 Temp. range = 273.15—353.15 
Deuterium (D,) 283.15 1.675 x 107 + 0.57% Averaged experimental values 1 
М, = 4.0282 288.15 1.595 х 107 + 0.57% 

293.15 1.512 х 107 + 0.78% Temp. range = 278.15— 303.15 

298.15 1.460 x 107 + 0.5296 

303.15 1.395 x 107 + 0.3796 
Helium (He) 288.15 Z12393 107" А =-41.4611 2 
А, = 4.0026 293.15 7.044 x 107 В = 42.5962 

298.15 6.997 х 107 С = 14.0094 

303.15 6.978 x 1075 Std. dev. = +0.54% 

308.15 6.987 x 107 Temp. range = 273.15—348.15 
Neon (Ne) 288.15 8.702 x 10-5 А = —52.8573 2 
A = 20.1797 293.15 8.395 х 107 В = 61.0494 

298.15 8.152 х 1079 С = 18.9157 

303.15 7.966 x 107 Std. dev. = +0.47% 

308.15 7.829 х 107 Temp. range = 273.15—348.15 
Argon (Ar) 288.15 3.025 x 10% А = 57.6661 3 
A = 39.948 293.15 2.748 х 105 В = 74.7627 

298.15 2.519 x 10^ С = 20.1398 

303.15 2.328 х 10^ Std. dev. = +0.26% 

308.15 2.169 x 10^ Temp. range = 273.15—348.15 
Krypton (Kr) 288.15 5.696 x 7 A = –66.9928 4 
A = 83.80 293.15 5.041 x 105 В = 91.0166 

298.15 4.512 x 10% С = 24.2207 

303.15 4.079 x 10% Std. dev. = +0.32% 

308.15 3.725 х 10^ Temp. range = 273.15—353.15 
Xenon (Xe) 288.15 10.519 x 10? А = —74.7398 4 
А = 131.29 293.15 9.051 x 10^ В = 105.210 

298.15 7.890 x 10^ C = 27.4664 

303.15 6.961 x 7 Std. dev. = +0.35% 

308.15 6.212 х 10^ Temp. range = 273.15—348.15 
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Solubility of Selected Gases in Water 


Gas 
Radon-222(?Rn) 
A, = 222 


Oxygen (О,) 
M, = 31.9988 


Ozone (O,) 
M, - 47.9982 


Nitrogen (N,) 
M, = 28.0134 


Nitrous oxide (N,O) 
М, = 44.0129 


Nitric oxide (NO) 
M, = 30.0061 


Carbon monoxide (CO) 
M, = 28.0104 


Carbon dioxide (СО,) 
M, = 44.0098 


Hydrogen selenide (Н,Ѕе) 
M, = 80.976 


Hydrogen sulfide (Н,5) 
M = 34.082 


r 


Sulfur dioxide (SO,) 
M, - 64.0648 


T/K 
288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


293.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
298.15 
308.15 


288.15 
293.15 
298.15 
303.15 
308.15 


288.15 
293.15 


Solubility (X) 
2.299 x 107 
1.945 x 107 
1.671 x 10 
1.457 x 107 
1.288 x 107 


2.756 x 7 
2.501 x 10^ 
2.293 x 10% 
2.122 x 7 
1.982 x 10% 


1.885 x 107 + 1096 
pH = 7.0 


1.386 x 105 
1.274 x 10% 
1.183 x 105 
1.108 x 10% 
1.047 x 10% 


5.948 х 107 
5.068 x 10* 
4.367 x 107 
3.805 х 107 
3.348 x 107 


4.163 x 10% 
3.786 х 10^ 
3.477 x 105 
3.222 x 10? 
3.012 х 10^ 


2.095 x 105 
1.918 x 105 
1.774 x 105 
1.657 x 105 
1.562 x 10% 


8.21 x 10" 
7.07 х 5 
6.15 x 10" 
5.41 х 107 
4.80 х 107 


1.80 x 107 
1.49 x 10? 
1.24 x 3 


2.335 x 10? 
2.075 x 10? 
1.85 x 3 
1.66 x 10? 
1.51 x 10? 


3.45 x 107 
2.90 x 107 


Equation constants 
А = –90.5481 
В = 130.026 
С = 35.0047 
Std. dev. = +1.02% 
Temp. range = 273.15—373.15 


А = —66.7354 

В = 87.4755 

С = 24.4526 

Std. dev. = +0.36% 

Temp. range = 273.15—348.15 


Experimental value derived 


from Henry's Law Constant Equation 


А = —67.3877 

B = 86.3213 

C = 24.7981 

Std. dev. = +0.72% 

Temp. range = 273.15—348.15 


А = –60.7467 

В = 88.8280 

С = 21.2531 

Std. деу. = +1.2% 

Temp. range = 273.15—313.15 


А = –62.8086 

В = 82.3420 

С = 22.8155 

Std. деу. = +0.76% 

Temp. range = 273.15—358.15 


Derived from Henry's 

Law Constant Equation 

Std. dev. = +0.043% 

Temp. range = 273.15—328.15 


Derived from Henry's 
Law Constant Equation 
Std. dev. = +1.1% 
Temp. range = 273.15—353.15 


А = 9.15 

В = 974 

С = -3.542 

D = 0.0042 

Std. dev. = +2.3 х 10? 

Temp. range = 288.15— 343.15 


А = – 24.912 

В = 3477 

С = 0.3993 

D = 0.0157 

Std. dev. = 56.5 x 1055 

Temp. range - 283.15—603.15 


А = –25.2629 
В = 45.7552 


Ref. 


10 


10 


11 
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8-82 
Gas T/K Solubility (X) 

298.15 2.46 x 10? 
303.15 2.10 x 107 
308.15 1.80 х 10? 

Chlorine (CL) 283.15 2.48 x 107 + 2% 

M, = 70.9054 293.15 1.88 x 10? + 296 
303.15 1.50 x 10? + 296 
313.15 1.23 x 1073 + 296 

Chlorine monoxide (СО) 273.15 5.25 x 107! + 196 

M, = 86.9048 276.61 4.54 x 107! + 196 
283.15 4.273 x 107! + 196 
293.15 3.353 x 107! + 1% 

Chlorine dioxide (СТО) 288.15 2.67 x 10? 

М, = 67.4515 293.15 2.20 x 10? 
298.15 1.823 x 107 
303.15 1.513 x 1072 
308.15 1.259 x 102 

Methane (CH) 288.15 3.122 x 1055 

М, = 16.0428 293.15 2.806 х 107 
298.15 2.552 х 10° 
303.15 2.346 x 1055 
308.15 2.180 x 10 

Ethane (C,H,) 288.15 4.556 x 105 

М, = 30.0696 293.15 3.907 x 1055 
298.15 3.401 x 105 
303.15 3.002 x 107 
308.15 2.686 x 7 

Propane (C,H,) 288.15 3.813 x 10? 

М, = 44.097 293.15 3.200 x 107 
298.15 2.732 x 105 
303.15 2.370 x 1055 
308.15 2.088 x 107 

Butane (C,H,,) 288.15 3.274 x 105 

M, = 58.123 293.15 2.687 x 7 
298.15 2.244 x 1055 
303.15 1.906 x 107 
308.15 1.645 x 105° 

2-Methyl propane (Isobutane) 288.15 2.333 x 107 

(C,H,) 293.15 1.947 x 10-5 

М, = 58.123 298.15 1.659 x 107 
303.15 1.443 x 105° 
308.15 1.278 x 105° 
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Solubility of Selected Gases in Water 


Equation constants Ref. 
С = 5.6855 
Std. dev. = +1.8% 
Temp. range = 278.15--328.15 


Experimental data 11 
Temp. range - 283.15—333.15 


Experimental data 11 
Temp. range - 273.15—293.15 


А = 7.9163 11 
В = 0.4791 

С = 11.0593 

Std. деу. = +4.6% 

Temp. range = 283.15—333.15 


А = –115.6477 12 
В = 155.5756 

С = 65.2553 

D = –6.1698 

Std. dev. = +0.056% 

Temp. range = 273.15—328.15 


А = –90.8225 13 
В = 126.9559 

С = 34.7413 

Std. деу. = +0.13% 

Temp. range = 273.15—323.15 


А = –102.044 14 
В = 144.345 

С = 39.4740 

Std. деу. = +0.012% 
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В = 146.040 

С = 38.7599 

Std. dev. = +0.026% 
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SOLUBILITY OF CARBON DIOXIDE IN WATER AT VARIOUS TEMPERATURES AND 
PRESSURES 


The solubility of CO, in water, expressed as mole fraction of References 
CO, in the liquid phase, is given for pressures up to atmospheric 
and temperatures of 0 to 100°С. Note that 1 standard atmosphere 1. Carroll J. J., Slupsky, J. D., and Mather, A. E., J. Phys. Chem. Ref. Data, 
equals 101.325 kPa. The references give data over a wider range of 20, 1201, 1991. 


temperature and pressure. The estimated accuracy is about 296. 2 ورسد‎ Reste revela R. 7. Phys Cher Ref Date, د‎ 


3. Crovetto, R., J. Phys. Chem. Ref. Data, 20, 575,1991. 


1000 x mole fraction of CO, in liquid phase 


Partial pressure of CO, in kPa 


tC 5 10 20 30 40 50 100 
0 0.067 0.135 0.269 0.404 0.538 0.671 1.337 
5 0.056 0.113 0.226 0.338 0.451 0.564 1.123 
10 0.048 0.096 0.191 0.287 0.382 0.477 0.950 
15 0.041 0.082 0.164 0.245 0.327 0.409 0.814 
20 0.035 0.071 0.141 0.212 0.283 0.353 0.704 
25 0.031 0.062 0.123 0.185 0.247 0.308 0.614 
30 0.027 0.054 0.109 0.163 0.218 0.271 0.541 
35 0.024 0.048 0.097 0.145 0.193 0.242 0.481 
40 0.022 0.043 0.087 0.130 0.173 0.216 0.431 
45 0.020 0.039 0.078 0.117 0.156 0.196 0.389 
50 0.018 0.036 0.071 0.107 0.142 0.178 0.354 
55 0.016 0.033 0.065 0.098 0.131 0.163 0.325 
60 0.015 0.030 0.060 0.090 0.121 0.150 0.300 
65 0.014 0.028 0.056 0.084 0.112 0.140 0.279 
70 0.013 0.026 0.052 0.079 0.105 0.131 0.261 
75 0.012 0.025 0.049 0.074 0.099 0.123 0.245 
80 0.012 0.023 0.047 0.070 0.093 0.116 0.232 
85 0.011 0.022 0.044 0.067 0.089 0.111 0.221 
90 0.011 0.021 0.042 0.064 0.085 0.106 0.211 
95 0.010 0.020 0.041 0.061 0.082 0.102 0.203 

100 0.010 0.020 0.039 0.059 0.079 0.098 0.196 
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AQUEOUS SOLUBILITY AND НЕХКУ 5 LAW CONSTANTS OF ORGANIC COMPOUNDS 


The solubility in water of over 1200 organic compounds, 
including many compounds of environmental interest, is tabu- 
lated here. Values are given at ambient temperature (usually 20°С 
or 25°С) and at higher temperatures when data are available. Sol- 
ids, liquids, and gases are included; additional data on gases can 
be found in the table "Solubility of Selected Gases in Water" in 
Section 8. 

Solubility of solids is defined as the concentration of the com- 
pound in a solution that is in equilibrium with the solid phase at 
the specified temperature and one atmosphere pressure. For liq- 
uids whose water mixtures separate into two phases, the solubility 
given here is the concentration of the specified compound in the 
water-rich phase at equilibrium. In the case of gases (1.е., com- 
pounds whose vapor pressure at the specified temperature 
exceeds one atmosphere) the solubility is defined here as the con- 
centration in the water phase when the partial pressure of the 
compound above the solution is 101.325 kPa (1 atm). Values for 
gases are marked with *. 

The primary solubility values in this tables are expressed as 
mass percent of solute, 5 = 100w,, where the mass fraction w, is 
defined as 


Wy اسو‎ +m) , 


where 77, is the mass of solute and т, the mass of water. For con- 
venience, the solubility expressed in grams of solute per liter of 
solution is tabulated in the adjacent column to mass percent. The 
conversion between these two measures involves the density of 
the solution, which usually is not readily available. For com- 
pounds with low solubility (say, 5<1%), the error from approxi- 
mating the density is generally less than the uncertainty in the 
experimental solubility measurement, so that little accuracy is lost 
in the conversion. However, this may not be true for more soluble 
compounds; for that reason, some values in the table are indicated 
as approximate (~). 

The mass fraction w, is related to other common measures of 
solubility as follows: 


Molality: m, = 1000 w,/M,(1-w,) 


Molarity: су = 1000риљ/ М, 


Mole fraction: x, = (w,/M,)/{(w,/M,) + (1-w,)/M,} 


Mass of solute per 100 g of HO: r, = 100w,/(1-w,) 


Mass of solute per liter of solution: 1000pw, 


Here М,15 the molar mass of the solute, M, = 18.015 g/mol is the 
molar mass of water, and p is the density of the solution in g/mL. 
Data have been selected from evaluated sources wherever pos- 
sible, in particular the IUPAC Solubility Data Series (References 
1,2,3,4,35,36,38,39). Many values come from experimental mea- 
surements reported in the Journal of Chemical and Engineering 
Data and the Journal of Chemical Thermodynamics, as well as 
critical review papers in the Journal of Physical and Chemical Ref- 
erence Data. The primary source for each value is listed in the col- 
umn following the solubility values. The user is cautioned that 


wide variations of data are found in the literature for the lower 
solubility compounds. 

The table also contains values of the Henry's Law constant Ку, 
which provides a measure of the partition of a substance between 
the atmosphere and the aqueous phase. Here Kj, is defined as the 
limit of p,/c, as the concentration approaches zero, where p, is the 
partial pressure of the solute above the solution and c, is the con- 
centration in the solution at equilibrium (other formulations of 
Henry's Law are often used; see Reference 5). The values of Кн 
listed here are based on direct experimental measurement when- 
ever available, but many of them are simply calculated as the ratio 
of the pure compound vapor pressure to the solubility. This 
approximation is reliable only for compounds of very low solubil- 
ity. In fact, values of k,, found in the literature frequently differ by 
a factor of two or three, and variations over an order of magnitude 
are not unusual (Reference 5). Therefore the data given here 
should be taken only as a rough indication ofthe true Henry's Law 
constant, which is difficult to measure precisely. 

All values of Ку refer to 25°C. If the vapor pressure of the com- 
pound at 25°С is greater than one atmosphere, it can be assumed 
that the Kj, value has been calculated as 101.325/с, kPa m?/mol. 
The source of the Henry's Law data is given in the last column. 
The air-water partition coefficient (i.e., ratio of air concentration 
to water concentration when both are expressed in the same 
units) is equal to k,,/RT or K,,/2.48 in the units used here. 

Compounds are listed by molecular formula following the Hill 
convention. To locate a compound by name or CAS Registry 
Number when the molecular formula is not known, use the table 
"Physical Constants of Organic Compounds" in Section 3 and its 
indexes to determine the molecular formula. 
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Mol. 

formula Name Mol. wt. 
CBrF, Bromotrifluoromethane 148.910 
CBr,F Tribromofluoromethane 270.721 
CBr, Tetrabromomethane 331.627 
CCIF, Chlorotrifluoromethane 104.459 
CCIN Cyanogen chloride 61.471 
CCLF, Dichlorodifluoromethane 120.914 
CCLF Trichlorofluoromethane 137.368 
ССІ,МО, Trichloronitromethane 164.376 
ССІ, Tetrachloromethane 153.823 
CF, Tetrafluoromethane 88.005 
CHBrCl, Bromodichloromethane 163.829 
CHBr,Cl Chlorodibromomethane 208.280 
CHBr, Tribromomethane 252.731 
CHCIF, Chlorodifluoromethane 86.469 
СНСЬЕ Dichlorofluoromethane 102.923 
CHCI, Trichloromethane 119.378 
CHF, Trifluoromethane 70.014 
CHI, Triiodomethane 393.732 
CH,BrCl Bromochloromethane 129.384 
CH,Br, Dibromomethane 173.835 
CH, CIF Chlorofluoromethane 68.478 
CH,Cl, Dichloromethane 84.933 
CH,I, Diiodomethane 267.836 
СН.Вг Bromomethane 94.939 
СН. Chloromethane 50.488 
CHF Fluoromethane 34.033 
CHI Iodomethane 141.939 
СН,МО, Nitromethane 61.041 
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Solubility 5 Henry Const. Ан 
kPa 
РС Mass% g/L Ref. mmol! Ref. 
25 0.032“ 0.32% 14 
25 0.040 0.40 14 
30 0.024 0.24 14 
25 0.009“ 0.09 10 6.9 13 
0 5.7 60 40 
20 0.028“ 0.28* 5 41 13 
20 0.11 11 5 10.2 13 
0 0.227 2.27 40 
25 0.162 1.62 40 
25 0.065 0.65 20 2.99 13 
75 0.115 11.5 20 2.99 13 
25 0.00187* 0.0187* 19 
30 0.300 3.00 40 
30 0.251 2.51 40 
25 0.30 3.0 5 0.047 13 
25 0.30* 3.0* 10 3.0 13 
25 0.95* 9.5* 10 
25 0.80 8.0 20 0.43 13 
59 0.79 7.9 20 0.43 13 
25 0.09* 0.9* 14 
25 0.012 0.12 14 
25 1.7 17 10 0.18 13 
20 1.28 11.5 20 0.086 13 
90 1.51 15.3 20 
25 1.05* 10.6* 14 
25 1.73 17.6 20 0.30 13 
30 0.124 1.24 10 0.032 13 
20 1.80* 18.3* 5 0.63 13 
25 0.535* 5.35* 0.98 13 
30 0.177* 1.77* 5 
20 14 14 10 0.54 13 
0 92 101 36 
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Solubility 5 Henry Const. Ан 
Mol. kPa 
formula Name Mol. wt.  t/C Mass% g/L Ref. m?mol? Ref. 
25 11.0 ~125 36 
50 14.8 ~175 36 
CH, Methane 16.043 25 0.00227* 0.0227* 18 67.4 5 
CH,N,O Urea 60.055 5 44 26 
25 544 26 
CH4N,S Thiourea 76.121 20 10.6 ~120 40 
80 “97 580 40 
CH,N,0, Nitroguanidine 104.069 25 1.2 12 40 
CO Carbon monoxide 28.010 25 0.00276* 0.0276% 18 
CO, Carbon dioxide 44.010 25 0.1501 1.501 18 
CS, Carbon disulfide 76.141 20 0.210 2.10 10 
CBr F, 1,2-Dibromotetrafluoroethane 259.823 25 0.00030 0.0030 25 
С.СІЕ; Chloropentafluoroethane 154.466 25 0.006* 0.06* 10 260 13 
C;CLF, 1,2-Dichloro-1,1,2,2-tetrafluoroethane 170.921 25 0.0132 0.138 10 127 13 
C,CLF, 1,1,2-Trichloro-1,2,2-trifluoroethane 187.375 25 0.017 0.17 25 32 13 
يی‎ Tetrachloroethene 165.833 0 0.0273 0.24 20 
20 0.0286 0.21 20 1.73 13 
80 0.0380 0.20 20 
ОСЕ, 1,1,2,2- Tetrachloro-1,2-difluoroethane 203.830 27 0.016 0.16 25 
СС Hexachloroethane 236.739 25 0.005 0.05 25 0.85 13 
СЕ, Tetrafluoroethene 100.015 25 0.0158* 0.158* 19 
C,HBrCIF, 2-Bromo-2-chloro-1,1,1-trifluoroethane 197.381 10 0.52 5.2 25 
25 0.41 4.1 25 
40 0.40 4.0 25 
С-НСІ,Е; 2,2-Dichloro-1,1,1-trifluoroethane 152.930 25 0.46 4.6 25 
C;HCl, Trichloroethene 131.388 0 0.145 1.45 25 
25 0.128 1.28 25 1.03 13 
60 0.133 1.33 25 
C;HCLlO Trichloroacetaldehyde 147.387 25 ~39 650 40 
С,НС1,О, Trichloroacetic acid 163.387 25 92.3 27 
C;HCl, Pentachloroethane 202.294 25 0.049 0.49 25 0.25 13 
C,H, Acetylene 26.037 25 0.10812 1.081“ 19 
C,H,Br,Cl, 1,2-Dibromo-1,2-dichloroethane 256.751 20 0.070 0.70 25 
CjH,Br, 1,1,2,2-Tetrabromoethane 345.653 0 0.052 0.52 25 
25 0.068 0.68 25 
50 0.106 1.06 25 
100 0.307 3.07 25 
C;H,CL 1,1-Dichloroethene 96.943 5 0.310 3.10 25 
25 0.242 2.42 25 2.62 13 
50 0.225 2.25 25 
90 0.355 3.55 25 
CH,Cl, cis-1,2-Dichloroethene 96.943 10 0.76 7.6 25 
25 0.64 6.4 25 0.46 13 
40 0.66 6.6 25 
CH,Cl, trans-1,2-Dichloroethene 96.943 10 0.53 5.3 25 
25 0.45 4.5 25 0.96 13 
40 0.41 4.1 25 
C;H,CLF, 1,2-Dichloro-1,1-difluoroethane 134.940 24 0.49 4.9 25 
C,H,Cl, 1,1,1,2-Tetrachloroethane 167.849 0 0.120 1.20 25 
25 0.107 1.07 25 0.24 13 
50 0.123 1.23 25 
С,Н,СІ, 1,1,2,2- Tetrachloroethane 167.849 5 0.302 3.02 25 
25 0.283 2.83 25 0.026 13 
50 0.318 3.18 25 
С,Н4, cis-1,2-Diiodoethene 279.846 25 0.046 0.46 25 
СН» trans-1,2-Diiodoethene 279.846 25 0.015 0.15 25 
CHO, Oxalic acid 90.035 20 8.69 95.1 27 


80 45.8 27 
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Mol. 
formula 
C,H;Br,Cl 
C,H;Brs 
C,H;Cl 
C,H, CLF 
C,H,Cl, 


C;H&Cl, 
C,H.N 
C,H;NS 
CH, 


C;HjBrCI 
C;H,Br, 


C,H,CI, 


CH,Cl, 


Name 


1,2-Dibromo-1-chloroethane 


1,1,2-Tribromoethane 
Chloroethene 


1,1-Dichloro-1-fluoroethane 


1,1,1-Trichloroethane 


1,1,2-Trichloroethane 


Acetonitrile 


Methyl isothiocyanate 
Ethylene 
1-Bromo-2-chloroethane 
1,2-Dibromoethane 


1,1-Dichloroethane 


1,2-Dichloroethane 


Cyanoguanidine 
1H-1,2,4-Triazol-3-amine 
Methyl formate 

Glycolic acid 


Bromoethane 
Chloroethane 


Fluoroethane 
Iodoethane 


Ethyleneimine 
Acetamide 
Nitroethane 


Methyl carbamate 
Glycine 
Thioacetamide 
N-Methyl-N-nitrosourea 
Imidodicarbonic diamide 
Ethane 
Dimethyl ether 
Dimethyl sulfoxide 
Dimethyl sulfate 
Dimethyl sulfide 
Dimethylarsinic acid 
Cyanogen 
1,2-Dibromo-1,1,2,3,3,3- 
hexafluoropropane 
1,2-Dichloro-1,1,2,3,3,3- 
hexafluoropropane 
1,1,1-Trichloro-2,2,3,3,3- 
pentafluoropropane 


Mol. wt. 


222.306 
266.757 
62.498 
116.949 
133.404 


133.404 


41.052 


73.117 
28.053 
143.410 
187.861 


98.959 


98.959 


84.080 
84.080 
60.052 
76.051 


108.965 


64.514 


48.059 
155.965 


43.068 
59.067 
75.067 


75.067 
75.067 
75.133 
103.080 
103.080 
30.069 
46.068 
78.133 
126.132 
62.134 
137.998 
52.034 
309.830 


220.928 


237.383 


tC 


21 


21 
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Solubility 5 Henry Const. Ан 
kPa 
Mass% g/L Ref. m?mol? Ref. 
0.060 0.60 25 
0.050 0.50 25 
0.278 2.7* 5 2.68 13 
0.042 0.42 25 
0.134 1.34 25 
0.129 1.29 25 176 13 
0.138 1.38 25 
0.425 4.25 25 
0.459 4.59 25 0.092 13 
0.536 5.36 25 
40.5 39 
317 39 
0.75 7.6 40 
0.01336? 0.1336: 19 217 5 
0.683 6.83 25 
0.412 3.1 20 
0.493 3.9 20 0.066 13 
0.572 5.4 20 
0.62 6.2 25 
0.50 5.0 25 0.63 13 
0.50 5.0 25 
0.92 9.2 25 
0.86 8.6 25 0.14 13 
1.05 10.6 25 
2.17 22.1 25 
3.8 40 40 
22 26 
23 10 
71.21 34 
77.95 34 
1.05 10.6 25 
0.90 9.0 25 1.23 13 
0.45 4.5 25 
0.67 6.7 25 1.02 13 
0.216* 2.16? 14 
0.44 4.4 25 
0.40 4.0 25 0.52 13 
0.90 9.12 40 
40.8 10 
4.4 46 38 
53 56 38 
69 27 
20.06 26 
12.3 140 40 
2.3 24 40 
1.5 15 40 
0.00568* 0.0568* 18 50.6 5 
35.3* 10 0.077 13 
25.3 10 
2.7 28 27 
2 20 10 
“41 684 40 
0.8 8 30 
0.0068 0.068 35 
0.0096 0.096 35 
0.0058 0.058 35 


8-90 Aqueous Solubility and Henry’s Law Constants of Organic Compounds 


Solubility 5 Henry Const. Ан 
Mol. kPa 
formula Name Mol. wt.  t/C Mass% g/L Ref. mĉmol! Ref. 
С.С1Е, 1,1,1,3-Tetrachloro-2,2,3,3- 253838 21 0.0052 0.052 35 
tetrafluoropropane 
يی‎ Hexachloropropene 248.750 20 0.00118 0.0118 35 
СБ Perfluoropropene 150.022 25 0.0194 0.1943 14 
Са Perfluoropropane 188.019 15 0.0015* 0.015* 14 
C,H,N; Malononitrile 66.061 20 10.6 118 40 
C,H,N Acrylonitrile 53.063 20 7.35 79.3 10 
CHNOS, 2-Thioxo-4-thiazolidinone 133.192 25 0.225 2.25 40 
C;H4N4O, Cyanuric acid 129.074 25 0.259 2.59 40 
C.H, Propyne 40.064 25 0.364" 3.648 5 111 5 
С,Н,СЇЕ, 3-Chloro-1,1,1-trifluoropropane 132.512 20 0.133 1.33 35 
C3H,Cl, cis-1,3-Dichloropropene 110.970 20 0.27 27 5 0.24 5 
C3H,Cl, trans-1,3-Dichloropropene 110.970 20 0.28 2.8 5 0.18 5 
C3H,Cl, 2,3-Dichloropropene 110.970 25 0.215 2.15 5 0.36 5 
C,H,N,O 2-Cyanoacetamide 84.076 20 11.5 130 40 
C;H,N,O, 2,4-Imidazolidinedione 100.076 25 3.93 40.9 29 
СНО Асгоје 56.063 20 20.8 10 
СНО, Malonic acid 104.062 0 37.9 26 
20 424 26 
50 48.1 26 
C3H,Br 3-Bromopropene 120.976 25 0.38 3.8 35 
C3H,Br,Cl 1,2-Dibromo-3-chloropropane 236.333 20 0.123 1.23 35 
сна 3-Chloropropene 76.525 25 0.40 4.0 35 1.10 5 
50 0.13 1.3 35 
С,Н,СО Epichlorohydrin 92.524 20 6.58 70.4 10 0.003 13 
65 72 77.9 40 
C,H.Cl, 1,2,3- Trichloropropane 147.431 10 0.14 1.4 35 
25 0.20 2.0 35 0.038 13 
C3H;N Propanenitrile 55.079 25 10.3 ~115 10 
C;H;NO Acrylamide 71.078 20 “27 371 40 
ОНМО, Trinitroglycerol 227.087 25 0.13 1.3 40 
80 0.34 3.4 40 
СН, Ргорепе 42.080 25 0.0200* 0.200* 5 21.3 5 
C.H, Cyclopropane 42.080 25 0.0484* 0.4843 19 
C3H,BrCl 1-Bromo-3-chloropropane 157.437 25 0.223 2.23 35 
C3H,Br, 1,2-Dibromopropane 201.888 25 0.143 1.43 10 
C3H,Br, 1,3-Dibromopropane 201.888 25 0.169 1.69 35 
C3H,Cl, 1,2-Dichloropropane, (+)- 112.986 5 0.270 2.70 35 
25 0.274 2.74 35 0.29 13 
40 0.297 2.97 35 
C3H,Cl, 1,3-Dichloropropane 112.986 5 0.218 2.18 35 
25 0.280 2.80 35 
С.Н,“ 1,3,5-Triazine-2,4,6-triamine 126.120 20 0.323 3.23 40 
95 4.2 44 40 
C;H4N,O, Hexahydro-1,3,5-trinitro-1,3,5-triazine 222.116 25 0.0060 0.060 17 
C;H,O Propanal 58.079 25 30.6 10 
C,H,O Methyloxirane 58.079 20 40.5 10 0.0087 13 
C,H,O, Ethyl formate 74.079 25 11.8 ~135 10 
СНео, Methyl acetate 74.079 20 24.5 10 
С.Н,О, 1,3,5-Trioxane 90.078 25 17.4 ~210 30 
С;Н,Вг 1-Вготоргорапе 122.992 0 0.298 2.98 35 
25 0.234 2.34 35 3.8 13 
С;Н,Вг 2-Вготоргорапе 122.992 20 0.32 3.2 35 1.27 13 
C3H,Cl 1-Chloropropane 78.541 25 0.250 2.50 35 1.41 13 
C3H,Cl 2-Chloropropane 78.541 0 0.44 44 35 
20 0.30 3.0 35 
С,Н,СІО 1-Chloro-2-methoxyethane 94.540 20 7.79 84 20 


70 6.31 67 20 


Aqueous Solubility and Henry's Law Constants of Organic Compounds 


Mol. 
formula 
СОЊЕ 
СОЊЕ 
ОНА 


CPs 
С,Н,ЕМ,О, 
C,H,N, 
C,H,N,O, 
СНО 
C,H,O, 
C,H,N 
C,H;N 
С,Н,М,О 
C,H, 
C,H, 
СНО, 
C,H.N,O;S, 
C,H,O 
C,H40, 
C,H40, 
C,H40, 
CHO, 
CHO, 


C,H,O, 
C,H,O, 
CHO, 
С,Н,О, 
С,Н,О, 


СН, 


C,H40; 


C,H,Br 
C,H,Cl 
С,Н,СО 


Мате 
1-Fluoropropane 
2-Fluoropropane 
1-Iodopropane 


2-Iodopropane 
1-Nitropropane 
2-Nitropropane 


Ethyl carbamate 
L-Alanine 

В-АЈапіпе 

Ѕагсоѕіпе 

І-Ѕегіпе 
N-Ethyl-N-nitrosourea 
Guanidinoacetic acid 
Propane 

Glyphosate 
Dimethoxymethane 
Trimethyl phosphate 


Hexachloro-1,3-butadiene 


Perfluorocyclobutane 
5-Fluorouracil 
Succinonitrile 

Uracil 

Furan 

Maleic acid 
2-Methylacrylonitrile 
Pyrrole 

Cytosine 
1,3-Butadiene 
1-Butyne 
2,5-Piperazinedione 
Acetazolamide 
trans-2-Butenal 
trans-2-Butenoic acid 
Methacrylic acid 
Vinyl acetate 

Methyl acrylate 
2,3-Butanedione 


Succinic acid 
Methylmalonic acid 
Dimethyl oxalate 
Diglycolic acid 


Malic acid 


DL-Tartaric acid 


L-Tartaric acid 


4-Bromo-1-butene 


1-Chloro-2-methylpropene 


3-Chloro-2-butanone 


Mol. wt. 


62.086 
62.086 
169.992 


169.992 


89.094. 


89.094. 


89.094. 
89.094. 
89.094. 
89.094. 
105.093 
117.107 
117.107 
44.096 
169.074 
76.095 
140.074 
260.761 
200.030 
130.077 
80.088 
112.087 
68.074 
116.073 
67.090 
67.090 
111.102 
54.091 
54.091 
114.103 
222.246 
70.090 
86.090 
86.090 
86.090 
86.090 
86.090 


118.089 


118.089 


118.089 


134.088 


134.088 


150.087 


150.087 


135.003 
90.552 
106.551 


°С 


25 


21 


Solubility 5 Henry Const. Ан 
kPa 
Mass% g/L Ref. m?mol? Ref. 
0.386* 3.86? 14 
0.366 3.66 14 
0.114 1.14 35 
0.100 1.00 35 0.93 13 
0.167 1.67 35 
0.140 1.40 35 
1.54 15.6 38 
2.29 23 20 
1.75 17.8 38 
2.36 24 20 
48 27 
14.30 ~170 26 
47.1 26 
30.0 26 
20 ~200 26 
13 13 40 
0.5 5 26 
0.00669* 0.0669* 18 71.6 5 
1.2 12 32 
244 10 
~33 500 40 
0.41 4.1 35 
0.0144 0.14% 14 
1.10 11.1 40 
115 ~130 10 
0.27 2.7 29 
1 10 10 0.54 13 
441 26 
2.57 26.3 10 
45 47 10 
0.73 7.3 29 
0.0735* 0.735* 5 20.7 13 
0.287* 2.87* 5 1.91 5 
1.64 16.6 29 
0.10 1.0 40 
15.6 ~185 10 
7.1 76 26 
8.9 98 10 
2.0 20 10 
4.94 52.0 10 
31.7 20 
21.8 20 
771 83.5 27 
55 27 
30.1 26 
40 26 
5.82 61.8 27 
40.03 34 
59 26 
59.9 34 
8.95 98 26 
17.1 ~200 26 
65 26 
58 26 
77 26 
0.076 0.76 35 
0.916 9.16 5 0.12 5 
2.80 29 20 
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8-92 Aqueous Solubility and Henry’s Law Constants of Organic Compounds 


Solubility 5 Henry Const. Ан 
Mol. kPa 
formula Name Mol. wt. tC Mass% g/L Ref. m?mol? Ref. 
92 3.38 35 20 
C,H;N Butanenitrile 69.106 20 3.3 34 10 
C,H,NO, Iminodiacetic acid 133.104 5 2.32 23.7 40 
C,H,NO, L-Aspartic acid 133104 25 0.501 5.01 26 
C,H, 1-Butene 56.107 25 0.0222 0.222 5 25.6 13 
С.Н, Isobutene 56.107 25 0.0263* 0.263* 5 21.6 13 
C,H,Br, 1,4-Dibromobutane 215.915 25 0.035 0.35 35 
C,H,Cl, 1,1-Dichlorobutane 127.013 25 0.050 0.50 35 
C,H,Cl, 1,4-Dichlorobutane 127.013 25 0.16 1.6 35 
C,H,Cl, 2,3-Dichlorobutane, (+)- 127.013 20 0.056 0.56 35 
C,H,CLO Bis(2-chloroethyl) ether 143.012 20 1.04 10.4 20 0.003 13 
81 1.26 12.8 20 
C,H,N,O, Succinamide 116119 50 18.4 ~225 27 
СНО, Dimethylglyoxime 116.119 20 0.06 0.6 40 
C,H,N,O; L-Asparagine 132118 25 2.45 25.1 26 
C,H,N,O; N-Glycylglycine 132.118 25 18.4 ~225 29 
C,H,O cis-2-Buten-1-ol 72.106 20 16.6 ~200 10 
C,H,O Ethyl vinyl ether 72.106 20 0.9 9 10 
C,H,O Butanal 72.106 25 71 76 10 
C,H,O Isobutanal 72.106 20 9.1 100 10 
C,H,O 2-Butanone 72.106 25 25.9 20 
70 18.1 ~220 20 
СНО, 2-Methylpropanoic acid 88.106 20 22.8 10 
C,H,O, Propyl formate 88.106 22 2.05 20.9 10 
с.н,о, Ethyl acetate 88.106 25 8.08 87.9 10 
C,H,O, Methyl propanoate 88.106 6 6 30 
C,H,Br 1-Bromobutane 137.018 25 0.087 0.87 35 1.2 13 
C,H,Br 1-Bromo-2-methylpropane 137.018 18 0.051 0.51 35 
C,H,Cl 1-Chlorobutane 92.567 1 0.062 0.62 35 
25 0.087 0.87 35 1.54 13 
C,H,Cl 2-Chlorobutane 92.567 0 0.107 1.07 35 
25 0.092 0.92 35 
C,H,Cl 1-Chloro-2-methylpropane 92.567 25 0.92 9.2 35 
сн. 2-Chloro-2-methylpropane 92.567 15 0.29 2.9 35 
С.Н 1-Iodobutane 184.018 17 0.021 0.21 10 1.87 13 
C,H,NO Butanamide 87.120 25 ~19 230 40 
СНО, Ethyl N-methylcarbamate 103.120 15 69 27 
СНО, 2-Methylalanine 103.120 25 12.0 ~135 26 
СНО, DL-2-Aminobutanoic acid 103.120 25 17.4 ~210 26 
C,H,NO, DL-3-Aminobutanoic acid 103.120 25 55.6 26 
СНО, L-Threonine 119.119 25 8.93 98.0 26 
СНО; L-Homoserine 119.119 25 52.4 26 
C,H.N,O, Creatine 131133 25 16 16 26 
С.Н, Butane 58.122 25 0.00724? 0.07244 18 95.9 5 
С.Н, Isobutane 58.122 25 0.00535* 0.0535* 18 120 5 
C,H,NO,PS Асерћаје 183.166 20 -28 394 40 
C,H,)N,O N-Nitrosodiethylamine 102.134 24 9.6 106 40 
С.Н,О 1-Butanol 74.121 0 10.4 ~115 1 
25 74 80 1 
50 64 68 1 
C,H,,O 2-Butanol 74.121 10 23.9 1 
25 181 ~220 1 
50 14.0 ~165 1 
С,Н,О 2-Methyl-1-propanol 74.121 0 11.5 ~130 1 
25 81 88 1 0.00273 28 
50 6.5 70 1 
С,Н,О Diethyl ether 74.121 25 6.04 64.2 10 0.088 13 


C,H, O Methyl propyl ether 74.121 25 3.5 36 30 


Aqueous Solubility and Henry's Law Constants of Organic Compounds 


Mol. 
formula 
C4H440, 
С,Н,,5 
С,Н,,5 
C,H,,NO, 
C,H,,NO, 
СН, 
СС 
CE, 
СНО, 
C,H,N,O 
C,H,N,O 
СНО, 
С,Н,М,О, 
C;H,N,S 
СНО; 
СНО; 


CHN; 
СНО 
C;H4N,O 
C.H, 
C;H,CLN,O, 
C;HN,OS 
снљо, 
C;H,O, 
с.н.хо, 
C;H,N,O 
CH, 
C.H, 


сн 

СЊ 
С,Н,М,О,5, 
САМО, 
С,Н,О 


مي 


СНО; 
C;H,0; 
C;H,0; 


C;H,O, 
dto: 
сно, 
сњао 


C;H,NO, 
с.н,хо, 
с.н,хо, 
СНО, 
CH, 
CH, 
СНо 
C.H, 


Name 

1,2,3,4-Butanetetrol 
1-Butanethiol 

Diethyl sulfide 

Diethanolamine 
Tris(hydroxymethyl)methylamine 
Tetramethylsilane 
Octachloro-1,3-pentadiene 
Perfluoropentane 

Orotic acid 

Allopurinol 

Hypoxanthine 

Xanthine 

Uric acid 

1,7-Dihydro-6H- purine-6-thione 
Furfural 

2-Furancarboxylic acid 


Adenine 
Guanine 


6-Amino-1,3-dihydro-2H-purin-2-one 


1,3-Cyclopentadiene 


1,3-Dichloro-5,5-dimethyl hydantoin 


Methylthiouracil 

Thymine 
1-Propene-2,3-dicarboxylic acid 
Ethyl cyanoacetate 


4-Amino-5-methyl-2(1H)-pyrimidinone 


1,4-Pentadiene 
2-Methyl-1,3-butadiene 


1-Pentyne 

Cyclopentene 
Methazolamide 
Pentaerythritol tetranitrate 
Cyclopentanone 


3,4-Dihydro-2H-pyran 


Ethyl acrylate 
Methyl methacrylate 
2,4-Pentanedione 


4-Oxopentanoic acid 
Pentanedioic acid 
Dimethyl malonate 
5-Chloro-2-pentanone 


L-Proline 
trans-4-Hydroxy-L-proline 
DL-Glutamic acid 
L-Glutamic acid 
1-Pentene 

cis-2-Pentene 
3-Methyl-1-butene 
2-Methyl-2-butene 


Mol. wt. 


122.120 
90.187 
90.187 
105.136 
121.135 
88.224 
343.678 
288.035 
156.097 
136.112 
136.112 
152.112 
168.111 
152.178 
96.085 
112.084 


135.128 
151.127 
151.127 
66.102 

197.019 
142.179 
126.114 
130.100 
113.116 
125.129 
68.118 

68.118 


68.118 
68.118 
236.273 
316.138 
84.117 


84.117 


100.117 
100.117 
100.117 


116.116 


132.116 


132.116 


120.577 


115.131 
131.130 
147.130 
147.130 
70.133 
70.133 
70.133 
70.133 


tC 
20 
20 
25 
20 
25 
25 
20 
25 
18 
25 
25 
20 
20 
25 
20 
25 
50 
25 
25 
25 
25 
20 
25 
25 
20 
20 
25 
25 
25 
50 
25 
25 
15 
20 
20 
80 
20 
82 
25 
20 
20 
80 
10 
25 
25 
50 
19 
90 
22 
71 
25 
25 
25 
25 
25 
25 
25 
25 


Solubility 5 Henry Const. Ан 
kPa 
Mass% g/L Ref. m?mol?! Ref. 
38.0 27 
0.0597 0.597 10 
0.307 3.07 40 
95.4 10 
“41 699 40 
0.00196 0.0196 10 
0.000020 0.00020 35 
0.00012 0.0012 35 
0.18 1.8 26 
0.057 0.57 40 
0.070 0.70 29 
0.05 0.5 26 
0.002 0.02 26 
0.0124 0.124 40 
82 89 10 
4.758 50.0 33 
25.16 33 
0.104 1.04 29 
0.0068 0.068 29 
0.006 0.06 26 
0.068 0.68 3 
0.050 0.50 40 
0.0533 0.533 40 
0.35 3.5 29 
7.7 83 26 
25.9 10 
0.45 4.5 26 
0.056 0.56 3 12 5 
0.061 0.61 3 7.78 5 
0.076“ 0.763 3 
0.157 1.57 3 2.5 5 
0.054 0.54 3 6.56 13 
0.0472 0.472 40 
0.0002 0.002 40 
31.0 20 
24.8 20 
1.04 10.5 20 
2.26 23 20 
1.50 15.2 10 
1.56 15.9 10 
16.1 ~200 20 
32.2 20 
63.6 34 
83.97 34 
58.3 33 
78.06 33 
14.9 ~175 20 
29.8 20 
47 49 20 
13.5 ~155 20 
61.9 26 
26.5 26 
2.30 23.5 29 
0.85 8.5 26 
0.0148 0.148 3 40.3 5 
0.0203 0.203 3 22.8 5 
0.013* 0.13* 3 54.7 5 
0.041 0.41 3 
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8-94 Aqueous Solubility and Непгу 5 Law Constants of Organic Compounds 


Solubility 5 Henry Const. Ан 
Mol. kPa 
formula Name Mol. wt.  t/C Mass% g/L Ref. mĉmol! Ref. 
С5Нь Cyclopentane 70.133 25 0.0157 0.157 3 19.1 13 
C;H,,CI, 1,2-Dichloropentane 141.038 25 0.029 0.29 35 
C;H, Cl, 1,5-Dichloropentane 141.038 19 0.02 0.2 35 
СНоСЬ 2,3-Dichloropentane 141.038 25 0.029 0.29 35 
СНоСЬ 2,3-Dichloro-2-methylbutane 141.038 25 0.029 0.29 35 
СНО Methomyl 162210 25 55 58 40 
С.Н,М,О, L-Glutamine 146.144 25 4.0 42 26 
CsHyoN>S> Dazomet 162276 25 0.12 1.2 40 
СНО Pentanal 86.132 25 12 12 40 
С,Н,О 2-Pentanone 86.132 25 5.5 58 20 0.00847 28 
80 3.8 40 20 0.00847 28 
C;H,,O 3-Pentanone 86.132 25 4.72 49.5 20 
80 3.16 33 20 
C;H,,O 3-Methyl-2-butanone 86.132 18 6.7 72 20 
80 3.9 41 20 
С,Н,О Tetrahydropyran 86.132 20 8.57 87.1 20 
81 4.29 45 20 
C;H,,O 2-Methyltetrahydrofuran 86.132 19 14.4 ~160 20 0.67 13 
71 6.0 64 20 
С,Н,О, Pentanoic acid 102.132 16 3.6 37 26 
C;H, O, 3-Methylbutanoic acid 102.132 20 4.0 42 26 
СНО, Isobutyl formate 102.132 22 1.0 10 10 
СНО, Propyl acetate 102.132 20 23 34 10 
C;H, O; Isopropyl acetate 102.132 20 2.9 30 10 
С,Н,О, Ethyl propanoate 102.132 20 1.92 19.6 10 
С,Н,О, Methyl butanoate 102.132 1.6 16 30 
C;H, O; Diethyl carbonate 118.131 20 1.8 18 40 
СНО, D-Xylose 150130 25 -30 432 40 
C.H,Br 1-Bromopentane 151.045 25 0.0127 0.127 35 
С.Н, Br 1-Bromo-3-methylbutane 151.045 16 0.020 0.20 35 
C;H,,Cl 1-Chloropentane 106.594 5 0.020 0.20 35 
25 0.0201 0.201 35 2.37 13 
C;H,,Cl 3-Chloropentane 106.594 25 0.025 0.25 35 
C,H, NO, L-Valine 117147 25 8.13 88.4 26 
снуко, 1-Могуайпе 117147 25 97 107 26 
CH, NOS L-Methionine 149212 25 53 56 26 
CH; Pentane 72.149 25 0.0041 0.041 3 128 13 
C.H; Isopentane 72.149 25 0.00485 0.0485 3 479 13 
CH; Neopentane 72.149 25 0.00332? 0.0332 3 220 13 
C,H,NO,PS,  Cygon 229258 20 2.6 27 40 
C;H,,O 1-Pentanol 88.148 0 3.1 32 1 
25 2.20 22.4 1 
50 1.8 18 1 
C.H,,O 2-Pentanol 88.148 25 43 45 21 
С.Н,О 3-Pentanol 88.148 25 5.6 59 21 
C;H,,O 2-Methyl-1-butanol, (+)- 88.148 25 30 31 3 
СНО 3-Methyl-1-butanol 88.148 25 27 28 1 
С.Н,О 2-Methyl-2-butanol 88.148 25 110 ~125 1 
С.Н,О 3-Methyl-2-butanol, (+)- 88.148 25 5.6 59 1 
С,Н,О 2,2-Dimethyl-1-propanol 88.148 25 3.5 36 1 
СНО Methyl tert-butyl ether 88.148 0 83 37.6 20 0.070 13 
20 42 44 20 
49 1.9 19 20 
СНО, Pentaerythritol 136.147 15 5.3 56 30 
C ,CLO, 2,3,5,6-Tetrachloro-2,5-cyclohexadiene- 245.875 20 0.025 0.25 40 
1,4-dione 
C,CI,NO, Pentachloronitrobenzene 295.335 20 0.000044 0.00044 40 


C Cl Hexachlorobenzene 284.782 25 0.0000005 0.000005 41 0.131 11 


Aqueous Solubility and Henry's Law Constants of Organic Compounds 


Mol. 
formula 
CF 

CF 
CHCl; 

نیل کيل 
C,H,Br,‏ 
С,Н,СМ,О,‏ 
C.H,Cl,‏ 
C.H,Cl,‏ 
С,Н,С1,‏ 
C4H,CLO‏ 
C4H,CLO,‏ 
CHBr;‏ 
С,Н, Бх,‏ 
CHBrO‏ 
СЊСО,‏ 
C H.CLNO,;‏ 
C,H,Cl,NO,‏ 
C,H;Cl,‏ 
C,H;Cl,‏ 
C,H;Cl,‏ 
С,Н,С,О‏ 
СН,С,О‏ 
C4H4CLIO,‏ 
CHCLN‏ 

C H,N,Oç 
С,Н.М.О, 


C,H,BrCl 
C,H,BrCl 
C,H,BrCl 
C,H,Brl 
C,H,Br, 
C,H,Br, 
СеН,Вг, 
СеН,Вг,О 
С,Н,ОЕ 
(ӨЗ اد‎ 
(ӨЗ КӨЛ! 
C,H,CII 
C,H,CINO, 
C,H,CINO, 
C,H,CINO, 
C,H, Cl, 


C,H,Cl, 


с.н,а, 


СНО 
СНО 
CH4CLO 
C,H,C1,0, 
C,H,C1,0, 
CHE, 
CHE, 


Name 

Perfluorohexane 
Perfluoro-2-methylpentane 
Pentachlorobenzene 
Pentachlorophenol 
1,2,4,5-Tetrabromobenzene 
2-Chloro-1,3,5-trinitrobenzene 
1,2,3,4-Tetrachlorobenzene 
1,2,3,5-Tetrachlorobenzene 
1,2,4,5-Tetrachlorobenzene 
2,3,4,6-Tetrachlorophenol 


3,4,5,6-Tetrachloro-1,2-benzenediol 


1,2,4-Tribromobenzene 
1,3,5-Tribromobenzene 
2,4,6-Tribromophenol 
1-Chloro-2,4-dinitrobenzene 
1,2-Dichloro-4-nitrobenzene 
Clopyralid 
1,2,3-Trichlorobenzene 
1,2,4-Trichlorobenzene 
1,3,5-Trichlorobenzene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
3,4,5-Trichloro-1,2-benzenediol 
Nitrapyrin 
1,3,5-Trinitrobenzene 
2,4,6-Trinitrophenol 


1-Bromo-2-chlorobenzene 
1-Bromo-3-chlorobenzene 
1-Bromo-4-chlorobenzene 
1-Bromo-4-iodobenzene 
o-Dibromobenzene 
m-Dibromobenzene 
p-Dibromobenzene 
2,4-Dibromophenol 
1-Chloro-2-fluorobenzene 
1-Chloro-2-iodobenzene 
1-Chloro-3-iodobenzene 
1-Chloro-4-iodobenzene 
1-Chloro-2-nitrobenzene 
1-Chloro-3-nitrobenzene 
1-Chloro-4-nitrobenzene 
o-Dichlorobenzene 


m-Dichlorobenzene 


p-Dichlorobenzene 


2,3-Dichlorophenol 
2,4-Dichlorophenol 
2,6-Dichlorophenol 
3,5-Dichloro-1,2-benzenediol 
4,5-Dichloro-1,2-benzenediol 
o-Difluorobenzene 
m-Difluorobenzene 


Mol. wt. 


338.042 
338.042 
250.337 
266.336 
393.696 
247.549 
215.892 
215.892 
215.892 
231.891 
247.891 
314.800 
314.800 
330.799 
202.552 
192.000 
192.000 
181.447 
181.447 
181.447 
197.446 
197.446 
213.446 
230.907 
213.104 
229.104 


191.453 
191.453 
191.453 
282.904 
235.904 
235.904 
235.904 
251.903 
130.547 
238.453 
238.453 
238.453 
157.555 
157.555 
157.555 
147.002 


147.002 


147.002 


163.001 
163.001 
163.001 
179.001 
179.001 
114.093 
114.093 


РС 


Solubility 5 Henry Const. Ан 
kPa 
Mass% g/L Ref. m?mol? Ref. 
0.0000098 0.000098 35 
0.000017 0.00017 35 
0.000050 0.00050 41 0.085 11 
0.0013 0.013 24 
0.00000434 0.0000434 2 
0.018 0.18 40 
0.0007 0.007 41 0.144 11 
0.00035 0.0035 41 0.59 11 
0.000060 0.00060 41 0.122 11 
0.017 0.17 24 
0.071 0.71 8 
0.0010 0.010 2 
0.0000789 0.000789 2 
0.0007 0.007 2 
0.00092 0.0092 40 
0.0121 0.121 40 
0.1 1 40 
0.0021 0.021 41 0.242 11 
0.0040 0.040 41 0.277 11 
0.0008 0.008 41 11 11 
0.1 1 2 
0.050 0.50 24 
0.051 0.51 8 
0.0040 0.040 40 
0.028 0.28 40 
1.25 12.7 40 
4.9 51 40 
0.0124 0.124 2 
0.0118 0.118 2 
0.00442 0.0442 2 
0.000794 0.00794 2 
0.00748 0.0748 2 
0.0064 0.064 2 
0.0020 0.020 2 
0.2 2 2 
0.0502 0.502 40 
0.00689 0.0689 2 
0.00674 0.0674 2 
0.00311 0.0311 2 
0.0441 0.441 40 
0.0273 0.273 40 
0.0453 0.453 40 
0.0142 0.142 2 
0.0147 0.147 2 0.195 28 
0.0212 0.212 2 
0.0103 0.103 2 
0.0120 0.120 41 0.376 11 
0.0165 0.165 2 
0.00512 0.0512 2 
0.0080 0.080 41 0.244 28 
0.0167 0.167 2 
0.82 8.22 40 
0.49 49 24 
0.262 2.62 40 
0.78 7.8 8 
1.19 12.0 8 
0.114 1.14 2 
0.114 1.14 2 
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8-96 Aqueous Solubility and Henry’s Law Constants of Organic Compounds 


Solubility 5 Henry Const. Ан 
Mol. kPa 
formula Name Mol. wt.  t/C Mass% g/L Ref. mmol! Ref. 
СЬН„Е, p-Difluorobenzene 114.093 25 0.122 1.22 2 
СН o-Diiodobenzene 329.905 25 0.00192 0.0192 2 
С,НД, m-Diiodobenzene 329.905 25 0.000185 0.00185 2 
СНА, p-Diiodobenzene 329.905 25 0.000893 0.00893 2 
СНО, 1,2-Dinitrobenzene 168.107 20 0.21 21 27 
СНО, 1,3-Dinitrobenzene 168.107 20 2.09 21.3 27 
С,Н,М,О, 1,4-Dinitrobenzene 168.107 20 1.30 13.1 27 
СНО. 2,4-Dinitrophenol 184106 25 0.046 0.46 40 
100 14 14 40 
СНО, p-Benzoquinone 108.095 25 1.36 13.8 27 
СеН,Вг Bromobenzene 157.008 10 0.0387 0.387 2 
25 0.0445 0.445 2 0.250 28 
40 0.0516 0.516 2 
C,H;BrO 4-Bromophenol 173.007 25 1.86 19.0 2 
C,H; Cl Chlorobenzene 112.557 10 0.0387 0.387 2 
25 0.0484. 0.484 41 0.32 28 
50 0.0882 0.882 2 
С,Н,СО 2-Chlorophenol 128.556 25 2.0 20 2 
С,Н,СО 3-Chlorophenol 128.556 25 22 22 2 
С,Н,СО 4-Chlorophenol 128.556 25 27 28 2 
CHF Fluorobenzene 96.102 19 0.170 1.70 20 0.70 11 
80 0.188 1.88 20 0.70 11 
CHA Iodobenzene 204.008 10 0.0193 0.193 2 
25 0.0226 0.226 2 0.078 11 
45 0.0279 0.279 2 
С,Н,МО, Nitrobenzene 123.110 25 0.21 2.1 17 
С,Н,МО, 3-Pyridinecarboxylic acid 123.110 20 1.8 18 40 
сұң хо, 2-Nitrophenol 139.109 20 021 21 27 
сұң хо, 3-Nitrophenol 139.109 20 2.14 219 27 
СНО; 4-Nitrophenol 139.109 20 1.32 13.3 27 
СНО, 2,4-Dinitroaniline 183.122 25 0.0078 0.078 40 
СН, Benzene 78.112 10 0.178 1.78 3 
25 0.178 1.78 22 0.557 22 
50 0.208 2.08 3 
C,H,CIN 2-Chloroaniline 127.572 25 0.876 8.76 10 
C,H,CIN 3-Chloroaniline 127.572 20 0.54 5.44 40 
СИМ 4-Chloroaniline 127.572 20 0.275 2.75 40 
C.H,Cl, 1,2,3,4,5,6- Hexachlorocyclohexane, 290.830 25 0.00073 0.0073 40 
(10,20,3|,40,50,6р) 
СНЕСЕ 1,2,3,4,5,6- Hexachlorocyclohexane, 290.830 25 0.00020 0.0020 40 
(10,20,3B,40,5B,6p) 
C.H,Cl, 1,2,3,4,5,6- Hexachlorocyclohexane, 290.830 25 0.000024 0.00024. 40 
(10,20,30,40,50,60) 
С,Н,М,О 3-Pyridinecarboxamide 122.124 20 ~33 500 40 
C,H,N,O, 2-Nitroaniline 138124 30 1.47 14.9 27 
СНО, 3-Nitroaniline 138124 30 0.121 121 27 
C,H,N,O, 4-Nitroaniline 138124 30 0.073 0.73 27 
С,Н,М,О, Nitrofurazone 198.137 20 0.0238 0.238 40 
СНО Phenol 94.111 16 6.3 67 26 
25 8.66 94.8 10 
C,H,O, p-Hydroquinone 110.111 25 742 80.1 27 
C,H,O, Pyrocatechol 110.111 20 311 27 
C,H,O, Resorcinol 110.111 20 63.7 27 
СНО; 1,2,3-Вептепе о] 126.110 25 38.5 27 
СНО; 1,3,5-Вептепе о] 126.110 20 1.12 11.3 27 
СНО trans-1-Propene-1,2,3-tricarboxylic 174.108 25 20.9 26 
acid 
90 52.5 26 


(05:00 Aniline 93.127 25 3.38 35.0 10 14 15 


Aqueous Solubility and Henry's Law Constants of Organic Compounds 


Mol. 
formula 
САМО 
САМО 


С,Н,МО 
С,Н,МО,5 
С,Н,М,О 
СН, 
СОМ 
СВА 
CHN, 
CHN, 
CHN, 
С,Н,М,О,5 
САО 
СеЊО, 
СН,О, 


CHO; 
САМО; 
САМО 
СеНо 
CH, 
CH, 
С,Н,О 


С,Н,О 
СЕН Оз 
СНО, 


904 و يی 


وی 

СӘН О» 
C,H, NO 
C,H, NO 
CH, N;O,PS, 
СН} 


САМО 
С,Н,,М,О,5 
کي و وب‎ 
СН, М,5, 
С,Н,,М,5,7а 
САМ, 
C,H,,0 
C,H,,0 
C.H,,0 
C.H,,0 


C.H,,0 


СНО 


Мате 
2-Aminophenol 
3-Aminophenol 


4-Aminophenol 


4-Aminobenzenesulfonic acid 


Isoniazid 
1,4-Cyclohexadiene 
Aniline hydrochloride 
Hexanedinitrile 
12-Benzenediamine 
1,3-Benzenediamine 
1,4-Benzenediamine 


4-Aminobenzenesulfonamide 


Isosorbide dinitrate 
Dimethyl maleate 
L-Ascorbic acid 


Citric acid 
L-Histidine 
Metronidazole 
1,5-Hexadiene 
1-Hexyne 
Cyclohexene 
Cyclohexanone 


Mesityl oxide 
Ethyl acetoacetate 
1,6-Hexanedioic acid 


Dimethyl succinate 


1,2-Ethanediol, diacetate 
Galactaric acid 
Cyclohexanone oxime 
Caprolactam 
Methidathion 
1-Hexene 
trans-2-Hexene 
2-Methyl-1-pentene 
4-Methyl-1-pentene 
2,3-Dimethyl-1-butene 
Cyclohexane 
Methylcyclopentane 
Daminozide 
L-Lanthionine 
L-Cystine 

Thiram 

Ziram 
Hexamethylenetetramine 
1-Hexen-3-ol 
4-Hexen-2-ol 

Butyl vinyl ether 
2-Hexanone 


4-Methyl-2-pentanone 


3,3-Dimethyl-2-butanone 


Mol. wt. 


109.126 
109.126 


109.126 
173.190 
137.139 
80.128 
129.588 
108.141 
108.141 
108.141 
108.141 
172.205 
236.136 
144.126 
176.124 


192.124 
155.154 
171.153 
82.143 
82.143 
82.143 
98.142 


98.142 
130.141 
146.141 


146.141 


146.141 
210.138 
113.157 
113.157 
302.330 
84.159 
84.159 
84.159 
84.159 
84.159 
84.159 
84.159 
160.170 
208.235 
240.300 
240.432 
305.841 
140.186 
100.158 
100.158 
100.158 
100.158 


100.158 


100.158 


25 


100 


12 


Solubility 5 Henry Const. Ан 
kPa 
Mass% g/L Ref. mmol! Ref. 
1.92 19.6 40 
2.56 26.3 40 
“24 319 40 
1.55 15.7 40 
0.59 5.9 27 
11.0 123 40 
0.08 0.8 3 1.03 13 
15.1 ~180 27 
0.80 8.0 16 
3.02 31.1 40 
348 36.1 40 
345 35.7 40 
0.71 7.14 40 
0.055 0.55 40 
8.0 87 10 
25.22 33 
41.00 33 
59 26 
4.17 43.5 26 
0.93 9.4 40 
0.017 0.17 3 
0.036 0.36 3 4.14 13 
0.016 0.16 3 4.57 13 
8.8 96 20 
6.8 73 20 
2.89 29.8 10 
12 ~135 10 
1.48 15.0 26 
61.5 26 
124 ~140 20 
171 ~205 20 
13.3 153 40 
0.33 3.3 40 
1.57 15.9 40 
84.0 10 
0.0187 0.187 40 
0.0053 0.053 3 41.8 5 
0.0067 0.067 3 
0.0078 0.078 3 28.1 5 
0.0048 0.048 3 63.2 5 
0.046 0.46 3 
0.0058 0.058 3 19.4 13 
0.0043 0.043 3 36.7 5 
9.1 100 40 
0.15 1.5 26 
0.011 0.11 26 
0.003 0.03 40 
0.0065 0.065 40 
44.8 27 
2.52 25.9 1 
3.81 39.6 1 
0.3 3 10 
1.51 17.8 20 
1.15 11.6 20 
1.92 17 20 
1.22 12.4 20 
1.97 18.4 20 
1.14 1L5 20 
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8-98 Aqueous Solubility and Непгу 5 Law Constants of Organic Compounds 


Solubility 5 Henry Const. Ан 
Mol. kPa 
formula Name Mol. wt.  t/C Mass% g/L Ке. mĉmol! Ref. 
СНО Cyclohexanol 100.158 10 4.62 48.4 1 
25 3.8 40 1 
40 3.30 34.1 1 
СНО, Hexanoic acid 116.158 20 0.96 9.6 26 
60 1.16 117 26 
СНО, Isopentyl formate 116.158 22 0.3 3 27 
СНО, Butyl acetate 116.158 20 0.68 6.8 10 
СНО, sec-Butyl acetate 116.158 20 0.62 6.2 10 
СНО, Isobutyl acetate 116.158 20 0.63 6.3 10 
СНО, Propyl propanoate 116.158 25 0.6 6 27 
C,H,,0, Ethyl butanoate 116.158 20 0.49 4.9 10 
СНОз 2-Ethoxyethyl acetate 132.157 14 ~165 30 
СНОз Tetrahydro-2,5-dimethoxyfuran 132.157 21 32 20 
90 19 ~235 20 
СНО Paraldehyde 132457 25 11 ~125 30 
C,H,,0, B-D-Fructose 180155 20 ~31 444 40 
СНО D-Galactose 180.155 20 40.6 27 
СНО a-D-Glucose 180.155 15 45.0 27 
30 54.6 27 
80 81.5 27 
СНО L-Sorbose 180155 17-26 355 40 
C,H,;Br 1-Bromohexane 165.071 25 0.00258 0.0258 35 
СН, аа 1-СМогоћехапе 120.620 5 0.0047 0.047 35 
25 0.0064 0.064 35 
CHNO, L-Leucine 131173 25 2.15 22.0 26 
CHNO, L-Isoleucine 131173 25 3.31 34.2 26 
CHNO, L-Norleucine 131173 25 15 15 26 
СНА ко, 6-Aminohexanoic acid 131.173 25 46 29 
C,H,,;NO, Ethyl N-propylcarbamate 131.173 15 7.70 83.4 27 
СН Нехапе 86.175 25 0.0011 0.011 3 183 13 
60 0.00136 0.0136 3 
СН 2-Methylpentane 86.175 25 0.00137 0.0137 3 176 13 
СН 3-Methylpentane 86.175 25 0.00129 0.0129 3 170 13 
(95:07 2,2-Dimethylbutane 86.175 25 0.0021 0.021 3 199 13 
СНА 2,3-Dimethylbutane 86.175 25 0.0021 0.021 3 144 13 
CHuN,O, L-Lysine 146187 25 0.58 5.8 26 
CHuN,O, L-Arginine 174.201 25 1544 ~185 26 
С,Н,О 2-Methoxy-2-methylbutane 102.174 20 1.10 12.7 20 
79 0.36 3.6 20 
CHO 1-Hexanol 102.174 0 0.79 79 1 
25 0.60 6.0 1 
50 0.51 5.1 1 
СНО 2-Hexanol 102.174 25 14 14 1 
СНО 3-Hexanol 102.174 25 16 16 1 
C¿H, O 2-Methyl-1-pentanol 102.174 25 0.81 8.1 1 
СНО 4-Methyl-1-pentanol 102.174 25 0.76 7.6 1 
СНО 2-Methyl-2-pentanol 102.174 25 32 33 1 
С,Н,О 3-Methyl-2-pentanol 102.174 25 1.9 19 1 
С,Н,О 4-Methyl-2-pentanol 102.174 27 1.5 15 1 
С,Н,О 2-Methyl-3-pentanol 102.174 25 2.0 20 1 
С,Н,О 3-Methyl-3-pentanol 102.174 25 4.3 45 1 
CHO 2-Ethyl-1-butanol 102174 25 10 10 1 
C,H,,0 2,2-Dimethyl-1-butanol 102.174 25 0.8 8 1 
С,Н,О 2,3-Dimethyl-2-butanol 102.174 25 42 44 1 
СНО 3,3-Dimethyl-2-butanol, (+)- 102174 25 24 25 1 
С,Н,О Dipropyl ether 102.174 25 0.49 4.9 10 0.26 13 
СНО Diisopropyl ether 102.174 20 0.79 12 20 0.26 13 


61 0.22 2.2 20 


Aqueous Solubility and Henry's Law Constants of Organic Compounds 


Mol. 
formula 


СНО 


СН О; 
بس وب‎ 
СНО, 

СН О, 
CH, N 
CH, N 
СНОМ 
СН N, 
CF, 
С,Н,Вг,ХО 
С,Н,М.О, 
C;H4CINO, 
C;H4CINO, 
СНО 
СНО 
СНО 
С,Н,О, 


C;H;BrO, 
C;H;BrO, 
С,Н,ВгО, 
СНОО, 
С,Н,СО, 
СНОО, 
C;H,CLNO, 
C; HCl, 
С,Н.С,О 
C,H;FO, 
C,H;FO, 
C,H;FO, 
СНО, 
СНО, 
СНО, 
САМ 
С,Н.МО 


СНО, 
C;H,CIN;O,S, 
C; H«C, 
CH ,CLO 
C,H,CLO 
CHN, 
CHN, 
СНО, 
СНО, 
С.Н,О 
C;H40, 


Name 
Butyl ethyl ether 


1,1-Diethoxyethane 
1,2-Diethoxyethane 

D-Glucitol 

D-Mannitol 

Dipropylamine 

Triethylamine 

Triethylamine hydrochloride 
1,6-Hexanediamine 
Perfluoroheptane 
3,5-Dibromo-4-hydroxybenzonitrile 
2,4,6-Trinitrobenzoic acid 
3-Chloro-2-nitrobenzoic acid 
5-Chloro-2-nitrobenzoic acid 
2,3,4,6- Tetrachloro-5-methylphenol 
3,5-Dinitrobenzoic acid 


4-Oxo-4H-pyran-2,6-dicarboxylic acid 


3-Hydroxy-4-oxo-4H-pyran-2,6- 
dicarboxylic acid 
2-Bromobenzoic acid 
3-Bromobenzoic acid 
4-Bromobenzoic acid 
2-Chlorobenzoic acid 
3-Chlorobenzoic acid 
4-Chlorobenzoic acid 
3-Amino-2,5-dichlorobenzoic acid 
(Trichloromethyl)benzene 
2,4,6-Trichloro-3-methylphenol 
2-Fluorobenzoic acid 
3-Fluorobenzoic acid 
4-Fluorobenzoic acid 
2-Iodobenzoic acid 
3-Iodobenzoic acid 
4-Iodobenzoic acid 
Benzonitrile 
Benzoxazole 
3-Nitrobenzaldehyde 
4-Nitrobenzaldehyde 
Saccharin 


2-Nitrobenzoic acid 
3-Nitrobenzoic acid 
4-Nitrobenzoic acid 
2,4,6-Trinitrotoluene 


N-Methyl-N,2,4,6-tetranitroaniline 
Chlorothiazide 
(Dichloromethyl)benzene 
2,4-Dichloro-6-methylphenol 
2,6-Dichloro-4-methylphenol 
1H-Benzimidazole 
1H-Indazole 
1-Methyl-2,4-dinitrobenzene 
2-Methyl-4,6-dinitrophenol 
Benzaldehyde 

Benzoic acid 


Mol. wt. 


102.174 


118.174 
118.174 
182.171 
182.171 
101.190 
101.190 
137.651 
116.204 
388.049 
276.913 
257.114 
201.565 
201.565 
245.918 
212.116 
184.103 
200.103 


201.018 
201.018 
201.018 
156.567 
156.567 
156.567 
206.027 
195.474 
211.473 
140.112 
140.112 
140.112 
248.018 
248.018 
248.018 
103.122 
119.121 
151.120 
151.120 
183.185 


167.120 
167.120 
167.120 
227.131 


287.144 
295.724 
161.029 
177.028 
177.028 
118.136 
118.136 
182.134 
198.133 
106.122 
122.122 


100 


100 


Solubility 5 Henry Const. Ан 
kPa 
Mass% g/L Ref. m?mol? Ref. 
0.65 6.5 20 
0.39 3.9 20 
5 5 10 
21.0 10 
“41 “689 40 
177 “215 27 
2.5 26 10 
5.5 58 10 
57.8 27 
“42 “711 40 
0.0000013 0.000013 35 
0.013 0.13 40 
1.97 20.1 40 
0.047 0.47 27 
0.96 9.6 27 
0.00061 0.0061 2 
0.134 1.34 27 
1.45 14.7 27 
0.84 8.4 27 
0.185 1.85 27 
0.040 0.40 27 
0.0056 0.056 27 
0.209 2.09 27 
0.040 0.40 27 
0.072 0.72 27 
0.070 0.70 40 
0.0053 0.053 10 
0.0112 0.112 2 
0.72 72 27 
0.15 1.5 27 
0.12 12 27 
0.095 0.95 27 
0.016 0.16 27 
0.0027 0.027 27 
02 2 10 
0.834 8.34 6 
0.16 1.6 27 
0.23 2.3 27 
0.40 4.0 27 
4.0 42 27 
0.55 5.58 40 
0.256 2.56 40 
0.0422 0.422 40 
0.012 0.12 40 
0.15 1.5 40 
0.0074 0.074 40 
0.0283 0.283 40 
0.025 0.25 10 
0.0283 0.283 2 
0.0673 0.673 2 
0.201 2.01 6 
0.0827 0.827 6 
0.0271 0.271 40 
0.0130 0.130 40 
0.3 3 10 
0.34 3.4 27 
6.4 68 26 
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8-100 Aqueous Solubility and Henry’s Law Constants of Organic Compounds 


Solubility 5 Henry Const. Ан 
Mol. kPa 
formula Name Mol. wt.  t/C Mass% g/L Ref. mĉmol! Ref. 
C,H,O, Salicylaldehyde 122.122 86 1.68 17.0 10 
С,Н,О, 4-Hydroxybenzaldehyde 122.122 30 1.27 12.9 40 
С,Н,О, 2-Hydroxybenzoic acid 138.121 25 0.2550 2.550 33 
50 0.5665 5.665 33 
СНО, 4-Hydroxybenzoic acid 138.121 15 0.8 8 26 
75 2.5 26 27 
C;H40, 3,4-Dihydroxybenzoic acid 154.121 14 1.8 18 26 
80 21.3 26 
C,H,O; 3,4,5-Trihydroxybenzoic acid 170.120 15 0.94. 9.4 27 
100 25.0 27 
С;Н,Вг 4-Bromotoluene 171.035 25 0.011 0.11 2 
СН 4-Chlorotoluene 126.584 20 0.0137 0.137 40 
СН (Chloromethyl)benzene 126.584 20 0.0493 0.493 10 
C;H;CIO 2-Chloro-6-methylphenol 142.583 25 0.36 3.6 2 
C;H;CIO 4-Chloro-2-methylphenol 142.583 25 0.68 6.8 2 
C,H,ClO 4-Chloro-3-methylphenol 142.583 25 0.40 4.0 2 
С,Н,МО Benzamide 121.137 12 0.577 5.77 27 
C;H;NO, 2-Hydroxybenzamide 137.137 15 0.145 1.45 40 
C;H;NO, Aniline-2-carboxylic acid 137.137 20 0.349 3.49 40 
C;H;NO, Aniline-4-carboxylic acid 137.137 25 0.54 5.39 40 
C;H;NO, 2-Nitrotoluene 137.137 30 0.065 0.65 27 
C;H;NO, 3-Nitrotoluene 137.137 30 0.050 0.50 27 
C,H,NO, 4-Nitrotoluene 137137 30 0.044 0.44 27 
С,Н,МО, 4-Amino-2-hydroxybenzoic acid 153.136 20 0.20 2.0 40 
С,Н,МО, 2-Nitroanisole 153.136 30 0.169 1.69 10 
С,Н,МО, 4-Nitroanisole 153.136 30 0.059 0.59 27 
C,H, Toluene 92.139 25 0.053 0.531 22 0.660 22 
90 0.12 1.2 22 
C.H, 1,3,5-Cycloheptatriene 92.139 25 0.064 0.64 3 0.47 13 
C,H, 1,6-Heptadiyne 92.139 25 0.125 1.25 3 
C;H,CIN,O,S, — Hydrochlorothiazide 297.740 25 0.007 0.07 40 
С,Н,М,5 Phenylthiourea 152.217 25 2.55 26.1 27 
снмо, Theophylline 180.165 20 0.52 52 29 
С,Н,О o-Cresol 108.138 40 3.08 31.8 10 
С,Н,О m-Cresol 108.138 40 2.51 25.8 10 
CHO p-Cresol 108.138 40 2.26 23.1 10 
С,Н,О Benzyl alcohol 108.138 20 0.08 0.8 10 
С,Н,О Anisole 108.138 20 0.203 2.0 20 0.025 13 
81 0.294 2.9 20 0.025 13 
СО, 4-Methoxyphenol 124.138 20 2.51 25.7 40 
С,Н,О,5 p-Toluenesulfonic acid 172.202 40 ~33 500 40 
С,Н,М 2-Methylaniline 107.153 20 1.66 16.9 10 
С,Н,М 4-Methylaniline 107.153 21 7.35 79.3 10 
С,Н,М N-Methylaniline 107.153 25 0.56 5.62 40 
СНО 2-Methoxyaniline 123.152 25 1.24 12.6 40 
C;HNO 4-Methoxyaniline 123.152 20 1.14 11.5 40 
С,Н,ХО,5 2-Methylbenzenesulfonamide 171.217 25 0.162 1.62 27 
С,Н,МО,5 3-Methylbenzenesulfonamide 171.217 25 0.78 7.8 27 
С,Н,МО,5 4-Methylbenzenesulfonamide 171.217 25 0.316 3.16 27 
С,Н,,М,О8 2,3-Dihydro-6-propyl-2-thioxo-4(1H)- 170.231 25 0.120 1.20 40 
pyrimidinone 
с;н,о; Shikimic acid 174.151 15 ~175 26 
CH, 1-Heptyne 96.170 25 0.0094 0.094. 3 4.47 13 
CH, Cycloheptene 96.170 25 0.0066 0.066 3 4.9 13 
CH, 1-Methylcyclohexene 96.170 25 0.0052 0.052 3 
C,H,,0 Cycloheptanone 112.169 20 3.61 37 20 
92 2.82 29 20 


С,Н,О 2-Methylcyclohexanone, (+)- 112.169 20 1.98 20.2 20 


Aqueous Solubility and Henry's Law Constants of Organic Compounds 


Mol. 
formula 


С,Н,О 


وب 
С-Н,;М;О,5‏ 
CH,‏ 

Са 

Са 

Ста 


CH, 
С;Н,,М,0,5 
С.Н,О 
С.Н,О 


Маше 


4-Methylcyclohexanone 


Cyclohexanecarboxylic acid 


Heptanedioic acid 
Diethyl malonate 
Quinic acid 
Oxamyl 

1-Heptene 
trans-2-Heptene 
Cycloheptane 
Methylcyclohexane 
Ethylcyclopentane 
Aldicarb 

Heptanal 
2-Heptanone 
3-Heptanone 
4-Heptanone 
5-Methyl-2-hexanone 


5-Methyl-3-hexanone 


2,4-Dimethyl-3-pentanone 


Ethyl 2-methylbutanoate, (+) 


Heptanoic acid 
Pentyl acetate 
Isopentyl acetate 
sec-Pentyl acetate (S)- 
Butyl propanoate 
Isobutyl propanoate 


Propyl butanoate 

Ethyl pentanoate 

Ethyl 3-methylbutanoate 
1-Bromoheptane 
1-Chloroheptane 
1-Iodoheptane 

Heptane 


2-Methylhexane 
3-Methylhexane 
2,2-Dimethylpentane 
2,3-Dimethylpentane 
2,4-Dimethylpentane 
3,3-Dimethylpentane 
1-Heptanol 


2-Heptanol, (+)- 


Mol. wt. 


112.169 


128.169 
160.168 


160.168 


192.166 
219.261 
98.186 
98.186 
98.186 
98.186 


98.186 
190.263 
114.185 
114.185 


114.185 


114.185 


114.185 


114.185 


114.185 


130.185 


130.185 
130.185 
130.185 
130.185 
130.185 
130.185 


130.185 
130.185 
130.185 
179.098 
134.647 
226.098 
100.202 


100.202 
100.202 
100.202 
100.202 
100.202 
100.202 
116.201 


116.201 


РС 


8-101 


Solubility 5 Henry Const. Ан 
kPa 
Mass% g/L Ref. m?mol? Ref. 
1.54 15.6 20 
2.43 25 20 
1.95 19.9 20 
0.201 2.01 27 
6.347 67.77 33 
42.80 33 
2.26 23.2 20 
247 25 20 
29 26 
~21 280 40 
0.032 0.32 3 40.3 13 
0.015 0.15 3 42.2 13 
0.0030 0.030 3 9.59 13 
0.00151 0.0151 3 43.3 13 
0.0019 0.019 3 
0.012 0.12 3 
0.60 6.02 40 
0.124 1.24 27 
0.435 4.3 20 0.0171 28 
0.353 3.53 20 0.0171 28 
0.479 4.8 20 
0.309 31 20 
0.457 4.57 20 
0.316 3.16 20 
0.537 5.40 20 
0.417 4.19 20 
0.47 4.7 20 
0.32 32 20 
0.52 5.9 20 
0.30 3.0 20 
0.257 2.58 20 
0.151 1.51 20 
0.24 2.4 27 
0.17 1.7 10 
0.2 2 10 
0.2 2 27 
0.572 5.72 27 
0.225 2.26 20 
0.142 1.42 20 
0.162 1.62 27 
0.3 3 27 
0.2 2 10 
0.00067 0.0067 35 
0.00136 0.0136 35 
0.00035 0.0035 35 
0.0003 0.003 3 
0.00024 0.0024 3 209 13 
0.00025 0.0025 3 
0.00025 0.0025 3 346 5 
0.00026 0.0026 3 249 13 
0.00044 0.0044 3 318 5 
0.00052 0.0052 3 175 5 
0.00042 0.0042 3 323 13 
0.00059 0.0059 3 186 5 
0.25 2.5 1 
0.174 1.74 1 0.00562 28 
0.12 1.2 1 
0.33 3.3 1 


8-102 Aqueous Solubility and Henry’s Law Constants of Organic Compounds 


Solubility 5 Henry Const. Ан 
Mol. kPa 
formula Name Mol. wt.  t/C Mass% g/L Ref. m?mol? Ref. 
CHO 3-Heptanol, (S)- 116.201 25 0.43 4.3 1 
CHO 4-Heptanol 116.201 25 0.47 4.7 1 
CH, O 2-Methyl-2-hexanol 116.201 25 1.0 10 1 
CHO 5-Methyl-2-hexanol 116201 25 0.49 4.9 1 
CH, O 3-Methyl-3-hexanol 116.201 25 12 12 1 
CH, O 3-Ethyl-3-pentanol 116.201 25 1.7 17 1 
CH, O 2,3-Dimethyl-2-pentanol 116.201 25 1.5 15 1 
CH, O 2,4-Dimethyl-2-pentanol 116.201 25 1.3 13 1 
CH, O 2,2-Dimethyl-3-pentanol 116.201 25 0.82 8.2 1 
CH, O 2,3-Dimethyl-3-pentanol 116.201 25 1.6 16 1 
CH, O 2,4-Dimethyl-3-pentanol 116.201 25 0.70 7.0 1 
СНО 2,3,3- Trimethyl-2-butanol 116.201 40 22 22 1 
С,С1,М, Chlorothalonil 265.911 25 0.00006 0.0006 40 
C.F ig Perfluorooctane 438.057 25 0.00000017 0.0000017 35 
СЕ 1,3-Bis(trifluoromethyl)benzene 214.108 25 0.0041 0.041 2 
СНО Phthalic anhydride 148116 27 0.62 6.20 40 
С,Н,С,О, 2,4,5-Trichlorophenoxyacetic acid 255.483 25 0.028 0.28 40 
C;H;NO, 1H-Isoindole-1,3(2H)-dione 147.132 25 0.036 0.36 40 
C;H,CLO; (2,4-Dichlorophenoxy)acetic acid 221.038 25 0.07 0.7 40 
C;H,CLO; 3,6-Dichloro-2-methoxybenzoic acid 221.038 25 0.45 4.5 40 
С,Н,М, Quinoxaline 130.147 50 54 6 
C,H.N,O; Nitrofurantoin 238158 30 0.011 0.11 40 
C,H,O, 1,3-Benzodioxole-5-carboxaldehyde 150.132 20 0.35 3.5 40 
С,Н,О, Phthalic acid 166.132 25 0.6977 6.977 33 
65 3.575 37.08 33 
С,Н,О, Isophthalic acid 166.132 25 0.013 0.13 27 
С,Н,5 Benzo[b]thiophene 134.199 20 0.0130 0.130 6 
C,H;CIO, 2-Chloro-4-hydroxy-5- 186.593 25 0.013 0.13 8 
methoxybenzaldehyde 
С,Н,СО, 3-Chloro-4-hydroxy-5- 186.593 25 0.093 0.93 8 
methoxybenzaldehyde 
C,H;CLO 2,4,6-Trichloro-3,5-dimethylphenol 225.500 25 0.00050 0.0050 2 
C ,H,N 1H-Indole 117.149 20 0.187 1.87 6 
Сын; Styrene 104.150 25 0.0321 0.321 22 0.286 22 
50 0.046 0.46 4 0.30 13 
C,H,ClO,PS ٣ 321546 20 0.00011 0.0011 40 
C;H,F4N4O,S, | Hydroflumethiazide 331.293 37 0.068 0.68 40 
C,H,HgO, Mercury(II) phenyl acetate 336.74 20 0.2 2 30 
CHN, 2-Methyl-1H-benzimidazole 132.163 20 0.145 1.45 6 
С,Н,М,О, 1,2-Benzenedicarboxamide 164.162 30 0.59 5.9 40 
С,Н,О Асећорћепопе 120.149 25 0.55 5.5 28 0.00108 28 
80 1.204 12.2 20 
С,Н,О, о-ТоШіс acid 136.149 25 0.118 1.18 27 
C,H,O, m-Toluic acid 136.149 25 0.098 0.98 27 
C,H,O, p-Toluic acid 136.149 25 0.345 3.45 27 
С,Н,О, Benzeneacetic acid 136.149 25 1.71 17.4 27 
CHO, Benzyl formate 136.149 20 1.07 10.8 20 
80 1.43 14.5 20 
С,Н,О, Phenyl acetate 136.149 20 0.59 5.9 20 
91 0.91 92 20 
C,H,O, Methyl benzoate 136.149 20 0.21 2.1 10 
CHO, 4-Methoxybenzaldehyde 136.149 25 0.429 4.29 40 
С,Н,О, Methyl 4-hydroxybenzoate 152.148 25 0.24 24 40 
С,Н,О, 4-Methoxybenzoic acid 152.148 25 0.023 0.23 27 
CsH,O, o-Hydroxybenzeneacetic acid, (+)- 152.148 25 11.3 ~125 27 
C,H,O, Methyl salicylate 152.148 30 0.74 7.4 10 
C,H,O, 4-Hydroxy-3-methoxybenzaldehyde 152.148 25 0.247 2.47 8 


C,H4CIO 4-Chloro-2,5-dimethylphenol 156.609 25 0.89 8.9 2 


Aqueous Solubility and Henry's Law Constants of Organic Compounds 


Mol. 

formula 
С,Н.СО 
С,Н.СО 
С,Н,ХО 


C,H,NO, 
СН 


СНо 


С,Н,МО,Р8 


С,Н, МО, 
رع‎ O 
C,H,O 
د رع‎ 
رع‎ O 
رع‎ O 
رع‎ O 
C,H, O 
С,Н,О 
د ری‎ 
СНО 
СзНьО, 


CH; N 
CH, N 
CH, NO 
СН 
C,H;50; 
САО, 


СУН 
C,H,,CIN, 
СНАО, 


د وي 
СНО;‏ 
САН‏ 
САН‏ 
C;Hig‏ 
СН‏ 
C;Hig‏ 
СН‏ 
СН,‏ 
С,Н,М,О,5,‏ 
С,Н,О‏ 


Мате 
4-Chloro-2,6-dimethylphenol 
4-Chloro-3,5-dimethylphenol 
Acetanilide 


N-(4-Hydroxyphenyl)acetamide 
Ethylbenzene 


o-Xylene 


m-Xylene 


p-Xylene 


Methyl parathion 


Caffeine 
4-Ethylphenol 
2,3-Xylenol 
2,4-Xylenol 
2,5-Xylenol 
2,6-Xylenol 
3,4-Xylenol 
3,5-Xylenol 
Benzeneethanol 
Ethoxybenzene 
2-Phenoxyethanol 
1,2-Dimethoxybenzene 


N,N-Dimethylaniline 
2,5-Dimethylaniline 
4-(2-Aminoethyl) phenol 
4-Vinylcyclohexene 


1,2-Epoxy-4-(epoxyethyl)cyclohexane 


Diethyl maleate 


1-Octyne 
Atrazine 
Octanedioic acid 


Diethyl succinate 
Streptozotocin 

1-Octene 

Cyclooctane 
Ethylcyclohexane 
cis-1,2-Dimethylcyclohexane 
trans-1,4-Dimethylcyclohexane 
Propylcyclopentane 
1,1,3-Trimethylcyclopentane 
Homocystine 

2-Octanone 


3-Octanone 


5-Methyl-3-heptanone 


Mol. wt. 


156.609 
156.609 
135.163 


151.163 
106.165 


106.165 


106.165 


106.165 


263.208 


194.191 
122.164 
122.164 
122.164 
122.164 
122.164 
122.164 
122.164 
122.164 
122.164 
138.164 
138.164 


121.180 
121.180 
137.179 
108.181 
140.180 
172.179 


110.197 
215.684 
174.195 


174.195 
265.221 
112.213 
112.213 
112.213 
112.213 
112.213 
112.213 
112.213 
268.354 
128.212 


128.212 


128.212 


tC 


8-103 


Solubility 5 Henry Const. Ан 
kPa 
Mass% g/L Ref. m?mol?! Ref. 
0.52 52 2 
0.34 34 2 
0.52 5.2 27 
2.7 28 27 
13 13 40 
0.020 0.20 4 
0.0161 0.161 22 0.843 22 
0.0200 0.200 4 
0.0171 0.171 22 0.551 22 
0.021 0.21 4 
0.0203 0.203 4 
0.0161 0.161 22 0.730 22 
0.022 0.22 4 
0.0160 0.160 4 
0.0181 0.181 22 0.690 22 
0.022 0.22 4 
0.00218 0.0218 40 
0.00380 0.0380 40 
0.0059 0.059 40 
2.12 21.7 29 
0.59 5.9 40 
0.457 4.57 40 
0.787 7.87 10 
0.354 3.54 40 
0.60 6.05 40 
0.477 4.77 40 
0.62 6.2 10 
1.72 17.5 40 
0.12 1.2 10 
2.53 26.0 40 
0.716 7.21 20 
1.073 10.9 20 
0.111 1.11 40 
0.66 6.6 27 
1.03 10.4 40 
0.005 0.05 4 
13.4 155 40 
1.56 15.9 20 
1.75 17.8 20 
0.0024 0.024 4 7.87 13 
0.007 0.07 26 
0.2416 2.416 34 
0.5570 5.570 34 
0.19 1.9 40 
0.50 5.07 40 
0.00027 0.0027 4 96.3 13 
0.00079 0.0079 4 10.7 13 
0.00066 0.0066 4 
0.00060 0.0060 4 36 5 
0.000384 0.00384 4 88.2 5 
0.00020 0.0020 4 90.2 5 
0.00037 0.0037 4 159 5 
0.02 0.2 26 
0.113 1.13 10 
0.094 0.94 20 
0.137 1.37 20 
0.106 1.06 20 
0.192 1.92 20 


8-104 


Mol. 
formula 


СНО, 
СНО, 
C,H, O, 
С,Н,,О, 
CsH, ,O; 
CsH, ول‎ 
CHBr 
C,H,,Cl 
C,H,,Cl 
СУН 


СН 
СН 
СН 
СН О 
СУН О 
СН ( 
СН ( 
СН ,O 


сыным 
сыным 
C,H,.Si 
C,H,CLNO,S 
CH,CLN, 
CoH,C1,N,O; 
сң, 


C,H,BrO, 
С,Н.С,О, 
сым 
сын 
C,H,NO 
C,H,CLO, 
CH,CLNO,S 
C,H,O 
СО, 


сна, 
сњао, 
C;HCLNO 
C,HLNO, 
CHN 
CHNO; 
СНО, 
CH, 

СН, 
CH,CLN,O 
C,H,CLN,O, 
CH,O 


СНьО, 
СНО; 

СН, Оз 
С.Н,ОМ,О 
С.Н,СМ,О,5, 
C;H,,ClNO,PS 


Aqueous Solubility and Henry's Law Constants of Organic Compounds 


Name 


Octanoic acid 

Hexyl acetate 

sec-Hexyl acetate 

Pentyl propanoate 
Isobutyl isobutanoate 
Ethyl hexanoate 
1-Bromooctane 
1-Chlorooctane 
3-(Chloromethyl)heptane 
Octane 


3-Methylheptane, (5)- 
2,2,4-Trimethylpentane 
2,3,4-Trimethylpentane 
1-Octanol 

2-Octanol 
2-Methyl-2-heptanol 
2-Ethyl-1-hexanol 
Dibutyl ether 


Dibutylamine 
2-Ethylhexylamine 
Tetraethylsilane 

Folpet 

Anilazine 

Methazole 
2H-1-Benzopyran-2-one 


2-(Acetyloxy)-5-bromobenzoic acid 
Silvex 

Quinoline 

Isoquinoline 

8-Quinolinol 
2-(2,4-Dichlorophenoxy)propanoic acid 
Captan 

trans-Cinnamaldehyde 

trans-Cinnamic acid 


2-(Acetyloxy)benzoic acid 
(4-Chloro-2-methylphenoxy)acetic acid 
Propanil 
3,5-Diiodo-L-tyrosine 
3-Methyl-1H-indole 
N-Benzoylglycine 
Sulfathiazole 
Isopropenylbenzene 
Indan 

Diuron 

Linuron 
1-Phenyl-1-propanone 


Ethyl benzoate 

Benzyl acetate 

Ethyl 4-hydroxybenzoate 
N’-(4-Chlorophenyl)-N,N-dimethylurea 
Methyclothiazide 

Chlorpyrifos 


Mol. wt. 


144.212 
144.212 
144.212 
144.212 
144.212 
144.212 
193.125 
148.674 
148.674 
114.229 


114.229 
114.229 
114.229 
130.228 
130.228 
130.228 
130.228 
130.228 


129.244 
129.244 
144.331 
296.558 
275.522 
261.061 
146.143 


259.054 
269.509 
129.159 
129.159 
145.158 
235.064 
300.590 
132.159 
148.159 


180.158 
200.618 
218.079 
432.981 
131.174 
179.172 
255.316 
118.175 
118.175 
233.093 
249.093 
134.174 


150.174 
150.174 
166.173 
198.648 
360.237 
350.586 


tC 
90 
25 
20 
20 
20 
20 
20 
25 
25 
20 
25 
50 
25 
25 
25 
25 
25 
30 
25 
20 
90 
20 
20 
25 
20 
20 
24 
20 
60 


25 
20 
20 
25 
25 
20 
25 
20 
98 


25 
20 
25 
20 
25 
20 
20 
25 
25 
25 
19 
80 
25 
25 
25 
25 
20 
20 


Solubility 5 Henry Const. Ан 
kPa 

Mass% g/L Ref. m?mol? Ref. 
0.131 1.31 20 

0.080 0.80 26 

0.02 0.2 10 

0.13 1.3 10 

0.1 1 27 

0.5 5 10 

0.063 0.63 27 

0.000167 0.00167 35 

0.0345 0.345 35 

0.01 0.1 10 

0.000071 0.00071 4 311 13 
0.00010 0.0010 4 

0.000079 0.00079 4 376 5 
0.00022 0.0022 4 307 13 
0.00018 0.0018 4 206 13 
0.054 0.54 1 

0.4 4 1 

0.25 2.5 1 

0.01 0.1 1 

0.023 0.3 20 0.48 13 
0.010 0.10 20 

0.47 4.7 10 

0.25 2.5 10 

0.0000325 0.000325 10 

0.00010 0.0010 40 

0.001 0.01 40 

0.00015 0.0015 40 

0.190 1.90 40 

0.69 6.95 40 

0.07 0.7 30 

0.014 0.14 40 

0.633 6.33 6 

0.452 4.52 6 

0.065 0.65 40 

0.083 0.83 40 

0.00005 0.0005 40 

0.135 1.35 40 

0.1 1 26 

0.59 5.9 26 

0.25 2.5 27 

0.117 1.7 40 

0.013 0.13 40 

0.062 0.62 26 

0.050 0.50 6 

0.37 3.7 29 

0.048 0.48 40 

0.0116 0.116 40 

0.010 0.10 4 

0.0042 0.042 40 

0.0075 0.075 40 

0.32 3.2 20 

0.24 2.4 20 

0.083 0.83 20 

0.150 1.50 40 

0.0080 0.080 40 

0.023 0.23 26 

0.005 0.05 40 

0.000073 0.00073 40 


Aqueous Solubility and Henry's Law Constants of Organic Compounds 


Mol. 
formula 
C,H,,NO, 
C,H,,NO, 
C,H,,NO, 
СӘН, МО; 
СӘН, МО, 


С НВО, 
C,H,,CIN,O, 
СН СШ 
СН, NO, 
СН М,О, 
C,H,,O 


CoH د‎ 
СЫН, 

СН „СІМ, 
CH, N,OS 
وب‎ О, 


O,‏ وب 


C,H,,N;S 
СУН 

СУН 
С.Н,,ЕеМ,5, 
CH, МО, 


C,H,0 
сно 
C,H,0 
С.н.о 


СН О, 
CH, O; 
СН» 


СУН» 
СУН» 
CHO 
CH,O 
CH,O 
CHO 
СУН»О 
CHO 
C, Cl O 
C, Cl; 
Србу 


Мате 
DL-Phenylalanine 
L-Phenylalanine 
DL-Tyrosine 
L-Tyrosine 

Levodopa 
1,8-Nonadiyne 
Propylbenzene 
Isopropylbenzene 
2-Ethyltoluene 
4-Ethyltoluene 
1,2,3-Trimethylbenzene 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
N,N-Dimethyl-N-phenylurea 
Bromacil 

Terbacil 

Cyanazine 

Epinephrine 

Carnosine 

Isophorone 


Glycerol triacetate 
1-Nonyne 
Propazine 
Tebuthiuron 
Nonanedioic acid 


Diethyl glutarate 


Ametryn 

1-Nonene 

1,1,3-Trimethylcyclohexane 

Ferbam 

2-Methyl-2-propyl-1,3-propanediol 
dicarbamate 

2-Nonanone 


3-Nonanone 
5-Nonanone 
2,6-Dimethyl-4-heptanone 


Nonanoic acid 
Ethyl heptanoate 
Nonane 


4-Methyloctane 
2,2,5-Trimethylhexane 
3,5-Dimethyl-4-heptanol 
1-Nonanol 
2-Nonanol, (+)- 
3-Nonanol, (+)- 
4-Nonanol 

5-Nonanol 

Kepone 

Mirex 
Perfluorodecane 


Mol. wt. 


165.189 
165.189 
181.188 
181.188 
197.188 
120.191 
120.191 
120.191 
120.191 
120.191 
120.191 
120.191 
120.191 
164.203 
261.115 
216.664 
240.692 
183.204 
226.232 
138.206 


218.203 
124.223 
229.710 
228.314 
188.221 


188.221 


227.330 
126.239 
126.239 
416.494 
218.250 


142.238 


142.238 


142.238 


142.238 


158.238 
158.238 
128.255 


128.255 
128.255 
144.254 
144.254 
144.254 
144.254 
144.254 
144.254 
490.636 
545.543 
538.072 


tC 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
20 
25 
20 
80 
25 
25 
20 
20 
25 
65 
30 
91 
20 
25 
25 
20 
25 


20 
70 
30 
80 
20 
80 
21 
91 
20 
20 
25 
50 
25 
25 
15 
25 
15 
15 
15 
15 
100 
25 
20 


8-105 


Solubility 5 Henry Const. Ан 
kPa 
Mass% g/L Ке. m?mol? Ref. 
1.40 14.2 29 
2.71 27.9 26 
0.35 3.5 30 
0.046 0.46 26 
62.3 26 
0.0125 0.125 4 
0.0052 0.052 22 1.041 22 
0.0050 0.050 22 1.466 22 
0.0093 0.093 5 0.529 13 
0.0094 0.094 5 0.500 13 
0.0070 0.070 22 0.343 22 
0.0057 0.057 22 0.569 22 
0.0050 0.050 22 0.781 22 
0.32 3.2 40 
0.082 0.82 40 
0.071 0.71 40 
0.0171 0.171 40 
0.018 0.18 40 
244 26 
1.57 16.0 20 
127 12.9 20 
5.8 62 10 
0.00072 0.0072 4 
0.00086 0.0086 40 
0.23 2.3 40 
0.1780 1.780 34 
1.322 13.40 34 
1.20 12.2 20 
0.91 92 20 
0.0190 0.190 40 
0.000112 0.00112 40 
0.000177 0.00177 4 105 13 
0.013 0.13 40 
0.33 3.3 40 
0.038 0.38 20 
0.034 0.34 20 
0.056 0.56 20 
0.046 0.46 20 
0.054 0.54 20 
0.029 0.29 20 
0.045 0.43 20 
0.037 0.37 20 
0.0284 0.284 26 
0.029 0.29 27 
0.000017 0.00017 4 333 13 
0.000022 0.00022 4 
0.0000115 0.000115 4 1000 5 
0.00008 0.0008 4 246 13 
0.072 0.72 1 
0.014 0.14 1 
0.026 0.26 1 
0.032 0.32 1 
0.0026 0.026 1 
0.0032 0.032 1 
0.4 4 40 
0.0000085 0.000085 40 
0.000031 0.00031 35 


8-106 Aqueous Solubility and Henry’s Law Constants of Organic Compounds 


Solubility 5 Henry Const. Ан 
Mol. kPa 
formula Name Mol. wt.  t/C Mass% g/L Ref. mmol! Ref. 
C, H,CLO; 2,3-Dichloro-1,4-naphthalenedione 227.044 25 0.00001 0.0001 40 
С,Н.С, Heptachlor 373.318 25 0.0000056 0.000056 40 
C;9H4CLO, Dimethyl tetrachloroterephthalate 331.965 25 0.00005 0.0005 40 
сыңар, Chlordane 409779 25 0.000185 0.00185 40 
Соња 1-Chloronaphthalene 162.616 25 0.00224 0.0224 5 0.0363 28 
Со НС 2-Chloronaphthalene 162.616 25 0.00117 0.0117 5 0.0335 28 
C,)H,NO, 1-Nitronaphthalene 173.169 18 0.005 0.05 40 
СНз Naphthalene 128.171 10 0.0019 0.019 4 
25 0.00316 0.0316 22 0.043 22 
50 0.0082 0.082 4 
сың, 2,2’-Bipyridine 156.184 25 0.61 61 40 
СНО 1-Naphthol 144.170 20 0.111 1.11 40 
CHO 2-Naphthol 144170 20 0.064 0.64 40 
80 0.67 6.7 40 
CoHCLNO,S Captafol 349061 20 0.000142 0.00142 40 
сун 1-Naphthylamine 143.188 20 0.17 1 40 
С,Н,Х 2-Naphthylamine 143.185 20 0.0189 0.189 40 
CioHoN 3-Methylisoquinoline 143.185 20 0.092 0.92 6 
C, Hi ÍCLO, 4-(2,4-Dichlorophenoxy)butanoic acid 249.090 25 0.0046 0.046 40 
СНО, Dimethyl phthalate 194184 25 0.40 4.0 15 
C, |H, O, Dimethyl terephthalate 194.184 25 0.00328 0.0328 40 
دل‎ — N,N-Dimethyl-N--[3-(trifluoromethyl) — 232201 20 0.0105 0.105 40 
phenyl]urea 
СоН №035 Sulfamethoxazole 253.277 25 0.0281 0.281 40 
СН} 1,2,3,4- Tetrahydronaphthalene 132.202 20 0.0045 0.045 40 
САН СМО, Chloropropham 213.661 25 0.0080 0.080 40 
C4H4N,O,S — Bentazon 240278 20 0.050 0.50 40 
C4H4N,O,PS,  Azinphos-methyl 317324 20 0.00209 0.0000 40 
C4 Hi N40; Inosine 268.226 20 16 16 29 
С,,Н,О, Ргору! 4-hydroxybenzoate 180.200 25 0.04 0.4 40 
СНО, Cantharidin 196200 20 0.003 0.03 40 
Ср амо; Isopropyl phenylcarbamate 179.216 20 0.01 0.1 40 
Ср ко, N-(4-Ethoxyphenyl)acetamide 179.216 25 0.0502 0.502 40 
Со О, 2’-Deoxyadenosine 251.242 25 0.67 6.7 29 
СНО, Adenosine 267242 25 0.51 51 29 
Син, N40; Guanosine 283.241 25 0.0500 0.500 29 
СН Butylbenzene 134.218 25 0.00138 0.0138 22 1.33 22 
СрНа sec-Butylbenzene, (+)- 134.218 25 0.0014 0.014 4 1.89 11 
СН tert-Butylbenzene 134.218 25 0.0032 0.032 4 1.28 11 
СН Isobutylbenzene 134.218 25 0.0010 0.010 4 3.32 11 
СН 1-Isopropyl-4-methylbenzene 134.218 25 0.0051 0.051 23 0.80 5 
Срба o-Diethylbenzene 134.218 20 0.0071 0.071 40 
Срба p-Diethylbenzene 134.218 20 0.0025 0.025 40 
Срба 1,2,4,5- Tetramethylbenzene 134.218 25 0.000348 0.00348 4 2.55 11 
CoH NO,PS Рагаііоп 291261 20 0.00129 0.0190 40 
C4 H,UN,0; Thymidine 242228 25 51 54 29 
СНО 4-tert-Butylphenol 150.217 25 0.058 0.58 40 
C, H, O Carvone, (+)- 150.217 15 0.13 1.3 27 
CHp O Thymol 150217 0.1 1 30 
CoH, NO l-Ephedrine 165.232 25 0.57 5.69 40 
о МО, Vidarabine 285257 20 0.051 0.51 40 
сын, d-Limonene 136.234 0 0.00097 0.0097 4 
25 0.00138 0.0138 4 
CHN O,S Biotin 244.310 25 0.035 0.35 40 
СНО Сатрћог, (+) 152233 20 0.01 0.1 10 
C, Hi ,O Carvenone, (S)- 152.233 15 0.22 2.2 27 
СНО trans-Camphoric acid, (+)- 200.232 25 0.8 8 27 


Срба cis-Decahydronaphthalene 138.250 25 0.000089 0.00089 37 


Mol. 
formula 
Сун 
Ср о 
СНО 
СНО 


СНО 


СНО 
СНО 
СН М5 
СН 
СН» 

C, H, O 


СНО 
СНО; 
СНО 
СНО 


СНО 
СН 
СНО 
СНО 
وب‎ 
CuH,O; 
СиНо 

Ci Hi 
СиН NS 
Ci Hi CbN,O; 
С,Н, МО, 
САН МО,р5, 
Ci Hi МО, 
Сүн, МО, 
СиН№0:5 
C,,H,,CINO 

Hi N;O‏ د 
CuH,O,;‏ 
СиНьМО,‏ 
СНО;‏ 
Суб‏ 
Cu H0‏ 
Ci Hi; NOS‏ 


C; Hi NO, 
C,,H,,0, 


С, Но; 
С, а 
لا ني‎ 
СС, 
Србе 
CHCl, 
СНС, 
С,Н,СЬ, 
С,Н,С1,О, 
C,,H,Cl, 
C; H4CI, 


Name 
trans-Decahydronaphthalene 
Borneol, (+)- 

a-Terpineol 

Eucalyptol 


Cyclohexyl butanoate 


Sebacic acid 
Prometone 
Prometryn 
1-Decene 
Pentylcyclopentane 
4-Decanone 


Nonyl formate 
Hexyl butanoate 


Decanoic acid 
Octyl acetate 


Ethyl octanoate 

Decane 

1-Decanol 

Diisopentyl ether 

2-Methyl-1,4-naphthalenedione 

1-Naphthalenecarboxylic acid 

1-Methylnaphthalene 

2-Methylnaphthalene 

1-Naphthalenylthiourea 

Chloramphenicol 

Iopanoic acid 

Phosmet 

L-Tryptophan 

Bendiocarb 

Sulfisoxazole 

Propachlor 

Cytisine 

Butyl 4-hydroxybenzoate 

Butyl 4-aminobenzoate 

Propoxur 

Pentylbenzene 

4-(1,1-Dimethylpropyl)phenol 

4-Amino-N-[(butylamino)carbony]] 
benzenesulfonamide 

Amobarbital 

Heptyl butanoate 


Ethyl nonanoate 

Undecane 

Decabromobiphenyl ether 
Decachlorobiphenyl 
Hexacosafluorododecane 
2,2,3,34,5,5,6,6'-Мопасћогоћрћепу! 
2,233,3,5,5,6,6’-Octachlorobiphenyl 
2,233,3,4,4,6- Heptachlorobiphenyl 
2,3,7,8-Tetrachlorodibenzo-p-dioxin 
2,2;3,3,4,4’-Hexachlorobiphenyl 
2,2;4,4,6,6 -Hexachlorobiphenyl 


Mol. wt. 


138.250 
154.249 
154.249 
154.249 


170.249 


202.248 
225.291 
241.357 
140.266 
140.266 
156.265 


172.265 
172.265 


172.265 
172.265 


172.265 
142.282 
158.281 
158.281 
172.181 
172.181 
142.197 
142.197 
202.275 
323.129 
570.932 
317.321 
204.225 
223.226 
267.304 
211.688 
190.241 
194.227 
193.243 
209.242 
148.245 
164.244 
271.336 


226.272 
186.292 


186.292 
156.309 
959.167 
498.658 
638.086 
464.213 
429.768 
395.323 
321971 
360.878 
360.878 


tC 
25 


Aqueous Solubility and Henry's Law Constants of Organic Compounds 
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Solubility 5 Henry Const. Ан 
kPa 
Mass% g/L Ref. m?mol? Ref. 
0.000089 0.00089 4 3 13 
0.074 0.74 27 
0.20 2.0 27 
0.379 3.79 40 
0.170 1.70 40 
0.11 11 20 
0.09 0.90 20 
0.10 1.0 40 
0.075 0.75 40 
0.0048 0.048 32 
0.00057 0.0057 4 
0.0000115 0.000115 4 185 5 
0.0238 0.238 20 
0.0064 0.064 20 
0.012 0.12 20 
0.021 0.21 20 
0.039 0.39 20 
0.015 0.15 26 
0.020 0.20 20 
0.012 0.12 20 
0.007 0.07 27 
0.0000015 0.000015 4 479 13 
0.0037 0.037 1 
0.02 0.2 10 
0.016 0.16 40 
0.0058 0.058 27 
0.00281 0.0281 22 0.045 22 
0.0025 0.025 4 0.051 12 
0.06 0.6 40 
0.38 3.8 40 
0.034 0.34 40 
0.0025 0.025 40 
1.30 13.1 26 
0.004 0.04 40 
0.03 0.3 40 
0.07 0.7 40 
~30 439 40 
0.020 0.20 40 
0.018 0.18 40 
0.193 1.93 40 
0.00105 0.0105 5 1.69 11 
0.017 0.17 40 
0.053 0.53 40 
0.06 0.6 40 
0.028 0.28 20 
0.020 0.20 20 
0.003 0.03 27 
0.0000004 0.000004 37 
0.0000025 0.000025 40 
0.00000000012 00000000012 7 0.0208 7 
0.00000096 0.0000096 35 
0.0000000018 0000000018 7 
0.00000015 0.0000015 41 0.0381 7 
0.0000002 0.000002 7 0.0054 7 
0.0000000019 0.000000019 40 
0.00000006 0.0000006 7 0.0354 31 
0.0000003 0.000003 41 0.818 7 


8-108 Aqueous Solubility and Henry’s Law Constants of Organic Compounds 


Solubility 5 Henry Const. Ан 
Mol. kPa 
formula Name Mol. wt. tC Mass% g/L Ref. mĉmol! Ref. 
СНС 2,2,3,356,6 -Hexachlorobiphenyl 360.878 25 0.0000004. 0.000004 41 
С,Н.С1, 2,3,4,5,6-Pentachlorobiphenyl 326.433 25 0.0000008 0.000008 7 
С,Н.С1, 2,24,5,5'-Pentachlorobiphenyl 326.433 25 0.000001 0.00001 7 0.0421 31 
СНО, 2,4,6-Trinitro-N-(2,4,6-trinitrophenyl) 439.208 17 0.0060 0.060 40 
aniline 
C4 H«CI, 2,3,4,5- Tetrachlorobiphenyl 291.988 25 0.000002 0.00002 7 
C4 H«CI, 2,2,4,5- Tetrachlorobiphenyl 291.988 25 0.0000016 0.000016 9 
СуН,СуМО, | Nitrofen 284095 22 0.00095 0.0095 40 
C,,H,Cl, 2,4,5-Trichlorobiphenyl 257.543 25 0.000014 0.00014 7 0.0379 31 
C,,H,Cl, 2,4,6-Trichlorobiphenyl 257.543 25 0.00002 0.0002 7 0.0495 7 
C,H, Acenaphthylene 152.192 20 0.0016 0.016 28 0.012 28 
C2H;Cl, 2,5-Dichlorobiphenyl 223.098 25 0.0002 0.002 7 0.0201 7 
C, HCl, 2,6-Dichlorobiphenyl 223.008 25 0.00014 0.0014 7 
C, HCl, Aldrin 364910 25 0.00002 0.0002 40 
С,Н,С,О Dieldrin 380.909 25 0.000020 0.00020 40 
С,Н,С,О Endrin 380.909 25 0.000026 0.00026 40 
С,Н,О Dibenzofuran 168.191 25 0.000475 0.00475 41 0.011 12 
СНО, Methoxsalen 216190 30 0.0048 0.048 40 
С,,Н,5 Dibenzothiophene 184.257 25 0.000103 0.00103 6 
Сун 2-Chlorobiphenyl 188.652 25 0.00055 0.0055 7 0.0701 7 
C4H,CIE,NJO — Norflurazon 303.666 25 0.0028 0.028 40 
C,H,CLNO, Vinclozolin 286110 20 0.1 1 32 
C, HN Carbazole 167.206 22 0.000120 0.00120 6 
C, H9NS 10H-Phenothiazine 199.271 25 0.00016 0.0016 40 
СН; Acenaphthene 154.207 0 0.00015 0.0015 4 
25 0.000380 0.00380 22 0.01217 22 
50 0.00092 0.0092 4 
СН, Biphenyl 154.207 0 0.000272 0.00072 4 
25 0.00072 0.0072 22 0.0280 22 
50 0.0022 0.022 4 
CHCLN, 3,3'-Dichloro-p-benzidine 253126 25 0.00031 0.0031 40 
Ci HN, trans- Azobenzene 182.220 20 0.03 0.3 27 
С,Н,М,О N-Nitrosodiphenylamine 198.219 25 0.0035 0.035 17 
С,Н,О 2-Hydroxybiphenyl 170.206 25 0.07 0.7 40 
С,Н,О 4-Hydroxybiphenyl 170.206 25 0.0056 0.056 40 
С,Н,О Diphenyl ether 170.206 25 0.00180 0.0180 6 0.027 13 
С,Н,О, 1-Naphthaleneacetic acid 186.206 25 0.0415 0.415 40 
СуНү,СЫМО | Propyzamide 256127 25 0.0015 0.015 32 
C,,H,,N Diphenylamine 169.222 20 0.0055 0.055 40 
50 0.0058 0.058 40 
CHa NO, Carbaryl 201.221 20 0.0102 0.102 40 
Сун 4-Aminoazobenzene 197.235 25 0.0030 0.030 40 
97 0.068 0.68 40 
Сун 1,3-Diphenyl-1-triazene 197.235 20 0.050 0.50 40 
Сун 1-Ethylnaphthalene 156.223 25 0.00101 0.0101 4 0.039 12 
Сун, 2-Ethylnaphthalene 156.223 25 0.00080 0.0080 4 0.078 12 
С.Н, 1,3-Dimethylnaphthalene 156.223 25 0.0008 0.008 4 
С.Н, 1,4-Dimethylnaphthalene 156.223 25 0.00114 0.0114 4 
С.Н, 1,5-Dimethylnaphthalene 156.223 25 0.00031 0.0031 4 0.036 28 
С.Н, 2,3-Dimethylnaphthalene 156.223 25 0.00025 0.0025 4 
CH; 2,6-Dimethylnaphthalene 156.223 25 0.00017 0.0017 4 
С,Н,,СІҸ,О,58  Chlorsulfuron 357.773 25 271 27.9 32 
С,Н,,№, p-Benzidine 184236 24 0.0360 0.360 40 
Ci H44N,0,S Bis(4-aminophenyl) sulfone 248.300 25 0.016 0.16 40 
C, H4N,0, Phenobarbital 232234 25 0.12 12 40 
45 0.26 2.6 40 
C, H,4NO,S Carboxin 235302 25 0.017 0.17 40 


C,HuN,O,S Sulfamethazine 278.330 20 0.053 0.53 40 


Aqueous Solubility and Henry's Law Constants of Organic Compounds 8-109 


Solubility 5 Henry Const. Ан 
Mol. kPa 
formula Name Мо! wt.  t/C Mass% g/L Ref. m?mol? Ref. 
СНО, Diethyl phthalate 222237 25 0.12 12 40 
C,4H,,CINO,PS, Phosalone 367808 20 0.00026 0.0026 40 
عا‎ NO; Carbofuran 221252 20 0.032 0.32 40 
СН; Hexylbenzene 162.271 25 0.00021 0.0021 4 
CHN O,S Tolbutamide 270347 25 0.011 0.11 40 
CyHygN,O,S  Oryzalin 346.359 25 0.00024 0.0024 40 
СНО, 4-Hexyl-1,3-benzenediol 194.270 18 0.05 0.5 40 
C,H,CINO,P Crufomate 291711 20 0.50 5.0 40 
Ci H3N4O, Hexazinone 252.313 25 3.2 33 40 
C,H,O, Dodecanedioic acid 230.301 20 0.004 0.04 40 
СНО Sucrose 342.296 20 67.1 27 
50 72.3 27 
100 83.0 27 
СНО а-Майове 342296 20 51.9 27 
C, H4O 2,6,8-Trimethyl-4-nonanone 184.318 10 0.012 0.12 20 
80 0.014 0.14 20 
СНО, Dodecanoic acid 200318 20 0.0055 0.055 26 
СНО» Ethyl decanoate 200.318 20 0.0015 0.015 27 
СН Dodecane 170.334 25 0.00000037 0.0000037 4 750 5 
C,H40 1-Dodecanol 186.333 25 0.0004. 0.004 1 
СНО Dihexyl ether 186.333 20 0.019 0.19 20 
90 0.019 0.19 20 
C,,H,,N Tributylamine 185.349 25 0.0142 0.142 40 
С,Н,,ОР Tributyl phosphate 266.313 25 0.039 0.39 10 
C, H,N Acridine 179.217 25 0.00466 0.0466 6 
C, H,N Benzo[f]quinoline 179.217 25 0.0079 0.079 6 
сын, 9H-Fluorene 166.218 0 0.00007 0.0007 4 
25 0.00019 0.0019 22 0.00787 22 
50 0.00063 0.0063 4 
С,Н,1,О, Dichlorophene 269.123 25 0.003 0.03 40 
C, H, O Benzophenone 182.217 20 0.0075 0.075 40 
С,Н,СО Clorophene 218.678 20 0.42 4.2 40 
С,Нь, Diphenylmethane 168.234 25 0.000141 0.00141 4 0.001 12 
CH, NO N,N’-Diphenylurea 212246 20 0.015 0.15 40 
C4H,CLN,O,  Iprodione 330166 20 0.0013 0.013 40 
CH; 1,4,5-Trimethylnaphthalene 170.250 25 0.00021 0.0021 4 
С,Н,/Ч,О Aminopyrine 231.293 25 4.8 50 40 
Сони СО,  Melphalan 305200 30 0.44. 4.4 40 
C.H, O, Ibuprofen 206.281 25 0.0011 0.011 40 
60 0.0048 0.048 40 
C4H4N40, Pendimethalin 281308 20 0.00003 0.0003 40 
СОН„МОР5  Fenamiphos 303.358 20 0.0329 0.329 40 
CH, O, Tridecanoic acid 214344 20 0.0033 0.033 26 
СНз Tridecane 184.361 25 0.00000003 0.0000003 7 
CuH,O, 9,10-Anthracenedione 208.213 25 0.00014 0.0014 40 
CuH,O, 1,4-Dihydroxy-9,10-anthracenedione 240.212 25 0.0000096 0.000096 40 
CuH,CIE,N,O, Diflubenzuron 310683 20 0.00002 0.0002 40 
CuH,Cl; 1,1,1-Trichloro-2,2-bis(4-chlorophenyl) 354.486 25 0.0000001 0.000001 40 
ethane 
С,Н.С,О 1,1-Bis(4-chlorophenyl)-2,2,2- 370.485 25 0.00013 0.0013 40 
trichloroethanol 
CHNO, 2-Amino-9,10-anthracenedione 223.227 25 0.000016 0.00016 40 
сын, Anthracene 178.229 0 0.0000022 0.000022 4 
25 0.0000045 0.000045 22 0.00396 22 
сын, Phenanthrene 178229 10 0.000050 0.00050 4 
25 0.00011 0.0011 22 0.00324 22 
50 0.00041 0.0041 4 
CHCl, 1,1-Dichloro-2,2-bis(p-chlorophenyl) 320.041 25 0.000009 0.00009 40 


ethane 


8-110 Aqueous Solubility and Непгу 5 Law Constants of Organic Compounds 


Solubility 5 Henry Const. Ан 
Mol. kPa 
formula Name Mol. wt.  t/C Mass% g/L Ref. m?mol? Ref. 
45 0.000024 0.00024 40 

CuH,@ O, Benzoyl peroxide 242.227 20 0.000016 0.00016 40 

С.Н}, trans-Stilbene 180.245 25 0.000029 0.00029 4 0.040 12 

CuH,O, Benzoin 212244 25 0.03 0.3 40 

С.Н, 1,2-Diphenylethane 182.261 25 0.00044 0.0044 6 0.017 12 

C4H4NO,PS Ethyl p-nitrophenyl 323.304 22 0.00031 0.0031 40 
benzenethiophosphate 

C,H,40 Dibenzyl ether 198260 35 0.0040 0.040 10 

Cua H,O; 2-Pivaloyl-1,3-indandione 230259 25 0.0018 0.018 40 

C HN, 4-(Dimethylamino)azobenzene 225.289 20 0.00014 0.0014 40 

СН № 2;3-Dimethyl-4-aminoazobenzene 225.289 37 0.0007 0.007 40 

Cu4H4CIN)O, — Bayleton 293749 20 0.026 0.26 40 

Сыный» o-Tolidine 212290 25 0.13 13 40 

Сан О, 3,3’-Dimethoxybenzidine 244.289 25 0.006 0.06 40 

СыньМ,О,» Trimethoprim 290318 25 0.04 0.4 40 

CuH,CINO,  Alachlor 269768 23 0.024 0.24 40 

C4H4N4O,S — Tolazamide 311.400 30 0.0065 0.065 40 

CuHyN,O 2-(Diethylamino)-N-(2,6- 234337 25 0.38 3.8 40 
dimethylphenyl)acetamide 

CuH,,O, Tetradecanoic acid 228.371 20 0.0020 0.020 26 

C,,H,,Cl 1-Chlorotetradecane 232.833 25 0.0232 0.232 35 

СН, Tetradecane 198.888 25 0.000012 0.00012 5 

СНО 1-Tetradecanol 214387 25 0.000031 0.00031 

Ci Hs; 2-Methylanthracene 192.256 25 0.00003 0.0003 22 

Ci Hs; 9-Methylanthracene 192.256 25 0.000026 0.00026 4 

C.H, 1-Methylphenanthrene 192.256 25 0.0000269 0.000269 4 

сн, МО, Phenytoin 252268 37 0.0038 0.038 40 

С.Н, МО, Mefenamic acid 241.286 20 0.0026 0.026 40 

Са رل‎ 2,2-Bis(4-hydroxyphenyl)propane 228.287 20 0.035 0.35 40 

C,H4N,O,S  Acetohexamide 324396 37 0.0013 0.013 40 

С,Н,,О 4-Мопу1рһепо1 220.351 25 0.000636 0.00636 40 

CHO% Tributyrin 302.363 20 0.010 0.10 40 

С,Н,,О, Pentadecanoic acid 242.398 20 0.0012 0.012 26 

С.Н.О 1-Pentadecanol 228414 25 0.000010 0.00010 1 

СН Fluoranthene 202.250 25 0.000026 0.00026 22 0.00096 22 

СН Ругепе 202.250 25 0.000013 0.00013 22 0.00092 22 

50 0.00009 0.0009 4. 

СНОО Майит 284739 25 0.005 0.05 40 

С.Н, 9,10-Dimethylanthracene 206.282 25 0.0000056 0.000056 4 

С.Н, СІМ;О Chlorodiazepoxide 299.754 20 0.2 2 40 

С6НиСЬОз Chlorobenzilate 325.186 20 0.001 0.01 32 

CHClO, Didofop-methyl 341186 20 0.0003 0.003 32 

CHNO 2-Methyl-3-(2-methylphenyl)-4(3H)- 250294 23 0.03 0.3 40 
quinazolinone 

СНО, Methoxychlor 345648 25 0.000005 0.00005 40 

С,,Н,,ХО, N-Benzoyl-L-phenylalanine 269.295 25 0.085 0.85 29 

с НО, Phenmedipham 300.09 25 0.00047 0.0047 32 

СНО Diphenamid 239312 27 0.026 0.26 32 

C4HjN,O,S Cephalexin 347389 25 12 12 40 

C450, Dibutyl phthalate 278344 25 0.00112 0.0112 15 

C, Нур О, Hexadecanoic acid 256.424 20 0.00072 0.0072 26 

С.Н, Нехадесапе 226.441 25 0.0000006 0.000006 37 

СНО 1-Hexadecanol 242440 25 0.000003 0.0008 1 

С.Н, 11H-Benzo[a]fluorene 216.277 25 0.0000045 0.000045 4 

СН, 11H-Benzo|[b]fluorene 216.277 25 0.0000002 0.000002 4 

C,,H,,NO, Apomorphine 267.323 25 2.0 20 40 

Сино, Imazaquin 311335 20 0.009 0.09 32 

CH, NO; Morphine 285338 20 0.015 0.15 27 


C,H, NO, Fenoxycarb 301.338 20 0.0006 0.006 32 


Мол. 
formula 


Ci; H4N;O 


СНО, 
CHa NO, 
СЬН»МО; 
СЬН»МО; 
کم و يی‎ 
Сар 
Сар 
Са 
Сар 

Cis HN, 
СаНа 
Сана 

Ci Hu 
С,Н,ОР 
Ci H, Обп 
СНО 
Са у МО; 
СаН»о 16 
СыН,О, 
СыН,О, 
С,вН3зв 
نس د بپ‎ 
СН 
СН 
СЫН, 

C; H,CINO, 
C, Hi O, 
C, Но МО 


C, Но МО 
C.H, O, 
Су 
Су 
Су 
Су 
Су 
Cy9H,,0; 
Су 
СН 
СНО; 
СНО; 
Су и МО, 
C4H4N 
С,,Н,,М,О, 
Срба О 
С»Н»О» 
С,Н,О, 
СН 

Са HN 
С,Н,, 


СаН,СЬО; 
C4 H30;P 

C4 H5N,O; 
C,,H,,CIFNO, 
C4 HO; 


Name 

N,N,N;N"- Tetramethyl-4,4"- 
diaminobenzophenone 

Riboflavin 

Cocaine 

Atropine 

Hyoscyamine 

Heptadecanoic acid 

Benz[a]anthracene 

Chrysene 

Naphthacene 

Triphenylene 

2,2’-Biquinoline 

o-Terphenyl 

m-Terphenyl 

p-Terphenyl 

Triphenyl phosphate 

Triphenyltin hydroxide 

trans-Diethylstilbestrol 

Codeine 

Raffinose 

Dibutyl sebacate 

Stearic acid 

Octadecane 

1-Octadecanol 

9-Methylbenz[a]anthracene 

10-Methylbenz[a]anthracene 

5-Methylchrysene 

Indomethacin 

Warfarin 

Folic acid 


Phenylbutazone 

17-Hydroxyandrost-4-en-3-one, (17) 

Perylene 

Benzo[a]pyrene 

Вепто|е|ругепе 

Benzo[k]fluoranthene 

Benzo[b]fluoranthene 

Fluorescein 

13H-Dibenzo[a,i]carbazole 

1,2-Dihydrobenz|j]aceanthrylene 

Phenolphthalein 

Diphenyl phthalate 

Papaverine 

Amitriptyline 

Quinine 

Quinidine 

Norethisterone 

17-Methyltestosterone 

Eicosane 

Dibenz[a,j]acridine 

1,2-Dihydro-3-methylbenz|[j] 
aceanthrylene 

Permethrin 

Tri-p-cresyl phosphate 

Strychnine 

Haloperidol 

17,21-Dihydroxypregna-1,4-diene- 
3,11,20-trione 


Mol. wt. 


268.353 


376.364 
303.354 
289.370 
289.370 
270.451 
228.288 
228.288 
228.288 
228.288 
256.301 
230.304 
230.304 
230.304 
326.283 
367.029 
268.351 
299.365 
504.437 
314.461 
284.478 
254.495 
270.494 
242.314 
242.314 
242.314 
357.788 
308.328 
441.397 


308.374 
288.424 
252.309 
252.309 
252.309 
252.309 
252.309 
332.306 
267.324 
254.325 
318.323 
318.323 
339.386 
277.404 
324.417 
324.417 
298.419 
302.451 
282.547 
279.335 
268.352 


391.288 
368.363 
334.412 
375.865 
358.428 


РС 


Aqueous Solubility and Henry's Law Constants of Organic Compounds 


8-111 


Solubility 5 Henry Const. Ан 
kPa 
Mass% g/L Ref. m?mol? Ref. 
0.04 0.4 40 
0.0075 0.075 40 
0.17 1.7 27 
0.3 3 40 
0.36 3.6 40 
0.00042 0.0042 26 
0.0000011 0.000011 22 0.00058 22 
0.0000002 0.000002 22 0.000065 22 
0.00000006 0.0000006 4 0.000004 12 
0.0000041 0.000041 4 0.00001 12 
0.000102 0.00102 6 
0.00012 0.0012 40 
0.00015 0.0015 40 
0.0000018 0.000018 40 
0.000073 0.00073 40 
0.0001 0.001 32 
0.01 0.1 40 
0.79 7.9 27 
12.5 ~145 27 
0.004 0.04 10 
0.00029 0.0029 26 
0.0000006 0.000006 37 
0.000011 0.00011 1 
0.0000066 0.000066 4 
0.0000055 0.000055 4 
0.0000062 0.000062 4 
0.001 0.01 40 
0.004 0.04 40 
0.001 0.01 26 
0.05 0.5 26 
0.0034 0.034 40 
0.0024 0.024 40 
0.00000004 0.0000004 4 0.000003 12 
0.0000003 0.000003 22 0.0000465 22 
0.0000005 0.000005 22 0.0000467 22 
0.00000008 0.0000008 40 
0.0000002 0.000002 40 
0.005 0.05 27 
0.00000104 0.0000104 6 
0.00000036 0.0000036 6 
0.018 0.18 27 
0.000008 0.00008 40 
0.0037 0.037 40 
0.00097 0.0097 40 
0.057 0.57 27 
0.020 0.20 27 
0.00063 0.0063 40 
0.0033 0.033 40 
0.00000019 0.0000019 4 
0.000016 0.00016 6 
0.00000022 0.0000022 6 
0.00002 0.0002 32 
0.00004 0.0004 40 
0.013 0.13 27 
0.0003 0.003 40 
0.012 0.12 40 


8-112 Aqueous Solubility and Henry’s Law Constants of Organic Compounds 


Solubility 5 Henry Const. Ан 
Mol. kPa 
formula Name Mol. wt.  t/C Mass% g/L Ref. m?mol? Ref. 
С,Н,,О, Prednisolone 360.444 25 0.03 0.3 40 
С,Н,,О, 17,21-Dihydroxypregn-4-ene-3,11,20- 360.444. 25 0.028 0.28 30 
trione 

C4, H303 Progesterone 314.462 25 0.00088 0.0088 40 

4l 0.00206 0.0206 40 
Са На О Hydrocortisone 362.460 25 0.029 0.29 40 
C,,H;;NO, Lasiocarpine 411.490 20 0.67 6.75 40 
Су Hy, Indeno[1,2,3-cd]pyrene 276.330 20 0.00000002 0.0000002 40 
С.Н, Benzo[ghi]perylene 276.330 25 0.000000026 0.00000026 4 0.000075 12 
СН. Benzo|[b]triphenylene 278.346 25 0.0000027 0.000027 4 
СЫН, Dibenz[a,h]anthracene 278.346 25 0.00000006 0.0000006 4 
СЫН, Dibenz[a;jJanthracene 278.346 25 0.0000012 0.000012 4 
СЫН, Рісепе 278.346 25 0.00000025 0.0000025 4 
,هږل‎ Cyfluthrin 434.287 20 0.0000002. 0.000002 32 
C4H,CLNO,  Cypermethrin 416.297 20 0.000001 0.00000 32 
C4 H40,5 Carminic acid 492.386 20 0.13 13 40 
С„НЉЕМО, Droperidol 379427 30 0.00041 0.0041 40 
С.Н,МО, Noscapine 413421 25 0.03 0.3 40 
Cy H, NO% Colchicine 399.437 20 4 4 26 
CHFO; Dexamethasone 392.460 25 0.009 0.09 40 
C,>H, O; Methylprednisolone 374.470 25 0.012 0.12 40 
C>H,O,; Butyl stearate 340.583 25 0.2 2 10 
СН Docosane 310.600 22 0.0000006 0.000006 37 
САН СМО Cyhalothrin 449.850 20 0.0000005 0.000005 32 
Су H5CIF,O; Bifenthrin 422.868 25 0.00001 0.0001 32 
СНО, Rotenone 394417 25 0.000017 0.00017 40 
C,H, N.O, Brucine 394463 20 0.012 0.12 27 
C4H4NO, Narceine 445462 13 0.078 0.78 27 
СН), Согопепе 300.352 25 0000000014 000000014 4 
СНО, Bis(2-ethylhexyl) phthalate 390.557 25 0.000027 0.00027 40 
C4,H40, 3,12-Dihydroxycholan-24-oic acid, 392.573 20 0.001 0.01 40 

(30,50,120) 

с,н,0; Cholic acid 408572 20 0.028 0.28 26 
Сын Tetracosane 338654 22 0.0000004 0.000004 37 
C4H4EN, Hydramethylnon 494476 20 0.0000006 0.000006 32 
сын, Hexacosane 366707 25 0.0000002 0.000002 37 
C Hg Octacosane 394761 22 0.0000006 0.000006 37 
C4H40, Etoposide 588.556 20 0.02 0.2 40 
СНО, Emetine 480.689 15 0.096 0.96 40 
ое Ouabain 584.652 25 13 13 40 
C4 H4 О Reserpine 608.679 30 0.0073 0.073 40 
Сеја Hexatriacontane 506.973 25 0.0000002 0.000002 37 
C4HgNO;; Erythromycin 733.927 30 0.12 1.2 40 

80 0.04 0.4 40 
C, HgO, Digitoxin 764939 25 0.0004 0.004. 40 
СаНада Digoxin 780.939 25 0.0059 0.059 40 
C4H4NO,; Solanine 868.060 15 0.0026 0.026 40 
C4 H40Sn, Fenbutatin oxide 105268 23 0.0000005 0.000005 32 


* [ndicates a value of S for a gas at a partial pressure of 101.325 kPa (1 atm) in equilibrium with the solution. 


AQUEOUS SOLUBILITY OF INORGANIC COMPOUNDS AT VARIOUS 
TEMPERATURES 


The solubility of over 300 common inorganic compounds in 
water is tabulated here as a function of temperature. Solubility is 
defined as the concentration of the compound in a solution that 
is in equilibrium with a solid phase at the specified temperature. 
In this table the solid phase is generally the most stable crystalline 
phase at the temperature in question. An asterisk * on solubility 
values in adjacent columns indicates that the solid phase changes 
between those two temperatures (usually from one hydrated phase 
to another or from a hydrate to the anhydrous solid). In such cases 
the slope of the solubility vs. temperature curve may show a dis- 
continuity. 

АП solubility values are expressed as mass percent of solute, 
100-w,, where 


w, = ту(т, + т.) 


and т, is the mass of solute and т, the mass of water. This quan- 
tity is related to other common measures of solubility as follows: 


Molarity: с, = 1000 pw,/M, 

Моја у: m, = 1000w,/M,(1-w,) 

Mole fraction: x, = (w,/M,)/{(w,/M,) + (10-w,)/Mj 
Mass of solute per 100 g of H,O: r, = 100w,/(1-w,) 


Here M, is the molar mass of the solute and M, = 18.015 g/mol is 
the molar mass of water. p is the density of the solution in g cm”. 

The data in the table have been derived from the references in- 
dicated; in many cases the data have been refitted or interpolated 
in order to present solubility at rounded values of temperature. 
Where available, values were taken from the IUPAC Solubility 
Data Series (Reference 1) or the related papers in the Journal of 
Physical and Chemical Reference Data (References 2 to 5), which 
present carefully evaluated data. 


Compound 0С 10C 206 25C 30C 40С 
AgBrO, 0.193 
Agclo, 017 031 047 055 064 2 
Agclo, 15 
Agclo, 816 830 842 848 853 863 
AgNO, 0.155 0.413 
AgNO, 559 623 678 70.1 723 761 
Ag SO, 056 067 078 083 088 0.97 
AICI, 30.84 3091 3103 3110 3118 3137 
AKCIO), 549 
AIF, 025 034 044 050 056 8 
АКМО), 370 382 399 408 420 445 
AL(SO,), 5 278 282 292 
А5,0, 119 148 180 201 227 286 
BaBr, 476 485 5 500 504 514 
Ba(BrO), 0.285 0442 0.656 0788 0935 1.30 
Ва(С,Н,О), 37.0 44.2 
BaCl, 23.30 2488 2633 2703 2770 2900 
Ba(ClO), 305 313 
Ba(ClO,), 1690 2123 2366 2750 2943 6 
Ba(ClO,), 6730 7096 7430 7575 7705 7923 
BaF, 0.158 0.161 
Bal 625 647 673 688 691 69.5 


The solubility of sparingly soluble compounds that do not ap- 
pear in this table may be calculated from the data in the table 
“Solubility Product Constants” Solubility of inorganic gases may 
be found in the table "Solubility of Selected Gases in Water" 

Compounds are listed alphabetically by chemical formula in the 
most commonly used form (e.g., NaCl, МН, МО. etc.). 
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50°С 60°С 70°С 80°С 90°С 100°С Ref. 
1.32 7 
1.02 1.22 1.44 1.66 1.88 2.11 7 
7 
86.9 87.5 87.9 88.3 88.6 88.8 6 
7 
79.2 817 83.8 85.4 86.7 87.8 6 
1.05 1.13 1.20 1.26 1.32 1.39 7 
31.60 31.87 32.17 32.51 32.90 33.32 7 
64.4 7 
0.81 0.96 1.11 1.28 1.45 1.64 7 
47.3 50.4 53.8* 61.5* 6 
30.7 32.6 34.9 37.6 40.7 44.2 7 
3.43 4.11 4.89 5.77 6.72 7.71 10 
52.5 53.5 54.5 55.5 56.6 57.6 6 
1.74 2.27 2.90 3.61 4.40 5.25 114 
30.27 31.53 32.81 34.14 35.54 37.05 8 
44.7 
36.69 40.05 43.04 45.90 48.70 51.17 114 
80.92 82.21 83.16 83.88 84.43 84.90 7 
7 
70.1 70.7 71.3 72.0 72.7 73.4 6 


Aqueous Solubility of Inorganic Compounds at Various Temperatures 


Compound 
Ва(ТО.), 
Ba(NO)), 
Ва(МО,), 
Ва(ОН), 
Ва5 
Ba(SCN), 
BaSO, 
вест, 
Ве(с10), 
BeSO, 
CaBr, 
СаС1, 
Са(С1О.), 
Са(сІО,), 


Са(ТО.), 
Са(МО), 
Са(МО,), 
CaSO, 
Са5О, 
CdBr, 
сас,о, 
сасі, 
Cd(ClO,), 


Cd(IO)), 
Cd(NO,), 
CdSO, 
CdSeO, 
Ce(NO,), 
Сос, 
Co(ClO,), 


Со(МО,), 
Со(МО.), 
CoSO, 
Co(SCN), 
CrO, 
CsBr 
CsBrO, 
С$С1 
CsCIO, 
Сва, 
CsI 
CsIO, 
CsNO, 
CsOH 
Cs,SO, 
CuBr, 
CuCl, 
Cu(ClO,), 
CuF, 
Cu(NO,), 
CuSO, 
CuSeO, 
Dy(NO,), 
Er(NO,), 
Eu(NO,), 


0°С 
0.0182 
31.1 
47 
1.67 
2.79 


10°С 
0.0262 
36.6 
6.3 


4.78 


27.58 
56 
39.19 
64.2 


66.0 
0.155 
39.5 
53.1 


0.191 
43.0 


50.1 


5.82 
44.9 


57.1 
43.1 
40.59 
59.80 
32.60 


61.78 


47.0 
23.0 


62.3 


1.93 
63.48 
3.87 
1.01 
37.2 
1.58 
13.0 


63.4 


41.7 


49.8 


14.4 


59.99 


63.15 
56.7 


20°С 
0.0342 
41.8 
82 


6.97 


28.61 
59 
42.13 
65.5 


67.6 
0.243 
44.5 
56.7 
0.0059 
0.202 
49.9 


532 


4.65 
45.8 


59.6 
43.2 
39.02 
61.89 
34.87 


65.35 


49.4 
26.1 


62.6 


3.01 
64.96 
5.94 
1.51 
43.2 
221 
18.6 


64.1 


42.6 


56.3 


16.7 


61.49 


64.84 
58.5 


25°С 
0.0396 
443 
9.3 
4.68 
821 
62.6 
0.0011 
41.7 
59.5 
29.22 
61 
44.83* 
66.3 
65.3 
0.0016 
68.3 
0.305 
48.6 
59.0 
0.0054 
0.205 
53.4 
0.0060 
54.6 
58.7 
4.18 
46.3 
0.091 
61.0 
43.4 
38.18 
63.05 
35.99 
53.0 
14 
66.99 
0.49 
50.8 
27.7 
50.7 
62.8 
552 
3.69 
65.64 
7.22 
1.96 
45.9 
2.59 
21.8 


64.5 
55.8 
43.1 


0.075 
59.2 
18.0 
16.0 
62.35 
65.75 
59.4 


30°C 
0.045" 
46.8 
10.2 
84 
9.58 


29.90 
63 
49.12* 
67.2 


69.0 
0.384* 


60.9 
0.0049 
0.208 
56.4 


56.3" 


3.76 
46.8 


62.8 
43.6 
37.29 
64.31* 
37.10 


68.51 


52.4 
29.2 


63.0 


4.46 
66.29 
8.69 
2.57 
48.6 
3.02 
25.1 
75 
64.8 


43.7 
59.3 


61.1 
19.3 


63.29 
66.69 
60.4 


40°С 
0.058* 
51.6 
124 
19 
12.67 


31.51 
68 
52.85* 
69.0 


70.8 
0.517* 


65.4 
0.0041 
0.210 
60.3* 


57.3" 


47.9 


66.5 
441 
35.35 
67.0* 
39.27 


71.17 


56.0 
32.3 


63.5 


6.32 
67.50 
12.15 
4.28 
53.3 
3.96 
32.0 


65.5 


44.8 


62.0 


22.2 


65.43 


68.70 
62.5 


50°С 
0.073 
56.2 
147 
33 
16.18 


33.39 
71 
56.05* 
71.0 


724 
0.590 


77.8 
0.0035 
0.207 
60.3* 


57.5 


49.0 


70.6 
43.5 
33.15 
68.6 
41.38 


7341 


60.1 
344 


64.1 


8.60 
68.60 
16.33 
6.55 
57.3 
5.06 
39.0 


66.1 


46.0 


63.1 


254 


68.04 


70.96 
64.6 


60°С 
0.090 
60.5 
17.0 
52 
20.05 


35.50 
73 
56.73 
73.2 


74.0 
0.652 


78.1 
0.0030 
0.201 
60.5 


57.8 


50.2 


86.1 
42.5 
30.65 
711" 
4346 


75.29 


62.6 
35.9 


647 


11.32 
69.61 
21.14 
9.29 
60.7 
6.29 
45.7 


66.7 


47.2 


64.5 


28.8 


71.58 
73.64 


70°С 
0.109 
64.6 
19.3 
74 
24.19 


37.78 
57.44 
75.5* 
76.0 
0.811* 
78.2 
0.0026 
0.193 


60.7 


58.1 


77.75 


80°С 
0.131 
68.5 
21.5 
100 
28.55 


40.21 


58.21 
77.4* 


78.0 
0.665* 


78.3 
0.0023 
0.184 
60.9 


58.51 


52.7 


86.8 
40.2 
24.69 
79.2 
47.51 


78.28 


67.7 
33.2 


66.2 


17.96 
71.40 
32.10 
15.80 
65.9 
9.20 
57.3 


67.8 


49.9 


67.5 
36.3 


90°С 
0.156 
72.1 
23.5 


33.04 


42.72 


59.04 
77.7 


79.6 
0.668 


78.4 
0.0020 
0.173 
61.3 


58.98 


54.1 


87.1 
38.5 
21.24 
80.9 
49.51 


79.52 


100°С 
0.182 
75.6 
25.5 


37.61 


45.28 


59.94 
78.0 


81.0 


78.5 
0.0019 
0.163 
61.6 


59.5 
66.9 


55.4 


87.4 
36.7 
17.49 
83.1 
51.50 


80.70 


27.8 


67.9 


25.98 
72.96 
43.42 
23.07 
69.2 

12.45 
66.2 


68.8 


52.7 


71.0 
43.5 
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8-114 Aqueous Solubility of Inorganic Compounds at Various Temperatures 


Compound orc 10°C 20°C 25°C 30°C 40°C 50°C 60°C 70°C 80°C 90°C 100°C Ref. 


FeBr, 54.6 648% 7 
FeCl, 33.2 کوچ‎ 48.7" 7 
FeCl, 427 449 479 477 516 748 767 846 843 د843‎ 84 847 6 
Fe(ClO,), 6339 67.76 7 
ЕеЕ, 5.59 7 
Fe(NO,), 40.15 46.57 7 
Fe(NO,), 4144 46.67 7 
FeSO, 13.5 170 208 228 248 288 38 355 36 304 271 240 6 
Gd(NO,), 563 57.7 592 601 610 629 652 679 715 113 
но, 7345 7410 7498 7548 7603 7720 7846 7978 8113 8248 83.82 8514 1:30 
НВО, 2.61 357 477 548 627 810 103 12.9 15.9 193 231 27.3 6 
HgBr, 026 037 052 061 072 0.96 1.26 163 208 261 323 395 4 
Hg(CN), 657 783 933 10.2 111 131 155 182 212 246 283 323 6 
Несі, 4.24 505 617 681 762 9.53 1202 1518 1916 2406 2990 3662 4 
Hgl, 0.0041 00055 0.0072 0.0122 0.0199 4 
Hg(SCN), 0.070 4 
Hg,Cl, 0.0004 3 
Hg(ClO), 73.8 79.8* 85.3* 7 
Нв,50, 0038 0043 0.048 0051 0.054 0.059 0.065 0.070 006 0.082 0.088 0.093 4 
Ho(NO,), 63.8 1:13 
KBE, 028 034 045 055 0.75 138 209 282 358 434 512 5.90 10 
KBr 350 373 394 404 414 432 448 462 476 488 498 50.8 6 
KBrO, 297 448 642 755 879 1157 1471 1814 2179 2557 2942 3328 1:30 
KC,H,O, 6840 7029 7209 7292 7370 7508 7627 7731 7822 7904 7980 80.55 7 
KCl 2174 23.61 2539 2622 2704 2859 3004 3140 32.66 33.86 3499 3605 1:47 
као, 303 467 674 793 921 1206 1526 1878 22.65 2688 3153 3665 1:30 
као, 0.70 110 167 204 247 354 494 674 ووه‎ 1171 14.94 67 6 
КЕ 3090 398 473 5041 532 60.0 7 
KHCO, 18.0 2173 2492 266 2813 3132 3446 3751 4045 6 
KHSO, 27.1 297 323 336 350 378 405 434 462 4902 5182 546 6 
KH,PO, 1174 1497 1825 1997 2177 2528 2895 3276 3675 4096 4541 5012 1:31 
KI 560 576 590 597 604 616 608 68 648 67 666 674 6 
KIO, 4.53 596 757 844 9.34 1109 1322 1529 1741 1958 2178 2403 1:30 
KIO, 016 022 037 051 0.70 1.24 196 283 382 489 602 7 7 
KMnO, 27, 412 596 706 828 1111 1442 1816 6 
KNO, 737 746 753 757 760 767 774 780 785 791 796 801 6 
KNO, 12.0 176 242 277 313 386 457 522 580 630 673 708 6 
кон 48.7 50.8 532 547 56.1 579 586 595 66 618 631 64.6 6 
KSCN 638 664 691 704 716 741 765 789 811 83.3 853 873 6 
ксо, 51.3 517 523 527 53.1 540 549 560 572 584 596 610 6 
K,CrO, 37.1 38.1 389 394 398 405 413 49 426 432 438 3 6 
K,Cr,O, 430 712 10.9 13.1 155 208 263 317 369 415 455 489 6 
KHAsO, | 485* 63.6* 79.8* 7 
K,HPO, 570 591 615 607 641 67.7* 727* 131 
K,MoO, 64.7 66.5 7 
KSO, 5130 5139 5149 5155 5162 5176 5193 5211 5232 5254 5279 5306 1:26 
KSO, 711 846 995 107 114 12.9 142 15.5 16.7 177 18.6 19.3 6 
KS,0, 49.0* 62.3* 75.7" 7 
К,5,О, 22.1 267 311 33.1 352 390 426 460 491 520 546 1:26 
K,SeO, 68.4* 68.5* 68.5* 7 
KSeO, 5270 5293 5317 5330 5343 5370 5399 5430 5461 5494 5526 55.60 7 
К,АѕО, 51.5* 55.6" 73" 7 
KFe(CN), 239 276 311 328 343 372 396 417 435 450 461 470 6 
КРО, 443 51.4 7 
K,Fe(CN), 12.5 173 220 239 256 292 325 355 382 406 414 431 6 
LaCl, 490 485 486 489 493 50.5 52.1 540 56.3 589 617 6 
La(NO,), 550 569 589 600 611 636 663 69.9% 7 1:13 
LiBr 584 60.1 627 644 659 678 683 690 698 707 717 728 6 
LiBrO, 61.03 6262 6444 6544 6651 6890 7168 7324" 7443 75.66 (7693 7832 1:30 
СНО, 2376 2649 2942 3102 3272 3648 4065 4515 4993 5491 6004 6526 7 


LiCl 40.45 42.46* 45.29* 45.81 46.25 47.30 48.47 49.78 51.27 52.98 54.98* 56.34* 1:47 


Aqueous Solubility of Inorganic Compounds at Various Temperatures 


Compound 
СО, 
LiClO, 
LiF 
LiH,PO, 
Lil 
шо, 
LiNO, 
LiNO, 
LiOH 
LiSCN 
Li,CO, 
Li,C,O, 
Li,HPO, 
Li,SO, 
Li,PO, 
Lu(NO,), 
MgBr, 
Mg(BrO,), 
Mg(C,H,O)), 
MgC,O, 
MgCl, 
Mg(ClO,), 
Mg(ClO,), 
MgCrO, 
MgCr,O, 


Mg(IO)), 
Mg(NO)), 
Mg(NO,), 
MgSO, 
MgSO, 
MgS,O, 
MgSeO, 
MnBr, 
MnCl, 
MnF, 
Mn(IO)), 
Mn(NOJ, 
Мп50, 
NH,Br 
ولد‎ 
NH,CIO, 
МНЕ 
NH,HCO, 
NH,H,AsO, 
NH,H,PO, 
NHI 
NH,IO, 
NH,NO, 
NH,NO, 
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0C 
73.2 
30.1 
0.120 
55.8 
59.4 


41 
34.8 
10.8 


1.54 


9.07 
26.3 


49.3 
43.0 
36.18 


33.96 
53.35 
47.8 
32.06* 


54.7 
3.19* 


38.4 
0.32 
18.2 
30.7 
31.4* 
56.00 
38.7 
0.80* 


50.5 
34.6 
37.5 
22.92 
10.8 
41.7 
10.6 
25.2 
17.8 
60.7 


55.7 
54.0 


2.31 
36.4 
65.5 
37.00 
32.2 
41.3 
49.0 


10°С 
75.6* 
32.6 
0.126 


60.5 


45 
37.6 
10.8 


1.43 


8.40 
25.9 


49.8 
45.2 
37.55 


34.85 
54.40 
48.7 


56.1 
6.70* 


39.5 
0.37 
21.7 


57.72 
40.6 


37.3 
40.2 
25.12 
14.1 
43.2 
13.7 
29.0 
22.0 
62.1 


59.0 
60.1 


311 
38.2 
67.9 
40.45 
34.9 
42.1 
51.1 


20°С 
80.8* 
35.5 
0.131 


25°С 
82.1 
37.0 
0.134 


62.3 
43.8 
51 
50.5 
11.1 
54.5 
1.28 
5.87 
747 
25.5 
0.027 
71.1 
50.6 
49.4 
39.61 
0.038 
35.90 
58.66 
50.1 
35.39* 
58.9 
0.013 
59.4 
8.52 
47 
41.6 
0.52 
26.3 
34.1 
35.7* 
60.19 
43.6 
1.01* 
0.27 
61.7 
38.9 
43.9 
28.34 
19.7 
45.5 
19.9 
34.5 
28.8 
64.0 
3.70 
68.8 
68.0 
64.4 
4.94 
41.0 
70.5 
45.49 
39.1 
43.3 
54.7 
54.02 
15.5 


30°C 
83.4 
38.6 


63.0 


53 
57.9 
11.3 


1.24 


7.18 
25.3 


50.9 
51.0 


36.20 
60.91* 
50.5 


60.8 
9.11 


424 
0.61 
28.2 


60.96 
447 


38.9 
45.1 
29.39 
217 
463 
224 
36.3 
312 
64.6 
4.20 


70.3 


5.73 
42.0 
713 
47.11 
40.6 
43.8 
56.0 


40°С 
85.9* 
41.9 


643 


50°С 
87.1* 
45.5 


65.8 


60 
62.2 
12.2 


1.07 


6.16 
24.8 


52.1 
57.9 


37.34 
67.33 
52.1 


65.0 
11.99 


45.9 
0.85* 
33.4 


63.75 
49.4 


36.3 
49.4 
33.50 
29.8 
493 
34.2 
43.1 
41.6 
66.8 
7.63 


777 


9.73 
46.2 
72.9 
53.28 
47.0 
45.6 
62.0 


60°С 
88.2 
49.2 


67.3 


63 
64.0 
127 


0.99 


5.71 
24.5 


52.8 
61.6 


37.97 
69.27 


65.0 
137 


47.9 
0.76 
35.6 


65.01 
54.1 


34.6 
51.3 
35.49 
33.6 
50.9 
414 
46.2 
47.2 
67.8 


80.8 


12.2 
48.5 
73.1 
56.23 
50.6 
46.6 
65.4 


70°С 
89.6 
53.2 


68.8 


66 
65.7 
13.4 


0.92 


5.30 
24.3 


53.5 
65.3 


38.71 
71.01 


65.0 
15.6 


50.0 
0.69 
36.9 


66.19 
54.7 


32.8 
53.0 
37.46 
37.3 
52.5 
49.3 
49.3 
53.0 
68.7 


83.4 
81.1 
15.1 
50.9 


59.13 
54.5 
47.5 
69.1 


80°С 
91.3 
57.2 


81.3 


68 
67.2 
14.2 


0.85 


4.91 
24.0 


54.2 
69.0* 


39.62 
72.44 


67.0 


65.0 
17.6 


52.2 
0.64 
35.9 


67.32 
55.2 


30.8 
54.6 
39.40 
40.7 
54.1 
58.1 
52.2 
59.2 
69.6 


85.8 


18.3 
53.3 


62.00 
58.9 
48.5 


90°С 
93.4 
61.3 


65.1 
19.6 


70.6 
0.62 
34.7 


68.42 
55.7 


0.34 


28.8 
56.1 
41.33 
43.8 


67.6 
55.0 
65.7 
70.4 


88.2 


21.8 
55.9 


49.5 


100°С 
95.7 
714 


82.6 


69.7 


16.1 


0.72 


4.16 


23.6 


55.7 
71.7 


42.15 


65.2 


72.0 
0.60 
33.3 


47* 
69.50 
56.1 
0.48 


26.7 
57.4 
43.24 
46.6 
78.0 
72.4 
71.1 


90.3 


25.7 
58.6 


50.5 
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8-116 Aqueous Solubility of Inorganic Compounds at Various Temperatures 


Compound orc 10°C 20°C 25°C 30°C 40°C 50°C 60°C 70°C 80°C 90°C 100°C Ref. 


NaBr 444 459 47.7 486 496 516 537 54.1 54.3 54.5 54.7 54.9 6 
NaBrO, 200 2322 2665 2828 2986 3283 3555 3805 4037 4252 1:30 
NaCHO, 308 379 457 487 506 520 535 55.0 6 
NaC,H,O, 265 288 318 335 355 399 451 583 593 605 617 629 6 
NaCl 2628 2632 2641 2645 2652 2667 2684 27.03 27.25 27.50 27.78 28.05 1:47 
NaClO 22.7 44.4 7 
NaClO, 97.0* 95.3" 7 
NaClO, 44.27 4667 49.3 50.1 512 536 555 570 585 605 633 67.1 1:30 
NaClO, 619 641 662 672 683 704 725 741 747 754 761 76.7 6 
NaF 352 372 389 397 405 420 434 446 457 466 475 2 6 
NaHCO, 648 759 873 932 991 1113 1240 1370 1502 1637 1773 1910 y 
NaHSO, 222 33.3 10 
NaH,PO, 3654 4107 4600 4868 5154 57.89 617 62.3" 659 687 131 
Nal 61.2 624 639 648 657 677 698 720 747 748 749 7541 6 
NalO, 243 440 778 865" 960 1167 1399 1652 1925 211" 229 247 1:30 
NalO, 12.62 7 
NaNO, 419 434 451 459 468 487 50.7 52.8 550 57.2 595 618 6 
NaNO, 422 444 466 47 488 510 532 553 57.5 596 617 638 6 
NaOH 30 39 46 50 53 58 63 67 71 74 76 79 10 
NaSCN 529 5741 602 627 635 642 650 659 69 69 690 6 
Na,B O, 1.23 171 250 307 382 602 97 14.9 171 199 235 280 6 
Ма,СО, 6.44 10.8 179 235 287 928 922 317 зз 311 309 309 6 
Na,C,O, 262 295 330 348 365 400 436 471 506 5.41 575 608 6 
Na,CrO, 226 323 446 467 469 489 510 534 55.3 55.5 55.8 56.1 6 
NaCrO, 621 63.1 644 65.2 661 680 701 723 746 770 796 807 6 
NaHAsO, 546% 29.3" 67" 7 
МаНРО, 166 419 751 10.55 1634 3517 44645 4520 4681 4878 50.52 51.53 131 
Na,MoO, 306 388 394 394 398 403 410 417 426 435 445 455 6 
Ма,5 11.1 13.2 15.7 17.1 186 221 267 281 302 330 364 40 6 
Na,SO, 12.0 16.1 209 235 26% 273 259 248 237 228 221 215 1:26 
Na,SO, 1613 2194 2922 32.35" 3155 3090 3039 3002 2979 2967 8 
М№а,5,0, 33.1 363 406 433 459 520 623 67 688 694 70.1 71.0 6 
М№а,5,0, 384 395 400 406 418 430 442 455 468 481 495 1:26 
Na,SeO, 47.3* 45* 7 
Na,SeO, 117 36.9* 42.1* 7 
Na,WO, 416 419 423 426 429 436 444 453 462 473 484 495 6 
Na,PO, 428 730 10.8 12.6 141 166 229 284 324 376 404 5 6 
Na,P,O, 223 328 481 662 700 1010 1438 2007 27.31 36.03 32.37 67 6 
маст, 490 493 497 500 504 512 522 533 54.5 55.8 571 58.5 6 
Nd(NO,), 5576 5749 5937 6038 6143 63.69 6627 6947 113 
КІСІ, 347 361 385 40.3 417 421 432 450 461 462 464 466 6 
Ni(ClO,), 40 52.8 7 
NiE, 2.50 2.52 7 
Nil, 55.40 57.68 59.78 6069 6150 6280 6373 64.38 6480 65.09 65.30 7 
МОМО), 441 460 484 498 51.3 546 583 60 631 656 679 690 6 
NiSO, 214 244 274 288 303  320* 341 358 377 399 423 448 6 
Ni(SCN), 35.48 7 
NiSeO, 21.6 262% 45.6" 7 
РЬВг, 0449 060 0841 0966 1118 146 1.89 2 
РЬСІ, 066 081 0.98 107 117 1.39 1.64 19 224 260 299 342 2 
Pb(CIO)), 81.5 7 
ЊЕ, 0.0603 0.0649 0.0670 0.0693 2 
РЫ, 0.041 0.052 0067 0.076 0.086 0.112 0.144 0.187 0243 5 2 
Pb(IO,), 0.0025 7 
Pb(NO,), 2846 3213 3567 3738 3905 4222 4517 4790 5042 5272 5482 5675 2 
PbSO, 0.0033 0.0038 — 0.0042 0.0044 0.0047 0.0052 0.0058 2 
PrCl, 480 481 486 490 495 50.8 52.3 541 56.1 58.3 6 
Pr(NO,), 5750 59.20 6116 6224 6340: 657" 678 702 734 1:13 
RbBr 474 501 526 53.8 549 50 588 606 621 635 648 659 6 
RbBrO, 0.97 155 236 287 345 487 664 8.78 1129 1415 1732 2076 1:30 


RbCI 43.58 45.65 47.53 48.42 49.27 50.86 52.34 53.67 54.92 56.08 57.16 58.15 1:47 


Aqueous Solubility of Inorganic Compounds at Various Temperatures 


Compound 
RbCIO, 
RbCIO, 
RbF 
RbHCO, 
RbI 
RbIO, 
RbNO, 
RbOH 
Rb,CrO, 
Rb,SO, 
SbCl, 
SbF, 
Sc(NO,), 
Sm(NO,), 
SmCl, 
SnCl, 
SnI, 

SrBr, 
Sr(BrO.), 
SrCl, 
Sr(CIO,), 
Sr(ClO,), 
Sr(ClO,), 
SrF, 

511, 
Sr(IO,), 
Sr(MnO,), 
Sr(NO)), 
5г(МО,), 
Sr(OH), 
SrSO, 
SrSO, 
515,0, 
Tb(NO,), 
TLSO, 
Tm(NO,), 
UO,(NO,),, 
Y(NO,), 
Yb(NO,), 
ZnBr, 
ZnC,O, 
ZnCl, 
Zn(ClO,), 


Zn(IO,), 
Zn(NO,), 
ZnSO, 
ZnSO, 
ZnSeO, 


0°С 
2.10 


28.2 


2.65 


49.52 
55.57 


79.3 


44.29* 


81.1 


47.8 


29.1 
33.06 


10°С 
3.38 


58.6 
1.53 
25.0 


30.0 


59.3 
56.33 
48.0 
64 


48.3 
22.00 
32.93 


13.6 
63.42 


62.8 
0.126 


34.6 


13.2 


3.56 


51.82 
56.93 


80.1 


0.0010 


76.6 


81.2 


50.8 


32.0 
34.98 


20°С 
5.14 


75 

53.7 
61.1 
2.07 
34.6 


32.5 


61.6 
58.08 
48.2 


0.97 
50.6 
25.39 
34.43 
14.1 
63.64 


63.5 
0.152 


41.0 


17.7 
60.6 
4.61 


54.42 
58.75 


81.8 
0.0019 
79.0 


81.3 
0.58 
54.4 
0.1786 
35.0 
37.38 


25°С 
6.22 
1.5 


62.3 
2.38 
39.4 


43.26 
33.7 
90.8 
831 
62.8 
59.05 
48.4 


51.7 
27.02 
35.37 
14.3 
63.77 
75.35* 
0.021 
63.9 
0.165 


44.5 
22 
0.0015 
0.0135 
20.0 
61.02 
5.19 
67.9 
55.85 
59.86 
70.5 
83.0 
0.0026 
80.3 
46.27* 
1.53 
81.4 
0.64 
54.6 
0.1790 
36.6 
38.79 


30°C 
745 


634 
274 
44.2 
63.4 


34.8 


63.9 
60.08 
48.6 


52.9 
28.59 
36.43 
14.5 
63.93 


64.5 


0.179 


41.9 
47.0 


22.2 


5.80 


57.55 
61.11* 


84.1 


814 


81.5 
0.69 
58.5 
0.1794 
38.2 
40.34 


40°С 


10.35 


65.4 
3.52 
53.1 


36.9 


81.7 
0.77 
79.1 
0.1803 
41.3 


50°С 
13.85 


67.2 
4.41 
60.8 


38.7 


68.5 
65.05* 
50.0 


57.6 
34.21 
41.94 
15.3 
64.70 


67.3 
0.233 


47.9 


8.46 


67.07 
64.9 


85.8 


82.4. 
48.70 


82.0 
0.82 
80.1 
0.1812 
43.0 


60°C 
17.93 


68.8 
5.42 
67.2 


40.3 


68.1* 


59.9 
36.57 
45.44* 
15.6 
65.16 


69.0 
0.259 


48.4 


9.89 


67.9 


86.1 


83.0 


82.3 


87.5 


42.1 


70°С 
22.53 


70.3 
6.52 
72.2 


41.8 


70.8 


62.3 
38.64* 
46.81* 
15.9 
65.65 


70.8 
0.284 


48.9 


11.33 


72.5 


86.3 


83.7 


82.6 


89.9 


41.0 


80°С 
27.57 


71.6 
7.74 
76.1 


43.0 


74.2 


64.6 

40.2* 
47.69 
66.18 


72.7 
0.307 


49.5 


12.77 


86.6 


84.4 


83.0 


39.9 


90°С 
32.96 


66.8 
40.8 
48.70 
66.74 


74.7 
0.328 


50.1 


14.18 


86.8 


85.2 


83.3 


38.8 


100°С 
38.60 
17 


73.8 
10.36 
81.2 


44.9 


3.87 
69.0 
41.0 
49.87 
67.31 
79.2 


0.346 


58.6 
50.7 


15.53 


87.1 


86.0 


83.7 


37.6 
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SOLUBILITY PRODUCT CONSTANTS 


The solubility product constant K, is a useful parameter for 
calculating the aqueous solubility of sparingly soluble compounds 
under various conditions. It may be determined by direct measure- 
ment or calculated from the standard Gibbs energies of formation 
4,6” of the species involved at their standard states. Thus if K, = 
ЇМЧ”, [A ]" is the equilibrium constant for the reaction 


M, A. (s) = mM (ад) + nA- (aq), 


where M, A. is the slightly soluble substance and М? and A аге the 
ions produced in solution by the dissociation of M, À , then the 
Gibbs energy change is 


AG = m A G° (M';aq) + n A G° (Аад) -A(G (M, А» s) 
The solubility product constant is calculated from the equation 
In K, --А СЕТ 


The first table below gives selected values of К. at 25°C. Many 
of these have been calculated from standard state thermodynamic 
data in References 1 and 2; other values are taken from publica- 
tions of the IUPAC Solubility Data Project (References 3 to 7). 

The above formulation is not convenient for treating sulfides 
because the S? ion is usually not present in significant concentra- 
tions (see Reference 8). This is due to the hydrolysis reaction 


S? + H,O = HS- + OH- 


which is strongly shifted to the right except in very basic solutions. 
Furthermore, the equilibrium constant for this reaction, which de- 
pends on the second ionization constant of H,S, is poorly known. 
Therefore it is more useful in the case of sulfides to define a differ- 
ent solubility product K,,, based on the reaction 


M, S (s) + 2H* = mM: + nH,S (aq) 


Values of K,» taken from Reference 8, are given for several sulfides 
in the auxiliary table following the main table. Additional discus- 
sion of sulfide equilibria may be found in References 7 and 9. 
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Compound Formula к, 
Aluminum phosphate AIPO, 9.84 · 1077 
Barium bromate Ва(ВгО.), 2.43 . 10 
Barium carbonate BaCO, 2.58 . 
Barium chromate BaCrO, 1.17 - 1079 
Barium fluoride BaF, 1.84 · 107 
Barium hydroxide Ва(ОН),.8Н,О 2.55.10- 

octahydrate 

Barium iodate Ва(ТО.), 4.01 - 107? 
Barium iodate monohydrate — Ba(IO,), - H,O 1.67 · 10° 
Barium molybdate BaMoO, 3.54 · 103 
Barium nitrate Ва(МО.), 4.64 · 107 
Barium selenate BaSeO, 3.40 - 1075 
Barium sulfate BaSO, 1.08 - 1079 
Barium sulfite BaSO, 5.0 - 1079 

Beryllium hydroxide Ве(ОН), 6.92.10-2 
Bismuth arsenate BiAsO, 4.43 · 1071? 
Bismuth iodide Bil, 7.71 . 10-8 
Cadmium arsenate Cd,(AsO,), 2.2.1079 

Cadmium carbonate сасо, 1.0 · 1072 

Cadmium fluoride CdF, 6.44 - 10? 
Cadmium hydroxide Cd(OH), 7.2 . 10-5 

Cadmium iodate Cd(IO,), 2.5.1075 

Cadmium oxalate trihydrate CdC,O, - 3H,O 1.42 · 1078 
Cadmium phosphate Cd, (PO), 2.53 . 1033 
Calcium carbonate (calcite) CaCO, 3.36 · 10° 
Calcium fluoride CaF, 3.445.107! 
Calcium hydroxide Ca(OH), 5.02 - 107 
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Compound Formula к, 

Calcium iodate Са(ТО.), 6.47 . 107 
Calcium iodate hexahydrate Са(О,),-6Н,О 7.10 - 107 
Calcium molybdate CaMoO, 1.46 10-8 
Calcium oxalate monohydrate СаС,О,-Н,О 2.32 . 10° 
Calcium phosphate Саро), 2.07 105 
Calcium sulfate Саво, 4.93 · 10> 
Calcium sulfate dihydrate Са5О,.2Ң,О 3.14 10° 
Calcium sulfite hemihydrate Са5О,.0.5Н,О 3.1.107 

Cesium perchlorate CsClO, 3.95 . 10? 
Cesium periodate CsIO, 5.16 - 107 
Cobalt(II) arsenate Co,(AsO,), 6.80 - 107? 
Cobalt(II) hydroxide (blue) Co(OH), 5.92 - 10-5 
Cobalt(II) iodate dihydrate Co(IO,), -2H,O 1.21 - 102 
Cobalt(II) phosphate Co,(PO,), 2.05 · 107» 
Copper(I) bromide CuBr 6.27 · 10° 
Copper(I) chloride CuCl 1.72 · 107 
Copper(I) cyanide CuCN 3.47 - 107? 
Copper(I) iodide Cul 127.10? 
Copper(I) thiocyanate CuSCN 1.77 - 1073 
Copper(II) arsenate Cu,(AsO,), 7.95 · 1079 
Соррег(П) iodate Cu(IO,), - H,O 6.94 - 10-8 

monohydrate 

Соррег(П) oxalate CuC,O, 4.43 - 1079 
Copper(II) phosphate Си. (PO), 1.40 · 1077 
Europium(III) hydroxide Eu(OH), 9.38 - 1077 
Gallium(III) hydroxide Ga(OH), 7.28 - 10?6 
Iron(II) carbonate FeCO, 3.13 - 107! 


Solubility Product Constants 


Compound 
Iron(II) fluoride 
Iron(II) hydroxide 
Iron(III) hydroxide 
Iron(III) phosphate dihydrate 
Lanthanum iodate 
Lead(II) bromide 
Lead(II) carbonate 
Lead(II) chloride 
Lead(II) fluoride 
Геаа(П) hydroxide 
Lead(II) iodate 
Lead(II) iodide 
Lead(II) selenate 
Lead(II) sulfate 
Lithium carbonate 
Lithium fluoride 


Lithium phosphate 
Magnesium carbonate 
Magnesium carbonate 
trihydrate 
Magnesium carbonate 
pentahydrate 


Magnesium fluoride 
Magnesium hydroxide 
Magnesium oxalate dihydrate 
Magnesium phosphate 
Manganese(II) carbonate 
Manganese(II) iodate 


Manganese(II) oxalate 
dihydrate 


Mercury(I) bromide 
Mercury(I) carbonate 
Mercury(I) chloride 
Mercury(I) fluoride 
Mercury(I) iodide 
Мегсигу() oxalate 
Mercury(I) sulfate 


Mercury(I) thiocyanate 
Мегсигу(П) bromide 
Мегсигу(П) iodide 
Neodymium carbonate 
Nickel(II) carbonate 
Nickel(II) hydroxide 
Nickel(II) iodate 
Nickel(II) phosphate 
Palladium(II) thiocyanate 


Potassium 
hexachloroplatinate 


Potassium perchlorate 
Potassium periodate 


Praseodymium hydroxide 


Formula 
FeF, 

Fe(OH), 
Fe(OH), 
FePO, - 2H,O 
La(IO,), 
PbBr, 

PbCO, 

РЬСІ, 

PbF, 
Pb(OH), 

یا 

РЫ, 

PbSeO, 
PbSO, 
Li,CO, 

LiF 

Li,PO, 
МЕСО, 
МЕСО, - 3H,O 


МЕСО, - 5H,O 


MgF, 

Mg(OH), 
МеС,О,-2Н,О 
Mg,(PO)), 
MnCO, 
Ма(О,), 
МпС,О,-2Н,О 


На, 
Nd,(CO,), 
МСО, 
Ni(OH), 
Ni(IO,), 
Ni,(PO,), 
Pd(SCN), 
K,PtCl, 


као, 
KIO, 
Pr(OH), 


K 


2.36 · 
4.87 - 
2.79 · 
9.91 - 
7.50. 
6.60. 
740. 
1.70. 


3.3. 
1.43 
3.69 
9.8. 


137. 


2.53 


815. 
1.84. 


2.37 


6.82. 
2.38. 


3.79. 


5.16 - 
5.61 · 
4.83 - 
1.04. 
2.24 - 
4.37 - 
170. 


6.40 
3.6: 
1.43 
3.10 
5.2. 
1.75 
6.5. 
3.2. 
6.2 · 
2.9. 


1.08. 
1.42. 
5.48 - 
4.71. 
4.74 - 
4.39 - 
7.48. 


1.05. 
3.71. 


3.39 


107 

» 1072 
5 10-3 
10° 

107 
10 
107 
107 
" 104 
107 
10-6 


107 


1 031 
10-2 
107 
1072 
104 
107 
107 


· 1073 
1077 
· 1078 
10-6 
10-29 
· 1073 
107 
1072 
10-2 
10-29 
10-33 
10” 
1075 
10^ 
10? 
1073 
10-6 


102 
107^ 
-10% 


Compound 
Radium iodate 
Radium sulfate 
Rubidium perchlorate 
Scandium fluoride 
Scandium hydroxide 
Silver(I) acetate 
Silver(I) arsenate 
Silver(I) bromate 
Silver(I) bromide 
Silver(I) carbonate 
Silver(I) chloride 
Silver(I) chromate 
Silver(I) cyanide 
Silver(I) iodate 
Silver(I) iodide 
Silver(I) oxalate 
Silver(I) phosphate 
Silver(I) sulfate 
Silver(I) sulfite 


Silver(I) thiocyanate 


Strontium arsenate 
Strontium carbonate 
Strontium fluoride 
Strontium iodate 


Strontium iodate 
monohydrate 


Strontium iodate hexahydrate 
Strontium sulfate 
Thallium(I) bromate 
Thallium(I) bromide 
Thallium(I) chloride 
Thallium(I) chromate 
Thallium(I) iodate 
Thallium(I) iodide 
Thallium(I) thiocyanate 
Thallium(III) hydroxide 
Tin(II) hydroxide 
Yttrium carbonate 


Yttrium fluoride 
Yttrium hydroxide 
Yttrium iodate 

Zinc arsenate 

Zinc carbonate 

Zinc carbonate monohydrate 
Zinc fluoride 

Zinc hydroxide 

Zinc iodate dihydrate 
Zinc oxalate dihydrate 
Zinc selenide 


Zinc selenite monohydrate 


Formula 
Ва(ТО.), 
RaSO, 
RbCIO, 
ScF, 
Sc(OH), 
AgCH,COO 
Ag,AsO, 
AgBrO, 
AgBr 
Ag,CO, 
AgCl 
Ag,CrO, 
AgCN 
AglO, 
Agl 

د 
Ag,PO,‏ 
Ag,SO,‏ 
Ag,SO,‏ 
AgSCN‏ 

Sr (AsO,), 
SrCO, 
SrF, 
Sr(IO,), 
Sr(IO,), - H,O 


Sr(IO,), - 6H,O 
5750, 

т1вгО, 

TIBr 

TICI 

ТІ,СІО, 

THO, 

TII 

TISCN 
TI(OH), 
Sn(OH), 

У (СО, 

ҮЕ, 

Ү(ОН), 
Y(IO,), 
Zn,(AsO,)., 
ZnCO, 

ZnCO, -H,O 
ZnF, 

Zn(OH), 
2100), - 2H,O 
ZnC,O, 2НО 
ZnSe 

ZnSeO, - H,O 


K 
1.16 - 10? 
3.66 · 107! 
3.00 - 10? 
5.81 . 10 
2.22 - 107?! 
1.94 · 10? 
1.03.10? 
5.38 - 10> 
5.35 · 107? 
8.46 · 107? 
1.77 · 107? 
1.12 · 1072 
5.97 · 1077 
3.17 . 1075 
8.52 1077 
5.40 · 1072 
8.89 · 1077 
1.20 · 1075 
1.50 · 107^ 
1.03 · 1072 
4.29 · 1079 
5.60 - 1079 
4.33 - 10° 
1.14 · 107 
3.77 · 107 


4.55 · 107 
344 · 107 
1.10. 107 
3.71 . 107 
1.86 · 107 
8.67 · 1073 
3.12 - 107 
5.54 - 10% 
1.57 - 10% 
1.68 10“ 
5.45 - 1077 
1.03 · 10?! 
8.62 . 10?! 
1.00 · 107? 
1.12 - 1079 
2.8 - 10-8 
1.46 · 1079 
5.42 · 107! 
3.04 · 10? 
3.1077 
4.1. 107 
1.38 · 10° 
3.6 - 1076 
1.59 · 107 
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Sulfides 

Compound 

Cadmium sulfide 
Соррег(П) sulfide 

Iron(II) sulfide 

Lead(II) sulfide 
Manganese(II) sulfide (green) 
Мегсигу(П) sulfide (red) 
Мегсигу(П) sulfide (black) 
Silver(I) sulfide 

Tin(II) sulfide 

Zinc sulfide (sphalerite) 


Zinc sulfide (wurtzite) 


Formula 
CdS 
CuS 
FeS 
PbS 
MnS 
HgS 
HgS 
AgS 
5п5 
ZnS 
ZnS 


Q l2 = оо ом ооо و‎ ON مه‎ 


Solubility Product Constants 


SOLUBILITY CHART 


in water and acids; d, decomposes in water. * Indicates two modi- 
fications of the salt. 


Abbreviations: W, soluble in water; A, insoluble in water but sol- 
uble in acids; w, sparingly soluble in water but soluble in acids; a, 
insoluble in water and only sparingly soluble in acids; 1, insoluble 


No. А NH, 50 Ва Bi Cd Ca Cr Co Cu Аи (I) Au (Il) H Fe (Il) Ее (Ш) 
1 Acetate W W W W үү үү үү үү W W үү W 
—(C,H,0,) А), NH,(—) Ba(—), В(-), 04-), Са(—), Cr(—), Co(—), Cu(—), CHO, Fe),  FeC, 
2 Arsenate a W A w A A w А А үү А А 
—(Аз0,) А(-)  (NH)C—  Sb(—) Ba(—), В(-) 04-),  Ca(9, Co(—, | Cu, HAsO, — Fe,(—), Fe(—) 
3 Arsenite W A w A А 
—(As0,) NH,As0, Sb(—) Ca,(—), CoH(—),  CuH(—) 
4 Benzoate W үү А үү үү үү w үү үү А 
—(C,H,0,) NH,(—) Ba(—), В(-), 04-), Са(—), С0(—) (4-4, с, Fe) Fe,(—) 
5 Bromide үү W d W d W үү ТЫ үү үү М W W ٧ W 
АВР, МН, Вг SbBr, BaBr, BiBr, Савг, CaBr, CrBr, CoBr, CuBr, AuBr AuBr, HBr FeBr, FeBr, 
6 Carbonate w w A w үү А м 
(NH,),CO, Васо, сасо, CaCO, CrCO, Сосо, FeCO, 
/ Chlorate үү W W үү үү үү үү үү үү үү үү 
(010) А(-) NH,(—) Ba(—), В(-), 04-), Са(—), С01-) Cu(—), НСО, Fe(—), Fe(—) 
8 Chloride үү үү үү үү d W үү | ٧ W М W W үү үү 
АС), NH,CI SbCl, BaCl, ВІСІ, CdCl, CaCl, CrCl, CoCl, CuCl, AuCI AuCl, HCI FeCl, FeCl, 
9 Chromate үү А А үү А А 
—(t0) (NH), Ba(—) С) Ca— 0)) Fe(—) 
10 Citrate W w w A A w w W W 
—(CH.0) АС) (м, Ba(—, В(-) 041, Са,(—), Co,(—), СНО, Fe(—) 
11 Cyanide W үү w w Үү А А А м W W a 
H,CN Ba(CN), — Bi(CN),  Cd(CN), — Ca(CN), — Cr(CN), Co(CN), Cu(CN), — AuCN АСМ, НСМ Fe(CN), 
12 Ferricy'de W w A W | W | 
—(Fe(CN),) (NH) Ba(—), с41-4, Car, 00/-4, 03), н-4 Fe, 
13 Ferrocy'de w W W A W | W | а 
—(Fe(CN),) A, (M43 Ва(—) 04/-4 بات‎ Со) به‎ H Fe ње, 
14 Fluoride W W W w W үү w W(a)* үү w W м w 
AIF, МНЕ SbF, BaF, ВІР, Сағ, CaF, CIF, СОР, CuF, HF FeF, FeF, 
15 Formate үү үү үү үү үү үү үү үү үү үү үү 
—(CHO,) А(-;), NH,(—) Ва(—), В(-) 04-), Са(—), Co(—) Cu(—) CHO,  Fe(—, 8), 
16 6 А W W А А үү А А А үү А А А 
AI(0H), NH,OH Ва(он), Вікон), Ca(OH), Ca(OH), Cr(OH), Co(0H), Cu(0H), ШОН АЦОН), Fe(OH), Fe(OH), 
17 lodide үү үү d W А W үү үү үү а а а үү үү үү 
All, NH 501, Bal, Bil, Cdl, Cal, бп, Col, Cul Aul Aul, HI Fel, Fel, 
18 Nitrate үү үү үү d W үү үү W W W W W 
А(М№О,), NH,NO, Ba(NOJ, В(М0), 00(М0), Само),  Cr(NOJ, ^ Co(NO), 0400), HNO, Fe(NO), Ре(№0), 
19 Oxalate A W w А w A үү А А үү А үү 
—(0,0,) А,-) (NH) Ba(—)  Bi(—, 604-) Ca(—) Cr(—) Co(—) Cu(—) CHO,  Fe(—) Fe,(—), 
20 Oxide a w үү А А w a А А А W A А 
А,0, 50,0, Ва0 Bi,0, Сао CaO Cr,0, CoO 040 Au,O Au, : 0 Ғе,0, 
21 Phosphate А W A A A м w A A W A м 
АРО, NH,H,PO, Ba,(PO,),  BiPO, Cd (PO), Са,(РО,),  Cr(PO),  Co(PO),  Cu(PO), HPO,  Fe(PO),  FePO, 
22 Silicate, | W А м А А | 
—(Si0,) А,-), Ва(—) Cd(—) Ca(—) (0,510, Cu(—) H,Si0, 
23 Sulfate үү үү А а d W м W(I)* W W W W w 
AL(SO), (NH)S0, 50,50), BaSO, Bi(SO), 0050 CaS0, б,50,), 0050, 0050, Н,50, FeS0, Fe(S0,), 
24 Sulfide d W А d А А м d А А | | үү А d 
ALS, (МН,),5 Sb,S, BaS ВІ,5, CdS CaS CrS, CoS CuS AUS AUS, HS FeS Fe,S, 
25 Tartrate w үү үү w А А w d А А | | үү А d 
—(C,H,0,) А),  (NH)C— Sb(—),  Ba—)  Bi(—, 604-) Са(—) Со(—) Cu(—) CHO  Fe(—) Fe,(—), 
26 6 W W үү үү d W W W 
NH,CNS Ba(CNS), Ca(CNS) Co(CNS), CuCNS CNSH  Fe(CNS), ^ Fe(CNS), 
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Solubility Chart 8-123 


No. Pb Mg Mn Hg (1) Hg (11) Ni K Pt Ag Na $n (IV) Sn (Il) Sr Zn 
1 Acetate w w w w үү үү үү w w үү d үү үү 
—(0,Н,0,)  Pb(—, М0-), Мп(—), Hg(— НС) М, К) Ag—)  Na—) Sn(—), 5(-), 58(-, Zn(—), 
2 Arsenate A A w A w A w A w w A 
—(As0) РҢ(-) | Mg,(—) MnH(—) | Hg(— Но) №), КО Ag(—) Ма(-) ЯН) | Zn(—), 
3 Arsenite W A A A A W A W A w 
—(As0,) Mg(—, М,Н),  Hg(— Ho(— мн),  KAs0, Ag(—) МаҢ-) Sn 5;-), 
4 Benzoate w W W A w W w үү үү 
CHO) РЫС),  Mg—, Mn, Ho), Н, м, KO Ag—) №) 21, 
5 Bromide W W W A W ٧ W w a W W W W W 
PbBr, MgBr, MnBr, HgBr HgBr, NiBr, KBr PIBr, AgBr NaBr SnBr, SnBr, SiBr, ZnBr, 
6 Carbonate A w w A w w A W w w 
PbCO, MgCO, Мпсо, Hg,CO, NiCO, K,CO, Ag,CO, Na,C0, 5160, 2100, 
7 Chlorate W W W W W W W ٧ W W W W 
--(00) _ Pb(—, М0(—), Мп(—), Нас—) НС) №) К Ag(—) بې‎ Sn—), لب5‎ Zn(—), 
8 Chloride W W W a W ٧ W W a W W ٧ W W 
PCI, MgCl, MnCl, Нас! HgCl, NICI, KCI РІСІ, AgCI ас! SnCl, SnCl, ої, ZnCl, 
9 Chromate A W w 1) А үү w W W А w w 
—(Cr0) РЫ(—) Mg(—) Hg(—) Н0(—) N(— | KC Ag,(—) a(— ل5‎ Sn Si) Zn(—) 
0 Citrate үү үү w w W үү w W А w 
— CH0) РЫ),  Mg(—, Маң) Hg) М, KC Ag(— №) StH) 204(—), 
1 Cyanide w W A үү а үү | а үү үү А 
Pb(CN), Mg(CN), HgCN Hg(CN), Ni(CN), KCN РСМ), AgCN aCN Sr(CN), Zn(CN), 
2 Ferricy de w үү А | үү | W A W A 
—Fe(CN)  Pb(—, М0(—), Ho(—, М-4, KC Ag,(—) а(—) Sn( Su», “QC, 
3 ۹6 a W A | | w | W a W | 
—Fe(CN),  Pb(— Мо-) M, Но(— М) КО Ag(—) a(—) $.— S,— Zn 
4 Fluoride w w A d d w w w W w үү үү w w 
PbF, МОЕ, MnF, HgF HgF, NiF, KF PIF, AgF NaF SnF, SnF, SIF, ZnF, 
5 Formate W W W w үү үү үү үү үү үү үү 
—(CHO) РЫ(—), М№0(—), Мп(—), Hg(— "(-, Ni, К) Ag(—) بې‎ Si) Zn(—), 
6 Hydroxide w A A A w үү А үү w A W A 
Pb(OH), Ма(он), Mn(0H), Hg(0H), Ni(0H), KOH РКОН), NaOH Зи(0н),  Sn(OH), 5г(0Н), Zn(0H), 
Т lodide w W W A w W W | | W d W W W 
Pbl, Mgl, Mnl, НО! Hgl, Nil, Kl РІ, Ад Ма! Snl, Snl, Srl, Znl, 
8 Nitrate W W W W W үү W W ٧ W d W W 
Pb(NO), Ма(М0.), Mn(NO,), HgNO,  Hg(NO,), МИМО), KNO, Р(М0.), AgNO, NaNO, Sn(NO), _ Sr(NO,), Zn(NO,), 
9 Oxalate A w w a А А үү а үү А w A 
-(0) РЫ) м мо بېم‎ но №) ко Ag(— M $(— — $C) نب‎ 
20 Oxide w А А А 1) А w A w d A A үү w 
PbO MgO MnO Hg,0 HgO М0 Ко РІО Ag,0 Na,0 Sn0, Sn0 Sr0 210 
21 Phosphate А w м А А А W A W A A A 
Pb(PO), Мо,(РО,), WMn,(P0,, Hg,PO, | Hg(PO), Ni(PO), КРО, Ag,PO, Na,PO, Sn(PO)  Sr(PO), 2(РО,), 
22 Silicate A А | W W А А 
— (510) РС) Mg(—) Mn(—) K(—) Na,(—) 5(-) Zn(—) 
23 Sulfate w W W w d W W W w үү үү үү w үү 
PbSO, М050, Мп50, Hg,S0, HgS0, NISO, KSO, Р(50), Ав,50, NaS0,  Sn(S0,), 5150, 5150, 7150, 
24 Sulfide A d A | | А W | А W А А W А 
PbS MgS MnS Hg,S HgS М5 KS PIS Ag,S Ма,5 515, 505 515 215 
25 Tartrate A w w | | А w | А үү А А үү А 
—(C,H,0,) РЫС) Mg(—) Mn(—) Hg,(—) N(— К) Ag(—) N, Sn(—) 5(-) Zn(—) 
26 Thiocy'te м үү үү А w үү | W W W 
Pb(CNS), _ Ма(сМ5), ^ Mn(CNS), HgCNS  Hg(CNS), KCNS AgCNS NaCNS Sr(CNS), ^ Zn(CNS), 


REDUCTION ОЕ WEIGHINGS IN AIR TO VACUO 


When the mass M of а body is determined in air, a correction is platinum-iridium (21.6 g/cm’), brass (8.5 g/cm?), and aluminum ог 
necessary for the buoyancy of the air. The corrected mass is given quartz (2.65 g/cm’). 
by M + kM/1000, where kis a function of the material used for the 

weights, given by References 
k- 1000р, „(17р Е Шр) 1. Kaye, С. №. С., and Laby, Т. H., Tables of Physical and Chemical 


; : Я : : Constants, 16th Edition, pp. 25-28, Longman, London, 1995. 
and p is density. The table below is computed for an air densi- 2. Giacomo, Р, Metrologia, 18, 33, 1982. 


ty of 0.0012 g/cm? and for densities of three common weights: 3. Davis, В. S., Metrologia, 29, 67, 1992. 


Density of Value of К for weights of: Density of Value of К for weights of: 

body (g/cm?) Pt-Ir Brass Quartz ог Al body (g/cm?) Pt-Ir Brass Quartz ог Al 
0.5 2.34 2.26 1.95 1.8 0.61 0.53 0.21 
0.6 1.94 1.86 1.55 1.9 0.58 0.49 0.18 
0.7 1.66 1.57 1.26 2.0 0.54 0.46 0.15 
0.8 144 1.36 1.05 2.5 0.42 0.34 0.03 
0.9 1.28 1.19 0.88 3.0 0.34 0.26 -0.05 
1.0 1.14 1.06 0.75 4.0 0.24 0.16 -0.15 
11 1.04 0.95 0.64 6.0 0.14 0.06 -0.25 
1.2 0.94 0.86 0.55 8.0 0.09 0.01 -0.30 
1.3 0.87 0.78 0.47 10.0 0.06 -0.02 -0.33 
14 0.80 0.72 0.40 15.0 0.02 -0.06 -0.37 
1.5 0.74 0.66 0.35 20.0 0.00 -0.08 -0.39 
1.6 0.69 0.61 0.30 22.0 0.00 -0.09 -0.40 
1.7 0.65 0.56 0.25 


For a more accurate calculation, use the following values of the density of air (assuming 50% relative humidity and 0.04% СО): 


Air temperature 


Р/КРа 10°С 20°С 30°С 
85 0.001043 0.001005 0.000968 
90 0.001105 0.001065 0.001025 
95 0.001166 0.001124 0.001083 
100 0.001228 0.001184 0.001140 
105 0.001290 0.001243 0.001198 


Formulas for calculating the density of air over more extended ranges of temperature, pressure, and humidity may be found in the 
references. 
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VOLUME OF ONE GRAM OF WATER 


The following table, which is designed for gravimetric calibra- Reference 
tion of volumetric apparatus, gives the specific volume of water at 
standard atmospheric pressure as a function of temperature. Marsh, К. N., Ed, Recommended Reference Materials for the 


Realization of Physicochemical Properties, pp. 25-27, Blackwell 
Scientific Publications, Oxford, 1987. 


Volume of 1g 


°С H,O in cm? 
10 1.0002980 
11 1.0003928 
12 1.0005007 
13 1.0006212 
14 1.0007542 
15 1.0008992 
16 1.0010561 
17 1.0012246 
18 1.0014044 
19 1.0015952 
20 1.0017969 
21 1.0020092 
22 1.0022320 
23 1.0024649 
24 1.0027079 
25 1.0029607 
26 1.0032234 
27 1.0034956 
28 1.0037771 
29 1.0040679 
30 1.0043679 
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PROPERTIES OF CARRIER GASES FOR GAS CHROMATOGRAPHY 


The following is a list of carrier gases sometimes used in gas References 
chromatography, with properties relevant to the design of chro- 
matographic systems. АП data refer to normal atmospheric pres- 1. Lide, D. R., and Kehiaian, Н. У, CRC Handbook of Thermophysical 
sure (101.325 kPa). and Thermochemical Data, CRC Press, Boca Raton, FL, 1994. 
2. Bruno, T. J., and Svoronos, P. D. N., CRC Handbook of Basic Tables for 
M,: Molecular weight (relative molar mass) Chemical Analysis, CRC Press, Boca Raton, FL, 1989. 


p.s: Density at 25°C іп g/L 

À: Thermal conductivity іп mW/m °С 
n: Viscosity in uPa s (equal to 10? cp) 
c, : Specific heat at 25°C in J/g °C 


At 25°C At 250°C 
Pas Х n Х n c, (25 °C) 
Gas M, 517 mW/m °C uPas mW/m °C uPas J/g°C 
Hydrogen 2.016 0.0824 185.9 8.9 280 13.1 143 
Helium 4.003 0.1636 154.6 19.9 230 29.5 5.20 
Argon 39.95 1.6329 17.8 227 277 35.3 0.521 
Миговеп 28.01 1.1449 25.9 17.9 39.6 26.8 1.039 
Oxygen 32.00 1.3080 26.2 20.7 42.6 31.8 0.919 
Carbon monoxide 28.01 1.1449 24.8 17.8 40.7 26.5 1.039 
Carbon dioxide 44.01 1.7989 167 14.9 35.5 24.9 0.843 
Sulfur hexafluoride 146.05 5.9696 13.1 28.1 153 24.8 0.664 
Methane 16.04 0.6556 34.5 11.1 75.0 17.6 2.23 
Ethane 30.07 1.2291 20.9 9.4 57.7 15.5 1.75 
Ethylene 28.05 1.1465 20.5 10.3 53.8 17.2 1.53 
Propane 44.10 1.8025 17.9 8.3 49.2 14.0 1.67 
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SOLVENTS FOR ULTRAVIOLET SPECTROPHOTOMETRY 


This table lists some solvents commonly used for sample prepara- 
tion for ultraviolet spectrophotometry. The properties given are: 


À: 


с 


cutoff wavelength, below which the solvent absorption ђе- 
comes excessive. 

dielectric constant (relative permittivity); the temperature 
in *C is given as a superscript. 


: normal boiling point. 


Name 

Acetic acid 

Acetone 

Acetonitrile 

Benzene 

2-Butanol 

Butyl acetate 

Carbon disulfide 

Carbon tetrachloride 
1-Chlorobutane 
Chloroform 
Cyclohexane 
1,2-Dichloroethane 
Dichloromethane 
Diethyl ether 
N,N-Dimethylacetamide 
N,N-Dimethylformamide 
Dimethyl sulfoxide 
1,4-Dioxane 

Ethanol 

Ethyl acetate 

Ethylene glycol dimethyl ether 
Ethylene glycol monoethyl ether 
Ethylene glycol monomethyl ether 
Glycerol 

Heptane 

Hexadecane 

Hexane 

Methanol 
Methylcyclohexane 
Methyl ethyl ketone 
Methyl isobutyl ketone 
2-Methyl-1-propanol 
N-Methyl-2-pyrrolidone 
Nitromethane 

Pentane 

Pentyl acetate 
1-Propanol 

2-Propanol 

Pyridine 
Tetrachloroethylene 
Tetrahydrofuran 

Toluene 
1,1,2-Trichloro-1,2,2-trifluoroethane 
2,2,4-Trimethylpentane 
Water 

o-Xylene 

m-Xylene 

p-Xylene 


References 


1. Bruno, T. J., and Svoronos, P. D. N., CRC Handbook of Basic Tables for 


2. 


Chemical Analysis, CRC Press, Boca Raton, FL, 1989. 


Landolt-Bórnstein, Numerical Data and Functional Relationships in 
Science and Technology, New Series, IV/6, Static Dielectric Constants 
of Pure Liquids and Binary Liquid Mixtures, Springer-Verlag, 


Heidelberg, 1991. 


A/nm 


260 
330 
190 
280 
260 
254 
380 
265 
220 
245 
210 
226 
235 
218 
268 
270 
265 
215 
210 
255 
240 
210 
210 
207 
197 
200 
210 
210 
210 
330 
335 
230 
285 
380 
210 
212 
210 
210 
330 
290 
220 
286 
231 
215 
191 
290 
290 
290 


6.2079 
21.012 
36.647 

2.2870 
17.26? 

5.072 

2.6379 

2.2420 

7.2820 

4.817 

2.022 
10.422 

8.932 

4.277 
38.85?! 
38.2520 
47.24? 

2.2220 
25.37 

6.082 

7.30% 
13.38? 
17.25 
46.53% 

1.922 

2.0520 

1.8920 
33.020 

2.0220 
18.56? 
13.11? 
17.93? 
32.5520 
37.2720 

1.84? 

4.79? 
20.820 
20.1820 
13.26” 

227% 

7.5222 

2.385 

2.417 

1.94? 
80.1020 

2.5679 

2.3679 

22279 
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The following table gives the expected carbon-13 chemical 
shifts, relative to tetramethylsilane, for various useful NMR sol- 


5C CHEMICAL SHIFTS OF USEFUL NMR SOLVENTS 


vents. In some solvents, slight changes can occur with change of 


concentration.?? 


References 


2. Silverstein, R. M., Bassler, G. C., and Morrill, T. C., Spectrometric 
Identification of Organic Compounds, John Wiley & Sons, Now York, 
1981. 

3. Rahman, А. 1), Nuclear Magnetic Resonance. 


Springer-Verlag, New York, 1986. 


4. Pretsch, E., Clerc, T., Seibl, J, and Simon, W., Spectral Data for 
Structure Determination of Organic Compounds, Second Edition, 


Springer-Verlag, Heidelberg, 1989. 


1. Bruno, T. J., and Svoronos, P. D. N., СКС Handbook of Basic Tables for 


Chemical Analysis, CRC Press, Boca Raton, FL, 1989. 
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Solvent 
Acetic acid-d, 
Acetone 
Acetone-d, 
Acetonitrile-d, 
Benzene 
Benzene-d, 
Carbon disulfide 
Carbon tetrachloride 
Chloroform 
Chloroform-d, 
Cyclohexane-d,, 
Dichloromethane-d, 
Dimethylformamide-d, 
Dimethylsulfoxide-d, 
Dioxane-d, 
Formic acid-d, 
Methanol-d, 
Nitromethane-d, 
Pyridine 
Pyridine-d, 
1,1,2,2-Tetrachloroethane-d, 
Tetrahydrofuran-d, 
Trichlorofluoromethane 


Formula 
CD,COOD 
(CH,),C=O 
(CD,),C=O 
CD,C=N 
CH, 
CD, 
CS, 
CCI, 
CHCI, 
CDC1, 
CD, 
CD,C1, 
(CD,),NCDO 
(CD,),S=O 
Ср, 
DCOOD 
CD,OD 
CD,NO, 
сң 
сох 
CDCI,CDCI, 
C,D.O 
CFC1, 


Chemical shift (ppm) 
20.0 (CD,) 205.8 (С=О) 
30.7 (CH.) 206.7 (C=O) 
29.2 (CD,) 204.1 (С=О) 
1.3 (CD) 117.1 (CEN) 
128.5 
128.4 
192.3 
96.0 
TAD 
77.05 
27.5 
53.6 
31 (CD,) 36 (СР) 162.4 (С=О) 
39.6 
67.4 
165.5 
49.3 
57.3 
123.6 (C.) 135.7 (С) 149.8 (C) 
123.9 (C) 135.9 (C) 150.2 (C) 
75.5 
25.8 ) 67.9 (С) 
117.6 


Basic Principles, 


MASS SPECTRAL PEAKS OF COMMON ORGANIC SOLVENTS 


The strongest peaks in the mass spectra of 200 important sol- 
vents are listed in this table. The е/т value for each peak is fol- 
lowed by the relative intensity in parentheses, with the strongest 
peak assigned an intensity of 100. The peaks for each compound 
are listed in order of decreasing intensity. Solvents are listed in 


alphabetical order by common name. 


Data on the physical properties of the same compounds may be 
found in Section 15 in the table "Properties of Common Laboratory 


Solvents". 


Compound 
Acetal (1,1-Diethoxyethane) 
Acetic acid 
Acetone 
Acetonitrile 
Acetylacetone 
Acrylonitrile 
Adiponitrile 
Allyl alcohol 
Allylamine 
2-Aminoisobutanol 
Benzal chloride 
Benzaldehyde 
Benzene 
Benzonitrile 
Benzyl chloride 
Bromochloromethane 
Bromoform (Tribromomethane) 
Butyl acetate 
Butyl alcohol 
Sec-Butyl alcohol 
tert-Buty| alcohol 
Butylamine 
tert-Butylamine 
Buty! methyl ketone 
p-tert-Butyltoluene 
y-Butyrolactone 
Caprolactam 
Carbon disulfide 
Carbon tetrachloride 
1-Chloro-1,1-difluoroethane 
Chlorobenzene 
Chloroform 
Chloropentafluoroethane 
Cumene (Isopropylbenzene) 
Cyclohexane 
Cyclohexanol 
Cyclohexanone 
Cyclohexylamine 
Cyclopentane 
Cyclopentanone 
p-Cymene (1-Ме 

benzene) 

cis-Decalin 
trans-Decalin 
Diacetone alcoho 
1,2-Dibromoethane 
Dibromofluoromethane 
Dibromomethane 
1,2-Dibromotetrafluoroethane 
Dibutylamine 


о 


о o 


hyl-4-isopropyl- 


References 


1. NIST/EPA/NIH Mass Spectral Database, National Institute of 
Standards and Technology, Gaithersburg, MD, 20899. 

2. Lide, D. R., and Milne, С. W. A., Eds., Handbook of Data on Organic 
Compounds, Third Edition, CRC Press, Boca Raton, FL, 1994. (Also 
available as a CD ROM database.) 
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45(74 27(52) 72(48) 7303) 28(17) 46(15) 
42(14 29(13) 14(13) 28(7) 18(6) 16(6) 
14(9) 42(8) 26(7) 29(5) 28(5) 39(4) 
38(6) 28(4) 26(4) 25(8) 42(2) 272) 
42(10 29(10) 410) 390) 316) 26(5) 
27(13 50(8) 25(7) 38(5) 54(3) 37(3) 
55(20 27(17) 39(16) 28(13) 52(7) 42(6) 
58(25 39(22) 27(20) 30(16) 32(14) 28(11) 
39(21 29(20) 27(18) 26(13) 41(8) 18(8) 
28(11 56(10) 30(10) 29(8) 43(6) 59(5) 
162(9 63(9) 126(8) 62(7) 105(5) 39(5) 
105(43) 52(26) 78(16) 39(13) 27(10) 74(8) 
50(15 39(12) 79(6) 76(5) 740) 38(4) 
75(7) 510) 715) 52(4) 39(4) 749) 
39(9) 63(8) 128(6) 456) 89(5) 125(3) 
93(23 81(20) 79(20) 95(17) 132(16) 47(8) 
91(22 79(18) 81(17) 94(13) 92(13) 254(11) 
29(15 7301) 61(10) 28(7) 55(6) 39(6) 
27(50 42(31) 29(31) 28(17) 39(16) 55(12) 
29(18 43(13) 41(12) 448) 18(8) 28(5) 
29(13 27(11) 57(10) 42(4) 60(3) 28(3) 
273) 18(3) 440) 42(2) 310) 290) 
30(8) 15(8) 39(7) 57(6) 28(6) 594) 
29(15 41(13) 85(8) 278) 71) 59(5) 
93(16 91(14) 115(13) 134(11) 39(11) 116(10) 
41(27 56(25) 86(24) 26(18) 85(10) 39(10) 
84(60 85(57) 42(51) 41(33) 28(26) 43(17) 
38(6) 28(5) ШЕ 64(1) 46(1) 39(1) 
47(23 84(16) 35(14) 49(8) 28(8) 36(6) 
64(8) 447) 35(6) 26(6) 87(5) 81(4) 
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48(16 49(12) 87(10) 37(6) 50(5) 84(4) 
50(17 35(8) 1196) 66(4) 100(3) 47(3) 
79(10 106(9) 39(9) 27(8) 103(6) 91(5) 
55(36 39(35) 42(30) 69(23 28(18) 43(14) 
32(40 43(38) 31(82) 42(22 67(18) 82(16) 
98(31 39(27) 69(26) 70(20 43(14) 28(14) 
70(8) 57(6) 30(6 93(5) 54(4) 41(4) 
39(22 27(15) 40(7 29(5) 28(4) 43(3) 
56(29 27(24) 39(19) 42(15 26(9) 29(7) 
41(20 117(18) 65(18) 77017 27(16) 120(15) 
96(62 82(62) 39(50) 55(45 27(44) 95(42 
27(65 96(61) 95(55) 138(51) 81(51) 29(51 
41(9) 319 83(6 56(6) 55(6) 29(6) 
28(10 816 795 25(5) 95(4) 93(4) 
41(16 190(15) 194(14) 81(9) 79(9) 1227 
76(50) 91(11) 81(9 79(9) 94(5) 65(5) 
00(17) 3113) 260(12) 50(8) 69(7) 262(6 
29(31 57(24) 41(21) 73(15) 28(15) 43(13 
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Mass Spectral Peaks of Common Organic Solvents 


e/m (intensity) 


Compound 
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Mass Spectral Peaks of Common Organic Solvents 
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8-132 Mass Spectral Peaks of Common Organic Solvents 


Compound e/m (intensity) 
1,1,2-Tetrachloroethane 31(100 133(96) 117(76) 119(73) 95(34 135(31) 121(03) 9703) 6119 60(18) 
/1,22-Tetrachloroethane 83(100) 85(63 95(11 87(10) 168(8 133(8) 1318) 96(8) 61(8) 60(8) 
etrachloroethylene 66(100 164(82) 131(71) 129(71) 168(45) 94(38) 47(31) 96(24) 133(20) 59(17) 
Tetraethylene glycol 45(100) 8910 448) 436) 316) 29(6) 27(6) 101(5) 75(5) 28(5) 
etrahydrofuran 42(100) 41(52 27(33 72(29) 7127 39(24) 4302) 29(22) 40(13) 1510) 
2,3,4-Tetrahydronaphthalene 04(100 132(53) 91(43 51(17) 39(17 181(15) 117(15) 115(14) 78(13) 77(13) 
etrahydropyran 41(100) 28(64 56(57 45(57) 29(51 27(49) 8547) 86(42) 39(28) 55(23) 
etramethylsilane 73(100) 4314 45(12 748) 297) 15(5) 7504) 44(4) 42(4) 31(4) 
oluene 91(100) 92(73 39(20 65(14) 63(11 51(11) 507) 27(6) 93(5) 90(5) 
o-Toluidine 06(100 107(83) 77017 79(13) 3912 53(10) 52(10) 54(9) 51(9) 28(9) 
riacetin 43(100) 103(44) 145(34) 116(17) 115(13) 44(10) 8609) 28(8) 730) 42(7) 
ributylamine 42(100 100(19) 143(11) 29(8) 185(7 57(6) 446) 41(6) 30(5) 86(4) 
1,1-Trichloroethane 97(100) 99(64 61(58 26(31) 27(24 11719) 63(19) 11918) 35017) 62(11) 
12-Trichloroethane 97(100) 83(95 99(62 85(60) 61(58 26(23) 96(21) 6319 27(17) 98(15) 
richloroethylene 95(100) 130(90) 132(85) 60(65) 97(64 35(40) 134(27) 47(26 62(21) 59(13) 
richlorofluoromethane 101(100) 103(66) 66013 105(11) 35011 47(9) 318) 82(4) 68(4) 37(4) 
1,2-Trichlorotrifluoroethane 101(100) 151(68) 103(64) 85(45) 31(45 153(44) 35(20) 66(19 47(18) 87(14) 
Triethanolamine 118(100) 56(69) 45(60 42(56) 4407 43(25) 4114) 116(8 57(8) 86(7) 
riethylamine 86(100) 30(68 58(37 28(24) 29(23 27(19) 4418) 10117) 42(16) 56(8) 
riethylene glycol 45(100) 58(11 89(9) 31(8) 29(8) 75(7) 44(7) 43) 27(7) 28(5) 
tiethyl phosphate 99(100) 81(71 155(56) 82(45) 4545 109(44) 127(41) 43(24 125(16) 111(14) 
Trimethylamine 58(100) 59(47 30(29 42(26) 4417 15(14) 28010) 18(10 438) 57(7) 
rimethylene glycol 28(100) 58(93 31(76 57(70) 29(40 2726) 45(24) 43(23 1918) 30(17) 
(1,3-Propanediol) 
Trimethyl phosphate 110(100) 109(35) 79(34 95(25) 80(23 15(20) 140(18) 47(10 31(7) 139(5) 
Veratrole 138(100) 95(65 T1 (48 123(44) 52(42 41(33) 65(30) 51(29 39(19) 63(17) 
o-Xylene 91(100) 106(40) 39(21 105(17) 51(17 77(15) 27(12) 65(10 92(8) 79(8) 
т-Хујепе 91(100) 106(65) 105(29) 39(18) 51(15 77(14) 27(10) 92(8) 79(8) 78(8) 
p-Xylene 91 (100) 106(62) 105(30) 51(16) 39(16 77(13) 27(11) 92(7) 78(7) 65(7) 


This table gives the aqueous solubility of selected salts at tem- 
peratures from 10°С to 40°С. Values are given in molality terms. 


Salt 


BaCl, 
Ca(NO.), 
CuSO, 
FeSO, 
KBr 

KIO, 
K,CO, 
LiCl 
Mg(NO,) 
MnCl, 
NH,Cl 
NH,NO, 
(NH,),SO, 
NaBr 
NaCl 
NaNO, 
NaNO, 
RbCl 
ZnSO, 


2 


SOLUBILITY OF COMMON SALTS AT AMBIENT TEMPERATURES 


10°C 
1.603 
6.896 
1.055 
1.352 
5.002 
0.291 
7.756 
19.296 
4.403 
5.421 
6.199 
18.809 
5.494 
8.258 
6.110 
11.111 
9.395 
6.911 
2.911 


15°C 
1.659 
7.398 
1.153 
1.533 
5.237 
0.333 
7.846 
19.456 
4.523 
5.644 
6.566 
21.163 
5.589 
8.546 
6.121 
11.484 
9.819 
7.180 
3.116 


20°C 


1.716 
7.986 
1.260 
1.729 
5.471 
0.378 
7.948 
19.670 
4.656 
5.884 
6.943 
23.721 
5.688 
8.856 
6.136 
11.883 
10.261 
7.449 
3.336 


юн 


25°С 


1.774 
8.675 
1.376 
1.940 
5.703 
0.426 
8.063 
19.935 
4.800 
6.143 
7.331 
26.496 
5.790 
9.191 
6.153 
12.310 
10.723 
7.717 
3.573 


30°С 


1.834 
9.480 
1.502 
2.165 
5.932 
0.478 
8.191 


4.958 
6.422 


5.896 
9.550 
6.174 
12.766 
11.204 
7.986 
3.827 


References 


35°С 
1.895 
10.421 
1.639 
2.405 
6.157 
0.534 
8.331 


5.130 
6.721 


6.005 
9.937 
6.197 
13.253 
11.706 
8.253 
4.099 


. Apelblat, A., J. Chem. Thermodynamics, 24, 619, 1992. 

. Apelblat, A., J. Chem. Thermodynamics, 25, 63, 1993. 

. Apelblat, A., J. Chem. Thermodynamics, 25, 1513, 1993. 

. Apelblat, A. and Korin, E., / Chem. Thermodynamics, 30, 59, 1998. 


40°С 


1.958 


0.593 
8.483 


5.314 


10.351 
6.222 
13.772 
12.230 
8.520 
4.194 


Ref. 
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FLAME AND BEAD TESTS 


Flame Colorations 


Violet 

Potassium compounds. Purple red through blue glass. Easily 
obscured by sodium flame. Bluish-green through green glass. 
Rubidium and cesium compounds impart same flame as potas- 
sium compounds. 


Blues 
Azure — Copper chloride. Copper bromide gives azure blue 
followed by green. Other copper compounds give same 
coloration when moistened with hydrochloric acid. 
Light blue — Lead, arsenic, selenium. 


Greens 
Emerald — Copper compounds except the halides, and when 
not moistened with hydrochloric acid. 
Pure green — Compounds of thallium and tellurium. 
Yellowish — Barium compounds. Some molybdenum com- 
pounds. Borates, especially when treated with sulfuric acid 
or when burned with alcohol. 


Bluish — Phosphates with sulfuric acid. 
Feeble — Antimony compounds. Ammonium compounds. 
Whitish — Zinc. 


Reds 
Carmine — Lithium compounds. Violet through blue glass. 
Invisible through green glass. Masked by barium flame. 
Scarlet — Strontium compounds. Violet through blue glass. 
Yellowish through green glass. Masked by barium flame. 
Yellowish — Calcium compounds. Greenish through blue glass. 
Green through green glass. Masked by barium flame. 


Yellow 


Yellow — АП sodium compounds. Invisible with blue glass. 


Bead Tests 


Abbreviations employed: s = saturated; ss = supersaturated; ns = 
not saturated; ћ = hot; с = cold 


Borax Beads 


Substance Oxidizing flame Reducing flame 
Aluminum Colorless (h, c, ns); opaque (ss) Colorless; opaque (s) 
Antimony Colorless; yellow or brownish (h, ss) Gray and opaque 
Barium Colorless (ns) 
Bismuth Colorless; yellow or brownish (ћ, ss) Gray and opaque 
Cadmium Colorless Gray and opaque 
Calcium Colorless (ns) 
Cerium Red (h) Colorless (h, c) 
Chromium Green (c) Green 
Cobalt Blue (h, c) Blue (h, c) 
Copper Green (h); blue (c) Red (c); opaque (ss); colorless (h) 
Iron Yellow or brownish red (h, ns) Green (ss) 
Lead Colorless; yellow or brownish (h, ss) Gray and opaque 
Magnesium Colorless (ns) 
Manganese Violet (h, c) Colorless (h, c) 
Molybdenum Colorless Yellow or brown (h) 
Nickel Brown; red (c) Gray and opaque 
Silicon Colorless (h, c); opaque (ss) Colorless; opaque (s) 
Silver Colorless (ns) Gray and opaque 
Strontium Colorless (ns) 
Tin Colorless (h, c); opaque (ss) Colorless; opaque (s) 
Titanium Colorless Yellow (h); violet (c) 
Tungsten Colorless Brown 
Uranium Yellow or brownish (h, ns) Green 
Vanadium Colorless Green 

Beads of Microcosmic Salt 

NaNH,HPO, 

Substance Oxidizing flame Reducing flame 
Aluminum Colorless; opaque (s) Colorless; not clear (ss) 
Antimony Colorless (ns) Gray and opaque 
Barium Colorless; opaque (s) Colorless; not clear (ss) 
Bismuth Colorless (ns) Gray and opaque 
Cadmium Colorless (ns) Gray and opaque 
Calcium Colorless; opaque (s) Colorless; not clear (ss) 
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Substance 
Cerium 
Chromium 
Cobalt 
Copper 
Iron 

Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Silver 
Strontium 
Tin 
Titanium 
Uranium 
Vanadium 
Zinc 


Substance 
Manganese 


Beads of Microcosmic Salt 
NaNH,HPO, 
Oxidizing flame 
Yellow or brownish red (h, s) 
Red (h, s); green (c) 
Blue (h, c) 
Blue (c); green (h) 
Yellow or brown (h, s) 
Colorless (ns) 
Colorless; opaque (s) 
Violet (h, c) 
Colorless; green (h) 
Yellow (c); red (h, s) 


Colorless; opaque (s) 
Colorless; opaque (s) 
Colorless (ns) 

Green; yellow or brownish 
Yellow 

Colorless (ns) 


Sodium Carbonate Bead 
Oxidizing flame 
Green 


Flame and Bead Tests 


Reducing flame 

Colorless 

Green (c) 

Blue (h, c) 

Red and opaque (c) 

Colorless; yellow or brownish (h) 
Gray and opaque 

Colorless; not clear (ss) 
Colorless 

Green (h) 

Yellow (c); red (h); gray and opaque 
Gray and opaque 

Colorless; not clear (ss) 
Colorless 

Violet (c); yellow or brownish (h) 
Green (h) (h, s) 

Green 

Gray and opaque 


Reducing flame 
Colorless 


BOND LENGTHS IN CRYSTALLINE ORGANIC COMPOUNDS 


The following table gives average interatomic distances for 
bonds between the elements Н, B, C, N, О, E Si, P, 5, СІ, As, Se, 
Br, Te, and I as determined from X-ray and neutron diffraction 
measurements on organic crystals. The table has been derived 
from an analysis of high-precision structure data on about 10,000 
crystals contained in the 1985 version of the Cambridge Structural 
Database, which is maintained by the Cambridge Crystallographic 
Data Center. The explanation of the columns is: 

Column 1: Specification of elements in the bond, with 
coordination number given in parentheses, and bond 
type (single, double, etc.). For carbon, the hybridization 
state is given. 


Column 2: Substructure in which the bond is found. The target 


Column 4: m is the median in À units of all values. 

Column 5: © is the standard deviation in the sample. 

Column 6: 4, is the lower quartile for the sample (i.e., 25% of 
values are less than q, and 7596 exceed it). 

Column 7: q, is the upper quartile for the sample. 

Column 8: n is number of observations in the sample. 

Column 9: Notes refer to the footnotes in Appendix 1. 


References to special cases are given in a shorthand form and 
listed in Appendix 2. Further information on the method of analy- 
sis of the data may be found in the reference cited below. 

The table is reprinted with permission of the authors, the 
Royal Society of Chemistry, and the International Union of 
Crystallography. 


Column 3: 


Bond 
As(3)—As(3) 
As-B 


bond is set in boldface. Where X is not specified, it 
denotes any element type. C£ indicates any sp? carbon 
atom, and C* denotes an sp? carbon whose bonds, in 
addition to those specified in the linear formulation, 
areto C and H atoms only. 

d is the unweighted mean in À units of all the values for 
that bond length found in the sample. 


Substructure 
X,-As-As-X, 
see CUDLOC (2.065), CUDLUI (2.041) 


As-BR see CODDEE, CODDII (2.346—3.203) 
As(4)-C X,-As-CH, 
(X),(C,O,S-)As-Csp? 
As-Car in Ph,As* 
(X),(C,O,S-)As-Car 
As(3)-C X,-As-Csp? 
X,-As-Car 
As(3)-Cl Х,-Ав-СІ 
As(6)-F in AsF.- 
As(3)-I see OPIMAS (2.579, 2.590) 
As(3-N(3)  X,-As-N-X, 
As(4)=N(2) see TPASSN (1.837) 
As(4)-O (9,(О-)Ав-ОН 
As(3)-O see ASAZOC, РНА5ОСОІ (1.787-1.845) 
As(4)=O X,-As-O 
As(3)=P(3) see BELNIP (2.350, 2.362) 
А5(3)-Р(3) see ВОТНА 710 (2.124) 
As(3)-S X,-As-S 
As(4)=S X,-As-S 
As(3)-Se(2) see COSDIX, ESEARS (2.355-2.401) 
As(3)-Si(4) see BICGEZ, MESIAD (2.351-2.365) 
As(3)- Te(2) see ETEARS (2.571, 2.576) 
B(n)-B(n) n = 5-7 in boron cages 
В(4)-В(4) see CETTAW (2.041) 
B(4)-B(3) see COFVOI (1.698) 
B(3)-B(3) Х,-В-В-Х, 
B(6)-BR 
B(4)-BR 
B(n)-C n = 5-7: B-C in cages 
n = 3-4: B-Csp? not cages 
n = 4: В-Саг 
n = 4: B-Car in Ph,B- 
В(и)-С n = 3: В-Саг 
B(n)-Cl B(5)-Cl and B(3)- Cl 


Reference 


Frank H. Allen, Olga Kennard, David G. Watson, Lee Brammer, A. Guy 
Orpen, and Robin Taylor, J. Chem. Soc. Perkin Trans. ЇЇ, 51-519, 1987. 


d m с а, а, п Моје 

2.459 2.457 0.011 2.456 2.466 8 

1.903 1.907 0.016 1.893 1.916 12 

1.927 1.929 0.017 1.921 1.937 16 

1.905 1.909 0.012 1.897 1.912 108 

1.922 1.927 0.016 1.908 1.934 36 

1.963 1.965 0.017 1.948 1.978 6 

1.956 1.956 0.015 1.944 1.964 41 

2.268 2.256 0.039 2.247 2.281 10 

1.678 1.676 0.020 1.659 1.695 36 

1.858 1.858 0.029 1.839 1.873 19 

1.710 1.712 0.017 1.695 1.726 6 

1.661 1.661 0.016 1.652 1.667 9 
+ 
+ 

2.275 2.266 0.032 2.247 2.298 14 

2.083 2.082 0.004 2.080 2.086 9 
" 
" 
" 

1.775 1.773 0.031 1.763 1.786 688 

1.701 1.700 0.014 1.691 1.712 8 

1.967 1.971 0.014 1.954. 1.979 7 + 

2.017 2.008 0.031 1.990 2.044 15 t 

1.716 1.717 0.020 1.707 1.728 96 

1.597 1.599 0.022 1.585 1.611 29 1 

1.606 1.607 0.012 1.596 1.615 41 

1.643 1.643 0.006 1.641 1.645 16 

1.556 1.552 0.015 1.546 1.566 24 

1.751 1.751 0.011 1.743 1.761 14 
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9-2 Bond Lengths in Crystalline Organic Compounds 


Bond Substructure d m с а, q. H Note 
В(4)-СІ 1.833 1.833 0.013 1.821 1.843 22 
B(4)-F В-Е (B neutral) 1.366 1.368 0.017 1.356 1.375 25 
B--F in ВЕ 1.365 1.372 0.029 1.352 1.390 84 
B(4)-I see TMPBTI (2.220, 2.253) 
B(4)-N(3) X,-B-N(-C)(X) 1.611 1.617 0.013 1.601 1.625 8 
in pyrazaboles 1.549 1.552 0.015 1.536 1.560 10 
B(3)-N(3) X,-B-N-C;; all coplanar 1.404 1.404 0.014 1.389 1.408 40 2 


for x (BN) > 30° see BOGSUL, BUSHAY, CILRUK 
(1.434—1.530) 


S,-B-N-X, 1.447 1.443 0.013 1.435 1.470 14 
B(4)-O В--О in ВО", 1.468 1.468 0.022 1.453 1.479 24 
for neutral B-O see Note 3 3 
B(3)-O(2) Х,-В-О-Х 1.367 1.367 0.024 1.349 1.382 35 
В(и)-Р п=&В-Р 1.922 1.927 0.027 1.900 1.954 10 
п = 3: see BUPSIBIO (1.892, 1.893) 
В(4)-5 В(4)-5(3) 1.930 1.927 0.009 1.925 1.934 10 
B(4)-S(2) 1.896 1.896 0.004. 1.893 1.899 6 
В(3)-5 М-В-5, 1.806 1.806 0.010 1.799 1.816 28 
(=X-)(N-)B-S 1.851 1.854 0.013 1.842 1.859 10 
Br-Br see BEPZEB, TPASTB 2.542 2.548 0.015 2.526 2.551 4 
Br-C Br-C 1.966 1.967 0.029 1.951 1.983 100 4 
Br-Csp? (сусјоргорапе) 1.910 1.910 0.010 1.900 1.914 8 
Br-Csp? 1.883 1.881 0.015 1.874 1.894 31 4 
Br-Car (топо-Вг + m.p-Br,) 1.899 1.899 0.012 1.892 1.906 119 4 
Br-Car (o-Br,) 1.875 1.872 0.011 1.864 1.884 8 4 
“Вг(2)-СІ зее ТЕАСВЕ (2.362-2.402) t 
Br-I see 21112710 (2.646), TPHOSI (2.695) 
Br-N see NBBZAM (1.843) 
Br-O see CIYFOF 1.581 1.581 0.007 1.574 1.587 4 
Br-P see CISTED (2.366) 
Br-S(2) see BEMLIO (2.206) + 
Br-S(3) see CIWYIQ (2.435, 2.453) + 
Br-S(3)* see THINBR (2.321) + 
Br-SE see CIFZUM (2.508, 2.619) 
Br-Si see BIZJAV (2.284) 
Вг-Те In Br, Te" see CUGBAH (2.692-2.716) 
Br—Te(4) see BETUTEI0 (3.079, 3.015) 
Br—Te(3) see BTUPTE (2.835) 
Csp?-Csp? C#-CH,-CH, 1.513 1.514 0.014 1.507 1.523 192 
(C#),-CH-CH, 1.524 1.526 0.015 1.518 1.534 226 
(C#),-C-CH, 1.534 1.534 0.011 1.527 1.541 825 
C#-CH,-CH,-C# 1.524 1.524 0.014 1.516 1.532 2459 
(C#),-CH-CH,-C# 1.531 1.531 0.012 1.524 1.538 1217 
(C#),-C-CH,-C# 1.538 1.539 0.010 1.533 1.544 330 
(C#),-CH-CH-(C#), 1.542 1.542 0.011 1.536 1.549 321 
(C£),-C-CH-(C?), 1.556 1.556 0.011 1.549 1.562 215 
(C#),-C-C-(C#), 1.588 1.580 0.025 1.566 1.610 21 
С*—С* (overall) 1.530 1.530 0.015 1.521 1.539 5777 5,6 
in cyclopropane (any subst.) 1.510 1.509 0.026 1.497 1.523 888 7 
in cyclobutane (any subst.) 1.554 1.553 0.021 1.540 1.567 679 8 
іп cyclopentane (C, H-subst.) 1.543 1.543 0.018 1.532 1.554 1641 
іп cyclohexane (C, H-subst.) 1.535 1.535 0.016 1.525 1.545 2814 
cyclopropyl-C* (exocyclic) 1.518 1.518 0.019 1.505 1.531 366 7 
cyclobutyl-C* (exocyclic) 1.529 1.529 0.016 1.519 1.539 376 8 
cyclopentyl-C* (exocyclic) 1.540 1.541 0.017 1.527 1.549 956 
cyclohexyl-C* (exocyclic) 1.539 1.538 0.016 1.529 1.549 2682 
in cyclobutene (any subst.) 1.573 1.574 0.017 1.566 1.586 25 8 
іп cyclopentene (C, H-subst.) 1.541 1.539 0.015 1.532 1.549 208 
in cyclohexene (C; H-subst.) 1.541 1.541 0.020 1.528 1.554 586 
in oxirane (epoxide) 1.466 1.466 0.015 1.458 1.474 249 9 


in aziridine 1.480 1.481 0.021 1.465 1.496 67 9 


Bond Lengths in Crystalline Organic Compounds 


Bond 


Csp?-Csp? 


Csp?-Csp? 


Csp?- Car 


Csp?- Csp! 


Csp?- Csp? 


Substructure 
in oxetane 
in azetidine 
oxiranyl-C* (exocyclic) 
aziridinyl-C* (exocyclic) 
CH,-C-C 
C£-CH,-C-C 
(C#),-CH-C=C 
(С#),-С-С=С 
C*-C-C (overall) 
C*-C-C (endocyclic) 

in cyclopropene 

in cyclobutene 

in cyclopentene 

in cyclohexene 

in cyclopentadiene 

in cyclohexa-1,3-diene 
C*-C-C (exocyclic): 

cyclopropenyl-C* 

cyclobutenyl-C* 

cyclopentenyl-C* 

cyclohexenyl-C* 
C*CH-O in aldehydes 
(C),-C-O 

in ketones 

in cyclobutanone 

in cyclopentanone 

acyclic and 6 + rings 
C*-COOH in carboxylic acids 
C*-COO: in carboxylate anions 
C*-C(-O)(-OC*) 

in acyclic esters 

in B-lactones 

in y-lactones 

in 5-lactones 


cyclopropyl (С)-С-О in ketones, acids and esters 


C*-C(-O)(-NH)) in acyclic amides 
C*-C(2O)(- NHC?) in acyclic amides 
C*-C(-O)[-N(C*),] in acyclic amides 
CH,-Car 
СЯ-СН,-Сағ 
(С”),-СН-Сағ 
(C#),-C-Car 
C*—Car (overall) 
cyclopropyl (C)-Car 
С*-С=С 
C#-C=C 
C*-C=N 
cyclopropyl (C)-C=N 
C=C-C=C 
(conjugated) 
(unconjugated) 
(overall) 
С-С-С-С-С-С 
С-С-С-С (endocyclic in TCNQ) 
C-C-C(-O)(-C*) 
(conjugated) 
(unconjugated) 
(overall) 
С-С-С(-О)-С-С 
in benzoquinone (C,H-subst. only) 
in benzoquinone (any subst.) 


d 

1.541 
1.548 
1.509 
1.512 
1.503 
1.502 
1.510 
1.522 
1.507 


1.509 
1.513 
1.512 
1.506 
1.502 
1.504 


1.478 
1.489 
1.504 
1.511 
1.510 


1.511 
1.529 
1.514 
1.509 
1.502 
1.520 


1497 
1.519 
1.512 
1.504 
1.486 
1.514 
1.506 
1.505 
1.506 
1.510 
1.515 
1.527 
1.513 
1.490 
1.466 
1472 
1470 
1.444 


1.455 
1.478 
1.460 
1.443 
1.432 


1.464 
1.484 
1.465 


1.478 
1.478 


4, 

1.557 
1.558 
1.519 
1.526 
1.509 
1.510 
1.518 
1.533 
1.517 


1.516 
1.525 
1.521 
1.516 
1.515 
1.517 


1.485 
1.496 
1.512 
1.519 
1.518 


1.521 
1.545 
1.523 
1.519 
1.510 
1.528 


1.509 
1.538 
1.521 
1.517 
1.497 
1.526 
1.515 
1.517 
1.513 
1.516 
1.522 
1.539 
1.521 
1.503 
1.469 
1.481 
1.479 
1451 


1.463 
1.479 
1.470 
1.454 
1.441 


1.476 
1.497 
1.478 


1.488 
1.498 


10 


10 


11 


16,18 
17,18 
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Вопа 


Csp?-Car 


Csp?- Car 


Csp?- Csp! 
Car-Car 
Car-Csp! 


Csp!- Csp! 
Csp?-Csp? 


Substructure 
non-quinonoid 
С-С-СООН 
C-C-COOC* 
C=C-COO- 
HOOC-COOH 
HOOC-COO- 
"OOC-COO- 
formal Csp?-Csp? single bond in selected 
non-fused heterocycles: 
in LH-pyrrole (C3-C4) 
in furan (C3-C4) 
in thiophene (C3-C4) 
in pyrazole (C3-C4) 
in isoxazole (C3-C4) 
іп furazan (C3-C4) 
in furoxan (C3-C4) 
C-C-Car 
(conjugated) 


(overall 
cyclopropenyl (C2C)- Car 
Саг-С(-0)-С" 
Саг-С(-0)-Саг 
Саг-СООН 
Car-C(-O)(-OC*) 
Car-COO- 
Car-C(-O)-NH. 
Car-C-N- C£ 

(conjugated) 


2 


(unconjugated) 

(overall) 
in indole (C3—C3a) 
С-С-С-С 
C-C-CzN in TCNQ 
in biphenyls (ortho subst. all H) 
(21 non-H ortho-subst.) 
Car-CzC 
Car-CzN 
С-С-С-С 
C*-CH-CH, 
(С%,-С-СН, 
С*-СН=СН-С* 

(cis) 

(trans) 

(overall) 
(C*),-C=CH-C* 
(C*,-C=C-(C*), 
(C*,H),-C=C-(C*,H), (overall) 
in cyclopropene (any subst.) 
in cyclobutene (any subst.) 
in cyclopentene (C,H-subst.) 
in cyclohexene (C,H-subst.) 
C=C=C (allenes, any subst.) 
С-С-С-С (C,H subst., conjugated) 
С-С-С-С-С-С (C,H subst., conjugated) 
C=C-Car (C,H subst., conjugated) 
C=C in cyclopenta-1,3-diene (any subst.) 
C=C in cyclohexa-1,3-diene (any subst.) 
in С-С-С-О 

(C,H subst., conjugated) 

(C,H subst., unconjugated) 
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4, 

1.447 
1.461 
1.478 
1.488 
1.535 
1.546 
1.554 


1.401 
1.412 
1.415 
1.400 
1.413 
1.422 
1.412 


1.463 
1.480 
1.472 
1.441 
1.478 
1.468 
1.474 
1.480 
1.495 
1.498 


1.466 
1.485 
1.481 
1.428 
1.425 
1.420 
1.484 
1.486 
1.430 
1.436 
1.374 
1.280 
1.313 


1.310 
1.304 
1.309 
1.319 
1.326 
1.315 
1.284 
1.324 
1.314 
1.318 
1.303 
1.322 
1.337 
1.334 
1.328 
1.323 


1.332 
1.326 


4, 

1.464 
1.488 
1.497 
1.510 
1.541 
1.553 
1.568 


1.427 
1.433 
1.433 
1.418 
1.438 
1.435 
1.422 


1.480 
1.496 
1.494 
1.452 
1.500 
1.494 
1.491 
1.494 
1.512 
1.510 


1.486 
1.496 
1.493 
1.439 
1.441 
1.433 
1.493 
1.495 
1.437 
1.448 
1.384 
1.311 
1.328 


1.323 
1.320 
1.323 
1.334 
1.334 
1.331 
1.302 
1.347 
1.331 
1.334 
1.310 
1.338 
1.350 
1.346 
1.356 
1.341 


1.348 
1.339 


280 


212 


106 


127 
168 


493 


104 


196 


124 


211 


Note 


16,18 
17,18 


10 


16 
17 


7b 
19 


10 


16,18 
17,18 
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Bond 


Car = Car 


Car = Car 


Csp'=Csp' 


Csp?-Cl 


Substructure 
(C,H subst., overall) 
in cyclohexa-2,5-dien-1-ones 
in p-benzoquinones 
(C*,H subst.) 
(any subst.) 
in TCNQ 
(endocyclic) 
(exocyclic) 
C-C-OH in enol tautomers 
in heterocycles (any subst.): 
1H-pyrrole (C2-C3, C4—C5) 
furan (C2-C3, C4-C5) 
thiophene (C2-C3, C4—C5) 
pyrazole (C4—C5) 
imidazole (C4—C5) 
isoxazole (C4—C5) 
indole (C2-C3) 
in phenyl rings with C*, H subst. only 
H-C ~ С-Н 
C*-C ~ C-H 
C*-C ~ С-С* 
С ~ C (overall) 
Е-С = С-Е 
С1-С ~ С-С1 
in naphthalene (D, any subst.) 
C1-C2 
C2-C3 
C1-C8a 
C4a-C8a 
in anthracene (D,, any subst.) 
C1-C2 
C2-C3 
C1-C9a 
C4a-C9a 
C9-C9a 
іп pyridine (С,Н subst.) 
(any subst.) 
in pyridinium cation 
(N: -H; C,H subst. on C) 
C2-C3 
C3-C4 
(N: —X; САН subst. on C) 
C2-C3 
C3-C4 
in pyrazine (H subst. on C) 
(any subst. on C) 
in pyrimidine (С,Н subst. on С) 
X-CzC-X 
C,H-C=C-C,H 
in C=C-C(sp’,ar) 
in C=C-C=C 
in CH=C-C# 
Omitting 1,2-dichlorides: 
C-CH,-CI 
C,-CH-CI 
СС-а 
Х-СН,-С1(Х = C,H,N,O) 
Х,-СН-С1(Х = САМО) 
X,-C-Cl (X = C,H,N,O) 
X,-C-CI, (X = C,H,N,O) 
X-C-CI, (X = C,H,N,O) 


4, 
1.348 
1.335 


1.338 
1.364 


1.358 
1.405 
1.370 


1.388 
1.351 
1.377 
1.383 
1.367 
1.355 
1.371 


1.388 
1.393 
1.403 
1.391 
1.380 
1.398 


1.373 
1.415 
1.426 
1.429 


1.360 
1.416 
1.434 
1.440 
1.406 
1.387 
1.389 


1.380 
1.388 


1.382 
1.394 
1.388 
1.420 
1.400 
1.193 
1.192 
1.195 
1.197 
1.180 


1.795 
1.807 
1.858 
1.797 
1.812 
1.858 
1.790 
1.776 


226 


276 
537 


119 
104 


Note 


ALA A Ë ЧАН BB 


9-6 


Вопа 


Csp?-Cl 


Car-Cl 


Csp'Cl 
Csp?-F 


Csp?-F 
Car-F 


Csp?-H 


Csp?-H 
Car-H 
Csp?-I 
Сағ-І 
Csp?-N(4) 


Csp?-N(3) 


Substructure 
СІ-СН(-С)-СН(-С)-СІ 
СІ-С(-С.)-С(-С,)-СІ 
cyclopropyl-Cl 
С-С-СІ (C,H,N,O subst. on С) 
C-C-CI, (С,Н,М,О subst. оп C) 
СІ-С-С-СІ 
Саг-С1 (mono-CI + m,p-Cl,) 
Car-Cl (о-СІ,) 
see HCLENE10 (1.634, 1.646) 
Omitting 1,2-difluorides 
C-CH,-F and С,-СН-Е 
C,-C-F 
(C;H),-C-F, 
C*-C-F, 
F-C'-C*-F 
X,-C-F (X = C,H,N,O) 
X,-C-F, (X = C,H,N,O) 
X-C-F, (X = CH,N,O) 
F-C(-X),-C(-X),-F (X = С,Н,М,О) 
F-C(-X),-NO, (X - any subst.) 
С-С-Е(С,Н,М,О subst. on C) 
Саг-Е (mono-F + m,p-F,) 
Car-F (о-Е,) 
C-C-H, (methyl) 
С,-С-Н, (primary) 
С,-С-Н (secondary) 
С,;-С-Н (primary and secondary) 
X-C-H, (methyl) 
X,-C-H, (primary) 
Х,-С-Н (secondary) 
Х,;-С-Н (primary and secondary) 
C-C-C-H 
Car-H 
C*-I 
Car-I 
C*-NH, 
(C*),-NH,* 
(C*),-NH* 
(C°) N" 
C*—N: (overall) 
C*-N* in N-subst. pyridinium 
C*-NH, (Nsp*: pyramidal) 
(C*),-NH (Мөр? pyramidal) 
(C*),-N (Nsp*: pyramidal) 
C*-Nsp? (overall) 
Csp?-Nsp? 
in aziridine 
in azetidine 
in tetrahydropyrrole 
in piperidine 
Csp?-Nsp? (N planar) in: 
acyclic amides С*-МН-С=О 
8-lactams С?-М(-Х)-С-О (endo) 
y-lactams 
C*-NH-C-O (endo) 
C*-N(-C*)-C-O (endo) 
С*-М(-С*)-С=О (exo) 
5-lactams 
C*-NH-C-O (endo) 
C*-N(-C*)-C-O (endo) 
С*-М(-С*)-С=О (exo) 
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4, 

1.800 
1.765 
1.763 
1.748 
1.729 
1.720 
1.745 
1.717 


1.408 
1.435 
1.356 
1.344 
1.375 
1.408 
1.356 
1.332 
1.377 
1.327 
1.346 
1.368 
1.344 
1.083 
1.099 
1.103 
1.100 
1.087 
1.099 
1.103 
1.100 
1.085 
1.087 
2.179 
2.104 
1.495 
1.503 
1.512 
1.523 
1.510 
1.490 
1.474 
1.477 
1.476 
1.476 


1.482 
1.495 
1.483 
1.479 


1.461 
1.475 


1.465 
1.466 
1.465 


1.491 
1.482 
1.477 


п 
66 
54 
64 
63 
20 
80 

340 
364 


25 
11 
58 
12 
26 
70 
58 
309 
30 
18 
34 
38 
167 
83 
100 
14 
118 
160 
230 
117 
348 
14 
218 
15 
51 
298 
249 
509 
319 
1370 
32 
19 
152 
1042 
1201 


134 


240 


Моге 
4 
4 


>> P” эь 


ALA ы ыы ы ~ 


22 
5,22 
5,22 


23 
14 
13 


13 
13 
13 


14 
14 
14 
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Bond Substructure 
nitro compounds (1,2-dinitro omitted): 
C-CH,-NO, 
C,-CH-NO, 
C,-C-NO, 
C,-C-(NO,), 
1,2-dinitro: NO,-C*-C*-NO, 
Csp?-N(2) C#-N=N 
C*-N-C-Car 
Csp?-N(3) C=C-NH, Nsp’ planar 
C-C-NH-C* Nsp’ planar 
C-C-N-(C£), 
Nsp? planar 
Nsp’ pyramidal 
Csp?-Nsp? (N planar) in: 
acyclic amides 
NH,-C-O 
C*-NH-C-O 
(СЭ,-Х-С-О 
8-lactams C*-NH-C-O 
y-lactams 
C*-NH-C-O 
C*-N(-C?)-C-O 
5-lactams 
C*-NH-C-O 
(С*)-М(-С*)-С=О 
peptides С#-М(-Х)-С(-С#)(=О) 
ureas 
(МН,,-С-О 
(C£-NH),-C-O 
[(C#) -N],-C-O 
thioureas 
(X. N),-C-S 
imides 
[C#-C(=O)],-NH 
[C#-C(=O)],-N-C# 
[Csp?-C(-O)],-N-C£& 
[Csp?-C(-O)],-N-Csp? 
guanidinium [C-(NH,),]* (unsubst.) 
(any subst.) 
in heterocyclic systems (any subst.) 
1H-pyrrole (N1-C2, N1-C5) 
indole (N1-C2) 
pyrazole (N1-C5) 
imidazole (N1-C2) 
imidazole (N1-C5) 


Csp?-N(2) in imidazole (N3-C4) 
Car-N(4) Car-N:- (C.H), 
Car-N(3) Car-NH, 


(Nsp?: planar) 
(Nsp*: pyramidal) 
(overall) 

Car-N(3) Car-NH- C£ 

(Nsp?: planar) 

(Nsp*: pyramidal) 
(overall) 

Car-N-(C£), 

(Nsp?: planar) 


(Nsp*: pyramidal) 
(overall) 

in indole (N1-C7a) 

Car-NO, 


4, 


1.478 
1.502 
1.530 
1.525 
1.536 
1.477 
1.461 
1.317 
1.327 


1.341 
1.397 


1.318 
1.326 
1.339 
1.374 


1.326 
1.335 


1.330 
1.344 
1.326 


1.329 
1.341 
1.354 
1.328 


1.369 
1.376 
1.389 
1.391 
1.314 
1.317 


1.363 
1.364 
1.347 
1.338 
1.365 
1.369 
1.461 


1.340 
1.385 
1.363 


1.347 
1.412 
1.353 


1.363 
1.421 
1.366 
1.367 
1.460 


n 


192 


140 


556 


23 
23 


23 
22 
23 


14 
14 
14 
13 


13 
13 


14 
14 
24 


25,26 
25 
25,27 


23 
22 
28 


23 
22 
28 


23 
22 
28 
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Bond Substructure d m с а, q. H Note 
Car-N(2) Car-N=N 1.431 1.435 0.020 1.422 1442 26 
Csp2=N(3) in furoxan (*N2=C3) 1.316 1.316 0.009 1.311 1.324 14 
Csp2=N(2) Car-C=N-C# 1.279 1.279 0.008 1.275 1.285 75 
(C,H),—C=N-OH in oximes 1.281 1.280 0.013 1.273 1.288 67 
5-С-М-Х 1302 1.302 0.021 1.285 1.319 36 
in pyrazole (N2=C3) 1.329 1.331 0.014 1.315 1.339 20 
іп imidazole (C2=N3) 1.313 1.314 0.011 1.307 1.319 44 
in isoxazole (N2=C3) 1.314 1.315 0.009 1.305 1.320 9 
in furazan (N2=C3, C4=N5) 1.298 1.299 0.006 1.294 1.303 12 
in furoxan (C4=N5) 1.304 1.306 0.008 1.300 1.308 14 
Сат = N(3) С ~ N'-H (pyrimidinium) 1.335 1.334 0.015 1.325 1.342 30 
C = N'-C* (pyrimidinium) 1.346 1.346 0.010 1.340 1.352 64 
С ~ N'-O' (pyrimidinium) 1.362 1.359 0.013 1.353 1.369 56 
Car ^: N(2) C = N (pyridine) 1.337 1.338 0.012 1.330 1.344 269 
С = N (pyrazine) 1.336 1.335 0.022 1.319 1.347 120 
C = N = C (pyrimidine) 1.339 1.338 0.015 1.333 1.342 28 
N ~ C = N (pyrimidine) 1.333 1.335 0.013 1.326 1.337 28 
C = N (pyrimidine) (overall) 1.336 1.337 0.014 1.331 1.339 56 
in any 6-membered N-containing aromatic ring: 
H-C ~ N ~ C-H 1.334 1.334 0.014 1.327 1.341 146 
H-C ~ N ~ C-C* 1.339 1.341 0.013 1.336 1.345 38 
C*-C ~ N = С-С* 1.345 1.345 0.008 1.342 1.348 24 
C ~ N = C (overall) 1.336 1.337 0.014 1.329 1.344 204 
Csp'=N(2) Х-5-М=С- (isothiocyanide) 1.144 1.147 0.006 1.140 1.148 6 
Csp'=N(1) C*CzN 1.136 1.137 0.010 1.131 1.142 140 
C=C-CEN in TCNQ 1.144 1.144 0.008 1.139 1.149 284 19 
Car-C=N 1.138 1.138 0.007 1.133 1.143 31 
X-C=N 1.144 1.141 0.012 1.138 1.151 10 
(S-C=N)- 1.155 1.156 0.012 1.147 1.165 14 
Csp?-O(2) in alcohols 
CH,-OH 1.413 1.414 0.018 1.395 1.425 17 
C-CH,-OH 1.426 1.426 0.011 1.420 1.431 75 
C,-CH-OH 1.432 1.431 0.011 1.425 1.439 266 
C,-C-OH 1.440 1.440 0.012 1.432 1.449 106 
С*-ОН (overall) 1.432 1.431 0.013 1.424 1.441 464 
in dialkyl ethers 29 
CH,-O-C* 1.416 1.418 0.016 1.405 1.426 110 
C-CH,-O-C* 1.426 1.424 0.011 1.418 1.435 34 
C,-CH-O-C* 1.429 1.430 0.010 1.420 1.437 53 
C,-C-O-C* 1.452 1.450 0.011 1.445 1.458 39 
C*-O-C* (overall) 1.426 1.425 0.019 1.414 1.437 236 5 
in aryl alkyl ethers 29 
CH,-O-Car 1.424 1.424 0.012 1.417 1.431 616 
C-CH,-O-Car 1.431 1.430 0.013 1.422 1.438 188 
С,-СН-О-Саг 1.447 1.446 0.020 1.435 1.466 58 
C,-C-O-Car 1.470 1.469 0.018 1.456 1.483 55 
C*-O-Car (overall) 1.429 1.427 0.018 1.419 1.436 917 
in alkyl esters of carboxylic acids 12,29 
CH,-O-C(-O)-C* 1.448 1.449 0.010 1.442 1.455 200 
C-CH,-O-C(-O)-C* 1.452 1.453 0.009 1.445 1.458 32 
C,-CH-O-C(-O)-C* 1.460 1.460 0.010 1.454 1.465 78 
C,-C-O-C(-O)-C* 1.477 1.475 0.008 1.472 1.484 6 
С"-О-С(-0)-С" (overall) 1450 1451 0.014 1.442 1.459 314 
in alkyl esters of a,3-unsaturated acids: 
С:-О-С(-О)-С-С (overall) 1.453 1.452 0.013 1.444 1.459 112 
in alkyl esters of benzoic acid 
C*-O-C(-O)-C(phenyl) (overall) 1454 1.454 0.012 1.446 1.463 219 
in ring systems 
oxirane (epoxides) (any subst.) 1.446 1.446 0.014 1.438 1.456 498 9 
oxetane (any subst.) 1.463 1.460 0.015 1.451 1.474 16 


tetrahydrofuran (С,Н subst.) 1.442 1.441 0.017 1.430 1451 154 
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Bond Substructure 
Csp?- OQ) tetrahydropyran (С,Н subst.) 
8-lactones: С"—О-С(=0) 
y-lactones: С?-О-С(-О) 
5-lactones: С%-О-С(-О) 
O-C-O system in gem-diols, and pyranose and 
furanose sugars: 
HO-C*-OH 
C.-0O,-C,-OH in pyranoses 
О, axial (а): 
C.-O, 
ОС, 
C-O, 
О, equatorial (D): 


а + 8 (overall): 
C.-O, 
О,-С, 
С,-О, 
С,-О,-С,-О,Н in furanoses 
(overall values) 


C.—0,-C,-O,-C* in pyranoses 
О, axial (а): 


-0 
ГС 
О, equatorial (В): 


а + 8 (overall): 


оао 


О 
GU 
0 


e 
C,-0,-C,-O,-C* in furanoses 
(overall values) 


Miscellaneous: 
C#-O-SiX, 
С"-О-50,-С 

Сяр”-О(2) in enols: С-С-ОН 

in enol esters: С=С-О-С* 

in acids: 
C*-C(20)-OH 
С-С-С(-О)-ОН 
Car-C(20)-OH 

in esters: 
C*-C(=O)-O-C* 
C=C-C(=O)-O-C* 
Car-C(2O)-O-C* 
С"-С(-0)-О-С-С 

С"-С(-0)-О-С-С 


1.397 


1439 
1.427 
1.403 


1.435 
1.430 
1.393 


1.439 
1.430 
1401 


1442 
1.432 
1.404 


1.439 
1.47 
1.409 
1.435 


1.434 
1.424 
1.390 
1.437 


1.436 
1419 
1.402 
1.436 


1.443 
1.421 
1.410 
1.439 


1.416 
1.465 
1.333 
1.354 


1.308 
1.293 
1.305 


1.336 
1.332 
1.337 
1.362 
1.407 


1.401 


1.440 
1.426 
1.400 


1.436 
1.431 
1.393 


1.440 
1.429 
1.399 


1.446 
1.432 
1.405 


1.438 
1.417 
1.409 
1.435 


1.435 
1.424 
1.390 
1.438 


1.436 
1.419 
1.403 
1.436 


1.445 
1.418 
1.409 
1.437 


1.416 
1.461 
1.331 
1.353 


1.311 
1.295 
1.311 


1.337 
1.331 
1.335 
1.359 
1.405 


0.012 


0.008 
0.012 
0.012 


0.008 
0.010 
0.007 


0.008 
0.012 
0.011 


0.012 
0.012 
0.013 


0.010 
0.009 
0.014 
0.013 


0.006 
0.008 
0.011 
0.013 


0.009 
0.011 
0.016 
0.013 


0.013 
0.012 
0.014 
0.014 


0.017 
0.014 
0.017 
0.016 


0.019 
0.019 
0.020 


0.014 
0.011 
0.013 
0.018 
0.017 


4, 

1.431 
1.481 
1.455 
1.452 


1.388 


1.432 
1.421 
1.391 


1.429 
1.424 
1.386 


1.432 
1.421 
1.392 


1.436 
1.421 
1.397 


1.433 
1.410 
1.401 
1.427 


1.429 
1.418 
1.381 
1.428 


1.431 
1.412 
1.391 
1.428 


1.429 
1.413 
1.401 
1.429 


1.405 
1.454 
1.324 
1.341 


1.298 
1.279 
1.291 


1.328 
1.324 
1.329 
1.351 
1.394 


4, 

1451 
1.501 
1473 
1473 


1405 


1445 
1.432 
1412 


1440 
1436 
1.399 


1446 
1436 
1.407 


1.449 
1.443 
1.409 


1.446 
1.424 
1.417 
1.443 


1.439 
1.431 
1.400 
1.445 


1.442 
1.426 
1.413 
1.445 


1.453 
1.431 
1.420 
1.449 


1.428 
1.475 
1.342 
1.363 


1.320 
1.307 
1.317 


1.346 
1.339 
1.344 
1.374 
1.420 


18 


29 
29 
29 


17 
17 
17 


60 
60 
60 


18 
18 
18 


67 
67 
67 
67 


39 
39 
39 
39 


126 
126 
126 
126 


23 
23 
23 
23 


29 
33 
53 
40 


174 
22 
75 


551 
112 
219 
26 
26 


Note 
16 
12 


12 
30,31 


12,29 


12 
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Bond Substructure d m с а, q. H Note 
C*-C(20)-O-Car 1.360 1.359 0.011 1.355 1.367 40 12 
in anhydrides: О-С-О-С-О 1.386 1.386 0.011 1.379 1.393 70 
in ring systems: 

furan (O1-C2, O1- C5) 1.368 1.369 0.015 1.359 1.377 125 
isoxazole (O1-C5) 1.354 1.354 0.010 1.345 1.360 9 
8-lactones: С*-С(=О)-О-С 1.359 1.359 0.013 1.348 1.371 4 13 
y-lactones: C*- C(20)-O- C* 1.350 1.349 0.012 1.342 1.359 110 12 
5-lactones: C*-C(2O)-O-C 1.339 1.339 0.016 1.332 1.347 27 12 

Car-O(2) in phenols: Саг-ОН 1.362 1.364 0.015 1.353 1.373 551 
in aryl alkyl ethers: Саг-О-С" 1.370 1.370 0.011 1.363 1.377 920 29,32 

Саг-О(2) in diaryl ethers: Саг-О-Саг 1.384 1.381 0.014 1.375 1.391 132 
in esters: Саг-О-С(-0)-С" 1.401 1.401 0.010 1.394 1.408 40 12 

Csp?-O(1) in aldehydes and ketones: 

C*-CH-O 1.192 1.192 0.005 1.188 1.197 7 
(C), -C-O 1.210 1.210 0.008 1.206 1.215 474 5 
(C#),-C=O 
in cyclobutanones 1.198 1.198 0.007 1.194 1.204 12 
їп cyclopentanones 1.208 1.208 0.007 1.203 1.212 155 
їп cyclohexanones 1211 1.211 0.009 1.207 1.216 312 
С-С-С-О 1222 1.222 0.010 1.216 1.229 225 
(С=С),-С=О 1.233 1.229 0.010 1.226 1.242 28 
Сат-С=О 1.221 1.218 0.014 1.212 1.229 85 
(Car),-C-O 1.230 1.226 0.015 1.220 1.238 66 
C-O in benzoquinones 1.222 1.220 0.013 1.211 1.231 86 
delocalized double bonds in carboxylate anions: 
Н-С = О, (formate) 1.242 1.243 0.012 1.234 1.252 24 
сс ог 1.254 1.253 0.010 1.247 1.261 114 
С=С-С= О, 1.250 1.248 0.017 1.238 1.261 52 
Сат-С = Oy 1.255 1.253 0.010 1.249 1.262 22 
НООС-С ~ O, (hydrogen oxalate) 1.243 1.247 0.015 1.232 1.256 26 
70, = C-C = О, (oxalate) 1.251 1.251 0.007 1.248 1.254 18 
in carboxylic acids (X- COOH) 
C*-C(20)-OH 1.214 1.214 0.019 1.203 1.224 175 
С=С-С(=О)-ОН 1.229 1.226 0.017 1.218 1.237 22 
Сат-С(=О)-ОН 1.226 1.223 0.020 1.211 1.241 75 
in esters: 
C*-C(20)-O-C* 1.196 1.196 0.010 1.190 1.202 551 12 
C-C-C(-0)-O-C* 1.199 1.198 0.009 1.193 1.203 113 
Car-C(20)-O-C* 1.202 1.201 0.009 1.196 1.207 218 12 
С:-С(-О)-О-С-С 1.190 1.190 0.014 1.184 1.198 26 
С*-С(=О)-О-Саг 1.187 1.188 0.011 1.181 1.195 40 12 
in anhydrides: О-С-О-С-О 1.187 1.187 0.010 1.184 1.193 70 
in B-lactones: C*- C(20)-O-C* 1.193 1.193 0.006 1.187 1.198 4 13 
y-lactones: C*- C(20)-O-C* 1.201 1.202 0.009 1.196 1.206 109 12 
5-lactones: С*-С(=О)-О-С* 1.205 1.207 0.008 1.201 1.209 27 12 
in amides: 
NH,-C(-C*)-O 1.234 1.233 0.012 1.225 1.243 32 14 
(C'-)(CSH-)N-C(-C*)20 1.231 1.231 0.012 1.224 1.238 378 14 
8-lactams: С”-МН-С-О 1.198 1.200 0.012 1.193 1.204 23 13 
y-lactams: 
C*-NH-C-O 1.235 1.235 0.008 1.232 1.240 20 13 
C*-N(-C?)-C-O 1.225 1.226 0.011 1.217 1.233 15 13 
O-lactams: 
C*-NH-C-O 1.240 1.241 0.003 1.237 1.243 6 14 
C*-N(-C*)-C-O 1.233 1.233 0.007 1.229 1.239 15 14 
in ureas: 
(NH),),-C=O 1.256 1.256 0.007 1.249 1.261 24 25,26 
(C£-NH),-C-O 1.241 1.237 0.011 1.235 1.245 13 25 
[(C#) -N],-C-O 1.230 1.230 0.007 1.224 1.234 20 25,27 
Csp?—-P(4) C,-P'-C* 1.800 1.802 0.015 1.790 1.812 35 33 


С,-Р(-О)-СН, 1.791 1.790 0.006 1.786 1.795 10 


Bond Lengths in Crystalline Organic Compounds 


Bond 


Csp?-P(3) 


Саг-Р(4) 


Саг-Р(3) 


Csp?-S(4) 


Csp?-S(3) 


Csp?-S(2) 


Csp?-S(2) 


Csp?-S(2) 


Car-S(4) 


Car-S(3) 


Car-S(2) 


Csp!'-S(2) 
Csp!'-S(1) 
Csp?-S(1) 


Csp?-Se 

Csp?-Se(2) 
Car-Se(3) 
Csp?-Si(5) 
Csp?-Si(4) 


Car-Si(4) 


Substructure 
С,-Р(-О)-СН,-С 
С,-Р(-0)-СН-С, 
C,-P(-O)-C-C, 
C,-P(-O)-C* (overall) 
C,-P-C* 

C,-P'-Car 

С,-Р(-О)-Сағ 
Ph,-P-N:-P-Ph, 

С,-Р-Сағ 

(N22),P-Car(P = N aromatic) 
C*-SO,-C (C* - CH, excluded) 
С:-5О,-С (overall) 
C*-SO,-O-X 

C*-SO,-N-X, 

C*-S(-O)-C (C* = CH, excluded) 
С:-5(-О)-С (overall) 
CH,-S'-X, 

С*-5*-Х, (С° = CH, excluded) 
C*-S:-X, (overall) 

C*-SH 

CH,-S-C* 

C-CH,-S-C* 

C,-CH-S-C* 

C,-C-S-C* 

C*-S-C* (overall) 

in thiirane 

in thiirane: see ZCMXSP (1.817, 1.844) 
in tetrahydrothiophene 

in tetrahydrothiopyran 
C-CH,-S-S-X 

C,-C-S-S-X 

C*-S-S-X (overall) 
C-C-S-C* 

С-С-5-С-С (in tetrathiafulvalene) 
С-С-5-С-С (in thiophene) 
O=C-S-C# 

Car-SO,-C 

Car-SO,-O-X 
Car-SO,-N-X, 

Саг-5(-0)-С 

Car-S*-X, 

Car-S-C* 

Car-S- Car 

Car-S- Car (in phenothiazine) 
Саг-5-5-Х 

N=C-S-X 

(N=C-S)- 

(СЭ,-С-65: see IPMUDS (1.599) 
(Car),-C-S: see CELDOM (1.611) 
(X),-C=S (X = C,N,O,S) 
Х,М-С(-5)-5-Х 

(Х,М),-С-5 (thioureas) 
N-C(^5), 

C#-Se 

C2C-Se-C-C (іп tetraselenafulvalene) 
Ph,-Se* 

C#-Si--X, 

CH,-Si-X, 

C*-Si-X, (C* = CH, excluded) 
C*-Si-X, (overall) 

Car-Si-X, 


4, 

1.813 
1.828 
1.847 
1.822 
1.870 
1.800 
1.807 
1.800 
1.844 
1.803 
1.797 
1.790 
1.754 
1.773 
1.829 
1.820 
1.792 
1.834 
1.820 
1.819 
1.794 
1.824 
1.825 
1.863 
1.827 
1.858 


1.837 
1.832 
1.832 
1.878 
1.848 
1.764 
1.750 
1.722 
1.778 
1.769 
1.756 
1.765 
1.798 
1.787 
1.779 
1.774 
1.769 
1.785 
1.698 
1.641 


1.689 
1.674 
1.693 
1.731 
1.998 
1.902 
1.936 
1.884 
1.869 
1.905 
1.875 
1.878 


106 


158 


245 


9-11 


Note 


34 
34 


35 


9-12 Bond Lengths in Crystalline Organic Compounds 


Bond Substructure d m с а, q. H Note 
Csp'-Si(4) C=C-Si-X, 1.837 1.840 0.012 1.824 1.849 8 

Csp?-Te C#-Te 2.158 2.159 0.030 2.128 2.177 13 

Car-Te Саг-Те 2.116 2.115 0.000 2104 2130 72 

Csp?- Te see CEDCUJ (2.044) 

СІ-СІ see PHASCL (2.306, 2.227) 

cit see CMBIDZ (2.563), HXPASC (2.541, 2.513), 


METAMM (2.552), BQUINI 
(2.416, 2.718) 


CI-N see BECTAE (1.743-1.757), BOGPOC (1.705) 

сі-ой) in CIO", 1414 1.419 0.026 1.403 1431 252 

CI-P (N~),P-Cl (N ~ P aromatic) 1.997 1.994 0.015 1.989 2.004 46 
CI-P (overall) 2.008 2.001 0.035 1.986 2.028 111 

СІ-5 CI-S (overall) 2.072 2.079 0.023 2.047 2.091 6 


see also longer bonds in CILSAR (2.283), BIHXIZ 
(2.357), CANLUY (2.749) 


СІ-бе see BIRGUE10, BIRHAL10, CTCNSE 
(2.234—2.851) 
CI-Si(4) СІ-5і-Хз (monochloro) 2.072 2.075 0.009 2.066 2.078 5 
CI,-Si-X» and СІ,-5і-Х 2.020 2.012 0.015 2.007 2.036 5 
СІ-Те Cl-Te in range 2.34-2.60 2.520 2.515 0.034 2.493 2.537 22 36 


see also longer bonds in BARRIV, BOJPUL, CETUTE, 
EPHTEA, OPNTECIO 


(2.73-2.94) 
F-N(3) F-N-C, and E,-N-C 1.406 1.404 0.016 1.395 1416 9 
F-P(6) in hexafluorophosphate, PF; 1.579 1.587 0.025 1.563 1.598 72 
F-P(3) (N22),P-F(N = P aromatic) 1.495 1.497 0.016 1.481 1.510 10 
F-S 43 observations in range 1.409-1.770 in a wide variety 0 1.646 0.011 1.626 1.649 6 


of environments; F-S(6) in 
Е,-5О,-С, (see FPSULF10, BETJOZ) 


F-S(4) in F,-S(-O)-N (see BUDTEZ) 1.527 1.528 0.004. 1.524 1.530 24 37 
F-Si(6) in SiF?- 1.694 1.701 0.013 1.677 1.703 6 
F-Si(5) F-Si -X, 1.636 1.639 0.035 1.602 1.657 10 
F-Si(4) F-Si-X, 1.588 1.587 0.014 1.581 1.599 24 
Е-Те see CUCPIZ (Е--Те(6) = 1.942, 1.937), ЕРНТЕЦЕ- 
Те(4) - 2.006) 
H-N(4) X,-N'-H 1.033 1.036 0.022 1.026 1.045 87 21 
H-N(3) X,-N-H 1.009 1.010 0.019 0.997 1.023 95 21 
H-O(2) in alcohols С“-О-Н 0.967 0.969 0.010 0.959 0.974 63 21 
C#-O-H 0.967 0.970 0.010 0.959 0.974 73 21 
in acids О=С-О-Н 1.015 1.017 0.017 1.001 1.031 16 21,38 
1—1 in L; 2.917 2.918 0.011 2.907 2.927 6 
I-N see BZPRIB, CMBIDZ, HMTITI, HMTNTI, 
IFORAM, IODMAM (2.042-2.475) 
I-O X-I-O(see BZPRIB, CAJMAB, IBZDACI1) 2.144 2.144 0.028 2.127 2.164 6 
for IO; see BOVMEE (1.829-1.912) 
I-P(3) see CEHKAB (2.490-2.493) 1 
1-5 sec DTHIBRIO (2.687), ISUREA10 (2.629), BZTPPI 
(3.251) 
I-Te(4) I-Te-X, 2.926 2.928 0.026 2.902 2.944 8 
N(4)-N(3) X.-N'-N'-X, (N? planar) 1414 1.414 0.005 1.412 1.418 13 
N(3)-N(3) (C)(C,H)-N,-N,(C)(C;H) 5,39 
М, N, pyramidal 1.454 1.452 0.021 1.444 1.457 44 40 
N, pyramidal, N, planar 1.420 1.420 0.015 1.407 1.433 68 40 
М, N, рјапаг 1.401 1.401 0.018 1.384 1.418 40 40 
overall 1.425 1.425 0.027 1.407 1.443 139 
N(3)-N(2) in pyrazole (N1-N2) 1.366 1.366 0.019 1.350 1.375 20 
in pyridaznium (NI‘~N2) 1.350 1.349 0.010 1.345 1.361 7 
N(2) ~ МО) N - М (aromatic) in pyridazine 
with C,H as ortho substituents 1.304 1.300 0.019 1.287 1.326 6 


with N,Cl as ortho substituents 1.368 1.373 0.011 1.362 1.375 9 


Bond Lengths in Crystalline Organic Compounds 


Bond 
N(2)=N(2) 


N(2)=N(1) 
N(3)-OQ) 


N(3)-O(1) 


М(2)-О02) 


N(3)-O(1) 


N(3)-P(4) 


N(3)-P(3) 


N(2 
N(2 


N(3 


N(2)-S(2 
N(2) = 80) 
N(2)=S(2 
N(3)-SE 


-Р(4) 
=P(3) 
~ P(3) 


-S(4 


-5(2 


N(2)-Se 
N(2)-Se 


Substructure 
C#-N=N-C# 
cis 
trans 
(overall) 
Сат-М=М-Саг 
Х-М=М=М (azides) 
Х-М-М-Х (azides) 
(C,H),-N-OH (Nsp*: planar) 
C,-N-O-C 
(Nsp*: pyramidal) 
(Nsp?: planar) 
in furoxan (N2-O1) 
(C22),N'-O' in pyridine N-oxides 
in furoxan (*N2-O67) 
in oximes 
(C£), -C-N-OH 
(H)(Csp?)-C=N-OH 
(С#)(Сѕр2)-С=М-ОН 
(Csp?),-C-N-OH 
(C,H),-C-N-OH (overall) 
in furazan (О1-М2, O1-N5) 
in furoxan (О1-М5) 
in isoxazole (O1-N2) 
in nitrate ions NO, 
in nitro groups 
C*-NO, 
C#-NO, 
Car-NO, 
C-NO, (overall) 
X,-P(-X)-NX, 
Nsp*: planar 
Nsp*: pyramidal 
(overall) 
subsets of this group are: 
O,-P(-S)-NX, 
C-P(-S)-(NX.), 
О-Р(-5)-(ХХ,, 
P(=O)-(NX,), 
-NX-P(-X)-NX-P(-X)-(P,N, ring) 
-МХ-Р(-5)-МХ-Р(-5)-4Р,М, ring) 
in P-substituted phosphazenes: 
(N22),P-N (amino) 
(aziridinyl) 
Ph,-P-N'-P-Ph, 
Ph,-P-N-C,S 
N ~ P aromatic 
in phosphazenes 
пр=М=5 
C-SO,-NH, 
С-50,-МН-С# 
С-5О,-Һ-С(%, 
C-S-NX, Nsp*: planar 
(for Nsp? pyramidal see MODIAZ: 1.765) 
X-S-NX, Nsp”: planar 
С-М-5-Х 
N ~ S aromatic in P ~ N 5 
N=S in N=S=N and N=S=S 
see COJCUZ (1.830), DSEMOR10 (1.846, 1.852), 
MORTRS10 (1.841) 
see SEBZQI (1.805), NAPSEZ10 (1.809, 1.820) 
see CISMUM (1.790, 1.791) 


4, 


1.239 
1.218 
1.230 
1.247 
1.202 
1.114 
1.390 


1.457 
1.388 
1.430 
1.291 
1.228 


1.416 
1.380 
1.393 
1.365 
1.379 
1.378 
1.370 
1.417 
1.227 


1.206 
1.203 
1.211 
1.210 


1.634 
1.680 
1.639 


1.615 
1.678 
1.642 
1.640 
1.716 
1.690 


1.625 
1.665 
1.563 
1.580 


1.571 
1.594 
1.591 
1.615 
1.623 
1.698 


1.699 
1.632 
1.554 
1.521 


n 


9-13 


Note 


35 
35 
35 
23 


23 


9-14 Bond Lengths in Crystalline Organic Compounds 


Bond Substructure d m с а, 4, п Моје 
N(3)-Si(5) see DMESIPO1, BOJLER, CASSAQ, CASYOK, 

CECXEN, CINTEY, CIPBUY, FMESIB, 

MNPSIL, PNPOSI (1.973-2.344) 


N(3)-Si(4) X,-Si-NX, (overall) 1.748 1.746 0.022 1.735 1.757 170 
subsets of this group are: 
X,-Si-NHX 1.714 1.719 0.014 1.702 1.727 16 
X,-Si-NX-Si-X, acyclic 1.743 1.744 0.016 1.731 1.755 45 
N-Si-N in 4-membered rings 1.742 1.742 0.009 1.735 1.748 53 
N-Si-N in 5-membered rings 1.741 1.742 0.019 1.726 1.749 33 
N(2)-Si(4) X,-Si-N -Si-X, 1.711 1.712 0.019 1.693 1.729 15 
М-Те see АСТТЕР (2.402), BIBLAZ (1.980), CESSAU 
(2.023) 
0(2)–0(2) С*-О-О-С*,Н 
т(ОО) = 70—85° 1.464 1.464 0.009 1.458 1472 12 
т(ОО) са. 180° 1.482 1.480 0.005 1.478 1.486 5 
overall 1.469 1.471 0.012 1.461 1.478 17 


О=С-О-О-С=О see ACBZPOOI (1.446), CEYLUN 
(1.452), CIMHIP (1.454) 


Si-O-O-Si 1.496 1.499 0.005 1.490 1.499 10 
O(2)-P(5) X-P-(OX), 41 
trigonal bipyramidal: 
axial 1.689 1.685 0.024 1.675 1.712 20 
equatorial 1.619 1.622 0.024 1.604 1.628 20 
square pyramidal 1.662 1.661 0.020 1.649 1.673 28 
O(2)-P(4) C-O-P(~ (٢ 1.621 1.622 0.007 1.615 1.628 12 
(H-O),-P(= О), 1.560 1.561 0.009 1.555 1.566 16 
(С-О),-Р(- О)“ 1.608 1.607 0.013 1.599 1.615 16 
(C$-O),-P-O 1.558 1.554 0.011 1.550 1.564 30 
(Car-O),-P-O 1.587 1.588 0.014 1.572 1.599 19 
X-O-P(-O)-(C,N), 1.590 1.585 0.016 1.577 1.601 33 
(X-0),-P(-O)-(C,N) 1.571 1.572 0.013 1.563 1.579 70 
OQ)-P(3) (N~),P-O-C (N ~ P aromatic) 1.573 1.573 0.011 1.563 1.584 16 
О(1)-Р(4) C-O-P(- O) (delocalized) 1.513 1.512 0.008 1.508 1.518 42 
(H-O),-P(- O); (delocalized) 1.503 1.503 0.005 1.499 1.508 16 
(С-О),-Р(с: О), (delocalized) 1.483 1.485 0.008 1.474 1.490 16 
(C-O),-P-O 1.449 1.448 0.007 1.446 1.452 18 
C,-P-O 1.489 1.486 0.010 1.481 1.496 72 
N,-P-O 1.461 1.462 0.014 1.449 1.470 26 
(C),(N)-P-O 1.487 1.489 0.007 1.479 1.493 5 
(С,М),О)-Р-О 1.467 1.462 0.007 1.462 1472 33 
(C,N)(O),-P=O 1.457 1.458 0.009 1.454 1.462 35 
O(2)-S(4) C-O-SO,-C 1.577 1.576 0.015 1.566 1.584 41 
C-O-SO,-CH, 1.569 1.569 0.013 1.556 1.582 4 
C-O-SO,-Car 1.580 1.578 0.015 1.571 1.588 27 
O(1)=S(4) C-SO,-C 1.436 1.437 0.010 1.431 1442 316 42 
X-SO,-NX, 1.428 1.428 0.010 1.422 1.434 326 
С-5О,-М-(С,Н), 1.430 1.430 0.009 1.425 1.435 206 
C-SO,-O-C 1.423 1.423 0.008 1.418 1.428 82 
іп SO 1472 1.473 0.013 1.463 1481 104 
О(1)=5(3) С-5(-О)-С 1.497 1.498 0.013 1.489 1.505 90 5 
О-5е see ВАРРА), BIRGUEIO, BIRHAL10, СХМ5ЕО, 
DGLYSE, SPSEBU (1.597 for O-Se to 1.974 
for O-Se) 
O(2)-Si(5) (X-0O),-Si-(N)(C) 1.663 1.658 0.023 1.650 1.665 21 
O(2)-Si(4) X,-Si-O-X (overall) 1.631 1.630 0.022 1.617 1.646 191 
O(2)-Si(4) subsets of this group are: 
X,-Si-O-C# 1.645 1.647 0.012 1.634 1.652 29 
X,-Si-O-Si-X, 1.622 1.625 0.014 1.614 1.631 70 
X,-Si-O-O-Si-X, 1.680 1.676 0.008 1.673 1.688 10 
O(2)-Te(6) (X-O),- Te 1.927 1.927 0.020 1.908 1.942 16 
O(2)-Te(4) (X-O),-Te-X, 2.133 2.136 0.054 2.078 2.177 12 


P(4)-P(4) څړ‎ 2.256 2.259 0.025 2.243 2.277 6 


Bond Lengths in Crystalline Organic Compounds 


Bond Substructure 
P(4)-P(3) see CECHEX (2.197), COZPIQ (2.249) 
P(3)-P(3) X,-P-P-X, 
Р(4)-Р(4) see BUTSUE (2.054) 
Р(3)-Р(3) see BALXOB (2.034) 
Р(4)-5(1) С,-Р-5 

(N,O)(C)-P-S 

(N,O),-P-S 
P(4)-Se(1) X,-P-Se 
P(3)-Si(4) X,-P-Si-X.: 3- and 4-rings 

excluded (see BOPFER, BOPFIV, CASTOF10, 

COZVIW: 2.201-2.317) 
р(4)-Те(1) see MOPHTE (2.356), TTEBPZ (2.327) 
5(2)-5(2) C-S-S-C 
1(SS) = 75-105» 
т(55) = 0-20» 

(overall) 

in polysulphide chain-S-S -$— 
S(2)-S(1) X-N-S-S 
S-Se(4) see BUWZUO (2.264, 2.269) 
S-Se(2) X-Se-S (any) 
S(2)-Si(4) 2626-Х 
5(2)-Те Х-5-Те (апу) 

Х-5-Те (апу) 
Se(2)-Se(2) X-Se-Se-X 


Se(2)- Te(2) 
Si(4)-Si(4) 


see BAWFUA, BAWGAH (2.524-2.561) 
X,-Si-Si-X, 3-membered rings excluded: 
see CIHRAM (2.511) 


Te-Te see CAHJOK (2.751, 2.704) 
Appendix 1. (Footnotes to Table) 
1. Sample dominated by B-CH,. For longer bonds in ВСН, see 


LITMEB10 [B(4)- CH, = 1.621-1.644А]. 

р(т)-р(т) Bonding with Bsp? and Nsp? coplanar (TBN = 0 + 15°) pre- 
dominates. See G. Schmidt, R. Boese, and D. Blaser, 2. Naturforsch., 
1982, 37b, 1230. 

84 observations range from 1.38 to 1.61 À and individual values de- 
pend on substituents on B and O. For a discussion of borinic acid ad- 
ducts see S. J. Rettig and J. Trotter, Can. J. Chem., 1982, 60, 2957. 

See M. Kaftory in ‘The Chemistry of Functional Groups. Supplement 
D: The Chemistry of Halides, Pseudohalides, and Azides’, S. Patai and 
Z. Rappoport, Eds., Wiley: New York, 1983, Part 2, ch. 24. 

Bonds which are endocyclic or exocyclic to any 3- or 4-membered 
rings have been omitted from all averages in this section. 

The overall average given here is for Csp?-Csp? bonds which carry 
only C or H substituents. The value cited reflects the relative abun- 
dance of each 'substitution' group. The “mean of means' for the 9 sub- 
groups is 1.538 (о = 0.022) А. 

See F. H. Allen, (a) Acta Crystallogr, 1980, B36, 81; (b) 1981, B37, 
890. 


. See F.H. Allen, Acta Crystallogr., 1984, В40, 64. 


See F. H. Allen, Tetrahedron, 1982, 38, 2843. 


. See Е. Н. Allen, Tetrahedron, 1982, 38, 645. 
. Cyclopropanones and cyclobutanones excluded. 


See W. B. Schweizer and J. D. Dunitz, Helv. Chim. Acta, 1982, 65, 1547. 


. See L. Norskov-Lauritsen, H.-B. Bürgi, P. Hoffmann, and H. R. 


Schmidt, Helv. Chim. Acta, 1985, 68, 76. 


. See P. Chakrabarti and J. D. Dunitz, Helv. Chim. Acta, 1982, 65, 1555. 
. See J. L. Hencher іп “The Chemistry of the C=C Triple Bond, S. Patai, 


Ed., Wiley, New York, 1978, ch. 2. 


. Conjugated: torsion angle about central C-C single bond is 0 + 20* 


(cis) or 180 + 20° (trans). 


. Unconjugated: torsion angle about central C-C single bond is 20- 


160°. 


2.031 
2.070 
2.048 
2.051 
1.897 


2.193 
2.145 
2.405 
2.682 
2.340 


2.359 


18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 


29. 
30. 


31. 
32. 
33. 
34. 
35. 
36. 


37. 
38. 


39. 


40. 


41. 


42. 
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т с а, а, п Моје 
2.210 0.022 2.200 2.224 41 
1.952 0.005 1.950 1.957 13 
1.924 0.014 1.913 1.927 26 
1.914 0.014 1.906 1.921 50 
2.099 0.019 2.075 2.108 12 
2.260 0.019 2.249 2.283 22 
2.029 0.015 2.021 2.038 46 
2.068 0.022 2.057 2.077 28 
2.045 0.026 2.028 2.068 99 
2.050 0.022 2.037 2.065 126 
1.896 0.012 1.887 1.908 5 
2.195 0.015 2.174 2.207 9 
2.138 0.020 2.130 2.158 19 
2.406 0.022 2.383 2.424 10 
2.686 0.035 2.673 2.694 28 
2.340 0.024 2.315 2.361 15 
+ 
2.359 0.012 2.349 2.366 42 


Other conjugative substituents excluded. 

TCNQ is tetracyanoquinodimethane. 

No difference detected between C2 ~ СЗ and СЗ ~ C4 bonds. 
Derived from neutron diffraction results only. 

Nsp’: pyramidal; mean valence angle at М is in range 108-1676 

Nsp’: planar; mean valence angle at М is > 117.59, 

Cyclic and acyclic peptides. 

See R. H. Blessing, J. Am. Chem. Soc., 1983, 105, 2776. 

See L. Lebioda, Acta Crystallogr., 1980, B36, 271. 

п = 3or4, i.e. tri- or tetra-substituted ureas. 

Overall value also includes structures with mean valence angle at N in 
the range 115-118*. 

See F. H. Allen and А. J. Kirby, / Am. Chem. Soc., 1984, 106, 6197. 
See A. J. Kirby, “The Anomeric Effect and Related Stereoelectronic 
Effects at Oxygen, Springer, Berlin, 1983. 

See B. Fuchs, L. Schleifer, and E. Tartakovsky, Nouv. J. Chim., 1984, 8, 
275. 

See S. С. Nyburg and С. H. Faerman, J. Mol. Struct., 1986, 140, 347. 
Sample dominated by P-CH, and P-CH,-C. 

Sample dominated by C* = methyl. 

See A. Kalman, M. Czugler, and G. Argay, Acta Crystallogr., 1981, 
B37, 868. 

Bimodal distribution resolved into 22 'short' bonds and 5 longer 
outliers. 

АП 24 observations come from BUDTEZ. 

'Long' O-H bonds in centrosymmetric O---H---O H-bonded dimers 
are excluded. 

N-N bond length also dependent on torsion angle about N-N bond 
and on nature of substituent C atoms; these effects are ignored here. 
N pyramidal has average angle at N in range 100-113.5% N planar has 
average angle of > 117.59, 

See R. R. Holmes and J. A. Deiters, / Amer. Chem. Soc., 1977, 99, 
3318. 

No detectable variation in 5-О bond length with type of C-substituent. 
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Appendix 2 


Short-form references to individual CSD entries cited by reference code in the Table. A full list of CSD bibliographic entries is given 


in SUP 56701. 


АСВ7РО01 
АСТТЕР 
ASAZOC 
BALXOB 
BAPPAJ 
BARRIV 
BAWEUA 
BAWGAH 
BECTAE 
BELNIP 
BEMLIO 
BEPZEB 
BETJOZ 
BETUTE10 
BIBLAZ 
BICGEZ 
BIHXIZ 
BIRGUE10 
BIRHALIO 
BIZJAV 
BOGPOC 
BOGSUL 
BOJLER 
BOJPUL 
ВОРЕЕВ 
BOPFIV 
BOVMEE 
BQUINI 
BTUPTE 
BUDTEZ 
BUPSIB10 
BUSHAY 
BUTHAZ10 
BUTSUE 
BUWZUO 
BZPRIB 
BZTPPI 
CAHJOK 
CAJMAB 
CANLUY 
CASSAQ 
CASTOF10 
CASYOK 
CECHEX 
CECXEN 
CEDCUJ 
CEHKAB 
CELDOM 
CESSAU 
CETTAW 
CETUTE 
CEYLUN 
CIEZUM 
CIHRAM 
CILRUK 
CILSAR 
CIMHIP 
CINTEY 
CIPBUY 
CISMUM 
CISTED 


J. Am. Chem. Soc., 1975, 97, 6729. 

J. Organomet. Chem., 1980, 184, 417. 
Dokl. Akad. Nauk SSSR, 1979, 249, 120. 
J. Am. Chem. Soc., 1981, 103, 4587. 
Inorg. Chem., 1981, 20, 3071. 

Acta Chem. Scand., Ser. A, 1981, 35, 443. 
Cryst. Struct. Commun., 1981, 10, 1345. 
Cryst. Struct. Commun., 1981, 10, 1353. 
J. Org. Chem., 1981, 46, 5048, 1981. 

Z. Naturforsch., Teil B, 1982, 37, 299. 
Chem. Ber., 1982, 115, 1126. 

Cryst. Struct. Commun., 1982, 11, 175. 

J. Am. Chem. Soc., 1982, 104, 1683. 

Acta Chem. Scand., Ser. A, 1976, 30, 719. 
Zh. Strukt. Khim., 1981, 22, 118. 

Z. Anorg. Allg. Chem., 1982, 486, 90. 

J. Chem. Soc., Chem. Commun., 1982, 982. 
Z. Naturforsch., Teil B, 1983, 38, 20. 

Z. Naturforsch., Teil B, 1982, 37, 1410. 

J. Organomet. Chem., 1982, 238, C1. 

Z. Naturforsch., Teil B, 1982, 37, 1402. 
Z. Naturforsch., Teil B, 1982, 37, 1230. 
Z. Anorg. Allg. Chem., 1982, 493, 53. 
Acta Chem. Scand., Ser. A, 1982, 36, 829. 
Chem. Ber., 1983, 116, 146. 

Chem. Ber., 1983, 116, 146. 

Acta Crystallogr, Sect. B, 1982, 38, 1048. 
Acta Crystallogr., Sect. B, 1979, 35, 1930. 
Acta Chem. Scand., Ser. A, 1975, 29, 738. 
Z. Naturforsch., Teil B, 1983, 38, 454. 

Z. Anorg. Allg. Chem., 1981, 474, 31. 

Z. Naturforsch., Teil. B, 1983, 38, 692. 
Inorg. Chem., 1984, 23, 2582. 

J. Chem. Soc., Chem. Commun., 1983, 862. 
Acta Chem. Scand., Ser A, 1983, 37, 219. 
Z. Naturforsch., Teil B, 1981, 36, 922. 
Inorg. Chem., 1978, 17, 894. 

Inorg. Chem., 1983, 22, 1809. 

Chem. Z, 1983, 107, 169. 

Tetrahedron Lett., 1983, 24, 4337. 

J. Struct. Chem., 1983, 2, 101. 

Acta Crystallogr., Sect. C, 1984, 40, 1879. 
J. Struct. Chem., 1983, 2, 107. 

Z. Anorg. Allg. Chem., 1984, 508, 61. 

J. Struct. Chem., 1983, 2, 207. 

J. Org. Chem., 1983, 48, 5149. 

Z. Naturforsch., Teil B, 1984, 39, 139. 
Acta Crystallogr., Sect. C, 1984, 40, 556. 
Acta Crystallogr., Sect. C, 1984, 40, 653. 
Chem. Ber., 1984, 117, 1089. 

Acta Chem. Scand., Ser A, 1975, 29, 763. 
Izv. Akad. Nauk SSSR, Ser. Khim., 1983, 2744. 
Acta Chem. Scand., Ser A, 1984, 38, 289. 
Angew. Chem., Int. Ed. Engl., 1984, 23, 302. 
J. Chem. Soc., Chem. Commun., 1984, 1023. 
J. Chem. Soc., Chem. Commun., 1984, 1021. 
Acta Crystallogr., C, 1984, 40, 1458. 
Dokl. Akad. Nauk SSSR, 1984, 274, 615. 
J. Struct. Chem., 1983, 2, 281. 

Z. Naturforsch., Teil B, 1984, 39, 485. 

Z. Anorg. Allg. Chem., 1984, 511, 95. 


CIWYIQ 
CIYFOF 
CMBIDZ 
CODDEE 
CODDII 
COFVOI 
COJCUZ 
COSDIX 
COZPIQ 
COZVIW 
CTCNSE 
CUCPIZ 
CUDLOC 
CUDLUI 
CUGBAH 
CXMSEO 
DGLYSE 
DMESIPO1 
DSEMORIO 
DTHIBRIO 
EPHTEA 
ESEARS 
ETEARS 
FMESIB 
FPHTEL 
EPSULF10 
HCLENE10 
HMTITI 
HMTNTI 
HXPASC 
IBZDACI1 
IFORAM 
IODMAM 
IPMUDS 
ISUREA10 
LITMEB10 
MESIAD 
METAMM 
MNPSIL 
MODIAZ 
MOPHTE 
MORTRS10 
NAPSEZ10 
NBBZAM 
OPIMAS 
OPNTEC10 
PHASCL 
PHASOCOI 
PNPOSI 
SEBZQI 
SPSEBU 
TEACBR 
THINBR 
TMPBTI 
TPASSN 
TPASTB 
TPHOSI 
TTEBPZ 
ZCMXSP 


Inorg. Chem., 1984, 23, 1946. 

Inorg. Chem., 1984, 23, 1790. 

J. Org. Chem., 1979, 44, 1447. 

2. Naturforsch., Teil B, 1984, 39, 1257. 
Z. Naturforsch., Teil B, 1984, 39, 1257. 
Z. Naturforsch., Teil В, 1984, 39, 1027. 
Chem. Ber., 1984, 117, 2686. 

Z. Naturforsch., Teil B, 1984, 39, 1344. 
Chem. Ber., 1984, 117, 2063. 

Z. Anorg. Allg. Chem., 1984, 515, 7. 

J. Am. Chem. Soc., 1980, 102, 5430. 

J. Am. Chem. Soc., 1984, 106, 7529. 

J. Cryst. Spectrosc., 1985, 15, 53. 

J. Cryst. Spectrosc., 1985, 15, 53. 

Acta Crystallogr., Sect. C, 1985, 41, 476. 
Acta Crystallogr., Sect. B, 1973, 29, 595. 
Acta Crystallogr., Sect. B, 1975, 31, 1785. 
Acta Crystallogr., Sect. C, 1984, 40, 895. 
J. Chem. Soc., Dalton Trans., 1980, 628. 
Inorg. Chem., 1971, 10, 697. 

Inorg. Chem., 1980, 19, 2487. 

J. Chem. Soc. C, 1971, 1511. 

J. Chem. Soc. C, 1971, 1511. 

J. Organomet. Chem., 1980, 197, 275. 

J. Chem. Soc., Dalton Trans., 1980, 2306. 
J. Am. Chem. Soc., 1982, 104, 1683. 

Acta Crystallogr., Sect. B, 1982, 38, 3139. 
Acta Crystallogr., Sect. B, 1975, 31, 1505. 
Z. Anorg. Allg. Chem., 1974, 409, 237. 

J. Chem. Soc., Dalton Trans., 1975, 1381. 
J. Chem. Soc., Dalton Trans., 1979, 854. 
Monatsh. Chem., 1974, 105, 621. 

Acta Crystallogr, Sect. В, 1977, 33, 3209. 
Acta Crystallogr., Sect. B, 1973, 29, 2128. 
Acta Crystallogr., Sect. B, 1972, 28, 643. 
J. Am. Chem. Soc., 1975, 97, 6401. 
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BOND LENGTHS AND ANGLES IN GAS-PHASE MOLECULES 


This table is reprinted from Kagaku Benran, 3rd Edition, Vol. 
IL pp. 649—661 (1984), with permission of the publisher, Maruzen 
Company, LTD. (Copyright 1984 by the Chemical Society of 
Japan). Translation was carried out by Kozo Kuchitsu. 

Internuclear distances and bond angles are represented in units 
of А (1 A = 1079 m) and degrees, respectively. The same but in- 
equivalent atoms are discriminated by subscripts a, b, etc. In 
some molecules ax for axial and eq for equatorial are also used. 
АП measurements were made in the gas phase. The methods used 
are abbreviated as follows. UV: ultraviolet (including visible) spec- 
troscopy; IR: infrared spectroscopy; R: Raman spectroscopy; MW: 
microwave spectroscopy; ED: electron diffraction; NMR: nuclear 
magnetic resonance; LMR: laser magnetic resonance; EPR: elec- 
tron paramagnetic resonance; MBE: molecular beam electric reso- 
nance. If two methods were used jointly for structure determina- 
tion, they are listed together, as (ED, MW). If the numerical values 
listed refer to the equilibrium values, they are specified by r, and 
Ө. In other cases the listed values represent various average values 
in vibrational states; it is frequently the case that they represent 
the r, structure derived from several isotopic species for MW or 
the r, structure (i.e., the average internuclear distances at thermal 
equilibrium) for ED. These internuclear distances for the same 
atom pair with different definitions may sometimes differ as much 


as 0.01 А. Appropriate comments are made on the symmetry and 
conformation in the equilibrium structure. 

In general, the numerical values listed in the following tables 
contain uncertainties in the last digits. However, for certain mol- 
ecules such as diatomic molecules, with experimental uncertain- 
ties of the order of 10-5 À or smaller, numerical values are listed to 
four decimal places. 
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STRUCTURES OF ELEMENTS AND INORGANIC COMPOUNDS 


Compounds are arranged in alphabetical order by their chemical formulas 


(Lengths in A and Angles in Degrees) 


Compound Structure 
AgBr Ag—Br (r,) 2.3931 
AgCl Ag—Cl (r) 2.2808 
AgF Ag—F (r) 1.9832 
AgH Ag—H (r) 1.617 
Agl Ag—I (r) 2.5446 
AgO Ag—O (r,) 2.0030 
AIBr Al—Br (r) 2.295 
АС AI—CI (r) 2.1301 
АЈЕ AI—F (r) 1.6544 
AIH AI—H (r) 1.6482 
АП АІ-І(ғ) 2.5371 
АО AI—O (r) 1.6176 
Al Br, Br, „Въ г. Br, 

2 М АЖА 
Вг, Вг, Вг, 
ALCI Cl, " Ch < ye" 
Ж Al “ж b. 
СІ, 6 СІ, 
AsBr, As—Br 2.324 
AsCl, As—Cl 2.165 
ASF, As—F 1.710 
ASF, F, As—F, 1.711 
| م٠‎ 
Е- fin « 
p, P» 


Method 
MW 
MW 
MW 
UV 
MW 
UV 
UV 
MW 
MW 
UV 
MW 
UV 

Al—Br, 2:22 ED 

Al—Br, 2.38 

ZBr,AlBr, 82 

ZBr,AIBr, 118 

(D,) 

Al—Cl, 2.04 ED 

Al—Cl, 2.24 

ZCL AICI, 87 

ZCLAICI, 122 

(D) 

ZBrAsBr 99.6 ED 

ZCIAsCI 98.6 ED, MW 

ZFAsF 95.9 ED, MW 

As—F, 1.656 


(Ва) 


9-19 


9-20 


Сотроцпа 
AsH, 


B—H 1.189 
B—F 1.32 
ZFBF 118 


B—P 1.937 
ZPBH 103.6 
ZHPH 101.3 


B—O 
B—N 1.435 
ZNBN 118 
Ba—H (r, 
Ba—O (r, 
Ba—S (r) 
Be—F (r) 
Be—H (r, 
Be—O (r 
Bi—Br (r, 
Bi—Br 
Bi—Cl (r, 
Bi—Cl 
Bi—F (r) 
Bi—H (r) 
Bi—I (r) 
Bi—O (r) 
C—N (r) 
Br—CI (r) 
Br—F (r) 
ізгі 
F, 


Вг—Е (average) 


1.511 
2.557 
1.5237 
1.893 
1.742 
1.2626 


1.313 
1.2325 


2.118 
1.281 
1.2045 
1.265 
1.6091 


1.376 


2.2318 
1.9397 
2.5074 
1.3609 
1.3431 
1.3308 
2.6095 
2.63 
24716 
2.423 
2.0516 
1.805 
2.8005 
1.934 
1.157 
2.1361 
1.7590 


1.753 


(Br—F,,) – (Вг—Е,) = 0.069 


ZF از‎ 
Br—O (7) 
Br—Br (r) 


F 
—I 2.138 
F 


85.1 
1.7172 
2281 
1.935 
1.6512 


Structure 
B—F 1.311 
B—O 1.34 
ZFBO 123 
B—H 1.212 


ZBPH 116.9 
staggered form 


B—H 1.26 
ZBNB 121 
Вг—Е 1.810 


а 


ZEBrF, 862 


C—F 1.325 
C—F 1.362 
C—F 1.330 
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ZHASH (8) 
ZIAsI 


(Ва) 


ZH,BH, 
ZBOB=ZOBO 


ZBrBiBr 


ZCIBiCl 


C—Br (r) 


92.1 
100.2 

ZFBF 118.3 
O—H 0.941 
ZBOH 1141 
P—H 1.399 
ZHBH 114.6 
1.19 

1.33 

177 

122 

97 

120 

N—H 1.05 
(C) 

90 (С,) 
100 (2 
1.790 

Вг—Е, 1721 
(С,) 

ДЕСЕ 108.6 
гаса 111 
(С,) 

ДЕСЕ 108.1 


Method 
MW, IR 
ED 

UV 

ED 

ED 

UV 
MW 
MW 


ED, IR 
UV 
MW 


ED 
UV 
EPR 
UV 
UV 
IR, ED 


ED 
ED 


UV 
MW 
MBE 
UV 
UV 
UV 
MW 
ED 
MW 
ED 
MW 
UV 
MW 
UV 
IR 
MW 
MW 
MW 


ED,MW 
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Compound 
CH 


CIO 


CIO,(OH) 


Structure 


C—O 
ZCICO 


CI—F, 
ZE CIE, 


O—H 


20,20, 


O—F 


СН (r) 1.1199 
C—I 2.15 
C—N (r) 1.1718 
C—O (r) 1.1283 
C—O 1.178 
ZBrCBr 112.3 
C—F 1.334 
ZFCCI 108.8 
C—O 1.179 
ZCICCI 111.8 
C—F 1.3157 
ZFCF 107.71 
C—O (r) 1.1600 
C—P (r) 1.562 
С—5 (r) 1.5349 
C-S(r) 1.5526 
C—C (r) 12425 
C—O 1.163 
linear (large-amplitude bending vibration) 
Ca—H (r) 2.002 
Ca—O (r) 1.8221 
Са-5(ғ) 2.3178 
Cd—H (r) 1.781 
Са-Вг 2.35 
Cd—Cl 2.24 
Cd—I 2.56 
C—C! (r) 1.629 
СІ—Е (r) 1.6283 
F,—CI—F, 

2 
CI—O (r) 1.5696 
0-0 1.690 
СІ-О 1470 
0-0 1.407 

H 
и 
% 
а O, a 

CI—CI (r) 1.9878 
СІ-О 1.6959 
Co—H (ғ) 1.542 
C—O 1.16 
ZCrCO 180 
Cr—O (r) 1.615 
Cs—Br (r) 3.0723 
Cs—CI (r) 2.9063 
Cs—F (r) 2.3454 
Cs—H (r) 2.4938 
Cs—I (r) 3.3152 
Cs—O (r) 2.395 
Cu—Br (r) 2.1734 
Cu—Cl (r) 2.0512 
Cu—F (r) 1.7449 
Cu—H (r) 1.4626 
Cu—I (r) 2.3383 
C—F 1.262 
O—H 0.96 
F—F (r) 1.4119 


1.173 
127.5 


1.698 


0.975 


1.442 


C—Br 


linear 
linear 
linear 
C—N (r) 


87.5 


ZOCIO 
о–а 
1143 


ZCIOCI 


Cr—C 


O—H (r) 


1.923 
C—CI 1.725 
1.742 


1.172 


1.289 


1.160 


АЕ, 1.598 
(С,) 


ZHOCI 102.5 
117.38 

1.639 

ZO,CIO, 1041 


110.89 
1.92 
0.97 
1.159 
ZHOF 97.2 


Method 


MW,UV 
MW, IR 
MW 

ED 
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Compound Structure Method 
Fe(CO), Fe—C (average) 1.821 ED 
(Ғе-С), - (Fe—C),, 0.020 
C—O (average) 1.153 (D,,) 
GaBr Ga—Br (r,) 2.3525 MW 
GaCl Ga—Cl (r) 2.2017 MW 
GaF Ga—F (r) 1.7744 MW 
GaF, Ga—F 1.88 (D4) ED 
Gal Ga—I (r) 2.5747 MW 
Gal, Ga—I 2.458 (D,,) ED 
Са, Gd—I 2.841 Лаа 108 (С,) Ер 
GeBrH, Ge—H 1.526 Ge—Br 2.299 MW, IR 
ZHGeH 106.2 
GeBr, Ge—Br 2.272 (T,) ED 
GeCIH, Ge—H 1.537 Ge—CI 2.150 IR, MW 
ZHGeH 111.0 
сесі, Ge—CI 2.183 ZCIGeCI 100.3 ED 
сесі, Ge—Cl 2.113 (т) ED 
GeFH, Ge—H 1.522 Ge—F 1.732 MW, IR 
ZHGeH 113.0 
сек, Ge—F (r) 17321 ZFGeF (0) 97.17 MW 
GeH Ge—H (r) 1.5880 UV 
сен, Ge—H 1.5251 (T) IR, R 
GeO Ge—O (r) 1.6246 MW 
GeS Ge—S (r) 2.0121 MW 
GeSe Ge—Se (r) 2.1346 MW 
GeTe Ge—Te (r) 2.3402 MW 
Ge,H, Ge—H 1.541 бе—бе 2.403 ЕР 
ZHGeH 106.4 ZGeGeH 112.5 
HBr H—Br (r) 14145 MW 
HCN C—H (r) 1.0655 C—N (r) 1.1532 MW, IR 
linear 
HCNO H—C 1.027 C—N 1.161 N—O 1.207 MW 
linear 
на НСІ (r) 1.2746 MW 
НЕ НЕ (r) 0.9169 MW 
HI H—I (r) 1.6090 MW 
HNCO N—H 0.986 N—C 1.209 C—O 1.166 MW 
ZHNC 128.0 
HNCS N—H 0.989 N—C 1.216 С—5 1.561 MW 
ZHNC 135.0 ZNCS 180 
HNO N—H 1.063 М-О 1212 ZHNO 108.6 UV 
HNO, O, s-trans conformer s-cis MW 
Зу conformer 
N—O,H O,—H 0958 0.98 
N—O, 1.432 1.39 
N—O, 1.170 1.19 
ZONO, 1107 114 
ZNO,H 102.1 104 
HNO, JH O-H 09% N—O, 141 MW 
о, М-О, 120 N—O, 121 
| ZHON 1022 ZONO, 113.9 
жы ZONO, 1159 planar 
a 
HNSO N—H 1.029 N—S 1.512 5—0 1.451 MW 
ZHNS 115.8 ZNSO 120.4 
planar 
H, H—H(r) 0.7414 UV 
H,O O—H (r) 0.9575 ZHOH (0) 104.51 MW, IR 
но, O—O 1.475 ZOOH 94.8 IR 
dihedral angle of internal rotation 119.8 (C) 


H,S H—S (r) 1.3356 ZHSH (0) 92.12 MW,IR 
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Compound 
H,SO, 


5—5 


dihedral angle of internal rotation 


Hf—Cl 
Hg—Cl 
Hg—H (r) 
Hg—I 
I—Br (r) 
C-I 
I—CI (r) 
I—F (average) 
ЈЕ, 
I—O (r) 
I—I(r) 
In—Br (r) 
In—Cl (r) 
In—F (r) 
In—H (r) 
In—I (r) 
Ir—F 
K—Br (r) 
K—Cl (r) 
К—Е (r) 
K—H (r) 
K- (r) 
O—H 
K—K (r) 
Kr—F 
Li—Br (r) 
14—С1 (r) 
Li—F (r) 
Li—H (r) 
Li—I (r) 
Li—Li (r) 
Li 


ZCIMoCI 
Mo—F 
N—H 
ZHNCI 
N—CI 


М—Е 
N—H 
N—H 


2.055 


2.063 


dihedral angle between the H O S апа О 50, planes 
dihedral angle between the Н,О 5 and O SO, planes 
dihedral angle between the H SO, and O SO, planes 


2.33 
2.252 
1.7404 
2.553 
2.4691 
1.995 
2.3210 
1.860 
82.1 
1.8676 
2.6663 
2.5432 
2.4012 
1.9854 
1.8376 
2.7537 
1.830 
2.8208 
2.6667 
2.1716 
2.244 
3.0478 
0.91 
3.9051 
1.89 
2.1704 
2.0207 
1.5639 
1.5949 
2.3919 
2.6729 


Structure 
O—H 
5-0, 

ZO SO, 
ZO SO. 


S—H 
90.6 


0.97 

1.422 
101.3 
108.6 


1.327 
(C) 


(Ca) 


(I-P),, - (=F), 


1.145 


(Tj) 
linear 


linear 


C—N 


eq 


(0) 


К-О 


linear 


Li—Cl 
СІ-СІ 
ZCILiCIl 


ZCILuCIl 


Mo—O 
(C) 
(0) 
N—CI 
ZHNH 
ZCINCI 
ДЕМЕ 
ZHNH 
N,—C 


s—o, 
ZHOS 
ZO SO, 
ZO SO, 


ZSSH 


1.159 


0.03 


2.212 linear 


2.23 
3.61 
108 


112 


(0) 
1.658 


1.748 
107 
107.1 
103.18 
103.3 
1.35 


20.8 
90.9 
88.4 


1.574 
108.5 
123.3 
106.4 


91.3 


(C) 


(C) 


3v 


Method 
MW 


ED,MW 


MW, IR 
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Сотроцпа 
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Structure 
H C—N, 1.160 ZHNH 114 
"N,— CEN, angle between the NH, plane and the N—C bond 142 
Но 
N—N 1.427 N—H 1.005 
ZHNH 115.2 ZONO 130.1 
dihedral angle between the NH, and NNO, planes 1282 
N—H (r) 1.012 ZHNH (0) 106.7 
N—H 122 ма 2.54 (C,) 
ЕМ„—С=М, С-М, 1158 C—N, 1.386 
N,—F 1.399 ZNCN, 174 
ZCN,F 105.4 ДЕМЕ 102.8 
N—H (r) 1.0362 
N—H 1.02 N—O 1.453 O—H 0.962 
ZHNH 107 ZHNO 103.3 ZNOH 101.4 
The bisector of H—N—H angle is trans to the О-Н bond 
N—O (r) 1.1506 
N—CI 1.975 N—O 1.14 ZONCI 113 
O—N 1.136 М—Е 1.512 ДЕМО 110.1 
N—O 1.193 ZONO 134.1 
N—CI 1.840 N—O 1.202 
ZONO 130.6 (C,) 
N—O 1.1798 М—Е 1.467 
ДОМО 136 (С,) 
N—S (r) 1.4940 
N—N (r) 1.0977 
N—H 1.021 N—N 1.449 
ZHNH 106.6 (assumed) ZNNH, 112 
ZNNH, 106 dihedral angle of internal rotation 91 
H : the Н atom closer to the C, axis, H,: the H atom farther from the C, axis 
N—N (r) 1.1284 N—O (r) 1.1841 
О, о, N—N, 1864 N —O, 1.142 
“мм N,-O, 1202 М,-0, 1.217 
SS ZO,N,N, 105.05 
У ZN,NO, 11272 
ZNN,O, 11747 
SN О N—N 1.782 N—O 1.190 
„NN ZONO 135.4 (D) 
0 0 
Na—Br (7) 2.5020 
Na—Cl (r) 2.3609 
Na—F (7, 1.9260 
Na—H (r) 1.8873 
Na—I (r) 2.7115 
Na—Na (r) 3.0789 
Nb—Cl,, 2.241 Nb—Cl, 2338 (р,) ED 
Nb—O (r) 1.691 
Ni—C 1.838 C—O 1.141 (т) 
Ni—H (r) 1476 
Мр—Е 1.981 (O) 
C—O (r) 1.1578 C—S (r) 1.5601 
C—O 1.159 C—Se 1.709 
O—F(r) 1.3579 
O—F (r) 1.4053 ZFOF (0) 103.07 (C,) 
Si—H 1.486 Si—O 1.634 
ZSiOSi 144.1 
0—O (r) 1.2074 
О-о 1.217 F—O 1.575 
ZOOF 109.5 dihedral angle of internal rotation 87.5 (C) 


Method 


MW 


IR 
ED 
MW 


LMR 
MW 


IR 

MW 
MW 
MW 
MW 


MW 


IR 
UV 
ЕР, MW 


MW,IR 
MW 


ED 


MW 
MW 
MW 
UV 
MW 
UV 


UV 
ED 
UV 
ED 
MW 
MW 
LMR 
MW 
ED 


MW 
MW 
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Compound 


50, 


The two PF, planes are #rans to each other (the gauche conformer is less than 10%) 


0—O (r) 12716 
Os—F 1.831 
Os—O 1.712 
P—Br 2.220 
P—Cl 2.039 

Cl, 

| Alp 
Cl,—P 

Га 

сі, € 
р-Е (r) 1.5896 
Р—Е 1.570 
РЕ. 1.577 
Р-Н (г) 14223 
P—H 1.418 
P—H 1.4200 
N—P (r) 1.4909 
O—P (r) 14759 
1-0 1.449 
ZCIPCI 103.3 
1-0 1.436 
рр (r) 1.8931 
P—F 1.587 
ZPPF 95.4 
P—P 2.21 
P—O 1.638 
Pb—H (r) 1.839 
Pb—O (r) 1.9218 
Pb—S (r) 2.2869 
Pb—Se (r) 2.4022 
Pb—Te (r) 2.5950 
Pr—I 2.904 
Pt—O (r) 17273 
Pu—F 1.971 
Rb—Br (r) 2.9447 
Rb—Cl (r) 2.7869 
Rb—F (r) 2.2708 
Rb—H (r) 2.367 
ВЬ-1(7) 3.1768 
Rb—O 2.301 
Re—O 1.702 
ZCIReO 109.4 
Re—F 1.832 
Ru—O 1.706 
C—Se 1.693 
C—S 1.557 
5-СІ 2.006 
S—E (r) 1.6006 
S—F 1.5921 
S—F 1.561 
S—O (r) 14811 
S—O 1.44 
ZCISCI 97.2 
S—O 1.420 
ZOSF 106.2 
P. ye 
FSF, 

0 
S—O (r) 1.4308 


Structure 


P—Cl, 


P—F 


eq 


P—F 


ZPOP 


ДР 


O—H 


ZCISCI 


5-О 
S—F, 
ZOSF, 
ZE,SE, 


2.124 


1.534 


1.524 


126.4 


113 


0.957 


103.0 


1.403 
1.552 
124.9 
110.2 


ZOOO (0) 
(O,) 

(T,) 
ZBrPBr 
ZCIPCI 


ZFPF 


Р-Р 
ДЕРЕ 


(T) 


(0) 


Ке-СІ 
(C,) 
(O) 
(T) 
C—S 
C—Te 


ZFSF 
(О) 


5—С1 
ZOSCI 
S—F 
ZFSF 


ZOSO (8) 


117.47 


(С,) 


linear 
2.229 


1.553 
1.904 
(С,) 


98.20 


2.072 
108.0 
1.583 
92.2 
S—F, 
ZOSE, 
ZE SF, 
(58) 
119.329 


(С) 


2.020 


101.3 


1.575 
90.7 
89.6 


Method 
MW 
ED 

ED 

ED 

ED 

ED 


UV 
ED,MW 
ED 

LMR 
UV 

MW 
MW 

UV 

ED 


ED,MW 
UV 
ED 


ED 
ED 
UV 
MW 
MW 
MW 
MW 
ED 
UV 
ED 
MW 
MW 
MW 
UV 
MW 
MW 
MW 


ED 
ED 
MW 
MW 
ED 
MW 
MW 
ED 
MW 
MW 


ED 


ED 


MW 
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Compound Structure Method 
SO,Cl, 5-О 1.404 S—CI 2.011 ZOSO 123.5 ED 
ZCISCI 100.0 (C,) 
SO, 5-О 1.397 5-Е 1.530 ZOSO 123 ED 
ZFSF 97 (C,) 
so, 5-О 14198 (D,,) IR 
S(SiH,), Si—H 1.494 5і-5 2.136 ZSiSSi 97.4 ED 
5, 5—5 (r) 1.8892 R 
S Br, S—Br 224 5-5 1.98 Ер 
ZSSBr 105 dihedral angle of internal rotation 83.5 
5,01, 5—01 2.057 5—5 1.981 ЕР 
ZSSCI 108.2 dihedral angle of internal rotation 841 (С.) 
50, 5-О 1.458 5-5 2.025 2058 112.8 MW 
planar сїз form 
S, S 8 А 5-5 2.07 Ер 
5 5 4555 105 
(Da 
S 
s“ “`$ 
SbCl, 5٥2-0 2.333 ZCISbCI 97.2 ED 
SbH, Sb—H 1.704 ZHSbH 91.6 MW 
SeF Se—F 1.742 MW 
SeF, Se—F 1.69 (0) ED 
SeO Se—O (r) 1.6393 MW 
SeOF, 5е—0 1.576 Se—F 1.730 MW 
ZOSeF 104.82 ZFSeF 92.22 
SeO, Se—O (r) 1.6076 ZOSeO (0) 113.83 MW 
SeO, Se—O 1.69 (D4) ED 
Se, Se—Se (r) 2.1660 UV 
Se, Se—Se 2.34 ZSeSeSe 102 ED 
six-membered ring with chair conformation 
SiBrF, Si—F 1.560 Si—Br 2.153 MW 
ZESiBr 108.5 (C,) 
SiBrH, Si—H 1.485 Si—Br 2.210 MW 
ZHSiBr 107.8 (C,) 
SiCIH, Si—H 1.482 Si—Cl 2.048 MW 
ZHSiCl 107.9 (C,) 
ІСІ, Si—Cl 2.019 (T) ED 
SiF Si—F 1.6008 UV 
SiFH, Si—H 1.484 Si—F 1.593 MW, IR 
ZHSiH 110.63 (С,) 
SiF, Si—F (r) 1.590 ДЕЧЕ (0) 100.8 MW 
ЗЕН Si—H (r) 1.4468 Si—F (r) 1.5624 MW 
ZHSiF (0) 110.64 
SiF, Si—F 1.553 (T) ED 
SiH Si—H (r) 1.5201 UV 
ЯН. Si—H 1.485 Si—I 2.437 MW 
ZHSH 107.8 
SiH, Si-H 1.4798 (T) IR 
SiN N—Si (r) 1.572 UV 
SiO Si—O (r) 1.5097 MW 
SiS 51—5 (ғ) 1.9293 MW 
SiSe Se—Si (r) 2.0583 MW 
Si, 51—51 (r) 2.246 UV 
Si,Cl, Si—Si 2.32 Si—Cl 2.009 ED 
ZCISiCl 109.7 
Si F, Si—Si 2.317 Si—F 1.564 ED 
ZFSiF 108.6 
Si, H, Si—H 1.492 5—51 2.331 ЕР 
ZSiSiH 110.3 ZHSiH 108.6 


staggered form (assumed) 
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Compound 
SnCl, 
SnH 


Sn—Cl 
Sn—H (r) 
$n—H 
$n—O 
S—Sn (r) 
Se—Sn (r) 
Sn—Te (r.) 
Sr—H (r) 
Sr—O (r) 
S—Sr (r) 
13-06 
Ta—O (r) 
Те—Е 
Te—Te (r) 
Th—Cl 
Th—F 
TI—Br (r) 
TI—CI (r) 
ТЕ (r) 
TI—H (r) 
TI—I (r) 
Ti—Br 
Ti—Cl 
Ti—O (r) 
Ti—S (r) 
U—F 
V—C 


۷-0 

ХАУС 

У-С1 

V—F (average) 


2.280 
1.7815 
1711 
1.8325 
2.2090 
2.3256 
2.5228 
2.1455 
1.9198 
2.4405 
2.227 
1.6875 
1.815 
2.5574 
2.58 
2.14 
2.6182 
2.4848 
2.0844 
1.870 
2.8137 
2.339 
2.170 
1.620 
2.0825 
1.996 
2.015 


Structure 


Ta—Cl. 
(О) 


T) 
(T) 


(T) 
(T) 


(О) 
C—O 


(О, involving dynamic Jahn-Teller effect) 


1.570 
111.3 
2.138 
1.71 
1.5893 
2.059 


1.666 
86.2 
1.832 
1.977 
1.94 
1.890 
1.736 
1.5949 
2.32 
1.902 
1.7116 


у—С1 


2.369 (D) 


1.138 


2.142 


(T, involving dynamic Jahn-Teller effect) 


1.149 

W-—CI 

W—F (average) 
ДЕМЕ, 


W—F 
(C,,) 
(O,) 
linear 
(D4) 


(0) 
2.251 
1.836 
88.7 


1.847 


(large-amplitude bending vibration around the O, structure) 


(T) 


(T) 
(T) 


Method 
ED 
UV 
R, IR 
MW 
MW 
MW 
MW 
UV 
MW 
UV 
ED 
UV 
ED 
UV 
ED 
ED 
MW 
MW 
MW 
UV 
MW 
ED 
ED 
UV 
UV 
ED 
ED 


ED,MW 


ED 
ED 
UV 
ED 
MW 


ED 


ED 
IR 

ED 
ED 
ED 
UV 
ED 
ED 
UV 
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STRUCTURES OF ORGANIC MOLECULES 


Compounds are arranged in alphabetical order by chemical name; cross references are given for common synonyms 


(lengths in À and angles in degrees) 


Compound Structure Method 
Acetaldehyde Ў О C—O 1.210 ED, MW 
بې‎ C,—H 1.107 
C —H 1.128 
H a 
C—C, 1.515 ZCCO 124.1 
ZHC,H 109.8 ZC,C,H 115.3 
Acetamide C—O 1.220 C—N 1.380 ED 
CH,CONH, С-С 1.519 N—H 1.022 
C—H 1.124 ZNCO 122.0 
ZCCN 115.1 
Acetic acid 0 6-6 1.520 ЕР 
РА а 
مه‎ C—O, 1.214 
O,—H C—O, 1.364 
C—H 1.10 CCO 126.6 
ے‎ 110.6 
Acetone C—C 1.520 C—O 1.213 ED, MW 
(CH,),CO C—H 1.103 ZCCC 116.0 
ZHCH 108.5 symmetry axis of each methyl group is tilted 2° from 
the C—C bond 
Acetonitrile C—H 1.107 C—C 1.468 ED, MW 
CH,CN C—N 1.159 ZCCH 109.7 
Acetonitrile oxide С-С 1,442 C—N 1.169 MW 
CH,CNO N—O 1.217 (C,,) 
Acetyl chloride C—H 1.105 C—O 1.187 ED, MW 
CH,COCI С-С 1.506 C—CI 1.798 
ZHCH 108.6 ZOCCI 121.2 
есесі 111.6 
Acetyl cyanide — Pyruvonitrile 
Acetylene C—H (r) 1.060 С—С (r) 1.203 IR 
НС-СН 
Acrolein — Acrylaldehyde 
Acrylaldehyde H СС, 1484 ED, MW 
١ G6, 1.345 
г دد ورا‎ C—O 1.217 
/Жа Oy C,—H 110 
H H C,—H 1.13 
ZC CC. 120.3 ZCCO 123.3 
ZHC C, 114 other CCH angles (average) 122 
planar s-trans form 
Acrylonitrile 2 N С.С, 1.343 ED, MW 
R. „©. ç =G: 1438 
с=<, C,.—N 1.167 
"d а C,—H 1114 
ZC GC, 121.7 
ZC CN 178 ZHCC 120 
Acryloyl chloride C—H 1.086 (assumed) C, —C, 148 MW 
Cac 1.82 یې‎ 1.35 
H C—O 1.19 
х, а ZC СН 120 (assumed) 
Hu No —с ZC,CH 121.5 (assumed) 
Z° У ZC GG 123 
84 0 zi c cl 116 
ZC CO 127 
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Compound 
Allene 
СН,-С-СН, 
Allyl chloride 


Aniline 
C,H.NH, 


Azetidine 


Aziridine 


Azomethane 
CH,N=NCH, 
Benzene 
CH, 
p-Benzoquinone 


Biacetyl 
CH,COCOCH, 


Bicyclo[1.1.0]butane 


Bicyclo[2.2.1]hepta-2,5-diene 


Bicyclo[2.2.1]heptane 
CH, 


9-29 
Structure Method 
С-С 1.3084 C—H 1.087 IR 
ZHCH 118.2 
я cis conformer C—CI 1.811 MW 
H,C,=C,H—C.H, ZCCCI 115.2 
skew conformer C—CI 1.809 
есесі 109.6 ССССІ dihedral angle of internal 
rotation 122.4 
C—C 1.392 C—N 1.431 MW 
N—H 0.998 ZHNH 113.9 
dihedral angle between the NH, plane and the N—C bond 140.6 
CH;— CH, C—N 1.482 ED 
| | С-С 1.553 
CH, NH C—H 1.107 
N—H 1.03 ZCNC 92.2 
“сес 86.9 ZCCN 85.8 
dihedral angle between the CCC and CNC planes 147 
н N—H 1.016 MW 
N—C 1.475 
b. اد‎ Zb C—C 1481 
EFR C—H 1.084 
He He ZCNC 60.3 
ZH NC 109.3 
ZH,CH, 115.7 ZH,CC 117.8 
ZH,CN 118.3 ZH CC 119.3 
ZH CN 114.3 
C—N 1.482 N—N 1.247 ED 
ZCNN 112.3 trans conformer 
C—C 1.399 C—H 1.101 ED, IR 
H H с—О 1225 ЕР 
را‎ G. C,—C, 1.344 
0—C, а70 с=с 1.481 
№ а а р 
C = G, ZCC C, 118.1 
H H 
C—O 1.215 С—С (average) 1.524 ED 
C—H 1.108 ZCCO 119.5 
ZCCC 116.2 trans conformer 
H, GG. 1.497 MW 
с میک‎ 1498 
н, ш н, C,—H, 1071 
х C,—H, C,—H, 1.093 
| H, P ZH,C,H, 115.6 
H, H, 
ZC,CH, 130.4 ZC CC, 60.0 
ZC CH, 128.4 dihedral angle between the two CC C planes 7 
H, C—C, 1.535 ED 
EN G-C, 1.343 
2-1 | сн Бэр о 1573 
b : —H 112 
нс ې‎ : 2 ZCCC 94 
dihedral angle between the two C C,C,C planes 115.6 
(C) 
See the preceding molecule for the labels of the C atoms ED 
C=C. 1.54 Cd. 1.56 
C—C, 1.56 C—C (average) 1.549 
-С,СС, 931 dihedral angle between the two C C, C, C, planes 113.1 
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Compound Structure Method 
Bicyclo[2.2.0]hexa-2,5-diene H с,-с, 1.345 Ер 
C C—C 1.574 
PES a a 
Но C,H C—C, 1.524 
1) | ~C,H dihedral angle between the two C C.C C planes 117.3 
C 
a 
H 
Bicyclo[2.2.2]octane HC (C,H,C,H,),C,H C—C, 1.54 ED 
с.с, 1.55 ZC C.C, 109.7 


C—C (average) 1.542 
large-amplitude torsional motion about the D,, symmetry axis 


Bicyclo[1.1.1]pentane C—C 1.557 ZCCC 74.2 ED 
C.H, 
Bicyclo[2.1.0]pentane 5 сын, CH C—C, 1.536 MW 
сс c —Cc, 1.565 
H, H С.Н, С.С, 1.528 
ЕЕ. 1.507 
Dihedral angle between the ССС С and C C C, planes 112.7 
Biphenyl C—C (intra-ring) 1.396 ED 
(5-0) (inter-ring) 1.49 
torsional dihedral angle 
between the two rings ~40 
4,4" -Bipyridyl C—C, C—N (intra-ring) 1.375 ED 
= C—C (inter-ring) 1.465 
N ж N torsional dihedral angle 
2 ew between the two rings 7م‎ 
Bis (cyclopentadienyl) beryllium Be—(cyclopentadienyl plane) 1.470, 1.92 ED 
(C,H,),Be C—C 1.423 (C. (The Be atom has two equilibrium positions) 
Bis (cyclopentadienyl) iron — Ferrocene 
Bis (cyclopentadienyl) lead С-С 1.430 Pb—C 2.79 ЕР 
(C.H), Pb dihedral angle between the two С.Н, planes 40~50 (The two rings are not parallel.) 
Bis (cyclopentadienyl) manganese Mn—C 2.383 C—C 1.29 (D,,) ED 
(C,H,),Mn 
Bis (cyclopentadienyl) nickel Ni—C 2.196 С-С 1.430 Ер 
(C,H, Ni (D4) 
Bis (cyclopentadienyl) ruthenium C—C 1.439 Ru—C 2.196 ED 
(C.H), Ru 
Bis (cyclopentadienyl) tin С-С 1.431 Sn—C 2.71 ED 
(C.H2,Sn C—H 1.14 (D,) 
Bis (trifluoromethyl) peroxide O—O 1.42 C—O 1.399 ED 
СЕ,ООСЕ, С—Е 1.320 ZCOO 107 
ZFCF 109.0 COOC dihedral angle of internal 
rotation 123 
Borine carbonyl B—H 1.194 B—C 1.540 MW 
BH,CO C—O 1.131 ZHBH 113.9 
ZBCO 180 (C,) 
Bromobenzene Br C—H 1.072 MW 
" C—C, 1.401 
Z SS Cac 1.375 
н СЫН C—Br 1.85 
HC, C.H C—C, 1.42 
№ 4 ZCÇ,C C, 117.4 
Bromoform C—Br 1.924 C—H 111 ED, MW 
CHBr, ZBrCBr 111.7 (C,) 
Bromoiodoacetylene C—I 1.972 C—C 1.206 ED 


IC=CBr C—Br 1.795 
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Compound Structure Method 
1,3-Butadiene Сан; с,-с, 1.467 Ер 
N C—C 1.349 
нон сн (average) 1.108 
C,H, ZCCC 124.4 
ZC,CH 120.9 anti conformer (С,) 
1,3-Виїайупе НС,-С,-С,-С,Н C—H 1.09 ED 
C—C, 1.218 C—C, 1.384 
linear 
Butane C—C 1.531 C—H 1.117 ED 
CH,CH,CH,CH, ZCCC 113.8 ZCCH 111.0 
trans conformer 54% dihedral angle for the gauche conformer 65 
2-Butanone — Ethyl methyl ketone 
Butatriene Н,С,-С,-С,-С,Н, C—H 1.08 ED 
C—C, 1.32 Cae. 1.28 (D,) 
2-Butene C H,—C,H=C,H—C H, ED 
СС, cis conformer 1.506 trans conformer 1.508 
C —C, 1.346 1.347 
ZC GC, 125.4 123.8 
3-Buten-1-yne — Vinylacetylene 
tert-Butyl chloride C—H 1.102 C—C 1.528 ED, MW 
(CHj,CCI С—С 1.828 есесі 107.3 
ZCCH 110.8 ZCCC 111.6 
tert-Butyl cyanide — Pivalonitrile 
2-Butyne С.Н,-С,-С,-С,Н, С-Н 1.116 Ер 
می‎ 1214 C—C, 1.468 
“ССН 1107 
Carbon С, С—С (r) 13119 UV 
Carbon C, C—C 1.277 linear UV 
Carbon suboxide — Tricarbon dioxide 
Carbon tetrabromide C—Br 1.935 (T) ED 
CBr, 
Carbon tetrachloride Са 1.767 (T) ED 
СС, 
Carbon tetrafluoride C—F 1.323 (T) ED 
CF, 
Carbon tetraiodide C—I 2.15 (T) ED 
CL 
Carbonyl cyanide C—O 1.209 C—C 1.466 Ер, МУ 
CO(CN), C—N 1.153 ZCCC 115 
ZCCN 180 
Chloroacetylene C—H 1.0550 С-С 1.2033 MW 
НС-ССІ C—CI 1.6368 
Chlorobenzene C—C 1.400 C—CI 1.737 ED 
сна C—H 1.083 ZCC(CD)C 121.7 
ZCC(H)C 120 
Chlorobromoacetylene а-С 1.636 С-С 1.206 Ер 
СЇС:5СВг С—Вг 1.784. 
Chlorocyanoacetylene C—CI 1.624 С-С 1.205 ED 
CIC=CCN C—CN 1.362 C—N 1.160 
Chloroethane — Ethyl chloride 
2-Chloroethanol C—O 1.413 C—C 1.519 ED 
CICH,CH,OH са 1.801 C—H 1.093 
O—H 1.003 /СССІ 7 ZCCO 113.8 


fraction of the gauche conformer at 37°C is 92 ~ 94%, 
dihedral angle of internal rotation 4 
Chloroethylene — Vinyl chloride 


Chloroform C—H 1.100 C—CI 1.758 MW 
сна, гаса 111.3 (C,) 
Chloroiodoacetylene C—CI 1.63 C—I 1.99 MW 


CIC=CI C—C 1.209 (assumed) 
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Compound Structure Method 
Chloromethane — Methyl chloride 
3-Chloropropene — Allyl chloride 


Cyanamide N,—C 1.346 C—N, 1.160 MW 
H,N CN, N—H 1.00 ZHNH 114 
dihedral angle between the NH, plane and the N—C bond 142 
Cyanoacetylene C,—H 1.058 C—C, 1.205 MW 
H—C,=C,—C,=N C—C, 1.378 C—N 1.159 
Cyanocyclopropane C—C (ring) 1.513 C-C, 1.472 MW 
C,H,C,N C—H 1.107 C,—N 1.157 
ZHCH 114.6 ZC CH 119.6 
Cyanogen C—N 1.163 C—C 1.393 ED 
(CN), linear 
Cyclobutane C—H 1.113 C—C 1.555 ED 
(CH), dihedral angle between the two CCC planes 145 
Cyclobutanone сын, C —C, 1.527 MW 
сн, ٥ ёс 1.556 
АРКА &С,С,С 93.1 
C,H; b~a ~b 
ZC GC, 88.0 
Cyclobutene ين يلا‎ Сан; C,—C, 1.342 C—C 1.566 MW 
HC,=C,H C—C, 1517 с—н 1.094 
C,—H 1.083 
ZCCC, 942. VU CH 133.5 
ИССН 1145 ZCCC, 85.8 
ZHCH 1092 dihedral angle between the CH, plane and the 
C —C bond 135.8 
Cyclohexane C—C 1.536 C—H 1.119 ED 
CH,, ZCCC 111.3 chair form 
Cyclohexene 2 HC,=C,H C—C, 1.334 ED 
HC, оын, C—C, 1.50 
С.Н, C,H, С—С, 1,52 
C—C, 1.54 
ZC GC, 112.0 
(C) half-chair form 
Cyclooctatetraene C—C, 1.476 ED 
C—H 1.100 
C,—C, C, —C, 1.340 
2С,СС, ZC CC, 126.1 
dihedral angle between the C C C C, and C C,C,C planes 136.9 
tub form (D,) 
1,3-Cyclopentadiene ОВ C—C, 1.509 MW 
Cae. 1.342 
тэ ug C—C, 1.469 
НС, CH ZC GC, 109.3 
20:66 109.4 &С,С,С, 102.8 
Cyclopentadienylindium In In—C 2.621 ED 
НС--СН C—C 1.426 
HC | ‘cH с 
% Ж 
СН 
Cyclopentane C—H 1.114 С-С 1.546 ED 
(CH, ZCCH 1117 
(The out-of-plane vibration of the C atoms is essentially free pseudorotation; average value 
of the displacements of the C atoms from the molecular plane 0.43) 
Cyclopentene pee C,H I C—C, 1.546 ED 
CH=CH C—C, 1.342 
ZCC С, 104.0 
XC CD. 110.0 200 103.0 


dihedral angle between the СС С, and СС СС, planes 1512 
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Compound Structure Method 
Cyclopropane С-С 1.512 C—H 1.083 R 
(СН), ZHCH 114.0 
Cyclopropanone Н,Сь C—H 1.086 C—C, 1.475 MW 
‘<= مه‎ 1.575 C—O 1.191 
ibo ZC C.C, 57.7 
ZHC,H 114 dihedral angle between the CH, plane 
and the C,—C, bond 151 
Cyclopropene 7 С,Н, E с,-с, 1.304 Ер 
ېم‎ с,н C=C, 1.519 
C,—H 1.077 
C,.—H 1.112 ZCCH 133 
ZHCH 118 
Decalin C—C (average) 1.530 C—H (average) 1.113 ED 
CH, ZCCC (average) 4 


Dewer benzene — Вїсус1о[2.2.0] 
hexa-2,5-diene 
Diacetylene — 1,3-Butadiyne 


1,4-Diazabicyclo[2.2.2]octane CH; CH; C—N 1.472 ED 
E 5 Cue 1.562 
Х--СН, СН;-М 1 
х ZNCC 110.2 
СН,СН, ZCNC 108.7 


large-amplitude torsional motion about the D,, symmetry axis 
2,3-Diaza-1,3-butadiene — Formalde- 


hyde azine 
Diazirine „УМ C—H 1.09 MW 
CH, || C—N 1.482 
NN N—N 1.228 
ZHCH 117 
Diazoacetonitrile H C,—N, 1.280 MW 
a NN, 1.132 
م٢‎ CN, 1.165 
„© Эс C—H 1.082 
N, N. Cac. 1424 
ZC,C,H 117 ZCCN, 119.5 
Diazomethane C—H 1.075 C—N 1.32 MW, IR 
CHN, N—N 1.12 ZHCH 126.0 linear 
1,2-Dibromoethane C—C 1.506 C—Br 1.950 ED 
CH,BrCH,Br C—H 1.108 ZCCBr 109.5 
ZCCH 110 fraction of the trans conformer at 25°С 9596 
Dibromomethane C—H 1.08 C—Br 1.924 ED 
CH,Br, ZHCBr 109 ZBrCBr 113.2 
2,2'-Dichlorobiphenyl C—C 1.398 С—С inter-ring 1.495 ED 
сна-сна C20 1.732 C—H 110 
ZCCCI 121.4 ZCCH 126 
dihedral angle between the two aromatic rings 74 (defined to be 0 for that of the کل‎ 
conformer) 
trans-1,4-Dichlorocyclohexane C—H 1.102 C—CI 1.810 ED 
CH,,Cl, C—C 1.530 ZCCC 111.5 
&ССС1 (ee) 108.6 &ССС1 (aa) 110.6 
ZHCCl (ее) 111.5 ZHCCI (aa) 107.6 
ee 4996 aa 5196 e: equatorial, a: axial 
1,1-Dichloroethane C—Cl 1.766 C—C 1.540 MW 
CHCI,CH, ZCICCI 112.0 ZCCCI 111.0 
1,2-Dichloroethane C—C 1.531 C—CI 1.790 ED 
CH,CICH,Cl C—H 1.11 ZCCCl 109.0 
ZCCH 113 


fraction of the trans conformer at room temperature 73%, that of the gauche 
conformer 27% 
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Compound 

1,1-Dichloroethylene 

CH,=CCl, 
cis-1,2-Dichloroethylene 

CHCI-CHCI 
Dichloromethane 

CHI, 
1,1-Difluoroethane 

СН,СНЕ, 


1,2-Difluoroethane 
CH,FCH,F 


1,1-Difluoroethane 
CH,=CF, 


cis-1,2-Difluoroethylene 
CHF=CHF 


Difluoromethane 
CHF, 
Dimethoxymethane 


Dimethylacetylene — 2-Butyne 


Dimethylamine 
(CH),NH 


Dimethylberyllium 
(CH,),Be 

Dimethylcadmium 
(CH,),Cd 

Dimethyl carbonate 


Dimethylcyanamide 
(C,H,),N,—C,=N, 


1,2-Dimethyldiborane 


Dimethyl diselenide 
(CH,).Se, 


Dimethyl disulfide 
(СН,),5, 


S,S'-Dimethyl dithiocarbonate 


Structure 
C—C 1.32 (assumed) C—Cl 1.73 
ZCICC 123 (С,) 
С—С 1.718 C—C 1.354 
ZCICC 123.8 
C—H (r) 1.087 C—CI (r) 1.765 
ZHCH (8) 1115 ZCICCI (0) 112.0 
C—C 1.498 C—H (average) 1.081 
C—F 1.364 ZCCH (average) 111.0 
ZCCF 110.7 dihedral angle between the two CCF planes 118.9 
C—F 1.389 C—C 1.503 
C—H 1.103 ZCCF 110.3 
“СЕН 111 dihedral angle of internal rotation 109 
fraction of the gauche conformer at 22°C 94% 
C—C 1.340 C—F 1.315 
C—H 1.091 ZCCF 124.7 
ZCCH 119.0 
С-С 1.33 С—Е 1.342 
C—H 1.099 ZCCF 122.0 
ZCCH 124.1 
C—H 1.093 C—F 1.357 
ZHCH 113.7 ZFCF 108.3 
но SE UE. uH C—O 1.432 
=O. ы. Кең C,—O 1.382 
ü H HH H С--Н (average) 1.108 
ZCOC 114.6 ZOCO 114.3 
ZOCH 110.3 
C—H 1.106 N—H 1.00 
C—N 1.455 ZCNC 111.8 
ZCNH 107 ZNCH 112 
ZHCH 107 
Be—C 1.698 C—H 1.127 
ZBeCH 113.9 CBeC linear 
C—Cd 2.112 ZHCH 108.4 
C,H40, себ; 1.209 
с,-о, C,—O, 134 
с,н;о; с—О, 142 
Zo CoO, 107 LC,O,C, 114.5 
C .—N, 1.161 с,-ы, 1.338 
CN, 1.463 ZC,NC 115.5 
ZC NC, 116.0 
CH; & ملا‎ N ,CHs B—B 1.799 
B—C 1.580 
GON ки ` B—H, 1.358 (cis), 1.365 (trans) 
t t 
B—H, 124 
ВВС 122.6 (cis), 121.8 (trans) 
C—H 1.13 C—Se 1.95 
Se—Se 2.326 ZCSeSe 98.9 
ZHCSe 108 dihedral angle between the CSeSe and SeSeC planes 88 
С—5 1.816 5—5 2.029 
C—H 1.105 ZSSC 103.2 
ZSCH 1113 CSSC dihedral angle of internal rotation 85 
С,Н,5С,5С,Н, С,-О 1.206 
! 028 1777 
کې‎ 1.802 
ZOCS 124.9 ZCSC 99.3 
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syn-syn conformer 


Method 
MW 


ED 


MW, IR 


ED 


ED 


ED, MW 


ED, MW 


MW 


ED 


ED 


ED 


ED 


ED 


ED 


ED 


ED 
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Compound 
Dimethyl ether 
(СН)О 
Dimethylglyoxal — Biacetyl 
N,N'-Dimethylhydrazine 
CH,NH—NHCH, 


Dimethylmercury 
Не 
Dimethylphosphine 
(CH,),PH 
Dimethyl selenide 
(CH,),Se 
Dimethyl sulfide 
3 5 
Dimethyl sulfone 
(CHj,SO, 
Dimethyl sulfoxide 
(CH,),SO 


3 


Dimethylzinc 
(CH,),Zn 
1,4-Dioxane 
„CHCH, < 
N я. 9 
СН,СН, 


Ethanal — Acetaldehyde 
Ethane 

CH, 
Ethanethiol 


Ethanol 


Ethyl chloride 


Ethylene 
CH,=CH, 

Ethylenediamine 
H,NCH,CH,NH, 


Ethylene dibromide — 1,2- 
Dibromoethane 


Ethylene dichloride — 1,2- 
Dichloroethane 


Ethyleneimine — Aziridine 


Structure 
C—O 1.416 C—H 
2СОС 112 ZHCH 
N—N 1.42 C—N 
N—H 1.03 C—H 
ZNNC 112  CNNC dihedral angle of internal rotation 
C—Hg 2.083 C—H 
Hg.--H 2.71 
C—P 1.848 P—H 
ZCPC 99.7 ZCPH 
C—H 1.093 Se—C 
ZCSeC 96.2 ZSeCH 
ZHCH 110.3 
C—S 1.807 C—H 
ZCSC 99.05 ZHCH 
C—H 1.114 5—0 
5—С 1.771 ZCSC 
ZOSO 121 
C—H 1.081 C—S 
5—0 1.485 ZCSC 
ZCSO 106.7 ZHCH 
dihedral angle between the SCC plane and the S—O bond 
Zn—C 1.929 ZHCH 
C—C 1.523 C—O 
C—H 1.112 2СОС 
ZCCO 109.2 chair form 
C—C 1.5351 C—H 
ZCCH 111.17 staggered conformation 
C,H,—C,H,—SH C —H 
C,—H 1.093 مې‎ 
کې‎ 1.829 S—H 
ZC,CH 109.6 ZC CH 
ZC CS 108.3 ZC SH 
C,H,C,H,OH C—C 
C—O 1.431 O—H 
C,—H 1.10 бен 
ZCCO 107.8 ZCOH 
ZC,CH 111 ZC CH 
staggered conformation 
H, 0 С-С 
ен т 
i % C—H 
Hy H, C,—H,=C,—H, (assumed) 
есесі 
ZH,C,H, 109.8 ZH CH, 
“ен 1106 
C—H 1.087 C—C 
ZCCH 121.3 
C—N 1.469 C—C 
C—H 1.11 ZCCN 
gauche conformer dihedral angle between the NCC and CCN planes 


1.121 
108 


1.46 
1.12 
90 


1.160 (assumed) 


1.419 
97.0 

1.943 
108.7 


1.116 
109.3 
1.435 
102 


1.799 
96.6 

110.3 
115.5 
107.7 


1.423 
112.45 


1.0940 


1.090 
1.530 
1.350 
109.7 
96.4 
1.512 
0.971 
1.09 
105 
110 


1.528 
1.802 
1.103 


110.7 
109.2 


1.339 


1.545 
110.2 


64 
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Method 


ED 


ED 


ED 


MW 


MW 


ED, MW 


ED 


MW 


ED 


MW 


MW 


MW 


ED, MW 


MW 


ED 
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Compound 

Ethylene oxide 
СН, 

х 

YP 
CH, 
Ethylene sulfide — Thiirane 
Ethyl methyl ether 

C,H,OCH, 


Ethyl methyl ketone 


Ethyl methyl sulfide 
C,H,SCH, 


Ferrocene 

(C,H,),Fe 
Fluoroform 

CHF, 
Formaldehyde 

H,CO 
Formaldehyde azine 


Formaldehyde dimethylacetal — 
Dimethoxymethane 


Formaldoxime 


Formamide 


Formic acid 


Formic acid dimer 


Formyl radical 


Structure 


С-С 1.466 
С-О 1.431 
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C—H 
ZHCH 


dihedral angle between the NH, plane and the N—C bond 


C—O (average) 1.418 C—C 
C—H (average) 1.118 сос 
ZOCC 109.4 ZHCH 
fraction of the trans conformer at 80% 
20°С 
0 С—С (average) 
У A e ) 
х —H (average 
CH, сан, LCCC. š 
ZCCO,ZCCO 1219 trans conformer 
C—S (average) 3 C—C 
C—H 1.111 ZCSC 
ZSCC 114.0 ZHCH 
fraction of the gauche conformer at 20°C 75% 
C—C 1.440 C—H 
Fe—C 2.064 (D,) 
C—H 1.098 C—F 
ДЕСЕ 108.8 (C,) 
C—H 1.116 C—O 
ZHCH 116.5 
H,C=N—N=CH, N—N 1.418 
C—N 1.277 C—H 
ZCNN 1114 ZHCN 


fraction of the trans conformer at —30°С 91% 


H, „он, 
C=N 
H, 
N—O 1.408 
ZH,CN 115.6 
ZH CN 121.8 
H. 0 
7 
مھ‎ 
Ж N 
H, H, 
C—O 1.212 
ZCNH (average) 119.2 
7a 
H—C 
bs 
O,—H 
O,—H 0.972 
ZHCO, 1241 
ZCO,H 106.3 
дон -œ 7 
НС Н 
O, —Нн--О, 
H. C—H 


1.085 
116.6 
158.0 


1.520 
111.9 
109.0 


1.518 
1.219 
1.102 
113.5 
95% 
1.536 
97 
110 


1.104 


1.332 


1.208 


1.094 
120.7 


1.085 
1.086 
1.276 


0.956 
110.2 
102.7 
1.125 
1.027 
1.368 


125.0 


1.202 
1.343 


1.097 
124.9 


2.703 
1.220 
1.323 
126.2 
108.5 


1.1712 


Method 
MW 


ED 


ED 


ED 


ED 


MW 


MW 


ED 


MW 


ED, MW 


MW 


ED 


MW 
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Compound 
Fulvene 


2-Furaldehyde 


Furan 


Furfural — 2-Furaldehyde 
Glycolaldehyde 


Glyoxal 
CHOCHO 


Hexachloroethane 
CI, CCCI, 
2,4-Hexadiyne 


Hexafluoroethane 
Е,ССЕ, 

Hexafluoropropene 
СЕ,-СЕСЕ, 


1,3,5-Hexatriene 


Iminocyanide radical 
HNCN 

Iodocyanoacetylene 
I—C,zC,—C EN 


Structure 
Санг С,-С, 
с, C—C, 
Ж 554 С—С, 
Бо 2 Н C—C, 
HC—C.H ав, 
сен 113 2066. 
ZC GC, 107.7 ZC GC 
ZC CH 1247 ZC,CH 
ZHC H 117 
B. ын 15. 
JU ©», „Ф C—O, 
Н—Са С—С. C—H 
E Е Ж ^u ZC CC, 
a 
ZC CH 116.9 ZC CO 
trans conformer (with respect to the O, and O, atoms) 
С=С 
Ha Ж i / H, сс 
EN f ео 
СБ С C —H 
Л ` 5 * 
H, H, C,—H, 
ZC QC, 106.1 ZC OC, 
26,60 1107 ZOCH, 
ZC CH, 128.0 
“ы > 25 
| C—C, 
وسن‎ > O —H, 
b O, C,—H, 
C —H, 
ZC C.O, 122.7 ZC CH, 
ZC CO, 111.5 ZCOH 
ZC ,C H, 109.2 ZH, C H, 
ZH,CO, 109.7 
C—C 1.526 C—O 
C—H 1.132 ZCCO 
ZHCO 112 trans conformer 
C—C 1.56 Са 
есесі 110.0 
C H,—C,=C —C =C,—C H, 
C—C, 1.450 С—С, 
C—C, 1.377 C,—H 
C—C 1.545 C—F 
ZCCF 109.8 


staggered conformation 


average value of the С=С and C—F distances 


С-С 1.513 
ДЕСС (СЕ) 124 
ДЕСС (CE) 110 


H,C,=C,H—C H=C H—C,H=C H, 


С.С, 1.337 
сс. 1.368 
ZC,C C 1244 
N—H 1.034 
ZHNC 116.5 
1—С, 1.985 
сұ-С 1.370 


ZCCC 
ZFCC (CF) 


1.349 
1.470 
1.355 
1.476 
1.078 
1.080 
106.6 
109 

126.4 


1.458 
1.250 
1.088 
133.9 


121.6 


1.431 
1.361 
1.362 
1.075 
1.077 


106.6 
115.9 


1.209 
1.437 
1.499 
1.051 
1.102 
1.093 
115.3 
101.6 
107.6 


1.212 
121.2 
(С, (assumed)) 
1.769 


1.208 
1.09 
1.326 


1.329 
127.8 
120 


1.458 
121.7 


2.470 
~180 
1.207 
1.160 
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Method 
MW 


MW 


MW 


MW 


ED, UV 


ED 


ED 


ED 


ED 


ED 


UV 


MW 
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Compound Structure Method 
Isobutane C —H 1.122 C,—H 1.113 ED, MW 
(сн)сн C—C, 1.535 JORG. 110.8 
ZC CH 1114 
Isobutylene — 2-Methylpropene 
Ketene C—C 1.317 C—O 1.161 MW 
CH,=C=O C—H 1.080 ZHCH 123.0 
Malononitrile C—H 1.091 С-С 1.480 MW 
CHJCN), C—N 1.147 2060 110.4 
ZHCH 108.4 ZCCN 176.6 
(The two N atoms are bent away from each other in the plane of C, —C —C,) 
Methane C—H (r) 1.0870 (T) MW 
CH, 
Methanethiol C—H 1.09 С—5 1.819 MW 
CH,SH 5-Н 1.34 ZHSC 96.5 
ZHCH 109.8 
angle between the CH, symmetry axis and the С—5 bond 2.2. (The axis of the CH, group is 
tilted away from the H atom with respect to the C—S bond.) 
Methanol C—H 1.0936 C—O 1.4246 MW 
СН,ОН O—H 0.9451 ZHCH 108.63 
ZCOH 108.53 
angle between the CH, symmetry axis and the C—O bond 3.27 
(The axis of the CH, group is tilted away from the H atom 
with respect to the C—O bond.) 
Methyl radical C—H 1.08 planar UV 
СН, 
N-Methylacetamide ЊС, H C—C, 1.520 ED 
ex = ۳ 
0 С.Н; ` 
C,—N 1.386 C,—O 1.225 
2С,ХС, 119.7 
ZNC,O 121.8 
“ССМ 1141 
Methylacetylene — Propyne 
Methylal — Dimethoxymethane 
Methylamine N—H 1.010 C—N 1471 MW 
CH,NH, C—H 1.099 ZHNH 107.1 
ZHNC 110.3 ZHCH 108.0 
dihedral angle between the CH, symmetry axis and the 
C—N bond (The axis of the CH, group is tilted away from 
the NH, group with respect to the C—N bond.) 2.9 
Methyl azide СН» C—H 1.09 ED 
DE 0 с-м, 1.468 
N.—N, 1216 
N,—N, 1.113 ZCN N, 116.8 
NNN linear 
Methyl bromide C—H (r) 1.086 C—Br (r) 1.933 MW, IR 
CH,Br ZHCH (0) 1112 (C,) 
Methyl chloride C—H 1.090 C—CI 1.785 MW, IR 
сна ZHCH 110.8 
Methyldiazirine JN C—N 1.481 С-С 1.501 MW 
CH3CH 1 N—N 1.235 ZNCN 49.3 
dihedral angle between the CNN plane and the 
С-С bond 1223 
Methylene C—H 1.078 ZHCH 130 LMR 
:CH, 
Methylenecyclopropane C,H, C —C, 1.332 MW 
с=ен, Cac. 1.457 
С-С 1.542 
C.H; ВУ 
C,.—H 1.09 POCO. 63.9 
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Compound Structure Method 
ZHC H 114.3 ZHC H 113.5 
dihedral angle between the С.Н, plane апа the C—C, bond 150.8 
3-Methyleneoxetane СН» C,—C, 1.52 MW 
ӨС * C, = C,H, C—O 1.45 
“сн, ^ : ёооё 1.33 
C—H 1.09 (assumed) /СС,С, 87 
ZHCH 114 (assumed) ZHC,H 120 (assumed 
Methyl fluoride C—H (r) 1.095 MW, IR 
СНЕ C—F (r) 1.382 ZHCH (8) 110.45 (C,) 
Methyl formate C,H; O, C —H 1.08 ED 
4 C,—O, 1.206 
0:—6 C—O (average) 1.393 
H, C,—H 1.101 (assumed) 
ZO СО, 127 “сос 114 
ZO CH 110 
Methylgermane C—H 1.083 Ge—H 1.529 MW 
CH,GeH, С—бе 1.945 ZHCH 108.4 
ZHGeH 109.3 
Methyl hypochlorite C—H 1.103 0-0 1.674 MW 
CH,OCI O—C 1.389 ZHCH 109.6 
&СОС1 112.8 
Methylidyne radical C—H (r) 1.1198 UV 
:СН 
Methylidyne phosphide H—C (r) 1.0692 C—P (r) 1.5398 MW 
HCP 
Methyl iodide C—H (r) 1.084 C—I(r) 2.132 MW, IR 
CHI ZHCH (8) 1112 (C,) 
Methyl isocyanide CH,—NzC, C —H 1.102 C —N 1.424 MW 
N—C, 1.166 ZNCH 109.12 
Methylketene C.H, O-C, 1.171 MW 
223 cae, 1.518 
gt = с=н 1.10 
н 
сб. 1.306 C,—H 1.083 
یه‎ 180.5 ZC CC, 122.6 
ZC CH 1137 ZCCH 123.7 
ZHCH 109.2 
Methylmercury chloride Hg—CI 2.282 C—H 1.15 MW, 
CH,HgCl Hg—C 1.99 (C,) NMR 
Methyl nitrate н O C—H, 1.10 MW 
نت‎ Sill C—H, 1.09 
PEN YN C—O 1.437 
b Op о-м 1.402 
N—O, 1.205 М-0, 
ZOCH 110 ZOCH, 103 
ZCON 1127 ZONO, 118.1 
ZONO, 1124 
Methylphosphine C—P 1.858 C—H 1.094 ED 
CHPH, 
2-Methylpropane — Isobutane 
2-Methylpropene C,H; H, C —H 1.119 ED, MW 
eet С.н, 110 
сн“ ° За сыс; 1.508 
Cac: 1.342 
ZHc C, 1114 ZH CH, 118.5 
(average) 
ZC CC, 115.6 LOCC 122.2 


ZHC H 107.9 ZC CH 121 
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Compound 
Methylsilane 
CH,SiH, 


Methylstannane 
CH,SnH, 
Methyl thiocyanate 


Naphthalene 


Neopentane 
C(CH,), 


Nickelocene — Bis (cyclopentadienyl) 


nickel 
Nitromethane 
CH,NO, 


N-Nitrosodimethylamine 
(CH,),NNO 


Nitrosomethane 
CH,NO 


Norbornane — Bicyclo[2.2.1]heptane 
Norbornadiene — Bicyclo[2.2.1]hepta- 


2,5-diene 
1,2,5-Oxadiazole 


1,3,4-Oxadiazole 


Oxalic acid 


Oxalyl dichloride 


Oxetane 
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Structure 
C—H 1.093 C—Si 1.867 
Si—H 1.485 ZHCH 107.7 
ZHSiH 108.3 (С) 
C—Sn 2.143 Sn—H 1.700 
(C,,) 
C,H, 5—С, 1.684 5-4, 1.824. 
х сьм C,—N 1.170 C—H 1.081 
ZC SC, 990 ZHCH 110.6 ZHCS 108.3 
H c —C, 137 
à H GSC. 141 
“р 2 “Зүү B rd C—C, 1.42 
b с b 
| | | C—C, 1.42 
д д7 2, C. Жж С—С (average) 140 
|. а ZCCC, 119.4 
H 
С-С 1.537 С-Н 1.114 
ZCCH 112 
C—H 1.088 (assumed) C—N 1.489 
N—O 1.224 ZNCH 107 
ZONO 125.3 
N—O 1.235 N—N 1.344 
C—N 1.461 ZONN 113.6 
ZCNC 1232 ZCNN 116.4 
C—N 1.49 N—O 1.22 
C—H 1.084 ZCNO 112.6 
ZNCH 109.0 
0 O—N 1.380 ZNON 110.4 
7 هه‎ C—N 1.300 ZONC 105.8 
۱ / C—C 1.421 “ССМ 109.0 
НС —СН C—H 1.076 ZCCH 130.2 
ZNCH 120.9 planar 
О O—C 1.348 ZCOC 102.0 
С hc C—N 1.297 ZOCN 113.4 
\ |] بپ‎ 1.399 ZCNN 105.6 
N——N C—H 1.075 ZOCH 118.1 
ZNCH 128.5 planar 
H C—C 1.544 
Е c—o, 1.205 
% P C—O, 1.336 
C—C O,—H 1.05 
ХН ZCCO, 1231 
Зу ZO CO, 125.0 
`н ZCO,H 104 
cl О C—O 1.182 
^c -<” C—C 1.534 
4 “а C—CI 1744 
ZCCO 124.2 есесі 1117 
fraction of the trans conformer at 0°C 68%, that of ће gauche conformer 32% 
2 0 x C—O 1.448 
HC, „СН, С-С 1.546 
СН, С--Н (average) 1.090 
ZCOC 92 


Method 
MW 


MW 


MW 


ED 


ED 


MW 


ED 


MW 


MW 


MW 


ED 


ED 


MW 
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Compound 


Oxirane — Ethylene oxide 
Phenol 


Phosphirane 


Piperazine 


Pivalonitrile 
(C,HJ,C, —C, =N 
Propadiene — Allene 
Propane 
CH, 
Propenal — Acrylaldehyde 
Propene 


l-Propenyl chloride 


Propiolaldehyde 


Propylene — Ргорепе 
Propylene oxide 


Propynal — Propiolaldehyde 
Propyne 


Pyrazine 


Pyridazine 


Structure 
ZCCC 85 ZOCC 92 
ZHCH 109.9 
(average) 
,H C—C (average) 1.397 
0 C,—H 1.084 
" сн 1.076 
жы C,—H 1.082 
HC, ОН 8-0 1.364 
| | O—H 0.956 
HC. CH ZCOH 109.0 
Са 
CH, С-Р 1.867 Р-Н 
لا‎ 233 22 
РН C—C Тэн C—H 
CH; ZCPC . ZHCH 
ZHPC 952 ZCCH 118 
dihedral angle between the PCC plane and the PH bond 95.7 
= С-С 1.540 
m bx М C—N 1.467 
NHQ їн F š 
CH,—CH, C—H 1.110 
ZCNC 109.0 ZCCN 110.4 
(с) 
C—C, 1.495 C,—N 1.159 
GAC. 1.536 LOC 110.5 
C—C 1.532 C—H 1.107 
ZCCC 112 ZHCH 107 
H C,H, 1.104 
C—C 1.341 
H, С a `b 
دوا وا‎ сн, 1117 
Ha Gs Ca С 1.506 
На H, ZCGCAB,,, 121.3 
ZC CH, 110.7 SECC 124.3 
CH,—C,H=C,H—Cl C,—CI 1.728 MW 
&С,С,С1 121.9 trans conformer 
НС-С,-СҢО C —H, 1.085 
C—C, 1.211 ec 1453 
C€ =H. 1.130 C—O 1.214 
одаја 1242 десі: 1137 
ZC GC, 178.6 planar 
C,H4C,H — C,H, C—C, 1.51 
| d ZC CC. 121.0 
dihedral angle between the C,C O plane 
and the С.С, bond 123.8 
H,C—C,=CH с=н 1.105 
C—C, 1.459 С—С, 1.206 
C,—H 1.056 ZHC C, 110.2 
1727 RN C—C 1.339 C—N 1403 
N N C—H 1.115 ZCCN 115.6 
Қа “сен 123.9 
H H N—C, 1.341 
с = С 25 
„Се СЫ Cac 1.393 
HC, CH N—N 1.330 
ЕА Cac 1375 
ZNCC 123.7 ZNNC 119.3 


1.43 
1.09 
114.4 
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Method 


MW 


MW 


ED 


MW 


ED 


ED, MW 


ED, MW 


MW 


MW 


ED 


ED, MW 
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Compound 
Pyridine 


Pyrimidine 


Pyrrole 


Pyruvonitrile 


Ruthenocene — Bis (cyclopentadienyl) 
ruthenium 
Silacyclobutane 


Spiropentane 


Succinonitrile 


Tetrachloroethylene 
CCI,-CCI, 

Tetracyanoethylene 
(СМ),С-С(СМ), 

Tetrafluoro-1,3-dithietane 


Tetrafluoroethylene 
СЕ,-СЕ, 


Structure 
н, 
| 
ОР 
m ТГ 
1 
С С 
Z EN 2 A 
a a 
“СМС, 1168 
Zc o 1185 
ZNCH, 115.9 
N N—C 
| ZNCN 
SN J (С, assumed) 
H 
Жа 
H,—C, C,—H, 
\ / 
Hy—Cy— Cy دس‎ 
с,-н, 1.077 
ZNCC, 107.7 
ZNCH 1215 
ж 
Hec 
С; 
Зу 
^N 
C—C, 1.518 
ZCCO 124.5 
ZCCN 179 
Tr qe 
CH;—SiH, 
C—H 1.14 
ZSiCC 84.8 
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ZCCC 


dihedral angle between the CCC and CSiC planes 


Н,С АъН» 
2 EN 2 
а 


5% Хон, 


енен 


А 
СН,СМ 


118 
С-С 
C—N 
ZCCC 


Ge 
C—C, 
C—H 
ДЕСЕ. 
(D,) 
1.561 
1.161 
110.4 


fraction of the anti conformer at 170°C 74%, 


dihedral angle of CCCC for the gauche conformer 


C—CI 
гаса 
C—N 
С=с 


5 
SN 


FC. CF, 
5 
ZFCS 
cd 
ZCCF 


1.718 
115.7 
1.162 
1.357 


113.7 
1.31 
123.8 


C—C 


C—C 
ZCC=C 
C—S 

C—F 

ZCSC 

(D, assumed) 
C—F 

(Ы, assumed) 


1.340 
1.394 
1.081 
1.395 
1.084 
1.077 


123.9 
118.3 
121.3 
1.393 
115.5 


1.370 
1.417 
1.382 
0.996 
1.076 
109.8 
107.4 
127.1 
1.12 

1.17 

1.208 
1.477 


109.2 
114.2 


1.892 
1.600 
1.47 
80.7 
99.8 
146 
1.52 
1.47 
1.09 
62 


1.465 
1.09 


75 
1.354 


1.435 
121.1 
1.785 
1.314 
83.2 


1.319 


Method 
MW 


ED 


MW 


ED, MW 


ED 


ED 


ED 


ED 


ED 


ED 


ED 
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Compound 
Tetrahydrofuran 
СН,СН, 
х 


,9 


СН,СН, 


Tetrahydropyran 


Tetrahydrothiophene 
СН,СН, 
` 


5 


СН,СН, 
Tetramethylgermane 
(CH), Ge 
Tetramethyllead 
(CH.),Pb 
Tetramethylsilane 
(CH,),Si 
Tetramethylstannane 
(CH,),Sn 
1,2,5-Thiadiazole 


1,3,4-Thiadiazole 


Thietane 


Thiirane 


Thioformaldehyde 
CH,S 
Thioformamide 


Thiolane — Tetrahydrothiophene 


C—H 
C—C 


Structure 
1.115 
1.536 


C—O 


1.428 


The skeletal bending vibration of the molecular plane is essentially free pseudorotation 


ZNSN 
ZCCN 
ZCCH 
planar 

ZCSC 

ZSCN 
ZCCN 
ZSCH 


ZHCH 
ZCSC 
ZCCS 


H, C—O 
ges с=с 
НС н C—H 
Н.С, (СН, 2СОС 
0 ZOCC 
ZCCC (C) 108 ZCCC (O) 
chair form 
С—5 1.839 C—H 
С-С 1.536 ZCSC 
ZSCC 106.1 ZCCC 
Ge—C 1.945 C—H 
ZGeCH 108 (T, excluding the H atoms) 
Pb—C 2.238 (T, excluding the H atoms) 
C—H 1.115 C—Si 
ZHCH 109.8 (T, excluding the H atoms) 
С-5п 2.144 
C—H 1.12 (T, excluding the H atoms) 
S S—N 1.631 
ке | C—N 1.328 
қ/н يب‎ 1.420 
C—H 1.079 
$—C 1.721 
нс^ “ен N—N 1.371 
N dl с-м 1.302 
N—N 
C—H 1.08 
ZNCH 123.5 
CH CH; C—S 
CH,—S T 
C—H (average) 
ZCSC 76.8 ZHCH (average) 
dihedral angle between the CCC and CSC planes 
HC, С-С 1.484 
S C—H 1.083 
нс“ С-8 1.815 
2 š 
dihedral angle between the CH, plane and the 
C—C bond 152 
С—5 1.611 C—H 
ZHCH 116.9 
S H N—H, 
hot 4 | N—H, 
HO “н, So 
c—s 1.626 C—H, 
ZH,NH, 1217 ZH NC 
ZH,NC 120.4 ZNCS 
ZNCH 108 ZSCH 


1.875 


1.847 
1.549 
1.100 
112 
154 


1.093 


1.002 
1.007 
1.358 


1.10 
117.9 
125.3 
127 


99.6 
113.8 
126.2 


86.4 
114.6 
112.2 
121.9 

planar 


116 
48.3 
65.9 
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Method 
ED 


ED 


ED 


ED 


ED 


ED 


MW 


MW 


ED, MW 


MW 


MW 


MW 
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Compound 
Thiophene 


Toluene 


1,1,1-Tribromoethane 
CH,CBr, 


Tribromomethane — Bromoform 
Tri-tert-butyl methane 
HC IC (CH), 
Tricarbon dioxide 
OCCCO 
Trichloroacetonitrile 
CCLCN 
1,1,1-Trichloroethane 
CH,CCI, 


Trichloro(methyl)germane 
CH,GeCl, 


Trichloro(methyl)silane 
CH,SiCI, 

Trichloro(methyl)stannane 
CH,SnCl, 


Triethylenediamine — 1,4-Diazabicyclo 


[2.2.2]octane 
Trifluoroacetic acid 


1,1,1-Trifluoroethane 
CH,CF, 


Trifluoromethane — Fluoroform 
1,1,1-Trifluoro-2,2,2-trichloroethane 
СЕ,ССІ, 


Trimethylaluminium 
(CH,),Al 

Trimethylamine 
(CH,),N 

Trimethylarsine 
(CH,),As 

Trimethylbismuth 
(CH,),Bi 

Trimethylborane 
(CH).B 


3⁄3 


Structure 
КС” x 
C С C,—H, 
/ N کې‎ 
په‎ Pix C—C, 
5 с=с, 
ZC SC, 
ZSC C, 115.5 ZC C C, 
ZSCH, 119.9 ZC C.H, 
CH; C—C (ring) 1.399 
27 С—Н (average) 1.11 
| the difference between the С-Н(СН,) 
о and C—H(ring): about 0.01 
C—Br 1.93 C—H 
С-С 1.51 (assumed) /ССВг 
ZBrCBr 111 ZCCH 
C—C, 1.611 C—H 
С—С, 1.548 ZC GC, 
C—O 1.163 С-С 
linear (with a large-amplitude bending vibration) 
C—N 1.165 C—C 
C—CI 1.763 ZCICCI 
C—H 1.090 C—C 
С—С 1.771 ZHCH 
ZCCH 108.9 ZCICCI 
есесі 109.6 
Ge—Cl 2.132 Ge—C 
C—H 1.103 (assumed) ZCIGeCI 
ZGeCH 110.5 (assumed) 
C—Si 1.876 Si—Cl 
(C.) 
Sn—Cl 2.304. $n—C 
C—H 1.100 ZCSnCl 
ZCISnCI 104.7 ZSnCH 
Ж С—Е 
CF4C C—C 
“он ео 
C—O, 1.35 O—H 
ZCCO 126.8 ZCCO, 
ZCCF 109.5 
C—C 1.494 C—F 
C—H 1.081 ZCCF 
ZCCH 112 
C—C 1.54 C—F 
C—CI 1.77 ZCCF 
есесі 109.6 staggered conformation 
C—H 1.113 ۸1-0 
ZAICH 111.7 ZCAIC 
C—N 1.458 C—H 
ZCNC 110.9 ZHCH 
C—As 1.979 ZCAsC 
ZAsCH 111.4 
Bi—C 2.263 C—H 
ZCBiC 97.1 
C—B 1.578 C—H 
ZCBC 120.0 ZBCH 
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1.078 
1.081 
1.714 
1.370 
1.423 
92.2 

112.5 
124.3 

1.524 


1.095 (assumed) 
108 
109.0 (assumed) 


1.111 
113.0 
1.289 


1.460 
110.0 
1.541 
110.0 
109.4 


1.89 
106.4 


2.021 


2.10 
113.9 
108 


1.325 
1.546 
1.192 


0.96 (assumed) 
111.1 


1.340 
119.2 


1.33 
110 


1.957 
120 
1.100 
110 
98.8 


1.07 


1.114 
112.5 


Method 
MW 


ED 


MW 


ED 


ED 


ED 


MW 


ED, MW 


MW 


ED 


ED 


ED 


MW 


ED 


ED 


ED 


ED 


ED 
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Compound 


Trimethyleneimine — Azetidine 


Trimethylphosphine 
(CH,),P 
1,3,5-Trioxane 


Triphenylamine 
(СНОМ 


Тторопе 


Vinylacetylene 


Vinyl chloride 


C—C 
ZCNC 


torsional dihedral angle of the two phenyl rings 47° (defined to be 0 when the symmetry axis 
is contained in the phenyl planes) 


ji 
С, 
|| || 
HC, C 
х rá 
С=С, 
H H 
ZCCC, 
H, H 
~ Ж 
C=C 
н, >` 
LEC. 
ZH,C C, 
ZC CH, 
Ha CI 
C=C 
72 
H, H 
&ССС1 


Structure 


1.847 
98.6 


1.392 
116 


126 


122.5 
120 


(С) 


1.091 
110.7 
1422 
112.2 
110.3 


142 


1.23 
1.45 
1.36 
1.46 
1.34 
122 

133 


130 
(с) 
1.434 
1.344 
1.215 
1.11 
1.09 
123.1 


119 
122 


1.342 
1.730 
1.09 


124 
121.1 
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Method 


ED 


MW 


ED 


ED 


ED, MW 


ED, MW 


DIPOLE MOMENTS 


This table gives values of the electric dipole moment for about 
800 molecules. When available, values determined by microwave 
spectroscopy, molecular beam electric resonance, and other high- 
resolution spectroscopic techniques were selected. Otherwise, the 
values come from measurements of the dielectric constant in the 
gas phase or, if these do not exist, in the liquid phase. Compounds 
are listed by molecular formula in Hill order; compounds not con- 
taining carbon are listed first, followed by compounds containing 
carbon. 

The dipole moment y is given in debye units (D). The conver- 
sion factor to SI units is 1 D = 3.33564 x 10% C m. 

Dipole moments of individual conformers (rotational isomers) 
are given when they have been measured. The conformers are des- 
ignated as gauche, trans, axial, etc. The meaning of these terms 
can be found in the references. In some cases an average value, 
obtained from measurements on the bulk gas, is also given. Other 
information on molecules that have been studied by spectroscopy, 
such as the components of the dipole moment in the molecular 
framework and the variation with vibrational state and isotopic 
species, is given in References 1 and 2. 

When the accuracy of a value is explicitly stated (і.е., 1.234 + 
0.005), the stated uncertainty generally indicates two or three 


standard deviations. When no uncertainty is given, the value may 
be assumed to be precise to a few units in the last decimal place. 
However, if more than three decimal places are given, the exact 
interpretation of the final digits may require analysis of the vibra- 
tional averaging. 

Values measured in the gas phase that are questionable because 
of undetermined error sources are indicated as approximate (=). 
Values obtained by liquid phase measurements, which sometimes 
have large errors because of association effects, are enclosed in 
brackets, e.g., [1.8]. 
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Mol. form. Name wD 
Compounds not containing carbon 
AgBr Silver(I) bromide 5.62 + 0.03 
AgCl Silver(I) chloride 6.08 + 0.06 
AgF Silver(I) fluoride 6.22 + 0.30 
AgI Silver(I) iodide 4.55 + 0.05 
МЕ Aluminum monofluoride 1.53 + 0.15 
AsCl, Arsenic(III) chloride 1.59 + 0.08 
AsF, Arsenic(III) fluoride 2.59 + 0.05 
AsH, Arsine 0.217 + 0.003 
BCIH, Chloroborane 0.75 + 0.05 

BF Fluoroborane(1) «0,5 

ВЕН Difluoroborane 0.971 + 0.010 
BH, Tetraborane 0.486 + 0.002 
B.H, Pentaborane(9) 2.13 + 0.04 
BH, Hexaborane 2.50 + 0.05 
BaO Barium oxide 7.954 + 0.003 
BaS Barium sulfide 10.86 + 0.02 
BrCl Bromine chloride 0.519 + 0.004 
BrF Bromine fluoride 1.422 + 0.016 
BrF Si Bromotrifluorosilane 0.83 + 0.01 
ВгЕ, Bromine pentafluoride 1.51 + 0.15 
BrH Hydrogen bromide 0.8272 + 0.0003 
BrH,Si Bromosilane 1.319 

Brl Iodine bromide 0.726 + 0.003 
ВК Potassium bromide 10.628 + 0.001 
BrLi Lithium bromide 7.268 + 0.001 
BrNO Nitrosyl bromide «1.8 

BrNa Sodium bromide 9.1183 + 0.0006 
BrO Bromine monoxide 1.76 € 0.04 
BrO, Bromine dioxide 2.8 + 3 

BrRb Rubidium bromide 210.9 

BrTl Thallium(I) bromide 4.49 + 0.05 
CaCl Calcium monochloride =3.6 

CICs Cesium chloride 10.387 + 0.004 
CIF Chlorine fluoride 0.888061 


Mol. form. Name wD 
CIFO, Perchloryl fluoride 0.023 + 0.001 
CIF, Chlorine trifluoride 0.6 + 0.10 
СІЕ,5і Chlorotrifluorosilane 0.636 + 0.004 
CIGeH, Chlorogermane 2.13 + 0.02 
CIH Hydrogen chloride 1.1086 + 0.0003 
CIHO Hypochlorous acid «1.3 
CIH,Si Chlorosilane 1.31 + 0.01 
Cll Iodine chloride 1.24 + 0.02 
Clin Indium(I) chloride 3.79 + 0.19 
CIK Potassium chloride 10.269 + 0.001 
сш Lithium chloride 7.12887 
CINO, Nitryl chloride 0.53 
CINS Thionitrosyl chloride 1.87 + 0.02 
CINa Sodium chloride 9.00117 
СО Chlorine oxide 1.297 + 0.001 
CIRb Rubidium chloride 10.510 + 0.005 
CITI Thallium(I) chloride 4.54299 
CLH,Si Dichlorosilane 1.17 + 0.02 
CLOS Thionyl chloride 1.45 + 0.03 
CLO,S Sulfuryl chloride 1.81 + 0.04 
CLS Sulfur dichloride 0.36 + 0.01 
CLFSi Trichlorofluorosilane 0.49 + 0.01 
сна Trichlorosilane 0.86 + 0.01 
CLN Nitrogen trichloride 0.39 + 0.01 
CLOP Phosphorus(V) oxychloride 2.54 + 0.05 
CLP Phosphorus(III) chloride 0.56 + 0.02 
CrO Chromium monoxide 3.88 + 0.13 
CsF Cesium fluoride 7.884 + 0.001 
CsNa Cesium sodium 4.75 + 0.20 
CuF Copper(I) fluoride 5.77 + 0.29 
CuO Соррег(П) oxide 4.5 + 0.5 
FGa Gallium monofluoride 2.45 + 0.05 
FGeH, Fluorogermane 2.33 + 0.12 
FH Hydrogen fluoride 1.826178 
FHO Hypofluorous acid 2.23 + 0.11 
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Мате 
Fluoramide 
Fluorosilane 
Iodine fluoride 
Indium(I) fluoride 
Potassium fluoride 
Lithium fluoride 
Nitrosyl fluoride 
Nitryl fluoride 
Thionitrosyl fluoride (NSF) 
Fluorine azide 
Sodium fluoride 
Fluorine oxide 
Rubidium fluoride 
Sulfur monofluoride 
Thallium(I) fluoride 
Germanium(II) fluoride 
Difluoramine 
Difluorosilane 
cis-Difluorodiazine 
Fluorine monoxide 
Thionyl fluoride 
Fluorine dioxide 
Sulfuryl fluoride 
Sulfur difluoride 
Difluorosilylene 
Trifluorosilane 
1,1,1-Trifluorodisilane 
Trifluoroiodosilane 
Nitrogen trifluoride 
Trifluoramine oxide 
Phosphorus(V) oxyfluoride 
Phosphorus(III) fluoride 
Phosphorus(V) sulfide trifluoride 
Tetrafluorohydrazine (gauche) 
Sulfur tetrafluoride 
Selenium tetrafluoride 
Iodine pentafluoride 
Germylazide 
Germanium(II) oxide 
Germanium(II) sulfide 
Germanium(II) selenide 
Germanium(II) telluride 
Hydrogen iodide 
Potassium hydroxide 
Lithium hydride 
Lithium hydroxide 
Imidogen 
Nitrosyl hydride 
Nitrous acid (cis) 
Nitrous acid (trans) 
Nitric acid 
Hydrazoic acid 
Hydroxyl 
Mercapto 
Water 
Hydrogen peroxide 
Hydrogen sulfide 
Ammonia 
Hydroxylamine 
Phosphine 
Stibine 


wD 
2.27 + 0.18 
1.2969 + 0.0006 
1.948 + 0.020 
3.40 + 0.07 
8.585 + 0.003 
6.3274 + 0.0002 
1.730 + 0.003 
0.466 x 0.005 
1.902 € 0.012 
“1.3 
8.156 + 0.001 
0.0043 + 0.0004 
8.5465 + 0.0005 
0.794 + 0.02 
4.2282 + 0.0008 
2.61 + 0.02 
1.92 + 0.02 
1.55 € 0.02 
0.16 + 0.01 
0.308180 
1.63 + 0.01 
1.44 + 0.07 
1.12 + 0.02 
1.05 + 0.05 
1.23 + 0.02 
1.27 + 0.03 
2.03 + 0.10 
1.11 + 0.03 
0.235 + 0.004 
0.0390 + 0.0004 
1.8685 + 0.0001 
1.03 + 0.01 
0.64 + 0.02 
0.257 + 0.002 
0.632 + 0.003 
1.78 + 0.09 
2.18 + 0.11 
2.579 + 0.003 
3.2823 + 0.0001 
2.00 + 0.06 
1.65 + 0.05 
1.06 + 0.07 
0.448 + 0.001 
7.415 + 0.002 
5.884 + 0.001 
4.754 + 0.002 
1.39 + 0.07 
1.62 + 0.03 
1.423 + 0.005 
1.855 + 0.016 
2.17 + 0.02 
1.70 + 0.09 
1.655 + 0.001 
0.7580 + 0.0001 
1.8546 + 0.0040 
1.573 + 0.001 
0.97833 
1.4718 + 0.0002 
0.59 + 0.05 
0.5740 + 0.0003 
0.12 + 0.05 


550 


Маше 
Hydrazine 
Disiloxane 
Potassium iodide 
Lithium iodide 
Sodium iodide 
Iodine monoxide 
Rubidium iodide 
Thallium(I) iodide 
Lithium potassium 
Potassium sodium 
Lanthanum monoxide 
Lithium sodium 
Lithium monoxide 
Lithium rubidium 
Magnesium oxide 
Nitric oxide 
Nitrogen dioxide 
Phosphorus nitride 
Nitrogen sulfide 
Nitrous oxide 
Nitrogen trioxide 
Rubidium sodium 
Phosphorus monoxide 
Lead(II) oxide 
Sulfur monoxide 
Sulfur oxide (SSO) 
Silicon monoxide 
Tin(II) oxide 
Strontium oxide 
Titanium(II) oxide 
Yttrium monoxide 
Zirconium(II) oxide 
Sulfur dioxide 
Selenium dioxide 
Zirconium(IV) oxide 
Ozone 
Lead(II) sulfide 
Silicon monosulfide 
Tin(II) sulfide 


Compounds containing carbon 


CBrF, 
CBr F, 
CCIF, 
CCIN 
CCLF, 
CCLO 
CCLF 
CF 


СЕ,О 
СЕЈ 
CH 
CHBrICIF 
CHBr, 
СНС, 
СНСІ,Е 
снсі, 
СНЕО 
СНЕМ 
СНЕ 


3 


Bromotrifluoromethane 
Dibromodifluoromethane 
Chlorotrifluoromethane 
Cyanogen chloride 
Dichlorodifluoromethane 
Carbonyl chloride 
Trichlorofluoromethane 
Fluoromethylidyne 
Cyanogen fluoride 
Difluoromethylene 
Carbonyl fluoride 
Trifluoroiodomethane 
Methylidyne 
Bromochlorofluoromethane 
Tribromomethane 
Chlorodifluoromethane 
Dichlorofluoromethane 
Trichloromethane 
Formyl fluoride 
Carboimidic difluoride 
Trifluoromethane 


Dipole Moments 


wD 
1.75 € 0.09 
0.24 + 0.02 
=10.8 
7.428 + 0.001 
9.236 + 0.003 
2.45 + 0.05 
=11.5 
4.61 + 0.07 
3.45 + 0.20 
2.693 + 0.014 
3.207 + 0.011 
0.463 + 0.002 
6.84 + 0.03 
4.0 + 0.1 
6.2 + 0.6 
0.15872 
0.316 + 0.010 
2.7470 + 0.0001 
1.81 + 0.02 
0.16083 
2.122 + 0.010 
3.1 + 0.3 
1.88 + 0.07 
4.64 + 0.50 
1.55 + 0.02 
1.47 + 0.03 
3.0982 
4.32 + 0.22 
8.900 + 0.003 
2.96 + 0.05 
4.524 + 0.007 
2.55 + 0.01 
1.63305 
2.62 + 0.05 
7.80 + 0.02 
0.53373 
3.59 + 0.18 
1.73 + 0.09 
3.18 + 0.16 


0.65 + 0.05 
0.66 + 0.05 
0.50 + 0.01 
2.8331 + 0.0002 
0.51 + 0.05 
1.17 + 0.01 
0.46 + 0.02 
0.645 + 0.005 
2.120 + 0.001 
0.47 + 0.02 
0.95 + 0.01 
1.048 + 0.003 
=1.46 

1.5 + 0.3 
0.99 + 0.02 
1.42 + 0.03 
1.29 + 0.03 
1.04 + 0.02 
2.081 + 0.001 
1.393 + 0.001 
1.65150 


Dipole Moments 


Mol. form. 


CHN 
CHN 
CHNO 
CHNO 
CH,BrCl 
CH,Br, 
CH,CIF 
CHI, 
CHE, 
CHL, 
CHAN, 
CH,N, 
CH,N, 
CH,O 
CH,O, 
CH,S 
CH,Se 
CH,BCI, 
CH,BF, 
CH,BO 
CH,Br 
сна 
CH,CLSi 
СНЕ 
CH,F,OP 
CH,E,P 
CH; Si 
CHF Si 
CHJ 
CH,NO 
CH,NO, 
CHN, 
CHO 
CHO, 
CH,S 
CH, Si 
CH ISi 
CH,N 
CH,OSi 
СҢ 5і 
CH,B, 
CIN 
со 
COS 
COSe 
CS 

CSe 
С,ВгЕ 
CF, 
С,СЕ, 
СЕ, 
СЕ, 


СЕМ 
СЕМ 
С,НВг 
сна 
сна, 
сна, 
С,НЕ 
CHF, 


Name 

Hydrogen cyanide 
Hydrogen isocyanide 
Isocyanic acid (HNCO) 
Fulminic acid 
Bromochloromethane 
Dibromomethane 
Chlorofluoromethane 
Dichloromethane 
Difluoromethane 
Diiodomethane 
Diazomethane 
Cyanamide 
1H-Tetrazole 
Formaldehyde 
Formic acid 
Thioformaldehyde 
Selenoformaldehyde 
Dichloromethylborane 
Difluoromethylborane 
Borane carbonyl 
Bromomethane 
Chloromethane 
Methyltrichlorosilane 
Fluoromethane 
Methylphosphonic difluoride 
Methyldifluorophosphine 
Trifluoromethylsilane 
(Trifluoromethyl)silane 
Iodomethane 
Formamide 
Nitromethane 
Methyl azide 
Methanol 
Methylhydroperoxide 
Methanethiol 
Fluoromethylsilane 
Iodomethylsilane 
Methylamine 
Methyl silyl ether 
Methylsilane 
Methyldiborane(6) 
Cyanogen iodide 
Carbon monoxide 
Carbon oxysulfide 
Carbon oxyselenide 
Carbon monosulfide 
Carbon monoselenide 
Bromofluoroacetylene 
Chlorotrifluoroethene 
Chloropentafluoroethane 
1,1-Dichloro-2,2-difluoroethene 
1,2-Dichloro-1,1,2,2- 

tetrafluoroethane 
Trifluoroacetonitrile 
Trifluoroisocyanomethane 
Bromoacetylene 
Chloroacetylene 
Trichloroethene 
Pentachloroethane 
Fluoroacetylene 
Trifluoroethene 


wD 
2.985188 
3.05 + 0.15 
“1.6 
3.09934 
[1.66] 
1.43 + 0.03 
1.82 € 0.04 
1.60 + 0.03 
1.9785 + 0.02 
[1.08] 
1.50 + 0.01 
4.28 + 0.10 
2.19 + 0.05 
2.332 + 0.002 
1.425 + 0.002 
1.6491 + 0.0004 
1.41 + 0.01 
1.419 + 0.013 
1.668 + 0.003 
1.698 + 0.020 
1.8203 + 0.0004 
1.8963 + 0.0002 
1.91 + 0.01 
1.858 + 0.002 
3.69 + 0.26 
2.056 + 0.006 
2.3394 + 0.0002 
2.32 + 0.02 
1.6406 + 0.0004 
3.73 + 0.07 
3.46 + 0.02 
2.17 + 0.04 
1.70 € 0.02 
«0.65 
1.52 + 0.08 
1.700 + 0.008 
1.862 + 0.005 
1.31 + 0.03 
1.15 + 0.02 
0.73456 
0.566 + 0.006 
3.67 + 0.02 
0.10980 
0.715189 
0.73 + 0.02 
1.958 + 0.005 
1.99 + 0.04 
0.448 + 0.002 
0.40 + 0.10 
0.52 + 0.05 
0.50 
«0.5 


1.262 + 0.010 
1.153 + 0.010 
0.22962 
0.44408 

[0.8] 

0.92 + 0.05 
0.7207 + 0.0003 
1.32 + 0.03 


Мате 
Trifluoroacetic acid 
Iodoacetylene 


1,1,2,2-Tetrabromoethane 


1,1-Dichloroethene 
cis-1,2-Dichloroethene 
Chloroacetyl chloride 
1,1,2,2-Tetrachloroethane 
1,1-Difluoroethene 
cis-1,2-Difluoroethene 
1,1,1,2-Tetrafluoroethane 
1,2,5-Thiadiazole 

Ketene 

Glyoxal (cis) 
Bromoethene 
Chloroethene 


1-Chloro-1,1-difluoroethane 


Acetyl chloride 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Fluoroethene 

Acetyl fluoride 
1,1,1-Trifluoroethane 
Cyanomethylmercury 
Iodoethene 

Acetonitrile 

Methyl cyanate 

Methyl isocyanate 
Methyl isothiocyanate 
1H-1,2,4-Triazole 
1-Bromo-2-chloroethane 
1,2-Dibromoethane 
1-Chloro-1-fluoroethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Difluoroethane 


1,2-Difluoroethane (gauche) 


Acetaldehyde 
Ethylene oxide 
Acetic acid 

Methyl formate 
Glycolaldehyde 
Bromoethane 
Chloroethane 
2-Chloroethanol 
Trichloroethylsilane 
Fluoroethane 
Iodoethane 
Ethyleneimine 
Acetamide 
N-Methylformamide 
Nitroethane 
Ethanol (gauche) 
Ethanol (trans) 
Ethanol (average) 
Dimethyl ether 
Dimethyl sulfoxide 
Ethylene glycol (average) 
Ethanethiol (gauche) 
Ethanethiol (trans) 
Dimethyl sulfide 
1,2-Ethanedithiol 


9-49 


wD 
2.28 + 0.25 
0.02525 
[1.38] 
1.34 + 0.01 
1.90 + 0.04 
2.23 + 0.11 
1.32 + 0.07 
1.3893 + 0.0002 
2.42 + 0.02 
1.80 + 0.22 
1.579 + 0.007 
1.42215 
4.8 + 0.2 
1.42 + 0.03 
1.45 + 0.03 
2.14 + 0.04. 
2.72 + 0.14. 
1.755 + 0.015 
[1.4] 
1.468 + 0.003 
2.96 + 0.03 
2.3470 + 0.005 
4.7 + 0.1 
1.311 + 0.005 
3.92519 
4.26 + 0.18 
=2.8 
3.453 + 0.003 
2.7 + 0.1 
[1.2] 
[1.19] 
2.068 + 0.014 
2.06 + 0.04 
[1.83] 
2.27 + 0.05 
2.67 + 0.13 
2.750 + 0.006 
1.89 + 0.01 
1.70 + 0.03 
1.77 € 0.04 
2.73 + 0.05 
2.04 + 0.02 
2.05 + 0.02 
1.78 + 0.09 
[2.04] 
1.937 + 0.007 
1.976 + 0.002 
1.90 + 0.01 
3.68 + 0.03 
3.83 + 0.08 
3.23 + 0.03 
1.68 + 0.03 
1.44 + 0.03 
1.69 + 0.03 
1.30 + 0.01 
3.96 + 0.04 
2.36 + 0.10 
1.61 + 0.08 
1.58 + 0.08 
1.554 + 0.004 
2.03 + 0.08 


Мате 
Dimethyl disulfide 
Vinylsilane 
Ethylamine (gauche) 
Ethylamine (trans) 
Ethylamine (average) 
Dimethylamine 
Ethanolamine 
1,2-Ethanediamine 
3,3,3-Trifluoro-1-propyne 
Cyanoacetylene 
3,3-Difluorocyclopropene 
2-Propynal 
1,1-Dichloro-2-fluoropropene 
3-Fluoropropyne 
3,3,3-Trifluoropropene 
Acrylonitrile 
Oxazole 
Isoxazole 
Propyne 
Cyclopropene 
1,1-Difluoro-1-propene 
1H-Pyrazole 
Imidazole 
Propargyl alcohol 
Acrolein (trans) 
Acrolein (cis) 
Cyclopropanone 
Vinyl formate 
2-Oxetanone 
3-Oxetanone 
Ethylene carbonate 
2-Bromopropene 
3-Bromopropene 
cis-1-Chloropropene 
trans-1-Chloropropene 
2-Chloropropene 
3-Chloropropene 
Epichlorohydrin 
cis-1-Fluoropropene 
trans-1-Fluoropropene 
2-Fluoropropene 
3-Fluoropropene (gauche) 
3-Fluoropropene (cis) 
Propanenitrile 
Ethyl cyanate 


3-Hydroxypropanenitrile (gauche) 


Propene 
1,2-Dibromopropane 
1,2-Dichloropropane 
1,3-Dichloropropane 
Acetone 

Propanal (gauche) 
Propanal (cis) 
Propanal (average) 
Allyl alcohol (gauche) 
Allyl alcohol (average) 
Methyl vinyl ether 
Methyloxirane 
Oxetane 

Propanoic acid (cis) 
Propanoic acid (average) 


wD 
[1.85] 
0.657 + 0.002 
1.210 € 0.015 
1.304 + 0.011 
1.22 + 0.10 
1.01 + 0.02 
[2.27] 
1.99 + 0.10 
2.317 + 0.013 
3.73172 
2.98 + 0.02 
2.78 + 0.02 
2.43 + 0.02 
1.73 + 0.02 
2.45 + 0.05 
3.92 + 0.07 
1.503 + 0.030 
2.95 + 0.04 
0.784 + 0.001 
0.454 + 0.010 
0.889 + 0.007 
2.20 + 0.01 
3.8 + 0.4 
1.13 + 0.06 
3.117 + 0.004 
2.552 + 0.003 
2.67 + 0.13 
1.49 + 0.01 
4.18 + 0.03 
0.887 + 0.005 
[4.9] 
[1.51] 
=1.9 
1.67 + 0.08 
1.97 + 0.10 
1.647 + 0.010 
1.94 + 0.10 
[1.8] 
1.46 + 0.03 
“1.9 
1.61 + 0.03 
1.939 + 0.015 
1.765 + 0.014 
4.05 + 0.03 
4.72 + 0.09 
3.17 € 0.02 
0.366 + 0.001 
[1.2] 
[1.85] 
2.08 + 0.04 
2.88 + 0.03 
2.86 + 0.01 
2.52 + 0.05 
2.72 
1.55 + 0.08 
1.60 + 0.08 
0.965 + 0.002 
2.01 + 0.02 
1.94 + 0.01 
1.46 + 0.07 
1.75 € 0.09 


Name 

Ethyl formate (gauche) 
Ethyl formate (trans) 
Ethyl formate (average) 
Methyl acetate 
1,3-Dioxolane 
Thietane 1,1-dioxide 
1,3,5-Trioxane 
Thietane 
1-Bromopropane 
2-Bromopropane 
1-Chloropropane (gauche) 
1-Chloropropane (trans) 
1-Chloropropane (average) 
2-Chloropropane 
1-Fluoropropane (gauche) 
1-Fluoropropane (trans) 
2-Fluoropropane 
1-Iodopropane 
2-Iodopropane 
Allylamine 
Cyclopropylamine 
Propyleneimine (cis) 
Propyleneimine (trans) 
N,N-Dimethylformamide 
N-Methylacetamide 
1-Nitropropane 
2-Nitropropane 
Propane 
1-Propanol (gauche) 
1-Propanol (trans) 
2-Propanol (trans) 
Ethyl methyl ether (trans) 
1,2-Propylene glycol 
1,3-Propylene glycol 
Ethylene glycol monomethyl 

ether (gauche) 
Dimethoxymethane 
Glycerol 
1-Propanethiol (gauche) 
1-Propanethiol (trans) 
2-Propanethiol (gauche) 
2-Propanethiol (trans) 
Ethyl methyl sulfide (gauche) 
Ethyl methyl sulfide (trans) 
Propylamine 
Isopropylamine 
Trimethylamine 
Trimethyl phosphate 
1-Buten-3-yne 
Methylenecyclopropene 
Succinonitrile 
Pyrimidine 
Pyridazine 
Furan 
Diketene 
Thiophene 
2-Methylacrylonitrile 
Pyrrole 
Isocyanocyclopropane 
2-Methyloxazole 
4-Methyloxazole 


Dipole Moments 


wD 
1.81 + 0.02 
1.98 + 0.02 
1.93 
1.72 € 0.09 
1.19 + 0.06 
4.8 + 0.1 
2.08 + 0.02 
1.85 + 0.09 
2.18 + 0.11 
2.21 + 0.11 
2.02 + 0.03 
1.95 + 0.02 
2.05 + 0.04 
2.17 + 0.11 
1.90 + 0.10 
2.05 + 0.04 
1.958 + 0.001 
2.04 + 0.10 
[1.95] 
=1.2 
1.19 + 0.01 
1.77 + 0.09 
1.57 + 0.03 
3.82 + 0.08 
[4.3] 
3.66 + 0.07 
3.73 + 0.07 
0.084 + 0.001 
1.58 + 0.03 
1.55 + 0.03 
1.58 + 0.03 
1.17 + 0.02 
[2.25] 
[2.55] 
2.36 + 0.05 


[0.74] 

[2.56] 

1.683 + 0.010 
1.60 + 0.08 
1.53 + 0.03 
1.61 + 0.03 
1.593 + 0.004 
1.56 + 0.03 
1.17 + 0.06 
1.19 + 0.06 
0.612 + 0.003 
[3.18] 

0.22 + 0.02 
1.90 + 0.01 
[3.7] 

2.334 + 0.010 
4.22 + 0.02 
0.66 + 0.01 
3.53 + 0.07 
0.55 + 0.01 
3.69 + 0.18 
1.767 + 0.001 
4.03 + 0.10 
1.37 + 0.07 
1.08 + 0.05 


Dipole Moments 


Name 
5-Methyloxazole 
4-Methylisoxazole 
1,2-Butadiene 
1-Butyne 
Cyclobutene 
Divinyl ether 
3-Methoxy-1,2-propadiene 
trans-2-Butenal 
2-Methylpropenal 
Cyclobutanone 
2,3-Dihydrofuran 
2,5-Dihydrofuran 
trans-Crotonic acid 
Methacrylic acid 
Vinyl acetate 
Methyl acrylate 
^-Butyrolactone 
2,3-Dihydro-1,4-dioxin 
3,6-Dihydro-1,2-dioxin 
Acetic anhydride 
Propylene carbonate 
2,3-Dihydrothiophene 
2,5-Dihydrothiophene 
Butanenitrile (gauche) 
Butanenitrile (anti) 
2-Methylpropanenitrile 
2-Isocyanopropane 
2-Pyrrolidone 
1-Butene (cis) 
1-Butene (skew) 
cis-2-Butene 
Isobutene 
Methylcyclopropane 
1,4-Dichlorobutane 
Bis(2-chloroethyl) ether 
cis-2-Buten-1-ol 
trans-2-Buten-1-ol 
2-Methyl-2-propenol (skew) 
Ethyl vinyl ether 
1,2-Epoxybutane 
Butanal 
Isobutanal (gauche) 
Isobutanal (trans) 
2-Butanone 
Tetrahydrofuran 
1,4-Oxathiane 
Butanoic acid 
2-Methylpropanoic acid 
Propyl formate 
Ethyl acetate 
cis-2-Butene-1,4-diol 
trans-2-Butene-1,4-diol 
1,3-Dioxane 
Sulfolane 
3-Methylthietane 
Tetrahydrothiophene 
1,3-Dithiane 
1-Bromobutane 
2-Bromobutane 
2-Bromo-2-methylpropane 
1-Chlorobutane 


wD 
2.16 + 0.04 
3.583 + 0.005 
0.403 + 0.002 
0.782 + 0.004 
0.132 + 0.001 
0.78 + 0.05 
0.963 + 0.020 
3.67 + 0.07 
2.68 + 0.13 
2.89 + 0.03 
1.32 + 0.03 
1.63 + 0.01 
[2.13] 
[1.65] 
[1.79] 
[1.77] 
4.27 + 0.03 
0.939 + 0.008 
2.329 + 0.001 
«2.8 
[4.9] 
1.61 + 0.20 
1.75 + 0.01 
3.91 + 0.04 
3.73 + 0.06 
4.29 + 0.09 
4.055 € 0.001 
[3.5] 
0.438 + 0.007 
0.359 + 0.011 
0.253 + 0.005 
0.503 + 0.010 
0.139 + 0.004 
2.22 + 0.11 
[2.58] 
1.96 + 0.03 
1.90 + 0.02 
1.295 + 0.022 
[1.26] 
1.891 + 0.011 
2.72 + 0.05 
2.69 + 0.01 
2.86 + 0.01 
2.779 + 0.015 
1.75 + 0.04 
0.295 + 0.003 
1.65] 
1.08] 
1.89] 
1.78 + 0.09 
2.48] 
2.45] 
2.06 + 0.04 
4.8] 
2.046 + 0.009 
1.90] 
2.14 + 0.04 
2.08 + 0.10 
2.23 + 0.11 
[2.17] 
2.05 + 0.04. 


Name 
2-Chlorobutane 
1-Chloro-2-methylpropane 
2-Chloro-2-methylpropane 
1-Iodobutane 
2-Iodobutane 
1-Iodo-2-methylpropane 
Pyrrolidine 
N-Methylpropanamide 
N,N-Dimethylacetamide 
Morpholine 
Isobutane 
1-Butanol 
2-Butanol 
2-Methyl-1-propanol 
2-Methyl-2-propanol 
Diethyl ether 


Methyl propyl ether (trans-trans) 


Isopropyl methyl ether 
1,4-Butanediol 


Ethylene glycol monoethyl ether 


Diethylene glycol 
1-Butanethiol 
2-Methyl-2-propanethiol 
Diethyl sulfide 
Butylamine 
sec-Butylamine 
tert-Butylamine 
Isobutylamine 
Diethylamine 
Diethanolamine 
Diethylenetriamine 
Perfluoropyridine 
2-Thiophenecarbonitrile 
3-Thiophenecarbonitrile 
1,3-Pentadiyne 
4-Chloropyridine 
3-Fluoropyridine 

2,4- Cyclopentadien-1-one 
4H-Pyran-4-thione 
Furfural 
4H-Pyran-4-one 
4H-Thiopyran-4-thione 
Pyridine 
1,2,3-Pentatriene 
1-Penten-3-yne 
cis-3-Penten-1-yne 
trans-3-Penten-1-yne 
2-Methyl-1-buten-3-yne 
1,3-Cyclopentadiene 
2-Methylpyrimidine 
5-Methylpyrimidine 
2-Methylfuran 
3-Methylfuran 
3-Cyclopenten-1-one 
5-Methyl-2(3H)-furanone 
Furfuryl alcohol 
2-Methylthiophene 
3-Methylthiophene 
3-Methyl-2-butenenitrile 
Cyclobutanecarbonitrile 
Ethyl cyanoacetate 


wD 
2.04 + 0.10 
2.00 + 0.10 
2.13 + 0.04 
[1.93] 
2.12 + 0.11 
[.87] 
[1.57] 
3.61 
[3.7] 
1.55 + 0.03 
0.132 + 0.002 
1.66 + 0.03 
[1.8] 
1.64 + 0.08 
[1.66] 
1.15 + 0.02 
1.107 + 0.013 
1.247 + 0.003 
[2.58] 
[2.08] 
[2.31] 
[1.53] 
1.66 + 0.03 
1.54 + 0.08 
“1.0 
[1.28] 
[1.29] 
[1.27] 
0.92 + 0.05 
[2.8] 
[1.89] 
0.98 + 0.08 
4.59 + 0.02 
4.13 + 0.02 
1.207 € 0.001 
0.756 + 0.005 
2.09 + 0.26 
3.132 + 0.007 
3.95 + 0.05 
[3.54] 
3.79 + 0.02 
3.9 + 0.2 
2.215 + 0.010 
0.51 + 0.05 
0.66 + 0.02 
0.78 + 0.02 
1.06 + 0.05 
0.513 + 0.02 
0.419 + 0.004 
1.676 + 0.010 
2.881 + 0.006 
0.65 + 0.05 
1.03 + 0.02 
2.79 + 0.03 
4.08 + 0.02 
[1.92] 
0.674 + 0.005 
0.914 + 0.015 
4.61 + 0.13 
4.04 + 0.04 
[2.17] 


Dipole Moments 


Name wD Mol. form. Name wD 
cis-1,3-Pentadiene 0.500 + 0.015 C,H,CINO, 1-Chloro-2-nitrobenzene 4.64 + 0.09 
trans-1,3-Pentadiene 0.585 + 0.010 C,H,CINO, 1-Chloro-3-nitrobenzene 3.73 + 0.07 
2-Methyl-1,3-butadiene 0.25 € 0.01 CH ,CINO, 1-Chloro-4-nitrobenzene 2.83 + 0.06 
1-Pentyne (gauche) 0.769 + 0.028 СНА, o-Dichlorobenzene 2.50 + 0.05 
1-Pentyne (trans) 0.842 + 0.010 СНА, m-Dichlorobenzene 1.72 + 0.09 
Cyclopentene 0.20 + 0.02 C,H,FNO,  I-Fluoro-4-nitrobenzene 2.87 + 0.06 
3,3-Dimethylcyclopropene 0.287 + 0.003 CHE, o-Difluorobenzene 2.46 + 0.05 
Cyclopropyl methyl ketone 2.62 + 0.25 CHE, m-Difluorobenzene 1.51 + 0.02 
Cyclopentanone =3.3 CHN, 2-Pyridinecarbonitrile 5.78 + 0.11 
3,4-Dihydro-2H-pyran 1.400 + 0.008 СМ, 3-Pyridinecarbonitrile 3.66 + 0.11 
3,6-Dihydro-2H-pyran 1.283 x 0.005 САМ, 4-Pyridinecarbonitrile 1.96 + 0.03 
Ethyl acrylate [1.96] CHO, 3,5-Cyclohexadiene-1,2-dione 4.23 + 0.02 
Methyl methacrylate [1.67] C.H.,Br Bromobenzene 1.70 x 0.03 
2,4-Pentanedione [2-78] сна Chlorobenzene 1.69 + 0.03 
Dihydro-3-methyl-2(3H)-furanone 4.56 + 0.02 снао p-Chlorophenol 2.11 + 0.11 
Dihydro-5-methyl-2(3H)-furanone 4.71 + 0.05 СНЕ Fluorobenzene 1.60 + 0.08 
Tetrahydro-4H-pyran-4-one 1.720 x 0.003 CHI Iodobenzene 1.70 x 0.09 
Pentanenitrile 4.12 + 0.08 C.H.NO 2-Pyridinecarboxaldehyde 3.56 + 0.07 
2,2-Dimethylpropanenitrile 3.95 + 0.04 C .H.NO 3-Pyridinecarboxaldehyde 1.44 
1,2,5,6-Tetrahydropyridine 1.007 + 0.003 C .H.NO 4-Pyridinecarboxaldehyde 1.66 
N-Methyl-2-pyrrolidone [4.1] C H,NO, Nitrobenzene 4.22 + 0.08 
1-Pentene =0.5 CH, Fulvene 0.4236 + 0.013 
3-Methyl-1-butene (gauche) 0.398 + 0.004 C,H,CIN o-Chloroaniline [1.77] 
3-Methyl-1-butene (trans) 0.320 + 0.010 CHO Phenol 1.224 + 0.008 
1,1-Dimethylcyclopropane 0.142 + 0.001 CHO 2-Vinylfuran 0.69 + 0.07 
2,2-Dimethylpropanal 2.66 + 0.05 CHO, p-Hydroquinone 2.38 + 0.05 
2-Pentanone 2.70 CHS Benzenethiol 1.23 
3-Pentanone 2.82 САМ Aniline 1.13 + 0.02 
Tetrahydropyran (chair) 1.58 + 0.03 САМ 2-Methylpyridine 1.85 + 0.04 
Pentanoic acid 1.61 САМ 3-Methylpyridine 2.40 
3-Methylbutanoic acid 0.63 САМ 4-Methylpyridine 2.70 + 0.02 
Butyl formate 2.03 C.H,O 3-Methyl-2-cyclopenten-1-one 4.33 + 0.002 
Isobutyl formate 1.88 сна, Dimethyl maleate 2.48 
Propyl acetate 1.78 сн, Phenylsilane 0.845 + 0.012 
Ethyl propanoate 1.74 СНЕ 1-Fluorocyclohexene 1.942 + 0.010 
Tetrahydrofurfuryl alcohol 2.1] CH, 1-Hexyne 0.83 + 0.05 
Diethyl carbonate 1.10 + 0.06 CH, 3,3-Dimethyl-1-butyne 0.661 + 0.004 
Ethylene glycol monomethyl 2.13 CH, Cyclohexene (half-chair) 0.332 + 0.012 

ether acetate CH,F, 1,1-Difluorocyclohexane 2.556 + 0.010 
Ethyl lactate 2.4] C НО 3-Methylcyclopentanone 3.14 0.03 
Thiacyclohexane 1.781 + 0.010 C НО Cyclohexanone 3.246 + 0.006 
1-Bromopentane 2.20 + 0.11 C.H, O Mesityl oxide [2.79] 
1-Chloropentane 2.16 + 0.11 CHO, Diethyl oxalate [2.49] 
1-Chloro-3-methylbutane 1.92] CHO, Ethylene glycol diacetate [2.34] 
Piperidine (equitorial) 0.82 + 0.02 СНС Chlorocyclohexane (equitorial) 2.44 + 0.07 
Piperidine (axial) 1.19 + 0.02 сна Chlorocyclohexane (axial) 1.91 + 0.02 
Piperidine (average) 1.19] CHF Fluorocyclohexane (equitorial) 2.11 + 0.04 
N-Methylpyrrolidine 0.572 + 0.003 СНЕ Fluorocyclohexane (axial) 1.81 + 0.04 
Isopentane 0.13 + 0.05 САМ 4-Methylpentanenitrile 3.5] 
Tetramethylurea 3.5] CH, NO Caprolactam 3.9] 
1-Pentanol 1.7] CH, O Butyl vinyl ether 1.25 
2-Pentanol 1.66] C.H,,0 2-Hexanone 2.66 
3-Pentanol 1.64] СНО, Hexanoic acid 1.13 
2-Methyl-1-butanol 1.88] C НО, Pentyl formate 1.90 + 0.10 
2-Methyl-2-butanol 1.82] СНО, Butyl acetate 1.87 
1,5-Pentanediol 2.5] СНО, sec-Butyl acetate 1.87 
Diethylene glycol 1.6] CHO, Isobutyl acetate 1.86 

monomethyl ether CHO, Ethyl butanoate 1.74 
1,2,3,4-Tetrafluorobenzene 2.42 + 0.05 C.H,,0, Diacetone alcohol 3.24 
1,2,3,5-Tetrafluorobenzene 1.46 + 0.06 CH,,0, Ethylene glycol monoethyl 2.25 
1,2,4-Trifluorobenzene 1.402 + 0.009 ether acetate 


Dipole Moments 


Mol. form. 


C.H,,0. 
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C,H,,N,OP 
сна, 
CHE, 
сн 
сн 
сна, 
сна 
сна 
сно 
сно 
C HO, 
сна 
сна 
сна 
сна 
CHF 
CHF 
СНЕ 
с,н,хо, 


2 


2 


Маше 
Paraldehyde 
Cyclohexylamine 
Dipropyl ether 
Diisopropyl ether 
Butyl ethyl ether 
2-Methyl-2,4-pentanediol 


Ethylene glycol monobutyl ether 


1,1-Diethoxyethane 


Diethylene glycol monoethyl ether 
Diethylene glycol dimethyl ether 


Dipropylamine 
Diisopropylamine 
Triethylamine 
Triethanolamine 
Triethyl phosphate 


Hexamethylphosphoric triamide 


(Trichloromethyl)benzene 
(Trifluoromethyl)benzene 
Benzonitrile 
Isocyanobenzene 
2,4-Dichlorotoluene 
3,4-Dichlorotoluene 
(Dichloromethyl)benzene 
2,4,6-Cycloheptatrien-1-one 
Benzaldehyde 
Salicylaldehyde 
o-Chlorotoluene 
m-Chlorotoluene 
p-Chlorotoluene 
(Chloromethyl)benzene 
o-Fluorotoluene 
m-Fluorotoluene 
p-Fluorotoluene 
2-Nitroanisole 

Toluene 
2,5-Norbornadiene 
o-Cresol 

m-Cresol 

p-Cresol 

Benzyl alcohol 

Anisole 

o-Methylaniline 
m-Methylaniline 
p-Methylaniline 
2,4-Dimethylpyridine 
2,6-Dimethylpyridine 
1,3-Cycloheptadiene 
Methylenecyclohexane 
Diethyl malonate 
2-Heptanone 
3-Heptanone 
2,4-Dimethyl-3-pentanone 
cis-3-Methylcyclohexanol 
trans-3-Methylcyclohexanol 
Pentyl acetate 

Isopentyl acetate 
1-Bromoheptane 
2-Heptanol 

3-Heptanol 
Phenylacetylene 
Benzeneacetonitrile 


wD 
1.43 + 0.07 
1.26 
1.21 + 0.06 
1.13 + 0.10 
1.24 
2.9] 
2.08 
1.38 
1.6] 
1.97 
1.03 
1.15 
0.66 + 0.05 
3.57 
3.12 
5.5] 
2.03 
2.86 + 0.06 
4.18 + 0.08 
4.018 + 0.003 
1.70 
2.95 
2.07 
4.1 + 0.3 
3.0] 
2.86 
1.56 + 0.08 
1.82 
2.21 + 0.04 
1.82 
1.37 + 0.07 
1.82 € 0.04 
2.00 + 0.10 
5.0] 
0.375 + 0.010 
0.0587 + 0.0001 
1.45 
1.48 
1.48 
1.71 + 0.09 
1.38 + 0.07 
1.60 
1.45 
1.52 
2.30 
1.66 
0.740 
0.62 + 0.01 
2.54 
2.59 
2.78 
2.74 
1.91 
1.75 
1.75 + 0.10 
1.86 
2.16 + 0.11 
1.71 
1.71 
0.656 + 0.005 
3.5] 


С,Н,О 
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Name 

Styrene 
Acetophenone 
Methyl benzoate 
Methyl salicylate 
Ethylbenzene 
o-Xylene 
2,4-Xylenol 
2,5-Xylenol 
2,6-Xylenol 
3,4-Xylenol 
3,5-Xylenol 
Phenetole 
1,2-Dimethoxybenzene 
N,N-Dimethylaniline 
2,4-Dimethylaniline 
2,6-Dimethylaniline 
2,4,6-Trimethylpyridine 
2-Octanone 
Octanoic acid 
sec-Hexyl acetate 
Isobutyl isobutanoate 
Diethylene glycol 

monoethyl ether acetate 
1-Chlorooctane 
1-Octanol 
2-Octanol 
2-Ethyl-1-hexanol 
Dibutyl ether 
Dibutyl sulfide 
Dibutylamine 
Quinoline 
Isoquinoline 
Ethyl benzoate 
Benzyl acetate 
Isopropylbenzene 
2,6-Dimethyl-4-heptanone 
Nonanoic acid 
1-Bromonaphthalene 
1-Chloronaphthalene 
Azulene 
tert-Butylbenzene 
Camphor, (4) 
2-Ethylhexyl acetate 
1-Bromodecane 
Dipentyl ether 
Diisopentyl ether 
Ethyl trans-cinnamate 
Acenaphthene 
Diphenyl ether 
Tributyl borate 
Tributylamine 
Tributyl phosphate 
Benzyl benzoate 
Dibutyl phthalate 
Oleic acid 
Dibutyl sebacate 
Tri-o-cresyl phosphate 
Tri-m-cresyl phosphate 
Tri-p-cresyl phosphate 
Butyl stearate 
Bis(2-ethylhexyl) phthalate 
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wD 
0.123 x 0.003 
3.02 + 0.06 
1.94] 
2.47] 
0.59 + 0.05 
0.640 + 0.005 
1.4] 
1.45 
1.40 
1.56 
1.55 
1.45 + 0.15 
1.29 
1.68 + 0.17 
1.40 
1.63 
2.05 
2.70 
1.15 
1.9] 
1.9] 
1.8] 


2.00 
1.76 
171 
1.74 
1.17 + 0.06 
1.61 
0.98 
229 + 0.11 
273 + 014 
2.00 + 0.10 
1.22] 
=0.79 
2.66] 
0.79] 
1.55] 
1.57] 

0.80 + 0.02 
=0.83 
3.1] 
1.8] 
1.93 
1.20 
1.23 
1.84 
~0.85 
=1.3 
0.77 
0.78 
3.07 
2.06 
2.82 
1.18 
2.48 
2.87 
3.05 
3.18 
1.88 
2.84 


BOND DISSOCIATION ENERGIES 


Yu-Ran Luo and J. Alistair Kerr 


The bond dissociation energy (enthalpy) is also referred to as 
bond disruption energy, bond energy, bond strength, or binding 
energy (abbreviation: BDE, BE, or D). It is defined as the standard 
enthalpy change of the following fission: R-X  R + X. The BDE, 
denoted by D'(R-X), is usually derived by the thermochemical 
equation, D'(R-X) = АНЕ) + AH*(X) - ДНУКХ). The enthalpy 
of formation А Но of a large number of atoms, free radicals, ions, 
clusters and compounds is available from the website of NIST, 
NASA, CODATA, and IUPAC. Most authors prefer to use the 
BDE values at 298.15 K. 

The following seven tables provide essential information of ex- 
perimental BDE values of R-X and К'—Х bonds. 


(1) Table 1: Bond Dissociation Energies in Diatomic Molecules 

(2) Table 2: Enthalpy of Formation of Gaseous Atoms 

(3) Table 3: Bond Dissociation Energies in Polyatomic Molecules 

(4) Table 4: Enthalpies of Formation of Free Radicals and Other 
Transient Species 

(5) Table 5: Bond Dissociation Energies of Common Organic 
Molecules 

(6) Table 6: Bond Dissociation Energies in Diatomic Cations 

(7) Table 7: Bond Dissociation Energies in Polyatomic Cations 


The data in these tables have been revised through September 
2005. 


TABLE 1. Bond Dissociation Energies in Diatomic Molecules 


The BDEs in diatomic species have usually been measured by spectroscopy or mass spectrometry. In the absence of data on enthalpy 


function, the values at 0 К, D°(A—B), are converted to Г, by the approximate equation: 


D°, (А-В) = D'(A—B) + (3/2)RT = D'(A-B) + 3.7181 kJ mol? 


zd 


This table has been arranged in alphabetical order of the atoms А in the diatomics А-В and all data are taken from the Comprehensive 
Handbook of Chemical Bond Energies, by Yu-Ran Luo, Taylor & Francis, 2006, which contains detailed references. 


A-B D», у K] mol" A-B D», KJ mol! A-B D», /kJ mol” A-B D», KJ mol! 
Ac-O 794 AI-AI 133+5.8 А-Т 263.4 Аз—С1 448 
Ag-Ag 62.942.9 Al-Ar 5.69 AI-U 326429 As-D 270.3 
Ав-А! 83.7-9.2 Al-As 202.7+7.1 АНУ 147.4+1.0 Аѕ-Е 410 
Ag-Au 202.5+9.6 Al-Au 325.9+6.3 Al-Xe 7.39 As-Ga 202.5+4.8 
Ар—В1 92+42 ۸1-7 429.2+5.8 Am-O 553436 As-H 274.0--2.9 
Ag-Br 281.5+1.3 АІ-С 267.7 Аг-Аг 4.91 As-I 296.6424 
Ag-Cl 279.1+8.4 Al-Ca 52.7 Ar-B 4.62 As-In 201410 
Ag-Cu 71.5=9.6 АНС 502 Аг-Вг -5.0 As-N 4892.1 
Ag-D 226.8 Al-Co 181.6+0.2 Ат-С 5.158 As-O 484--8 
Ag-Dy 30-19 Al-Cr 222.9+0.9 Ar-Ca 4.44+0.60 Аз—Р 433.5+12.6 
Ag-Eu 27-13 Al-Cu 227.1+1.2 Ar-Cd 5.57-0.05 As-S 379.5--6.3 
Ag-F 356.9+5.8 AI-D 290.4 Ar-Ga 3.96 As-Sb 330.5--5.4 
Ag-Ga 59-17 AI-F 675 Ar-Ge «54 As-Se 96 

Ag-Ge 74.5421 AI-H 288+13 Ar-He 3.96 د‎ 198.3+14.6 
Ag-H 202.4+9.6 АНТ 369.9-2.1 Ar-Hg 5.32 Au-Au 226.2+0.5 
Ag-Ho 24419 Al-Kr 6.05 Аг-1 ~5.3 Au-B 367.8+10.5 
Ав-1 234+29 Al-Li 76.1 Ar-In 4.18 Au-Ba 254.8=10.0 
Ag-In 66.5+4.9 AI-N «368415 Ar-Kr 5.11 Au-Be 237.7+4.0 
Ag-Li 86.1 Al-Ne 3.9 Ar-Li ~7.82 Au-Bi 293-8.4 
Ag-Mn 99.2121 А-М 224.7+4.8 Ar-Mg -3.7 Au-Br 213421 
Ag-Na 33.1+12.6 А1-О 501.9+10.6 Ar-Na -42 Au-Ca 250.4+4.0 
Ag-Nd «213 АНР 216.7+12.6 Ar-Ne 4.27 Au-Ce 322-18 
Ag-O 221221 ۸1-60 254.4+12.1 Ат—51 5.86 Au-Cl 280413 
Ag-S 216.7=14.6 ۸1-8 332+10 Ar-Sn <5.1 Au-Co 218.0+16.4 
Ag-Se 210.0+14.6 Al-Sb 216.346 Ar-Tl 4.09 Au-Cr 223.7+28.9 
Ар—51 185.1+9.6 Al-Se 318+13 Ar-Xe 5.28 Au-Cs 253=3.5 
Ag-Sn 136221 Al-Si 246.9+12.6 Ar-Zn 5.0 Au-Cu 227.1+1.2 
Ав-Те 195.8--14.6 Al-Te 268+13 Аѕ-Аѕ 385.8--10.5 Au-D 3222 
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A-B 


Au-Dy 
Au-Eu 
Au-F 
Au-Fe 
Au-Ga 
Au-Ge 
Au-H 
Au-Ho 
Au-I 
Au-In 
Au-La 
Au-Li 
Au-Lu 
Au-Mg 
Au-Mn 
Au-Na 
Au-Nd 
Au-Ni 
Au-O 
Au-Pb 
Au-Pd 
Au-Pr 
Au-Rb 
Au-Rh 
Au-S 
Au-Sc 
Au-Se 
Au-Si 
Au-Sn 
Au-Sr 
Au-Tb 
Au-Te 
Au-U 
Au-V 
Au-Y 
B-B 
B-Br 
B-C 
B-Cd 
B-Ce 
В-СІ 
B-D 
B-F 
B-H 
В-І 
B-Ir 
B-La 


D», у KJ mol 


259-24 
245+12 
294.1 
187.0--19.3 
290--15 
273.2+14.6 
328 
267435 
276 
286.0+5.7 
457+28 
284.5+6.7 
332+19 


D», mol! 


477.8+16.7 
475.8+21 
446.9+21 
5779.2 
272+63 
462+14.6 
317+12 
354+20 
297+33 
272+63 
322+33 
289-63 
402 

443 
<193.7 
580.6 


D», у K] mol” 


193.859+0.120 
318.0+8.4 

339 

159+96 

373.2 
219.32+0.05 
326+42 
328.0=24.3 
389.1+4.2 
331+25 
370.74 
339.3+10.5 
361.3 

548 

280+12 
243+84 
402+13 
372.0 
347+8 
366.16+0.20 
74.9 

321.8 
179.1+0.4 
409-10 
379.1+4.2 
446.2 
418.8+4.2 
301.5 
317.96 
314.2+9.6 
313.4 
280.8221 
363.1+4.2 
339.7 
36013 
235.4+1.9 
<329 
248.5+14.6 
344.5 
380.7+4.2 
218+17 
314+59 
444--63 
297--84 
358.2+8.4 
331.4 
337413 
365 
372.77 
382.8 
364 
373 


Т», KJ mol! 


331221 
299.1 
377415 
439442 
329.3 
5.94+0.02 
481+84 
295.4 
138429 
420 
618.3+15.4 
443430 
394.9+13.4 
341.4 
513.8+10.0 
376.3+28.9 
455.7411 
338.441.2 
540425 
253.1+35.6 
631+5 
463+20 
482+16 
750.0+2.9 
523.8+14.5 
337.0 
1076.38+0.67 
608425 
507.548.8 
436+20 
610+5 

58044 
648413 
7133+12 
444+21 
590.4+5.9 
447 
564429 
453417 
423430 
455415 
423424 
418414 
495.8+38.6 
16.52+0.11 
409+8.7 
<169.9 
529 

223.8 
284.7+8.4 
5.15+0.72 
84.98.4 
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А-В 


Са-0 
Ca-Pd 
Са-5 
Са-Хе 
Cd-Cd 
Са—С1 
Cd-F 
Cd-H 
са-І 
Cd-In 
Cd-K 
Cd-Kr 
Cd-Na 
Cd-Ne 
Cd-O 
Са-5 
Са-5е 
Са-Те 
Са-Хе 
Се-Се 
Се-СІ 
Ce-F 
Се-І 
Ce-Ir 
Ce-N 
Ce-O 
Ce-Os 
Ce-Pd 
Ce-Pt 
Ce-Rh 
Ce-Ru 
Се-5 
Се-5е 
Се-Те 
Cf-O 
СІ-СІ 
СІ-Со 
Cl-Cr 
СІ-Св 
Cl-Cu 
CI-D 
CI-Dy 
СІ-Ег 
Cl-Eu 
CI-F 
Cl-Fe 
Cl-Ga 
Cl-Gd 
Cl-Ge 
CI-H 
Cl-Hg 
СІ-Но 


1" у KJ mol" 


383.3+5.0 
347 - 360 
335421 
7.31=0.96 
~8.62 
208.4 
305221 
69.0+0.4 
97.2--2.1 
134 

7.3 

5.17 

10.2 

3.97 
236+84 
208.5+20.9 
127.6=25.1 
100.0--15.1 
6.54 

2517 
457.0 
582442 
333.8 
57549 
519421 
790 
524-20 
319421 
55045 
545+7 
494+12 
569 
494.5+14.6 
189.4+12.6 
498 
242.417-1.930 
337.6+6.7 
377.8+6.7 
445.7+7.7 
377.8=7.5 
436.303+0.011 
392.4 

448.6 

405.5 

260.83 
329.7+6.7 
463+13 
451.0 
390.8=9.6 
431.361+0.013 
92.0+9.2 

409.1 


> 
es 


І-І 
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Т», KJ mol! 


211.3=0.4 
436+8 
433.0+8.4 
521.6 
469+13 
325.7+2 
312 
338.5+6.7 
333.9--9.6 
412.1+8.4 
418.7 
377.0+6.7 
267.47+0.08 
5376 
301--50 
423.5 
343+75 
427.6+8.4 


244.9--4.8 
280-21 


267.02--0.10 
384.5+13.4 


А-В 


Со—5 
Со—51 
Co-Ti 
Co-Y 
Co-Zr 
Cr-Cr 
Cr-Cu 
Cr-F 
Cr-Fe 
Cr-Ge 
Cr-H 
Сг-І 
Cr-N 
Cr-Nb 
Cr-O 
Cr-Pb 
Cr-S 
Cr-Sn 
Cs-Cs 
Cs-F 
Cs-H 
Cs-Hg 
С5-І 
Cs-Na 
Cs-O 
Cs-Rb 
Cu-Cu 
Cu-D 
Cu-Dy 
Cu-F 
Cu-Ga 
Cu-Ge 
Cu-H 
Cu-Ho 
Cu-I 
Cu-In 
Cu-Li 
Cu-Na 
Cu-Ni 
Cu-O 
Cu-S 
Cu-Se 
Cu-Si 
Cu-Sn 
Cu-Tb 
Cu-Te 
D-D 
D-F 
D-Ga 
D-Ge 
D-H 
D-Hg 


Ге, KJ mol" 


331 


377.8=18.8 
295.72+0.06 
461+8.7 
10522 

331 
14143 
43.919+0.010 
517.1=7.7 
175.364 
8 
338.5=2.1 
63.2+1.3 
293425 
49.57+0.01 
201 

270.3 
144+18 
414 
215.9+15 
208.8+21 
254.8+6 
144+19 
289-63 
187.4+7.9 
191.9 
176.1+16.7 
201.7+9.6 
287.4+11.6 
274.5+14.6 
255.2+14.6 
221.3+6.3 
170-10 

191-18 
230.5+14.6 
443.3197-0.0003 
576.174--0.096 
<276.5 

5322 
439.2223+0.0002 
42.05 
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A-B 


D-I 
D-In 
D-K 
D-Li 
D-Lu 
D-Mg 
D-Mn 
D-N 
D-Ni 
D-O 
D-P 
D-Pt 
D-S 
D-Si 
D-Sr 
D-T 
D-TI 
D-Zn 
Dy-Dy 
Dy-F 
Dy-I 
Пу-О 
Пу-5 
Dy-Se 
Dy-Te 
Er-Er 
Er-F 
Er-I 
Er-O 
Er-S 
Er-Se 
Er-Te 
Es-O 
Eu-Eu 
Eu-F 
Eu-I 
Eu-Li 
Eu-O 
Eu-Rh 


D», KJ mol! 


302.33 
246 

1824 
240.24 

302 
161.33+0.32 
312+6 
341.6 
<302.9 
429.64 
299.0 
<350.2 
350.62+1.20 
302.5 

167.7 
444.91 
193.0 

88.7 

70.3 

531 
269.0+8.4 
615 

414442 
322420 
234420 
75:29 
565417 
315.8 

606 

418221 
326420 
238420 

460 

45.2 

544 

288.3 
268.1+12.6 
473 
238+34 
365.7+13.4 
302.9+14.6 
251.0+14.6 
158.670+0.096 
447 

584413 
590417 
523413 
569.658+0.012 
650415 

~180 
540 
<271.5 
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A-B 


F-In 
F-K 
F-Kr 
F-La 
F-Li 
F-Lu 
F-Mg 
F-Mn 
F-Mo 
F-N 
F-Na 
F-Nd 
F-Ni 
F-Np 
Е-О 
Е-Р 
F-Pb 
F-Pr 
F-Pu 
F-Rb 
F-Ru 
F-S 
F-Sb 
F-Sc 
F-Se 
F-Si 
F-Sm 
F-Sn 
F-Sr 
F-T 
F-Ta 
F-Tb 
F-Th 
F-Ti 
F-TI 


D», у KJ mol" 


516+13 
489.2 

6.6 
659.0--17.2 
577-21 
405+19 
463 
445.2+7.5 
464 

5349 

477.3 
545.2-12.6 
428.4+19.3 
430+50 
220 
<405 
355+13 
582+46 
538+29 
494+21 
402 
343.5+6.7 
439+96 
599.1=13.4 
339442 


579.009--0.108 


D», KJ mol! 


«106.4 
276 


334+13 


94.043 
4.08 


133.1+14.6 


374+21 


229.7+12.6 
192.0+12.6 


265+21 
5.27 


206.3+67.5 


333.8 


263.2+4. 
268+25 


290.3=10.9 


660.3 


254.7+10.5 


53443 
270-11 
484.71. 
297 


7 


230.1413 


396.743. 
279+11 


3 


435.7799+0.0001 


39.844 


298.26+0.10 


243.1 
174.576 
238.0394 
126.4+2. 
25155 
211-19 
«338.9 


-0.006 
9 


185.69--0.29 
>221.9+9.6 


240+8 


429.91+0.29 


297.0-2. 
5157 
234+25 
330 
172.6 
241.0+5. 
223+15 


1 


9 


353.57+0.30 


D», у К] مھم‎ 


239.7+4.2 
205+17 


312. 


5 


293.3--1.9 
264+17 
164-8 
440.49 
270.7-1.7 
204.6--8.8 
195.4+4 
209.3--6.8 
183.1+2.0 
85.8+2 
3.809 

3.8 

3.8 

328+58 
535+30 
801+13 
7.79+0.24 
34.69--0.96 
8.8 
5.75 
13.16+0.38 
10.8 

4.14 

269 

8.4 
217.3+22.2 
144.3=30.1 
43.14 

<142 

2.9 

6.65 

70.3 

275.1 

606 
428.4+14.6 
333+15 
<259+15 
152.25+0.57 
306.9=1.1 
322.5=2.1 
5.67 

411.7 
345.2+4.2 
263.2 
229 
282.8+9.6 
266.9 
159+17 
304.2=2.1 


9-57 


D», KJ mol! 


301.5 
293221 


2403 
1944 
306. 
318. 
243. 
293. 
2354 
301 

336. 
1924 
3614 
306 

2854 
260. 
2994 
-6.9 
422. 
257. 
153. 
127 


Е5 

Е38 

2 
8-21 
1-8.4 
1 

ЕЗ 


2 
-42 
Е25 


Е21 
8 
Е27 


6+12.5 
3 
126.3 


82.0--5.7 


4.85 


92.5--14.6 


3464 
197. 
287. 
151. 
245. 
215. 
6.48 
32.2 
3613 
5774 
4654 
4144 
462. 
5744 
4224 
4574 
56.9 
4.6 


Е30 
9+8.4 

9-14.6 
9-10.5 
2+14.6 
5-14.6 


68 
12 
25 
42 
8+21 
H2 
ЗЕ) 
E15 
6 


82.0+4.2 


65.9 
6.5 

271. 
53.7 
5.0 

5.39 
-12. 


94--0.008 


5+12.6 
23+0.005 


1 


6.71+0.96 
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A-B D», у KJ mol A-B D», KJ mol! A-B Ге, KJ mol” A-B Т», KJ mol! 
Kr-Na -4.53 N-S 467424 O-Rh 405442 Рг—Те 3264220 
Kr-Ne 4.31 N-Sb 460-84 O-Ru 528442 Pt-Pt 306.7--1.9 
Кг-О «8 N-Sc 464--84 O-S 517.90--0.05 Pt-Si 501-18 
Kr-TI 4.14 N-Si 437.1+9.9 O-Sb 434442 Pt-Th 551442 
Kr-Xe 5.66 М—Та 607--84 O-Sc 671.4+1.0 Pt-Ti 397.5+10.6 
Kr-Zn 5.0 N-Th 577-33 O-Se 429.7+6.3 Pt-Y 474412 
La-La 244.9 N-Ti 476433 O-Si 799.6+13.4 Rb-Rb 48.898--0.005 
La-N 519442 N-U 531421 O-Sm 573 Re-Re 432-530 
La-O 798 N-V 523438 O-Sn 528 Rh-Rh 235.85+0.05 
La-Pt 505412 N-Xe 26.9 O-Sr 426.3+6.3 Rh-Sc 444411 
La-Rh 550+12 N-Y 477--63 О-Та 839 Rh-Si 395.0--18.0 
La-S 573.4+1.7 N-Zr 565425 O-Tb 694 Rh-Th 513221 
La-Se 485.7+14.6 Na-Na 74.805--0.586 O-Te 548 Rh-Ti 390.8+14.6 
La-Te 385.6+15 Na-Ne ~3.8 О-Те 377-21 Rh-U 519-17 
La-Y 197221 Na-O 2/7044 O-Th 877 Rh-V 364429 
Li-Li 105.0 Na-Rb 63.887--0.024 O-Ti 668 Rh-Y 446+11 
Li-Mg 67.4+6.3 Na-Xe ~5.12 O-TI 213484 Ru-Ru 193.0+19.3 
Li-Na 87.181+0.001 Nb-Nb 513 O-Tm 514 Ru-Si 397.1421 
Li-O 340.5--6.3 Nb-Ni 271.9+0.1 O-U 755 Ru-Th 592-42 
Li-Pb 78.7+8 Nb-O 726.5+10.6 O-V 637 Ru-V 4142-29 
Li-S 312.5=7.5 Nb-Ti 302.0+0.1 O-W 720471 5-5 425.30 
Li-Sb 69.0--10.0 Nb-V 369.3+0.1 O-Xe 36.4 S-Sb 378.7 
Li-Si 49 Nd-Nd 82.8 О-Ү 714.1+10.2 S-Sc 478.2+12.6 
Li-Sm 93.3+18.8 Nd-O 703 O-Yb 387.7410 S-Se 371.1+6.7 
Li-Tm 276.1+14.6 Nd-S 471.5+14.6 O-Zn 5250 5—51 617--5 
Li-Xe ~12.1 Nd-Se 393.9 O-Zr 766.1+10.6 S-Sm 389 
Li-Yb 43.5+12.6 Nd-Te 305415 Os-Os 415+77 5-50 467 

Lr-O 665 Ne-Ne 4.070 Р-Р 489.1 S-Sr 338.5+16.7 
Lu-Lu 42-33 Ме-Хе 431 P-Pt <416.7416.7 S-Ta 669.5+13.5 
Lu-O 669 Ne-Zn 3.92 P-Rh 353.1+16.7 S-Tb 515442 
Lu-Pt 402434 Ni-Ni 204 P-S 442+10 S-Te 335442 
Lu-S 508.4+14.4 Ni-O 366430 P-Sb 356.9+4.2 S-Ti 41843 
Lu-Se 41815 Ni-Pd 140.9 P-Se 363.7+10.0 S-Tm 368421 
Lu-Te 325415 Ni-Pt 273.7+0.3 P-Si 363.6 S-U 528.4+10.5 
Md-O 418 Ni-S 356421 P-Te 297.9+10.0 5-У 449.4+14.6 
Mg-Mg 11.3 Ni-Si 318417 P-Th 372429 5-Ү 528.4+10.5 
Mg-Ne =4.1 Ni-V 206.3+0.2 P-TI 209-13 S-Yb 167 

Mg-O 358.2+7.2 Ni-Y 283.92+0.10 P-U 293421 S-Zn 224.8+12.6 
Mg-S 234 Ni-Zr 279.8+0.1 P-W 305+4 S-Zr 572.0--11.6 
Mg-Xe 9.70+1.79 No-O 268 Pb-Pb 86.6+0.8 Sb-Sb 301.7--6.3 
Mn-Mn 61.6+9.6 Мр-О 731 Pb-S 398 Sb-Te 277.443.8 
Mn-O 362425 О-О 498.36+0.17 Pb-Sb 161.5+10.5 55-11 126.7+10.5 
Mn-S 301417 O-Os 575 Pb-Se 302.9+4.2 Sc-Sc 163-521 
Mn-Se 239.3+9.2 O-P 589 Pb-Te 249.8--10.5 Sc-Se 385417 
Mo-Mo 435.5+1.0 O-Pa 792 Pd-Pd 2136 Sc-Si 227.2+14 
Mo-Nb 452425 O-Pb 374 Pd-Pt 191.0 Sc- Te 289-17 
Mo-O 502 O-Pd 238.1+12.6 Pd-Si 261412 Se-Se 330.5 
N-N 944.84+0.10 O-Pr 740 Pd-Y 241415 Se-Si 538413 
N-O 631.62+0.18 O-Pt 391442 Ро–Ро 187 Se-Sm 331.0+14.6 
N-P 617.1=20.9 O-Pu 656.1 Pr-Pr 129.1 Se-Sn 401.2--5.9 
N-Pt 374.2+9.6 O-Rb 276+12.6 Pr-S 492.5+4.6 Se-Sr 251.0+12.6 
N-Pu 4692-63 O-Re 627-84 Pr-Se 446.4+23.0 Se-Tb 4234220 
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A-B 


Se- Te 
Se-Ti 
Se-Tm 
Se-V 
Se-Y 
Se-Zn 
51—51 
Si-Te 
Si-Y 


Sm-Sm 


D», у тог" 


293.3 
381442 
24-40 
347-21 
435313 
170.7=25.9 
310 
448+8 
258+17 
54+21 


А Не „/К) то 


11.87+0.12 
716.68+0.45 
77.8+0.8 
11.80+0.20 
420.1+2.1 

96 
21.301+0.008 
386 

426.7 
397.48+4.2 
76.5+1.0 
337.4+1.2 
290.4+2.1 
316.4+2.1 

133 
177.4+2.1 
79.38+0.30 
415.5+1.3 
271.96+2.1 


А-В 


Sm-Te 
Sn-Sn 
Sn-Te 
Sr-Sr 
T-T 
Ta-Ta 
Tb-Tb 
Tb-Te 
Tc- Tc 
Те-Те 


D», KJ mol! 


272.4+14.6 
187.1+0.3 
338.1+6.3 
16.64--1.12 
446.67 
390--96 
138.8 
339-42 
330 
257.6+4.1 


А-В 


Те-Ті 
Te-Tm 
Te-Y 
Te-Zn 
Th-Th 
Ti-Ti 
Ti-V 
Ti-Zr 
TI-TI 
ТІ-Хе 


D», у K] mol" 


289-17 
182+40 
339+13 
117.6+18.0 
<289+33 
117.6 
203.2+0.1 
214.3-0.1 
59.4 

4.18 


TABLE 2. Enthalpy of Formation of Gaseous Atoms 


Ref. 


Q G d с + + نم‎ Ы QN ~ с ~ NY WY QN — NY WN = = QN ۲۷م‎ М tA 


Atom АБ „/К) mol! 

Gd 397.5+2.1 

Ge 37243 

H 217.998+0.006 

НЕ 618.4+6.3 

Hg 61.38+0.04 

Но 300.6+2.1 

1 106.76+0.04 

їп 2434 

г 669+4 

K 89.0+0.8 

La 431.0+2.1 

Li 159.3+1.0 

Lu 427.6+2.1 

Mg 147.1+0.8 

Mn 283.3+4.2 

Mo 658.98+3.8 

N 472.68+0.40 

Na 107.5+0.7 

Nb 733.048 

Nd 326.9+2.1 

м 430.1+8.4 

№ 464.8 

О 249.18+0.10 

Оз 787+6.3 

Р 316.5+1.0 

Ра 563 

РЬ 195.2+0.8 

Ра 376.6+2.1 

Pr 356.9+2.1 

Pt 565.7+1.3 
Кеѓегепсеѕ 


1. Brewer, L. and Rosenblatt, G.M., Adv. High Tem. Chem., 2, 1-83, 


1969. 


2. Cox, J.D., Wagman, D.D., and Medvedev, V.A., Eds, CODATA 
Key Values for Thermodynamics, Hemisphere Publishing Corporation, 
New York, 1989; updated e-version: http://www.codata.org/codata. 


3. NIST Chemistry WebBook, 


http://webbook.nist.gov. 


NIST- 


JANAE Thermochemical Table 4th Edition, Ed. Chase, M.W.Jr., ACS, 
AIP, New York, 1998. 


Ref. 


= + = ло — ~ DW + WwW чоо نم‎ шо шо мю ۲م څ‎ FN — — NY BN WN ~ ы 
ы 


Atom 


А Ноу kJ mol! 


345 

159 
80.9+0.8 
774+6.3 
556+4 
650.6+6.3 
277.17%0.15 
264.4 +2.5 
377.854 
227.2+4 
450.0+8 
206.7+2.1 
301.2+1.5 
164.0+1.7 
782.0+2.5 
388.7+2.1 
678 
196.6+2.1 
602+6 
473+3 
182.2+0.4 
232.2+2.1 
533+8 
515.5+8 
851.0+6.3 
424.7+2.1 
155.6:2.1 
130.40+0.40 
610.0+8.4 


D°, KJ mol! 


54-17 
222421 
269.3+0.1 
260.6+0.3 
666 

6.023 
~270+39 
16.3 
22.2--6.3 
298.2+0.1 


мая < 


Q ы Pw ټا‎  _— NN — tn PK Q = نم‎ = = KF ~ = = — 


9-59 


Ref. 


4. Chandrasekharaiah, M.S. and Gingerich, К.А., Thermodynamic 
properties of gaseous species, in Handbook on the Chemistry and 
Physics of Rare Earths; Gschneidner, K.A., Jr, Ering, L., Eds. Elsevier, 
Amsterdam, 1989, Vol. 12, Chapter 86, p. 409-431. 

5. Lias, S.G. et al, Gas-phase ion and neutral thermochemistry, /. 
Phys. Chem. Ref. Data, 17, Supl. 1, 1988. 

6. Klenschmidt, P.D., et al., High Tem. Sci., 19, 267-274, 1985. 
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TABLE 3. Bond Dissociation Energies in Polyatomic Molecules 


The D°, values in polyatomic molecules are notoriously difficult to measure accurately since the mechanism of the kinetic systems 
involved in many of the measurements are seldom straightforward. Thus, much lively controversy has taken place in the literature and is 
likely to continue for some time to come. We will keep on updating and presenting our assessment of the most reliable BDE data every 
year. 

The references relating to each of the D°, values listed in Table 3 are contained in the Comprehensive Handbook of Chemical Bond 


Energies, by Yu-Ran Luo, Taylor & Francis, 2006. Many D°, in Table 3 are derived from the equation 


R-X) = AH*(R) + AH°(X) - AH°(RX) 


Do 


Here, the enthalpies of formation of the atoms and radicals are taken from Tables 2 and 4, respectively, and the enthalpies of formation 
of the molecules are from reference sources listed in the above Comprehensive Handbook of Chemical bond Energie. 

Table 3 presents H-C, C-C, C-halogen, O-, N-, S-, Si-, Ge-, Sn-, Pb-, P-, As-, Sb-, Bi-, Se-, Te-, and metal-X BDEs. The boldface in the 
species indicates the dissociated fragment. The metal-X BDEs are arranged on the basis of the Periodic Table with the new IUPAC nota- 
tion for Groups 1 to 18, see inside front cover of this Handbook. 


Dol D° yl рї 
Вопа К] mol! Вопа Қ) mol! Bond К] mol! 
(1) C-H BDEs CH,=CHCH,CH,CH, 348.8 H-CH,I 431.6+2.8 
CH-H халах CH,=CHCH(CH,), 332.6+7.1 CF,CF,-H 429.742.1 
CH,CH,-H зе CH,-C(CH,CH)CH,-H 3561184 СНЕ,СЕ-Н 431.0+18.8 
CH,CH,CH,-H po (CH,-CH),C(CH,) -H 3222 CH,FCF,-H 433.0+14.6 
CH,CH,CH, 410.5+2.9 Н-сусіо-С,Н, 444.8+1.0 CHF,CFH-H 426.8+14.6 
CH,CH,CH,CH,-H 421.3 Н-СН,-сусіо-С,Н, 407.5+6.7 СЕ,СН,-Н 446.4+4.5 
CH,CH,CH,CH, 411.1422 H-cyclo-C H, 409.2+1.3 СН;СЕ,-Н 4163342 
(CH,),CHCH,-H ОЕ H-cyclo-C,H, 400.0+4.2 CH,FCHF-H 413.4%12.6 
(CH),C-H бар» H-cyclo-C,H,, 4163 СНЕ,СН,-Н 433.0+14.6 
(CH),CCH,-H diga H-C.H, 472.2%2.2 CH,FCH,-H 433.548.4 
(CH,CH)CH(CH), в H-CH,C,H, 375.5+5.0 CH,CHF-H 410.948.4 
CH,CHCH,),CH, То Н-СН(СН)СН, 357.3+6.3 CF,CHCI-H 425.9+6.3 
(C.H)CH(CH,), SU OA H-CH(C,H,), 353.5+2.1 CF,CCIBr-H 404.2+6.3 
CH CH(CH)CH(CH), 35905130 H-CH(C,H,-p-OH), 375.8+4.7 CCIF,CHF-H 412.1221 
сненусн)сн, Б н-с(сн,) сн, 34813422 саса-н 397.5+8.4 
CH,CHCH,),CH, isi H-—-C(C H), 338.9+8.4 CHCI,CCI,-H 393.3+8.4 
HCC-H к ан 1-Н-С,Н, 469.4+5.4 CH,CCl,-H 397.9+5.0 
HCCCC-H 539412 2-H-C,H, 468.235.9 CH,CHCI-H 406.6+1.5 
CHCCH,-H 3520443 H-CF, 445.232.9 CH,CICH,-H 423.1524 
СН,СССН-Н 379.5 Н-СНЕ, 431.854.2 CH,CBr,-H 397.1+5.0 
HCCCH,CH, 373.0 H-CH,F 423.854.2 CH,BrCH,-H 41513834 
CH,-CHCCCH,-H dd H-CCIF, 421.338.4 CH,CHBr-H 406.754.2 
CH,CCCH,CH, 4653596 H-CCLF 410.9+8.4 CF,-CF-H 464.4+8.4 
HCCCH,CH,CH, 349.8184 H-CBrF, 415.5+12.6 СЕ,СЕ,СЕ,-Н 4322 
HCCCH(CH,), 345.2+8.4 H-CHCIF 421.7+10.0 CH,CH,CHCI-H 407.0+3.5 
CH,CCCH(CH,), 344.3+11.3 н-ссі, 392,532.5 CH,-CH-CHF-H 370.744.6 
HCCCCCC-H ~543+13 H-CHCI, 4071342 СН,-СНСНСІ-Н 370.7+4.6 
H,C-CH-H 464.2+2.5 H-CHCI 419.0+2.3 CH,=CHCHBr-H 374.0+4.6 
CH,-C-CH-H 371.1412.6 H-CFCIBr 413221 Н-СЕ, 487.4 
CH,CH-CH-H 464.8 H-CHCIBr 406.0224 H-CH,OH 401.92+0.63 
CH,-CHCH,-H ee H-CCL,Br 387421 CH,CHOH 1 
CH,-CH-CH,CH,-H 410.5 H-CCIBr, 371221 CH,CH,OH 4012442 
CH,-CHCH,CH, 350.6 НЭЭН 399218.4 CH,CH,OH 421.748 
CH,=C(CH,)CH,-H 372.8 CHE, 417.147.5 CH,CH,CH,OH 392 
CH,CHCH-CHCH,H 46 HS BE 4272124 CH,CH,CH,OH 394.658.4 
(CH,=CH),CH-H 320.5+4.2 H-CI, 423129 CH,CH,CH,OH 406.3+8.4 


H-CHI, 431.0+8.4 
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Bond 
(CH,),CHOH 
(CH,),CHOH 
CH,=CHCH,OH 
(CH,),COH 
(CH,=CH),CHOH 
Ph,CHOH 
СН,СН(ОН), 
(СН,ОН), 


HOCH,(CH,),(OH)CH-H 


CH,OCH, 

CHF,OCF, 
CHF,OCHF, 
CH,OCF, 
CH,OCH,CH, 
(CH,),COC(CH,), 
CH,CH,OCH,CH, 
CH,CH,Ot-C(CH), 
CH,OPh 
H-2-oxiran-2-yl 
H-tetrahydrofuran-2-yl 
HC(O)-H 

ЕС(О)-Н 

CH,C(O)-H 
CF,C(O)-H 
C,H,C(O)-H 
CH,-CHC(O)-H 
С.Н,С(0)-Н 
іво-С,Н,С(О)-Н 
C,H,C(O)-H 
(CH,),CHCH,C(O)-H 
С.Н,СН(СН,С(0)-Н 
tert-BuC(O)-H 
Et,CHC(O)-H 
CH,(CHj,C(O)-H 
C,H,C(O)-H 
РҺСН,С(О)-Н 
РЬС(СН,),С(0)-Н 
Н-СН-С-О 
СН,С(О)Н 
CH,C(O)CI 
CH,CH,C(O)H 
CH,COCH, 
CF,C(O)CH, 
CH,COCH,CH, 
МеСОСН,Ме 
EtCOCH,Me 
СН,СН,СОС,Н, 
MeCH,COPh 
H-C(O)OH 


5 


D^ sl 

К] mol! 
383.7+8.4 
394.6+8.4 
341.4+7.5 
418.4+8.4 
288.7 
326 
~ 385 
385.3 
399.2 
402.1 
443.5%4.2 
435.1%4.2 
426.8%4.2 
389.1 
402.1 
389.1 
405.4 
385.0 
420.5+6.5 
385.3+6.7 
368.40+0.67 
423.0 
374.0+1.3 
390.4 
374.5 
372.8 
371.2 
364.5 
372.0 
362.5 
360.8 
375.1 
367.2 
373.3 
371.1+10.9 
362.0 
362.9 
448.1 
394.5+9.2 
<423.4 
383.7 
401.2+2.9 
465.6 
403.8 
386.2+7.1 
396.5+2.8 
402.8+3.6 
388.7 
404.2 


Bond 

CH,C(O)OH 
CICH,C(O)OH 
H-C(O)OCH, 
CH,C(O)OCH, 
CH,C(O)OCH, 
CH,C(O)OCH,CH, 
CH,C(O)OPh 
CH,CH,C(O)OEt 
PhCH,C(O)OEt 
Me,CHC(O)OEt 
PhCHMe(C(O)OEt) 
H-furaylmethyl 
CH,NH, 
СН,Х-СН, 
CH,CH,NH, 
C,H,CH,NH, 
C,H,CH,NH, 
C,H,CH,NH, 
HOCH,CH,NH, 
(CH,CH,),NH 
(C,H,CH,),NH 
(C,H,CH,),NH 
(C,H,), NCH,CH, 
(C,H,CH,),N 
((CH,),CCH.,),N 
(Bu),NCH,(nPr) 
((CH,),CH),N 
(CH,),CHNH, 
CH,NHCH, 
(CH,),N 
tert-BuN(CH,), 
((HOCH,CH,),(CH,))N 
(HOCH,CH,),N 
((HOCH,)CH(CH,)),N 
PhCH,NH, 
РҺМ(СН,СН,), 
Ph,NCH, 
PhN(CH,Ph), 
N(CH,Ph), 
PhN(CH,CH-CH,), 
N(CH,CH-CH,), 
H,NNH(CH,) 
HNN(CH,), 
(CH,),NC,H, 
H-CN 

CH,CN 
CH,CH,CN 
PhCH,CN 
С.Ё.СН,СМ 


о 
D^, 


8 
Қ) mol! 


/ 


398.7+12.1 


398.9 


399.2+8.4 


406.3+10.5 


404.6 
401.7 


419.2+5.4 


400 

370.7 
387.4 
358.2 


361.9-8.4 
392.9-8.4 
407.9+14.6 
377.048.4 
380.748.4 
393.3+8.4 
387.7+8.4 
379.5+8.4. 
370.7+8.4 
379.9+8.4 
384.5+8.4 
379.5+1.7 
376.6+8.4 
388.348.4 


38151 


0.0 


387.0-8.4 
372.0+8.4 
364.0+8.4 
380.7+8.4 
376.6+8.4 
364.4+8.4 
379.9+8.4 
379.9+8.4 


368.2 


383.3+4.2 
379.5+1.7 
357.3+8.8 
372.8+2.5 
339.3+2.9 


345.6+3.3 


410 
410 


383.7+5.4 
528.5+0.8 
405.8+4.2 


393.3+12.6 


344.3 
350.6 


Вопа 
CH,(CN), 
CH,(CN)(NH,) 
(CH,),CHCN 
CH,NC 
H-HCNN 
H-CNN 
CH,NO, 
CH,CH,NO, 
CH,CH,NO, 
Me,CHNO, 
C.H,C(NO,)CHCH, 
H-C(S)H 
CH,SH 
CH,SCH, 
РҺ5СН, 
PhCH,SPh 
(PhS),CHPh 
PhSCHPh, 
CH,SOCH, 
CH,SO,CH, 
CH,SO,CF, 
CH,SO,Ph 
PhCH,SO,Me 
PhCH,SO,CF, 
PhCH,SO,tBu 
Ph,CHSO,Ph 
CH,(SPh), 
H-CH,SiMe, 
H-CH,C(CH,),SiMe 
H-CH,SiMe,Ph 
H-CH((CH,),Si), 
H-CH,B(RO), 
H-CH((CH,),P), 


3 


(2) C-C BDEs 
CH,-CH, 
СН,-С,Н, 
CH,-C,H, 
CH,-iso-C.H, 
CH,-CH, 
CH,-iso-C H, 
CH,-sec-C H, 
CH,-tert-C H, 
CH,-C.H,, 
CH,-CH(C,H,), 
CH,—-C(CH,),(CH,CH,) 
CH,-C.H,, 
C,H,-C,H, 
C H,-C.H, 


9-61 


Р» sul 
К] mol! 


366.5 
3552 
384.5 
389.1+12.6 
405.8+8.4 
331+17 
415.4 
410.5 
410.5 
394.9 
357.3 
399.6+5.0 
392.9+8.4 
392.0+5.9 
389.1 
352.3 
341.0 
344.8 
393.3 
414.2 
431.0 
414.2 
380.7 
372.4 
376.6 
365.3 
372.4 
418+6.3 
409+5 
410.1 
397+13 
412.5 
385+13 


377.4+0.8 
370.3+2.1 
372.0+2.9 
369.0+3.8 
371.5+2.9 
370.3+4.6 
368.2+2.9 
363.6+2.9 
368.4+6.3 
365.7+4.2 
360.9+6.3 
368.2+6.3 
363.2+2.5 
366.1+3.3 


9-62 


Вопа 
iso-C,H,—iso-C,H, 
CH,-CH, 
іво-С,Н,-ізо-С,Н, 
sec-C H,-sec-C H, 
tert-C H,-tert-C H, 
CH,-cyclo-C.H, 
CH,-cyclo-CH,, 
cyclo-C.H, —cyclo-C,H,, 
СН,-СН,С-СН 
СН,-СН,С-ССН, 
СН,-СН(СН,/С-СН 
CH,—CH(CH,)C=CCH, 
сн,-С(СН,),С-СН 
CH,—C(CH,),C=CCH, 
CH,-CHCH, 
CH,-CH-CCH, 
CH,-cyclopro-en-1-yl 
CH,-CH,CH-CH, 
CH,—CH,C(CH,)=CH, 
СН,-СН(СН,СН-СН, 
CH,—C(CH,),CH=CH, 
CH,-cyclo-C.H, 
CH,-CH, 

HCC-C H, 
C,H,-CH, 
CH,-CH,C,H, 
СН,-СН(СНЫ/СН, 
CH,-C(CH,),C.H, 
CH,-CH,CHCHPh 
СН,-СН(С,Н), 
CH,—C(CH,)(C,H,), 
CH.-CH, 
C,H,-CH,C,H, 
С,Н,СН,-СН,СН, 
C,H,-CH(C,H,), 

C H,—C(C.H, 
Ph,CH-CHPh, 
PhCH,-CPh, 

К-К, R = phenalenyl 
К-К, R = 9-phenylfluorenyl 
CF,-CF, 

CF,-CHF, 

CF,-CCIF, 

CF,-CH,F 

СЕ,-ССІ, 
СЕ,-СНВІСІ 
CF,-CH,Br 

CF,-CHJ 

CF,-CH, 


Bond 
СНЕ,-СНЕ, 
CCIF,-CCIF, 
CF,CI-CFCI, 
СНЕ,-СН,Е 
CH,F-CH,F 
СНЕ,-СН, 
CH,F-CH, 
CHCIF-CH, 
CF,Br-CHCIF 
CF,Br-CH, 
ССІ,-ССІ, 
ССІ,-ССІЕ, 
ССІ,-СНСІ, 
ССІ,-СН,СІ 
CC1,-CH, 
СНСІ,-СНСІ, 
СНСІ,-СН,СІ 
СНСІ,-СН, 
CHBrCI-CH, 
CHCIBr-CHCIBr 
CH,CI-CH,Cl 
CH,CI-CH, 
Br,C-CH, 
Br,C-CBr, 
CHBr,-CH, 
СН,В:-СН,СІ 
CH,Br-CH,Br 
CH,I-CH,I 
CH,-CH,Br 
CH,-CH, 
СЕ,-СЕ СЕ, 
СЕ,-СЕ-СЕ, 
CH,-CH,CH,Cl 
CH,-CHCICH, 
CH,CI-CHCICH, 
CH,CI-CH,CCIH, 
CH,-CCL,CH, 
CH,Br-CHBrCH, 
CH,CICH,-CHCICH, 
CH,CICH,-CH,CCIH, 
CH,CHBr-CHBrCH, 
CF,-CAH, 
CCL-CH, 
СН- СЕ, 
СЕСЕ, 
СЕ-СН,СН, 

C F.—C F, 
СЕ,-СНРҺ, 
CF,-CPh, 


Bond Dissociation Energies 


Bond 

СЕ,СЕ-СЕСЕ, 
CH,FCH,-CPh, 
CHF,CH,-CPh, 
CH,-CH,OH 
СЕ,-СН,ОН 
C,H,-CH,OH 
С,Н,-СН,ОН 
iso-C,H,-CH,OH 
C,H,-CH,OH 
sec-C,H,-CH,OH 
iso-C,H,-CH,OH 
C,H,-CH,OH 
HOH,C-CH,OH 
NH,CH,-CH,OH 
CH,-CH,OCH, 
СН,ОСН,-СН,ОСН, 
CH,-C(O)H 
CCL-C(O)H 
CH,-C(O)F 
CH,-C(O)CI 
CCL-C(O)CI 
CHCI,-C(O)CI 
CCIH,-C(O)CI 
C,H.-C(O)H 
C,H.-C(O)CI 
CH,-C(O)CH, 
C,H.-C(O)CH 
С,Н,-С(О)СН 
iso-C.H. -C(O)CH, 

C H.-C(O)CH, 
tert-C H,-C(O)CH, 
C,H,-C(O)CH, 
C,H,CH,—C(O)CH, 
HC(O)-C(O)H 
CIC(O)-C(O)CI 
CH,C(O)-C(O)H 
CH,C(O)-C(O)CH, 
C,H,C(O)-C(O)C.H, 
CH,-C(O)OH 
CF,-C(O)OH 
CCL-C(O)OH 
CCIH,-C(O)OH 
CH,Br-C(O)OH 
NH,CH,-C(O)OH 
CH,NHCH,-C(O)OH 
C,H.-C(O)OH 
C,F.-C(O)OH 
HOCH,-C(O)OH 
HOC(O)-C(O)OH 


Р» sul 
К] mol! 


558.1+12.6 
274.9+16.7 
264.0+16.7 
364.8+4.2 
405.4+6.3 
356.9+5.0 
357.3+3.3 
354.8+4.2 
355.6+4.2 
352.7+4.2 
354.0+5.4 
413.4+5.4 
358.2+6.3 
335.6+10.5 
363.2+5.0 
338.9+10.5 
354.8+1.7 
309.2+5.0 
417.6+6.3 
367.8+6.3 
289.1+6.3 
312.5+8.4 
340.2+8.4 
408.4+4.2 
417.6+6.3 
351.9+2.1 
347.3+2.9 
348.5+2.9 
340.2+3.8 
346.945.4 
329.3+4.2 
406.7+4.6 
299.7+8.4 
295.8+6.3 
292.5+8.4 
302.5+8.4 
307.1+4.2 
288.3+16.7 
384.9+8.4 
370.7+8.4 
310.5+12.6 
357.7+8.4 
358.2+8.4 
349.4+8.4 
300.4+8.4 
429.7+8.4 
470.0+10.5 
371.545.4 
334.7+6.3 


Bond Dissociation Energies 


Bond 


CH,NHCH,-C(O)OH 
CH,CH(NH,)-C(O)OH 
NH,CH,-CH,C(O)JOH 


CN-CN 
HC(O)-CN 
HC(S)-CN 
CF,-CN 

CH,-CN 
NCC-CN 
C,H,-CN 
CH,-CH,CN 
C,H,-CH,CN 
CH,-CH(CH,)CN 
CH,-C(CH,),CN 


CH,-C(CH,)(CN)CH, 
(Ph),(CN)C-C(CN)(Ph), 


(NO,),C-C(NO,), 
Са“ С, 


(3) C-halogen BDEs 
F-CN 
F-CF, 
Е-СНЕ, 
F-CH,F 
Е-СЕ,СІ 
Е-СЕСІ, 
Е-СНЕСІ 
Е-ССІ, 
F-CH,Cl 
E-CH, 
Е-С-СН 
Е-С-СЕ 
Е-СЕ-СЕ, 
Е-СЕ,СЕ, 
Е-СН,СЕ, 
Е-СЕ,СН, 
ЕСН, 
ЕСН, 
ЕСН, 
F-iso-C.H, 
F-tert-C H, 
ЕСН, 
Е-СЕ, 
Е-СН,СН, 
Е-СОН 
F-COF 
F-COCI 
F-C(O)CH, 
CI-CN 
CI-CF, 


D^ sl 

К] mol! 
301.2+16.7 
331.4+16.7 
325.5+16.7 
571.9+6.7 
455.2+8.4 
530.1+8.4 
469.0%4.2 
521.7+9.2 
462.3 
506.7+7.5 
348.1+12.6 
386.6+8.4 
332.6+8.4 
340.6+16.7 
250.6 
109.6 
308.8 
955.2+14.5 


482.8 
546.8+2.1 
533.9+5.9 
496.2+8.8 
511.7 
482.0+10.5 
462.3+10.0 
439.3+4 
465.3+9.6 
460.2+8.4 
521.3 
519421 
546.4412.6 
532.2+6.3 
457.7 
522.2+8.4 
517.6+12.6 
467.4t8.4 
474.9+8.4 
483.8+8.4 
495.8+8.4 
525.5+8.4 
485+25 
412.8+4.2 
497.9+10.5 
510.3 
484.5 
511.7+12.6 
422.6%8.4 
365.343.8 


Bond 
СІ-СНЕ, 
СІ-СН,Е 
СІ-СЕ,СІ 
СІ-СЕСІ, 
СІ-СНЕСІ 
СІ-ССІ, 
СІ-СНСІ, 
СІ-СН,СІ 
CI-CBrCl, 
CI-CH,Br 
СІ-СН,І 
СІ-СН, 
СІ-С-ССІ 
СІ-С-СН 
CI-CH,CN 
CI-CCI-CCI, 
СІ-СН-СН, 
СІ-СЕ-СЕ, 
СІ-СЕ,СЕ, 
СІ-СЕ,СЕ,СІ 
СІ-ССІ,СЕ, 
CI-CCI,CCI, 
CI-CHCICCI, 
CI-CCI,CHCI, 
CI-CHCICH, 
CI-CH,,CH,Cl 
CI-CHBrCH, 
CI-CH,CH, 
CI-CH,CH-CH, 
СІ-С,Н, 
сі-сы,сн,сн,сі 
Cl-iso-C,H, 


CI-CH,CHCH-CH, 


CI-C H, 
Cl-sec-C,H, 
Cl-tert-C,H, 
CH,CHCHCI(CH,) 
CI-C,H,, 
CI-C(CH,),(C,H,) 
Cl-cyclo-C,H,, 
CI-C,H, 

CI-C,F. 
СІ-СН,С,Н, 
CI-C(O)CI 
CI-COF 
CI-C(O)CH, 
CI-C(O)CH,CH, 
CI-C(O)CH, 
CI-CH,C(O)CH, 


+6.3 


+6.3 
+6.3 
+6.3 
+6.3 
+6.3 
+6.3 
+6.5 
+6.3 
+8.4 
+43 
+8.4 


+8.4 
+6.3 


+8.4 


Вопа 
CI-CH,C(O)OH 
СІ-С(О)ОС,Н, 
CI-C(NO,), 
Br-CN 
Br-CF, 
Вг-СНЕ, 
Вг-СЕ,СІ 
Ві-ССІ, 
Вг-СН,СІ 
Br-CBr, 
Br-CHBr, 
Br-CH,Br 
Br-CH,I 
Br-CH, 
Br—C=CH 
Вг-СН-СН, 
Вг-СЕ,СЕ, 
Br-CCIBrCF, 
Br-CF,CF,Br 
Br-CHCICF, 
Br-CF,CH, 
Br-CH,CH,CI 
Br-CHCICH, 
Вг-С,Н, 
Вг-СН,СН-СН, 
Вг-С,Н, 
Br-iso-C.H, 
Br-CH,CH,CH,Br 
Br-CF,CF,CF, 
CF,CFBrCF, 
Br-C H, 
Br-sec-C H, 
Br-tert-C H, 
Br-C.H. 
Br-C,F. 
Вг-СН.С H 


276 5 
Br-CH,C F, 
Вг-1-С,Н, 
Вг-2-С,Н, 
Br-anthracenyl 
Br-C(O)CH, 
Вг-С(О)СН, 
Br-CH,C(O)CH, 
Br-CH,C(O)CH, 
Br-CH,C(O)OH 
Br-C(NO,), 
I-CN 
1-СЕ, 

І-ССІ, 


9-63 


Р» sul 
К] mol! 


310.9+2.2 
364 

302.1 
364.8+4.2 
296.2+1.3 
288.7+8.4 
269.9+6.3 
231.4+4.2 
277.3+3.6 
242.3+8.4 
274.9+13.0 
276.1+5.3 
274.5+7.5 
294.1+2.1 
410.5 
338.343.1 
283.3+6.3 
251.0+6.3 
282.8+6.7 
274.9+6.3 
287.0+5.4 
292.5+8.4 
272.0+8.4 
292.9+4.2 
237.2+5.0 
298.3+4.2 
299.2+6.3 
324.7 
278.2+10.5 
274.2+4.6 
296.6+4.2 
300.0+4.2 
292.9+6.3 
336.4+6.3 
~328 
239.3+6.3 
225.1+6.3 
339.7 
341.8 
322.6 
292.0+8.4 
276.6+8.4 
257.9+10.5 
271 
257.4+3.7 
218.4 
320.1 
227.2+1.3 
168+42 


9-64 


Вопа 
I-CH,Cl 
I-CH,Br 
I-CHJI 
I-CH, 
I-CH,CN 
1-СЕ,СЕ, 
1-СЕ,СЕД 
1-СН,СЕ, 
1-СНЕССЕ, 
1-СЕСН, 
I-CFICH3 
CF,CFICF, 
I-CH=CH, 
І-С,Н, 
I-CH,CH=CH, 
I-C.H, 
I-iso-C,H, 
СЕ, 
I-tert-C H, 
БСН, 
СЕ, 
I-CH,C H, 
I-1-naphthyl 
1–2-парћећу! 
I-CH,CN 
I-CH,OCH, 
I-CH,SCH, 
I-C(O)CH, 
I-C(O)C,H, 
I-CH,C(O)OH 
I-C(NO,), 


(4) O-X BDEs 
HO-H 

FO-H 

CIO-H 
BrO-H 

IO-H 
CH,O-H 
CF,O-H 
НС-СО-Н 
C,H,O-H 
CH,=CHO-H 
CF,CH,O-H 
C,H O-H 
iso-C,H,O-H 
C,H,O-H 
sec-C,H,O-H 
tert-C,H,O-H 
tert-BuCH,O-H 


D^ 


298 
К] mol! 


221.8+4.2 
219.2+5.4 
216.9+7.9 
238.9-2.1 
187.0+6.3 
219.2+2.1 
217.6+6.7 
235.6+4.2 
202+2 
217.6+4.2 
218.0+4.2 
215.1 
259.0+4.2 
233.5+6.3 
185.8+6.3 
236.8+4.2 
234.7+6.3 
205.8 
227.2+6.3 
272.0+4.2 
<301.7 
187.8+4.8 
274.5+10.5 
272.0+10.5 
187.0+8.4 
229.4+8.4 
216.8+6.3 
223.0+8.4 
212.1+8.4 
197.5+2.7 
144.8 


497.10+0.29 
425.1 

393.7 

405 

403.3 
440.2+3 
497.1 

443.1 
441.0+5.9 
355.6 
447.7+10.5 
<433+2 
442.3+2.8 
432.3 
441.4+4.2 
444.9t2.8 
436.1 


Bond 
C,H,CH,O-H 
CH,C(OH)O-H 
(CH,),C(OH)O-H 
HC(O)O-H 
CH,C(O)O-H 
C;H,C(O)O-H 
iso-C.H.C(O)O-H 
C,H,C(O)O-H 
HOO-H 
CH,OO-H 
СЕ,ОО-Н 
CH,FOO-H 
ССІ,ОО-Н 
CHCI,OO-H 
СН,ПОО-Н 
CBr,OO-H 
CH,BrOO-H 
C,H,OO-H 
CH,CHCIOO-H 
CH,CCI,OO-H 
CF,CHCIOO-H 
C,CLOO-H 
iso-C,H,OO-H 
CH,-CHCH,OO-H 
tert-C,H,OO-H 
C,H,OO-H 
C,H,CH,OO-H 
(C,H,), CHOO-H 
CH,C(O)OO-H 
CCL(CN)OO-H 
OHCH,OO-H 
H-ONO 
H-OONO 
H-ONO, 
H-ONNOH 
H-OPO, 
H-OSO,OH 
H-OSiMe3 
(CH,)CHNO-H 
(CH,),CNO-H 
(C,H)CHNO-H 
PhO-H 
a-tocopherol КО-Н 
B-tocopherol RO-H 
y-tocopherol RO-H 
5-tocopherol RO-H 
р-С,Н,СН,-С,Н,О-Н 
О-О, 

HO-OH 

HO-OF 


379 
354.8+9.2 
377 

383 

384 

383 

356 

3724 
352.348.8 
384 

363 

370 

386 

384 

368 

330.7 
299.2 
426.8 

189 
465.7+12.6 
441.4:14.6 
495 

354.4 
354.0 
368.6 
362.8+2.9 
323.4 
335.6 
335.1 
342.8 
356.2 
106.6 
210.66+0.42 
199.7+8.4. 


Bond Dissociation Energies 


Bond 

HO-OCI 

HO-OBr 

FO-OF 

CIO-OCI 

IO-OI 

trans-perp- HO-ONO 
сів-сіз-НО-ОМО 
НО-ОКО, 
НО-ОСН, 

НО-ОСЕ, 
НО-ОС,Н, 
HO-O-iso-C,H, 
HO-O-tert-C H, 
НО-ОС(О)СН, 
HO-OC(O)C,H, 
СН,О-ОСН, 
СЕ,О-ОСЕ, 
C,H,O-OC,H, 
C,H,O-OC,H, 
іво-С,Н,О-О-ізо-С,Н, 
sec-C H,O-O-sec-C H, 
tert-BuO-O-tert-Bu 


tert-BuCH,O-OCH,-tert- 


Bu 
EtC(Me),O-OC(Me),Et 
(CF,),CO-OC(CF,), 
Ph,CO-OCPh, 
5Е,О-О5Е, 
5Е,О-ОО5Е, 
(CH,),CO—OSi(CH,), 
tert-BuO-OGeFt, 
tert-BuO-OSnEt, 
СЕ,ОО-ОСЕ, 
HC(O)O-OH 
FC(O)O-OC(O)F 
CH,C(O)O-ONO, 
CH,C(O)O-OC(O)CH, 
CF,C(O)O-OC(O)CF, 
CF,OC(O)O-OC(O)F 
CF,OC(O)O-OCF, 


CF,OC(O)O-OC(O)OCE, 
C,H,C(0)0-OC(O)C H, 
C,H,C(0)0-OC(O)C H, 


FS(0),0-OS(O),F 
HO-CF, 

ЕО-СЕ, 

но-сн, 
HO-C,H, 
НО-СН,СЕ, 
НО-СН,СН-СН, 


D°! 

К] mol! 
~146 
138.5+8.4 
199.6 
72.4+2.8 
74.9+17 
<67.8+0.4 
83.3+2.1 
163.2+8.4 
189.1+4.2 
201.3+20.9 
178.7+6.3 
185.8+6.3 
186.2%4.2 
169.9+2.1 
169.9+2.1 
167.4+6.3 
198.7+2.1 
166.1 
155.2%4.2 
157.7 
152.3%4.2 
162.8+2.1 


152.3 
164.4+4.2 
148.5+4.6 
131.4 
155.6 
126.8 
196.6 
192.5 

192.5 
126.8+8.4 
199.2+8.4 
96.2 
131.4+8.4 
140.2+21 
125.5 
121.3+4.2 
142.3+2.9 
119.2 
150.6 
150.6 
92—100 
<482.0+1.3 
408+17 
384.93+0.71 
391.2+2.9 
408.4+8.4 
332.6+4.2 


Bond Dissociation Energies 


Bond 

HO-C,H, 
HO-iso-C,H, 
HO-CH, 
HO-sec-C,H, 
HO-iso-C,H, 
HO-+tert-C,H, 
HO-CH(CH,)(nC,H,) 
HO-CH(C,H,), 
HO-C(CH,),(C,H,) 
HO-CAH, 
НО-СЕ, 
HO-CH,C,H 


26 5 
HO-C(CH,),C,H, 
cyclo-C.H,-OH 
1-С,Н;-ОН 
2-С,Н,-ОН 
(CH,),(NH,)C-OH 
CH,C(O)-OH 
НОСН,-ОН 
CH,-OCH, 
ICH,-OCH, 
CH,O-C,H, 
CH,O-CHCICH, 
CH,O-C,H, 
CH,O-iso-C,H; 
CH,O-C,H, 
CH,O-tert-C,H, 
C,H,-OCH, 
C,H,CH(CH,)—OCH, 
C,H,-OCH, 
CH,-OC(O)H 
HC(O)-OH 
CH,C(O)-OH 
С,Н,С(0)-ОН 
HO-CH,C(O)OH 
CH,-OC(O)CH, 
HC(O)-OCH, 
CH,C(O)-OCH, 
C,H,C(O)-OCH, 
С,Н,С(0)-ОСН, 
СН,ОСН,-ОСН, 
CH,C(O)-OC(O)CH, 
C,H,C(O)-OC(O)C Н, 
CH,-OOH 
C,H,-OOH 
C,H,-OOH 
іво-С,Н,-ООН 
tert-C,H,-OOH 
CH,-OOCH, 


D” ogl 


298 
kJ mol! 


392.0+2.9 
397.9+4.2 
389.9+4.2 
396.1+4.2 
394.1+4.2 
398.3+4.2 
398.3+4.2 
399.2+4.2 
395.8+6.3 
463.6+4.2 
446.9+9.2 
334.1+2.6 
339.3+6.3 
385.8+6.3 
468.6+6.3 
467.8+6.3 
310.4+6.3 
459.4+4.2 
411.3 
351.9+4.2 
373.2+12.6 
355.2+5.4 
370.3+8.4 
358.6+6.3 
360.7+4.2 
346.0+6.3 
353.1+6.3 
418.8+5.9 
313.4+9.6 
326.8+4.2 
383.7+12.6 
457.7+2.1 
459.4+4.2 
447.7+10.5 
368.2+10.5 
380.3+12.6 
423.8+4.2 
424.3+6.3 
421.3+12.6 
307.5+8.4 
367.5+8.4 
382.4+12.6 
384.9+16.7 
300.4+12.6 
332.2+20.9 
364.4 
298.3 
309.2+4.2 
292.5+8.4 


Вопа 

СЕ ООСЕ, 
CH,-OO 
СЕ,-ОО 
CCIF,-OO 
CCLF-OO 
CH,Cl-OO 
CHCL-OO 
ССІ,-ОО 
НС(О)-ООН 
CH,C(O)-OOC(O)CH, 
CIO-CF, 
CH,-ONO 
С,Н;-ОМО 
С.Н,-ОМО 
iso-C.H. -ONO 
C,H,-ONO 
iso-C,H,-ONO 
sec-C,H,-ONO 
іегі-С.Н,-ОМО 
(C,H,)(CH,),C-ONO 
CH,-ONO, 

C, H.-ONO, 
CH,O-CH,CN 
O-N, 

O-NO 

O-NO, 
NO-NO 
O,N-ONO, 
сі-НО-МО 
trans-HO-NO 
FO-NO 
cis-CIO-NO 
trans-CIO-NO 
cis-BrO-NO 
trans-BrO-NO 
trans-perp-HOO-NO 
CH,O-NO 
С,Н,О-МО 
C,H,O-NO 
iso-C,H,O-NO 
C,H,O-NO 
iso-C,H,O-NO 
sec-C,H,O-NO 
tert-C,H,O-NO 
tert-AmO-NO 
C,H,O-NO 
HO-NO, 
FO-NO, 
CIO-NO, 


D^ 
Қ) mol! 


361.548.4 
137.0+3.8 
169.0 
127.6 
124.7 
122.4+10.5 
108.2+8.2 
92.0+6.4 
290.0 
315.1 
<369.9+1.3 
245.2 
260.2 
249.4+6.3 
254.4+6.3 
256.5+6.3 
254.0+6.3 
253.6+6.3 
252.7+6.3 
254.0+8.4 
340.2 
344.8 
393.3 
167.4+0.4 
306.24+0.41 
208.6+1.4 
40.62.1 
95.4+1.5 
207.0 
200.64+0.19 
132.5+17 
127.6+8.4 
116.6+8.4 
138.1+8.4 
121.6+8.4 
114.2+4 
176.6+3.3 
185.4+4.2 
179.1+6.3 
175.3+4.2 
177.8+6.5 
175.7+6.5 
173.6+3.3 
176.1+5.9 
171.1+0.4 
87.0 

205.4 
131.8+12.6 
111.8+2.1 


Вопа 
BrO-NO, 
CH,O-NO, 
CH,O-NO, 
С.Н,О-МО, 
iso-C,H,O-NO, 
HOO-NO, 
CH,OO-NO, 
CF,OO-NO, 
CF,CIOO-NO, 
CFCLOO-NO, 
CCL,OO-NO, 
CH,N(O)-O 

C H.N(O)-O 
C,H,N-O 
C,H,N=N(O)(C,H,)-O 
C.H,(O)N=N(O)(C,H,)-O 
O-SO 

O-SOF, 
O-SOCI, 
O-S(OH), 
HO-SH 
HO-SOH 
HO-S(OH)O, 
HO-SCH, 
HO-SO,CH, 
F-OH 

F-OF 

Е-ОСЕ, 
Е-ОСН, 
F-ONO, 
CI-OH 
CI-OCI 
СІ-ОСЕ, 
СІ-ОСН, 
CI-O-tert-C H, 
CI-OOCI 
CI-ONO, 
Br-OH 
Br-OBr 
Br-O-tert-C H, 
Br-ONO, 
I-OH 

I-OI 

I-ONO, 


(B) N-X BDEs 
H-NH, 
H-NE, 
H-NNH 

H-N 


8 


9-65 


Рә sul 
К] mol! 


118.0+6.3 
176.1+4.2 
174.5+4.2 
177.0+4.2 
175.7+4.2 
99.2+4.6 
86.6+8.4 
105 

106.7 
106.7 

95.8 
305.3+4.4 
392+8 
264.9+2.0 
309.4+3.5 
309.4+3.6 
551.1 
513.3 
398.5 
493.7+25 
293.3+16.7 
313.4+12.6 
384.9+8.4 
303.8+12.6 
360.2+12.6 
2151 
164.1 
200.8+4.2 
>196.6 
140.6 
233.5 

142 
<220.9+8.4 
200.8 
198.3 

91.2 

169.5 
209.6+4.2 
125 

183.3 
143.1+6.3 
213.4 
130.1 
>140.6 


450.08+0.24 
316.7+10.5 
2544 

<389 


9-66 


Вопа 
Н-М-СН, 

Н-МО 

Н-МСО 

H-NCS 

H-NCS 

CH,NH, 
tert-BuNH, 
C.H.CH,NH, 
(CH,),NH 
H-NHNH(CH,) 
H-NHN(CH,), 
NH,CN 

(NH,),C=O 
(NH,),C=S 
CH,CSNH, 
PhCSNH, 
(PhNH),C-S 
(NH,),C=NH 
Ph,C=NH 
H-N(SiMe)), 
H-NHPh 
C.H.NHOH 

C H,NH(CONMe2) 
H-NPh 


2 


H,N-NO, 
H,NN(CH,)-NO 
(C,H,),N-NO 
N,-CH, 
N,-C.H, 
N,-CH,C.H, 
CH,-NC 
C,H.-NC 
iso-C,H,-NC 
tert-C,H,-NC 
NC-NO 
CH,-NO 
CF,-NO 
CCL-NO 
C,H.-NO 


387.9 
364.8 

63 
480.7+0.4 
8.49+0.12 
42.5 
57.3+1 
277.0+1.3 
92.9+12.6 
275.8+8.4 
259.8+8.4 
227.6+8.4 
230 

179.6 

94.6 
335.1+20.5 
375.7+20.9 
211.3+14.2 
413.0+3.3 
413.4+8.4 
423.0+8.4 
399.6+5.4 
204.4 

172 

167 

125 

171.5 


Вопа 
CH,CHCH,-NO 
iso-C,H,-NO 
tert-C,H,-NO 
СНА мо 
C.F,.-NO 
C,H,CH,-NO 
CH,-NO, 
C,H,-NO, 
C,H,-NO, 
iso-C.H.-NO, 
CH,-NO, 
sec-C,H,-NO, 
tert-C,H,-NO, 
C. H.-NO, 
C,H,CH,-NO, 
(МОДСН,-МО, 
(NOj,C-NO, 
СЕ,-МЕ, 
C,H,CH,-NF, 
CH,-NH, 
C,H,-NH, 
C,H,-NH, 
iso-C.H.-NH, 
C,H,-NH, 
зес-СН МН, 
iso-C НУ МН, 
tert-C H,-NH, 
pyridin-2-yl-NH, 
C,H.-NH, 
C,H,CH,-NH, 
C,H,CH(CH),-NH, 
HC(O)-NH, 
CH,C(O)-NH, 
HS-NO 
CH,S-NO 
tert-BuS-NO 
PhCH,S-NO 
C.H,S-NO 
SCN-SCN 
FSO,-NF, 
F-NO 

F-NO, 

Е-МЕ, 

F-NH, 
CI-NO 
CI-NO, 
CI-NF, 
CI-NH, 
Br-NO 


429.3+4.2 
306.7+6.3 
307.5:9.6 
421.7+8.4 
414.6+8.4 
138.9 
104.6+4.2 
115.1 
120.5 
81.2+5.4 
255.6 

163 
235.26 
221.3 
254.0 
286.6 
158.8+0.8 
141.8+1.3 
~134 
253.1 
120.1+0.8 


Bond Dissociation Energies 


Bond 
Br-NO, 
Br-NF, 
I-NO 
I-NO, 


(6) S-X BDEs 
H-SH 
H-SCH, 
H-SCHCH, 
Н-5С,Н, 
Н-5С,Н, 
H-S-iso-C,H, 


H-S-tert-C H, 


H-SOH 
H-SCOCH, 
H-SCOPh 
H-SO,CH, 
H-SSCH, 
H-SPh 
H-SSH 
H-SSSH 
HS-SH 
FS-SF 
CIS-SCI 
HS-SCH, 
HS-SPh 
CH,S-SCH, 
С,Н,8-5С,Н, 
MeS-SPh 
C.H.S-SCH, 
F.S-SF, 
HS-CH, 
Н5-С,Н, 
Н8-С,Н, 
HS-iso-C,H, 
HS-C,H, 
HS-sec-C H, 
HS-iso-C H, 
HS-tert-C H, 
HS-CAH, 
HS-CH,CAH, 
HS-C(O)H 
HS-C(O)CH, 
CH,S-CH, 
HOS-CH, 
CH,SO-CH, 
HOSO,-CH, 
CH,SO,-CH, 
Е,5-СЕ, 
Е-5Е, 


D' sul 
К] mol! 


82.0+7.1 
«2272 
75.644 
79.644 


381.18+0.05 
365.7+2.1 
351.5+8.4 
365.3 
365.7 
369.9+8.4 
362.3+9.2 
330.5+14.6 
370.7 

364 

<397 
330.5+14.6 
349.4+4.5 
318.0+14.6 
292.9+6.5 
270.7+8.4 
362.3 
329.7 
272.0 
255.2+6.3 
272.8+3.8 
276.6 
272.0+6.3 
214.2+12.6 
305+21 
312.5+4.2 
307.9+2.1 
310.5+2.9 
307.1+3.8 
309.2+2.9 
307.5+2.9 
310.0+4.6 
301.2+3.8 
360.7+6.3 
258.2+6.3 
309.6+8.4 
307.9+6.3 
307.9+3.3 
284.9+12.6 
221.8+8.4 
324.3+12.6 
279.5 
392+43 
391.6 


Bond Dissociation Energies 


Bond 
F-SO,(F) 
CI-SF, 
СІ-5О,СН, 
CI-SO,Ph 
Br-SBr 
Вг-5Е, 
1-5Н 
I-SCH, 


(7) Si-, Ge-, Sn-, and Pb-X BDEs 


SiH,-H 
Me,Si-H 
H,Si,-H 
(C,H,),Si-H 
C,H,SiH,-H 
(CH,S),Si-H 
(iPrS),Si-H 
PhMe,Si-H 
РЬ,ЯН-Н 
Ph,MeSi-H 
SiF,-H 
SiCl,-H 
SiBr,-H 
ЯН,-ЯН, 
SiH,-Si,H, 
Ph,Si-SiPh, 
E,Si-SiF, 
SiH,-CH, 
SiF,-CH, 
H,Si-NO 
H,Si-PH, 
SiH,-F 
SiH,-Cl 
SiH,-Br 
SiH, 
GeH,-H 
Me,Ge-H 
Ph,Ge-H 
(CH,),Ge-Ge(CH,), 
(CH,),Ge-CH, 
Me,Sn-H 
Ph,Sn-H 
(CH,),Sn-Sn(CH,), 
(CH,),Sn-Cl 
(CH,),Pb-Pb(CH,), 
СІ,РЬ-СІ 
(CH,),Pb-CH, 


(8) P-, As-, Sb-, Bi-X BDEs 
H,P-H 

CH,PH-H 

H,P-PH, 


D^» 

Қ) mol! 
379 
«272 
293 
297 
259+17 
<230 
206.7+8.4 


206.3+7.1 


383.7+2.1 
396+7 
373+8 
396+4 
382+5 
364.0 
376.6 


375+5 
355.6 
158.2+5.7 
331.4 
638+5 
458+7 
376+9 
299+8 
348.9+8.4 
364.0 
359.8 
280.3 
288.7 
326.4 
294.6 
257.7 
425+17 
228.4 
271+84 
238+21 


351.042.1 
322.2+12.6 
256.1 


Вопа 
(C,H,) 2Р-Р(С,Н,), 
F,P-F 
CI,P-CI 
Br,P-Br 
ЇР-1 
H,P-SiH, 
H,As-H 
H,Sb-H 
F,Bi-F 
Br,Bi-Br 


(9) Se- and Te-X BDEs 
H-SeH 

H-SeC,H, 

PhSe-SePh 

H-TeH 

H-TeC H, 

PhTe-TePh 


(10) Metal-Centered BDEs 


Р! 

Қ) mol! 
359.8 
549 
356+8 
<259 
217 
331.4 
319.2+0.8 
288.3+2.1 
435+19 
>297.1 


334.93+0.75 
326.4416.7 

280-19 
277.0%5.0 
5264 
138.1+12.6 


Arranged by the Periodic Table 


(10.1) Group 1 
Li-OH 
Li-C,H, 
Li-nC,H, 
Na-OH 
Na-O, 

K-OH 
Rb-OH 
Cs-OH 


(10.2) Group 2 
BeO-H 
Be(OH)-OH 
MgO-H 
Mg(OH)-OH 
BrMg-CH, 
BrMg-CH,CH, 
BrMg-i-C,H, 
BrMg-t-C,H, 
BrMg-C.H, 
BrMg-CH,CAH, 
BrMg-C(C,H,), 
Ca(OH)-OH 
Sr(OH)-OH 
Ba(OH)-OH 


(10.3) Group 3 

Sc-CH, 

Sc-CAH, 
La(n’-C,Me,),-CH(SiMe,), 
Nd(n?-C,Me,),—CH(SiMe,), 
(n°-C,Me,), Sm—H 


431.0 
214.648.4 
197.9+16.3 
342.3 

<200 

359 
356.2+4.2 
373 


116+29 
60.8 
278.7+10.5 
236.8+10.5 
226.8+12.6 


Вопа 
(17-С,Ме,,5шт-ОСН, 
(n?-C, Me,),Sm-(n?-C,H.) 
(n?-C.Me,),Sm-S-n C.H, 
(1:-С,Ме,),ӛт-М(СН,), 
(n?-C,Me,), Sm—SiH(SiMe,), 
(17-С,Ме,),85ш-Р(ЕО, 
(n?-C, Me,),Eu-I 
(17-С,Ме,),ХЬ-1 
Lu(n?-C,Me,),—CH(SiMe,), 
(n3-C,H,SiMe,),Th-H 
(n3-C,H,SiMe,),Th-O 
(n°-C,H,),Th-CH, 
(-C,H,), Th-CH,Si(CH,), 
(C,H.),Th-CH,C H, 
(n3-C,H,tBu),U-H 
(n3-C,H,SiMe,),U-H 
ІНВ(3,5-Ме,Р?) ІС(СІ),-СІ 
(n°-C,H,SiMe),U-I 
(m°-C,H,tBu),U-O 
(n°-C.H,SiMe),U-CO 
(C,H.),U-CH, 
(1*-C,Me,),U(CI)-C,H, 
(n3-C,H, SiMe,),U-THF 


(10.4) Group 4 
Тї(17-С,Н,),-С1 
Ti(CD)(-C H ),-Cl 
23) С Ме), 
Ti(r?-C.H.),-CO 
Ti(CO)(n?-C.H ),-CO 
Ti-CH, 

Ti(CD(n*- C.H), -CH, 
Ti(CD((m-C.H.),-C H, 
Ti(C,H)-C,H, 
7ї(17-С,Ме,),--Н 
Zr(H)(n°-C,Me,),-H 
Zr(n°-C,Me,),—Cl 
Zr(n°-C,Me,),—Br 
7х(1)(12-С.Ме,);-І 
Zr(n°-C,Me,),(Ph)—OH 


Zr(n*- 
C,Me,),(Ph)(OH)-OH 


Zr(1*-C,Me,) (NH,)H-NH, 
Zr(n°-C,Me,),—CH, 
Zr(n°-C,H,),(C,H,)—C,H, 
Zr(n°- 

C.H.) (Si(SiMe,).)-SiMe, 


НЕН) (п°-С,Ме,),-Н 
Hf(n?-C,Mej(C,H,)-C H, 
(10.5) Group 5 
(1*-C,H)(CO), У тен, 
(1:-С.Н.(СО),У-СО 


9-67 


Пе osl 

К] mol! 
343.1 
188.3+6.3 
295.4+10.0 
201.7+7.5 
179.9+21 
136.4+8.4 
238.9+8.4 
256.1+6.3 
279.1+10.5 
277+6 
371+24 
375+9 
369+12 
342+9 
249.7+5.7 
253.7+5.1 
422.6 
265.6+4.3 
307+9 
43.1+0.8 
196.3+6.6 
358+11 
41.0%0.8 


471 

390 

219 

174 

170 
174%29 
276 

292 

308.7 
351.0+7.5 
326.4+4 
481.2 
410.0 
336.4+2.1 
482.4+6.3 


482.8+10.5 
421.3+15.1 
276+10 
300+10 


188+30 


346.0+7.9 
274+10 


90+20 
146+21 


9-68 


Вопа 

V-CH, 

усн, 

V(C,H)-C,H, 
Nb(n°-C,H,),H,-TFE 
Та(СН),-СН, 

(Me,SiCH,), Ta-(CH,SiMe,) 


(10.6) Group 6 
[Cr(CO),(-C,Me,)];-Hg 
[Cr(CO),(n-C,Mej)]-Hg 
Cr(CO).-Xe 
(CO),(PPh,)(n*-C,H,)Cr-H 
(12-С.Н.)Ст(СО),-Н, 
Cr(CO).-H, 
(P(C,H, ) JJ, (CO), Cr-H, 
(n*-C.H)(CO),Cr-H, 
Cr(CO).-N, 
(P(C,H,)J,(CO),Cr-N, 
(n?-C,Me,)(CO),Cr-SH 
Ск(СО),-СО 
Ск(СО)СН, 

Сг-С,Н, 

Cr(C,H,)-C,H, 
Cr(CO),-C.H, 

(P(C,H, ) ),(CO),Cr-P 


6 11 


(ОМе,), 
(17-С,Н,)Мо(СО),-Н 
Мо(т°-С,Н,),-Н 
Мо(Н)(п°-С,Н,),-Н 
Мо(СО),(1”-С,Н)-1 
(1”-С,Ме,,Мо-О 
(P(C,H,,),),(CO),Mo-H, 
(P(C,H,,),),(CO),Mo-N, 
Mo(CO),-CO 
Мо(СО), (n°-C,H,)—CH, 
W(CO),—Xe 
W(CO),(*-C.H )-H 
W(H)(y-C.H.),-H 
W(D(-C.H),-H 
(CO), W-H, 
(P(C,H,,),)(CO), W-(v-H.) 
W(CO).-CO 
W(CHJ(r-C.HJ,-CH, 


(10.7) Group 7 
F,Mn-MnF, 
(CO),Mn-Mn(CO), 
(CO),Mn-H 
(PPh,)Mn(CO),-H 
MnBr(CO),-CO 
(17-С,Н,(СО),Мп-СО 
Mn-CH, 
Ма(СО);-СН, 


ЕТІ 
К] mol! 
169-18 
76.2 
307.8 
18.8+1.3 
261+5 


184.1+8.4 


61.5 
111.3 
37.7+3.8 
250.2+4.2 
257 


38.90.8 
193 
154.0+8.4 
~33.5+8 
9.6+5.8 
268.2+15.4 
57.3+3.3 


68.6+2.5 
290 

246 
256.9+8.4 
216.7+4.2 
272 
27.2+0.8 
37.7+2.5 
169.5+8.4 
203+8 
35.1+0.8 
303 
310.9+4.2 
273+14 
267 
28.5+2.1 
192.5+8.48.4 
220.9+4 


210.942.5 
18558 
284.5 
286.2 

184 
195.8+9.2 
>35+12 
187.0+3.8 


Вопа 

Mn(CO),-C.H, 
(CO),Mn-Re(CO), 
(n°-C,H,)Mn(CO),—PhMe 
(СО),Тс-Тс(СО), 
(CO),Re-Re(CO), 
(CO),Re-H 

(CO),Re-CH, 


(10.8) Group 8 
(СО),Ғе-Ғе(СО), 
(СО),Ғе(Н)-Н 
(n?-C,H,)(CO),Fe-H 
Fe(CO),(N.)-N, 
Fe(C,H,)(CO),-CO 
Ре(СО),(РМе,)-СО 
Fe(CO),(PPh,)—CO 
Fe-NH, 

Fe-CH, 

Fe-CH, 
Fe(C,H,)(CO),-C,H, 
Fe-C,H, 

Ғе-С,Н, 
Fe(CO),—Ni(CO), 
Ре(СО);-(12-С,Н.) 
Fe(C,H,)(CO),—C,H, 
(CO,)(n°-C,H,)Ru-H 
(PMe,),(n°-C,Me,)Ru-H 
(CO), (n°-C,Me,)Ru-Cl 
(n*-C,Me,)(PMe,), Ru-CI 
(n*-C,Me,)(PMe,),Ru-OH 
(CO),Ru-CO 
(n*-C,Me,)(PMe,), Ru- CH, 
Os(H)(CO),-H 
(CO),0s-CO 
Os(C,H,)(CO),-CO 


(10.9) Group 9 
(CO),Co-Co(CO), 
(CO),Co-Mn(CO), 
(CO),Co-Re(CO), 
Со(СО),-Н 
Со(СО),(РРЬ,)-Н 
(CO),HCo-CO 
(n*-C,H )Co(CO)-CO 
Co-CH, 

Co-CH, 
cobalamin-CH, 
cobinamide—iC,H, 
Со-С bonds in B,, 
CI(CO),Rh-Rh(CO),CI 
HRh(m-xylyl)Rh-H 
(PiPr,),(CI)Rh-H, 
(PiPr,),(CI)Rh-N, 


ЕТІ 

Қ) mol! 
20711 
149+11 
59.4+3.3 
177.5+1.9 
187+4.8 
313 
220+8 


171.5 
259.4+8.4 
239 
37.7+19.2 
88+2.3 
>125 
<177.8+5 
31.444.2 
364429 
135+29 
89.1+8 
218 

79 

37.7 

176 
~79.5 
272 

167.4 
337.6 
«138 
204.6 
1151.7 
142.3 
326.4 
133+2.6 
99.5+0.8 


83429 
96412 
113415 
278 


184.3+4.8 
331+38 
178+8 
150.6 

104 
123.8+6.3 
94.6 
255.6+1.7 
136.0 
69.0 


Bond Dissociation Energies 


Bond 

(PiPr ),(Cl)Rh-CO 

HRh(m-xyly) Rh-CH,OH 

Ir(Cl)(CO)(PMe,),—H 

Ir(H)(n°-C,Me,)(PMe,)-H 

Ir(CI)(H)(CO)(PEt,),-H 

Ir(CD(H)(CO)(PPh,),.-H 

(CD) (CO)(PPh,,Ir-H, 

(CD (CO)(PPh,),Ir-CO 

Ir(H)(n*- 
С.Ме,)(РМе,)-С,Н, 

(10.10) Group 10 

Ni-H,O 

Ni(CO),-N, 

Ni(CO),-CO 

Ni-CH, 

Ni-C,H, 

Ni-C,H, 

Ni-propyne 

Ni—2-butyne 

Pd-OH 

trans-Pt(PPh,),(Cl)-H 

[Ph,PCH,],MePt-H 

[Ph,PCH,],MePt -OH 

[Ph,PCH,],MePt -SH 

Pt(n°-C,H,)(CH,),—CH, 

cis-Pt(PEt,),(CH,)—CH, 


(10.11) Group 11 
Cu-OH 
Cu-CO 
Cu-CH, 
Cu-NH, 
Cu(NHj)-NH, 
Cu-C.H, 
Cu(C,H,)-C,H, 
Ag-CH, 
Ag-NH, 
Ag(NH,)—NH, 
Au-OH 
Au-NH, 
Au-CH, 
Au-C.H, 


(10.12) Group 12 
Zn-CH, 
Zn(CHj)-CH, 
Zn-C,H, 
Zn(C,H,)—C,H, 
Cd-CH, 
Cd(CH,)-CH, 
Hg-CH, 
Hg(CH,)-CH, 
CIHg-CH, 


Р» sul 

К] mol! 
201.7 
195.4+7.5 
251 
310.5+21 
243.1 
246.9 
62.8 
45.2 


321 


~29 

“42 
104.6+8.4 
208+8 
193+25 
147.3+17.6 
155+21 
121+21 
213 
307+37 
104.6 
167.4 
90.0 
163+21 
269+13 


>406 
25+5 
223+5 
47+15 
83.7+4.2 
16.4+12.5 
27.0+19.3 
134.1+6.8 
8+13 
62.8*4.2 
2262 
76:56 
2191.6 
8.4 


70-10 
266.5+6.3 
92.0+17.6 
219.2+8.4 
63.6+10.0 
234.3+6.3 
22.6+12.6 
239.3+6.3 
280.0+12.6 


Bond Dissociation Energies 


Bond 
BrHg-CH, 
IHg-CH, 


(10.13) Group 13 
H,B-BH, 
H,B-NH, 
(СН,),В-АН, 
F,B-N(CH,), 


TABLE 4. Enthalpies of Formation of Free Radicals and Other 


МЕТІ 
Қ) mol! 
270+38 


258.6+12.6 


172 
130.1+4.2 
57.7+1.3 
130+4.6 


Bond 
СІ,В-К(СН,), 
F,B-CH, 

AI-OH 

AI-C,H, 
CLAI-N(CH,), 
(CHJ, AI-N(CH,), 
(СН,),АІ-О(СН,), 
(CH,),Ga—O(C,H,), 


Р ов! 

Қ) mol! 
127.6 
397 - 418 
547413 
>54 
198.7+8.4 
130 
92 
50.6+0.8 


Reference 


Yu-Ran Luo, Comprehensive Handbook of Chemical Bond Energies, Taylor & Francis, 2006. 


Radical А,Н° „/ 
kJ mol-1 
(1) Carbon-Centered Species 
CH 595.8+0.6 
CH, (triplet) 391.2+1.6 
CH, (singlet) 428.8+1.6 
“СН,, methyl 146.7%0.3 
"САН, acetenyl, СН-С” 567.4+2.1 
"С,Н,, vinylidene СН,-С” 419.7+16.7 
“СН, vinyl, CH,=C*H 299.6+3.3 
“СН, ethyl, СН,СН, 118.8+1.3 
"C H,, propargyl, СН-СС"Н, 339.0+4.2 
“СН, CH,C=C* 515+13 
ог Үй 339.0+4.2 
"С,Н,, cyclopro-2-en-1-yl 439.7+17.2 
“СН, allyl, СН,-СНСН, 171.0+3.0 
“СН, СН,СН-СН 26756 
“СН, CH,C*=CH, 2314 
`С,Н„ cyclopropyl 279.9+10.5 
п-С,Н,, n-propyl, СН,СН,СН, 2 
1-С,Н/, i-propyl, CH,C'HCH, 8843 
т-С,Н,, СН-ССН-СН 5473 
1-С,Н, СН,-СС-СН 4992 
“СН, СН,С=СС'Н, 304.5 
"СН, СНЕССНСН, 316.5 
“СН, *CH=CHCHCH, 3644 
“СН, СН,-СНССН, 3133 
“СН, СН,СН-СНСН, 146+8 
“СН, CH,-CHCH,CH, 192.5 
"СІН, СҢН,-С(СН)СН, 137.9 
“сн, сн,-снснсн, 136.2 
`С,Н„ cyclopropylmethyl 213.8+6.7 


Radical 


"C H,, cyclobutyl 


п-С,Н,, n-butyl, 
CH,CH,CH,CH, 


БОНУ, i-butyl, (CH),CHCH, 


219.2+4.2 


77.8+2.1 


8-С,Н,, s-butyl, СН,СНСН,СН, 67.82.1 


t-CH,, t-butyl, (CH,),C° 48+ 
"С.Н, СН-С-С-ССН, 5791 
"СН, (CH=C),C*H 573.2 
*C.H,, СН,-СНС-СС"Н, 351.5 
‘C,H, CH,=CH-C*H-C=CH 372.4 
"C.H, cyclopenta-1,3-dien-5-yl 261.5+4.2 
‘C,H, СН,СеСС"НСН, 272.8592 
‘C,H, СН=СС'НС,Н, 277.0584 
“С.Н, СН-ССЧСН), 257.3592 
‘C,H, СН,-СНСН-СНСН, | 20504126 
“С.Н, (CH,-CH),C'H 208.054. 
"С.Н, CH,CH=C=CHCH, 278.0 
"С,Н,, spiropentyl 380.7+4.2 
"С,Н,, cyclopent-1-en-3-yl 160.7+4.2 
"C.H, cyclopentyl 105.9+4.2 
,تيل"‎ CH,=CHC*HCH,CH, 109.6+8.4 
“СН, СН,СН-СНС"Н(СН,) 92 

“СН, CH,CH-C(CHJ CH, 92.0 
“СН, CH,=CHC*(CH,), 87.0+8.4 
“СН, CH,=C(CH,)C*H(CH,) 93.7 
"C.H, CH,=C(C*H)CH,CH, 114.2 
‘C,H, CH,=CH(CH,),C*H, 179.5 
nC,H,,*, СН,СН,СН,СН,СН, 54.4 
“сн, (CH),C'H 47.0 
‘C,H, p (nC,H,)(CH,)C'H 50.2 
“сн, (CH,),C°CH, 36.4+8.4 


9-69 
D^ sl 
Bond К] mol? 
Cl,Ga-S(C,H,), 235.1 
In-CH, 216.3 
In(CH,),-CH, 318.8 
In(CH),-CH, 587.4 
(CH,),In-N(CH,), 83.3421 
TI-OH 330+30 
Transient Species 
Radical AH osl 
kJ mol-1 
"C H,, (C,H,)(CH,),C° 29 
“СН, phenyl 330.1+3.3 
"СЕН, cyclohexa-1,3-dien-5-yl 199.2 
сн, cyclohexa-1,4-dien-3-yl 201.7+5.0 
"СІН, СН,С-СС(СН,), 221.8+9.2 
"CH, (CH,=CH),C*(CH,) 193.7 
*C Hj, cyclohexa-1-en-3-yl 119.7 
"С.Н, CH,-CH(CH),CH, 158.6 
تل"‎ CH,=CHC'H(CH),CH, 89.0 
"СН, CH,=C(CH,)C*(CH,), 37.7+6.3 
"C,H, p (CH,),C=C(CH,)CH, 39.7+6.3 
“СН, (CH,),C=CHC*H(CH,) 47.3 
“С,Н,, (2)-СН,СН-СНСЧСН,), 4 
"С.Н, cyclohexyl 75.3+6.3 
БОЛЛО 
"C,H,, (0C,H)(CH,)C'H 29.3 
"C. H,, 2-methyl-2-pentyl 3.3+8.4 
"СЕН, 3-methyl-3-pentyl 14.2 
"C. H,, 2,3-dimethyl-2-butyl 3.1+10 
"С,Н, (CHzC),C* 784.5 
"С,Н,, benzyl, СН,СН, 208.0+1.7 
"С,Н,, quadricyclolan-5-yl 578.6+5.4 
"С,Н,, quadricyclolan-4-yl 587.4+5.4. 
"С,Н,, norborna-2,5-dien-7-yl 511.7+7.9 
"САН, cyclohepta-1,3,5-trien-7-y] 285.3+12.6 
"С,Н, СН,-СН(СН-СН),ССН, 251.0 
“СН, (CH,=CH),C* 274.0 
"C H,, norborn-1-yl 136.4+10.5 
"C H,, cycloheptenyl 119.2 
"C H,, cycloheptyl 50.6+4.2 


9-70 
Radical 


*C H,, cyclo-[C*(CH,)(CH,),] 


"С.Н, судо-|СЧСН,СНДССН, ] 


"Сын, (nC,H,,)(CH,)CH* 
“С.Н,, (CH,),CHCHC*(CH,), 
"С,Н,, cubyl 

"сн, С,Н,С-СН, 

“С.Н, С,Н,СН-СН" 

"сн, C H,C*H(CH,) 

"CH, C.H,CH,C*H, 

"СН, р-СН,СН,СН, 
“СН, m-CH.CH,CH, 
“СН, 0-CH,C,H,C'H, 
"С,Н,, 1-vinyl-cyclohexa-2,4- 
dienyl 

"С,Н,, 2-vinyl-cyclohexa-2,4- 
dienyl 

"CH, 3-vinyl-cyclohexa-2,4- 
dienyl 

"СІН, 6-vinyl-cyclohexa-2,4- 
dienyl 

"CH, 


CH,-CHCH-CHCH(CH,),CH, 


"CH, 
CH,-CHC'H(CH,),CH-CH, 
°C.H,,, bicyclooct-1-yl 


8 13 


“С,Н,, CH,-CHC'H(CH),CH, 


8 15 


“СН,, (ЕуСН,СН-СҮСН),СН, 


Со (2)- 
(CH,),C'CH-CHCH(CH,), 


"СІН, cyclooctanyl 


*C H,, cyclo-[C*(CH,CH,)(CH,),] 


'C;H,, indenyl 
"С.Н, indanyl-1 
"С.Н, 2,6-dimethylbenzyl 


9-%117 


"С.Н, 3,6-dimethylbenzyl 


9 1r 


"С.Н, 3,5-dimethylbenzyl 


9 1r 


сн, CH,C(CH), 


9 1r 


"СН, 0-°C,H,C,H 


94117; 6 472 5 


"С.Н, cyclononanyl 


9 17 


"С.Н, naphth-1-yl 


10.57" 


"С.Н, naphth-2-yl 


10 7 


"СН, tetralin-1-yl 


10 1r 


"СН, 1-phenyl-but-4-yl 


10 13 


"C.H, (C|H,CH)(C,H,)CH 


"C.H, (C|H,CH,CH)(CH)CH 


"Сын, (C H,C'HCH,CH,CH, 
"СН, 1-adamantyl 


10 7157 


"С.Н, 2-adamantyl 


10 15 


"С.Н, cyclodecanyl 


АН! 
kJ mol-1 


22.6 

47.0 

8.4 
-21.8+5.2 
831.0+16.7 
309.6 
387.0 
175.7+7.5 
236.0+7.5 
167.4 
167.4 
167.4 


247.7+14.2 
249.8+14.2 
269.4+14.2 
284.5+14.2 
130.5 


130.5 


92.0 

49.8 

29.7 

9.2 

59.4 

10.0 
297.1 
204.2+8.4 
1247 
1247 
1247 
133.9+4.2 
279.5+7.5 
52.3 
401.7+5.4 
400.4+5.9 
154.8+5.0 
192.0 
184.5 
184.5 
134.7 
51.5 

61.9 

32.2 


Radical 

"С.Н, 1-naphthylmethyl 
“С,Н,, cycloundecanyl 
"CH 
СН» 9-fluorenyl 


(C,H,),C°H‏ سه 
"С.Н. 9-methyl-9-fluorenyl‏ 


13 1r 


ә» cyclododecanyl 


"С.Н, 9,10-dihydroanthracen- 


14 17 


9-yl 
"С,Н,, 9-anthracenylmethyl 


18533 


"С,Н,, 9-phenanthrenylmethyl 


15 1, 


"CH, CH,-CHC'H(CH)),CH, 


16 3r 


"C, H,, trityl, (C.H.),C* 


19 "15 


“СН 


35 25 
pentamethylcyclopentadienyl 


CF 
СЕ, 
РСЧО) 
СНЕ 
CCIF 
ca 
сс, 
هن‎ 
сна 
CCIBr 
CBr 


"СНЕ 
"CCIF, 
*CCLF 
*CBrClF 
"СНСІЕ 
*CBrF, 
СС, 
"СНА, 
"СН; 
*CHBrCl 
"CHBr, 
"CBr,Cl 
"“СВІСІ, 
"СВг 


3 


AP „/ 
kJ mol-1 
252.7 

7.5 

-38.5 
297.5 
302.1+4.2 
268.2 


261.0 


337.6 
311.3 
-118.8 
392.0+8.4 


67.4 


255.2+8 
-182.0+6.3 
-161.2+8.4 
143.0+12.6 
31.0+13.4 


443.1+13.0 
226 
-21.8+2.5 
326.4+8.4 
267 


570+35 


468+60 
-465.7+2.1 
-238.9+4.2 
-31.8+4.2 
-279.0+8.4 
-89.0+8.4 
-35.5+6.3 


-60.7+10.0 
-224.7+12.6 
71.1+2.5 
93.3%4.2 
117.2+2.9 
143+6 


188.3+9.2 


Bond Dissociation Energies 


Radical 


"CH,Br 

С, 

"CHI, 

сны 

"СЕ ЕС-С 

"са, CIC=C* 
“С,Е, СЕ,=С'Е 
"СЕН, CE,=C*H 
"СЕН, СНЕ=С'Е 
"сан, CHCI-C'CI 
«сан, CH,-C'CI 
CFs CECE, 
"CHE, СЕ,С'НЕ 
"CHE, СНЕСЕ, 
"CHE, CE,CH, 


"СОЊЕ, СНЕ,СНЕ 


27297 


"СНЕ, СНЕСЕ, 
°C,HLE,Cl, CE,CICH, 
ОНЕ CH,C*F, 


227527400 


ОНЕ, СНЕ,СН, 


2:3. 25 


"СОЊЕ, СЊЕСНЕ 
"ОНЕ CH,C*HF 
"ОНЕ СЊЕСН, 
*C,H,F,Cl, СЕ СІСІН, 
"С.Е СЬ СЕОСТ, 
“С,НЕ,Ц, CCIF,C*HF 
"С.Е СІ, СЕ,СЕСІ 
"СЕ, CF,C'CI, 
"СЕ СВ, CF,C'CIBr 
"C CL, АСЕС* 

"C CL, CCI,-C'CI 

"C CI, CCLC'CI, 
"СНА, CHCI,C"CI, 
"СНА, ССІ,СНСІ 
°C,H,Cl,, СН,СІСССІ, 
"СНС, СНСІ,СНСІ 
СНС, CC1,C*H, 
СНС CH,C'CI, 
"СНС, CH,CIC*CIH 
"С,Н,СІ, СНО,СН, 
СНА CH,CHCI 
°C,H,Cl, CH,CIC*H, 
"С,Н,Вг,, СНС, 
°C,H,Br, ЁсСН,СН, 


А! 
К] mol-1 


171.1+2.7 
424.9+2.8 
314.4+3.3 


229.7+8.4 
460.0+21.0 
568+26 
-192.0+8.4 
-92.9+8.4 


-50.6+8.4 
234.7+8.4 
>251 
-892.9+4.2 
-680.8+9.6 
-664.8 


-517.1+8.4 
-456.0 
-449.8 
-310.9+7.0 


-302.5+8.4 
-285.8 
-238.5 
-70.3+8.4 


-59.4+8.4 
-315.2+6 
-686.0 


-450.6+12.6 
-728.0 
-564.0 
-504.2+8.4 
534450 
190+50 
35.1+5.4 


23.4+8.4 
51.0 
26.4 
46.4 
71.5+8 
42.5+1.7 
65.3 
90.1+0.8 
76.5+1.6 


93.0+2.4 
140.2+5.4 
135.1 


Bond Dissociation Energies 


Radical 


"CH, Br, CH,C'HBr 
“С,Вг, CBrC* 

'"С.Вг, CBr,C*Br 

"С,Вг,, СВг,С"Вг, 
СНА СН,СН,СНСЇ 
"C H.CI, CH,C'CICH, 
*C,H Br, СН,СН,СН,Вг 
لل"‎ Br, CH,CHCH,Br 
°С,Н,Вг, CH,CH,C'HBr 
"CF, 

"СН,О, HOCH, 
"СН,СО, НОССІН 
*СНСЬО, HOC*CI, 
"CH,CIO, СОС'Н, 
*СН,ВгО, BrOCH, 
"СН,О,СН-СНОН 
"СН,О, СН,СНО 
"СН,О,СН,СНОН 
"СН. СЮ, CH,C'CIOH 
"C H,CIO, C'H,CHCIOH 
"C H,CLO, C'*H,CCLOH 
*`C,H,O, CH,CH,OH 
"С,Н,О, oxiran-2-yl 
“СН,О,СН,-СНС"НОН 
*C,H,O, СН,СН,СНОН 
*C,H,O, (СН,/СНСН,ОН 
*C,H,O, НОСН,СН,С"Н, 
“СН,О, (СН,,СОН 
"С,Н,О, “СН,СН(ОН)СН, 
*C,H,O, *CH,C(OH)(CH,), 
"СН,О, CHLOCH,OOH 
PhCH'OH 

Ph,CCOH 

"С,Н,О, CH,OC'H, 
*C,H,O, СН.ОСНСН, 
*C,H.O, СН,СН,ОСН, 
*C,H,O, СН,СН,ОСН, 
'CH,O, (СН.),СНОС'Н, 
'CH,O, СНСН,ОСНСН, 
*C,H,O, СН,СН(СН,ОСН, 
'CH,O, (СН,,СОСН, 
"СНО, (CHj,COCH, 
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“СН,О, HOCH,CHOH 


С"Н-С-О, ketenyl 
HC*(O) 


АН! 
kj mol-1 


126.8 
623.8 
385.3 
283.3 
56.6 
29.9+0.6 
120.1+1.3 


96.7+5.9 
107.5+2.5 
-547.7+8.4 
-17.0+0.7 
-60.7+7.5 


-94.1+7.5 
135.6+9.2 
151+16 


121+11 
13.042 
-54.0 
-108.4+8.8 
-73.2+8.8 


-99.6+8.8 
-31+7 
149.8+6.3 
08.4 
-81+4 
-78.7+8.4 
-66.9+8.4 
-96.4 
-62.8+11.7 


-147.3+8.4 
109.6+4.2 
29.3+8.4 
152.3+6.3 
04.2 
-57.7+8.4 
-45.2+8.4 
-7.1+4.2 
-70.3+7.1 
-81.2+4.2 
-42.3+3.8 


-72.4+10 
-102.5+8.4 


-220.1+8.4 
177.5+8.8 
42.5+0.5 


Radical 


C'CO 

CH,C*(O) 
СЕ,С(О) 
CH,CIC'(O) 
СНО1,С(О) 
CCLC'(O) 
CH,CH,C*(O) 
CH,CHC*(O) 
CH,C(CH,)C*(O) 
CH,CH,CH,C*(O) 
(CH,),CHC*(O) 
(CH,),CC*(O) 
C,H,C'(O) 
НС(О)/СН/ 
CIC(O)CH, 
E-C'HCIC(O)H 
Z-C'HCIC(O)H 
C'CI,C(O)H 
E-C'HCIC(OJ)CI 
C'H,C(O)F 
Z-C'HCIC(O)CI 
C'CI,C(O)CI 

СН,С(О)/СН/ 
CH,C(O)C'HCH, 
CH,C(O)C'- CH, 
C,H,C(O)C'HCH, 
iPrC(O)C*(CH,), 

tC H,C(O)CH, 

РАС(ОЈСН, 
PhC(O)C'HCH, 
PhC*HC(O)CH,Ph 
РҺС(ООСН, 
*C(O)OH-trans 
*C(O)OH-cis 

*C(O)OCH, 

C'H,C(O)OH 
C'H(CHjJC(O)OH 
C'H,C(O)OCH, 
С"Н,С(О)/ОСН,СН, 
C'H,C(O)OPh 

'C HO, tetrahydrofuran-2-yl 


"СНО, cyclopentanon-2-yl 
"СН,О, 1,4-dioxan-2-yl 


472-2 


"CHO, 2-C(O)OH-'C H, 


و ووو raba‏ 


AP „/ 
kJ mol-1 
381.2+2.1 
-10.3+1.8 
-608.7 
-21+12.6 
-17.6+23 
-19.7 


-31.7+3.4 
88.5 
58.6+16.7 
54.4+4.2 
-64.0+3.8 
-102.9+6.3 
116.3+10.9 
10.5+9.2 
-52.7+13 
-27.2+10.5 
-23.4+10.5 
-55.6+14.2 
-88.7+15.1 
-273.0+5.8 


-84.9+13.8 
-101.7+15.5 
-34+3 
-70.3+7.1 
113.4 
-107.5+20.9 
-173.6+20.9 


-115.5+12.6 
84.5+12.6 
41.4+20.9 
134.3+20.9 
-69.9 
2-194.6+2.9 
-219.7 
-161.5 
-248.9+12.0 
-293+3 
-236.8+8.4 
-260.2+12.6 
-28.0 
-18.0+6.3 


-41.8+12.6 
-131.8+12.6 
-33.0 


Radical 


"CHO, 3-С(О)ОН-С,Н, 
"CHO, 4-С(О)ОН-С,Н, 


7776-7-27 


"CHO, C'H,OOH 
*C,H,O,, СН,СН,ООН 
“С.Н.О, CH,CH'OOH 
*C.H.O,, CH,CH'CH,OOH 


30772552 


“СНО, CH,CH(OOH)CH, 


37:2 7. ү 


“СН,О,(СН),ССН,ООН 


4972 


"сн, C'H,C(CH,), OOH 


480, 
"СН,О, С'Н,С(О)ООН 
"CHN, 

*CH,N=CH, 

"CH,NH, 

CH,CHNH, 
(CHJ,C'NH, 
"'CH,NHCH, 
*CH,N(CH,), 
(C,HJ,NC'HCH, 
*CH,N(CH,)Ph 

"CN 

"СН,СМ 

СН,СНСМ 
"СН,СН,СМ 
(CH,),C°CN 
Ph(CH,)C*CN 
NCC*HCH,CN 

*CH,NC 

*C(O)NC 

*C(O)NH, 

CNN 

HC'NN 

H,CNN 

"СН,ХО 

"СНО, 

CH,C'HNO, 
(СН,),СМО, 
PhC*HNO, 

"СН, 34МН,-С,Н, 
"CHN, 4-МН,-С,Н, 
"СНО, 3-NO,-CH, 
“С,Н.ХО, 4-NO,-CH, 
“С,Н,СН, 2-Me-C.H, 
“С,Н,СН, 4-Me-C.H, 
“С,Н.Х,О, 3,5-(NO,),-C,H, 
"СНО, 2-Me-4-NO,-C H, 
"СА, pyrrol-2-yl 
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AFP? „/ 
kj mol-1 


-35.0 
-36.0 
66.1 
46.0%4.6 
26.9 
10.9+5.4 


2.9+6.3 
-30.1+5.4 


-26.8+5.4 
-137.9 
494.5 
263.6+12.6 
151.9+8.4 
111.7+8.4 
69.9+8.4 
156.6 


148.0 
68.6+2.1 
266.0+12.6 
439.3+2.9 
252.6+4 
226.7+12.6 
245.4412.6 
190.4+12.6 
248.5+8.4 
381.8+12.6 
334.7+16.7 
210.0+10 
-15.1+4 


569+21 
460+8 
292.5*2.1 
157+4 
115.1+12.6 
61.9+12.6 
6.3+12.6 
169.0+12.6 
320.1 


327.8 
340.6+10.0 
302.7 
315.1+10.5 
296.6+9.6 

305.4 


295.4+8.4 
385.8 
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Radical 


"САМ, pyrrol-3-yl 
"СНА, pyrrolidin-2-yl 
"СА, pyrid-2-yl 
"СНА, pyrid-3-yl 

"C HN, pyrid-4-yl 
“С,Н,Х, piperad-2-yl 
"C HAN, pyrazin-2-yl 
"C HUN, pyrimid-2-yl 
"C HUN, pyrimid-4-yl 


"C HUN, pyrimid-5-yl 
*"CH(NO)), 

*C(NO), 

*CH,C(NO), 
*CH,CH(NO.), 
*CH,CH,C(NO,), 
*CH,N(NO,)CH,C(NO,), 
*CH,N(NO,)CH,CH(NO,), 
*CH,CH,N(NO,)CH,C(NO,), 
*CH,CH,ONO, 
*CH,(ONO,)CHCH,ONO, 
*CH(CH,ONO,), 
*CH,C(CH,ONO,), 
"CH,NHNO, 
*CH,N(NO,)CH, 
*CH,N(NO,), 
*CH,CH,N(NO,)CH, 
*CH,N(NO,)CH,N(NO,)CH, 
*CH,N(NO,)(CH,)N(NO,)CH, 
СҮН 

"CH,SH 

“СН,5СН, 

“СН,5РЬ 

“СН,5ОСН, 

НОС'(5)5 

*CH,SO,CH, 

*CH,SO,Ph 

PhC*HSO,CH, 
PhC*HSO,Ph 

Ph,C'SO,Ph 

Ph,C*SPh 

NC*(O) 

“СЫН 

"СМО 

"CH,SiMe, 


AH. у 
kj mol-1 


385.8 
142.7+12.6 
362.0 
391.0 
391.0 
119.7 
409.2+12.6 
388.0+12.6 
409.0+12.6 
446.4+12.6 
139.1 
2012 
150.6 
103.3 
133.9 
173.6 
126.4 
168.6 

37.7 

-25.5 

-57.3 
-158.2 
164.8 
149.4 
210.5 

144.3 
202.1 

173.2 
300.4+8.4 
151.9+8.4 
136.8+5.9 
268.6+12.6 
23.8+12.6 
110.5 
-177.0+12.6 
-57.3+12.6 


-109.2+12.6 
7+12.6 
102+12.6 
435.6+12.6 
1272 
207.9+12.1 
323+30 
-32+6 


Radical 


"CH,C(CH,),SiMe, 
"СР 


(2) Oxygen-Centered Species 
HO* 


FOO* 
СОО, 
BrOO* 
IOO* 

OFO* 
OCIO" 
CIOOCIO* 
CICIO* 
МСО" 
CNO* 
HONNO* 
sym-ClO, 
HSO* 
HSOO* 
СН,5ОО" 
СЕ,5О,О” 
МСО" 
ОЛО; 
ОМОО" 
НО5(О),О” 
CH,O° 
СЕ,О! 
CCLO* 
CH,CIO* 
СНО1,О” 
CH,-CH-O* 
CF,CHFO* 
C,H,O* 
CH,CHCIO* 
CH,CCI,O° 
пС,Н,О! 
iC,H,O° 
(CH,),CCIO* 
СНО 
sC,H,O° 
tC و‎ 
CH,-CHCH,O* 


AH. اې‎ 
kJ mol-1 
-125 


450+9 


37.3+0.3 
109+10 
101.63+0.1 
126.2+1.7 


115.9+5.0 
134424 
25.442 
98.044 
108+40 
96.6415 
378.6420 
95.4 
142512 
90:30 
1841 
386.6 
172 
217.2421 
-21.842.1 
112 

76 

-912 
184.0 
711 

82.8 
-511.7 
21.042.1 
-635.147.1 
-38.149.2 
-21.349.2 


-32.2+9.2 
18.4+1.3 
-851.0 
-13.6+3.3 
-61.9+12.1 
-91.6+11.7 
-30.1+8.4 


-48.5+3.3 
-108.4+8.4 
-62.8 

-69.5 
-85.8+3.8 
87.0 


Bond Dissociation Energies 


Radical 


C,H,O° 

o-CI-C.H,O* 

C,CLO* 

р-С1-С,Н,О" 
о-ОН-С,Н,О" 
р-ОН-С,Н,О” 
о-СН,О-С,Н,О" 
р-СН,О-С,Н,О" 
C,H,CH,O* 

C,,H,O*, naphthoxy-1 
C H,O”, naphthoxy-2 
HC(O)O* 

FC(O)O* 

CH,C(O)O* 
CF,C(O)O* 
CF,OC(O)O* 
C,H,C(O)O* 

CH,OO* 

C,H,OO*, CH,-CHOO* 
С,Н,ОО! 

СНО CH,-CHCH,OO* 
1С,Н,ОО" 


СН ОО”, CH,CH-CHCH,OO* 


tC H,OO* 
neo-C.H,,OO* 
HOCH,OO* 
HOOCH,CH,OO* 
C,H,CH,OO* 
с-С,Н,ОО" 
(C,H,)N(CH3)CHOO* 
CF,OO* 
CF,CIOO* 
CFCLOO* 
CH,CIOO* 
СНСОО" 
CCLOO' 
CH,CHCIOO* 
CH,CCL,OO* 
CH,OCH,OO* 
CH,C(O)CH,OO* 
CH,C(O)OO* 
НООО" 
СН,ООО" 


С,Н,ООО" 


AFP اې‎ 
kj mol-1 


48.552.9 
30.6 

-63 

59 

-186.3 
-143.6 
-125.5 
-811 
136.0+12.6 
165.3 

1741 
-129.7+12.6 
368.0 
-179.9+12.6 
-797.0 


-958.1+16.7 
-50.2+16.7 
20.1+5.1 
101.7+1.7 
-28.5+9.6 
88.7 


-65.4+11.3 
82.6+5.3 
-101.5+9.2 
-115.5 
-162.1 

100 
114.6+4.2 
-25.0+10.5 


-36.0+12.6 
-635.0 
-406.7+14.6 
-213.7 
-5.1+13.6 
-19.2+11.2 
-20.9+8.9 
-54.7+3.4 


-63.8+9.8 
-142.2+4.2 
-142.1+4 


-154.4+5.8 
29.7+8.4 


33.4+12.6 
5.4+12.6 


Bond Dissociation Energies 


Radical 


(3) Nitrogen-Centered Species 


ON 


NH,C(O)N'H 
CH,C(O)N'H 
NH,C(S)N'H 
CH,C(S)N'H 
PhC(S)N'H 
HCON'H 
NH,C(NH)N'H 
"NHCN 
CH,N'H 
CH,N'H 


tBuN'H 
C,H,CH,N'H 
C,H,N'HH 
(СН). № 
(C;HJ(CHJN* 
(СНОМ 
1-pyrrolyl 
carbazol-9-yl 
CHN, 
соңы, 


АН! 
kj mol-1 


90.29+0.17 
33.10+0.8 
82.05+0.4 
357+1 
186.2+1.0 
249.5 
131.8 
414.2+20.9 
243.5 
213.0+10.9 
209.2 
42.3+8 
112+15 


301+21 
107.1+2.5 
-65.7+1.7 
51.71+0.42 
82.13+0.8 
112.1+20.9 
120.9 
464.8+2.9 
372+63 
0.8+12.6 
-6.7+12.6 
194+12.6 
173+12.6 


307+12.6 
49.8+12.6 
250.6+12.6 
319.2+2.9 
104.6+12.6 
184.1+8.4 
95.4+12.6 
288.3+12.6 
244.3+4.2 
158.2+4.2 
241.0+6.3 
366.0+6.3 
269.2+12.6 
383.3+8.4 
215.5+7.5 
187.4+10.5 


Radical 


iC HUN; 

nC HN; 

tC HN 
(NO)HN: 
(CH)(NO)N' 


(мо) 


CH,N'CH,N(NO,)CH, 


(4) Sulfur-Centered Species 


НО 
HC(O)S* 
нео, 
HOS'O, 
NCS' 
HS* 
сн, 
сн 
nC,H,S° 
iC,H,S* 
tC H,S* 
Cris: 
COLS 
C,H,CH,S 
CH,S'O 
CH,S'O, 
HSS* 
CH,SS* 
C,H,SS° 
іС,Н,55° 
tC H,SS* 
HOC(S)S* 
HC(O)S* 
SF 


SN 
SCI 


АН"! 
kJ mol-1 
146.0+8.4 


140.6+8.4 
97.5+4.2, 
162.3 
139.0 
200.0 
185.4 


-6.7+2.1 
56.5 
-221.8 
-384.9 
300+8 
143.0+0.8 


124.7+1.7 
101 

80 
74.9+8.4 
43.9+8.4 
242.7+4.6 
~184 

246 
-67+10 
-239.3 
115.5+14.6 
68.6+8.4 
43.5+8.4 
13.8+8.4 
-19.2+8.4 
110.5+4.6 
56.5 
13.0+6.3 
-296.7+16.7 


-503.0+33.5 
-763.2+20.9 
-879.9+15.1 
156.5+16.7 
263.6+105 


156.5+16.7 


(5) Si-, Ge-, Sn-, Pb-Centered Species 


SiF 


-20.1+12.6 
-638+6 


-987+20 


Radical 


SiCl 
SiCl, 
*SiCl, 
SiBr 
SiBr, 
'SiBr, 

Sil 

Sil, 

‘Sil, 

SiH 
SiH,('A,) 
SiH, CB.) 
“SiH 
МезеН, 


3 


Ме,5ГН 
Me Si° 
іН, 
H,SiSi'H, 
C.H,Si'H, 
H,SiSH 
MeSi* 
Ме5гН 
Ме,5і" 
SiN 
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Ad „/ 
kj mol-1 


198.3+6.7 
-169+3 
322+8 
235+46 
46+8 
-201.7+63 
313.8+42 
92.5+8.4 


35.3+63 
376.6+8.4 
273+2 
360.7 
200.4-:2.5 
14156 


-6155 
-119+50 
211+25 
50.2+4 
42+50 
-95+7.2 
-511%9.2 


-647+50 
35+12 
-202.6+7.1 
-292+50 
76+12 


9-74 Bond Dissociation Energies 


Radical АН, „/ Radical AP „/ Radical AH اې‎ 

kj mol-1 kJ mol-1 kj mol-1 
SnBr, -119+2.8 PbH 236.2+19.2 РЬВг 70.9+42 
“байг, -159+50 PbF -80.3+10.5 PbBr, -104.4+6.3 
SnI 173+12 РЬЕ, -435.1+8.4 "РБВг, -104+80 
Snl, -8.1+4.2 "PbF, -490+60 PbI 107.4+37.7 
“Sn, -8+50 PbCl 15.1+50 РЫ, -3.2+4.2 
*Sn(CH,), 132.2 PbCI, -174.1+1.3 РЫ, 22+80 
*Sn(C,H,), 518.8421 "PbCI, -178+80 


TABLE 5. Bond Dissociation Energies of Some Organic Molecules 


D°, (R-X)/ kJ mol" of some organic compounds are listed below. All data are from Tables 1 and 3. 
X-H F а Вг 1 он OCH, NH, МО CH, СОСН, CF, сс, 
Кен 435.7799 569.658 431.361 366.16 6 49710 4402 450.08 199.5 439.3 374.0 445.2 392.5 
CH, 439.3 460.2 350.2 294.1 238.9 384.93 351.9 356.1 172.0 377.4 351.9 429.3 362.3 
CH, 420.5 447.4 352.3 292.9 233.5 391.2 355.2 352.3 171.5 370.3 347.3 _ _ 
БСН, 410.5 483.8 354.0 299.2 234.7 397.9 360.7 357.7 152.7 369.0 340.2 _ _ 
t-C,H, 400.4 495.8 351.9 292.9 2272 398.3 353.1 355.6 167 363.6 329.3 _ _ 
CH, 472.2 525.5 399.6 336.4 272.0 463.6 418.8 429.3 226.8 426.8 406.7 463.2 388.7 
C H,CH, 375.5 412.8 299.9 239.3 187.8 334.1 _ 306.7 123 325.1 299.7 365.7 _ 
CCl, 392.5 439.3 296.6 231.4 168 _ _ _ 125 362.3 - 332.2 285.8 
СЕ, 4452. 546.8 365.3 296.2 227.2 <4820 - - 167 429.3 _ 413.0 332.2 
CF, 429.7 532.2 346.0 283.3 219.2 424.3 _ 
CH,CO 374.0 511.7 354.0 292.0 223.0 459.4 424.3 414.6 = 351.9 307.1 _ _ 
CN 528.5 482.8 422.6 364.8 320.1 _ - - 204.4 521.7 - 469.0 - 
СЕ 487.4 485 383.3 “328 <3017 446.9 - - 2113 439.3 - 435.1 _ 


TABLE 6. Bond Dissociation Energies in Diatomic Cations 


From thermochemistry, we have 


D°, (A*—B) = ДАНА?) + AJHP(B) - АНХАВ*) = D^, (А-В) + IP(A) – IP(AB) 


298 


Thus, D°, (A* -B) may be derived using the Table 1 and the ionization potentials of species A and AB. The following table has been 
arranged in an alphabetical order of the atoms. The boldface in the species indicates the dissociated fragment. The details are described 
in the Comprehensive Handbook of Chemical Bond Energies, by Yu-Ran Luo, Taylor & Francis, 2006. 


D». К)! ре Ю/ Do, KJ/ УЕЗІ 
A*-B امو‎ А*-В mol! A*-B mol? A*-B mol! 
Ag'—Ag 167.9+8.7 Ar*-Ne 7.5+0.8 B'-B 187 Ba*-O 441.415 
Ав"-С1 32330 As*—As 364222 В*-Вг 164421 Be*—Ar 49.0+2.4 
Ag*—F 24+27 As*-H 290.8+3.0 В'-С 284458 Be*—Au 410-29 
Ag'-H 43.5+5.9 As*-O 495 Bt-Cl 308421 16-6 187.0 
Ag'-O 12355 А8"-Р 367+59 B'-F 460310 Be*-Cl 417+50 
Ag'-S 123313 As*-S 433.2+12.5 B'-H 198+5 Ве*-Е 575+98 
АГ -АІ 121 Ац? -АІ 170+30 B*-O 326148 Ве”-Н 307.3+5.0 
АГ-Аг 15.47 Au*—Au 234.5 В'-РЕ 314498 Be*-O 362.0%6.2 
АГ —Са 148.5 Au*-B 329+50 B*-Se 298498 Bit Ві 199+10 
Al*-Cl 173442 Au*-Be 401-29 B*-Si 365+15 ВГ-О 174. 
Al*-F 314221 Au*-F 79 Ва*—Аг 11.85 Bi*-S 179+50 
Al*—Kr 5.54 Au*-Ge 292+24 Ва:—Вг 418+10 Bi*-Se 184429 
АГ-О 166.7+12.0 Au*-H 143.5 Ba*-Cl 468.2110 ВГ-Те 125-550 
АГ-5е 114249 Au*-I 230-280 Ва: —D 245.2+9.6 Вї*—Т1 100+42 
Ar*—Ar 130.323+0.087 Au*-Xe 130+13 Ва*-Р 640129 11-0 610 
Ar*-He 2.9+0.8 B'-Ar 32.7 Ва: ال‎ 335+10 Вг+ Вг 318.858+0.024 
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Do, kJ/ D^, КЈ/ Do, KJ/ Ю° „К)/ 
A*-B mol? A*-B mol! A*-B امو‎ A*-B mol! 
Br: —C 451.5+8.6 Co*-Ar 52.89+0.06 D'-D 263.4405-0.0003 Са*—С1 86+21 
Вг*—С1 303.000+0.048 Co* -Br >289 Dy*—-Br 324.2 Ga*-F 136415 
Br'-F 251.5+12.6 Co*-C 351+29 Бу-<І 407.9 Ga*-Ga 126.3 
Br'-H 379.26:2.89 Co*-Cl 285512 Dy: —Cu 196+42 Ga*-I 41.6+15 
Вг*-О 365.7+3.1 Co* -Co 269 Dy'-F 535424 Ga*-O 46+50 
С"-Аг 72.3 Co'-D 199.6:55.8 Dy*-l 279.9 Ga*-Sb 38496 
С:—Вг 398-8.6 Co*-H 195+6 Dy:-O 597415 Са* Te 19-29 
С-С 601.9+19.3 Со*-Не 16.4+0.4 Ег'—Вг 315.8 Gd*-Cd 122.5+10 
C*-Cl 614 Co*-I 211.7+8.4 Er*-Cl 406.7 аа -н 179.5 
Ct-F 721+40 Co*-Kr 68.37+0.18 Er'-F 546134 Ge*-Br 398442 
с-н 397.848+0.013 Co*-Ne 12.8+0.4 Er*-I 271.6 Ge*-C 223331 
C*-N 524.5+4.2 Co*-O 317.3+4.8 Ег*-О 583+15 Ge*-Cl 473+50 
С-О 810.740.8 Co*-S 288.3+8.7 Es*-O 470+60 Ge*-F 565+21 
С'-Р 587+50 Cot -Si 317.1+6.7 Eu*-Ag 85550 Ge'-Ge 274410 
C*-S 706.6+2.1 Co*-Xe 85.7+6.8 Eu*—Au 252497 Ge*-H 377+84 
С+—5е 587+50 Cr*—Ar 31.743.9 Eu*—Br 333.8 Ge*-O 344221 
Са'-А1 1447 Сг+-С 277+24 Eu*-Cl 430.7 Ge*-S 283321 
Ca*-Ar 12.99+0.60 Cr*-Cl >211 Eu*—F 543+29 Ge*-Se 234410 
Ca*—Au 30629 Cr:-Cr 129 Eu*-I 290.7 Get -Si 26821 
Ca*-Br 417.6+10 Cr'-D 1359 Ег-О 393+15 Се* Те 233+19 
Ca*-Ca 104.1 Cr'-F 279442 Eu*-S 257+32 H*-D 261.1021+0.0002 
Ca*-Cl 433.4412 Cr'-H 136%9 F*-Ar 161.1 H*-H 259.4659+0.0002 
Са*-Е 556.5+8.4 Cr*—He 7.8+0.4 Ft-F 325.393+0.096 116 1 1239 
Са*-Н 284.2+10 Сг+—Ме 9.5+0.4 F*-He 181.62+0.08 He* -He 229.687+0.019 
Ca*-I 293.7+10.8 Сг+-О 276 F*-Kr 152.4 НЁ-О 724%21 
Ca*-Kr 18.60+0.72 Cr*-S 258.6+16.4 F*-Xe 188 Hg*—Ar 222+12 
Ca*-Ne 4.95+0.06 Cr*-Si 203415 Fe*—Ar 14.2+7.7 Hg'-H 207 
Ca*-O 348+5 Сг+ Хе 71.9+10.0 Ее*—Вг >293 Не -Hg 134 
Ca*-Xe 25.38+0.96 Cs*—Ar 8.2 Fe*-C 356.1+17.2 118 -Kr 37.9-1.3 
Са Са 122.5+10 Cs*—Br 60.5+10 Fe*-Cl 2343 Hg*—Xe 72.241.3 
са-н 179.5 Cs*-Cl 107.4410 Fe*-Co 259421 Ho*—Ag 155+61 
Ce*-Au 278+34 Cs*-Cs 62.6+9.6 Fe*-Cr 209129 Ho*—Au 250+60 
Ce*-Br 341.0 Cs*—F 43.7+10 Fe*-Cu 222529 110-57 320.6 
Ce*-C 254496 Cs*—He 5.1 Fe*-D 227 Ho*-Cl 410.3 
Ce*-Ce 207+42 Cs*-I 29.3110 Fe*—F 360 - 423 Ho* -Cu 214-35 
Ce*-Cl 429.5 Cs*—Kr 15.1 Ее*—Ее 272 Но*-Е 542-50 
Се+—Е 586+63 Cs*—Na 48.1+4.2 Fe*-H 211.239.6 110-6 88+96 
Ce*-I 295.5 Cs*—Ne 6.11 Fe*-I >239 110-1 270.4 
Ce*-Ir 530-96 Cs*—O 59 Fe*-Kr 33.5+6.7 Но -О 551+25 
Ce*-N 494463 Cs*-Rb 68.3110 Fe*-N 485 I'-Br 184.90+0.02 
Ce*-O 852-15 Cs*—Xe 14.7 Fet—Nb 2854221 1-0 247.5+0.4 
Ce*—Pd 255+53 Си+-Аг 51.9+6.8 Fe*-Ni 268+21 I'-F 262.9+2.1 
Ce*—Pt 467+96 Cu*-Cl 91-10 Fe*-O 343.3+1.9 I'-H 304.70+0.10 
Ce*-Rh 423+96 Cu*-Cu 155.2+7.7 Fe*-S 295.2+5.8 у 262.90+0.04 
Се+—5 524+59 Си'-Е 11721 Fe*-Sc 200-521 1-0 316.3+10.5 
СГ-Аг 169 Cu'-Ge 231523 Fe*-Si 277+9 In*—Br 65.2+12.6 
Cl*-Cl 386.02+0.30 Cu*-H 93-13 Fe*-Ta 301221 In*-Cl 193-21 
СГ-р 457.284+0.017 Си*—Кг 24.3+0.8 Fe*-Ti 251425 In*—F 148+50 
CI: —F 291+10 Cu*-O 133.9-11.6 Ее”-У 314221 Іп: -І 51.5+21 
СГ-Н 452.714+0.018 Си*—5 203.3+14.5 Fe*-Xe 46.0+5.8 و و1‎ 81+30 
СГ-М 650+10 Cu*-Si 260+8 Са"-Ві 62498 In:—S 171+50 
СГ-О 468.0+2.1 Cu* —Хе 102.1+5.8 Ga*-Br 56.5+16 In*-Sb 73-50 
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А*-В 
In:-Se 
In*-Te 
Ir*-C 
Ir'-D 
п-н 
Ir'-O 
K*-Ar 
K*-Br 
K*-Cl 
1-6 
к-І 
K*-K 
K'-Kr 
16 
K*-Na 
K*-Ne 
1٣-0 
K*-Xe 
Kr'*-Ar 
Кг-Н 
Кг+-Не 
Кг*-Кг 
Kr*-N 
Kr*-Ne 
La*—Au 
La*-Br 
Та”-С 
La*-Cl 
Га*-Е 
Іа*-Н 
La*-I 
La*-lr 
Га*—О 
La*-Pt 
La*-Rh 
18-5 
La*-Si 
Li*—Ar 
Li* Ві 
Li*—Br 
Li*-Cl 
Li*—F 
Li*-He 
Li*-l 
Li*-Kr 
Li*-Li 
Li*-Ne 
Li*-O 
Li* -Sb 
Li*—-Xe 
Lu*-Br 
Lu*-Cl 


Do, К)! 
mol! 


118550 
41:50 
544496 
302.8+5.8 
305.7+5.8 
247 

14+7 
35.7+10.5 
51+19 
6.00 
18+45 
83.86+0.15 
15.8 
59.9+5.9 
58.69+0.08 
7.79 

13 

19.5 
55.31+0.14 
464 
2.1+0.8 
110.967+0.033 
133+13 
3.80.8 
436497 
425.9 
427433 
503.6 
589434 
24349 
392.4 
356497 
875425 
522478 
345497 
629496 
277.0%9.6 
33+14 
91+50 
41.8+10.6 
66+15 
7+21 
10.66 
51.1+6.3 
48.1 
137.3+6.3 
15.32 
38.9+9.6 
129.6+13.9 
56.4 

86.1 
180.6 


A*-B 
Lu*-F 
Lu'-H 
Lu‘-I 
Lu*-O 
Lu*-Si 
Mg*—Ar 
Mg*—Au 
Mg:-Cl 
Mg*—D 
Mg*—F 
Mg'*-H 
Mg*—Kr 
Mg*—Mg 
Mg*—Ne 
Mg*—O 
Mg*—Xe 
Mn'*-Cl 
Mn: -F 
Mn:-H 
Мп'-1 
Мп'-Мп 
Мп*-О 
Mn:—S 
Mn:—Se 
Мо"-С 
Мо"-Е 
Мо"-Н 
Mo* -Mo 
Мо%-О 
Mo*-S 
Мо"-Хе 
N*—-Ar 
N*-F 
М-Н 
N*-N 
М"-О 
Ма"-Аг 
Na*-Br 
Na*-Cl 
Na*—He 
Ма” 
Ма'-Кт 
Маі 
Na*-Na 
Na*-Na 
Na*-Ne 
Ма”-О 
Na*—Xe 
МЬ"-Аг 
МЬ"-С 
Nb: -Fe 
Nb:-H 


4.9+0.6 
245.2+10 
53.74 
2211 
321224 
202.5+5.9 
>211 

129 
285+13 
247+23 
165+50 
488.2+19 
376+29 
170+6 
449.4+1.0 
488.2+1.9 
355.1+5.8 
>53.1+6.8 
208.4+9.6 
584+42 
2435.67-0.77 
843.85+0.10 
115 

19+8 
58.2+10.6 
20.3+10 

7.55 

64.9+3.0 
~24.9 
95.8+3.9 
98.64+0.29 
6.4 

~9.04 
37+19 
~28.6 
40.87+0.13 
509+15 
>251 
220+7 


A*-B 
Nb*—Nb 
Nb+ -O 
Nb*-S 
Nb:-V 
Nb: -Xe 
Nd*—Au 
Nd*-Br 
Nd*-Cl 
Nd:-F 
ма 
Nd'-O 
Ne*-H 
Ne* -He 
Ме" -Ne 
Ni*—Ar 
МГ-Вг 
МГ-С 
Ni*-Cl 
Ni^-D 
Ni*-F 
М-Н 
М! -He 
Ni*-I 
Ni* -Ne 
МГ-М 
МГ-О 
МГ-5 
М -Si 
Мр*-Е 
Np'-O 
O*-Ar 
О'-Е 
О-Н 
O*-N 
О-О 
Ов-Н 
Os*-O 
1-6 
P*-Cl 
P*-F 
P*-H 
P*-N 
P*-O 
Р+-Р 
17-5 
1۸-0 
11-7 
Pb*-Cl 
Pb*-F 
Pb*-O 
Pb: —Pb 
Pb*-S 


Do, KJ/ 
mol! 


576.8+9.6 
688511 
532+10 
404.7+0.2 
73.28+0.12 
267+84 
352.9 

4414 

309.6 
596+32 
753415 
1239 
13.0+0.8 
125.29+1.93 
53.9 

>289 

418 

192+4 
166.0+7.7 
2456 
158.1+7.7 
12.4+0.4 
>297 

9.9+0.4 

208 
275.9+7.7 
241.0+3.9 
326+6.7 
730+100 
2752 

33.8 
301.8+8.4 
487.9+0.34 
1050.64+0.13 
647.75+0.17 
238.9 
418+50 
512+42 

289 
490.6+8.4 
329.6+2.1 
483+21 
791.3+8.4 
481+50 
606+34 
~800 
260+63 
285+63 
347+32 
247+8.4 
214+29 
293+50 
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A*-B 
Pb:-Se 
РЬ”-Те 
ра С 
ра-н 
ра-о 
ра--ра 
ра-5 
pd: —Si 
Pr'-Au 
Рг'—Вг 
Pr*-Cl 
Pr*-F 
Pr*-I 
Pr'-O 
Pt'-Ar 
Pt'-B 
Pt -C 
Pt'-Cl 
Pt -H 
Pt'-N 
Pt'-O 
Pt —Pt 
Pt'-Si 
Pt'-Xe 
Ри*—Е 
Ри”-О 
Rb:-Ar 
Rb: -Br 
Rb: —Cl 
Rb*-I 
Rb:-Kr 
Rb:-Na 
Rb: Ме 
1-0 
Rb*-Rb 
Rb:-Xe 
Ке”-С 
Re'-H 
Re: -O 
Rh:-C 
Rh:-H 
Rh:-O 
Rh:-S 
Ка-С 
Ки”-Н 
Ru'-O 
Ru'-S 
S*-C 
S'—F 
S:-H 
S'-N 
S'-O 


1 КЈ/ 
mol! 


169.4+6.3 
163%63 
528+5 
208.4+8.7 
14511 
197+29 
197+6 
289+50 
317+81 
357.7 
445.0 


249.8+14.5 
275+5 
326.9+9.6 
318.4+6.7 
318+23 
515+50 
86.6+28.9 
562+50 
655 

12.0 
17.65.1 
10.5+10.5 
27+42 
14.9 
50.1+3.9 
6.95 

29 
75.6+9.6 
21.5 
497.7+3.9 
224.7t6.7 
435+59 
414-17 
164.8+3.8 
295.0+5.8 
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A*-B 
$+-р 
8%-5 
5с-С 
Sc*-Cl 
$с*-Е 
Sc*—Fe 
Sc: -H 
Sc*-O 
Sc'-S 
Sc'-Se 
Sc'-Si 
مک‎ 
Se*-H 
مکو‎ 
Se*-S 
Se*-Se 
57 -Au 
Si! -B 
وک‎ -Br 
Si*-C 
Si*-Cl 
Si —F 
Si* -H 
Si*-O 
Si -P 
Si* -Pd 
Si* -Pt 
Si*-$ 
Si* -Si 
Sit -Te 
Sm: -Br 
Sm*-Cl 
Sm*—F 
ورک‎ -I 
Sm:-O 
Sn: -Br 
Sn'-Cu 
Sn'-F 


Do, KJ/ 
mol! 


573421 
522.4+0.5 
326+6 
410+42 
605+32 
201+21 
235+8 
689+5 
479.5+4.8 
475.8+8.4 
242.3+10.5 
364+42, 
304 
514+25 
392+19 
413+19 
175+50 
351+15 
276+96 
365+50 
591.0+0.6 
684.1+5.4 
316.6:2.1 
478+13.4 
272+50 
237+50 
525+50 
387.5+6.0 
334+19 
347+50 
343.3 
435.4 
620.9 
299.1 
569+15 
335+50 
184+96 
364+29 


A*-B 
Sn: -O 
Sn*-S 
Sn'-Se 
م5 وک‎ 
5п'–Те 
5г'—Аг 
5г'—Вг 
Sr*-Cl 
Sr'-F 
Sr'-H 
8-І 
Sr*—Kr 
Sr*—Ne 
Sr'-O 
Sr -Sr 
ه1‎ -H 
Та'-0 
Та* Та 
Tb:-Cu 
Tb:-O 
Tc'-H 
Tc'-O 
Те”-Н 
Te*-O 
Te' -P 
Те"-5е 
Те* -Te 
Th:-Cl 
Th:-F 
117-0 
Th:-Pt 
Th:-Rh 
ТГ-С 
Ti*-Cl 
Ті--Е 
ТГ-Н 
Ti* -N 
11-0 


р 998 Ю/ 
mol! 


281+10 
240+19 
174%6.3 
193 
168.7+8.4 
13.32+2.92 
378.1+8.4 
427+8.4 
615+50 
209+5 
308.2 
18.13+6.94 
4.52+9.6 
298.7 
105.2+1.6 
230+6 
787+63 
666 
245+34 
722+15 
197.5 
>167 
305+12 
339+50 
415+97 
342+19 
278+29 
499+29 
682+29 
875+16 
388+193 
504+67 
395+23 
426.8 
2456 
226.6+10.6 
501+13 
667+7 


Do, KJ/ 
"امو‎ 


82+96 
461.1+6.8 
249+16 


407.9 
537+16 
266.8 
482+15 
345+29 
300+96 
431+34 
283.449.6 
668429 
284+8 
~485 
757+42 
186 
518+29 
39.39+0.12 
373+13.5 
202+6 
314+21 
202+6 
49.46+0.18 
448.6+5.8 
403.5+0.2 
581.6+9.6 
358.9+8.7 
229+15 
302 
66.4+0.6 
483+21 


А*-В 
W*-F 
W*-H 
W*-O 
Xe*—Ar 
Xe'* -H 
Xe*—Kr 
Xe*-N 
Xe*—Ne 
Xe*—Xe 
Ү"-С 
Y*-F 
Y*-H 
Y*-O 
Y*-Pt 
Ү"-5 
Y*-Si 
Ү"-Те 
Y*-Y 
Yb:-Br 
Yb*-Cl 
Yb:-F 
Yb*-I 
Yb:-O 
Yb*-Yb 
Zn'-Ar 
2п*-Н 
7п'-О 
Zn*-S 
Zn*-Si 
Zn'-Zn 
Zr'-Ar 
Zr'-C 
Zr' -H 
Zr -N 
Zr'-O 
Zr*-S 
Zr'-Zr 
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1۹ Ю/ 
mol! 


444+96 
222.545 
695+42 
134 

355 
41.65+0.08 
62.7+9.6 
2.1+0.8 
99.6 
281+12 
677421 

2 48 
718+25 
466+192 
533.9+8 
243+13 
360+96 
281421 
307.4 
399.6 
557.5+14.4 
262.0 
376+15 
238+96 
28.7+1.2 
216+15 
161.1+4.8 
198+12 
274.1+9.6 
60+19 
36.09+0.24 
445.8+15.4 
218.8:9.6 
443+46 
753+11 
533421 
407.0+9.6 
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TABLE 7. Bond Dissociation Energies in Polyatomic Cations 


This Table has been arranged on the basis of the Periodic Table with the IUPAC notation for Groups 1 to 18, see inside front cover of 
this Handbook. The boldface in the species indicates the dissociated fragment. 


Reference 
Luo, Y.-R. Comprehensive Handbook of Chemical Bond Energies, Taylor & Francis, 2006. 


D^ Dl Пе а! 
Вопа kJ mol! Bond К] mol! Bond kJ mol! 
(1) Group 1 K'(H,O),-H,O 41:8 (3) Group 3 
ш-н, 272 КУН р Sc'-H, 23.051.3 
Li'-CO 57413 KCH, Wa $c'-CH, 412422 
Li'-HjO 13948 دد دنه‎ РА $c'-CH, 233+10 
Li'-NH, 15648 DE У АН 8с-С,Н, 240520 
Li'-CH, 130 K*—Phe (phenylalanine) 150.5+5.8 Sc-C,H, 2131 
Li'-CH,OH 15648 АЕ а оо 5с'-С,Н, 220321 
Li-CHOCH, ТӨЛҮ Rb*-H,O 66.9+12.6 هته‎ A 
Li'-pyridine 183.0+14.5 119-111 452 Sc'-NH 483-10 
Li'-Gly (glycine) SUD Rb'-CH,CN 86.6-1.3 Sc-NH, ne 
Na'-H, 10.440.8 рН ей Sc'-pyridine 231.5+10.3 
Na'-N, 33.5 НО is Y'-CH, 398513 
Ма”-СО 31-8 сеи TOSTAS Y'-CH, 2495.0 
Ма”-СО, 66.5 (2) Group 2 Y*-C,H, 218413 
Na*-SO, 79.1 CH,Be'-CH, 192.9+13.4 Y-CH, >138 
Na'-O, 52.3 tert-C(CH,),Be*—tert-C(CH,), 12185134 Ү'-СО 29.9+10.6 
Ма”-Н,О 91.2+6.3 Mg'-OH 314433 Y'(0)-CO, 8655 
Na*(H,O)-H,O 82.0+5.8 Mg'-CO 43.1+5.8 Та”-СН 523433 
Na'(H,0),-H,O 66.1 Mg'-CO, 58.4+5,8 La*-CH, 40127 
Na*(H,O),-H,O 52.7+0.8 Mg'-H,O ود‎ ЕЁ La'-CH, 217-15 
Na‘*(glycine)—H,O 75.1+5.3 Mg'-NH, 1589116 ه1‎ САН, 262+30 
Na*(glutamine)—H,O 52+1 Mg'-CH, 29.8:6.8 Та”-С,Н, 192.5 
Na'-NH, 106.2+5.4 шон Vased Іш-СН, >230%6 
Ма”-НМО, 86.2 MEG, e Lu'-CH, 176+20 
ПАКИ ae Mg'-pyridine 200.0+6.4 PAESE un 
Na'-CH,OH 98.8+5.7 ene Dm" U*(E),-F 523438 
Ма”-СН,СМ 125.5+9.6 Mg(H,0),-H,0 idis U*(E),-F 381-19 
Na'-CH, 44.6+4.4 Mg^(Me,CO),-Me,CO PM U*(E),-F 243417 
Na'-CH,OCH, 101.45.7 СОН кин U*(E),-F 26:11 
Na'-CH,C(O)H 114.443.4 сано ls A Ground 
Ма”- MeCOMe 131.3:4.1 Сас, Bi ветен fore 
мас, 252) Ca'-imidazole 186.343.9 Ti'-CH, 391515 
Na*-pyrrole 103.7+4.8 1 
Na* -Gly (glycine) 166.7+5.1 Саро d وه‎ 22 

| Ca?*(Me,CO),-Me,CO 101.3 Ti'-CH, 70.342.5 
Na* —Ala (alanine) 167+4 Sate УЗ Ti-CH, 213413 
Na*-GlyGly (glycylglycine) 20348 Sr-CO, 41.9 ТСН, 146411 
к-н, 6.1+0.8 Sr'-H,O idis бн. Жор 
E 2 Sr'-C H, 117 ТГ-СО 117.7158 
iM 3 Sr*(H,O),-H,O 87.4 ТГ-Н,О 157.7+5.9 
K'(H,0),-H,O 674 Ва'-ОН 530.7+19.3 ТР-МН 466312. 
K*(H,O),-H,O 55.2 Ba^(H,O),-H,O 90.8 Ti-NH, ees 
K*(H,O),-H,O 11.8 темн, dd 
Е TER Ti*—pyridine 217.249.3 
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Bond 
Ti*-imidazole 
Zr'-CH 
Zr'- CH, 
Zr'-CH, 
Zr'-CH 
Zr'-CO 
Zr'-CS 
Hf'-CH, 
Hf'-C H, 


(5) Group 5 
(СО) У-Н 
V-H, 
۷-1 
У”-СН, 
V'-CH, 
у-с,н, 
V-CH, 
У!-0ү-С,Н) 
УСН, 
У"-СО 
У"-СО, 
У”-н,О 
V*-NH 
V*-NH, 
V*-NH, 
V*—pyridine 
V*-imidazole 
МЬ”-Н, 
Nb*—CH 
МЬ”-СН, 
МЬ”-СН, 
Nb'-CH,NH, 
МЬ”-С,Н, 
(МЬЕе)*-С.Н, 
МЬ”-СО 
Nb'-CS 
Nb,'-N, 
Та-СН 
Та*-СН, 
Ta'-CH, 
Та-С,Н, 


(6) Group 6 
(CO),Cr'-H 


(1*-C,H,(NO)(CO),Cr:-H 


Cr'-H, 

Cr'-CH 
Cr'-CH, 
Cr'-CH, 


МЕТІ 
kJ mol! 


«232.4482 
568413 
444.845 
227.7%9.6 
273414 
77:10 
242411 
427438 
150.6 


530.7 
234410 
114.8+2.9 
72.4+3.8 
149.8+5.0 
423429 
29346 
192+11 
218.7+13.5 
<243.4+8.0 
61.9 
581+19 
428.4+8.7 
198.8+10.6 
134 

117.7 

>163 
95.5+4.8 
242+11 
<215 
575+9 
48545 
196+3 
251~301 


230+10 
207.1+14 
31.8+2.1 
294429 
21634 
11044 


Вопа 
Cr'-CH, 
Cr^-indole 
Cr'-CO 
Cr'-OH 
Сг”-Н,О 
Cr'-N, 
Cr'-NH, 
(СО),Мо”-Н 
Mo'-CH 
Mo'-CH, 
Mo'-CH, 
Mo'-CO 
Mo'-CO, 
Mo'-CS 
Мо'-С$, 
Mo'-NH 
Mo'-pyrrole 
(СО) М-Н 
W'-CH 
W'-CH, 
W'-CH, 
(PMe,), (CO), W:-H 
W*-pyrrole 


(7) Group 7 
(CO),Mn'-H 
Mn'-H, 
Mn'*-CH, 
Mn'*-CH, 
Mn'(CO).-CH, 
Mn'(CO).-CH, 
Mn'-(n-C,Hj 
Mn*-C H, 
Mn:-OH 
Ма-СО 
Ма-Н,О 
Mn*-CH,OH 


Mn'-OC(CH,, 
Мп:-С5 


Mn'-NH, 
Миг-МН, 
Tc'-CH, 

Tc'-C H, 
Re'(CH,)(CO).-H 
(РМе,(СО),Ке”-Н 


(8) Group 8 
Fe*(O)-H 
Fe*(CO)-H 
Fe*'(H,O)-H 


МЕТІ 
kJ mol! 


170+10 
196.6+16.7 
89.7+5.8 
298+14 
132.6+8.8 
59+4 
183+10 
260+9 
509+10 
329+12 
157+12 
193.9+9.6 
49.2+7 
162+18 
67.5+12.5 
<385 
>289 
257+9 
580+27 
456.4+5.8 
~222.9+9.6 
259.4 
>209 


172+10 
7.9+1.7 
295+13 
215+10 
132+15 
>30 
326.1+9.6 
145+10 
332+24 
25+10 
121.8+5.9 
134+29 
159+14 
80.0+21 
254+20 
147+8 
<464 
<320 
294+13 
300.4 


Вопа 
Fe'(n*-C,H.)-H 
(CO,),Fe'-H 
Ее”-Н, 
Fe'-CH 
Ее”-СН, 
Ее”-СН, 
Ее”-СН, 
Ее”-С,Н, 
Ее”-С,Н, 
Fe'-C H, 
Fe'-C H, 
Fe'-C H, 
Fe'-OH 
Fe'-CO 
Fe*D-CO 
Ее”-СО, 
Fe'-HjO 
Fe'-N, 
Fe'-NH, 
Ре*-С$, 
Fe*-imidazole 
Fe'-SiH 
Fe'-SiH, 
Fe'-SiH, 
Ru'(n?-C.H ),-H 
(n?-C, Me,),Ru'-H 
Ки”-СН 
Ru'-CH, 
Ка-СН, 
Ки-С5 
OsO,'-H 


(9) Group 9 
(n°-C,H,)(CO),Co*-H 
(CH,OD)Co'-H 
Co'-H, 

(n?-C,H )Co'-H, 
Co'-CH 
Со”-СН, 
Co'-CH, 
Со”-СН, 
Со”-С,, 

Со”-СО 
Со”-Н,О 
Co:-CS 

Co'-N, 
Co'-NH, 
Co'-NH, 
Со”-СН,СМ 


9-79 


D” اې‎ 
К] mol! 


193421 
299415 
45.2+2.5 
423+29 
<342+2 
229+5 
73.2 
159.0+2.1 
238+10 
145+11 
233+9 
64+6 
366+12 
129.3+3.9 
53413 
74.3+7.7 
128.9+0.8 
53+4 
184+12 
166.1+4.6 
246.1+13.8 
254+13 
181+9 
183+9 
292+16 
284.5 
501.7+11.6 
344.4+4.8 
160.2+5.8 
253+20 
552+13 


245+12 
147.6+7.7 
76.1+4.2 
67.8 
420+37 
317+5 
203+4 
96.7 
243+67 
173.7+6.7 
164.4+5.9 
259+33 
96.2+7.1 
247+7 
219+16 
>255+17 
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Вопа 

Co*-P(CH,), 
Co*-P(C,H,), 
(CH)Rh*-H 
(n°-C,H,)(CO),Rh*-H 
Rh:-CH 

Rh'-CH, 

Rh'-CH, 

Rh'-NO 

Rh*-CS 
(CO)(n°-C,H,)(PPh,)Ir*-H 
(CO),(-C.MejIr'-H 
Ir'-CH, 

Ir'-C H, 


(10) Group 10 
(CO),Ni'-H 
(n°-C,H,)(NO)Ni*-H 
(n°-C,H,)(n°-C,H,)Ni*-H 
Ni'-H, 
МГ-СН 
Ni'-CH, 
Ni'-CH, 
Ni'-CH, 
Ni'-OH 

دا 
Ni'-CO,‏ 
МГ-Н,О‏ 
МГ-С5‏ 
Ni'-N,‏ 
МГ-МО‏ 
Ni'-NH,‏ 
Ni'-NH,‏ 
Pd'-CH‏ 
Pd'-CH,‏ 
Pd'-CH,‏ 
Pd'-CH,‏ 
Pd'-CS‏ 
р«-С,Н,‏ 
Pt-H,‏ 
Pt-CH‏ 
Pt'-CH,‏ 
Pt'-CH,‏ 
Pt'-CH,‏ 
Pt'-O,‏ 
РГ-СО‏ 
Pt'-CO,‏ 
Pt'- NH,‏ 
Pt'-C H,‏ 


24839 
315414 
215313 
72.41.3 
301.0+11.6 
306+4 
169.8+6.8 
96.5+4 
235+19 
175+11 
104+1 


59.8+4.8 


274412 
229.7 


Bond 


(11) Group 11 
Cu'-H, 
Cu'-CH, 
Cu'-CH, 
Cu'-C H, 
Cu'-C H, 
Cu'-C H, 
СаСО 
Cu'-N, 
Cu'-NO 
Cu'-H,O 
Cu'-NH, 
Cu'-NH, 
Cu'-CS 
Cu'-SiH 
Cu'-SiH, 
Cu'-SiH, 
Ag'-CH, 
Ag'-CH, 
Ag'-C H, 
Ag'-C HH, 
Ag'-O, 
Ag'-CO 
Ав-Н,О 
Ав -С5 
Ag'-NH, 
Ач-СН, 
Ач-С,Н 
Ач-СН, 
Au'-CO 
Ач-Ң,О 
Ач-Н,5 
Au'-NH, 
Ач-РН, 


4 


(12) Group 12 
Zn'-H, 
Zn'-CH, 
Zn'-OH 
7л”-Н,О 
Zn:-NO 
Zn'-pyrimidine 
Zn:-CS 
Cd'-CH, 
Cd*(CH,)—CH, 
Cd'-CH, 
Hg'-CH, 
Hg*(CH,)—CH, 


Р» اې‎ 
К] mol! 


51.9+0.4 
267.3+6.8 
111+7 
>21.249.6 
176314 
218.0:9.6 
149+7 
89+30 
109.0+4.8 
160.7+7.5 
192+13 
237+15 
238.3+11.6 
246+27 
2231+7 
97+25 
2107+4 
66.6+4.8 
65.7+7.5 
167+19 
29.7+0.8 
89+5 
134+8 
152+20 
170+13 
<372+3 
344.5 
289+29 
201+8 
164.0+9.6 
230425 
297429 
402433 


15.7+1.7 
280+7 
1272 
163 
76.2+9.6 
209.6+7.7 
149+23 
228+3 
109+3 
136+19 
285+3 
96+3 


Bond Dissociation Energies 


Bond 


(13) Group 13 
в-н, 
HB*-H, 
(CH,),B'-CH, 
АГ-Н, 
AI-N, 
АГ-СО, 
АГ-Н,О 
АГ-МеОН 
АГ-ЕС(О)ЁЕ 
AI-CH, 
Al*—pyridine 
Al*—phenol 
Al'-imidazole 
Ga'-NH, 
In'-NH, 


(14) Group 14 


HC,-H 

C,H,-H 

C H,'-CI 
C,H,*-Br 
C,H,*-Br 
сн,-н, 
сн,-н, 
с,н/-н, 
CO*-N, 
H,CH*-N, 
CO*-CO 
CO*(CO)-CO 
CO'(CO),-CO 
CO'(CO),-CO 
(CO,)*-CO, 
(CO,)*(CO,)-CO, 
(CO,)'(CO,),-CO 
(CO,)'(CO,),-CO 
CH,'-N)O 
CH,'-SO, 
СН,-ОС5 
CH,'-CS, 
СН/-Н,О 

СН, (Н,0)-Н,О 
СН, (Н,0),-Н,О 
СН, (Н,О),:-Н,О 
СН, (Н,О):-Н,О 


2 


2 


Р» اې‎ 
К] mol! 


15.9+0.8 
61.542.1 
32.6+4.2 
5.6+0.6 

5.6 

229.3 
104+15 
139.7 
191.2 
147.3+8.4 
190.3+10.3 
154.8+16.7 
232.4+8.2 
122.5 
111.0 


955+15 
822.0+12.5 
846.2+10.6 
938.8+10.6 
574.749 
376.3+4.8 
247+4.8 
126.4 
266.3 

186 
7.9+0.4 

17 
67.5+19.3 
31.8 
173.7+14.6 
52.3 

30.2 

18.4 

70.3 

34.7 

21.3 
20.1+1.3 
221.3 
253.6 
239.3 
251.9 

279 

106.3 

87.9 

61.9 

48.5 


Bond Dissociation Energies 


Bond 

CH,'-H,S 
CH,*-CH,O 
CH,'-NH, 
(СН,)-СН, 
CH,'-CH, 
CF,'-CH, 
(CH,)*-CH, 
C.H,'-CH, 
CH,'-CH,F 
СН,-СЕ,СІ 

сн- сна 

tert-C H,'-CH,OH 
tert-C H,'-CH,CN 
tert-C H,'-SO,F, 
CH,'-C, HO 
CH,'-CF,CIOCI 

tert--C H,'-(CHJ,S 
tert-C H,'-C,H.OH 
tert-C H,'-C.H, 
tert-C,H,*+t-C,H,Cl 
tert-C,H,*—(CH,),CH 
tert-C H,'-C.H, 
(C,H)'-CH, 
(C,H,)*-indole 

C F —C.F. 


PhSiH,'-H 
Si*(CH,),—Cl 
SiH,'-CO 
SiF,'-CO 
(CH,),Si*-H,O 
(CH,),Si*-NH, 
Si(CH,)(CD,-CH, 
Si(CH,)(CI)-CH, 
Si'-CH, 
Si'(CH))-CH, 
Si'(CH,),-CH, 
Si'(CHJ,-CH, 
(СН),8г-СН,ОН 
(CH,),Si*(C,H,),O 
(CH,),Si!-C H, 
(СН),8г-СН,АН, 
(СН,),ве”-Н,О 
(C,H,),Ge*-H,O 
(CH,),Sn*-NH, 
(CH,),Sn*-H,O 
(CH,),Sn*—(CH,),CO 
(CH,),Sn'-C,H,SH 
Pb'-H,O 


МЕТІ 
kJ mol! 


344.8 
303.0+2.9 
431.4 
209.2+4.2 
166.5 

19.0 
28.7+1.3 
12.0 

230 

221 

259 

63 

85 

43.5 
338.7+2.9 
252 

185 

85 

27.6 

339 

30.1 

92 

73.6 

54.8 
30.1+4 
35.89+7.72 
159 
178.5+1.9 
2151 
174.1+1.3 
125.9+7.9 
194.6 
60.8+2.9 
41.5+1.9 
413.9+5.8 
123+48 
513427 
66.6+5.8 
164.0 
184.9 
100.0 
231.8 
119.7+2.1 
104.2+2.1 
154 

108 

157 

143 

93.7 


Вопа 

Pb'-NH, 
РЬ”-СН,ОН 
Pb'-CH,NH, 
Pb'-C. H, 

(15) Group 15 
нм-н 

нм-н 
Me,N'-H 
Et,N’-H 
(imidazole)* -Zn 
N,H’-H, 
ON:-O, 

N'-N, 

ON'-N, 

N,-N, 

HN,-N, 

N,'-N, 

O,N'-N, 
117 
ON'-NO 
ON*-CO 
ON'*-O, 
ON'*-CO, 
N,O'-ON, 
NO'-ON, 
(HON,)'-ON, 
ОМ:-Н,О 
ОМЧН,0)-Н,О 
ON'(H,O),-H,O 
H,N'-HO 
H,N*(H,O)-H,O 
Н,ХЧН,0)-Н,О 
H,N:(H,O),-H,O 
H,N*(H,O),-H,O 
(glycine)H*-H,O 


(tryptophan)H*—H,O 
(tryptophanylglicine)H*-H,O 


H,N'-H,S 
H*(NH,)-NH, 
H*(NH,),-NH, 
H*(NH,),-NH, 
H'(NHj),-NH, 
H'(NHj),-NH, 
H*(NH,),-NH, 
NH,*-CH, 
ON'-CH,OH 
O,N'-CH,OH 


( CH,CNH):-CH,CN 
(pyridineH)*—pyridine 


МЕТІ 

К] тог! 
118.4+0.8 
97.5+0.8 
148.1 +1.3 
110+2 


544.43+0.10 
515.1 

376 

362 
216.1+3.9 
24.7+0.8 
14.2 

303.8 

21.3 
102.3+14.6 
60.7 
18.8+1.3 
19.2+1.3 
54+21 
59.4+0.8 
27.2+1.3 
<58 
32.2 
72.8+6.3 
36.4+0.8 
69.9+4. 

95 

67.4 

56.5 
86.2+4.2 
72.8+4.2 
57.3+4.2 
51.0 

44.4 
77.2+11.0 
31.2+2.5 
56.0+5.3 
47.7 

108.8 
69.5 

57.3 

49.0 

29.3 

27.2 

15.0 

97.6 
80.3+9.6 
130.1:9.6 
105.444 


Bond 

(valine H)*-valine 
(betainH)*—betaine 
H,P*-H,O 
(H,P)'-PH, 
AsH,'-H 

٤-6‏ هر1 

٤-76‏ هر1 
ві-Н,О‏ 

Bi'-NH, 
Bi'-CH, 


(16) Group 16 
(H,O)*-H, 

О-О, 

0'(05,-O, 
ОЧО,,-О, 

ОГ-0, 

О,(0)-0, 
О,(0,),-0, 
О,(0,),-0, 
О,ХО,),-О, 
O,'(0)).-O, 

O'-N, 

O,-N, 

(H,O)*-N, 

O,-N, 

О/-СО 

ОГ-СО, 
СО/-СО, 
(H,O)'-CO, 

(Н,О) (СО,)–СО, 
(H,O)*(CO,),-CO, 
(H,O)*(CO,),-CO, 
О/-ОМ, 
(H,O)'-ON, 
(H,O)*(H,O)-ON,, 
(H,O)*(H,O),-ON, 
ОГ-0, 
OCIO:-OCIO 
О7-Н,О 
(OH)'(H,O),-H,O 
(OH)*(H,SO,)(H,O),-H,O 
(OH)*(H,SO,)(H,O),-H,O 
(OH)*(H,SO,)(H,O),-H,O 
(H,O)*-H,O 
(H,O)*-H,O 
(H,O)*(H,O)-H,O 
(H,O)'(H,O),-H,O 
(Н,О)(Н,О);-Н,О 
(H,O)*(H,O),-H,O 


9-81 


D^ ul 

К] mol! 
86.6+8.4 
139.9-4.8 
54.4 
48.1 
257 
10617 
77417 
95.4 

149 
<149 


14.6+2.1 
179.5 
28.9 

3.9 
38.3+2.1 
24.6+1.3 
10.4+0.8 
9.00.8 
8.0+0.8 
7.9+1.3 
231.4 
22.6 
22.2+2.1 
12.3 
31.8 
41.0+2.1 
65.3+4 
64.0 
51.9 
43.9 
18.0 
56.1+4 
70.7+6.5 
50.6+2.1 
42.732.1 
67.5439 
246-48 
>67 

87.4 
56.9 
49.8 
44.8 
164.0 
140.2 
93.3 
71.1 
64.0 
54.4 


9-82 


Вопа 
(H,O)'(H,O),-H,O 
(H,O)'(H,O),.-H,O 
(HCOOH)H*-H,O 
СН,ОН,-Н,О 
СН,СНОН"-Н,О 
(CH,),OH*-H,O 


(tetrahydrofuranH)*—H,O 


(furanH)'-H,O 
Їцгапе”-Н,О 
(phenol)'-H,O 
(1-naphthol)'-H,O 
H,O'-HC(O)H 
H,O*-NH, 
H,O*(NH,)-NH, 
H,O'(NH),-NH, 
H,O*(NH,),-NH, 
H,O*-PH, 
H,O*-SO, 
(HCOOH)'-HCOOH 
H,O'-CH, 
(CH,OH)'-CH,OH 
CH,OH,'-CH,OH 
H,O'-CH,CN 


furan'-furan 


ВН*-В, В = tetrahydofuran 


74 
96.5+9.6 
33.5 
115.8+19.3 
136.4 
195.4 

94.1 

125.1 


Вопа 

S'-CS, 

CS'-CS, 

CS,'-CS, 
11) 
О$'—5О, 

0,5:-5О, 
OCS'-OCS 
OCS'-CO, 
SO,'-CO, 
Н,5-Н,О 
thiopheneH*—H,O 
H,S*-H,S 

H,S*-CH, 
(CH,),Se**—Se(CH,), 
(CH, Te"-Te(CH), 


(17) Group 17 
НЕ-НЕ 
(H,CI)* -C1 
НСІ-НСІ 
СІ-ССІ, 
СГ-С,Н, 
HBr'-HBr 
I'-CH, 
Г(СН,)-СН, 


D’ l 
К] mol! 


166 
150.6 
104.2 
46.4 
57.7 
63.6 
100.0 
72.0 
42.7 
91.6 
42.7 
53.6+6.3 
16.3 
“95:53 
9742 


2138 

39.6 

83.9 
446.7+9.6 
685.0+4.8 
96 

330.0 
511 


Bond Dissociation Energies 


Bond 
I'(CH,D,-CH, 


(18) Group 18 
He*(He),-He 
He*(He),—He 
Ne*(Ne)-Ne 
Ne*(Ne),-Ne 
Ar*(Ar)-Ar 
Ar*(Ar),—Ar 
Ar'(Nj)-Ar 
Ar'(N)(Ar)-Ar 
Ar*(N,)(Ar),—Ar 
Kr*(Kr)—Kr 
Kr'(Kr),-Kr 
Xe*(Xe)—Xe 
Xe'(Xe),-Xe 
Ar'-H, 
Ar'-N, 
Ar*(N,)-N, 
Ar'(Nj,-N, 
Аг—СО 

Аг (СО)-СО 
Kr'-CO 
Kr'-CO, 


D^ 
К] mol! 


112.9 


17.6 
2.7t0.6 
10.3+0.6 
3.3+0.6 
20.4+0.6 
7.0+0.6 
25.1 

7.1 

7.1 
23.3+0.6 
9.0+0.6 
25.2+0.6 
11.0+0.6 
93.7 
127.6 
31.0 
10.9 
75417 
13 
103.3+7.5 
79.1*2.9 


ELECTRONEGATIVITY 


Electronegativity is a parameter originally introduced by Pauling References 
which describes, on a relative basis, the tendency of an atom in 
a molecule to attract bonding electrons. While electronegativity 1. Pauling, L., The Nature of the Chemical Bond, Third Edition, Cornell 
is not a precisely defined molecular property, the electronegativ- University Press, Ithaca, NY, 1960. 
Я 5 2. Allen, L. C., J. Am. Chem. Soc., 111, 9003, 1989. 
ity difference between two atoms provides a useful measure of 3. Allred, A. LJ. Inorg. Nucl. Chem., 17, 215, 1961 
the polarity and ionic character of the bond between them. This X шашныг i | vor ss у 
table gives the electronegativity X, on the Pauling scale, for the 
most common oxidation state. Other scales are described in the 


references. 
2 Symbol X 2 Symbol X 2 Symbol X 
1 H 2.20 33 As 2.18 65 Tb — 
2 He — 34 Se 2.55 66 Dy 1.22 
3 Li 0.98 35 Br 2.96 67 Ho 1.23 
4 Be 1.57 36 Kr — 68 Er 1.24 
5 B 2.04 37 Rb 0.82 69 Tm 1.25 
6 C 2.55 38 Sr 0.95 70 Yb — 
7 N 3.04 39 Y 1.22 71 Та 1.0 
8 [9] 344 40 Zr 1.33 72 Hf 13 
9 F 3.98 41 Nb 1.6 73 Ta 1.5 
10 Ne — 42 Mo 2.16 74 У 17 
11 Ма 0.93 43 Тс 2.10 75 Ке 1.9 
12 Ма 1.31 44 Ки 2.2 76 Os 22 
13 Al 1.61 45 Rh 2.28 77 Ir 22 
14 Si 1.90 46 Pd 2.20 78 Pt 22 
15 P 2.19 47 Ag 1.93 79 Au 2.4 
16 5 2.58 48 са 1.69 80 На 1.9 
17 а 3.16 49 In 1.78 81 1 1.8 
18 Аг — 50 $n 1.96 82 Pb 1.8 
19 K 0.82 51 Sb 2.05 83 Bi 1.9 
20 Са 1.00 52 Те 2.1 84 Ро 2.0 
21 5с 1.36 53 1 2.66 85 Аї 2.2 
22 Ti 1.54 54 Хе 2.60 86 Кп — 
23 У 1.63 55 Cs 0.79 87 Fr 0.7 
24 Cr 1.66 56 Ba 0.89 88 Ra 0.9 
25 Mn 1.55 57 La 1.10 89 Ac 11 
26 Ее 1.83 58 Се 1.12 90 Th 13 
27 Co 1.88 59 Pr 1.13 91 Pa 1.5 
28 Ni 1.91 60 Nd 1.14 92 U 1.7 
29 Cu 1.90 61 Pm — 93 Np 13 
30 Zn 1.65 62 $m 1.17 94 Pu 13 
31 Ga 1.81 63 Eu — 
32 Ge 2.01 64 Gd 1.20 
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FORCE CONSTANTS FOR BOND STRETCHING 


Representative force constants (f) for stretching of chemical 
bonds are listed in this table. Except where noted, all force con- 
stants are derived from values of the harmonic vibrational fre- 
quencies о. Values derived from the observed vibrational funda- 
mentals v, which are noted by a, are lower than the harmonic force 
constants, typically by 2 to 396 in the case of heavy atoms (often by 
5 to 1096 if one of the atoms is hydrogen). Values are given in the 
SI unit newton per centimeter (N/cm), which is identical to the 
commonly used cgs unit mdyn/À. 


Bond Molecule f(N/cm) Note 
H-H H, 5.75 
Be-H BeH 2.27 
В-Н ВН 3.05 
С-н сн 4.48 
CH, 544 b 
CH, 4.83 a,b,c 
CH,CN 5.33 b 
сна 5.02 a,b,c 
ССІ,-СН, 5,57 b 
HCN 6.22 
N-H NH 5.97 
O-H OH 7.80 
H,O 8.45 
P-H PH 3.22 
S-H SH 4.23 
H.S 428 
F-H HF 9.66 
CI-H HCI 5.16 
Br-H HBr 4.12 
1-1 HI 3.14 
Li-H LiH 1.03 
Na-H NaH 0.78 
K-H KH 0.56 
Rb-H RbH 0.52 
Cs-H CsH 0.47 
C-C C, 12.16 
CCL,-CH, 843 
CH : 4.50 а,с 
CH,CN 5.16 
C-F CF 7.42 
CH,F 5.71 a,c 
C-Cl са 3.95 
сна 344 ас 
ССІ,-СН, 4.02 b 
C-Br CH,Br 2.89 a,c 
C- CHI 2.34 ас 
С-О СО 19.02 
со, 16.00 
OCS 16.14 
CH,OH 5.42 a,c 
С-5 CS 8.49 
CS 7.88 


* Derived from fundamental frequency, without anharmonicity correction. 
^ Average of symmetric and antisymmetric (or degenerate) modes. 
* Calculated from Local Symmetry Force Field (see Reference 2). 
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Bond Molecule SI(N/cm) Note 
OCS 7.44 
C-N CN 16.29 
HCN 18.78 
CH,CN 18.33 
CH,NH, 512 ас 
С-Р СР 7.83 
Si-Si Si, 2.15 
Si-O SiO 9.24 
Si-F SiF 4.90 
Si-Cl SiCl 2.63 
N-N N, 22.95 
N,O 18.72 
N-O NO 15.95 
N,O 11.70 
Р-Р P, 5.56 
P-O PO 9.45 
O-O O, 11.77 
O, 5.74 a 
S-O 50 8.30 
50, 10.33 а 
5-5 5, 4.96 
Е-Е Е, 470 
СЕ СЕ 4.48 
Br-F ВгЕ 4.06 
СІ-СІ Cl, 3.23 
Br-Cl BrCl 2.82 
Br-Br Br, 2.46 
LI L 1.72 
Li-Li Li, 0.26 
Li-Na LiNa 0.21 
Na-Na Na, 0.17 
Li-F LiF 2.50 
Li-Cl LiCl 1.43 
Li-Br LiBr 1.20 
Li-I Lil 0.97 
Na-F NaF 1.76 
Ма-С1 NaCl 1.09 
Na-Br NaBr 0.94 
Na-I Nal 0.76 
Be-O BeO 7.51 
Mg-O MgO 348 
Са-О Сао 3.61 


FUNDAMENTAL VIBRATIONAL FREQUENCIES OF SMALL MOLECULES 


This table lists the fundamental vibrational frequencies of se- 
lected three-, four-, and five-atom molecules. Both stable mole- 
cules and transient free radicals are included. The data have been 
taken from evaluated sources. In general, the selected values are 
based on gas-phase infrared, Raman, or ultraviolet spectra; when 
these were not available, liquid-phase or matrix-isolation spectra 
were used. 

Molecules are grouped by structural type. Within each group, 
related molecules appear together for convenient comparison. 

The vibrational modes are described by their approximate char- 
acter in terms of stretching, bending, deformation, etc. However, 
it should be emphasized that most such descriptions are only ap- 
proximate, and that the true normal mode usually involves a mix- 
ture of motions. Abbreviations are: 


XY, Molecules 


Point groups D (linear) and С, (bent) 


sym. symmetric 
antisym. antisymmetric 
str. stretch 
deform. deformation 
Scis. Scissors 
rock. rocking 
deg. degenerate 


In the case of free radicals, strong interactions may exist be- 
tween the electronic and bending vibrational motions. Details can 
be found in References 3 and 4. The references should be consulted 
for information on the accuracy of the data and for data on other 
molecules not listed here. 

All fundamental frequencies (more precisely, wavenumbers) are 
given in units of cm™!. 


XY, Molecules 


Point groups D (linear) and С, (bent) 


Molecule Structure Sym. str. Bend Antisym. str. Molecule Structure Sym. str. Bend Antisym. str. 
co, Linear 1333 667 2349 NH, Bent 3219 1497 3301 
CS, Linear 658 397 1535 NO, Bent 1318 750 1618 
С, Linear 1224 63 2040 NF, Bent 1075 573 942 
CNC Linear 321 1453 CIO, Bent 945 445 1111 
NCN Linear 1197 423 1476 CH, Bent 963 
BO, Linear 1056 447 1278 CD, Bent 752 
BS, Linear 510 120 1015 CF, Bent 1225 667 1114 
KrF, Linear 449 233 590 CCI, Bent 721 333 748 
XeF, Linear 515 213 555 CBr, Bent 595 196 641 
Хесі, Linear 316 481 SiH, Bent 2032 990 2022 
H,O Bent 3657 1595 3756 SiD, Bent 1472 729 1468 
D,O Bent 2671 1178 2788 SIF, Bent 855 345 870 
EO Bent 928 461 831 SiCl, Bent 515 505 
со Bent 639 296 686 SiBr, Bent 403 400 
O, Bent 1103 701 1042 GeH, Bent 1887 920 1864 
H,S Bent 2615 1183 2626 сесі, Вепї 399 159 374 
р,5 Bent 1896 855 1999 SnF, Bent 593 197 571 
SF, Bent 838 357 813 SnCl, Bent 352 120 334 
SCI, Bent 525 208 535 SnBr, Bent 244 80 231 
SO, Bent 1151 518 1362 PbF, Bent 531 165 507 
H,Se Bent 2345 1034 2358 РЬСІ, Вепї 314 99 299 
D,Se Bent 1630 745 1696 CIF, Bent 500 576 
XYZ Molecules XYZ Molecules 
Point Groups C, (linear) and C (bent) Point Groups C, (linear) and C (bent) 
Molecule Structure XY str. Bend YZ str. Molecule Structure XY str. Bend YZ str. 
HCN Linear 3311 712 2097 NNO Linear 2224 589 1285 
DCN Linear 2630 569 1925 HNB Linear 3675 2035 
FCN Linear 1077 451 2323 HNC Linear 3653 2032 
CICN Linear 744 378 2216 HNSi Linear 3583 523 1198 
BrCN Linear 575 342 2198 HBO Linear 754 1817 
ICN Linear 486 305 2188 FBO Linear 500 2075 
CCN Linear 1060 230 1917 CIBO Linear 676 404 1958 
CCO Linear 1063 379 1967 BrBO Linear 535 374 1937 
HCO Bent 2485 1081 1868 FNO Bent 766 520 1844 
HCC Linear 3612 1848 CINO Bent 596 332 1800 
OCS Linear 2062 520 859 BrNO Bent 542 266 1799 
NCO Linear 1270 535 1921 HNF Bent 1419 1000 
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XYZ Molecules XYZ Molecules 

Point Groups C, (linear) and C (bent) Point Groups C (linear) and C (bent) 
Molecule Structure XY str. Bend YZ str. Molecule Structure XY str. Bend YZ str. 
HNO Bent 2684 1501 1565 NSF Bent 1372 366 640 
HPO Bent 2095 983 1179 NSCI Bent 1325 273 414 
HOF Bent 3537 886 1393 HCF Bent 1407 1181 
HOCI Bent 3609 1242 725 HCCI Bent 1201 815 
HOO Bent 3436 1392 1098 HSiF Bent 1913 860 834 
FOO Bent 579 376 1490 HSiCl Bent 808 522 
СОО Bent 407 373 1443 HSiBr Bent 1548 774 408 
BrOO Bent 1487 
HSO Bent 1063 1009 


Symmetric XY, Molecules 


Point Groups D, (planar) and С, (pyramidal) 


Molecule Structure Sym. str. Sym. deform. Deg. str. Deg. deform. 
NH, Pyram. 3337 950 3444 1627 
ND, Pyram. 2420 748 2564 1191 
PH, Pyram. 2323 992 2328 1118 
AsH, Pyram. 2116 906 2123 1003 
SbH, Pyram. 1891 782 1894 831 
NF, Pyram. 1032 647 907 492 
PF, Pyram. 892 487 860 344 
AsF, Pyram. 741 337 702 262 
PCI, Pyram. 504 252 482 198 
PI, Pyram. 303 111 325 79 
Asl, Pyram. 219 94 224 71 
AICI, Pyram. 375 183 595 150 
SO, Planar 1065 498 1391 530 
BF, Planar 888 691 1449 480 
BH, Planar 1125 2808 1640 
CH, Planar 606 3161 1396 
CD, Planar 453 2369 1029 
CF, Pyram. 1090 701 1260 510 
SiF, Pyram. 830 427 937 290 
Linear XYYX Molecules Planar X, YZ Molecules 
Point Group D, „ Point Group С, 
Molecule Sym.  Antisym. XY ҮҮ Вепа Вепа Molecule Ѕут.ХҮ YZ Yx, Antisym. Yx, YX, 
XY str. str. str. str. str. scis. XY str. rock wag 
CH, 3374 3289 1974 612 730 H,CO 2783 1746 1500 2843 1249 1167 
CD, 2701 2439 1762 505 537 D,CO 2056 1700 1106 2160 990 938 
CN, 2330 2158 851 507 233 ЕСО 965 1928 584 9 626 774 
CLCO 567 1827 285 849 440 580 
О МЕ 1310 822 568 1792 560 742 
ока 1286 793 370 1685 408 652 
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Tetrahedral XY, Molecules References 


1. T. Shimanouchi, Tables of Molecular Vibrational Frequencies, 


Point Group T, 3 
Consolidated Volume I, Natl. Stand. Ref. Data Ser. Natl. Bur. Stand. 
Deg. Deg. Deg. (U.S.), 39, 1972. 
Molecule Sym. str. deform.(e) str.(f) deform.(f) 2. T. Shimanouchi, Tables of Molecular Vibrational Frequencies, 
CH, 2917 1534 3019 1306 Consolidated Volume II, J. Phys. Chem. Ref. Data, 6, 993, 1977. 
CD, 2109 1092 2259 996 3. G. Herzberg, Electronic Spectra and Electronic Structure of Polyatomic 
СЕ, 909 435 1281 622 Molecules, D. Van Nostrand Co., Princeton, NJ, 1966. I 
са 459 217 776 314 4. M. E. Jacox, Ground state vibrational energy levels of polyatomic tran- 
4 sient molecules, J. Phys. Chem. Ref. Data, 13, 945, 1984. 
CBr, 267 122 672 182 
CI, 178 90 555 125 
SiH, 2187 975 2191 914 
SiD, 1558 700 1597 681 
SiF, 800 268 1032 389 
SiCl, 424 150 621 221 
GeH, 2106 931 2114 819 
GeD, 1504 665 1522 596 
Сес, 396 134 453 172 
SnCl, 366 104 403 134 
ТІСІ, 389 114 498 136 
ZrCl, 377 98 418 113 
HfCl, 382 102 390 112 
RuO, 885 322 921 336 
OsO 965 333 960 329 


SPECTROSCOPIC CONSTANTS OF DIATOMIC MOLECULES 


This table lists the leading spectroscopic constants and equi- 
librium internuclear distance r, in the ground electronic state for 
selected diatomic molecules. The constants are those describing 
the vibrational and rotational energy through the expressions: 


E, /hc = o (v + 1/2) — o x (v + 1/2)? +... 


E /йс = BJU * 1) - DUU * DP +... 
where 


В, و‎ В, – a(v«1/2) +... 


р,=0р +... 

Неге v and J are the vibrational and rotational quantum numbers, 
respectively, И is Planck's constant, and c is the speed of light. In this 
customary formulation the constants о, B, , etc. have dimensions 
of inverse length; in this table they are given in units of ص‎ 

Users should note that higher order terms in the above energy 
expressions are required for very precise calculations; constants 
for many of these terms can be found in the references. Also, if the 
ground electronic state is not !X, additional terms are needed to 
account for the interaction between electronic and pure rotational 
angular momentum. For some molecules in the table the data have 
been analyzed in terms of the Dunham series expansion: 


Elhc = E, Y, (v41/2)" 41)" 

о, Ox, 
Molecule State стг! стг! 
17А о Вг ХУУ 249.57 0.63 
7A کس‎ Тун 343.49 1.17 
107A Әр Iyk 513.45 2.59 
107 Ag'H I» 1759.9 34.06 
WAgH Ту, 1250.70 17,17 
107 A 2127] Dy 206.50 0.46 
107A gO T, 490.2 31 
VAI, зу, 5 350.01 2.02 
27 АГ Ву уж 378.0 1.28 
27 АЈС] Уа 481.30 1.95 
27 AJP yt 802.3 4.77 
ТАПН DX 1682.56 29.09 
27 APH ру 1211.95 15.14 
YA] yt 316.1 1.0 
دو‎ О у 979.23 6.97 
وا دس‎ 2» 617.1 3.33 
Аз, us 429.55 1.12 
АН Зул 2130" 
ЗАН РУ 14845 
ЗАЗИМ ту 1068.54 5.41 
А510) п, 967.08 4.85 
1 Au, Ту, в 190.9 0.42 
17 Au!H yt 2305.01 43.12 
19 AWH Dyas 1634.98 21.65 
np, зу, Ч 1051.3 9.35 
ИВ”Вг 1 684.31 3.52 
11p35C] у 840.29 5.49 
пвор IY 1402.1 11.8 
ин Ту + 2366.9 49.40 
"БН TUE 1703.3 28 
ЧВИМ ЗП 1514.6 12.3 
uB Ул 1885.69 11.81 
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In such cases it has been assumed that لاو 0 حم لا‎ = В, екс, 
although in the highest approximations these identities аге not 
precisely correct. Some of the values of r, in the table have been 
corrected for breakdown of the Born-Oppenheimer approxima- 
tion, which can affect the last decimal place. Because of differences 
in the method of data analysis and limitations in the model, care 
should be taken in comparing r, values for different molecules to a 
precision beyond 0.001 À. 

Molecules are listed in alphabetical order by formula as writ- 
ten in the most common form. In most cases this form places the 
more electropositive element first, but there are exceptions such 
as OH, NH, CH, etc. 

* [ndicates a value for the interval between v = 0 and v = 1 states 
instead of a value of œ, 
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B, а, D, ғ, 

стг! стг! 10"бста А 
0.064833 0.0002361 0.0175 2.39311 
0.12298388 0.00059541 0.06305 2.28079 
0.2657020 0.0019206 0.284 1.98318 
6.449 0.201 344 1.618 
3.2572 0.0722 85.9 1.6180 
0.04486821 0.0001414 0.00847 2.54463 
0.3020 0.0025 0.45 2.003 
0.2054 0.0012 0.31 2.466 
0.15919713 0.00086045 0.11285 2.29481 
0.24393012 0.00161113 0.2503 2.13011 
0.5524798 0.0049841 1.0464 1.65437 
6.3907 0.1858 356.5 1.6478 
3.3186 0.0697 97 1.6463 
0.11769985 0.00055859 2.53710 
0.6414 0.0058 1.08 1.6179 
0.2799 0.0018 0.22 2.029 
0.10179 0.000333 2.1026 
7.3067 0.2117 327 1.52315 
3.6688 90 1.5306 
0.54551 0.003366 0.53 1.6184 
0.48482 0.003299 0.49 1.6236 
0.028013 0.0000723 0.00250 2.4719 
7.2401 0.2136 279 1.5239 
3.6415 0.07614 70.9 1.5238 
1.212 0.014 1.590 
0.4894 0.0035 1.00 1.888 
0.684282 0.006812 1.84 1.71528 
1.516950 0.019056 7.105 1.26267 
12.021 0.412 1242 1.2324 
6.54 0.17 400 1.2324 
1.666 0.025 8.1 1.281 
1.7820 0.0166 6.32 1.2045 
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Molecule 
11p32S 
138Ba79Br 
138Ва35С] 
138Bal?E 
133Ba!H 
138Ва2Н 
138В 41271 
138р 4150) 
1388 4325 
°ВеЕ 
“ен 
BeH 
ЗВебо 
ЗВе 5 
Bi, 
209pi 11 
209Bi?2H 
Br, 
BrCl 
12:12:15 
79Br!éO 
УС, 
12C35C] 
12C19F 
гсн 
ОН 
осиу 
12C16O 
DC3p 
12C32S 
12C80Se 
CaCl 
САРЕ 
“САН 
Сан 
30Ca127] 
Cato 
Ca??S 
тисан 
14Cq2H 
CL 
СЕ 
Со 
СН 
9?CP?H 
52Сү 160 
PCs, 
1337s? Br 
1337835 C] 
1337s эр 
133Cg 11 
Сен 
133Cg 17] 
133160) 
Си, 

8 Cu?Br 
85Cu*C] 
8Cu эр 
SCu!H 
Сан 


1180.17 
193.77 
279.92 
468.9 
1168.31 
829.77 
152.14 
669.76 
379.42 
1247.36 
2060.78 
1530.32 
1487.32 
997.94 
172.71 
1635.73 
1173.32 
325.32 
444.28 
670.75 
779 
1854.71 
866.72* 
1308.1 
2858.5 
2099.8 
2068.59 
2169.81 
1239.67 
1285.15 
1035.36 
367.53 
581.1 
1298.34 
910* 
238.70 
732.03 
462.23 
1337.1* 


559.7 
786.15 
853.8 
1581* 
1182* 
898.4 
42.02 
149.66 
214.17 
352.56 
891.0 
619.1* 
119.18 
357.5* 
264.55 
314.8 
415.29 
622.7 
1941.26 
1384.14 


0.08 
0.37 
0.73 
1.62 
12.9 


0.25 


1.02 
0.96 
1.58 
3.95 
37.51 
18.97 


0.7949 
0.0415082 
0.08396717 
0.2159 
3.38285 
1.7071 
0.02680587 
0.3126140 
0.10331 
1.4889 
10.3164 
5.6872 
1.6510 
0.79059 
0.022781 
5.137 

2.592 
0.082107 
0.152470 
0.35584 
0.429598 
1.8198 
0.6936 
1.472 
14.457 
7.806 
1.8997830 
1.93128075 
0.7986 
0.8200434 
0.5750 
0.1522302 
0.339 
4.2766 
2.1769 
0.0693263 
0.444441 
0.1766757 
5.323 

2.704 
0.2440 
0.516479 
0.62345 
6.220 

3.14 

0.5231 
0.0127 
0.03606925 
0.07209149 
0.18436969 
2.7099 
1.354 
0.02362736 
0.223073 
0.10874 
0.10192625 
0.17628802 
0.3794029 
7.9441 
4.0381 


e 


cm 
0.0061 
0.0001219 
0.00033429 
0.0012 
0.06599 
0.02363 
0.00006634 
0.0013921 
0.0003188 
0.0176 
0.3030 
0.1225 
0.0190 
0.00664 
0.000055 
0.148 

0.054 
0.0003187 
0.000770 
0.00261 
0.003639 
0.0177 
0.00672 
0.0184 
0.534 

0.208 
0.0173717 
0.01750390 
0.00597 
0.0059182 
0.00379 
0.0007990 
0.0026 
0.0970 
0.035 
0.0002634 
0.003282 
0.0008270 


-1 


0.0015 
0.004358 
0.0058 
0.179 


0.0070 
0.0000264 
0.00012401 
0.00033756 
0.0011756 
0.0579 


0.00006826 
0.001303 
0.000614 
0.00045214 
0.00099647 
0.0032298 
0.2563 
0.0917 


D. 
10-5cm"! 
1.40 
0.00762 
0.03022 
0.175 
112.67 
28.77 
0.00333 
0.2724 
0.0306 
8.28 
1022.1 
313.8 
8.20 
2.00 
0.00150 
183 
50.6 
0.02092 
0.07183 
0.401 
0.523 
6.92 

1.9 

6.5 
1450 
420 
6.4034 
6.1216 
1.33 
1.336 
0.71 
0.1029 
0.45 
183.7 
47.9 
0.0234 
0.6541 
0.1032 
314 

76 
0.186 
0.88 
1.33 
347 
88.8 


0.00464 
0.00838 
0.03268 
0.20168 
113 

20 
0.00371 
0.348 
0.0716 
0.04274 
0.12706 
0.563 
520 
136.2 


1.6092 
2.84449 
2.68276 
2.163 
2.23175 
2.2304. 
3.08476 
1.93969 
2.5074 
1.3610 
1.3426 
1.3419 
1.3309 
1.7415 
2.6596 
1.805 
1.804. 
2.2811 
2.13607 
1.75894 
1.717 
1.2425 
1.6450 
1.2718 
1.1199 
1.1190 
1.17181 
1.12823 
1.562 
1.53482 
1.67609 
2.43676 
1.967 
2.0025 
2.002 
2.82859 
1.8221 
2.31775 
1.781 
1.775 
1.988 
1.62831 
1.56963 
1.656 
1.664 
1.615 
4.47 
3.07225 
2.90627 
1.34535 
2.4938 
2.505 
3.31519 
2.3007 
2.2197 
2.17344 
2.05118 
1.74493 
1.46263 
1.4626 
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©, Ox, B, а, D. ғ, 
Molecule State стг! стг! стг! стг! 10 "ووي‎ А 
SCu127 PIU 264.5 0.60 0.07328742 0.00028390 0.02244 2.33832 
نه‎ TL, 640.17 4.43 0.44454 0.00456 0.85 1.7244 
$8 Cu?$ TI; 415.0 1.75 0.1891 0.18 2.051 
PE. us 916.64 11.24 0.89019 0.013847 33 1.41193 
зрео 5A 965* 0.650 0.72 1.444 
SGašBr Эн 263.0 0.81 0.081839 0.0003207 0.032 2.35248 
SGaCl IX 365.67 1.25 0.1499046 0.0007936 0.1008 2.20169 
SGa!°F pu 622.2 3.2 0.3595161 0.0028642 0.50 1.77437 
SGa!H рэн 1604.52 28.77 6.137 0.181 342 1.663 
одан yt 3.083 0.06 84 1.663 
Ga] it 216.38 0.47 0.0569359 0.0001897 0.015770 2.57464 
еге) э» 767.5 6.24. 0.4271 0.37 1.744 
™Ge™Br T, 295 0.7 
^Ge*Cl am 407.6 1.36 
2Ge!H Ч, 1833.77 37 6.726 0.192 326 1.5880 
?GeH Thi 1320.09 19 3.415 0.070 83.2 1.5874 
“GeO IY. 986.49 4.47 0.4856981 0.0030787 0.4709 1.62464 
4Ge2S Dx 575.8 1.80 0.18656576 0.00074910 0.07883 2.01209 
741е%95е it 408.7 1.36 0.09634051 0.00028904 0.02207 2.13463 
ме! Те > 323.9 0.75 0.06533821 0.00017246 0.012 2.34017 
ІН, uc 4401.21 121.34 60.853 3.062 47100 0.74144 
?H, us 3115.50 61.82 30.444. 1.0786 11410 0.74152 
эн, рэн 2546.5 41.23 20.335 0.5887 0.74142 
TH® Br Dra 2648.97 45.22 8.46488 0.23328 345.8 1.41444 
?H?! Br plu 1884.75 22.72 4.245596 0.084 88.32 1.4145 
IH? CI туу 2990.95 52.82 10.59342 0.30718 531.94 1.27455 
ЗНРС ون‎ 2145.16 27.18 5.448796 0.113292 140 1.27458 
НЕ Ту 4138.32 89.88 20.9557 0.798 2151 0.91681 
2ң эр ty 2998.19 45.76 11.0102 0.3017 594. 0.91694 
1H127[ دن‎ 2309.01 39.64 6.4263650 0.1689 206.9 1.60916 
20H gH тур 1203.24* 5.3888 395.3 1.7662 
2?Hg?H 2 896.12* 2.739 91 1.757 
ui^ us 214.50 0.61 0.03737 0.000114 0.0043 2.666 
[Br Тун 268.64 0.81 0.0568325 0.0001969 0.0102 2.46899 
отс] Бе 384.29 1.50 0.1141587 0.0005354 0.0403 2.32088 
этәр зн 610.24 3.12 0.2797111 0.0018738 0.2356 1.90976 
27160 "IL, 681.5 4.3 0.34026 0.00270 0.36 1.8676 
ня Ву tt 221.0 0.65 0.05489468 0.00018672 0.01350 2.54315 
ll5[n55C] Ут 317.39 1.03 0.1090583 0.0005177 0.0515 2.40117 
H5[n19F тук 535.4 2.6 0.2623241 0.0018798 0.252 1.98540 
1н Y 1476.0 25.61 4.995 0.143 223 1.8380 
Пн Ут 1048.2 12.4 2.523 0.051 58 1.837 
M5] 27] pi 177.08 0.34 0.03686702 0.00010411 0.00639 2.75364 
УК, рм 92.02 0.28 0.056743 0.000165 0.0863 3.9051 
39K Br Тун 213 0.80 0.08122109 0.00040481 0.04462 2.82078 
КРОС plu 281 1.30 0.1286348 0.0007899 0.1087 2.66665 
зээр Yt 426.26 2.45 0.27993741 0.00233492 0.4829 2.17146 
Ун D 983.6 14.3 3.416400 0.085313 163.55 2.243 
КН lys 707 Pal 1.754 0.0318 50 2.240 
39K127[ Y» 186.53 0.57 0.06087473 0.00026776 0.02593 3.04784 
I9L3160 233 812.8 2.22 0.35252001 0.00142365 0.2626 1.82591 
"Li, үү 351.43 2.61 0.67264 0.00704 9.87 2.6729 
7Li?Br ТУ 563.2 3.5 0.555399 0.005644. 2.159 2.17043 
71 455С1 > 642.95 4.47 0.7065225 0.0080102 3.409 2.02067 
7Li?F Plu 910.57 8.21 1.3452583 0.0202887 11.745 1.56386 
ТАН 1» 1405.65 23.20 7.51373 0.21665 862 1.59490 
ТРН D 1054.80 12.94 4.23310 0.09155 276 1.5941 
711727 туу 496.85 2.85 0.4431766 0.0040862 1.4104 2.39192 
7Li'éO 21 814.62 7.78 1.212830 0.017899 0.1079 1.68822 


"МЕ, uc 51.12 1.64 0.09287 0.00378 1.22 3.891 
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Molecule 


УМРО 
МЕРЕ 
“Мєн 
“Мен 
Мао 
Мин 
Мен 
“N, 
“N Br 
“N ЗС] 
“N эр 
“N 1H 
“N 2H 
“N 160 
“N 326 
Na, 
?3Na79Br 
NaCl 
Мар 
Ман 
Ман 
23Na127[ 
23N 2160 
BNb!O 
Эмин 
ЭМРН 
"o, 
он 
он 
яр, 
31p35C] 
31pI?E 
зрн 
зар 
31114) 
зрео 
зорь, 
208DbÓ79Br 
208pb535C]] 
208Db19E 
208Db!1H 
2оврђ о 
2оврђз26 
2оврђвбе 
208Ph13°Te 
з95рү(2С 
торин 
торрн 
55Rb?Br 
85Rb?C] 
вр ір 
55Rb!H 
85121271 
М» 160 
225, 

32 19F 
32S1H 
сон 
32560) 
12165501 


462.12" 
711.69* 
1495.20 
1077.9 
784.78 
1548.0 
1103 
2358.57 
691.75 
827.96 
1141.37 
3282.3 
2398 
1904.20 
1218.7 
159.13 
302 

366 
535.66 
1172.2 
826.1* 
258 
492.3 
989.0 
1926.6 
1390.1 
1580.19 
3737.76 
2720.24 
780.77 
551.38 
846.75 
2365.2 
1699.2 
1337.24 
1233.34 
110.5 
207.5 
303.9 
502.73 
1564.1 
720.96 
429.17 
277.6 
212.0 
1051.13 


2294.68* 


1644.3* 
169.46 
228 
376 
936.9 
138.51 
388.4* 
725.65 


2711.6 
1885 
1149.2 
374.7 


11.98 
84.88 
44.05 
2.84 
2.23 
4.49 
44.5 
23.0 
6.98 
6.56 
0.35 
0.50 
0.88 
2.28 
29.75 
3.52 
1.26 
0.51 
0.43 
4.86 
46 

23 
0.46 
0.92 
1.9 
14.21 
0.33 


2.84 


59.9 
31 
5.6 
0.6 


0.2456154 
0.51922 
5.8257 
3.0306 
0.57470436 
5.6841 
2.8957 
1.99824 
0.444 
0.649770 
1.2057 
16.6993 
8.7913 
1.67195 
0.769602 
0.154707 
0.1512533 
0.2180631 
0.4369011 
4.9033634 
2.557089 
0.1178056 
0.424630 
0.4321 
7.700 
3.992 
1.44563 
18.911 
10.021 
0.30362 
0.2528748 
0.5665 
8.5371 
4.4081 
0.7864854 
0.7337 


0.22875 
4.971 
0.30730373 
0.11632307 
0.05059953 
0.03130774 
0.53044 
7.1963 
3.640 
0.04752798 
0.0876404 
0.2106640 
3.020 
0.03283293 
0.246481 
0.2955 
0.552174 
9.5995 
4.95130 
0.7208171 


e 


cm 
0.0016204 
0.00470 
0.1859 
0.06289 
0.00532377 
0.1570 
0.051 
0.017318 
0.0040 
0.006414 
0.01492 
0.6490 
0.2531 
0.0171 
0.0064 
0.008736 
0.0009410 
0.0016248 
0.0045580 
0.1370919 
0.051600 
0.0006478 
0.004506 
0.0021 
0.23 

0.092 
0.0159 
0.7242 
0.276 
0.00149 
0.0015119 
0.00456 
0.2514 
0.0928 
0.0055364 
0.0055 


-і 


0.001473 
0.144 
0.00190977 
0.00043510 
0.00012993 
0.00006743 
0.003273 
0.1996 
0.071 
0.00018596 
0.0004537 
0.0015228 
0.072 
0.00010946 
0.002174 
0.001570 


0.2785 
0.10308 
0.005737 


92 
1.2328 
303.9 
79.5 
5.76 


1.598 
5.39 
1709.7 
490.4 
0.5 

1.2 
0.581 
0.1554 
0.3120 
1.163 
343.40 
93.46 
0.0973 
1.2638 
0.22 
481 
130 
4.839 
1938 
537.4 
0.188 
0.2124 


436 
116 
1.091 
13 


0.183 
201 
0.2138 
0.03418 
0.0070 
0.0027 
0.546 
261 

66 
0.01496 
0.04947 
0.2684 
123 
0.00738 
0.397 
0.19 


480.6 
130 
1.134 


2.19639 
1.7500 
1.7297 
1.7302 
1.74838 
1.7311 
1.7310 
1.09769 
1.79 
1.61071 
1.3170 
1.0362 
1.0361 
1.15077 
1.4940 
3.0789 
2.50204 
2.36080 
1.92595 
1.88654 
1.88654 
2.71145 
2.05155 
1.691 
1.476 
1.465 
1.20752 
0.96966 
0.9698 
1.8934 
2.01461 
1.58938 
1.42140 
1.4220 
1.49087 
1.4759 


2.0575 
1.839 
1.92181 
2.28678 
2.40218 
2.59492 
1.6767 
1.52852 
1.524 
2.94474 
2.78673 
2.27033 
2.367 
3.17688 
2.25420 
1.8892 
1.60058 
1.34066 
1.34049 
1.48109 
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©, Ox, B, a, D. ғ, 
Molecule State стг! стг! стг! стг! 10-*cm"! A 
DISH эр ЗУ? 605.0 2.6 0.2792 0.0020 0.23 1.918 
рН dx. 5.684 240 1.723 
PISp?H ЗУ; 2.8782 45 1.7194 
سي‎ ју 942.0 5.6 
1150) TL 816 4.2 0.3580 0.0022 0.270 1.826 
BScPF Тун 735.6 3.8 0.3950 0.00266 1.788 
85е, D» 385.30 0.96 0.08992 0.000288 0.024 2.166 
бен TL, 2400* 8.02 0.23 330 1.48 
“SeH T, 1708" 3.94 148 
бео Зур 914.69 4.52 0.4655 0.00323 0.5 1.648 
2851, ur 510.98 2.02 0.2390 0.0014 0.21 2.246 
2851352] Ч, 535.60 2.17 0.2561 0.0016 0.25 2.058 
289 19Р 7 857.19 4.73 0.5812 0.00494 1.07 1.6011 
ОН TL, 2041.80 35.51 7.4996 0.2190 397 1.5201 
285РН Пи 1469.32 18.23 3.8840 0.0781 105.4 1.5199 
98S ANT 255 1151.4 6.47 0.7311 0.00565 12 1.572 
285190 Хул 1241.54 5.97 0.7267521 0.0050379 0.9923 1.50975 
2861326 Dx 749.64 2.58 0.30352788 0.00147308 0.201 1.92926 
2851580бе plu 580.0 1.78 0.1920117 0.0007767 0.0842 2.05832 
120Sn”°Br "m, 247.2 0.6 
120Sn35C] Пи 351.1 1.06 0.1117 0.0004 2.361 
U8SnPF Пи 577.6 2.69 0.2727 0.0014 0.26 1.944 
POSn!H TL, 5.31488 207.5 1.78146 
120Sn2H 7 1188.0* 2.6950 0.049 53.4 1.7770 
1206 17] HL. 199.0 0.6 
12001550 УА 822.13 3.72 0.35571998 0.00214432 0.26638 1.83251 
120911225 it 487.26 1.36 0.13686139 0.00050563 0.0424 2.20898 
1205 робе ту 331.2 0.74 0.0649978 0.0001705 0.011 2.32557 
BoSpni3?Te plu 259.5 0.50 0.04247917 0.00009543 0.0055 2.52280 
ог Вг 233 216.60 0.52 0.0541847 0.0001827 0.01356 2.73522 
889 135] зуу 302.3 0.95 
88SpI?E 2 502.4 2.3 0.2505346 0.0015513 0.2498 2.07537 
88Sr'H 233 1206.2 17.0 3.6751 0.0814 135 2.1456 
вон 235 841 8.6 1.8609 0.0292 34.7 2.1449 
886 127] 255 173.77 0.35 0.0367097 0.0001060 0.00655 2.94364 
8851160) 15+ 653.5 3.96 0.33798 0.00219 0.36 1.91983 
181Ta 16O РА о 1028.69 3.51 0.40284 0.00182 0.2450 1.68746 
те; ur 247.07 0.51 0.039681 0.000106 0.0044 2.5574 
BOTelH ПА, 5.56 174 
1з°'Те16Су 0* | 797.11 4.00 0.3554 0.00237 0.27 1.825 
2327160 Y 895.77 2.39 0.332644 0.001302 0.1833 1.84032 
атре ЗА, 1009.02 4.50 0.53541 0.00301 0.603 1.6202 
205ТЇ Бү туж 192.10 0.39 0.0423899 0.0001276 0.0083 1.61817 
205Т اص‎ > 284.71 0.86 0.09139702 0.00039784 0.0377 2.48483 
205T ]9F ون‎ 476.86 2.24 0.22315014 0.00150380 0.1955 2.08439 
түн УЫ 1390.7 22.7 4.806 0.154 254 1.870 
трн ЖУ 987.7 12.04 2.419 0.057 60 1.869 
WTL ТУР 150" 0.027 1676 0.0000664 0.0036 2.81361 
зу) Зу? 1011.3 4.86 0.54825 0.00352 0.6 1.5893 
89Y35C] 15 380.7 13 0.1160 0.0003 0.09 2.41 
PYPE КУ 631.29 2.50 0.29042 0.00163 0.237 1.9257 
уво ФУ 861.0 2.9 0.3881 0.0018 0.32 1.790 
15ҮМН p 1249.54 21.06 3.9931 0.0957 161.8 2.0526 
174Yþ?H D 886.6 10.57 2.01162 0.03425 41.60 2.0516 
“ZnCl ЗУ, 390.5 1.6 
47 PE гу, 628 3.5 
97nlH Dri 1607.6 55.14 6.6794 0.2500 466 1.5949 
97H зуу 1072 28 3.350 124 1.6054 
47 7] pr 223.4 0.6 


ZrO Ir 969.8 4.9 0.42263 0.0023 0.319 1.7116 
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NUCLEAR SPINS, MOMENTS, AND OTHER DATA RELATED ТО ММЕ 


SPECTROSCOPY 
This table presents the following data relevant to nuclear mag- Q: Nuclear quadrupole moment in units of femtometers 
netic resonance spectroscopy: squared (1 fm? - 10? barn) 
Z: Atomic number The table includes all stable nuclides of non-zero spin for which 
Isotope: Element symbol and mass number spin and magnetic moment values have been measured, as well as 


Abundance: Natural abundance of the isotope in percent. An selected radioactive nuclides of current or potential interest. At 
* indicates a radioactive nuclide; if no value is given, the least one isotope is included for each element through Z = 95 for 
nuclide is not present in nature or its abundance is highly which data are available. See Reference 1 for a complete listing of 
variable. spins and moments. 

I: Nuclear spin The assistance of P. Pyykko in providing data on nuclear quad- 

у: Resonant frequency in megahertz for an applied field H, of 1 rupole moments is gratefully acknowledged. 
tesla (in cgs units, 10 kilogauss) 


Relative sensitivity: Sensitivity relative to ІН (21) assuming an References 
equal number of nuclei and constant temperature. Values 
were calculated from the expressions: 1. Holden, N. E., “Table of the Isotopes’, in Lide, D. R., Ed., CRC Handbook 
5 of Chemistry and Physics, 86th Ed., СКС Press, Boca Raton, FL, 2005. 
For constant Н; 0.0076508(u/u,)”(I + D/P 2. Raghavan, Р, At. Data Мис. Data Tables, 42, 189, 1989. 
For constant у: 0.23871(u/p,) + 1) 3. Pyykko, P., Mol. Phys., 19, 1617—1629, 2001. 


: : Л 4. Stone, N. J. .nndc.bnl. dc/st t 
Шы, Nuclear magnetic moment in units of the nuclear mag- а 


neton Hy 
Abundance v/MHz Relative sensitivity 

2 Isotope 96 I forH,=1T Const. H, Const. v Шу Q/fm? 

1 in * 1/2 29.1647 0.32139 0.6850 —1.91304272 

1 'H 99.9850 1/2 42.5775 1.00000 1.0000 +2.792847337 

1 н 0.0115 1 6.5359 0.00965 0.4093 +0.857438228 +0.2860 
1 эң М 1/2 45.4148 1.21354 1.0666 +2.9789625 

2 ЗНе 0.000137 1/2 32.4360 0.44212 0.7618 —2.1276248 

3 SLi 7.59 1 6.2661 0.00850 0.3925 +0.8220467 –0.0808 
3 Ла 92.41 3/2 16.5483 0.29356 1.9433 +3.25644 —4.01 
4 Ве 100 3/2 5.9842 0.01388 0.7027 -1.1776 +5.288 
5 1B 19.9 3 4.5752 0.01985 1.7193 +1.800645 +8.459 
5 UB 80.1 3/2 13.6630 0.16522 1.6045 +2.688649 +4.059 
6 BC 1.07 1/2 10.7084 0.01591 0.2515 +0.7024118 

7 “N 99.632 1 3.0777 0.00101 0.1928 +0.4037610 +2.044 
7 BN 0.368 1/2 4.3173 0.00104 0.1014 —0.2831888 

8 70 0.038 5/2 5.7742 0.02910 1.5822 —1.89379 -2.558 
9 AE 100 1/2 40.0776 0.83400 0.9413 «2.628868 

10 "Ne 0.27 3/2 3.3631 0.00246 0.3949 —0.661797 410.155 
11 Na 100 3/2 11.2688 0.09270 1.3233 +2.217522 +10.4 
12 ?Mg 10.00 5/2 2.6083 0.00268 0.7147 —0.85545 419.94 
13 YA] 100 5/2 11.1031 0.20689 3.0424 43.641507 414.66 
14 2961 4.6832 1/2 8.4655 0.00786 0.1988 —0.55529 

15 SP 100 1/2 17.2515 0.06652 0.4052 «1.13160 

16 335 0.76 3/2 3.2717 0.00227 0.3842 +0.6438212 —6.78 
17 за 75.78 3/2 4.1765 0.00472 0.4905 +0.8218743 -8.165 
17 “СІ 24.22 3/2 3.4765 0.00272 0.4083 +0.6841236 –6.435 
18 VAr $ 3/2 5.819 0.01276 0.6833 *1.145 

18 Аг 7/2 3.46 0.01130 1.7079 -1.59 

19 >K 93.2581 3⁄2 1.9893 0.00051 0.2336 +0.3914662 +5.85 
19 ок 0.0117 4 2.4737 0.00523 1.5493 —1.298100 -7.8 
19 “K 6.7302 3/2 1.0919 0.00008 0.1282 +0.2148701 +7.11 
20 Са 0.135 7/2 2.8688 0.00642 1.4150 -1.31726 -4.08 
21 Sc 100 7/2 10.3591 0.30244 5.1093 44.756487 -22.0 
22 “Ti 7.44 5/2 2.4041 0.00210 0.6587 –0.78848 +30.2 
22 “Ti 5.41 7/2 2.4048 0.00378 1.1861 -1.10417 +247 
23 5oy 0.250 6 4.2505 0.05571 5.5904 +3.345689 +21 
23 ү 99.750 7/2 11.2133 0.38360 5.5306 +5.1487057 -5.2 
24 Сү 9.501 3/2 2.4115 0.00091 0.2832 0.47454 -15 
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Isotope 
5Мп 
"Ре 
Со 
“Ni 
Си 
Cu 
Zn 
Жері 
"ба 
"бе 
As 
م5‎ 
Br 
Вт 
8Kr 
Rb 
&Rb 
876г 
у 
Zr 
Nb 
Мо 
Мо 
Те 
99Ru 
Ru 
зр 
1056 
WAg 
I? Ag 
пса 
изса 
Зи 
115] 
155$n 
175 
1958 
121 Sb 
13Sb 
123Те 
125Те 
1271 
D9Xe 
зуе 
133С 5 
135Ва 
137Ва 
138] а 
139] а 
137Се 
139Ce 
Се 
мрг 
Ма 
ма 
143рүүү 
147Dm 
176 уу 
мост 
151 Ри 


Abundance 


96 
100 
2.119 
100 
1.1399 
69.17 
30.83 
4.10 
60.108 
39.892 
7.73 
100 
7.63 
50.69 
49.31 
1149 
72.17 
27.83 
7.00 
100 
11.22 
100 
15.92 
9.55 


12.76 
17.06 
100 
22.33 
51.839 
48.161 
12.80 
12.22 
4.29 
95.71 
0.34 
7.68 
8.59 
57.21 
42.79 
0.89 
7.07 
100 
26.44 
21.18 
100 
6.592 
11.232 
0.090 
99.910 


100 
12.2 
8.3 


14.99 
13.82 
47.81 


v/MHz 
forH,-1T 
10.5763 
1.3816 
10.077 
3.8114 
11.2982 
12.1030 
2.6694 
10.2478 
13.0208 
1.4897 
7.3150 
8.1571 
10.7042 
11.5384 
1.6442 
4,1254 
13.9811 
1.8525 
2.0949 
3.9748 
10.4523 
2.7874 
2.8463 
9.6294 
1.9553 
2.1916 
1.3477 
1.957 
17331 
1.9924 
9.0692 
9.4871 
9.3655 
9.3856 
14.0077 
15.2610 
15.9660 
10.2551 
5.5532 
11.2349 
13.5454 
8.5778 
11.8604 
3.5159 
5.6234 
4.2582 
4.7634 
5.6615 
6.0612 
4.88 
5.39 
2.37 
13.0359 
2.319 
1.429 
11.59 
5.62 
1.7748 
1.4631 
10.5856 


Relative sensitivity 


Const. H, 


0.17881 
0.00003 
0.27841 
0.00359 
0.09342 
0.11484 
0.00287 
0.06971 
0.14300 
0.00141 
0.02536 
0.00703 
0.07945 
0.09951 
0.00190 
0.01061 
0.17703 
0.00272 
0.00012 
0.00949 
0.48821 
0.00327 
0.00349 
0.38174 
0.00113 
0.00159 
0.00003 
0.00113 
0.00007 
0.00010 
0.00966 
0.01106 
0.35121 
0.35348 
0.03561 
0.04605 
0.05273 
0.16302 
0.04659 
0.01837 
0.03220 
0.09540 
0.02162 
0.00282 
0.04838 
0.00500 
0.00700 
0.09404 
0.06058 
0.00752 
0.01012 
0.00364 
0.33483 
0.00339 
0.00079 
0.23510 
0.04827 
0.00152 
0.00085 
0.17929 


Const. v 
2.8980 
0.0324 
4.9702 
0.4476 
1.3268 
1.4213 
0.7314 
1.2034 
1.5291 
1.1546 
0.8590 
0.1916 
1.2570 
1.3550 
1.2744 
1.1304 
1.6418 
1.4358 
0.0492 
1.0891 
8.1011 
0.7638 
0.7799 
7.4633 
0.5358 
0.6005 
0.0317 
0.5364 
0.0407 
0.0468 
0.2130 
0.2228 
7.2588 
7.2744 
0.3290 
0.3584 
0.3750 
2.8100 
2.7389 
0.2639 
0.3181 
2.3504 
0.2786 
0.4129 
2.7735 
0.5001 
0.5594. 
5.3188 
2.9895 
0.5729 
0.6326 
1.1708 
3.5720 
1.1440 
0.7047 
3.1748 
2.7714 
0.8753 
0.7216 
2.9006 


Илу 
+3.46872 
+0.0906230 
+4.627 
–0.75002 
+2.22329 
+2.38167 
40.875479 
42.01659 
42.56227 
-0.8794677 
41.439475 
+0.53506 
+2.106400 
+2.270562 
—0.970669 
41.35303 
4275124 
—1.093603 
-0.1374154 
-1.30362 
+6.1705 
–0.9142 
–0.9335 
+5.6847 
–0.6413 
-0.7188 
—0.08840 
-0.642 
-0.1136796 
-0.1306906 
—0.5948861 
-0.6223009 
+5.5289 
+5.5408 
–0.91883 
-1.00104 
-1.04728 
+3.3634. 
+2.5498 
-0.7369478 
-0.8885051 
+2.813273 
-0.7779763 
40.6918619 
42.582025 
40.837943 
40.937365 
43.713646 
42.7830455 

0.96 

1.06 

1.09 
+42754 
-1.065 
-0.656 
+3.80 
+2.58 
–0.8149 
–0.6718 
+34718 


Q/fm? 
+33 


+42 

+16.2 
-22.0 
-20.4 
+15.0 
+17.1 
+10.7 
-19.6 
131.4 


+31.3 
+26.2 
+25.9 
+27.6 
+13.35 
+33.5 


-17.6 
-32 
-22 
+25.5 
-12.9 
47.9 
+45.7 


+66.0 


+79.9 
+81 


+74 


37.4 
490.3 
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Abundance v/MHz Relative sensitivity 
2 Isotope 96 I forH,=1T Const. H, Const. v Шы; Q/fm? 
63 153Ри 52.19 5/2 4.6745 0.01544 1.2809 +1.5331 +241 
64 Gd 14.80 3/2 1.312 0.00015 0.1541 —0.2582 +127 
64. са 15.65 3/2 1720 0.00033 0.2020 —0.3385 +135 
65 Tb 100 3/2 10.23 0.06945 1.2019 42.014 4143.2 
66 юру 18.91 5/2, 1.4654 0.00048 0.4015 0.4806 +250.7 
66 ру 24.90 5/2 2.0508 0.00130 0.5619 +0.6726 +265 
67 Но 100 7/2 9.0883 0.20423 4.4825 +4.173 +358 
68 167Ег 22.93 7/2 1.2281 0.00050 0.6057 —0.5639 4356.5 
69 Tm 100 1/2 3.531 0.00057 0.0829 -0.2316 
70 түр 14.28 1/2 7.5261 0.00552 0.1768 4 0.49367 
70 зүр 16.13 5/2 2.0730 0.00135 0.5680 —0.67989 +280 
71 Lu 97.41 7/2 4.8626 0.03128 2.3983 +2.2327 +349 
71 Lu 2.59 7 3.451 0.03975 6.0516 +3.169 +497 
72 Hf 18.60 7/2 1.7282 0.00140 0.8524 40.7935 4336.5 
72 УНЕ 13.62 9/2 1.0856 0.00055 0.8414 –0.6409 +379.3 
73 180Та 0.012 9 4.087 0.10610 11.5175 +4.825 
73 Та 99.988 7/2 5.1627 0.03744 2.5463 42.3705 +317 
74 1837 14.31 1/2 1.7957 0.00008 0.0422 +0.1177848 
75 55е 37.40 5/2 9.7176 0.13870 2.6627 43.1871 +218 
75 7Ве 62.60 5/2 9.8170 0.14300 2.6900 +3.2197 +207 
76 705 1.96 1/2 0.9856 0.00001 0.0231 +0.06465189 
76 1905 16.15 3/2 3.3536 0.00244 0.3938 %0.659933 +85.6 
77 юЦү 373 3/2 0.7658 0.00003 0.0899 +0.1507 +81.6 
77 шиг 62.7 3/2 0.8319 0.00004 0.0977 40.1637 +75.1 
78 јр 33.832 1/2 9.2922 0.01039 0.2182 4 0.60952 
79 Au 100 3/2 0.7406 0.00003 0.0870 +0.145746 +54.7 
80 На 16.87 1/2 7.7123 0.00594 0.1811 +0.5058855 
80 На 13.18 3/2 2.8469 0.00149 0.3343 —0.5602257 438.6 
81 23T] 29.524 1/2 24.7316 0.19598 0.5809 +1.6222579 
81 20v T] 70.476 1/2 24.9749 0.20182 0.5866 +1.6382146 
82 pb 22.1 1/2 9.0340 0.00955 0.2122 +0.59258 
83 ний)! 100 9/2 6.9630 0.14433 5.3967 +4.1106 -51.6 
84 20°Po У 1/2 11.7 0.02096 0.2757 +0.77 
86 2МЙН ч 1/2 9.16 0.00997 0.2152 +0.601 
87 з23рү 5 3/2 5.95 0.01362 0.6982 %117 +117 
88 Ra Ы 3/2 1.3746 0.00017 0.1614 +0.2705 +125 
88 25Ra Z 1/2 11.187 0.01814 0.2627 —0.7338 
89 27 Ас 5 3/2 5.6 0.01131 0.6564 +1.1 +170 
90 шиг : 5/2 140 0.00042 0.3843 +0.46 +430 
91 21ра *100 3/2 10.2 0.06903 1.1995 2.01 -172 
92 2517 0.7200 7/2 0.83 0.00015 0.4082 —0.38 4493.6 
93 27Мр Ж 5/2 9.57 0.13264 2.6234 +3.14 +388.6 
94 29рц Ы 1/2 3.09 0.00038 0.0727 «0.203 


95 ЗА үү 5 5/2 4.6 0.01446 1.2532 +1.5 +421 


PROTON ММК CHEMICAL SHIFTS FOR CHARACTERISTIC ORGANIC STRUCTURES 


The chart below summarizies the range of chemical shifts for 


Reference 


protons in several classes or organic compounds and substituent 


groups. The chemical shifts б are given in parts per million relative 


to tetramethylsilane. 


(CH3)4Si 

СНз--СН-,(СН3); CH—, (CH3)4C 
СНзСН- 

R—SH 
—CH2—in a ring 

(CH3)sCH 
sont CHO, COR, COPh, COOH 

Рв СООК, СОМН: 

>CH—x 

--СН2--іп ring ketones 

(CHsCO)20 

CHs—X ) N (acyclic), N (cyclic sec.) 

—CHa—X >N (cyclic tert.), NHCOCHs 
осн--х NHSO2Ph, Quart. salt 
CHsCN 

CH2—C(CH3)2 


d x ) СНО, сосн», COOCH 
CHz—C(CHa)—X | و همه‎ ССН, РЕ ` 
(CH3)2C—CH—X CN, Br, CH—CHz 


—CH2—NH2 
CHsPh 
CHsCH2Ph, PhCH2CH2Ph, (CHs)2CHPh 
HCzC— 
СНз—Х ) ОН, ОК, ОРЋ, 
—CH;—X L OCOR, OCOPh, 
SCH—X OCOFs 
CHs—X 
—CH2—X ) Е, Cl, Br, | 
>CH—X 
PhSH 
CH3NO;, —CH2NOz, СНМО: 
PhNHz 


—CH=CH—conjugated olefins 
—CH=-CH—non-conjugated 
CH2=C terminal 


OG, cyclic 


CH2=C=CHa2 
CH2—C(CH3)2 
(CH3)2C=CHCHs 


OCOCHs, C=C, 


(CH3)2C—CH—X Ph, CN 


CH2—C(CH3)—X ) CHO, COCHs, COOCHs, 


H 
1! PS 
Qu. ы. p. 0. 
H 
н-Ф-х) мог, COR, X, OH, NH2, OR 


7%-н 


20 29 
RC—H, PhC—H 


Mohacsi, E., J. Chem. Edu., 41, 38, 1964 (with permission) 


115111 ви 1 | 


ШШШ 1 
ПЕТ ТЕН 


20010 01  їн TTT 
2 Ш 1 Е 


29 29 
О ПРАВЕ | 81 
RSOsH, PhSO3H бе emn SEES кез TERRE ei M 
Еж Ет ар ui Еке шек اتو‎ 
وب‎ - а — 4 4 & 6 7 = و‎ HOQ x 
i110 10:6 8 8 7 6 5 4 3 9 1 O 5 


р 
Ne) 
л 


C-NMR ABSORPTIONS OF MAJOR FUNCTIONAL GROUPS 


The table below lists the range of ЭС chemical shifts 6 in parts 
per million relative to tetramethylsilane, in descending order, for 
various functional groups. Examples of simple compounds for 
each family are given to illustrate the correlations. The shifts for 
the carbons of interest, which are italicized, are given in parenthe- 
ses; when two or more values appear, they refer to the sequence of 
italicized carbon atoms from left to right in the formula. 


Š (ppm) 


220-165 


140-120 


125-115 
80-70 


70-45 


40-20 


30-15 
30-(-2.3) 


9-96 


Group 


>С=0 


>С-С< 


Family 
Ketones 
Aldehydes 
a,B-Unsaturated 
carbonyls 
Carboxylic acids 
Amides 


Esters 


Aromatic 
Alkenes 


Nitriles 
Alkynes 


Esters 
Alcohols 


Amines 


Sulfides (thioethers) 
Alkanes, cycloalkanes 


Cyclohexane 


CA, 1987. 


1981. 
Educ., 62, 209, 1985. 


Example 


References 


(6 of italicized carbon) 


(СН),СО 
(СН),СНСОСН, 
СН,СНО 
СН,СН-СНСНО 
СН,-СНСОСН, 
HCO,H 
CH,CO,H 
HCONH, 
CH,CONH, 
CH,CO,CH,CH, 
CH,=CHCO,CH, 
CH, 

CH,=CH, 
CH,=CHCH, 
CH,=CHCH,Cl 
CH,CH=CHCH,CH 
CH,-CN 

HCCH 

CH,CCH, 
CH,OOCH,CH, 
HOCH, 
HOCH,CH, 
CH,NH, 
CH,CH,NH, 
C,H,-S-CH, 

CH, 

CH,CH, 
CH,CH,CH, 
CH,CH,CH,CH, 
CH,CH,CH,CH,CH, 


3 


1. Yoder, C. Н. and Schaeffer, C. D., Jr., Introduction to Multinuclear 
NMR: Theory and Application, Benjamin/Cummings, Menlo Park, 


. Silverstein, R. M., Bassler, G. C., and Morrill, T. C., Spectrometric 
Identification of Organic Compounds, John Wiley & Sons, New York, 


. Brown, D. W., A Short Set of °C NMR Correlation Tables, J. Chem. 


(206.0 
(212.1 
(199.7 
(192.4 
(169.9 
(166.0 
(178.1 
(165.0 
(172.7 
(170.3 
(165.5 
(128.5 
(123.2 
(115.9, 136.2) 
(117.5, 133.7) 
(132.7 
(117.7 
(71.9) 
(73.9) 
(57.6, 67.9) 
(49.0) 

(57.0) 

(26.9) 

(35.9) 

15.6 

(-2.3) 

(5.7) 

(15.8, 16.3) 
(13.4, 25.2) 
(13.9, 22.8, 34.7) 
(26.9) 


BOND LENGTHS IN ORGANOMETALLIC COMPOUNDS 


This table summarizes the average values of interatomic dis- 
tances of representative metal-ligand bonds. Sigma bonds be- 
tween d- and f-block metals and the elements C, N, О, Р, 5, and 


As are included. The values are extracted from a much larger list 
in Reference 1. The tabulated values are the unweighted means of 
reported measurements on compounds in each category. If four or 


more measurements are available, the standard deviation is given 
in parentheses. All values are іп Angstrom units (10? m). 


The first part of the table covers metal-carbon bonds in differ- 
ent ligand categories, while the second part covers metal bonds to 


M M-CH, 

Ti 

v 

Cr 2.168 

Mn 2.095(0.030) 
Fe 2.074 

Co 2.014(0.023) 
Ni 2.029 

Cu 

Zn 

Zr 2.292 (0.049 
Nb 2.336 

Mo 2.254(0.065 
Ru 2.179(0.045 
Rh 2.092(0.027 
Ра 

НЕ 2.275(0.049 
Та 2.217(0.035 
W 2.189(0.039 
Ке 2.173(0.051 

Os 

Ir 2.175 

Pt 2.083(0.045 
Au 2.066(0.045 
Hg 2.072(0.026 
Th 2.567 


M-CH,R 
2.167 


2.176(0.024) 
2.091(0.030) 
2.039(0.032) 
1.964 


1.964 


1.319 
2.250(0.061) 
2.036(0.010) 
2.100 
2.028 


2.225(0.056) 
2.175 
2.290 
2.221 
2.062(0.031) 


2.125 


M-CR=CR, 
2.215(0.042) 


2.035(0.009) 
2.007 

1.991(0.039) 
1.934(0.019) 
1.892(0.017) 


2.257 


2.204(0.049) 
2.063 
2.040(0.054) 
2.000(0.024) 
2.205 


2.224 


2.052 
2.071(0.044) 
2.024(0.037) 
2.042 


Reference 


M-C R, 
2.148 
2.114(0.012) 
2.075(0.019) 
2.064(0.021) 
2.031(0.062) 
1.974 
1.917(0.038) 
2.020 


2.193(0.054 
2.092(0.057 
2.011(0.026 
1.981(0.032 


2.199(0.073 


2.027 

2.090(0.032 
2.070(0.038 
2.049(0.046 
2.059(0.024 
2.086(0.040 


M-C(=O)R 


2.044 
1.997(0.033) 
1.990 

1.850(0.059) 


2.109 
2.091 
1.995(0.031) 
1.982(0.029) 


2.190(0.027) 
2.161 
2.019 
1.991(0.025) 


other elements. R stands for any alkyl group; Me for a CH, group; 
C R, indicates an aryl group; and C(=O)R an acyl group. Metals are 
listed in atomic number order. 


1. Orpen, A. G., Brammer, L., Allen, EH., Kennard, O., Watson, D. G., 
and Taylor, R., / Chem. Soc. Dalton Trans., 1989, 51-583. 
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М-МН 


2.069(0.008) 


1.965(0.021) 
2.074(0.093) 
1.987(0.017) 
2.044 


2.217 
2.126(0.024) 
2.114(0.018) 
2.032 


2.253 
2.136 
2.050(0.021) 


М-ОН, 
2.066(0.052 
2.129(0.131 
1.997(0.070) 
2.189(0.040 
2.085(0.066 
2.085(0.064 
2.079(0.038 
2.186(0.215 
2.090(0.061 
2.398(0.068 


2.248(0.137 
2.201(0.094 
2.074(0.051 
2.190(0.096 
2.200 

2.350 

2.318(0.065 
2.556(0.062 
2.565(0.063 
2.518(0.038 
2.533(0.058 
2.459(0.050 
2.441(0.055 
2.443(0.074 
2.455 

2.409(0.074 
2.407(0.069 
2.404(0.083 
2.353(0.066 
2.404(0.116 


2.115(0.065 
2.199(0.091 
2.166 


2.157 
2.690(0.083) 
2.483(0.032) 
2.455(0.047) 


M-PMe, 


2.510(0.010) 
2.389(0.069) 
2.455(0.164) 
2.246(0.042) 
2.217(0.043) 
2.204(0.031) 


2.692 


2.462(0.046) 
2.307(0.050) 
2.266(0.036) 
2.287(0.018) 


2.589(0.044) 
2.485(0.039) 
2.369(0.065) 
2.328(0.029) 
2.323(0.028) 
2.295(0.036) 


Bond Lengths in Organometallic Compounds 


M-SR 
2.369 
2.378(0.007) 
2.362 
2.366(0.054) 
2.271(0.028) 
2.254(0.025) 
2.187(0.007) 


2.295 


2.401(0.050) 


2.444 


2.461 
2.320(0.015) 
2.293 

2.402(0.065) 


M-ASR, 
2.686 


2.460(0.040) 
2.400(0.013) 
2.352(0.043) 
2.323(0.021) 
2.333(0.035) 
2.367(0.016) 


2.741(0.008) 
2.582(0.036) 
2.446(0.031) 
2.416(0.039) 
2.386(0.052) 


2.575(0.006) 


2.366(0.058) 


CHARACTERISTIC BOND LENGTHS IN FREE MOLECULES 


This is a summary of typical bond lengths in gas-phase mol- 
ecules. The value given for each bond is near the mid-range of val- 
ues found in simple molecules. Bond lengths usually vary by 1 or 
2%, and often by more, depending on the nature of the other bonds 
attached to the two atoms in question. References 1 and 2 give 
bond lengths in individual gas-phase molecules, as determined by 
spectroscopic and electron diffraction methods. 

All bond distances are given in А (1 À = 10-9 m). 


A. Characteristic lengths of single bonds. 


As Br C СІ Е Се н 
Ав 2.10 
Вг 2.32 2.28 
C 1.96 1.94 1.53 
СІ 2.17 2.14 1.79 1.99 
Е 1.71 1.76 1.39 1.63 1.41 
Се 2.30 1.95 2.15 1.73 2.40 
н 1.51 1.41 1.09 1.28 0.92 1.53 0.74 
I 2.47 2.13 2.32 1.91 2.51 1.61 
N 1.46 1.90 1.37 1.02 
о 1.42 170 1.42 0.96 
Р 2.22 1.85 2.04 1.57 1.42 
5 2.24 1.82 2.05 1.56 1.34 
Sb 2.33 1.70 
Se 1.95 1.71 1.47 
Si 2.21 1.87 2.05 1.58 1.48 
5п 2.14 2.28 171 


Б 
iy 
бо 
5 


1.66 


B. Lengths of multiple bonds (non-ring molecules). 


С=С 1.34 
С=С 1.20 
C=N 1.21 
C=N 1.16 
C=O 1.21 
C=S 1.61 
N=N 1.24 
N=N 1.13 
N-O 1.18 
О=О 1.21 
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I N 0) Р 5 Sb Se Si 
2.67 

1.45 

1.43 1.48 

1.65 2.25 

2.00 
2.33 

2.44. 1.63 214 2.33 
2.67 


C. Effect of environment on carbon-carbon single bonds (other single bonds not shown). From Reference 3. 


Configuration C-C length 

C-C 1.526 

C-C= 1.501 

C-C= 1.459 

-С-С- 1.467 

=С-С= 1445 

=С-С= 1.378 

D. Some metal-carbon bond lengths in gas-phase molecules. 

АЈ-С 1.96 Bi-C 2.26 Pb-C 
B-C 1.58 Cd-C 2.11 $n-C 
Be-C 1.70 Hg-C 2.08 Zn-C 
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Examples of molecules 
H,C-CH, 
Н,С-СН-СН, 
Н,С-С-СН 
Н,С-СН-СН-СН, 
НС-С-СН-СН, 
HC=C-C=CH 


2.24 
2.14 
1.93 


LINE SPECTRA OF THE ELEMENTS 


Joseph Reader and Charles H. Corliss 


The original tables from which this table was derived were pre- 
pared under the auspices of the Committee on Line Spectra of the 
Elements of the National Academy of Sciences-National Research 
Council. The table contains the outstanding spectral lines of neu- 
tral (I) and singly ionized (II) atoms ofthe elements from hydrogen 
through plutonium (2 = 1–94); selected strong lines from doubly 
ionized (III), triply ionized (IV), and quadruply ionized (V) atoms 
are also included. Listed are lines that appear in emission from the 
vacuum ultraviolet to the far infrared. These lines were selected 
from much larger lists in such a way as to include the stronger 
observed lines in each spectral region. A more extensive list may 
be found in Reference 1. 

The data were compiled by the following contributors. 


J. G. Conway — Lawrence Berkeley Laboratory 

C. H. Corliss — National Bureau of Standards 

R. D. Cowan — Los Alamos Scientific Laboratory 

C. R. Cowley — University of Michigan 

Henry M. and Hannah Crosswhite — Argonne National 
Laboratory 

S. P. Davis — University of California, Berkeley 

V. Kaufman — National Bureau of Standards 

R. L. Kelly — Naval Postgraduate School 

J. F. Kielkopf — University of Louisville 

W. C. Martin — National Bureau of Standards 

T. K. McCubbin — Pennsylvania State University 

L. J. Radziemski — Los Alamos Scientific Laboratory 

J. Reader — National Bureau of Standards 

C. J. Sansonetti — National Bureau of Standards 

G. V. Shalimoff — Lawrence Berkeley Laboratory 

R. W. Stanley — Purdue University 

J. O. Stoner, Jr. — University of Arizona 

H. H. Stroke — New York University 

D. R. Wood — Wright State University 

E. Е Worden — Lawrence Livermore Laboratory 

J.J. Wynne — International Business Machines 
Corporation 

R. Zalubas — National Bureau of Standards 


All wavelengths are given in Angstrom units (1070 m). Below 
2000 À the wavelengths are in vacuum (except for the Cu II line 
at 1999.698 А, which is in air); above 2000 А the wavelengths are 
in air. Wavelengths given to three decimal places have an uncer- 
tainty of less than 0.001 À and are therefore suitable for calibration 
purposes. In the air region, the elements used most commonly for 
calibration are Ne, Ar, Kr, Fe, Th, and Hg; in the vacuum region, 
the most common are C, N, O, Si, Cu. 

АП data refer to natural isotopic abundance of the elements ex- 
cept that Kr I and Kr II lines below 11,000 A given to three decimal 


places are for “Қт, A separate table for "Нұ contains accurately 
known wavelengths that are frequently used for calibration. 

A large number of the lines for neutral and singly ionized atoms 
were extracted from the National Bureau of Standards (NBS) Tables 
of Spectral-Line Intensities (Reference 2). The intensities of these 
lines represent quantitative estimates of relative line strengths that 
take account of varying detection sensitivity at different wave- 
lengths. They are on a linear scale. For nearly all of the other 
lines the intensities represent qualitative estimates of the relative 
strengths of lines not greatly separated in wavelength. Because dif- 
ferent observers frequently use different scales for their intensity 
estimates, these intensities are useful only as a rough indication of 
the appearance of a spectrum. In some cases the intensity scale is 
not intended to be linear. In the first and second spectra the inten- 
sities of the lines of the singly ionized atom (II) relative to those 
of the neutral atom (I) should be used with caution, inasmuch as 
the concentration of ions in a light source depends greatly on the 
excitation conditions. 

Descriptive symbols that follow the wavelength have the follow- 
ing meanings: 


c — complex 

d — line consists of two unresolved lines 
h — hazy 

1 — shaded to longer wavelengths 

8 — shaded to shorter wavelengths 

p — perturbed by a close line 

r — easily reversed 

w — wide 


The table is arranged alphabetically by element name (not sym- 
bol); for each element the lines are listed by wavelength. References 
to the sources of data for each element are given at the end of the 
table, starting on page 10-89. 
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10-2 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
— ы И К 
20008 амсрын ын 125 1596.059 П 140 2370.22 І 450 6073.23 П 
2000 h 293218 Шш 700 1605.766 ІП 160 2372.07 I 110 618157 1 
шин 3487.59 01 100 1611.814 ІП 850 237312 1 150 6181.68 1 
200% е Ч 800 1611.874 ІП 170 2373.35 І 290 6182.28 П 
20008 оние B 150 1625.627 1 110 2373.57 І 220 6182.45 П 
2000's 4169.49 Ш 800 1639.06 IV 240 2567.98 I 450h 6183.42 II 
100 podia : 100 1644.235 1 480 257510 1 450 6201.52 1 
20 “18912 : 100 1644.809 1 110 2637.70 II 360 6201.70 1 
2 119440 | 1000 1670.787 II 150 2652.48 I 290 6226.18 H 
291 pea 1 100 1686.250 1 200 2660.39 I 360 6231.78 1 
20 “996/1 1 800 1719440 1 160 2669.17 II 450 6243.36 1 
2000 h 4413,03 1 500 1721.244 1 650 2816.19 II 450 6335.74 H 
20 اور‎ : 900 1721.271 1 150 3041.28 II 360 6696.02 I 
aon 1002:87 Ш 500 1724952 П 360 305007 І 230 6698.67 І 
1000 9910,85 E 900 1724.984 1 450 3057.14 1 110 7361.57 1 
20 639186 Í 350 1760.104 1 150 3074,64. II 140 7362.30 I 
201 6691.27 I | : | 
300 1761.975 1 4500 г 3082.153 1 230 7835.31 1 
Aluminum А! 2 = 13 290 1763.00 1 7200 г 3092.710 1 290 7836.13 1 
900 125.53 у 500 1763.869 1 1800 г 3092.839 1 110 8075.35 1 
800 126.07 У 700 1763.952 1 150 3428.92 II 290 8640.70 1 
800 130.41 V 450 1765.64 I 150 3443.64 I 360 8772.87 I 
1000 130.85 у 300 1765.815 1 900 3492.23 IV 450 8773.90 I 
900 131.00 У 450 1766.38 1 800 3508.46 IV 110 8828.91 I 
900 131.44 У 400 1767.731 1 450 3586.56 II 180 8841.28 I 
800 160.07 IV 450 1769.14 I 360 3587.07 II 140 8923.56 I 
1000 278.69 M 1000 1818.56 IV 290 3587.45 II 150 9290.65 1 
900 281.39 У 600 1828.588 1 870 3601.63 Ш 110 9290.75 П 
70 486.884 Ш 400 1832.837 1 220 3651.06 II 150 10076.29 1 
30 486.912 ІШ 250 1834.808 1 110 3651.10 II 110 10768.36 I 
250 511.138 IH 1000 1854.716 ІП 150 3654.98 П 140 10782.04 І 
150 511.191 Ш 300 1855.929 1 290 3655.00 II 110 10872.98 I 
500 560.317 ІШ 700 1858.026 П 450 3900.68 П 230 10891.73 1 
200 560.433 ш 120 1859.980 1 4500 г 3944.006 1 450 1125319 1 
100 670.068 Ш 1000 1862.311 1 9000 г 3961.520 1 570 11254.88 1 
200 671.118 ІШ 600 1862.790 ІП 110 3995.86 П 570 13123.41 1 
500 695.829 ш 200 1929.978 1 290 4226.81 II 450 13150.76 1 
400 696.217 ш 150 1931.048 1 870 4529.19 ІП 230 16718.96 І 
200 725.683 ІШ 200 1932.377 П 150 4585.82 П 300 16750.56 І 
300 726.915 Ш 400 1934.503 1 110 4588.19 II 140 16763.36 I 
400 855.034 Ш 150 1934.713 1 550 4666.80 II 300 21093.04 I 
500 856.746 ІШ 300 1935.840 ІП 110 4898.76 П 360 21163.75 І 
400 892.024 ІП 
200 1935.949 ІП 110 4902.77 П Antimony Sb Z = 51 
50 893.887 ш 150 1936.907 1 150 5280.21 II 
15 722.86 ІП 
450 893.897 ІШ 220 1939.261 1 290 5283.77 II 
15 732.33 ІП 
800 1042.17 IV 700 1990.531 1 150 5285.85 II 
861.5 IV 
50 1191.812 H 150 2016.052 1 110 5312.32 II 
4 876.84 1 
900 1237.19 IV 150 2016.234 1 220 5316.07 II 
4 921.07 1 
900 1257.62 IV 100 2016.368 II 150 5371.84 II 
6 983.57 II 
800 1264.18 IV 200 2074.008 1 180 5557.06 1 
15 999.62 ІП 
1000 1272.76 IV 700 2094.264 1 110 5557.95 1 
6 1001.13 1 
150 1350.18 1 150 2094.744 1 450 5593.23 II 
6 1009.43 II 
800 1384.13 Ш 300 2094.791 1 1200 5696.60 ІШ 
40 1011.94 ІП 
800 1447.51 IV 100 2095.104 1 1000 5722.73 Ш 
6 1052.21 II 
800 1494.79 IV 200 2095.141 1 110 5853.62 II 
8 1056.27 1 
1000 1526.14 у 400 2269.10 1 220 5971.94 II 
8 1057.32 1 
800 1537.54 IV 120 2269.22 I 290 6001.76 II 
40 1065.90 ІП 
800 1539.830 П 140 2321.56 І 220 6001.88 П 
6 1073.81 П 
1000 1557.25 IV 460 2367.05 I 450 6006.42 II 
100 1569.385 II 110 2367.61 I 150 6061.11 II 0 1079:92 1 
1 : ` 1087.6 IV 
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Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
8 1104.32 У 100r 2139.69 I 15 4514.50 II 4 447.53 У 
30 1151.49 ІП 10 2141.80 П 30 4596.90 П 18 449.06 ۷ 
40 1157.74 ІП 50r 2141.83 I 20 4599.09 II 4 449.49 V 
1199.1 IV 100r 2144.86 I 15 4604.77 II 3 458.12 У 
50 1205.20 ІП 1500 г 2175.81 І 30 4647.32 II 2 458.98 У 
50 1210.64 ІП 250г 2179.19 1 20 4675.74 II 6p 461.23 V 
12 1226.00 У 200r 2201.32 I 40 4711.26 II 3 462.42 У 
6 1230.30 II 300r 2208.45 I 20 4757.81 II 7 463.94 У 
8 1274.98 II 150r 2220.73 I 20 4765.36 II 30 487.227 II 
20 1306.69 ІП 100 2221.98 I 30 4784.03 II 50 490.650 1 
8 1327.40 II 120r 2224.93 I 20 4802.01 II 30 490.701 H 
1358.04 II 300r 2262.51 I 20 4832.82 II 30 519.327 1 
8 1384.70 II 120 2288.98 I 20 4877.24 II 3 522.09 У 
20 1404.18 ІП 150r 2293.44 I 15 4947.40 II 5 524.19 У 
6 1407.83 II 300r 2306.46 I 15 5044.56 II 6 527.69 У 
8 1436.49 II 2500r 2311.47 I 20 5238.94 II 30 542.912 1 
20r 1486.57 I 150 2315.89 I 20 5354.24 II 200 543.203 1 
40h 1491.36 I 400 h 2373.67 I 40h 5556.10 I 70 547.461 1 
1499.2 IV 300 h 2383.64 I 1001 5632.02 I 2 554.50 У 
12 1505.70 У 100 2395.22 1 30 5639.75 II 70 556.817 1 
50r 1512.57 I 150 2422.13 I 60h 5830.34 I 5 558.48 У 
12 1524.47 У 250 2426.35 1 100 6005.21 II 70 573.362 1 
120r 1532.74 I 400r 2445.51 I 20 6053.41 II 30 576.736 H 
80r 1535.06 I 400 2478.32 I 30 6079.80 II 70 580.263 1 
6 1565.51 II 150 2480.44 I 50 6130.04 II 30 583.437 1 
8 1576.11 II 100 2510.54 I 20 6154.94 II 70 597.700 1 
7 1581.36 II 2000r 2528.52 I 20 6611.49 I 30 602.858 1 
80r 1599.96 I 15 2528.54 II 30 6647.44 II 30 612.372 1 
10 1606.98 II 10 2567.75 1 30h 7648.28 I 6 623.77 IV 
200w 1612.8 I 150 2574.06 I 80 7844.44 I 3 635.12 У 
100 w 1623.3 1 15 2590.13 ІП 200 7924.65 І 500 661.867 П 
20 1657.04 П 1500 г 2598.05 І 60 8411.69 1 30 664.562 II 
100w 1662.6 I 500r 2598.09 I 150 8572.64 I 200 666.011 1 
15 1673.89 ІП 300 г 2612.31 1 100 8619.55 1 1000 670.946 1 
15 1711.84 ІП 12 2617.17 ІП 400 9518.68 І 3000 671.851 П 
80г 1716.93 І 200 г 2652.60 І 400 9949.14 I 70 676.242 1 
150г 1717.45 1 20 2669.39 ІП 200 10078.49 І 30 677.952 II 
150r 1723.43 I 300r 2670.64 I 300 10261.01 I 30 679.218 II 
15 1725.33 ІП 200 г 2682.76 І 200 10585.60 І 200 679.401 П 
100г 1736.19 1 120 2692.25 1 1000 10677.41 1 10 683.28 IV 
100h 1765.76 I 150r 2718.90 I 800 10741.94 I 7 688.39 IV 
100r 1780.87 I 400 r 2769.95 I 80 10794.11 1 12р 689.01 IV 
100r 1788.24 I 1000r 2877.92 I 600 10839.73 1 6 699.41 IV 
150 1800.18 I 15 2980.96 П 200 10868.58 І 8 700.28 ІУ 
50 г 1810.50 І 500 г 3029.83 І 400 10879.55 І Б] 705.35 У 
80r 1814.20 I 600r 3232.52 I 300 11012.79 I 5 709.20 У 
100 1829.50 1 20 3241.28 1 150 11266.23 1 4 715.60 У 
50 г 1868.17 1 700r 3267.51 I 5 12116.06 I 3 715.65 У 
300r 1871.15 I 15 3498.46 1 Argon Ar Z = 18 200 718.090 1 
150г 1882.56 1 25 3637.80 1 3 336.56 у 3000 723.361 1 
100 1927.08 1 250 3637.83 1 3 337.56 у 2 725.11 У 
200г 1950.39 1 20 3722.78 1 6 338.00 у 500 725.548 1 
60r 2029.49 I 200r 3722.79 I 2 33843 у 70 730.930 1 
70r 2039.77 I 20 3850.22 II 2 339.01 у 200 740.269 1 
150 г 2049.57 1 200 4033.55 1 3 339.89 у 200 744.925 1 
1000 r 2068.33 1 20 4033.56 1 3 350.88 у 70 745.322 II 
100 2079.56 I 20 4133.63 1 4 396.87 IV 754.20 IV 
50r 2098.41 I 15 4140.54 1 4 398.55 IV 5 761.47 IV 
80r 2118.48 I 15 4195.17 II 2 436.67 у 12 769.15 1 
100г 2127.39 1 20 4219.07 1 5 446.00 у Б 800.57 IV 
50r 2137.05 I 20 4314.32 1 8 44695 у 10 801.09 IV 
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Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
10 801.41 IV 12 2293.03 Ill 12 2913.00 IV 35 3718.206 1 
5 801.91 IV 4 2299.72 IV 11 2926.33 IV 70 3729.309 1 
20 802.859 1 10 2300.85 ІП 200 2942.893 II 50 3737.889 1 
100 806.471 1 15 2302.17 ІП 100 2979.050 П 150 3765.270 П 
60 806.869 І 9 2317.00 ІП 10 3010.02 ІП 50 3766.119 H 
30 807.218 I 15 2317.47 ІП 12 3024.05 ІШ 20 3770.369 1 
40 807.653 1 12 2318.04 ІП 50 3033.508 П 20 3770.520 П 
50 809.927 І 10 2319.13 ІП 6 3037.98 IV 25 3780.840 II 
120 816.232 I 10 2319.37 ІП 12 3054.82 Ш 20 3795.37 ІП 
70 816.464 1 9 2345.17 ІП 10 3064.77 ІП 25 3803.172 П 
80 820.124 1 7 2351.67 ІП 8 3077.40 IV 50 3809.456 II 
4 822.16 У 9 2360.26 ІП 10 3078.15 ІШ 7 3834.679 І 
120 825.346 І 10 2395.63 ІП 50 3093.402 II 70 3850.581 1 
120 826.365 1 12 2399.15 ІП 7 3110.41 ІП 10 3858.32 ІП 
5 827.05 V 10 2413.20 ІП 7 3127.90 ІП 35 3868.528 П 
3 827.35 V 7 2415.61 ІП 8 3200.37 І 7 3907.84 ІП 
150 834.392 1 10 2418.82 ІП 20 3243.689 П 35 3925.719 П 
4p 834.88 У 5 2420.456 II 25 3285.85 Ш 50 3928.623 1 
100 835.002 1 12 2423.52 ІП 25 3293.640 II 25 3932.547 1 
2 836.13 У 12 2423.93 ІП 20 3301.88 ІП 70 3946.097 П 
15 840.03 IV 7 2443.69 ІП 20 3307.228 П 7 3947.505 І 
100 842.805 І 8 2447.71 IV 15 3311.25 ІП 35 3948.979 І 
20 843.77 IV 8 2472.95 ІП 7 3319.34 I 8 3960.53 ІП 
25 850.60 IV y, 2476.10 ІП 7 3323.59 ІШ 20 3979.356 П 
180 866.800 І 12 2488.86 ІП 25 3336.13 ІП 35 3994.792 П 
150 869.754 I 12 2513.28 IV 20 3344.72 ІП 50 4013.857 П 
10 87110 ІП 10 2516.789 П 25 3350.924 II 6 4023.60 ІП 
9 875.53 ІП 6 2518.40 IV 15 3358.49 ІП 50 4033.809 II 
180r 876.058 I 9 2525.69 IV 7 3361.28 ІП 20 4035.460 П 
12 878.73 ІП 10 2534.709 1 7 3373.47 1 150 4042.894 1 
8 879.62 ІП 15 2562.087 П 25 3376.436 II 50 4044.418 I 
180r 879.947 I 12 2562.17 IV 25 3388.531 II 100 4052.921 1 
9 883.18 ІП 10 2568.07 IV 15 3391.85 ІП 200 4072.005 П 
10 887.40 ІП 7 2569.53 IV 7 3393.73 I 70 4072.385 1 
150 894.310 1 12 2599.47 IV 7 3417.49 Ш 25 4076.628 II 
5 900.36 IV 10 2608.06 IV 9 3424.25 Ш 35 4079.574 1 
9 901.17 IV 7 2608.44 IV 8 3438.04 ІП 25 4082.387 П 
1000 919.781 II 12 2615.68 IV 7 3461.07 I 150 4103.912 II 
1000 932.054 II 6 2619.98 IV 9 3471.32 ІШ 300 4131.724 1 
1000 r 1048.220 1 12 2621.36 IV 70 3476.747 II 5 4146.70 III 
500r 1066.660 I 12 2624.92 IV 20 3478.232 II 35 4156.086 II 
7 1669.67 ІП 7 2631.90 Ш 20 3480.55 ІП 400 4158.590 1 

1673.42 ІП 15 2640.34 IV 50 3491.244 II 50 4164.180 

7 1675.48 ІП 10 2654.63 ІП 100 3491.536 П 35 4179.297 П 
9 1914.40 ІП 8 2674.02. ІП 12 3499.67 ІП 50 4181.884 І 
7 1915.56 ІП 9 2678.38 ІП 15 3503.58 ІП 100 4190.713 1 
10 2125.16 ІП 9 2682.63 IV 70 3509.778 II 50 4191.029 I 
15 2133.87 ІП 10 2724.84 ІП 8 351112 ІП 200 4198.317 І 
10 2138.59 ІП 14 2757.92 IV 70 3514.388 II 400 4200.674 I 
10 2148.73 ІП 7 2762.23 ІП 70 3545.596 П 25 4218.665 П 
15 2166.19 Ш 10 2776.26 ІУ 70 3545.845 П 25 4222.637 1 
10 2168.26 ІП 12 2784.47 IV 7 3554.306 I 25 4226.988 II 
20 2170.23 ІП 14 2788.96 IV 100 3559.508 II 100 4228.158 1 
25 2177.22 ІП 7 2797.11 IV 100 3561.030 II 100 4237.220 II 
8 2184.06 ІП 16 2809.44. IV 70 3576.616 II 25 4251.185 I 
10 2188.22 ІП 10 2830.25 IV 25 3581.608 II 200 4259.362 1 
15 2192.06 ІП 7 2842,88 ІП 50 3582.355 П 100 4266.286 І 
7 2248.73 ІП 8 2855.29 ІП 70 3588.441 П 70 4266.527 П 
10 2279.10 ІП 6 2874.40 IV 7 3606.522 I 150 4272.169 I 
7 2281.22 Ш 9 2884.12 ІП 25 3622.138 II 550 4277.528 1 
7 2282.21 ІП 25 2891.612 П 20 3639.833 П 20 4282.898 П 
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Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
100 4300.101 I 25 5165.773 1 y 6951.478 I 200 10673.565 I 
25 4300.650 II 20 5187.746 I 7 6960.250 I ІЛ. 10681.773 І 
70 4309.239 П 20 5216.814 П 10000 6965.431 І 7 10683.034 II 
200 4331.200 II 7 5221.271 I 150 7030.251 I 30 10733.87 I 
50 4332.030 II 5 5421.352 I 10000 7067.218 I 30 10759.16 I 
100 4333.561 I 10 5451.652 I 100 7068.736 I 7 10812.896 1 
50 4335.338 1 25 5495.874 1 25 7107.478 1 11 11078.869 1 
25 4345.168 1 5 5506.113 1 25 7125.820 1 30 11106.46 1 
800 4348.064 II 25 5558.702 I 1000 7147.042 I 12 11441.832 I 
50 4352.205 II 10 5572.541 I 15 7158.839 I 400 11488.109 I 
25 4362.066 II 35 5606.733 1 70 7206.980 1 200 11668.710 1 
50 4367.832 II 20 5650.704 І 15 7265.172 I 12 11719.488 I 
200 4370.753 II 10 5739.520 I 7 7270.664 I 200 12112.326 I 
70 4371.329 II 5 5834.263 I 2000 7272.936 I 50 12139.738 I 
50 4375.954 II 10 5860.310 I 35 7311.716 I 50 12343.393 I 
150 4379.667 II 15 5882.624 I 25 7316.005 I 200 12402.827 I 
50 4385.057 II 25 5888.584 I 5 7350.814 I 200 12439.321 I 
70 4400.097 II 50 5912.085 I 70 7353.293 I 100 12456.12 I 
200 4400.986 II 15 5928.813 I 200 7372.118 I 200 12487.663 I 
400 4426.001 II 5 5942.669 I 20 7380.426 II 150 12702.281 I 
150 4430.189 II 7 5987.302 I 10000 7383.980 I 30 12733.418 I 
50 4430.996 II 5 5998.999 I 20 7392.980 I 12 12746.232 I 
50 4433.838 II 5 6025.150 I 15 7412.337 I 200 12802.739 I 
20 4439.461 II 70 6032.127 I 10 7425.294 I 50 12933.195 I 
35 4448.879 II 35 6043.223 I 25 7435.368 I 500 12956.659 I 
100 4474.759 II 10 6052.723 I 10 7436.297 I 200 13008.264 I 
200 4481.811 II 20 6059.372 I 20000 7503.869 I 200 13213.99 I 
100 4510.733 I 7 6098.803 I 15000 7514.652 I 200 13228.107 I 
20 4522.323 I 10 6105.635 I 25000 7635.106 I 100 13230.90 I 
20 4530.552 II 100 6114.923 1 15000 7723.761 1 500 13272.64 I 
400 4545.052 II 10 6145.441 I 10000 7724.207 I 1000 13313.210 I 
20 4564.405 II 7 6170.174 I 10 7891.075 I 1000 13367.111 I 
400 4579.350 II 150 6172.278 1 20000 7948.176 1 30 13499.41 1 
400 4589.898 II 10 6173.096 I 20000 8006.157 I 1000 13504.191 I 
15 4596.097 I 10 6212.503 I 25000 8014.786 I 11 13573.617 I 
550 4609.567 II 5 6215.938 I 7 8053.308 I 30 13599.333 I 
7 4628.441 I 25 6243.120 1 20000 8103.693 1 400 13622.659 1 
35 4637.233 II 7 6296.872 I 35000 8115.311 1 200 13678.550 1 
400 4657.901 II 15 6307.657 I 10000 8264.522 1 1000 13718.577 I 
15 4702.316 I 7 6369.575 I 20 8392.27 I 10 13825.715 I 
20 4721.591 II 20 6384.717 I 15000 8408.210 I 10 13907.478 I 
550 4726.868 II 70 6416.307 I 20000 8424.648 I 200 14093.640 I 
50 4732.053 II 25 6483.082 1 15000 8521.442 1 100 15046.50 1 
300 4735.906 II 15 6538.112 I 7 8605.776 I 25 15172.69 I 
800 4764.865 II 15 6604.853 I 4500 8667.944 I 10 15329.34 I 
550 4806.020 II 25 6638.221 1 20 8771.860 II 30 15989.49 I 
150 4847.810 II 20 6639.740 1 180 8849.91 1 30 16519.86 1 
50 4865.910 II 50 6643.698 1 20 9075.394 1 500 16940.58 1 
800 4879.864 II 5 6660.676 I 35000 9122.967 I 12 18427.76 1 
70 4889.042 II 5 6664.051 I 550 9194.638 I 50 20616.23 1 
20 4904.752 II 25 6666.359 1 15000 9224.499 1 30 20986.11 1 
35 4933.209 II 100 6677.282 I 400 9291.531 I 20 23133.20 I 
200 4965.080 II 35 6684.293 II 1600 9354.220 I 20 23966.52 I 
50 5009.334 II 150 6752.834 I 25000 9657.786 I 5 
Arsenic As Z = 33 
70 5017.163 II 5 6756.163 I 4500 9784.503 I 510 8717 Ш 
70 5062.037 II 15 6766.612 I 180 10052.06 I 325 889.0 ш 
20 5090.495 II 20 6861.269 1 30 10332.72 1 325 927.5 ш 
100 5141.783 П 150 6871.289 І 100 10467.177 П 395 9372 Ш 
70 5145.308 II 5 6879.582 I 1600 10470.054 I 325 953.6 ш 
5 5151.391 1 10 6888.174 1 13 10478.034 I 325 963.8 ш 
15 5162.285 І 50 6937.664 І 180 10506.50 І 250 987.7 у 


10-6 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 

340 1021.96 II 300 2831.164 II 14 587.57 ІП 10 3193.91 І 
250 1029.5 У 100r 2860.44 I 18 647.27 ІП 25ћ 3203.70 1 
340 1082.35 II 300 2884.406 1 300 719.86 V 30 3221.63 1 
500 1139.40 II 80 2926.3 ІП 150 721.85 У 40 3222.19 1 
615 1149.31 II 615 2959.572 1 1000 766.87 У 50 3261.96 1 
555 1181.51 II 300 3003.819 1 40000 794.89 IV 60r 3262.34 I 
555 1189.87 II 300 3116.516 1 300 877.41 У 40 3281.50 1 
615 1196.38 II 340 3842.60 1 50000 923.74 IV 15 3281.77 I 
615 1196.56 II 325 3922.6 Ш 200 946.26 У 50 3322.80 1 
340 1207.44 II 715 4190.082 1 200 1486.72 II 80h 3356.80 I 
800 1211.17 II 615 4197.40 II 400 1504.01 II 50 3368.18 ІП 
800 1218.10 II 615 4242.982 1 300 1554.38 II 60r 3377.08 I 
340 1223.15 II 500 4315.657 1 200 1572.73 II 20 3377.39 I 
760 1241.31 II 500 4323.867 1 1573.92 II 70r 3420.32 I 
965 1243.08 II 500 4336.64 1 1630.40 II 25 3421.01 I 
870 1245.67 II 500 4352.145 1 100 1674.51 II 30h 3421.48 I 
800 1258.58 II 425 4352.864 1 400 1694.37 II 40 3463.74 I 
965 1263.77 II 375 4371.17 1 1697.16 II 200r 3501.11 I 
800 1266.34 II 615 4427.106 1 1761.75 II 80h 3524.97 I 
800 1267.59 II 615 4431.562 1 1771.03 II 30h 3531.35 I 
715 1280.99 II 715 4458.469 1 1786.93 II 80h 3544.66 I 
715 1287.54 II 340 4461.075 1 100 1904.15 II 20h 3547.68 I 
715 1305.70 II 715 4466.348 1 500 1924.70 II 100 3552.45 II 
340 1307.74 II 500 4474.46 1 1985.60 II 200 3567.73 1 
760 1333.15 II 800 4494.230 1 300 1999.54 II 100 3576.28 1 
965 1341.55 II 850 4507.659 1 10 2001.30 ІП 30 3577.62 І 
760 1355.93 II 615 4539.74 1 2009.20 II 80h 3579.67 I 
965 1369.77 II 715 4543.483 II 400 2023.95 II 200 3596.57 1 
800 1373.65 II 615 4602.427 1 2052.68 II 40 3630.64 I 
1000 1375.07 II 340 4629.787 1 2054.57 II 40h 3636.83 І 
760 1375.78 П 340 4707.586 П 500 2214.7 П 20Һ 3688.47 І 
800 1394.64 II 340 4730.67 1 800 2245.61 II 400 3735.75 1 
800 1400.31 II 340 4888.557 II 1000 2254.73 II 200 3816.69 II 
500 1448.59 II 340 5105.58 1 1400 2304.24 II 200 3842.80 1 
500 1558.88 II 500 5107.55 1 60 2331.10 ІП 100 3854.76 П 
500 1570.99 П 425 5231.38 П 2000 2335.27 П 20 3889.33 I 
100r 1593.60 I 500 5331.23 1 190 2347.58 II 14001 3891.78 II 
500 1660.55 II 340 5497.727 1 40 2512.28 ІП 20 3892.65 І 
340 1860.34 П 425 5558.09 П 40 2523.83 ІП 40 3909.91 І 
1000г 1890.42 1 425 5651.32 1 60 2528.51 II 500 3914.73 1 
500 1912.94 II 425 6110.07 1 50 2559.54 11 25 3926.85 ІП 
800г 1937.59 I 500 6170.27 II 8h 2596.64 1 50 3935.72 1 
585г 1972.62 1 300 6511.74 1 100 2634.78 II 20 3937.87 I 
170r 1990.35 I 300 7092.27 1 40 2681.89 11 200 3939.67 1 
100г 1991.13 1 300 7102.72 1 8 2702.63 I 500 3949.51 1 
100г 1995.43 1 340 7990.53 1 18 2771.36 II 25 3993.06 ІП 
230г 2003.34 1 300 8174.51 1 15 2785.28 1 80 3993.40 1 
100г 2009.19 1 200 9300.61 1 100г 3071.58 1 30 3995.66 1 
200 2263.2 IV 230 9597.95 I 40 3079.14 ІП 300 4036.26 П 
350 г 2288.12 1 290 9626.70 1 10h 3108.21 I 200 4083.77 II 
200 2301.0 IV 230 9833.76 I 8 3132.60 I 30h 4084.86 I 
350r 2349.84 I 170 9915.71 I 8h 3135.72 I 1500h 4130.66 1 
100 г 2370.77 1 290 9923.05 1 10 3137.70 1 20 4132.43 1 
135r 2381.18 I 290 10024.04 I 10 3155.34 I 200 4166.00 1 
250 2417.5 IV 170 10614.07 I 10 3155.67 I 500 4216.04 1 
250 2454.0 IV Astatine At Z = 85 12 3158.05 I 800 4267.95 H 
170r 2456.53 I 8 2162.25 I 12h 3158.54 1 100 4283.10 1 
200 2461.4 IV 10 2244.01 1 25 3165.60 I 300 4287.80 1 
340 2602.00 II 15h 3173.69 I 200 4297.60 II 
170r 2780.22 I Barium Ba 7 - 56 30 3183.16 I 800 4309.32 II 
300 2830.359 II 14 555.48 ІП 15 3183.96 І 20Һ 4323.00 1 


Line Spectra of the Elements 10-7 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
600 4325.73 II 300 6110.78 I 120h 11697.45 I 107.38 I 
200 4326.74 II 400 6135.83 1 120 13207.30 1 3 509.99 ІП 
300 4329,62 П 20000 6141,72 П 120 13810.50 І 2 549.31 ІП 
80 4350.33 І 150 6341.68 І 120 14077.90 І 6 582.08 ІП 
60 4402.54. І 500 6378.91 П 120 15000.40 І 4 661.32 ІП 
400 4405.23 II 10 6383.76 ІП 120 20712.00 І 8 675.59 ІП 
40 4431.89 І 90 6450.85 І 150 25515.70 І 714.0 П 
60h 4488.98 I 150 6482.91 I 150 29223.90 I 4 725.59 ІП 
50h 4493.64 I 12000 6496.90 1 Beryllium Be Z = 4 5 725.71 1 
40 4505.92 1 300 6498.76 1 58.13 IV 5 743.58 II 
200 4509.63 II 150 6527.31 I 58.57 IV 7 746.23 ІП 
60h 4523.17 I 3000 6595.33 I 59.32 IV 2 767.75 ІП 
130 4524.93 П 150 6654.10 І 6074 IV 8 775.37 1 
65000 4554.03 II 1500 6675.27 I 64.06 IV 20 842.06 1 
40 4573.85 I 1800 6693.84 I 75.93 IV 865.3 1 
80 4579.64 I 1000 6769.62 1 th 76.10 IH 2 925.25 II 
30 4599.75 I 600 6865.69 I 2 76.48 HI 10 943.56 1 
20h 4619.92 I 300h 6867.85 I 3 78.53 IH 10 973.27 1 
25h 4628.33 I 1000 6874.09 1 4 78.66 IH 981.4 II 
300 4644.10 II 6000 7059.94 I lh 78.92 HI 1020.1 H 
30 4673.62 I 2400 hs 7120.33 I 81.89 IH 1026.93 1 
35 4691.62 I 600 7195.24 I 10 82.38 IH 5 1036.32 1 
20 4700.43 1 600 hl 7228.84 I 82.58 П 15 1048.23 П 
800 4708.94 II 3000 7280.30 I 20 8320 IH 1 1114.69 ІП 
40 4726.44. І 1200 7392.41 І 83.66 1 20 1143.03 1 
800 4843.46 II 300 7417.53 I 30 8476 ш 1155.9 II 
300 4847.14 II 900 hl 7459.78 I 50 8831 Ш 60 1197.19 II 
200 4850.84 II 600 7488.08 I 89.16 1 2 1213.12 ІП 
30h 4877.65 I 450 hl 7636.90 I 89.80 П 1214.32 ІП 
400 4899.97 II 600 hl 7642.91 I 90.04 I 1362.25 ІП 
15 4902.90 І 1800 7672.09 І 9021 І 1 1401.52 ІП 
20000 4934.09 П 1200 7780.48 І 90.67 1 10 1421.26 ІП 
8 4947.35 1 180 h 7839.57 1 91.06 И 5 1422.86 ІП 
1000 4957.15 П 1500 7905.75 І 9136 И 1426.12 1 
300 4997.81 II 600 7911.34 I 9174 n 1 1435.17 1 
1000 5013.00 II 900 h 8210.24 I 9219 І 2 1440.77 ІП 
20h 5159.94 I 8 8308.69 ІП 92,61 И 1491.76 1 
20 5267.03 1 1800 В 8559.97 1 93.14 n 20 1512.30 1 
800 5361.35 II 100 8710.74 1 93.42 П 60 1512.43 1 
1000 5391.60 II 100 8737.71 1 93.93 И 100 1661.49 1 
200 5421.05 II 300 h 8799.76 I 94.78 n 2h 1754.69 ІП 
100 5424,55 І 300 8860.98 І 9576 T 15 1776.12 1 
200 5428.79 II 450 8914.99 I 9629 1 20 1776.34 1 
300 5480.30 II 300 9219.69 I 9724 I 1907. I 
200 5519.05 I 300 9308.08 I 97 44 1 1909.0 II 
1000 r 5535.48 I 300 h 9324.58 I 97.86 1 1912. I 
20h 5620.40 I 1500 9370.06 I 97.97 I 3 1917.03 ІП 
10 5680.18 І 300 9455.92 1 9812 1 1919, I 
400 5777.62 I 8 9521.76 ІП 98.37 1 5 1929.67 I 
800 5784.18 II 450 9589.37 I 98.66 I 10 1943.68 I 
100 5800.23 I 900 9608.88 I 98.94 1 60h 1954.97 ІП 
20 5805.69 І 300 h 9645.72 I 99.19 1 1956. I 
150 5826.28 I 1500 hl 9830.37 I 100 100.25 ш 50 1964.59 1 
2800 5853.68 II 900 10001.08 I 100.86 5 1985.13 I 
15 5907.64 I 600 10032.10 I 101.20 1 1997.95 I 
100 5971.70 I 1200h 10233.23 I 102.13 I 1997.98 I 
800 5981.25 II 300 10471.26 I 102.49 T 60 1998.01 I 
100 5997.09 I 120 hl 10791.25 I 104.40 И 2033.25 1 
300 5999.85 II 180 hl 11012.69 I 104.67 I 2033.28 I 
100 6019.47 I 150h 11114.42 I 105.80 1 2033.38 I 
200 6063.12 I 240 11303.04 I 107.26 1 50 2055.90 I 


10-8 Line Spectra of the Elements 


Intensity — Wavelength/A Intensity | Wavelength/A Intensity — Wavelength/A Intensity — Wavelength/A 
100 2056.01 I 3163. I 64 5270.28 II 60 14644.75 I 
75h 2076.94 Ш 3168. І 500 5270.81 II 200 16157.72 I 
60h 2080.38 Ill 3180.7 II 20 5403.04 II 80 17855.38 I 
25 2118.56 Ш 3187. І 20 5410.21 II 120 17856.63 I 
15h 2122.27 Ш 20 3193.81 І 5558. І 100 18143.54 І 
10 2125.57 І 20 3197.10 II 140h 6142.01 1 160 31775.05 1 
20 2125.68 1 30 3197.15 II 10 6229.11 I 200 31778.70 I 

15h 2127.20 Ш 20 3208.60 І 16 6279.43 II Bismuth Bi Z 83 

5 2137.25 Ш 3220. Т 30 6279.73 II 6 420.7 IV 
25 2145. I 60 3229.63 I 30 6473.54 I 6 4312 IV 
55 2174.99 I 2 3233.52 1 60 6547.89 1 : 18830 Е 
55 2175.10 І 10 3241.62 II 60 6558.36 II 3 563.62 у 
5 2191.57 ш 30 3241.83 П 30 6564.52 І = 07008 ын 
2273.5 п 15 3269.02 1 2h 6636.44 П : Би Ч 
2324.6 1 100 3274.58 1 1 6756.72 1 : 2302] ү 
2337.0 1 30 3274.67 II 2 6757.13 II 10 738.17 у 
950 2348.61 1 30 3282.91 1 30 6786.56 1 4 775.16 IH 
20 2350.66 I 30 3321.01 I 1h 6884.22 I 6 790.5 IV 
60 2350.71 I 30 3321.09 I 6h 6884.44 I 6 790.6 IV 
200 2350.83 I 220 3321.34 I 100 6982.75 I 8 792.5 IV 
2 2413.34 II 20 3345.43 I 6h 7154.40 I 10 820.3 IV 
16 2413.46 II 60 3367.63 I 40h 7154.65 I 9 822.9 IV 
20 2453.84 II 3405.6 II 100 7209.13 I 12 824.9 IV 
2480.6 I 5 3451.37 I 9 Цасанд E 15d 864.45 у 
35 2494.54 1 300 3455.18 1 2 7401.43 II 15 872.6 IV 
35 2494.58 I 20 3476.56 I 10 7551.90 I 12 923.9 IV 
100 2494.73 I 300 3515.54 I 10h 7618.68 I 15 943.3 IV 
16 2507.43 II 10 3555. I 20h 7618.88 I 25 1039.99 HI 
5 2617.99 II 100 3720.36 11 60 8090.06 1 50h 1045.76 Ш 
20 2618.13 П 3720.92 ІШ 5ћ 8158.99 1 30 1051.81 HI 
100 2650.45 1 3722.98 HI 10h 8159.24 I 15 1058.88 П 
60 2650.55 І 100 3736.30 І 4 8254.07 І 20 1085.47 II 
200 2650.62 I 700 3813.45 I 10h 8287.07 I 10 1099.20 п 
60 2650.69 І 40 3865.13 І 30 8547.36 1 24 1103.4 IV 
100 2650.76 I 80 3865.42 I 60 8547.67 I 20 1139.01 IH 
5 2697.46 II 1 3865.51 I 300 8801.37 I 50 1224.64 HI 
20 2697.58 II 6 3865.72 I 6 8882.18 I 10 122543 II 
20 2728.88 II 100 3866.03 I 40 9190.45 I 15 1232.78 1 
30 2738.05 1 90h 4249.14 HI 20h 9243.92 I 10 1241.05 п 
2764.2 II 100 4253.05 I lh 9343.89 II 10 1265.35 II 
20 2898.13 I 60 4253.76 I 40 9392.74 I 15 1283.73 1 
10 2898.19 1 300 4360.66 II 2 9476.43 II 10 1306.18 1 
20 2898.25 1 500 4360.99 II 16 9477.03 II 60 1317.0 IV 
30 2986.06 I 400 4407.94 1 20 9847.32 1 20 1325.46 II 
10 2986.42 I 2 4485.52 HI 10h 9895.63 I 40 1326.84 HI 
60 3019.33 I 100 h 4487.30 HI 20h 9895.96 I 20 1329.47 П 
30 3019.49 1 1 4495.09 HI 80 9939.78 I 60 1346.12 Ш 
30 3019.53 І 140 h 4497.8 HI 16 10095.52 II 20 1350.07 ЇЇ 
20 3019.60 1 4526.6 1 20 10095.73 II 25 1372.61 П 
10 3046.52 П 4548. 1 60 10119.92 П 15 1376.02 II 
30 3046.69 II 12 4572.66 I 80 10331.03 I 20 1393.92 1 
3090.3 1 700 4673.33 II 30 11066.46 I 35 1423.33 HI 
10 3110.81 I 1000 4673.42 II 11173. II 35 1423.52 IH 
10 3110.92 I 6 4709.37 I 1 11173.73 II 45 1436.83 п 
20 3110.99 І 200 4828.16 II 120 11496.39 I 25 1447.94 П 
3120. І 40 4849.16 І 2h 11625.16 II 50 1455.11 II 
480 3130.42 II 2h 4858.22 II 11659. II 60h 1461.00 ш 
320 3131.07 II 80 5087.75 I 2 11660.25 II 25 1462.14 П 
3136. 1 8 5218.12 П 100 12095.36 П 35 1486.93 П 
3150. 1 20 5218.33 П 30 12098.18 II 20 1502.50 п 
3160.6 І 3 5255.86 II 100 14643.92 I 40 1520.57 П 


Line Spectra of the Elements 


Intensity 


40 
30 
35 
20 
40 
60 
25 
60h 
40 
40 
20 
20 
80 
60 
70 
70 
100 
9000 
7000 
25 
7000 
9000 
45h 
4600 
2500 
15 
15 
60 
40h 
360 
1700 
340 
100 
100 
16 
12 
100 
190 
75h 
10 
25 
70 
20h 
700 
100 
100 
12 
280 с 
20 
1404 
100 
100 
360 
100 
15 
11 
12 
140с 
100 
80h 
4000 


Wavelength/A 


1533.17 
1536.77 
1538.06 
1563.67 
1573.70 
1591.79 
1601.58 
1606.40 
1609.70 
1611.38 
1652.81 
1749.29 
1777.11 
1787.47 
1791.93 
1823.80 
1902.41 
1954.53 
1960.13 
1989.35 
2021.21 
2061.70 
2068.9 
2110.26 
2133.63 
2143.40 
2143.46 
2186.9 
2214.0 
2228.25 
2230.61 
2276.58 
2311. 
2326. 
2368.12 
2368.25 
2376. 
2400.88 
2414.6 
2501.0 
2515.69 
2524.49 
2544.5 
2627.91 
2629. 
2677. 
2693.0 
2696.76 
2713.3 
2730.50 
2767. 
2772. 
2780.52 
2786. 
2803.42 
2803.70 
2805.3 
2809.62 
2842. 
2855.6 
2897.98 


Ш 


Intensity 


100 
100 
100 
15 
3200 
20 
12 
2800 
700 
100 
2400 
60 
100 
9000 c 
140 
35 
100 
550c 
10 
12 
40h 
40 
35 
500 c 
380 c 
45 
100 
12 
100 
50 
50 
100 
70h 
12 
20 
10 
30 
100 
40h 
10 
140 
140 
75h 
25 
70h 
12h 
25h 
12h 
25h 
60h 
600 c 
30 
20 
40h 
12 
10 
12 
20 
45h 
10 
50h 


Wavelength/A 


2924. 
2933. 
2936. 
2936.7 
2938.30 
2950.4 
2963.4 
2989.03 
2993.34 
3012. 
3024.64 
3034.87 
3042. 
3067.72 
3076.66 
3115.0 
3239. 
3397.21 
3430.83 
3431.23 
3451.0 
3473.8 
3485.5 
3510.85 
3596.11 
3613.4 
3643. 
3654.2 
3682. 
3695.32 
3695.68 
3734. 
3792.5 
3811.1 
3815.8 
3845.8 
3863.9 
3868. 
4079.1 
4097.2 
4121.53 
4121.86 
4259.4 
4272.0 
4301.7 
4339.8 
4340.5 
4379.4 
4476.8 
4705.3 
4722.52 
4730.3 
4749.7 
4797.4 
4908.2 
4916.6 
4969.7 
4993.6 
5079.3 
5091.6 
5124.3 


Intensity 


60h 
20 
75h 
40h 
10 
10с 
3 
20 


1500 а 


200 
200 
100 
200 
50 
60 


Wavelength/A 
5144.3 
5201.5 
5209.2 
5270.3 
5397.8 
5552.35 
5599.41 
5655.2 
5719.2 
5742.55 
5818.3 
5860.2 
5973.0 
6059.1 
6128.0 
6134.82 
6475.73 
6476.24 
6497.7 
6577.2 
6600.2 
6808.6 
6991.12 
7033. 
7036.15 
7381. 
7502.33 
7637. 
7750. 
7838.70 
7840.33 
7965. 
8008. 
8050. 
8070. 
8328. 
8388. 
8532. 
8544.54 
8579.74 
8653. 
8754.88 
8761.54 
8863. 
8907.81 
9657.04 
9827.78 
10104.5 
10138.8 
10300.6 
10536.19 
11072.44 
11710.37 
11999.49 
12165.08 
12690.04 
12817.8 
14330.5 
16001.5 
22551.6 
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10-9 


Intensity — Wavelength/A 


Boron B 7-5 
41.00 
30 48.59 
10 52.68 
30 60.31 
194.37 
262.37 
160 344.0 
450 385.0 
40 411.80 
285 418.7 
20 510.77 
40 510.85 
512.53 
150 518.24 
75 518.27 
110 677.00 
160 677.14 
40 693.95 
40 731.36 
40 731.44 
749.74 
40 758.48 
70 758.67 
110 882.54 
110 882.68 
40 984.67 
110 1081.88 
110 1082.07 
70 1112.2 
450 1168.9 
70 1170.9 
110 1230.16 
220 1362.46 
70 1600.46 
120 1600.73 
160 1623.58 
110 1623.77 
220 1624.02 
70 1624.16 
160 1624.34 
100 1663.04 
150 1666.87 
200 1667.29 
150 1817.86 
200 1818.37 
300 1825.91 
300 1826.41 
110 1842.81 
20 1953.83 
550 2065.78 
250 2066.38 
250 2066.65 
100 2066.93 
300 2067.19 
450 2067.23 
160 2077.09 
500 2088.91 
500 2089.57 
70 2220.30 


40 


2234.09 


10-10 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
70 2234.59 ІП 1000 619.87 IV 500 3041.18 IV 1200 7827.23 I 
40 2323.03 II 1000 630.14 IV 500 3074.42 Ш 2500 5 7881.45 І 
40 2328.67 П 1000 642.23 ІУ 500 3349.64 ІП 2500 7881.57 I 
40 2393.20 II 1000 661.53 IV 500 3380.56 IV 2500 7925.81 I 

220 2395.05 II 1000 683.51 IV 500 3540.16 ІП 30000 с 7938.68 І 
40 2459.69 П 1000 697.72 IV 500 3562.43 Ш 3000 7947.94 І 
40 2459.90 П 1000 715.39 ІУ 1200 3815.65 І 3000 7950.18 І 

1000 2496.77 І 1000 731.00 ІУ 1500 3992.36 І 8000 7978.44 І 

1000 2497.73 І 1000 800.12 ІУ 1000 4223.89 П 10000 7978.57 І 
70 2524.7 ІУ 700 812.95 У 2000 4365.14 1 30000 7989.94 I 

160 2530.3 IV 1000 813.66 IV 1000 4365.60 II 2000 8026.35 I 

450 2821.68 IV 1000 850.81 У 1500 4425.14 I 2500 8026.54 I 
70 2824.57 IV 1000 889.23 1 10000 4441.74 I 30000 8131.52 I 

285 2825.85 IV 1000 948.97 1 10000 4472.61 1 1000 с 8152.65 1 

160 2918.08 II 1000 1015.54 1 20000 4477.72 І 10000 8153.75 І 

110 3032.26 П 1000 1049.00 П 1000 4490.42 І 25000 8154.00 І 
70 3179.33 II 1000 1069.15 У 3000 4513.44 I 5000 8246.86 I 

110 3323.18 II 900 1112.13 У 15000 4525.59 1 15000 8264.96 1 

110 3323.60 II 1000 1143.56 У 3000 4575.74 1 75000 с 8272.44 I 

450 3451.29 II 1000 1189.28 I 2500 4614.58 I 20000 8334.70 I 

285 4121.93 II 1000 1189.50 I 2500 4752.28 I 10000 8343.70 I 

110 4194.79 II 1000 1210.73 I 4000 4780.31 I 1200 8384.04 I 
40 4242.98 ІП 1000 1221.13 І 1600 4785.19 I 40000 8446.55 I 
70 4243.61 ІШ 1000 1223.24 1 4000 4979.76 1 4000 8477.45 I 

110 4472.10 II 1200 1224.41 I 1200 5395.48 I 1500 8513.38 I 

110 4472.85 II 1200 1226.90 I 1200 5466.22 I 1000 8557.73 I 

220 4487.05 ІП 7500 1232,43 І 1800 5852.08 І 1000 8566.28 І 

360 4497.73 ІП 1200 1243.90 І 1600 5940.48 І 20000 8638.66 І 
70 4784.21 II 1500 1251.66 I 2400 6122.14 I 4000 8698.53 I 

110 4940.38 II 1000 1255.80 I 40000 6148.60 I 10000 c 8793.47 I 

110 6080.44 II 1500 1259.20 I 2000 6177.39 I 15000 8819.96 I 
70 6285.47 II 1200 1261.66 I 1500 6335.48 I 25000 8825.22 I 
70 7030.20 II 1200 1266.20 I 60000 6350.73 I 4000 8888.98 I 
40 7031.90 II 1000 1279.48 I 2500 6410.32 I 30000 8897.62 I 

110 7835.25 ІП 1000 1286.26 І 1800 6483.56 І 6000 8932.40 I 
70 7841.41 ІП 3000 1309.91 І 1000 6514.62 I 1800 8949.39 I 
20 8667.22 I 3000 1316.74 I 20000 6544.57 I 9000 8964.00 I 
70 8668.57 I 1000 1317.37 I 1500 6548.09 I 30000 9166.06 I 

800 11660.04 I 2000 1317.70 I 50000 c 6559.80 I 15000 9173.63 I 

570 11662.47 I 12000 1384.60 I 1000 6571.31 I 20000 9178.16 I 

125 15629.08 I 3000 1449.90 I 1800 6579.14 I 40000 9265.42 I 

200 16240.38 I 50000 1488.45 I 20000 6582.17 I 15000 9320.86 I 

250 16244.67 I 30000 1531.74 I 1500 6620.47 I 6000 9793.48 I 

235 18994.33 I 25000 1540.65 I 50000 c 6631.62 I 10000 9896.40 I 

Bromine Br Z = 35 30000 1574.84 I 20000 6682.28 I 3000 10140.08 I 

700 37973 IV 20000 1576.39 I 10000 6692.13 I 6000 10237.74 I 

700 400.37 IV 25000 1582.31 I 8000 6728.28 I 1000 10299.62 I 

800 482.11 у 75000 1633.40 1 2000 6760.06 1 1500 10377.65 1 

900 53197 у 1000 2133.79 IV 2000 6779.48 I 30000 10457.96 I 

1000 54543 IV 1000 2145.02 IV 2200 6786.74 I 1000 10742.14 I 

1000 547.90 у 1000 2257.21 IV 6500 6790.04 I 3000 10755.92 I 

1000 559.76 IV 1000 2272.73 IV 1600 c 6791.48 I 1700 13217.17 I 

1000 569.19 IV 1000 2307.40 IV 1800 6861.15 I 1800 14354.57 I 

1000 576.59 IV 1000 2408.16 IV 10000 7005.19 I 1250 14888.70 I 

1000 585.10 IV 1000 2411.58 IV 2000 7260.45 I 1800 16731.19 I 

1000 58671 IV 700 2491.14 IV 10000 7348.51 I 1200 18568.31 I 

1000 597.51 IV 1000 2581.19 IV 40000 7512.96 I 3500 19733.62 I 

1000 600.09 IV 600 2661.40 IV 1600 7591.61 I 1000 20281.73 I 

1000 60127 IV 1000 2842.88 IV 1800 7595.07 I 1000 20624.67 I 

1000 607.03 IV 1100h 2907.71 IV 2000 7616.41 I 1200 21787.24 I 

1000 617.85 IV 500 h 2972.26 II 30000 7803.02 I 4000 22865.65 I 


Line Spectra of the Elements 


Intensity Wavelength/A 
1000 23513.15 
500 28346.50 
500 30380.85 
600 31630.13 
150 38345.75 
120 39964.36 
Cadmium Cd Z = 48 
50 427.01 
50 447.85 
60 480.90 
70 493.00 
70 495.13 
70 498.14 
70 498.53 
80 504.09 
70 504.20 
70 504.50 
80 506.31 
60 508.01 
50 508.95 
70 509.55 
70 511.40 
80 513.00 
70 514.50 
60 519.42 
80 524.41 
70 524.47 
70 525.10 
60 525.19 
70 527.07 
80 531.09 
80 531.51 
70 534.29 
70 536.77 
60 540.90 
70 541.74 
80 542.60 
80 546.55 
60 553.06 
80 554.05 
60 567.01 
150 1118.16 
100 1164.65 
100 1183.40 
100 1256.00 
150 1296.43 
100 1326.50 
60 1370.48 
150 1370.91 
60 1418.89 
200 1514.26 
50 1545.17 
200 1571.58 
100 1668.60 
50 1702.47 
40 1707.16 
40 1722.95 
50 1724.41 
40 1747.67 
40 1773.06 
100 1785.84 


= = = = = н 


IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 

II 

II 

II 
IV 

II 
IV 

II 
1 

1 

1 

1 
Ш 
Ш 

II 
11 
Ш 

II 


Intensity 


75 
40 
100 
50 
40 
40 
200 
150 
300 
100 
40 
30 
200 
100 
50 
75 
40 
50 
75 
150 
50 
1000r 
50 
100 
1000 
1000 
1500r 
1000 
200 


50h 


100 


1000 


100h 
50h 


Wavelength/A 


1793.40 
1823.41 
1827.70 
1844.66 
1851.13 
1855.85 
1856.67 
1874.08 
1922.23 
1943.54 
1965.54 
1986.89 
1995.43 
2007.49 
2032.45 
2036.23 
2039.83 
2045.61 
2087.91 
2096.00 
2111.60 
2144.41 
2155.06 
2187.79 
2194.56 
2265.02 
2288.022 
2312.77 
2321.07 
2376.82 
2418.69 
2469.73 
2487.93 
2495.58 
2509.11 
2516.22 
2525.196 
2544.613 
2551.98 
2553.465 
2565.789 
2572.93 
2580.106 
2592.026 
2602.048 
2628.979 
2632.190 
2639.420 
2659.23 
2660.325 
2668.20 
2672.62 
2677.540 
2677.748 
2707.00 
2712.505 
2733.820 
2748.54 
2763.894 
2764.230 
2774.958 


HI 
HI 
II 
HI 
11 
11 
11 
11 
1 
1 
1 
1 
1 
1 
1 
1 
11 
11 
11 
1 
11 
1 
1 


Intensity 


30 
200 
25 
100 
200r 
50r 
200 
50 
200 
1000r 
200r 
50 


Wavelength/A 
2823.19 
2836.900 
2856.46 
2868.180 
2880.767 
2881.224 
2914.67 
2927.87 
2929,27 
2980.620 
2981.362 
2981.845 
3030.60 
3080.822 
3081.48 
3082.593 
3092.34 
3133.167 
3146.79 
3250.33 
3252.524 
3261.055 
3343.21 
3385.49 
3388.88 
3403.652 
3417.49 
3442.42 
3464.43 
3466.200 
3467.655 
3483.08 
3495.44 
3499.952 
3524.11 
3535.69 
3610.508 
3612.873 
3614.453 
3649.558 
3981.926 
4029.12 
4134.77 
4141.49 
4285.08 
4306.672. 
4412.41 
4412.989 
4415.63 
4440.45 
4662.352. 
4678.149 
4744.69 
4799.912 
4881.72 
5025.50 
5085.822 
5154.660 
5268.01 
5271.60 
5337.48 


Intensity 


1000 
200 
40 


55d 


Calcium Ca 
250 
250 
300 
250 
265 
400 
300 
400 
300 
450 c 
500 
300 
300 
300 
250c 
250 
450 
250 
200 
750 
600 
250 
750 
500 
500 
400 
300 
400 
750 
300 
500 
24 


10-11 
Wavelength/ À 
5378.13 1 
5381.89 II 
5843.30 1 
5880.22 1 
6099.142 1 
6111.49 I 
6325.166 I 
6330.013 I 
6354.72 II 
6359.98 II 
6438.470 I 
6464.94 1 
6567.65 1 
6725.78 II 
6759.19 II 
6778.116 I 
7237.01 II 
7284.38 1 
7345.670 1 
8066.99 1 
8200.309 1 
9289. 1 
11652. 1 
14487. 1 
15708. 1 
19120. 1 
24371. 1 
25448. 1 
7-20 
190.46 V 
196.97 V 
199.55 У 
200.51 У 
257.98 У 
267.77 У 
270.31 У 
280.99 У 
284.98 У 
286.96 У 
322.17 У 
323.22 У 
330.94 У 
334.55 У 
342.45 IV 
343.93 IV 
352.92 У 
377.18 У 
387.08 У 
425.00 V 
434.57 IV 
437.77 IV 
443.82 IV 
450.57 IV 
558.60 У 
637.93 У 
643.12 У 
646.57 У 
656.00 IV 
656.76 V 
669.70 IV 
1341.89 1 


10-12 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
12 1342.54 II 20 4489.18 1 40 7820.78 II 250 371.75 III 
20 1433.75 II 19 4499.88 ІП 60 7843.38 П 150 371.78 ІП 
20 1545,29 ІП 23 4526.94 I 20 8017.50 II 650 384.03 IV 
60 1649.86 II 22 4578.55 I 20 8020.50 II 700 384.18 IV 
20 1807.34 II 23 4581.40 I 70 8133.05 II 500 386.203 ІП 
40 1814,50 П 23 4581.47 I 100 8201.72 II 400 419.52 IV 
40 1838.01 II 24 4585.87 I 110 8248.80 II 500 419.71 IV 
60 1840.06 II 24 4585.96 I 70 8254.73 II 200 450.734 ІП 
20 1843.09 II 20 4685.27 I 130 8498.02 II 400 459.46 ІП 
40 1850.69 П 30 4716.74 П 170 8542.09 П 500 459,52 ІП 
17 2123.03 ІП 40 4721.03 П 160 8662.14. П 570 459,63 ІП 
16 2152.43 ІП 40 4799.97 1 100 8912.07 II 250 511.522 ІП 
16 2687.76 ІП 25 4878.13 I 110 8927.36 II 250 535.288 ІП 
19 2881.78 ІП 70 5001.48 П 110 9213.90 П 300 538.080 Ш 
21 2899.79 ІП 80 5019.97 П 90 9312.00 П 350 538.149 ІП 
19 2924.33 ІП 40 5021.14 1 100 9319.56 II 400 538.312 ІП 
20 2988.63 ІП 23 5041.62 І 110 9320.65 П 350 574.281 ІП 
10 3006.86 І 25 5188.85 І 25 9416.97 І 9 595.022 П 
15 3028.59 ІП 22 5261.71 І 100 9567.97 П 30 687.053 П 

3 3055.32 I 23 5262.24 I 110 9599.24 II 50 687.345 II 
19 3119.67 ІП 22 5264.24 І 80 9601.82 П 10 858.092 1 

170 3158.87 II 24 5265.56 I 80 9854.74 II 20 858.559 1 

180 3179.33 II 25 5270.27 I 110 9890.63 II 30 903.624 H 

150 3181.28 II 60 5285.27 1 90 9931.39 II 60 903.962 II 
20 3316.51 II 70 5307.22 1 100 10223.04 II 150 904.142 1 
12 3361.92 1 50 5339.19 1 20 10343.81 I 30 904.480 II 
19 3372.67 Ш 27 5349.47 І 20 11838.99 П 800 977.03 ІП 
20 3461.87 П 23 5512.98 І 25 12816.04 І 9 1009.86 П 
13 3487.60 І 25 5581.97 І 24 12823.86 І 10 1010.08 П 
18 3537.77 ІП 27 5588.76 І 25 12909.10 І 10 1010.37 П 
20 3644.41 І 24 5590.12 І 30 13033.57 1 80 1036.337 II 
30 3683.70 II 26 5594.47 I 21 13086.44 I 150 1037.018 H 
40 3694.11 II 25 5598.49 I 24 13134.95 1 150 1157.910 1 

170 3706.03 II 24 5601.29 I 20 16150.77 I 150 1158.019 I 

180 3736.90 II 24 5602.85 I 22 16157.36 I 150 1158.035 I 
20 3755.67 II 30 5857.45 I 21 16197.04 I 370 1174.93 ІП 
30 3758.39 П 27 6102.72 І 20 18925.47 І 350 1175.26 ІП 

230 3933.66 П 29 6122.22 І 24 18970.14 1 330 1175.59 ІП 

220 3968.47 П 22 6161,29 І 30 19046.14 1 500 1175.71 ІП 
50 409710 П 30 6162.17 І 48 19309.20 І 350 1175.99 ІП 
60 4109.82 П 22 6163.76 І 49 19452.99 І 370 1176.37 ІП 
30 4110.28 П 24 6166.44 I 47 19505.72 I 150 1188.992 I 
40 4206.18 II 26 6169.06 I 50 19776.79 I 150 1189.447 I 
50 4220.07 II 28 6169.56 I 35 19853.10 I 200 1189.631 I 
50 4226.73 I 35 6439.07 I 34 19862.22 I 300 1193.009 I 
24 4283.01 I 30 6449.81 I 23 19917.19 I 300 1193.031 I 
22 4289.36 I 22 6455.60 I 24 19933.70 I 300 1193.240 I 
22 4298.99 I 80 6456.87 1 25 22624.93 1 300 1193.264 1 
25 4302.53 1 34 6462.57 1 30 22651.23 1 100 1193.393 1 
20 4302.81 ІП 29 6471.66 І Carbon C 2-6 150 1193.649 1 
23 4307.74 I 32 6493.78 I 110 34.973 у 150 1193.679 1 
22 4318.65 1 28 6499.65 1 450 40.268 у 100 1194.064 1 
20 4355.08 1 23 6572.78 1 110 227.19 у 100 1194.488 1 
19 4399.59 Ш 30 6717.69 І 250 244.91 IV 100 1261.552 I 
25 4425.44 I 33 7148.15 I 160 248.66 у 250 1277.245 1 
26 4434.96 1 31 7202.19 1 160 248 74 у 250 1277.282. 1 
25 4435.69 I 33 7326.15 I 200 289.14 IV 300 1277.513 I 
30 4454.78 I 30 7575.81 1 250 28923 IV 300 1277.550 I 
28 4455.89 I 60 7581.11 1 570 312.42 IV 200 1280.333 I 
20 4456.61 I 80 7601.30 1 500 312.46 IV 100 1311.363 I 
20 4472.04 II 20 7602.32 1 250 371.69 IH 9 1323.951 1 


Line Spectra of the Elements 10-13 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
120 1329.578 I 1000 4267.26 1 250 9620.80 1 40000 3085.10 ІП 
120 1329.600 І 200 4325.56 ІП 300 9658.44. І 20000 3106.98 ІП 
150 1334,532 П 600 4647.42 ІП 200 10683.08 І 30000 3110.53 ІП 
300 1335.708 П 520 4650.25 ІП 300 10691.25 І 30000 3121.56 ІП 
100 1354.288 І 375 4651.47 ІП 12 11619.29 І 20000 3141.29 ІП 
150 1355,84 І 200 w 4658,30 IV 23 11628.83 I 20000 3143.96 ІП 
120 1364.164 1 200 4665.86 ІП 13 11658.85 1 20000 3147.06 ІП 
100 1459.032 1 200 4771.75 1 47 11659.68 1 710 3194.83 II 
200 1463.336 I 200 4932.05 I 24 11669.63 I 990 3201.71 II 
120 1467.402 I 5 4943.88 У 85 11748.22 1 710 3218.94 1 
150 1481.764 1 5 4944.56 У 142 11753.32 1 880 3221.17 H 
1000 1548.202 IV 200 5052.17 1 114 11754.76 1 710 3227.11 1 
900 1550.774 IV 350 5132.94 1 11 11777.54 I 20000 3228.57 ІП 
150 1560.310 І 350 5133.28 П 17 11892.91 1 710 3234.16 H 
400 1560.683 I 350 5143.49 1 30 11895.75 1 990 3272.25 1 
400 1560.708 1 570 5145.16 1 26 12614.10 1 20000 3353.29 ІП 
100 1561.341 І 400 5151.09 П 20 13502.27 І 10000 3395.77 ІП 
400 1561,438 І 300 5380.34 І 38 14399.65 1 30000 3427.36 ІП 
150 1656.266 1 250 5648.07 1 16 14403.25 1 40000 3443.63 ІП 
120 1656.928 І 350 5662.47 П 61 14420.12 1 30000 3454.39 ІП 
300 1657.008 І 450 5695.92 ІП 12 14429.03 1 40000 3459.39 ІП 
120 1657.380 1 250 5801.33 IV 13 14442.24 I 60000 3470.92 ІП 
120 1657.907 І 200 5811.98 IV 12 16559.66 I 710 3485.05 1 
150 1658.122 1 150 5826.42 ІП 50 16890.38 І 50000 3497.81 ІП 
500 1751.823 1 570 5889.77 II 10 17338.56 I 60000 3504.64 ІП 
1000 1930.905 І 350 5891.59 П 11 17448.60 І 770 3539.08 П 
250 2162.94 ІП 200 6001.13 1 13 18139.80 1 50000 3544.07 ІП 
40 2270.91 У 250 6006.03 1 23 19721.99 1 1200 3560.80 1 
5 2277.25 У 110 6007.18 1 Cerium Се Z = 58 1000 3577.45 H 
20 2277.92 У 150 6010.68 1 300 399.36 у 1800 3655.85 1 
800 2296.87 ІП 300 6013.22 І 200 482.96 у 880 3660.64 П 
800 2478.56 І 250 6014.84 I 40 741.79 IV 880 3667.98 II 
250 2509.12 II 800 6578.05 1 30 754.60 IV 1000 3709.29 1 
350 2512.06 II 570 6582.88 1 75 1332.16 IV 1000 3709.93 1 
2001 2524.41 IV 200 6587.61 I 75 1372.72 IV 1400 3716.37 II 
300s 2529.98 IV 150 6744.38 ІП 100 2000.42 IV 800 3728.42 1 
250h 2574.83 II 250 6783.90 II 100 2009.94 IV 860 3786.63 1 
150 2697.75 ІП 150h 7037.25 ІП 10000 2318.64 ш 2500 3801.52 II 
1101 2724.85 HI 250 7113.18 I 10000 2372.34 IH 800 3803.09 1 
1501 2725.30 ІП 250 7115.19 І 10000 2380.12 IH 1000 3808.11 HH 
1501 2725.90 ІП 250 7115.63 П 10000 2431.45 ш 1100 3838.54 1 
3501 2741.28 II 200 7116.99 I 15000 2439.80 IH 860 3848.59 1 
250 2746.49 II 350 7119.90 1 10000 2454.32 Ш 860 3853.15 П 
1000 2836.71 П 800 7231.32 П 10000 2469.95 HI 1200 3854.18 II 
800 2837.60 II 1000 7236.42 1 10000 2483,82 IH 1200 3854.31 1 
200 2982.11 ІП 150 7612.65 ІП 10000 2497.50 IH 1100 3878.36 1 
800h 2992.62 II 90w 7726.2 IV 20000 2531.99 HI 1500 3882.45 H 
350 3876.19 II 200 7860.89 I 10000 2603.59 IH 1000 3889.98 1 
350 3876.41 II 200 8058.62 I 340 2651.01 1 770 3907.29 II 
350 3876.66 II 300 h 8196.48 ІП 270 2830.90 П 980 3912.44 II 
570 3918.98 II 150 8332.99 ІП 250 2874.14 П 770 3918.28 П 
800 3920.69 П 520 8335.15 І 10000 2923.81 " 770 3931.09 II 
150 4056.06 ш 300 8500.32 ІП 10000 2931.54 ш 770 3940.34 1 
200 4067.94 ІП 250 9061.43 І 400 2976.91 T 2000 3942.15 1 
250 4068.91 ш 200 9062.47 1 10000 3022.75 " 2700 3942.75 1 
250 4070.26 ш 200 9078.28 1 50000 3031.58 ш 770 3943.89 II 
250 4074.52 II 250 9088.51 I 95000 3055.59 Ш 3100 3952.54 1 
3501 4075.85 II 450 9094.83 I 20000 3056.56 IH 980 3956.28 1 
150 4162.86 ІП 300 9111.80 І 40000 3057.23 Ш 770 3960.91 П 
250ћ 4186.90 ІП 800 9405.73 І 20000 3057.58 Ш 770 3967.05 П 
800 4267.00 П 150 9603.03 І 680 3063.01 1 770 3978.65 1 


10-14 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 

770 3984.68 II 280 5159.69 I 25 7329.91 I 630 2845.70 ІП 
700 3992.39 II 280 5161.48 I 25 7397.77 I 3100 2859.32 ІП 
910 3993.82 II 370 5187.46 1 25 7616.11 II 200 2893.85 ІП 
2800 3999.24 П 260 5223.46 І 25 7689.17 П 180 2921.13 ІП 
910 4003.77 П 260 5245.92 І 22 7844.94. П 3200 2976.86 ІП 
2700 4012.39 II 340 5274.23 1 22 7857.54 II 210 3001.28 ІП 
910 4014.90 П 450 5353.53 П 30 8025.56 П 1700 3066.59 ІП 
840 4024.49 П 300 5393.40 П 25 8772.14 II 1100 c 3149.36 ІП 
840 4028.41 II 280 5409.23 1 30 8891.20 II 1400 3152.36 ІП 
840 4031.34 П 260 5512.08 П , 8400 3268.32 III 

Cesium Ce Z = 55 

2100 4040.76 II 300 5696.99 I 10000 614.01 ш 1300 3315.51 1 
910 4042.58 II 370 5699.23 I 2000 638.17 IH 550 3340.60 ІП 
700 4053.51 П 240 5719.03 І 2500 666.25 IH 430 3344.02 ІП 
1100 4071.81 П 230 5940.86 І 5000 691.60 HI 1200 3349.46 ІП 
1800 4073.48 П 55; 6001.90 1 3500 703.89 IH 400 3463.45 ІП 
1500 4075.71 П 55 6005.86 1 15000 71814 T 580 3476.83 ІП 
1500 4075.85 П 55 6006.82 1 20000 72179 HI 480 3559.82 ІП 
910 4083.23 II 75 6013.42 I 20000 722.20 IH 7200 3597.45 ІП 
770 4118.14 II 110 6024.20 I 5000 731.56 IH 1300 3608.31 ІП 
980 4123.87 П 10000 6032.54 ІП 12000 74029 Ш 2300 3618.19 ІП 
980 4127.37 П 110 6043.39 П 15000 80876 I 300 с 3641.34 ІП 
2700 4133.80 П 55 6047.40 1 15000 813.84 И 520 3651.08 ІП 
2000 4137.65 П 10000 6060.91 ІП 7500 830.39 ш 4800 3661.40 ІП 
770 4142,40 П 45 6098.34 1 35000 90127 T 640 3699.50 ІП 
980 4149.94 II 45 6123.67 I 15000 920.35 " 430 3837.46 ІП 
1400 4151.97 П 35 6143.36 П 40000 926.66 n 2100c 3876.15 I 
1300 4165.61 II 35 6186.17 I 25000 c 1054.79 IH 2900 3888.37 ІП 
3500 4186.60 П 35 6208.98 І 17c 1673.99 IH 600 c 3888.61 I 
840 4198.72 II 35 6228.94 1 12 1705.25 ш 2700. 3925.60 ІП 
910 4202.94 II 23 6232.45 1 10 1801.83 IH 680 с 4001.70 ІП 
1500 4222.60 П 28 6237.45 І 20 с 1822.40 IH 3100 4006.55 ІП 
770 4227.75 П 45 6272.05 П 11 1823.93 HI 420 4006.78 ІП 
980 4239.92 II 35 6295.58 I 12 1824.70 IH 520 4043.42 ІП 
1100 4248.68 П 28 6299.51 1 2 1841.80 IH 14000 4264.70 1 
2000 4289.94 II 23 6300.21 I 25 1915.50 ш 18000 w 4277.13 II 
1500 4296.67 II 35 6310.01 I 25c 1923.29 IH 370 4403.86 ІП 
770 4300.33 П 35 6343.95 П 12 1961.33 IH 1200 4410.22 ІП 
770 4306.72 П 35 6371.11 1 17 1996.56 ш 940 4425.68 ІП 
980 4337.77 II 28 6386.84 I 710 2035.11 IH 530 4471.48 ІП 
700 4349.79 II 23 6393.02 1 120 2056.43 IH 12000 4501.55 1 
910 4364.66 II 35 6430.07 I 330 2076.43 ш 1200 4506.72 ІП 
910 4382.17 II 23 6436.40 I 540 2077.30 IH 590 4522.86 ІП 
700 4386.84 II 35 6458.03 I 410 2088.68 Ш 20000 4526.74 1 
1700 4391.66 II 28 6467.39 I 210 2101.63 ш 1000 с 4555.28 1 
980 4418.78 II 35 6473.72 I 200 214147 IH 460 с 4593.17 1 
770 4449.34 II 23 6513.59 1 1000 2316.88 IH 99900 4603.79 II 
2400 4460.21 II 45 6555.65 I 230 2325.95 ш 420Һ 4620.61 ІП 
1400 4471.24 II 23 6579.10 I 390 2340.49 IH 210 4665.52 ІП 
700 4479.36 П 22 6612.06 1 1600 2455.81 IH 25000 4830.19 II 
700 4483.90 II 30 6628.93 I 1600 2477.57 HI 140 4851.59 ІП 
840 4486.91 П 22 6652.72 1 890 2485 45 IH 19000 4870.04 II 
770 4523.08 II 26 6700.66 I 410 2495.07 IH 37000 4952.85 II 
840 4527.35 II 35 6704.27 I 1400 2525.67 ш 370 5035.72 1 
840 4528,47 II 30 6774.28 II 430 2573.05 IH 27000 5043.80 1 
840 4539.75 II 35 6775.59 I 16000 2596.86 IH 75000 5227.04 1 
2100 4562.36 II 30 6924.81 I 390 2610.12 HI 29000 5249.38 H 
1100 4572.28 II 30 6986.02 I 6200 2630.51 IH 11000 5274.05 II 
840 4593.93 II 35 7061.75 1 370 2700.32 IH 10000 c 5349.13 1 
1700 4628.16 II 35 7086.35 II 710 2701.20 ш 22000 5370.99 II 
310 4737.28 II 22 7238.36 1 390 277644 IH 230 5380.79 ІП 
470 5079.68 П 25 7252.75 І 970 2810.87 IH 60 с 5465.94 I 


Line Spectra of the Elements 10-15 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
37 5502.88 I 1500 17012.32 I 2500 728.951 II 12000 1396.527 I 
39000 5563.02 II 760 20138.47 I 2000 777.562 II 500 1441.470 II 
100 5635.21 I 880 22811.86 I 5000 787.580 II 500 1528.569 1 
210c 5664.02 I 1100 23037.98 I 5000 788.740 II 500 1542.942 1 
27 5745.72 1 3900 23344.47 1 5000 793.342 II 500 1558.144 1 
24000 5831.14 II 4400 24251.21 I 500 834.84 IV 500 1565.050 1 
59 с 5838.83 1 850 24374.96 1 500 834.97 IV 600 1822.50 ІП 
300 5845.14 І 890d 25763.51 I 6000 839.297 II 500 1828.40 ІП 
51000 5925.63 II 500 25764.73 I 8000 839.599 II 500 1857.488 1 
140 5950.14 ш 680 с 29310.06 1 600 840.93 IV 500 1901.61 ІП 
110 5979.97 ІП 2800 30103.27 1 5000 851.691 II 500 1983.61 ІП 
640с 6010.49 І 610c 30953.06 I 2000 888.026 II 450 h 1997.370 1 
86 6034.09 1 1100 34900.13 1 2000 893.549 II 450 2032.116 1 
150 6043.99 ш 190 36131.00 1 2000 961.499 II 350h 2088.583 1 
870 6079.86 ІП 2с 39177.28 І 500 973.21 IV 350h 2091.458 1 
9800 6128.61 II 2d 39421.25 I 600 977.56 IV 700 2253.07 ІП 
330 6150.42. ІП 1 39424.11 1 40 978.284 1 500 2268.95 1 
1000 6213.10 I Chlorine СІ Z = 17 700 984.95 IV 500 2278.34 ІП 
170 6217.60 І 500 392.43 у 25 998.372 I 700 2283.93 ІП 
450 6242.96 ІП 800 48617 IV 25 998.432 I 600 2323.50 1 
320 с 6354.55 I 800 534.73 IV 75 1002.346 I 500 2336.45 ІП 
510 6456.33 ш 700 535.67 IV 500 1005.28 Ш 600 2340.64 ІП 
8300 6495.53 П 600 536.15 IV 600 1008.78 11 600 2359.67 1 
10000 w 6536.44 II 900 537.61 IV 150 1013.664 I 600 2370.37 ІП 
490 6586.51 І 500 538.03 у 700 1015.02 Ш 700 2416.42 ІП 
97 6628.66 І 600 538 12 IV 90 1025.553 I 600 2447.14 ІП 
8800 6646.57 П 800 542.23 ү 6000 1063.831 П 600 2448,58 ІП 
3300 с 6723.28 1 600 542.30 у 3000 1067.945 II 500 2486.91 ІП 
9600 6724.47 П 1000 545.11 у 9000 1071.036 II 500 2532.48 ІП 
400 6753.12 ІП 600 546.33 у 6000 1071.767 II 600 2580.67 ІП 
200 6824.65 І 1000 547.63 у 5000 1075.230 II 500 2603.59 ІП 
300 6870.45 1 500 549.22 IV 5000 1079.080 II 500 2632.67 ІП 
37000 6955.50 П 700 552.02 IV 200 1084.667 I 500 2633.18 ІП 
4800 6973.30 1 600 553.30 IV 200 1085.171 I 600 2665.54 ІП 
16000 6979.67 П 700 554.62 IV 250 1085.304 I 700 2710.37 ІП 
980 6983.49 І 600 556.23 Ш 400 1088.06 1 500 2724.03 IV 
13000 w 7149.54 II 700 556.61 Ш 350 1090.271 1 500 2751.23 ТУ 
1900 с 7219.60 ІП 700 557,12 ш 250 1090.982 I 700 2782.47 IV 
790 7228.53 I 350 559.305 П 250 1092.437 1 600 2965.56 ІП 
130 7279.90 І 700 561.53 Ш 400 1094.769 1 500 3063.13 IV 
1100 7279.96 I 700 561.68 ш 350 1095.148 1 600 3076.68 IV 
2600 c 7608.90 I 700 561.74 Ш 350 1095.662 1 600 3104.46 ІП 
3300 7943.88 І 400 571.904 П 400 1095.797 І 800 3139.34 ІП 
22000 7997.44 II 800 574.406 H 250 1096.810 I 900 3191.45 ІП 
3500 8015.73 І 500 601.50 IV 300 1097.369 I 700 3289.80 ІП 
510 8078.94 I 500 604.59 IV 200 1098.068 I 700 3320.57 ІП 
4500 8079.04 I 500 606.35 ш 200 1099.523 1 800 3329.06 ІП 
59000 с 8521.13 I 700 618.057 П 500 1107.528 І 900 3340.42 ІП 
15000 с 8761.41 І 600 619.982 " 800 1139.214 II 800 3392.89 ІП 
61000 с 8943.47 І 800 620.298 H 800 1167.148 I 800 3393.45 ІП 
18000 9172.32 І 700 626.735 П 3000 1179.293 І 900 3530.03 ІП 
5200 9208.53 І 800 635.881 " 1200 1188.774 I 800 3560.68 ІП 
19000 10024.36 І 1000 636.626 H 900 1201.353 I 900 3602.10 ІП 
4800 10123.41 І 1000 650.894. П 3000 1335.726 І 800 3612.85 ІП 
26000 10123.60 1 1000 659.811 " 10000 1347.240 I 700 3622.69 ІП 
2900 13424.31 І 1300 661.841 H 5000 1351.657 I 700 3656.95 ІП 
38000 с 13588.29 І 2000 663.074 П 12000 1363.447 І 700 3670.28 ІП 
8400 13602.56 І 1500 682.053 " 2500 1373.116 I 700 3682.05 III 
5700 13758.81 I 1500 687.656 H 20000 1379.528 I 600 3705.45 ІП 
55000 c 14694.91 1 1500 693. 594. П 25000 1389.693 1 600 3707.34 ІП 
820 16535.63 1 2000 725.271 " 20000 1389.957 I 800 3720.45 ІП 


10-16 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
800 3748.81 ІП 2300 7899.31 I 310 13296.0 I 130 2383.33 I 
500 3779.35 ІП 1800 7915.08 І 550 13346.8 І 140 2408.62. І 
10000 3850.99 П 3000 7924.645 1 525 13821.7 1 170 2496.31 1 
25000 3860.83 II 2100 7933.89 I 294 14931.7 I 110 2502.53 I 
500 3925.87 ІП 1700 7935.012 І 269 15108.0 І 190 2504.31 І 
700 3991.50 ІП 650 7952.52 I 381 15465.1 I 110 2516.92 I 
600 4018.50 ІП 1500 7974.72 І 1094 15520.3 1 390 2519.52 1 
600 4059.07 ш 1300 7976.97 [ 1487 15730.1 1 190 2527.12 1 
500 4104.23 ІП 600 7980.60 І 2780 15869.7 І 160 2549.54 1 
500 4106.83 ІП 2900 7997.85 1 277 15883.3 1 130 2560.69 1 
10000 h 4132.50 II 2200 8015.61 I 342 15928.9 I 150 2571.74 I 
500 4608.21 ІП 1100 8023.33 І 735 15960.0 І 100 2577.65 І 
40 4623.938 І 400 8051.07 І 283 15970.5 І 380 2591.85 I 
50 4654.040 I 1700 8084.51 I 259 16198.5 I 250 2653.59 H 
80 4661.208 I 2200 8085.56 I 717 19755.3 I 250 2658.59 II 
45 4691.523 I 3000 8086.67 I 100 24470.0 I 320 2663.42 II 
40 4721.255 I 1300 8087.73 I 39716.0 I 440 2666.02 1 
45 4740.729 1 2500 8194.42 1 40085.5 1 280 2668.71 1 
13000 4781.32 II 2200 8199.13 I 40089.5 I 350 2671.81 1 
99000 4794.55 II 2200 8200.21 I 40532.2 I 280 2672.83 H 
29000 4810.06 II 800 8203.78 I Chromium Cr 2-24 1800 2677.16 1 
16000 4819.47 II 18000 8212.04 I 100 438.62 у 320 2678.79 II 
81000 4896.77 II 3000 8220.45 I 100 464.02. у 230 2687.09 1 
47000 4904.78 II 20000 8221.74 I 100 620.66 IV 280 2691.04 1 
26000 4917.73 II 18000 8333.31 I 100 629.26 IV 180 2698.41 1 
10000 4995.48 II 99900 8375.94 I 80 630.30 IV 180 2698.69 1 
26000 5078.26 II 400 8406.199 I 100 666.55 IV 110 2701.99 I 
30 5099.789 I 15000 8428.25 I 100 693.92 IV 140 2712.31 1 
56000 5217.94 II 2200 8467.34 I 60 1030.47 HI 170 2722.75 H 
23000 5221.36 II 2200 8550.44 I 100 1033.69 IH 420 h 2726.51 I 
15000 5392.12 II 20000 8575.24 I 100 1036.03 IH 280 h 2731.91 I 
99000 5423.23 II 750 8578.02 1 80 1055.89 IV 170h 2736.47 I 
10000 5423.51 II 75000 8585.97 I 80 1068.41 IH 250 2743.64 1 
19000 5443.37 II 450 8628.54 I 100 111648 у 110Һ 2748.29 1 
10000 5444.21 II 300 8641.71 I 150 1121.07 у 330 2748.98 1 
40 5532.162 1 3500 8686.26 1 150 1127.63 v 390 2750.73 1 
504 5796.305 1 2200 8912.92 1 100 1263.50 у 280 2751.87 1 
45 5799.914 1 3000 8948.06 1 100 1417.42 IV 110h 2752.88 I 
30 5856.742 I 2000 9038.982 I 150 1465.86 у 150 2757.10 1 
50 6019.812 1 2500 9045.43 1 150 1497.97 у 350 2757.72 1 
200 6140.245 1 1000 9069.656 1 170 1519.03 у 750 2762.59 II 
160 6194.757 1 2000 9073.17 1 220 1579,70 ۷ 750 2766.54 II 
150 6434.833 I 7500 9121.15 I 170 1591.72 у 250Һ 2769.92 1 
300 6932.903 1 3000 9191.731 I 150 1603.19 у 610 2780.70 1 
300 6981.886 1 500 9197.596 1 120 1672.66 IV 180 2822.37 1 
600 7086.814 1 4000 9288.86 1 120 1758.51 IV 180 2830.47 1 
7500 7256.62 1 1500 9393.862 1 140 1802.72 IV 2500 2835.63 H 
5000 7414.11 I 3500 9452.10 I 130 1812.41 IV 110 2840.02 1 
550 7462.370 1 500 9486.964 1 200 1837 44 у 1700 2843.25 1 
550 7489.47 1 1000 9584.801 1 140 1873.89 IV 1200 2849.84 1 
700 7492.118 1 3500 9592.22 1 140 1967.18 IV 120 2851.36 1 
11000 7547.072 1 250 9632.509 1 120 1972.07 IV 880 2855.68 1 
2300 7672.42 I 1000 9702.439 I 19000 2055.52 n 610 2858.91 1 
450 7702.828 1 250 9744.426 1 14000 2061.49 П 440 2860.93 П 
7000 7717.581 1 200 9807.057 1 8900 2065.42 И 790 2862.57 1 
10000 7744.97 I 400 9875.970 I 200 2226.72 HI 750 2865.11 1 
2200 7769.16 1 331 10392.549 1 200 2235.91 IH 610 2866.74 1 
650 7771.09 1 300 11123.05 1 150 2237.59 IH 480 2867.65 1 
2200 7821.36 1 269 11409.69 1 150 2244.10 ш 210 2870.44 H 
1700 7830.75 I 1000 11436.33 I 150 228444 IH 110 2871.63 I 
3000 7878.22 I 350 13243.8 I 150 2324.88 IH 160 2873.48 1 


Line Spectra of the Elements 10-17 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 

320 2875.99 II 220 3197.08 1 110 3807.93 1 110 4374.16 1 
230 2876.24 II 170 3209.18 11 180 3815.43 1 530 4384.98 1 
180 2877.98 II 140 3217.40 1 180 3819.56 1 110 4458.54 I 
120 2879.27 I 120 3245.54 I 130 3826.42 I 660 4496.86 I 
170 2887.00 I 130 3251.84 I 130 3830.03 I 380 4526.47 I 
700 2889.29 I 130 3257.82 I 380 3841.28 I 380 4530.74 I 
370 2893.25 I 130 3339.80 1 190 3848.98 1 240 4535.72 1 
190 2894.17 1 110 3342.59 1 140 3849.36 1 240 4540.50 1 
210 2896.75 1 170 3358.50 1 290 3850.04 1 240 4540.72 1 
180 2905.49 1 160 3360.30 1 140 3852.22 1 140 4544.62 I 
260 2909.05 I 430 3368.05 1 190 3854.22 1 600 4545.96 1 
260 2910.90 1 140 3382.68 1 110 3855.29 1 120 4565.51 1 
250 2911.14 1 170 3403.32 1 140 3855.57 1 120 4571.68 1 
480 2967.64 1 360 3408.76 1 260 3857.63 1 360 4580.06 1 
480 2971.11 I 210 3421.21 1 660 3883.29 1 360 4591.39 1 
210 2971.91 II 270 3422.74 1 570 3885.22 1 480 4600.75 I 
480 2975.48 I 140 3433.31 1 380 3886.79 1 240 4613.37 1 
190 2979.74 II 270 3433.60 I 260 3894.04 I 600 4616.14 I 
350 2980.79 I 160 3436.19 I 360 3902.92 I 550 4626.19 I 
110 2985.32 II 140 3441.44 I 960 3908.76 I 1600 4646.17 I 
480 2985.85 I 170 3445.62 I 120 hd 3911.82 I 570 4651.28 I 
1500 2986.00 I 170 3447.43 I 120 3915.84 I 840 4652.16 I 
2100 2986.47 I 190 3453.33 I 190 3916.24 I 240 d 4698.46 I 
660 2988.65 I 130 3455.60 I 1900 3919.16 I 190 4708.04 I 
160 2989.19 II 100 3460.43 I 600 3921.02 I 240 4718.43 I 
480 2991.89 I 120 3550.64 I 600 3928.64 I 120 4730.71 I 
230 2994.07 I 130 3566.16 I 410 3941.49 I 140 4737.35 I 
300 2995.10 I 130 3573.64 I 1900 3963.69 I 340 4756.11 I 
700 2996.58 I 330h 3574.80 I 120 3969.06 I 190 4789.32 I 
210 2998.79 I 19000 3578.69 I 1600 3969.75 I 120 4801.03 I 
1100 3000.89 I 160h 3584.33 I 1600 3976.66 I 110 4829.38 I 
750 3005.06 I 130 3585.30 II 960 3983.91 I 140 4870.80 I 
140 3013.03 I 17000 3593.49 I 190 3984.34 I 130 4887.01 I 
710 3013.71 I 350 3601.67 I 160 3989.99 I 260 4922.27 I 
710 3014.76 I 13000 3605.33 I 960 3991.12 I 110 4936.33 I 
1400 3014.92 I 130 3632.84 I 160 3991.67 I 70 4942.50 I 
710 3015.19 I 350 3636.59 I 190 3992.84 I 110 4954.81 I 
2800 3017.57 I 630 3639.80 I 160 4001.44 I 60 5013.32 I 
430 3018.50 I 220 3641.83 I 120 4012.47 II 70 5166.23 I 
240 3018.82 I 220 3649.00 I 120 4026.17 I 70 5184.59 I 
430 3020.67 I 170 3653.91 I 190 4039.10 I 70 5192.00 I 
2800 3021.56 I 220 3656.26 I 160 4048.78 I 85 5196.44 І 
1100 3024.35 1 130 3663.21 1 120 4058.77 1 5300 5204.52 I 
170 3029.16 I 120 3685.55 I 140 4126.52 I 8400 5206.04 І 
710 3030.24. І 130 3686.80 І 120 4153.82 І 11000 5208.44 І 
140 3031.35 І 130 3687.25 І 140 4163.62 I 85 5224.94 I 
390 3034.19 I 130 3730.81 I 170 4174.80 I 290 5247.56 I 
550 3037.04 I 150 3732.03 I 170 4179.26 I 530 5264.15 I 
550 3040.85 I 480 3743.58 I 110 4209.37 I 180 5265.72 I 
110 3050.14 II 570 3743.88 I 20000 4254.35 I 95h 5275.17 I 
710 3053.88 I 340 3749.00 I 110 4263.14 I 70h 5276.03 I 
240 3118.65 II 230 3757.66 I 16000 4274.80 I 340 5296.69 I 
430 3120.37 II 260 3768.24 I 10000 4289.72 I 70h 5297.36 I 
470 3124.94 II 130 3791.38 I 780 4337.57 I 660 5298.27 I 
120 3128.70 II 130 3792.14 I 1100 4339.45 I 85 5300.75 I 
590 3132.06 II 120 3793.29 I 380 4339.72 I 340h 5328.34 I 
140 3136.68 II 130 3793.88 I 1900 4344.51 I 70h 5329.17 I 
140 3147.23 II 140 3797.13 I 380 4351.05 I 780 5345.81 I 
100 3155.15 I 200 3797.72 I 2300 4351.77 I 380 5348.32 I 
100 3163.76 I 530 3804.80 I 570 4359.63 I 40 5400.61 I 
240 3180.70 II 110 3806.83 І 530 4371.28 І 1400 5409.79 І 


10-18 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
24 5628.64 I 1800 1955.17 I 200 2347.39 II 800 2580.32 1 
7 5642.36 1 1500 1958.55 1 1600 2352.85 1 300 4 2582.22 П 
24. 5664.04 І 1500 1961.59 1 2004 2353.41 II 500 2587.22 1 
24 5694.73 1 1500 ћ 1968.69 1 2000 2353.42 1 500 2587.52 1 
40 5698.33 1 1500 ћ 1968.93 1 500 2363.80 II 200 2588.91 1 
24 5702.31 1 3000 1970.71 1 400 2378.62 II 100p 2605.71 1 
24 5712.78 1 1800 В 1971.16 1 1400 2380.48 1 100 2612.50 1 
24h 5783.11 I 1800h 1972.52 I 200 2381.76 II 100 2614.36 1 
30h 5783.93 I 1500 1973.85 I 300p 2383.45 II 100p 2628.77 1 
24h 5785.00 I 1800 1976.97 I 1400 2384.86 I 100 2632.26 1 
19h 5785.82 I 2400 h 1980.89 I 200 2386.36 II 100 2636.07 1 
60h 5787.99 I 1500 1989.80 I 500 2388.92 II 310 2646.42 I 
180h 5791.00 I 1800 1990.34 I 200 2397.38 II 770 2648.64 I 
35 6330.10 I 15001 1998.49 I 1100d 2402.06 I 100 2653.72 H 
22 6362.87 1 1500 2002.32 1 200p 2404.16 II 100 2663.53 1 
19 6661.08 1 900 2008.04 I 5300 2407.25 I 200 2666.73 II 
21h 6883.03 I 50 2011.51 II 5300 2411.62 I 100 2675.85 II 
27h 6924.13 I 1200h 2014.58 I 1600 2412.76 I 100 2684.42 1 
30h 6978.48 I 900 2016.17 I 4800 2414.46 I 100 2702.02 1 
85 7355.90 1 50 2022.35 11 4800 2415.30 1 200 2706.62 H 
130 7400.21 I 50 2027.04 1 300 2417.65 II 200 2707.35 1 
150 7462.31 1 900 2031.96 1 4100 2424.93 1 190 2715.99 1 
40 8947.15 1 1500 2039.95 1 3300 2432.21 1 100 2727.78 II 
19 8976.83 I 1200 2041.11 I 2900 2436.66 I 80 2734.54 1 
Cobalt Co 2-27 50 2065.54 1 2400 2439.05 1 190 2745.10 I 
20 355.52 у 1500Һ 2077.76 1 200 2442.63 II 100 2753.22 1 
18 355.88 у 900 2085.67 1 2004 2446.03 II 190 2764.19 I 
12 356.06 у 900 2087.55 1 200р 2447.69 II 100 2766.70 1 
66 609.16 IV 900 2089.35 I 200 2450.00 II 100 2774.97 II 
70 60921 IV 900 2093.40 I 200 2464.20 II 100 2791.00 1 
64 60928 IV 900 2094.86 I 200 2486.44 II 100 2793.73 1 
10 1018.36 у 900 2095.77 1 200 2498.82 II 150 2815.56 I 
10 1021.14 у 1200 2097.51 1 570 2504.52 1 80 2835.63 1 
15 1231,73 у 1500 2104.73 1 500 2506.46 II 80 2847.35 1 
50 1277.01 у 1500 2106.80 1 360 2506.88 1 80 2871.22 H 
80 1299.58 T 900 2108.98 I 200 2511.16 II 190 2886.44 I 
80 1306.95 П 900 5 2117.68 І 860 2517.87 І 100 2918.38 П 
50 1345.67 у 900 2137.78 1 500 2519.82 II 100 2930.24 II 
1000 1696.01 IH 900 2138.97 I 4300 2521.36 1 100 2954.73 1 
800 1697.99 IH 900 2163.03 I 200 h 2524.65 II 690 2987.16 I 
1000 1707.35 HI 1100 2174.60 1 300 2524.97 II 690 2989.59 I 
5000 1760.35 IH 200 2193.60 1 500 2528.62 II 60 3022.59 II 
5000 1773.57 Ш 200 2256.73 П 2900 2528.97 І 3100 3044.00 І 
2000 1780.05 Ш 150 2260.00 П 200р 2530.09 П 1700 3061.82 
3000 1782.97 Ш 200 2283.52 1 720 2530.13 1 80 3387.70 II 
1000 1787.08 IH 1000 2286.15 1 860 2532.18 1 1100 3388.17 1 
1000 1789.07 ш 200 2291.98 1 2004 2533.82 II 2200 3395.38 I 
1000 1823.08 IH 300 4 2293.38 П 2900 2535.96 1 11000 3405.12 1 
2000 1830.09 IH 300 2301.40 II 860 2536.49 I 4500 3409.18 I 
2000 183144 ш 8004 2307.85 1 300 2541.94 II 6700 3412.34 I 
5000 1835.00 IH 2600 2309.02 I 1700 2544.25 I 2200 3412.63 1 
1500 1842.34 1 500 2311.60 1 200 2546.74 II 2700 3417.16 I 
1800 1847.89 I 500 2314.05 1 340 2548.34 1 50 3423.84 II 
1800 1852.71 1 300 2314.96 1 310 2553.37 1 2500 3431.58 
2400 1855.05 200р 2317.06 1 310 2555.07 1 4500 3433.04 I 
2000 1863.83 ш 2400 2323.14 1 300 2559.41 II 1600 3442.93 I 
1500 187828 1 300p 2324.31 1 200 2560.03 II 8800 3443.64 I 
1800 1936.58 1 200 d 2326.11 1 960 2562.15 1 50 3446.39 1 
1500 1946.79 I 500 2326.47 1 500 2564.04 II 4100 3449.17 I 
1500 1951.90 1 1400 2335.99 I 1100 2567.35 I 2100 3449.44 I 
1800 1954.22 1 1600 2338.67 I 960 2574.35 I 21000 3453.50 I 


Line Spectra of the Elements 10-19 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
1000 3455.23 I 90 4549.66 I 200 974.759 II 250 1418.426 II 
5100 3462.80 I 140 4565.59 I 250 977.567 II 250 1421.759 1 
5100 3465.80 1 190 4581.60 1 100 987.657 II 200 1427.829 1 
8000 3474.02 1 120 4629.38 1 250 992.953 II 400 1430.243 1 
1900 3483.41 1 85 4663.41 I 300 1004.055 II 250 1434.904 1 
4800 3489.40 1 110 4792.86 1 300 1008.569 II 150 1436.236 1 
2400 3495.69 1 100 4840.27 I 300 1008.728 II 150 1442.139 1 
50 3501.72 II 150 4867.88 I 300 1010.269 II 200 1445.984 1 
9600 3502.28 1 80h 4964.18 1 250 1012.597 II 200 1449.058 1 
7000 3506.32 1 50 5212.71 1 500 1018.707 II 250 1450.304 II 
50 3507.77 II 50 5230.22 I 500 1027.831 II 200 1452.294 II 
2900 3509.84 I 50 5247.93 I 250 1028.328 II 300 1458.002 1 
1400 3510.43 1 50 5342.71 1 200 1030.263 II 250 1459.412 1 
4800 3512.64 I 50 5352.05 I 600 1036.470 II 200 1463.752 II 
3800 3513.48 I 600 1039.348 II 400 1463.838 1 
Copper Си Z = 29 
4800 3518.35 I 80 685.141 I 600 1039.582 II 200 1466.070 II 
1300 3520.08 I 100 709.313 H 800 1044.519 II 400 1470.697 1 
2700 3521.57 1 100 718.179 П 800 1044.744 II 200 1472.395 1 
800د‎ 3523.43 1 150 724.489 " 500 1049.755 II 250 1473.978 1 
60 3523.51 II 200 735.520 H 600 1054.690 II 200 1474.935 H 
6400 3526.85 I 250 736.032 П 400 1055.797 П 150 1476.059 П 
2700 3529.03 1 80 779.295 " 600 1056.955 II 300r 1481.23 ІП 
7300 3529.81 І 100 797.455 H 400 1058.799 II 200 1481.544 H 
1900 3533.36 1 150 810.998 П 600 1059.096 П 200 1485.328 1 
50 3545.03 II 200 813.883 " 600 1060.634 II 750 1488.831 1 
1100 3560.89 1 300 826.996 H 600 1063.005 II 300 1492.834 II 
80 3561.07 II 150 848.808 П 200 1065.782 П 250 1493.366 1 
8800 3569.38 1 250 851.303 " 200 1066.134 II 250 1495.430 II 
50 3574.95 II 250 858.487 H 500 1069.195 II 350 1496.687 1 
1600 3574.96 1 400 861.994 П 300 1073.745 П 150 1503.368 П 
60 3575.32 П 400 865.390 " 200 1088.395 II 250 1504.757 1 
2500 3575.36 1 250 869.336 H 300 1094.402 II 200 1505.388 H 
60 3577.96 II 150 873.263 П 250 1097.053 II 300 1508.632 1 
1000 3585.16 1 200 876.723 " 150 1119.947 II 350 1510.506 1 
6700 3587.19 1 250 877.012 H 200 1142.640 II 200 1512.465 H 
1900 3594.87 I 200 877.555 П 300 1144.856 П 200 1513.366 П 
1600 3602.08 1 500 878.699 " 100 1250.048 II 500 1514.492 1 
100 3621.21 II 100 884.133 H 150 1265.506 II 200 1517.631 1 
1000 3627.81 1 250 885.847 П 300 1275.572 II 500 1519.492 II 
80 3643.61 II 600 886.943 " 150 1282.455 II 600 1519.837 1 
60 3681.35 II 600 890.567 H 150 1287.468 II 200 1520.540 II 
1100 3745.50 I 500 892.414 П 150 1298.395 П 200 1524.860 П 
1400 3842.05 1 800 893.678 " 300 1308.297 II 150 1525.764 1 
6900 3845.47 1 400 894.227 H 300 1314.337 II 500 1531.856 1 
5500 3873.12 1 600 896.759 П 100 1320.686 П 300 1532.131 П 
2800 3873.96 1 400 896.976 " 100 1326.395 II 250 1533.986 II 
7900 3894.08 I 600 901.073 H 150 1350.594 II 250 1535.002 H 
1500 3935.97 I 400 906.113 П 250 1351.837 II 500 1537.559 1 
80h 3963.10 II 800 914.213 " 150 1355.305 II 200 1540.239 II 
6000 3995.31 I 600 922.019 H 300 1358.773 II 300 1540.389 II 
970 3997,91 I 500 924.239 П 200 1359.009 П 300 1540.588 П 
350 4020.90 1 400 935.232 " 200 1362.600 II 750 1541.703 1 
370 4045.39 1 600 935.898 H 250 1367.951 II 400 1544.677 1 
350 4066.37 1 600 943.335 П 200 1371.840 П 100 1547.958 П 
830 4092.39 1 600 945.525 " 300r 1376,79 ш 300 1550.653 II 
550 4110.54 I 500 945.965 H 200r 1377.49 11 300 1551.389 1 
2800 4118.77 I 200 954.383 П 100 1393.128 II 500 1552.646 1 
4400 4121.32 1 250 956.290 I 100 1398.642 II 250 1553.896 1 
90 4190.71 1 400 958.154 П 150 1402.777 II 400 1555.134 1 
90 4469.56 1 200 960.414. П 150 1407.169 П 500 1555.703 1 
690 4530.96 1 250 968.042. " 100 1414.898 II 300 1558.345 1 


10-20 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
400 1565.924 II 900 2135.981 1 800 2769.669 II 500 4043.751 1 
400 1566.415 II 400 2148.984 11 200 2791.795 II 2000 4062.64 I 
100 1569.416 II 150 2161.320 1 170 2799.528 II 120 4068.106 1 
300 1579.492 II 1300r 2165.09 I 100 2810.804 II 500 4131.363 1 
300 1580.626 II 250 2174.982 II 1250r 2824.37 I 200 4143.017 1 
400 1581.995 II 1600r 2178.94 I 350 2837.368 II 300 4153.623 1 
500 1583.682 II 700 2179.410 II 100 2857.748 II 500 4161.140 1 
400 1590.165 II 1700r 2181.72 I 600 2877.100 II 370 4164.284 H 
600 1593.556 II 700 2189.630 1 270 2884.196 II 400 4171.851 II 
500r 1593.75 ІП 900 2192.268 П 2500 г 2961.16 І 500 4179.512 П 
400 1598.402 П 400 2195.683 11 100 2986.335 II 500 4211.866 II 
400 1602.388 II 1700r 2199.58 I 2000 2997.36 I 320 4230.449 1 
200 1604.848 II 1300r 2199.75 I 2000 3010.84 I 200 4255.635 1 
300 1605.281 II 100 2200.509 1 2500 3036.10 1 950 4275.11 I 
400 1606.834 II 200 2209.806 1 2500 3063.41 1 300 4279.962 1 
250 1608.639 II 750 2210.268 1 1400 3073.80 1 500 4292.470 1 
150 1610.296 II 1600r 2214.58 I 1500 3093.99 I 400 4365.370 1 
200 1617.915 II 250 2215.106 1 1250 3099.93 1 100 4444.831 1 
600 1621.426 II 1000r 2215.65 I 2000 3108.60 I 400 4506.002 1 
400 1622.428 II 750 2218.108 II 1400 h 3126.11 I 150 4516.049 H 
250 1630.268 II 2100 r 2225.70 1 1500 3194.10 1 150 4541.032 1 
100 1636.605 II 150 2226.780 II 1400 3208.23 I 500 4555.920 1 
1000 г 1642.21 ІП 1600 г 2227.78 І 1500 ћ 3243.16 1 100 4596.906 H 
250 1649.458 II 350 2228.868 1 10000 г 3247.54 I 120 4649.271 1 
30r 1655.32 I 2500r 2230.08 I 10000r 3273.96 I 2000 4651.12 I 
200 1656.322 II 1100r 2238.45 I 1400 h 3282.72 I 120 4661.363 1 
200 1660.001 II 900 2242.618 1 400 3290.418 II 320 4671.702 1 
300 1663.002 II 2300r 2244.26 I 1500 h 3290.54 I 300 4673.577 1 
100 1672.776 II 1000 2247.002 1 110 3300.881 II 450 4681.994 1 
30 1688.09 1 1300 г 2260.53 1 250 3301.229 II 100 4758.433 1 
30 1691.08 1 2200 г 2263.08 1 2500 h 3307.95 1 400 4812.948 II 
30r 1703.84 I 150 2263.786 II 200 3316.276 II 120 4851.262 1 
50r 1713.36 I 200 2276.258 1 1500 3337.84 1 300 4854.988 1 
150 1717.721 II 100 2286.645 II 150 3338.648 II 100 4873.304 1 
50r 1725.66 I 2500r 2293.84 I 200 3365.648 II 150 4901.427 1 
100 1736.551 II 170 2294.368 1 450 3370.454 II 1000 4909.734 1 
50r 1741.57 I 1000 2303.12 I 300 3374.952 II 500 4918.376 1 
150 1753.281 II 150 2369.890 II 200 3380.712 II 200 4926.424 II 
200r 1774.82 I 2500r 2392.63 I 100 3384.945 II 900 4931.698 1 
100г 1825.35 1 120 2403.337 1 1250h 3483.76 I 120 4943.026 1 
250 1929.751 II 1500 2406.66 I 1250 3524.23 I 700 4953.724 1 
250 1944.597 II 1000r 2441.64 I 2000 3530.38 I 500 4985.506 II 
100 1946.493 II 100 2485.792 1 1400 3599.13 1 400 5006.801 II 
200 1957.518 II 2000r 2492.15 I 1400 3602.03 I 350 5009.851 1 
150 1970.495 II 150 2506.273 1 1000 3686.555 II 400 5012.620 1 
150 1977.027 II 120 2526.593 1 150 3786.270 II 350 5021.279 1 
500 1979.956 II 300 2544.805 1 170 3797.849 II 200 5039.016 H 
300 1989.855 II 100 2571.756 1 100 3818.879 II 300 5047.348 1 
250 1999.698 II 150 2590.529 1 140 3826.921 II 900 5051.793 1 
270 2035.854 II 200 2600.270 1 160 3864.137 II 400 5058.910 1 
250 2037.127 II 2500r 2618.37 I 280 3884.131 II 500 5065.459 1 
350 2043.802 II 200 2666.291 II 150 3892.924 II 450 5067.094 II 
300 2054.980 II 750 2689.300 1 170 3903.177 II 350 5072.302 1 
100 2078.663 II 700 2700.962 1 140 3920.654 II 450 5088.277 1 
110 2098.398 II 650 2703.184 1 120 3933.268 II 420 5093.816 1 
320 2104.797 II 700 2713.508 1 120 3987.024 II 350 5100.067 H 
300 2112.100 II 650 2718.778 П 150 3993.302 II 1500 5105.54 I 
320 2117.310 II 300 2721.677 1 140 4003.476 II 250 5124.476 1 
350 2122.980 II 120 2737.342 1 1250 4022.63 1 2000 5153.24 I 
350 2126.044 II 270 2745.271 1 100 4032.647 II 100 5158.093 II 
420 2134.341 II 2500r 2766.37 I 600 4043.484 II 100 5183.367 1 


Line Spectra of the Elements 10-21 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 

2500 5218.20 I 270 6879.404 1 1200 3156.52 II 830 3577.98 1 
100 5269.991 II 220 6937.553 II 670 3162.83 II 440 3580.04 II 
100 5276.525 II 150 6952.871 1 1000 3169.99 II 3300 3585.06 1 
1650 5292.52 1 150 6977.572 1 470 3215.19 II 1400 3585.78 II 
100 5368.383 II 200 7022.860 1 830 3216.63 II 560 3586.11 1 
1500 5700.24 I 300 7194.896 1 490 3235.89 II 1100 3591.41 II 
1500 5782.13 I 400 7326.008 1 490 3245.12 II 560 3591.81 1 
150 5805.989 II 300 7331.694 1 1200 3251.27 II 560 3592.11 1 
100 5833.515 II 250 7382.277 1 890 3280.09 II 1800 3595.04 1 
200 5897.971 II 1000 7404.354 II 490 3282.77 II 560 3600.38 1 
120 5937.577 II 270 7434.156 1 1100 3308.88 II 1800 3606.12 H 
400 5941.196 II 500 7562.015 1 780 3316.32 II 440 3618.51 1 
100 5993.260 II 700 7652.333 II 1000 3319.88 II 560 3620.16 1 
650 6000.120 II 1000 7664.648 II 780 3341.00 II 470 3624.27 II 
100 6023.264 II 150 7681.788 1 510 3353.58 II 1100 3629.42 1 
250 6072.218 II 450 7744.097 II 510 3368.11 II 4000 3630.24 1 
150 6080.343 II 800 7778.738 II 5300 3385.02 II 440 3632.78 1 
150 6099.990 II 750 7805.184 1 610 3388.85 II 1100 3640.25 1 
160 6107.412 II 1500 7807.659 1 3800 3393.57 II 11000 3645.40 1 
300 6114.493 II 1000 7825.654 1 1300 3396.16 II 1000 3648.78 H 
600 6150.384 II 350 7860.577 1 5300 3407.80 II 700 3664.62 1 
750 6154.222 II 300 7890.567 1 1300 3413.78 II 990 3672.30 1 
500 6172.037 II 700 7902.553 1 530 3414.82 II 420 3672.70 H 
550 6186.884 II 1500 7933.13 I 780 3419.63 II 1400 3674.08 1 
400 6188.676 II 400 7944.438 1 530 3425.06 II 2200 3676.59 1 
300 6198.092 II 400 7972.033 1 1900 3434.37 II 640 3678.51 I 
470 6204.261 II 1200 7988.163 1 560 3440.93 II 820 3684.85 I 
450 6208.457 II 2000 8092.63 I 1300 3441.45 II 1300 3685.78 I 
750 6216.939 II 500 8277.560 1 3800 3445.57 II 4700 3694.81 II 
700 6219.844 II 800 8283.160 1 830 3446.99 II 990 3698.21 1 
500 6261.848 II 250 8503.396 1 2700 3454.32 II 540 3701.63 1 
1000 6273.349 II 750 8511.061 1 1300 3456.56 II 440 3707.57 1 
350 6288.696 II 200 8609.134 1 4400 3460.97 II 440 3708.22 1 
0و‎ 6301.009 II 500 9813.213 1 720 3468.43 II 420 3710.07 1 
550 6305.972 II 250 9827.978 1 560 3471.14 II 1600 3724.45 II 
400 6312.492 II 200 9830.798 1 5604 3471.53 II 930 3739.34 I 
120 6326.466 II 600 9861.280 1 1300 3477.07 II 1200 3747.82 1 
400 6373.268 II 600 9864.137 1 4400 3494.49 II 1400 3753.51 1 
750 6377.840 II 200 9883.969 1 560 3496.34 II 1400 3753.75 1 
400 6403.384 II 550 9916.419 II 830 3498.71 II 1200 3757.05 I 
850 6423.884 II 500 9917.954 1 830 3504.53 II 4700 3757.37 II 
200 6442.965 II 550 9925.594 1 830 3505.45 II 640 3767.63 I 
750 6448.559 II 450 9938.998 1 1300 3506.81 II 640 3773.05 I 
170 6466.246 II 500 9960.354 1 560 3517.26 II 420 3781.47 I 
950 6470.168 II 450 10006.588 1 4400 3523.98 II 3300 3786.18 1 
750 6481.437 II 550 10022.969 1 22000 3531.70 II 1600 3788.44 1 
400 6484.421 II 550 10038.093 1 4400 3534.96 II 700 3791.87 1 
220 6517.317 II 650 10054.938 1 5500 3536.02 II 510 3804.14 1 
400 6530.083 II 450 10080.354 1 4400 3538.52 II 580 3806.27 1 
120 6551.286 II Dysprostum Dy Z = 66 1700 3542.33 II 470 3812.27 I 
200 6577.080 II 260 2356.91 " 1400 3546.83 II 470 3813.67 II 
750 6624.292 II 240 2410.01 " 4400 3550.22 II 1400 3816.76 1 
800 6641.396 II 260 2439.84 H 2200 3551.62 II 700 3825.68 1 
450 6660.962. II 220 2585.30 1 440 h 3558.23 II 2300 3836.50 1 
100 6770.362. II 440 2634.80 " 440 3559.30 II 1400 3841.31 1 
300 6806.216 II 220 2755.75 H 2200 3563.15 II 420 3846.34 II 
400 6809.647 II 300 2816.39 П 560 3563.69 П 420 3847.02 I 
320 6823.202 II 390 2913.95 " 780 3573.83 II 1200 3853.03 1 
250 6844.157 II 610 3038.28 I 1400 3574.15 II 420 3858.40 I 
320 6868.791 II 830 3135.38 П 4400 3576.24 II 560 3868.45 1 
270 6872.231 II 500 3141.14 " 1700 3576.87 II 1600 3868.81 I 


10-22 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
820 3869.86 I 990 4612.26 I 1000 3070.40 HI 3200 3944.42 I 
7000 3872.11 I 170 4731.84 H 610 3073.34 H 2700 3973.04 I 
1200 3873.99 I 120h 4775.79 I 720 3082.08 I 3200 3973.58 

470 3879.11 I 480 4957.34 П 610 3084.02 I 1400 3974.72 I 
5800 3898.53 I 70 5022.12 I 770 3122.72 I 810 3977.02 I 
540 3914.87 1 160 5042.63 I 1500 3166.25 HI 1100 3982.33 I 
540 3915.59 I 95 5070.68 I 870 3181.92 I 810 3987.66 I 
540 d 3917.29 I 120 5077.67 I 870 3220.73 I 14000 4007.96 I 
420 3927.86 I 80 5090.38 I 610 3223.31 I 1100 4012.58 I 
540 3930.14 I 80 5110.32 I 2300 3230.58 I 3000 4020.51 I 
2100 3931.52 I 130 ћ 5120.04 I 2700 3264.78 H 1000 4046.96 I 
10000 3944.68 I 190 5139.60 H 720 3279.33 I 940 4055.47 I 
800 3957.79 I 110 5169.69 H 720 3280.22 H 690 4059.78 П 
14000 3968.39 П 80 5185.30 Ї 2000 3301.23 HI 3500 4087.63 I 
2700 3978.57 I 290 5192.86 I 2300 3312.42 I 1100 4098.10 I 
1400 3981.92 I 95 5197.66 H 770 3323.19 H 6900 4151.11 I 
1600 3983.65 I 70 5259.88 I 770 3332.70 I 1000 4190.70 I 
800 3984.21 I 130 5260.56 I 1300 3346.04 I 1400 4218.43 I 
540 3991.32 I 65 5267.11 I 1400 3364.08 I 690 4286.56 I 
1600 3996.69 I 55 5282.07 I 1400 d 3368.02 I 40000 4290.06 HI 
8000 4000.45 I 160 5301.58 I 7700 3372.71 I 20000 4386.86 HI 
420 4005.84 I 65 5340.30 I 970 3374.17 I 810 4409.34. I 
540 4011.29 I 85 5389.58 H 1700 3385.08 H 1000 4606.61 I 
540 4013.82 I 80 5419.13 I 2300 3392.00 I 570 4675.62 H 
540 4014.70 I 70 5423.32 I 770 3441.13 I 15000 4735.56 HI 
420 4027.78 I 95 5451.11 I 970 3471.71 I 2000 4783.12 HI 
5204 4028.32 I 65 5547.27 I 610 3479.41 П 250 5007.25 1 
520 4032.47 I 100 5639.50 I 970 3485.85 I 200 5035.94 І 
420 4033.65 I 55h 5645.99 I 6700 3499.10 I 210 5042.05 П 
420 4036.32 П 80 5652.01 Ї 610 3502.78 Ї 120 5124.56 Ї 
12000 4045.97 1 70Һ 5718.46 1 610 3524.91 I 130 5127.41 I 
1600 4050.56 I 55 5745.53 I 820 3549.84 I 120 5131.53 I 
520 4055.14 I 55h 5868.11 H 1500 3558.02 I 130 5133.83 I 
2500 4073.12 I 70 5945.80 I 1000 3559.90 I 170 5164.77 I 
7400 4077.96 I 120 5974.49 I 920 3570.75 I 130 5172.78 I 
3900 4103.30 I 140 5988.56 I 1000 3580.52 I 160 5188.90 I 
860 4103.87 I 140 6088.26 I 610 3590.76 I 150 5206.52 I 
1500 4111.34 I 100 6168.43 I 610 3599.50 I 140 5255.93 I 
490 4124.63 I 270 6259.09 I 1000 3599.83 I 80 5272.91 I 
990 4129.42 I 160 6579.37 I 3100 3616.56 I 90 5348.06 I 
1200 4143.10 I 75 6667.86 I 720 3628.04 І 60 5414.63 П 
990 4146.06 І 180 6835.42 1 1000 3633.54 H 180 5456.62 I 
5700 4167.97 I 80 6852.96 I 1600 3638.68 I 90 5468.32 I 
930 4183.72 I 65 6899.32 H 900 3645.94 H 80 5485.97 I 
12000 4186.82 I 55 7426.86 H 7900 3692.65 П 80 5593.46 1 
2200 4191.64 1 55 7543.73 1 1300 3729.52 I 60 5611.82 I 
6800 4194.84 І 80 7662.36 І 900 3742.64 I 70 5622.01 

800 4198.02 I 100 8201.57 H 900 3747.43 I 80 5626.53 I 
680 4201.30 I 38 8791.39 ii 1800 3786.84 I 90 5640.36 I 
680 4202.24 I 1600 3810.33 I 70 5664.95 I 
16000 4211.72 I Erbium Er Z = 68 4000 3816.78 Ш 70 5719.55 1 
1800 4213.18 1 600 2277.65 ш 3600 3830.48 П 100 5739.19 1 
3700 4215.16 1 290 2586.73 H 680 3855.90 I 290 5762.80 I 
4400 4218.09 I 490 2670.26 H 7500 3862.85 I 70 5784.66 I 
4400 4221.11 I 500 2739.27 ш 1500 3880.61 П 70 5800.79 1 
2700 4225.16 1 610 2755.63 H 1200 3882.89 П 430 5826.79 1 
1000 4308.63 П 1000 2904.47 H 4200 3892.68 I 100 5850.07 I 
540 4409.38 П 1500 2910.36 H 5200 3896.23 П 120 5855.31 1 
740 4449.70 П 1500 2964.52 H 11000 3906.31 П 140 5872.35 1 
420 4577.78 1 1200 3002.41 H 3200 3937.01 I 120 5881.14 I 
2100 4589.36 I 1000 3055.10 HI 2100 3938.63 П 8000 5903.30 HI 


Line Spectra of the Elements 


Intensity — Wavelength/A 
70 6022.56 I 
70 6061.25 
60 6076.45 II 

360 6221.02 I 
55 6262.56 I 
60 6268.87 I 

130 6308.77 I 
55 6326.13 I 
55 6492.35 I 
60 6583.48 I 
70 6601.11 I 
70 6759.87 I 
35 6790.92 I 
70 6848.10 I 
55 6865.13 I 
55 7459.55 I 

120 7469.51 I 
35 7680.01 I 
35 7797.47 1 
35 7921.85 1 
30 7937.84 I 
35 8312.82 I 
55 8409.90 I 

9 8866.84 II 

Europium Еи Z = 63 
30 2124.69 ш 

200 2350.51 ш 

4000 2375.46 ш 

1004 2435.14 ш 

1000 2444.38 ш 

4000 2445.99 ш 

2000 2513.76 ш 

200 2522.14 ш 

160 2564.17 II 

110 2568.17 II 

230 2577.14 II 

1000 2638.77 II 

380 2641.27 II 

640 2668.34 II 

110 2673.42 II 

250 2678.29 II 

250 2685.66 II 

550 2692.03 II 

700 2701.14 II 

800 2701.90 II 

240 2705.28 II 

180 2709.99 I 

700 2716.98 II 

4200 2727,78 II 

160 2740.62 II 

120 2744.26 II 

480 2781.89 II 

1900 2802.84 II 

220 2811.75 II 

3400 2813.94 II 

550 2816.18 II 

2000 2820.78 II 

400 cw 2828.72 II 

260 2859.67 II 

280 2862.57 II 

200 2892.54 I 


Intensity 


140 
360 
3200 
160 
850 
200 cw 
260 
300 
100 c 
200c 
320 cw 
120 
220 
120 
320 
950 
120 
50c 
50c 
420 
1000 
420 
150 
210 
150 
140 
140 
950 
110 
140 
190 
280 
150 
150 
130 
470 cw 
150 
180 
150 
6400 
20000 cw 
350 
260 
39000 cw 
140 
190 
150 
28000 cw 
32000 cw 
30000 cw 
180 
150 
120 
120 
33000 cw 
60000 cw 
150 
240 
14000 cw 
3000 
11000 


Wavelength/A 


2893.03 
2893.83 
2906.68 
2908.99 
2925.04 
2952.68 
2960.21 
2991.33 
3023.93 
3026.79 
3054.94 
3058.98 
3077.36 
3097.45 
3106.18 
3111.43 
3130.73 
3171.00 
3183.78 
3210.57 
3212.81 
3213.75 
3272.77 
3277.78 
3301.95 
3308.02 
3313.33 
3334.33 
3350.40 
3369.06 
3391.99 
3396.58 
3425.02 
3441.00 
3461.38 
3521.09 
3542.15 
3552.52 
3603.20 
3688.42 
3724.94 
3741.31 
3761.12 
3819.67 
3844.23 
3865.57 
3884.75 
3907.10 
3930.48 
3971.96 
4011.69 
4017.58 
4039.19 
4085.38 
4129.70 
4205.05 
4298.73 
4355.09 
4435.56 
4522.57 
4594.03 


Intensity 


9800 
8300 
110 
150 
180 
180 
170 
110 
170 
170 
210 
270 
210 
200 
110 
120 
750 
300 
120 
200 
390 
110 
150 
120 
120 
540 
120 
110 
120 
450 
380 
260 
120 
120 
200 
150 
200 
120 
210 
330 
180 
170 
600 cw 
330 
480 cw 
170 
240 
110 
420 
170 
420 
140 
240 
240 
120 
330 
110 
260 cw 
140 
240 
170 


Wavelength/A 


4627.22 
4661.88 
4867.62 
4907.18 
4911.40 
5013.17 
5022.91 
5029.54. 
5114.37 
5129.10 
5133.52 
5160.07 
5166.70 
5199.85 
5200.96 
5206.44 
5215.10 
5223.49 
5239.24 
5266.40 
5271.96 
5272.48 
5282.82 
5291.26 
5294.64 
5357.61 
5361.61 
5376.94 
5392.94 
5402.77 
5451.51 
5452.94 
5488.65 
5510.52 
5547.44 
5570.33 
5577.14 
5580.03 
5645.80 
5765.20 
5783.69 
5818.74 
5830.98 
5966.07 
5967.10 
5972.75 
5992.83 
6012.56 
6018.15 
6029.00 
6049.51 
6057.36 
6083.84 
6099.35 
6118.78 
6173.05 
6178.76 
6188.13 
6195.07 
6262.25 
6299.77 


10-23 
Intensity Wavelength/A 
230 6303.41 1 
120 су 6350.04 I 
120 cw 6400.93 I 
180 6410.04 I 
140 6411.32 I 
830 6437.64 II 
120 6457.96 I 
1400 6645.11 II 
50 6666.35 ІП 
140 6802.72 І 
360 6864.54 I 
120 7040.20 I 
330 7077.10 1 
570 7194.81 1 
570 7217.55 1 
540 7301.17 1 
720 7370.22 II 
300 7426.57 1 
160 7583.91 1 
60 суу 7742.57 I 
70 7746.19 I 
35 7887.99 I 
24 cw 8209.80 I 
21 cw 8642.67 I 
18 8870.30 I 
Fluorine F Z = 9 
50 148.00 V 
50 163.56 V 
90 165.98 У 
100 166.18 У 
50 186.84 У 
60 190.57 У 
70 190.84 У 
50 196.39 IV 
60 196.45 IV 
70 200.09 IV 
80 201.16 IV 
90 208.25 IV 
90 240.08 IV 
100 251.03 IV 
140 419.65 IV 
150 420.05 IV 
160 420.73 IV 
100 429.51 ІП 
10 430.15 ІП 
150 430.76 IV 
90 464.29 ІП 
120 465.98 У 
130 490.57 IV 
160 491.00 IV 
50 497.38 IV 
60 497.83 IV 
70 498.80 IV 
90 506.16 У 
100 508.08 У 
120 508.39 ІП 
60 514.08 У 
90 525.29 У 
100 526.30 У 
120 567.69 ІП 
110 567.75 ІП 


10-24 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
140 570.64 IV 110 1839.30 ІП 270 3847.09 П 8000 6870.22 1 
140 571.30 IV 120 1839.97 ІП 260 3849.99 П 15000 6902.48 І 
150 571.39 IV 110 1840.14 ІП 250 3851.67 П 6000 6909.82 I 
160 572.66 IV 100 2027.44 ІП 5 3898.48 І 4000 6966.35 І 
90 605.67 П 120 2030.32. ІП 8 3930.69 І 45000 7037.47 І 
100 606.80 П 120 2217,17 Ill 5 3934.26 I 30000 7127.89 I 
90 630.20 ІП 50 2298.29 IV 5 3948.56 I 15000 7202.36 I 
100 647.77 У 40 2451.58 IV 240 4024.73 II 1000 7309.03 I 
110 647.87 V 120 2452.07 ІП 220 4025.01 П 15000 7311.02 І 
130 654.03 У 50 2456.92 IV 230 4025.49 II 700 7314.30 I 
120 656.12 ІП 130 2464.85 ІП 200 4103.51 П 5000 7331.96 І 
130 656.87 ІП 130 2470.29 ІП 200 4246.23 П 120 7336.77 ІП 
110 657.23 У 120 2478.73 ІП 200 4299.17 II 130 7354.94 ІП 
140 657.33 У 150 2484.37 ІП 140Һ 4420.30 ІП 10000 7398.69 І 
140 658.33 ІП 120 2542.77 ІП 120Һ 4427.35 Ш 4000 7425.65 І 
140 676.12 IV 120 2580.04 ІП 120Һ 4432.32 ІП 2200 7482.72 І 
130 677.15 IV 130 2583.81 ІП 140Һ 4479.99 Ш 2500 7489.16 І 
150 677.22 ІУ 120 2593.23 Ш 6 4960.65 1 900 7514.92 1 
130 678.99 IV 130 2595.53 ІП 150 5012.54 ш 5000 7552.24 I 
160 679.21 IV 140 2599.28 ІП 160 5110.99 ІП 5000 7573.38 І 
60 757.04 У 130 2625.01 ІП 15 5230.41 І 7000 7607.17 І 
150 806.96 І 140 2629.70 ІП 12 5279.01 І 18000 7754.70 І 
125 809.60 І 120 2656.44. ІП 18 5540.52 І 15000 7800.21 І 
500 951.87 I 130 2755.55 ІП 12 5552.43 I 300 7879.18 I 
1000 954.83 I 160 2759.63 ІП 10 5577.33 1 500 7898.59 1 
750 955.55 1 120 2788.15 ІП 20 5624.06 І 350 7936.31 І 
500 958.52 1 160 2811.45 ІП 12 5626.93 І 300 7956.32 I 
20 972.40 I 40 2820.74 IV 15 5659.15 I 80 8016.01 1 
350 973.90 1 50 2826.13 IV 40 5667.53 I 1000 8040.93 I 
100 976,22 I 140 2833.99 Ш 90 5671.67 І 900 8075.52 І 
40 976.51 І 150 2835.63 Ш 18 5689.14 І 350 8077.52 І 
100 977.75 І 150 2860.33 Ш 25 5700.82 І 350 8126.56 І 
60 1082.31 V 120 2862.86 ІП 25 5707.31 І 600 8129.26 I 
70 1088.39 У 140 2887.58 ІП 140 5753.17 ІП 300 8159.51 I 
80 1219.03 ІП 150 2889.45 ІП 120 5761.20 ІП 600 8179.34 І 
80 1266.87 ІШ 120 2905.30 ІП 12 5950.15 І 300 8191.24 I 
90 1267.71 ІП 140 2913.29 ІП 25 5959.19 I 350 8208.63 I 
70 1297.54 ІП 160 2916.34 ІП 70 5965.28 І 2500 8214.73 І 
70 1359.92 ш 140 2932.49 ІП 50 5994.43 I 3000 8230.77 I 
110 1498.93 ІП 140 2994.28 ІП 150 6015.83 І 500 8232.19 І 
120 1502.01 ІП 120Һ 2997.21 ІП 80 6038.04. І 1500 8274.62 I 
110 1504.18 ІП 130 2997,53 ІП 900 6047.54. І 2000 8298.58 I 
140 1504.79 ІП 120 2999.47 ІП 100 6080.11 І 600 8302.40 І 
130 1506.30 ІП 130 3039.25 ІП 150 6091.82 ІП 900 8807.58 І 
110 1506.77 ІП 120 3039.75 ІП 140 6125.50 Ш 1000 8900.92 І 
100 1553.02 Ш 160 3042.80 ІП 800 6149.76 І 300 8912.78 І 
110 1557.59 ІП 150 3049.14 ІП 400 6210.87 І 350 9025.49 І 
100 1563.73 ІП 140 3113.62 Ш 130 6233.57 Ш 400 9042.10 І 
100 1565.54 ІП 160 3115.70 ІП 13000 6239.65 І 350 9178.68 І 
100 1623.40 ІП 180 3121.54 ІП 10000 6348.51 І 200 9433.67 І 
100 1650.76 ІП 140 3124,79 ІП 140 6363.05 ІП 25 9505.30 І 
130 1670.39 ІП 140 3134.23 ІП 8000 6413.65 І 12 9662.04. І 
140 1677.40 ІП 140 3146.99 ІП 450 6569.69 І 25 9734.34 I 
100 1716.99 ІП 180 3174.17 ІП 300 6580.39 І 15 9822.11 I 
120 1770.09 ш 170 3174.76 ІП 400 6650.41 І 12 9902.65 І 
150 1770.67 ш 120 3214.00 ІП 1800 6690.48 І 80Һ 10047.98 П 
110 1772,93 ІП 200 3501.45 П 400 6708.28 І 15 10285.45 І 
140 1773.36 ІП 200 3501.57 П 7000 6773.98 І 20 10862.31 І 
160 1791.65 ІП 200 3502.96 П 1500 6795.53 1 š 
Francium Fr Z = 87 
110 1803.03 ІШ 6 3594,10 І 9000 6834.26 І 7177. І 
170 1805.90 ІП 12 3668.17 І 50000 6856.03 І 


Line Spectra of the Elements 10-25 


Intensity — Wavelength/À Intensity | Wavelength/À Intensity — Wavelength/À Intensity — Wavelength/À 
Gee erase 2000 3684.13 I 700 4694.33 I 50 6752.67 HI 
1900 р 4 3100 3687.74 П 410 4743.65 І 26 6786.33 П 
1200 100384 ын 2000 3697.73 I 470 4767.24 I 100 6828.25 I 
16% peo ын 1300 3699.73 I 300 4784.62 I 100 6916.57 I 
زا‎ iode к 2700 3712.70 П 320 4821.69 І 50 6985.89 П 
1608 120601 N 2000 3713.57 I 280 4934.12 I 75 6991.92 I 
3000 123634 m 1400 3716.36 H 750 5015.04 I 60 6996.76 HI 
{end 191533 M 2000 3717.48 I 75 5039.09 I 45 7006.16 I 
300 385a Ш 1800 4 3719.45 I 5000 5091.70 ш 35 7122.57 1 
3400 қаланы Ш 1500 3730.84 H 130 5098.38 П 170 7168.37 

s00 2359334 Ш 4500 3743.47 П 910 5103.45 І 28 7189.57 П 
1400 2307.87 ын 1400 3758.31 П 180 5108.91 П 28 7262.66 1 
800 569739 ШЇ 8700 3768.39 П 120 5125.56 П 35 7441.85 І 
24 5203 8 Ш 1400 3770.69 H 860 5155.84 I 40 7464.36 I 
3700 33785 Ш 2900 3783.05 1 190 5176.28 П 55 7562.97 1 
9000 590473 ii 5100 3796.37 H 410 5197.77 I 80 7733.50 I 
м = a 3700 3813.97 П 280 5219.40 1 35 7846.35 I 
1200 3900.04 e 3300 3850.69 HI 130 5233.93 I 35 7856.93 I 
5100 501813 " 5100 3850.97 П 320 5251.18 1 25 7930.25 HI 
3500 erum n 4300 3852.45 H 120 5252.14 I 18 8146.15 I 
2100 3032.584 i 1600 3866.99 I 140 5255.80 I 21 8668.63 I 
1500 3034-05 n 1500 3894.70 H 280 5283.08 I 21h 8832.06 HI 
211 Hé. 2200 3916.51 H 280 5301.67 I 14h 8849.14 I 
3500 310050 П 1200 3934.79 1 220 5302.76 1 18h 8867.31 I 
930 314560 " 1400 3945.54 I 280 5307.30 I 5000 14332.88 ш 
980 3156.53 1 а е п ijs mo : Gallium ба Z= 31 

ne 316132 је 1100 4023.14 I 280 5321.78 I йн nans A 
4000 3176.66 ш RRS ponn 1 мн шань : 61 295.67 IV 
1400 3331.38 П n 1 r im | 30 298.44 у 
М 2. 1 1300 4049.43 H 200 5348.67 1 - | 0 
5400 3350.47 1 30 302.86 у 
uxo 35862 п 49 — 4055 — 0 | 3X0 — 5508 1) а у у 
1. о z 2600 4058.22 I 3000 5365.96 HI - 2. H 
1100 3392.53 1 320 308.26 у 
и 340756 u 1900 4063.39 П 150 5370.63 І an oon ` 
мэн 342247 il 1300 4078.44 П 4000 5553.30 ш 30 31368 V 
1209 DATO " 2800 4078.70 I 3000 5587.88 III 40 319.41 " 
2011 3439 09 II 1500 4085.56 H 190 5617.91 I an 57081 4 
1400 3450.38 i 1100 4092.71 I 110 5632.25 I 50 335.66 y 
1109 345133 Ü 2600 4098.61 I 260 5643.24 I 30 393 10 y 
2700 346398 Ш | T 2. Вч _ رز‎ 40 32425 у 
ан ое : 2400 4175.54 I 120 5733.86 II 2. сй М 
1700 3468.99 1 40 326.14 у 
мй: ом ш 39 аны шуш i M жт оч 
н оо d 1300 4212.00 H 280 5856.22 I - км M 
1700 3481.80 1 25 423.18 IV 
1700 3494.40 П шин рз : 110 о : 16 439.92 IV 
1400 ОЕ il 1700 4251.73 I 170 5911.45 1 » қайын Ш 
1100 3512.50 П 1600 4262.09 І зз 2. : 40 622.01 ш 
4300 3545.80 I 1100 4306.34 I y ped. : 90 806.51 HI 
3900 3549.36 П 1800 4313.84 I i 2 | 90 817.30 ш 
1400 3557.05 H 2600 d 4325.57 I pe борын : 50 828.70 ш 
5400 3584.96 H 1900 4327.12 I 130 И : 20 878.17 у 
1100 3592.71 П 1000 4344.30 H T ecd 1 40 973.21 у 
1100 3604.87 1 2200 4346.46 I 8 ааа : 40 989.75 у 
6100 3646.19 I 1400 4401.86 I jn цэрэн 5 90 1014.47 у 
3900 3654.62. П 1400 4422,41 1 Da 2 | 90 1019.71 у 
3100 3656.15 I 1100 4430.63 I - Ld : 120 1050.48 У 
1400 3662.26 I 1100 4519.66 I m 2 5 80 1054.56 У 
2700 3664.60 1 910 4537.81 I к бет 1 90 1058.12 у 
2000 3671.20 I 520 4614,50 1 Ы ЗЛИ ! 80 1066.69 у 


10-26 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
60 1069.60 У 85 1338.09 IV Germanium Ge 2-32 100 1742.195 I 
80 1073.77 V 77 1347.03 IV 700 29451 у 50 1746.065 1 
90 1078.83 V 76 1351.06 IV 1000 295.64 ۷ 200 1750.043 1 

110 1079.60 V 70 1353.92 ІП 200 304.98 у 100 1758.279 1 
60 1080.99 V 74 1364.63 IV 20 621.52 у 100h 1764.185 I 
80 1085.00 Ш 60 1395.54 ІУ 50 72421 у 100h 1765.284 I 

250 1085.01 LÀ 77 1402.55 IV 60 746.88 у 50h 1766.433 I 
80 1087.37 V 70 1405.32 IV 60 760.05 у 200 1774.176 1 
90 1091.71 У 73 1465.87 IV 10 862.234 " 200 1785.046 I 

100 1094.36 У 90 1495.07 ІП 15 875.493 И 100 h 1793.071 1 
80 1095.10 У 50 1534.46 ІП 15 905.977 n 75h 1801.432 I 

160 1102.83 У 10 1813.98 II 20 920.554 П 200ћ 1841.328 1 

140 1103.03 У 15 1845.30 II 300 97135 у 200Һ 1842.410 1 
60 1105.61 ІП 20 2091.34 1 300 990.66 у 100h 1844.410 I 
75 1105.62 У 90 2417.70 ІП 50 999101 T 100 h 1845.872 1 
70 1106.17 У 90 2423.98 ІП 300 1004.38 у 100h 1846.958 I 
80 1118.34 У 15 2424.36 ІП 100 1016.638 n 200 1853.134 I 

120 1126.40 У 10 2632.66 1 900 1045.71 у 500г 1860.086 1 

130 1128.10 У 10 2665.05 1 700 1072.66 у 100 1865.052 I 

120 1128.53 V 20 2700.47 1 100 1075.072 n 300r 1874.256 I 

100 1129.94 У 15 2780.15 1 300 1085.51 I 100 1895.197 I 

130 1136.07 V 50 3521.77 ІП 40 1088.45 " 500r 1904.702 I 
67 1137.06 IV 80 3581.19 ІП 800 1089.49 у 50h 1908.434 I 

130 1150.23 V 100 3589.34 ІП 200 1098.71 И 30 1912.409 1 
90 1150.27 ІП 10 3731.10 ІП 500 1106.74 И 300 г 1917.592 1 
70 1156.10 IV 10 3806.60 ІП 1000 11694 у 100Һ 1923.467 1 

120 1156.51 V 10 4032.99 I 500 1120.46 П 500 г 1929.826 1 
35 1157.74 У 10 4172.04 1 700 1163.39 у 10h 1934.048 I 
70 1163.60 IV 15 4251.16 1 200 1164.27 n 100r 1937.483 I 
25 1169.40 У 10h 4254.04 1 500 1181.19 П 500 1938.008 П 
75 1170.58 IV 10 4255.77 1 500 1181.65 И 100r 1938.300 I 
48 1171,71 ТУ 40 4262.00 П 200 1188.73 П 500 1938.891 П 
40 1178.95 У 100 4380.69 ІП 20 1188.99 IV 30s 1944.116 I 
68 1185.23 IV 150 4381.76 ІП 300 119126 П 200 1944.731 1 
40 1186.06 IV 100 4863.00 ІП 700 1222.30 у 200 1955.115 1 
73 1190.89 IV 150 4993.78 ІП 20 102981 IV 500 1962.013 I 
73 1193.02 IV 10 5808.28 ІП 500 1237.059 И 30h 1963.373 I 
75 1195.02 IV 20 5848.25 ІП 500 1261.905 П 30 1965.383 1 
69 1201.54 IV 15 5993.51 ІП 100 1264.710 П 200 1970.880 І 
72 1206.89 IV 10 6334.2 1 200 1401.24 " 200 1979.274 1 
80 1213.17 У 2000 6396.56 1 200 1538.091 П 300 ћ 1987.849 1 
63 1216.15 ТУ 1000 6413.44 I 500 1576.855 T 300 1988.267 1 
50 1228.03 IV 10h 7251.4 I 75 1581.070 И 500 г 1998.887 1 
60 1236.38 IV 20h 7403.0 I 100 1602.486 П 200 2011.29 1 
60 1238.59 ТУ 30h 7464.0 I 3r 1615.57 1 1700 2019.068 1 
75 1245.53 IV 10h 7620.5 I 2r 1624.130 1 2400r 2041.712 I 
83 1258.77 IV 50h 7734.77 I 2r 1630.173 I 1600r 2043.770 I 
81 1264.66 IV 100h 7800.01 I 3r 1636.31 1 420 2054.461 1 
82 1267.15 IV 15h 8002.55 I ae 1639.730 1 220ћ 2057.238 1 
90 1267.16 ІП 20Һ 8074.25 І 2 1647.531 1 750г 2065.215 1 
81 1279.24 IV 100h 8311.86 I 200 1649.194 T 2600 r 2068.656 1 
15 1283.64 У 200 h 8386.49 I 2 1651.528 1 420 2086.021 1 
80 1285.33 IV 200h 9492.92 I 4% 1651.955 І 2000 r 2094.258 1 
80 1293.46 Ш 200 h 9493.12 І 3 1661.345 1 25 2104.45 ІП 
60 1295.36 ІП 300 h 9589.36 I ac 1663.539 1 240 2105.824 1 
82 1295.86 IV 100h 10905.95 I 10h 1665.275 I 95h 2124.744 I 
83 1299.46 IV 400 11949.12 I 4 1667.802 1 50h 2186.451 I 
82 1303.53 IV 200 12109.78 1 3r 1670.608 1 340r 2198.714 I 
80 1309.68 IV 60 14996.64 I 100г 1691.090 1 15 2220.375 1 
80 1314.82 IV 60 22016.81 I 200r 1716784 1 18 2256.001 1 
60 1323.15 ІП 70 22568.71 І 100h 1739.102 1 18 2314.201 1 


Line Spectra of the Elements 10-27 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
24 2327.918 I 1000 5893.389 1 60 1368.62 1 100 1624.34 1 
15 2359.233 1 500 6021.041 1 70 1374.82 1 300 4 1629.13 ІП 
20 2379.144 1 75 6283.452 1 50 1375.76 1 250 1638.88 ІП 
10 2389.472 І 100 6336.377 П 180 1377.73 ІП 50 1639.90 І 
15 2397.885 І 100 6484.181 1 150 1378.69 ІП 100 1644.17 ІП 

130 2417.367 І 6 6557.488 І 150 1379.98 ІШ 150 1646.67 І 
30 2436.412 1 50 7049.369 1 125 1380.53 Ш 250 1652.74 ІП 
30 2488.25 IV 30 7145.390 II 200 1381.36 11 250 1664.77 ІП 
90 2497.962 I 5 7353.334 1 80 1382.75 1 100 1665.76 1 

500 2500.54 II 7 7384.208 I 50 1385.33 I 100 1668.11 ІП 
70 2533.230 І 10 7833.575 І 300 1385.79 ІП 125 1673.93 ІП 
20 2542.44 IV 10 8031.039 I 100 1389.41 Ш 1000 1693.94 ІП 

3 2556.298 I 6 8044.165 I 180 1391.46 Ш 150 1697.09 ІП 
28 2589.188 І 10 8256.013 1 60 1392.27 1 200 1698.98 ІП 
500 2592.534 1 10 8482.21 1 180 1396.00 ІП 200 1699.34 I 
8 2644.184 I 9 8700.60 I 50 1402.12 I 200 1700.00 ІП 

1200 2651.172 І 5 9068.785 І 100 1402.91 Ш 200 1702.25 ІП 

500 2651.568 І 5 9095.957 І 70 1407.38 І 100 1707.53 ІП 

500 2691.341 1 6 9398.868 1 100 1408.45 1 250 1710.16 ІП 

850 2709.624 1 20 9474.993 1 225 1409.50 11 200 1715.69 ІП 

400 2729.78 II 20 9475.645 1 250 1413.80 ІШ 100 1716.71 ІП 
40 2740.426 І 4 9492.559 1 100 1414.27 ІП 300 1717.83 ІП 

650 2754.588 1 7 9625.664 1 100 1417.09 11 00د‎ 1727.31 1 
70 2793.925 1 5 10039.436 1 125 1417.39 ІП 100 4 1733.17 ІП 
80 2829.008 І 4 10200.952 І 150 1427.42 Ш 300 1738.48 ІП 

1000 2831.843 П 10 10382.427 І 300 1428.93 11 150 1744.39 ІП 

1000 2845.527 II 10 10404.913 I 80 1429.19 I 500 1746.10 ІП 

750 3039.067 1 8 10734.068 1 250 1430.06 ш 500 1756.92 ІП 

600 3067.021 1 8 10947.416 1 275 1433.37 11 500 1761.95 ІП 
20 3124.816 І 10 11125.130 І 50 1435.79 І 300 1767.42 ІП 
35 3211.86 ІП 230 11252,83 І 250 1435.81 Ш 100 1774.42 ІП 
40 3255.05 ІП 600 11714.76 І 300 1439.12 ІП 800 1775.17 ІП 

110 3269.489 І 1300 12069.20 І 200 1441.21 Ш 200 1776.40 ІП 
40 3434.03 ІП 1050 12391.58 1 150 1446.37 ІП 100 1780.57 ІП 

300 3499.21 II 235 13107.61 I 250 1448.42 Ш 60 1783.22 1 
60 3554.19 IV 470 14822.38 I 250 1454.95 ІП 300 1786.11 ІП 
50 3676.65 IV 150 16759.79 I 100 1464.72 11 150 1792.65 ІП 

200 4178.96 ІП 135 17214.34 І 150 1471.28 ІП 500 1793.76 ІП 
70 4226.562 І 70 18811.86 І 100 1474.73 ІП 200 1801.98 ІП 

200 4260.85 ІП 62 19279.24 I 150 1481.10 Ш 400 1805.24 ІП 

150 4291.71 ІП 28 20673.64 I 100 1481.76 I 100 1809.81 ІП 
10 4685,829 І Gold Au 2-79 300 1487.15 ІП 400 1821.17 ІП 

1000 4741.806 П 100 843.44 Ш 250 1487.91 11 400 1844.89 ІП 

1000 4814.608 П 100 845.14 IH 200 1489.47 ІП 150 1848.83 ІП 
50 4824,097 П 200 94510 Ш 250 1500.37 Ш 500 1861.80 ІП 

100 5131.752 П 100 1040.63 IH 200 1502.47 ІП 150 1871.92 ІП 

200 5178.648 П 80 1044.49 Ш 200 1503.74 ІП 100 1879.83 І 

3 5194.583 I 80 1046.81 ш 100 1542.00 ІП 150 1918.28 ІП 
6 5265.892 І 100 h 1239.96 Ш 100 1548.50 ІП 100 1932.04 ІП 
6 5513.263 І 100 127851 ш 200 1567.54 11 100 1935.42 ІП 
8 5564.741 І 100 1314.84 ш 200 1574.85 ІП 200 1948.79 ІП 
8 5607.010 1 100 h 1328.37 1 200 1579.44 ІП 100 1958.47 ІП 
6 5616.135 І 200 1336.72 ш 150 1584.10 11 400 1989.63 ІП 
7 5621.426 І 180 1341.68 ш 200 1587.16 І 150 1996.85 ІП 
6 5664.226 І 100 1348.89 Ш 200 1589.56 Ш 11000 2012.00 І 
5 5664.842 І 150 1350.32 ш 150 1593.41 11 2600 2021.38 1 
9 5691.954 1 150 1355.61 Ш 70 1598.24 I 150 2082.09 1 
6 5701.776 1 150 1356.13 Ш 200 1600.51 Ш 300 2083.09 ІП 
5 5717.877 І 50 1363.98 І 250 1617.16 ІП 60 2110.68 П 
6 5801.029 І 500 1365.40 Ш 100 1617.78 ІШ 100 2159.08 ІП 
9 5802.093 І 200 1367.17 Ш 500 1621.93 11 80 2167.33 ІП 


10-28 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
200 2172.20 Ш 100 3927.69 І 370 1437.27 V 200 2537.33 1 
100 2184.11 ІП 400 4040.93 І 500 1437.73 У 320 2551.40 H 
500 2188.97 Ш 700 4065.07 І 370 1445.40 У 400 h 2560.74 ІП 
70 2248.56 II 100 4084.10 I 270 1457.91 У 250 2563.61 1 
80 2263.62 II 100 4241.80 I 100 1717.21 IV 300h 2567.46 ІП 
300 2322.27 ІП 200 4315.11 I 270 1719.32 У 890 2571.67 1 
180 2352.65 1 120h 4437.27 I 550 1729.08 У 320 2573.90 1 
100 2382.40 ІП 250 4488.25 I 750 1731.83 У 320 2576.82 II 
120 2387.75 I 900 h 4607.51 I 750 1733.96 У 300 2578.14 1 
150 2402.71 ІП 100h 4620.56 I 440 1741.74 У 320 2582.54 1 
150 2405.12 ІП 500 4792.58 І 1000 1749.11 У 390 2606.37 H 
2600 2427.95 I 100 4811.60 I 1000 1750.19 V 450 2607.03 1 
60 2533.52 II 100 5147.44 I 500 1760.89 У 230 2613.60 1 
250 2641.48 1 300 5230.26 1 370 1765.62 У 450 2622.74 II 
3400 2675.95 I 100h 5261.76 I 270 1774.02 V 160 2637.00 I 
1100 2748.25 I 100 5655.77 I 6200 2012.78 II 1100 2638.71 II 
100 2780.82 I 100 h 5721.36 1 8500 2028.18 II 1100 2641.41 1 
1000 2802.04 II 300 5837.37 I 300 2070.94 ІП 160 2642.75 І 
300 2819.79 П 100h 5862.93 I 1200 2096.18 II 670 2647.29 1 
100 2822.55 II 300 h 5956.96 I 200h 2099.30 ІП 160 2657.84 H 
100h 2825.44 II 600 6278.17 I 200h 2110.31 ІП 210 2661.88 1 
300 2837.85 II 100 6562.68 I 200 2155.66 ІП 290 2683.35 П 
100 2846.92 П 600 7510.73 І 200 2183.50 ІП 200 2687.22 ІП 
100 2856.74 II 10 8145.06 I 200 2195.44 ІП 670 2705.61 І 
300 2883.45 І 10 9254.28 І 540 2210.82 П 210 2712.42 П 
300 2891.96 І Hafnium Hf 2-72 200 2234.59 Ш 250 2718.59 І 
100 2893.25 П 220 545.41 у 320 2254.01 II 710 2738.76 1 
100 2907.04 II 180 600.00 у 160 2255.15 II 200 2743.64 I 
300 2913.52 II 200 618.27 IV 250 2266.83 П 360 2751.81 П 
300 2918.24 II 200 644.54 IV 620 2277.16 II 500 2753.60 ІП 
100 2954.22 II 400 647.39 IV 200h 2313.44 ІП 450 2761.63 І 
100h 2990.27 II 600 665.65 IV 230 2321.14 II 160 2766.96 I 
300 2994.80 II 200 673.49 IV 580 2322.47 II 170 2773.02 I 
320 3029.20 I 270 867.25 у 300 2323.25 II 980 2773.36 1 
300 3065.42 1 180 875.88 у 300 2324.89 II 180 2774.02 H 
100 3122.50 II 180 885.58 у 200 2332,97 II 390 2779.37 I 
1600 3122.78 I 180 896.14 у 300 2336.47 ІП 230 2808.00 П 
100 3194,72 І 180 901.54 у 200 2337.33 II 230 2813.86 1 
100 3227.99 ІП 180 919.10 у 230 2343.32 II 170 2814.48 1 
300 3230.63 1 270 921.67 у 320 2347.44 II 230 2817.68 I 
300 3308.30 I 245 951.62 у 540 2351.22 II 200 2819.74 I 
300 3309.64 180 960.12 у 250 2380.30 II 1200 2820.22 1 
100 3309.86 ІП 180 964.74 у 250 2383.540 ш 490 2822.68 1 
100 3320.12 1 160 971.51 у 170 2393.18 II 180 2833.28 I 
100 3355.15 I 160 1092.76 у 450 2393.36 II 410 2845.83 I 
100h 3391.31 I 160 1201.76 у 670 2393.83 II 270 2849.21 II 
100 3395.40 I 270 1232.03 у 540 2405.42 II 270 2850.96 I 
100 3467.21 I 200 1233.59 у 370 2410.14 II 180 2851.21 1 
00د‎ 3557.36 1 160 1237.42 у 320 2417.69 II 180 2860.56 I 
300 3586.73 I 160 1239.53 у 390 2447.25 II 760 2861.01 1 
100 3611.57 1 160 1244.46 у 450 2460.49 II 760 2861.70 1 
100ћ 3631.31 1 440 1396.66 у 400 2461.74 11 2100 2866.37 1 
300 3637.90 1 270 1400.09 у 430 2464.19 II 210 2887.14 I 
100h 3645.02 I 160 1401.70 у 210 2469.18 II 800 2889.62 I 
100 3650.74 I 370 1407.17 у 2000 2495.16 Ш 1800 2898.26 І 
100 3709.62 І 370 1408.38 у 290 2496.99 II 1200 2904.41 I 
100 3796.01 I 270 1412.28 у 580 2512.69 II 890 2904.75 I 
100 3874.73 I 270 1413.51 у 580 2513.03 II 2000 2916.48 I 
100h 3892.26 I 160 1421.96 у 1000 2515.16 11 580 2918.58 1 
400 3897.86 1 220 1422.53 у 890 2516.88 II 320 2919.59 II 
300 3909.38 I 370 1433.43 у 340 2531.19 II 180 2924.62 I 


Line Spectra of the Elements 10-29 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
490 2929.63 II 670 3312.86 I 650 3793.37 II 160 5719.18 I 
450 2929.90 I 180 3317.99 11 8504 3800.38 1 95 6098.67 1 
710 2937.80 II 890 3332.73 I 320 3811.78 I 95 6185.13 I 
2000 2940.77 I 370 3352.06 1 1300 3820.73 1 85 6789.27 1 
160 2944.71 1 230 3358.91 1 280 3830.02 1 160 6818.94 1 
1200 2950.68 1 180 3360.06 1 800 3849.18 1 160 7063.83 1 
1100 2954.20 1 180 3378.93 1 600 3858.31 1 570 7131.81 1 
540 2958.02 1 230 3384.70 1 230 3860.91 1 650 7237.10 1 
1400 2964.88 1 170 3386.21 1 200 3872.55 II 410 7240.87 I 
620 2966.93 I 800 3389.83 II 160 3877.10 II 360 7624.40 I 
710 2968.81 II 230 3392.81 I 380 3880.82 II 110 7740.17 I 
890 2975.88 II 230 3394.59 1 200 3882.52 1 310 7845.35 1 
1100 2980.81 1 230 3397.26 1 200 3889.23 1 130 7920.71 1 
210 2982.72 1 230 3397.60 1 200 3889.33 1 250 7994.73 1 
170 3000.10 II 2300 3399.80 1 620 3899.94 1 130 8204.58 1 
800 3005.56 1 170 3400.21 1 620 3918.09 II 150 8546.48 I 
1100 3012.90 II 180 3402.51 I 200 3923.90 II 160 8640.06 I 
540 3016.78 I 230 3410.17 1 320 3931.38 1 40 8711.24 1 
1100 3016.94. II 230 3417.34 I 410 3951.83 I 65 9004.73 I 
980 3018.31 I 410 3419.18 I 160 3968.01 I Helium He 2-2 

1200 3020.53 I 200 3428.37 1 200 3973.48 1 15 231.454 " 
410 3031.16 II 250 3438.24 1 180 4032.27 1 20 232.584 П 
710 3050.76 1 710 3472.40 1 230 4062.84 1 30 234.347 П 
1100 3057.02 I 200 3478.99 1 180 4083.35 1 50 237.331 П 
850 3067.41 І 480 3479.28 П 540 4093.16 П 100 243.027 П 
2100 3072.88 І 250 3495.75 П 1100 4174.34 І 300 256.317 " 
170 3074.10 I 250 3497.16 I 160 4206.58 П 1000 303.780 П 
250 3074.79 I 980 3497.49 I 190 4209.70 I 500 303.786 " 
430 3080.84 I 1200 3505.23 II 170 4228.08 I 10 320.293 1 
200 3096.76 I 980 3523.02 I 170 4232.44 II 2 505.500 1 
340 3101.40 II 980 3535.54 1 170 4260.98 1 3 505.684 1 
710 3109.12 II 760 3536.62 I 200 4263.39 I 4 505.912 I 
710 3131.81 I 180 3548.81 I 170 4272.85 II 5 506.200 1 
850 3134.72 II 540 3552.70 II 320 4294.79 I 7 506.570 1 
170 3139.65 II 1300 3561.66 1 160 4330.27 1 10 507.058 1 
220 3145.32 II 270 3567.36 I 180 4336.66 П 15 507.718 1 
220 3148.41 1 1100 3569.04 1 250 4356.33 1 20 508.643 1 
450 3156.63 1 210 3597.42 1 180 4370.97 II 25 509.998 1 
270 3159.82 I 540 3599.87 I 160 4417.91 I 35 512.098 1 
710 3162.61 II 800 3616.89 I 200 4438.04 I 50 515.616 1 
450 3168.39 I 320 3630.87 II 250 4565.94 I 100 522.213 I 
890 3172.94 I 800 3644.36 1 500d 4598.80 I 400 537.030 1 
450 3176.86 II 320 3649.10 I 230 4620.86 I 1000 584.334 1 
220 3181.01 1 200 3651.84 1 210 4655.19 1 50 591.412 1 
360 3193.53 II 220 3665.35 1 120 4699.01 1 5 958 70 T 
670 3194.19 II 200 3672.27 I 160 4782.74 I 972.11 П 
200 3196.93 І 480 3675.74 I 310 4800.50 I 8 992.36 H 
310 3206.11 I 2200 3682.24 I 130 4859.24 I 15 1025.27 П 
180 3210.98 І 280 3696.51 І 120 4975.25 І 30 1084.94 П 
180 3217.30 П 240 3699.72 П 95 5018.20 І 35 1215.09 I 
180 3220.61 II 340 3701.15 I 95 5047.45 I 50 1215.17 П 
360 3247.66 І 1000 3717.80 І 75 5170.18 І 120 1640.34 " 
220 3249.53 I 650 3719.28 1 230 5181.86 1 180 1640.47 " 
890 3253.70 II 160 3729.10 I 110 5243.99 I 7 2385.40 П 
270 3255.28 П 460 3733.79 І 120 5294,87 І 9 951120 П 
180 3273.66 П 160 3737.88 П 110 5354.73 I 50 2577.6 1 
200h 3279.67 Ш 400 3746.80 І 110 5373.86 І 1 2723.19 1 
270 3279.98 II 170 3766.92 1 75 5452.92 1 12 2733.30 П 
160 3291.05 І 200 3768.25 І 230 5550.60 І 2 2763.80 1 
210 3306.12 1 1400 3777.64 I 230 5552.12 I 10 2818.2 I 
340 3310.27 I 1400 3785.46 I 95 5613.27 1 4 2829.08 1 


10-30 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
10 2945.11 I 2000 10830.34 I 1600 3461.97 II 1300 4125.65 I 
40 3013.7 I 9 10913.05 I 810c 3473.91 II 4300 4127.16 I 
20 3187.74 I 3 10917.10 I 5400 c 3474.26 II 1500 4136.22 

3 3202.96 II 4 11626.4 1 6300 3484.84 II 980 cw 4152.61 1 
15 3203.10 II 30 11969.12 I 2500 с 3494.76 II 8100 4163.03 I 
1 3354.55 I 20 12527.52 I 810c 3498.88 II 2500 4173.23 I 
2 3447.59 I 50 12784.99 I 810 3510.73 I 540 4194.35 I 
1. 3587.27 1 20 12790.57 1 4100 с 3515.59 II 2000 4227.04 I 
3 3613.64 I 7 12845.96 I 410c 3519.94 II 1300 cw 4254.43 I 
2 3634.23 I 10 12968.45 I 630 3540.76 II 490 4264.05 I 
3 3705.00 I 2 12984.89 I 1600 3546.05 II 1300 4350.73 I 
1 3732.86 I 12 15083.64 I 1100 c 3556.78 II 300 4477.64 1 
10 3819.607 1 200 17002.47 1 410 3560.15 II 290 4629.10 1 
1 3819.76 1 1 18555.55 1 410 с 3573.24 II 80 4701.69 II 

500 3888.65 I 6 18636.8 1 630 с 3574.80 II 130 4709.84 1 

20 3964.729 1 500 18685.34 1 810 3579.12 1 130 с 4717.52 1 
1 4009.27 1 200 18697.23 1 410 3580.75 II 290 4742.04 II 
50 4026.191 I 100 19089.38 I 410 3581.83 II 100 c 4757.01 I 
5 4026.36 I 20 19543.08 I 630c 3592.23 II 65 4782.92 I 
12 4120.82 I 1000 20581.30 I 1100 cw 3598.77 II 290 4939.01 
4120.99 I 80 21120.07 I 540 с 3600.95 II 250c 4967.21 II 
3 4143.76 I 10 21121.43 I 410 3618.43 I 220 4979.97 I 
10 4387.929 I 20 21132.03 I 430 с 3626.69 II 90 4995.05 I 
3 4437.55 I 3 30908.5 1 490 3627.25 II 130 5042.37 I 

200 4471.479 1 4 40478.90 1 430 с 3631.76 II 80 5093.07 I 

25 4471.68 I Holmium Но Z = 67 430 с 3638.30 II 140 5127.81 I 

6 4685.4 II 170 2502.91 П 1600 с 3662.29 І 130 5142.59 П 
30 4685.7 П 170 2533.80 1 1400 3667.97 I 110 5143.22 1 
30 4713.146 1 190 2605.86 H 720 3679.19 I 160 5149.59 H 

4 4713.38 I 270 2750.35 П 670 3679.70 І 90с 5167.88 І 
20 4921.931 1 270 2769.89 " 720 3682.65 I 130 c 5182.11 

100 5015.678 I 300 2824.20 H 580 3690.65 I 90 5190.11 H 

10 5047.74. 1 2706 2831.69 П 410 3700.04. І 65 5251.82 І 

5 5411,52 П 270 2849.10 " 490 c 3702.35 II 90 5301.25 I 
500 5875.62 I 360 2880.26 H 430 3712.88 I 80 5330.11 1 
100 5875.97 I 460 2880.98 П 450 3720.72 І 90 5359.99 І 
8 6560.10 П 570 c 2909.41 " 1100 3731.40 I 100 5407.08 I 
100 6678.15 I 410 с 2979.63 H 810 3736.35 I 70 5566.52 1 
3 6867.48 I 410 2987.64 П 3200 су 3748.17 II 65 5627.60 I 

200 7065.19 I 480 c 3049.38 " 8900 c 3796.75 II 140 5659.58 I 
30 7065.71 I 410 с 3054.00 H 8900 c 3810.73 II 140 с 5691.47 1 
50 7281.35 1 500 с 3057.45 П 410с 3835.35 П 140 с 5696.57 І 

1 7816.15 І 500 с 3082.34 " 1300 cw 3837.51 II 140 c 5860.28 I 

2 8361.69 I 910 3084.36 H 410c 3842.05 II 70c 5882.99 I 

2 9063.27 I 430 c 3086.54 П 1100 3843.86 П 70 5921.76 І 

2 9210.34 I 760 3118.50 " 490 c 3846.73 II 70 cw 5948.03 I 
10 9463.61 I 580 c 3166.62. H 1800 с 3854.07 II 70 5972.76 I 
4 9516.60 I 810 317378 П 2700 с 3861.68 П 90 5973.52 І 

3 9526.17 I 810c 3181.50 " 3000 c 3888.96 II 230c 5982.90 I 

1 9529.27 1 980 с 3281.97 П 13000 с 3891.02 II 120 6081.79 I 

1 9603.42 I 630 c 3337.23 П 1300 см/ 3905.68 П 70 6208.65 І 

3 9702.60 I 980 c 3343.58 " 580 3955.73 I 70c 6305.36 I 

6 10027.73 I 8100 с 3398.98 H 490 3959.68 I 70 6550.97 I 

2 10031.16 I 810с 3410.26 П 2700 4040.81 І 260 6604.94. І 
15 10123.6 П 1400 с 3414.90 " 5400 c 4045.44 II 120 6628.99 I 
1 10138.50 I 5400 3416.46 H 8100 4053.93 I 55 cw 6694.32 1 
10 10311.23 1 1200 3421.63 П 1700 4065.09 П 55 с 6785.43 1 
2 10311.54 1 2000 с 3495.34 " 720 4068.05 I 40 cw 6939.49 I 

3 10667.65 I 2000 c 3428.13 H 8900 4103.84 1 45 су 6950.39 1 
300 10829.09 1 3200 3453.14 П 2900 4108.62 І 140 7555.09 І 
1000 10830.25 1 1500 4120.20 1 40 с 7628.42 1 


16000 с 3456.00 II 


Line Spectra of the Elements 10-31 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
50 с 7693.15 1 82 1096.81 IV 80 2865.68 II 380c 4638.16 II 
60 cw 7815.48 I 84 1097.18 IV 120d 2890.18 II 220c 4644.58 H 
60 7894.64 1 85 1116.10 IV 1100 2932.63 I 360 c 4655.62 1 
50 8512.94 1 80 1124.06 IV 100 2941.05 II 320w 4656.74 II 
40 8670.19 I 90 1131.46 IV 100 2982.80 Ш 190 с 4681.11 1 
90 8915.98 II 85 1144.43 IV 110c 2999.40 II 450 у 4684.8 1 

Hydrogen H 2-1 80 1145.41 IV 100 3008.08 ІП 90а 4907.06 П 
15 926.226 1 89 1146.62 IV 8000 3039.36 I 150c 4973.77 1 
20 930.748 1 83 1154.11 IV 110d 3099.80 II 80h 5109.36 1 
30 937.803 1 84 1154.60 IV 180c 3101.8 II 100 у 5115.14 1 
50 949.743 1 90 1157.71 IV 130c 3138.60 II 140 c 5117.40 II 

100 972.537 1 90 1157.82 IV 80c 3142.75 II 270c 5120.80 1 

300 1025722 1 85 1159.78 IV 130d 3146.70 II 200w 5121.75 1 

1000 1215.668 1 88 1176.50 IV 150 3155.77 II 80d 5129.85 1 

500 1215.674 1 85 1191.58 IV 100c 3158.40 II 240 c 5175.42 1 

5 3835.384 1 83 1204.87 IV 90c 3176.30 II 140 c 5184.44 II 

6 3889.049 1 90 1206.55 IV 90d 3198.11 II 200 5248.77 ІП 

8 3970.072. 1 88 1221.50 IV 13000 3256.09 I 150c 5309.45 1 
15 410174 1 85 1221.90 IV 3000 3258.56 I 80 5411.41 1 
30 4340.47 1 85 1233.58 IV 90c 3338.50 II 140 c 5418.45 1 
80 4861.33 1 87 1235.84 IV 100c 3404.28 II 220w 5436.70 1 
120 6562.72 1 90 1373.20 IV 1104 3438.40 II 130c 5497.50 1 
180 6562.852 I 88 1398.77 IV 180 с 3693.91 II 140 c 5507.08 H 
5 9545.97 I 81 1412.09 IV 95 с 3708.13 II 320c 5513.00 II 

7 10049.4 1 100 1625.42 ІП 380 w 3716.14 II 250 w 5523.28 1 
2 10938.1 1 100 1748.83 ІП 120с 3718.30 П 130 с 5536.50 II 
20 12818.1 1 30 1842.41 ІП 160с 3718.72 П 190 у 5555.45 1 
40 18751.0 1 40 1850.30 ІП 160с 3723.40 П 240 c 5576.90 П 
5 91655,3 1 30 2154.08 ІП 170м 3795.21 П 200 w 5636.70 П 

8 26251,5 1 50 2205.28 II 230c 3799.21 II 100 5645.15 ІП 
15 40511.6 1 40 2281.64 1 250c 3834.65 II 160 c 5708.50 II 
4 46525.1 1 100 с 2306.05 II 200c 3842.18 II 100 c 5721.80 II 

6 74578. 1 90d 2313.21 II 100 3852.82 ІП 100 5819.50 ІП 
70d 2327.95 1 100 3889.78 II 210c 5853.15 1 

Indium In. Z = 9 80h 2334.57 1 100 с 3902.07 II 490 w 5903.4 H 
17 378.61 V 1104 2382.63 П 250 уу 3962.35 II 260 w 5915.4 II 
17 386.21 У 70h 2427.20 1 120 с 4004.66 II 120c 5918.78 1 
14 388.91 У 100 2447.90 1 140 d 4013.92 II 130c 6062.9 II 
25 393.89 У 1104 2488.62 1 100 4023.77 ІП 250 с 6095.95 П 
25 400.57 M 90 2488.95 1 150 4032.32 11 2106 6108.66 1 
25 402.39 M 80 2498.59 1 410 w 4056.94 II 180w 6115.9 1 

622 472.71 IV 100 2499.60 1 100 4071.57 ІП 230 w 6128.7 П 

689 479.39 IV 90d 2500.99 1 100 4072.93 Ш 240 у 6129.4 1 

709 498.62 IV 1104 2512.31 1 17000 4101.76 1 320 w 6132.1 1 
10 882.24 ш 100 2521.37 1 140 с 4205.14 II 150c 6140.0 1 
10 890.84 ІШ 100 2527.41 ІП 1004 4213.04 II 90 6143.23 1 
10 915.87 ш 160 d 2554.44 1 1104 4219.66 II 140 c 6148.10 II 
85 954.67 IV 1100 2560.15 I 100 4252.68 Ш 190 у 6149.5 1 
87 973.50 IV 200 2601.76 I 150d 4372.87 II 80 6161.15 1 
86 991.60 IV 90d 2654.70 1 150 с 4500.78 II 180w 6162.45 1 
89 1024.68 IV 100d 2662.63 1 18000 4511.31 1 200 6197.72 ІП 
85 1024.79 IV 140d 2668.65 1 110c 4549.01 II 100 c 6224.28 1 
88 1031.45 IV 140d 2674.56 1 140 с 4570.85 II 280w 6228.3 1 
82 1031.98 IV 80 2683.12 1 180 w 4578.02 II 140 w 6231.1 1 
80 1054.43 IV 1600 2710.26 I 180w 4578.40 II 270w 6304.8 II 
84 1063.03 IV 300 2713.94 I 140c 4616.08 II 290w 6362.3 H 
83 1068.25 IV 80 2726;15 ІП 170с 461717 П 300 w 6469.0 П 
82 1069.82 IV 130d 2749.75 1 250c 4620.14 II 210c 6541.20 1 
86 1077.64 IV 700 2753.88 I 150w 4620.70 II 190 c 6751.88 1 
90 1082.10 IV 90d 2818.97 1 170 с 4627.30 II 180c 6765.9 1 
83 1086.33 IV 180c 2836.92 I 140c 4637.04 II 100 c 6783.72 1 


10-32 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
320 w 6891.5 II 600 1267.60 I 10000 5119.29 I 800 c 8169.38 I 
380w 7182.9 II 1500 1275.26 I 3000 c 5161.20 II 500 d 8222.57 I 
180c 7255.0 II 3000 1289.40 I 1000 5234.57 I 4000 8240.05 I 
210c 7276.5 II 10000 1300.34 1 3000 с 5245.71 II 10000 c 8393.30 I 
180c 7303.4 II 3000 1302.98 I 10000 5338.22 II 1000 8486.11 I 
320c 7350.6 II 3000 1313.95 I 5000 c 5345.15 II 1500 c 8664.95 I 
100c 7632.7 II 3000 1317.54 I 600 c 5427.06 I 500 c 8700.80 I 
100c 7682.9 II 2000 1330.19 I 3000 5435.83 II 250d 8748.22 I 
210c 7740.7 II 20000 1336.52 1 2000 с 5464.62 II 1000 8853.24 I 
100c 7776.96 II 5000 1355.10 I 10000 5625.69 II 2000 8853.80 I 
180c 7789.0 II 3000 1357.97 I 2000 c 5690.91 II 3000 8857.50 I 
90c 7840.9 II 5000 1360.97 I 4000 c 5710.53 II 1000 d 8898.50 I 
240c 8227.0 II 3000 1361.11 I 1000 d 5764.33 I 400 8964.69 I 
100w 8813.5 II 2500 1367.71 I 2000 5894.03 I 400 8993.13 I 
80c 8832.6 II 2500 1368.22 I 5000 5950.25 II 5000 9022.40 I 
120c 9197.7 II 4000 1383.23 I 300 5984.86 I 15000 9058.33 I 
120 c 9202.0 II 3000 1390.75 I 2000 d 6024.08 I 1000 9098.86 I 
220w 9213.0 II 2000 1392.90 I 2000 c 6074.98 II 12000 9113.91 I 
160d 9241.1 II 2000 1400.01 I 1000 6082.43 I 600 9128.03 I 
100 9977.86 I 8000 1425.49 I 2000 c 6127.49 II 600 9227.74 I 
200 10257.03 I 5000 1446.26 I 800 6191.88 I 1000 9335.05 I 
100h 10744.31 I 5000 1453.18 I 500 6213.10 I 4000 9426.71 I 
20 11334.72 I 5000 1457.39 I 800 6244.48 I 3000 9427.15 I 
20 11731.48 I 5000 1457.47 I 1000 6293.98 I 2000 9598.22 I 
10 12912.59 I 10000 1457.98 I 500 6313.13 I 2000 9649.61 I 
9 13429.96 I 2500 1458.79 I 800 6330.37 I 3000 d 9653.06 I 
7 14719.08 I 4000 1459.15 I 400 6333.50 I 5000 9731.73 I 
6 22291.06 I 2500 1465.83 I 2000 6337.85 I 500 10003.05 I 
7 23879.13 I 1000 1485.92 I 1000 6339.44 I 750 10131.16 I 
TodineI 2-53 5000 1492.89 I 500 6359.16 I 1000 10238.82 1 
30 363.78 у 5000 1507.04 1 1000 6566.49 1 400 10375.20 1 
36 380.74 у 5000 1514.68 1 2000 6583.75 1 400 10391.74 1 
45 565.53 у 15000 1518.05 1 1000 6585.27 1 5000 10466.54 I 
50 607.57 у 2500 1526.45 1 5000 6619.66 1 400 11236.56 1 
6 612.46 IV 5000 1593.58 I 500 6661.11 I 350 11558.46 I 
6 666.81 IH 5000 1617.60 I 500 с 6697.29 1 320 11778.34 1 
8 705.11 IH 2500 1640.78 I 400 6732.03 1 450 11996.86 1 
7 784.64 ш 15000 1702.07 1 4000 6812.57 II 300 12033.69 I 
7 784.80 IH 12000 1782.76 I 500 6989.78 I 150 12304.58 I 
8 795.52 IH 5000 1799.09 I 500 7120.05 1 60 13149.16 I 
7 91928 IV 75000 1830.38 I 1200 7122.05 I 140 13958.27 I 
10000 1034.66 " 15000 1844.45 I 2000 7142.06 I 200 14287.02 I 
8 1094.20 " 2000 2061.63 I 1000 7164.79 I 100 14460.00 I 
10000 1139.80 n 7 2361.13 IV 400 d 7191.66 I 225 15032.57 I 
10000 1160.56 I 6 2372.45 IV 700 7227.30 I 105 15528.65 I 
20000 116648 " 7 2376.46 IV 1000 7236.78 I 150 16037.33 I 
10000 1178.65 n 8 2387.11 IV 500 7237.84 I 15 18275.71 1 
15000 1187.34 T 9 2426.10 IV 5000 7402.06 I 20 18348.52 I 
10000 1190.85 TI 8 2475.35 IV 1000 7410.50 1 15 18982.41 1 
200 121841 I 8 2519.74 IV 500 7416.48 I 35 19070.17 I 
20000 1220.89 1 8 2545.67 IV 5000 7468.99 I 110 19105.12 1 
600 1224.05 1 7 2545.71 ІП 500с 7490.52 І 50 19370.02 І 
600 1224.08 1 8 2652.23 IV 2000 7554.18 I 10 20648.69 I 
500 1228.89 1 5000 3078.75 1 500d 7556.65 I 220 22183.03 I 
20000 1234.06 " 200 4102.23 I 2000 c 7700.20 I 150 22226.53 1 
600 1251.34 1 200 4129.21 1 600 7897.98 1 30 22309.21 1 
8 1252.35 ш 1004 4134.15 1 500 7969.48 1 32 24420.82 1 
2500 1259.15 1 5004 4321.84 1 1000 8003.63 1 12 27365.42 1 
3000 1259.51 1 250 4763.31 [ 99000 8043.74 1 9 27573.05 1 
800 1261.27 1 1000 4862.32 I 300d 8065.70 I 10 30361.93 I 
600 1267.57 1 200 4916.94 I 1000 8090.76 I 8 30383.88 I 


Line Spectra of the Elements 


Intensity Wavelength/A 
10 34295.73 
9 34513.11 
3 40228.54 
2 41633.80 
Tridium Ir Z= 77 
9900 2010.65 
8700 2022.35 
15000 2033.57 
6200 2052.22 
5000 2060.64 
3700 2083.22 
3100 2085.74 
17000 2088.82 
14000 2092.63 
2700 2112.68 
1800 2119.54 
2000 2125.44 
4500 2126.81 
2000 2127.52 
4500 2127.94 
3700 2148.22 
2500 2150.54 
3500 2152.68 
2900 2155.81 
7900 2158.05 
2100 2162.88 
5800 2169.42 
4500 2175.24 
2700 2178.17 
1600 2187.43 
1100 2190.38 
740 2191.64 
910 2208.09 
1300 2220.37 
790 2221.07 
2500 2242.68 
620 2245.76 
2100 2253.38 
2100 2255.10 
1400 2255.81 
350 2258.51 
1400 2258.86 
830 2264.61 
1100 2266.33 
1000 2268.90 
660 2280.00 
950 2281.02 
660 2281.91 
330 2284.60 
330 2295.08 
790 2298.05 
460 2299,53 
910 2300.50 
2700 2304.22 
410 2305.47 
210 2307.27 
910 2308.93 
460 2315.38 
410 2321.45 
410 2321.58 
210 2327.98 


= = بم‎ n 
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Intensity 
540 
740 
580 
1600 
740 
580 
230 
410 
500 
2500 
370 
3500 
290 
250 
250 
500 
540 
210 
1300 
2500 
2700 
230 
290 
290 
290 
540 
370 
620 
210 
370 
290 
540 
540 
1300 
270 
250 
250 
910 
1300 
230 
210 
210 
870 
3300 
210 
2100 
620 
210 
250 
4100 
210 
990 
1100 
580 
580 
7900 
790 
210 
210 
910 
210 


Wavelength/A 


2333.30 
2333.84 
2334.50 
2343.18 
2343.61 
2355.00 
2357.53 
2358.16 
2360.73 
2363.04 
2368.04 
2372.77 
2375.09 
2377.28 
2377.98 
2379.38 
2381.62 
2383.17 
2386.89 
2390.62 
2391.18 
2407.59 
2409.37 
2410.17 
2410.73 
2413.31 
2415.86 
2418.11 
2424.89 
2424.99 
2425.66 
2427.61 
2431.24 
2431.94 
2435.14 
2445.34 
2447.76 
2452.81 
2455.61 
2455.87 
2457.03 
2457.23 
2467.30 
2475.12 
2478.11 
2481.18 
2493.08 
2496.27 
2502.63 
2502.98 
2513.71 
2533.13 
2534.46 
2537.22 
2542.02 
2543.97 
2546.03 
2551.40 
2555.35 
2564.18 
2569.88 


Intensity 
230 
740 
740 
740 
700 
1800 
210 
330 
210 
250 
700 
250 
3500 
210 
1800 
350 
2700 
520 
520 
330 
270 
3000 
330 
250 
520 
330 
540 
1600 
380 
410 
680 
1200 
820 
1100 
820 
3800 
380 
380 
270 
820 
650 
260 
260 
200 
440 
230 
4400 
1200 
880 
250 
2700 
230 
200 
1200 
200 
440 
300 
220 
600 
270 
380 


Wavelength/A 
2572.70 
2577.26 
2592.06 
2599.04 
2608.25 
2611.30 
2614.98 
2617.78 
2619.88 
2625.32 
2634.17 
2639.42 
2639.71 
2644.19 
2661.98 
2662.63 
2664.79 
2669.91 
2671.84 
2673.61 
2692.34 
2694.23 
2772.46 
2775.55 
2781.29 
2785.22 
2797.35 
2797.70 
2798.18 
2800.82 
2823.18 
2824.45 
2836.40 
2839.16 
2840.22 
2849.72 
2875.60 
2875.98 
2877.68 
2882.64 
2897.15 
2901.95 
2904.80 
2907.24 
2916.36 
2918.57 
2924.79 
2934.64 
2936.68 
2938.47 
2943.15 
2946.97 
2949.76 
2951.22 
2974.95 
2980.65 
2996.08 
3002.25 
3003.63 
3017.31 
3029.36 
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Intensity 
330 
300 
300 
300 
1600 
320 
240 
390 
510 
510 
340 
200 
3400 
490 
370 
370 
610 
370 
5100 
300 
470 
200 
390 
200 
560 
660 
410 
3200 
220 
410 
320 
1200 
320 
220 
660 
220 
300 
300 
320 
200 
200 
530 
3100 
230 
480 
480 
400 
590 
460 
350 
370 
150 
100 
140 
90 
260 
220 
160 
65 
110 
55 


10-33 


Wavelength/A 


3039.26 
3047.16 
3049.44 
3057.28 
3068.89 
3083.22 
3086.44 
3088.04 
3100.29 
3100.45 
3120.76 
3121.78 
3133.32 
3168.88 
3177.58 
3198.92 
3212.12 
3219.51 
3220.78 
3229.28 
3241.52 
3262.01 
3266.44 
3322.60 
3368.48 
3437.02 
3448.97 
3513.64 
3515.95 
3522.03 
3558.99 
3573.72 
3594.39 
3609.77 
3628.67 
3636.20 
3661.71 
3664.62 
3674.98 
3687.08 
3731.36 
3747.20 
3800.12 
3817.24 
3902.51 
3915.38 
3934.84 
3976.31 
3992.12 
4033.76 
4069.92 
4070.68 
4092.61 
4115.78 
4172.56 
4268.10 
4311.50 
4399.47 
4403.78 
4426.27 
4478.48 
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10-34 Line Spectra of the Elements 


Intensity | Wavelength/À Intensity — Wavelength/À Intensity — Wavelength/À Intensity — Wavelength/A 
55 4545.68 I 10 844.28 HI 500 1479.47 V 15 1651.58 IV 
30 4548.48 I 10p 861.83 HI 10h 1505.17 HI 15 1652.90 IV 
35 4568.09 I 10 891.17 HI 13 1526.60 IV 13 1653.41 IV 
75 4616.39 I 10 950.33 HI 13 1530.26 IV 13 1656.11 IV 
26 4656.18 I 10 981.37 HI 14 1532.63 IV 15 1656.65 IV 
50 4728.86 I 10 уу 983.88 HI 13 1532.91 IV 14 1660.10 IV 
26 4756.46 I 12 1055.27 II 15 1533.86 IV 13 1662.32 IV 
65 4778.16 I 15 1068.36 II 13 1533.95 IV 13 1662.52 IV 
30 4795.67 I 15 1071.60 II 14 1536.58 IV 13 1663.54 IV 
50 4938.09 I 15 1096.89 II 10h 1538.63 11 13 1668.09 IV 
26 4970.48 I 12 1099.12 II 13 1542.16 IV 12 1670.74 II 
25 4999.74 1 18 1112.09 II 14 1542.70 IV 14 1671.04 IV 
25 5002.74 I 12 1121.99 II 12h 1550.20 HI 13 1673.68 IV 
30 5014.98 I 12 1122.86 II 13 1566.26 IV 14 1675.66 IV 
30 5123.66 I 12 1128.07 II 14 1568.27 IV 13 1681.36 IV 
35 5364.32 I 12 1130.43 II 13 1591.51 IV 15 1687.69 IV 
75 5449.50 I 15 1133.41 II 13 1592.05 IV 15 1698.88 IV 
45 5625.55 I 12 1133.68 II 13 1598.01 IV 12 1702.04 II 
35 5894.06 I 12 1138.64 II 13 1600.58 IV 13 1709.81 IV 
20 6110.67 I 12 1142.33 II 10h 1601.21 HI 15 1711.41 IV 
12 6288.28 I 12 1143.23 II 13 1601.67 IV 14 1712.76 IV 
10 6686.08 I 18 1144.95 II 13 1603.18 IV 14 1717.90 IV 
6 7834.32 I 12 1147.41 II 13 1603.73 IV 14 1718.16 IV 
Iron Fe 7-26 15 1148.29 II 13 1604.88 IV 14 1719.46 IV 
350 386.16 у 12 1151.16 II 13 1605.68 IV 14 1722.71 IV 
350 386.88 у 12 1267.44 II 15 1605.97 IV 14 1724.06 IV 
A00 387.20 у 12 1272.00 II 13 1606.98 IV 16 1725.63 IV 
A00 387.50 у 400 1317.86 У 17 1609.10 ТУ 13 1761.08 IV 
400 387.76 у 400 1323.27 У 14 1609.83 ТУ 12 1761.38 II 
A00 387.78 у 400 1330.40 У 13 1610.47 ГУ 20 1785.26 II 
400 395.90 у 400 1359.01 V 13 1611.20 IV 20 1786.74 II 
400 404.62. у 600 1361.82 У 13 1613.64 ГУ 18 1788.07 II 
A00 405.50 у 700 1373.59 У 15 1614.02 ТУ 13 1792.10 IV 
800 407.42 у 600 1373.67 У 13 1614.64 ТУ 13 1796.93 IV 
600 407.44 у 500 1376.34 У 13 1615.00 ГУ 13 1827.98 IV 
A00 407.49 у 500 1378.56 У 16 1616.68 ТУ 10 1869.83 Ш 
500 407.75 у 800 1387.94 У 14 1617.68 ГУ 12 1877.99 HI 
400 409.71 у 400 1397.97 У 12 1618.47 II 10 1882.05 HI 
400 410.20 у 600 1400.24 У 14 1619.02 ТУ 12 1886.76 Ш 
600 411.55 у 800 1402.39 У 13 1621.16 ТУ 13 1890.67 HI 
700 417 39 ۷ 400 1406.67 У 14 1621.57 ТУ 11 1893.98 Ш 
700 418.04 у 500 1406.82 У 13 1623.38 ГУ 20 1895.46 HI 
500 418.47 у 400 1407.25 V 13 1623.53 IV 10s 1907.58 HI 
700 421.06 у 600 1409.45 V 15 1626.47 IV 19 1914.06 HI 
500 421.78 у 400 1415.20 У 14 1626.90 ТУ 15 1915.08 Ш 
500 422.31 у 600 1420.46 У 13 1628.54 ТУ 15 1922.79 Ш 
500 426.06 ۷ 800 1430.57 У 13 1630.18 ТУ 10р 1926.01 Ш 
500 426.11 у 13 1431.43 IV 17 1631.08 IV 18 1926.30 Ш 
350 426.97 у 800 1440.53 У 15 1631.12 II 15 1930.39 HI 
17 525.69 IV 400 1442.22 У 14 1632.40 ТУ 14 1931.51 Ш 
15 526.29 IV 800 1446.62 У 13 1634.01 ТУ 30 1934.538 1 
13 526.63 IV 700 1448.85 У 18 1635.40 II 25 1937.269 I 
14 536.61 IV 400 1449.93 У 15 1636.32 II 14 1937.34 ш 
15 537.10 IV 700 1456.16 У 15 1639.40 II 101 1938.90 HI 
13 537.26 IV 500 1459.83 У 14 1639.40 ГУ 14s 1943.48 HI 
14 537.79 IV 400 1460.73 V 16 1640.04 IV 12 1945.34 11 
13 537.94 IV 500 1462.63 У 14 1640.16 ТУ 50 1946.988 1 
13 552.14 IV 700 1464.68 У 12 1641.76 II 10 1950.33 HI 
14 607.53 IV 500 1465.38 V 15 1641.87 IV 12 1951.01 III 
13 608.80 IV 400 1466.65 У 15 1647.09 ТУ 25 1951.571 1 
10 813.38 ш 500 1469.00 У 12 1647.16 II 30 1952.59 I 


Line Spectra of the Elements 


Intensity 
11 
30 
13 
10 
10w 
60 
11 
60 
13 
30 
50 
12 
15 
14 
13 
12 
12 
10 
12 
14 
100 
10 
12 
15 
12 
12 
10 
15 
12 
50 
12 
10 
40 
12 
12 
15 
300 
12 
250 
60 
120 
250 
150 
80 
80 
15 
10p 
20 
12 
20 
10 
10 
10 
10 
10 
10 
12p 
50 
60 
300 
12 


Wavelength/A 


1952.65 
1953.005 
1953.32 
1953.49 
1954.22 
1957.823 
1958.58 
1960.144 
1960.32 
1961.25 
1962.111 
1963.11 
1987.50 
1991.61 
1994.07 
1995.56 
1996.42 
2061.55 
2068.24 
2078.99 
2084.122 
2084.35 
2090.14 
2097.48 
2097.69 
2103.80 
2107.32 
2151.78 
2157.71 
2157.794. 
2158.47 
2161.27 
2166.773 
2166.95 
2171.04 
2174.66 
2178.118 
2180.41 
2186.486 
2186.892 
2187.195 
2191.839 
2196.043 
2200.390 
2200.724 
2208.41 
2208.85 
2213.65 
2218.26 
2220.38 
2221.83 
2229.27 
2232.43 
2232.69 
2235.91 
2238.16 
2241.54 
2250.790 
2251.874 
2259.511 
2261.59 


HI 
I 
HI 


HI 


Intensity 
60 
80 
10 
80 
50 
150 
150 
80 
150 
150 
300 
10 
15 
200 
600 
80 
300 
50 
100 
150 
120 
150 
10р 
10 
200 
10р 
10 
100 
100 
300 
10р 
200 
10 
600 
80 
150 
200 
250 
200 
150 
120 
200 
80 
80 
80 
80 
120 
300 
150 
120 
120 
80 
120 
150 
1000 
300 
200 
1000 
300 
800 
250 


Wavelength/À 


2264.389 
2267.085 
2267.42 
2267.469 
2270.862 
2272.070 
2276.026 
2279.937 
2284.086 
2287.250 
2292.524 
2293.06 
2295.86 
2297.787 
2298.169 
2299.220 
2300.142 
2301.684 
2303.424 
2303.581 
2308.999 
2313.104 
2317.70 
2319.22 
2320.358 
2321.71 
2326.95 
2327.40 
2331.31 
2332.80 
2336.77 
2338.01 
2338.96 
2343.49 
2343.96 
2344.28 
2348.11 
2348.30 
2359.12 
2360.00 
2360.29 
2364.83 
2365.76 
2368.59 
2369.456 
2369.95 
2371.430 
2373.624 
2373.74 
2374.518 
2376.43 
2379.27 
2380.76 
2381.835 
2382.04 
2388.63 
2389.973 
2395.62 
2399.24 
2404.88 
2406.66 


Intensity 
80 
300 
200 
150 
80 
60 
60 
150 
120 
120 
80 
60 
150 
150 
100 
250 
100 
50 
100 
60 
100 
1500 
150 
80 
100 
100 
1500 
50 
800 
60 
600 
80 
80 
800 
1000 
200 
600 
60 
120 
1200 
100 
80 
100 
10000 
300 
1000 
50 
800 
100 
100 
120 
4000 
100 
80 
1000 
50 
3000 
100 
2000 
100 
100 


Wavelength/A 


2406.97 
2410.52 
2411.07 
2413.31 
2417.87 
2420.396 
2423.089 
2424.14 
2428.36 
2430.08 
2432.26 
2438.182 
2439.30 
2439.74 
2442.57 
2443.872 
2444.51 
2445.212 
2445.57 
2447.709 
2453.476 
2457.598 
2458.78 
2461.28 
2461.86 
2462.181 
2462.647 
2463.730 
2465.149 
2467.732 
2468.879 
2470.67 
2470.965 
2472.336 
2472.895 
2473.16 
2474.814 
2476.657 
2479.480 
2479.776 
2480.16 
2482.12 
2482.66 
2483.271 
2483.533 
2484.185 
2485.990 
2486.373 
2486.691 
2487.066 
2487.370 
2488.143 
2488.945 
2489.48 
2489.750 
2489.913 
2490.644 
2490.71 
2491.155 
2491.40 
2493.18 


II 
II 


II 


Intensity 


500 
60 
50 
100 
600 
150 
1000 
50 
80 
500 
50 
1000 
120 
80 
400 
80 
300 
800 
150 
50 
4000 
200 
500 
100 
200 
300 
2000 
800 
250 
150 
200 
120 
100 
120 
400 
200 
200 
100 
100 
150 
50 
200 
600 
80 
300 
250 
150 
800 
80 
100 
80 
80 
600 
400 
200 
150 
300 
100 
1500 
650 
90 


10-35 


Wavelength/A 


2493.26 
2494.000 
2494.251 
2495.87 
2496.533 
2498.90 
2501.132 
2501.693 
2506.09 
2507.900 
2508.753 
2510.835 
2511.76 
2512.275 
2512.365 
2516.570 
2517.661 
2518.102 
2519.629 
2522.480 
2522.849 
2523.66 
2524.293 
2525.02 
2525.39 
2526.29 
2527.435 
2529.135 
2529.55 
2529.836 
2530.687 
2533.63 
2534.42 
2535.49 
2535.607 
2536.792 
2536.80 
2538.80 
2538.91 
2538.99 
2539.357 
2540.66 
2540.972 
2541.10 
2542.10 
2543.92 
2544.70 
2545.978 
2546.67 
2548.74 
2549.08 
2549.39 
2549.613 
2562.53 
2563.48 
2574.36 
2576.691 
2582.58 
2584.54 
2585.88 
2591.54 


II 


10-36 Line Spectra of the Elements 


Intensity — Wavelength/À Intensity | Wavelength/À Intensity — Wavelength/A Intensity — Wavelength/A 
90 2593.73 II 80 2744.527 1 500 2999.512 1 80 3246.005 1 
650 2598.37 II 300 2746.48 II 120 3000.451 I 80 3265.046 I 
2000 2599.40 II 100 2749.32 II 800 3000.948 I 50 3265.617 I 
300 2599.57 I 500 2749.48 II 12 3001.62 HI 13 3266.88 HI 
60 2605.657 I 1200 2750.140 I 60 3001.655 I 50 3271.000 I 
300 2606.51 II 80 2753.29 II 12h 3007.28 11 1 3276.08 HI 
800 2606.827 I 150 2754.032 I 200 3007.282 I 150 3286.75 I 
650 2607.09 II 100 2754.426 I 500 3008.14 I 10 3288.81 HI 
600 2611.87 II 800 2755.73 II 120 3009.569 I 120 3305.97 I 
320 2613.82 II 250 2756.328 I 15 3013.17 HI 200 3306.343 I 
320 2617.62 II 100 2757.316 I 60 3017.627 I 400 3355.227 I 
250 2618.018 I 120 2761.780 I 60 3018.983 I 80 3355.517 I 
90 2620.41 II 150 2761.81 II 500 3020.491 I 60 3369.546 I 
400 2623.53 I 150 2762.026 I 1500 3020.639 I 120 3370.783 I 
200 2625.67 II 120 2762.772 I 600 3021.073 I 50 3378.678 I 
150 2628.29 II 120 2763.109 I 500 3024.032 I 50 3380.110 I 
250 2631.05 II 80 2766.910 I 150 3025.638 I 60 3383.978 I 
250 2631.32 II 250 2767.522 I 500 3025.842 I 50 3392.304 I 
100 2632.237 I 300 2772.07 I 80 3030.148 I 150 3392.651 I 
300 2635.809 I 600 2778.220 I 60 3031.214 I 150 3399.333 I 
50 2641.646 I 3000 2788.10 I 60 3034.484 I 80 3404.353 I 
200 2643.998 I 200 2797.78 I 800 3037.389 I 500 3407.458 I 
300 2666.812 I 400 2804.521 I 80 3041.637 I 250 3413.131 I 
60 2666.965 I 1500 2806.98 I 800 3047.604 I 60 3424.284 I 
600 2679.062 I 10p 2813.24 HI 600 3057.446 I 500 3427.119 I 
500 2684.75 II 2500 2813.287 I 1000 3059.086 I 60 3428.748 I 
400 2689.212 I 300 2823.276 I 250 3067.244 I 6000 3440.606 I 
10h 2695.13 HI 600 2825.56 I 120 3075.719 I 2500 3440.989 I 
200 2699.106 I 50 2825.687 I 120 3091.577 I 1000 3443.876 1 
80 2706.012 1 120 2828.808 1 80 3098.189 1 200 3445.149 1 
400 2706.582 1 1500 2832.436 1 100 3099.895 1 1200 3465.860 1 
60 2708.571 1 120 2835.950 1 100 3099.968 1 2000 3475.450 1 
200 2711.655 1 200 2838.119 1 60 3100.303 1 500 3476.702 1 
80 271441 II 200 2843.631 I 100 3100.665 I 2500 3490.574 1 
50 2716.257 1 1000 2843.977 1 10р 3136.43 HI 500 3497.840 I 
50 2717.786 I 100 2845.594. 1 10 3174.09 HI 10 3501.76 HI 
250 2718.436 I 800 2851.797 I 80 3175.445 I 250 3513.817 I 
4000 2719.027 I 50 2869.307 I 10 3175.99 HI 300 3521.261 1 
100 2719.420 1 50 2872.334 1 10 3178.01 HI 400 3526.040 I 
50 2720.197 I 80 2874.172 I 150 3184.895 I 100 3526.166 I 
1500 2720.903 I 50 2894.504 1 250 3191.659 1 60 3526.237 1 
400 2723.578 1 12 2904.43 HI 500 3193.226 I 60 3526.381 I 
150 2724.953 I 10 2907.50 HI 800 3193.299 I 60 3526.467 I 
50 2726.235 I 12 2907.70 HI 200 3196.928 I 100 3533.199 I 
80 2727.54 II 120 2912.157 I 80 3199.500 I 200 3536.556 I 
200 2728.020 I 120 2929.007 I 50 3205.398 I 300 3541.083 I 
50 2728.820 I 1200 2936.903 I 100 3211.88 I 250 3542.075 I 
80 2728.90 II 60 2941.343 I 200 3214.011 I 80 3553.739 I 
1000 2733.581 I 1000 2947.876 I 200 3214.396 I 400 3554.925 I 
60 2734.005 I 600 2953.940 I 60 3215.938 I 200 3556.878 1 
50 2734.268 1 250 2957.364. 1 50 3217.377 1 400 3558.515 1 
500 2735.475 1 150 2965.254 1 80 3219.583 1 1000 3565.379 1 
50 2735.612 1 1500 2966.898 1 60 3219.766 1 1200 3570.097 1 
500 2737.310 1 120 2969.36 1 300 3222.045 1 800 3570.25 1 
120 2737.83 1 800 2970.099 1 600 3225.78 1 120 3571.996 1 
400 2739.55 II 1200 2973.132 I 80 3227.796 I 100 3573.393 I 
250 2742.254 I 500 2973.235 I 50 3233.967 I 60 3573.829 I 
800 2742.405 I 600 2981.445 I 120 3234.613 I 60 3573.888 I 
200 2743.20 II 1000 2983.570 I 300 3236.222 I 4000 3581.19 I 
150 2743.565 I 1000 2994.427 I 100 3239.433 I 150 3582.199 I 
200 2744.068 I 250 2994.502 I 80 3244.187 I 150 3584.660 I 


Line Spectra of the Elements 


Intensity 


120 
300 
150 
10 
200 
400 
100 
11 
150 
11 
200 
500 
1500 
250 
60 
150 
1500 
200 
150 
150 
100 
1200 
60 
100 
200 
80 
1500 
250 
80 
200 
120 
150 
100 
150 
1500 
200 
120 
150 
120 
500 
120 
150 
120 
150 
80 
1200 
60 
150 
300 
600 
120 
8000 
1500 
120 
60 
60 
500 
150 
1200 
5000 
120 


Wavelength/ À 


3584.929 
3585.319 
3585.705 
3586.04 

3586.103 
3586.984 
3594.633 
3600.94 

3603.204 
3603.88 

3605.454 
3606.680 
3608.859 
3610.16 

3612.068 
3617.788 
3618.768 
3621.462 
3622.004 
3623.19 

3631.096 
3631.463 
3632.041 
3638.298 
3640.389 
3643.717 
3647.842 
3649.506 
3650.279 
3651.467 
3670.024 
3670.089 
3676.311 
3677.629 
3679.913 
3682.242 
3683.054 
3684.107 
3685.998 
3687.456 
3689.477 
3694.008 
3695.051 
3701.086 
3704.462 
3705.566 
3707.041 
3707.821 
3707.919 
3709.246 
3716.442 
3719.935 
3722.563 
3724.377 
3725.491 
3727.093 
3727.619 
3732.396 
3733.317 
3734.864 
3735.324 


Intensity 
6000 
100 
400 
6000 
1200 
3000 
80 
3000 
1500 
400 
1500 
400 
600 
60 
250 
100 
250 
250 
150 
400 
120 
250 
400 
200 
80 
600 
60 
1500 
2500 
150 
80 
2500 
1500 
1200 
1000 
120 
500 
800 
120 
80 
200 
120 
2500 
150 
10000 
150 
60 
250 
150 
250 
2000 
4000 
200 
300 
800 
1200 
400 
250 
80 
600 
1200 


Wavelength/À 
3737.131 
3738.306 
3743.362 
3745.561 
3745.899 
3748.262 
3748.964 
3749.485 
3758.232 
3760.05 
3763.788 
3765.54 
3767.191 
3776.452 
3785.95 
3786.68 
3787.880 
3790.092 
3794.34 
3795.002 
3797.518 
3798.511 
3799.547 
3805.345 
3806.696 
3812.964 
3813.059 
3815.840 
3820.425 
3821.179 
3824.306 
3824.444 
3825.880 
3827.823 
3834.222 
3839.257 
3840.437 
3841.047 
3843.256 
3846.800 
3849.96 
3850.817 
3856.372 
3859.212 
3859.911 
3865.523 
3867.215 
3872.501 
3873.761 
3878.018 
3878.573 
3886.282 
3887.048 
3888.513 
3895.656 
3899.707 
3902.945 
3906.479 
3916.731 
3920.258 
3922.911 
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Intensity 
1200 
2000 
60 
60 
50 
50 
16 
60 
250 
60 
11 
100 
80 
10w 
40 
50 
60 
200 
40 
400 
60 
100 
10 
50 
4000 
11 
1500 
50 
50 
1200 
40 
12 
40 
40 
150 
10 
11 
11 
40 
400 
80 
40 
15 
13 
200 
800 
40 
50 
60 
18 
13 
50 
13 
60 
50 
50 
120 
50 
120 
120 
80 


Wavelength/A 


3927.920 
3930.296 
3948.774 
3949.953 
3951.164 
3952.601 
3954.33 

3956.454 
3956.68 

3966.614 
3968.72 

3969.257 
3977.741 
3979.42 

3981.771 
3983.956 
3994.114 
3997.392 
3998.053 
4005.241 
4009.713 
4021.867 
4035.42 

4040.638 
4045.813 
4053.11 

4063.594 
4066.975 
4067.977 
4071.737 
4076.629 
4081.00 

4100.737 
4107.489 
4118.544 
4120.90 

4122.02 

4122.78 

4127.608 
4132.058 
4134.676 
4136.997 
4137.76 

4139.35 

4143.415 
4143.869 
4153.898 
4154.500 
4156.799 
4164.73 

4166.84 

4172.744 
4174.26 

4174.912 
4175.635 
4177.593 
4181.754 
4184.891 
4187.038 
4187.795 
4191.430 


Intensity 
40 
150 
40 
300 
40 
80 
80 
400 
100 
50 
11 
50 
200 
100 
13 
250 
50 
12 
50 
200 
300 
40 
800 
250 
1200 
12h 
12 
1200 
14h 
80 
16h 
250 
18h 
1200 
20h 
150 
1500 
80 
80 
tth 
14h 
18h 
800 
3000 
1200 
300 
12 
600 
400 
120 
80 
80 
200 
50 
50 
30 
30 
50 
120 
60 
30 


10-37 


Wavelength/A 


4195.329 
4198.304 
4199.095 
4202.029 
4203.984 
4206.696 
4210.343 
4216.183 
4219.360 
4222.212 
4222.27 

4225.956 
4227.423 
4233.602 
4235.56 

4235.936 
4238.809 
4243.75 

4247.425 
4250.118 
4250.787 
4258.315 
4260.473 
4271.153 
4271.759 
4273.40 

4279.72 

4282.402 
4286.16 

4291.462 
4296.85 

4299.234 
4304.78 

4307.901 
4310.36 

4315.084 
4325.761 
4352.734 
4369.771 
4372.31 

4372.53 

4372.81 

4375.929 
4383.544 
4404.750 
4415.122 
4419.60 

4427.299 
4461.652 
4466.551 
4476.017 
4482.169 
4482.252 
4489.739 
4528.613 
4647.433 
4736.771 
4859.741 
4871.317 
4872.136 
4878.208 


10-38 Line Spectra of the Elements 


Intensity — Wavelength/À Intensity — Wavelength/À Intensity | Wavelength/À Intensity — Wavelength/A 
100 4890.754 I 10 5368.06 HI 80 7187.313 1 50 625.02 HI 
250 4891.492 I 400 5371.489 I 30 7207.381 I 30 625.76 HI 
30 4903.309 I 111 5375.47 HI 30 7445.746 I 45 628.59 HI 
150 4918.992 I 40 5393.167 I 40 7495.059 I 50 630.04 HI 
500 4920.502 I 300 5397.127 I 60 7511.045 I 35 633.09 HI 
1500 4957.597 I 250 5405.774 I 80 7937.131 I 120 637.87 V 
80 5001.862 I 250 5429.695 I 60 7945.984 1 50 639.98 HI 
30 5005.711 I 100 5434.523 I 80 7998.939 I 60 646.41 HI 
100 5006.117 I 200 5446.871 I 60 8046.047 I 50 651.20 HI 
60 5012.067 I 120 5455.609 I 50 8085.176 I 50 659.72 HI 
30 5014.941 I 25 5497.516 I 150 8220.41 I 30 664.86 HI 
150 5041.755 1 20 5501.464 1 120 8327.053 1 40 672.34 Ш 
30 5049.819 1 30 5506.778 1 20 8331.908 1 35 672.85 HI 
30 5051.634 I 30 5569.618 I 120 8387.770 I 35 676.57 HI 
25 5074.748 I 60 5572.841 I 30 8468.404. I 35 680.13 HI 
150 5110.357 I 120 5586.755 I 15 8514.069 I 35 683.68 HI 
40 5139.251 I 200 5615.644 I 60 8661.898 I 45 686.25 HI 
100 5139.462 I 20 5624.541 I 150 8688.621 I 45 687.98 HI 
25 5151.910 1 50 5662.515 1 52 11422.32 1 690.86 У 
12 5156.12 HI 11 5719.88 HI 87 11439.12 I 691.75 У 
80 5166.281 1 10 5756.38 Ш 91 11593.59 1 45 691.93 Ш 
2500 5167.487 1 20 5762.990 1 255 11607.57 1 50 695.61 Ш 
80 5168.897 1 18 5833.93 Ш 160 11638.26 1 30 698.05 Ш 
500 5171.595 1 10 5854.62 HI 230 11689.98 I 50 708.36 HI 
50 5191.454 I 30 5862.353 I 160 11783.26 I 600 708.85 V 
80 5192.343 I 15 5891.91 HI 580 11882.84 I 50 714.00 HI 
200 5194.941 1 30 5914.114 1 225 11884.08 1 100 р 722.04 11 
10 5199.08 HI 10р 5920.13 HI 1030 11973.05 I 60 729.40 II 
30 5204.582 I 18p 5929.69 HI 96 14400.56 I 30 746.70 HI 
25 5215.179 I 10 5952.31 HI 72 14512.23 I 200 761.18 II 
150 5216.274 I 14 5953.62 HI 50 14555.06 I 100 763.98 II 
60 5226.862 I 12 5979.32 HI 40 14826.43 I 60 766.20 II 
1000 5227.150 I 30 5986.956 I 94 15294.58 I 200 771.03 II 
250 5232.939 I 12h 5989.08 HI 41 15769.42 I 60p 773.69 II 
10 5235.66 HI 18 5999.54 HI 105 18856.65 I 200 782.10 II 
18 5243.31 HI 16 6032.59 HI Krypton Kr Z = 36 100 783.72 II 
131 5260.34 ІШ 13 6036.56 HI 30 467.35 Ш 60 785.97 HI 
100 5266.555 I 11 6048.72 HI 150 472.16 у 793.44 IV 
1200 5269.537 I 11 6054.18 HI 100 484.39 v 794.11 IV 
800 5270.357 I 40 6065.482 I 250 496.25 у 7 805.76 IV 
14 5272.98 HI 30 6102.159 I 120 500.77 у 810.70 V 
15 5276.48 HI 40 6136.614 1 200 507.20 ۷ 18 816.82 IV 
30 5281.789 I 40 6137.694. 1 30 540.86 Ш 60 818.15 П 
16 5282.30 HI 40 6191.558 I 60 548.04 у 60 830.38 II 
60 5283.621 I 30 6213.429 I 30 565.64 Ш 50 837.66 HI 
12 5284.83 HI 30 6219.279 I 30 569.16 Ш 22 842.04 IV 
11 5298.12 ІШ 40 6230.726 І 30 571.98 Ш 100 844.06 П 
12 5299.93 HI 20 6246.317 I 30 579.83 Ш 50 854.73 HI 
25 5302.299 I 80 6247.56 II 30 585.14 Ш 60 862.58 HI 
14w 5302.60 HI 30 6252.554 1 30 585.96 Ш 60 864.82 П 
10 5306.76 ІШ 20 6393.602 1 30 593.70 Ш 60 868.87 П 
10 5322.74 ІШ 30 6399.999 1 30 594.10 Ш 40 870.84 HI 
150 5324.178 I 20 6411.647 I 30 596.41 Ш 50 876.08 ш 
800 5328.038 1 20 6421.349 1 40 600.17 Ш 200 884.14 II 
300 5328.531 I 30 6430.844 1 30 603.67 Ш 1000 886.30 П 
100 5332.899 1 200 6456.38 П 50 605.86 Ш 400 891.01 II 
80 5339.928 I 60 6494.981 I 35 606.47 Ш 75 897.81 HI 
500 5341.023 I 20 6546.239 I 50 611.12 Ш 200 911.39 П 
11 5346.88 HI 20 6592.913 I 35 616.72 Ш 2000 917.43 II 
12 5353.77 HI 40 6677.989 I 40 621.45 Ш 50 945.44 1 
12 5363.76 HI 25 7164.443 I 45 622.80 Ш 50 946.54 1 


Line Spectra of the Elements 


Intensity 
20 
50 
50 
2000 
50 
100 
100 
100 
30 
200 
650 


Q w > ض‎ 000 О و‎ © 


Wavelength/A 
951.06 I 
953.40 I 
963.37 I 
964.97 II 
987.29 HI 
1001.06 1 
1003.55 1 
1030.02 1 
1158.74 HI 
1164.87 I 
1235.84 1 
1638.82 HI 
1914.09 HI 
2237.34 IV 
2291.26 IV 
2329.3 IV 
2336.75 IV 
2348.27 IV 
2358.5 IV 
2388.05 IV 
2393.94 HI 
2416.9 IV 
2428.04 IV 
2442.68 IV 
2451.7 IV 
2459.74 IV 
2464.77 II 
2474.06 IV 
2492.48 II 
2494.01 HI 
2517.0 IV 
2518.02 IV 
2519.38 IV 
2524.5 IV 
2546.0 IV 
2547.0 IV 
2558.08 IV 
2563.25 HI 
2586.9 IV 
2606.17 IV 
2609.5 IV 
2615.3 IV 
2621.11 IV 
2639.76 HI 
2680.32 HI 
2681.19 HI 
2712.40 II 
2730.55 IV 
2748.18 IV 
2774.70 IV 
2829.60 IV 
2833.00 II 
2836.08 IV 
2841.00 HI 
2851.16 HI 
2853.0 IV 
2859.3 IV 
2870.61 HI 
2892.18 HI 
2909.17 HI 
2952.56 HI 


Intensity 
60 
50 
80 
50 
30 
60 


Wavelength/A 


2992.22 
3022.30 
3024.45 
3046.93 
3056.72 
3063.13 
3097.16 
3112.25 
3120.61 
3124.39 
3141.35 
3142.01 
3189.11 
3191.21 
3224.99 
3239.52 
3240.44 
3245.69 
3261.70 
3264.81 
3268.48 
3271.65 
3285.89 
3304.75 
3311.47 
3325.75 
3330.76 
3342.48 
3351.93 
3374.96 
3439.46 
3474.65 
3488.59 
3507.42 
3564.23 
3607.88 
3631.889 
3641.34 
3653.928 
3665.324 
3669.01 
3679.559 
3686.182 
3690.65 
3718.02 
3718.595 
3721.350 
3741.638 
3744.80 
3754.245 
3778.089 
3783.095 
3809.30 
3860.58 
3868.70 
3875.44 
3906.177 
3920.081 
3934.29 
3994.840 
3997.793 


HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
IV 
HI 
HI 
IV 
HI 
HI 
HI 
IV 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 

II 


Intensity 
300 
300 
50 
500 
250 
100 
40 
250 
40 
150 
1000 
100 
600 
200 
500h 
400 
1000 
150h 
100 
3000 
500 
200 
800 
300h 
200 
100 
500 
600 
600 
800 
800 
400h 
600 
400 h 
200h 
800 
300 
150h 
500 
1000 
800 
2000 
500 
100 
200 
3000 
300 
1000 
300 
300 
800 
700 
150 
300 
20h 
200 
250 
400 h 
500 
200 
500 


Wavelength/A 


4057.037 
4065.128 
4067.37 
4088.337 
4098.729 
4109.248 
4131.33 
4145.122 
4154.46 
4250.580 
4273.969 
4282.967 
4292.923 
4300.49 
4317.81 
4318.551 
4319.579 
4322.98 
4351.359 
4355.477 
4362.641 
4369.69 
4376.121 
4386.54 
4399.965 
4425.189 
4431.685 
4436.812 
4453.917 
4463.689 
4475.014 
4489.88 
4502.353 
4523.14 
4556.61 
4577.209 
4582.978 
4592.80 
4615.292 
4619.166 
4633.885 
4658.876 
4680.406 
4691.301 
4694.360 
4739.002 
4762.435 
4765.744 
4811.76 
4825.18 
4832.077 
4846.612 
4857.20 
4945.59 
5016.45 
5022.40 
5086.52 
5125.73 
5208.32 
5308.66 
5333.41 


II 
II 
HI 
II 
II 
II 
11 


Intensity 
200 
10 
500 
2000 
80 
100 
400 
200h 
100 
3000 
200 
60 
10h 
60 
10h 
10 
300 
100 
200 
150 
60 
100 
250 
100 
80 
400 
400 
60 
200 
100 
300 
1000 
2000 
150 
1000 
1200 
250 
150 
800 
200 
180 
200 
120 
100 
1500 
4000 
6000 
60 
3000 
200 
80 
3000 
100 
1500 
5000 
100 
3000 
150 
6000 
2000 
500 


10-39 


Wavelength/A 


5468.17 
5501.43 
5562.224 
5570.288 
5580.386 
5649.561 
5681.89 
5690.35 
5832.855 
5870.914 
5992.22 
5993.849 
6037.17 
6056.125 
6078.38 
6310.22 
6420.18 
6421.026 
6456.288 
6570.07 
6699.228 
6904.678 
7213.13 
7224.104 
7287.258 
7289.78 
7407.02 
7425.541 
7435.78 
7486.862 
7524.46 
7587.411 
7601.544 
7641.16 
7685.244 
7694.538 
7735.69 
7746.827 
7854.821 
7913.423 
7928.597 
7933.22 
7973.62 
7982.401 
8059.503 
8104.364 
8112.899 
8132.967 
8190.054 
8202.72 
8218.365 
8263.240 
8272.353 
8281.050 
8298.107 
8412.430 
8508.870 
8764.110 
8776.748 
8928.692 
9238.48 


II 
HI 
I 


10-40 Line Spectra of the Elements 


Intensity — Wavelength/À Intensity — Wavelength/À Intensity | Wavelength/A Intensity — Wavelength/A 
500 hl 9293.82 II 2600 18167.315 I 10000 1523.79 HI 410 4619.88 II 
200h 9320.99 II 100 18399.786 I 4000 1808.66 IV 540 4655.50 II 
300 9361.95 II 150 18580.896 I 5000 1902.97 IV 360 4662.51 II 
100 9362.082 I 300 18696.294 I 4000 c 2197.45 IV 230 4692.50 II 
200 h 9402.82 II 170 18785.460 I 770 2256.76 П 230 4728.42 П 
200h 9470.93 II 200 18797.703 I 25000 w 2417.58 IV 500 4740.28 II 
500 9577.52 II 140 20209.878 I 50000 2532.75 IV 390 4743.09 II 
500h 9605.80 II 300 20423.964 I 45000 2582.05 IV 320 4748.73 II 
400 h 9619.61 II 140 20446.971 I 95000 w 2597.50 IV 320 4860.91 II 
200 9663.34 II 600 21165.471 I 70000 w 2662.75 IV 850 4899.92 II 
200 h 9711.60 II 1800 21902.513 I 420 2808.39 II 1000 4920.98 II 
2000 9751.758 I 120 22485.775 I 50000 w 2848.30 IV 1000 4921.79 II 
500 9803.14 II 180 23340.416 I 30000 c 2962.58 IV 370 4949.77 I 
500 9856.314 1 120 24260.506 1 70000 w 3009.51 IV 340 4970.39 II 
1000 10221.46 II 180 24292.221 I 90000 c 3056.68 IV 370 4986.83 II 
100 11187.108 I 600 25233.820 I 1000 3171.63 11 720 4999.47 II 
200 11257.711 I 180 28610.55 I 1500 3171.74 HI 210 5050.57 I 
150 11259.126 I 1000 28655.72 I 510 3245.13 II 470 5114.56 II 
500 11457.481 I 150 28769.71 I 550 3265.67 II 470 5122.99 II 
150 11792.425 I 140 28822.49 I 800 3303.11 II 450 5145.42 I 
1500 11819.377 I 300 29236.69 I 1500 3337.49 II 290 5158.69 I 
600 11997.105 I 300 30663.54 1 870 3344.56 II 580 5177.31 I 
160 12077.224 I 300 30979.16 I 1500 3380.91 II 850 5183.42 II 
100 12861.892 I 500 39300.6 I 320 3628.83 II 260 5188.22 II 
1100 13177.412 I 1100 39486.52 I 1000 3645.42 II 720 5211.86 I 
1000 13622.415 I 220 39557.25 I 550 3713.54 II 520 5234.27 I 
2400 13634.220 I 100 39572.60 I 2400 3759.08 II 340 5253.46 I 
800 13658.394 I 1400 39588.4 I 3700 3790.83 II 370 5271.19 I 
200 13711.036 I 1100 39589.6 I 3900 3794.78 II 370 5301.98 II 
600 13738.851 I 500 39954.8 I 600 3840.72 II 180 5303.55 II 
150 13974.027 I 300 39966.6 I 1600 3849.02 II 500 5455.15 I 
550 14045.657 I 1300 40306.1 I 3400 3871.64 II 470 5501.34 I 
140 14104.298 I 250 40685.16 I 1700 3886.37 II 240 5648.25 I 
180 14402.22 I Тай айий Ев? 1300 3916.05 II 180 5740.66 I 
2000 14426.793 I 100 344.12 IV 1100 3921.54 II 370 5769.34 I 
100 14517.84 I 400 390.72 у 2200 3929.22 II 320 5789.24 I 
1600 14734.436 I 1000 432.11 у 9000 3949.10 II 450 5791.34 I 
550 14762.672 I 2500 435.28 у 4400 3988.52 II 140 5821.99 I 
450 14765.472 I 10000 463.14 IV 3600 3995.75 II 320 5930.62 I 
400 14961.894 I 5000 482.16 у 2800 4031.69 II 720 6249.93 I 
120 15005.307 1 7000 498.08 у 3000 4042.91 II 260 d 6262.30 II 
140 15209.526 I 15000 499.54 IV 850 4067.39 II 450 6394.23 
1700 15239.615 I 10000 503.58 у 2800 4077.35 II 250 6455.99 I 
130 15326.480 I 12000 526.76 у 5500 4086.72 II 180 6709.50 I 
1500 15334.958 I 10000 531.07 у 4400 4123.23 II 110 7045.96 I 
700 15372.037 I 15000 53323 у 550 414174 II 160 7066.23 II 
200 15474.026 I 8000 547 АА у 1100 4151.97 II 50 7161.25 I 
180 15681.02 I 40000 552.02 IV 1500 4196.55 II 110w 7282.34 II 
120 15820.09 I 5000 600.24 у 1600 4238.38 II 110w 7334.18 I 
200 16726.513 I 30000 631.26 IV 480 4269.50 II 75 см 7483.50 II 
2000 16785.128 I 400 796.99 m 600 4286.97 II 50 7498.83 I 
1000 16853.488 I 2000 870.40 THI 600 4296.05 II 85 7539.23 I 
2400 16890.441 I 1000 882.34 ш 440 4322.51 II 40 7964.83 I 
1600 16896.753 I 400 942.86 ш 4600 4333.74 II 75 8086.05 I 
1800 16935.806 I 50000 1081.61 IH 550 4354.40 II 85 8324.69 I 
600 17098.771 I 95000 1099.73 Ш 2000 4429.90 П 95 8346.53 1 
700 17367.606 1 2000 1255.63 Ш 850 4522.37 П 65 8545.44 1 
120 17404.443 I 10000 1349.18 Ш 420 4526.12 II 300 8583.45 HI 
150 17616.854 I 25000 1368.04 IV 400 4558.46 II 40 8674.43 I 
650 17842.737 I 20000 1463.47 IV 400 4574.88 II 35 8825.82 I 
700 18002.229 I 15000 1507.87 IV 410 4613.39 II 120 9184.38 HI 


Line Spectra of the Elements 


Intensity | Wavelength/À 
100 9212.63 HI 
140 10284.79 HI 
Lead Pb 2 = 82 
10 496.38 IV 
12 499.94 IV 
14 529.78 IV 
20 570.16 IV 
10 648.50 IV 
20 703.73 У 
12 749.46 У 
10 752.52 У 
10 761.09 ТУ 
18 767.45 У 
18 769.49 У 
14 771.42 V 
14 782.79 V 
15 797.02 ۷ 
18 802.07 IV 
12 802.82 IV 
18 809.63 У 
10 812.59 ТУ 
10 827.41 ТУ 
12 832.60 ТУ 
12 845.94. ТУ 
18 857.64 IV 
16 862.33 IV 
20 863.97 V 
14 870.44 IV 
6 873.71 II 
12 879.96 IV 
18 883.90 У 
14 884.96 ТУ 
14 884.99 ТУ 
14 888.37 У 
8 889.68 II 
16 890.72 IV 
14 894.40 у 
12 896.08 У 
12 908.51 ТУ 
14 915.71 У 
12 917.90 ТУ 
12 918.09 У 
12 920.28 У 
12 920.66 У 
10 922.12 ГУ 
12 922.49 ГУ 
10 927.64 ГУ 
14 932.20 ГУ 
12 954.35 У 
10 967.23 II 
10 986.71 II 
10 995.89 II 
10 1016.61 II 
14 1028.61 IV 
20 1032.05 IV 
16 1041.24 IV 
18 1044.14 IV 
12 1048.9 HI 
10 1049.82 II 
10 1050.77 II 
10 1051.26 У 


Intensity 
15 
10 
12 
18 
20 
10 
10 
10 
10 
20 
10 
10 
10 
18 
14 
12 
14 
20 
10 
10 
11 
10 
20 
10 
10 
12 
10 
16 
18 
10 
10 
10 
14 
20 
10 
10 
20 


Wavelength/A 
1056.53 IV 
1060.66 II 
1072.09 IV 
1080.81 IV 
1084.17 IV 
1088.86 у 
1103.94 II 
1108.43 II 
1109.84 II 
1116.08 IV 
1119.57 II 
1121.36 II 
1133.14 II 
1137.84 IV 
1144.93 IV 
1157.88 V 
1185.43 У 
1189.95 IV 
1203.63 II 
1231.20 II 
1233.50 У 
1291.10 ГУ 
1313.05 IV 
1331.65 II 
1335.20 II 
1343.06 IV 
1348.37 II 
1388.94 IV 
1400.26 IV 
1404.34 IV 
1433.96 II 
1512.42 II 
1535.71 IV 
1553.1 HI 
1671.53 II 
1682.15 II 
1726.75 II 
1796.670 II 
1822.050 II 
1904.77 I 
1921.471 II 
1959.34 IV 
1973.16 IV 
1998.83 У 
2022.02 1 
2042.58 IV 
2049.34 IV 
2053.28 I 
2079.22 IV 
2111.758 I 
2115.066 I 
2154.01 IV 
2170.00 I 
2175.580 I 
2177.46 IV 
2187.888 I 
2189.603 I 
2203.534 II 
2237.425 I 
2246.86 I 
2246.89 I 


Intensity 

20 

150 

16 

180 

550r 

140 

320r 
320r 

16 


10 
25000 r 
100 
14000 г 
35000 г 
6 
14000 г 


200 
35000 
50000 r 
20000 
70000 r 
10 
25000 
12 
15000 
95000 
14000 
10 
10000 
8 


Wavelength/À 


2259.01 

2332.418 
2359.53 

2388.797 
2393.792 
2399.597 
2401.940 
2411.734 
2417.61 

2424.81 

2443.829 
2446.181 
2476.378 
2577.260 
2613.655 
2614.175 
2628.262 
2634.256 
2657.094. 
2663.154 
2697.541 
2801.995 
2822.58 

2823.189 
2833.053 
2840.557 
2873.311 
2914.442 
2966.460 
2972.991 
2980.157 
2986.876 
3043.85 

3118.894 
3137.81 

3176.50 

3220.528 
3229.613 
3240.186 
3262.355 
3572.729 
3639.568 
3671.491 
3683.462 
3713.982 
3739.935 
3854.08 

4019.632 
4057.807 
4062.136 
4157.814 
4168.033 
4272.66 

4340.413 
4496.15 

4499.34 

4534.60 

4571.21 

4579.051 
4761.12 

5005.416 


v 
I 


Intensity 
100 
50 


10-41 


Wavelength/A 


5006.572 
5089.484 
5107.242 
5201.437 
5372.099 
5692.346 
5895.624 
6001.862 
6011.667 
6059.356 
6081.409 
6110.520 
6235.266 
6660.20 
7228.965 
7346.676 
7809.259 
7896.737 
8168.001 
8191.886 
8217.711 
8272.690 
8409.384 
8478.492 
8722.810 
8857.457 
9293.476 
9438.05 
9604.297 
9674.351 
10290.458 
10498.965 
10649.249 
10886.688 
10969.53 
13512.6 
14743.0 
15349.6 
39039.4 


Lithium Li Z=3 


102.9 
103.4 
104.1 
105.5 
108.0 
113.9 
125.5 
135.0 
136.5 
140.5 
167.21 
168.74 
171.58 
178.02 
199.28 
207.5 
456. 
483. 
540. 
540.0 
729. 


HI 


10-42 Line Spectra of the Elements 


Intensity — Wavelength/À Intensity — Wavelength/À Intensity | Wavelength/À Intensity — Wavelength/A 
729.1 ІШ 2313.49 1 5 3199.33 II 48 8126.23 I 
800. II 2315.08 I 2 3199.43 II 48 8126.45 I 
820. II 2316.95 I 17 3232.66 I 8517.37 II 
861. II 2319.18 I 3249.87 II 9581.42 II 
905.5 II 2321.88 I 3306.28 II 10120. II 
917.5 II 2325.11 I 3488. I 12232. I 
936. II 2329.02 I 3579.8 I 12782. I 
945. II 2329.84 II 3618. I 13566. I 
965. II 2333.94 I 3662. I 17552. I 
972. II 3 2336.88 II 3684.32 II 18697. I 
988. II 5 2336.91 II 1 3714.00 II 19290. I 
1018. II 2 2337.00 II 5 3714.16 II 24467. I 
1032. II 2340.15 I 6d 3714.27 II 40475. I 
1036. II 2348.22 I 8 3714.29 II Lutetium Lu 2-71 
1093. II 2358.93 I 7d 3714.40 II 100 563.72 у 
1103. II 2373.54 I 10 3714.41 II 500 81073 Ш 
1109. П 2381.54 П 1 3714.51 II 2000 83228 Ш 
1116. П 2383.20 П 3714.58 П 100 861.92 у 
1132.1 II 1 2394.39 I 3 3718.7 I 400 876.80 IV 
1141. II 2402.33 II 6 3794.72 I 100 880.32 у 
1166.4 II 2410.84 II 20 3915.30 I 100 891.81 у 
1198.09 II 3 2425.43 I 20 3915.35 I 100 91472 у 
1215. Ш 2429.81 II 10 3985.48 I 400 1001.18 m 
1238. II 2460.2 I 10 3985.54 I 100 1272.42 IV 
1253.8 II 10 2475.06 I 40 4132.56 I 800 1333.79 IV 
1420.89 II 2506.94 II 40 4132.62 I 400 1429.38 IV 
1424. II 2508.78 II 4196. I 200 1441.76 у 
1492.93 II 2518. I 20 4273.07 I 200 1453.35 у 
1492.97 II 2539.49 II 20 4273.13 I 200 1468.99 ۷ 

1 1493.04 II 24 2551.7 II 5 4325.42 II 400 1472.12 у 
1555. II 2559. II 5 4325.47 II 200 1473.71 у 
1653.08 II 15 2562.31 I 1 4325.54 II 200 1485.58 ۷ 
5 1653.13 II 2605.08 II 4516.45 II 400 151126 IV 
1 1653.21 II 2 2657.29 II 13 4602.83 I 600 1772.57 IV 
1681.66 II 3 2657.30 II 13 4602.89 I 100 c 178625 у 
1755.33 II 2674.46 II 4607.34 II 1000 1854.57 Ш 
2009. П 2728.24 П 4671.51 П 1500 2065.35 IH 
2039. I 5 2728.29 II 6 4671.65 II 1500 c 2070.56 IH 
2068. II 2 2728.32 II 2 4671.70 II 600 c 2086.47 IV 
2131. II 3 2730.47 II 8 4678.06 II 1000 c 2104.41 IV 
2164. II 1 2730.55 II 1 4678.29 II 1000 c 2108.31 IV 
2173.4 I 5 2741.20 I 4760. I 1700 h 2195.54 И 
2183. II 2766.99 II 4763. II 1000 2236.14 IH 
2214. II 2790.31 II 4788.36 II 2000 2236.22 IH 
2222. II 2801. I 4843.0 II 95 2276.94 И 
2237. II 2846. I 4 4881.32 II 190 2297 41 I 
h 2249.21 II 2868. I 4 4881.39 II 1300 2392.19 I 
2286.82 II 2895. I 1 4881.49 II 120 2399.14 I 
2302.57 II 2 2934.02 II 8 4971.66 I 80 241921 П 
2303.33 П 2 2934.07 П 8 4971.75 І 130 2459.64 I 
2304.59 I 5 2934.12 II 5037.92 II 370 2536.95 I 
2304.92 I 1 2934.25 II 5271. I 930 257123 П 
2305.36 І 2968. І 5315. І 1700 2578.79 T 
2305.83 1 3 3029.12 II 5395. I 4500 c 2603.35 IH 
2306.29 I 3 3029.14 II 5440. I 1800 2613.40 П 
2306.82 I 3144. I 600 c 5483.55 II 18000 261542. I 
2307.44 I 3 3155.31 II 600 c 5485.65 II 1800 261926 И 
2308.97 1 4 3155.33 II 320 6103.54 I 2700 2657.80 П 
2309.88 1 1 3196.26 II 320 6103.65 I 570 h 2685.08 1 
2310.94 I 9 3196.33 II 3600 6707.76 I 4200 2701.71 " 
2312.11 I 4 3196.36 II 3600 6707.91 I 180 d 2719.09 1 


Line Spectra of the Elements 


Intensity 
480h 
3600 
750h 
2000 
2700 
270c 
330h 
3000 
570h 
6300 
4500 
300 
9000 
270h 
1200 
4200 
2400 
1800 
3000 
2100 
1000 
7500 
390 
5100h 
3000 
2400 
260 
1400 
4800 
3800 
7600 
6200 
7600 
6200 
950 
160h 
1400 
4100 
4800 
8300c 
1600 
4800 
4800 
340 
800 
680 
2600 
110 
110 
150 
2700 
530 
50 
480 
670 
310 
3100 
150c 
460 
1600 
150 


Wavelength/A 


2728.95 
2754.17 
2765.74 
2772.55 
2796.63 
2834.35 
2845.13 
2847.51 
2885.14 
2894.84 
2900.30 
2903.05 
2911.39 
2949.73 
2951.69 
2963.32 
2969.82 
2989.27 
3020.54 
3056.72 
3057.86 
3077.60 
3080.11 
3081.47 
3118.43 
3171.36 
3191.80 
3198.12 
3254.31 
3278.97 
3281.74 
3312.11 
3359.56 
3376.50 
3385.50 
3391.55 
3396.82 
3397.07 
3472.48 
3507.39 
3508.42 
3554.43 
3567.84 
3596.34 
3623.99 
3636.25 
3647.77 
3756.70 
3756.79 
3800.67 
3841.18 
3876.65 
3918.86 
3968.46 
4054.45 
4122.49 
4124.73 
4131.79 
4154.08 
4184.25 
4277.50 


Intensity — Wavelength/A 


250 4281.03 I 
330d 4295.97 I 
150 4309.57 I 
190 с 4430.48 1 
190 4450.81 1 
3300 4518.57 1 
100 h 4648.21 I 
1000 4658.02 I 
85h 4659.03 I 
150 4785.42 1 
85 4815.05 

460 4904.88 1 
180 4942.34 I 
800 4994.13 II 
800 5001.14 I 
140 5134.05 I 
2700 5135.09 I 
170 5196.61 I 
500 5402.57 I 
140 с 5421.90 1 
100 5437.88 1 
2100 5476.69 1 
550 5736.55 

80 5800.59 1 
690 cw 5983.9 1 
140 5997.13 1 
1400 6004.52 1 
440 6055.03 1 
150 6159.94 II 
600 6198.13 HI 
160 6199.66 П 
2100 6221.87 П 
80 6235.36 П 
160 6242.34 II 
70h 6345.35 I 
1100 6463.12 1 
ور‎ 6477.67 1 
55 с 6523.18 1 
35 суу 6611.28 II 
23c 6677.14 I 
30c 6793.77 I 
45 6917.31 I 
23 7031.24 I 
45 7125.84 II 
14 ch 7237.98 I 
Пс 7441.52 I 
9c 8178.16 I 
17 8382.08 1 
35 8459.19 1 
104 8478.50 1 
29c 8508.08 I 
35c 8610.98 I 
Magnesium Mg Z = 12 

400 146.95 IV 
20 186.51 HI 
20 187.20 HI 
10 188.53 HI 
100 231.73 HI 
80 234.26 HI 
35 276.58 у 


4000 320.99 IV 


Intensity 
3000 
30 
150 
50 
250 
300 
300 
800 
300 
600 
900 
500 
800 
300 
1000 
500 
1000 
300 
300 
400 


л 4 2 мю кєк о نم نم نم‎ NRF نم = نم‎ = = ОС 


Wavelength/ À 
323.31 IV 
353.09 V 
857.29 IV 
919.03 IV 
1037.41 IV 
1210.99 IV 
1342.19 IV 
1346.57 IV 
1346.68 IV 
1352.05 IV 
1384.46 IV 
1385.77 IV 
1387.53 IV 
1404.68 IV 
1409.36 IV 
1437.53 IV 
1437.64 IV 
1447.42 IV 
1459.54 IV 
1459.62 IV 
1481.51 IV 
1490.45 IV 
1495.50 IV 
1607.11 IV 
1668.43 I 
1683.02 IV 
1683.41 I 
1698.81 IV 
1707.06 I 
1734.84 II 
1737.62 II 
1747.80 I 
1750.65 II 
1753.46 II 
1827.93 I 
1844.17 IV 
2025.82 I 
2064.90 HI 
2091.96 HI 
2177.70 HI 
2329.58 II 
2395.15 11 
2449.57 II 
2557.23 I 
2560.94 I 
2562.26 I 
2564.94 І 
2570.91 1 
2572.25 1 
2574.94 1 
2577.89 1 
2580.59 1 
2584.22 1 
2585.56 1 
2588.28 1 
2591.89 1 
2593.23 1 
2595.97 1 
2602.50 1 
2603.85 1 
2606.62 I 


Intensity 


бо ON бо 00 > оо осы — 


о يم‎ 
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10-43 


Wavelength/A 


2613.36 
2614.73 
2617.51 
2628.66 
2630.05 
2632.87 
2644.80 
2646.21 
2649.06 
2660.76 
2660.82 
2668.12 
2669.55 
2672.46 
2693.72 
2695.18 
2698.14 
2731.99 
2733.49 
2736.53 
2765.22 
2768.34 
2776.69 
2778.27 
2779.83 
2781.29 
2781.42 
2782.97 
2795.53 
2802.70 
2809.76 
2811.11 
2811.78 
2846.72 
2846.75 
2848.34 
2848.42 
2851.65 
2851.66 
2852.13 
2902.92 
2906.36 
2915.45 
2936.74 
2938.47 
2942.00 
2942.00 
3091.08 
3092.99 
3096.90 
3104.71 
3104.81 
3168.98 
3172.71 
3175.78 
3197.62 
3329.93 
3332.15 
3336.68 
3535.04 
3538.86 


10-44 Line Spectra of the Elements 


Intensity — Wavelength/A Intensity — Wavelength/À Intensity | Wavelength/À Intensity ٨ 
7 3549.52 II 12 8712.69 I 90 1264.41 IV 500 2066.38 HI 
8 3553.37 II 13 8717.83 I 500 1283.58 HI 1000 2069.02 HI 
140 3829.30 I 10 8734.99 II 400 1287.59 HI 30 2076.21 II 
300 3832.30 I 17 8736.02 I 300 1291.62 HI 900 2077.38 HI 
500 3838.29 I 11 8745.66 П 1000 1360.72 ІШ 800 2084.23 HI 
8 3848.24 II 14 8806.76 I 800 1365.20 11 600 2090.05 HI 
7 3850.40 II 10 8824.32 II 500 h 1609.17 HI 1500 2092.16 I 
3 3878.31 I 11 8835.08 П 1000 1614.14 HI 500 2094.78 HI 
3 3895.57 I 20 8923.57 I 2000 1620.60 HI 20 2097.46 II 
4 3903.86 I 10 8997.16 I 500 1633.80 11 500 2097.93 HI 
6 3938.40 I 14 9218.25 II 80 1667.00 IV 500 2099.97 HI 
8 3986.75 I 13 9244.27 II 80 1698.30 IV 20 2102.50 II 
10 4057.50 I 12 9246.50 I 20 1726.47 II 1700 2109.58 I 
15 4167.27 I 30 9255.78 I 30 1732.70 II 30 2113.96 II 
20 4351.91 I 10 9327.54 II 50 1733.55 II 1000 2169.78 HI 
9 4384.64 П 10 9340.54 П 40 1734.49 П 700 2174.15 HI 
10 4390.59 II 25 9414.96 I 30 1737.93 II 900 2176.87 HI 
8 4428.00 II 17 9429.81 I 20 1740.16 II 800 2181.86 Ш 
9 4433.99 II 19 9432.76 I 20 1742.00 II 800 2184.87 HI 
14 4481.16 II 20 9438.78 I 85 1742.10 IV 290 2208.81 I 
13 4481.33 II 12 9631.89 II 85 1766.27 IV 540 2213.85 I 
28 4571.10 I 1 9632.43 II 80 1795.65 IV 900 2220.55 HI 
10 4730.03 I 15 9953.20 I 80 1795.79 IV 770 2221.84 I 
7 4851.10 II 15 9983.20 I 30 1853.27 II 1000 2227.42 HI 
75 5167.33 1 17 9986.47 1 20 1857.92 II 20 2373.36 II 
220 5172.68 I 18 9993.21 I 50 1902.95 II 20 2427.38 II 
400 5183.61 I 14 10092.16 II 20 1907.84 II 50 2427.72 II 
8 5264.21 II 35 10811.08 I 75 1910.25 IV 30 2427.94 II 
7 5264.37 II 11 10914.23 II 30 1911.41 II 30 2437.37 II 
9 5401.54 II 10 10951.78 II 20d 1914.68 II 20 2437.84 II 
6 5528.41 I 25 10953.32 I 100 1915.10 II 30 2452.49 II 
30 5711.09 I 27 10957.30 I 20 1918.64 II 50 2499.00 II 
10 6318.72 I 28 10965.45 I 30 1919.64 II 30 2507.60 II 
9 6319.24 I 15 11032.10 I 80 1921.25 II 20 2516.60 II 
7 6319.49 I 14 11033.66 I 20 1923.07 II 30 2516.74 II 
10 6346.74 II 45 11828.18 I 20 1923.34 II 20 2521.66 II 
9 6346.96 II 30 12083.66 I 30 1925.52 II 20 2530.72 II 
11 6545.97 II 28 14877.62 I 50 1926.59 II 20 2531.80 II 
7 6781.45 II 35 15024.99 I 30 1931.40 II 50 2532.78 II 
8 6787.85 II 30 15040.24 I 500 1941.28 11 50 2533.33 II 
7 6812.86 II 25 15047.70 I 800 1943.21 HI 30 2534.10 II 
8 6819.27 II 10 15765.84 I 20 1945.15 II 80 2534.22 II 
10 7193.17 I 30 17108.66 I 20 1947.93 II 100 2535.66 II 
10 7291.06 I 5 26392.90 I 20 1950.14 II 30 2535.98 II 
12 7387.69 I Manganese Mn. Z = 25 500 1952.36 HI 100 2537.92 II 
20 7657.60 I 600 410.30 у 1000 1952.52 11 50 2541.11 II 
19 7659.15 I 600 410.60 у 30 1953.23 II 80 2542.92 II 
17 7659.90 I 600 415.62 у 204 1954.81 II 50 2543.45 II 
15 7691.55 I 650 415.98 у 30 1959.25 II 100 2548.75 II 
12 7877.05 II 600 428.59 у 20 1969.24 II 50 2551.85 II 
13 7896.37 II 600 435.67 у 500 1978.95 11 30 2553.27 II 
10 8098.72 I 1000 441.72 ۷ 30 1994.23 II 75 2556.57 II 
9 8115.22 II 850 442.49 у 9700 1996.06 1 30 2556.89 II 
8 8120.43 II 60 579.79 IV 14000 1999.51 I 95 2558.59 II 
10 8209.84 I 60 58144 IV 18000 2003.85 I 30 2559.41 II 
20 8213.03 I 60 581.65 IV 1000w 2027.83 HI 150 2563.65 II 
10 8213.99 II 60 58521 IV 500w 2028.14 HI 30 2565.22 II 
11 8234.64 П 90 1242.25 IV 50 2037.31 II 580 2572.76 I 
10 8310.26 I 90 1244.50 IV 40 2037.64 II 480 2575.51 I 
15 8346.12 I 95 1251.93 IV 40 2039.97 II 12000 2576.10 II 
10 8710.18 I 95 125728 IV 500 2049.68 11 550 2584.31 1 


Line Spectra of the Elements 


Intensity 
30 
45 
250 
6200 
250 
95 
30 
45 
4300 
190 
500 
140 
150 
40 
200 
190 
130 
80 
27 
60 
30 
30 
110 
55 
55 
45 
30 
30 
55 
55 
110 
27 
55 
27 
85 
50 
160 
100 
130 
80 
110 
45 
80 
110 
30 
30 
30 
50 
30 
30 
55 
6200 
5100 
220 
3700 
110 
60 
30 
60 
30 
80 


Wavelength/A 


2588.97 
2589.71 
2592.94 
2593.73 
2595.76 
2598.90 
2602.72 
2603.72 
2605.69 
2610.20 
2618.14 
2622.90 
2624.04 
2624.80 
2625.58 
2632.35 
2638.17 
2639.84 
2650.99 
2655.91 
2666.77 
2667.03 
2672.59 
2673.37 
2674.43 
2680.34 
2680.68 
2681.25 
2684.55 
2685.94 
2688.25 
2693.19 
2695.36 
2698.97 
2701.00 
2701.17 
2701.70 
2703.98 
2705.74 
2707.53 
2708.45 
2709.96 
2710.33 
2711.58 
2716.80 
2717.53 
2719.01 
2719.74 
2722.10 
2724.46 
2728.61 
2794.82 
2798.27 
2799.84 
2801.06 
2809.11 
2815.02 
2816.33 
2870.08 
2872.94 
2879.49 


II 


Intensity 
70 
160 
55 
50 
80 
140 h 
190 h 
1100 
1500 
250 h 
1900 
30 
55 
30 
330 
120 
200 
30 
250 
140 
170 
170 
160 
140 h 
220 
1000 
300 
850 
330 
650 
100 
310 
310 
220 
180 
180 
200 
720 
50 
360 
360 ћ 


290 
180 
140 
50 
100 
360 
1100 
1300 
1100 
390 
2200 
720 
1400 
720 
290 
150 
420 
420 
360 


Wavelength/À 


2886.68 
2889.58 
2892.39 
2898.70 
2900.16 
2914.60 
2925.57 
2933.06 
2939.30 
2940.39 
2949.20 
3019.92 
3031.06 
3035.35 
3044.57 
3045.59 
3047.04 
3050.65 
3054.36 
3062.12 
3066.02 
3070.27 
3073.13 
3178.50 
3212.88 
3228.09 
3230.72 
3236.78 
3243.78 
3248.52 
3251.14 
3252.95 
3256.14 
3258.41 
3260.23 
3264.71 
3330.78 
3441.99 
3460.03 
3460.33 
3474.04 
3474.13 
3482.91 
3488.68 
3495.84 
3496.81 
3497.54 
3531.85 
3532.12 
3547.80 
3548.03 
3548.20 
3569.49 
3569.80 
3577.88 
3586.54 
3595.12 
3601.72 
3607.54 
3608.49 
3610.30 


II 
II 


Intensity 
290 
220 
140 
100 
280 
180 
210 
130 
130 
260 
110 
3200 
700 
2100 
390 
200 
480 
1300 
350 
670 
350 
120 
130 
150 
190 
150 
1500 
150 
27000 
19000 
11000 
1500 
5600 
210d 
1100 
150 
1900 
210 
1100 
150 
730 
730 
290 
730 
730 
1100 
1100 
200 
150 
120 
150 
120 
370 
510 
190 
290 
290 
270 
50 
350 
210 


Wavelength/A 


3619.28 
3623.79 
3629.74 
3660.40 
3693.67 
3696.57 
3706.08 
3718.93 
3731.93 
3790.22 
3800.55 
3806.72 
3809.59 
3823.51 
3823.89 
3829.68 
3833.86 
3834.36 
3839.78 
3841.08 
3843.98 
3926.47 
3982.58 
3985.24 
3986.83 
3987.10 
4018.10 
4026.44 
4030.76 
4033.07 
4034.49 
4035.73 
4041.36 
4045.13 
4048.76 
4055.21 
4055.54 
4057.95 
4058.93 
4059.39 
4061.74 
4063.53 
4070.28 
4079.24 
4079.42 
4082.94 
4083.63 
4110.90 
4131.12 
4135.04 
4176.60 
4189.99 
4235.14 
4235.29 
4239.72 
4257.66 
4265.92 
4281.10 
4323.63 
4414.88 
4436.35 
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Intensity 
800 
160 
130 
160 
110 
210 
270 
150 
510 
290 
200 
130 
170 
240 
240 
160 
180 
130 
1000 
180 
750 
300 
500 
940 
1000 
19 
30 
200 
150 
60 
50 
50 
85 
160 
19 
95 
95 
50 
95 
35 
85 
35 
150 
12 
60 
200 
40 
30 
50 
40 
21 
200 
140 
200 
290 
200 
17 
24 
14h 
12 
14 


10-45 


Wavelength/A 


4451.59 
4453.00 
4455.01 
4455.32 
4455.82 
4457.55 
4458.26 
4461.08 
4462.02 
4464.68 
4470.14 
4472.79 
4490.08 
4498.90 
4502.22 
4709.72 
4727.48 
4739.11 
4754.04 
4761.53 
4762.38 
4765.86 
4766.43 
4783.42 
4823.52 
5004.91 
5074.79 
5079.20 
5100.03 
5117.94 
5150.89 
5196.59 
5255.32 
5341.06 
5349.88 
5377.63 
5394.67 
5399.49 
5407.42 
5413.69 
5420.36 
5432.55 
5454.07 
5457.47 
5470.64 
5474.68 
5481.40 
5505.87 
5516.77 
5537.76 
5551.98 
5946.65 
6013.50 
6016.64 
6021.80 
6231.21 
6440.97 
6491.71 
6942.52 
6989.96 
7069.84 


10-46 Line Spectra of the Elements 


Intensity | Wavelength/À Intensity ٨ Intensity — Wavelength/A Intensity — Wavelength/A 
12 7184.25 I 30 3801.660 I 40 1783.70 1 50 2698.83 1 
24h 7283.82 I 20 3901.867 I 30 179622 1 50 2699.38 I 
35h 7302.89 I 60 3906.372 I 200 1796.90 1 80 2705.36 1 
50 7326.51 1 200 3983.839 1 60 1798.74 1 70 272443 ш 
12 7680.20 І 1800 4046.572 І 30 1803.89 1 80 2752.78 1 
12Һ 8672.06 1 150 4077.838 1 40 1808.29 1 20 2759.71 I 
12h 8701.05 I 40 4108.057 I 400 1820.34 1 6 2769.22 ш 
17h 8703.76 I 250 4339.224 I 5 1832.74 І 40 2803.46 І 
30h 8740.93 I 400 4347.496 I 1000 1849.50 I 30 2804.43 I 
меннен (omm i m oii m 
80 1250.564 I 
5 1259515 | 1100 5460.753 1 200 1875.54 1 150 2814.93 Il 
100 1: | 160 5675.922. 1 1 1894.77 N 3 2844.76 ш 
Ё в i 240 5769.598 I 20 1900.28 1 750 2847.68 1 
Р" 1402 339 : 280 5790.663 I 30 1927.60 1 50 2856.94 1 
10 е. | 20 6072.713 1 300 1942.27 1 150 2893.60 1 
1000 1 қ 30 6234.402 1 100 1972.94 1 150 2916.27 1 
40 5262310 | 160 6716.429 I 200 1973.89 1 60 2925.41 1 
30 2 и 250 6907.461 1 150 1987.98 1 150 2935.94 1 
20 524. А 240 11287407 1 90 2026.97 1 40 2947.08 I 
100 5376325 I Mercury Hg 2-80 90 2052.93 1 1200 2967.28 1 
E 2980004 Ї 5 сала T 70 2148.00 1 30 3021.50 I 
10 2399.349 i 9 я m 5 2247.55 I 120 3023.47 I 
20 2399.729 I 2 878.59 Ш 88 226223 I 30 3025.61 I 
20 2446.900 I 1 886.48 H 29 zones I 50 3027.49 I 
їс СЕЕ i 18 занга " 7 231415 NH 15 3090.05 ш 
40 2481999 I 409 ba к 15 232320 1 400 3125.67 1 
30 2482.713 1 150 923.39 1 5 шанцай 1 320 3131.55 I 
20 2493:821 Ї 500 Ж? " 20 2345.43 1 320 3131.84 1 
ЕН хэрэн Ї má pay " 20 2352.48 I 400 3208.20 Il 
15000 ебу I 50 52 т 100 2378.32 1 400 3264.06 1 
25 2563.861 1 1 988.89 H 20 RDUM I 5 3283.02 ш 
25 257690 I 1040 ын 4 2380.55 N 12 3312.28 ш 
250 2652.043 І 5 1068.03 ш 40 29938 1 80 3341.48 I 
400 2653:683 i сва 95 | 20 2399.73 1 100 3385.25 I 
100 2655.130 I 2 1161.95 H 10 2400:19 I 8 3389.01 ш 
50 2698.831 1 80 1250.58 1 50 2407.33 I 5 3450.77 ш 
aa 90557283 i š и е 50 241413 1 40 3451.69 I 
20 2759.710 I 100 1268.82 I 5 86 Ш 3 3500.35 ш 
40 2803.471 1 5 1307.75 I 3 244106 I 4 3538.88 ш 
30 2804.438 1 300 1307.93 1 20 244020 I 200 3549.42 I 
750 2847.675 П 400 132171 1 19 2464.06 I 5 3557.24 ш 
50 2856.939 1 400 1331.74 1 5 2.086 HI 2800 3650.15 I 
150 2888.588 i 50 к на | 40 2482.00 1 300 3654.84 I 
150 2916.227 1 200 1361.27 1 a0 2482/2 I 80 3662.88 I 
2 densas Ї 50 аг i 40 2483.82 I 240 3663.28 I 
200 206085 i 35 iud : 7 2484.50 NH 30 3701.44 I 
300 3021.500 I 10 1435.51 I 90 20467? I 35 3704.17 I 
120 3023.476 1 15 1619.46 1 15009 59885 1 30 3801.66 I 
30 3025.608 I 120 1623.95 1 25 2303:86 I 15 3803.51 ш 
Ей 3007190 I 3n ххэ " 25 2576.29 I 100 3806.38 1 
400 3125.670 1 150 1649.94 1 ° 29/921 I 20 3901.87 I 
320 3131551 I 50 1653.64 1 261222 HI 60 3906.37 I 
320 3131.842 I 200 1672.41 1 4 261/97 ш 100 3918.92 П 
аб 5311381 I 8 iion т 15 2625.19 І 200 3983.96 1 
20 бенен i 0 Шз p 5 2639.78 I 1800 4046.56 1 
300 3654.839 1 100 1707.40 1 - 1 I 150 4077.83 I 
80 3662.883 I 120 1727.18 1 400 160569 1 40 4108.05 I 
240 3663.281 I 250 1732.14 1 0 269513 1 70 4122.07 HI 
30 3781495 I үг Por Ш 3 2670.49 N 10 4140.34 NH 
as қақтың i 30 12. i 5 2674.91 I 100 4216.74 ш 


Line Spectra of the Elements 


Intensity 

250 

400 

4000 

100 

15 

12 

90 


1000 


Wavelength/A 


4339.22 
4347.49 
4358.33 
4398.62 
4470.58 
4552.84 
4660.28 
4797.01 
4855.72 
4869.85 
4883.00 
4889.91 
4916.07 
4970.37 
4973.57 
4980.64 
5102.70 
5120.64 
5128.45 
5137.94 
5210.82 
5290.74 
5316.78 
5354.05 
5384.63 
5460.74 
5549.63 
5675.86 
5695.71 
5769.60 
5789.66 
5790.66 
5803.78 
5859.25 
5871.73 
5871.98 
6072.72 
6149.50 
6220.35 
6234.40 
6418.98 
6501.38 
6521.13 
6584.26 
6610.12 
6709.29 
6716.43 
6907.52 
7081.90 
7091.86 
7346.37 
7485.87 
7517.46 
7728.82 
7808.10 
7944.66 
7946.75 
7984.51 
8151.64 
10139.75 
11287.40 


I 
I 


Intensity 
120 
140 
60 
80 
500 
450 
200 
500 
100 
400 
300 
500 
400 
20 
20 
20 
70 
30 
50 
40 


250 


Molybdenum Мо Z = 42 


50 
100 
60 

50 
100 
100 
100 
100 
100 
100 
100 
200 
200 
200 
150 
150 
100 
80 
100 
80 

70 
19000 
40000 
21000 
17000 
50 
4800 
2400 
2200 
4000 
2700 
1500 
1400 
100 
100 
400 


Wavelength/À 


13209.95 
13426.57 
13468.38 
13505.58 
13570.21 
13673.51 
13950.55 
15295.82 
16881.48 
16920.16 
16942.00 
17072.79 
17109.93 
17116.75 
17198.67 
17213.20 
17329.41 
17436.18 
18130.38 
19700.17 
22493.28 
23253.07 
32148.06 
36303.03 


867.92 

884.19 

886.05 

891.74 

1169.33 
1254.93 
1258.52 
1262.21 
1263.74 
1274.37 
1276.40 
1277.40 
1277.58 
1278.40 
1281.90 
1283.60 
1854.73 
1926.26 
1929.24 
1971.06 
2010.92 
2015.11 
2020.30 
2038.44 
2045.98 
2060.38 
2081.68 
2089.52 
2092.50 
2093.11 
2100.84 
2104.29 
2108.02 
2184.37 
2211.02 
2269.69 


پا( با = = = پا پا پا = پا = پا = پا پر پا پر پر پر پر پر پر к‏ = 


IV 
IV 
IV 
IV 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
IV 
IV 
IV 
IV 
II 
II 
II 
II 
IV 
II 
II 
II 
II 
II 
II 
II 
HI 
HI 
II 


Intensity 
150 
200 
160 
160 
150 
110 
190 
100 
110 
140 
120 
85 
200 
440 
330 
80 
85 
250 
250 
400 
440 
330 
720 
410 
600 
370 
640 
480 
560h 
640 
720 
250 
1000 
95 
640 
880 
560 
480 
190 
290 
85 
140 
80 
330 
160 
80h 
290 
110 
220 
240 
160 
190 
1700 
65 
880 
400 
100 
400 
1700 
220 
80 


Wavelength/A 


2269.71 
2294.97 
2304.25 
2306.97 
2330.93 
2332.12 
2341.59 
2359.76 
2389.20 
2403.61 
2413.01 
2498.28 
2506.19 
2538.46 
2542.67 
2558.88 
2564.34 
2593.70 
2602.80 
2616.78 
2629.85 
2636.67 
2638.76 
2640.99 
2644.35 
2646.49 
2649.46 
2653.35 
2655.03 
2660.58 
2672.84 
2673.27 
2679.85 
2681.36 
2683.23 
2684.14 
2687.99 
2701.42 
2713.51 
2717.35 
2726.97 
2729.68 
2730.20 
2732.88 
2736.96 
2737.88 
2746.30 
2756.07 
2763.62 
2769.76 
2773.78 
2774.39 
2775.40 
2777.86 
2780.04 
2784.99 
2807.74 
2807.76 
2816.15 
2817.44 
2827.74 


11 
11 
1 
1 
11 
1 
1 
HI 
II 
II 
II 
II 
HI 
II 
II 
II 


Intensity 
80 
80 
160 
1700 
370 
370 
220 
1700 
85 
220 
65 
1300 
95 
190 
950 
140 
70 
290 
80 
600 
1100 
120 
1300 
140 
1100 
800 
95 
110 
150 
140 
95 
125 
95 
240 
70 
95 
250 
210 
70 
250 
80 
95 
95 
100 
800 
250 
800 
85 
800 
270 
190 
560 
560 
1400 
290 
14000 
110 
220 
55 
6000 
8700 


10-47 


Wavelength/A 


2834.39 
2835.33 
2842.15 
2848.23 
2853.23 
2863.81 
2866.69 
2871.51 
2872.88 
2879.05 
2888.15 
2890.99 
2891.28 
2892.81 
2894.45 
2897.63 
2900.80 
2903.07 
2907.12 
2909.12 
2911.92 
2918.83 
2923.39 
2924.32 
2930.50 
2934.30 
2940.10 
2941.22 
2944.82 
2946.69 
2947.28 
2947.32 
2955.84 
2956.06 
2956.90 
2960.24 
2963.79 
2965.27 
2971.91 
2972.61 
2975.40 
2992.84 
3027.77 
3060.78 
3064.28 
3065.04 
3074.37 
3077.66 
3085.62 
3087.62 
3092.07 
3094.66 
3101.34 
3112.12 
3122.00 
3132.59 
3138.72 
3152.82 
3155.64 
3158.16 
3170.35 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
ш 
II 
II 
II 
II 
II 
II 
II 
II 


10-48 Line Spectra of the Elements 


Intensity — Wavelength/À Intensity | Wavelength/A Intensity — Wavelength/A Intensity — Wavelength/A 
95 3172.03 II 580 3886.82 I 65 5279.65 I 95 3007.97 II 
160 3172.74 П 19000 3902.96 1 210 5280.86 1 95 3014.19 II 
120d 3187.59 II 65 3941.48 II 55 5292.08 I 95 3018.35 II 
7600 3193.97 I 1400 4062.08 I 55 5295.47 I 140 3056.71 II 
880 3205.88 I 2300 4069.88 I 55 5313.89 I 130 3069.73 II 
3000 3208.83 I 1300 4081.44 I 80 5354.88 I 160 3075.38 II 
560 3215.07 I 940 4084.38 I 65 5356.48 I 240 3092.92 II 
880 3228.22 I 730 4107.47 I 560 hl 5360.56 I 260 3115.18 II 
600 3229.79 I 630 4120.10 I 110 hl 5364.28 I 290 3133.60 II 
1100 3233.14 I 2900 4143.55 I 65 5394.52 I 220 3134.90 II 
950 3237.08 I 480 4185.82 I 50 5400.47 I 170 3141.46 II 
65 3240.71 II 2500 4188.32 I 55 5435.68 I 170 3142.44 II 
950 3256.21 1 1500 4232.59 1 65 5437.75 1 150 3203.47 II 
480 3264.40 I 890 4276.91 I 50 5501.54 I 220 3259.24 II 
800 3270.90 I 1200 4277.24 I 7800 5506.49 I 220 3265.12 II 
200 3271.69 HI 1400 4288.64 I 5200 5533.05 I 320 3275.22 II 
1100 3289.02 I 680 4292.13 I 50 5543.12 I 290 3285.10 II 
950 3290.82 I 890 4293.21 I 55 5556.28 I 410 3328.28 II 
190 3292.31 II 840 4326.14 I 2500 5570.45 I 320 3353.59 II 
100 3313.62 II 1900 4381.64 I 100 5610.93 I 410 3560.75 II 
190 3320.90 II 2500 4411.57 I 330 5632.47 I 470 3587.51 II 
640 3323.95 I 990 4434.95 I 50 5634.86 I 370 3615.82 II 
1300 3344.75 I 480 4457.36 I 230 5650.13 I 410 3653.15 II 
95 3346.40 II 630 4474.56 I 55 5674.47 I 470 3662.26 II 
1600 3358.12 I 400 4536.80 I 460 5689.14 I 540 3665.18 II 
950 3363.78 I 460 4626.47 I 80 5705.72 I 540 3672.36 II 
950 3379.97 I 640 4707.26 I 210 5722.74 I 580 3673.54 II 
1900 3384.62 I 700 4731.44 I 620 5751.40 I 1200 3685.80 II 
130 3395.36 II 770 4760.19 I 520 5791.85 I 440 3687.30 II 
640 3404.34 I 410 4819.25 I 55h 5849.73 I 410 3689.69 II 
1300 3405.94 I 410 4830.51 I 50h 5851.52 I 410 3697.56 II 
640 3437.22 I 180 5014.60 I 520 5858.27 I 470 3713.70 II 
130 3446.08 II 80 5029.00 I 50 5869.33 I 640 d 3714.73 II 
3200 3447.12 I 65 5030.78 I 820 5888.33 I 470 3715.68 II 
640 3449.07 I 100 5047.71 I 50h 5893.38 I 410 3718.54 II 
950 3456.39 I 50 5055.00 I 160h 5928.88 I 410 3721.35 II 
640 3460.78 I 200 5059.88 I 35 6025.49 I 780 3723.50 II 
800 3504.41 I 100 5080.02 I 1300 6030.66 I 410 3724.87 II 
560 3508.12 I 100 5096.65 I 40 6101.87 I 710 3728.13 II 
480 352141 I 130 5097.52 I 40 6357.22 I 470 3730.58 II 
640 3537.28 I 130 5109.71 I 35 6401.07 I 1000 d 3735.54 II 
520 3558.10 I 80 5114.97 I 100 6424.37 I 440 3737.10 II 
400 3563.14 I 150 5145.38 I 230 6619.13 I 1000 3738.06 II 
1400 3581.89 I 110 5147.39 I 50 6650.38 I 580 3752.49 II 
1400 3624.46 I 80 5163.19 I 110 6733.98 I 510 3757.82 II 
1000 3635.43 I 100 5167.76 I 50 6746.27 I 930 3758.95 II 
400 3657.35 I 160d 5171.08 I 35 6753.97 I 930 3763.47 II 
540 3664.81 I 230h 5172.94 I 40 6838.88 I 510 3769.65 II 
590 3672.82 I 160h 5174.18 I 35 6914.01 I 1400 3775.50 II 
1300 3680.60 I 110 5200.17 I 110 7109.87 I 710 3779.47 II 
65 3688.31 II 50 5200.74 I 150 7242.50 I 580 3780.40 II 
180 3692.64 П 50 5211.86 1 40 7245.85 1 510 3781.32 II 
1400 3694.94 1 80 5219.40 1 40 7391.36 1 2400 3784.25 II 
500 3727.69 I 65 5231.06 I 140 7485.74 I 370 3801.12 II 
80 3744.37 II 100 5234.26 I 27 7720.77 I 1200 3803.47 II 
29000 3798.25 I 460 h 5238.20 1 40h 8328.44 I 2500 3805.36 II 
520 3826.70 I 230h 5240.88 I 45h 8389.32 I 470 3807.23 II 
940 3828.87 I 110h 5242.81 I 45h 8483.39 I 540 3808.77 II 
Жж AES NE у^ Уу 

75 2764.98 1 
580 3869.08 1 65 5261.14 1 80 2993.20 П 710 3814.73 П 


Line Spectra of the Elements 


Intensity 
410 
1200 
540 
440 
510 
740 
1700 
410d 
1700d 
1500 
470 
2400 4 
37004 
850 
470 
1100 
1000 
780 
1200 
540 
1300 
1300 
1300 
580 
470 
810 
440 
2000 
1300 
1700 
510 
2000 
850 
440 
610 
1100 
510 
610 
410 
510 
2000 
2000 
810 
590 
510 
1400 
1100 
740 
740 
740 
470 
1400 
1000 
1100 
410 
540 
410 
3700 
540 
1000 
1000 


Wavelength/A 


3822.47 
3826.42 
3828.85 
3829.16 
3830.47 
3836.54 
3838.98 
3841.82 
3848.24 
3848.52 
3850.22 
3851.66 
3863.33 
3869.07 
3875.87 
3878.58 
3879.55 
3880.38 
3880.78 
3887.87 
3889.93 
3890.58 
3890.94 
3891.51 
3892.06 
3894.63 
3897.63 
3900.21 
3901.84 
3905.89 
3907.84 
3911.16 
3912.23 
3915.13 
3915.95 
3920.96 
3927.10 
3934.82 
3936.11 
3938.86 
3941.51 
3951.16 
3952.20 
3958.00 
3962.21 
3963.12 
3973.30 
3973.69 
3976.85 
3979.49 
3986.25 
3990.10 
3991.74 
3994.68 
4000.50 
4004.02 
4007.43 
4012.25 
4012.70 
4020.87 
4021.34 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


Intensity 
1000 
1200 
410 
1200 
3000 
410 
410 
850 
850 
4700 
1100 
710 
470 
470 
1400 
2500 
510 
410 
470 
510 
3000 
510 
410 
810 
2400 
640 
470 
470 
440 
1300 
2000 
850 
410 
470 
710 
5400 
470 
1100 
510 
540 
680 
850 
470 d 
710 
540 
510 
580 
1400 
740 
410 
250 
340 
340 
340 
300 
510 
340 
250 
300 
310 
470 


Wavelength/A 


4021.78 
4023.00 
4030.47 
4031.82 
4040.80 
4043.59 
4048.81 
4051.15 
4059.96 
4061.09 
4069.28 
4075.12 
4075.28 
4080.23 
4109.08 
4109.46 
4110.48 
4123.88 
4133.36 
4135.33 
4156.08 
4156.26 
4168.00 
4175.61 
4177.32 
4179.59 
4205.60 
4211.29 
4227.73 
4232.38 
4247.38 
4252.44 
4261.84 
4282.44 
4284.52 
4303.58 
4314.52 
4325.76 
4327.93 
4338.70 
4351.29 
4358.17 
4374.93 
4385.66 
4400.83 
4411.06 
4446.39 
4451.57 
4462.99 
4501.82 
4516.36 
4541.27 
4542.61 
4563.22 
4621.94 
4634.24 
4641.10 
4645.77 
4649.67 
4683.45 
4706.54 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


Intensity 
240 
240 
350 
280 
350 
220 
240 
280 
210 
330 
470 
260 
290 
290 
250 
360 
360 
360 
340 
680 
500 
630 
330 
310 
450 
250 
720 
360 
590 
680 
220 
500 
290 
160 
240 
220 
140 d 
220 
130 
160 
100 
160 
80 
70 
80 
55 
45 
45 
55 
45 
45 
55 
65 
45 
45 
40 
40 
35 
40 
29 
24 


Wavelength/A 


4719.02 
4811.34 
4825.48 
4859.02 
4883.81 
4890.70 
4891.07 
4896.93 
4901.84 
4920.68 
4924.53 
4944.83 
4954.78 
4959.13 
4989.94 
5076.59 
5092.80 
5107.59 
5123.79 
5130.60 
5191.45 
5192.62 
5200.12 
5212.37 
5234.20 
5239.79 
5249.59 
5255.51 
5273.43 
5293.17 
5311.46 
5319.82 
5361.47 
5431.53 
5594.43 
5620.54 
5675.97 
5688.53 
5702.24 
5708.28 
5729.29 
5804.02 
5811.57 
5825.87 
5842.39 
5858.91 
6007.67 
6034.24 
6066.03 
6178.59 
6223.39 
6310.49 
6385.20 
6630.14 
6650.57 
6740.11 
6900.43 
7037.30 
7066.89 
7129.35 
7189.42 


Intensity 
20 
15 
12 
10 
10 
12 
17 
12 
10 
12 


10-49 


Wavelength/A 


7192.01 
7236.54 
7316.81 
7406.62 
7418.18 
7511.16 
7513.73 
7528.99 
7538.26 
7696.56 
7750.95 
7808.47 
7863.04 
7917.01 
7958.95 
7965.73 
7982.09 
7982.68 
8000.76 
8120.93 
8122.07 
8141.75 
8143.27 
8231.52 
8307.72 
8346.36 
8839.10 


Neon Ne Z=10 


66 
200 
66 
45 
50 
150 
150 
100 
100 
150 
100 
150 
150 
66 
120 
15 
15 
45 
15 
15 
100 
100 
80 
500 
80 
150 
100 
100 
100 
80 
150 
140 
120 


119.01 
122.52 
125.12 
131.99 
132.04 
140.76 
140.79 
142.44 
142.50 
142.72 
143.27 
143.34 
147.13 
151.23 
151.42 
151.82 
152.23 
154.50 
158.65 
158.82 
164.02 
164.14 
172.62 
173.93 
177.16 
186.58 
194.28 
208.48 
208.73 
208.90 
212.56 
223.24 
223.60 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


10-50 Line Spectra of the Elements 


Intensity — Wavelength/À Intensity — Wavelength/À Intensity | Wavelength/À Intensity — Wavelength/A 
140 234.32 IV 100 542.07 IV 300 2216.07 11 150 2963.24 II 
120 234.70 IV 150 543.89 IV 10 2220.81 IV 150 2967.18 II 
20 251.14 ІШ 400 568.42 У 75 2227.42 У 100 2973.10 II 
20 251.56 HI 250 569.76 V 110 2232.41 У 15 2974.72 І 
20 251.73 Ш 500 569.83 У 65 2245.48 У 100 2979.46 II 
40 267.06 HI 250 572.11 V 250 2258.02 IV 12 2982.67 1 
40 267.52 HI 800 572.34 У 65 2259.57 У 150 3001.67 II 
20 267.71 HI 35 587.213 I 175 2262.08 IV 120p 3017.31 II 
40 283.18 Ш 35 589.179 І 240 2263.21 Ш 300 3027.02 II 
160 283.21 HI 35 589.911 I 65 2263.39 V 300 3028.86 II 
110 283.69 HI 70 591.830 I 110 2264.54 IV 100 3030.79 II 
40 283.89 HI 100 595.920 I 200 2264.91 HI 120 3034.46 II 
220 301.12 HI 75 598.706 I 250 2265.71 У 100 3035.92 II 
220 313.05 HI 35 598.891 I 550 2285.79 IV 100 3037.72 II 
220 313.68 HI 70 600.036 I 30 2293.14 IV 100 3039.59 II 
40 313.95 ІШ 170 602.726 1 250 2293.49 IV 100 3044.09 II 
90 352.956 I 170 615.628 I 250 2350.84 IV 100 3045.56 II 
60 354.962 I 170 618.672 I 450 2352.52 IV 120 3047.56 II 
50 357.83 IV 120 619.102 I 700 2357.96 IV 100 3054.34 II 
400 357.96 У 200 626.823 1 250 2362.68 ТУ 100 3054.68 II 
500 358.47 У 200 629.739 1 250 2363.28 ТУ 100 3059.11 II 
200 358.72 IV 1000 735.896 I 110 2365.49 IV 100 3062.49 II 
500 359.38 У 400 743.720 1 350 2372.16 ТУ 100 3063.30 II 
90 361.433 II 60 993.88 I 65 2384.20 IV 100 3070.89 II 
60 362.455 II 70 1068.65 I 350 2384.95 IV 100 3071.53 II 
1000 365.59 У 90 1131.72 1 300 2412.73 HI 100 3075.73 II 
220 379.31 HI 100 1131.85 II 240 2412.94 11 120 3088.17 II 
125 387.14 IV 90 1229.83 I 200 2413.78 HI 100 3092.09 II 
100 388.22 IV 20 1255.03 ш 200 2473.40 HI 120 3092.90 II 
150 405.854 II 110 1255.68 HI 80р 2562.12 II 100 3094.01 II 
120 407.138 II 160 1257.19 HI 90 w 2567.12 II 100 3095.10 II 
800 416.20 V 90 1418.38 I 800 2590.04 HI 100 3097.13 II 
150 421.61 IV 90 1428.58 I 600 2593.60 HI 100 3117.98 II 
200 445.040 II 90 1436.09 I 400 2595.68 11 120 3118.16 II 
300 446.256 II 120 1681.68 II 300 2610.03 HI 10 3126.199 I 
250 446.590 II 180 1688.36 II 240 2613.41 HI 300 3141.33 TI 
180 447.815 II 100 1888.11 II 200 2615.87 HI 100 3143.72 II 
150 454.654 II 100 1889.71 II 80 2623.11 II 100p 3148.68 II 
200 455.274 II 200 1907.49 II 80 2629.89 II 100 3164.43 II 
10 456.275 II 500 1916.08 II 90w 2636.07 II 100 3165.65 II 
120 456.348 II 300 1930.03 II 80 2638.29 II 100 3188.74 II 
90 456.896 II 200 1938.83 II 200 2638.70 HI 120 3194.58 II 
1000 460.728 II 100c 1945.46 II 200 2641.07 11 500 3198.59 II 
500 462.391 II 80 2007.01 II 80 2644.10 II 60 3208.96 II 
140 469.77 IV 65 2018.44 IV 600 2677.90 11 120 3209.36 II 
200 469.82 IV 110 2022.19 IV 500 2678.64 HI 120 3213.74 II 
180 469.87 IV 80 2025.56 II 80 2762.92 II 150 3214.33 II 
140 469.92 IV 150 2085.47 II 90 2792.02 II 150 3218.19 II 
250 480.41 У 200 2086.96 HI 80 2794.22 II 120 3224.82 II 
150 481.28 У 300 2089.43 Ш 100 2809.48 II 120 3229.57 II 
250 481.36 ۷ 240 2092.44 HI 80 2906.59 II 200 3230.07 II 
500 482.99 У 400 2095.54 Ш 80 2906.82 II 120 3230.42 II 
285 488.10 HI 180 2096.11 H 90 2910.06 II 120 3232.02 II 
220 488.87 HI 120 2096.25 II 90 2910.41 II 150 3232.37 II 
450 489.50 Ш 200 2161.22 HI 80 2911.14 II 100 3243.40 II 
70 489.64 HI 300 2163.77 HI 80 2915.12 II 100 3244.10 II 
220 490.31 HI 200 2180.89 HI 80 2925.62 II 100 3248.34 II 
360 491.05 HI 30 2203.88 IV 80w 2932.10 II 100 3250.36 II 
120 521.74 IV 200 2209.35 HI 80 2940.65 II 150 3297.73 II 
140 521.82 IV 200 2211.85 HI 90 2 4 1 150 3309.74 II 
80 541.13 IV 240 2213.76 HI 150 2955.72 II 300 3319.72 II 


Line Spectra of the Elements 


Intensity 
1000 
150 
100 
200 
150 
300 
150 
200 
120 
200 
120 
100 
120 
12 
40 
100 
500 
150 
120 
300 
100 
120 
100 
120 
120 
50 
15 
120 
60 
50 
100 
100 
25 
30 
30 
60 
150 
200 
200 
25 
30 
25 
150 
120 
120 
100 
250 
100 
200 
50 
30 
15 
20 
150 
200 
20 
12 
200 
10 
150 
250 


Wavelength/A 


3323.74 
3327.15 
3329.16 
3334.84 
3344.40 
3345.45 
3345.83 
3355.02 
3357.82 
3360.60 
3362.16 
3362.71 
3367.22 
3369.808 
3369.908 
3371.80 
3378.22 
3388.42 
3388.94 
3392.80 
3404.82 
3406.95 
3413.15 
3416.91 
3417.69 
3417.904 
3418.006 
3428.69 
3447.703 
3454.195 
3456.61 
3459.32 
3460.524 
3464.339 
3466.579 
3472.571 
3479.52 
3480.72 
3481.93 
3498.064. 
3501.216 
3515.191 
3520.472 
3542.85 
3557.80 
3561.20 
3568.50 
3574.18 
3574.61 
3593.526 
3593.640 
3600.169 
3633.665 
3643.93 
3664.07 
3682.243 
3685.736 
3694.21 
3701.225 
3709.62 
3713.08 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


II 


Intensity 
250 
800 
1000 
100 
120 
150 
100 
120 
120 
70 
150 
100 
200 
150 
150 
100 
100 
100 р 
100 р 
150p 
150p 
120 
100 
10 
10 
100 
15 
12 
10 
10 
15 
10 


500 
100 
100 


100 
100 
100 
120 
80 

100 


Wavelength/À 


3727.11 
3766.26 
3777.13 
3818.43 
3829.75 
4219.74 
4233.85 
4250.65 
4369.86 
4379.40 
4379.55 
4385.06 
4391.99 
4397.99 
4409.30 
4413.22 
4421.39 
4428.52 
4428.63 
4430.90 
4430.94 
4457.05 
4522.72 
4537.754 
4540.380 
4569.06 
4704.395 
4708.862 
4710.067 
4712.066 
4715.347 
4752.732 
4788.927 
4790.22 
4827.344 
4884.917 
5005.159 
5037.751 
5144.938 
5330.778 
5341.094 
5343.283 
5400.562 
5562.766 
5656.659 
5719.225 
5748.298 
5764.419 
5804.450 
5820.156 
5852.488 
5872.828 
5881.895 
5902.462 
5906.429 
5944.834 
5965.471 
5974.627 
5975.534 
5987.907 
6029.997 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


Intensity 
100 
80 
60 
100 
120 
250 
150 
150 
60 
100 
120 
200 
150 
60 
150 
70 
90 
20 
100 
90 
100 
50 
80 
100 
150 
150 
100 
150 
40 
90 
100 
150 
80 
60 
100 
120 
300 
120 
400 
700 
2000 
2000 
100 
1000 
600 
3000 
2500 
100 
2500 
800 
6000 
100 
1500 
100 
8000 
1000 
4000 
1500 
800 
5000 
600 


Wavelength/A 


6074.338 
6096.163 
6128.450 
6143.063 
6163.594 
6182.146 
6217.281 
6266.495 
6304.789 
6334.428 
6382.992 
6402.246 
6506.528 
6532.882 
6598.953 
6652.093 
6678.276 
6717.043 
6929.467 
7024.050 
7032.413 
7051.292 
7059.107 
7173.938 
7213.20 

7235.19 

7245.167 
7343.94 

7472.439 
7488.871 
7492.10 

7522.82 

7535.774 
7544.044 
7724.628 
7740.74 

7839.055 
7926.20 

7927.118 
7936.996 
7943.181 
8082.458 
8084.34 

8118.549 
8128.911 
8136.406 
8259.379 
8264.81 

8266.077 
8267.117 
8300.326 
8315.00 

8365.749 
8372.11 

8377.606 
8417.159 
8418.427 
8463.358 
8484.444 
8495.360 
8544.696 


= мы == بم‎ н 


Intensity 
1000 
4000 
6000 
3000 
15000 
4000 
100 
5000 
5000 
2000 
4000 
12000 
10000 
500 
7000 
1000 
1000 
3000 
2000 
100 
6000 
6000 
4000 
2000 
2000 
1000 
200 
6000 
1500 
3000 
6000 
2000 
5000 
3000 
5000 
5000 
3000 
120 
1000 
100 
800 
2000 
1500 
2000 
3000 
3500 
1600 
1100 
3000 
1500 
950 
500 
1200 
300 
2000 
1500 
500 
1000 
3000 
800 
1000 


10-51 


Wavelength/A 


8571.352 
8591.259 
8634.647 
8647.041 
8654.383 
8655.522 
8668.26 
8679.492 
8681.921 
8704.112 
8771.656 
8780.621 
8783.753 
8830.907 
8853.867 
8865.306 
8865.755 
8919.501 
8988.57 
9079.46 
9148.67 
9201.76 
9220.06 
9221.58 
9226.69 
9275.52 
9287.56 
9300.85 
9310.58 
9313.97 
9326.51 
9373.31 
9425.38 
9459.21 
9486.68 
9534.16 
9547.40 
9577.01 
9665.42 
9808.86 
10295.42 
10562.41 
10798.07 
10844.48 
11143.020 
11177.528 
11390.434 
11409.134 
11522.746 
11525.020 
11536.344 
11601.537 
11614.081 
11688.002 
11766.792 
11789.044 
11789.889 
11984.912 
12066.334 
12459.389 
12689.201 


10-52 Line Spectra of the Elements 


Intensity | Wavelength/À Intensity — Wavelength/A Intensity — Wavelength/A Intensity — Wavelength/A 
1100 12912.014 I 300 1 3986.89 I 300 8155.11 I 300 863.22 HI 
700 13219.241 I 300s 5044.66 I 3001 8167.42 I 300 867.51 HI 
800 15230.714 I 3001 5601.70 I 3001 8183.06 I 300 973.79 HI 
400 17161.930 I 3001 5652.75 I 3001 8188.61 I 400 979.59 HI 
400 18035.80 I 3001 5784.39 I 3001 8247.82 I 500 1317.22 II 
1000 18083.21 I 3001 5878.04 I 3001 8287.11 I 76 1398.19 IV 
350 18221.11 I 300 5 6011.22 1 300 5 8287.75 1 74. 1411.45 IV 
250 18227.02 I 300 6056.09 I 3001 8306.22 I 70 1438.82 IV 
2500 18276.68 I 300 5 6073.90 1 300 5 8313.66 1 73 1449.01 IV 
2000 18282.62 I 300 5 6080.05 1 10001 8339.12 1 76 1452.22 IV 
1200 18303.97 I 3001 6120.49 I 300 8356.79 I 73 1482.25 IV 
250 18359.12 I 300 6188.59 I 3001 8367.11 I 72 1489.83 IV 
1200 18384.85 I 3001 6200.00 I 3000 8372.88 I 75 1525.31 IV 
2000 18389.95 I 300 8 6215.90 I 3000 8529.96 I 74 1527.68 IV 
1000 18402.84 I 300 5 6317.84 I 1000s 8696.23 I 74 1527.80 IV 
1200 18422.39 I 3001 6341.38 I 1000s 8906.02 I 76 1534.71 IV 
300 18458.65 I 3001 6566.11 I 1000 8942.70 I 73 1537.25 IV 
400 18475.79 I 3001 6720.68 I 1000s 9004.75 I 75 1543.41 IV 
900 18591.55 I 300 5 6751.32 1 10001 9006.31 1 74. 1546.23 IV 
1600 18597.70 I 300 8 6795.21 I 100001 9016.18 I 300 1604.54 HI 
350 18618.96 I 3001 6802.62 I 30001 9141.30 I 300 1652.87 HI 
550 18625.16 I 3001 6805.81 I 3000s 9379.33 I 400 1687.90 HI 
1200 21041.295 I 300 5 6816.44 I 30001 9468.66 I 1000 1692.51 HI 
750 21708.145 1 3001 6865.45 I 3000 s 9679.13 I 800 1709.90 Ш 
300 22247.35 1 300 5 6907.13 1 30001 9930.55 1 650 1715.30 Ш 
350 22428.13 1 300 h 6912.91 1 10000 1 10091.99 1 500 1719.46 HI 
2250 22530.40 I 1000 5 6930.31 1 10000 s 10817.45 1 400 1722.28 HI 
400 22661.81 I 3001 6963.63 I 100001 11695.15 I 500 1738.25 HI 
600 23100.51 I 3000 s 6972.09 I 100001 11776.64 I 300 1739.78 HI 
1000 23260.30 I 300 7014.02 I 10000 s 12148.18 I 1000 1741.55 II 
1050 23373.00 I 3001 7018.91 I 10000 s 12377.42 I 300 1741.96 HI 
850 23565.36 I 300 5 7039.14 1 100001 12407.99 I 550 1747.01 HI 
3500 23636.52 I 300 5 7080.01 1 100001 13834.33 I 300 1752.43 HI 
300 23701.64 1 3001 7174.83 1 Nickel Ni Z = 28 400 1753.01 HI 
1100 23709.2 I 3001 7184.93 I 55 315.24 у 800 1764.69 HI 
1800 23951.42 I 3001 7284.28 I 56 315.71 у 500 1767.94 Ш 
600 23956.46 1 3001 7292.29 1 72 354.18 у 2000 1769.64 HI 
1000 23978.12 I 3001 7332.52 I 76 354.42 v 400 1776.07 HI 
200 24098.54 1 300 5 7370.60 1 68 354.49 у 300 1807.24 HI 
500 24161.42 I 3001 7381.03 I 500 630.71 Ш 300 1819.28 HI 
600 24249.64. 1 3001 7381.65 1 500 676.94 Ш 800 1823.06 ш 
1500 24365.05 1 3001 7402.70 I 300 713.33 Ш 400 1830.01 HI 
800 24371.60 I 300 5 7512.22 1 300 713.38 Ш 650 1847.28 HI 
400 24447.85 I 3001 7515.15 1 500 718.48 Ш 800 1854.15 ш 
700 24459.4 1 3001 7546.05 I 300 722.09 Ш 300 1858.75 HI 
300 24776.46 I 3001 7624.83 I 500 729.82 Ш 1000 2165.55 П 
550 24928.88 1 300 7626.85 1 400 731.70 Ш 2000 2169.10 П 
250 25161.69 1 300 8 7681.01 1 300 732.16 Ш 2000 2174.67 П 
650 25524.37 1 300 8 7685.25 1 300 747.99 Ш 1500 2175.15 П 
125 28386.21 1 10001 7735.14 I 300 750.05 Ш 2500 2185.50 П 
150 30200. І 3001 7761.61 1 300 757.80 Ш 3000 2192.09 П 
250 33173.09 1 1000 1 7765.75 1 400 770.22 Ш 5000 2205.55 П 
450 33352.35 1 300 8 7776.07 1 500 778.81 Ш 4000 2206.72 П 
1300 33901. 1 300 7787.46 1 300 788.04 Ш 6000 2216.48 П 
2200 33912.10 1 1000 1 7791.38 1 500 811.57 Ш 1000 2264.46 П 
600 34131.31 1 3001 7851.44 I 500 826.14 Ш 2000 2270.21 П 
100 34471.44 1 3001 7887.88 I 500 842.14 Ш 1600 2289.98 1 
120 35834.78 1 300 1 7901.71 1 400 845.24 THI 630 2300.78 I 
Neptunium Np Z = 93 3001 7975.98 I 300 847.43 Ш 1000 2303.00 П 
300 348193 І 300h 8080.32 I 300 860.64 IH 2000 2310.96 I 
300 h 3501.50 I цан 812409 1 300 862.88 HI 1700 291234 ! 


Line Spectra of the Elements 


Intensity 


1400 
1400 
1000 
1400 
2600 
1900 
1400 
940 

1200 
400 

1000 
240 

1000 
2000 
240 

160 

150 

250 

500 

570 

500 

1000 
4000 
2200 
3700 
1700 
3500 
1500 
1900 
500 

2600 
1300 
2900 
1100 
600 

660 

2000 
2900 
3300 
1300 
3300 
8200 
1600 
2600 
990 

4800 
1300 
5000 
5000 
1600 
550 

5500 
660 

2600 
6600 
660 

8200 
5000 
990 

1300 
1300 


Wavelength/A 


2313.66 
2313.98 
2316.04 
2317.16 
2320.03 
2321.38 
2325.79 
2329.96 
2345.54 
2347.52 
2375.42 
2386.58 
2394.52 
2416.13 
2419.31 
2472.06 
2798.65 
2821.29 
2943.91 
2981.65 
2992.60 
2994.46 
3002.49 
3003.63 
3012.00 
3037.94 
3050.82 
3054.32 
3057.64 
3064.62 
3101.55 
3101.88 
3134.11 
3232.96 
3243.06 
3315.66 
3331.88 
3369.57 
3380.57 
3391.05 
3392.99 
3414.76 
3423.71 
3433.56 
3437.28 
3446.26 
3452.89 
3458.47 
3461.65 
3472.54 
3483.77 
3492.96 
3500.85 
3510.34 
3515.05 
3519.77 
3524.54 
3566.37 
3571.87 
3597.70 
3610.46 


Intensity 
530 
6600 
200 
130 
180 
260 
160 
80 
120 
150 
60 
600 
700 
700 
110 
1200 
110 
110 
85 
55 
65 
75 
110 
45 
45 
40 
45 
45 
50 
100 
100 


40h 
40h 
180 


Wavelength/A 


3612.74 
3619.39 
3664.10 
3669.24 
3670.43 
3674.15 
3688.42 
3693.93 
3722.48 
3736.81 
3739.23 
3775.57 
3783.53 
3807.14 
3831.69 
3858.30 
3973.56 
4401.55 
4459.04 
4470.48 
4605.00 
4648.66 
4714.42 
4786.54 
4855.41 
4904.41 
4980.16 
4984.13 
5017.59 
5035.37 
5080.52 
5081.11 
5146.48 
5155.76 
5476.91 
5709.56 
5754.68 
5857.76 
5892.88 
6108.12 
6176.81 
6191.18 
6256.36 
6643.64 
6767.77 
6914.56 
7122.20 
7393.60 
7409.35 
7422.28 
7522.76 
7555.60 
7617.00 
7714.32 
7727.61 
7748.89 
7788.94 
7797.59 
8096.75 
8121.48 
8862.55 


پا( = با پا پا پا پا پا = پا = پا پا پا = پا پا = پا = = پا پا پا پا پا پا پا پا پا к<‏ پا پا پا پا ку‏ پا پا پا к<‏ پا پا к<‏ پا ку‏ پا پا к<‏ پر к<‏ پا پر پا پر پر — بر к‏ 


Intensity — Wavelength/À 
500w 9900.92 II 
Niobium Nb Z = 41 
80 464.55 V 
80 468.32 V 
80 763.77 V 
80 774.02 V 
60 993.54 IV 
400 1005.72 IV 
500 1007.05 IV 
500 1010.19 IV 
100 1116.08 IV 
150 1120.02 IV 
100 1258.87 У 
60 1314.56 HI 
80 1445.43 HI 
80 1445.98 HI 
80 1447.09 HI 
100 1456.68 HI 
80 1484.73 HI 
100 1495.94 11 
80 1498.02 HI 
80 1499.45 HI 
100 1501.99 HI 
60 1502.30 IV 
80 1513.81 HI 
60 1524.36 IV 
100 1524.91 HI 
100 1590.21 HI 
80 1598.86 HI 
80 1604.72 HI 
80 1639.51 HI 
100 1682.77 HI 
100 1705.44 HI 
100 1707.14 HI 
100 1758.33 V 
100 1877.34. V 
100 1892.92 HI 
60 1922.41 IV 
100 1938.84 HI 
60 1978.22 IV 
3300 2029.32 II 
65 2032.53 IV 
3000 2032.99 II 
2000 2109.42 II 
1700 212521 II 
1100 2126.54 II 
80h 2130.24 HI 
1500 2131.18 II 
80 2273.92 HI 
100 2275.23 HI 
80 2279.36 HI 
100 2281.51 HI 
80 2284.40 HI 
100 2290.36 HI 
370 2295.68 II 
280 2302.08 II 
100 2313.30 HI 
100 2338.09 HI 
80 2344.12 HI 
90 2349.21 HI 
80 2355.54 HI 


Intensity 


100 
80 
80 
100 
170 
110 
100 
140 
80 
45 
160 
80 
55 
55 
140 
100 
160 
140 
100 
75 
40 
45 
40 
28 
65 
65 
100 
55 
65 
80 
80 
110 
65 
65 
35 
100 
110 
110 
390 
100 
110 
130 
80 
130 
110 
390 
390 
80 
80 
200 
320 
330 
330 
310 
80 
110 
110 
110 
400 
200 
200 


10-53 


Wavelength/A 


2362.06 
2362.50 
2365.70 
2372.73 
2376.40 
2387.09 
2387.41 
2387.52 
2388.23 
2388.27 
2398.48 
2404.89 
2405.34 
2405.85 
2412.46 
2413.94 
2416.99 
2418.69 
2421.91 
2433.80 
2435.95 
2437.42 
2442.14 
2442.68 
2451.87 
2453.95 
2456.99 
2458.09 
2462.89 
2468.72 
2475.87 
2477.38 
2478.29 
2479.94 
2483.88 
2499.73 
2511.00 
2521.40 
2544.80 
2545.64 
2551.38 
2556.94 
2557.94 
2562.41 
2571.33 
2583.99 
2590.94 
2598.86 
2633.17 
2642.24 
2646.26 
2647.50 
2654.45 
2656.08 
2657.99 
2665.25 
2666.59 
2667.30 
2671.93 
2673.57 
2675.94 


HI 
HI 
HI 
HI 
II 
II 
HI 
II 
HI 
II 
II 
HI 
II 
II 
II 
HI 
II 
II 
HI 
II 
II 
II 
II 
II 
II 


10-54 Line Spectra of the Elements 


Intensity | Wavelength/A Intensity — Wavelength/À Intensity | Wavelength/À Intensity ٨ 
160 2691.77 II 80 3142.26 HI 500 3584.97 1 350 4143.21 1 
1000 2697.06 II 390 3145.40 II 750 3589.11 I 870 4150.12 I 
320 2698.86 II 1200 3163.40 II 500 3589.36 I 4400 4152.58 I 
320 2702.20 II 150 3175.78 II 500 3593.97 I 870 4163.47 I 
150 2702.52 II 390 3180.29 II 500 3602.56 I 4400 4163.66 I 
470 2716.62 II 300 3191.10 II 300 3619.51 II 4000 4164.66 I 
470 2721.98 II 150 3191.43 II 420 3649.85 I 3500 4168.13 I 
310 2733.26 II 1000 3194.98 II 400 3651.19 II 310 4184.44 I 
110 2737.09 II 120 3203.35 II 200 3659.61 II 1200 4190.88 I 
240 2768.13 II 300 3206.34 II 630 3660.37 I 870 4192.07 I 
310 2773.20 I 390 3215.60 II 900 3664.70 I 870 4195.09 I 
270 2780.24 II 800 3225.48 II 1500 3697.85 I 1300 4195.66 I 
110 2793.05 II 140 3229.56 II 330 3711.34 I 310 4198.51 I 
190 2827.08 II 400 3236.40 II 3300 3713.01 I 350 4201.52 I 
250 2841.15 II 200 3247.47 II 480 3716.99 I 870 4205.31 I 
280 2842.65 II 120 3248.94 II 2700 3726.24 I 350 4214.73 I 
160 2846.28 II 320 3254.07 II 2700 3739.80 I 420 4217.94 I 
240 2861.09 II 230 3260.56 II 670 3740.73 II 420 4229.15 I 
100 2865.61 II 160 3263.37 II 1700 3742.39 I 770 4262.05 I 
500 2868.52 II 200 3283.46 II 530 3763.49 I 420 4266.02 I 
800 2875.39 II 160 3292.02 II 350 3765.08 I 400 4286.99 I 
270 2876.95 II 320 3296.01 I 530 3771.85 I 580 4299.60 I 
530 2877.03 II 400 3312.60 I 870 3781.01 I 580 4300.99 I 
100 2880.72 II 120 3319.58 II 1700 3787.06 I 390 4311.27 I 
570 2883.18 II 130 3341.60 II 1300 3790.15 I 350 4326.33 I 
280 2888.83 II 1300 3341.97 I 3500 379121 I 390 4331.37 I 
470 2897.81 II 1300 3343.71 I 2700 3798.12 I 330 4410.21 I 
400 2899.24 II 1700 3349.06 I 2700 3802.92 I 150 4503.04 I 
470 2908.24 II 420 3349.52 I 670 3803.88 I 530 4523.41 I 
670 2910.59 II 340 3354.74 I 530 3804.74 I 480 4546.82 I 
470 2911.74 П 1700 3358.42 1 670 3810.49 1 370 4564.53 1 
1100 2927.81 II 130 3365.58 II 530 3811.03 I 720 4573.08 I 
110 2931.47 II 340 3366.96 I 530 3815.51 I 480 4581.62 I 
870 2941.54 II 130 3369.16 II 210 3818.86 II 1200 4606.77 I 
110h 2945.88 II 350 3374.92 I 670 3824.88 I 170 4616.17 I 
110 2946.12 II 170 3386.24 II 350 3835.18 I 450 4630.11 I 
110 2946.90 II 350 3392.34 I 350 3863.38 I 450 4648.95 I 
1100 2950.88 II 230 3408.68 II 530 3877.56 I 450 4663.83 I 
400 2972.57 II 180 3409.19 II 870 3878.82 I 340 4666.24 I 
320 2974.10 II 230 3412.94 II 670 3883.14 I 240 4667.22 I 
210 2977.68 II 230 3425.42 II 1100 3885.44 І 580 4672.09 1 
200 2982.11 II 230 3426.57 II 670 3885.68 I 530 4675.37 I 
330 2990.26 II 180 3432.70 II 580 3891.30 I 320 4685.14 I 
470 2994.73 II 180 3440.59 II 670 3914.70 I 130c 4706.14 I 
80 3001.84 HI 200 3479.56 II 530 3920.20 I 260 4708.29 I 
140 3024.74 II 100 3484.05 II 670 3937.44 I 150 4713.50 I 
350 3028.44 II 500 3498.63 I 520 3943.67 I 220c 4749.70 I 
300 3032.77 II 460 3507.96 I 910d 3966.09 I 130c 4967.78 I 
100 3044.76 II 200 3510.26 II 1100 4032.52 I 190 4988.97 I 
100 3055.52 II 200 3515.42 II 16000 c 4058.94 I 230 5017.75 I 
220 3064.53 II 200 3517.67 II 350 4060.79 I 150 5026.36 I 
110 3069.68 II 2000 3535.30 I 12000 4079.73 I 210 5039.04 I 
100 3070.90 II 1300 3537.48 I 440 4100.40 I 170 5058.01 I 
110 3071.56 II 250 3540.96 II 6700 4100.92 I 130 5065.25 I 
100 3073.24 II 500 3544.02 I 310 4116.90 I 750 5078.96 I 
400 3076.87 II 300 3550.45 I 5300 4123.81 I 420 5095.30 I 
110 3080.35 II 1000 3554.66 I 670 4129.43 I 170 5100.16 I 
1800 3094.18 II 630 3563.50 I 770 4129.93 I 170 5120.30 I 
140 3099.19 II 630 3563.62 I 2300 4137.10 I 210 5134.75 I 
270 3127.53 II 1500 3575.85 I 440 4139.44 I 250 5160.33 I 
1500 3130.79 II 5000 3580.27 I 2700 4139.71 I 250 5164.38 I 


Line Spectra of the Elements 


Intensity — Wavelength/À 
230 5180.31 I 
190 5189.20 I 
170 5193.08 I 
150 5195.84 I 
150 5232.81 I 
150d 5251.62 I 
270 5271.53 I 
130c 5276.20 I 
250 5318.60 I 
460 5344.17 I 
340 5350.74 I 
110 5437.27 I 
85 5551.35 I 
170 5642.11 I 
130 5664.71 I 
170 5665.63 I 
130 5729.19 I 
110 5760.34 I 
110 5819.43 I 
130d 5838.64 I 
190 cw 5900.62 I 
150 5983.22 I 
75 6221.96 I 
85c 6430.46 I 
65 6544.61 I 
210 cw 6660.84 I 
150 cw 6677.33 I 
130c 6723.62 I 
85 6828.11 I 
85 6990.32 I 
190c 7046.81 I 
130 7159.43 I 
190 cw 7372.50 I 
65 7515.93 I 
170c 7574.58 I 
75:6 7726.68 1 
35 7885.31 1 
40 8135.20 1 
29 см 8320.93 1 
29 8346.08 1 
35 8905.78 1 
Nitrogen М Z= 7 
400 181.75 IV 
52 186.069 У 
62 186.153 У 
400 191.7 ГУ 
400 192.9 ГУ 
500 196.87 ГУ 
500 197.23 ГУ 
500 202.60 ГУ 
500 205.94 ГУ 
500 205.97 ГУ 
500 206.03 ГУ 
90 209.303 У 
500 217.20 ГУ 
5004 217.90 IV 
500 d 223.4 IV 
800 w 225.12 IV 
800 225.21 IV 
600 w 234.12 IV 
600 w 234.20 IV 


Intensity 
600 w 
550 
500 
500 w 
600 
500 м 
900 
90 
120 
500 w 
500 w 
500 м 
500 
650 
700 
800 
600 
800 
500 
500 
500 
150 
200 
500 
650 
250 
300 
350 
600 
600 w 
700 
650 
90 
500 
150 
200 
90 
150 
120 
150 
200 
120 
600 
300 
500 
500 
500 w 
500 
700 
120 
150 
150 
90 
300 
350 
500 
500 
250 
300 
650 
285 


Wavelength/A 
234.25 IV 
236.07 IV 
237.99 IV 
238.7 IV 
238.80 IV 
239.62 IV 
247.20 IV 
247.561 У 
247.706 У 
248.43 IV 
248.46 IV 
248.48 IV 
257.95 HI 
258.50 HI 
259.19 HI 
260.09 HI 
260.45 IV 
261.28 HI 
262.91 HI 
265.23 HI 
265.27 HI 
266.196 У 
266.379 У 
268.70 HI 
270.99 IV 
283.42 IV 
283.48 IV 
283.58 IV 
285.56 IV 
297.7 IV 
297.82 IV 
300.32 IV 
303.123 IV 
303.28 IV 
314.715 ш 
314.850 HI 
314.877 HI 
315.053 IV 
322.503 IV 
322.570 IV 
322.724 IV 
323.175 IV 
323.26 HI 
335.050 IV 
338.35 HI 
340.20 HI 
351.93 IV 
351.98 HI 
353.06 IV 
362.833 HI 
362.881 HI 
362.946 HI 
362.985 HI 
374.204 HI 
374.441 HI 
387.48 HI 
420.77 IV 
451.869 HI 
452.226 HI 
463.74 IV 
644.634 II 


Intensity 
360 
450 
140 
360 
170 
285 
150 
160 
170 
500 
570 
650 
500 
350 
90 
150 
285 
150 
200 
500 
570 
570 
250 
300 
350 
200 
150 
650 
90 
90 
80 
40 
450 
450 
550 
650 
520 
500 
480 
520 
90 
100 
130 
1000 
130 
115 
70 
650 
700 
900 
700 
1000 
150w 
90 
60 
90 
450 
600 
430 
650 
175 


Wavelength/A 


644.837 
645.178 
647.50 
660.286 
671.016 
671.386 
671.630 
671.773 
672.001 
684.996 
685.513 
685.816 
686.335 
692.70 
713.518 
713.860 
746.984 
748.195 
748.291 
763.336 
764.359 
765.148 
771.544 
771.901 
772.385 
772.891 
772.975 
775.965 
885.67 
909.697 
910.278 
910.645 
915.612 
915.962 
916.012 
916.701 
921.992 
922.519 
923.057 
924.283 
953.415 
953.655 
953.970 
955.335 
963.990 
964.626 
965.041 
979.842 
979.919 
989.790 
991.514 
991.579 
1036.16 
1067.614 
1068.612 
1078.71 
1083.990 
1084.580 
1085.546 
1085.701 
1097.237 


II 
II 
I 
II 
II 
II 
II 
II 
II 
HI 


Intensity 
115 
115 
105 
40 
90 
360 
385 
410 
105 
130 
60 
105 
270 
105 
60 
195 
230 
105 
195 
500 
570 
90 
410 
385 
360 
175 
160 
130 
160 
1000 
900 
360 
315 
290 
250 
230 
315 
115 
115 
150 
360 
700 
490 
640 
90 
2001 
350 1 
1000 
250 
775 
700 
570 
350 
650 
150 
200 
150 
90w 
350 
400 
200 


10-55 


Wavelength/A 


1098.095 
1098.260 
1100.360 
1100.465 
1101.291 
1134.165 
1134.415 
1134.980 
1143.65 
1163.884 
1164.206 
1164.325 
1167.448 
1168.334 
1168.417 
1168.536 
1176.510 
1176.630 
1177.695 
1183.031 
1184.550 
1188.01 
1199.550 
1200.223 
1200.710 
1225.026 
1225.37 
1228.41 
1228.79 
1238.821 
1242.804 
1243.179 
1243.306 
1310.540 
1310.95 
1319.00 
1319.68 
1326.57 
1327.92 
1387.371 
1411.94 
1492.625 
1492.820 
1494.675 
1549.336 
1616.33 
1619.69 
1718.55 
1729.945 
1742.729 
1745.252 
1747.848 
1751.218 
1751.657 
1804.486 
1805.669 
1846.42 
1860.37 
1885.06 
1885.22 
1907.99 


10-56 


Intensity 
150 
150 
300 
150 
200 
200 
250 
120 
90 
90 
160 
70 
110 
90 
90 
110 
160 
90 
200 
150 
160 
160 
110 
220 
160 
285 
90w 
160 
150 
110 
70 
110 
160 
220 
110 
250 
300 
350 
250w 
90 
160 
110 
110 
601 
160 
901 
150w 
250 w 
60 w 
220 
90 
120 
360 
90 
570 
500 
400 
90 
90 
120 
285 


Wavelength/ À 


1919.55 
1919.77 
1920.65 
1920.84 
1921.30 
2064.01 
2064.42 
2068.68 
2071.09 
2080.34 
2095.53 
2096.20 
2096.86 
2117.59 
2121.50 
2130.18 
2142.78 
2147.31 
2188.20 
2188.38 
2206.09 
2286.69 
2288.44 
2316.49 
2316.69 
2317.05 
2318.09 
2461.27 
2477.69 
2496.83 
2496.97 
2520.22 
2520.79 
2522.23 
2590.94 
2645.65 
2646.18 
2646.96 
2682.18 
2689.20 
2709.84 
2799.22 
2823.64 
2859.16 
2885.27 
2974.52 
2980.78 
2981.31 
2998.43 
3006.83 
3078.25 
3367.34 
3437.15 
3463.37 
3478.71 
3482.99 
3484.96 
3747.54 
3754.67 
3771.05 
3838.37 


HI 
HI 
HI 
HI 
HI 
HI 
Ш 
Ш 
Ш 
ГУ 
II 
II 
II 
HI 
ІШ 
П 
П 
ІШ 
ІШ 
ІШ 
П 
П 
П 
П 
П 
П 
IV 
II 
IV 
II 
II 
II 
II 
II 
II 
IV 
IV 
IV 
HI 


Intensity 
360 
90 
450 
1000 
150 
200 
360 
550 
360 
150 
250 
140 
200 
185 
285 
120 
150 
285 
285 
220 
450 
90 
120 
300 
285 
650 
90 
120 
360 
550 
350 
90 
450 
360 
250 
450 
870 
90 
120 
550 
285 
450 
180 


90 
150 
285 
160 
210 
200 w 
160 
350 
285 
450 
650 
360 
870 
550 
450 
360 
360 
550 


Wavelength/A 


3919.00 
3938.52 
3955.85 
3995.00 
3998.63 
4003.58 
4035.08 
4041.31 
4043.53 
4057.76 
4097.33 
4099.94 
4103.43 
4109.95 
4176.16 
4195.76 
4200.10 
4227.74 
4236.91 
4237.05 
4241.78 
4332.91 
4345.68 
4379.11 
4432.74 
4447.03 
4510.91 
4514.86 
4530.41 
4601.48 
4603.73 
4606.33 
4607.16 
4613.87 
4619.98 
4621.39 
4630.54 
4634.14 
4640.64 
4643.08 
4788.13 
4803.29 
4847.38 


4858.82 
4867.15 
4895.11 
4914.94 
4935.12 
4944.56 
4950.23 
4963.98 
4987.37 
4994.36 
5001.48 
5002.70 
5005.15 
5007.32 
5010.62 
5016.39 
5025.66 
5045.10 


II 
HI 
II 
II 
ш 
HI 
II 


Intensity 
185 
140 
90 
200 
150 
450 
285 
650 
550 
870 
450 
450 
285 
700 
240 
265 
235 
360 
550 
285 
650 
285 
160 
210 
285 
360 
150 
185 
210 
210 
210 
185 
235 
90 
185 
120 
300 
265 
750 
360 
300 
325 
160 
210 
185 
750 
185 
185 
235 
185 
235 
210 
185 
210 
160 
265 
685 
785 
900 
185 
60w 


Wavelength/A 


5281.20 
5292.68 
5314.35 
5320.82 
5327.18 
5495.67 
5535.36 
5666.63 
5676.02 
5679.56 
5686.21 
5710.77 
5747.30 
5752.50 
5764.75 
5829.54 
5854.04 
5927.81 
5931.78 
5940.24 
5941.65 
5952.39 
5999.43 
6008.47 
6167.76 
6379.62 
6380.77 
6411.65 
6420.64 
6423.02 
6428.32 
6437.68 
6440.94 
6454.11 
6457.90 
6467.02 
6468.44 
6481.71 
6482.05 
6482.70 
6483.75 
6484.80 
6491.22 
6499.54 
6506.31 
6610.56 
6622.54 
6636.94 
6644.96 
6646.50 
6653.46 
6656.51 
6722.62 
7398.64 
7406.12 
7406.24 
7423.64 
7442.29 
7468.31 
7608.80 
7618.46 


Line Spectra of the Elements 


Intensity Wavelength/A 
450 7762.24 II 
400 8184.87 I 
400 8188.02 I 
250 8200.36 I 
300 8210.72 I 
570 8216.34 I 
400 8223.14 I 
400 8242.39 I 
550 8438.74 II 
500 8567.74 

570 8594.00 I 
650 8629.24 I 
500 8655.89 I 
220 8676.08 II 
700 8680.28 I 
650 8683.40 I 
500 8686.15 I 
110 8687.43 II 
110Һ 8699.00 П 
500 8703.25 І 
160ћ 8710.54 II 
570 8711.70 I 
500 8718.83 I 
250 8728.89 I 
200 8747.36 I 
500 9386.80 I 
570 9392,79 1 
250 9460.68 1 
200 9863.33 1 
160ћ 9865.41 II 
110Һ 9868.21 П 
160ћ 9887.39 II 
220h 9891.09 II 
160h 9961.86 II 
220h 9969.34 II 
285h 10023.27 II 
220h 10035.45 II 
220h 10065.15 II 
160h 10070.12 II 
250 10105.13 I 
300 10108.89 I 
350 10112.48 I 
400 10114.64 

110Һ 10126.27 П 
250 10539.57 1 
200 12074.51 1 
380 12186.82 1 
225 12288.97 1 
290 12328.76 1 
310 12381.65 1 
180 12438.40 1 
510 12461.25 1 
920 12469.62 1 
500 13429.61 1 
840 13581.33 1 
180 13587.73 1 
180 13602.27 1 
290 13624.18 1 
250 14757.07 1 
100 14868.87 1 
160 14966.60 1 


Line Spectra of the Elements 


Intensity 


180 
120s 
1001 
100 


Osmium Os 
9600 
13000 
17000 
29000 
14000 
14000 
18000 
26000 
8600 
13000 
7800 
4200 
7200 
14000 
2900 
2900 
2900 
6000 
5300 
2100 
4800 
5300 
2600 
1300 
1200 
3100 
1100 
2100 
1100 
1300 
2000 
1400 
1400 
500 
2600 
1700 
1100 
200 
1400 
110 
1800 
110 
530 
4500 
2600 
2400 
780 
1000 
1000 
1800 
3800 
1900 
1900 
2100 
3000 
1300 


Wavelength/A 


15582.27 
17516.58 
17584.86 
17878.26 


Z-76 

2001.45 
2003.73 
2010.15 
2018.14 
2022.76 
2028.23 
2034.44 
2045.36 
2058.69 
2061.69 
2067.21 
2070.67 
2076.95 
2079.97 
2082.54 
2089.03 
2089.21 
2097.60 
2100.63 
2117.66 
2117.96 
2137.11 
2154.59 
2157.84 
2158.53 
2166.90 
2167.75 
2171.65 
2234.61 
2252.15 
2255.85 
2264.60 
2282.26 
2367.35 
2377.03 
2387.29 
2395.88 
2423.07 
2424.97 
2454.91 
2461.42 
2468.90 
2486.24 
2488.55 
2498.41 
2513.25 
2538.00 
2542.51 
2590.76 
2613.06 
2637.13 
2644.11 
2658.60 
2689.82 
2714.64 
2720.04 


= بم بم‎ n 


Intensity 


960 
2800 
5100 
2300 
1500 
1500 
9600 
2100 
2100 
1100h 
1400 
4400 
1100 
2900 
120 
8600 
1100 
3100 
180 
150 
1900 
3100 
3100 
1200 
7600 
960 
960 
620 
620 
620 
1200 
1200 
620 
95 
480 
3700 
2100 
730 
1000 
730 
960 
1200 
2500 
1200 
1200 
4900 
560 
560 
4900 
540 
670 
55 
45 
35 
35 
35 
90 
55 
140 
40 
270 


Wavelength/A 


2770.71 
2806.91 
2838.63 
2844.40 
2850.76 
2860.96 
2909.06 
2912.33 
2919.79 
2948.23 
2949.53 
3018.04 
3030.70 
3040.90 
3042.74 
3058.66 
3077.72 
3156.25 
3173.93 
3213.31 
3232.06 
3262.29 
3267.94 
3290.26 
3301.56 
3336.15 
3370.59 
3387.84 
3401.86 
3504.66 
3528.60 
3560.86 
3598.11 
3604.48 
3670.89 
3752.52 
3782.20 
3876.77 
3963.63 
3977.23 
4066.69 
4112.02 
4135.78 
4173.23 
4211.86 
4260.85 
4293.95 
4311.40 
4420.47 
4550.41 
4793.99 
5031.83 
5039.12 
5072.88 
5074.77 
5079.09 
5103.50 
5110.81 
5149.74 
5193.52 
5202.63 


Intensity — Wavelength/A 


35 5203.23 
45 5255.82 
55 5265.15 
40 5298.78 
110 5376.79 
120 5416.34 
45 5416.69 
28 5417.51 
55 5443.31 
22 5446.93 
22 5457.30 
28 5470.00 
22 5509.33 
270 5523.53 
22 5546.82 
80 5584.44 
35 5620.08 
22 5642.56 
28 5645.25 
28 5680.88 
170 5721.93 
22 5765.05 
170 5780.82 
40 5800.60 
110 5857.76 
28 5860.64 
65 5996.00 
35 6227.70 
22 6269.41 
22 6403.15 
27 6729.56 
22 7145.54 
26 7602.95 
7 8041.29 
Oxygen О 2-8 

80 124.616 
110 135.523 
80 138.109 
110 139.029 
80 151.447 
110 151.477 
150 151.546 
80 164.574 
110 164.657 
80 164.709 
80 166.235 
150 167.99 
110 170.219 
450 172.169 
250 185.745 
375 192.751 
450 192.799 
520 192.906 
80 193.003 
200 194.593 
150 195.86 
200 196.01 
80 202.161 
80 202.224 
80 202.283 
80 202.334 
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Intensity 


150 
110 
150 
100 
200 
100 
110 
150 
300 
150 
200 
250 
250 
520 
80 
80 
150 
80 
80 
80 
150 
140 
150 
110 
200 
110 
90 
180 
110 
110 
110 
150 
300 
250 
80d 
110 
110 
150 
150 
150 
300 
375 
110 
150 
110 
80 
110 
120 
150 
150 
140 
160 
160 
250 
200 
250 
190 
300 
190 
200 
150 


10-57 


Wavelength/A 


202.393 
203.78 
203.82 
203.85 
203.89 
203.94 
207.18 
207.24 
207.794 
215.040 
215.103 
215.245 
216.018 
220.352 
227.372 
227.469 
227.511 
227.549 
227.634 
227.689 
231.823 
233.46 
233.50 
233.52 
233.56 
233.60 
238.36 
238.57 
248.459 
252.56 
252.95 
253.08 
260.39 
260.56 
264.34 
264.48 
266.97 
266.98 
267.03 
277.38 
279.63 
279.94 
285.71 
285.84 
286.448 
295.62 
295.66 
295.72 
303.41 
303.46 
303.52 
303.62 
303.69 
303.80 
305.60 
305.66 
305.70 
305.77 
305.84 
306.62 
306.88 


= = 
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HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
IV 
IV 


10-58 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 

450 320.979 ІП 775 760.445 У 220 1763.22 ІП 775 2789.85 У 
300 328.45 ІП 640 761.128 У 220 1764.48 ІП 160 2836.26 IV 
250 328.74 ІП 700 762.003 V 750 1767.78 ІП 160 2921.45 IV 
300 345.31 ІП 70 770.793 1 550 1768.24 ІП 200 2941.33 У 
110 355.14 ІП 90 771.056 І 360 1771.67 ІП 210 2941.65 У 
90 355.33 ІП 520 774.518 У 110 1773.00 ІП 80 2959.68 ІШ 
80 355.47 ІП 70 775.321 1 110 1773.85 ІП 265 2972.29 І 
200 359.02 ІП 200 779.734 IV 220 1779.16 ІП 250 2983.78 ІШ 
190 359,22 ІП 315 779.821 IV 160 1781.03 ІП 80 3017.63 ІШ 
150 359.38 ІП 360 779.912 IV 160 1784.85 ІП 80 3023.45 ІШ 
210 373.80 ІП 200 779.997 IV 220 1789.66 ІП 80 3043.02 ІШ 
200 374.00 Ш 640 787.711 IV 110 1848.26 ІП 200 3047.13 ІШ 
300 374.08 ІП 520 790.109 IV 110 1856.62 ІП 110 3059.30 ІШ 
190 374.16 ІП 700 790.199 IV 285 1872.78 ІП 460 3063.42. IV 
200 374.33 Ill 70 791.973 I 285 1872.87 ІП 410 3071.61 IV 
210 374.44 ІП 300 796.66 П 285 1874.94 ІП 80 2121271. ІШ 
450 395.558 ІП 200 802.200 IV 160 1920.04 ІП 160 3122.62 П 
300 434.98 ІП 160 802.255 IV 110 1920.75 ІП 220 3129.44 II 
800 507.391 ІП 90 804.267 І 110 1921.52 III 110 3132.86 ІШ 
900 507.683 ІП 70 804.848 І 220 1923.49 ІП 450 3134.82 П 
1000 508.182 Ш 70 805.295 І 110 1923.82 ІП 285 3138.44 II 
1000 525.795 ІП 80 805.810 І 110 1926.94 ІП 160 3144.66 У 
250 537.83 II 240 832.762 II 360 2013.27 ІП 160 3209.66 IV 
300 538.26 1 600 832.927 ІШ 160 2026.96 ІП 80 3238.57 ІШ 
220 539.09 П 450 833.332 П 220 2045.67 ІП 200 3260.98 ІШ 
200 539.55 П 780 833.742 ІШ 160 2052.74 ІП 300 3265.46 ІШ 
150 539.85 1 600 834.467 II 30d 228342 1 80 3267.31 ІШ 
700 553.330 IV 600 835.096 ІШ 30d 2284.89 1 220 3270.98 II 
775 554.075 IV 800 835.292 ІШ 110 2293.32 П 220 3273.52 П 
850 554.514 IV 40 877.879 I 200 2300.35 1 220 3277.69 II 
700 555.261 IV 130 921.296 IV 30d 2313.05 1 360 3287.59 II 
700 597.818 ІП 160 921.366 IV 30d 2316.12 II 160 3305.15 II 
1000 599.598 ІШ 80 922.008 І 30d 2316.79 II 160 3306.60 II 
580 608.398 IV 200 923.367 IV 50d 2319.68 1 80 3312.30 ІШ 
10 609.70 ІП 130 923.433 IV 30d 2322.15 1 110 3340.74 ІШ 
640 609.829 IV 90 935.193 I 30d 2339.31 1 230 3348.08 IV 
160 610.04 Ш 40 948.686 І 200 d 2390.44 ІП 270 3349.11 IV 
200 610.75 ІП 90 971.738 1 80 2394.33 ІП 160 3354.27 IV 
100 610.85 ІП 40 976.448 І 110 2411.60 П 200 3375.40 IV 
270 616.952 IV 160 988.773 I 80 2422.84 ІП 220 3377.20 П 
150 617.005 IV 40 990.204 I 80 2425.55 1 130 3378.06 IV 
200 617.036 IV 250 1025.762 I 250 2433.56 1 360 3381.20 IV 
520 624.617 IV 90 1027.431 I 80d 2436.06 1 360 3385.52 IV 
580 625.130 IV 160 1039.230 I 80d 2438.83 ІП 285 3390.25 П 
640 625.852 IV 60 1040.942 I 80 2444.26 1 270 3396.79 IV 
1000 629.730 У 40 1152.152 1 300 2445.55 H 360 3403.52 IV 
150 644.148 1 900 1302.168 1 200 2449.372 IV 220 3407.38 II 
200 672.95 1 600 1304.858 1 200 2450.040 IV 230 3409.66 IV 
150 673.77 II 300 1306.029 I 200 2454.99 ІП 160 3409.84. П 
230 681.272 У 200 1338.612 IV 200 2493.44 IV 410 3411.69 IV 
70 685.544 I 130 1342.992 IV 200 2493.77 IV 230 3413.64 IV 
800 702.332 ІП 230 1343.512 IV 200 2507.73 IV 80 3444.10 11 
800 702.822 ІП 640 1371.292 У 230 2509.19 IV 80 3455.12 ІШ 
900 702.899 ІШ 160 1476.89 ІШ 200 25172 IV 285 3470.81 II 
1000 703.850 ІП 160м 1506.72 V 200 2558.06 ІП 200 3489.83 IV 
900 718.484 II 285 1590.01 ІШ 80 2687.53 ІП 160 3492.24. IV 
600 718.562 1 160 1591.33 ІШ 110 2695.49 ІП 230 3560.39 IV 
70 744.794 I 315w 1643.68 V 300 2733.34 1 270 3563.33 IV 
700 758.678 V 160 1707.996 У 110 2747.46 II 80 3698.70 ІШ 
640 759,441 У 220 1760.12 III 1000 2781.01 У 80 3702.75 ІШ 
580 760.228 У 110 1760.42 ІШ 920 2786.99 У 80 3703.37 ІШ 


Line Spectra of the Elements 10-59 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
110 3707.24 ІП 50 4469.41 П 235 7947.55 I 540 11297.68 I 
220 3712.75 1 360 4590.97 II 210 7950.80 I 590 11302.38 I 
110 3715.08 ІП 285 4596.17 П 185 7952.16 І 265 11358.69 І 
315 м 3725.93 IV 80d 4609.39 II 110 7981.94 I 490 12464.02 I 
285 3727.33 1 160 4638.85 II 135 7982.40 I 450 12570.04 I 
360 3729.03 IV 360 4641.81 II 190 7986.98 I 120 12990.77 I 
410 3736.85 IV 450 4649.14 II 135 7987.33 I 160 13076.91 I 
160 372992 П 160 4650.84 П 250 7995.07 І 700 13163.89 І 
110 3744.00 ІП 360 4661.64 П 400 8221.82 I 750 13164.85 I 
230 3744.89 IV 285 4676.23 II 265 8227.65 I 640 13165.11 I 
360 3749.49 II 220 4699.21 II 265 8230.02 I 160 16212.06 I 
150 3754.67 ІШ 285 4705.36 П 325 8233.00 І 120 17966.70 І 
80 3757.21 ІП 160 4924.60 П 120 8235.35 І 590 18021.21 І 
250 3759.87 ІП 230 уу 4930.27 V 120 8426.16 1 120 18041.48 1 
110 3791.26 ІП 220 4943.06 II 810 8446.25 I 120 18042.19 I 
160 3803.14 1 135 5329.10 1 1000 8446.36 1 120 18046.23 1 
120 3823.41 I 160 5329.68 I 935 8446.76 I 140 18229.23 I 
450 3911.96 1 190 5330.74 I 325 8820.43 I 540 18243.63 I 
160 3919.29 1 90 5435.18 1 160 d 9057.01 1 140 26173.56 1 
185 3947.29 I 110 5435.78 I 120 9118.29 I Palladium Ра Z = 46 

160 3947.48 I 135 5436.86 I 80 9134.71 I 200 705.49 m 
140 3947.59 I 120 5577.34 I 80 9150.14 I 200 72772 ш 
220 3954.37 1 110 5592.37 ІШ 80 9151.48 І 500 763.06 THI 
100 3954.61 I 130 5597.91 У 235 9156.01 1 500 766.42 Ш 
200 3961.59 ІП 160 5958.39 І 450 9260.81 І 2000 781.02 ш 
450 3973.26 1 190 5958.58 1 490 9260.84 1 500 794.08 THI 
220 3982.20 1 80 5995.28 1 450 9260.94 1 500 797.52 IH 
160 4069.90 1 160 6046.23 1 400 9262.58 1 500 800.03 Ш 
285 4072.16 1 190 6046.44 I 540 9262.67 I 500 800.10 THI 
450 4075.87 II 110 6046.49 I 590 9262.77 I 500 803.67 Ш 
80d 4083.91 1 100 6106.27 1 490 9265.94 1 500 825.35 Ш 
504 4087.14 1 400 6155.98 1 640 9266.01 1 500 840.58 Ш 
1504 4089.27 1 450 6156.77 1 185 9399.19 1 500 856.47 Ш 
110 4097.24 II 490 6158.18 I 120 9481.16 I 500 864.04 Ш 
220 4105.00 П 80 6256.83 І 1204 9482.88 1 500 880.59 Ш 
285 4119.22 1 100 6261.55 1 235 9487.43 I 500 888.84 ш 
100 4123.99 У 100 6366.34 1 140 9492.71 1 1000 889.29 ш 
160 4132.81 1 100 6374.32 1 265 9497.97 1 300 1596.89 THI 
50 4146.06 1 320 6453.60 1 160 9499.30 1 500 1741.62 Ш 
220 4153.30 П 360 6454.44 I 235 9505.59 I 4000 1782.55 ш 
285 4185.46 1 400 6455.98 1 210 9521.96 1 400 1843.49 THI 
450 4189.79 II 130 6500.24 У 120 9523.36 1 1500 1851.59 Ш 
80 4233.27 І 80 6604.91 І 120 9523.96 І 2000 1852.27 ш 
50d 4253.74 1 100 6653.83 1 100 9528.28 1 1000 1859.21 THI 
50d 4253.98 1 360 7001.92 1 100 9622.13 1 1500 1874.63 Ш 
50d 4275.47 1 450 7002.23 1 120 9625.29 1 2000 1885.83 Ш 
504 4303.78 1 210 7156.70 1 160 9677.38 1 1000 1887.40 THI 
285 4317.14 1 400 7254.15 1 80 9694.66 1 1500 1891.34 Ш 
160 4336.86 П 450 7254,45 І 65 9694.91 I 4000 1914.62 Ш 
220 4345.56 П 320 7254.53 1 235 9741.50 1 1000 1930.33 THI 
285 4349.43 1 210 7476.44 I 235 9760.65 I 2000 1941.64 Ш 
220 4366.90 П 100 7477.24 I 120 9909.05 I 800 2002.16 ш 
100 4368.25 І 120 7479.08 І 140 9936.98 І 1000 2004.47 THI 
220 4395.95 1 120 7480.67 1 120 9940.41 1 500 2055.11 Ш 
450 4414.91 П 100 7706.75 І 160 9995.31 І 500 2149.82 TH 
285 4416.98 1 870 7771.94 I 120d 10421.18 I 500 2177.55 Ш 
160 4448.21 1 810 7774.17 I 590 11286.34 I 500 2177.63 Ш 
160 4452.38 П 750 7775.39 І 640 11286.91 І 100г 2231.59 т 
50 4465.45 П 80 7886.27 1 490 11287.02 1 200r 2296.53 П 
504 4466.28 П 100 7943.15 I 490 11287.32 I 100 2426.87 1 
50 4467.83 1 100 7947.17 1 490 11295.10 1 100 2430.94 " 


10-60 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 

100 2433.11 II 45 7915.80 I 25 1379.429 I 700 3175.09 У 
100 2435.32 II 55 8132.82 I 25 1381.469 I 520 3204.04 У 
150 2446.17 1 45 8300.83 1 15 1381.637 1 300 3219.307 ІШ 
1100 2447.91 І 65 8761.35 І 500 1484.507 IV 400 3233.602 11 
100 2457.29 II Phosphorus P. Z = 15 400 1487.788 IV 650 3347.736 IV 
150 2469.29 1 250 328.78 у 350 1502.228 ІП 570 3364.467 IV 
100 2471.18 1 150 359.899 IV 80 1532.51 1 400 3371.122 IV 
1700 2476.42 I 500 388.318 IV 120 1535.90 1 300 3957.641 ІШ 
250 2486.52 П 250 389.50 у 450 1610.50 У 350 3978.307 III 
300 2488.92 1 300 390.70 у 150 1618.632. ІП 400 4059.312 ІШ 
200 2498.81 П 300 445158 IV 200 1618.907 ІП 300 4080.084 ІШ 
150 2505.73 П 375 475.60 у 140 1671.070 1 500 4222.195 ІШ 
150 2551.84 1 120 498.180 IH 100 1671.510 1 350 4246.720 ІШ 
150 2565.51 П 520 542.57 у 180 1671.680 1 400 4420.71 II 
100 2569.56 1 600 544.92, у 140 1672.035 1 250 4479.776 ІШ 
150 2658.75 П 200 569.853 IH 140 1672.474 1 250 4540.288 IV 
1900 2763.09 I 200 581.831 THI 600 1674.591 I 250 4541.112 IV 
150h 2776.85 1 350 629.008 IV 600 1679.695 I 500 4588.04 II 
100h 2787.92 1 400 629.914 IV 140 1685.976 I 500 4589.86 II 
200 2854.59 1 500 631779 IV 100 1694.028 I 600 4602.08 II 
100h 2871.37 1 450 673.90 у 100 1694.486 1 300 4626.70 II 
100h 2878.01 II 10 81024 П 100 1706.376 І 300 4658.31 П 
520 2922.49 І 650 823.179 IV 100 1707.553 I 500 4943.53 II 
650 3002.65 I 700 824.730 IV 600 1774.951 I 300 4954.39 II 
1500 3027.91 I 800 827.932 IV 500 1782.838 I 300 4969.71 II 
1100 3065.31 I 300 847.669 THI 400 1787.656 I 100 5079.381 I 
2600 3114.04 I 350 855.624 Ш 140 1834.801 1 100 5098.221 1 
11000 3242.70 I 500 859.652 IH 140 1847.165 1 100 5100.974 1 
2700 3251.64 I 10 865.44 П 100 1849.820 1 140 5109.628 1 
3500 3258.78 1 450 865.45 у 140 1851.194 1 140 5154.844. 1 
3600 3302.13 1 600 87139 у 100 1852.069 1 180 5162.290 1 
5000 3373.00 1 700 877.476 IV 500 1858.886 I 300 5253.52 II 
24000 3404.58 I 300 913971 IH 400 1859.393 I 140 5293.539 I 
13000 3421.24 I 300 917.120 IH 140 1864.348 1 400 5296.13 II 
5000 3433.45 I 350 918.665 THI 650 1888.523 IV 250 5316.07 II 
6400 3441.40 I 1000 950.655 IV 180 1905.481 I 300 5344.75 II 
7700 3460.77 I 250 1003.598 IH 140 1906.403 I 180 5345.851 I 
10000 3481.15 1 570 1025.563 IV 280 1907.665 I 100 5364.631 I 
2000 3489.77 I 500 1028.096 IV 280 2023.489 I 250 5378.20 II 
12000 3516.94 I 570 1030517 IV 180 2024.516 I 300 5386.88 II 
12000 3553.08 I 500 1033.111 IV 400 2032.432 I 400 5425.91 II 
4500 3571.16 I 500 1035.517 IV 400 2033.477 I 100 5428.094 1 
20000 3609.55 1 900 1117.98 у 400 2135.465 1 400 5450.74 II 
20000 3634.70 I 570 1118551 IV 400 2136.182 I 140 5458.305 I 
5500 3690.34 I 700 1128.01 ۷ 400 2149.145 1 180 5477.672 1 
1400 3718.91 1 20 1249.82 П 280 2152.940 1 140 5477.860 1 
1500 3799.19 1 20 1301.87 П 500 2154.080 1 140 5478.267 1 
1500 3832.29 1 20 1304.47 П 180 2235.732 І 100 5514.774 І 
2200 3894.20 І 15 1304.68 И 450 2440.93 У 100 5516.997 1 
1500 3958.64. 1 35 1305.48 П 250 2478.256 IV 250 5588.34 II 
290 4087.34 I 60 131070 П 750 2533.976 І 500 6024.18 II 
2500 4212.95 I 500 1334.808 " 950 2535.603 I 400 6034.04 II 
180 4473.59 I 650 1344.327 THI 750 2553.262 I 500 6043.12 II 
160 5163.84 I 300 1344.845 IH 500 2554.915 1 250 6055.50 II 
120 5295.63 I 500 1366.695 IV 250 2605.506 IV 150 6083.409 ІШ 
55 5542.80 І 15 1372.033 1 300 2632.713 ІП 350 6087.82 П 
75 5670.07 І 400 1372.674 IV 400 2644.295 IV 180 6097.690 I 
55h 5695.09 I 15 1373.500 1 400 2728.770 IV 350 6165.59 II 
65 6784.52 I 10 1374732 I 500 2739.309 IV 500 6199.024 I 
75 7368.12 I 15 1377.080 1 250 2739.872 IV 180 6210.499 I 
120 7764.03 I 15 1377.937 1 450 2978.55 У 140 6375.681 1 


Line Spectra of the Elements 10-61 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
100 6388.579 I 228 15962.53 1 240 2308.04 1 70 2738.48 1 
250 6435.32 1 296 16254.77 1 50 2310.96 H 70 2747.61 I 
600 6459.99 1 203 16292.97 1 90 2315.50 1 80 2753.86 1 
600 6503.46 1 1627 16482.92 1 220 2318.29 1 200 2754.92 1 
600 6507.97 1 588 16590.07 1 100 2326.10 I 30 2769.84 I 
100 6717.411 I 225 16613.05 I 170 2340.18 I 500 2771.67 I 
150 6992.690 ІП 221 16738.68 І 280 235710 І 40 2773.24 І 
100 7102.200 І 419 16803.39 І 180 2368.28 І 20 2774.00 І 
100 7158.367 І 471 17112.48 І 50 2377.28 П 50 2774.77 П 
180 7165.465 І 289 17286.91 І 130 2383.64 I 50 2793.27 I 
180 7175.102 I 299 17423.67 I 40 2386.81 I 100 2794.21 II 
180 7176.660 I 287 23844.97 I 120 2389.53 I 40h 2799.98 II 
200 7443.657 IV 311 29097.16 I 35 2396.17 1 140 2803.24 I 
250 7845.63 II Platinum Pt Z = 78 70 2401.87 I 10 2808.51 I 
100 8046.801 I 30 1621.66 T 200 2403.09 I 50 2818.25 I 
150 8113.528 ІП 30 1723.13 " 100 2418.06 I 30h 2822.27 II 
140 8278.058 I 30 1751,70 П 50 2424.87 1 1400 2830.30 1 
100 8367.856 1 50r 1777.09 П 80 2428.04 1 70 2834.71 1 
140 8531.475 1 30 1781.86 И 50 2428.20 1 16 2853.11 I 
140 8613.835 I 30 1879.09 n 25 2429.10 I 80h 2860.68 II 
180 8637.578 I 40 1883.05 T 180 2436.69 I 40h 2865.05 II 
400 8741.529 I 50 1889.52 " 650 2440.06 I 40h 2875.85 II 
100 8872.174 I 50 191170 П 60 2450.97 1 100 8 2877.52 II 
180 9175.819 I 30 192925 T 440 2467.44 I 25 2888.20 I 
950 9193.85 I 30 1929.68 И 35 2471.01 I 25 2893.22 I 
600 9278.88 I 30 1939.80 П 1000 2487.17 1 600 2893.86 1 
1250 9304.94 I 30 1949.90 И 25 2488.74 1 300 2897.87 1 
500 9323.50 1 30 1983.74 И 200 2490.12 I 60 2905.90 I 
950 9435.069 I 40 2014.93 n 160 2495.82 I 120 2912.26 I 
950 9441.86 I 3200 2030.63 1 240 2498.50 I 120 2913.54 I 
600 9452.83 I 4400 2032.41 1 50 2505.93 I 70 2919.34 I 
1250 9493.56 I 100 2036.46 П 120 2508.50 1 30 2921.38 1 
1700 9525.73 1 40 2041.57 П 50 2514.07 I 1700 2929.79 I 
1500 9545.18 I 5500 2049.37 1 60 2515.03 I 30 2942.76 I 
280 9556.81 I 1500 2067.50 I 240 2515.58 I 30 2944.75 I 
1700 9563.439 I 3000 2084.59 1 140 2524.30 I 25 2959.10 I 
280 9593.50 I 1000 2103.33 1 40 2529.41 I 60 2960.75 I 
750 9609.04 I 30 2115.57 П 50 2536.49 1 1800 2997.97 1 
400 9638.939 1 950 2128.61 1 160 2539.20 1 35 3001.17 II 
500 9676.24 I 30 2130.69 И 18 2549.46 1 220 3002.27 

180 9706.533 1 1900 2144.23 I 50 2552.25 I 30 3017.88 I 
1500 9734.750 I 100 2144.24 T 50 2596.00 I 30h 3031.22 II 
280 9736.680 I 600 216517 1 70 2603.14 I 130 3036.45 I 
1500 9750.77 I 1500 2174.67 I 30 2616.76 1 800 3042.64 1 
600 9790.21 1 30 2190.32 T 50 2619.57 1 3200 3064.71 1 
1700 9796.85 1 400 2202.22 1 30 2625.34 1 30 3071.94 1 
280 9834.80 1 50h 2202.58 П 1100 2628.03 1 130 3100.04 1 
400 9903.68 1 320 2222.61 1 130 2639.35 I 320 3139.39 I 
280 9976.67 I 50h 223311 И 1000 2646.89 1 140 3156.56 1 
229 10084.27 1 30h 2240.99 П 500 2650.86 1 120 3200.71 1 
458 10511.58 1 100 2245.52. T 20 2658.17 1 320 3204.04 I 
962 10529.52 I 150 2249.30 1 2800 2659.45 I 30 3230.29 I 
1235 10581.57 I 30 2251.52 П 40 2674.57 1 20 3233.42 1 
415 10596.90 1 30h 2251.92 П 440 2677.15 I 20 3250.36 I 
435 10681.40 I 190 2268.84 1 200 2698.43 I 40 3251.98 I 
265 10813.13 I 30h 2271.72 П 2000 2702.40 1 160 3255.92 1 
764 11183.23 I 280 2274.38 1 1600 2705.89 I 25 3268.42 I 
402 11186.75 I 50h 2287.50 " 60 2713.13 I 25 3281.97 I 
479 14241.64 I 30 2288.20 n 1300 2719.04 I 120 3290.22 I 
256 14307.83 I 150 2289.27 1 130 2729.92 I 500 3301.86 I 
714 15711.52 I 150 2292.40 1 1800 2733.96 I 60 3315.05 I 


10-62 Line Spectra of the Elements 


Intensity — Wavelength/À Intensity — Wavelength/À Intensity | Wavelength/À Intensity ۳٨ 
35 3323.80 I 10000 7068.90 I 250 388.92 IV 
10 514.94 III 
340 3408.13 I 10000 8691.94 I 250 389.07 IV 
50 520.61 III 
35 3427.93 I 3000 9533.07 I 250 389.07 у 
60 3483.43 I 3000 12144.46 I 250 390.11 v 250 523.00 IV 
25 523.79 II 
160 3485.27 I 3000 16897.38 I 250 390.42 IV 
120 3628.11 I | 300 390.57 IV 200 52615 Iv 
Polonium Ро Z = 84 150 527.62. IV 
70 3638.79 I 200 391.46 IV | 
1500w 2450.08 I 40 529.80 ш 
70 3643.17 І 200 392.47 IV | 
1500 м 2558.01 I 15 53971 ш 
50 3663.10 І 500 393.14 IV : 
2500w 300321 1 15 546.12 ul 
80 3671.99 I 250 395.40 у i 
1200 4170.52 I 750 580.32 у 
80 3674.04 1 200 398.36 у ; 
800 4493.21 I 560 Papel M 
35 3699.91 I 2 55. | 15 398.63 m ' 
18 3706.53 I i 900 39888 А 500 586.32 у 
80 3818.69 1 Potassium К Z = 19 200 399.75 у 30 600.77 П 
40 3900.73 I 100 214.35 v 400 400.21 IV 250 60227 y 
110 3922.96 I 150 271.82 IV 20 402.10 Шш эв 603-43 Y 
35 3948.40 I 100 273.06 IV 300 402.91 IV 25 607.93 1 
100 3966.36 I 150 282.35 v 250 403.97 IV 30 61262 П 
20 3996.57 І 150 293.33 v 150 404.41 IV 250 БВ M 
110 4118.69 1 300 294.84 у 30 406.48 їй 750 646.19 IV 
80 4164.56 I 200 296.17 у 250 408.08 IV 300 68/50 у 
40 4192.43 1 200 297.06 v 40 408.96 N 29 708.84 ш 
18 4327.06 I 200 300.25 у 50 413.79 ш 300 720.43 v 
18 4391.83 1 200 300.50 у 30 414.87 m 409 72442 V 
80 4442.55 I 200 31124 v 250 415.05 v 500 غه‎ у 
14 4445.55 I 250 31277 у 200 415.79 v 500 737.14 IV 
25 4498.76 1 200 315.18 у 30 416.00 m шин TALS IV 
12 4520.90 I 250 327.38 v 150 417.28 IV 299 745.26 IV 
35 4552.42 I 25 330.68 HI 30 417.54 HI 400 746.35 IV 
12 4879.53 I 300 340.46 IV 30 418.62 m 309 24327 IV 
14 5044.04 1 150 340.74 IV 400 422.18 у 180 754.19 IV 
30 5059.48 I 30 341.92 HI 300 425.16 M 400 754.67 IV 
35 5227.66 I 15 348.00 III 500 425.59 M 20 765.31 HI 
40 5301.02 I 200 349.50 v 75 434.72 ш ми 765.64 ш 
12 5368.99 1 300 354.93 IV 50 435.68 iti 150 770.29 v 
12 5390.79 I 150 356.26 Iv 250 438.02 v 190 Z71436 у 
14 5475.77 I 300 359.73 IV 25 441.81 II 35 Z78953 Ш 
14 5478.50 І 200 359.91 IV 200 442.30 IV 20 872.31 ul 
6 5763.57 I 250 362.08 Iv 300 443.57 IV 10 PRO Ш 
20 5840.12 І 150 362.15 IV 75 444.34 ш is 874.04 II 
8 5844.84 I 150 363.02 IV 200 445.61 IV 6 2550.02 ul 
6 6026.04 I 500 372.15 v 250 446.83 у 9 2639-11 m 
7 6318.37 1 200 372.46 у 75 448.60 HI ? аи Ш 
8 6326.58 І 200 372.77 У 750 448.60 IV 5 2938.45 ІШ 
9 6523.45 І 300 375.96 IV 200 449.71 у ° 298620 Ш 
10 6710.42 I 300 375.96 v 200 452.90 v н 294242 Ш 
20 6760.02 І 250 377.76 M 250 455.67 M 6 3052.07 ш 
60 6842.60 1 30 379.12 III 400 456.33 IV 5 3056.84 HI 
20 711373 1 300 379.12 v 400 456.33 v ? 306215 I 
10 8224.74 I 300 379.88 IV 75 466.79 ш 4 3101.79 І 
Plutonium Ри 27 - 94 2 28048 ын 100 470.09 ш š харын : 
10000 2806.11 П 23 بي‎ n ҮЭ 471.57 HI : 2 : 
10000 2950.06 I 25 эр m 45 47492 HI : е : 
10000 3000.31 I ٧ шон Ш 10 476.03 П е sane : 
10000 3200.23 П 2. Жал l ни 479.18 HI = ча : 
10000 3418.88 I о] 2227 i 10 482.11 HI | ес : 
10000 3805.93 I "s oe ٧۷ 10 482.41 ш : 2. : 
10000 409712 I шан —_ a 209 482.71 M » ы : 
10000 4170.95 I ae 10 "i ans 483.75 ۷ » 2 : 
10000 436741 I - мэ 0 30 Tus П _ 2. : 
: 11 4642.37 I 
300 387.80 v . 
10000 5590.54 I m 497.10 m 


Line Spectra of the Elements 10-63 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
4 4740.91 I 8 10487.11 I 680 3880.47 1 620 4171.82 II 
6 4744.35 I 17 11019.87 I 440 c 3885.19 II 730 4172.25 II 
5 4753.93 I 16 11022.67 I 440 c 3889.34 1 5200 4179.39 II 
7 4757.39 I 17 11690.21 I 770 c 3908.05 1 2500 4189.48 II 
5 4786.49 I 16 11769.62 I 630 3912.90 1 560 с 4191.60 II 
7 4791.05 I 17 11772.83 I 310 3913.55 1 2500 с 4206.72 II 
6 4799.75 I 12522.11 I 1300 c 3918.85 1 500 4208.32 II 
8 4804.35 I 13377.86 I 420 3919.63 II 320 4211.86 II 
7 4849.86 I 13397.09 I 960 3925.47 1 320 4217.81 II 
8 4856.09 I 15163.08 I 480 3927.46 1 3800 4222.93 II 
8 4863.48 I 15168.40 I 370 3929.29 1 3800 4225.35 II 
9 4869.76 I 40158.37 I 370 3935.82 1 320 4233.11 II 
8 4942.02 I Praseodymium Pr Z = 59 730 с 3947.63 1 320 с 4236.15 II 
9 4950.82 I 7000 865.90 у 900 с 3949.43 II 960 4241.01 II 
9 4956.15 I 5000 869.17 у 900 с 3953.51 1 340 4243.51 II 
10 4965.03 I 2000 1228.59 IV 380 3956.75 1 840 с 4247.63 II 
10 5084.23 I 5000 1293.22 IV 470 3962.45 1 500 4254.40 II 
11 5097.17 I 5000 129528 IV 560 3964.26 1 320 4269.09 II 
11 5099.20 I 5000 1321.36 IV 1600 c 3964.81 1 790 с 4272.27 II 
12 5112.25 I 5000 1333.57 IV 560 c 3966.57 II 470 c 4280.07 II 
12 5323.28 I 5000 1354.66 IV 500 3971.16 1 790 с 4282.42 II 
13 5339.69 I 2000 1360.64 IV 320 3971.67 1 450 с 4298.98 II 
12 5342.97 I 2000 1365.77 IV 620c 3972.14 1 1500 4305.76 II 
14 5359.57 I 5000 137441 IV 320 3974.85 1 1300 4333.97 II 
16 5782.38 I 5000 1435.56 IV 1300 c 3989.68 1 360 4338.70 II 
17 5801.75 I 2000 1520.98 IV 340 3992.16 II 620 cw 4344.30 II 
15 5812.15 I 5000 1574.55 IV 1600 3994.79 II 470 c 4347.49 II 
17 5831.89 I 5000 1575.10 IV 560 с 3997.04 1 340 4350.40 II 
8 6120.27 1 3000 1578.38 IV 320 3999.12 1 450 4354.91 II 
7 6307.29 1 2000 1622.30 IV 620c 4000.17 1 410 с 4359.79 II 
19 6911.08 I 10000 1884.87 IV 730 4004.70 1 1200 4368.33 II 
12 6936.28 I 2000 2083.23 IV 1900 4008.69 II 320 4371.62 II 
20 6938.77 I 3300 2246.20 V 620 4010.60 1 430 4405.83 II 
7 6964.18 I 2000 c 2378.98 IV 730 4015.39 1 1700 4408.82 II 
12 6964.67 I 40h 2598.04 П 620 4020.96 П 410 4413.77 II 
25 7664.90 I 100 h 2707.37 П 470 4022.71 П 1200 c 4429.13 II 
24 7698.96 I 60 2760.35 И 360 4025.54 1 730 4449.83 II 
5 7955.37 I 270 3168.24 П 360 с 4029.72 П 960 4468.66 II 
4 7956.83 I 200 d 3195.99 П 730 с 4031.75 1 1100 4496.46 II 
7 8078.11 I 190 321948 И 960 4033.83 1 790 4510.15 II 
6 8079.62 I 200 358421 n 730 4038.45 1 340 с 4534.15 II 
9 8250.18 I 250 3645.66 П 470 4039.34 1 340 4535.92 II 
8 8251.74 І 250 3646.30 И 1300 4044.81 1 2706 4628.74 II 
3 8390.22 I 370 3668.83 n 340 4047.08 II 270c 4672.09 II 
11 8503.45 I 290 3714.05 П 450 4051.13 1 290 4695.77 1 
10 8505.11 1 410 3739.18 И 2200 4054.88 1 250 4736.69 1 
8763.96 1 680 3761.87 П 2200 4056.54 1 200 4924.60 I 
3 8767.05 I 680 3800.30 П 450 4058.80 1 320 4939.74 I 
13 8902.19 I 390 3811.84 И 3400 4062.81 1 380 4951.37 1 
12 8904.02 1 1300 h 3816.02 n 500 c 4079.77 1 270 5034.41 II 
5 8923.31 I 680 381828 П 500с 4080.98 П 320 5045.52. І 
4 8925.44. І 310 3821.80 И 790 4081.85 1 360 5110.38 II 
7 9347.24 I 960 3830.72 П 500 4083.34 II 560 5110.76 II 
3 9349.25 I 480 3840.99 T 560 4096.82 1 410 5129.52 II 
6 9351.59 I 580 3846.59 И 380 4098.40 1 620 5173.90 II 
15 9595.70 I 1200 3850.79 n 2900 с 4100.72 H 360 5206.55 II 
14 9597.83 I 720c 3851.55 П 1700с 4118.46 1 360 5219.05 II 
6 9949.67 I 960 3852.80 И 340 4130.77 1 560 5220.11 II 
5 9954.14 I 480 c 3865.45 П 1500 с 4141.22 1 680 5259.73 II 
9 10479.63 I 480 3876.19 T 2700 4143.11 1 340 с 5292.02 II 
5 10482.15 I 1700 c 3877.18 И 1700 с 4164.16 1 340 5292.62 II 


10-64 


Intensity 


430 
65 
150 
110 
90 

90 

90 
160d 
90 

90 
160 
7000 w 
90 
110 
90 
150 
150 
140 
65 
9000 w 
65 

65 
5000 
190 
270 
45 
110 
55c 
55 

45 

45 

45 

45 

55 

75 

55 

75 
35c 
55 cw 
35 cw 
7000 
40 
5000 
4500 
20 

24 

16 
20c 
14 

20 

16 

14 

14 

10 cw 
11 
5000 w 
10 


Wavelength/ A 

5322.76 1 
5509.15 II 
5535.17 1 
5623.05 1 
5624.45 1 
5756.17 1 
5779.28 1 
5815.17 1 
5823.72 1 
5859.68 1 
5939.90 11 
5956.05 ІШ 
5956.60 П 
5967.82 П 
6006.33 П 
6017.80 П 
6025.72 П 
6055.13 І 
6087.52 П 
6090.02. ІП 
6114.38 П 
6148.23 І 
6160.24 ІП 
6161.18 1 
6165.94 1 
6244.35 1 
6281.28 1 
6359.03 1 
6411.23 1 
6429.63 1 
6431.84 1 
6486.55 1 
6566.77 1 
6616.67 1 
6656.83 1 
6673.41 1 
6673.78 1 
6747.09 1 
6798.60 1 
6827.60 II 
6910.14 ІП 
7021.51 П 
7030.39 ІП 
7076.62 ІП 
7114,55 І 
722770 П 
7407.56 П 
7451.74 II 
7541.02 1 
7645.66 1 
7721.84 I 
7871.67 I 
8067.44 I 
8122.78 1 
8141.10 1 
8602.74 ІП 
8714.59 П 


Ртоте ит Рт 7-61 


1000 
1000 
1000 


3892.15 II 
3910.26 II 
3919.10 II 


Intensity Wavelength/A 
1000 3957.74 
1000 r 3998.96 
1000 4417.96 
900 r 4728.36 
900 6100.21 
1000 d 6520.45 
Protactinium Pa Z = 91 
3000 2599.16 
3000 2699.22 
3000 2822.79 
3000 h 2871.42 
3000 h 2891.14 
30001 3011.10 
3000 s 3033.59 
30001 3071.24 
30001 3093.23 
30001 3126.23 
30001 3146.28 
30001 3170.89 
30001 3171.54 
30001 3240.58 
3000 3274.46 
30001 3332.69 
3000 s 3346.66 
30001 3452.82 
3000 3504.97 
3000 s 3530.65 
3000 3570.56 
3000 3571.82 
3000 3618.07 
10000 3636.52 
3000 3702.74 
3000 3752.67 
3000 3873.35 
3000 3931.83 
3000 s 3952.62 
100001 3957.85 
3000 s 3970.07 
3000 3981.82 
10000 3982.23 
30001 4012.96 
3000 s 4018.21 
3000 4030.16 
3000 s 4046.93 
10000 s 4056.20 
10000 s 4070.40 
30001 4176.18 
100001 4217.23 
10000 s 4248.08 
3000 s 4291.34 
3000 s 4601.43 
30001 6035.78 
3000 6162.56 
30001 6358.61 
3000 6379.25 
30001 6438.97 
3000 h 6792.75 
10000 6945.72 
3000 6960.09 
3000 h 6961.78 
3000 s 6992.73 


II 
II 


Intensity | Wavelength/ À 
3000 7076.27 
3000 h 7100.94 
10000 s 7114.89 
3000 h 7171.55 
3000 7227.13 
3000 7318.79 
10000 1 7368.25 
3000 h 7471.89 
10000 h 7493.15 
3000 h 7558.26 
10000 h 7608.20 
10000 7626.79 
10000 s 7635.18 
10000 7669.34 
3000 7679.20 
10000 h 7749.19 
3000 7872.95 
30001 7945.56 
10000 8039.34 
10000 h 8099.84 
10000 8199.04 
10000 8271.87 
3000 s 8358.98 
3000 s 8369.60 
3000 h 8441.04 
10000 h 8532.66 
10000 s 8572.96 
3000 h 8639.91 
3000 h 8653.51 
10000 8735.27 
3000 10923.32 
10000 11791.73 
10000 14344.76 
3000 18478.61 
Radium Ка Z = 88 
100 3649.55 
200 3814.42 
100 4340.64 
100 4682.28 
100 4825.91 
50 5660.81 
50 714121 
50 8019.70 
Radon Rn Z = 86 
100 4349.60 
200 7055.42 
100 7268.11 
300 7450.00 
100 7809.82 
100 8099.51 
100 8270.96 
100 8600.07 
Rhenium Ке Z = 75 
25000 2003.53 
16000 2017.87 
27000 2049.08 
10000 2085.59 
9800 2097.12 
3400 2139.04 
3700 2156.67 


ммм — پر پر‎ кч پا پا = پا = پا پا پا پا پا — = — پا پا پر پا پر پا پر‎ ва = = = = S 


мн 


Line Spectra of the Elements 


Intensity Wavelength/A 

4900 2167.94 I 
3400 2176.21 I 
4200 с 2214.26 II 
5200 c 2275.25 II 
2900 2287.51 I 
2700 2294.49 I 
390 2298.09 II 
610 2302.99 I 
680 2306.54 I 
800 2322.49 I 
300 2328.66 I 
860 2344.78 I 
230 2349.39 I 
680 2352.07 I 
250 2356.50 I 
1200 2365.90 I 
570 2367.68 I 
520 2369.27 I 
220 2370.76 II 
320 2375.07 I 
370 2379.77 I 
340 2388.57 I 
230 2393.65 I 
320 2394.37 I 
320 2396.79 I 
210d 2400.72 I 
210 2401.68 I 
1500 2405.06 I 
740 2405.60 I 
320 2406.70 I 
270 2410.37 I 
1200 2419.81 I 
300 2421.73 I 
300 2421.88 I 
2500 2428.58 I 
490 2431.54 I 
420 2432.18 I 
340 c 2441.47 I 
230 2442.51 I 
250 2444.94 I 
610 2446.98 I 
610 2449.71 I 
390 2461.20 I 
800 с 2461.84 II 
1200 2483.92 I 
390 2485.81 I 
980 2487.33 I 
370 2496.04 I 
370 2501.72 I 
570 2502.35 II 
230 2504.60 II 
270 2505.94 I 
1800 c 2508.99 I 
570 2520.01 I 
540 2521.50 I 
370 2534.80 I 
570 2540.51 I 
740d 2544.74 I 
370 2545.48 I 
300 2552.02 I 
370 2554.63 II 


Line Spectra of the Elements 10-65 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
1000 2556.51 I 320 3069.94 I 240 3453.50 I 110c 5752.93 I 
250 2559.08 I 260 3071.16 I 55000 c 3460.46 I 110cw 5776.83 I 
340 2564.19 I 550 3082.43 I 40000 c 3464.73 I 550 5834.31 I 
540 2568.64 1 340 3088.76 1 400 3467.96 1 200 6307.70 1 
370 2571.81 1 700 3100.67 1 240 3476.44 I 200 6321.90 I 
380 2586.79 I 700 3108.81 I 400 3480.38 I 100 cw 6605.19 I 
290 2599.86 I 340 3110.86 I 320 3480.85 I 180c 6813.41 I 
290 2603.89 I 340 c 3118.19 I 240 3482.23 I 260 6829.90 I 
660 2608.50 1 340 3121.36 I 560 3503.06 I 50 cw 7640.94 I 
610d 2611.54 I 420 3128.94 I 320 3516.65 I 65 cw 7912.94 I 
310 2635.83 11 260 3134.02 1 320 3517.33 1 Rhodium Rh. Z 45 

550 2636.64 I 250 3141.38 I 320 3537.46 I 50 81344 m 
270 2642.75 I 440 3151.64 I 240 3549.89 I 80 88251 Ш 
270 2649.05 І 330 3153.79 1 240 3570.26 1 100 92575 Ш 
660 2651.90 І 360 с 3158.31 I 360 3579.12 I 150 937.28 ۷ 
400 2654.12 1 220 3164.52 1 810 с 3580.15 1 500 991.62 IH 
220 2663.63 1 700 3168.37 1 650 3580.97 1 400 992.48 Ш 
940 2674.34 I 220 3174.61 I 810 3583.02 I 500 d 1009.60 ۷ 
220 2688.53 1 440 3177.71 1 320 3617.08 1 200 1012.22 Ш 
1300 2715.47 I 260 3178.61 I 810 3637.84 I 200 101517 THI 
220 2732.21 1 600 3182.87 1 440 3651.97 1 200 1073.87 ш 
610 2733.04 П 1100 3184.76 І 320 3670.53 І 150 1784.24 IH 
220 2758.00 1 1100 3185.57 1 860 с 3689.50 1 200 1784.94 THI 
210 2763.79 I 260 3190.78 I 1500 с 3691.48 1 150 1796.50 IH 
310 2767.74 I 260 3192.36 1 520 3703.24 1 200 1816.03 ш 
220 2768.85 І 220 3198.58 І 240 3709.93 І 1000 1832.05 THI 
220 2769.32 I 1100 с 3204.25 1 360 с 3717.28 1 500 1859.85 ш 
350 2770.42 І 380 3235.94 І 4000 3725.76 І 800 1880.66 ш 
550 2783.57 І 600 3258.85 І 240 с 3735.01 І 500 1884.91 Ш 
220 2791.29 I 600 3259.55 I 810 3735.31 I 500 1887.36 Ш 
220 2814.68 І 300 3268.89 І 910 374010 І 700 1888.62 ш 
880 2819.95 І 280 3296.70 І 300 су 3745.44 І 800 1901.32 THI 
310 2834.08 I 280 3296.99 I 700 3787.52 I 500 1910.16 Ш 
220 2843.00 І 280 3301.60 І 240 3869.94. І 600 1919.37 Ш 
270 2850.98 І 240 3302.23 І 240 3875.26 І 500 1927.07 Ш 
240 2867.19 I 320 3303.21 II 240 3876.86 I 700 1931.79 ۷ 
2900 2887.68 1 280 3303.75 1 380 с 3917.27 1 500 1954,25 Ш 
490 2896.01 І 240 3313.95 I 550 3929.85 I 500 1994.26 ш 
830 с 2902.48 І 600 3322.48 І 280 3961.04 І 800 201371 Ш 
210 2905.58 1 2000 3338.18 1 350 с 3962.48 1 500 2017.47 IH 
550 2909.82 1 1600 3342.24 I 220 4033.31 I 500 2028.53 THI 
830 с 2927.42 1 810 3344.32 1 240 4081.43 1 800 2036.72. ۷ 
270 2930.61 1 320 3346.20 1 240 с 4110.89 1 600 2037.61 IH 
440 2943.14 I 240d 3356.33 I 240 cw 4133.42 I 1000 2040.18 ш 
270 2962.27 І 240 3377.74 І 1800 4136.45 І 3000 2048.67 ۷ 
720 2965.11 I 320 3379.06 II 700 4144.36 I 2000 2064.11 ш 
1500 2965.76 І 320 3379.70 І 220 4182.90 І 800 2076.84 THI 
310 2976.29 I 240 3389.43 I 220 4183.06 1 1000 2118.53 Ш 
210 2978.15 І 4000 3399.30 I 650 4221.08 I 1000 2118.63 Ш 
220 2980.82 1 650 3404.72 1 3600 с 4227.46 1 1000 2139.44 THI 
220 2982.19 I 650 3405.89 I 260 с 4257.60 1 1000 2152.23 Ш 
220 2988.47 1 240 3408.67 1 380 4358.69 1 3000 2158.17 ш 
1800 2992.36 І 320 3409.83 І 360 су 4394.38 І 3000 2163.19 Ш 
5500 2999.60 1 320 3417.77 1 2600 4513.31 1 3000 2167.33 ۷ 
350 3001.14 I 810 3419.41 I 260 4516.64 I 150 227621 I 
220 3004.14 I 8000 3424.62 I 500 4522.73 I 140 2288.57 I 
500 3016.02 I 400 3426.19 I 2200 cw 4889.14 I 110 2309.82 1 
300 3016.49 1 300 3427.61 1 220 4923.90 1 350 2322.58 1 
380 3030.45 1 320 3437.71 1 1300 5270.95 1 140 232647 1 
240 3047.25 1 400 3449.37 I 1600 cw 5275.56 I 190 2334.77 П 
1600 3067.40 І 16000 с 3451.88 1 100 5667.88 1 300 2361.92 1 


10-66 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
110 2368.34 I 2300 3280.55 I 240 3754.12 I 16 6253.72 I 
270 2382.89 I 2300 3283.57 I 380 3754.27 I 29 6319.53 I 
230 2383.40 I 280 3289.14 I 490 3755.58 I 40 6752.35 I 
270 2386.14 1 210 3294.28 1 1000 3760.40 1 13 6827.33 1 
80 2415.84 1 260 3300.46 1 2300 3765.08 1 11 6857.68 1 
130 2427.68 1 50 3310.69 ІШ 490 3769,97 І 20 6879.94 І 
230 2429.52 І 4200 3323.09 І 380 3778.13 I 65 6965.67 I 
110 2437.90 I 330 3338.54 I 1000 3788.47 I 16 6979.15 I 
330 2440.34 I 280 3360.80 I 1300 3792.18 I 16 7001.58 I 
90 2461.04 1 420 3368.38 1 3800 3793.22 1 18 7101.64 1 
130 2473.09 1 1100 3372.25 1 4900 3799.31 1 15 7104.45 1 
150 2487.47 1 110 3377.14 1 760 3805.92 1 18 7268.18 1 
100 2490.77 1 110 3385.78 1 1300 3806.76 1 35 7270.82 1 
130 2502.46 1 5600 3396.82 1 470 3815.01 1 18h 7442.39 I 
300 2504.29 1 820 3399.70 1 760 3816.47 1 12 7475.74 I 
150 2505.67 I 160 3406.55 I 1300 3818.19 I 12 7495.24 I 
350 2509.70 I 820 3412.27 I 3800 3822.26 I 11 7557.67 I 
300 2511.03 1 330 3421.22 1 2300 3828.48 1 29 7791.61 1 
200 2515.75 1 1204 3424.38 1 2000 3833.89 1 55 7824.91 1 
130 2520.53 II 8200 3434.89 I 5900 3856.52 I 21 8029.91 I 
110 2537.04 1 1400 3440.53 1 490 3870.01 1 29 8045.36 1 
350 2545.70 1 120 3447.74 I 380 3877.34 I 15 8136.20 1 
550 2555.36 1 120 3450.29 1 120 3913.51 1 8 8425.59 1 
150 2622.58 1 400 3455.22 1 240 3922.19 1 Rubidium Rb 2-37 

230 2625.88 I 180 3457.07 I 2000 3934.23 I 30 465.85 Ш 
100 2630.42 І 220 3457.93 І 590 3942.72 І 40 481118 П 
110 2647.28 І 5900 3462.04 І 3800 3958,86 І 500 482.83 Ш 
400 2652.66 І 180 3469.62 І 45 3964.54 II 500 489.66 Ш 
100 2680.63 1 4700 3470.66 1 380 3975.31 1 600 493.48 ш 
400 2703.73 І 120 3472.25 І 240 3984.40 І 90 497 430 1 
100 2715.31 1 4700 3474.78 1 240 3995.61 1 20 508.434 П 
180 2718.54 I 2100 3478.91 I 380 3996.15 I 150 513.266 " 
160 2728.94 I 110 3494.44 I 120 4023.14 I 300 530.173 П 
100 2771.51 І 1200 3498.73 I 560 4082.78 I 75 533.801 " 
130 2783.03 I 5900 3502.52 I 140 4097.52 I 1200 535.86 THI 
150 2826.43 I 2800 3507.32 1 120 4119.68 1 40 542.887 I 
180 2826.68 I 8800 3528.02 I 1100 4121.68 I 200 555.036 " 
280 2862.94 I 880d 3538.14 I 1500 4128.87 I 1200 556.19 THI 
110 2878.66 I 280 3541.91 I 2100 4135.27 I 1500 566.71 Ш 
140 2882.37 І 1200 3543,95 І 240 4154.37 І 1000 572.82 Ш 
160 2907.21 І 1800 3549,54 І 330 4196.50 І 1500 576.65 THI 
65 2910.17 1 1200 3570.18 1 3300 4211.14 I 2500 579.63 ш 
180 2924.02 І 4700 3583.10 І 820 4288.71 І 1500 58126 ш 
130 2929.11 I 4700 3596.19 I 4200 4374.80 I 2500 589.419 П 
130 2931.94 1 5900 3597.15 1 130 4569.00 1 1000 594.94 IH 
230 2968.66 I 3100 3612.47 I 150 4675.03 1 1300 595.88 ш 
160 2977.68 І 1800 3626.59 І 70 4745.11 I 1200 598.49 THI 
450 2986.20 I 8200 3657.99 I 70 5090.63 1 1500 643.878 1 
110 3004.46 I 1300 3666.22 1 60 5155.54 I 25 663.76 IV 
50 3006.43 ІП 560 3681.04 І 60 5175.97 І 3000 697.049 n 
130 3023.91 I 1900 3690.70 I 95 5193.14 I 6000 711487 T 
50 3052.44. ІП 9400 3692.36 I 130 5354.40 I 25 71624 IV 
180 3083.96 I 940 3695.52 I 95 5390.44 І 50 740.85 IV 
140 3121.76 I 280 3698.26 I 160 5599.42 I 10000 741.456 1 
240 3123.70 1 380 3698.60 1 40 5686.38 1 5000 769.04 " 
130 3155.78 I 7600 3700.91 I 29 5792.66 I 25 776.89 IV 
140 3189.05 I 940 3713.02 I 40 5806.91 I 2500 81528 m 
470 3191.19 I 650 3735.28 I 35 5831.58 I 15 850.18 IV 
190 3197.13 I 420 3737.27 I 130 5983.60 I 1000 1604.12 n 
520 3263.14 I 420 3744.17 I 35 6102.72 I 5000 1760.50 I 
520 3271.61 I 1200 3748.22 I 14 6199.99 I 2000 2068,92 т 


Line Spectra of the Elements 10-67 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
10000 2075.95 1 401 8271.41 1 110 2517.32 1 650 3669.49 1 
30000 2143.83 1 30 8271.71 1 150 2535.59 1 550 3726.10 1 
10000 2217.08 1 401 8868.512 1 550 2549.58 I 8700 3726.93 I 
5000 2291.71 II 30 8868.852 I 370 2609.06 I 11000 3728.03 I 
50000 2472.20 1 301 9522.65 I 830 2612.07 I 7100 3730.43 I 
1000 2631.75 ІП 201 9540.18 І 460 2642.96 І 3500 3742.28 I 
2000 2956.07 ІП 2000 с 9689.05 П 330 2651.84 I 870 3742.78 I 
500 3086.84 ІП 351 10075.282 І 400 2659.62 I 2800 3745.59 I 
500 3111.36 Ш 301 10075.708 І 330 2661.61 1 760 3753.54 I 
5000 c 3148.90 1 100 13235.17 1 690 2678.76 1 870 3755.93 1 
25 3157.54 I 20 13442.81 I 330 2692.06 1 1200 3759.84 1 
50 3227.98 1 30 13443.57 1 200 271241 1 600 3761.51 1 
500 3286.41 ІП 75 13665.01 І 690 2719.52 І 600 3767.35 І 
60 3348.72 І 1000 14752.41 1 140 2725.47 H 1500 3777.59 I 
75 3350.82 1 800 15288.43 1 310 2734.35 1 600 3782.74 I 
100 3587.05 I 150 15289.48 I 1800 2735.72 1 3900 3786.06 1 
40 3591.57 1 20 22529.65 1 100 2778.38 II 6000 3790.51 I 
5000 3600.60 II 4 27314.31 I 110 2787.83 1 760 3798.05 1 
10000 3600.64 П Ruthenium Ви 2-44 350 2810.03 1 7600 3798.90 1 
25000 3940.51 1 250 850.09 THI 1700 2810.55 I 7600 3799.35 I 
1000 4201.80 I 200 850.30 ۷ 350 2818.36 1 600 3812.72 1 
500 4215.53 1 250 91974 IH 400 2829.16 I 760 3817.27 I 
90000 4244.40 1 500 940.09 THI 640 2854.07 I 760 3819.03 I 
15000 427314 1 500 966.54 Ш 420 2861.41 I 650 3822.09 I 
20000 4571.77 1 750 974.14 Ш 550 2866.64 1 550 3824.93 1 
10000 4648.57 1 900 979.43 Ш 1800 2874.98 І 760 3831.80 І 
30000 4775.95 1 500 981.35 IH 740 2886.54 1 930 3839.70 1 
2 5087.987 1 900 986.84 IH 370 2908.88 1 760 3850.43 1 
2 5132.471 1 900 994.56 THI 1100 2916.26 1 1300 3857.55 1 
10 5150.134 1 300 1001.65 Ш 180 2945,67 П 650 3862.69 І 
10000 5152.08 П 500 1009.13 IH 370 2949.50 I 1300 3867.84 I 
1 5165.023 1 900 1009,87 THI 550 2965.16 1 650 3892.21 1 
2 5165.142 1 500 1014.68 IH 170 2965.55 II 760 3909.08 I 
15 5195.278 I 800 119051 Ш 140 2976.59 П 1500 3923.47 І 
2 5233.968 І 500 1200.07 Ш 550 2976.92 І 3300 3925.92 І 
20 5260.034 І 500 120717 Ш 1400 2988,95 І 600 3931.76 І 
5260.228 І 500 1209.77 Ш 460 2994.96 I 760 3945.57 I 
3 5322.380 I 300 1211.31 IH 440 3006.59 I 600 3978.44 I 
40 5362.601 I 500 1941.35 IH 330 3017.24 1 600 3979.42 1 
4 5390.568 1 500 2009,28 IH 310 3020.88 1 870 3984.86 1 
75 5431.532 1 2400 2076.43 І 390 3064.84. І 1500 4022.16 I 
3 5431.830 I 2600 2083.77 1 330 3096.57 I 600 4023.83 I 
6 5578.788 I 2400 2090.89 1 830 3099.28 I 1400 4051.40 I 
40 5647.774 I 690 2255.52 I 740 3100.84 I 710 4054.05 I 
20 5653.750 I 780 2272.09 1 490 3294.11 I 760 4068.37 I 
60 5724.121 I 780 2279.57 1 370 3301.59 1 980 4076.73 1 
3 5724.614 I 480 2317.80 I 930 3339.55 I 6000 4080.60 I 
75 6070.755 I 120 2334.96 П 3100 3417.35 І 930 4097.79 I 
30c 6159.626 I 190h 2342.85 И 4900 3428.31 1 1900 4112.74 I 
75c 6206.309 I 310 2351.33 I 6400 3436.74 I 2000 4144.16 I 
120c 6298.325 I 170 2357.91 T 8300 3498.94 1 650 4145.74 I 
5 6299.224 I 780 2402.72 " 640 3514.49 I 870 4167.51 I 
10000 6458.33 1 150 2407.92 П 790 3539.37 1 550 4197.58 1 
5000 6560.81 1 180 2455.53 П 690 3570.59 I 550 4198.88 I 
1001 7279.997 I 150 2456.44 И 6400 3589.22 1 7600 4199.90 1 
150 7408.173 1 370 2456.57 n 6900 3593.02 I 1500 4206.02 I 
2001 7618.933 I 280 2478.93 П 6400 3596.18 І 5400 4212.06 І 
300 7757.651 1 140 2498.42. " 1300 3599.76 І 760 4214.44 I 
60 7759.436 1 140 2498.57 П 3100 3634.93 1 930 4217.27 1 
90000 с 7800.27 1 260 2507.01 П 6200 3661.35 1 550 4230.31 1 
45000 с 7947.60 1 110 2513.32 И 830 3663.37 1 760 4241.05 1 


10-68 


Intensity 


760 
760 
550 
3700 
930 
550 
550 
710 
870 
2400 
870 
1300 
1700 
1600 
1100 
5400 
1700 
720 
1400 
500 
550 
160 
450 
120 
200 
530 
170 
250 
110 
500 
920 
180 
130 
260 
110 
130 
110h 
80 
130 
90 
290 
180 
65 
55 
80 
21h 
16 
35 
18 
26 
26 
18 
16 
26h 
21 
55 
21 
30 
21 
26 
110 


Wavelength/A 


4243.06 
4284.33 
4295.93 
4297.71 
4307.60 
4319.87 
4342.07 
4354.13 
4361.21 
4372.21 
4385.39 
4385.65 
4390.44 
4410.03 
4460.04 
4554.51 
4584.44 
4647.61 
4709.48 
4757.84 
4869.15 
5011.23 
5057.33 
5076.32 
5093.83 
5136.55 
5142.76 
5147.24 
5151.07 
5155.14 
5171.03 
5195.02 
5284.08 
5309.27 
5335.93 
5361.77 
5401.04 
5484.32 
5510.71 
5559.75 
5636.24 
5699.05 
5814.98 
5919.34 
5921.45 
5973.38 
5988.67 
5993.65 
6116.77 
6199.42 
6225.20 
6295.22 
6390.23 
6444.84 
6663.14 
6690.00 
6766.95 
6775.02 
6824.17 
6911.48 
6923.23 
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Intensity 


26 
26 
35 
16 
18 
26 
70 
26 
18 
18 
22 
30 
80 
18 
22 


Wavelength/A 


6982.01 
7027.98 
7238.92 
7393.93 
7468.91 
7485.79 
7499.75 
7559.61 
7621.50 
7722.87 
7791.86 
7847.80 
7881.49 
8264.96 
8710.84 


Samarium Sm Z = 62 


150 
410 
720 
600 
530 
600 
720 
720 
720 
720 
850 
1700 
1200 
1200 
1200 
4200 
4200 
1700 
3400 
1700 
3400 
2200 
2200 
1100 
1600 
2100 
1600 
2900 
1200 
930 
800 
1200 
1900 
1100 
370d 
1100 
1500 
1600 
1600 
1600 
1100 
560 
1600 
530 
2700 


2789.38 
3152.52 
3183.92 
3211.73 
3216.85 
3218.61 
3230.56 
3236.64 
3239.66 
3250.37 
3254.38 
3306.39 
3321.18 
3365.86 
3382.40 
3568.27 
3592.60 
3604.28 
3609.49 
3621.23 
3634.29 
3661.36 
3670.84 
3693.99 
3728.47 
3731.26 
3735.98 
3739.12 
3743.87 
3745.46 
3756.41 
3757.53 
3760.69 
3764.37 
3773.33 
3778.14 
3788.12 
3793.97 
3797.73 
3826.20 
3831.50 
3834.48 
3843.50 
3853.30 
3854.21 


ммм мм мы мыны мыны ныны нынын 


Intensity 
480 
400 
3700 
1600 
1300 
2500 
1900 
1300 
470 
1500 
1500 
620 
1000 
1500 
1400 
1000 
1900 
1200 
1000 
1100 
1000 
1200 
2100 
1300 
1200 
2200 
710 
470 
1600 
1900 
470 
1800 
440 
1300 
880 
1100 
440 
530 
1600 
410 
470 
1500 
2900 
470 
1600 
1800 
530 
440 
710 
1300 
1200 
1000 
2200 
810 
370 
440 
380 
470 d 
1100 
370 
530 


Wavelength/A 


3854.56 
3858.74 
3885.29 
3896.98 
3903.42 
3922.40 
3928.28 
3941.87 
3951.89 
3963.00 
3971.40 
3974.66 
3976.43 
3990.00 
4064.58 
4092.27 
4118.55 
4152.21 
4188.13 
4203.05 
4225.33 
4236.74 
4256.39 
4262.68 
4279.68 
4280.79 
4282.21 
4282.83 
4296.74 
4318.94 
4319.53 
4329.02 
4330.02 
4334.15 
4336.14 
4347.80 
4362.91 
4380.42 
4390.86 
4401.17 
4419.33 
4420.53 
4424.34 
4429.66 
4433.88 
4434.32 
4441.81 
4442.28 
4445.15 
4452.73 
4454.63 
4458.52 
4467.34 
4470.89 
4499.11 
4581.73 
4649.49 
4670.75 
4674.60 
4688.73 
4704.40 


Line Spectra of the Elements 


Intensity Wavelength/A 
730 4716.10 I 
770 4728.42 

470 4745.68 II 
730 4760.27 I 
580 4783.10 I 
350 4785.86 I 
970 4841.70 I 
730 4883.97 I 
630 4910.40 I 
350 4913.25 II 
430 4918.99 I 
400 5044.28 I 
540 5071.20 I 
510 5117.16 I 
350 5122.14 I 
360 5155.03 II 
470 5175.42 I 
250 5200.59 I 
260 5251.92 I 
400 5271.40 I 
250 5282.91 I 
220 5453.00 I 
230 5493.72 I 
230 5516.09 I 
140 5550.40 I 
140 5659.86 I 
120 5696.73 I 
85 5706.20 I 
70 5773.77 I 
60 5778.33 I 
70d 5786.98 II 
60 5788.38 I 
60 5800.52 I 
65 5802.84 I 
65 5867.79 I 
50 5874.21 I 
50 5898.96 I 
65 5965.71 II 
50 6045.00 I 
50 6070.06 I 
45 6084.12 I 
45h 6159.56 I 
45 6256.54 I 
100 6267.28 II 
140 6569.31 II 
110 6589.72 II 
50 6671.51 I 
120d 6731.84 II 
95 6794.20 II 
120 6860.93 I 
120 6955.29 II 
90 7020.44 II 
90 7039.22 II 
90 7042.24 II 
90 7051.52 II 
90 7082.37 II 
26 7088.30 I 
30 7095.50 I 
30 7104.54 I 
26 7115.96 I 
85d 7149.60 II 


Line Spectra of the Elements 10-69 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
23 7213.82 I 1200 2974.01 I 2700 4047.79 I 270 5089.89 I 
60 7240.90 II 1400 2980.75 I 120 4049.95 I 390 5096.73 I 
26 7347.30 I 340 2988.95 I 5500 4054.55 I 620 5099.23 I 
30 7444.56 I 2200 3015.36 I 220 4056.59 I 370 5101.12 I 
26 7445.41 I 2700 3019.34 I 100 4068.66 Ш 180 5109.06 І 
13 7470.76 І 360 3030.76 І 160 В 4074.97 I 150 5112.86 I 
45 7645.09 II 120h 3056.31 I 160 4078.57 I 320 5116.69 I 
12 7645.82 I 130 3065.11 II 6100 4082.40 I 390 5210.52 I 
40 уу 7835.08 1 990 3251.32 II 200 4086.67 I 280 5219.67 I 
16 7895.96 I 1500 3255.69 I 400 4087.16 I 350 5239.82 II 
90 7928.14 11 4400 3269.91 1 440 h 4133.00 I 280 5258.33 I 
40 8048.70 1 5500 3273.63 1 530ћ 4140.30 1 210 5285.76 1 
16 8065.16 1 1104 3343.28 II 720 4152.36 I 120 5341.05 I 
45 8068.46 1 270 3352.05 II 1100h 4165.19 I 350 5349.30 I 
40w 8305.79 1 9900 3353.73 II поћ 4218.26 1 120 5349.71 1 
19 8383.71 1 2000 3359.68 II 110h 4219.73 I 210 5355.75 I 
45 уу 8485.99 П 1700 3361.27 II 180 4231.93 I 530 5356.10 I 
45 у 8708.43 1 1700 3361.94 II 200 4233.61 I 270 5375.35 I 
95 8913.66 II 4000 3368.95 II 400 4238.05 I 370 5392.08 I 
Scandium Sc Z= 21 6600 3372.15 II 15000 4246.83 II 270 5446.20 I 
350 180.14 у 130 3418.51 1 290 4294.77 1 120 5451.34 1 
500 243.87 у 200 3429.21 1 350 4305.71 1 750 5481.99 1 
500 252.85 у 200 3429.48 1 4200 4314.09 1 530 5484.62 1 
500 253,73 у 270 3431.36 1 3300 4320.74 1 570 5514.22 1 
900 283.91 ۷ 530 3435.56 1 2400 4325.01 1 660 5520.50 1 
800 284.45 у 270 3457.45 1 180 4354.61 1 660 5526.82 II 
600 288.29 у 180 3462.19 1 110 4358.64 1 70 5564.86 

900 289,59 у 1304 3469.65 1 2000 4374.46 1 110 5591.33 1 
15 289.85 IV 110 3471.13 I 130 4384.81 II 80 5640.98 II 
1000 d 291.93 у 200 3498.91 1 1100 4400.37 1 250 5657.88 II 
800 293.25 у 2700 3535.73 II 880 4415.56 1 1500 5671.81 1 
15 296.31 IV 6600 3558.55 II 120h 4557.24 I 1200 5686.84 I 
15 299.04 IV 6100 3567.70 II 160h 4573.99 I 1100 5700.21 I 
700 300.00 у 13000 3572.53 II 350 4670.40 II 10 5706.82 IV 
1000 573.36 у 9900 3576.35 II 120 4706.97 I 190 5708.61 I 
600 587.94 у 7700 3580.94 II 120 4709.34 I 880 5711.75 I 
10 785.12 IV 4000 3589.64 II 200 4728.77 I 230 5717.28 I 
25 1168.61 ш 4000 3590.48 II 490 4729.23 I 180 5724.08 I 
15 1550.80 IV 28000 3613.84 II 590 4734.10 I 14 5771.63 IV 
180 1603.06 m 110 3617.43 I 690 4737.65 I 620 6210.68 I 
150 1610.19 ш 20000 3630.75 II 790 4741.02 I 320 6239.78 I 
160 2010.42 ш 13000 3642.79 П 1200 4743.81 І 120 6245.63 П 
12 2118.97 IV 6600 3645.31 II 200 4753.16 I 110 6249.96 I 
11 2185.43 IV 110 3646.90 I 220 4779.35 I 80 6256.01 ІШ 
11 2205.46 IV 5300 3651.80 II 170 4839.44 I 250 6258.96 I 
14 2222.22 IV 110 3664.25 II 90 4909.76 I 750 6305.67 I 
11 2271.33 IV 290 3666.54 II 90 4922.84 I 60 6378.82 I 
110 2438.62 1 75h 3717.10 I 90 4934.25 I 90 6413.35 I 
560 2545.22 П 270 3833.07 П 170 4954.06 1 60 6604.60 II 
2900 2552.37 H 610 3843.03 II 120 4973.66 I 65 6737.87 I 
560 2555.82 П 20000 3907.49 І 150 4980.37 І 50 6819,52 І 
2300 256025 " 23000 3911.81 I 140 4991.92 I 50 6835.03 I 
1100 256321 H 4400 3933.38 I 530 5031.02 1 90 7449.16 ІШ 
11 2586.93 IV 5500 3996.61 I 250 5064.32 I 55h 7741.17 I 
120 2692.78 1 530 4014.49 II 530 5070.23 I 30 7800.44 I 
350 2699.07 ш 20000 4020.40 1 250 5075.81 1 19Һ 8761.40 1 
360 2706.77 1 20000 4023.69 I 2100 5081.56 I 50 8829.78 ІШ 
210 2707.95 І 220 4030.67 І 1200 5083.72 І 30h 8834.35 I 
580 2711.35 1 140 4031.39 1 1100 5085.55 1 400 22051.86 1 
230 2734.05 Ш 220 4043,80 І 750 5086.95 І 150 22065.05 І 
340 2965.86 1 200 4046.48 I 390 5087.14 I 


10-70 Line Spectra of the Elements 


Intensity | Wavelength/À Intensity ٨ Intensity — Wavelength/À Intensity | Wavelength/À 

РЕН жыла 285 2057.5 Ш 150 8440.47 І 100 119042 п 
360 130 y 500 2074.8 I 150 8450.38 I 200 1193.28 П 
2 о i 285 2136.6 Iv 150 8742.33 I 250 1194.50 П 
A50 Бин о 500 21642 I 300 8918.86 I 100 1197.39 n 
360 Jk ú 600 2413.5 I 200 9001.97 I 30 1206.51 Ш 
нэ Жн Эе 300 2548.0 I 200 9038.61 I 30 1206.53 Ш 
450 шэн y 360 2665.5 у 100 9432.50 I 9 1207.52 HI 
б he 285 2724.3 Iv 200 10217.25 I 10 1210.46 m 
pn 5. у 285 27672 Ш 377 10307.45 І 50 122681 : 
320 к ү 220 27738 HI 900 10327.26 I 100 1227.60 : 
abd asas v 160 2951.6 Iv 640 10386.36 I 150 1228.75 : 
Ben аа ‘a 450 3387.2 Ш 275 11946.87 І 200 1229.39 : 
юм ыг ү 450 3413.9 Ш 170 11952.64 I 100 1246.74 п 
эн 2129 = 450 3457.8 HI 205 11972.93 I 150 1248.43 : 
p ed m 450 3637.6 Ш 315 14817.93 I 100 1250.09 П 
юм а эн 450 3738.7 HI 410 1491747 I 150 1250.43 П 
и Mn E 450 3800.9 Ш 500 1515144 І 200 125116 n 
nee 11% П 450 4169.1 Ш 320 15471.00 І 40 125649 I 
юм inia " 360 41753 П 265 15520.97 І 50 1258.80 I 
нм зєв x 450 4180.9 : 395 15618.40 I 1000 1260.42 : 
рк їе " 285 4382.9 n 360 16659.44 I 2000 1264.73 : 
иду x 285 4446.0 : 505 16813.78 I 200 1265.02 : 
360 nine v 220 4449.2 n 205 16866.54 I 17 1294.54 m 
260 о ВИ 285 4467.6 П 235 2137424 I 14 1296.73 ш 
A50 ims Ш 500 4730.8 I 680 21442.56 I 15 1298.89 HI 
360 1112 ш 400 4739.0 I 415 21473.48 I 18 1298.96 m 
pn sd " 300 4742.2 I 270 21716.36 I 14 1301.15 Ш 
pt єє Е 285 4840.6 n 240 21730.60 I 16 1303.32 m 
285 12910 M 360 4845.0 n 150 23388.85 I 100 1304.37 П 
sid бед " 450 5227.5 : 265 24148.18 I 50h 1305.59 п 
ЗАВ 2 i 360 5305.4 П 375 24385.99 I 200 1309.27 п 
10 зз А 100 5365.5 I 255 25017.51 I 13 1312.59 HI 
100 mos i 120 5369.9 I 510 2512743 І 100 1346.87 : 
150 14492 I ын оа | Silicon Si Z = 14 100 в. П 
158 1500.9 ' 285 5522.4 П n Pon " 150 1350.06 п 
350 18:04 қ 285 5566.9 П : 2; : 100 1352.64 : 
156 те à 285 5866.3 n in a M 100 1353.72 n 
268 isla А 450 6056.0 П » 4. x 15 139376 a 
150 А i 285 6303.8 Ш mis 1 12 140277 i 
158 та | 200 6325.6 I 7 2 Pe 13 1417.24 HI 
180 1228 i 360 6444.2 : : 5 = 90h 1485.02 : 
158 زا‎ қ 285 6490.5 : x E. Ш 100 8 1485.51 : 
юэ 5 : 285 6535.0 П : 2. is 12 1500.24 HI 
150 iene i 150 6831.3 I ‹ пон = 10 1501.19 Ш 
iso 15932 : 120 6990.690 I 9 | d 9 L50187 Ш 
Rt s : 100 6991.792 I a = " 100h 1509.10 : 
200 а А 200 7010.809 І нв 2. е 50h 151207 i 
156 iis қ 150 7013.875 І sa EIN : бор 151691 H 
150 a | 300 7062.065 I s He x 500 159578 ii 
250 12712 А 200 75751 І їй cipia ү 1000 1533.45 n 
250 1675.3 I юэ PE ! 200 992.68 П a 159455 | 
250 1690.7 1 id 10952 : 10 993.52 m | 1622.87 : 
250 1793.3 1 300 anole 1 13 994.79 ш 209 1623,43 | 
300 1795.3 I = 3030.4 | 16 997.39 ш Нэн моа I 
300 1855.2 I и : 50 1023.69 П “ шэнэ | 
250 в à 150 80947 I ' aera не 100 1668.52 І 
400 1898.6 І 180 манан = 14 1108.37 m 100 167292 I 
350 1913.8 I 90 oo : 16 1109.97 m 5. 16/220 : 
300 1919.2 I “00 $197.7 1 18 111323 ш 209 1696:20 1 
ын жийн қ 180 8163.1 I : 4. 5 200 1697.94 І 
500 о | 150 8182.9 I Ч 1. is 100h 1770.92 І 


Line Spectra of the Elements 10-71 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 

100h 1776.83 I 300 2904.28 II 16 4716.65 ІП 90 6131.850 І 
100h 1799.12 I 500 2905.69 II 50 4782.991 I 100 6142.487 I 
150 1808.00 1 55 2970.355 1 35 4792.212 1 100 6145.015 1 
500 h 1814.07 I 150 2987.645 I 80 4792.324 I 160 6155.134 I 
200 1816.92 1 50 3006.739 1 15 4813.33 ІП 160 6237.320 І 
200 1836.51 І 75 3020.004 1 16 4819.72 ІП 40 6238.287 І 
200 1841.44 I 100h 3030.00 II 18 4828.97 ІП 125 6243.813 І 
9 1842.55 ІП 9 3040.93 ІШ 30 4947.607 І 125 6244.468 І 
200 1843.77 І 100ћ 3043.69 II 40 5006.061 I 180 6254.188 I 
300 1845.51 I 50h 3048.30 II 1000 5041.03 1 45 6331.954 1 
400 1847.47 I 150h 3053.18 II 1000 5055.98 1 1000 6347.10 II 
200 1848.14 I 25 3086.24 ІШ 10h 5091.42 ІП 1000 6371.36 П 
500 1850.67 1 20 3093.42 ІШ 100 5181.90 П 45 6526.609 І 
200 1852.46 І 16 3096.83 ІШ 100h 5185.25 1 45 6527.199 1 
500 h 1874.84 I 9 3165.71 IV 200h 5192.86 1 45 6555.462 1 
200 1881.85 1 16 3185.13 ІШ 500 h 5202.41 II 50h 6660.52 II 
200 1887.70 I 13 3186.02 ІШ 100h 5405.34 II 100 6671.88 II 
200h 1893.25 I 150 3188.97 II 100h 5438.62 1 7 6701.21 IV 
1000 h 1901.33 I 150 3193.09 II 100h 5456.45 1 50h 6717.04 II 
100h 1902.46 1 100 3195.41 II 500 h 5466.43 1 100 6721.853 1 
50h 1910.62 1 14 3196.50 ІШ 500 h 5466.87 1 50 6829.82 II 
50 1941.67 1 200 3199.51 II 100h 5469.21 1 30 6848.568 1 
100 1949.56 1 100h 3203.87 II 200h 5496.45 II 80 6976.523 I 
100 1954.97 I 200h 3210.03 II 35 5517.535 I 180 7003.567 I 
50 2058.65 1 15 3210.55 ІШ 100h 5540.74 II 180 7005.883 I 
50 2059.01 1 75 3214.66 II 150h 5576.66 H 90 7017.646 I 
200 2072.02 1 12 3230.50 ІШ 30 5622.221 І 250 7034.903 1 
200 2072.70 1 14 3233.95 ІШ 100h 5632.97 1 6h 7047.94 IV 
100 2124.12 I 15 3241.62 ІШ 200h 5639.48 II 200 7165.545 I 
50h 2136.56 1 12 3258.66 ІШ 90 5645.611 І 100 7226.206 І 
110 2207.98 І 10 3276.26 ІШ 150h 5660.66 1 100 7235.326 1 
115 2210.89 1 300 3333.14 II 80 5665.554 І 180 7250.625 І 
110 2211.74 I 500 3339.82 II 1000 h 5669.56 1 160 7275.294 I 
120 2216.67 I 15 3486.91 ІШ 120 5684.484 І 400 7289.173 І 
120 2218.06 І 9 3525.94 ІШ 300 h 5688.81 II 375 7405.774 I 
10 2296.87 ІП 20 3590.47 ІШ 100 5690.425 І 200 7409.082. І 
10 2308.19 ІП 8 3762.44 IV 90 5701.105 I 275 7415.946 I 
100h 2356.30 1 20 3791.41 ІШ 200h 5701.37 H 425 7423.497 1 
30h 2357.18 1 25 3796.11 ІШ 100 h 5706.37 1 9h 7466.32 ІШ 
50h 2357.97 1 30 3806.54 ІШ 160 5708.397 І 12h 7612.36 III 
300 2435.15 1 100h 3853.66 II 20 5739.73 ІП 100 7680.267 І 
11 2449.48 ІП 500ћ 3856.02 II 45 5747.667 I 6h 7723.82 IV 
425 2506.90 I 200h 3862.60 II 45 5753.625 I 30 7800.008 I 
375 2514.32 I 300 3905.523 I 45 5754.220 I 400 7848.80 II 
500 2516.113 I 20 3924.47 ІШ 45 5762.977 І 500 7849.72 П 
7 2517.51 IV 10 4088.85 IV 70 5772.145 I 30 7849.967 I 
350 2519.202 I 70 4102.936 I 70 5780.384 I 90 7918.386 I 
425 2524.108 I 9 4116.10 IV 90 5793.071 I 120 7932.349 I 
450 2528.509 I 300h 4128.07 II 100 5797.859 I 140 7944.001 I 
110 2532.381 I 500h 4130.89 II 150h 5800.47 H 35 7970.306 1 
25 2541.82 ІШ 100ћ 4190.72 II 200 5806.74 II 35 8035.619 I 
10 2546.09 ІП 50 4198.13 II 50 5846.13 1 70 8093.241 1 
14 2559.21 ІП 9 4338.50 ІШ 300 h 5868.40 II 9h 8102.86 ІШ 
30 2563.679 І 30 4552,62 ІШ 40 5873.764 І 11Һ 8103.45 ІШ 
85 2568.641 І 25 4567.82 ІШ 10h 5898.79 ІП 35 8230.642 I 
45 2577.151 I 20 4574.76 ІШ 150 5915.22 П 9h 8262.57 ІШ 
190 2631.282 І 100 4621.42 II 200 5948.545 I 40 8443.982 I 
11 2640.79 ІП 150 4621.72 II 500 5957.56 II 40 8501.547 I 
14 2655.51 ІП 9h 4631.24 IV 500 5978.93 H 60 8502.221 I 
9 2817.11 ІП 10h 4654.32 IV 90 6125.021 I 40 8536.165 I 
1000 2881.579 I 9 4683.02 ІШ 85 6131.574 1 120 8556.780 1 


10-72 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 

50 8648.462 I 95 1432.60 II 28000 г 3382.89 I 12 162.448 IV 
40 8728.011 I 100 1464.72 II 30 3469.16 I 10 163.190 IV 
75 8742.451 1 50 1466.23 II 70 3475.82 II 12 168.411 IV 
100 8752.009 I 50r 1507.37 I 80 3495.28 II 10 168.546 IV 
35 8790.389 I 100r 1515.63 I 50 3542.61 I 5 183.95 ІШ 
100 9412.72 П 50г 1548.58 1 50h 3624.68 I 10 190.445 IV 
100 9413.506 I 100 1555.16 II 75 3682.46 II 10 199.772 IV 
30 10371.269 I 100 1644.50 II 30 3682.50 I 8 202.49 ІШ 
120 10585.141 І 60 1651,52 І 80 3683.34. П 8 202.76 ІШ 
120 10603.431 1 50 1652.10 1 50h 3709.20 I 8p 203.06 ІШ 
120 10660.975 І 700 1656.18 ІШ 200 3810.94 I 203.28 ІШ 
30 10694.251 1 120 1682.82 II 50 3811.78 I 8 203.33 III 
30 10727.408 I 500 1693.51 ІШ 100h 3840.74 I 15 229.87 ІШ 
60 10749.384 1 10 1708.11 1 50h 3907.41 I 50c 250.52 11 
30 10784.550 1 50 1709.27 1 50 3909.31 1 30 251.37 ІШ 
80 10786.856 І 125 1736.44 II 50h 3914.40 I 25 266.90 III 
140 10827.091 1 750 1751.03 ІШ 70 3920.10 II 70 267.65 ІШ 
60 10843.854 1 10h 1766.14 I 60 3949.43 1 50 267.87 ІШ 
130 10869.541 І 75 1790.37 П 100h 3981.58 I 50 268.63 ІШ 
30 10882.802 І 600 1917.08 ІШ 70 3985.19 H 20p 272.08 ІШ 
30 10885.336 І 700 1957.62 ІШ 100 h 4055.48 I 20 272.45 ІШ 
80 10979.308 І 100 1967.38 П 80 4085.91 П 10 319.644 IV 
30 10982.061 I 600 1975.92 ІШ 100 4185.48 П 300 372.08 П 
80 11017.965 І 500 1977.03 ІШ 90h 4210.96 I 350 376.38 II 
370 11984.19 I 600 2000.24 ІШ 100 4212.82 І 100 378.14 ІШ 
220 11991.57 1 150 2015.96 II 50 4311.07 I 70 380.10 ІШ 
440 12031.51 І 150 2033.98 П 50h 4476.04 I 12 408.684 IV 
190 15888.39 I 200 2061.17 I 30h 4615.69 I 10 409.614 IV 
95 16060.03 I 100 2069.85 I 80 4620.04 II 15 410.372 IV 
110 19722.50 I 80r 2113.82 II 50 4620.46 1 10 411.334 IV 
Silver Ag 2-47 60 2145.60 II 60h 4668.48 I 13 412.242 IV 
25 730.83 H 600 2161.89 III 30h 4677.60 I 11 1582.18 IV 
30 752.80 П 50 2186.76 П 100 4788.40 1 па 1583.98 IV 
400 799.41 Ш 60 2229.53 П 30h 4847.82 I 12 1584.14 IV 
15 1005.32 П 100г 2246.43 II 100 4874.10 I 12d 1587.05 IV 
10 1065.49 П 500 2246.51 ІШ 80 5027.35 П 11 1615.92 IV 
12 1072.23 " 75r 2248.74 II 1000 5209.08 I 12 1618.57 IV 
250 107422 П 75 2280.03 П 1000 5465.50 І 11 1655.47 IV 
150 1107.03 П 30h 2309.56 I 100 5471.55 I 15c 1701.97 IV 
150 1112.46 " 700 2310.04 ІШ 100 5667.34 І 204 1887.47 ІШ 
60 1195.83 H 70г 2317.05 II 10h 6268.50 I 12 1960.76 IV 
50 1223.33 П 80г 2320.29 II 320 7687.78 I 11 1965.08 IV 
50 1240.80 П 70г 2324.68 П 25 8005.4 1 12d 2106.33 IV 
50 1246.87 П 80г 2331.40 П 500 8273.52 І 30 2230.33 ІШ 
55 1256.81 П 70 2357.92 П 25 8403.8 1 16 2232.19 ІШ 
55 1257.55 " 50h 2375.02 I 30h 8645.70 I 20h 2246.70 ІШ 
50 1266.63 П 75 2411.41 II 10h 8704.85 I 300 2315.65 II 
70 1273.67 П 90г 2413.23 П 12 8747.6 П 18 2386.99 ІШ 
65 109751 П 100г 2437.81 II 15 9000.9 1 17 2394.03 ІШ 
85 131120 П 80 2447.93 П 10 12551.0 І 300 2420.99 П 
55 1313.81 П 80 2473.84 II 60 16819.5 I 300 2424.73 II 
50 131461 П 60 2506.63 П 20 17416.7 І 25 2459.31 ІШ 
60 1323.84 П БОҺ 2575.63 1 15 18307.9 1 18 2468.85 ІШ 
60 1342.09 П 60 2660.49 П 15 18382.3 1 20 2474.73 III 
50 1342.57 " 60 2721.77 I Sodium Na 2-1 1000 2493.15 II 
70 1346.62 " 75 2767.54 II 7 142.232 IV 25 2497.03 ІШ 
50 1353.54 П 100ћ 2824.39 1 8 146.064 IV 17 2510.26 III 
150 1364.50 1 зон шинээ : 9 150.298 IV 20 па 1 
100 1396.00 II 29 180/0 Л 8 150.687 ТУ 10 294387 1 
100 1410.93 1 100 3267,38 E 8 155.510 IV 70 292087 : 
90 1419.72 " 55000 r 3280.68 I 8 156.537 IV 35 2593.92 I 


Line Spectra of the Elements 


Intensity 
850 

850 

1000 

200 


Wavelength/ À 

2611.81 1 
2661.00 II 
2671.83 1 
2680.34 1 
2680.43 1 
2841.72 1 
2852.81 I 
2853.01 I 
2893.62 I 
2904.92 1 
2917.52 1 
2919.05 1 
2919.85 1 
2920.95 1 
2923.49 1 
2951.24 1 
2952.40 1 
2977,13 1 
2979.66 1 
2980.63 1 
2984.19 1 
3124.42 1 
3135.48 1 
3137.86 1 
3149.28 1 
3163.74 1 
3179.06 1 
3189.79 1 
3212.19 1 
3257.96 1 
3285.60 1 
3301.35 1 
3302.37 1 
3302.98 1 
3304.96 1 
3318.04 1 
3426.86 1 
3533.05 II 
3631.27 1 
4238.99 1 
4242.08 1 
4249.41 I 
4252.52 I 
4273.64 I 
4276.79 I 
4287.84 I 
4291.01 I 
4321.40 I 
4324.62 I 
4341.49 I 
4344.74 I 
4390.03 I 
4393.34 I 
4419.88 I 
4423.25 I 
4494.18 I 
4497.66 I 
4541.63 I 
4545.19 I 
4664.811 I 
4668.560 I 


Intensity Wavelength/A 
20 4747.941 
30 4751.822 
200 4978.541 
400 4982.813 
40 5148.838 
80 5153.402 
280 5682.633 
70 5688.193 
560 5688.205 
80000 5889.950 
40000 5895.924. 
120 6154.225 
240 6160.747 
130 6530.70 
130 6544.04 
130 6545.75 
20 7373.23 
10 7373.49 
50 7809.78 
25 7810.24 
4400 8183.256 
800 8194.790 
8800 8194.824 
100 8649.92 
60 8650.89 
25 8942.96 
40 9153.88 
60 9465.94 
80 9961.28 
20 10566.00 
60 10572.28 
200 10746.44 
80 10749.29 
120 10834.87 
35 11190.19 
50 11197.21 
400 11381.45 
1000 11403.78 
400 12679.17 
60 14767.48 
100 14779.73 
60 16373.85 
100 16388.85 
400 18465.25 
50 22056.44 
25 22083.67 
60 23348.41 
100 23379.13 
Strontium Sr Z = 38 
15 298.12 

15 300.12 
125 330.67 
500 351.62 
75 358.80 
250 363.49 
150 371.21 

20 378.53 

75 392.44 
50 393.00 
50 396.22 
1000 437.24 


Intensity 
1875 
1250 
3750 
10 
2500 
25 
30 
25 
50 
25 
200 
35 
100 


Wavelength/A 
491.79 
507.04 
514.38 
517.28 
562.75 
578.01 
624.93 
642.23 
649.21 
660.94 
664.43 
686.23 
710.35 
747.82 
1025.23 
1125.49 
1236.23 
2152.84 
2165.96 
2273.71 
2340.13 
2346.97 
2428.10 
2486.52 
2555.60 
2571.04 
3002.61 
3012.32 
3019.29 
3021.73 
3061.43 
3182.61 
3235.39 
3351.25 
3380.71 
3430.76 
3464.46 
3969.26 
4030.38 
4077.71 
4215.52 
4298.57 
4305.45 
4607.33 
4685.08 
4722.28 
4741.92 
4784.32 
4811.88 
4832.08 
4872.49 
4876.32 
4891.98 
4962.26 
4967.94 
5156.07 
5222.20 
5225.11 
5229.27 
5238.55 
5256.90 


Intensity 


40 
40 
1500 
7000 
3500 
2600 
2000 
2000 
1000 
900h 
600h 
9000 
5500 
1000 
1700 
3000 
1800 
4800 
1200 
5500 
2500 
500 
400h 
200h 
120 
200 
100 
400 h 
600 
300 
100 
100h 
300 
1000 
200 
700 
100 
60 
40 
75 
100 
50 
230 
120 
30 


Sulfur S Z= 


10-73 

Wavelength/ À 
5257.71 ІШ 
5443.48 ІШ 
5450.84 І 
5480.84 І 
5504.17 І 
5521.83 І 
5534.81 I 
5540.05 I 
6380.75 I 
6386.50 I 
6388.24 I 
6408.47 I 
6504.00 I 
6546.79 I 
6550.26 I 
6617.26 I 
6791.05 I 
6878.38 I 
6892.59 I 
7070.10 I 
7309.41 I 
7621.50 I 
7673.06 I 
8422.80 I 
8505.69 II 
8688.91 II 
9294.10 I 
9448.95 I 
9596.00 I 
9624.70 I 
9638.10 I 
9647.70 II 
10036.66 II 
10327.31 II 
10914.88 II 
11241.25 I 
12014.76 II 
12445.90 II 
12495.00 I 
12974.70 II 
13123.80 II 
17447.40 I 
20261.40 I 
20700.70 I 
26023.60 I 
16 

437.4 V 
438.2 V 
439.6 У 
519.3 IV 
520.1 IV 
520.8 IV 
522.0 IV 
522.5 IV 
551.2 IV 
652.5 IV 
653.0 IV 
653.6 IV 
654.0 IV 
655.6 IV 


10-74 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
110 657.3 IV 355 1316.542 I 285 3902.0 I 160 9035.9 I 
40 658.3 V 290 1316.618 I 160 3928.6 ІП 450 9212.9 І 
70 659,8 У 375 1323.515 1 360 3933.3 1 450 9228.1 I 
40 660.9 IV 355 1326.643 I 450 4120.8 I 450 9237.5 I 
160 661.4 IV 775 1381.552 I 280 4142.3 1 285 9413.5 1 
110 663.2 У 710 1385.510 1 360 4145.1 1 285 9421.9 1 
40 663.7 IV 960 1388.435 I 450 4153.1 1 285 9437.1 I 
40 664.8 IV 640 1389.154 I 450 4162.7 II 650 9649.9 I 
70 666.1 IV 775 1392.588 I 360 4253.6 ІП 450 9672.3 1 
20 678.1 У 1000 1396.112 1 450 4694.1 I 450 9680.8 I 
40 680.3 V 300 1409.337 I 285 4695.4. 1 450 9693.7 1 
110 680.9 У 510 1425.030 1 160 4696.2 1 285 9697.3 1 
40 681.6 У 425 1433.280 1 280 4716.2 1 285 9739.7 1 
20 693.5 У 300 1436.968 1 450 4815.5 II 285 9932.3 I 
70 729.5 ІП 300 1448.229 1 360 4924.1 1 285 9949.8 1 
110 732.42 ІП 425 1472.972 І 450 4925.3 1 285 9958.9 1 
70 735.2 ІП 550 1473.995 І 285 4993.5 1 285 10455.5 1 
70 738.5 Ш 300 1474.380 1 360 5428.6 1 285 10459.5 1 
110 744.9 IV 355 1481.665 I 650 5432.8 II Tantalum Ta. 2-73 

110 748.4 IV 485 1483.039 I 1000 5453.8 II 60 493.07 у 
110 750.2 IV 300 1483.233 I 1000 5473.6 1 1000 890.87 у 
110 753.8 IV 330 1485.622 I 1000 5509.7 II 500 947.30 у 
285 786.5 У 390 1487.150 1 280 5564.9 1 67 999.34 IV 
70 789.0 ІП 20 1624.0 IV 1000 5606.1 1 79 1116.10 IV 
70 796.7 ІП 20 1629.2 IV 450 5640.0 II 78 1136.17 IV 
70 800.5 IV 680 1666.688 I 450 5640.3 II 85 117551 IV 
70 804.0 IV 640 1687.530 I 280 5647.0 1 80 1189.28 IV 
70 809.7 IV 710 1807.311 I 650 5659.9 1 80 1192.67 IV 
110 816.0 IV 680 1820.343 I 450 5664.7 1 85 1213.09 IV 
70 824.9 ІП 640 1826.245 І 160 5706.1 I 500 1213.42 у 
70 836.3 ІП 710 1900.286 І 450 5819.2 1 85 1215.53 IV 
160 849.2 V 550 1914.698 I 450 6052.7 I 90 1223.73 IV 
110 852.2 V 20 2387.0 IV 280 6286.4. 1 88 1238.12 IV 
220 854.8 У 40 2398.9 IV 450 6287.1 II 95 1240.06 IV 
110 857.9 V 110 2460.5 ІШ 450 6305.5 П 87 1258.34 IV 
110 860.5 У 110 2489.6 ІШ 450 6312.7 П 94 1264.91 IV 
40 906.9 1 160 2496.2 ІШ 280 6384.9 П 98 1272.42. IV 
40 910.5 1 160 2499.1 ІШ 280 6397.3 1 ږو‎ 1275.48 IV 
40 912.7 II 220 2508.2 ІШ 280 6398.0 1 86 1275.94 IV 
40 937.4 1 70 2636.9 ІШ 360 6413.7 1 92 1308.51 IV 
40 937.7 1 220 2665.4 ІШ 160 6743.6 1 87 1315.58 IV 
160 1062.7 IV 110 2691.8 ІШ 285 6748,8 І 92 1332.38 IV 
160 1073.0 IV 110 2702.8 ІШ 450 6757.2 I 86 1343.30 IV 
70 1073.5 IV 220 2718.9 ІШ 450 7579.0 І 92 1365.88 IV 
285 1077.1 ІП 110 2721.4 ІШ 450 7629,8 І 5000 1392.56 ү 
40 1102.3 1 220 28 ІШ 285 7686.1 I 91 1398.78 IV 
70 1194.0 ІП 220 2731.11 ІШ 450 7696.7 І 93 1413.40 IV 
70 1201.0 ІП 110 2741.0 ІШ 1000 7924.0 I 91 1454.32 IV 
40 1234.1 1 285 2756.9 ІШ 160 7928.8 І 92 1464.41 IV 
40 1250.5 1 110 2775.2 ІШ 285 7930.3 1 93 1469.82 IV 
110 1253.8 1 160 2785.5 ІШ 450 7931.7 1 90 1495.25 IV 
110 1259.5 1 110 2863.5 ІШ 450 7967.4 I 95 1514.19 IV 
275 1270.782 I 160 2904.3 ІШ 450 7967.4 1 85 1607.70 IV 
250 1277.216 I 160 2986.0 ІШ 450 8314.7 1 7000 1709.10 у 
280 1295.653 1 110 3097.5 IV 450 8314.7 1 85 1712.16 IV 
275 1302.337 I 110 3497.3 ІШ 450 8585.6 І 85 1716.13 IV 
235 1302.863 I 160 3632.0 ІШ 285 8680.5 1 85 2055.75 IV 
235 1303.110 I 110 3709.4 ІШ 450 8694.7 І 1100 2140.13 " 
245 1303.430 I 160 3717.8 ІШ 360 8874.5 І 1500 2146.87 " 
260 1305.883 I 160 3838.3 ІШ 110 8882.5 I 1200 2182.71 П 
265 1310.194 1 285 3867.6 1 220 8884.2 1 1100 2193.88 П 


Line Spectra of the Elements 10-75 


Intensity — Wavelength/À Intensity | Wavelength/À Intensity — Wavelength/À Intensity ۳٨ 
1500 2196.03 II 770 2775.88 I 200 5037.37 I 75 7006.96 I 
90 2199.58 IV 680 2796.34 I 100 5067.87 I 150 7148.63 I 
1500 2199.67 II 680 2797.76 II 110 5115.84 I 110 7172.90 I 
90 2207.64 IV 510 2806.58 I 100 5141.62 I 140 7301.74 I 
1400 d 2210.03 II 640 2844.25 I 100 5143.69 I 160 7346.41 I 
1400 2239.48 II 560 2848.52 I 330 5156.56 I 140c 7352.86 I 
1200 2250.76 II 1500 2850.49 I 110 5212.74 I 100 7356.96 I 
840 2261.42 II 1900 2850.98 I 110d 5218.45 I 90 cw 7369.09 I 
990 2262.30 II 360 2861.98 I 140 5341.05 I 160 7407.89 I 
990 2272.59 II 470 2871.42 I 200 5402.51 I 100 7882.37 I 
790 2285.25 II 380 2880.02 I 130 5419.19 I 75 8026.50 I 
600 2286.59 II 770 2891.84 I 90 5518.91 I 75 8281.62 I 
990 2289.16 II 560 2902.05 I 150 5645.91 I Technetium Te Z = 43 

440 2302.24 II 310 2915.49 I 130 5664.90 I 10000 c 3636.07 1 
440 2302.93 II 410 2925.19 I 130 5776.77 I 20000 c 4031.63 I 
440 2312.60 II 310 2932.70 I 90 5780.71 I 15000 4095.67 1 
420 2315.46 II 1700 2933.55 I 130 5811.10 I 20000 4262.27 1 
690 2331.98 II 470 2940.06 I 240 5877.36 I 30000 4297.06 I 
550 2332.19 II 1200 2940.22 I 130 5882.30 I 20000 4853.59 1 
250 2357.30 1 510 2951.92 1 90 5901.91 1 

260 2361.09 1 340 2953.56 1 90 5918.95 1 Tellurium Те Z = 52 

600 2364.24 II 1500 2963.32 I 130 5939.76 I 8 802.28 II 
320 2371.58 I 770 2965.13 II 240 5944.02 I 8 1059.51 II 
1400 2387.06 II 770 2965.54 І 190с 5997.23 І 8 1077.66 П 
2400 2400.63 П 340 2969.47 I 100 6020.72 I 10 1161.42 II 
320 2416.89 II 430 2975.56 I 250 6045.39 I 10 1174.34 II 
360 2427.64 I 1800 3012.54 II 100 6047.25 I 12 1175.79 II 
360 2429.71 II 290d 3027.48 I 100 6101.58 I 9 1208.54 II 
480 2432.70 II 530 3049.56 I 65 6144.56 I 9 1220.98 II 
380 2470.90 II 530 3069.24 I 130 6154.50 I 9 1253.62 II 
600 2474.62 I 360 3077.24 I 150 6256.68 I 9 1270.52 II 
500 2484.95 I 560 3103.25 I 150 6268.70 I 10 1324.92 II 
600 2488.70 II 380 3124.97 I 150 6309.58 I 1363.24 II 
500 2490.46 I 380 3130.58 I 75 6325.08 I 8 1366.73 II 
600 2504.45 I 270 3132.64 I 65 6341.17 I 10 1374.80 II 
600 2507.45 I 320 3170.29 I 75 6356.16 I 10 1608.41 II 
1200 d 2526.35 I 270 3173.59 I 65 6360.84 1 10 1613.15 II 
600 2532.12 II 600 3180.95 I 90 6389.45 I 5 1655.4 I 
1200 2559.43 I 300 3223.83 I 65 6428.60 I 5 1688.5 I 
460 2562.10 I 1100 3311.16 I 250 6430.79 I 1700.0 I 
600 2577.37 II 680 3318.84 I 200 6450.36 I 5 1708.0 I 
600 2603.49 II 330d 3330.99 II 380 6485.37 I 10 1822.4 I 
1400 2608.63 I 640 3371.54 I 65 6505.52 I 26000 2002.02 I 
1200 2635.58 II 360 3385.05 I 100 6514.39 I 6500 2081.16 I 
860 2636.90 I 450 3406.94 I 100 6516.10 I 18000 2142.81 I 
2400 2647.47 I 490 3480.52 I 100 6574.84 I 3200 2147.25 I 
2600 2653.27 I 380 3497.85 I 110 6611.95 I 500 2259.02 I 
1900 2656.61 I 490 3511.04 I 75 6621.30 I 1200 2383.26 I 
1500 2661.34 I 750 3607.41 I 100 6673.73 I 1500 2385.78 I 
770 2675.90 II 980 3626.62 I 180 6675.53 I 50 2438.69 II 
1500 2685.17 II 500 3642.06 I 75c 6740.73 I 120 2530.72 I 
470 2694.52 II 210 3918.51 I 75 6771.74 І 100 2649.66 П 
1000 2698.30 1 210 3970.10 1 160 с 6813.25 1 80 2661.10 II 
1200 2710.13 I 210 3996.17 I 210 6866.23 I 110 2677.13 I 
2600 2714.67 I 410 4061.40 I 180 6875.27 I 100 2858.29 II 
470 2727.44 II 310 4067.91 I 150 6902.10 I 150 2895.41 II 
1200 2748.78 I 300 4205.88 I 140 6927.38 I 70 2967.29 II 
860 2749.83 I 360c 4510.98 I 140 6928.54 I 70 3047.00 II 
410 2752.49 II 340 4574.31 I 65 6951.26 I 100 3175.14 I 
1000 2758.31 I 260 4619.51 I 180 6966.13 I 60 3256.80 II 
430 2761.68 II 450 4681.88 I 110d 6995.22 I 60 3329.22 II 


10-76 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
150 3406.79 1 689 9956.30 1 8104 3472.79 1 390 4196.74 1 
50 3442.25 II 325 9977.13 I 810 3500.84 1 650 4203.74 I 
50 3521.11 1 5950 10051.41 1 5700 3509.17 II 600 4206.49 I 
50 3552.19 1 4097 10091.01 1 1300 3523.66 1 480 4215.09 1 
100 3611.78 1 381 10118.08 1 1100 3540.24 1 480 4232.82 1 
50 3617.57 1 397 10300.56 1 810 3543.89 1 650 4266.34 І 
50 4006.52 П 745 10493.57 1 3200 3561.74 1 760 су 4278.52 II 
70 4127.32 1 1880 10918.34 1 810 3567.35 1 450 4310.42 1 
100 4169.77 II 10200 11089.56 I 4200 3568.52 1 2200 4318.83 1 
80 4225.73 1 508 11163.74 1 1600 3568.98 1 600 4322.23 

100 4261.11 II 6620 11487.23 I 1100 3579.20 1 600 4325.83 II 
60 4273.43 1 1580 13247.75 1 710 3585.03 1 3000 4326.43 1 
80 4285.85 1 1050 14513.51 1 810 3596.38 1 600 4332.12 1 
150 4364.00 1 1480 15452.45 1 1600 3600.44 1 870 4336.43 1 
75 4385.10 1 2430 15546.23 1 810 3625.54 1 600 4337.64 I 
170 4478.63 II 3760 16403.90 I 2300 3650.40 1 1700 4338.41 1 
80 4537.07 II 1960 17303.54 I 810 3654.88 1 700 4340.62 I 
100 4557.78 1 2780 18291.59 1 2000 3658.88 1 870 4356.81 1 
70 4630.62 1 1020 21043.73 1 3800 3676.35 1 330 4382.45 1 
100 4641.12 1 464. 21602.50 1 810 3682.26 1 300 4388.23 1 
180 4654.37 1 74 22555.29 I 450 3693.58 I 260 4390.91 I 
200 4686.91 II 38 26539.17 I 450 3700.12 I 350 4423.10 I 
100 4696.38 1 Terbium Th Z = 65 4700 3702.86 1 240 4436.12 I 
100 4706.53 1 1000 1259.40 IV 2400 3703.92 II 240 4448.04 I 
100 4766.05 II 1000 1327.67 IV 1000 d 3711.76 1 430 4493.07 1 
100 4784.87 1 1000 1373.86 IV 650 3745.04 I 75 4514.31 II 
100 4827.14 1 5000 1595.39 IV 870 3747.17 1 110 4549.07 

150 4831.28 1 2000 1633.19 IV 870 3747.34 II 110 4550.45 I 
150 4842.90 1 2000 2027.79 IV 1100 375524 1 110 4556.46 1 
130 4865.12 II 1000 2089.98 IV 650 3759.35 I 110 4563.69 II 
200 4866.24 II 1000 2332.54 IV 1700 3765.14 I 210 4578.69 II 
8 5083.0 I 110 2584.61 n 2100 3776.49 H 65 4584.84 II 
50 5449.84 П 110 2608.57 Il 600 3783.53 I 65 4591.56 II 
50 5487.95 1 130 2628.69 И 410 3789.92 1 75а 4626.32 II 
150 5576.35 1 140 2669.29 n 760 d 3806.85 П 95 4626.94. П 
150 5649.26 П 190 2704.07 T 1500 3830.26 1 65 4632.07 1 
100 5666.20 1 270 2769.53 И 540 3833.42 1 65ћ 4636.59 1 
200 5708.12 1 320 2897 44 П 920 4 3842.50 П 85 4641.00 II 
150 5755.85 1 250 2956.21 П 3700 3848.73 II 210 4641.98 II 
100 5974.68 1 220 3010,59 И 3500 w 3874.17 1 260 су 4645.31 II 
50 6367.13 1 230 3016.18 n 480 3888.22 I 80 4647.23 I 
10h 6790.0 I 460 3053.55 T 490 3894.64 1 80 4662.79 1 
20h 6837.6 I 460 3070.05 И 2400 3899.20 II 80 4676.90 I 
20h 6854.7 I 670 3078.86 П 1600 3901.33 1 70с 4681.87 1 
15ћ 7191.1 I 480 3082.36 I 480 3908.06 I 80 4688.63 II 
20h 7263.5 I 480 3089.58 И 650 3915.43 1 80 4693.11 II 
12 7460.98 1 480 3102.96 n 760 3925.45 II 200 4702.41 II 
15 7468.75 1 440 3139.64 П 8104 3939.52 II 110 4707.94 II 
15 7921.69 II 480 3187.26 И 22004 3976.84 1 80 4739.93 1 
15 7943.14 1 480 3199,56 П 1800 3981.87 П 70 4747.80 1 
10 7950.34 1 1100 3218.93 П 970 4002.59 П 410 см 4752,53 П 
30h 8061.4 I 1200 3219.98 " 1900 4005.47 1 180 4786.78 1 
10 8122.44 1 480 3252.32 n 760 4012.75 1 100 4813.77 1 
20 8186.44 1 760 3280.31 П 870 4032.28 I 80 4875.57 II 
15 8273.53 1 760 3281.40 " 2100 4033.03 II 80 4881.15 II 
15 8672.95 1 1000 3285.04 П 430 4054.12 1 95 4915.90 1 
10 8733.81 1 1500 3293.07 I 410 4060.37 I 65 4931.79 I 
205 8758.18 I 3800 3324.40 И 1300 4061.58 1 85 4993.82 II 
81 9004.37 I 760 3349.42 n 650 4105.37 I 110 5078.25 I 
5660 9722.74 І 760 3364.93 T 1100 4144.41 1 75 5089.12 II 
532 9868.92 I 810 3454.06 И 350 4158.53 1 85 5186.13 1 


Line Spectra of the Elements 10-77 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 

120 5228.12 I 20 1034.73 IV 15 4981.35 1 910 3256.274 II 
75 5248.71 I 20 1036.61 IV 25 5078.54 1 180 3257.366 1 
75 уу 5262.11 П 10г 1049.73 II 25 5152.14 II 910 3262.668 II 
75 5281.05 I 8r 1050.30 II 18000 5350.46 I 620 3287.789 II 
65 5304.72 I 5r 1074.97 II 15d 5384.85 II 910 3291.739 II 
110 5319.23 I 30 1079.68 IV 10 5410.97 1 620 3292.520 II 
65w 5337.90 I 10r 1130.17 II 25 5949.48 1 240 3301.650 1 
160 5354.88 1 15r 1162.55 II 10 6179.98 1 480 3304.238 1 
75 5369.72 1 10r 1167.43 II 10 6378.32 1 510 3321.450 II 
75 5375.98 I 10r 1183.41 II 16h 6549.84 I 840 3325.120 II 
50 5424.10 11 1227 1194.84 П 10 6966.5 1 250 3330.476 1 
55 5459.81 1 5r 1246.00 II 10 7815.80 I 620 3334.604 II 
55 5509.61 I 10 1266.33 ІШ 20 8373.6 1 620 3337.870 II 
50 5514.54 I 15r 1307.50 II 10 8474.27 I 310 3348.768 I 
65 5524.12 I 8r 1310.20 II 10 8664.1 1 980 3351.228 II 
85c 5747.58 I 25r 1321.71 II 20 9130. 1 620 3358.602 II 
75 5795.64 I 8r 1330.40 II 20 9130.5 I 250 3374.974 I 
75 5803.13 1 10r 1373.52 II 40 9509.4 I 1300 3392.035 II 
65 5815.36 I 10 1477.14 ІШ 20 9930.4 1 200 3396.727 1 
65 5851.07 1 8г 1489.65 1 30 10011.9 1 250 3398.544 I 
65 5870.62 1 10г 1499.30 II 40 10488.80 I 200 3405.558 I 
65c 5920.78 I 10r 1507.82 II 1000 11512.82 1 250 3413.012 1 
75 5967.34 1 15r 1561.58 II 150 12736.4 I 390 3421.210 I 
35 6331.68 1 10r 1568.57 II 700 13013.2 I 270 3423.989 I 
35 cw 6518.68 I 71 1593.26 II Thorium Th Z = 90 980 3433.998 II 
35 6581.82 I 5h 1616. I 150 1707.37 IV 770 3435.976 II 
90 6677.94 1 5 1685.40 1 200 1959.02 IV 1300 3469.920 II 
40 cw 6702.61 I 10r 1792.76 II 200 2002.34 IV 170 3471.218 I 
130 6794.58 1 121 1814.85 II 200 2413.50 HI 200 3486.552 I 
55 6896.37 1 25r 1908.64 II 200 2427.94 THI 670 3539.587 [I 
45h 6899.95 I 100r 2007.56 I 200 2431.68 Ш 180 3544.018 1 
40 6901.98 1 100г 2210:71. 1 200 2441.24 ш 170 3549.595 1 
65 7204.28 1 30 2298.04 II 500 2565.593 П 200 3555.013 1 
40 7257.73 1 140 2315.98 1 480 2692.415 " 530 3559.451 II 
45 7348.88 1 900h 2379.69 1 520 2747 156 П 200 3576.557 1 
45 7496.12 1 20 2530.86 II 410 2752.166 П 270 3592.780 1 
27ћ 7582.03 II 700 2580.14 I 800 2832.315 " 270 3598.120 I 
45 7590.24 I 420 2709.23 I 1200 2837.295 П 980 3609.445 П 
65 7596.44. І 4400 d 2767.87 I 100 2848.084 1 200 3612.427 1 
30 7627.81 1 10 2849.80 II 550 2870.406 " 480 3615.133 II 
30 7737.63 I 2800 2918.32 I 100 2936.086 I 270 3635.943 I 
30 7855.79 1 20 3091.56 II 100 2943.729 1 210 3642.248 1 
27 7927.90 1 15 3185.51 II 420 3049.092. П 170 3649.735 І 
30 8025.42 1 15 3186.56 II 450 3067 729 I 220 3663.202 I 
30 8085.06 II 15 3187.74 II 670 3078.828 П 280 3669.968 І 
65 8194.82 II 1200 3229.75 I 480 3080.217 " 700 3675.567 II 
95 8212.57 I 15 3291.01 II 510 3108.296 П 150 3682.486 1 
40 8450.06 П 15 3369.15 II 100 3116263 1 170 3692.566 I 
30h 8511.80 I 9 3456.34 ІШ 510 3119.526 " 180 3698.105 I 
45 8583.45 1 20000 3519.24 1 510 3122.963 I 340 3706.767 I 
30 8603.40 I 5000 3529.43 I 480 3125.507 П 590 3719.435 І 
65 8765.74 1 8 3540.08 II 100 3136216 1 770 3721.825 II 
Thallium ТІ Z = 81 2 2200:69 ü 420 3139.306 II 1808 1188 Л 
10 570.49 IV 12000 w 3775.72 I 420 3142.835 T 310 3747.539 I 
5r 670.87 П 10 3832.30 П 420 3175726 " 650 3752.569 II 
157 696.30 П 10 815 Л 1100 3180.193 П 180 20088 1 
5r 709.23 II 7 4103:89 Ш 770 3188.233 1 د03 20د‎ : 
10r 817.18 1 ° 1269:81 n 560 3221.292 II 29 3828.584 1 
5r 836.34 " 20 4274.98 II 560 3229.009 " 840 3839.746 II 
8 1018.85 П 40 4306.80 П 480 3235.84 П 450 3863.405 П 
30 1028.69 IV 20 Еи 11 590 3238.116 II 219 шин 1 


10-78 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 

340 3895.419 I 40 7191.132 II 1900 3151.04 II 6800 3883.13 I 
590 3929.669 1 35 7208.006 1 1500 3157.34 1 1800 3883.44 П 
200 3932.911 1 50 7525.508 II 450 3172.65 I 5400 3887.35 I 
390 3967.392 I 30 7647.380 I 2300 3172.83 1 440 3896.62 1 
200 3972.155 1 30 8330.451 1 1200 3236.81 II 3500 3916.48 I 
150 3980.089 I 40 8967.641 I 1600 3240.23 II 1500 3949.27 I 
530 3994.549 1 20 9833.42 1 2300 3241.54 1 1500 3958.10 II 
220 4008.210 I 20 10726.93 I 320 3246.96 I 1800 3996.52 II 
220 4009.056 I 20 10942.24 II 1900 3258.05 1 220 4024.23 1 
280 4012.495 1 30 11230.259 1 1600 3266.64 1 380 4044.47 I 
4200 4019.129 11 20 11984.67 II 1200 3267.40 1 10000 4094.19 I 
250 4030.842 I 20 17208.22 II 1100 3276.81 1 9500 4105.84 I 
250 4036.047 I 15 18811.88 I 1200 3283.40 1 1100 4138.33 1 
250 4063.407 1 10 22264.35 II 1200 3285.61 1 8800 4187.62 1 
700 4086.520 1 Thulium Tm Z = 69 2300 3291.00 1 6000 4203.73 1 
700 4094.747 1 5000 2185.94 IH 2000 3302.46 II 380 4222.67 I 
150 4100.341 1 360 2284.79 n 1200 3309.80 1 3000 4242.15 II 
840 4108.421 1 20000 2296.21 IH 230 3349.99 1 270 4271.71 1 
240 4112.754 1 5000 2305.03 IH 4000 3362.61 II 150 4298.36 І 
280 4115.758 І 20000 2311.16 IH 1700 3397.50 1 2700 4359.93 1 
1100 4116.713 1 5000 2312.72 IH 850 3410.05 I 1400 4386.43 I 
200 4127.411 I 5000 2326.19 IH 340 3412.59 1 200 4394.42 1 
200 4134.067 1 6000 2328.50 IH 340 3416.59 I 140 4396.50 I 
450 4149.986 1 6000 2329.29 IH 6400 3425.08 1 120 4454.03 1 
620 4178.060 II 3000 2331.80 IH 340 3429.33 1 540 4481.26 II 
620 4208.890 II 3000 2357.05 THI 4900 3441.50 H 150 4519.60 1 
110 4253.538 1 4000 2406.63 IH 4900 3453.66 1 260 4522.57 II 
110 4260.333 I 450 2409.02 И 8500 3462.20 1 110 4548.60 1 
480 4277.313 1 450 2426.17 n 210 3467.51 I 270 4599.02 I 
700 4282.042 1 770 2480.13 T 340 3476.69 1 300 4615.94 II 
130 4337.277 I 30000 2489.44 " 340 3480.98 I 80 4626.33 II 
1300 4381.860 II 2000 2504.71 THI 420 3487.38 I 95 4626.56 II 
1100 4391.110 1 1300 2509.08 И 340 3499.95 1 110 4634.26 II 
110 4498.940 I 3000 2519.78 " 250 3517.60 I 120 4655.09 I 
280 4510.527 1 130 2527.02. 1 1700 3535.52 1 160 4681.92 1 
90 4723.438 1 10000 2552.46 Ш 420 3537.91 І 120 4691.11 I 
50 4840.843 I 360 2552.76 1 210 3555.82 I 110 4724.26 I 
280 4863.163 1 540 2561.65 П 340 3560.92 1 680 4733.34 I 
260 5017.255 1 430 2588.27 T 420 3563.88 I 70 4759.90 I 
110 5067.974 I 170h 2596.49 1 1300 3566.47 II 80 4831.20 II 
120 5148.211 1 810 2607.06 n 420 3567.36 I 140 4957.18 I 
95 5216.596 II 730 2624.33 П 280 3586.07 І 160 5009.77 П 
10 5231.160 1 5000 2682.32 " 2100 3608.77 II 160 5034.22 II 
95 5247.654 1 2000 2707.03 IH 1000 3629.09 ІП 150 5060.90 І 
60 5343.581 І 3000 271947 Ш 380 3638.41 1 95 5113.97 1 
60 5587.026 1 540 2721.19 И 1100 3668.09 1 80 5213.38 1 
95 5707.103 1 3000 2724.44 THI 4800 3700.26 1 650 5307.12 1 
70 5760.551 1 4000 2727.56 IH 3800 3701.36 1 80 5346.49 II 
85 5989.044 1 680 2794.60 И 7700 3717.91 1 270 5631.41 1 
60 6169.822 1 720 2797.27 П 2400 3734.12 H 520 5675.84 1 
50 6182.622 1 2000 2806.77 IH 5000 3744.06 1 40 5684.76 II 
50 6274.116 1 580 2827.92 И 1700 3751.81 1 35 5709.97 II 
50 6274.117 1 200 2854.17 I 6000 3761.33 1 190 5764.29 I 
50 6355.911 1 1600 2869.23 И 4800 3761.91 1 35 5838.76 II 
60 6457.283 I 1000 2947.72 " 7100 3795.75 1 240 5895.63 1 
50 6462.614 1 490 2973.22 I 770 3798.54 I 140 5971.26 I 
50h 6531.342 I 1000 2998.28 IH 600 3807.72 I 200 6460.26 I 
55 6989.656 I 1500 3015.30 T 290 3826.39 I 95 6604.96 I 
30 7045.795 1 360 3081.12 I 1300 3838.20 1 110 6779.77 1 
30 7084.171 1 7400 3131.26 T 290 3840.87 1 120 6844.26 1 
30 7168.896 1 2300 3133.89 И 8900 3848.02 1 80 6845.76 1 


Line Spectra of the Elements 10-79 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 

10 6937.37 I 120r 1823.00 I 110 3330.62 I 15 498.26 У 
10 7017.90 1 9 1831.89 II 60 3351.97 1 14 502.08 V 
12 7034.34 I 50r 1848.75 I 10 3472.46 1 13 526.57 V 
10 7106.14 I 200r 1860.32 I 11 3575.45 1 18 779.07 IV 
17 7272.62 I 80 1886.05 I 280r 3801.02 I 20 1298.66 ІШ 
14 7310.51 І 100 1891.40 I 10 5332.36 1 20 1298.97 ІШ 
14 7432.18 І 12 1899.91 II 20 5561.95 1 23 1455.19 ІШ 
75 7481.08 І 50 1909.30 1 25 5588.92 1 20 1467.34 IV 
75 7490.20 I 80 1925.31 I 500 5631.71 I 11 1717.40 V 
140 7558.33 I 500 1941.86 III 15 5799.18 1 10 1841.49 У 
80 7731.53 1 150 1952.15 1 50 5925.44 І 20 2067.56 IV 
40 7856.08 I 50h 1977.6 I 100 5970.30 I 18 2103.16 IV 
55 7927.51 I 80 1984.20 I 150 6037.70 I 180 2273.28 I 
110 7930.84 I 50 2040.66 I 250 6069.00 I 190 2279.96 I 
95 8017.90 I 50 2054.03 I 100 6073.46 I 190 2305.67 I 
27 8472.01 II 70 2058.31 I 400 6149.71 I 22 2413.99 ІШ 
TinSn 7-50 80 2068.58 I 200 6154.60 1 25 2516.05 ІШ 
7 169.47 П 100 2072.89 І 150 6171,50 І 360 2525.60 П 
150 361.01 у 100 2073.08 1 100 6310.78 1 24 2527.84 ІШ 
100 753.01 Ш 200 2096.39 1 70 6453.50 1 210 2529.85 1 
200 910.92 Ш 100 2100.93 1 25 6844.05 П 190 2531.25 II 
500 956.25 IV 100r 2113.93 I 20 7191.40 1 190 2534.62 II 
7 985.13 H 50 2121.26 I 10 7387.79 1 130 2535.87 II 
500 101972 IV 40r 2148.73 I 13 7741.80 1 23 2540.06 ІШ 
1000 1044.49 IV 20r 2151.43 I 100 7754.97 I 24 2563.44 ІШ 
1000 1073.41 IV 30 2151.54 II 100h 8030.5 I 23 2565.42 ІШ 
200 1089.35 у 80 2171,32 1 200 8114.09 1 22 2567.56 ІШ 
8 1108.19 I 150r 2194.49 I 80 8357.04 I 270 2599.92 I 
1000 111934 IV 300r 2199.34 I 300 8422.72 I 340 2605.15 I 
1000 113929 Ш 400г 2209.65 1 400 8552.60 1 510 2611.28 1 
1000 1158.33 IH 80r 2231.72 I 50h 8681.7 1 300 2619.94 1 
200 1160.74 у 400г 2246.05 1 50h 9410.86 I 640 2641.10 I 
10 116143 " 60 2251.17 I 80h 9415.37 I 800 2644.26 I 
1000 118425 IH 400r 2268.91 I 150 9616.40 I 950 2646.64 I 
2000 121052 ш 200г 2286.68 1 50 9741.1 I 250 2742.32 I 
9 1219.07 П 600г 2317.23 І 100 h 9742.8 1 250 2802.50 1 
13 1223.70 " 300r 2334.80 I 300 h 9805.38 I 190 2841.94 II 
11 1243.00 H 1000 r 2354.84 I 500 9850.52 1 180 2877.44 II 
2000 125138 у 22 2368.33 II 54 10894.00 I 280 2884.11 II 
1000 1259.92 Ш 100 2408.15 1 70 11191.85 1 450 2912.08 1 
20 1290.86 H 800r 2421.70 I 56 11277.66 I 340 2928.34 I 
200 1294.36 у 1000 г 2429.49 I 200 11454.59 I 1100 2942.00 I 
1000 1305.97 IH 15 2448.98 II 200 11616.26 I 1300 2948.26 I 
1000 1314.55 IV 300 2483.39 1 258 11739.78 1 1600 2956.13 1 
20 131659 П 13 2483.48 П 96 11825.18 1 22 2984.75 ІШ 
1000 1327.34 " 10 2486.99 II 106 11835.82 I 1300d 3066.22 II 
1000 1347.65 ш 200 2495.70 1 254 11932.99 1 1100 3072.97 II 
1000 1386.74 Ш 400 2546.55 1 48 12009.50 1 1600 3075.22 П 
25 1400.52. " 500r 2571.58 I 111 12313.24 I 2300 3078.64 II 
1000 1437 52 IV 200 2594.42 I 42 12530.87 I 3600 3088.02 II 
20 147515 " 200r 2661.24 I 42 12536.5 I 720 3119.72 I 
9 1489.22 " 700r 2706.51 I 89 12888.5 I 500 3161.20 II 
1000 1570.36 ш 150 2779.81 1 187 12981.7 1 780 3161.77 II 
10r 173721 1 1400 г 2839.99 I 187 13018.5 I 1000 3162.57 II 
157 175146 1 1000 r 2863.32 1 68 13081.5 1 1600 3168.52 II 
20r 1764.98 1 700г 3009.14 1 378 13460.2 1 2400 3186.45 1 
30r 179075 1 850 г 3034.12 1 144 13608.2 1 1000 3190.87 II 
80r 1804.60 1 12 3047.50 II 40 20861.7 I 3100 3191.99 I 
15 181134 H 550r 3175.05 I 4 24738.2 1 3800 3199.92 1 
500 181171 ІП 20 226803 ! Titanium Ti 7-22 80 320254 ü 
40r 1815.74 1 50 3283.21 II 17 252.96 у 1100 3217.06 II 


10-80 Line Spectra of the Elements 


Intensity — Wavelength/À Intensity ٨ Intensity — Wavelength/A Intensity — Wavelength/À 
1300 3222.84 II 950 3962.85 I 840 5020.03 I 20 8466.87 HI 
6600 3234.52 II 950 3964.27 I 840 5022.87 I 90 8675.39 I 
5200 3236.57 II 4800 3981.76 I 1200 5035.91 I Tungsten W Z = 74 

4100 3239.04 II 570 3982.48 I 840 5036.47 I 5800 2001.71 H 
2600 3241.99 II 5700 3989.76 I 740 5038.40 I 13000 2008.07 II 
1200 3248.60 II 7800 3998.64 I 1200 5039.95 I 5100 2009.98 H 
1200 3252.91 II 950 4008.93 I 1400 5064.66 I 4100 2010.23 П 
1200 3254.25 П 1200 4024.57 І 1100 5173.75 1 4100 2014.23 II 
1200 3261.60 II 840 4078.47 I 1300 5192.98 I 7300 2026.08 П 
840 3314.42 1 890 4286.01 1 1400 5210.39 1 15000 2029.98 H 
2900 3322.94 II 840 4287.40 I 17 5278.12 ІШ 5300 2049.63 II 
2100 3329.46 II 950 4289.07 I 20 5398.93 IV 9700 2079.11 H 
1800 3335.20 II 840 4290.94. І 340 5512.53 1 6100 2094.75 П 
1100 3340.34. П 840 4295.76 I 270 5514.35 I 2100 2118.87 H 
5700 3341.88 I 2000 4298.66 1 320 5514.54 I 2400 2121.59 П 
4300 3349.04 П 200 4300.05 П 250 5644.14 1 1500 2166.32 П 
12000 3349.41 II 2900 4300.56 I 130 5675.44 I 1300 2204.48 П 
4100 3354.64 І 4100 4301.09 1 95 5689.47 1 460 2249.80 1 
7200 3361.21 II 6000 4305.92 I 95 5715.13 I 510 2277.58 I 
1100 3370.44 I 1200 4314.80 I 85 5739.51 I 530d 2294.49 І 
4300 3371.45 1 330 4395.04 П 400 5866.46 1 340 2309.02 1 
5700 3372.80 II 890 4427.10 I 230 5899.32 I 440 2313.17 I 
2900 d 3377.48 I 230 4443.80 II 120 5918.55 I 460 2321.63 I 
1400 3380.28 II 840 4449.15 I 150 5922.12 I 390d 2326.56 I 
5700 3383.76 II 550 4450.90 I 120 5941.76 I 320 2354.61 I 
1400 3385.95 I 840 4453.32 I 300 5953.17 I 580 2360.44. 1 
1400 3387.84 II 950 4455.33 I 200 5965.84 I 850 2363.07 I 
1100 3394.58 II 1100 4457.43 I 270 5978.56 I 510 2374.47 I 
890 3444.31 II 240 4468.50 II 340 5999.04 I 670 2384.82 I 
600 3461.50 II 530 4481.26 I 110 6064.63 I 730 2397.09 H 
600 3477.18 II 780 4512.74 I 120 6085.23 I 560 2397.73 I 
480 3491.05 II 1000 4518.03 I 120 6091.17 I 560 2397.98 I 
890 3504.89 II 1000 4522.80 I 120 6126.22 I 1700 d 2405.58 I 
600 3510.84 II 780 4527.31 I 17 6246.65 IV 610 2415.68 I 
17 3576.44 IV 6000 4533.24 I 380 6258.10 I 870 2424.21 I 
600 3610.16 I 240 4533.97 II 380 6258.70 I 1800 2435.96 I 
4800 3635.46 I 3600 4534.78 I 300 6261.10 I 580 2444.06 I 
6600 3642.68 I 2400 4535.58 I 55 6546.28 I 780 2451.48 II 
7200 3653.50 I 1200 4535.92 I 65 6554.23 I 870 2452.00 I 
600 3671.67 I 1200 4536.05 I 75 6556.07 I 630 2454.98 I 
3100 3685.20 II 720 4544.69 I 18 6621.58 HI 780 2455.51 I 
600 3689.91 I 950 4548.77 I 18 6667.99 HI 780 2456.53 1 
2900 3729.82 1 240 4549.63 II 80 6743.12 I 1100 2459.30 I 
3300 3741.06 I 15 4549.84 HI 20 7072.64 ІШ 1400 2466.85 І 
330 3741.64 П 950 4552.46 І 18 7084.57 ІШ 480 2472.51 I 
5200 3752.86 I 720 4555.49 I 260 7209.44 I 1200 2474.15 I 
3300 3759.30 II 240 4571.98 II 130 7244.86 I 870 2480.13 I 
2900 3761.32 II 15d 4572.20 HI 130 7251.72 1 1500 2481.44 I 
840 3786.04 I 950 4617.27 I 120 7344.72 1 4804 2482.10 1 
500 3882.89 I 480 4623.09 I 90 7357.74 1 580 2484.74, 1 
530 3900.54 II 720 4656.47 I 60 7364.11 I 390 2487.50 I 
2600 3904.78 I 840 4667.59 I 60 7978.88 I 390 2489.23 П 
500 3913.46 II 950 4681.92 I 55 8024.84 I 630 2495.26 I 
500 3914.34 I 470 4840.87 I 75 8364.24 I 680 2504.70 I 
15 3915.47 11 400 4885.08 1 100 8377.85 1 75 2510.47 П 
1100 3924.53 1 380 4899.91 1 100 8382.54 1 310 2520.46 I 
890 3929.88 I 5800 4981.73 I 75 8396.87 I 780 2521.32 I 
1100 3947.78 I 4600 4991.07 I 120 8412.36 I 270 2522.04 H 
4500 3948.67 I 4000 4999.51 I 170 8426.52 1 780 2523.41 1 
4500 3956.34 1 3600 5007.21 1 490 8434.94 1 430 2527.76 1 
5200 3958.21 1 3200 d 5014.19 I 240 8435.70 I 780 2533.64 I 


Line Spectra of the Elements 10-81 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 

1200 2547.14 I 440 3046.44 I 2200 4302.11 I 580 2931.41 II 
780 2550.38 I 810 3049.69 I 200 4378.48 I 530p 2940.37 II 
2700 2551.35 I 180 3073.28 I 180 4384.85 I 1300 2941.92 II 
730 2561.97 I 180d 3084.83 I 200 4408.28 I 830 2943.90 II 
870 2580.49 I 370 3093.50 I 640 4484.19 I 580 2956.06 II 
390 2584.39 I 240 3107.23 I 170 4588.73 I 580 2967.94 II 
390 2589.17 1 240 3108.02 1 640 4659.87 1 580 2971.06 II 
370 2601.96 I 230 3117.57 I 640 4680.51 I 530 2984.61 II 
680 2606.39 І 260 3120.18 І 790 4843,81 І 630 3022.21 П 
370 2608.32 1 290 3163.42 1 380 4886.90 1 630 3031.99 II 
970 2613.08 I 320 3176.60 I 220 4982.59 I 580 3050.20 II 
480 2613.82 I 190 3181.82 I 820 5053.28 I 630 3057.91 II 
400 2620.25 I 390 3191.57 I 770 5224.66 I 630 3062.54 II 
400 2622.21 I 390 3198.84 I 220 5514.68 I 580 3072.78 II 
400 2625.22 І 520 3207.25 І 65 5648.37 І 580 3093.01 П 
400 2632.48 І 1000 3215.56 І 55 5735.09 І 580 3102.39 П 
400 2632.70 І 190 3232.49 І 45 5804.85 І 970 3111.62 П 
810 2633.13 I 210 3254.36 I 40 5902.64 І 530 3119.35 II 
400 d 2638.62 I 210 3259.66 I 55 5947.57 I 680 3124.95 II 
650 2646.18 I 210d 3266.62 I 55 5965.86 I 530 3139.61 II 
400 2646.73 I 730 3300.82 I 55 6012.78 I 680 3149.24 II 
1600 2656.54 I 440 3311.38 I 40 6021.52 I 530 3153.11 II 
810 2662.84 I 440 3326.20 I 45 6292.02 I 730 3229.50 II 
810 2671.47 I 440 3331.69 I 35 6404.21 I 680 3232.16 II 
650 2677.28 I 390 3373.75 I 40 6445.12 I 730 3291.33 II 
2100 2681.42 I 230 3429.59 I 17 6611.62 I 1100 3305.89 II 
650 2695.67 I 240 3443.00 I 13 6678.42 I 730 3390.38 I 
650 2699.59 I 400 3495.24 I 15 6693.08 I 580 3424.56 II 
400 2700.01 I 650 3545.22 I 13 6984.27 I 580 3435.49 I 
400 2706.58 I 240 3570.65 I 15 7140.52 I 630 3466.30 I 
400 2708.59 I 1900 3617.52 I 9 7162.64 I 680 3482.49 II 
400 d 2708.80 I 650 3682.08 I 11 7200.16 I 1600 3489.37 I 
400 2715.50 I 400 3683.30 I 10 7278.24 I 530 3496.41 II 
2100 2718.91 I 570 3688.06 I 15 7285.81 I 630 3500.08 I 
2600 2724.35 I 810 3707.92 I 15 7296.55 I 780 3507.34 I 
400 2725.03 I 510 3757.92 I 10 7509.00 I 1600 3514.61 I 
650 2748.84 I 680 3760.13 I 17 7569.92 I 630 3533.57 II 
400 2762.34 I 1000 3768.45 I 17 7614.15 I 530 3540.47 II 
400 2764.27 1 340 3773.71 1 13 7688.97 1 1200 3550.82 II 
400 2769.74 1 1000 3780.77 1 1 7784.15 1 680 3555.32 1 
810 2770.88 1 290 3809.22 1 22 8017.19 1 1200 3561.80 1 
810 2774.00 1 190 3810.38 1 22 8055.64 1 2300 3566.59 1 
810 2774.48 I 260 3810.79 I 13 8123.82 I 530 3569.08 I 
810 2792.70 I 1400 3817.48 I 10 8338.08 I 630 3578.72 II 
400 2799.93 I 1100 3835.06 I 27 8585.11 I 3200 3584.88 I 
810 2818.06 I 730 3846.22 I 10 8594.42 I 840 3638.20 I 
1600 2831.38 I 1800 3867.99 I 13 8865.53 I 2800 3670.07 II 
810 2833.63 I 730 3881.41 I Uranium U Z = 92 1100 3701.52 II 
810 2848.02 I 8600 4008.75 I 440 2565.41 П 600 3738.04 П 
1500 2896.44. І 540 4015.22 І 610 2635.53 I 680 3746.42 II 
690 2935.00 I 910 4045.59 I 830 2793.94 П 950 3748.68 П 
2400 2944.40 I 730 4069.95 I 870 2802.56 " 600 3751.17 I 
2400 2946.99 I 5000 4074.36 I 630 2807.05 П 1900 3782.84 П 
730 4 2979.71 1 1000 4102.70 1 630 2817.96 П 570 3793.10 II 
360 3013.79 I 540 4137.46 I 870 282112 " 1900 3811.99 I 
520 3016.47 I 450 4171.17 I 680 2828.90 I 750 3826.51 II 
770 3017.44 I 220 4207.05 I 920 2832.06 П 2000 3831.46 П 
210 3024.93 І 250 4219.37 І 970 2865.68 " 1200 3839.63 I 
310d 3026.67 I 540 4244.36 I 1200 2889.62 П 2400 3854.64 П 
440 d 3041.73 I 1400 4269.38 I 780 2906.80 П 4900 3859,57 П 
270 3043.80 1 4100 4294.61 I 780 2908.28 " 1900 3865.92 II 


10-82 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 

1500 3871.03 I 500 1006.46 III 750 3190.68 1 510 4332.82 1 
1000 3881.45 1 500 1149.94 ІШ 1100 326770 П 760 4341.01 І 
2200 3890.36 П 100 1426.65 IV 900 3271.12 1 1000 4352.87 1 
2000 3932.02 1 1000 1643.03 ІШ 750 327612 П 12000 4379.24 І 
1200 3943.82 І 1000 1650.14 ІШ 80h 3514.25 IV 7000 4384.72 I 
1200 3985.79 1 100 1680.20 У 560 3517.30 1 4800 4389.97 1 
1000 4042.75 1 1000 1694.78 ІШ 560 3533.68 І 3600 4395.23 І 
1600 4050.04. П 1000 1760.07 ІШ 560 3545.20 П 1400 4400.58 І 
880 4062.54 1 1000 1788.26 ІШ 560 3556.80 П 2300 4406.64 І 
2200 4090.13 П 1000 1794.60 ІШ 560 3589.76 П 2800 4407.64 I 
810 4116.10 II 1000 1812.19 ІШ 490 3592.02 П 3600 4408.20 І 
880 4153,97 І 300 1861.56 IV 560 3592.53 I 4600 4408.51 I 
1400 4171.59 1 500 1939.06 IV 100 3679.86 ІП 640 4416.47 І 
1000 4241.67 П 400 1951.43 IV 1300 3688.07 I 640 4421.57 I 
600 4472.33 1 500 1997.72 IV 1000 3690.28 I 640 4437.84 I 
620 4543.63 II 2100 2092.44 I 1500 3692.22 I 830 4441.68 I 
170 4689.07 II 500 2268.30 IV 1000 3695.86 I 640 4444.21 I 
150 4756.81 I 1000 2292.86 ІШ 3800 3703.58 І 610 4452.01 І 
10 5008.21 П 2500 2330.42 ІШ 1800 3704.70 І 1000 4459.76 I 
170 5027.38 I 2500 2371.06 ІШ 320 3715.47 II 2000 4460.29 I 
80 5160.32 1 1000 2382.46 ІШ 250 3727.34 П 610 4462.36 I 
70 5280.38 I 240 2507.78 I 280 3732.76 П 510 4577.17 І 
80 5475.70 П 410 2526.22 І 520 3790.32 1 640 4580.40 1 
70 5480.26 1 210 2527.90 II 1100 3794.96 I 830 4586.36 I 
70 5481.20 1 80h 2570.72 IV 570 3799.91 I 1300 4594.11 I 
160 5492.95 1 230 2574.02 1 570 3803.47 1 230 4619.77 1 
70 5780.59 1 250 2593.05 ІШ 1000 3813.49 І 100 4635.18 І 
70 5798.53 П 250 2595.10 ІШ 1300 3818.24 I 130 4646.40 I 
230 5915.39 I 80h 2645.54 IV 1700 3828.56 I 160 4670.49 I 
100 5976.32 I 180 2661.42 I 2600 3840.75 I 130 4776.36 I 
90 6077.29 I 1100 2687.96 II 1200 3855.37 I 110 4786.51 I 
55 6372.46 I 680 2700.94 II 3000 3855.84 I 130 4796.92 I 
90 6395.42 I 530 2706.17 II 1300 3864.86 I 130 4807.53 I 
110 6449.16 I 640 2715.69 II 1500 3875.08 I 130 4827.45 I 
90 6826.92 I 180 2731.35 I 700 3890.18 I 150 4831.64 I 
45 7533.93 I 240 2864.36 I 2400 3902.25 I 120 4832.43 I 
50 7881.94 I 900 2891.64 II 700 3909.89 I 320 4851.48 I 
35 8445.39 I 900 2892.66 II 540 3990.57 I 480 4864.74 I 
75 8607.95 I 1400 2893.32 II 430 3998.73 I 620 4875.48 I 
30 8757.76 I 900 2906.46 II 170 4005.71 II 740 4881.56 I 
100 10554.93 I 2400 2908.82 II 1100 4090.58 I 110 5128.53 I 
75 11167.84 I 710 2923.62 I 1800 4092.69 I 110 5138.42 I 
100 11384.13 I 2400 2924.02 II 890 4095.49 I 110 5192.99 I 
100 11859.42 I 1700 2924.64 II 2800 4099.80 I 110 5194.83 I 
100 11908.83 I 900 2941.37 II 590 4102.16 I 110 5234.07 I 
100 12250.46 I 1100 2944.57 II 2800 4105.17 I 110 5240.87 I 
100 13185.16 I 410 2962.77 I 2300 4109.79 I 100 5401.93 I 
75 13306.23 I 600 2968.38 II 8900 4111.78 I 140 5415.26 I 
100 13961.58 I 1200 3056.33 I 4300 4115.18 I 140 5584.50 I 
75 18634.43 I 1400 3060.46 I 1800 4116.47 I 100 5592.42 I 
75 21910.22 I 2400 3066.38 I 2000 4123.57 I 200 5624.60 I 
Vanadium V 2-23 3800 3093.11 II 3100 4128.07 I 400 5627.64 I 
20 225.46 v 3000 3102.30 II 3100 4132.02 I 110 5657.44 I 
20 251.66 у 2600 3110.71 II 2300 4134.49 I 110 5668.36 I 
20 286.84 у 2000 3118.38 II 20 4200.32 У 310 5670.85 1 
35 483.01 у 1500 3125.28 II 360 4232.46 I 1200 5698.52 I 
50 633.94 m 3200 3183.41 I 560 4268.64 I 920 5703.56 I 
200 677.34 IV 5300 3183.98 I 460 4271.55 I 570 5706.98 I 
500 684.37 IV 3800 3185.40 I 460 4276.96 I 850 5727.03 I 
400 737.85 IV 410 3187.71 II 430 4284.06 I 230 5731.25 I 
100 864.27 m 530 3188.51 II 460 4330.02 I 230 5737.06 I 


Line Spectra of the Elements 10-83 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 

450 6039.73 I 500 1032.44 II 2 3400.07 I 500h 4310.51 II 
480 6081.44 I 700 1037.68 II 2 3418.37 I 10001 4330.52 II 
1300 6090.22 I 1100 1041.31 II 2 3420.00 I 200h 4369.20 II 
600 6119.52 I 10 1047.8 ІШ 3 3442.66 I 1001 4373.78 II 
450 6199.19 I 1000 1048.27 II 60 3444.2 ІП 500h 4393.20 II 
450 6216.37 I 1200 1051.92 II 70 3454.2 ІП 5001 4395.77 II 
430 6230.74 I 12 1066.4 ІШ 100 у 3458.7 ІП 2001 4406.88 П 
710 624310 1 2000 1074.48 II 100h 3461.26 II 1501 4416.07 II 
280 6251.82 I 600 1083.86 II 40 3468.22 ІП 50 4434.2 ІШ 
130 6268.82 І 1200 1100.43 П 4 3469.81 І 500h 4448.13 II 
170 6274.65 I 30 1130.3 III 4 3472.36 I 100 w 4462.1 ІШ 
200 6285.16 I 600 1158.47 II 5 3506.74 I 1000 h 4462.19 II 
200 6292.83 I 250 1169.63 II 80 3522.83 ІП 5001 4480.86 П 
170 6296.49 І 800р 1183.05 П 50 3542.3 ІП 1001 4521.86 П 
110 6531.43 І 250 1192.04 I 10 3549.86 I 100w 4569.1 ІШ 
65с 6753.00 І 25 12321 ІШ 50 3552.1 ІП 100 w 4570.1 ІШ 
50 с 6766.49 1 600 1244.76 II 10 3554.04 I 100w 4641.4 ІШ 
40 6784.98 І 250 1250.20 І 40 3561.4 ІП 30 4673.7 ІШ 
40 7338.92 І 1000 1295.59 I 100 35797 ІП 60 4683.57 ІШ 
35 7356.54 І 600 1469.61 І 80 3583.6 ІП 30 4723.60 ІШ 
29с 8027.39 І 80 2668.98 ІШ 100 w 3595.4 ІП 600 4734.152 I 
120w 8116.80 I 100 2717.33 ІШ 100 3606.06 ІП 100 w 4757.3 ІШ 
70 с 8161.07 І 30 2814.45 ІШ 40 3607.0 ІП 150 4792.619 1 
60 с 8919.85 1 40 2815.91 ІШ 15 3610.32 І 500 4807.02 І 
Xenon Xe 7-54 30 2827.45 ІШ 8 3613.06 І 400 4829.71 І 
8 657.8 ш 40 2847.65 ІШ 100 у 3615.9 ІП 300 4843.29 І 
8 660.1 ш 30 2862.40 Ш 40 3623.1 ІП 40 4869.5 ІШ 
9 673.8 Ш 200 2864.73 II 600 3624.08 ІП 500 4916.51 І 
9 674.0 Ш 80 ٧ 2871.10 ІШ 6 3633.06 І 500 4923.152 1 
9 676.6 ш 60 уу 2871.24 ІШ 10 3669.91 1 2001 4971.71 II 
10 694.0 Ш 30 2871.7 ІШ 50 3676.67 ІП 400 4972.71 П 
20 698.5 ш 150Һ 2895.22 II 40 3685.90 I 300 4988.77 II 
12 705.1 Ш 30 2896.62 ІШ 40 3693.49 І 1001 4991.17 II 
10 7912 Ш 50 2906.6 ІШ 40 3776.3 ІП 200 5028.280 1 
15 731.0 ш 40 2911.89 ІШ 300 3781.02 ІП 200 5044.92 П 
10 733.3 Ш 80 уу 2912.36 ІШ 100 3841.5 ІП 1000 5080.62. П 
350 740.41 " 40 2940.2 ІШ 200 3877.8 ІП 300 5122.42 П 
15 742.6 ш 60 2945.2 ІШ 60 3880.5 ІП 100 5125.70 П 
10 756.0 Ш 40 2947.5 ІШ 1001 3907.91 П 100 5178.82 П 
10 761.5 IH 40 2948.1 III 500 3922.55 ІП 300 5188.04 II 
10 769.1 ш 80w 2970.47 ІШ 300 3950.59 ІП 400 5191.37 П 
25 7794 Ш 400 2979,32 П 100 4037.59 П 100 5192.10 II 
15 792.9 Ш 40 2992,87 ІШ 200 4050.07 ІП 60 5239.0 ІШ 
12 796.1 ш 30 3004.25 ІШ 2001 4057.46 П 500 5260.44. П 
15 802.0 ш 100ћ 3017.43 II 60 4060.4 ІП 500 5261.95 П 
350 803.07 П 100 3023.81 Ш 100 h 4098.89 II 2000 5292.22 II 
25 823.2 ш 40 3083.5 ІШ 100 4109.1 ІП 300 5309.27 П 
30 824.9 Ш 50 3091.1 ІШ 100 4145.7 ІП 1000 5313.87 II 
25 853.0 IH 30 3106.46 ІШ 2001 4158.04 II 2000 5339.33 II 
600 880.80 H 300 3128.87 II 1000 h 4180.10 1 200 5363.20 II 
350 885.54 П 100 уу 3138.3 ІШ 500 h 4193.15 1 30 5367.1 ІШ 
15 889.3 Ш 80c 3150.82 ІШ 300 h 4208.48 1 200 5368.07 II 
20 894.0 ш 40 3185.2 III 100 h 4209.47 1 500 5372.39 II 
20 896.0 Ш 100 3242,86 ІШ 300h 4213.72 II 100 5392.80 I 
600 925.87 " 80 3268.98 ІШ 100 4215.60 П 50 5401.0 Ш 
250 935.40 H 30 3287.82 III 300 h 4223.00 H 3000 5419.15 II 
10 965.5 Ш 80м 3301,55 ІШ 400 h 4238.25 1 800 5438.96 II 
800 972.77 " 40 3331.6 ІШ 500 h 4245.38 1 300 5445.45 II 
700 976.68 H 30 3358.0 ІШ 1001 4251.57 П 200 5450.45 П 
35 1003. 4. Ш 200ћ 3366.72 II 30 4285.9 ІП 400 5460.39 П 
35 10177 Ш 80 3384.12 ІШ 500 h 4296.40 1 1000 5472.61 II 


10-84 Line Spectra of the Elements 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 
1001 5494.86 1 200 6528.65 II 300 8739.39 I 500 30794.18 I 
40 5524.4 ІП 100 6533.16 І 100 8758.20 І 6000 31069.23 1 
200 5525.53 1 1000 6595.01 II 5000 8819.41 I 125 31336.01 1 
600 5531.07 1 100 6595.56 1 300 8862.32 1 550 31607.91 1 
100 5566.62 1 400 6597.25 II 200 8908.73 I 100 32293.08 I 
300 5616.67 1 100 6598.84 II 200 8930.83 I 1800 32739.26 I 
300 5659.38 1 150 6668.92 1 1000 8952.25 1 3500 33666.69 1 
600 5667.56 1 300 6694.32 II 100 8981.05 I 150 34014.67 I 
150 5670.91 1 200 6728.01 1 200 8987.57 1 450 34335.27 1 
100 5695.75 1 150 6788.71 II 400 9045.45 I 170 34744.00 I 
200 5699.61 II 100 6790.37 II 500 9162.65 I 5000 35070.25 I 
200 5716.10 1 1000 6805.74 II 100 9167.52 I 110 35246.92 I 
500 5726.91 II 200 6827.32 I 100 9374.76 I 250 36209.21 I 
500 5751.03 1 100 6872.11 I 200 9513.38 I 150 36231.74 I 
300 5758.65 1 300 6882.16 1 50h 9591.35 1 450 36508.36 1 
300 5776,39 1 80 6910.22 II 150 9685.32 I 850 36788.83 I 
100 5815.96 II 100 6925.53 I 501 9698.68 1 140 38685.98 1 
300 5823.89 1 800h 6942.11 II 100 9718.16 I 175 38737.82 I 
150 5824.80 I 100 6976.18 I 2000 9799.70 I 270 38939.60 I 
100 5875.02 I 2000 6990.88 II 3000 9923.19 I 120 39955.14 І 
300 5893.29 1 150 7082.15 II 100 10838.37 I Ytterbium Yb Z = 70 

100 5894.99 I 500 7119.60 1 90 11742.01 1 1000 1050.24 IV 
200 5905.13 II 50s 7147.50 II 375 12235.24 I 1000 1054.46 IV 
100 5934.17 I 200 7149.03 II 100 12257.76 I 5000 113443 IV 
500 5945.53 1 500 7164.83 II 300 12590.20 I 900 1316.04 IV 
300 5971.13 1 100 7284.34 II 2500 12623.391 I 800 132636 IV 
2000 5976.46 1 200 7301.80 II 250 13544.15 I 900 1350.26 IV 
200 6008.92 1 200 7339.30 II 2000 13657.055 I 80 156142 m 
1000 6036.20 II 100 7386.00 I 1250 14142.444 I 80h 1765.21 THI 
2000 6051.15 1 150 7393.79 1 800 14240.96 1 800 1791.06 IV 
600 6093.50 1 300 7548.45 II 375 14364.99 I 100 1863.32 m 
1500 6097.59 1 200 7584.68 1 140 14660.81 1 800 1873.91 Ш 
400 6101.43 1 80 7618.57 II 3000 14732.806 I 500 1898.25 ۷ 
100 6115.08 II 500 7642.02 I 100 15099.72 1 500 1998.82 ш 
100 6146.45 1 100 7643.91 1 2500 15418.394 1 900 2116.65 IV 
150 6178.30 I 200 7670.66 II 150 15557.13 I 2500 2116.67 " 
120 6179.66 I 60 7787.04 II 250 15979.54 I 800 212332 IV 
300 6182.42 I 100 7802.65 I 100 16039.90 I 3000 212674 n 
500 6194.07 1 100 7881.32 1 1000 16053.28 1 800 2139.99 IV 
100 6198.26 I 300 7887.40 I 125 16554.49 1 20000 2144.77 IV 
60 6205.97 ІП 500 7967.34 І 1500 16728.15 1 15000 2154.18 IV 
100 6220.02 1 100 8029.67 1 1500 17325.77 1 370 2161.60 П 
25 62217 ІП 200 8057.26 І 350 18788.13 1 850 218571 И 
60 6238.2 ІП 150 8061.34 І 150 20187.19 1 640 2224.46 П 
60 6259.05 ІП 100 8101.98 1 3000 20262.242 1 300 2240.11 Ш 
500 6270.82 П 150Һ 8151.80 II 250 21470.09 I 300 2305.32 ш 
400 6277.54 1 100 8171.02 1 1250 23193.33 1 140 2320.81 n 
100 6284.41 1 700 8206.34 1 110 23279.54 1 170 2390.74 I 
100 6286.01 I 10000 8231.635 I 1800 24824.71 1 460 2464.50 1 
250 6300.86 II 500 8266.52 I 175 25145.84 I 140 2512.06 " 
500 6318.06 I 7000 8280.116 I 2000 26269.08 I 270 2538.67 1 
400 6343.96 II 2000 8346.82 I 2500 26510.86 I 2000 2567.61 " 
600 6356.35 1 100 8347.24 II 250 28381.54 I 1000 2579.57 Ш 
200 6375.28 1 2000 8409.19 1 750 28582.25 1 800 2599,14 Ш 
100 6397.99 П БОҺ 8515.19 II 300 29384.41 I 600 2621.11 Ш 
300 6469.70 1 200 8576.01 1 150 29448.06 1 1000 2642.56 THI 
150 6472.84 I 50h 8604.23 II 100 29649.58 I 1000 2651,74 IH 
120 6487.76 I 250 8648.54 1 100 29813.62 1 700 2652.25 Ш 
100 6498.72 І 100 8692.20 I 600 30253.14 I 990 2653.75 П 
200 h 6504.18 1 200 8696.86 1 1500 30475.46 1 200 2665.04. П 
300 6512.83 П БОҺ 8716.19 II 100 30504.12 I 2000 2666.13 " 


Line Spectra of the Elements 10-85 


Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A Intensity Wavelength/A 

2000 2666.99 ІП 140 3418.39 І 170 4786.61 П 500 344.59 У 
390 2671.96 1 360 3426.04 I 35 4816.43 I 900 355.86 IV 
390 2672.66 II 240 3431.11 I 40 4837.46 I 300 370.42 IV 
170 2718.35 1 85 3452.40 1 40h 4894.60 I 300 372.05 У 
230 2748.66 1 500 3454.08 II 27 4912.36 I 400 379.96 V 
1300 2750.48 1 1904 3458.29 II 710 4935.50 I 500 386.82 IV 
170 2776.28 1 360 3460.27 1 140 4966.90 1 300 403.45 У 
600 2795.60 11 2400 3464.37 1 30 5067.80 1 300 420.74 У 
1000 2803.43 ІП 500 3476.30 П 70 5069.14 І 600 425.03 IV 
600 2816.92 ІП 500 3478.84 П 220 5074.34 І 300 473.10 IV 
1000 2818.72 ІП 50 3517.00 І 50 5076.74 1 4000 584.98 V 
140 2821.15 1 230 3520.29 II 60 5196.08 I 2000 630.97 V 
190 2830.99 1 35 3559.03 1 85 5211.60 1 5000 805.20 ІШ 
230ћ 2847.18 1 200 3560.33 II 100 5244.11 I 7000 809.92 ІШ 
360 2851.13 1 170 3560.70 II 150h 5277.04 I 15000 989.21 ІШ 
430 2859.80 П 360 3585.47 П 170 5335.15 П 25000 996.37 ІШ 
140 2861.21 П 200 3619.80 П 30h 5351.29 I 5000 1314.51 ІШ 
200 2867.06 П 240 3637.76 П 150 5352.95 1 4000 1334.04 ІШ 
45 2873.49 1 70 3648.15 I 30 5363.66 I 4000 2068.98 11 
200 2888.04 1 90 3655.73 1 40 5449.27 1 10000 2127.98 ІШ 
3600 2891.38 II 240 3669.69 II 60 5481.92 I 16000 2191.16 ІШ 
600 2898.30 ІП 140 3675.08 П 40 5505.49 І 350 2243.06 П 
1000 2906.31 ІП 32000 3694.19 II 17 5524.54 I 10000 2284.34 ІШ 
170 2914.21 П 70 3700.58 І 85Һ 5539.05 І 10000 2327.31 ІШ 
140 2915.28 П 400 3711.91 ІШ 2400 5556.47 І 50 2354.20 I 
280 2919.35 1 180 3734.69 1 60 5651.98 II 50000 2367.23 ІШ 
35 2934.36 I 550 3770.10 I 220 5719.99 I 40000 2414.64 III 
140 2945.91 1 80 3774.32 I 27 5771.66 1 560 2422.20 II 
2000 2970.56 1 60h 3791.74 I 35 5833.99 II 60 2694.21 I 
200 2983.99 1 170 3839.91 1 35 5837.14 II 95 2723.00 I 
170 2994.80 1 340 3872.85 1 27 5854.51 1 70 2742.53 1 
800 2998.00 ІП 340 3900.85 І 17 5989.33 I 140 2760.10 I 
310 3005.77 1 140 3911.27 I 40 5991.51 1 90000 2817.04 ІШ 
160 3017.56 П 500 3931.23 ІШ 60 6152.57 П 45 2822.56 І 
160 3026.67 П 32000 3987.99 І 60 6274.78 П 70 2854.43 П 
2000 3029.49 ІП 930 3990.88 I 200 6328.52 ІП 95 2886.48 І 
920 3031.11 П 50 4007.36 І 35h 6400.35 I 160 2919.05 I 
3000 3092.50 ІП 2000 4028.14 ІШ 35h 6417.91 I 99000 2946.01 ІШ 
28 3100.74 I 70 4052.28 I 340 6489.06 I 390 2948.40 I 
170 3107.90 II 440 4089.68 I 180 6667.82 I 350 2964.96 I 
190 3117.81 1 470 4149.07 1 25 6727.61 1 480 2974.59 1 
4000 3126.01 ІП 120 4174.56 I 690 6799.60 I 750 2984.26 I 
1000 3138.58 ІП 340 4180.81 П 9h 7244.41 I 140 2996.94 I 
230 3140.94 1 300 4213.64 ІШ 8Һ 7305.22 І 130 3021.73 І 
28 3162.29 І 1504 4218.56 II 10h 7313.05 I 190 3045.37 I 
800 3191.35 ІП 120 4231.97 I 16h 7350.04 I 95 3095.88 II 
390 3192.88 1 70 4277.74 I 25 7448.28 I 110 3173.06 II 
240 3201.16 1 120 4305.97 1 30h 7527.46 I 220 3179.41 II 
2000 3228.58 ІП 60h 4393.69 I 750 7699.48 I 70 3191.31 I 
35 3239.58 I 60h 4430.21 I 100 7971.46 1 2300 3195.62 II 
18000 3289.37 1 440 4439.19 I 70h 8922.56 1 2200 3200.27 II 
130 3305.25 I 85h 4482.42 I 200 10110.60 ІП 2200 3203.32 П 
140 3305.73 П 100 4517.58 ІШ 100 10830.36 ІП 3900 3216.69 П 
80 3319.41 І 85ћ 4563.95 1 Yttrium У 2-39 6200 3242.28 II 
2000 3325.51 ІП 640 4576.21 І 150 264.64 IV 4700 3327.89 II 
240 3337.17 11 200 4582.36 1 150 273.03 IV 85 3388.59 I 
280d 3342.93 1 70 4589.21 1 900 333.09 у 85 3412.47 1 
240 3375.48 1 140 4590.83 1 500 333.80 у 170 3485.73 1 
2000 3384.01 ІП 40 4684.27 І 400 335.14 у 1700 3496.09 II 
140 3387.50 I 190 4726.08 II 500 336.62 ۷ 3900 3549.01 II 
50 3412.45 I 170h 4781.87 I 500 339.02 у 130 3551.80 1 


10-86 


Intensity 


540 
170 
190 
260 
3300 
300 
100 
2800 
10000 
6200 
7800 
4300 
1900 
7800 
3000 
170 
13000 
1200 
10000 
1400 
7400 
1300 
4000 
80 
480 
4400 
3600 
940 
2400 
9400 
2000 
9900 
8900 
7500 
100h 
2400 
2000 
8000 
160 
280h 
600 
2200 
300 
360h 
2800 
110 
440 h 
120 
800 
120 
12000 
150h 
100 
1800 
890 
100 
130 
170 
180 
160 
110 


Wavelength/A 


3552.69 
3558.76 
3571.43 
3576.05 
3584.52 
3587.75 
3589.69 
3592.92 
3600.73 
3601.92 
3611.05 
3620.94 
3628.71 
3633.12 
3664.61 
3692.53 
3710.30 
3747.55 
3774.33 
3776.56 
3788.70 
3818.35 
3832.88 
3876.82 
3878.28 
3950.36 
3982.60 
4039.83 
4047.64 
4077.38 
4083.71 
4102.38 
4128.31 
4142.85 
4157.63 
4167.52 
4174.14 
4177.54 
4217.80 
4220.63 
4235.73 
4235.94 
4251.20 
4302.30 
4309.63 
4330.78 
4348.79 
4357.73 
4358.73 
4366.03 
4374.94 
4375.61 
4387.74 
4398.02 
4422.59 
4443.66 
4446.63 
4475.72 
4476.96 
4477.45 
4487.28 


= = = n 


II 


нг 


Intensity 


300 
500 
890 
440 
100 
100 
130 
95 
2000 
200h 
2000 
180 
170 
160 
410 
120 
170 
180 
140 
120 
770 
550 
410 
120 
890 
330 
1900 
95 
1100 
100 
150 
120 
100 
75 
75 
1100 
180 
960 
1500 
10000 
180 
75 
220 
90 
190 
710 
100 
240 
300 
250 
120 
740 
120 
180 
620 
120 
560 
120 
120 
740 
90 


Wavelength/A 


4487.47 
4505.95 
4527.25 
4527.80 
4544.32 
4559.37 
4596.55 
4604.80 
4643.70 
4658.32 
4674.84 
4696.81 
4728.53 
4752.79 
4760.98 
4781.04 
4786.89 
4799.30 
4819.64 
4822.13 
4839.87 
4845.68 
4852.69 
4854.25 
4854.87 
4859.84 
4883.69 
4893.44 
4900.12 
4906.11 
4921.87 
4974.30 
5006.97 
5070.21 
5072.19 
5087.42 
5135.20 
5200.41 
5205.72 
5238.10 
5240.81 
5380.62 
5402.78 
5424.37 
5438.24 
5466.46 
5468.47 
5497.41 
5503.45 
5509.90 
5521.63 
5527.54 
5544.50 
5577.42 
5581.87 
5606.33 
5630.13 
5644.69 
5648.47 
5662.94 
5675.27 


к — ммм — кч кз кч кз кч پا‎ = к< پا پا‎ к< پا پا پا‎ = = = n 


Intensity | Wavelength/ À 
160 5706.73 I 
90 5743.85 I 
75 5765.64 I 
100 5781.69 1 
120 6009.19 1 
120 6023.41 1 
120 6135.04 1 
150 6138.43 1 
1200 6191.73 1 
300 6222.59 1 
1000 6435.00 1 
90 6538.60 1 
70 6557.39 1 
95 6613.75 1 
40 6650.61 1 
150 6687.58 1 
70 6700.71 1 
190 6793.71 1 
21 6815.16 I 
45 6845.24 I 
29 6887.22 I 
24h 6950.31 I 
24 6979.88 I 
29 7052.94 I 
35 7191.66 I 
35 7264.17 1 
530 7346.46 1 
29 7450.30 II 
9000 7558.71 ІП 
35 7563.13 І 
29 7855.52 І 
110 7881.90 П 
10000 7991.43 ІШ 
24 8344.43 I 
10000 8796.21 ІП 
95 8800.62. І 
19Һ 8835.85 П 
ZincZn 7-30 

200 425.90 IV 
200 428.54 IV 
200 430.59 IV 
1000 677.63 ІП 
750 677.96 ІП 
200 713.90 ІП 
60 1193.23 1 
50 1239.12 IV 
50 1249.69 IV 
500 1265.74 IV 
500 1306.66 IV 
200 1456.72 ІП 
200 1459,98 IV 
300 1499.42 ІП 
300 1500.42 ІП 
300 1505.92 ІП 
300 1515,85 ІП 
300 1552.30 ІП 
90 1572.99 1 
200 1629.19 ІП 
200 1639.33 ІП 
200 1673.05 ІП 
80d 1735.61 II 


Line Spectra of the Elements 


Intensity Wavelength/A 

100 1767.69 ІШ 
100 1797.64 П 
1004 1811.05 II 
100d 1833.57 II 
100 1864.12 II 
100 1866.08 II 
100 1872.13 II 
100d 1918.96 II 
100d 1929.67 II 
100 1969.40 II 
100 1982.11 II 
100 1986.99 II 
500 2025.48 II 
500 2062.00 II 
200 2064.23 II 
120 2079.08 I 
300 2099.94 II 
200 2102.18 II 
800r 2138.56 I 
1000 2501.99 II 
150 2515.81 I 
1000 2557.95 II 
300 2582.49 I 
200 2608.56 I 
300 2608.64 I 
200 2670.53 I 
300 2684.16 I 
300 2712.49 I 
200 2756.45 I 
300 2770.86 I 
300 2770.98 I 
400 2800.87 I 
100 2801.06 I 
200 3035.78 I 
200 3072.06 I 
300 3196.31 II 
500r 3282.33 I 
800 3302.58 I 
700r 3302.94 I 
800 3345.02 I 
500 3345.57 I 
50 3883.34 I 
300 4680.14 I 
400 4722.15 I 
400 4810.53 I 
800 4911.62 II 
500 4924.03 II 
200 5181.98 I 
500 5894.33 II 
500 6021.18 II 
500 6102.49 II 
500 6214.61 II 
1000 h 6362.34 I 
300 7588.5 II 
300 7732.5 II 
100 11054.25 I 
100 13053.63 I 
100 13150.59 I 
100 14038.70 I 
20 16483.45 I 
20 16491.98 I 


Line Spectra of the Elements 10-87 


Intensity | Wavelength/À Intensity ۳٨ Intensity — Wavelength/À Intensity | Wavelength/À 

20 16505.23 I 620 2814.90 I 1000 3430.53 II 770 3998.97 II 
10 24375.02 I 390 2818.74 II 4700 3438.23 II 400 4023.98 I 
Zirconium Zr Z 40 530 2825.56 II 600 3447.36 I 770 4024.92 I 
500 304.01 у 710 2837.23 1 410 3457.56 II 990 4027.20 I 
60 480.66 IV 660 2844.58 II 820 3463.02 II 400 4029.68 II 
60 497.23 IV 350 2848.52 I 600 3471.19 I 490 4030.04 I 
60 500.22 IV 350 2851.97 II 1200 3479.39 II 400 4035.89 I 
600 628.66 IV 340 2869.81 II 1300 3481.15 II 610 4043.58 I 
500 633.56 IV 490 2875.98 I 4100 3496.21 II 490 4044.56 I 
50 690.39 ш 300 2915.99 II 820 3505.67 II 400 4045.61 II 
2000 740.61 у 270 2918.24 II 1000 3509.32 I 610 4048.67 II 
10000 800.00 у 320 2926.99 II 2000 3519.60 I 770 4055.03 I 
10000 806.89 у 320 2948.94 II 440 3525.81 II 600 4055.71 I 
10000 812.05 у 320 2955.78 II 440 3533.22 1 1500 4064.16 1 
3000 841.40 у 320 2960.87 1 630 3542.62 II 2000 4072.70 I 
300 863.65 IV 320 2962.68 II 1800 3547.68 I 240 4078.31 I 
500 864.59 IV 320 2968.96 II 630 3550.46 I 2000 4081.22 I 
9000 1183.97 IV 320 2978.05 II 1800 3551.95 II 400 4121.46 I 
9000 1201.77 IV 820 2985.39 I 2100 3556.60 II 1200 4149.20 II 
10000 1219.86 IV 320 3003.74 II 1100 3566.10 I 400 4161.21 II 
500 1303.93 у 820 3011.75 1 2100 3572.47 II 400 4166.36 I 
500 p 1323.81 у 350 3020.47 II 1100 3575.79 I 660 4187.56 I 
1000 146947 IV 500 3028.04 II 1300 3576.85 II 400 4194.76 I 
10000 1546.17 IV 880 3029.52 I 880 3586.29 I 610 4199.09 I 
10000 1598.95 IV 350d 3036.39 II 3500 3601.19 I 610 4201.46 I 
5000 1607.95 IV 690 3054.84 II 690 3611.89 II 610 4208.98 II 
100 1612.38 ш 690 3106.58 II 1100 3613.10 II 400 4213.86 I 
700 1725.02 у 350 3120.74 1 1100 3614.77 II 2000 4227.76 I 
200 1790.19 Ill 500 3129.18 II 1100 3623.86 I 2000 4239.31 I 
150 1793.56 ш 500 3129.76 II 1100 3663.65 I 770 4240.34 I 
125 1798.13 ш 350 3132.07 I 390 3671.27 II 770 4241.20 I 
600 1860.86 у 690 3138.68 II 800 3674.72 П 1200 4241.69 1 
200 1940.25 ш 540 3164.31 II 390 3697.46 II 550 4282.20 I 
600 2028.54 у 880 3165.97 II 960 3698.17 II 550 4294.79 I 
125 2070.43 Ill 880 3182.86 II 720 3709.26 II 550 4341.13 I 
200 2086.78 IH 540 319121 I 560 3745.98 II 1000 4347.89 I 
10000 2091.49 IV 540 3212.01 I 880 3751.60 II 290 4359.74 II 
10000 2092.36 IV 760 3214.19 II 480 3764.39 I 310 4360.81 I 
600 213242 у 630 3231.69 II 480 3766.72 I 350 4366.45 I 
10000 2163.68 IV 630 3234.12 I 340 3766.82 II 550 4507.12 I 
100 2175.80 Ill 760 3241.05 II 720 3780.54 I 610 4535.75 I 
100 2191.15 ш 1000 3273.05 II 560 3791.40 I 490 4542.22 I 
10000 2286.67 IV 1300 3279.26 II 560 3822.41 1 490 4575.52 1 
100 2301.60 Ill 880 3284.71 II 2200 3835.96 I 350 4602.57 I 
90 2539.65 1 540 3305.15 II 1300 3836.76 II 700 4633.98 I 
570 2567.64 I 880 3306.28 II 550 3843.02 II 2300 4687.80 I 
1600 2568.87 T 380 3322.99 II 550 3847.01 I 510 4688.45 I 
2100 2571.39 H 380 3326.80 II 550 3849.25 I 1900 4710.08 I 
250 2620.56 ш 380 3334.25 II 2900 3863.87 I 1400 4739.48 I 
200 2643.79 Ill 760 3340.56 II 770 3864.34 I 870 4772.31 I 
150 2664.26 ш 380 3344.79 II 990 3877.60 I 700 4815.63 I 
1800 2678.63 П 760 3356.09 П 1500 3885.42 1 250 5046.58 1 
90 2687.75 1 540 3357.26 II 2900 3890.32 I 360 5064.91 I 
750 2700.13 H 380 3374.73 II 2000 3891.38 I 470 5078.25 I 
1300 2722.61 I 570 3387.87 II 610 3921.79 I 300 5155.45 I 
800 2726.49 T 760 3388.30 II 1200 3929.53 I 200 5158.00 I 
1400 2734.86 П 5700 3391.98 П 940 3958.22 II 100 5191.60 II 
1100 2742.56 П 570 3393.12 П 490 3966.66 1 270 5385.14 1 
660 2745.86 T 570 3404.83 II 990 3968.26 I 160 5664.51 I 
660 275221 П 760 3410.25 П 660 3973.50 І 160 5797.74 1 
530 2758.81 I 380 3414.66 I 770 3991.13 II 340 5879.80 I 
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Intensity — Wavelength/À Intensity ٨ 
170 6045.85 I 300 6313.02 I 
170 6121.91 I 150 6953.84 I 
680 6127.44 1 150 6990.84 I 
340 6134.55 I 540 7097.70 I 
440 6143.20 I 280 7102.91 I 
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Intensity | Wavelength/ A Intensity | Wavelength/ À 
170 7103.72 I 790 8070.08 I 
590 7169.09 I 390 8132.99 I 
160 7944.61 I 280 8212.53 I 
160 8005.27 I 

150 8063.09 I 


Sources of Data for Each Element 


Numbers following the element name refer to the references on 
the following pages. 

Actinium: 193 

Aluminum: 6,8,81,89,127,144,146,227,228,282 
Americium: 92 

Antimony: 164,167,194,386,406 

Argon: 190,203,204,219,367,368,372,373,374,375,414,421 
Arsenic: 163,168,197,244,280 

Astatine: 188 

Barium: 1,78,111,252,259,277,279 

Berkelium: 53,339 

Beryllium: 15,44,73,102,115,134,135,171,175,198,335 
Bismuth: 1,357,358,359,360,361 

Boron: 66,69,74,94,104,171,221,222 

Bromine: 42,122,124,139,142,240,243,246,248,249,250,316 
Cadmium: 44,285,296,353,399 

Calcium: 16,25,70,150,270 

Californium: 52,331 

Carbon: 22,66,211 

Cerium: 1,136,166,261,305 

Cesium: 78,82,154,155,200,201,259,263,325 
Chlorine: 11,28,30,31,85,233,238,239 

Chromium: 1,379,380,412 

Cobalt: 1,100,125,159,236,276,291 

Copper: 199,273,290,295,324 

Curium: 51,332 

Dysprosium: 1 

Einsteinium: 333 

Erbium: 1,301 

Europium: 1,312 

Fluorine: 68,169,224,225,226 

Francium: 408 

Gadolinium: 1,46,137,151,152 

Gallium: 2,19,62,132,140,141,143,195,281 
Germanium: 5,119,293,340,341,342 

Gold: 38,72,234,393,395 

Hafnium: 1,369,404,410,425 

Helium: 16,94,173,183,317 

Holmium: 1 

Hydrogen: 214 

Indium: 1,132,348,349,350,351,352,353,435,436 
Iodine: 20,21,58,84,124,153,161,176,184 

Iridium: 1 

Iron: 56,63,71,101,105,138,174,278,381,382 
Krypton: 61,121,123,147,208,232,366,390,409,417,421 
Lanthanum: 1,78,79,220,309 

Lead: 54,64,106,256,274,297,283,329,330 

Lithium: 3,15,17,18,37,44,112,284,321,335 
Lutetium: 1,148,310,401 

Magnesium: 4,7,49,83,103,128,129,177,217,269,315,335 
Manganese: 1,126,385,405,433 

Mercury (198): 43,50,69,145,229,242 


Mercury (Natural): 34,45,90,117,133,189,235,304,327,328,343 

Molybdenum: 1,383,420 

Neodymium: 1 

Neon: 56,58,69,118,150,230,364,365,371,388,389,400,402,413, 
430 

Neptunium: 93 

Nickel: 1,294,415,416,422 

Niobium: 1,392,407,431 

Nitrogen: 66,107,108,212,213,318 

Osmium: 1 

Oxygen: 23,24,36,66,69,209,210,215 

Palladium: 1,287,424 

Phosphorus: 179,180,182,336 

Platinum: 1,288 

Plutonium: 91 

Polonium: 47,48 

Potassium: 32,59,60,75,76,86,150,160,172,268,314,322 

Praseodymium: 1,149,306,308,337,338 

Promethium: 196,260 

Protactinium: 96 

Radium: 253,254 

Radon: 251 

Rhenium: 1 

Rhodium: 1,396 

Rubidium: 12,109,130,241,257,258,262,264 

Ruthenium: 1,423 

Samarium: 1 

Scandium: 1,88,150,298,323 

Selenium: 9,80,181,216,245,247,275 

Silicon: 87,170,237,292,319,320 

Silver: 13,99,255,286,289,363,387,398 

Sodium: 178,205,206,207,268,299,334 

Strontium: 1,109,110,218,231,265,279,313 

Sulfur: 29,144,202,209,210,266 

Tantalum: 1,411,426 

Technetium: 35 

Tellurium: 1,344,345,346,347 

Terbium: 1,302 

Thallium: 1,195,348,354,355,356 

Thorium: 1,97,98,156,157,165,434 

Thulium: 1,307 

Tin: 187,191,399,423 

Titanium: 1,378,427,428 

Tungsten: 1 

Uranium: 1,303 

Vanadium: 1,394,397,432 

Xenon: 33,116,118,120,232,384,391,429 

Ytterbium: 1,40,192,311 

Yttrium: 1,77,265,419 

Zinc: 39,55,113,131,185,186,370,376,377 

Zirconium: 1,362,403,418 
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NIST ATOMIC TRANSITION PROBABILITIES 
J. R. Fuhr and W. L. Wiese 


For the 2005 edition of this Handbook, we include new, more 
accurate data for Fe I and Fe IL and Ва I and Ba П? The new ta- 
bles contain critically evaluated atomic transition probabilities for 
over 10500 selected lines of all elements for which reliable data are 
available on an absolute scale. The material is largely for neutral 
and singly ionized spectra, but also includes a number of promi- 
nent lines of more highly charged ions of important elements. 

Many of the data are obtained from comprehensive compila- 
tions of the Data Center on Atomic Transition Probabilities at 
the National Institute of Standards and Technology. Specifically, 
data have been taken from three recent comprehensive critical 
compilations on C, N and О, on Sc through Mn* and Fe through 
Ni,’ and special compilations on neutral and singly ionized iron 
and barium. Material from earlier compilations for the elements 
H through Ме“ and Na through Ca? was supplemented by more 
recent material taken directly from the original literature. For the 
highly charged ions, some of the data were derived from studies of 
the systematic behavior of transition probabilities.*!° Most of the 
original literature is cited in the above tables and in recent bibli- 
ographies;'"” for lack of space, individual literature references are 
not cited here. 

The wavelength range for the neutral species is normally the 
visible spectrum or shorter wavelengths; only the very prominent 
near infrared lines are included. For the higher ions, most of the 
strong lines are located in the far UV. The tabulation is limited to 
electric dipole — including intercombination — lines and com- 
prises essentially the fairly strong transitions with estimated un- 
certainties in the 1096 to 50% range. With the exception of hydro- 
gen, helium, and the alkali metals, most transitions are between 
states with low principal quantum numbers. 

The transition probability, A, is given in units of 10? و‎ and is 
listed to as many digits as is consistent with the indicated accuracy. 
The power of 10 is indicated by the E notation (i.e., E-02 means 
10?). Generally, the estimated uncertainties of the A-values are 
+25 to 5096 for two-digit numbers, +10 to 2596 for three-digit num- 
bers and +1% or better for four- and five-digit numbers. 

Each transition is identified by the wavelength À in ángstróms (1 
А = 1079 m); and the statistical weights, g, and 2, of the lower (i) 
and upper (К) states [the product g A (or g,f) is needed for many 
applications]. Whenever the wavelengths of individual lines within 
a multiplet are extremely close, only an average wavelength for the 
multiplet as well as the multiplet A-value are given, and this is in- 
dicated by an asterisk (*) to the left of the wavelength. This also 
has been done when the transition probability for an entire mul- 
tiplet has been taken from the literature and values for individual 
lines cannot be determined because of insufficient knowledge of 
the coupling of electrons. The wavelength data have been taken 
either from recent compilations or from the original literature cit- 
ed in bibliographies published by the Atomic Energy Levels Data 
Center? at the National Institute of Standards and Technology. 
Wavelength values are consistent with those given in the table 
"Line Spectra of the Elements,’ which appears elsewhere in this 
Handbook. 

In addition to the transition probability A, the atomic oscillator 
strength f and the line strength S are often used in the literature. 
The conversion factors between these quantities are (for electric- 
dipole transitions): 


g,f = 1499 105 Mg A = 303.81 S 


where À is in ángstróms, А is in 108 57, and S is in atomic units, 
which are 
ае? = 7.18810? та? C. 

The table for hydrogen is presented first, followed by the tables 
for other elements in alphabetical sequence by element name (not 
symbol). Within each element, the tables are ordered by increasing 
ionization stage (e.g., Al I, Al II, etc.). 

The transition probabilities for hydrogen and hydrogen-like 
ions are known precisely. Because of the hydrogen degeneracy, 
a "transition" is actually the sum of all fine-structure transitions 
between the principal quantum numbers; therefore, the hydrogen 
table gives weighted average A-values. For hydrogen-like ions of 
nuclear charge Z, the following scaling laws hold: 

A,- 2%А 


Hydrogen 


1; = fiyaogen 
5,-275 


Нудговеп 
i, =2 к ТҮННЕН 
For very highly charged hydrogen-like ions, starting at about Z>25, 
relativistic corrections? must be applied. 
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Х Weights A Х Weights 
À 3 8, 1054: А 8, 8, 
Hydrogen 3721.94 8 392 
3734.37 8 338 
HI 3750.15 8 288 
912768 2 1800 5.167E-06 3770.63 8 242 
912.839 2 1682 6.122E-06 3797.90 8 200 
912.918 2 1568 7.297E-06 3835.38 8 162 
913.000 2 1458 8.753E-06 3889.05 8 128 
913.104 2 1352 1.057E-05 3970.07 8 98 
913215 2 1250 1.286E-05 4101.73 8 72 
913.339 2 1152 1.578E-05 4340.46 8 50 
913.480 2 1058 1.952E-05 4861.32 8 32 
913.641 2 968 2.438E-05 6562.80 8 18 
913.826 2 882 3.077E-05 8392.40 18 800 
914.039 2 800 3.928E-05 8413.32 18 722 
914286 2 722 5.077E-05 8437.96 18 648 
914576 2 648 6.654E-05 8467.26 8 578 
914919 2 578 8.858E-05 850249 18 512 
915.329 2 512 1.200E-04 8545.39 18 450 
915.824 2 450 1.657E-04 859840 18 392 
916429 2 392 2.341E-04 8665.00 18 338 
917181 2 338 3.393E-04 8750.48 18 288 
918129 2 288 5.066E-04 8862.79 18 242 
919351 2 242 7.834Е-04 9014.91 18 200 
920.63 2 200 1.263E-03 9229.00 18 162 
923.150 2 162 2.143E-03 9545.97 18 128 
926226 2 128 3.869E-03 100494 18 98 
930.748 2 98 7.568Е-03 10938.1 18 72 
937.800 2 72 1.644E-02 12818.1 18 50 
949743 2 50 4.125E-02 164072 32 288 
972.537 2 32 1.278E-01 16806.5 2 242 
1025.72 2 18 5.575E-01 173621 32 200 
1215.67 2 8 4.699Е-00 181741 32 162 
3662.26 8 1800 2.847Е-06 18751.0 18 32 
3663.40 8 1682 3.374E-06 194456 32 128 
3664.68 8 1568 4.022E-06 21655.3 32 98 
3666.10 8 1458 4.826Е-06 26251.5 32 72 
3667.68 8 1352 5.830E-06 27575 50 288 
3669.46 8 1250 7.096E-06 28722 50 242 
3671.48 8 1152 8.707E-06 30384 50 200 
3673.76 8 1058 1.078Е-05 32961 50 162 
3676.36 8 968 1.347Е-05 37395 50 128 
3679.35 8 882 1.700Е-05 40511.5 2 50 
3682.81 8 800 2.172Е-05 43753 72 288 
3686.83 8 722 2.809Е-05 46525 50 98 
3691.55 8 648 3.685E-05 46712 72 242 
3697.15 8 578 4.910E-05 51273 72 200 
3703.85 8 512 6.658Е-05 59066 72 162 
3711.97 8 450 9.210Е-05 74578 50 72 


А А Weights A 

105 s! EN g, 5, 10887 
1.303E-04 75004 72 128 1.561Е-03 
1.893Е-04 123680 72 98 4.561E-03 
пуна Aluminum 
4.397E-04 
7.122Е-04 АП 
1.216E-03 2263.5 2 4 6.6E-01 
2.215E-03 2269.1 4 6 7.9E-01 
4.389E-03 2269.2 4 4 1.3Е-01 
9.732E-03 2367.1 2 4 7.2Е-01 
2.530E-02 2373.1 4 6 8.6E-01 
8.419E-02 2373.4 4 4 1.4Е-01 
4.410Е-01 2568.0 2 4 2.3E-01 
1.517E-05 2575.1 4 6 2.8E-01 
1.964E-05 2575.4 4 4 4.4E-02 
2.580E-05 2652.5 2 2 1.33E-01 
3.444Е-05 2660.4 4 2 2.64E-01 
4.680E-05 3082.2 2 4 6.3E-01 
6.490E-05 3092.7 4 6 7.4Е-01 
9.211Е-05 3092.8 4 4 1.2Е-01 
1.34ЗЕ-04 3944.0 2 2 4.9ЗЕ-01 
2.021E-04 3961.5 4 2 9.8E-01 
3.156E-04 6696.0 2 4 1.69E-02 
5.156E-04 6698.7 2 2 1.69E-02 
8.905E-04 7835.3 4 6 5.7E-02 
1.651E-03 7836.1 6 8 6.2E-02 
3.358E-03 ALII 
مه‎ 1047.9 1 3 3.6E-01 
220102 1048.6 3 5 4.8E-01 
16206-04 1539.8 3 5 8.8E+00 
оек 1670.8 1 3 1.46Е+01 
шинэс 1719.4 1 3 6.79Е+00 
189808 17640 5 5 9.8E+00 
8:9865-02 1772.8 1 3 9.5E+00 
ЛАНА 1777.0 5 7 1.7E+01 
ӨТЕН *1819.0 15 15 5.6Е+00 
оз 1855.9 1 3 8.32E-01 
1055 ы 1858.0 3 3 2.48Е+00 
22165 01 1862.3 5 3 4.12E+00 
32005707 1931.0 3 1 1.08E+01 
МАРА 1990.5 3 5 1.47E+01 
12586703 2816.2 3 1 3.83E+00 
76798-07 4663.1 5 3 5.3E-01 
125801 6226.2. 1 3 6.2Е-01 
8:283Е-08 6231.8 3 5 8.4E-01 
2110-04 6243.4 5 7 1.1E+00 
шанхын 6335.7 5 3 1.4Е-01 
ОБА 68234 3 3 3.4E-01 
1025502 6837.1 5 3 5.7E-01 
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À 

À 
6920.3 
7042.1 
7056.7 
7471.4 
АШ 
*560.36 
695.83 
696.22 
*1352.8 
1379.7 
1384.1 
1605.8 
1611.8 
1611.9 
1854.7 
1862.8 
*1935.9 
3601.6 
3601.9 
3612.4 


AIX 

39.925 
51.979 
55.227 
55.272 
55.376 
59.107 
332.78 
394.83 
395.36 
397.76 
400.43 
401.12 
403.55 
406.31 
670.06 
2535 


Al XI 
*36.675 
39.091 
39.180 
39.530 
39.623 
48.298 
48.338 
52.299 
52.446 
52.458 
54.217 
54.388 
*99.083 
103.6 
103.8 
*141.6 
150.31 
150.61 
157.0 
157.4 
*205.0 


Weights 
5, 5, 
3 1 
3 5 
3 3 
5 7 
2 6 
2 4 
2 2 
10 14 
2 2 
4 2 
2 4 
4 4 
4 6 
2 4 
2 2 
10 14 
6 4 
4 4 
4 2 
1 3 
1 3 
1 3 
3 5 
5 7 
3 5 
1 3 
3 1 
3 5 
1 3 
3 3 
5 5 
3 1 
5 3 
3 5 
1 3 


N Ë мю Ë نام نم 4 نام نم‎ 4 мю ом نم‎ мо ммм 


со с‏ م ۲۷م HS‏ ۲۷م > 0 4 мл бо ON ON > ON МЮ М‏ 29 و9 


A 
10% s~! 
9.6E-01 
5.9E-01 
5.8E-01 
9.4Е-01 


4.0Е-01 
7.4E-01 
7.2Е-01 
4.40Е--00 
4.59Е+00 
9.1Е-00 
1.22Е-01 
2.42E+00 
1.45E+01 
5.40E+00 
5.33E+00 
1.22E+01 
1.34E+00 
1.49E-01 
1.5E+00 


2.22Е-03 
4.8Е-03 
5.2Е-03 
7.2Е-03 
9.5Е+03 
4.6E+03 
5.6E+01 
8.3E+01 
1.2E+01 
1.7E+01 
1.3E+01 
3.6E+01 
4.9Е+01 
1.9E+01 
9.8E+00 
3.8E-01 


1.5Е-03 
2.6Е-03 
3.1Е+03 
1.8Е+02 
3.7E+02 
3.09E+03 
3.08E+03 
8.1E+03 
9.6E+03 
1.6Е+03 
4.8Е+02 
9.6Е+02 
2.2Е-02 
4.2Е-02 
5.0Е-02 
4.07 Е+02 
8.5Е+02 
9.9Е+02 
1.3Е+02 
2.6E+02 
6.3E+01 


*308.6 
*341.3 
550.05 
568.12 
1997 
2069 
54761 
5172 
5551 
5687 


Argon 


ArI 

1048.22 
1066.66 
3406.18 
3461.08 
3554.30 
3563.29 
3567.66 
3572.30 
3606.52 
3632.68 
3634.46 
3643.12 
3649.83 
3659.53 
3670.67 
3675.23 
3770.37 
3834.68 
3894.66 
3947.50 
3948.98 
4044.42 
4045.96 
4054.53 
4158.59 
4164.18 
4181.88 
4190.71 
4191.03 
4198.32 
4200.67 
4251.18 
4259.36 
4266.29 
4272.17 
4300.10 
4333.56 
4335.34 
4345.17 
4363.79 
4424.00 
4510.73 
4522.32 
4544.75 
4554.32 
4584.96 
4586.61 
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А 

10887 
9.9Е+01 
1.3Е-02 
8.55Е-00 
7.73E+00 
1.07 Е+00 
9.7E-01 
2.55E-01 
3.95E-02 
3.85E-02 
6.0E-03 


5.36Е-00 
1.29Е-00 
3.9Е-03 
6.7E-04 
2.7Е-03 
12Е-03 
11Е-03 
5.1Е-03 
7.6Е-03 
6.6Е-04 
1.3Е-03 
2.4E-04 
8.0E-03 
4.4Е-04 
3.1E-04 
4.9Е-04 
7.0E-04 
7.5E-03 
5.7Е-04 
5.6E-04 
4.55E-03 
3.33E-03 
4.1] E-04 
2.7Е-04 
1.40Е-02 
2.88Е-03 
5.61Е-03 
2.80Е-03 
5.39E-03 
2.57E-02 
9.67E-03 
1.11E-03 
3.98E-02 
3.12Е-03 
7.97Е-03 
3.77Е-03 
5.68Е-03 
3.87Е-03 
2.97Е-03 
1.2E-04 
7.3E-05 
1.18E-02 
8.98E-04 
8.3E-04 
3.8E-04 
1.6E-03 
2.3E-03 


Х 
А 
4587.21 
4589.29 
4596.10 
4628.44 
4642.15 
4647.49 
4702.32 
4746.82 
4752.94 
4768.68 
4798.74 
4835.97 
4836.70 
4876.26 
4886.29 
4887.95 
4894.69 
4921.04 
4937.72 
4956.75 
4989.95 
5032.03 
5048.81 
5054.18 
5056.53 
5060.08 
5070.99 
5073.08 
5078.03 
5087.09 
5104.74 
5118.21 
5127.80 
5151.39 
5152.30 
5162.29 
5177.54 
5192.72 
5194.02 
5210.49 
5214.77 
5216.28 
5221.27 
5241.09 
5246.24 
5249.20 
5252.79 
5254.47 
5286.07 
5290.00 
5309.52 
5317.73 
5373.50 
5393.27 
5410.48 
5421.35 
5439.99 
5442.24 
5451.65 
5457.42 


Weights 
5; 8, 
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А 
10887: 
4.9E-03 
6.2Е-05 
9.47E-04 
3.83E-04 
9.6E-04 
1.2E-03 
1.09E-03 
3.6E-03 
4.5E-03 
8.6E-03 
8.8E-04 
9.3E-04 
1.02E-03 
7.8E-03 
1.2E-03 
1.3E-02 
1.8E-02 
5.9E-04 
3.6E-04 
1.8E-03 
1.1E-03 
8.2Е-04 
4.6E-03 
4.5E-03 
5.7E-03 
3.7E-03 
2.6E-03 
5.9Е-04 
4.7Е-04 
1.6E-03 
8.7E-04 
2.7E-03 
3.3E-04 
2.39E-02 
1.1E-03 
1.90E-02 
2.4E-03 
1.2E-04 
7.8E-03 
1.1E-03 
2.1E-03 
1.3E-03 
8.8E-03 
1.3E-03 
1.2E-03 
7.9E-04 
5.4E-03 
3.6E-03 
9.6E-04 
9.0E-04 
1.2E-03 
2.6E-03 
2.7E-03 
9.6E-04 
2.0E-03 
6.0E-03 
1.9E-03 
9.3E-04 
4.7Е-03 
3.6Е-03 
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Х Weights _ A À Weights A Х " Weights _ А 

А 8, 8, 1058: А 8, 8, 10887 А 5, 5, 1058: 
5459.65 7 7 3.8E-04 6013.68 7 5 1.4E-03 6779.93 1 3 1.21E-03 
5467.16 5 5 7.6Е-04 6025.15 5 3 9.0E-03 6818.29 3 1 2.0E-03 
5473.46 5 3 2.0E-03 6043.22 5 7 1.47E-02 6827.25 5 3 2.4E-03 
5490.12 5 5 8.5E-04 6052.73 3 5 1.9E-03 6851.88 3 5 6.7E-04 
5492.09 3 1 5.6E-03 6064.76 5 7 5.8E-04 6871.29 3 3 2.78E-02 
5495.87 Z 9 1.69Е-02 6081.25 3 3 7.БЕ-04 6879.59 3 5 1.8E-03 
5506.11 5 7 3.6E-03 6085.86 3 3 9.0E-05 6887.10 5 7 1.3Е-03 
5524.96 7 7 1.7Е-03 6090.79 1 3 3.0E-03 6888.17 3 5 2.5E-03 
5528.97 1 3 1.2E-03 6098.81 3 3 5.2E-03 6925.01 3 3 1.2Е-03 
5534.49 5 3 2.7E-03 6101.16 3 3 3.3E-03 6937.67 3 1 3.08E-02 
5540.87 7 5 4.1Е-04 6104.58 3 1 3.4E-03 6951.46 5 5 2.2E-03 
5552.77 3 3 7.9Е-04 6105.64 3 5 1.21E-02 6960.23 5 5 2.4E-03 
5558.70 3 5 1.42Е-02 6113.46 3 5 4.7Е-04 6965.43 5 3 6.39E-02 
5559.66 3 5 2.2E-03 6119.66 3 3 5.1 E-04 6992.17 3 1 7.5E-03 
5572.54 5 7 6.6E-03 6121.86 3 5 1.3E-04 7030.25 7 5 2.67E-02 
5574.22 3 5 4.6Е-04 612742 5 3 1.1E-03 7067.22 5 5 3.80E-02 
5581.87 7 5 5.6Е-04 6128.73 3 5 8.6Е-04 7068.73 5 З 2.0E-02 
5588.72 5 5 1.5E-03 6145.44 5 7 7.6E-03 7086.70 1 3 1.5E-03 
5597.48 5 7 4.2E-03 6155.24 5 3 5.1 E-03 7107.48 5 5 4.5E-03 
5606.73 3 3 2.20E-02 6165.12 5 5 9.89E-04 7125.83 3 3 6.0E-03 
5618.01 3 3 2.1E-03 6170.17 5 5 5.0E-03 7147.04 5 3 6.25E-03 
5620.92 3 1 3.6E-03 6173.10 3 5 6.7E-03 7158.83 3 1 2.1E-02 
5623.78 5 5 1.4E-03 6179.41 5 3 6.6Е-04 7162.57 1 3 5.8E-04 
5635.58 3 5 9.6Е-04 6212.50 5 7 3.9E-03 7206.98 5 3 2.48Е-02 
5637.33 1 3 9.1Е-04 6215.94 5 5 5.7Е-03 7229.93 5 5 6.6Е-04 
5639.12 1 3 2.1Е-03 6230.93 5 5 1.2E-04 7265.17 3 3 1.7E-03 
5641.39 3 5 8.7Е-04 6243.40 3 1 1.3Е-03 7270.66 7 7 1.1Е-03 
5648.69 5 3 1.2bE-03 6244.73 3 5 2.0E-04 7272.93 3 3 1.83E-02 
5650.70 3 1 3.20E-02 6248.41 3 5 6.8Е-04 7285.44 5 З 1.2Е-03 
5659.13 5 5 2.6Е-03 6278.65 5 7 2.0Е-04 7311.72 3 3 1.7E-02 
5681.90 5 7 2.0E-03 6296.87 3 5 9.0E-03 7316.01 3 3 9.6E-03 
5683.73 5 5 2.0E-03 6307.66 5 5 6.0E-03 7350.78 3 1 1.2Е-02 
5700.87 5 7 5.9Е-03 6309.14 3 3 7.6Е-04 7353.32 5 7 9.6E-03 
5712.51 1 3 8.7Е-04 6364.89 3 1 5.6E-03 7372.12 7 9 1.9Е-02 
5739.52 3 5 8.7E-03 6369.58 5 3 4.2E-03 7383.98 3 5 8.47E-02 
5772.11 5 7 2.0E-03 6384.72 3 3 4.21E-03 7392.97 5 3 7.2E-03 
5773.99 5 5 1.1E-03 6416.31 3 5 1.16E-02 7412.33 3 5 3.9E-03 
5783.54 3 5 8.1E-04 6431.56 5 3 5.1E-04 7422.26 3 5 6.6E-04 
5789.48 5 5 4.6E-04 6466.55 1 3 1.5E-03 7425.29 5 7 3.1E-03 
5790.40 5 3 3.4Е-04 6481.14 1. 3 9.4Е-04 7435.33 5 5 9.0E-03 
5802.08 5 3 4.2Е-03 6513.85 3 3 5.4E-04 7436.25 7А 5 2.7Е-03 
5843.77 3 5 3.3E-04 6538.11 7 7 1.1Е-03 7471.17 3 3 2.2Е-04 
5882.62 3 1 1.23E-02 6596.12 7 5 2.3Е-04 7484.24 3 5 3.4E-03 
5888.58 7 5 1.29E-02 6598.68 5 5 3.6Е-04 7503.84 3 1 4.45E-01 
5916.58 5 3 5.9Е-04 6604.02 Z 5 2.8E-03 7510.42 5 5 4.5E-03 
5927.11 7 7 3.7E-04 6604.85 5 7 1.3E-04 7514.65 3 1 4.02Е-01 
5928.81 5 3 1.1Е-02 6632.09 3 2 5.3E-04 7618.33 3 5 2.9E-03 
5940.86 1 3 1.2E-03 6656.88 3 3 3.1E-04 7628.86 3 5 2.9E-03 
5942.67 5 5 1.8Е-03 6660.68 3 1 7.8E-03 7635.11 5 5 2.45E-01 
5943.89 7 5 3.6Е-04 6664.05 5 5 1.5Е-03 7670.04 5 2 2.8E-03 
5949.26 3 3 1.5E-03 6677.28 3 1 2.36E-03 7704.81 5 7 6.ЗЕ-04 
5964.48 1 3 7.7Е-04 6684.73 3 5 3.9E-04 7723.76 5 3 5.18Е-02 
5968.32 3 3 1.8E-03 6698.47 3 3 2.5E-04 7724.21 1 3 1.17E-01 
5971.60 3 1 11Е-02 6698.88 5 3 1.6E-03 7798.55 3 5 8.7Е-04 
5981.90 5 7 1.2Е-04 671922 1 3 2.4E-03 7868.20 1 3 3.50E-03 
5987.30 7 7 1.2bE-03 6722.88 5 7 3.2E-04 7891.08 5 5 9.5E-03 
5988.13 3 5 6.1Е-04 6752.84 3 5 1.93E-02 7916.45 3 3 1.2bE-03 
5994.66 3 5 2.6Е-04 6754.37 3 3 2.1E-03 7948.18 1 3 1.86E-01 
5999.00 5 5 1.4E-03 6756.10 5 5 3.6E-03 8006.16 3 5 4.90E-02 
6005.73 5 3 1.4E-03 6766.61 5 3 4.0E-03 8014.79 5 5 9.28Е-02 


NIST Atomic Transition Probabilities 


8037.23 
8046.13 
8053.31 
8066.60 
8103.69 
8115.31 
8264.52 
8384.73 
8408.21 
8424.65 
8490.30 
8521.44 
8605.78 
8620.46 
8667.94 
8761.69 
8784.61 
8799.08 
8962.19 
9075.42 
9122.97 
9194.64 
9224.50 
9291.53 
9354.22 
9657.78 
9784.50 
10470.05 
10478.0 
10950.7 
11078.9 
11393.7 
11441.8 
11467.5 
11488.11 
11668.7 
11719.5 
12026.6 
12112.2 
12139.8 
12343.7 
12402.9 
12439.2 
12456.1 
12487.6 
12554.4 
12702. 
12733.6 
12746.3 
12802.7 
12933.3 
12956.6 
13008.5 
13214.7 
13273.1 
13313.4 
13504.0 
13599.2 
136224 
13678.5 


Weights 
8, 8, 
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А 
10887! 
3.59E-03 
1.12Е-02 
8.6Е-03 
1.4Е-03 
2.5Е-01 
З.З1Е-01 
1.5ЗЕ-01 
2.4Е-03 
2.23Е-01 
2.15Е-01 
9.6E-04 
1.39E-01 
1.04E-02 
9.2Е-03 
2.43E-02 
9.5E-03 
2.4E-03 
4.6E-03 
1.6E-03 
1.2E-02 
1.89E-01 
1.76E-02 
5.03E-02 
3.26E-02 
1.06E-02 
5.43E-02 
1.47Е-02 
9.8Е-03 
2.44E-02 
3.96E-03 
8.3E-03 
2.22Е-02 
1.39Е-02 
3.69E-03 
1.9E-03 
3.76E-02 
9.52E-03 
4.2E-03 
3.1E-02 
4.5E-02 
2.0E-02 
1.1E-01 
4.9E-02 
8.9E-02 
1.1E-01 
1.2E-03 
7.1E-02 
1.1E-02 
2.0E-02 
5.7E-02 
1.0E-01 
7.4Е-02 
8.9Е-02 
8.1E-02 
1.5E-01 
1.3E-01 
1.1E-01 
2.2Е-02 
7.3E-02 
6.2Е-02 


14093.6 
147391 
15046.4 
15172.3 
15329.6 
15555.5 
15734.9 
15816.8 
15989.3 
16122.7 
16180.0 
16264.1 
16520.1 
16739.8 
16940.4 
20317.0 
20616.5 
20812.0 
213322 
21534.9 
22039.2 
22077.4 
23133.4 
23844.8 
23967.5 


Ar II 

2317.7 
2891.6 
2942.9 
2979.1 
3033.5 
3139.0 
3169.7 
3181.0 
3212.5 
3221.6 
3226.0 
3243.7 
3249.8 
3263.6 
3281.7 
3430.4 
3454.1 
3466.3 
3476.7 
3491.2 
3491.5 
3509.8 
3514.4 
3520.0 
3521.3 
3535.3 
3548.5 
3550.0 
3556.9 
3559.5 
3565.0 
3576.6 
3581.6 
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к N Q Q نم‎ л оо 060 «л (л (л تیا‎ л 0 0 0 QO М л оо о М wo 


BoB со 2 ٥ & } со ON ON ۲م‎ OO d» су Ov d» OO ۲م‎ ь څ‎ TO из ON څک‎ } ON ON م څ‎ ANSE 


1.4E-01 
1.82Е-01 
5.ЗЕ-01 
4.16E-01 
9.9E-02 
5.2E-01 
4.9E-01 
3.7E-01 
5.2Е-02 
1.8Е-02 
2.1E-02 
1.06Е-00 
6.3Е-01 
1.55Е-01 
4.2Е-01 
6.2Е-02 
3.14E-01 
3.0E-02 
1.25Е-00 
1.79Е-00 
2.31Е-00 
2.55Е+00 
1.36Е+00 
5.2Е-01 
2.27Е-01 
5.7Е-01 
8.7E-01 
2.6E-02 
5.0E-02 
2.88Е+00 
5.5E-01 
2.75Е+00 
1.76Е-00 


Weights 

5; 8, 
6 
10 
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10-97 


А 
1058: 
2.53Е-00 
3.03Е-00 
4.4Е-02 
7.6E-02 
1.7E-02 
4.7Е-02 
5.2Е-02 
4.80Е-01 
2.1E-02 
1.78bE-01 
7.4E-02 
1.1E-02 
7.7E-01 
1.5E-02 
1.7E-01 
1.0E-02 
2.81E-01 
2.69E-01 
4.8E-02 
1.6E-02 
3.87E-01 
1.4E+00 
1.5E-01 
8.2E-02 
2.32E-01 
4.3E-02 
6.3E-02 
7.2E-02 
7.7E-02 
3.7E-02 
2.44E-01 
2.0E-02 
9.3E-01 
4.1E-02 
2.08E-01 
3.8E-02 
4.8E-02 
9.8E-01 
4.1 E-02 
1.6E-02 
1.05E-01 
7.5E-02 
4.4E-02 
1.2E-02 
4.06E-01 
1.6E-02 
6.7E-01 
1.1E-02 
5.8E-01 
1.19E-01 
2.9E-02 
1.1E-02 
1.4E-02 
8.5E-01 
1.2E-02 
2.1Е-02 
1.31Е-01 
1.12Е-01 
1.64E-01 
8.0E-01 


10-98 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 
À 5, 5, 10°! А Ё 5 10* s^ À 8, 8, 10* s! 
4282.9 4 2 1.32Е-01 6684.3 8 6 1.07E-01 713.81 2 2 2.4E401 
4300.6 6 6 5.7E-02 6756.6 4 4 2.0E-02 Ar IX 
4331.2 4 4 5.74E-01 6863.5 6 6 2.5E-02 48.739 1 3 1.69E+03 
4332.0 4 2 1.92E-01 7233.5 2 4 3.7E-02 
4348.1 6 8 1.17E+00 7380.4 4 4 5.6Е-02 Ar X 
4352.2 2 2 210 7589.3 6 4 1 = 01 neon и д малын 
45 n 1 Р : 5 ЕЭ io 1 52 %163.08 9 3 5.3E402 
43705 4 1 ССРО Ar II 184.90 5 5 1.66E+02 
bb. 5 Í 3 nm б 769.15 5 3 6.0E+00 186.38 1 3 8.8E+01 
рази à 5 Sane оў 871.10 5 3 1.59E+00 *207.89 9 9 9.5Е+01 
pens > 3 1.0075: йн 875.53 3 1 3.74E+00 *245.10 9 15 3.7E401 
: nei 878.73 5 5 2.79E+00 
4383.8 4 4 1.1Е-02 Ar XIV 
879.62 3 3 92Е-01 
4400.1 4 4 1.60E-01 180.29 2 4 4.5E401 
883.18 1 3 1.22E+00 
4401.0 8 6 3.04E-01 183.41 2 2 1.69Е+02 
887.40 3 5 9.0E-01 
4412.9 6 8 6.1E-02 187.95 4 4 1.97E+02 
3024.1 5 7 2.6E+00 
4420.9 2 4 3.1E-02 191.35 4 2 7.5E401 
3027.2 5 5 6.4Е-01 
4426.0 4 6 8.17Е-01 194.39 2 2 4.6E401 
4430.2 2 4 5.69E-01 анай 5 ? 1.2E00 203.35 4 2 7.8E+01 
date я š И 3064.8 3 3 1.0E+00 ' : 
реу : 1 ЭЕ ds 3078.2 1 3 1.4E+00 Ar XV 
ad А i 3 3 ; n р 3285.9 5 7 2.0E+00 25.05 1 3 1.7E404 
2 : : 2. 3301.9 5 5 2.0E+00 221.10 1 3 9.55Е+01 
а * 7 4 ie М 3311.3 5 3 2.0Е+00 *265.3 9 8.1E401 
1 nen 3336.1 7 9 2.0Е+00 
4530.5 6 4 2.1Е-02 Ar XVI 
3344.7 5 7 1.8E+00 1 
4545.1 4 4 4.71Е-01 23.52 2 6 1.43E+04 
3352.1 7 7 22Е-01 1 
4579.4 2 2 8.0E-01 24.96 6 10 4.4E404 
3358.5 3 5 1.6Е+00 
4589.9 4 6 6.64E-01 353.88 2 4 1.5E+01 
3361.3 5 5 3.0E-01 
4598.8 4 4 6.7E-02 389.11 2 2 1.1E+01 
3472.6 5 7 2.0E-01 
4609.6 6 8 7.89E-01 1268 2 4 1.9E+00 
3480.6 7 7 1.6Е+00 
4637.2 6 6 7.1Е-02 1401 2 2 1.4Е+00 
3499.7 3 3 1.3E+00 
4657.9 4 2 8.92E-01 2975 2 4 9.0E-02 
12369 4 1 B aar 3500.6 3 5 2.6E-01 дон 4 6 sE 
dvd : E а ps Ри 3502.7 5 3 4.3E-01 
apace + 1 5 ane or 3503.6 5 5 1.2E+00 Arsenic 
| шин 35117 7 5 2.6Е-01 Ас] 
4764.9 2 4 6.4E-01 5 
4806.0 6 6 7.80E-01 ArIV 1890.4 4 6 2.ОЕ+00 
4847.8 4 2 8.49E-01 840.03 4 2 2.73Е+00 1937.6 4 4 2.0Е+00 
4879.9 4 6 8.23E-01 843.77 4 4 2.70 Е+00 1972.6 4 2 2.0E+00 
4889.0 2 2 1.9E-01 850.60 4 6 2.63E+00 2288.1 6 4 2.8E+00 
4904.8 6 8 3.7E-02 Ar VI 2344.0 2 4 3.5E-01 
4933.2 4 4 1.44E-01 292.15 2 2 6.9Е-01 2349.8 4 2 3.1Е+00 
4965.1 2 4 3.94E-01 294.05 4 2 1.36Е-02 2369.7 4 4 6.0Е-01 
4972.2 2 2 9.7E-02 2370.8 4 6 4.2E-01 
50098 4 6 ТЭРЭН БАН 2456.5 6 4 7.2Е-02 
$ : *250.41 9 3 2.78E+02 21659 М > РЕР 
5017.2 4 6 2.07Е-01 : . 2Е-0 
477.54 9 15 9.92Е-01 2 
5017.6 4 4 1.1E-02 745.0 2 4 2.6E-01 
585.75 1 3 7.83E401 52502 : 4 or 
5062.0 2 4 2.23E-01 янтар " д GE VOR . .8E- 
5141.8 6 8 8.1E-02 | | 2860.4 2 2 5.5Е-01 
5145.3 4 6 1.06E-01 Ar VIII 2898.7 4 2 9.9E-02 
5176.2 6 6 17Е-02 158.92 2 4 1.1E+02 Бий 
6103.5 2 2 1.7E-02 159.18 2 2 1.112 
6114.9 10 8 2.00E-01 229.44 2 2 1.12E+02 Bal 
6138.7 6 4 1.2Е-02 230.88 4 2 2.21Е+02 2380.66 1 3 2.62Е-04 
6172.3 8 6 2.00E-01 337.09 4 4 1.2Е+01 2380.75 1 3 2.44E-04 
6243.1 8 6 3.0E-02 337.26 6 4 1.0E+02 2380.86 1 3 2.55E-04 
6483.1 4 2 1.06E-01 338.22 4 2 1.1E+02 2380.97 1 3 2.57E-04 
6638.2 6 4 1.37E-01 519.43 2 4 6.3E+01 2381.08 1 3 2.50E-04 
6639.7 4 2 1.69E-01 526.46 4 6 72Е+01 2381.21 1 3 2.91E-04 
66437 10 8 LATE-01 52687 4 4 1.2Е+01 2381.34 1 3 3.15E-04 
6666.4 2 2 8.8E-02 700.24 2 4 2.55E+01 238148 1 3 3.41E-04 


NIST Atomic Transition Probabilities 


2381.63 
2381.79 
2381.97 
2382.15 
2382.36 
2382.57 
2382.80 
2383.06 
2383.34 
2383.63 
2383.96 
2384.32 
2384.71 
2385.15 
2385.62 
2386.15 
2386.74 
2387.40 
2388.13 
2388.96 
2399.39 
2402.07 
2405.30 
2409.23 
2414.08 
2420.11 
2427.41 
2438.81 
2452.33 
2472.74 
3071.58 
3501.11 
3889.33 
4132.43 
4175.69 
4175.91 
4176.12 
4176.36 
4176.60 
4176.86 
4177.15 
4177.44 
4177.74 
4178.07 
4178.43 
4178.80 
4179.20 
4179.64 
4180.09 
4180.57 
4181.09 
4181.66 
4182.27 
4182.94 
4183.64 
4184.40 
4185.25 
4186.16 
4187.15 
4188.25 


Weights 
8, 8, 
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A 

108s-1 
3.22E-04 
3.44E-04 
3.39E-04 
3.63E-04 
3.64E-04 
3.14E-04 
3.69E-04 
3.57E-04 
3.37E-04 
3.70E-04 
3.20E-04 
2.97E-04 
3.00E-04 
2.50E-04 
2.30E-04 
2.03E-04 
1.87E-04 
1.37E-04 
9.66E-05 
8.37E-05 
1.10E-04 
4.60E-04 
4.90E-04 
8.60E-04 
1.50E-03 
2.30E-03 
5.60E-03 
1.40E-03 
8.10E-04 
4.60E-03 
4.20E-01 
3.50E-01 
1.10E-02 
1.50E-02 
1.97E-04 
1.98E-04 
2.08Е-04 
2.19E-04 
2.26E-04 
2.48E-04 
2.77E-04 
3.03E-04 
3.14E-04 
3.07E-04 
3.64E-04 
4.01E-04 
4.31E-04 
4.46E-04 
4.53E-04 
4.55E-04 
4.99E-04 
5.42E-04 
6.11E-04 
6.65E-04 
6.70E-04 
7.93E-04 
8.43E-04 
9.24E-04 
9.90E-04 
1.03E-03 


4189.44 
4190.76 
4192.20 
4193.81 
4195.59 
4323.00 
4402.54 
4488.98 
4493.64 
4573.85 
4579.64 
4599.72 
4619.92 
4700.42 
4726.43 
4801.30 
4902.85 
5169.53 
5519.04 
5535.48 
5777.62 
5784.04 
5800.23 
5826.27 
5971.70 
5997.09 
6019.47 
6063.11 
6083.39 
6129.23 
6309.36 
6341.68 
6450.85 
6498.76 
6527.31 
6527.40 
6595.33 
6675.27 
6693.84 
6986.80 
7059.94 
7120.33 
7195.23 
7213.60 
7280.30 
7392.41 
7417.54 
7488.08 
7528.18 
7610.48 
7644.90 
7672.09 
7780.48 
7877.80 
7905.75 
814770 
8560.00 
8654.08 
9370.12 
9645.60 
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А 

10887 
1.13E-03 
1.28Е-03 
1.36Е-03 
1.58Е-03 
1.78Е-03 
8.80E-02 
2.70Е-01 
2.80E-01 
1.95E-01 
121Е-00 
7.00Е-01 
4.07Е-01 
2.70Е-02 
6.10E-02 
3.30E-01 
1.39E-01 
5.40E-02 
9.00E-04 
5.70E-01 
1.19Е+00 
8.00Е-01 
2.10Е-01 
2.39Е-01 
4.50E-01 
1.62 Е-01 
2.80Е-01 
8.10E-01 
5.60E-01 
1.10E-01 
6.00E-02 
2.00E-04 
1.16E-01 
1.10E-01 
5.40E-01 
3.30E-01 
6.15E-01 
3.80E-01 
1.89E-01 
1.46E-01 
5.20E-03 
5.00E-01 
1.10E-01 
5.60E-02 
6.50E-04 
3.20E-01 
1.81E-01 
7.70E-03 
7.30E-02 
2.70E-02 
1.10E-02 
5.03E-01 
1.52Е-01 
7.60E-02 
1.60E-02 
2.65E-01 
6.30E-02 
2.00E-01 
3.10E-03 
7.60E-02 
1.10E-01 


À 

À 
9704.31 
9821.48 
10370.30 
10540.10 
10649.10 
11075.70 
11303.00 
11373.70 
12342.30 
14723.10 
14999.90 
17186.90 
18202.80 
21567.70 
30685.30 


Ball 

1622.43 
1630.36 
1761.74 
1771.10 
1786.95 
1892.49 
1954.28 
1955.05 
1985.75 
1999.55 
2009.28 
2024.06 
2052.75 
2054.09 
2079.98 
2153.93 
2200.89 
2214.76 
2232.79 
2235.38 
2245.69 
2254.78 
2285.99 
2528.41 
2634.78 
2641.37 
2647.26 
2771.35 
3390.18 
3412.44 
3413.95 
3552.45 
3576.28 
3578.57 
3891.78 
4130.65 
4166.00 
4216.07 
4267.92 
4309.26 
4325.75 
4329.56 
4524.93 


Weights 

8, & 
3 1 
3 1 
3 5 
5 3 
5 5 
3 3 
5 3 
3 1 
3 3 
3 5 
5 3 
3 1 
5 3 
5 3 
5 3 


нээжээ ON ON н> не ۲۷م‎ н> 4 ۲م‎ oH ON 4 не на G4» ۲۷م ۲۷م‎ не GA GR ۲م ۲م ۲م ۲۷م‎ 4 не ۲م‎ ON > ANNI 


бо н> > ON н> су бо су су со су ۲م‎ t2 5 ON Ë мо > ۲۷م‎ н> ON оне ۲م 4 ۲م‎ H9 ON ۲م ۲۷م‎ > 4 4 ON > 4 [о > ۲م‎ ы 


– 
од = د‎ с 


10-99 


А 

10887 
1.60E-01 
5.50E-02 
1.30E-02 
1.80E-02 
2.70E-02 
3.10E-05 
1.10E-03 
1.30E-01 
9.00Е-04 
8.60Е-03 
2.50Е-03 
2.70Е-02 
1.20E-02 
2.60E-03 
6.50E-03 


2.46E-02 
2.42Е-02 
1.00Е-02 
1.00Е-01 
9.00Е-02 
1.30Е-01 
1.40Е-01 
2.40Е-02 
2.00Е-01 
7.12Е-02 
6.51E-02 
6.86E-02 
2.20E-01 
3.70E-02 
1.17E-01 
3.43E-01 
1.13E-01 
1.60E-02 
3.69E-01 
6.13E-02 
1.60E-01 
1.40E-01 
2.03E-01 
6.91E-01 
7.33E-01 
1.21E-01 
2.26E-01 
3.95E-01 
4.54E-03 
4.77E-03 
3.18Е-04 
3.87Е-03 
4.07E-03 
2.71Е-04 
2.17E+00 
2.18E+00 
3.54E-01 
5.09E-02 
3.10E-01 
3.10E-01 
5.65E-02 
9.39E-03 
6.63E-01 


10-100 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 

À 8, 5, 108s"! A 8, 8, 10887 А 8, 8, 10887 
4554.03 2 4 1.11Е+00 24612.50 4 4 4.75E-03 2798.7 6 6 3.6E-02 
4708.90 2 4 8.47E-02 24699.00 4 2 9.98E-02 2898.0 4 2 1.53E+00 
4843.48 4 6 9.34E-02 25923.20 6 4 3.66E-02 2938.3 6 4 1.23E+00 
4847.19 2 2 3.49E-02 27687.20 2 4 6.10E-02 2989.0 4 4 5.5E-01 
4850.92 4 4 1.55E-02 2905890 4 2 2.89E-02 2993.3 4 6 1.6E-01 
4899.93 4 2 1.04Е-00 3019600 2 2 4.70E-02 3024.6 6 6 8.8E-01 
4934.08 2 2 9.53E-01 42934.70 6 8 4.82E-03 3067.7 4 2 2.07E4 00 
4957.09 6 8 5.13E-01 4329430 4 6 4.39E-03 3076.7 4 4 3.5E-02 
4997.79 4 2 6.37E-02 47520.80 6 6 2.37E-04 3397.2 6 4 1.81E-01 
5012.95 8 10 5.15E-01 : 3402.9 6 6 1.6Е-02 

ВегуШит 
5185.06 2 4 1.10Е-02 3510.9 6 4 6.8E-02 
5267.01 2 2 1.00E-02 Ве1 3596.1 2 4 1.98Е-01 
5361.35 4 6 4.01Е-02 1491.8 1 3 1.3E-02 3888.2 2 2 6.9E-02 
5391.59 6 8 4.22Е-02 1661.5 1 3 2.0E-01 4121.5 2 2 1.64E-01 
5413.57 6 6 9.21E-05 2348.6 1 3 5.55 E400 4308.5 2 4 1.6E-02 
5421.06 6 6 2.77E-03 *2494.7 9 15 1.6Е+00 4493.0 2 4 1.5E-02 
5428.84 6 4 1.92E-03 *2650.6 9 9 4.24Е+00 4722.5 4 2 1.17Е-01 
5480.25 8 6 1.78Е-03 4572.7 3 5 7.9E-01 6134.8 4 4 1.8E-02 
5784.15 2 4 1.59E-01 Bell 
Boron 
5853.67 4 4 6.00E-02 1197.1 2 2 4.7E-01 
5981.26 4 6 1.73E-01 1197.2 4 2 9.4E-01 BI 
5999.9] 4 4 2.86E-02 1512.3 2 4 9.2Е-00 1378.6 2 4 3.50Е-00 
6135.60 2 2 6.64E-02 1512.4 4 6 11Е-01 1378.9 2 2 1.40Е-01 
6141.71 6 4 4.12Е-01 17761 2 2 1.4Е-00 1378.9 4 4 1.75E+01 
6378.92 4 2 1.18E-01 1776.3 4 2 2.9E+00 1379.2 4 2 7.0E+00 
6496.90 4 2 З.10Е-01 *2453.8 2 6 142Е-01 1465.5 2 4 3.34E 00 
6769.48 6 8 9.35E-01 3046.5 2 4 4.8E-01 1465.7 4 4 6.7E400 
6874.08 8 10 9.26E-01 3046.7 4 6 5.9E-01 1465.8 6 4 1.00Е+01 
6995.14 6 8 8.90Е-03 3130.4 2 4 1.14Е-00 1825.9 2 4 1.76Е-00 
7115.03 8 10 8.80Е-03 31311 2 2 1.15Е+00 1826.4 4 6 2.11E+00 
8496.80 2 4 3.31E-02 3241.6 2 2 1.41E-01 2088.9 2 4 2.8Е-01 
8591.43 6 6 6.19E-04 3241.8 4 2 2.8E-01 2089.6 4 6 3.3E-01 
8661.90 6 4 1.27E-02 3274.6 2 4 1.9E-01 2496.8 2 2 8.64E-01 
8703.69 4 6 3.69E-02 3274.7 2 2 1.9E-01 2497.7 4 2 1.73E+00 
8710.77 6 8 7.88E-01 4360.7 2 4 9.2Е-01 А 
Bromine 

8719.12 4 4 6.12E-03 4361.0 4 6 11Е+00 
8737.75 4 6 7.29E-01 *5255.9 2 6 2.56E-02 ВгІ 
8760.61 8 6 1.17Е-02 5270.3 2 2 З.ЗОЕ-01 1488.5 4 4 1.2Е+00 
8897.46 6 6 4.9ЗЕ-02 5270.8 4 2 6.6Е-01 1540.7 4 4 1.4Е+00 
9603.12 2 4 4.16Е-01 6279.4 2 4 12Е-01 1574.8 2 4 2.0Е-01 
1011500 4 6 4.27Е-01 6279.7 4 6 1.43E-01 1576.4 4 6 2.1E-02 
10212.80 4 4 6.92Е-02 6756.7 2 2 5.1E-02 1633.4 2 4 8.1E-02 
10709.80 6 6 9.90E-05 6757.1 4 2 1.02E-01 4365.1 2 4 7.5E-03 
10768.00 2 4 5.56E-02 7401.2 2 4 3.0E-02 4425.1 4 2 4.2E-03 
10769.70 6 4 2.04Е-03 7401.4 2 2 3.0E-02 4441.7 6 4 7.5E-03 
1099340 8 6 1.83E-03 Bismuth 4472.6 4 4 9.3Е-03 
1108850 4 6 6.11Е-02 4477.7 6 8 1.ЗЕ-02 
1112750 4 4 1.01E-02 Bil 4513.4 6 4 2.8Е-03 
1151950 2 2 2.47E-02 1954.5 4 6 1.2Е+00 4525.6 6 6 7.2Е-03 
11577.10 2 2 1.75Е-01 2021.2 4 4 6.0E-02 4575.7 4 4 1.6E-02 
1193190 4 2 4.44Е-02 2061.7 4 6 9.9E-01 4614.6 4 6 5.4E-03 
12475.00 4 2 2.80Е-01 2110.3 4 2 9.1E-01 4979.8 4 4 2.6E-03 
1305780 2 4 2.14E-01 2177.3 4 2 2.6E-02 5245.1 2 4 3.1E-03 
1421150 2 2 1.66E-01 2228.3 4 4 8.9E-01 5345.4 2 4 7.6E-03 
1773890 6 8 2.16E-01 2230.6 4 6 2.6Е+00 7348.5 4 6 1.2Е-01 
1853070 8 10 1.96Е-01 2276.6 4 4 2.БЕ-01 7513.0 6 4 1.2E-01 
1872970 2 4 1.23E-01 2515.7 4 6 4.3E-02 7803.0 2 4 5.3E-02 
19642.60 4 6 1.28Е-01 2627.9 4 4 4.7E-01 7938.7 6 6 1.9E-01 
1984510 4 4, 2.07E-02 2696.8 4 6 6.4E-02 8131.5 2 4 3.8E-02 
2299470 2 2 6.18E-02 2780.5 4 2 3.09E-01 8343.7 2 2 2.2E-01 


NIST Atomic Transition Probabilities 


Х 

А 
8446.6 
8638.7 
Br II 
4704.9 
4785.5 
4816.7 


Cadmium 


сат 

2288.0 
2836.9 
2880.8 
2881.2 
2980.6 
2981.4 
3261.1 
3403.7 
3466.2 
3467.7 
3610.5 
3612.9 
4140.5 
4662.4 
4678.1 
4799.9 
5085.8 
6438.5 


сап 

21444 
2265.0 
2572.9 
2748.5 
4415.6 


Calcium 


Са1 

22755 
2995.0 
2997.3 
2999.6 
3000.9 
3006.9 
3009.2 
3344.5 
3350.2 
3361.9 
3624.1 
3630.8 
3631.0 
3644.4 
3644.8 
3870.5 
3957.1 
3973.7 
4092.6 
4094.9 
4098.5 
4108.5 
4226.7 
4283.0 


Weights 
5, 5, 
4 4 
6 4 
5 7 
5 5 
5 3 
1 3 
1 3 
3 5 
3 3 
5 7 
5 5 
1 3 
1 3 
3 5 
3 3 
5 7 
5 5 
3 5 
3 5 
1 3 
3 3 
5 3 
3 5 
2 4 
2 2 
2 2 
4 2 
4 6 


Q к бо ооо л фо Оо QA QA QO Оо نم‎ л оо кє (л {л ОО о нн 


л о М O М л фо Q «л л М نر‎ л оо М л боз фо (л نم‎ о л фо оо 


А 
10887! 
12Е-01 
9.7Е-02 


1.1Е+00 
9.4Е-01 
1.1Е+00 


5.3Е-00 
2.8E-01 
4.2E-01 
2.4E-01 
5.9E-01 
1.5E-01 
4.06E-03 
7.7E-01 
1.2Е+00 
6.7Е-01 
1.3Е+00 
3.5Е-01 
4.7E-02 
5.5E-02 
1.3E-01 
4.1E-01 
5.6E-01 
5.9E-01 


2.8Е+00 
3.0E+00 
1.7E+00 
2.8E+00 
1.4E-02 


3.01E-01 
3.67E-01 
2.41E-01 
2.79E-01 
1.58E+00 
7.5E-01 
4.30E-01 
1.51E-01 
1.78E-01 
2.23E-01 
2.12E-01 
2.97E-01 
1.53E-01 
3.55E-01 
9.4E-02 
7.2Е-02 
9.8Е-02 
1.75Е-01 
1.1E-01 
1.2Е-01 
1.3Е-01 
9.0Е-01 
2.18E+00 
4.34E-01 


л о М л о м М о оо ооо о = оо л М نا‎ л о М л له‎ ‹л U1 تیا‎ C2 Фр «л (л фо аъ «л «(л (л نم 00 تیا‎ (л (л о о н 
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N ض ټم‎ оо» боо мм. 


А 
10887 
6.0E-01 
4.66E-01 
1.36Е+00 
1.99Е+00 
7АЕ-01 
1.9E-01 
4.98E-01 
6.7E-01 
3.42E-01 
8.7E-01 
2.0E-01 
4.1E-01 
1.76E-01 
2.09E-01 
2.29E-01 
8.0E-02 
1.88Е-01 
3.3E-01 
4.0E-01 
1.5E-01 
6.0E-01 
9.1Е-02 
4.4E-01 
5.0E-01 
6.0E-02 
4.9E-01 
8.3E-02 
3.8E-01 
4.3E-01 
8.6E-02 
1.4E-01 
6.6E-01 
9.6E-02 
2.87E-01 
3.3E-02 
3.54E-01 
5.6E-02 
2.2Е-01 
17Е-01 
19Е-01 
5.3E-01 
9.0E-02 
4.7E-01 
5.9E-02 
4.4E-01 
8.1E-02 


1.5E-02 
1.5E-02 
3.2Е-03 
3.1Е-03 
2.24E-01 
2.65E-01 
4.41E-02 
3.54E-01 
4.2Е-01 
7.0Е-02 
1.6Е-01 
3.08Е-01 


Х 

А 
2103.2 
2112.8 
2113.2 
2197.8 
2208.6 
3158.9 
3179.3 
3181.3 
3706.0 
3736.9 
3933.7 
3968.5 


Ca Ill 
357.97 
439.69 
490.55 


Са У 

558.60 
637.93 
643.12 
646.57 
647.88 
651.55 
656.76 


Ca VII 
550.20 
624.39 
630.54 
630.79 
639.15 
640.41 


Ca VIII 
182.71 
184.16 


Ca IX 
163.23 
371.89 
373.81 
378.08 
395.03 
466.24 
498.01 
506.18 
515.57 


Ca X 

110.96 
11120 
151.84 
153.02 
206.57 
206.75 
207,39 
411.70 
419.75 
420.47 
557.76 
574.01 


Weights 
$, & 
2 4 
4 6 
4 4 
2 2 
4 2 
2 4 
4 6 
4 4 
2 2 
4 2 
2 4 
2 2 
1 3 
1 3 
1 3 
5 3 
5 3 
3 1 
5 5 
3 3 
1 3 
3 5 
5 5 
1 3 
3 5 
3 3 
5 7 
5 5 
2 2 
4 2 
5 3 
1 3 
3 5 
5 7 
3 5 
1 3 
3 5 
5 5 
5 3 
2 4 
2 2 
2 2 
4 2 
4 4 
6 4 
4 2 
2 4 
4 6 
4 4 
2 4 
2 2 


10-101 


A 

10° s! 
8.2Е-01 
9.7Е-01 
1.6Е-01 
3.1E-01 
6.2Е-01 
3.1Е+00 
3.6Е+00 
5.8E-01 
8.8E-01 
17Е-00 
1.47Е+00 
14Е-00 


8.8Е-02 
1.9Е-01 
1.6Е-02 


2.2Е-01 
3.9Е-00 
9.1Е-00 
6.9Е-00 
2.3Е-00 
2.9Е-00 
2.1Е-00 


1.8E+01 
3.3E+00 
4.5Е+00 
2.2E+00 
5.7E+00 
1.3E+00 


1.6E+02 
3.2Е-02 


3.76Е+02 
8.8E+01 
1.16E+02 
1.5E+02 
2.2E+02 
1.12E+02 
2.49Е-01 
7.2Е-01 
3.75Е+01 


2.9Е +02 
2.92E+02 
2.3E+02 
4,5E+02 
2.9E+01 
2.6E+02 
2.8E+02 
8.3E+01 
9.5E+01 
1.6E+01 
3.50E+01 
3.2E+01 


10-102 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 
À 8, 8, 1058: А 8, 8, 10851 А 8, 8, 10% s! 
гн 143160 5 7 2.11E+00 665552 3 3 5.03E-03 
CINE M 300 а 120 
7" : : к 1459.03 5 3 д жеді 711318 7 9 ЖЕ 
35.212 1 3 2.3 dcl à ра 
نکل‎ 1463.34 5 7 1.88Е+00 711517 5 7 2.19Е-02 
ee M IE Yd јен 5 
147.27 2 2 1.6Е+02 | e : 2227 
147009 5 7 1.37Е-02 7119.66 5 3 3.12Е-02 
Саху 147223 5 3 8.01E-03 7860.88 5 5 1.53E-02 
141.69 5 3 4.08E+02 148176 5 5 3.92E-01 805862 5 5 1.09E-02 
*142.23 9 3 6.3Е+02 1560.31 1 3 6.57E-01 833515 3 1 3.51E-01 
161.00 5 5 1.9Е-02 156134 5 5 2.94E-01 906144 3 5 7.31Е-02 
CaXVil 156144 5 7 1.18E+00 906249 1 3 9.48E-02 
NN: 1 4 завин 165627 3 5 8.58E-01 907829 3 3 7.07E-02 
21.188 3 5 зоЁНЫ 1656.93 1 3 1.13E+00 9088.51 3 1 3.00E-01 
19089 i 5 кете 165701 5 5 2.52E400 909483 5 5 2.28E-01 
yis 86 4 : ЯЁИ 165738 3 3 8.64Е-01 9111.81 5 3 1.35E-01 
203.02 i м ЖЕТЕ 165791 3 1 3.43E+00 940573 3 5 2.91E-01 
9248 а 5 a 165812 5 3 1.44E+00 960303 1 3 3.06E-02 
БЕЛЕК 5 i ERU 175183 1 3 9.07E-01 962078 3 3 8.62Е-02 
24406 5 н еи 176391 1 3 3.59E-02 965843 5 3 1.25Е-01 
1765.37 1 3 1.04E-02 
Ca XVIII 1930.90 5 3 3.51E+00 са 
: 687345 4 6 2.84Е-01 
1871 2 6 2.31E+04 247856 1 3 3.40E-01 
š 858.092 2 2 1.18Е-00 
19.74 6 10 7.0Е+04 2902.23 1 3 4.32E-03 
858.559 4 2 2.35E+00 
302.19 2 4 2.0E+01 2903.27 3 3 1.29Е-02 
903.623 2 4 6.85Е+00 
344.76 2 2 1.3E+01 2905.00 5 3 2.15E-02 
pri А 195205 903962 2 2 2.74E+01 
Carbon ЕТ i x ара 904.142 4 4 3.42E+01 
CI و‎ 3 j 22 904480 4 2 1.37Е+01 
ў е] 1009.86 2 4 5.71Е+00 
945.191 1 3 3.79Е+00 476667 3 3 2.36E-03 
101008 4 4 1.14E+01 
945.338 3 3 1.14E+01 4770080 3 1 1.07E-02 
: ў 101037 6 4 171E«01 
945.579 5 3 1.89E+01 477174 5 5 797Е-03 
: | 103634 2 2 7.61Е+00 
1193.24 5 7 1.22E+00 477590 5 3 4.84E-03 
у 4 1037.02 4 2 1.52E+01 
1260.74 1 3 5.32Е-01 481292 1 3 4.03Е-04 
132391 4 4 4.33E+00 
126093 3 1 1.70E+00 481737 3 3 8.76Е-04 
132395 6 6 4.49E+00 
1261.00 3 3 4.42E-01 482680 5 3 628E-04 
j Ç 133453 2 4 2.37E+00 
у : 133571 4 6 2.84E+00 
126143 5 3 7.06E-01 502384 7 9 L81E-03 
2091.14 2 4 1.00E-01 
1261.55 5 5 1.27E+00 5039.06 7 9 4.73Е-03 
у у 2091.19 4 6 1.69Е-01 
: у 2091.65 6 8 2.41Е-01 
1277.25 1 3 1.27Е-00 5041.79 5 7 3.28E-03 
у у 2093.16 6 6 7.20Е-02 
: | 2173.85 2 4 2.31E-01 
\ | 217417 2 2 2.31E-01 
| : 250913 2 4 4.53E-01 
à | 251174 4 4 9.04Е-02 
127795 5 3 5.56E-02 570312 7 5 344E-03 
у : 251206 4 6 5.42E-01 
127923 5 1 1.10F-01 579447 5 5 6.44Е-04 
272731 2 4 6.63E-02 
127289 3 5 3,08E-01 580023 3 3 1.04E-03 
272872 4 4 3.31E-01 
1280.14 1 : З.11Е-01 580060 5 3 3.04E-03 
272921 2 2 2.65E-01 
128033 5 5 5.77E-01 580520 3 1 4.12E-03 
2730.63 4 2 1.32Е-01 
: | 513295 2 4 3.89E-01 
1280.60 3 1 8.22Е-01 6006.02 7 5 1.79Е-02 
513328 4 6 2.80E-01 
128085 5 3 3.33E-01 600718 3 3 5.34E-03 
513726 2 2 1.55E-01 
у | 5139.17 4 4 1.24Е-01 
1329.09 3 1 2.41E+00 600317 7 5 1.79E-02 
у ; 514349 4 2 7.73Е-01 
1329.58 5 5 1.79E+00 60321 7 9 4.35E-03 
| | 514516 6 6 6.А9Е-01 
1329.60 5 3 1.00Е--00 601483 5 3 1.60E-02. 
515108 6 4 4.16E-01 
1355.84 5 7 1.04E+00 601645 5 7 3 86Е-03 
136416 5 5 L57E-01 pacer. 2 5 ера 5640.55 2 4 9.89E-02 


NIST Atomic Transition Probabilities 


5648.07 
5662.46 
5818.31 
5822.98 
5823.18 
5827.85 
5836.37 
5843.62 
5856.06 
6095.29 
6098.51 
6102.56 
6578.05 
6582.88 
6724.56 
6727.07 
6727.26 
6731.07 
6733.58 
6734.00 
6738.61 
6742.43 
6750.54 
6755.16 
6779.94 
6780.59 
6783.91 
6787.21 
6791.47 
6798.10 
6800.69 
6812.28 
7046.25 
7053.09 
7063.68 
7112.48 
7113.04 
7115.63 
7119.76 
7119.91 
7125.72 
7132.47 
7134.10 
7231.33 
7236.42 
7237.17 
8028.85 
8037.73 
8039.40 
8048.31 
8062.10 
8062.80 
8076.64 
9238.30 
9251.01 
9863.06 
9870.78 
9882.68 


СШ 
310.170 


Weights 
8, 8, 
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А 

10887! 
1.97E-01 
2.93E-01 
3.38Е-02 
3.38Е-03 
3.38Е-02 
2.16Е-02 
4.22Е-02 
1.20Е-02 
5.31Е-02 
4.20E-01 
5.03E-01 
8.37E-02 
3.63E-01 
3.62Е-01 
3.17Е-02 
6.34E-02 
2.96E-02 
5.06E-02 
6.32E-02 
1.80E-02 
7.23E-02 
4.41E-02 
1.08Е-01 
2.38Е-02 
2.56Е-01 
1.52Е-01 
3.65Е-01 
3.04E-01 
1.94E-01 
6.04E-02 
1.09E-01 
1.80E-02 
3.20E-01 
3.19Е-01 
3.17Е-01 
2.94E-01 
3.15E-01 
3.60E-01 
1.17E-01 
4.19E-01 
1.02Е-01 
8.33E-03 
5.93E-02 
3.52E-01 
4.22Е-01 
7.03E-02 
1.71E-02 
4.26E-02 
8.51E-02 
1.36E-02 
3.04E-02 
4.56E-02 
7.05E-02 
3.34E-02 
2.77E-02 
5.56E-02 
9.31Е-02 
1.33E-01 


6.56Е+00 


386.203 
459.466 
459.514 
459.627 
574.281 
977.020 
1174.93 
1175.26 
1175.59 
1175.71 
1175.99 
1176.37 
1247.38 
2296.87 
2849.05 
3703.70 
4325.56 
4647.42 
4650.25 
4651.02 
4651.47 
4652.05 
4659.06 
4663.64 
4665.86 
4673.95 
5244.66 
5253.58 
5272.52 
5695.92 
5858.34 
5863.25 
5871.68 
5880.56 
5894.07 
6727.48 
6731.04 
6742.15 
6744.39 
6762.17 
6773.39 
6851.18 
6853.68 
6857.24 
6862.69 
6868.78 
6872.04 
6881.10 
7353.88 
7707.43 
7771.76 
7780.41 
7796.00 
8500.32 
9593.32 
9651.47 
9696.48 
9696.54 
9699.57 
9701.10 
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А 

10887 
3.46E+01 
5.91E+01 
7.97Е+01 
1.06E+02 
6.24E+01 
1.767E+01 
3.293E+00 
4.385E+00 
3.287E+00 
9.856E+00 
1.313E+01 
5.468E+00 
2.082E+01 
1.376E+00 
1.95E-01 
5.90E-01 
1.24E-01 
7.26E-01 
7.25E-01 
2.28E-01 
7.24E-01 
3.04E-01 
2.27E-01 
9.05E-01 
6.78E-01 
3.75E-01 
5.30E-02 
1.58bE-01 
2.61E-01 
4.27E-01 
1.34E-01 
3.35E-02 
1.00E-01 
1.99E-02 
1.11E-01 
1.12Е-01 
1.50Е-01 
8.32E-02 
1.99E-01 
4.95E-02 
5.47 E-03 
7.60E-03 
5.64Е-03 
3.79E-02 
3.51E-02 
1.26E-02 
4.46E-02 
7.80E-03 
3.09E-02 
1.30E-01 
1.77E-01 
1.76E-01 
1.75E-01 
1.01E-01 
5.32Е-03 
1.57Е-02 
7.53E-03 
7.12Е-03 
8.47E-03 
4.40E-02 


Х 

А 
9705.41 
9706.44 
9715.09 
9717.75 
9718.79 


CIV 

*312.43 
*384.13 
1548.19 
1550.77 
5801.31 
5811.97 


CV 

34.9728 
40.2678 
*227.19 
247.315 
*248.71 
*260.19 
267.267 
*2273.9 
3526.66 
8420.72 
*8433.2 
8448.12 
8449.19 


Cesium 


CsI 

3203.5 
3205.3 
3207.5 
3210.0 
3212.8 
3216.2 
3220.1 
3220.2 
3224.8 
3225.0 
3230.5 
3230.7 
3237.4 
3237.6 
3245.9 
3246.2 
3256.7 
3257.1 
3270.5 
3271.0 
3288.6 
3289.3 
3313.1 
3314.0 
3347.5 
3348.8 
3397.9 
3400.0 
3476.8 
3480.0 


Weights 
5, 5, 
3 5 
3 3 
5 7 
5 5 
5 3 
2 6 
6 10 
2 4 
2 2 
2 4 
2 2 
1 3 
1 3 
3 9 
1 3 
9 15 
9 3 
3 5 
3 9 
1 3 
3 5 
3 9 
3 1 
3 3 


h2 ټم‎ МЮ Мы نم‎ Мм LS М نم‎ М М نم‎ М М نم‎ М М М М М ۲م ۲م‎ L М ۲م ۲م‎ L ۲م ۲م‎ мы 


BO & N Ë N Ë N Ë N Gh تم‎ GR N Ë N Ë N мю GA N мю څک څ‎ ов B P EB 


10-103 


A 
10887 
5.93E-02 
3.29E-02 
7.88E-02 
1.97E-02 
2.19Е-03 


4.63E+01 
1.76E+02 
2.65E+00 
2.64E+00 
3.17E-01 
3.16E-01 


2.554Е +03 
8.873Е+03 
1.363Е+02 
1.278Е+02 
4.247Е+02 
6.680Е-01 
3.947E+02 
5.646E-01 
1.663E-01 
6.898E-02 
6.868E-02 
6.832E-02 
6.829E-02 


7.6E-06 
7.9E-06 
8.5E-06 
9.4E-06 
1.19E-05 
1.49E-05 
1.7E-05 
1.07E-07 
2.0E-05 
1.43E-07 
2.5E-05 
1.97E-07 
2.8E-05 
2.63E-07 
3.45E-05 
3.7E-07 
4.25E-05 
7.0E-07 
5.6E-05 
9.8E-07 
1.0E-04 
2.7E-06 
1.6E-04 
5.2E-06 
2.2Е-04 
1.1E-05 
4.0E-04 
2.4Е-05 
6.6E-04 
6.6E-05 


10-104 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 
Á 8, 8, 1058: А 8, 8, 10? s^ А 8, 8, 10887 
36114 2 4 1.5Е-03 49177 3 5 75E-01 276990 7 5 1.1E+00 
36173 2 2 2 БЕ-04. 50783 7 7 772-01 278070 9 7 1.4Е+00 
38761 2 4 3.8E-03 52391 3 9 8.6E-01 287927 5 7 2.1E-01 
38886 2 2 9.7E-04 53921 5 7 1.0E+00 288700 3 5 2.7E-01 
45553 2 4 1.88E-02 Жүн 288922 9 9 6.6E-01 
22 3 зови 295 ده‎ 4 эю | шу و‎ 3 и 
8943,5 2 2 2.87Е 01 25106 9 5 60 289676 5 5 саго 
: Бы 2370.4 8 6 2.8E+00 20056 5 | neg 00 
Chlorine 25318 2 4 4.4E+00 ЗЭЭ 3 | 
CHI қамат ° PE 291089 7 5 34E-01 
25771 4 6 4.3E+00 | 22 
11888 4 6 2.33E«00 291115 9 7 2.6E-01 
25807 6 8 4.7Е+00 
11888 4 4 2.71E-01 296764 7 9 3.9E-01 
26012 2 4 4.6Е-00 
12014 2 4 2,39 +00 297110 5 7 72-01 
26036 4 6 5.0Е+00 
13357 4 2 1.74E+00 297548 3 5 8.9E-01 
26095 6 8 5.7E«00 
13472 "4 4 4.19E+00 298078 1 3 5.10Е-01 
26170 8 10 6.6E+00 
13517 2 2 3.23E+00 298864 5 7 5.2E-01 
26616 4 6 34E400 
13634 2 4 7.5E-01 299188 3 1 3.0Е+00 
26655 6 8 4.8E+00 
43233 4 4 1.1E-02 299406 5 5 2.5E-01 
26915 4 4 3.5E+00 
43633 4 6 6.8E-03 299509 5 5 4.3E-01 
27104 4 6 3.5E+00 
43799 4 4 1.4Е-02 299657 5 3 2.0E«00 
33404 6 6 1.5E+00 
43898 6 8 1.4Е-02 299878 5 3 4.07E-01 
33929 4 4 1.9E+00 
45262 4 4 5.1E-02 300088 7 5 1.6Е+00 
33935 6 6 1.9E+00 
46010 2 2 4.2Е-02 300506 9 7 9.2E-01 
35300 6 8 1.8E+00 
46612 2 4 1.2Е-02 301372 3 5 8.3E-01 
35607 4 6 17Е+00 
72566 6 4 1.5Е-01 301520 1 3 1.63E+00 
36021 6 8 1.7E+00 
74141 6 4 4.7Е-02 302067 3 3 1.5Е+00 
36129 4 6 1.2E+00 
75471 4 4 12E-01 22 7 I . 302158 9 и 2.91Е+00 
77176 а 4 3.0E-02 | ' 302436 5 5 1.27E+00 
77450 2 4 6.3E-02 Chromium 302917 5 3 3.8E-01 
7769.2 6 6 6.0E-02 CrI 3030.25 7 7 1.1E+00 
2 5 Ñ ٢ E 14 4 -— 303135 5 3 3.1E-01 
ته‎ 4 : эн а ж 1 303419 7 7 3.5E-01 
~ + экон 238921 3 5 23E-01 o 8 m TEM 
m 4 : i 48. 5 : күн 304084 7 8 7AE-01 
سه‎ 72 : та 20 4 5 305387 و‎ 7 7.97Е-01 
„ш : و‎ 249252 3 Ç 12. 314844 9 11 5.6E-01 
1E- лого А 30m 315516 11 13 5.7E-01 
ап 249630 5 7 5.6Е-01 216376. 13 d око 
33291 5 7 1.5E+00 250255 7 و‎ 22E-01 МІ 2002 ни 
35221 7 7 1.4E+00 250431 7 9 45E-01 225805" AE 20-01 
37988 5 7 1.6Е+00 250811 5 5 2.1E-01 з 18-03 о 
38052 7 9 1.8Е+00 250897 5 3 3.8E-01 и d кару 
38095 3 5 1.5E+00 25271] 9 9 5.3E-01 90966 f » و و‎ 
38510 5 7 1.8Е+00 254955 3 3 4.8E-01 505280. 13- JI ЕВ 
38514 5 5 1.6Е+00 256070 5 5 4,3E-01 3749:89: 13 48 7.61E-01 
38547 3 5 2.2E400 257174 7 5 6.4Е-01 3754:60: 28 7 завео 
38619 5 7 2.АЕ+00 257746 7 7 2.6E-01 376824 5 i BADEN 
38686 — 7 9 2.7Е+00 259184 9 7 6.5Е-01 нер 28 - Bee 
39139 9 9 82E-01 262048 5 3 1.9Е-01 ӨБ! 8-0 48 نن‎ 
3990.2 5 7 8.4Е-01 267364 3 3 1 8Е-01 996975. 11 18 1.2. 00 
41325 5 5 1.6Е+00 270199 9 11 2.1Е-01 598990, 7 а ВО 
42765 9 7 7.6E-01 272650 5 7 7.5Е-01 sels. 08 7 107600 
47687 3 5 7.7E-01 273190 5 5 7.8E-01 л ده‎ 01 шин 
47813 5 7 1.0Е+00 273646 5 3 7.5Е-01 4033,10" 288028 СВА 
47946 5 7 1.04Е+00 275285 3 3 8.7Е-01 #9608. 280 28 билэ 
48101 5 5 9.9E-01 275709 5 5 6.8E-01 405878 11 11 БҮЛЕГЕ 
48195 5 3 1.00Е+00 276174 5 3 6.8E-01 406571 9 11 ВЕ 
4908 5 7 8.1E-01 276436 7 7 3.7E-01 dieses. A — e РЕН 
4204.48 13 11 3.1E-01 


NIST Atomic Transition Probabilities 


À 
À 
4254.33 
4263.15 
4274.81 
4275.98 
4280.42 
4289.73 
4291.97 
4297.75 
4298.05 
4300.52 
4301.19 
4302.78 
4319.66 
4337.25 
4373.65 
4376.80 
4413.86 
4422.70 
4424.29 
4429.93 
4432.16 
4432.77 
4443.72 
4482.88 
4490.55 
4492.31 
4495.28 
4500.29 
4506.84 
4540.72 
4564.17 
4595.60 
4622.47 
4663.33 
4665.90 
4689.38 
4698.46 
4708.02 
4718.43 
4730.69 
4737.33 
4741.09 
4752.07 
4756.09 
4792.49 
4801.02 
4816.13 
4870.79 
4887.01 
4922.28 
4966.80 
5204.51 
5206.02 
5208.42 
5243.38 
5297.37 
5297.99 
5328.36 
5329.17 
5783.11 


Weights 
8, EA 
7 9 
15 17 
7 7 
11 11 
13 15 
7 5 
7 5 
1 13 
9 9 
9 7 
11 9 
11 11. 
5 3 
5 7 
9 9 
13 13 
7 5 
5 5 
9 7 
3 3 
1 3 
15 15 
3 1 
3 3 
9 7 
5 3 
9 7 
7 7 
13 11 
11 11 
11 13 
13 13 
7 7 
3 3 
3 3 
7 5 
9 7 
11 9 
13 11 
7 5 
9 7 
3 5 
13 13 
11 9 
7 5 
9 7 
9 9 
7 9 
9 11 
11 13 
3 1 
5 3 
5 5 
5 7 
5 3 
7 9 
7 7 
9 11 
9 9 
3 3 


A 
10s! 
3.15E-01 
6.4E-01 
3.07E-01 
2.2Е-01 
4.7Е-01 
3.16Е-01 
2.4E-01 
4.9E-01 
2.6E-01 
1.9E-01 
2.6E-01 
2.5E-01 
1.8E-01 
2.0E-01 
2.8Е-01 
3.2Е-01 
2.7E-01 
2.7E-01 
2ЛЕ-01 
2.4Е-01 
1.8Е-01 
4.9Е-01 
4.5E-01 
3.0E-01 
3.9E-01 
4.47E-01 
2.0E-01 
2ЛЕ-01 
2.7Е-01 
3.14E-01 
5.1Е-01 
4.7E-01 
4.1E-01 
2.0E-01 
3.0E-01 
2.3E-01 
2.2Е-01 
4.31E-01 
3.4E-01 
3.83E-01 
3.38E-01 
2.2Е-01 
6.2Е-01 
4.0Е-01 
2.6Е-01 
3.06E-01 
1.8E-01 
3.5E-01 
3.2Е-01 
4.0E-01 
3.0E-01 
5.09E-01 
5.14Е-01 
5.06E-01 
2.19E-01 
3.88E-01 
3.0E-01 
6.2Е-01 
2.25E-01 
2.1E-01 


5783.89 
5787.97 


СЕП 

2653.57 
2658.59 
2666.02 
2668.71 
2671.80 
2672.83 
2744.97 
2787.61 
2822.38 
2835.63 
2840.01 
2843.24 
2849.83 
2851.35 
2856.77 
2857.40 
2860.92 
2862.57 
2866.72 
2867.09 
2867.65 
2870.43 
2873.81 
2880.86 
2898.53 
2921.81 
2930.83 
2935.12 
2953.34 
2966.03 
2971.90 
2979.73 
2985.32 
2989.18 
3118.64 
3120.36 
3122.59 
3128.69 
3136.68 
4588.22 


CrV 

434.306 
436.351 
436.601 
437.420 
437.655 
441.056 
456.357 
456.637 
456.743 
457.028 
457.504 
464.015 
469.634 
1106.25 
1121.07 


бо ON > ОМ ы‏ و 


ячяю (л фо QO نم‎ (л щл м М ~ 


OO 0 моо вс 


N AO л ته‎ оо л оо осо л М л o 


А 
10887 
2.02E-01 
2.35E-01 


3.5E-01 
5.8E-01 
5.9E-01 
14Е-00 
1.0Е-00 
5.5E-01 
8.5E-01 
1.5Е+00 
2.3Е-00 
2.0Е--00 
2.7Е-00 
6.4Е-01 
9.2Е-01 
2.2E+00 
4.3E-01 
2.8E-01 
6.9E-01 
6.ЗЕ-01 
1.2E+00 
1.1E+00 
1.1E+00 
1.3E+00 
8.8E-01 
7.9E-01 
1.2E+00 
9.0E-01 
1.1E+00 
1.8E+00 
1.8E+00 
5.4E-01 
2.0E+00 
1.8E+00 
2.2E+00 
2.2E+00 
1.7E+00 
1.5E+00 
4.4Е-01 
8.1Е-01 
6.4Е-01 
1.2E-01 


1.5Е+01 
2.4Е-01 
2.1E+01 
1.4Е+01 
1.3Е+01 
2.3Е-01 
9.5E+00 
3.3E+01 
9.1E+00 
2.7E+01 
1.2E+01 
3.6E+01 
2.3E+01 
1.2E+01 
2.1E+01 


Х 

А 
1127.63 
1465.86 
1481.65 
1519.03 
1579.70 


Cr VI 

161.687 
168.088 
201.007 
201.224 
201.388 
201.606 
202.442 
202.739 
226.241 
227.202 


CrX 
216.72 
223.86 
224.74 
226.24 
227.42 
227.50 
228.63 
228.71 
231.21 
232.96 
242.20 
244.19 
395.984 
398.150 


Cr XI 
214.31 
226.45 
232 
235.53 
240.76 
250.28 
366.491 
366.942 
374.927 
422.083 


Cr ХП 
216 
218 
239 
244.70 
247 
247 
248 
250 
250 
251.52 
252 
256 
259 
269 
300.32 


Weights 
6; 8, 
9 11 
5 3 
3 1 
5 7 
7 9 
6 6 
4 6 
4 4 
4 6 
6 4 
6 6 
6 4 
4 2 
6 8 
4 6 
6 8 
4 2 
4 4 
4 6 
4 4 
4 6 
6 4 
6 6 
2 4 
4 4 
2 4 
4 6 
4 4 
6 6 
5 7 
5 7 
3 1 
5 7 
1 3 
5 7 
3 3 
3 1 
5 5 
3 5 
4 6 
6 8 
2 2 
2 4 
4 2 
2 2 
6 8 
6 8 
6 6 
4 6 
4 6 
2 2 
2 4 
2 2 
2 2 


10-105 


А 
1058: 
3.5E+01 
1.1Е-01 
1.0Е-01 


9.5E+00 
8.6E+00 


1.7E+02 
2.0E+02 
2.5E+03 
1.8E+02 
2.7E+02 
2.6E+03 
1.0E+03 
1.2E+03 
7 2Е+02 
6.6Е+02 


9.0Е--02 
7.7E+02 
7.6E+02 
7.ЗЕ+02 
5.2Е-02 
1.8Е+01 
8.1E+01 
4.5Е-02 
1.2Е+02 
4.4Е-02 
5.0Е-01 
5.8Е-01 
2.4E+01 
2.1E+01 


1.4Е+01 
6.0Е-02 
4.1Е-02 
5.5Е-02 
4.8Е+02 
1,0 Е+01 
1.2Е+01 
3.0E+01 
2.3E+01 
1.0E+01 


2.4E+02 
2.4E+02 
1.6E+02 
3.0E+02 
2.4E+02 
3.3E+02 
1.4E+02 
3.5E+02 
2.2E+02 
3.4E+02 
2.0E+02 
1.5E+02 
3.2Е-02 
2.1Е-02 
1.4E+02 


10-106 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 
À 8, 8, 1058: А 8, 8, 10887 А 8, 8, 1058: 

305.81 4 4 2.76Е-02 125.3 6 8 5.4E+02 123.87 6 4 3.9E+02 
309 4 2 2.7E+02 148.5 2 4 2.18E+02 125.51 4 4 3.4E402 
309 6 6 1.6Е+02 149.1 2 2 2.1E402 128.10 6 6 2.8Е-02 
311.55 4 2 1.6Е-02 157.1 2 4 3.3E+02 136.52 4 2 1.66E+02 
324 4 6 2.2Е+02 158.4 4 6 3.7E402 139.87 4 4 1.49Е-02 
327 6 8 2.2Е-02 187.02 4 6 9.3Е-02 140.82 4 2 2.66Е+02 
332.06 6 4 1.4E+02 187.30 6 8 9.6E+02 155.46 2 2 2.84Е-02 
Cr XIII 189.1 2 2 2.13Е-02 157.40 4 4 2.83Е-02 
49.59 1 3 9.9E+02 1910 1 2 aes Cr XIX 
67.01 1 3 1.67E+03 2223 4 2 иа 14.73 3 3 7.1Е+04 
228 5 7 1.8Е+02 346:3 i ° шашин 14.80 1 3 1.3Е-05 
267.73 5 7 1.9Е-02 шан 5 5 шиг 14.81 5 3 3.4E+04 
270 3 1 1.7E+02 Cr ХУ 14.84 5 7 1.3E+05 
276.4 5 7 2.2E+02 18.497 1 3 1.62E+05 109.64 3 3 2.46Е-02 
277 1 3 2.1E+02 18.782 1 3 2.8E+04 110.37 5 3 6.0E+02 
279.32 3 5 3.5E+02 19.015 1 3 6.3E+02 113.97 5 3 5.5E+02 
286 3 1 462 20.863 1 3 6.0Е+03 118.31 3 1 3.29Е+02 
328.29 1 3 1.86E+02 21.153 1 3 5.6E+03 118.67 5 3 2.1E+02 
345 7 9 1.74E+02 102 3 3 1.6E+02 118.83 3 3 1.35E+02 
Cr XIV 102.18 5 3 7.0E+02 126.30 1 3 1.56Е+02 
=38 036 2 6 2.472 +02 103 3 1 3.8E+02 126.33 5 5 4.35Е-02 
39.796 2 4 3.05Е+02 105 7 5 5.3E+02 130.99 7 5 2.9E+02 
40.018 4 6 3.6E402 111.27 3 3 1.7Е-02 134.89 3 1 1.98Е+02 
40.782 2 4 3.9Е-02 Cr XVI 19815 : 1 179808 
40.800 2 2 3.9Е+02 17.073 4 6 1.2Е+04 13845 9 9 Lg LE 
41.556 2 4 4.5Е+02 17.242 2 4 8.6E+04 14092 ? : ВН 
41.788 4. 6 5.3E+02 17.299 4 4 2.5E+04 1456: : I авн ОД 
44.597 2, 4 7.1E+02 17.372 4 4 1.4Е-05 roa 9 9 mU 
44.869 4 6 8.3Е-02 17.438 4 2 1.1Е+05 1732:18 3 1 “ӚЗЕНІ 
46.125 4. 2 3.1Е-02 17.514 2 4 1.1Е+05 Cr XX 
46.468 2 4 6.6Е+02 17.587 2 4 2.0E+04 14.13 2 4 1.1E+05 
46.527 2 2 67Е+02 17.656 2 2 2.0Е+04 14.26 4 6 1.ЗЕ+05 
48.300 4 6 5.9E+02 19.442 4 2 9.9E+03 128.42 4 4 3.8E+02 
48.338 6 8 6.3E+02 19.714 2 2 1.1Е+04 131.31 6 4 1.27E+02 
50.821 2 4 1.2E+03 Cr XVII 133.82 2 4 8.3Е+01 
51.172 4. 6 1.4E+03 16.31 5 3 9 6E+03 135.26 4 2 2.41E+02 
51.180 4 4 2.3E+02 16.32 5 7 32E404 140.75 4 4 1.35Е+02 
52.321 4 6 1.0E+03 16.37 3 1 97E404 148.99 6 4 1.75E+02 
52.363 6 8 1.1E+03 16.44 5 7 13Е+05 156.00 2 4 8.4Е +01 
53.760 2 2 3.0Е-02 16.59 3 1 57E«04 167.97 6 6 1.12Е-02 
54.164 4 2 5.9Е-02 16.65 5 5 11Е+04 180.85 4 4 1.6Е+02 
60699 4 9 ОАО) 16.66 1 3 1.8Е-05 Cr XXI 
60/56 M 5 ан 16.68 5 7 6.8E+04 12.97 3 1 4.8Е+04 
63.324: = 8 LOE S08 16.80 5 7 4.4E+04 12.98 5 5 3.9E+04 
бадан 2 2 88409 16.97 1 3 2.63Е-04 13.02 3 5 3.8Е-04 
Onus 5 3 ылары 16.97 3 3 1.5E+04 13.02 5 7 3.9E+04 
69:213 7 M 291F405 17.968 5 3 8.6Е+03 13.08 1 3 5.2E+04 
69247 4 - ТЕНЕ 18.336 5 3 1.7E+04 13.22 3 1 4.6Е+04 
96:009 i 1 SERESEUS 18.336 5 5 1.6E+04 13.34 3 Б 5.2E404 
86169 ji 5 ина 18.389 1 3 9.2Е-03 13.49 1 3 9.0Е+04 
86.185 6 6 3.9Е-02 13.53 3 3 6.GE404 
101.05 6 4 4.4E+02 Cr ХУШ 

13.55 3 Б 1.2Е+05 
101.42 4 2 4.83Е-02 95.77 4 2 3.08Е+02 
104.4 4 6 3.0E+02 102.32 4 4 1.54Е-02 13.09 9 : ин 
104.5 6 8 3.1Е-02 104.98 6 4 8.7Е-02 1366 3 : 12405 
109.8 2 4 2.3E«02 106.84 4 2 3.4E402 13:67 5 5 Дачин 

13.68 3 3 8.2E+04 
110.4 4. 6 2.8Е+02 110.41 4 2 7.9E402 

13.75 5 3 4.5Е+04 
118.3 4 2 2.1Е-02 112.27 4 2 4.24Е-02 
125.2 а 6 5.0Е+02 11962 2 2 32E«02 12.7 ^ m 9.5Е+04 


NIST Atomic Transition Probabilities 


Х 

А 
13.76 
13.78 
13.84 
13.87 
13.92 
13.93 
13.95 
14.04 
14.24 


Cr XXII 
2.190 
2.191 
2.198 
2.199 
2.202 
2.203 
13.149 
13.292 


Cr XXIII 
1.7632 
1.8557 
2.095 
2.101 
2.101 
2.102 
2.103 
2.104 
2.105 
2.106 
2.107 
2.107 
2.109 
2.113 
2.119 
2.129 
2.1818 
2.1923 


Cobalt 


Col 

2287.80 
2295,22 
2309.03 
2323.13 
2325.53 
2335.98 
2338.66 
2353.36 
2355.48 
2358.18 
2365.06 
2371.85 
2384.86 
2392.03 
2402.06 
2407.25 
2412.76 
2414.46 
2415.29 


Weights 
8, 8, 
1 3 
5 7 
5 7 
3 5 
3 5 
5 7 
5 5 
3 5 
1 3 
4 2 
2 2 
4 4 
2 4 
4 6 
4 2 
2 4 
4 6 
1 3 
1 3 
3 1 
1 3 
5 5 
3 5 
3 5 
1 3 
3 3 
3 3 
5 5 
3 5 
5 3 
3 5 
3 1 
3 1 
1 3 
1 3 
8 8 
10 8 
10 10 
8 8 
6 8 
6 6 
4 4 
8 10 
6 8 
4 6 
10 10 
6 8 
10 8 
6 6 
8 6 
10 12 
4 6 
6 8 
4 6 


A 

1058: 
1.51Е-05 
1.7Е-05 
2.59Е-05 
8.5E+04 
8.5E+04 
4.2Е-04 
3.8Е-04 
1.2Е-05 
1.41Е+05 


1.7Е+06 
2.5Е-06 
4.5Е-06 
2.3Е-06 
1.6Е-06 
1.3Е-06 
1.29Е-05 
1.54Е-05 


3.68Е-05 
8.97Е-05 
3.5Е-06 
2.0E+06 
7.9Е--05 
2.1Е-06 
1.2Е-06 
1.4Е-06 
9.6Е-05 
2.0E+06 
2.3E+06 
3.3E+06 
1.7E+06 
5.9E+05 
2.7E+05 
5.1E+05 
3.37E+06 
2.34E+05 


8.6E-01 
2.2E-01 
5.6E-01 
5.0E-01 
1.1E-01 
5.1Е-01 
7.7Е-01 
1.5Е-01 
1.3Е-01 
1.4E-01 
1.3E-01 
7.3E-02 
2.4E-01 
4.0E-01 
5.1Е-01 
3.6Е+00 
6.5E-01 
3.4E+00 
3.6E+00 


2424.93 
2432.21 
2436.66 
2439.04. 
2460.80 
2467.69 
2470.27 
2476.64 
2504.52 
2511.02 
2521.36 
2528.97 
253013 
2535.96 
2536.50 
2544.25 
2562,12 
2567.34 
2574.35 
2685.34 
3017.55 
3044.00 
3048.89 
3061.82 
3072.34 
3086.78 
3354.37 
3367.11 
3385.22 
3388.16 
3395.37 
3405.12 
3409.17 
3412.34 
3412.63 
341474 
3417.15 
3431.58 
3433.05 
3442.92 
3443.64 
3449.17 
3449.44 
3453.51 
3455.24 
3462.80 
3465.79 
3474.02 
3483.41 
3489.40 
3491.32 
3495.68 
3502.28 
3502.63 
3506.32 
3509.84 
3512.64 
3513.48 
3518.34 
3521.58 
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А 

10887 
З.2Е+00 
2.6E+00 
2.6E+00 
2.7E+00 
1.2E-01 
7.0E-02 
1.5E-01 
2.2Е-01 
1.8E-01 
9.2Е-01 
3.0Е+00 
2.8Е-00 
7.1Е-02 
19Е-00 
3.0E-01 
3.0E+00 
3.9E-01 
3.0E-01 
1.7E-01 
5.5E-02 
6.9E-02 
1.9E-01 
7.5E-02 
1.6E-01 
1.5E-01 
1.9E-01 
1.1E-01 
6.0E-02 
1.1E-01 
2.4E-01 
2.9E-01 
1.0Е+00 
4.2Е-01 
6.1Е-01 
1.2E-01 
8.8E-02 
3.2Е-01 
1.1E-01 
1.0Е+00 
1.2Е-01 
6.9Е-01 
7.6Е-01 
1.8Е-01 
1.1Е+00 
1.9E-01 
7.9E-01 
9.2Е-02 
5.6E-01 
5.5E-02 
1.3E+00 
5.0E-02 
4.9E-01 
8.0E-01 
5.2Е-02 
8.2Е-01 
3.2Е-01 
1.0Е+00 
7.8Е-02 
1.6Е+00 
1.8Е-01 


Х 
А 
3523.42 
3526.85 
3529.03 
3529.82 
3533.36 
3560.89 
3564.95 
3569.37 
3574.97 
3575.36 
3585.15 
3587.19 
3594.87 
3602.08 
3704.06 
3745.49 
3842.05 
3845.47 
3861.16 
3873.12 
3873.95 
3881.87 
3894.07 
3894.98 
3935.96 
3995.31 
3997.90 
4092.39 
4110.53 
4118.77 
4121.32 
5146.75 
5212.70 
5265.79 
5280.63 
5352.05 
5477.09 
5483.96 
6082.43 
6455.00 
7838.12 
8093.93 
8372.79 


Co II 

2286.15 
2307.85 
2311.61 
2314.05 
2314.97 
2330.36 
2344.28 
2353.41 
2363.80 
2378.62 
2383.45 
2388.92 
2389.54 
2404.17 
2417.66 


Weights 
6; 8, 
4 2 
10 10 
6 8 
8 10 
4 6 
4 4 
6 8 
8 8 
6 6 
8 8 
8 8 
6 6 
6 6 
4 4 
6 8 
8 8 
8 6 
8 10 
6 4 
10 8 
8 6 
6 4 
6 8 
4 2 
8 10 
8 10 
6 8 
8 8 
6 6 
6 8 
8 10 
8 8 
10 10 
6 8 
10 8 
12 10 
6 8 
8 10 
10 10 
8 10 
8 10 
12 10 
10 10 
11 13 
9 11 
7 9 
5 7 
3 5 
5 3 
3 3 
7 7 
9 9 
11 9 
9 7 
11 11. 
5 3 
3 3 
9 9 


10-107 


A 

105 s! 
9.8E-01 
1.3E-01 
8.8E-02 
4.6E-01 
9.1E-02 
2.3E-01 
7.0E-02 
1.6Е-00 
1.5Е-01 
9.6Е-02 
7.1Е-02 
1.4Е-00 
9.2Е-02 
1.0Е-01 
1.2Е-01 
7.5E-02 
1.3E-01 
4.6E-01 
1.4E-01 
1.2E-01 
1.0E-01 
8.2Е-02 
6.9Е-01 
8.8Е-02 
6.2Е-02 
2.БЕ-01 
7.0Е-02 
5.7Е-02 
5.5E-02 
1.6E-01 
1.9E-01 
1.5E-01 
1.9E-01 
5.0E-02 
2.8E-01 
2.7E-01 
6.8E-02 
7.3E-02 
5.4E-02 
9.0E-02 
5.4E-02 
2.0E-01 
8.7E-02 


3.3Е-00 
2.6Е-00 
2.8Е-00 
2.8Е-00 
2.7Е-00 
1.32Е-00 
1.5Е+00 
1.9E+00 
2.1E+00 
1.9E+00 
1.8E+00 
2.8E+00 
1.5E+00 
1.5E+00 
8.5E-01 


10-108 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 
А 8, 5, 1058: А 8, 8, 10851 А 8, 8, 108 s! 

4194.8 17 17 72Е-01 3212.8 8 8 2.9Е-01 
Соррег 

42117 17 19 2.082 +00 3213.8 8 6 1.8Е-01 
Си1 4218.1 {5 15 1.85Е+00 3235.1 8 10 1.0E-02 
*20043 2 6 9.8E-02 4221.1 15 17 1.52Е+00 3241.4 8 8 2.3E-02 
2165.1 2 4 5.1E-01 4225.2 13 15 4.5E+00 3246.0 8 6 1.4E-02 
2178.9 2 4 9.13E-01 4268.3 15 15 3.6E-02 3247.6 8 8 2.3E-02 
2181.7 2 2 1.0E+00 4276.7 13 13 7.3E-01 3322.3 8 6 3.5E-02 
2225.7 2 2 4.6E-01 4292.0 15 15 5.8E-02 3334.3 8 6 3.4E-01 
2244.3 2 4 1.19E-02 4577.8 17 19 22Е-02 3350.4 8 10 1.5E-02 
2441.6 2 2 2.0E-02 4589.4 17 15 1.3Е-01 3353.7 8 8 5.8Е-03 
2492.2 2 4 3.11E-02 4612.3 17 15 82Е-02 34571 8 8 8.4E-03 
2618.4 6 4 3.07E-01 5077.7 17 17 5.7E-03 3467.9 8 8 1.0E-02 
2766.4 4 4 9.6E-02 5301.6 17 15 1.1E-02 3589.3 8 6 6.9E-03 
2824.4 6 6 7.8E-02 5547.3 17 17 2.7Е-03 4594.0 8 10 1.4E+00 
2961.2 6 8 3.76E-02 5639.5 17 19 4.7E-03 4627.2 8 8 1.ЗЕ+00 
3063.4 4 4 1.55Е-02 5974.5 17 17 4.0E-03 4661.9 8 6 1.ЗЕ+00 
3194.1 4 4 1.55Е-02 5988.6 17 15 5.3E-03 5645.8 8 6 5.4E-03 
3247.5 2 4 1.39Е+00 6010.8 15 15 2.6Е-02 5765.2 8 8 1.1E-02 
3274.0 2 2 1.37Е+00 6088.3 15 13 3.5Е-02 6018.2 8 10 8.5E-03 
3337.8 6 8 3.8E-03 6168.4 15 17 2.5E-02 6291.3 8 6 1.8E-03 
4022.6 2 4 1.90E-01 6259.1 17 19 8.5E-03 6864.5 8 10 5.8E-03 
4062.6 4 6 2.10E-01 6579.4 12 15 7.5E-03 7106.5 8 8 2.6E-03 
4249.0 2 2 1.95E-01 | | 
4275.1 6 8 3.45E-01 Eroi Pure 
4480.4 2 2 3.0E-02 ЕРІ FI 
4509.4 4 2 2.75E-01 3862.9 13 13 2.5Е+00 806.96 4 6 3.3E400 
4530.8 4 2 8.4E-02 4008.0 13 15 2.6Е+00 809.60 2 4 2.8E400 
4539.7 6 4 2.12E-01 4151.1 13 11 1.8Е+00 951.87 4 2 2.6Е+00 
4587.0 8 6 3.20Е-01 Eroi 954.83 4 4 5.77Е+00 
4651.1 10 8 3.80Е-01 DH 955.55 2 2 5.1E«00 
4704.6 8 8 5.5Е-02 Ful 95852 2 4. 1.ЗЕ+00 
5105.5 6 4 2.0E-02 23729 8 19Е-01 6239.7 6 4 2.5E-01 
5153.2 2 4 6.0E-01 23753 8 8 2.0E-01 6348.5 4 4 1.8E-01 
5218.2 4 6 7.5E-01 23797 8 10 2.0E-01 6413.7 2 4 1.1E-01 
5220.1 4 4 1.50E-01 2619.3 8 10 7.0E-03 6708.3 6 4 1.4Е-02 
5292.5 8 8 1.09Е-01 2643.8 8 8 6.6E-03 6774.0 6 6 1.0Е-01 
5700.2 4 4 2.4E-03 2659.4 8 10 1.2Е-02 6795.5 4 2 5.2Е-02 
5782.1 4 2 1.65Е-02 2682.6 8 6 12E-02 6834.3 4 4 2.1Е-01 
СиП 2710.0 8 10 14Е-01 6856.0 6 8 4.94Е-01 
24897 5 5 1.5Е-02 27240 8 8 12Е-01 ӨЛЕ? 2 ој 
2544.8 9 7 1.1E+00 2731.4 8 8 3.1E-02 6902.5 4 6 32E-01 
26883 7 7 4.1E-01 27326 8 3,7Е-02 зов 250025 2260 
2701.0 5 5 6.7E-01 2735.3 8 10 4.7E-02 6966.4 4 2 1.1E-01 
27032 3 3 1.2Е+00 27386 8 10 1.3E-02 70375 4 4 3.0Е-01 
27135 5 5 6.8E-01 27433 8 6 1ЛЕ-01 71279 2 2 3.8E-01 

2745.6 8 6 5.0E-02 7309.0 6 8 4.7E-01 
Dysprosium 2747.8 8 8 5.2Е-02 7311.0 4 2 3.9Е-01 
DyI 2772.9 8 1.0E-02 7314.3 4 6 4.8E-01 
28627 17 15 6.5E-02 28789 8 10 2.8E-02 МЫ 0% 5 uci 
2964.6 17 17 6.5E-02 2892.5 8 8 1.0E-01 7398.7 6 6 2.85E-01 
31477 15 17 1ЛЕ-01 28930 8 1.0Е-01 ТАП. We А 3.4E-01 
32632 15 13 1.4Е-01 2909.0 8 10 6.9Е-02 7482.7 4 4 5.6Е-02 
35110 15 13 3.1E-01 2958.9 8 6 1.6E-02 7489.2 2 2 ІЛЕ-01 
35714 15 13 2.0E-01 3059.0 8 8 3.8E-02 7514.9 2 2 5.2Е-02 
3757.1 17 19 3.0Е+00 3067.0 8 10 9.1E-03 7552.2 4 6 7.8E-02 
38688 17 17 3.1E+00 3106.2 8 10 5.5E-02 7573.4 2 4 1.0E-01 
3967.5 17 19 8.7E-01 3111.4 8 10 3.0E-01 7607.2 4 4 7.0E-02 
40460 17 15 1.5E+00 3168.3 8 10 6.9E-02 7754.7 4 6 3.82E-01 
41039 13001 1.7Е+00 3185.5 8 10 5.8E-03 7800.2 2 4 2.1E-01 
4186.8 17 17 1.32E+00 3210.6 8 8 1.1E-01 


NIST Atomic Transition Probabilities 


À 
À 

Gallium 
Gal 
2195.4 
2199.7 
2214.4 
2235.9 
2255.0 
2259.2 
2294.2 
2297.9 
2338.2 
2371.3 
2418.7 
2450.1 
2500.2 
2659.9 
2719.7 
2874.2 
2943.6 
2944.2 
4033.0 
4172.0 


Ga II 
829.60 
1414.4 


Germanium 


се1 

1944.7 
1955.1 
1988.3 
1998.9 
2041.7 
2065.2 
2068.7 
2086.0 
2094.3 
2105.8 
2256.0 
2417.4 
2498.0 
2533.2 
2589.2 
2592.5 
2651.2 
2651.6 
2691.3 
2709.6 
2754.6 
3039.1 
3124.8 
3269.5 
4226.6 
4685.8 


Gell 

999.10 
1016.6 
1017.1 
1055.0 


Weights 
5, 5, 
2 2 
4 2 
4 6 
4 2 
2 2 
4 6 
2 4 
4 2 
4 6 
2 2 
4 2 
2 4 
4 6 
2 2 
4 2 
2 4 
4 6 
4 4 
2 2 
4 2 
1 3 
1 3 
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мов 


А 
10887: 


1.9Е-02 
З.ЗЕ-02 
1.2Е-02 
4.3E-02 
3.1E-02 
3.1Е-02 
7.0Е-02 
5.8E-02 
9.8E-02 
5.7E-02 
1.0E-01 
2.8E-01 
3.4E-01 
1.2E-01 
2.3E-01 
1.2Е+00 
1.4E+00 
2.7Е-01 
4.9E-01 
9.2bE-01 


2.2bE-01 
1.88Е-01 


7.0E-01 
2.8E-01 
2.5E-01 
5.5E-01 
1.1Е+00 
8.5Е-01 
1.2Е+00 
4.0Е-01 
9.7Е-01 
1.7Е-01 
3.2Е-02 
9.6Е-01 
1.3Е-01 
1.0Е-01 
5.1Е-02 
7.1Е-01 
2.0E+00 
8.5E-01 
6.1E-01 
2.8E+00 
1.1E+00 
2.8E+00 
3.1Е-02 
2.9Е-01 
2.1Е-01 
9.5Е-02 


1.9Е-00 
2.1E+00 
3.5E-01 
6.9E-01 


1075.1 
1237.1 
1261.9 
1264.7 
1602.5 
1649.2 
4741.8 
4814.6 
4824.1 
5131.8 
5178.5 
5178.6 
5893.4 
6021.0 
6336.4 
6484.2 


Gold 


Aul 

2427.95 
2675.95 
3122.78 
6278.30 


Helium 


Не1 
510.00 
512.10 
515.62 
522.21 
537.03 
584.33 
*2677.1 
*2696.1 
#2723.2 
#2763.8 
*2829.1 
*2945.1 
*3187.7 
32313 
3258.3 
3296.8 
3354.6 
3447.6 
*3554.4 
*3563.0 
*3587.3 
3613.6 
*3634.2 
*3652.0 
*3705.0 
*3819.6 
3833.6 
*3867.5 
3871.8 
*3888.7 
3926.5 
3935.9 
3964.7 
4009.3 
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Q) к ос Q0 Оо юш NO NO AO NO к о о AO к رم‎ к == = 00000000 00000 о о نم = نم نم‎ = = 
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Q w w 59 шо NO NO NO NO NO о XO 000 оо оо 00 QO C2 


QA QO = QY AO Q Q л 


A 

10887: 
1.3E+00 
1.9E+01 
2.2E+01 
3.5E+00 
3.4E+00 
6.5E+00 
4.6E-01 
5.1Е-01 
8.6Е-02 
1.9Е-00 
1.3Е-01 
2.0Е+00 
9.2Е-01 
8АЕ-01 
4.4E-01 
8.5E-01 


1.99Е-00 
1.64Е-00 
1.90Е-01 
3.4E-02 


4.622E-01 
7.317E-01 
1.258Е-00 
2.436Е+00 
5.663Е-00 
1.799Е-01 
4.417E-03 
6.023E-03 
8.500E-03 
1.251E-02 
1.939E-02 
3.201E-02 
5.636E-02 
5.102E-03 
6.963E-03 
9.843E-03 
1.454E-02 
2.269E-02 
7.597E-03 
4.836E-03 
1.811E-02 
3.802E-02 
2.606E-02 
9.744Е-03 
3.953Е-02 
6.435Е-02 
9.647Е-03 
2.447Е-02 
1.339E-02 
9.475E-02 
1.937E-02 
7.448E-03 
6.951Е-02 
2.961Е-02 


À 

À 
4024.0 
*4026.2 
*4120.8 
4143.8 
4169.0 
4387.9 
4437.6 
*4471.5 
*4713.2 
4921.9 
5015.7 
5047.7 
*5875.7 
6678.2 
*7065.2 
7281.4 
*8361.7 
*9463.6 
9603.4 
*9702.6 
*10311 
*10668 
*10830 
*10913 
10917 
*10997 
11013 
11045 
11226 
*11969 
*12528 
12756 
*12785 
12791 
*12846 
12968 
*12985 


Indium 


InI 

2560.2 
2710.3 
3039.4 
3256.1 
4101.8 
4511.3 


In II 
2941.1 


Тоате 


11 
1782.8 
1830.4 


Iridium 


ІІ 

2475.12 
2502.98 
2639.71 
2661.98 


Weights 
8, 8, 
3 1 
9 15 
9 3 
3 5 
3 1 
3 5 
3 1 
9 15 
9 3 
3 5 
1 3 
3 1 
9 15 
3 5 
9 3 
3 1 
3 9 
3 9 
1 3 
9 3 
9 15 
9 3 
3 9 
15 21 
5 7 
15 9 
1 3 
3 5 
3 1 
9 15 
3 9 
5 3 
15 21 
5 7 
9 3 
3 5 
15 9 
2 4 
4 6 
2 4 
4 6 
2 2 
4 2 
3 1 
4 4 
4 6 
10 10 
10 12 
10 10 
10 10 


10-109 


A 
105 s! 
1.128E-02 
1.160E-01 
4.453E-02 
4.881E-02 
1.830E-02 
8.989E-02 
3.269E-02 
2.458Е-01 
9.521E-02 
1.986E-01 
1.337E-01 
6.771E-02 
7.070E-01 
6.371E-01 
2.785E-01 
1.830E-01 
3.813E-03 
5.687E-03 
5.829E-03 
8.651E-03 
1.995E-02 
1.447E-02 
1.022E-01 
1.980E-02 
1.608E-02 
1.425E-03 
9.250E-03 
1.846E-02 
1.117E-02 
3.478Е-02 
7.093Е-03 
1.275Е-03 
4.134Е-02 
3.248E-02 
2.732Е-02 
3.362Е-02 
2.729Е-03 


4.0Е-01 
4.0E-01 
1.3Е+00 
1.3Е+00 
5.6E-01 
1.02Е+00 


1.4Е+00 


2.71Е-00 
1.6Е-01 


2.1Е-01 
3.2Е-01 
4.7E-01 
2.5E-01 


10-110 NIST Atomic Transition Probabilities 


Х Weights A Х Weights A À Weights A 
À 8, 8, 1058: А 8, 8, 10887 А 8, 8, 1058: 

2664.79 10 8 4.0E-01 2443.87 1 1 5.89Е-02 2606.83 9 1 2.43E-01 
2694.23 10 12 4.8E-01 2453.48 9 i 1.89E-01 2609.22 7 7 4.60E-01 
2849.72 10 10 2.2bE-01 2453.57 11 13 1.23E-01 2618.02 7 7 1.50E-01 
2853.31 10 10 2.0E-03 2457.60 11 11 4.81Е-01 2623.53 7 9 2.13E-01 
2882.64 10 8 7 ЉЕ-02 2462.18 7 5 1.10E-01 2632.24 5 5 1.21E-01 
2924.79 10 12 1.42E-01 2462.65 9 9 5.85E-01 2635.72 11 9 4.29E-02 
2934.64 8 10 2.0Е-01 2463.73 7 5 1.64E-01 2635.81 5 7 2.11E-01 
2951.22 10 8 2.8E-02 2465.15 9 9 4.35E-01 2641.03 9 и 7.71E-02 
3003.63 8 10 5.9E-02 2468.88 11 11 2.40E-01 2641.64 9 7 6.47E-02 
3168.88 8 10 5.47E-02 2470.97 9 11 2.36Е-02 2644.00 3 5 2.34E-01 
3220.78 10 8 2.4E-01 2472.34 11 13 7.21Е-02 2656.15 13 15 1.63E-01 
3558.99 6 8 1.5E-02 2472.87 5 3 2.10E-01 2662.06 7 5 4.64E-02 
3573.72 8 10 5.4E-02 2472.89 7 7 1.30Е-00 2666.81 11 9 8.91Е-02 
3617.21 6 8 2.0E-02 2473.16 9 9 2.75E-02 2666.97 9 11 5.16E-02 
3628.67 8 8 2.8E-02 2474.81 7 7 6.13E-01 2669.49 11 13 1.34E-01 
3661.71 8 10 4.0E-02 2476.66 5 3 3.05E-01 2679.02 9 11 1.10E-01 
3734.77 8 8 2.7E-02 2479.48 5 5 2.10E-01 2679.06 11 11 1.50Е-01 
4033.76 8 10 2.7Е-02 2479.78 5 5 1.74E+00 2689.21 9 7 1.68E-01 
4069.92 6 8 3.6E-02 2483.27 9 11 4.80E+00 2689.83 7 9 3.04E-02 
4913.35 12 12 3.3E-02 2483.53 5 5 2.09E-01 2697.02 7 9 3.51E-02 
4939.24 10 12 2.5E-03 2484.19 E 3 2.26Е+00 2699.11 9 9 5.59E-02 
Tom 2485.99 9 9 2.94E-02 2701.91 9 7 1.05Е-01 

2486.69 7 9 1.47E-01 2702.45 13 11 4.23E-02 
Tel 2487.07 3 3 6.40E-01 2706.01 13 13 2.28E-01 
1934.54 9 7 2.5E-01 2488.14 7 9 4.20Е+00 2706.58 7 5 2.69Е-01 
1937.27 9 7 2.2bE-01 2489.75 1 3 2.31E+00 2708.57 9 6.49E-01 
1940.66 7 5 2.6E-01 2489.91 3 5 8.72Е-02 2710.54 5 7 5.99E-02 
2132.02 9 9 7.6E-02 2490.64 5 7 3.44E+00 2711.66 9 11 4.99Е-02 
2145.19 7 7 5.7Е-02 2491.16 3 5 2.91Е+00 2716.26 9 9 3.70Е-02 
2153.01 5 5 6.9E-02 2491.99 9 9 3.25E-01 2716.42 11 9 4.96Е-02 
2161.58 3 5 5.0E-02 2494.00 3 5 8.89E-02 2718.44 5 3 3.79E-01 
2166.77 9 7 2.7E+00 2496.53 9 11 2.15E-01 2719.03 9 7 1.42E+00 
2171.30 5 7 5.1E-02 2501.13 9 7 6.75E-01 2719.06 7 7 7.40E-01 
2173.21 3 5 8.3E-02 2501.69 11 9 3.69E-02 2719.42 11 11 3.20E-01 
2176.84 1 3 1.0E-01 2505.01 9 11 2.56Е-01 2720.90 7 5 1.04Е-00 
2191.84 5 5 1.2E+00 2506.57 7 9 2.04E-01 2723.58 5 3 5.69E-01 
2196.04 3 3 1.2E+00 2507.90 7 9 1.93E-01 2724.95 7 9 4.76E-02 
2200.39 1 3 8.9E-01 2510.83 7 5 1.29Е+00 2726.06 3 1 5.52E-01 
2200.72 3 5 2.8E-01 2517.66 5 7 1.58Е-01 2728.02 9 9 3.45Е-02 
2259.51 9 11 5.66E-02 2518.10 5 3 1.93E+00 2728.82 9 9 2.98E-01 
2272.07 7 9 2.92Е-02 2519.63 3 5 1.34Е-01 2731.28 5 7 6.84E-02 
2276.03 9 7 1.25E-01 2522.85 9 9 2.13Е+00 2733.58 11 9 7.10Е-01 
2284.09 7 5 1.29Е-01 2524.29 3 1 3.23E+00 2735.48 7 5.03E-01 
2287.25 5 3 2.23E-01 2527.27 13 13 3.46E-01 2737.31 3 3 7.25E-01 
2292.52 7 9 2.96E-02 2527.44 7 7 1.93Е-00 2737.64 13 11 114Е-01 
2294.41 3 1 3.61E-01 2529.14 5 5 9.91E-01 2742.25 7 5 3.41E-01 
2297.79 7 7 1.44E-01 2529.31 5 7 4.86Е+00 2742.41 5 5 4.70Е-01 
2298.17 9 9 3.09E-01 2529.84 3 3 3.83E-01 2743.57 7 7 4.84E-02 
2299.22 5 5 7.03E-02 2533.14 11 11 2.07Е-01 2744.07 1 3 3.09E-01 
2300.14 5 Z 4.99Е-02 2535.61 1 3 9.59E-01 2744.53 5 3 2.53E-01 
2301.68 1 3 8.68E-02 2537.17 13 15 3.70 Е+00 2750.14 7 7 2.74Е-01 
2303.58 3 5 4.83E-02 2537.46 9 11 З.19Е-02 2753.69 3 1 4.00E-01 
2309.00 3 5 1.02Е-01 2540.97 3 5 9.59E-01 2754.03 5 5 7.29E-02 
2313.10 5 7 1.18E-01 2542.10 11 13 4.47E+00 2755.18 11 9 5.13E-02 
2320.36 7 9 1.41E-01 2543.92 9 11 4.70 Е+00 2756.33 3 5 1.41E-01 
2373.62 7 7 6.53E-02 2545.98 5 7 7.16E-01 2757.32 3 3 2.85E-01 
2389.97 5 7 4.47E-02 2549.61 7 9 2.31E-01 2761.78 5 5 1.94E-01 
2438.18 11 9 7.09E-02 2576.69 11 1 1.13E-01 2762.03 7 7 1.76Е-01 
2439.74 13 13 3.46E4 00 2584.54 11 13 3.15E-01 2767.52 9 9 1.48E-01 
2442.57 11 11 3.12E+00 2599.57 9 9 1.47E-01 2769.30 15 13 1.80E-01 


NIST Atomic Transition Probabilities 


Х 
А 
2772.07 
2772.11 
2778.22 
2780.70 
2784.34 
2787.93 
2788.10 
2789.80 
2797.78 
2803.61 
2804.52 
2804.86 
2806.98 
2812.04 
2813.29 
2823.28 
2825.56 
2832.44 
2834.75 
2838.12 
2843.63 
2843.98 
2845.59 
2851.80 
2853.77 
2863.43 
2868.45 
2877.30 
2883.75 
2887.81 
2892.48 
2894.50 
2895.03 
2899.41 
2901.91 
2907.52 
2908.86 
2918.02 
2919.84 
2920.69 
2923.29 
2923.85 
2925.36 
2929.01 
2929.12 
2936.90 
2947.36 
2947.88 
2948.43 
2953.49 
2953.94 
2954.65 
2957.36 
2957.48 
2959.99 
2960.66 
2965.25 
2966.90 
2968.48 
2970.10 


Weights 
8, 8, 
11 11 
5 7 
11 11 
9 9 
11 11 
9 11 
11 13 
11 9 
9 9 
9 9 
9 9 
9 7 
9 11 
9 9 
9 11 
7 7 
7 9 
7 9 
9 11 
5 5 
9 7 
5 7 
7 5 
3 5 
7 9 
9 9 
5 3 
9 9 
11 11 
11 13 
9 9 
5 5 
7 7 
5 3 
11 11 
9 11 
7 9 
13 13 
9 11 
5 5 
11 11 
11 11 
7 9 
7 5 
9 9 
9 9 
5 5 
7 7 
9 9 
7 7 
5 5 
5 7 
3 3 
5 3 
11 13 
11 9 
1 3 
9 11 
3 3 
3 5 


А 

10% $7! 
2.34E-02 
4.12Е-02 
9.08Е-02 
9.01Е-02 
2.30E-02 
2.27E-02 
5.92E-01 
2.36E-01 
4.52Е-02 
1.04Е-01 
1.05Е-01 
2.40Е-01 
1.15Е-01 
5.00Е-02 
3.42E-01 
1.51E-01 
1.32Е-01 
2.38Е-01 
5.41Е-02 
1.28Е-01 
6.96E-02 
3.17E-01 
7.86E-02 
3.37E-01 
5.91E-02 
4.13E-02 
1.45E-01 
4.61E-02 
2.91E-02 
7.98Е-02 
8.78Е-02 
4.83E-01 
4.24E-02 
4.68Е-01 
1.78Е-01 
1.61E-01 
8.98Е-02 
1.18Е+00 
7.44E-02 
6.38E-02 
1.39E+00 
2.97E-01 
1.69E-01 
5.10E-02 
1.53E+00 
1.40E-01 
9.30E-02 
1.83E-01 
3.32E-01 
3.64E-01 
1.89E-01 
1.06E-01 
1.77E-01 
1.31E-01 
5.02E-01 
8.48E-02 
1.16E-01 
2.72E-01 
8.26E-02 
1.08E-01 


2973.13 
2973.24 
2976.13 
2980.53 
2981.45 
2981.85 
2982.23 
2983.57 
2987.29 
2990.39 
2994.43 
2996.39 
2999.51 
3000.45 
3000.95 
3003.03 
3004.11 
3005.30 
3007.15 
3008.14 
3009.09 
3009.57 
3011.48 
3015.92 
3016.18 
3018.98 
3019.29 
3020.49 
3020.64 
3021.07 
3024.03 
3025.64 
3025.84 
3026.46 
3030.15 
3031.64 
3037.39 
3040.43 
3041.64 
3041.74 
3042.02 
3042.66 
3047.60 
3053.07 
3055.26 
3057.45 
3059.09 
3060.54 
3066.48 
3067.00 
3067.12 
3067.24 
3068.17 
3073.98 
3075.72 
3078.43 
3079.99 
3083.74 
3091.58 
3098.19 
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А 

10887 
1.35E-01 
1.83E-01 
9.70E-02 
1.66E-01 
6.53E-02 
1.86E-01 
3.47E-02 
2.79E-01 
5.25E-02 
3.5E-01 
4.39E-01 
1.70E-01 
1.70E-01 
5.41E-02 
6.42E-01 
7.50E-02 
2.79E-02 
2.94E-02 
7.34E-02 
1.07 Е+00 
7.77E-02 
1.43E-01 
3.79E-01 
6.3E-02 
8.85E-02 
1.03E-01 
2.33E-02 
1.94E-01 
7.59E-01 
4.55E-01 
4.87E-02 
5.86E-01 
3.48E-01 
1.10E-01 
5.04E-01 
1.38Е-01 
2.91Е-01 
2.45E-02 
4.24E-02 
5.20E-02 
4.70E-02 
5.20E-02 
2.84E-01 
1.53E-01 
9.48E-02 
3.13E-01 
1.63E-01 
6.75E-02 
9.11Е-02 
1.71Е-01 
3.89Е-02 
3.12E-01 
1.11E-01 
3.83E-02 
3.14E-01 
1.52Е-01 
8.35E-02 
3.08E-01 
5.53E-01 
7.52Е-02 


А 
А 
3099.89 
3099.97 
3100.30 
3100.67 
3100.84 
3101.00 
3112.08 
3119.49 
3120.44 
3125.68 
3132.52 
3142.45 
3142.89 
3143.99 
3145.06 
3147.79 
3153.20 
3154.50 
3156.27 
3157.04 
3157.89 
3160.66 
3161.95 
3165.86 
3166.44 
3171.35 
3175.44 
3178.01 
3180.22 
3181.52 
3182.06 
3182.97 
3188.57 
3188.82 
3190.65 
3190.82 
3192.80 
3193.30 
3194.42 
3196.12 
3196.93 
3199.53 
3202.56 
3205.40 
3210.23 
3210.83 
3211.61 
3211.99 
3214.01 
3214.06 
3215.94 
3217.38 
3219.58 
3219.80 
3221.92 
3222.07 
3225.79 
3227.80 
3228.25 
3229.99 


Weights 
5; 8, 
3 3 
9 9 
5 5 
7 7 
13 11 
9 9 
11 11 
11 9 
9 7 
13 11 
9 7 
7 7 
5 5 
9 9 
9 9 
7 7 
7 9 
5 7 
7 7 
9 11 
5 7 
9 9 
11 13 
7 9 
9 7 
9 7 
11 11 
11 9 
7 9 
7 5 
9 9 
5 7 
11 11 
3 5 
9 11 
9 9 
3 5 
5 7 
5 3 
11 9 
9 11 
9 9 
9 7 
3 3 
9 11 
5 3 
9 9 
11 9 
7 7 
7 5 
5 5 
11 9 
7 9 
9 7 
3 3 
11 11 
11 13 
9 7 
Б 3 
9 11 


10-111 


A 

105 s! 
1.93E-01 
8.23E-02 
1.87E-01 
1.35E-01 
2.73E-02 
5.53E-02 
5.24E-02 
8.28E-02 
7.26E-02 
8.46E-02 
3.39E-01 
3.93E-02 
5.65E-02 
6.10E-01 
4.65E-02 
7.59E-02 
7.91E-02 
4.64E-02 
6.36E-01 
1.26E-01 
1.61E-01 
1.93E-01 
4.65E-02 
5.35E-02 
1.14E-01 
1.85E-01 
1.44E-01 
1.28Е-01 
4.42E-01 
1.84E-01 
3.23E-02 
1.42Е-01 
5.00E-02 
2.53E-01 
5.75E-02 
5.55E-02 
5.01E-01 
3.07E-01 
1.08Е-01 
1.40Е-01 
5.97Е-01 
2.23E-01 
6.18E-02 
9.77E-01 
1.15E-01 
9.24E-01 
3.07E-02 
4.64E-01 
8.38E-01 
118Е+00 
6.19E-01 
1.50E-01 
4.64E-01 
3.61E-01 
1.22Е-01 
8.65E-01 
118Е+00 
4.96E-01 
3.72Е-01 
1.06Е-01 


10-112 NIST Atomic Transition Probabilities 


À " Weights _ A À Weights A À " Weights _ A 

À 8, 8, 1058: А 8, 8, 10887 А 8, 8, 1058: 
3230.21 5 5 2.06Е-01 3406.80 3 3 2.08E-01 3534.53 11 1 2.20E-02 
3230.96 7 5 3.7E-01 3407.46 7 9 6.09E-01 3536.56 5 7 9.95E-01 
3233.05 13 15 4.19Е-01 3410.17 3 5 5.07E-01 3537.73 5 3 1.33E-01 
3233.97 9 9 2.08Е-01 3411.35 9 9 6.0Е-02 3537.89 11 11 8.0E-02 
3239.43 9 9 2.95E-01 3413.13 5 7 3.23Е-01 3540.12 7 9 9.48E-02 
3244.19 9 11 3.06Е-01 3415.53 3 5 4.64E-02 3541.08 9 11 8.65E-01 
3246.96 5 3 1.09E-01 3417.84 3 3 4.01E-01 3542.08 7 9 9.51E-01 
3248.20 7 7 1.92E-01 3418.51 3 1 9.88E-01 3543.67 3 5 1.6E-01 
3250.76 11 11 2.85Е-02 3422.66 3 5 1.38E-01 3545.64 9 9 2.05E-01 
3252.91 9 11 2.20Е-02 3424.28 7 1 1.61Е-01 3547.19 9 9 7.1ЗЕ-02 
3253.60 7 9 1.62Е-01 3425.01 9 7 2.57Е-01 3552.11 3 5 4.8E-02 
3254.36 11 13 4.24E-01 3426.63 5 3 1.94E-01 3552.83 5 5 1.74E-01 
3257.23 9 9 4.76E-02 3426.67 11 11 1.07Е-01 3553.74 11 9 1.09Е+00 
3257.59 7 5 8.94E-02 3427.12 7 9 5.04E-01 3554.50 3 5 9.87E-02 
3259.99 7 9 2.99E-02 3428.19 5 5 1.71E-01 3554.92 11 13 1.40E+00 
3264.51 5 3 1.01E-01 3431.81 5 7 5.53E-02 3556.88 9 11 4.1E-01 
3265.62 Z 5 3.06E-01 3440.61 9 7 1.71E-01 3558.52 5 7 1.77E-01 
3271.00 5 3 6.4E-01 3440.99 7 5 1.24E-01 3559.50 3 3 2.2bE-01 
3271.48 7 7 8.47E-02 3443.88 5 3 7.92E-02 3560.70 7 9 7.4Е-02 
3280.26 9 11 4.21E-01 3445.15 5 7 2.34E-01 3565.38 7 9 4.29E-01 
3282.89 3 5 3.42Е-01 3447.28 5 5 1.07E-01 3567.03 5 7 8.34E-02 
3284.59 5 5 5.64E-02 3450.33 3 3 2.34E-01 3568.82 7 9 6.72E-02 
3286.75 7 7 5.99Е-01 3451.91 3 5 1.13E-01 3568.97 11 9 4.64E-02 
3290.99 3 5 7.58E-02 3458.30 3 1 2.92Е-01 3570.10 9 11 6.76Е-01 
3292.02 7 9 5.77Е-01 3459.91 5 3 2.17E-01 3572.00 11 11 2.89Е-01 
3292.59 3 3 3.0E-01 3465.86 3 3 1.19E-01 3572.59 9 9 3.31E-02 
3298.13 3 5 9.01E-02 3468.84 9 11 2.61Е-02 3573.39 5 7 1.05E-01 
3305.97 5 7 4.05E-01 3469.01 9 9 8.58E-02 3573.83 13 13 2.41E-02 
3306.34 9 9 5.74E-01 3475.45 5 5 9.75E-02 3573.89 9 7 5.73E-01 
3306.35 3 5 4.84E-01 3475.65 7 5 8.61E-02 3575.11 3 3 1.60E-01 
3307.23 13 13 1.97E-01 3476.34 7 7 2.70Е-01 3575.25 11 9 7 АЗЕ-02 
3310.34 11 1 3.78E-02 3476.85 7 9 3.21E-02 3575.37 5 5 3.06E-01 
3310.49 7 9 6.17E-02 3485.34 5 3 1.30E-01 3576.76 11 9 8.8E-02 
3314.74 5 7 7.25E-01 3489.67 11 13 7.47E-02 3578.38 1 3 7.82E-02 
3319.25 9 9 3.73E-02 3490.57 7 7 6.14E-02 3581.19 11 13 1.02E+00 
3322.47 9 11 8.21E-02 3495.29 9 7 9.46E-02 3581.65 11 9 3.21E-02 
3323.74 5 5 2.8E-01 3497.10 7 7 9.02E-02 3581.81 3 5 8.68E-02 
3328.87 11 11 2.21Е-01 3500.56 7 5 5.28Е-02 3582.20 13 11 2.35Е-01 
3335.77 3 5 7.48E-02 3505.06 5 3 1.77E-01 3584.66 11 11 З.29Е-01 
3336.26 9 9 4.91Е-02 3506.50 5 5 7.35E-02 3584.79 7 5 1.56E-01 
3337.67 11 9 6.06E-02 3508.47 9 11 6.46E-02 3584.96 11 9 6.74E-01 
3340.56 5 5 4.95E-02 3513.82 11 11 3.40E-02 3585.19 11 9 3.19E-02 
3341.91 11 11 3.02Е-02 3516.41 7 9 3.6Е-02 3585.32 7 7 1.17E-01 
3342.29 3 3 9.42E-02 3516.56 7 5 6.82Е-02 3585.71 9 9 3.75Е-02 
3347.93 5 5 4.91Е-02 3521.26 9 9 6.14E-02 3586.11 13 11 7.02Е-01 
3354.06 1 3 1.34E-01 3522.27 11 1 5.03E-02 3586.74 13 13 3.62Е-02 
3355.23 9 9 2.59Е-01 3522.90 5 7 3.51Е-02 3586.98 5 5 1.66Е-01 
3369.55 9 9 2.15Е-01 3523.31 5 3 1.06E-01 3587.24 7 9 7.73E-02 
3370.78 11 11 2.89E-01 3524.07 7 5 9.9E-02 3588.53 9 7 7.21E-02 
3380.11 7 7 1.66E-01 3524.24 5 7 5.04E-02 3588.61 11 11 1.19E-01 
3383.69 5 3 8.33E-02 3526.17 7 7 4.14E-02 3588.92 5 3 2.15E-01 
3383.98 7 7 6.52E-02 3526.24 7 9 1.70Е-01 3589.45 9 7 1.05Е-01 
3392.30 5 5 9.93Е-02 3526.38 7 7 4.13Е-01 3594.63 9 9 3.14Е-01 
3392.65 7 7 1.88E-01 3526.47 5 5 1.29E-01 3595.30 5 5 8.21E-02 
3394.58 5 3 8.70E-02 3526.67 5 5 5.26E-01 3597.02 5 3 1.8E-01 
3399.33 5 5 2.76E-01 3527.79 9 9 2.17E-01 3599.63 11 9 2.33E-01 
3402.26 13 13 2.19E-01 3529.82 3 3 7.75E-01 3602.46 7 7 1.02Е-01 
3403.29 5 7 3.98E-02 3530.39 13 13 4.65E-02 3602.53 7 5 2.12Е-01 
3404.35 5 7 1.09Е-01 3533.01 1 3 8.52Е-01 3603.20 11 11 2.59Е-01 
3406.44 3 5 2.7E-01 3533.20 3 5 8.25E-01 3603.82 3 3 1.70Е-01 


NIST Atomic Transition Probabilities 


3605.45 
3605.50 
3606.68 
3608.14 
3608.86 
3610.16 
3610.69 
3612.07 
3613.44 
3617.79 
3618.30 
3618.39 
3618.77 
3621.46 
3621.72 
3622.00 
3623.19 
3625.14 
3630.35 
3631.10 
3631.46 
3632.04 
3632.56 
3633.07 
3634.33 
3636.22 
3637.87 
3638.30 
3640.39 
3644.80 
3645.07 
3645.82 
3647.42 
3647.84 
3649.51 
3650.03 
3650.28 
3651.47 
3655.46 
3659.52 
3664.54 
3666.24 
3667.25 
3668.21 
3669.15 
3669.52 
3670.02 
3670.09 
3674.76 
3676.31 
3677.31 
3677.63 
3682.17 
3682.24 
3684.11 
3684.14 
3686.00 
3687.46 
3687.66 
3688.46 


Weights 
8, 8, 
9 9 
13 11 
11 13 
9 11 
3 5 
13 13 
5 3 
11 13 
7 7 
5 7 
11 9 
9 9 
5 7 
9 11 
11 9 
7 7 
13 13 
11 9 
9 7 
11 11 
7 9 
3 5 
11 9 
9 11 
9 7 
5 7 
9 9 
7 9 
9 11 
7 5 
9 9 
1 3 
3 3 
9 11 
11 9 
7 7 
11 11 
7 9 
5 5 
9 9 
7 9 
11 9 
9 7 
7 9 
9 7 
9 7 
3 5 
11 13 
5 3 
9 11 
5 7 
7 5 
7 5 
5 5 
9 7 
9 7 
9 11 
11 9 
9 9 
7 9 


A 
108s! 
4.66E-01 
2.12E-01 
8.29E-01 
6.22Е-02 
8.13E-01 
5.90E-01 
1.05E-01 
1.11E-01 
7.0E-02 
7.09E-01 
4.89E-02 
8.88E-02 
7.22Е-01 
4.4БЕ-01 
1.07Е-01 
5.14Е-01 
6.68Е-02 
8.15Е-02 
1.04E-01 
2.15E-01 
5.17Е-01 
6.74E-01 
5.69E-02 
3.54E-02 
1.05E-01 
2.20E-01 
5.9E-02 
2.36E-01 
3.57E-01 
8.3E-02 
2.91E-02 
4.87E-01 
3.38E-01 
2.91Е-01 
3.94E-01 
2.26E-01 
6.15E-02 
5.83E-01 
1.18bE-01 
6.31E-02 
4.68Е-02 
3.87E-02 
1.3E-01 
3.2Е-02 
8.03Е-02 
2.34E-01 
8.60E-02 
7.20E-02 
7.91E-02 
4.63E-02 
2.28Е-01 
6.08Е-01 
1.04Е-01 
1.5Е-00 
2.97Е-01 
9.29Е-02 
3.34E-01 
8.00E-02 
7.38Е-02 
7.ЗЕ-02 


3689.46 
3690.45 
3690.73 
3694.01 
3695.05 
3697.43 
3698.60 
3699.14 
3701.09 
3702.03 
3703.55 
3703.69 
3703.82 
3704.46 
3707.92 
3709.25 
3711.22 
3711.41 
3716.44 
3718.41 
3719.93 
3721.50 
3722.56 
3724.38 
3726.93 
3727.09 
3727.62 
3727.81 
3730.39 
3730.46 
3730.95 
3732.40 
3734.86 
3735.32 
3737.13 
3738.31 
3740.24 
3742.62 
3743.36 
3743.47 
3744.10 
3745.56 
3746.93 
3748.26 
3748.96 
3749.49 
3753.61 
3756.94 
3757.45 
3758.23 
3759.15 
3760.05 
3760.53 
3762.20 
3763.79 
3765.54 
3765.70 
3767.19 
3778.51 
3779.45 
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= 
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À 
À 
3781.94 
3785.95 
3786.19 
3787.16 
3787.88 
3789.18 
3789.82 
3793.48 
3794.34 
3795.00 
3797.51 
3798.51 
3799.55 
3801.68 
3801.98 
3802.28 
3804.01 
3805.34 
3806.22 
3806.70 
3807.54 
3808.73 
3810.76 
3812.96 
3813.06 
3813.88 
3815.84 
3816.34 
3817.64 
3819.49 
3820.43 
3821.18 
3821.83 
3825.88 
3827.82 
3829.45 
3833.31 
3834.22 
3836.33 
3839.26 
3840.44 
3841.05 
3843.26 
3845.70 
3845.99 
3846.41 
3846.80 
3849.97 
3852.57 
3854.37 
3856.37 
3859.21 
3859.91 
3865.52 
3867.22 
3871.75 
3872.50 
3873.76 
3878.02 
3878.67 


Weights 
6; 8, 
5 7 
11 13 
5 5 
5 5 
3 5 
9 11 
9 7 
7 7 
9 11 
5 7 
13 13 
9 11 
7 9 
5 7 
11 13 
5 5 
11 9 
9 11 
3 3 
11 11 
3 5 
9 9 
5 3 
7 5 
7 7 
13 11 
9 7 
5 7 
11 11 
7 5 
11 9 
11 13 
5 5 
9 7 
7 5 
3 3 
9 9 
7 5 
5 5 
9 9 
5 3 
5 3 
9 7 
5 7 
9 7 
11 9 
7 7 
3 1 
7 9 
9 7 
7 5 
13 11 
9 9 
3 3 
5 5 
11 11 
5 5 
11 9 
7 7 
9 7 


10-113 


А 
1058: 
3.8Е-02 
4.14Е-02 
1.3Е-01 
9.9Е-02 
1.29Е-01 
2.16Е-02 
4.1Е-02 
7.92E-02 
4.15E-02 
1.15E-01 
4.57E-01 
3.23E-02 
7.31E-02 
6.26E-02 
3.7E-02 
5.63E-02 
4.6E-02 
8.60E-01 
2.5E-01 
4.35E-01 
9.37E-02 
3.54Е-02 
1.94E-01 
7.91E-02 
5.52Е-02 
6.62Е-02 
1.12Е-00 
4.16Е-02 
7.7Е-02 
4.9Е-02 
6.67Е-01 
5.54Е-01 
7.30Е-02 
5.97Е-01 
1.05Е-00 
1.32Е-01 
4.68Е-02 
4.52E-01 
3.29E-01 
2.35E-01 
4.70E-01 
1.36Е+00 
3.70Е-01 
5.89Е-02 
4.5Е-02 
1.68Е-01 
6.20Е-01 
6.05Е-01 
3.26Е-02 
5.07E-02 
4.64E-02 
7.25E-02 
9.69E-02 
1.55E-01 
3.16E-01 
5.83E-02 
1.05E-01 
6.57E-02 
7.72Е-02 
7.02Е-02 


10-114 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 

Á 7 3 10851 А 8, 8, 10851 А 5, 5, 10° s! 
3878.73 3 5.34E-01 3997.39 9 11 1.26E-01 4175.64 3 5 1.14E-01 
3883.28 7 7 1.28E-01 3998.05 11 9 5.70Е-02 4181,75 5 7 2.32Е-01 
3884.36 11 9 3.99E-02 4005.24 7 5 2.04E-01 4182.38 5 Б 5.04E-02 
3885.51 3 5 7.26E-02 4006.31 11 9 5.] E-02 4184.89 5 5 1.03E-01 
3886.28 7 7 5.29E-02 4009.71 3 5 4.64E-02 4187.04 7 5 2.15E-01 
3887.05 9 9 3.52E-02 4014.53 9 7 1.53E-01 4187.80 9 7 1.52Е-01 
3888.51 5 5 2.50Е-01 4017.15 9 1 3.25E-02 4191.43 5 3 2.73E-01 
3888.82 5 3 1.95E-01 4018.27 5 7 3.44E-02 4195.33 11 11 1.11E-01 
3891.93 3 3 2.71E-01 4021.87 7 8.55E-02 4196.21 7 7 1.09E-01 
3893.39 11 11 1.00E-01 4024.73 7 9 8.09E-02 4198.25 9 9 1.47E-01 
3894.01 5 5 1.03E-01 4030.49 9 11 1.04E-01 4198.30 11 9 8.03E-02 
3897.89 11 13 6.20E-02 4030.89 9 7 5.02E-02 4198.63 5 5 1.25E-01 
3900.52 7 7 7.9E-02 4031.96 3 5 7.6E-02 4199.10 9 11 4.92Е-01 
3902.95 7 7 2.14Е-01 4040.64 Б 7 4.8E-02 4200.92 7 9 6.25E-02 
3903.90 9 9 7.61E-02 4043.90 Z 7 8.69Е-02 4202.03 9 9 8.22Е-02 
3906.75 5 7 7.05E-02 4044.61 5 3 8.17E-02 4203.94 13 13 2.97E-02 
3907.93 7 5 6.67E-02 4045.59 9 7 7.39E-02 4203.98 3 5 7.37E-02 
3909.66 3 5 5.7E-02 4045.81 9 9 8.62 Е-01 4210.34 3 3 1.48E-01 
3911.00 9 9 2.68E-02 4054.87 5 3 9.61E-02 4217.55 3 5 2.46E-01 
3916.73 13 11 9.83E-02 4058.22 9 7 4.47E-02 4219.36 11 13 2.88E-01 
3918.42 3 1 4.22E-01 4062.44 3 3 1.85E-01 4222.21 7 7 5.76E-02 
3918.64 7 7 1.17E-01 4063.59 fi 7 6.65Е-01 4224.17 9 11. 1.06Е-01 
3919.07 9 9 3.72Е-02 4067.98 9 9 1.51E-01 4224.51 3 5 6.81E-02 
3925.64 5 5 8.04E-02 4070.77 7 5 1.1E-01 4225.45 5 7 1.65E-01 
3925.94 1 3 1.67E-01 4071.74 5 5 7.64Е-01 4227.43 11 13 5.29Е-01 
3926.01 7 7 7.26Е-02 4073.76 5 3 1.68Е-01 4233.60 3 5 1.85E-01 
3928.08 9 9 5.64E-02 4074.79 9 9 3.43E-02 4235.94 9 9 1.88E-01 
3931.12 5 7 4.8E-02 4076.63 9 9 1.32E-01 4238.81 7 9 2.41E-01 
3932.63 9 11 2.70E-02 4076.80 5 7 3.81E-02 4245.26 1 3 9.0E-02 
3933.60 3 5 5.92E-02 4079.17 5 Б 5 ДЕ-02 4246.09 7 5 5.85E-02 
3935.81 5 5 1.14E-01 4080.21 3 1 2.3E-01 4247.43 9 11 1.94Е-01 
3941.28 5 5 9.1Е-02 4084.49 11 9 8.66Е-02 4250.12 5 7 2.07E-01 
3942.44 3 5 9.62Е-02 4085.00 3 Б 4.7Е-02 4250.79 7 7 1.02E-01 
3946.99 9 11 3.91E-02 4085.30 7 7 8.92E-02 4260.47 11 11 3.99E-01 
3947.53 5 5 5.12Е-02 4085.98 7 5 5.1Е-02 4267.83 1 3 8.17E-02 
3948.10 7 9 1.31E-01 4098.18 7 7 7.49E-02 4271.15 7 9 1.82Е-01 
3948.77 11 9 2.08Е-01 4107.49 5 3 1.74Е-01 4271.76 9 11 2.28Е-01 
3949.95 7 5 4.79Е-02 4109.80 3 3 1.51E-01 4276.68 9 2.6E-02 
3951.16 3 5 4.29E-01 4112.96 11 13 1.1E-01 4282.40 7 5 1.21E-01 
3952.60 11 11 2.97E-02 4118.55 11 13 4.96E-01 4294.12 9 3.12E-02 
3953.15 7 9 2.97E-02 4125.62 9 11 9.9E-02 4299.23 9 11 1.29E-01 
3955.34 3 3 1.5E-01 4126.18 11 11 4.2E-02 4307.90 7 9 3.38Е-01 
3956.46 13 11 1.76Е-01 4127.61 1 3 1.43E-01 4309.03 13 13 1.96E-02 
3956.68 11 13 1.22E-01 4132.06 5 7 1.18E-01 4315.08 5 5 7.76E-02 
3957.02 5 7 1.67E-01 4132.90 3 Б 7.70Е-02 4325.76 5 7 5.16E-01 
3960.28 5 7 4.10E-02 4134.68 5 7 1.25E-01 4327.10 5 5 1.12E-01 
3963.10 3 5 1.5E-01 4137.00 3 5 2.75E-01 4369.77 9 9 6.09E-02 
3967.42 9 7 1.52Е-01 4142.59 3 D 7.5E-02 4383.55 9 11 5.00E-01 
3967.96 7 9 6.09E-02 4143.41 9 9 2.70Е-01 4388.41 7 7 1.03E-01 
3969.26 9 7 2.26Е-01 4143.87 7 9 1.33E-01 4401.29 7 7 6.4E-02 
3970.39 3 1 3.9E-01 4149.37 11 13 4.23E-02 4404.75 7 9 2.75E-01 
3971.32 11 9 4.97E-02 4153.90 7 9 2.05Е-01 4415.12 5 7 1.19E-01 
3973.65 5 7 5.81E-02 4154.50 5 3 2.64E-01 4422.57 3 3 872Е-02 
3976.61 3 5 1.20E-01 4154.81 9 11 1.40E-01 4433.22 5 3 2.1E-01 
3977.74 5 5 6.41E-02 4156.80 5 5 1.20E-01 4443.19 1 3 1.02Е-01 
3981.77 9 9 3.57Е-02 4157.78 Б 7 2.18Е-01 4455.03 9 7 4.1 E-02 
3983.96 9 7 5.72Е-02 4158.79 3 5 1.6E-01 4466.55 5 7 1.20E-01 
3985.39 5 5 8.53E-02 4170.90 5 5 6.29E-02 4469.38 5 7 1.59E-01 
3989.86 5 7 5.3E-02 4172.12 7 5 9.80E-02 4476.02 3 5 1.01E-01 
3996.96 9 9 7.95E-02 4172.64 11 11 2.24E-02 4484.22 7 9 5.04E-02 


NIST Atomic Transition Probabilities 


4485.68 
4494.56 
4528.61 
4547.85 
4556.13 
4619.29 
4638.01 
4654.61 
4667.45 
4673.16 
4678.85 
4736.77 
4789.65 
4800.65 
4859.74 
4871.32 
4872.14 
4878.21 
4890.76 
4891.49 
4903.31 
4918.99 
4920.50 
4957.30 
4957.60 
4966.09 
4973.10 
4978.60 
4985.25 
4988.95 
5001.86 
5006.12 
5014.94 
5021.59 
5022.24 
5048.44 
5068.77 
5074.75 
5090.77 
5121.64 
5137.38 
5139.25 
5139.46 
5184.27 
5191.46 
5192.34 
5208.59 
5215.18 
5226.86 
5232.94 
5235.39 
5242.49 
5263.31 
5266.56 
5273.16 
5281.79 
5283.62 
5302.30 
5324.18 
5339.93 


Weights 
8, 8, 
3 3 
5 7 
7 9 
5 7 
7 5 
7 5 
7 7 
7 7 
7 9 
5 7 
7 9 
9 11 
5 7 
7 9 
5 3 
7 5 
3 3 
1 3 
5 5 
9 7 
3 5 
7 7 
11 9 
9 9 
13 11 
11 11 
3 3 
5 3 
5 5 
7 7 
9 7 
11 11 
7. 5 
7 9 
5 3 
3 5 
9 7 
9 11 
7 5 
5 5 
11 9 
7 5 
9 9 
5 7 
5 3 
7 7 
7 5 
5 3 
5 5 
9 11 
9 7 
13 11 
5 5 
7 9 
1 3 
5 7 
7 7 
3 5 
9 9 
5 7 


A 
10887: 
1.1E-01 
3.45E-02 
5.44E-02 
4.48Е-02 
1.05E-01 
5.2Е-02 
3.37Е-02 
3.68Е-02 
6.03Е-02 
3.81Е-02 
4.97E-02 
4.78Е-02 
4.57E-02 
3.01E-02 
1.62 Е-01 
2.44E-01 
2.54E-01 
1.21E-01 
2.25E-01 
3.08E-01 
6.58Е-02 
1.79Е-01 
3.58Е-01 
1.18bE-01 
4.22E-01 
3.31E-02 
1.1E-01 
1.19E-01 
1.48Е-01 
5.2Е-02 
3.7Е-01 
5.87Е-02 
2.64E-01 
6.18Е-02 
2.4E-01 
4.88Е-02 
3.37E-02 
1.4E-01 
1.9E-01 
7.9E-02 
1.0E-01 
9.16E-02 
8.69E-02 
3.8E-02 
2.32Е-01 
1.34Е-01 
6.23E-02 
1.10E-01 
1.36E-01 
1.94E-01 
3.75E-02 
2.38Е-02 
6.36E-02 
1.10E-01 
8.12Е-02 
5.00Е-02 
1.02Е-01 
9.04Е-02 
2.06Е-01 
6.36E-02 


5364.87 
5367.47 
5369.96 
5373.71 
5383.37 
5393.17 
5398.28 
5404.15 
5410.91 
5415.20 
5463.28 
5473.90 
5476.29 
5476.56 
5563.60 
5569.62 
5572.84 
5576.09 
5586.76 
5594.66 
5602.95 
5615.64 
5624.54 
5633.95 
5638.26 
5649.99 
5655.18 
5658.82 
5662.52 
5679.02 
5686.53 
5705.99 
5753.12 
5762.99 
5816.37 
5905.67 
6301.50 
6400.00 
6411.65 
6419.95 
6469.19 
6496.47 
6569.22 
6633.75 
6841.34 
6855.16 
7187.32 
7511.02 
8220.38 
8699.45 
9012.07 
9401.11 
9414.04 
9443.80 
9569.91 
9626.50 
9738.57 
9763.38 
9861.74 
9889.04 
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Бе so: حا‎ P = 


A 

10887: 
5.59E-01 
7 ЛЗЕ-01 
7.22E-01 
3.7E-02 
7.81E-01 
4.91E-02 
9.0E-02 
6.92E-01 
6.33E-01 
7.67E-01 
2.9E-01 
5.2E-02 
2.87E-02 
8.70E-02 
3.4E-02 
2.34E-01 
2.28E-01 
2.5E-01 
2.19Е-01 
5.20E-02 
1.00E-01 
2.64E-01 
7.41Е-02 
7.7Е-02 
4.4Е-02 
5.1Е-02 
4.7Е-02 
4.34Е-02 
6.18Е-02 
3.7Е-02 
6.71Е-02 
6.1Е-02 
8.26Е-02 
9.6Е-02 
4.49Е-02 
1.1Е-01 
6.43Е-02 
9.27Е-02 
4.43Е-02 
1.2Е-01 
8.3Е-02 
7.8E-02 
6.0E-02 
3.44E-02 
3.4E-02 
2.86E-02 
8.36E-02 
1.35E-01 
1.69E-01 
4.08E-02 
4.46E-02 
2.64E-02 
3.98E-02 
6.39E-02 
2.50E-02 
4.51E-02 
7.64E-02 
5.42E-02 
5.49E-02 
2.22E-02 


Х 

А 
22473.28 
23566.67 


24547.95 
24729.10 


Fell 

1055.26 
1063.97 
1068.35 
1071.58 
1096.88 
1112.05 
1121.97 
1122.84 
1125.45 
1127.10 
1128.05 
1130.44 
1133.40 
1133.67 
1138.63 
1142.37 
1143.23 
1144.94 
1147.41 
1148.28 
1151.15 
1267.42 
1272.61 
1272.65 
1371.02 
1563.79 
1580.63 
1588.69 
1608.45 
1608.54 
1610.92 
1611.20 
1618.47 
1621.25 
1621.69 
1623.09 
1625.52 
1625.91 
1629.16 
1631.13 
1633.91 
1634.35 
1635.40 
1636.33 
1637.40 
1639.40 
1641.76 
1647.16 
1661.32 
1663.70 
1670.75 
1676.86 
1688.40 
1702.04 


Weights 
8, 8, 
11 11 
9 11 
11 9 
13 11 
10 8 
10 8 
8 8 
6 8 
10 8 
10 12 
10 8 
8 6 
10 8 
10 10 
2 4 
6 8 
8 10 
10 8 
8 8 
10 8 
10 10 
10 12 
8 8 
8 10 
6 8 
8 6 
6 4 
6 4 
14 12 
8 8 
8 10 
10 8 
10 8 
10 8 
10 10 
10 8 
8 8 
8 8 
8 6 
8 8 
8 10 
6 8 
6 6 
6 4 
6 8 
4 6 
8 6 
4 4 
10 8 
2 4 
6 4 
6 6 
10 8 
6 8 
10 8 
8 8 
6 8 
10 12 


10-115 


А 
1058: 
3.32Е-02 
2.21Е-02 
3.72Е-02 
5.08E-02 


4.6E-01 
3.5E-01 
1.59Е+00 
1.14Е+00 
2.26Е+00 
2.0E-01 
1.92Е+00 
1.81Е+00 
1.03Е-00 
5.9Е-02 
1.40Е+00 
3.1Е-01 
2.6Е-01 
3.1Е-01 
5.5Е-01 
2.6Е-01 
9.8Е-01 
3.52Е+00 
1.24Е-00 
3.35Е-00 
2.23Е-00 
9.3Е-01 
3.3Е-01 
2.2Е-01 
1.74Е-00 
1.33Е+00 
5.8E-01 
4.9E-03 
1.91Е+00 
2.1Е-02 
1.94E-01 
4.40E-02 
5.53E-01 
1.3E-02 
132Е+00 
1.99E-01 
4.04E-01 
1.02E-01 
8.66E-01 
6.93E-01 
3.85E-01 
3.21E-01 
2.28Е+00 
9.63Е-01 
3.57E-01 
6.85E-01 
1.76Е+00 
4.98E-01 
1.2E-02 
9.9E-03 
1.06Е+00 
6.75Е-02 
2.53E-02 
1.02Е+00 


10-116 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 

Á 8, 8, 10857 А 8, 8, 10887 А 8, 8, 10? s~ 
1761.37 8 8 1.42Е +00 2352.31 2 4 4.38E400 2412.01 6 8 1.66E-01 
1785.27 6 8 1.2Е-01 2353.47 12 14 4.98E400 2413.31 2 4 1.02Е+00 
1786.75 6 6 1.2Е+01 2353.68 8 8 1.30Е+00 2414.10 14 12 1.05Е-02 
1788.08 6 4 4.6Е+00 2354.48 10 8 8.13E-01 2414.51 10 8 4.2E-03 
1796.98 6 8 3.0E-03 2354.89 6 4 2.67E-01 2416.45 8 10 2.38Е+00 
1818.52 8 8 5.70Е-02 2356.21 6 8 7.1Е-03 2417.87 12 12 9.5E-01 
1833.08 6 8 2.2Е-02 2359.11 6 5.0E-01 2418.17 6 8 2.0E-02 
1863.11 6 8 2.4E-03 2359.60 10 10 2.25E-01 2418.44 6 8 2.28Е+00 
2020.75 6 8 1.83E-01 2360.00 10 10 3.59E-01 2419.89 10 10 2.2E-02 
2057.33 6 8 2.80E-02 2360.29 8 6.23E-01 2422.69 6 8 1.46Е+00 
2074.19 10 8 2.30Е-02 2360.53 6 8 2.22Е-01 2422.93 10 8 2.94E-02 
2078.16 10 10 2.84E-02 2361.73 8 8 2.40E-01 2423.21 4 6 1.40Е-00 
2097.02 8 8 1.07E-02 2362.02 8 8 1.41Е-01 2424.15 10 12 2.21Е-00 
2122.45 10 8 4.8E-03 2363.86 8 10 5.3Е+00 2424.39 6 8 1.61Е-01 
2146.37 8 8 7.1E-03 2364.83 8 8 5.90E-01 2424.50 8 8 2.9E-03 
2162.02 10 10 2.54E-01 2365.76 6 2.16Е-00 2424.59 6 6 1.24Е+00 
2182.36 10 8 8.6Е-02 2366.59 6 6 1.01Е-01 2424.65 8 8 6.55E-02 
2187.68 8 8 2.87E-02 2366.88 8 10 3.51E-02 2428.08 12 10 7.0E-03 
2189.03 10 10 1.97E-02 2368.60 6 4 6.06E-01 2428.36 8 10 2.68Е-00 
2191.98 8 8 7.54Е-01 2369.95 10 12 5.9Е-00 2428.80 4 4 1.38Е-00 
2201.59 6 8 7.77E-01 2370.50 4 4 1.73E-01 2429.04 2 4 1.23Е+00 
2208.41 10 10 1.59Е+00 2372.36 10 8 6.6Е-03 2429.39 4 4 6.9E-01 
2209.03 10 8 1.27Е-00 2373.74 10 10 4.25E-01 2429.86 8 8 1.51Е+00 
2213.66 14 14 3.26Е-01 2375.19 4 2 9.81Е-01 2430.08 8 10 1.91Е+00 
2218.26 8 10 1.57Е-00 2376.43 12 14 6.4Е +00 2432.26 6 8 1.57Е-00 
2220.38 12 12 4.19Е-01 2378.55 8 8 1.70Е-01 2432.87 14 14 2.86Е+00 
2228.73 6 8 1.59Е+00 2378.70 8 8 1.49E-01 2433.50 10 12 1.30E-01 
2249.18 10 8 3.00E-02 2379.28 8 8 2.73Е-01 2434.06 8 6 7.2E-01 
2250.18 4 4 1.67E-02 2379.42 10 10 3.68E-01 2434.24 8 10 2.01Е+00 
2250.94 6 6 3.19E-02 2380.76 6 8 3.10E-01 2434.73 12 12 2.79Е+00 
2251.56 8 6 9.8Е-03 2382.04 10 12 3.13E+00 2434.95 4 6 1.39E+00 
2253.13 8 8 4.41E-02 2382.36 4 6 3.19E-02 2435.00 8 8 2.02Е+00 
2254.41 4 2 5.5E-03 2382.90 12 14 1.62E-01 2436.62 6 8 2.70Е+00 
2255.77 6 4 4.75E-01 2383.06 8 6 1.0E-01 2439.30 12 14 2.25Е+00 
2260.08 10 10 3.18Е-02 2383.24 6 6 3.59Е-01 2440.42 6 8 118Е+00 
2260.24 2 2 3.4E-02 2384.39 4 4 3.22Е-01 2441.13 10 10 8.95Е-01 
2260.86 4, 6 2.16Е-02 2385.01 6 8 3.60E-02 2442.38 10 12 2.75E+00 
2262.69 4 4 1.98E-02 2388.39 10 12 2.02E-01 2443.71 8 10 1.44Е-00 
2266.00 6 6 1.0Е-02 2388.63 8 8 1.05Е-00 2444.52 6 8 2.78Е-00 
2267.59 6 8 3.69E-02 2390.10 14 16 5.5Е-00 2445.11 12 12 2.03Е+00 
2268.56 2 4 6.0E-03 2390.76 6 6 1.17Е-00 2445.57 4 6 2.07Е+00 
2268.82 8 8 3.97Е-03 2391.48 8 10 3.77Е-02 2445.80 4 6 1.23Е+00 
2279.92 8 10 4.49E-02 2394.00 12 10 9.4E-02 2446.11 8 8 1.06Е+00 
2292.42 12 10 8.42Е-03 2395.42 6 4 2.67 Е-01 2446.47 12 14 2.99E-01 
2296.88 6 8 1.82Е-02 2395.63 8 10 2.59E400 2447.21 6 6 115Е+00 
2312.22 10 8 9.ЗЕ-03 2396.72 10 12 2.15E-01 2447.33 4 2 2.56Е+00 
2327.40 6 4 6.55E-01 2399.24 6 6 1.39Е +00 2447.76 12; 10 1.97 Е+00 
2327.88 10 12 1.08Е+00 2400.05 12 14 4.57E400 2449.96 4 4 1.24E+00 
2331.31 10 8 3.17E-01 2401.29 6 8 1.89E+00 2450.21 2 4 1.26E+00 
2332.80 8 6 1.31E+00 2402.45 10 10 5.8E-01 2453.98 8 10 1.31E+00 
2338.01 4 4 1.13E+00 2402.60 6 8 2.17E-02 2454.58 14 12 116Е+00 
2338.54 10 12 5.6E-02 2402.63 8 8 8.19E-01 2455.71 8 8 1.01Е+00 
2343.50 10 8 1.73Е+00 2404.43 4 2 6.44E-01 2455.90 4 6 1.73Е+00 
2343.96 8 6 3.13Е-01 2404.89 6 8 1.96Е-00 2457.10 6 4 4.71E-01 
2344.28 2 4 9.27E-01 2406.09 6 8 2.05E-02 2458.78 10 12 2.31Е-00 
2345.34 14 12 7.ЗЕ-01 2406.66 4 4 1.61Е-00 2458.97 6 4 2.51E+00 
2348.12 10 8 6.50E-01 2410.27 8 8 7.65E-01 2460.44 10 12 5.39Е+00 
2348.30 6 6 1.15Е+00 2410.52 4 6 1.55Е+00 2461.28 6 8 2.34Е-00 
2351.20 12 10 7.19Е-01 2411.07 2 2 2.37E400 2461.86 8 10 2.43E+00 
2351.67 6 6 1.80E+00 2411.81 10 12 4.33E+00 2463.28 12 10 7.1E-01 


NIST Atomic Transition Probabilities 


Х 
А 
2464.01 
2464.91 
2465.91 
2466.50 
2466.67 
2466.82 
2468.30 
2469.37 
2469.52 
2470.41 
2470.67 
2470.85 
2471.28 
2472.61 
2473.32 
2475.12 
2475.54 
2476.27 
2477.35 
2478.57 
2480.16 
2481.05 
2482.12 
2482.33 
2482.66 
2482.87 
2483.72 
2484.24 
2484.44 
2489.11 
2489.48 
2489.83 
2490.71 
2490.86 
2491.40 
2492.34 
2493.26 
2493.88 
2494.12, 
2497.68 
2497.82, 
2500.92 
2501.35 
2502.39 
2503.33 
2503.54 
2503.57 
2503.88 
2506.09 
2506.80 
2508.34 
2510.57 
2511.76 
2513.15 
2514.38 
2517.14 
2519.05 
2521.09 
2521.82 
2525.39 


Weights 
8, 8, 
10 8 
6 4 
8 6 
2 4 
4 2 
6 4 
10 10 
10 8 
8 6 
6 6 
8 6 
8 8 
10 8 
8 10 
2 2 
4 6 
6 8 
8 10 
8 8 
6 6 
10 8 
12 12 
14 14 
4 4 
12 10 
6 4 
8 10 
4 6 
8 8 
4 4 
12 12 
12 12 
10 12 
8 8 
10 8 
10 12 
14 16 
6 6 
12 10 
10 12 
6 6 
6 8 
2 2 
8 8 
12 12 
8 8 
10 10 
10 10 
10 10 
8 10 
8 10 
8 8 
8 10 
10 8 
8 8 
2 4 
8 6 
6 4 
8 8 
14 14 


А 

10887! 
1.32 Е+00 
2.22Е+00 
1.62Е+00 
2.40Е--00 
2.64E+00 
1.77E+00 
9.8E-02 
2.23E-02 
2.58Е-00 
6.0E-01 
1.542 +00 
5.4E-03 
4.15E-01 
3.22Е-00 
2.74E+00 
3.72E+00 
3.18E+00 
9.7Е-02 
1.70E-01 
9.1Е-01 
1.55Е+00 
1.46E-01 
6.5E-01 
2.23Е-00 
1.25Е-00 
1.69Е--00 
5.4E-01 
8.3E-02 
2.16Е+00 
2.6E-02 
5.1Е-01 
1.94E+00 
1.44E+00 
8.8E-01 
1.01E+00 
2.30E-01 
3.04E+00 
1.74E+00 
2.97E-02 
8.4E-03 
1.68Е--00 
2.41Е-00 
1.48E+00 
1.43E+00 
7.3E-01 
3.32Е-01 
2.53Е-01 
2.23Е-00 
9.9Е-01 
1.98Е-00 
3.79Е-01 
1.54Е-01 
2.30E+00 
2.49E-01 
2.11Е-00 
9.2Е-01 
2.10Е+00 
2.05Е+00 
2.36Е+00 
1.91Е+00 


2525.92 
2526.08 
2526.29 
2527.10 
2527.71 
2528.68 
2529.08 
2529.23 
2529.55 
2530.10 
2533.63 
2534.42 
2535.36 
2535.49 
2536.67 
2536.81 
2536.84 
2537.14 
2538.21 
2538.40 
2538.50 
2538.68 
2538.91 
2538.99 
2539.81 
2540.52 
2540.66 
254110 
2541.84 
2542.32 
2542.74 
2543.38 
2543.43 
2544.97 
2545.22 
2545.44 
2545.53 
2546.67 
2547.34 
2548.16 
2548.32 
2548.59 
2548.74 
2548.92 
2549.08 
2549.40 
2549.46 
2549.77 
2550.03 
2550.15 
2550.57 
2550.68 
2551.20 
2554.94 
2555.07 
2555.45 
2557.08 
2557.51 
2559.24 
2559.77 


A 

10887 
7 АЕ-01 
3.52E-01 
2.47E400 
3.67E-01 
9.1Е-01 
2.3Е-02 
1.80Е+00 
3.27E-01 
2.20Е+00 
6.6Е-01 
1.92Е+00 
1.83Е+00 
2.46E+00 
7.47E-01 
5.7Е-01 
1.69Е+00 
6.8E-01 
1.44E+00 
1.26E+00 
3.7E-02 
5.9E-01 
7 АЕ-01 
1.28Е+00 
1.93Е+00 
5.6E-02 
1.26Е+00 
1.70Е+00 
9.6Е-01 
8.2Е-01 
3.9E-03 
1.61Е-00 
6.7Е-01 
8.3E-01 
3.93E-01 
5.3E-01 
1.52Е-01 
12Е-02 
7.98Е-01 
2.28Е-01 
8.0E-03 
2.69E-01 
2.67E-01 
2.43E400 
6.0E-01 
1.89Е+00 
1.65Е+00 
1.12Е+00 
2.35Е-01 
1.74Е+00 
3.91E-01 
1.6E-02 
1.07 Е+00 
2 АВЕ-01 
2.6E-02 
1.96E-01 
2.49E-01 
2.8E-02 
1.53E-01 
6.4E-02 
2.42E-01 


Х 
А 
2559.93 
2560.28 
2561.59 
2562.09 
2562.54 
2563.48 
2566.22 
2566.40 
2566.62 
2566.91 
2568.41 
2568.89 
2569.78 
2570.55 
2570.85 
2571.55 
2572.97 
2573.21 
2573.76 
2574.37 
2576.86 
2577.43 
2577.92 
2580.72 
2581.11 
2582.41 
2582.58 
2583.05 
2583.35 
2585.62 
2585.88 
2586.06 
2587.95 
2588.19 
2588.80 
2590.55 
2591.54 
2592.79 
2593.73 
2594.96 
2595.28 
2595.30 
2598.37 
2599.40 
2604.05 
2604.67 
2605.04 
2605.31 
2605.43 
2605.90 
2606.52 
2607.09 
2608.85 
2609.13 
2609.44 
2609.87 
2611.07 
2611.34 
2611.87 
2613.57 


Weights 
8, 8, 
6 8 
4 4 
10 10 
4 2 
8 6 
6 4 
8 10 
8 6 
10 12 
4 2 
2 4 
8 8 
2 4 
6 8 
8 6 
10 10 
6 8 
8 10 
8 8 
6 4 
10 12 
6 8 
2 2 
8 6 
6 6 
6 8 
4 4 
8 10 
8 10 
10 10 
10 8 
6 4 
8 10 
2 2 
8 8 
4 6 
6 6 
14 16 
2 4 
8 8 
12 10 
10 8 
8 6 
10 10 
8 8 
8 10 
6 8 
4 4 
6 6 
4 2 
6 6 
6 4 
10 8 
8 10 
6 8 
8 8 
4 6 
8 6 
8 8 
10 12 


10-117 


А 

1058: 
2.47Е-01 
1.77Е+00 
1.1E-02 
1.62 Е+00 
1.79Е+00 
1.51Е+00 
2.61Е+00 
2.29Е+00 
7.1Е-02 
1.15Е+00 
4.77E-01 
2.8E-02 
1.11Е+00 
1.1Е-03 
1.84E+00 
2.89E-02 
7.89E-02 
1.42Е-01 
2.3E-02 
2.43Е-00 
1.32Е-00 
7.8Е-03 
1.24E+00 
2.2E-02 
7.61E-02 
2.22E-01 
8.80E-01 
2.16E-02 
9.0E-03 
3.09E-01 
8.94E-01 
5.8E-02 
1.69Е+00 
1.5E-01 
8.4E-02 
7.9E-02 
5.72Е-01 
2.74E+00 
1.63E-01 
1.0E-01 
1.67E-03 
1.2E-02 
1.43Е+00 
2.35Е+00 
1.49Е-01 
1.2E-02 
2.34E+00 
1.99E+00 
3.40E-01 
1.27E+00 
2.31E+00 
1.73E+00 
5.0E-02 
2.77E-01 
6.0E-02 
1.34E-01 
7.28E-02 
1.4Е-02 
1.20Е+00 
2.0E-02 


10-118 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 

Á 8, 5, 10851 А 8, 8, 10851 А 5, 5, 10° s~! 
2613.82 4 2 2.12Е+00 2699.20 4 4 6.2Е-01 2770.50 12 10 4.08E-02 
2614.19 8 10 3.3E-02 2703.99 8 8 1.38Е-00 2771.19 10 12 4.3Е-02 
2614.59 10 8 3.37Е-02 2704.58 8 8 1.66E-02 2771.56 6 4 1.9E-02 
2614.87 8 6 3.5E-02 2707.13 4 6 8.3E-01 2772.73 6 8 1.1E-03 
2617.62 6 6 4.88Е-01 2709.06 4 6 3.88Е-01 2774.69 2 4 2.73E-01 
2619.08 10 10 2.48E-01 2709.38 6 4 2.78Е-03 2775.34 6 6 1.5E-04 
2620.17 6 6 1.1E-01 2709.99 6 8 8.7E-03 2776.18 6 8 2.66E-02 
2620.41 4 4 4.30E-02 2711.84 12 14 4.36E-01 2776.91 8 8 4.08E-01 
2620.70 8 8 3.43E-01 2712.39 10 12 1.29E-01 2779.30 10 8 1.00E+00 
2621.67 2 2 5.60Е-01 271441 8 6 5.70Е-01 2779.91 2 4 2.56Е-01 
2623.13 14 14 8.8E-02 2716.22 6 6 115Е+00 2780.05 2 2 З.ЗЕ-01 
2623.72 6 6 1.92Е-01 271644 6 6 2.8E-02 2783.69 12 10 1.06Е+00 
2625.49 12 14 2.55Е+00 2716.57 14 12 1.35Е+00 2784.28 2 4 3.4E-02 
2625.67 8 10 3.52Е-01 2716.70 8 8 1.02E-03 2785.19 12; 10 1.53Е+00 
2626.50 4 6 3.48E-01 2717.88 16 14 1.51Е-00 2787.24 8 6 1.83E-01 
2626.70 8 8 1.94E-02 2718.64 10 8 1.18Е+00 2790.56 8 10 2.1Е-02 
2628.29 2 4 8.74Е-01 2719.30 6 8 4.44E-01 2793.89 10 12 1.26E-01 
2628.58 6 6 3.4E-02 2721.81 12 10 5.] E-02 2796.63 10 10 2.0E-01 
2629.59 6 8 7.2Е-01 2722.06 8 8 1.42Е-01 2797,92 10 10 3.2E-02 
2630.07 4 6 5.1Е-01 2722.74 6 8 8.2Е-01 2799.29 10 8 1.55Е-01 
2631.05 4 6 8.16E-01 2724.88 6 6 9.58Е-02 2799.72 10 10 5.0E-03 
2631.32 6 8 6.29E-01 2726.52 6 8 5.0E-02 2804.02 6 6 1.6E-02 
2631.61 10 12 6.6E-01 2727.38 12 10 3.12Е-01 2805.32 4 6 2.5E-02 
2633.20 6 4 1.21Е+00 2727.54 6 4 9.38Е-01 2805.79 8 8 3.22Е-02 
2636.70 4 4 8.8Е-02 2728.91 8 10 1.25E-01 2809.78 8 8 3.10Е-01 
2637.50 6 6 6.2Е-01 2730.73 4 4 2.79E-01 2811.27 12; 10 1.2bE-02 
2637.64 2 4 6.6E-01 2732.01 10 8 7.05E-02 2812.49 4 4 2.9E-02 
2639.57 2 2 8.0E-01 2732.45 10 10 9.8E-04 2813.61 8 10 3.40E-02 
2641.12 4 4 3.7E-02 2732.94 8 6 9.5E-01 2817.09 6 4 3.37E-01 
2642.01 6 6 2.29E-01 2736.49 2 4 1.5E-02 2819.34 12 12 9.7E-03 
2646.21 12 10 1.44E-02 2736.97 4 2 122 Е+00 2826.03 8 6 4.5E-02 
2649.47 6 8 1.98Е+00 2739.55 8 8 2.21Е-00 2827.43 12 14 2.4Е-02 
2650.48 6 8 1.60Е+00 2741.39 6 6 2.03E-01 2828.63 12 10 6.9E-02 
2651.30 12 12 4.0E-03 2743.20 2 4 1.97 Е+00 2831.56 4 6 7.6E-01 
2652.57 10 8 4.45E-02 2744.90 6 8 3.62E-02 2833.09 6 6 4.55E-01 
2654.63 4 4 8.1E-01 2746.48 4 6 2.05Е+00 2835.71 4 6 5.1Е-01 
2657.92 10 10 3.2Е-02 2746.98 6 6 1.69Е+00 2836.19 4, 4, 5.4E-02 
2658.25 8 8 2.12Е-01 2749.18 4 4 1.21Е+00 2836.51 2 4 9.8E-02 
2659.06 10 10 2.5E-03 2749.32 6 8 2.16E+00 2837.30 10 12 1.9E-02 
2662.56 2 2 1.33Е+00 2749.49 2 2 1.16E+00 2838.22 4 2 8.6E-01 
2664.66 8 10 1.91E+00 2750.01 10 10 1.8E-02 2839.51 10 8 1.47E+00 
2666.64 6 8 1.87 Е+00 2751.13 4 4 2.92E-01 2839.80 8 10 5.8E-01 
2667.22 4 6 1.02 Е+00 2752.15 4. 4 7.7E-01 2840.34 12 12 7.7Е-02 
2669.93 2 4 5.2Е-01 2753.29 10 12 1.89Е+00 2840.65 2 4 7.6E-01 
2670.38 6 8 6.0E-02 2754.89 8 6 1.21Е+00 2840.76 10 12 1.49Е-01 
2671.39 2 4 6.5E-01 2755.74 8 10 2.15Е-00 2841.36 10 10 4.3Е-03 
2680.23 6 8 1.10Е-01 2756.51 6 8 7.3E-02 2842.08 8 8 1.5E-02 
2682.51 8 10 9.2Е-01 2757.03 10 8 8.07Е-02 2843,32 10 10 1.40Е-02 
2683.00 4 6 7.ЗЕ-01 2759.33 8 8 2.7Е-04 2843.48 4 6 9.6Е-02 
2684.75 8 10 1.57 Е+00 2761.81 2 4 1.38E-01 2844.96 2 2; 5.5E-01 
2684.96 12 12 6.4E-03 2762.33 6 6 6.0E-01 2845.60 8 6 1.57Е-00 
2686.11 6 6 9.4Е-03 2762.45 6 4 3.3Е-02 2847.21 8 6 1.7E-04 
2686.39 6 4 1.6E-02 2763.66 14 12 1.34Е +00 2847.77 4 4 5.] E-01 
2691.74 10 8 5.04E-02 2763.91 8 6 2.9E-02 2848.11 6 6 9.9E-01 
2692.60 10 12 1.40E+00 2764.79 12 12 1.1E-02 2848.32 6 4 1.59E+00 
2692.83 8 6 1.64E-02 2765.13 10 8 1.47E+00 2848.91 12 10 5.3E-02 
2693.86 8 6 4.2E-02 2767.50 12 14 1.58Е-00 2849.61 10 12 4.6E-02 
2697.33 4 4 2.48E-01 2768.93 4 6 4.75E-02 2852.87 2 4 1.65E-02 
2697.46 4 2 1.65Е+00 2769.15 8 10 6.6Е-02 2853.21 6 6 2.3E-02 
2697.73 10 8 2.6E-02 2769.35 12 14 2.07E-01 2855.67 8 10 9.2E-02 


NIST Atomic Transition Probabilities 


À 
À 
2856.15 
2856.38 
2856.91 
2857.17 
2857.42 
2858.34 
2861.17 
2864.97 
2868.87 
2869.16 
2869.31 
2869.70 
2870.61 
2871.06 
2871.13 
2872.38 
2873.40 
2875.35 
2876.80 
2879.25 
2880.76 
2883.71 
2884.76 
2885.93 
2886.24 
2887.31 
2888.10 
2892.83 
2894.78 
2895.22 
2897.27 
2902.32 
2902.46 
2906.12 
2907.86 
2910.76 
2916.15 
2917.08 
2917.47 
2922.02 
2926.59 
2934.49 
2939.51 
2944.40 
2945.26 
2947.65 
2949.18 
2953.77 
2954.05 
2959.60 
2959.84 
2961.28 
2964.13 
2964.62 
2965.03 
2965.41 
2968.74 
2969.94. 
2970.52 
2970.69 


Weights 
8, 8, 
10 10 
6 8 
8 8 
6 8 
6 6 
10 12 
4 4 
8 8 
6 6 
8 10 
4 6 
8 6 
8 10 
10 12 
12 10 
10 8 
8 10 
8 10 
8 8 
10 8 
8 8 
12 14 
6 8 
14 12 
12 10 
6 4 
4 6 
4 6 
10 12 
8 10 
6 4 
6 8 
10 10 
2 4 
8 6 
8 8 
8 8 
6 8 
6 8 
8 10 
8 10 
8 10 
6 4 
4 2 
6 6 
6 4 
10 8 
6 8 
8 8 
8 6 
8 6 
4 2 
8 6 
2 2 
4 4 
6 4 
8 10 
8 6 
4 6 
10 8 


А 
10851 
5.0E-02 
4.42Е-01 
1.32 Е+00 
1.22Е-01 
2.0Е-02 
4.8БЕ-01 
1.7Е-03 
4.3E-02 
7.3E-03 
1.4E-02 
4.04E-01 
1.1E-02 
7.5E-03 
2.2Е-02 
3.0E-02 
1.70E-01 
4.56E-01 
1.35E-01 
9.56E-02 
3.6E-02 
2.21E-02 
1.48Е-01 
2.46Е-01 
3.8E-02 
6.9E-03 
1.9E-02 
6.1E-02 
1.8E-03 
5.7E-02 
1.09E-01 
1.8E-01 
8.81E-03 
3.2Е-02 
4.4Е-02 
1.3E-03 
1.5E-02 
4.8Е-04 
2.7Е-02 
1.4E-03 
3.8E-02 
5.]E-02 
5.6E-03 
4.0E-03 
3.5E-01 
5.6E-04 
2.01E-01 
2.45E-01 
5.2Е-02 
1.2Е-02 
9.7Е-02 
1.36Е-01 
8.9Е-03 
4.6Е-02 
6.5Е-02 
9.43Е-02 
1.1Е-02 
2.4Е-03 
2.28Е-01 
2.70E-02 
4.15E-02 


2975.94 
2978.85 
2979.35 
2980.96 
2982.06 
2984.82 
2985.54 
2997.30 
2998.85 
3000.06 
3002.32 
3002.65 
3004.26 
3020.01 
3021.42 
3036.96 
3044.84 
3048.99 
3056.80 
3062.24 
3065.32 
3070.69 
3071.12 
3076.44 
3077.17 
3078.68 
3089.38 
3096.29 
3101.89 
3105.17 
3105.55 
3106.57 
3114.30 
3114.69 
3116.58 
3129.01 
313172 
3133.05 
3135.36 
3144.75 
3146.75 
3154.20 
3155.95 
3162.80 
3163.09 
3166.67 
3167.86 
3170.34 
3177.53 
3179.50 
3180.15 
3183.11 
3185.32 
3186.74 
3187.30 
3192.07 
3192.91 
3193.80 
3193.86 
3196.07 


бо = ON 000 ON ۲م‎ СУ > O تم‎ 


ан 
S о у 


fo 0 O tS & бо N 0 0 0 O 


ны 


= = نم 
oo о‏ 


Bw څک‎ ны с 00 о DD с 


mm 
о 


ON со t2 ON о 


бо ON осо Со 4» с 0000. 


- 
^ 6 


Х 
А 
3210.44 
3211.08 
3213.31 
3227.74 
3231.71 
3232.78 
3237.40 
3237.82 
3241.69 
3243.72 
3247.17 
3247.39 
3255.89 
3257.36 
3258.77 
3259.05 
3266.94 
3267.04 
3268.51 
3269.77 
3273.49 
3276.60 
3277.35 
3279.64 
3281.29 
3285.41 
3289.35 
3295.23 
3295.82 
3297.88 
3302.86 
3303.46 
3304.43 
3313.99 
3323.06 
3325.01 
3360.11 
3366.97 
3381.01 
3388.14 
3395.33 
3398.36 
3416.02 
3425.57 
3436.11 
3442.22 
3453.62 
3456.92 
3463.96 
3464.50 
3468.68 
3475.74 
3487.99 
3493.47 
3494.67 
3495.62 
3499.88 
3503.47 
3507.40 
3508.20 


Weights 
8, 8, 
2 4 
6 8 
4 6 
6 8 
6 8 
8 6 
4 4 
2 4 
8 8 
10 8 
4 6 
8 8 
8 8 
8 6 
6 8 
8 10 
10 10 
8 10 
8 6 
10 8 
8 8 
6 8 
8 10 
10 10 
6 6 
4 2 
8 8 
6 8 
4 4 
6 4 
6 8 
2 2 
6 8 
2 4 
8 10 
8 8 
12 12 
8 6 
6 4 
8 10 
8 8 
14 14 
4 2 
6 8 
8 6 
8 6 
8 10 
8 6 
6 6 
10 8 
8 8 
6 8 
4 6 
10 10 
4 6 
10 8 
8 8 
2 2 
2 4 
2 4 


10-119 


A 

1058: 
3.63Е-02 
2.1Е-03 
6.12Е-02 
8.9Е-02 
1.4Е-02 
5.0Е-02 
1.8Е-02 
6.8Е-02 
1.9Е-03 
5.1Е-02 
7.] E-02 
6.0E-03 
2.78E-03 
1.5E-03 
9.39E-02 
6.7E-02 
4.5E-03 
2.0E-04 
6.8E-03 
5.2E-03 
8.5E-03 
1.0E-02 
3.31E-03 
5.8E-03 
2.31E-03 
4.5E-04 
2.1E-02 
3.6E-03 
2.04E-03 
1.0E-02 
2.78E-04 
6.5E-04 
2.0E-03 
1.4E-04 
1.4E-02 
3.35E-03 
2.1E-03 
2.2E-02 
3.0E-02 
3.8E-04 
3.66E-03 
2.5E-03 
2.6E-03 
2.1Е-04 
5.7Е-03 
3.2Е-03 
8.5Е-03 
7.1Е-03 
7.6Е-05 
2.2Е-03 
2.0E-02 
1.7E-04 
1.7E-04 
3.2Е-02 
7.] E-04 
2.62E-03 
4.29E-03 
2.6E-04 
4.1 E-04 
1.2E-04 


10-120 NIST Atomic Transition Probabilities 


Х _ Weights _ A À Weights A Х . Weights _ A 

À 8, 5, 1058: А 8, 8, 10887 А 5, 5, 1058: 
3614.88 8 8 4.2E-03 4833.20 12 10 4.6E-06 5965.62 10 10 2.19E-01 
3621.27 2 4 2.2E-02 4840.00 10 8 4.0E-06 5991.38 12 10 4.2E-05 
3624.89 2 2 2.4E-02 4893.82 8 6 2.5E-05 6084.11 10 8 3.0E-05 
3632.29 10 10 1.2bE-03 4923.93 6 4 4.28E-02 6113.32 8 6 1.7E-05 
3711.98 4 6 1.5E-03 4990.51 6 8 5.2Е-01 6129.70 10 10 3.2E-06 
3748.48 6 4 3.4E-02 4993.36 10 8 6.9E-05 6147.74 4 2 1.3Е-03 
3759.46 4 2 3.2Е-02 5000.74 2 4 1.8E-05 6149.26 2 2 1.3Е-03 
3814.12 4 6 4.9E-03 5001.96 12 14 1.57Е-00 6175.15 8 8 1.8Е-03 
3824.93 6 6 3.2Е-05 5018.44 6 6 2.0E-02 6179.38 8 6 4.6Е-04 
3827.08 6 8 2.5E-03 5030.63 10 10 7.1E-01 6238.39 4 4 7.5E-04 
3906.04 6 8 1.1Е-02 5035.71 10 12 9.4Е-01 6239.95 2 4 1.1E-04 
3914.50 6 4 4.6E-05 5100.66 10 8 2.0E-05 6247.56 6 4 1.6E-03 
3935.96 8 10 8.3E-03 5132.67 10 10 2.0E-05 6305.30 10 10 1.4Е-03 
3938.29 6 6 6.1E-05 5136.80 6 4 2.8E-05 6331.95 6 8 1.8E-03 
3938.97 4 6 8.4E-03 5144.35 4 6 8.5E-01 6369.46 6 4 1.40E-04 
3945.2] 4 4 3.9E-05 5149.47 8 10 9.0E-01 6383.72 6 6 1.1E-03 
3974.17 4 6 6.3E-05 5169.03 6 8 4.22Е-02 6416.92 6 6 3.6Е-04 
4024.55 6 6 2.5Е-03 5197.58 6 5.4Е-03 6432.68 6 6 8.5Е-05 
4075.95 6 4 1.6Е-05 5227.48 12 14 1.22Е+00 6446.41 8 10 1.3Е-03 
4087.28 6 4 3.0E-05 5234.62 8 6 2.5E-03 6456.38 8 6 1.7E-03 
4122.67 6 6 3.3E-04 5247.95 4 6 1.43E+00 6516.08 6 8 8.3E-05 
4124.79 6 8 3.4E-05 5251.23 6 8 8.0E-01 7222.39 4 2 2.5E-04 
4128.75 6 4 2.6Е-04 5262.48 4 6 8.0Е-07 7224.49 2 2 2.8E-04 
4173.46 6 6 4.43E-03 5264.18 8 10 4.76E-01 7301.56 6 6 2.1E-05 
4178.86 6 8 1.72E-03 5264.81 6 4 3.52E-04 7320.65 6 4 1.4Е-04 
4180.98 4 4 2.2Е-04 5272.40 6 6 3.9E-03 7449.33 4 6 1.68E-04 
4233.17 6 8 7.22Е-03 5276.00 10 8 3.76Е-03 7462.41 6 6 2.7Е-04 
4258.15 4 4 З.1Е-04 5284.11 6 8 1.9Е-04 7479.69 6 8 3.5Е-05 
4273.33 4. 2 9.1Е-04 5306.18 6 8 3.28Е-01 7515.83 8 6 8.1Е-05 
4296.57 4. 6 7.0Е-04 5316.22 14 14 3.69E-01 7711.72 8 8 4.94E-04 
4303.18 4 4 2.20E-03 5316.62 12 10 3.89E-03 ЕШ 
4351.77 4 6 4.86E-03 5316.78 8 6 6.БЕ-04 1843.4 9 5 4.8E400 
4369.41 2 4 2.3Е-04 5325.55 8 8 8.0Е-04 1844,3 7 5 4.9E400 
4384.32 12 10 7.2E-05 5387.06 12 14 5.2E-01 1846.9 5 3 5.5Е400 
4385.39 2 2 4.БЕ-03 5395.86 6 8 5.5E-01 1854.38 3 1 5.7Е+00 
4413.60 10 10 2.2Е-05 5402.06 10 12 5.6Е-01 1865.20 7 5 6.1E«00 
4416.83 2 4 2.1Е-03 5414.07 8 8 9.4Е-05 1893.98 11 9 5.5E+00 
4472.93 6 4 2.5E-04 5425.26 10 10 9.2E-05 1896.80 13 11 5.0E+00 
4489.18 8 6 5.9E-04 5427.83 12 10 5.9E-03 1904.3 5 5 5.7400 
4491.41 4 4 1.89E-03 5429.99 8 10 6.0E-01 1907.58 15 13 5 ЗЕ+00 
4508.29 4. 2 7.3E-03 5465.93 6 8 6.2E-01 1915.08 13 15 6.0E+00 
4515.34 6 6 2.37E-03 5482.31 10 12 4.78Е-01 1922.79 11 13 5.5E+00 
4520.22 10 8 9.8E-04 5493.83 8 10 4.01E-01 1930.39 9 11 5.1E+00 
4522.63 6 4 8.4E-03 5506.19 12 14 1.14E+00 1931.51 9 11 Б.ЗЕ+00 
4534.17 4 6 2.3Е-04 5510.78 10 12 2.28Е-01 1937.35 7 9 5.1E+00 
4541.52 4 4 8.6E-04 5525.12 10 8 3.17E-05 1943.48 5 7 5.0E +400 
4549.19 4 6 9.2E-03 5529.05 6 6 2.01E-01 1950.33 13 15 5.5Е+00 
4549.47 8 6 1.00E-02 5534.85 12 10 3.0Е-04 1951.01 11 11 5.3E+00 
4555.89 8 8 2.26E-03 5544.76 12 12 2.49E-01 1952.65 9 9 4.9Е-00 
4576.34 6 6 6.4Е-04 5607.14 6 8 4.63E-05 1953.32 7 7 5.1E+00 
4582.84 6 8 3.44E-04 5627.50 8 2.93E-05 1987.50 13 13 4.9Е+00 
4583.84 10 8 7.22Е-03 5725.96 6 6 5.1Е-06 
4620.52 8 8 2.53Е-04 5783.63 8 10 4.62Е-01 Fe УП 
4629.34 10 10 1.72Е-03 5813.68 6 4 8.8Е-04 150.807 5 7 13Е-03 
4635.32 6 8 1.0Е-02 5823.15 8 10 2.0Е-04 150.852 7 9 1.3Е+03 
4656.98 6 6 1.37Е-04 5824.41 6 6 8.3Е-07 151.023 9 11 1.6Е+03 
4666.76 8 10 1.3E-04 5885.01 4 6 6.4E-01 151.046 7 7 2.2E402 
4670.18 6 8 3.2Е-05 5902.83 8 10 4.98Е-01 151.145 9 9 2.1Е+02 
4720.15 4. 6 7.5E-06 5955.70 6 8 4.19E-01 151.432 5 7 2.2Е-02 
4731.45 6 8 2.8Е-04 5961.71 10 12 7.4E-01 151.512 5 5 5.3E+02 


NIST Atomic Transition Probabilities 


Х 
А 
151.675 
151.782 
154.307 
154.335 
154.363 
154.565 
154.650 
154.848 
154.921 
154.941 
154.949 
155.994 
158.481 
165.087 
165.919 
166.365 
173.441 
176.744 
176.928 
177.172 
235.221 
240.053 
243.379 


Fe VIII 
112.472 
112.486 
116.196 
117.197 
167.486 
168.172 
168.545 
168.929 
185.213 
186.601 


Fe X 
76.822 
77.865 
100.026 
101.733 
101.846 
102.095 
102.192 
102.829 
103.319 
103.724 
104.638 
174.534 
175.266 


Fe XI 
72.166 
72.310 
72.635 
91.394 
91.472 
91.63 
91.63 
91.63 
91.733 


Weights 
8, 8, 
7 7 
9 9 
3 1 
5 7 
3 3 
5 3 
5 5 
1 3 
3 5 
3 3 
5 7 
9 11 
9 9 
1 3 
7 5 
9 7 
9 9 
9 9 
7 7 
5 5 
5 3 
3 1 
9 7 
4 4 
6 6 
4 6 
6 8 
4 4 
6 6 
6 4 
4 2 
6 8 
4 6 
2 2 
4 6 
8 10 
6 8 
4 6 
10 12 
10 12 
4 6 
6 8 
6 8 
8 10 
4 6 
2 4 
5 7 
5 5 
5 7 
5 7 
7 9 
3 5 
7 9 
5 7 
9 11 


А 

10887! 
3.9E+02 
2.4Е-02 
8.9Е-02 
1.2Е-03 
4.2Е-02 
3.5Е-02 
8.8Е-02 
7.7Е-02 
9.7Е-02 
2.4Е-02 
1.0Е-03 
1.8Е-03 
2.3Е-02 
6.9Е-02 
2.8Е-03 
2.9Е-03 
3.6Е-03 
2.7Е-03 
2.4Е-03 
1.5Е-03 
1.7Е-02 
1.3Е-02 
2.1Е-02 


3.6Е+02 
4.3Е+02 
4.5Е+02 
3.8Е+02 
3.0E+03 
3.1E+03 
2.0E+03 
2.1E+03 
1.0E+03 
9.4E+02 


1.8E+03 
1.6E+03 
2.6E+03 
1.8E+03 
1.7E+03 
2.9E+03 
2.9E+03 
2.1E+03 
2.6E+03 
1.7E+03 
2.1E+03 
1.8E+03 
1.72E+03 


2.9E+03 
1.5E+03 
1.6E+03 
2.6E+03 
2.5E+03 
2.3E+03 
3.4E+03 
2.8E+03 
4.1Е+03 


А 

А 
92.81 
92.87 


93.433 
179.762 


Fe XII 
65.905 
66.526 
66.960 
67.164 
67.821 
68.382 
80.541 
81.943 
82.226 
84.48 
84.48 
84.52 
84.52 
84.85 
85.14 
85.477 
186.880 
192.394 
193.509 
195.119 


Fe XIII 
62.353 
62.46 
62.699 
63.188 
64.139 
74.845 
75.892 
76.117 
78.452 
84.270 
107.384 


Fe XIV 
58.963 
59.579 
69.176 
69.386 
69.66 
69.66 
70.251 
70.613 
72.80 
76.022 
76.152 
91.009 
91.273 
188 
190 
207 
211.316 
213 
214 
216 
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со ۷م‎ н> ۲۷م‎ бо СУ 2 вс о 


А 
10887 
3.7Е-03 
3.9Е-03 


3.2E+03 
1.67E+03 


2.0E+03 
1.7E+03 
1.6E+03 
1.1E+03 
14Е-03 
1.7E+03 
8.7E+02 
14Е-03 
1.9E+03 
4.5Е-03 
4.9Е-03 
5.2Е-03 
4.0E+03 
2.3Е-03 
3.4E+03 
4.6E+03 
1.0E+03 
9.0E+02 
9.1E+02 
8.6E+02 


2.0E+03 
1.2E+03 
2.3E+03 
3.9E+03 
2.1E+03 
1.0E+03 
7.7E+02 
2.1E+03 
6.3E+03 
5.5Е-03 
1.8Е-03 


2.7E+03 
3.1E+03 
5.6E+02 
7.6E+02 
8.9E+02 
1.3E+03 
8.1E+02 
1.7E+03 
7.9E+03 
6.6E+03 
7.0E+03 
5.1E+02 
5.6E+02 
2.7E+02 
2.8E+02 
2.1Е-02 
3.6Е+02 
2.8Е-02 
4.0Е--02 
1.7E+02 


217 

217 

219 

219 
219.123 
220 

221 

226 

234 
264.787 
265 

266 

268 

268 
270.524 
274.203 
280 

283 
288.45 


FeXV 
38.95 
52.911 
59.404 
63.959 
65.370 
65.612 
66.238 
68.860 
69.7 
69.942 
69.989 
70.052 
70.224 
70.53 
70.59 
73.199 
73.473 
233.857 
235 

243 

243 
243.790 
248 
284.160 


Fe XVI 
31.041 
31.242 
32.166 
32.192 
32.433 
32.652 
34.857 
35.106 
35.333 
35.368 
36.01 

36.749 
36.803 
37.096 


Weights 
8, 8, 
6 8 
6 6 
2 4 
4 6 
4 6 
4 4 
4 6 
2 4 
2 2 
4 4 
4 4 
6 4 
6 6 
4 2 
4 2 
2 2 
4 6 
6 8 
6 4 
1 3 
1 3 
3 5 
5 7 
1 3 
3 3 
5 3 
9 11 
3 1 
3 5 
5 7 
7 9 
1 3 
7 5 
7 7 
7 9 
5 7 
5 7 
1 3 
1 3 
5 7 
3 5 
3 1 
1 3 
2 4 
4 6 
2 4 
2 2 
2 4 
4 6 
2 4 
4 6 
4 6 
6 8 
4 2 
2 4 
2 2 
4 6 


10-121 


A 

105 s! 
4.0E+02 
2.6Е+02 
4.8E+02 
2.4Е+02 
3.9Е-02 
3.2Е-02 
5.9E+02 
3.9E+02 
2.8Е-02 
3.38Е-02 
1.5Е-02 
1.7Е-02 
2.1Е-02 
3.3Е-02 
2.1Е-02 
1.8Е-02 
2.8Е-02 
2.7Е-02 
1.6Е-02 


1.69Е-03 
2.94Е-03 
3.4E+03 
1.6E+03 
3.2E+02 
9.8Е-02 
1.6Е-03 
9.2Е-03 
1.9E+03 
7.4E+03 
7.9E+03 
8.8E+03 
4.13Е-03 
2.6Е-02 
1.7E+03 
8.8E+03 
6.2E+03 
2.2E+02 
2.5E+02 
2.4E+02 
2.3E+02 
4.2Е+02 
5.4E+02 
2.28E+02 


5.2E+02 
6.1E+02 
6.8E+02 
6.7E+02 
7.7Е+02 
9.1Е-02 
1.23Е+03 
1.44Е+03 
6.4E+02 
6.8E+02 
5.0E+02 
1.1E+03 
1.2E+03 
1.0E+03 


10-122 NIST Atomic Transition Probabilities 


À " Weights _ A À Weights A À " Weights _ A 

À 8, 8, 1058: А 8, 8, 10887 А 8, 8, 1058: 
37.138 6 8 1.07Е-03 13.68 3 1 8.0Е--04 8.65 5 7 3.9E+04 
39.827 2 4 2.1E+03 13.69 5 7 2.3Е+04 8.66 5 5 4.4Е +03 
40.153 4 6 2.5E403 13.700 1 3 2.7E+05 8.74 1 3 2.5Е+04 
40.161 4 4 4.1E+02 13.71 5 5 2.2Е+04 9.42 3 1 4.3Е-04. 
40.199 4 6 1.7Е+03 13.738 5 7 1.0Е+04 9.42 3 3 З.ЗЕ+04 
40.245 6 8 1.8E+03 13.796 5 7 7.ОЕ+04 9.44 3 5 1.7Е+04 
41.91 2 2 4.72 Е+02 13.83 5 5 1.4E+04 9.45 1 3 5.2E+04 
42.30 4 2 9.2E+02 13.934 1 3 4.51Е+04 9.46 5 E 1.5E+04 
46.661 4 6 3.46E+03 13.961 3 3 2.0Е--04 9.47 5 7 4.9Е-04 
46.718 6 8 3.7Е-03 14.668 5 7 11Е-04 9.47 5 5 6.1Е-03 
50.350 2 4 1.86Е-03 14.671 5 3 11Е-04 9.52 3 3 8.1Е-03 
50.555 2 2 1.98Е-03 14.929 3 3 1.2E+04 9.58 5 5 5.2Е+03 
54.142 2 4 3.41E+03 14.966 5 3 2.5Е+04 9.59 5 5 1.0E+04 
54.728 4 6 4.16E+03 14.995 5 5 2.2Е+04 9.67 1 3 5.7E+04 
54.769 4 4 6.97E+02 15.015 1 3 1.4E+04 9.68 5 Z 4.0E+03 
62.879 2 2 1.05E+03 16.668 3 1 1.1E+04 9.74 5 3 5.3E+03 
63.719 4 2 2.18E+03 Fe XX 12.02 1 3 1.3E+04 
66.263 4 6 9.39E+03 12.67 6 6 1.0Е+04 12.13 3 3 1.8E+04 
66.368 6 8 1.00E+04 12.69 4 ë 12Е+04 12.18 5 7 2.2Е+04 
66.392 6 6 6.69E+02 12.73 4 2 4.0E«.04 12.19 5 3 6.4E+03 
76.502 6 4 6.7E+02 12.77 4 4 2.1E«05 1221 3 1 1.5Е+05 
76.796 4 2 7.72Е+02 12.78 4 2 وې‎ +04 12.21 3 3 1.2E+05 
80.192 4 6 5.2Е-02 12.78 2 4 14Е+05 12,25 1 3 2.1Е+05 
80.270 6 8 5.4E+02 12.79 6 4 17Е+04 12.28 5 3 5.2Е+04 
85.587 2 4 4.0E+02 12.82 4 4 1 12+05 12.30 5 7 2.1E+05 
86.133 4 6 4.8Е-02 12.88 6 4 2.7E«04 12.36 3 3 3.6Е-04 
96.256 4 6 8.7E+02 12.89 4 4 4.4E+04 12.37 5 7 3.1Е+05 
96.348 6 8 9.ЗЕ+02 12.90 4 2 62E«03 12.38 5 3 6.9Е-03 
117.2 2 4 3.93E+02 12.90 4 6 14Е+05 1247 5 7 5.8E+04 
117.7 2 2 3.9E+02 12.92 2 4 17Е+04 1247 5 3 1.3E+04 
123.4 2 4 5.9E+02 12.93 4 6 1.6E+05 12.49 5 7 1.3E+04 
124.5 4 6 7.0E+02 12.93 2 2 12Е+04 12.53 5 5 1.5E+04 
144.06 4 6 1.6Е+03 12.98 2 2 67Е+04 12.57 1 3 7.2Е-04 
144.25 6 8 1.6Е+03 12.99 6 6 51Е404 12.73 5 5 8.2Е-03 
148 4 2 6.5Е+02 13.00 6 4 11Е+04 12.95 3 5 6.2Е-03 
266.7 4 6 3.9E+02 13.01 2 4 3.0E+04 13.00 1 3 7.2Е-03 
267.0 6 8 4.3Е+02 13.03 4 2 8.6E+04 13.03 5 5 1.3E+04 
Fe XVII 13.07 6 4 8.2Е-03 мн й : ық 
11.023 1 3 2.1E+04 13.13 2 4 8.9Е+04 1341 1 ? а 
12.123 1 3 8.0 Е+04 13.24 4 4 1.2E+04 Fe XXII 
12.264 1 3 5.9Е+04 13.28 4 4 6.1E+03 9.002 4 6 5.5E+04 
12.526 1 3 3.0E+03 13.70 4 6 1.1E+04 9.006 6 8 5.7E+04 
12.681 1 3 3.5Е-03 13.71 2 2 9.9Е-03 9.006 6 6 5.3E+04 
13.823 1 3 3.3E+04 13.78 4 4 1.0E+04 9.163 4 6 6.9Е--04 
13.891 1 3 3.4E+03 13.79 6 6 1.2E+04 9.183 6 8 8.3E+04 
15.015 1 3 2.28Е+05 13.83 4 2 9.8E+03 9.241 4 6 5.1E+04 
15.262 1 3 6.0E+04 13.90 4 2 1.2E+04 11.748 4 4 1.2E+05 
16.777 1 3 8.29Е+03 13.98 6 4 1.6E+04 11.748 4 6 1.6E+05 
17.054 1 3 9.33E+03 13.99 4 2 2.2Е+04. 11.748 4 2 1.8Е+05 
41.37 9 11 4.8Е-03 14.05 4 4 1.7E+04 11.763 2 4 1.6E+05 
49.427 3 3 4.0Е+03 14.23 2 2 6.3E+03 11.789 2 2 2.6E+05 
50.26 7 9 6.0E+03 Fe XXI 11.789 6 8 1.2Е+05 
58.76 9 11 1.2Е-04 8.53 3 1 L8E+04 11.797 2 4 1.7Е+05 
Fe XIX 8.53 3 5 6.1 E403 11823 6 8 ТӨВӨӨ 
13.413 5 3 1.3Е+04 8.53 3 3 1.5E+04 707 ° Š жылдың 
13.426 5 7 4.8Е+04 8.56 5 7 2.0Е+04. ee? 6 ° ره‎ 
13.47 3 1 1.5Е+05 8.56 1. 3 2.1Е+04. 11886 : 9 وه‎ 
13.520 5 7 2.0Е--05 8.56 5 3 6.5E+03 ПС" : B PUES 
13.56 3 5 1.0Е+04 8.64 5 7 1.5E+04 11222 4 6 LSE105 


NIST Atomic Transition Probabilities 


À 

À 
11.976 
12.027 
12.045 
12.045 
12.053 
12.077 
12.077 
12.095 
12.193 
12.195 
12.325 


Fe XXIII 
7.733 
7.849 
8.307 
8.529 
8.550 
8.552 
8.614 
8.664. 
8.669 
8.672 
8.752 
8.764. 
8.814 
10.902 
10.910 
10.927 
10.934 
10.979 
11.018 
11.086 
11.165 
11.255 
11.298 
11.325 
11.338 
11.429 
11.433 
11.441 
11.445 
11.485 
11.491 
11.519 
11.520 
11.524 
11.593 
11.613 
11.615 
11.691 
11.698 
11.737 
11.898 


Fe XXIV 
1.8523 
1.8552 
1.8563 
1.8572 
1.858 


Weights 

5, & 
6 8 
2 4 
6 8 
4 4 
4 6 
2 4 
4 6 
6 6 
2 4 
4 6 
2 2 
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10% s~! 
5.9E+04 
6.9E+04 
2.4E+05 
9.7E+04 
6.1E+04 
1.0E+05 
2.4E+05 
7.8E+04 
7.2E+04 
9.9E+04 
1.5E+05 


3.0E+04 
4.9Е-04 
4.8Е-04 
4.3Е+04 
6.0 Е+04 
3.2E+04 
7.7Е+04 
4.4E+04 
6.1E+04 
6.8E+04 
1.2E+05 
4.6E+04 
6.2E+04 
5.3Е+04 
6.7E+04 
6.0Е--04 
5.4Е+04 
7.9E+04 
4.9Е+04 
6.5Е+04 
6.7E+04 
3.7E+04 
1.3E+05 
1.7E+05 
9.3Е-04 
1.7Е+05 
1.2Е+05 
2.2Е+05 
5.6Е+04 
1.40Е-05 
5.9Е+04 
1.16Е+05 
2.16Е+05 
2.3Е-05 
3.58Е-05 
1.0Е-05 
4.4Е-04 
7.7E+04 
7.3E+04 
1.8E+05 
2.03E+05 


1.0E+05 
4.82Е+06 
2.43Е+06 
3.06Е--06 

1.2Е+05 


1.8614 
1.8626 
1.8627 
1.8637 
1.8655 
1.8672 
1.8678 
1.8721 
1.8721 
1.8730 
1.8739 
1.891 

1.897 

8.231 

8.316 

10.619 
10.663 
11.030 
11.171 


FeXXV 
1.4607 
1.4945 
1.5730 
1.5749 
1.778 
1.782 
1.787 
1.787 
1.788 
1.788 
1.789 
1.790 
1.791 
1.791 
1.792 
1.792 
1.793 
1.794 
1.797 
1.798 
1.800 
1.802 
1.810 
1.8502 
1.8593 
10.038 


Krypton 


KrI 

1164.9 
1235.8 
4274.0 
4351.4 
4362.6 
4376.1 
4400.0 
4410.4 
4425.2 
4453.9 
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л о о (л к оо = (л то 


А 
10887 
6.24Е-06 
3.16Е-06 
5.47Е-06 
1.91Е-06 
2.14Е-06 
1.63Е-06 
3.5Е-05 
3.2Е-05 
2.0Е+05 
1.5Е+05 
8.3Е-04 
9.7Е-04 
9.8Е-04 
6.10Е+04 
7.07Е+04 
7.28Е+04 
7.51Е+04 
1.84Е+05 
2.18Е+05 


2.54Е+05 
5.05Е+05 
1.24Е +06 
1.5Е+05 
8.7Е +04. 
4.69Е+06 
2.57E+06 
1.19E+06 
2.68E+06 
1.63E+06 
1.78E+06 
1.23E+06 
4.10Е+06 
2.59Е+06 
4.92Е-06 
2.81Е-06 
2.67Е-06 
2.22Е-06 
8.8Е-05 
1.0Е-05 
8.6Е+04. 
4.1Е+05 
5.9Е+05 
4.57Е-06 
4.42Е-05 
8.08Е-04 


3.16Е+00 

3.12Е+00 
2.6Е-02 
3.2Е-02 
8.4Е-03 
5.6Е-02 
2.0E-02 
4.4Е-03 
9.7Е-03 
7.8E-03 


Weights 
8, 8, 
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10-123 


А 

10887 
2.3E-02 
9.2E-03 
2.8E-03 
2.1Е-02 
3.7Е-03 
1.8Е-02 
1.3Е-02 
1.4Е-02 
5.1Е-01 
3.1Е-01 
4.9Е-01 
5.6Е-02 
2.3Е-01 
1.9Е-01 
1.3Е-01 
3.6Е-01 
1.1Е-01 
3.5Е-01 
1.9Е-01 
3.2Е-01 
2.4E-01 
2.7E-01 
3.7E-01 


1.2E-01 
9.6E-01 
1.0Е+00 
1.8Е+00 
6.6Е-01 
9.6Е-01 
7.6Е-01 
5.4Е-01 
8.1Е-01 
7.1Е-01 
6.5Е-01 
7.6Е-01 
4.2Е-01 
6.7Е-01 
1.7Е-01 
1.9Е-01 
7.ЗЕ-01 
1.4Е-01 
2.4E-02 
7.0E-02 


5.2E-02 
1.2E-01 
1.5E+00 
1.9E-01 
2.5E-01 
2.8E-01 
5.0E-01 
2.7Е-01 
1.9E+00 
3.1E-02 
9.8E-04 
7.1E-01 


10-124 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 
À 8, 8, 10851 А 8, 8, 10851 А 8, 8, 10° s~! 
2802.0 5 7 1.6Е+00 *3104.8 10 14 8.1E-01 1639.8 3 5 2.1E+00 
2823.2 5 5 2.6E-01 3848.2 6 4 2.8E-02 2814.2 1 3 3.35E-01 
2833.1 1 3 5.8E-01 3848.3 4 4 3.0E-03 Мұх 
2873.3 5 5 3.7E-01 38504 4 2 3.0E-02 НЕ 4 1 ован 
3572.7 5 3 9.9E-01 44812 10 14 2.23Е+00 57:930 5 5 S бӨЕТОЗ 
3639.6 3 3 3.4E-01 9218.3 2 4 3.6Е-01 ЄЗ ТД? 5 ў арена 
3671.5 5 3 4.4E-01 9244.3 2 2 3.6E-01 63395 1 2 хумин 
36835 3 : шавиа Mg IV 609.79 2 4 7.53E+00 
373919 5 ? Чонын 320.99 4 2 1.2E+02 624.94 2 2 7.01E«00 
о 3 7 کرس‎ 323.31 2 2 5.9Е+01 2212.5 2 4 9.64E-01 
40578 > ? oe 1219.0 6 6 5.9E+00 2278.7 2 2 8.82Е-01 
“0621 5 5 Missis 1375.5 4 4 4.5Е+00 5918.7 2 4 3.20E-02 
11680 ° 3 ووه‎ 1459.6 6 4 4.6Е+00 6229.6 4 6 3.30E-02 
s н : 2. 1495.5 4 6 6.4Е+00 Мех 
ў i 1510.7 4 4 6.7E+00 
7229.0 5 3 8.9E-03 7.310 1 3 1.15Е+04 
ш 1683.0 6 8 5.8E+00 ға i 3 ОБИ 
Lithium 1698.8 4 6 3.9Е+00 = 950 1 3 S EUER 
Lil 18399 ° 8 ZR 9.169 1 3 1.97E+05 
*2741.2 2 6 1.3E-02 Mg VI 
1 1 Manganese 
*32227 2 6 1.17E-02 #269.92 10 6 3.1E«02 
*46029 6 10 2.23E-01 *29253 6 6 9.0E+01 Мп1 
*6103.6 6 10 6.860E-01 #314.64 6 2 1.8E+02 279482 6 8 3.7E+00 
67078 2 6 3.691E-01 #349.15 10 10 6.1E«01 2798.27 6 6 3.6Е+00 
А 387.94 6 10 1.3E+01 2801.08 6 4 3.7E+00 
MEHR 39929 4 2 2.8E«01 3007.65 6 8 1.8Е-01 
Lul 400.68 4 4 2.8E+01 301138 8 10 3.1E-01 
3376.5 4 4 2.23E+00 403.32 4 6 2.7E+01 301645 10 12 2.9E-01 
3567.8 4 6 5.9Е-01 304336 8 8 5.9E-01 
3620.3 6 4 1.1E-02 Mg VI 3044.57 10 8 5.7Е-01 
3841.2 6 6 2.5Е-01 2 O й a ЭЕ 3045.59 10 10 6.7Е-01 
4518.6 4 4 2.1E-01 -- 5 : 1.5 3045.80 8 10 1.7E-01 
Magnesium 319.02 5 5 8.9E+01 2047079 E. pibe 
й 305436 8 6 4.6Е-01 
MgI оо ? وه‎ 307027 6 6 1.9Е-01 
2025.8 1 3 8.4Е-01 вы 02 18 1.6E+01 307318 4 4 3.7E-01 
527798 9 9 5.2Е+00 ja ړز‎ 2 сны 308271 14 1 2.9Е-01 
828500 9 15 2.ЗЕ-01 14100 — 9 BATES 311068 6 8 2.7E-01 
2852.1 1 3 4.95Е+00 14870 2 9 и 3113.80 12 10 2.6Е-01 
3094.9 9 15 5.2Е-01 14872 5 d ыы 311810 4 6 1.7Е-01 
3329.9 1 3 3.3E-02 Mg VIII 3122.88 10 10 1.9E-01 
3332.2 3 3 9.7E-02 "74976 6 10 4.3E403 312685 8 6 2.3E-01 
3336.7 5 3 1.6E-01 315.02 4 4 1.2E+02 3132.28 10 10 2.1E-01 
*38353 9 15 1.68E+00 *342.29 10 6 6.3E+01 313279 8 8 2.7E-01 
4703.0 3 5 2.55E-01 353.86 4 4 3.89E+01 317558 8 10 1.8E-01 
5167.3 1 3 1.16E-01 356.00 6 4 5.7Е+01 3201.11 4 6 2.2Е-01 
5172.7 3 3 3.46E-01 *428.52 10 10 3.24Е-01 3228.09 10 12 6.4Е-01 
5183.6 5 3 5.75E-01 *434.60 6 10 1.6Е+01 323023 10 12 1.9E-01 
5528.4 3 5 1.99E-01 *489.33 6 6 3.9E+01 323072 8 8 3.5E-01 
меп *68692 6 10 9.4Е+00 3240.88 6 4 2.2Е-01 
1239.9 2 4 1.4Е-02 Mg IX "eH VB ° ве 
12404 2 2 1.4E-02 62751 1 3 2.87E+03 е. еи 
*26608 10 14 3.8E-01 867189 9 15 6.20E+03 پوس‎ ы 04 шэн 
2790.8 2 4 4.0E+00 "71960 9 3 1.22E+03 2. 5 21. 
2795.5 2 4 2.6Е+00 72.312 3 5 4.43E403 ЕБ а ни 
27979 4 4 7.9Е-01 77737 3 1 3.92Е+02 ae e : 2 
2798.1 4 6 4.8Е+00 368.07 1 3 5.27E+01 о’ 1 مده‎ 
2802.7 2 2 2.6Е+00 438.69 3 1 7.9E+01 3268/2 6 5 3.3F-01 
засал 5 5 еры Maium (26 9 dog ai 327035 12 12 2.6E-01 
2936.5 4 2 2.ЗЕ+00 749.55 3 5 8.2Е+00 ӨВЛИЙН M 10 e 


NIST Atomic Transition Probabilities 


3298.23 
3303.28 
3463.66 
3470.01 
3511.83 
3535.30 
3559.81 
3577.87 
3595.11 
3601.27 
3607.53 
3608.49 
3610.30 
3635.70 
3660.40 
3675.67 
3676.96 
3680.15 
3682.09 
3684.87 
3706.08 
3718.92 
3731.94 
3771.44 
3773.86 
3800.55 
3806.72 
3823.51 
3823.89 
3833.87 
3834.37 
3839.78 
3841.07 
3843.99 
3889.46 
3898.37 
3899.34 
3924.08 
3926.48 
3951.98 
3952.84 
3975.88 
3982.16 
3982.58 
3982.90 
3991.60 
4011.91 
4018.11 
4030.76 
4033.07 
4034.49 
4041.36 
4048.75 
4052.48 
4055.55 
4058.94 
4061.74 
4063.53 
4065.08 
4066.24 


Weights 
5, & 
6 4 
4 4 
8 8 
6 8 
12 12 
10 10 
6 6 
10 8 
6 4 
12 10 
8 8 
6 6 
4 4 
10 8 
12 14 
6 8 
10 12 
12 10 
8 10 
6 8 
12 14 
10 12 
8 10 
14 14 
12 12 
6 8 
10 12 
8 10 
6 6 
4 4 
6 8 
2 2 
4 6 
2 4 
12 14 
6 8 
4 6 
2 4 
6 8 
2 2 
6 6 
2 4 
4 2 
6 4 
6 4 
2 2 
8 8 
10 8 
6 8 
6 6 
6 4 
10 10 
6 4 
6 8 
8 8 
4 2 
8 6 
6 6 
12 14 
10 8 


А 

10% s~! 
2.8E-01 
1.9E-01 
3.2E-01 
2.4E-01 
2.7E-01 
1.7E-01 
2ЛЕ-01 
9.4Е-01 
1.8Е-01 
2.3E-01 
2.3E-01 
3.6E-01 
4.2Е-01 
2.1Е-01 
9.1Е-01 
2.2Е-01 
7.3Е-01 
1.9Е-01 
7.6Е-01 
2.6Е-01 
1.4Е-00 
9.6Е-01 
1.0E+00 
1.9E-01 
2.5E-01 
2.7E-01 
5.9E-01 
5.21E-01 
2.31Е-01 
3.14E-01 
4.29E-01 
4.64Е-01 
3.3E-01 
2.11E-01 
3.1Е-01 
1.7Е-01 
2.4E-01 
9.4E-01 
5.4E-01 
3.1Е-01 
&ЛЕ-01 
1.8Е-01 
3.5E-01 
2.3E-01 
5.5E-01 
2.1E-01 
2.3E-01 
2.54E-01 
1.7E-01 
1.65E-01 
1.58bE-01 
7.87E-01 
7.5E-01 
3.8Е-01 
4.31E-01 
7.25E-01 
1.9E-01 
1.69E-01 
2.5E-01 
2.2Е-01 


4070.28 
4079.42 
4082.95 
4083.63 
4089.94 
4105.37 
4135.03 
4141.06 
4148.80 
4176.61 
4189.99 
4201.78 
4235.30 
4239.74 
4257.67 
4265.93 
4281.10 
4411.87 
4414.89 
4419.77 
4436.36 
4451.58 
4453.01 
4455.82 
4457.04 
4457.55 
4458.26 
4461.09 
4462.03 
4464.68 
4470.14 
4472.79 
4479.40 
4490.08 
4498.90 
4502.22 
4605.37 
4626.54 
4709.71 
4727.46 
4739.11 
4754.05 
4761.53 
4762.38 
4765.86 
4766.43 
4783.43 
4823.53 
6013.48 
6021.79 


Mn H 

2593,72 
2605.68 
2933.05 
2939,31 
2949.20 
3441.99 
3460.32 
3474.13 
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А 
10887 
2.ЗЕ-01 
3.8E-01 
2.95E-01 
2.8E-01 
1.7E-01 
1.7E-01 
3.0E-01 
2.6E-01 
2.3E-01 
2.4E-01 
2.0E-01 
2.3E-01 
9.17E-01 
3.9E-01 
3.7E-01 
4.92E-01 
2.3E-01 
2.6E-01 
2.93E-01 
2.1Е-01 
4.37E-01 
7.98E-01 
5.44E-01 
1.7E-01 
2.34E-01 
4.27E-01 
4.62E-01 
1.7E-01 
7.00E-01 
4.39E-01 
3.00E-01 
4.35E-01 
3.4E-01 
2.49E-01 
2.49E-01 
1.86E-01 
3.6E-01 
3.6E-01 
1.72Е-01 
17Е-01 
2.40Е-01 
3.03E-01 
5.35E-01 
7.83E-01 
4.1E-01 
4.6E-01 
4.01E-01 
4.99E-01 
1.72Е-01 
3.32E-01 


2.6E+00 
2.7E+00 
2.0E+00 
1.9E+00 
1.9E+00 
4.3E-01 
3.2Е-01 
1.5Е-01 


А 

А 
3482.90 
3488.68 


Mn VI 

307.999 
309.440 
309.579 
310.058 
310.182 
311.748 
320.598 
320.681 
320.874 
320,979 
321.176 
321.541 
325.146 
328.431 
328.558 
329.043 
1236.23 
1255,77 
1285.10 
1333.87 


Mercury 


Не1 
2536.52 
2652.04 
2655.13 
2752.78 
2856.94 
2893.60 
2925.4 
2967.3 
3021.50 
3023.48 
3027.49 
3125.66 
3341.48 
3650.15 
3654.83 
4046.56 
4077.81 
4108.1 
4339.22 
4347.50 
4358.34 
4916.07 
5025.64 
5460.75 
5769.59 
6234.4 
6716.4 
6907.5 
7728.8 
10139.79 


Weights 
& 


5 
3 


м л QQ л =a фр (л O «л (л QQ оо نم‎ фо л л c یا عا تا‎ 


1 
3 
3 
1 
3 
3 
5 
1 
5 
5 
5 
3 
5 
5 
5 
1 
3 
3 
3 
3 
3 
3 
3 
5 
3 
1 
1 
3 
1 
3 


Molybdenum 


Мо1 
2616.79 


3 


5; 
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10-125 


А 
1058: 
2.0Е-01 
2.5Е-01 


3.7E+01 
5.7E+01 
4.4Е-01 
3.4E+01 
2.8E+01 
5.7E+01 
1.5E+01 
2.2E+01 
7.8E+01 
2.2E+01 
6.0E+01 
2.7E+01 
1.3E+02 
4.4E+01 
1.2E+01 
1.1E+01 
1.3E+01 
1.2E+01 
1.1E+01 
1.0E+01 


8.00E-02 
3.88E-01 
1.1E-01 
6.10E-02 
1.1E-02 
1.6E-01 
7.7E-02 
4.5E-01 
5.09E-01 
9.4E-02 
2.0E-02 
6.56E-01 
1.68E-01 
1.3Е+00 
1.8Е-01 
2.1Е-01 
4.0Е-02 
3.0Е-02 
2.88Е-02 
8.4E-02 
5.57E-01 
5.8E-02 
2.7Е-04 
4.87Е-01 
2.36E-01 
5.3E-03 
4.3E-03 
2.8Е-02 
9.7Е-03 
2.71Е-01 


7.34E-01 


10-126 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 

Á 8, 5, 10851 А 8, 8, 10851 А 3 & 10851 
2621.06 7 7 1.16Е-01 3036.31 3 5 5.81E-01 3228.21 5 7 3.85Е-01 
2628.96 3 3 2.81E-01 3041.70 13 11 5.94E-01 3229.79 9 11 1.44E-01 
2629.85 5 7 7.75E-01 3046.80 13 11 1.63E-01 3233.14 13 T3 6.33E-01 
2631.50 1 3 2.54E-01 3047.31 11 9 5.01E-01 3237.06 7 9 2.95E-01 
2638.30 5 5 7.57E-01 3055.32 9 7 4.29E-01 3244.47 5 3 2.80E-01 
2640.98 7 5 1.20Е+00 3057.56 7 Б 2.64E-01 3247.61 5 Б 1.71E-01 
2644.36 5 7 1.96E-01 3061.59 fi 5 4.41E-01 3249.93 5 3 1.87E-01 
2649.46 7 9 9.84E-01 3064.27 13 13 8.46E-01 3251.65 3 5 3.05E-01 
2655.02 9 7 4.08Е-01 3065.04 13 13 3.08E-01 3256.21 5 3 6.89E-01 
2658.11 7 7 6.43E-01 3069.51 5 5 1.52E-01 3256.72 3 3 1.31E-01 
2665.09 7 9 1.32E-01 3069.96 11 11 272Е-01 3259.16 11 13 1.62 Е-01 
2679.85 9 11 1.31Е+00 3070.89 9 11 1.87Е-01 3262,63. 7 9 3.62 Е-01 
2684.16 9 9 4.18E-01 3074.37 11 11 1.42Е-00 3264.40 11 9 5.42E-01 
2706.11 3 5 2.03E-01 3079.88 9 11 9.55E-01 3265.14 5 7 2.60E-01 
2710.74 3 3 1.57E-01 3080.40 7 9 3.61E-01 3266.16 9 11 1.95E-01 
2725.15 3 5 2.79E-01 3081.16 3 5 2.35E-01 3270.90 7 7 3.59 1-017 
2728.71 3 3 1.26E-01 3085.62 9 9 1.63Е+00 3276.07 11 9 1.18Е-01 
2733.39 5 7 2.95Е-01 3089.13 11 9 1.53E-01 3285.03 1 3 1.41Е-01 
2743.71 1 3 2.47E-01 3089.71 5 7 2.34E-01 3285.35 9 7 4.49E-01 
2745.38 13 11 1.29E-01 3094.66 7 7 1.63Е+00 3287.38 5 5 1.38Е-01 
2751.47 7 2.54E-01 3099.92 9 7 1.45Е-01 3289.01 9 9 5.08Е-01 
2756.26 5 3 1.18Е-01 3100.88 7 9 1.20Е+00 3290.82 7 5 5.44 Е-01 
2761.53 9 11 2.06Е-01 3101.34 Б 5 1.92 Е+00 3305.56 5 3 1.74E-01 
2763.02 3 1 4.44E-01 3106.34 7 D 2.21E-01 3305.91 7 9 3.06E-01 
2766.25 3 5 1.17E-01 3117.54 13 13 1.89E-01 3307.13 7 9 1.25E-01 
2787.83 9 7 2.85E-01 3123.03 3 3 2.81E-01 3312.33 7 5 1.62E-01 
2792.96 5 3 1.53E-01 3125.03 5 3 1.98E-01 3323.95 9 7 2.82Е-01 
2798.02 7 5 1.22E-01 3132.59 fi 9 1.79Е+00 3325.13 5 3 2.26E-01 
2801.47 5 7 1.24E-01 3135.90 9 11 3.68Е-01 3325.67 5 5 1.72Е-01 
2825.68 5 7 2.53E-01 3136.75 9 TT 1.57E-01 3327.30 1 3 2.88E-01 
2826.75 T 7 4.23Е-01 3142.75 3 5 4.10Е-01 3336.56 9 9 1.64E-01 
2876.54 9 9 2.84E-01 3147.35 13 11 2.41E-01 3340.16 5 3 1.20E-01 
2886.60 11 11 4.74E-01 3155.19 7 7 2.75Е-01 3344.73 3 5 6.04E-01 
2906.06 3 3 8.04E-01 3158.17 7 7 4.63E-01 3346.83 11 11 1.13E-01 
2913.52 5 3 1.38Е-01 3170.34 7 7 1.37 Е+00 3347.00 3 3 2.72Е-01 
2915.38 5 3 7.31E-01 3171.38 5 7 2.03E-01 3358.12 5 7 7.59E-01 
2918.84 5 3 3.79E-01 3175.59 13 11 8.40E-01 3361.37 9 9 1.38E-01 
2930.39 1 3 1.91E-01 3179.78 11 13 2.33E-01 3363.78 5 7 2.74E-01 
2936.50 11 11 2.33E-01 3183.03 11 9 3.98Е-01 3363.87 5 7 1.39Е-01 
2945.43 7 7 3.66E-01 3184.58 7 5 2.77Е-01 3373.81 3 3 2.03E-01 
2945.66 3 3 4.08E-01 3185.10 7 7 2.54E-01 3375.22 7 7 1.38E-01 
2946.01 5 5 1.68Е-01 3185.71 5 3 6.10E-01 3375,65 7 9 1.56E-01 
2951.45 9 9 1.43E-01 3188.10 7 9 3.45E-01 3378.19 3 1 1.88E-01 
2959.48 9 11 1.75E-01 3188.41 Б 7 4.40E-01 3378.46 13 13 3.75E-01 
2972.96 5 3 2.69E-01 3192,79 9 11 1.88Е-01 3379.96 5 5 &Л1Е-01 
2977.27 9 7 3.28bE-01 3193.98 y 5 1.53Е+00 3382.48 3 3 2.66E-01 
2978.28 7 5 1.50E-01 3194.88 9 11 1.75E-01 3384.61 7 7.32Е-01 
2983.04 1 3 2.82Е-01 3195.96 9 7 4.10E-01 3385.87 9 11 3.30E-01 
2987.92 3 5 8.43E-01 3197.18 1 3 1.47E-01 3389.79 5 7 1.85E-01 
2988.23 5 7 4.28Е-01 3198.85 15 13 7.22Е-01 3392,17 9 9 1.97 Е-01 
2988.68 7 9 1.61Е-01 3200.89 3 D 1.82E-01 3393.65 11 11 2.08E-01 
2989.80 9 7 9.27E-01 3205.22 1 3 4.27E-01 3404.33 7 7 2.10E-01 
3000.24 9 9 1.40E-01 3205.43 9 11 2.55E-01 3413.37 11 11 1.25E-01 
3000.44 5 5 1.25E-01 3205.89 9 9 5.35E-01 3415.27 9 9 1.83E-01 
3000.85 5 7 2.58Е-01 3208.84. 7 5 2.77Е-01 3415.61 7 9 1.29Е-01 
3001.43 5 5 2.31Е-01 3210.97 7 5 6.94E-01 3416.14 9 11 2.45E-01 
3007.71 7 5 1.90E-01 3214.44 9 7 2.01Е-01 3418.52 5 3 1.41Е-01 
3013.39 7 5 6.06Е-01 3215.07 3 5 4.20E-01 3419.69 7 7 1.15E-01 
3016.78 9 9 2.75E-01 3216.78 15 13 2.10E-01 3420.04 5 5 3.28Е-01 
3025.00 5 5 8.49E-01 3221.73 3 1 141Е+00 3422.31 9 9 2.52Е-01 


NIST Atomic Transition Probabilities 


3425.13 
3427.90 
3434.79 
3435.45 
3437.21 
3438.87 
3441.87 
3442.66 
3445.03 
3445.26 
3445.80 
3447.12 
3447.29 
3449.07 
3449.85 
3452.60 
3456.15 
3456.52 
3460.22 
3460.78 
3465.84 
3466.19 
3466.96 
3467.85 
3469.22 
3469.63 
3470.92 
3475.03 
3479.42 
3483.67 
3483.83 
3489.43 
3504.41 
3505.31 
3508.11 
3510.77 
3517.55 
3518.21 
3521.38 
3521.41 
3524.65 
3524.98 
3538.92 
3540.57 
3542.17 
3552.71 
3555.64 
3558.09 
3563.75 
3566.05 
3566.74 
3570.64 
3573.88 
3580.54 
3581.88 
3584.25 
3585.57 
3588.95 
3590.74 
3595.55 


Weights 
8, 8, 
11 11 
11 13 
7 7 
15 15 
11 9 
1 3 
5 3 
3 3 
7 9 
7 5 
9 9 
9 11 
5 3 
7 9 
5 7 
7 7 
5 5 
3 3 
5 3 
9 7 
3 1 
9 7 
7 7 
5 7 
5 3 
13 15 
3 5 
3 3 
7 5 
7 7 
7 5 
7 7 
7 9 
7 9 
9 9 
13 13 
11 11 
3 3 
9 9 
9 11 
5 3 
7 9 
11 11 
5 3 
7 5 
9 7 
3 3 
5 7 
1 3 
9 9 
7 7 
15 15 
3 5 
13 11 
11 13 
3 3 
7 5 
7 7 
7 9 
5 5 


А 

10851 
2.29Е-01 
4.09Е-01 
1.75Е-01 
1.50Е+00 
8.06Е-01 
2.34Е-01 
1.34Е-01 
2.94Е-01 
1.53Е-01 
2.96Е-01 
1.14Е-01 
8.75Е-01 
1.79Е-01 
1.52Е-01 
1.6БЕ-01 
2.48Е-01 
3.60Е-01 
2.96Е-01 
2.77E-01 
6.03E-01 
9.99E-01 
2.11E-01 
1.52Е-01 
2.63E-01 
6.96E-01 
1.51E-01 
2.91E-01 
4.68Е-01 
2.26Е-01 
1.1ЗЕ-01 
1.41Е-01 
3.27E-01 
8.06E-01 
2.25E-01 
1.59E-01 
4.75E-01 
5.41E-01 
3.64E-01 
1.39E-01 
6.06E-01 
3.10E-01 
2.25E-01 
2.24E-01 
4.46E-01 
4.93E-01 
3.64E-01 
3.46E-01 
5.43E-01 
1.53E-01 
2.67E-01 
1.43E-01 
7.18Е-01 
3.58Е-01 
5.49E-01 
3.81E-01 
1.73E-01 
3.95E-01 
1.18bE-01 
2.23E-01 
2.32Е-01 


3598.88 
3600.73 
3601.88 
3602.94 
3604.07 
3610.61 
3611.99 
3615.16 
3623.22 
3624.46 
3624.62 
3638.20 
3638.21 
3640.62 
3647.84 
3648.70 
3654.58 
3657.36 
3658.13 
3659.36 
3660.92 
3662.15 
3662.99 
3663.27 
3664.81 
3664.88 
3669.34 
3672.81 
3672.82 
3676.23 
3680.68 
3681.72 
3683.01 
3687.96 
3688.97 
3690.59 
3694.94 
3696.04 
3698.07 
3708.55 
3715.75 
3718.48 
3720.25 
3725.55 
3727.68 
3728.30 
3728.50 
3733.02 
3733.41 
3735.62 
3742.28 
3747.19 
3748.48 
3755.10 
3755.16 
3758.52 
3759.60 
3760.88 
3768.73 
3769.99 
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A 

10887 
5.67 Е-01 
2.07Е-01 
1.15E-01 
2.96E-01 
3.25E-01 
1.78bE-01 
1.16E-01 
1.96E-01 
5.58Е-01 
5.27Е-01 
1.37Е-01 
3.51Е-01 
3.33Е-01 
1.94Е-01 
2.11Е-01 
1.15Е-01 
1.80Е-01 
2.03Е-01 
1.86Е-01 
6.70Е-01 
1.34E-01 
1.45E-01 
3.48E-01 
2.30E-01 
9.54E-01 
1,92 Е-01 
2.16Е-01 
1.95Е-01 
1.13E-01 
5.22Е-01 
2.96Е-01 
1.68Е-01 
1.20Е-01 
2.12E-01 
3.26E-01 
2.07E-01 
6.36E-01 
3.59E-01 
1.48Е-01 
1.28bE-01 
2.38E-01 
1.34E-01 
2.86E-01 
1.60E-01 
1.51E-01 
1.55E-01 
2.20E-01 
1.45E-01 
2.80E-01 
1.66E-01 
1.56E-01 
3.07E-01 
3.95E-01 
1.41E-01 
2.48E-01 
1.22Е-01 
1.82Е-01 
2.16Е-01 
2.88E-01 
2.46E-01 


Х 
А 
3777.72 
3788.25 
3794.43 
3797.47 
3798.25 
3801.84 
3805.99 
3819.78 
3824.78 
3827.15 
3828.88 
3830.81 
3831.07 
3832.11 
3833.75 
3834.64 
3846.18 
3847.25 
3848.30 
3851.99 
3864.10 
3866.69 
3867.67 
3869.08 
3874.15 
3902.95 
3909.54 
3911.94 
3915.43 
3916.43 
3919.55 
3955.48 
3973.76 
3977.90 
3980.20 
3991.85 
4010.13 
4021.01 
4051.18 
4062.08 
4069.88 
4076.19 
4084.37 
4102.15 
4107.46 
4120.09 
4131.92 
4148.98 
4157.40 
4157.90 
4185.82 
4188.32 
4194.56 
4232.59 
4240.83 
4246.02 
4251.88 
4254.95 
4269.28 
4276.91 


Weights 
5; 8, 
13 11 
7 9 
9 9 
7 5 
7 9 
9 7 
5 5 
9 11 
5 7 
7 7 
7 7 
5 5 
7 9 
9 9 
9 9 
3 5 
7 7 
3 1 
9 9 
11 9 
7 7 
3 5 
5 3 
5 3 
7 5 
7 5 
9 7 
5 5 
5 5 
5 3 
11 13 
13 11 
11 13 
9 7 
5 3 
11 9 
5 3 
9 11 
13 11 
11 9 
13 11 
9 9 
9 7 
5 3 
7 5 
13 15 
9 11 
9 11 
13 11 
9 11 
11 13 
11 13 
11 11 
9 11 
5 5 
11 13 
13 11 
7 9 
11 11 
7 9 


10-127 


A 

105 s! 
1.66E-01 
2.87E-01 
1.22Е-01 
1.48Е-01 
6.90Е-01 
3.16E-01 
2.44E-01 
1.47E-01 
1.40E-01 
1.94E-01 
1.35E-01 
1.83E-01 
1.20E-01 
3.05E-01 
1.70E-01 
1.20E-01 
1.26E-01 
2.41E-01 
1.26E-01 
1.78bE-01 
6.24E-01 
1.74E-01 
2.22E-01 
1.35E-01 
1.67E-01 
6.17E-01 
1.13E-01 
1.15E-01 
1.40E-01 
1.78bE-01 
2.24E-01 
1.71E-01 
4.39E-01 
1.35E-01 
2.70E-01 
1.29E-01 
4.38E-01 
2.65E-01 
1.36E-01 
1.96E-01 
3.25E-01 
1.16E-01 
1.94E-01 
1.22Е-01 
2.02Е-01 
6.05Е-01 
1.56Е-01 
1.56Е-01 
2.17Е-01 
1.60E-01 
3.82Е-01 
3.32Е-01 
2.70Е-01 
3.17Е-01 
1.68Е-01 
2.00Е-01 
1.76Е-01 
2.01Е-01 
1.36Е-01 
2.85Е-01 


10-128 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 

Á 8, 8, 10857 А 8, 8, 10? s^ À 8, 8, 10887 
427724 9 11 1.35E-01 592637 7 7 1.63Е-01 735.90 1 3 6.11E«00 
4317.92 15 15 1.28E-01 5928.88 7 9 5.32Е-01 743.72 1 3 4.86E-01 
4325.80 3 3 1.84E-01 715411 9 9 3.45E-01 3369.8 5 5 1.0Е-03 
432614 5 7 2.56Е-01 ) 3369.9 5 3 7.6Е-03 

Neodymium 

4340.74 5 7 1.23E-01 3375.6 5 3 2.2Е-03 
4381.63 13 13 2.93E-01 Nd II 3417.9 3 5 9.2Е-03 
438241 1 13 3.83E-01 3780.4 16 18 14Е-01 3418.0 3 3 2.2Е-03 
4409.94 13 13 1.38E-01 3805.4 14 16 6.9E-01 3423.9 3 3 1.0Е-03 
4411.60 11 11 2.63E-01 3807.2 10 12 4.9E-02 3447.7 5 5 2.1E-02 
4434.95 9 9 2.51E-01 3863.3 8 10 1.5Е-01 3450.8 5 3 4.9E-03 
4446.4 11 11 1.90E-01 3941.5 10 10 6.1E-01 3454.2 3 1 3.7E-02 
4457.35 7 7 1.28E-01 39512 12 12 6.0E-01 3460.5 1 3 7.0E-03 
4474.57 5 5 2.10E-01 3973.3 18 18 6.3E-01 3464.3 5 5 6.7E-03 
4491.65 11 11 2.09E-01 3979.5 10 12 2.7Е-01 3466.6 1 3 1.3E-02 
4536.80 13 15 5.03E-01 3990.1 16 16 5.2Е-01 3472.6 5 7 1.7Е-02 
4598.23 1 3 1.47E-01 4012.3 18 20 5.5E-01 3498.1 3 5 5.1E-03 
462423 9 9 1.32Е-01 4061.1 16 18 4.4Е-01 3501.2 3 3 1.2Е-02 
4633.08 3 5 2.35E-01 4106.6 14 16 6.8E-02 3510.7 5 3 2.2Е-03 
4649.06 3 1 1.25E-01 4109.5 14 16 3.7Е-01 3515.2 3 5 6.9E-03 
465224 5 7 1.55E-01 4133.4 14 12 1.5E-01 3520.5 3 1 9.3E-02 
4686.08 3 3 1.72Е-01 41561 12 14 ЗАЕ-01 3593.5 3 5 9.9E-03 
4688.21 13 15 1.54E-01 4205.6 18 16 1.8E-01 3593.6 3 3 6.6E-03 
470725 7 9 3.63E-01 4284.5 18 18 8.5E-02 3600.2 3 3 4.3E-03 
4718.86 5 5 2.17E-01 4303.6 8 10 4.7E-01 3633.7 3 1 1.1Е-02 
4723.05 9 9 1.23E-01 4325.8 16 16 1.6Е-01 36822 3 5 1.6Е-03 
473144 9 11 4.49E-01 4358.2 14 14 1.5Е-01 3685.7 3 3 3.9E-03 
4758.50 11 9 3.01E-01 4382.7 12 10 4.0E-02 3701.2 3 5 2.2Е-03 
476018 11 13 4.67Е-01 4400.8 10 10 6.8E-02 4536.3 3 3 5.0E-03 
4764.11 9 7 2.16E-01 4451.6 12 14 2.5E-01 4702.5 3 3 2.1E-03 
4811.05 13 11 4.36E-01 4456.4 16 18 6.4E-02 4708.9 3 3 4.2E-02 
481925 11 9 2.71E-01 4463.0 14 16 1.8E-01 4955.4. 3 3 3.3E-03 
4830.51 9 7 4.07E-01 4958.1 12 10 1.2Е-02 5113.7 3 3 1.0Е-02. 
4858.39 13 11 1.24E-01 5130.6 22 20 1.6Е-01 5120.5 3 3 5.6E-03 
4868.00 7 5 3.11E-01 5192.6 20 18 1.7Е-01 5154.4 3 3 1.9E-02 
503718 9 7 1.14Е-01 5249.6 18 16 1.8E-01 5191.3 3 3 1.3E-02 
504436 7 5 1.31E-01 5276.9 12 10 1.2E-01 5326.4 3 3 6.8E-03 
5047.70 3 1 2.61E-01 5293.2 16 14 1.2E-01 5333.3 3 3 5.3E-03 
5163.18 9 11 2.03E-01 5302.3 20 18 1.1E-01 5341.1 3 3 1.1E-01 
5171.06 5 7 1.84E-01 5311.5 14 12 1.1E-01 5400.6 3 1 9.0E-03 
517294 5 5 4.11E-01 5319.8 12 10 1.6Е-01 5418.6 3 3 5.2E-03 
5174.18 5 3 5.83E-01 5357.0 18 16 1.8E-01 5433.7 3 3 2.83E-03 
519145 7 9 1.62Е-01 5371.9 20 20 5.1E-02 5652.6 3 3 8.9E-03 
5238.21 7 9 3.74E-01 5485.7 18 18 5.7E-02 5662.5 3 3 6.9E-03 
5240.87 7 7 3.89E-01 5594.4 16 16 7.0E-02 5852.5 3 1 6.82E-01 
5242.80 7 5 2.01E-01 5620.6 18 18 1.3E-01 5868.4 3 3 1.4Е-02 
5261.53 5 7 1.13E-01 5688.5 14 14 5.9E-02 5881.9 5 3 1.15E-01 
5280.85 5 5 1.28E-01 5718.1 16 16 8.7E-02 5913.6 3 3 4.8E-02 
5355.52 9 9 1.21E-01 5726.8 10 10 5.6E-02 5939.3 5 3 2.00E-03 
535646 11 11 2.11E-01 5740.9 12 12 7.2Е-02 5944.8 5 5 1.13E-01 
5360.51 9 11 6.19E-01 5804.0 10 10 4.6Е-02 5961.6 3 3 3.3E-02 
5364.28 9 9 2.26E-01 5865.1 16 18 1.3E-02 5975.5 5 3 3.51E-02 
5460.50 5 3 3.46E-01 6051.9 12 10 1.1E-02 6030.0 3 3 5.61E-02 
549376 7 5 2.13E-01 Neon 6046.1 3 3 2.26Е-03 
5506.49 5 7 З.61Е-01 6074.3 3 1 6.03E-01 
5533.03 5 5 3.72E-01 №1 6096.2 3 5 1.81E-01 
5570.44. 5 3 3.30E-01 615.63 1 3 3.8E-01 6118.0 5 3 6.09E-03 
5849.71 3 3 3.02E-01 618.67 1 3 9.3Е-01 6128.5 3 3 6.7E-03 
5851.50 3 5 1.55E-01 619.10 1 3 3.3Е-01 6143.1 5 5 2.82E-01 
5893.36 5 5 2.60E-01 626.82 1 3 7.4E-01 6150.3 3 3 1.5Е-02 
5895.93 5 7 3.12E-01 629.74 1 3 4.8E-01 6163.6 1 3 1.46Е-01 


NIST Atomic Transition Probabilities 


6217.3 
6266.5 
6273.0 
6293.7 
6304.8 
6328.2 
6330.9 
6334.4 
6351.9 
6383.0 
6401.1 
6402.2 
6506.5 
6532.9 
6599.0 
6602.9 
6652.1 
6678.3 
6717.0 
6721.1 
6929.5 
7024.1 
7032.4 
7051.3 
7059.1 
7173.9 
7245.2 
7304.8 
7438.9 
7472.4 
7535.8 
7937.0 
8082.5 
8118.5 
8128.9 
8259.4 
8571.4 
8582.9 
8647.0 
8681.9 
8767.5 
8771.7 
8783.8 
8865.3 
9201.8 
9433.0 
9486.7 
9534.2 
10621 

11409 

11525 

11767 

12459 


Ne II 
*357.03 
*361.77 
*406.28 
*446.37 
460.73 


Weights 
8, 8, 


Q Q0 Q0 Q0 Q0 Q0 QO QO 00 Q0 ооо оо л фо Q0 л фо QO фо л 00 мн = фо фо Q2 фо л Оо фо фо фо www 0 к оо л 00 00 = (д 00 л оо QO ш S сл 


Q Q Q0 Q0 Q0 Q0 QO Q0 0 00 л 00 0 фо (л (л 00 (л (л 00 0 л фо 00 0 00 QO (л (л ني‎ фо фо лом л ҥк фо фо оо л М 0 фо ол о ы фо ww w 


А 

10% s~! 
6.37E-02 
2.49E-01 
9.7Е-03 
6.39E-03 
4.16E-02 
3.39E-02 
2.3E-02 
1.61E-01 
3.45E-03 
3.21E-01 
1.39E-02 
5.14Е-01 
3.00Е-01 
1.08Е-01 
2.32E-01 
5.9E-03 
2.9E-03 
2.33E-01 
2.17E-01 
4.9Е-04 
1.74Е-01 
1.89Е-02 
2.53E-01 
3.0E-02 
6.8Е-02 
2.87Е-02 
9.35E-02 
2.55E-03 
2.31E-02 
4.0E-02 
4.3E-01 
7.8E-03 
1.2Е-03 
4.9E-02 
7.2E-03 
2.03E-02 
5.5E-02 
1.00E-02 
3.91E-02 
2.1E-01 
1.1E-03 
1.6E-01 
3.13E-01 
9.4Е-03 
9.1Е-02 
1.1Е-03 
2.5E-02 
6.3E-02 
2.4E-03 
4.2E-02 
8.4E-02 
6.9E-02 
1.5E-02 


3.8E+01 
1.6E+01 
1.8E+01 
4.07E+01 
4.7E+01 


PDF ON 00 GO ON 00 = ۲۷م‎ ~ бо H2 ON 94 = св = ON ON GO 00 ON GO و‎ GO юар HS ۲م‎ HS ON вс св ON ON S 0 t2 4S 2 0 = = ~ св 00000 М نم‎ KKB ~ 


ON 4» бо вс вс ON ON св 00 00 00034008» 0400 св сом вс 63 ۷م‎ ON > i н> 0 ۲م‎ во во н> ОМ 0 [2040 40 0 > Pd ~ ~ 


А 

10887: 
2.3Е+01 
2.8E-01 
6.9E-01 
5.7E-01 
1.3E-01 
7.9E-01 
1.7E-01 
3.8E-01 
7.8E-01 
3.3E-01 
6.9E-02 
7.0E-02 
6.1E-02 
5.2E-02 
5.5E-01 
17Е+00 
5.9E-01 
9.6E-02 
5.6E-01 
6.9E-02 
12Е-00 
8.7Е-01 
3.5E-01 
14Е-00 
8.5E-01 
4.7E-01 
3.1Е-00 
2.1Е-00 
2.5Е-00 
1.8Е-00 
9.4Е-01 
1.3E+00 
1.3E+00 
4.2E-02 
2.6E-01 
2.4E-01 
4.8E-02 
1.8E-02 
1.6E-01 
1.2E-01 
4.5E-02 
6.0E-02 
1.4E-02 
3.9E-01 
1.5E-01 
5.2Е-01 
17Е+00 
2.3E-01 
1.6E-01 
6.0E-01 
17Е+00 
2.2Е+00 
3.6Е+00 
3.5Е-00 
1.3Е-01 
3.6Е-00 
1.8Е-00 
1.4E-01 
2.7Е-01 
1.6Е-00 


Weights 
8, 8, 


Су & 4» на модо „> бод мо ۲م ۲۷م‎ O. ON > 4 8 су H9 ظط 4 2 ۲م‎ ом ۲م »4 »4 4 ۲م‎ мо СУ > = = смо ON ON ه9‎ í 4 ОМ су н> н> = с свом см со 
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10-129 


А 

1058: 
2.3Е-01 
1.5Е-00 
2.4E-01 
3.8E-02 
3.9E-01 
5.1Е-01 
5.7Е-02 
4.3E-01 
3.1Е-01 
6.9E-02 
2.6E-01 
4.4Е-02 
1.6Е-00 
2.1Е-01 
1.6Е-00 
9.1Е-01 
8.8E-01 
3.9E-02 
1.8Е-00 
1.1Е-00 
1.5Е-00 
1.4E+00 
2.2Е-01 
1.2Е-01 
1.ЗЕ+00 
2.0E-01 
5.0E-01 
8.6E-01 
8.2Е-01 
3.5E-01 
2.2Е-01 
З.ОЕ-01 
1.7E+00 
3.0E-01 
5.5E-02 
2.2E+00 
7.7E-02 
4.4E-01 
1.9E+00 
2.3E+00 
6.1E-01 
1.8E+00 
1.8E-02 
6.4E-01 
1.6Е-00 
14Е-00 
3.5E-01 
4.6E-01 
1.6Е-00 
9.6Е-01 
9.9Е-02 
1.6Е-00 
1.2Е-02 
4.3Е-01 
14Е-00 
2.0Е+00 
2.3E-02 
7.6E-01 
3.6E-02 
6.0E-01 


10-130 NIST Atomic Transition Probabilities 


À . Weights _ A À Weights A À . Weights | A 
Å 8, 8, 10857: А 8, 8, 10857: А 3 5, 10857: 
3542.9 4 6 1.2Е+00 561.38 3 3 7.99E+00 2307.35 Б 7 1.6Е-01 
3546.2 2 4 6.3E-02 561.73 5 5 2.39Е-01 2312.34 7 7 5.5Е+00 
3551.6 2 4 3.7E-02 562.99 3 1 317Е+01 2313.98 5 5 5.0E+00 
8557.8 2 2 1.9E-01 564.53 5 8 1.31E+01 2317.16 7 5 3.8Е-00 
3561.2 4 6 2.1Е-01 Ne VIII 2320.03 9 11 6.9Е-00 
3565.8 4 4 6.2Е-01 *88.09 2 6 8.АЕ+02 2321,38 5 7 5.6Е+00 
3568.5 6 8 1.4Е +00 *98.208 6 10 277E403 2324.65 7 9 1.8Е-01 
3571.2 4 4 6.3E-01 77041 2 4 5.90E+00 2325.79 7 9 3.5Е-00 
3574.2 6 6 1.0Е-01 780.32 2 2 5.692 +00 2329.96 5 3 5.ЗЕ+00 
3574.6 4 6 1.ЗЕ+00 2820,7 2 4 720E-01 2345.54 9 7 2.2Е+00 
3590.4 4 6 3.6E-02 2860.1 2 2 6.88E-01 2346.63 7 5 5.5E-01 
3594.2 4 2 1.3Е+00 2347.51 9 9 2.2Е-01 
3612.3 2 4 2.6E-01 Nickel 2348.73 7 7 2.2Е-01 
3628.0 4 4 6.0E-01 Nil 2419.31 74 5 2.0E-01 
3632.7 4 4 1.3E-01 1963.85 7 7 11Е-01 2943.91 7 5 1.1Е-01 
3643.9 4 4 3.2Е-01 1976.87 7 9 11Е+00 2981.65 5 3 2.8Е-01 
3644.9 2 4 9.9E-01 1981.61 5 5 L3E-01 3002.48 7 ti 8.0E-01 
3659.9 4 6 6.7E-02 1990.25 5 7 832-01 3003.62 5 5 6.9E-01 
3664.1 6 4 7.0E-01 2007.01 5 5 17Е-01 3012.00 5 5 1.3E+00 
3679.8 4 2 3.2Е-01 2007.69 7 7 9.0E-02 3037.93 7 7 2.8E-01 
3694.2 6 6 1.0E+00 2014.25 3 5 9 ЗЕ-01 3050.82 7 9 6.0E-01 
3697.1 2 2 2.8Е-01 2025.40 7 5 2.3E-01 3054.31 5 5 4.0E-01 
3701.8 4 6 2.7E-01 2026.62 9 7 24E-01 3057.64. 3 3 1.0Е-00 
3709.6 4 2 1.1Е-00 2047.35 7 5 18Е-01 3064.62 5 7 1.1E-01 
3713.1 4 6 1.30 2052.04. 9 9 9.7E-02 3101.56 5 7 6.ЗЕ-01 
3721.8 4 6 2.0E-01 2055.50 5 3 33E-01 3101.88 5 7 4.9E-01 
3726.9 4 4 1.2Е-01 2059.92 7 5 2.1E-01 3134.11 3 5 7.3E-01 
3727.1 2 4 9.8Е-01 2060.20 5 3 2.3E-01 3225.02 5 3 9.3E-02 
3734.9 4 4 1.9Е-01 2064.39 3 1 4.0Е-01 3369.56 9 7 1.8Е-01 
3744.6 2 4 2.6E-01 2069.52 5 5 11Е-01 3380.57 5 3 1.3Е-00 
3751.2 2 2 1.8Е-01 2085.57 5 5 2.6Е+00 3392.98 7 7 2.4Е-01 
3753.8 4 6 4.5Е-01 2089.09 7 5 9.7E-02 3414.76 7 9 5.5E-01 
3766.3 4 6 2.9E-01 2095.13 5 7 11Е-01 3423.71 3 3 3.3Е-01 
3777.1 2 4 4.2Е-01 2114.43 5 5 9.7E-02 3433.56 7 7 1.7E-01 
3800.0 4 4 3.7E-01 212140 7 5 2.8E-01 3446.26 5 5 4.4Е-01 
3818.4 2 4 6.1E-01 2124.80 5 3 3.8E-01 3452.88 5 7 9.8E-02 
3829.8 4 6 8.4E-01 2147.80 5 3 47E-01 3458.46 3 5 6.1E-01 
3942.3 4 6 1.0E-02 2157.83 5 3 41-01 3461.66 7 9 2.7E-01 
NeV 2158.31 7 5 69Е-01 3472.55 5 7 1.2Е-01 
142610 9 9 6.7E402 216104 5 5 1 ЗЕ-01 948277 5 3 LAE-01 
*14332 9 — 15 1.2Е+03 2173.54 5 3 L5E-01 mcs > з 9.8E-01 
147.13 5 7 L5E«03 2174.48 3 1 89Е-01 3510.33 3 1 1.2Е-00 
15122 5 5 3.38E«02 218238 7 5 1.3E-01 Seide. 9 7 ӨТЕСЕ 
18450 1 3 7.0E+02 2183.91 5 5 12Е-01 oes UB 1.0Е+00 
16769 و‎ 9 1 БЕ+02 219022 5 5 3.0E-01 ME MEE. бЕр 
358939 9 3 2.1E«02 219735 3 3 7.8E-01 о RENE. Е 
36559 5 3 1.35Е+02 220159 5 3 73E-01 361939 5 ü 6.бЕ-01 
48215 و‎ 9 3.01E«01 22194 5 3 22E-01 e 4920 74 БӨРІ 
*57104 9 15 1.0Е+01 224446 5 5 3.8E-01 р. НОЕ 
2259.6 3 5 L9E«00 2253.57 7 7 19E-01 4401.54. 9 11 3.8E-01 
22657 5 7 2.4E+00 225481 9 9 9.6E-02 ou A NE. ЕТІ 
225815 7 5 17Е-01 4470.48 Б 7 1.9Е-01 
Ме ҮП 2259.56 5 3 2.0E-01 4600.37 5 3 2.6E-01 
116.69 3 5 1.6Е+03 2289.98 9 7 2.1E«00 4648.66 1 9 2.4E-01 
465.22 1 8 4.09E+01 2300.77 7 7 7БЕ-01 4701.54 9 9 1.4Е-01 
558.61 3 5 8.11Е-00 2302.97 3 3 4.5Е-01 4714.42 13 1 4.6E-01 
559.95 1 3 1.07 Е+01 4715.78 7 7 2.0E-01 


NIST Atomic Transition Probabilities 


À 
À 
4732.47 
4752.43 
4756.52 
4786.54 
4812.00 
4829.03 
4831.18 
4838.64 
4855.41 
4904.41 
4912.03 
4913.97 
4918.36 
4935.83 
4937.34 
4953.20 
4980.17 
5000.34 
5012.46 
5017.58 
5035.37 
5042.20 
5048.85 
5080.53 
5081.11 
5082.35 
5084.08 
5099.95 
5115.40 
5129.37 
5155.14 
5155.76 
5176.57 
5371.33 
5476.91 
5637.12 
5664.02 
5695.00 
6086.29 
6175.42 
7122.24 
7381.94 
7422.30 
7727.66 


ЛІП 

2165.55 
2169.10 
2174.67 
2175.15 
2184.61 
2201.41 
2206.72 
2216.48 
2220.40 
2222.96 
2224.86 
2226.33 
2253.85 
2264.46 


Weights 
8, 8, 
7 9 
3 3 
9 9 
11 11 
3 1 
5 7 
9 7 
9 7 
5 5 
5 3 
3 3 
1 3 
9 7 
7 5 
9 9 
5 5 
9 11 
7 7 
7 7 
11 11 
7. 9 
3 5 
7 7 
9 11 
7 9 
3 3 
7 9 
7 7 
11 9 
7 5 
5 5 
5 7 
5 5 
7 7 
1 3 
3 3 
5 7 
3 3 
3 5 
3 3 
5 7 
9 11 
7 5 
7 7 
10 10 
8 8 
8 10 
6 6 
4 4 
4 6 
6 8 
10 12 
6 8 
10 10 
8 8 
6 6 
4 6 
6 8 


A 

10887! 
9.3E-02 
2.0E-01 
1.5E-01 
1.8E-01 
9.5E-02 
1.9E-01 
1.6E-01 
2.2Е-01 
5.7Е-01 
6.2Е-01 
1.5E-01 
2.2Е-01 
2.3E-01 
2.4E-01 
12Е-01 
12Е-01 
1.9Е-01 
1.4E-01 
1.1E-01 
2.0E-01 
5.7E-01 
1.4E-01 
1.6E-01 
3.2Е-01 
5.7Е-01 
2.5Е-01 
3.1Е-01 
2.9Е-01 
2.2Е-01 
1.2Е-01 
1.1Е-01 
2.9Е-01 
1.8Е-01 
1.6Е-01 
9.5Е-02 
1.1Е-01 
1.1Е-01 
1.7Е-01 
1.1Е-01 
1.7Е-01 
2.1Е-01 
9.7Е-02 
1.8Е-01 
1.1Е-01 


2.4E+00 
1.58E+00 
1.43E+00 
1.77E+00 
2.90E+00 
1.3E+00 
1.66E+00 
3.4E+00 
2.3E+00 
9.8E-01 
1.55E+00 
1.3E+00 
1.98E+00 
1.43E+00 


2270.21 
2278.77 
2287.09 
2296.55 
2297.14 
2297.49 
2298.27 
2303.00 
2316.04 
2334.58 
2375.42 
2394.52 
2416.13 
2437.89 
2510.87 


МШ 

1692.51 
1709.90 
1719.46 
1722.28 
1724.52 
1741.96 
1752.43 
1760.56 
1769.64 
1823.06 


Ni XIV 
164.13 
168 
168.12 
169.69 
170.50 
171.37 
172.16 
172.80 
177.28 
178 

181 
182.14 
196 
288.894 
292.399 


Ni XV 
50.249 
60.890 
64.635 
163.64 
173.73 
175 
179.28 
181 
269 
278.386 


Ni XVI 
166 
168 
182 
185.23 
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Ф NOA 


A 

10° s~! 
1.56E+00 
2.8E+00 
2.8E+00 
1.98E+00 
2.70E+00 
3.0E+00 
2.8E+00 
2.9E+00 
2.88E+00 
8.0E-01 
6.6E-01 
1.70Е+00 
2.1Е+00 
5.4Е-01 
5.8Е-01 


7.9Е--00 
6.3Е-00 
6.0Е--00 
5.9Е-00 
6.7E+00 
5.7E+00 
5.5E+00 
6.5E+00 
6.2E+00 
5.6E+00 


1.2E+03 
2.4Е-02 
8.5E+02 
9.8Е-02 
7.1Е-02 
9.4Е-02 
4.7E402 
14Е-02 
5.6Е-02 
8.9E+01 
7AE+01 
1.5E+02 
3.8E+01 
4.6E+01 
3.6E+01 


6.8E+03 
1.0E+04 
9.6E+03 
5.6E+01 
7.6E+02 
5.7E+02 
7.5E+02 
6.8E+02 
5.3E+01 
4.3E+01 


3.1Е+02 
3.2Е+02 
25Е+02 
4.2Е-02 


187 

187 

188 

190 

192 

192 

194 

194 

194 

194 
194.04 
195.27 
196 

197 

197 

199 

206 

217 
218.391 
223.119 
231 
232.475 
233 

235 

235 

236 
237.875 
238 
239.550 
245 

245 

249 

249 

250 

254 


Ni XVII 
30.919 
42.855 
54.451 
55.361 
57.348 
197.39 
199.87 
204 
205 
206 
207.50 
215.89 
216 
217 
227 
249.180 
281.50 
282 
284 
292 


Ni XVIII 
24.881 
25.070 


Weights 
5; 8, 
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А 

1058: 
1.2Е-02 
3.3Е-02 
4,7Е-02 
2.0Е-02 
4.54Е-02 
3.1Е-02 
2.8Е-02 
5.5Е+02 
1.1Е+02 
3.5Е+02 
4.6E+02 
9.5Е+01 
6.7Е+02 
1.5Е+02 
1.2Е+02 
4.9Е-02 
3.7Е-02 
1.1Е-02 
9.5Е-01 
1.3Е-02 
1.6Е-02 
4.07 Е+02 
2.4Е+02 
3.8Е+02 
2.5Е+02 
12Е-02 
2.6Е-02 
1.3Е-02 
2.6Е-02 
1.4Е-02 
3.2Е+02 
3.3Е+02 
12Е-02 
1.6Е-02 
1.8Е-02 


2.77E+03 

4.75Е+03 
1.5Е+04 
6.7E+03 
1.4E+04 
1.6E+02 
2.1E+02 
1.8E+02 
2.4E+02 
3.0E+02 
2.5E+02 
4.8Е-02 
2.7E+02 
2.4E+02 
1.6E+02 

2.75Е+02 
2.1E+02 
2.4Е-02 
1.5E+02 
2.2E+02 


8.6E+02 
9.9Е--02 


10-132 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 
À 8, 8, 10851 А 8, 8, 10? s^ À 8, 8, 10? s~ 
26.02 2 4 1.26Е+03 11.48 3 1 1.1Е+05 137.01 4 4 2.6Е+02 
26.020 2 4 1.1E+03 11.48 1 3 4.0E+05 138.80 4 6 7.2E+01 
26.046 2 2 1.1E+03 11.517 5 7 1.4E+05 153.47 2 2 1.27E+02 
26.218 4 6 1.5E+03 11.539 5 7 1.2E+05 159.69 3 4 8.9E+01 
a d г 
28018 6 8 ку 12.454 5 3 das a ? : су 
28,220 4 6 2 a 03 12.472 3 3 ко эз 2 У E 
29,383 4 6 клы 12.502 5 5 кү in : : дэ 
29422 6 8 puce | ш Ман 1 5 јин 
20778 5 1 i UE Ms Ni XXII 9.42 3 1 9.0E+04 
т 2 : шог 72.52 4 2 2.84E402 9.49 3 5 8.9E+04 
a eae 1 s 5. 84.06 6 4 1.2Е+03 9.60 1 3 1.8E+05 
31890 Ú 4 хэс 84.24 4 2 5.6E+02 9.63 3 5 2.4E+05 
59 034 5 Ў 2. 85.86 4 2 4.9E+02 9.64 3 3 1.3E+05 
0280 1 ё 2. 88.00 4 2 1.2E+03 9.71 3 1 2.3E+05 
36990 3 К — 95.95 2 2 4.4E+02 9.71 3 3 1.8Е+05 
372049 : 3 22. 98.16 4 4 5.2Е+02 9.74 5 7 3.0E+05 
Ае : | > = es 98.58 4 4 2.45Е402 9.75 3 5 1.3E+05 
41946 5 5 в бе ын 100.60 6 6 3.9E+02 9.76 1 3 3.03E+05 
Daa 2 A кеа 101.31 6 4 4.83E402 9.76 5 3 7.5Е-04 
aber 1 š 2. 103.31 4 2 2.66E402 9.78 5 7 2.9Е+05 
di 405 : 7 н Вон 03 106.04. 4 4 2.362 +02 9.86 5 7 4.8Е-05 
ме 4 j ян ы 106.16 4 2 5.1E«02 9.87 3 5 2.03E+05 
5) 056 G : eue 124.31 2 2 3.7E+02 9.92 5 5 1.3E+05 
mee : : I -| бз 126.32 4 4 3.3Е+02 9.94 5 7 1.29Е+05 
| 2 : 9.97 3 5 2.5E405 
59.950 6 4 9.6Е+02 МЕХХШ 1008 1 и РОБЕ 
60.212 4 3 1.1Е+03 87.66 3 3 2.8Е+02 : | 
63.512 4 6 7.9E«02 88.11 5 3 8.3E+02 NiXXVI 
63.589 6 8 8.5E+02 90.49 3 3 1.77E+02 1.5930 4 2 3.4E+06 
69.075 4 6 8.0E+02 90.96 5 3 2.5E+02 1.5935 2 2 4.0Е+06 
76.254 4 6 1.38E+03 91.83 5 3 7.5Е+02 1.5973 4 4 8.1Е+06 
76.359 6 8 1.47E+03 92.32 3 1 4.392 +02 1.5977 2 4 4.4E+06 
99.275 2 4 1.0E+03 100.42 1 3 2.1E+02 1.5982 2 2 7.3Е+06 
100.4 4 6 1.2Е+03 102.08 5 5 5.3E+02 1.5996 2 2 2.7E+06 
114.46 4 6 2.5Е-03 103.23 3 3 2.4Е+02 1.6005 4 6 2.7Е+06 
114.74 6 8 2.7Е+03 103.67 5 5 178E«02 1.6036 4 2 2.1E+06 
. 104.70 3 1 2.94E402 9.390 2 4 2.59Е+05 
Ni XIX 
140 i Р dine 106.02 5 5 2.87E402 9.535 4 6 2.96E+05 
у aul 108.27 7 5 3.32E+02 | 
9.153 1 3 5.2E+03 Ni XXVII 
111.23 3 1 2.26Е+02 
9.977 1 3 1.1Е+05 1.2534 1 3 3.35Е-05 
111.78 5 3 2.19E402 
10.110 1 3 9.4Е+04 1.2824 1 3 6.38E+05 
111.86 1 3 1.7E+02 
10.283 1 3 4.7E+03 1.3500 1 3 1.63E+06 
112.55 3 1 1.0E+03 
10.433 1 3 5.1E+03 1.3516 1 3 2.4E+05 
128.87 5 5 4.02E402 
11.539 1 3 4.8Е+04 1.531 3 3 2.0E+05 
133.54 3 3 1.86E+02 
11.599 1 3 6.3E+03 13755 : | при 1.534 3 1 6.9Е+06 
12.435 1 3 3.66E+05 ` ' 1.537 5 5 2.3Е+06 
12.656 1 3 1.0Е+05 Ni XXIV 1.537 1 3 3.7E+06 
13.779 1 3 1.23E404 101.13 6 4 1.63E+02 1.538 3 5 3.9E+06 
14.043 1 3 1.31E+04 102.11 4 4 5.4E+02 1.539 1 3 2.6E+06 
40.7 3 3 6.4E+03 103.43 2 4 1.3E+02 1.539 3 5 2.6E+06 
40.7 3 1 8.4E+03 103.53 4 2 4.17E402 1.540 3 3 1.7E+06 
41.132 7 9 9.4E+03 104.64 2 2 4.7E+02 1.541 3 5 5.5E+06 
! 106.68 4 2 3.67E402 1.542 3 3 3.6Е+06 
Ni XXI 
Mn А 5 тээ" 11314 4 4 1.65E+02 1.542 5 5 3.5E+06 
1193 : 3 a 118.52 2 4 1.5E+02 1.544 5 3 3.2E+06 
11238 5 “0 122.72 6 4 2.17E+02 1.546 3 5 1.6E+06 
no 1 о 134.73 6 6 144E«02 1.547 3 3 2.1E+05 
: СЕН 135.47 4 4 8.0E+01 1.549 1 3 2.0E+05 
11.318 5 7 2.8Е+05 


NIST Atomic Transition Probabilities 


А 

А 
1.551 
1.558 


1.5883 
1.5963 


Nitrogen 


NI 

1163.88 
1164.00 
1164.21 
1164.32 
1167.45 
1168.42 
1168.54 
1176.51 
1176.63 
1177.69 
1199.55 
1200.22 
1200.71 
1310.54 
1316.29 
1492.63 
1492.82 
1494.68 
3822.03 
3830.43 
3834.22 
4099.94 
4109.95 
4113.97 
4137.64 
4143.43 
4151.48 
4249.87 
4264.00 
4356.29 
4385.54 
4392.41 
4435.43 
4442.45 
4669.89 
4914.94 
4935.12 
5199.84 
5201.61 
5281.20 
5344.05 
5356.62 
5367.01 
5372.61 
5378.27 
6606.18 
6622.54 
6626.99 
6636.94 
6644.96 
6646.50 
6653.46 
6656.51 


Weights 
5, 
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А 
10887! 
8.2Е+05 
6.5Е+05 
6.02Е--06 
7.70Е--05 


7.52Е-01 
1.27Е-02 
5.17Е-02 
6.94Е-01 
1.29Е--00 
4.24E-02 
1.24E+00 
9.22Е-01 
1.02Е-01 
1.02E+00 
4.01E+00 
3.99E+00 
3.98E+00 
8.42E-01 
1.42E-02 
3.13E+00 
3.51E-01 
3.72E+00 
3.70E-02 
4.67E-02 
1.89E-02 
3.48E-02 
3.90E-02 
6.62E-03 
2.80E-03 
6.09E-03 
1.01E-02 
2.59E-02 
2.26E-02 
5.10E-02 
8.84E-03 
1.76E-02 
7.51E-03 
3.81E-02 
7.49E-03 
8.08E-03 
1.76E-02 
1.87E-02 
1.87E-02 
2.45E-03 
6.10E-04 
1.41E-03 
1.07E-03 
8.34E-04 
1.66E-03 
8.87E-04 
7.93E-03 
2.20E-03 
1.40E-02 
3.49E-02 
2.18E-02 
2.74E-02 
2.17E-02 


6926.67 
6945.18 
6951.60 
6960.50 
6973.07 
6979.18 
6982.03 
7423.64 
7442.30 
7468.31 
7898.98 
7899.28 
7915.42 
8184.86 
8188.01 
8200.36 
8210.72 
8216.34 
8223.13 
8242.39 
8567.74 
8594.00 
8629.24 
8655.88 
8680.28 
8683.40 
8686.15 
8703.25 
8711.70 
8718.84 
8728.90 
8747.37 
9028.92 
9045.88 
9049.49 
9049.89 
9060.48 
9187.45 
9187.86 
9207.59 
9208.00 
9386.81 
9392.79 
9460.68 
9776.90 
9786.78 
9788.29 
9798.56 
9810.01 
9814.02 
9822.75 
9834.61 
9863.33 
9872.15 
9883.38 
9905.52 
9909.22 
9931.47 
9947.07 
9965.75 
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9968.51 
9980.42 
9997.73 


NII 

474.891 
475.647 
475.698 
475.757 
475.803 
475.884 
508.697 
510.758 
513.849 
529.355 
529.413 
529.491 
529.637 
529.722 
529.867 
533.511 
533.581 
533.650 
533.729 
533.815 
547.818 
559.762 
574.650 
582.156 
635.197 
644.634 
644.837 
645.178 
660.286 
671.016 
671.386 
671.411 
671.630 
671.773 
672.001 
745.841 
746.984 
748.369 
775.965 
915.612 
915.962 
1083.99 
1085.55 
1085.70 
3408.13 
3437.14 
3593.60 
3609.10 
3615.86 
3829.80 
3838.37 
3842.19 
3847.40 
3855.10 
3856.06 


Weights 

8, 8, 
6 4 
4 6 
8 8 
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А 
1058: 
4.50Е-03 
8.10Е-03 
9.20Е-03 


9.66Е+00 
1.17Е+01 
1.58Е+01 
8.75E+00 
2.10E+01 
5.25E+00 
1.91E+00 
1.87E+01 
1.24E+01 
7.23E+00 
2.43E+01 
6.75E+00 
4.92 Е+00 
1.03Е+01 
1.94E+01 
2.39E+01 
3.20E+01 
1.66E+01 
4.13E+01 
9.19E+00 
2.16E+00 
1.14E+01 
3.60E+01 
2.85E+01 
2.33E+01 
1.21E+01 
3.64E+01 
6.07E+01 
3.69E+01 
2.47E+00 
7 40E+00 
3.04E+00 
2.27E+00 
9.85E+00 
3.87E+00 
1.25E+01 
3.85E+01 
3.83E+00 
3.08E+01 
4.38Е+00 
1.32Е+01 
2.18Е+00 
9.47Е-01 

3.87 Е+00 
2.19Е-01 

2.07 Е+00 
1.21E-01 

1.41E-01 

1.53E-01 

2.42Е-01 

6.98Е-01 

3.06Е-01 

2.22Е-01 

8.82Е-01 

3.71E-01 


10-134 NIST Atomic Transition Probabilities 


À Weights A À Weights A À . Weights _ A 

А 8, 8, 1058: А 8, 8, 10887 А 5, 5, 105 s! 
391900 3 3 6.76E-01 502566 7 7 1.07E-01 593178 3 5 4.27E-01 
395585 3 5 1.31E-01 504071 7 5 3.78Е-03 594024 3 3 226Е-01 
399500 3 5 1.35Е+00 504510 5 3 3.42E-01 594165 5 7 5.54Е-01 
4114.33 3 3 1.42E-03 507359 3 3 2.59Е-02 595239 5 5 1.27E-01 
412408 3 5 3.20E-01 516805 3 5 3.06E-01 596091 5 3 1.34E-02 
4133.67 5 5 5.30Е-01 517046 3 3 6.54E-01 6065.00 3 5 2.21E-03 
414577 7 5 7.36E-01 517127 3 1 871E-01 628432 5 3 7.74Е-02 
437499 3 5 5.55E-03 517147 5 7 5.81E-01 637962 3 3 6.11E-02 
4447.03 3 5 1.14Е+00 517234 3 5 6.01E-01 648205 3 3 3.01E-01 
445994 3 1 1.12E-01 517297 1 3 5.01E-01 6610.56 5 7 6.34E-01 
4465.53 З 3 2.36E-02 517339 5 7 7.36Е-01 685703 5 3 2.53E-01 
4477.68 5 3 8.85E-02 517446 5 5 5.07E-01 686958 5 5 2.51E-01 
448809 5 5 1.30E-02 517589 7 9 8.93E-01 688783 5 7 2.49Е-01 
4507.56 7 5 1.00Е-01 517657 5 3 2.17E-01 776224 5 5 8.74E-02 
4564.6 3 5 1.41Е-02 517706 3 3 5.00Е-01 843874 1 3 2.24Е-01 
460148 3 5 2.35E-01 517934 7 9 8.67E-01 883175 1 3 8.42Е-03 
460715 1 3 3.26E-01 517952 9 11 1.07Е+00 885530 3 3 2.51E-02 
4613.87 3 3 2.26E-01 518036 5 5 4.28E-01 889329 5 3 4.12E-02 
4621.35 3 1 9.55E-01 518320 7 7 2.88E-01 Ad 
463054 5 5 7.72Е-01 518496 7 7 3.20Е-01 “оо Š 1 жайыла 
4643.00 5 3 4.51E-01 518509 5 3 GUE 451871 2 2 1.03E+01 
4654.53 3 5 2.43E-02 518621 7 5 5.76E-02 Meo а 5 6 BEAT 
466721 3 3 2.99E-02 519038 9 9 1.77Е-01 е 5 4 ЕЮ 
467491 3 1 1.05E-01 519196 7 5 4.25E-02 оао 3 а 
469427 1 3 1.23E-01 519950 9 7 1.51E-02 он d 1 ЖЕЛЕ ОЙ 
4695.90 3 5 1.29E-01 531342 3 3 141-01 686336 4 2 1.95Е+01 
4697.64 3 3 3.06E-02 532020 5 3 4.20E-01 ааа 25 5 їг 
4698.55 3 1 3.67E-01 532096 3 5 2.52Е-01 аа а 5 Vase ot 
470003 5 7 1.05E-01 532776 5 5 4.65E-02 мес = P SEED 
470250 5 5 9.15E-02 533873 5 7 1.85E-01 Zoom. d 4 тоа 
470435 5 3 2.13E-01 534021 7 5 2.59Е-01 دون‎ E ! ee 
470640 7 9 6.09Е-02 535123 7 7 3.67Е-01 Коми e 1 асаа 
4709.58 7 7 1.82Е-01 538372 3 5 3.31Е-03 мо 2 : Me 
471207 7 5 1.46Е-01 545207 1 3 8.89Е-02 оне М А кары 
4718.38 9 9 3.02Е-01 5454.22 3 1 3.34E-01 Pbi. ~ ё BOE 
4721.58 9 7 7.75E-02 546258 3 3 100-01 989799 2 4 4.18E+00 
477424 З 5 3.24E-02 547809 3 5 4.75E-02 ЗЕР 4 RPM 
477972 3 3 2.52E-01 548005 5 3 1.30E-01 " ы ë AUTE 
478119 5 7 2.05E-02 549565 5 5 2.40Е-01 cases = у Таке) 
4788.14 5 5 2.52Е-01 552623 3 5 2.13E-01 s 1 АЗЕ 
4793.65 5 3 7.77E-02 553024 5 7 4.04E-01 im t 73 5 XE 
480329 7 7 3.18E-01 553535 7 9 бошо 297255 2 2 6.67E-01 
4810.30 7 5 4.75E-02 553538 3 3 4.53E-01 aoo A 5 2350-01 
486017 3 5 1.61E-02 554006 3 1 6.03E-01 22202. A ез 
498738 3 1 7.48E-01 554347 5 5 3.51E-01 298304 d ў AE 
499124 3 5 3.54E-01 555192 7 7 2.00E-01 AME" 13 j Е 
4994.36 5 7 2.62Е-01 555268 5 3 1.50E-01 Ко 7 Ө БЄРЇ 
4994.37 3 3 7.60E-01 556526 7 5 3.97E-02 121 : sii 
499722 3 3 1.96E-01 566663 3 5 374E-01 و‎ A 5 ‚БҮТ 
500113 3 5 9.76E-01 567602 1 3 2.96E-01 5-2 Ч ЗҮ 
500147 5 7 1.05Е+00 567956 5 7 5.25Е-01 єє i көрден 
500270 1 3 8.45E-02 568621 3 3 1.94Е-01 Зэст а 9 перо 
500515 7 9 1.16Е+00 571077 5 5 1.24Е-01 2 7 Ç аны 
5005.30 5 5 6.51E-02 573066 5 3 1.34E-02 3324072 é А Е 
500733 3 5 7.89Е-01 574730 3 5 ЗАОЕ-02 uses 04 4 блады 
501062 3 3 2.19E-01 576745 3 3 2.44E-02 e Š 5 ЕЕ 
5011.31 5 3 5.84E-01 589315 5 7 2.88E-01 MER i av 
501204 7 7 5.19E-01 589725 3 5 2.16E-01 AUGUE A 3 муна 
5001638 5 5 1.62Е-01 589983 1 3 1.60E-01 кан uU 1 Кулери 
502305 7 5 3.61Е-01 592781 1 3 322E-01 


NIST Atomic Transition Probabilities 


3771.36 
3792.97 
3934.50 
3938.51 
3942.88 
4097.36 
4103.39 
4195.74 
4200.07 
4215.77 
4318.78 
4321.22 
4321.39 
4325.43 
4327.69 
4327.88 
4332.95 
4337.01 
4345.81 
4351.11 
4510.88 
4510.96 
4514.85 
4518.14 
4523.56 
4530.86 
4534.58 
4547.30 
4634.13 
4640.64 
4641.85 
4858.70 
4858.98 
4861.27 
4867.12 
4867.17 
4873.60 
4881.78 
4884.14 
4896.58 
5260.86 
5270.57 
5272.68 
5282.43 
5297.75 
5298.95 
5314.36 
5320.87 
5327.19 
5352.46 
6365.84 
6394.75 
6445.34 
6450.79 
6454.08 
6463.09 
6467.02 
6468.57 
6478.76 
6487.84 


Weights 
8, 8, 


ымы AD‏ ۲م H9 4 F2‏ م 2[ OAN 0000 с 0065 су о на uA‏ ۲م ض HS HS ом 0 0 н>‏ ۲۷م ON Ë‏ 3 ه9 бо 00 ON ON‏ 2[ ۲۷م ض I2 ~ ON 4 O. ON ON вв‏ ۲۷م OV ON до PRO‏ و9 


нь бо ON н> н> су н> н> ом > IS бо ON н> G, GO = смс = ۲۷م و‎ - E ON ۲۷م څج‎ н> = бо 0 d 


= 
° 


нь со бо í сом = = ۲م‎ ON 03400 сво > ۲م = ۲۷م‎ 0 00 вс 


А 

10887! 
8.28Е-02 
1.03E-01 
7.49E-01 
8.96E-01 
1.49E-01 
8.70E-01 
8.67E-01 
9.37E-01 
1.12Е+00 
1.85Е-01 
5.40E-02 
1.08Е-01 
5.03E-02 
8.60E-02 
3.06E-02 
1.07E-01 
1.23E-01 
7.47E-02 
1.82Е-01 
4.01Е-02 
2.84Е-01 
4.77Е-01 
6.80Е-01 
5.65E-01 
3.61E-01 
1.12Е-01 
2.01Е-01 
3.33E-02 
6.36E-01 
7.60E-01 
1.26E-01 
4.35E-01 
4.66E-01 
5.32Е-01 
1.73E-01 
6.18Е-01 
1.50Е-01 
1.22Е-02 
8.71Е-02 
5.86Е-03 
2.80E-02 
6.95E-02 
1.39E-01 
2.21E-02 
4.93E-02 
7.38E-02 
1.14E-01 
5.68E-01 
5.29E-01 
3.72Е-02 
2.18Е-01 
2.15Е-01 
8.89Е-02 
1.77Е-01 
1.49Е-01 
1.13E-01 
2.11E-01 
3.52Е-02 
6.31Е-02 
1.05Е-02 


7371.51 
7404.54 
8307.51 
8344.95 
8386.39 
8424.56 


NIV 

247.205 
*283.52 
*322.64 
335.047 
387.356 
765.147 
*923.16 
955.334 
1718.55 
2649.88 
3052.20 
3059.60 
3075.19 
3443.61 
3445.22 
3454.65 
3461.36 
3463.36 
3474.53 
3478.72 
*3480.8 
3483.00 
3484.93 
3689.94 
3694.14 
3707.39 
3714.43 
3735.43 
3747.54 
4057.76 
4740.26 
4747.96 
4752.49 
4762.09 
4769.86 
4786.92 
4796.66 
5200.41 
5204.28 
5205.15 
5226.70 
5245.60 
5272.35 
5288.25 
5736.93 
5776.31 
5784.76 
5795.09 
5812.31 
5826.43 
5843.84 
6380.75 


н‏ يی Оо Оо о к сол 00 к осо од о NO‏ نر Q0 М «л л Оо Q0‏ نر оо (л (л (л оо = л ою за C2 оо‏ نم л л Q Q Q)‏ نم 


оњ N څج‎ O ج‎ 


об л 0 сло نم‎ Оо л QO оо л Q0 Оч л л ~] Оо 1 QO «л انا‎ (л лл QO оно تا‎ о но л QO ос 00 л к تا‎ о = Q WwW 


1.19Е-02 
3.05Е+02 
8.99Е+01 
1.845Е-02 
2.55Е+01 
2.320Е+01 
1.759Е+01 
2.919Е+01 
2.321Е+00 
1.07E+00 
1.33E-01 
3.95E-01 
6.48E-01 
3.46E-01 
4.60E-01 
3.42E-01 
1.36E+00 
1.02E+00 
5.61E-01 
1.06E+00 
1.06E+00 
1.06E+00 
1.06E+00 
9.10E-02 
2.27E-02 
6.73E-02 
1.34E-02 
7.37E-02 
9.92Е-01 
6.62Е-01 
1.53E-02 
7.60E-02 
1.13E-02 
6.99E-02 
2.50E-02 
8.79E-02 
1.53E-02 
2.67E-01 
3.55E-01 
1.97E-01 
1.46E-01 
8.66E-02 
9.48E-03 
3.22Е-02 
1.84E-01 
1.85E-02 
5.51E-02 
1.37E-02 
1.36E-02 
2.25E-02 
4.01E-02 
1.42E-01 


À 

À 
7103.24 
7109.35 
7111.28 
*7116.8 
7122.98 
7127.25 
7127.25 
9165.07 
9182.16 
9222.99 
9247.04 
9311.55 


NV 

*209.29 
*247.66 
1238.82 
1242.80 
4603.74 
4619.97 


NVI 
24.8980 
28.7870 
*161.220 
173.275 
*173.93 
185.192 
*1901 
2896.4 
*6991.1 
9622.0 


Oxygen 


OI 

791.973 
792.938 
792.967 
877.798 
877.879 
922.008 
935.193 
1028.16 
1152.15 
1217.65 
1302.17 
1304.86 
1306.03 
3823.41 
3823.87 
3824.35 
3825.02 
3825.19 
3855.01 
3947.29 
3947.48 
3947.59 
3951.93 
3952.98 
3953.00 
3954.52 


Weights 
$, & 
1 3 
3 5 
3 3 
9 15 
5 7 
5 5 
5 3 
3 5 
5 7 
7 9 
5 5 
7 7 
2 6 
6 10 
2 4 
2 2 
2 4 
2 2 
1 3 
1 3 
3 9 
1 3 
9 15 
3 5 
3 9 
1 3 
3 9 
1 3 


Q) = л о (л 03 03 03 с л м - фо Q лл л по = Ол 


л оо о но оо л М л М оо о М оо фо Q0 0۷6 лю «л М «л о л оо л 


10-135 


А 

1058: 
6.28Е-02 
8.46Е-02 
4.70E-02 
1.12Е-01 
1.12Е-01 
2.80Е-02 
3.11E-03 
4.23E-02 
4.45E-02 
4.95E-02 
7.66E-03 
5.36E-03 


121Е+02 
4.26Е+02 
3.40Е-00 
3.37Е-00 
4.14Е-01 
4.10Е-01 


5.158Е-03 
1.809Е--04 
2.859Е+02 
2.697 Е+02 
8.756Е+02 
8.205Е+02 
6.780E-01 
2.079E-01 
8.384E-02 
3.276E-02 


4.94Е+00 
2.19E+00 
1.64E+00 
2.85E+00 
5.12E+00 
1.23E+00 
1.33E+00 
4.22E-01 
5.28Е-00 
2.06E+00 
3.41E+00 
2.03E+00 
6.76E-01 
6.63E-03 
1.87E-03 
5.19E-03 
5.59E-03 
8.31E-04 
1.63E-02 
4.91E-03 
4.88E-03 
4.87E-03 
3.10E-03 
1.29E-03 
1.03E-03 
7.73E-04 


10-136 NIST Atomic Transition Probabilities 


Х _ Weights _ A Х Weights A Х " Weights _ A 

À 8, 5, 1054: А 8, 8, 10887 А 5, 8, 1058: 
3954.61 5 5 2.32Е-03 9260.85 3 3 3.34E-01 3843.58 4 6 3.55E-02 
3997.95 5 3 2.41E-02 9260.94 3 5 1.56E-01 3847.89 2 2 1.95E-01 
4217.09 3 1 5.44E-03 9262.58 5 3 1.11E-01 3850.80 4 6 6.00E-03 
4222.77 5 3 2.26E-03 9262.67 5 5 2.60E-01 3851.03 4 4 1.59E-01 
4222.82 1 3 1.81E-03 9262.78 5 7 2.97E-01 3851.47 8 8 2.72Е-02 
4233.27 5 5 4.04E-03 9265.83 Z 5 2.97E-02 3856.13 4 2 2.28E-01 
4368.19 3 1 7.56E-03 9265.93 7 7 148Е-01 3857.16 6 6 6.59Е-02 
4368.24 3 5 7.59E-03 9266.01 7 9 4.45Е-01 3863.50 6 8 6.49Е-02 
4967.38 3 5 4.43E-03 9482.89 5 3 2.34E-01 3864.13 2 2 9.12Е-02 
4967.88 5 7 8.44E-03 9622.11 5 3 5.22Е-04 3864.43 6 6 2.15Е-01 
4968.79 7 9 1.27Е-02 9622.16 3 З 1.57Е-03 3864.67 6 4 1.80Е-01 
5019.29 5 5 7.13Е-03 9625.26 7 5 3.25Е-04 3874.09 2 4 3.26Е-02 
5020.22 7 5 9.98E-03 9625.30 7 7 1.85E-03 3875.80 8 6 3.38E-02 
5329.11 3 5 9.48E-03 9694.66 5 7 4.54Е-04 3882.19 8 8 5.50E-01 
5329.69 5 7 1.81E-02 9694.91 5 5 4.54Е-04 3882.45 4 4. 8.94Е-02 
5330.74 7 9 2.71E-02 9695.06 5 3 4.54Е-04 3883.14 8 6 1.13E-01 
5435.18 3 5 7.74E-03 ОП 3893.52 4 6 1.89E-02 
5435.77 5 5 1.29E-02 429.918 4 2 49258401 3907.45 6 6 8.64Е-02 
5436.86 7 5 1.80Е-02 430.041 4 4 A.13E+01 3911.96 6 4 1.09Е+00 
5512.60 3 5 2.69E-03 430.176 4 6 4.36Е+01 3912.12 4 4 1.41E-01 
5512.77 5 7 3.58Е-03 483.760 4 2 2.05Е+01 3919.27 4 2 1.22Е+00 
5554.83 3 3 5.83E-03 483.980 6 4 1.80E+01 3945.04 2 4 2.05E-01 
5555.00 5 3 9.71E-03 484.027 4 4 3.22Е+00 3954.36 2 2 8.57E-01 
5958.39 3 5 6.80E-03 485.087 6 8 2.60E«01 3973.26 4 4 1.04E4 00 
5958.58 5 7 9.06E-03 485.470 6 6 120E400 3982.71 4 2 4.27E-01 
6046.23 3 3 1.05E-02 485.518 4 6 193E401 4069.62 2 4 1.52Е-00 
6046.44 5 3 1.75E-02 2290.85 2 4 7 ALE-02 4069.88 4 6 1.53E+00 
6046.49 1 3 3.50E-03 2293.30 2 2 325E-01 4072.15 6 8 1.98Е+00 
6155.99 3 5 2.67E-02 2300.33 4 4 4.17E-01 4075.86 8 10 2.11Е-00 
6156.78 5 7 5.08Е-02 2302.81 4 2 L67E-01 4078.84 4 4 5.52E-01 
6158.19 7 9 7.62Е-02 2365.14 4 2 152E-01 4084.65 6 8 7.28E-02 
6324.84 7 5 3.76Е-05 2375.72 6 4 1.35Е-01 4085.11 6 6 4.55E-01 
6453.60 3 5 1.65E-02 2406.38 6 4 185Е-01 4092.93 8 8 2.6БЕ-01 
6454.44 5 5 2.75E-02 2407 48 4 4 225E-01 4094.14 6 4 4.70E-02 
6455.98 7 5 3.85E-02 2411.60 4 2 2.05E-01 4096.53 4 6 1.73E-01 
6726.28 5 5 1.18Е-05 2411.64 2 2 110Е-01 4097.22 2 4 3.62Е-01 
6726.54 5 3 6.44E-06 2415.13 4 2 220E-01 4103.00 2 2 5.09E-01 
7001.92 3 5 2.65E-02 2418.46 6 6 2.30E-01 4104.72 4 6 3.14E-01 
7002.23 5 7 3.53E-02 2425.57 6 6 177E-01 4104.99 4 4 9.14E-01 
7254.15 3 3 2.24E-02 2433.54 2 4 421E-01 4106.02 8 6 1.70E-02 
7254.45 5 3 3.73E-02 2436.06 4 4 1.69Е-01 4109.84 6 6 1.21Е-02 
7254.53 1 3 7.45E-03 244425 4 4 756Е-02 4110.19 6 4. 2.54E-01 
7771.94 5 7 3.69E-01 2445.53 4 6 498E-01 4110.79 4 2 7.70E-01 
7774.17 5 5 3.69Е-01 2517.96 4 6 772E-02 4112.02 6 6 1.81E-01 
7775.39 5 3 3.69Е-01 252321 2 2 9.63E-02. 4113.83 8 6 2.41E-01 
7981.94 3 3 2.33E-04 2526.87 4 4 1.20E-01 4119.22 6 8 1.33E+00 
7982.40 1 3 3.09E-04 253028 6 8 8.16Е-02 4120.28 6 6 2.15Е-01 
7986.98 3 5 4.19Е-04 257146 2 4 115Е-01 4120.55 6 4 2.60E-01 
7987.33 5 5 1.41E-04 2575.28 4 6 137E-01 4121.46 2 2 5.60E-01 
7995.07 5 7 5.6ЗЕ-04 313473 8 6 123E400 4129.32 4 2 1.79E-01 
8221.82 7 7 2.89E-01 327343 8 6 9.99Е-01 4132.80 2 4 9.13Е-01 
8227.65 5 3 8.13E-02 337715 2 2 127E400 4140.70 4 4 4.09E-02 
8230.00 5 5 2.26E-01 339021 2 4 1.22F +00 4153.30 4 6 7.91E-01 
8233.00 3 3 2.43E-01 3407.28 6 6 1.02Е+00 4156.53 6 4. 2.11Е-01 
8235.35 3 5 4.86E-02 371274 2 4 2.84E-01 4169.22 6 6 2.71E-01 
8446.25 3 1 3.22E-01 3727.32 4 4 5.81E-01 4185.44 6 8 1.91Е-00 
8446.36 3 5 3.22Е-01 374948 6 4 931E-01 4189.58 8 8 7.06E-02 
8446.76 3 3 3.22Е-01 3833.07 6 8 102E-02 4189.79 8 10 1.98Е+00 
8820.42 5 7 2.93E-01 3842.81 2 4 7 ABE-02. 4192.51 6 4 3.21E-01 
9260.81 3 1 4.46Е-01 4196.27 4 4 3.56E-02 


NIST Atomic Transition Probabilities 


Х 
А 
4196.70 
4317.14 
4319.63 
4319.87 
4325.76 
4327.46 
4327.85 
4328.59 
4331.47 
4331.86 
4336.86 
4345.56 
4347.22 
4347.41 
4349.43 
4351.26 
4351.46 
4359.40 
4366.89 
4369.27 
4395.93 
4405.98 
4414.90 
4416.97 
4443.01 
4443.52 
4447.68 
4448.19 
4452.38 
4466.24 
4467.46 
4563.18 
4590.97 
4595.96 
4596.18 
4638.86 
4641.81 
4649.13 
4650.84 
4661.63 
4673.73 
4676.23 
4690.89 
4691.42 
4696.35 
4698.44 
4699.01 
4699.22 
4701.18 
4701.71 
4703.16 
4705.35 
4710.01 
4741.70 
4751.28 
4752.69 
4844.92 
4856.39 
4856.76 
4860.97 


Weights 
8, 8, 
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нь 4 GN ON 0000 ON 00 ۹ ۲۷م‎ 3» ON бо с = мо ON AN бо 006 ON ON GO вре ج‎ O00 бо ON 64 Оо вс н> 40 0 0 ON کم‎ => = HR ON ۲۷م‎ HS ом نم‎ ON نم څک‎ 


А 

10% s~! 
3.56E-01 
3.70E-01 
2.55E-01 
5.62E-01 
1.47Е-01 
6.76Е-01 
7.24E-02 
1.12Е-00 
4.82Е-02 
6.50Е-01 
1.57Е-01 
8.31E-01 
1.19E-01 
9.32Е-01 
6.91Е-01 
9.89Е-01 
5.82Е-02 
1.44E-02 
3.98E-01 
3.57E-01 
3.91E-01 
4.30E-02 
8.34E-01 
7.13E-01 
5.05E-01 
1.89E-02 
2.52Е-02 
5.10Е-01 
1.37 Е-01 
9.00E-01 
9.00E-01 
7.18Е-03 
8.85Е-01 
4.87E-02 
8.34E-01 
3.71E-01 
5.96E-01 
7.81E-01 
6.86E-01 
4.10E-01 
1.35E-01 
2.05E-01 
1.86E-01 
7.43E-01 
3.25E-02 
6.59E-02 
9.88E-01 
9.36E-01 
9.23E-01 
3.69E-01 
9.20E-01 
1.10Е+00 
2.98Е-01 
4.71E-02 
6.39E-02 
1.45E-02 
1.02Е-02 
5.58Е-02 
1.00Е-01 
4.70E-01 


4864.88 
4871.52 
4872.02 
4890.86 
4906.83 
4924.53 
4941.07 
4943.01 
4955.71 
5159.94 
5175.90 
5190.50 
5206.65 
5583.22 
5611.07 
6627.37 
6641.03 
6666.66 
6677.87 
6717.75 
6721.39 
6810.48 
6844.10 
6846.80 
6869.48 
6884.88 
6895.10 
6906.44 
6907.87 
6910.56 


ОШ 

263.694 
263.727 
263.773 
263.817 
263.861 
277.386 
279.788 
295.942 
303.413 
303.461 
303.517 
303.622 
303.695 
303.800 
305.596 
305.656 
305.702 
305.767 
305.836 
320.978 
328.448 
345.312 
374.073 
395.557 
507.388 
507.680 
508.178 
525.794 
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ллы = (л пио ин (л пио (л (л ©з оо ҥ (л л نیا‎ Ооо О кєк نم‎ (л (л (л л осы 


ном су о d» Ov Oo ON со Ñ) ج ۲م‎ Ñ LO Ë م‎ GR Ë څ‎ N N څ‎ ٥ څک‎ ON تم څک‎ ос ~ 


Ооо Q0 QO л C2 л М л М 0 0) 0 аъ л оо к фо 00 л М л له‎ won фо 


3.32E+01 
4.48E+01 
2.49Е+01 
5.97E+01 
1.49E+01 
9 A3E+01 
4.25Е-01 
5.56Е+01 
4.29Е+01 
1.29Е+02 
3.21Е+01 
3.21Е+01 
5.34Е +01 
9.61Е-01 
1.20Е+02 
1.62 Е+02 
9.01Е+01 
2.16E+02 
5.40E+01 
2.17E+02 
1.04E+02 
1.35E+02 
2.85E+01 
2.80E+01 
1.61E+01 
4.82Е-01 
8.04E+01 
9.60E+01 


Х 
А 
597.814 
599.590 
702.337 
702.838 
832.929 
835.092 
835.289 
1679.03 
1686.73 
1760.41 
1764.46 
1766.63 
1772.28 
1772.97 
2390.43 
2454.97 
2665.68 
2674.58 
2683.66 
2686.15 
2687.55 
2695.48 
2794.14 
2798.93 
2809.66 
2818.70 
2836.31 
2959.69 
2983.78 
2992.08 
2996.48 
2997.69 
3004.34 
3008.78 
3017.62 
3023.43 
3024.36 
3024.54 
3035.41 
3042.07 
3047.10 
3059.28 
3064.98 
3068.13 
3068.26 
3068.67 
3074.14 
3074.72 
3075.13 
3075.95 
3083.65 
3084.64 
3088.04 
3095.79 
3115.67 
3121.63 
3132.79 
3198.18 
3201.14 
3202.51 


Weights 
8, 8, 
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10-137 


А 

1058: 
1.49Е-01 
5.41Е-01 
6.06E+00 
1.83E+01 
3.41E+00 
1.44E+00 
5.99E+00 
6.57E-01 
6.48E-01 
8.38E-01 
2.50E+00 
1.11E+00 
3.29E+00 
1.37E+00 
1.62E+00 
3.43E+00 
6.75E-01 
1.11E+00 
1.85E+00 
1.54E+00 
1.84E+00 
1.82E+00 
1.82E-01 
4.52Е-02 
1.34Е-01 
2.66Е-02 
1.46Е-01 
1.83Е+00 
2.15E+00 
9.32E-02 
4.64E-01 
6.88E-02 
4.27E-01 
1.53E-01 
5.38E-01 
4.79E-01 
9.39E-02 
6.16E-01 
4.59E-01 
1.94E+00 
1.49E+00 
8.72E-01 
2.17E-01 
6.49E-01 
5.41E-02 
2.27E-01 
1.84E-01 
3.76E-01 
1.61E-01 
1.07E-01 
3.20E-01 
2.55E-01 
5.30E-01 
1.35E-01 
1.39E+00 
1.38E+00 
1.37E+00 
9.57E-02 
4.77E-01 
7.08E-02 


10-138 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 

Á 8, 8, 1058: А 8, 8, 10851 А 3 5, 10° کو‎ 
3207.61 5 5 4.40E-01 3698.72 5 2 7.62Е-01 625.127 4 4 2.13Е-01 
3210.58 5 3 1.58Е-01 3703.36 7 9 1.14Е-00 625.853 6 4 3.19E+01 
3216.07 7 7 5.58Е-01 3704.75 3 3 8.53E-01 779.736 6 4 1.46Е-00 
3221.21 7 5 9.75E-02 3707.27 3 5 7.34E-01 779.820 4 4 1.31E+01 
3260.86 5 7 1.68E+00 3709.54 3 1 1.13Е+00 779.912 6 6 1.36Е+01 
3265.33 7 9 1.88Е+00 3712.49 5 5 6.59E-01 779,997 4 6 9.70Е-01 
3267.20 3 5 1.58Е-00 3714.03 3 3 4.06E-01 787.710 2 4 5.95Е-00 
3281.83 5 5 2.89Е-01 3715.09 5 7 9.73E-01 790.112 4 4 118Е+00 
3284.45 7 7 2.06Е-01 3720.89 7 7 3.74E-01 790.199 4 6 7.08Е-00 
3299.39 1 3 1.64E-01 3721.95 5 3 2.80E-01 921.296 2 4 2.21Е-00 
3312.33 3 3 4.60Е-01 3725.31 5 5 2.41E-01 921.365 2 2 8.83Е+00 
3326.06 3 3 2.65E-01 3728.51 5 7 1.29Е +00 923.367 4 4 1.10Е+01 
3330.30 3 5 6.81E-01 3728.84 7 9 145Е+00 923.436 4 2 4.39Е-00 
3330.32 3 5 4.76E-01 3729.80 3 5 1.22E+00 1338.61 2 4 2.17E+00 
3332.41 5 3 7.92E-01 3732.13 5 3 2.67E-02 1342.99 4 4 4.29E-01 
3332.93 5 7 5.04E-01 3734.83 7 5 7.40E-02 1343.51 4 6 2.57Е+00 
3336.67 3 3 3.76E-01 3742.63 5 5 2.24E-01 2120.58 2 2 1.05 Е+00 
3336.69 5 5 8.77Е-02 3746.90 7 7 1.59Е-01 2132.64 4 4 1.29Е+00 
3340.76 5 3 6.57E-01 3754.70 3 5 7.53E-01 2493.39 2 4 118Е+00 
3344.20 5 5 1.25E-01 3757.23 1 3 5.56E-01 2493.75 4 6 8.48Е-01 
3344.51 5 7 3.48E-01 3759.88 5 7 9.79Е-01 2493.99 2 2 6.09Е-01 
3347.98 7 5 4.86E-01 3774.03 3 3 3.91E-01 2499.27 2 2 4.68E-01 
3350.62 5 3 1.12Е-00 3791.28 5 5 2.24Е-01 2501.81 4 4 3.73E-01 
3350.92 7 7 9.91Е-01 3810.98 5 3 2.37E-02 2507.73 4 2 2.32Е+00 
3355.86 7 7 6.89Е-01 3816.75 5 3 9.63E-02 2509.22 6 6 1.94Е-00 
3362.31 7 5 6.87Е-01 3961.57 5 7 1.25Е+00 2510.58 4 2 1.19Е+00 
3376.61 3 1 1.49Е +00 4072.64 1 3 3.37E-01 2517.37 6 4 1.24E+00 
3376.76 3 3 1.12E+00 4073.98 3 5 4.54E-01 2781.22 2 2 1.03E-01 
3377.26 3 5 5.20E-01 4081.02 5 7 6.02E-01 2803.57 6 4 1.26E-01 
3382.61 5 7 9.86E-01 4089.30 3 3 2.49E-01 2805.87 2 4 2.90E-01 
3383.31 5 3 3.70E-01 4103.07 5 5 1.48Е-01 2812.50 6 6 3.58E-02 
3383.81 5 5 8.62Е-01 4118.60 5 3 1.63E-02 2816.53 4 4 5.74E-01 
3384.90 Z 9 1.48E+00 4440.09 5 3 4.42E-01 2829.17 8 6 1.56E-01 
3394.22 7 7 4.88E-01 4447.69 5 5 4.40E-01 2836.27 6 4 8.43E-01 
3395.43 7 5 9.75E-02 4461.61 5 7 4.36E-01 2916.31 2 4 1.06Е+00 
3406.88 1 3 1.93E-01 4524.22 3 1 3.38Е-01 2921.46 4 6 1.27E+00 
3408.13 3 1 5.79E-01 4532.78 5 3 1.40E-01 2926.18 4 4 2.11E-01 
3415.26 3 3 1.44E-01 4535.29 3 3 8.40E-02 3063.43 2 4 1.30Е+00 
3428.63 3 5 1.42E-01 4555.39 5 D 2.49E-01 3071.60 2 2 1.29Е+00 
3430.57 5 3 2.37E-01 4557.91 3 5 8.27E-02 3177.89 2 4 7.59E-02 
3444.05 5 5 4.21Е-01 5268.30 1 3 3.50E-01 3180.77 2 2 1.51E-01 
3446.68 3 5 9.71E-01 5508.24 5 D 1.06E-01 3180.99 4 6 7.06E-02 
3447.15 1 3 8.09E-01 5592.25 3 3 3.27Е-01 3185.74 4 4 1.21Е-01 
3447.97 5 7 1.19E+00 OIV 3188.22 6 8 4.28E-02 
3450.91 7 9 1.44Е--00 238.360 2 4 2.96Е+02 3188.64 4 2 1.50Е-01 
3451.30 3 3 8.06E-01 238.570 4 6 3.54E402 3194.78 6 6 1.71E-01 
3454.84 5 5 6.89E-01 238.579 4 4 5.90Е+01 3199.58 6 4 1.04E-01 
3454.99 9 11 1.72Е-00 279.631 2 2 2.68Е+01 3209.65 8 8 2.53E-01 
3459.48 5 3 1.14E-01 279.933 4 2 534E401 3216.31 8 6 5.56E-02 
3459.94 7 7 5.14Е-01 553.329 2 4 122Е+01 3348.06 2 4 8.51E-01 
3466.13 9 9 2.84E-01 554.076 2 2 4.86E«01 3349.11 4 6 1.02 Е+00 
3466.85 7 5 6.82Е-02 554.513 4 4 6.06E«01 3354.27 4 2 7.71Е-01 
3475.24 9 7 2.42Е-02 555263 4 2 2.41Е+01 3362.55 4 4 7.65E-01 
3520.94 1 3 1.50E-01 608.397 2 2 121Е+01 3375.40 4 6 7.56E-01 
3531.22 3 1 4.45E-01 609.829 4 2 240E«01 3378.02 4 4 1.66E-01 
3533.38 3 3 1.11E-01 616.952 6 4 2.60E401 3381.21 4 6 7.19Е-01 
3534.90 3 5 1.11E-01 617.005 4 4 2.89E«00 3381.30 2 4 4.28E-01 
3555.24 5 3 1.82Е-01 617.036 4 2 2.89Е+01 3385.52 6 8 1.02Е+00 
3556.78 Б 5 3.26E-01 624.619 2 4 107E401 3390.19 2 2 8.49E-01 
3695.38 3 5 4.01E-01 3396.80 4 4 5.40E-01 


NIST Atomic Transition Probabilities 


3405.77 
3409.70 
3411.30 
3411.69 
3425.55 
3489.89 
3492.21 
3493.43 
3560.39 
3563.33 
3593.08 
3725.89 
3725.94 
3729.03 
3736.68 
3736.85 
3744.89 
3758.39 
3930.68 
3942.06 
3945.31 
3956.77 
3974.58 
3977.09 
3995.08 
4687.03 
4772.60 
4779.10 
4783.42 
4794.18 
4798.27 
4813.15 
5305.51 
5362.51 
6876.49 
6931.60 
7004.11 
7061.30 


OV 

172.169 
*192.85 
*215.17 
220.353 
248.460 
629.732 
758.677 
759.442 
760.227 
760.446 
761.128 
762.004 
774.518 
1371.30 
2729.31 
2731.45 
2743.61 
2752.23 
2755.13 
2769.69 


Weights 
5, & 

2 

6 

4 

6 

4 

6 

4 

4 

6 

8 

6 

4 

6 

8 

4 
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А 

10887! 
1.67 Е-01 
3.00E-01 
1.69E-01 
1.02 Е+00 
4.942 -02 
7.29E-01 
6.06E-01 
1.21E-01 
1.03Е+00 
1.10Е+00 
7.15Е-02 
5.61Е-01 
6.01Е-01 
6.86Е-01 
2.23E-01 
7.95E-01 
1.92Е-01 
1.11E-01 
3.80E-02 
9.42E-02 
1.88Е-01 
2.98Е-02 
6.62Е-02 
9.91Е-02 
1.52Е-01 
2.79Е-01 
1.23E-01 
2.45E-01 
2.06E-01 
1.56E-01 
2.91Е-01 
8.65E-02 
6.10E-02 
6.12Е-02 
1.88Е-02 
7.35E-02 
8.90E-02 
3.48E-02 


2.94E+02 
6.90E+02 
1.83E+02 
4.292 Е+02 
5.59Е--01 
2.872E+01 
5.547E+00 
7.373E+00 
5.514E+00 
1.652E+01 
2.197E+01 
9.125E+00 
3.804E+01 
3.336E+00 
4.52E-01 
5.90E-01 
4.38E-01 
1.82 Е+00 
1.37Е-00 
7.88E-01 


2781.01 
*2784.0 
2786.99 
2789.85 
3058.68 
3144.66 
3219.24 
3222.29 
3227.54 
323921 
3248.28 
3263.54 
3275.64 
3297.62 
3690.17 
3698.36 
3702.72 
3717.31 
3725.63 
3746.64 
3761.58 
4119.37 
4120.49 
4123.96 
4125.49 
4134.11 
4153.27 
4158.86 
4178.46 
4213.35 
4522.66 
4554.53 
5114.06 
5339.94 
5349.74 
5372.71 
5414.59 
5428.38 
5471.12 
5571.81 
5580.12 
5583.23 
*5589.9 
5597.89 
5604.27 
5607.41 
6330.05 
6460.12 
6466.14 
6500.24 
6543.77 
6601.28 
6764.72 
6789.62 
6817.40 
6828.95 
6878.76 


OVI 
*150.10 
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л М 0 л оо М л © м л м оо л м 


А 

10887 
1.40Е+00 
1.40Е+00 
1.39Е+00 
1.38Е+00 
1.39Е+00 
8.86Е-01 
1.54Е-01 
1.16Е-01 
3.38E-02 
3.28E-01 
1.18bE-01 
1.86E-02 
4.76E-01 
1.30E-01 
1.97E-02 
1.03E-01 
1.41E-02 
9.63E-02 
2.91E-02 
1.18bE-01 
1.61E-02 
3.66E-01 
3.33E-01 
4.81E-01 
2.70Е-01 
3.34E-01 
1.92Е-01 
3.39E-01 
1.12Е-01 
1.19Е-02 
1.02Е-02 
2.41E-01 
1.80E-01 
1.85E-02 
7.04E-02 
1.42Е-02 
9.29E-03 
2.68Е-02 
4.86E-02 
8.33E-02 
1.11E-01 
6.20E-02 
1.49E-01 
1.48Е-01 
3.68Е-02 
4.08E-03 
1.21E-01 
9.37E-02 
1.01E-01 
1.11E-01 
1.64E-02 
1.14E-02 
4.37E-02 
5.79E-02 
3.00E-02 
7.35E-02 
1.65E-02 


2.62Е+02 


Х 

А 
*173.03 
1031.91 
1037.61 
3811.35 
3834.24 


O VII 

18.6270 
21.6020 
*120.33 
128.411 
*128.46 
135.820 
*1630.3 
2448.98 
*5933.1 
8241.76 


Phosphorus 


PI 

1671.7 
1674.6 
1679.7 
1775.0 
1782.9 
1787.7 
2135.5 
2136.2 
2149.1 
2152.9 
2154.1 
2154.1 
2534.0 
2535.6 
2553.3 
2554.9 


РИ 

1301.9 
1304.5 
1304.7 
1305.5 
1309.9 
1310.7 
4475.3 
4499.2 
4530.8 
4554.8 
4588.0 
4589.9 
4602.1 
4943.5 
5253.5 
5425.9 
6024.2 
6043.1 


РШ 

1334.8 
1344.3 
1344.8 


Weights 
8, & 
6 10 
2 4 
2 2 
2 4 
2 2 
1 3 
1 3 
3 9 
1 3 
9 15 
3 5 
3 9 
1 3 
3 9 
1 3 
4 2 
4 4 
4 6 
4 6 
4 4 
4 2 
4 4 
6 4 
4 2 
2 4 
4 4 
4 6 
2 4 
4 4 
2 2 
4 2 
1 3 
3 1 
3 3 
3 5 
5 3 
5 5 
5 7 
5 7 
3 5 
3 5 
5 7 
3 5 
7 9 
7 5 
3 5 
5 5 
3 5 
5 7 
2 4 
4 6 
4 4 


10-139 


A 
105 s! 
8.78Е+02 
4.16Е+00 
4.09Е+00 
5.14Е-01 
5.05Е-01 


9.365Е-03 
3.309Е+04 
5.334Е +02 
8.982 Е+02 
1.615 Е+03 
1.523Е-03 
7.935Е-01 
2.514E-01 
1.002E-01 
3.864E-02 


3.9E-01 
4.0E-01 
3.9E-01 
2.17E+00 
2.14E+00 
2.13E+00 
2.11E-01 
2.83E+00 
3.18E+00 
4.85E-01 
1.73E-01 
5.8E-01 
2.00E-01 
9.5E-01 
7.1E-01 
3.00E-01 


5.0E-01 
1.5Е+00 
3.7Е-01 
3.8Е-01 
6.2Е-01 
1.1Е+00 
1.3Е+00 
1.4Е+00 
1.0Е+00 
9.6Е-01 
1.7Е+00 
1.6Е+00 
1.9E+00 
6.3E-01 
1.0E+00 
6.9E-01 
5.1Е-01 
6.8Е-01 


5.5Е-01 
6.4Е-01 
1.1Е-01 


10-140 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 
А g, 8, 10587 А 8, 5 10857 А 5 5 10587 
4057.4 4 4 1.0Е-01 4734.2 15 13 2.5E-02 3692.36 0 8 9.1E-01 
4059.3 6 4 9.0E-01 4879.1 15 15 1.8E-02 3700.91 8 10 3.9E-01 
4080.1 4 2 9.9Е-01 4886.0 15 15 1.ЗЕ-02 3713.02 4 4 8.3E-02 
. 4912.6 17 15 5.7E-02 3788.47 4 6 1.4Е-01 
Potassium 
5034.4 19 19 1.1Е-01 3793.22 8 6 4.2E-01 
KI 5110.8 21 19 2.78Е-01 3799.31 8 8 5.5E-01 
4044.1 2 4 1.24E-02 5135.1 17 17 1.25Е-01 3806.76 6 6 6.2Е-02, 
4047.2, 2 2 1.24E-02 5173.9 19 17 3.18E-01 3818.19 6 4 5.8E-01 
5084.2 2 2 3.50Е-03 5219.1 15 15 9.5E-02 3822.26 6 6 8.5E-01 
5099.2 4 2 7.0E-03 5220.1 17 15 2.35E-01 3828.48 6 6 6.2Е-01 
5323.3 2 2 6.3E-03 5251.7 15 13 1.1E-02 3833.89 6 4 5.8E-01 
5339.7 4 2 1.26E-02 5259.7 15 13 2.24Е-01 3856.52 8 10 5.9E-01 
5343.0 2 4 4.0E-03 5292.6 13 13 9.3E-02 3872.39 4 6 6.7E-03 
5359.6 4 6 4.6E-03 5810.6 17 19 2.3E-02 3877.34 8 6 3.7E-02 
5782.4. 2 2 1.23E-02 5879.3 15 15 7.6E-02 3913.51 8 8 2.5E-03 
5801.8 4 2 2.46E-02 6200.8 15 17 1.8Е-02 3922.19 4 2 6.25E-02 
5812.2 2 4 2.8E-03 6278.7 13 15 2.6E-02 3934.23 8 8 1.58E-01 
5831.9 4 6 3.2bE-03 6398.0 11 13 1.9Е-02 3942.72 4 2 7.15E-01 
6911.1 2 2 2.72E-02 : 3958.86 6 8 5.5Е-01 
Rhodium 
6938.8 4 2 5.4E-02 3984.40 4 4 1.1E-01 
7664.9 2 4 3.87E-01 RhI 3995.61 4 6 4.7E-02 
7699.0 2 2 3.82Е-01 3083.96 8 6 4.8Е-02 4053.44 2 2 2.8E-02 
KI 3114.91 6 4 4.45E-02 4056.34 6 4 9.5E-03 
40:43 1 3 BEU 3121.76 6 6 11Е-01 4082.78 6 4 1.4Е-01 
312370 10 8 4.6E-02 4097.52 2 4 7.0E-02 
КШ 3137.71 4 6 3.3E-02 4121.68 6 6 9.8E-02 
2550.0 6 4 2.0E+00 3189.05 6 6 3.03E-01 4128.87 6 8 1.73E-01 
2635.1 4 4 1.2E+00 3197.13 6 4 4.35E-02 4135.27 8 8 1.0E-01 
2992.4 6 8 2.5E+00 3263.14 6 Š 1.3E-01 4196.50 6 8 3.9E-02 
3052.1 4 6 1.7E+00 3271.61 6 4 2.0E-01 4211.14 8 10 1.62E-01 
3202.0 4 4 1.8Е+00 3280.55 8 8 2.36E-01 4244.44 4 6.5E-03 
3289.1 4 6 2.0E+00 3283.57 6 8 4.4E-01 4278.60 4 6 9.2E-03 
3322.4 6 6 1.3Е+00 3289.14 4 4. 1.0E-01 4288.71 6 8 6.1E-02 
3421.8 2 4 1.5E+00 3323.09 8 10 6.3E-01 4373.04 2 4 1.8Е-02 
KXVI 3331.09 4 2 5.40E-02 4374.80 8 10 1.64E-01 
206.27 1 3 9.4E+01 3338.54 8 6 3.5E-02 4379.92 6 6 2.48E-02 
3360.80 4 12E-01 4492.47 6 6 4.5E-03 
K XVII 3368.38 6 4 1.1Е-01 4528.72 6 8 1.35E-02 
22.020 2 4 4.7Е-04 3396.82 10 10 6.5E-01 4548.73 4 6 5.5E-03 
22.163 4 6 5.6E+04 3399.70 6 8 12E-01 4551.64 4 4 4.00E-02 
22.18 4 4 9.3Е+03 3462.04 6 6 62E-01 4565.19 4 4 1.1Е-02 
22.60 2 2 2.5Е+03 3470.66 4 4 8.5E-01 4569.00 6 8 1.0Е-02 
22.76 2 2 4.7Е+03 347891 6 6 3.32Е-01 460812 2 2 2.1Е-02 
Praseodymium 3484.04. 6 8 9.3E-03 4675.03 8 8 6.4E-03 
3498.73 4 6 2.12E-01 4721.00 6 4 3.43E-03 
Pr II 3502.52 10 10 4.3E-01 4745.11 6 6 5.2E-03 
3997.0 15 15 1.87E-01 3507.32 6 8 3.4E-01 4755.58 4 4 6.0E-03 
4062.8 13 15 1.00Е+00 3528.02 8 8 8.5E-01 4842.43 6 8 1.6E-03 
4100.7 17 19 8.4E-01 3543.95 4 4 4.65E-01 4963.71 2 2 3.0E-02 
4143.1 15 17 5.8E-01 3549.54. 6 6 222E-01 4977.75 4 4 9.8E-03 
4179.4 13 15 5.2Е-01 357018 4 6 1.82Е-01 4979.18 4 6 1.0Е-02 
4222.9 11 13 3.91E-01 3583.10 8 10 2.6E-01 5090.63 6 6 5.0E-03 
4241.0 17 15 2.30E-01 3596.19 6 4 5.5E-01 5120.69 6 8 3.1E-03 
4359.8 15 15 1ЛЕ-01 3597.15 6 8 5.9E-01 5130.76 4 4 4.35E-03 
4405.8 17 17 9.0E-02 3612.47 4 2 8.90E-01 5155.54. 2 4 9.8E-03 
4429.3 15 15 2.28E-01 3620.46 6 4 8.5E-02 5184.19 6 8 1.6Е-03 
4449.8 13 13 1.24Е-01 3654.87 8 8 6.0Е-02 5212.73 4 2 5.95E-03 
4468.7 11 13 1.54E-01 3657.99 8 6 8.8E-01 5292.14 10 10 3.7E-03 
4510.2 13 15 1.16E-01 3666.22. 6 8 8.4E-02 5390.44. 4 6 9.5E-03 
4534.2 15 17 4.9E-02 3690.70 6 4 3.23Е-01 542472. 4 4 5.0E-03 


NIST Atomic Transition Probabilities 


А 

А 
5599.42 
5983.60 


Rubidium 


RbI 

3022.5 
3032.0 
3044.2 
3060.2 
3082.0 
3112.6 
3113.1 
3157.5 
3158.3 
3228.0 
3229.2 
3348.7 
3350.8 
3587.1 
3591.6 
4201.8 
4215.5 
7800.3 
7947.6 


Scandium 


561 
2116.7 
2120.4 
2262.3 
2266.6 
2270.9 
2280.8 
2289.6 
2311.29 
2315.69 
2320.32 
2324.75 
2328.19 
2334.67 
2346.03 
2429.19 
2438.63 
2468.40 
2692.78 
2699.02 
2706.74 
2707.93 
2711.34 
2965.88 
2974.01 
2980.76 
2988.97 
3015.37 
3019.35 
3030.76 
3255.68 
3269.90 
3273.63 
3907.48 


Weights 


8; 
6 8 
10 10 
2 4 
2 4 
2 4 
2 4 
2 4 
2 4 
2 2 
2 4 
2 2 
2 4 
2 2 
2 4 
2 2 
2 4 
2 2 
2 4 
2 2 
2 4 
2 2 
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А 
10887! 
1.3E-02 
2.1E-02 


4.13E-05 
4.93E-05 
8.2Е-05 
1.05Е-04 
1.49E-04 
2.5E-04 
1.3E-04 
3.38E-04 
2.0Е-04 
6.4E-04 
3.8E-04 
1.37E-03 
8.9E-04 
3.97E-03 
2.9E-03 
1.8E-02 
1.5E-02 
3.70E-01 
3.40E-01 


2.0E-01 
2.0E-01 
5.8E-02 
4.8E-01 
4.6E-01 
2.8E-01 
4.1Е-02 
4.1Е-02 
2.5Е-01 
2.4Е-01 
4.1Е-02 
4.6Е-02 
1.7Е-01 
1.3Е-01 
2.8Е-01 
2.1Е-01 
4.9Е-02 
1.61Е-01 
2.4Е-02 
3.1Е-01 
1.49E-01 
3.2bE-01 
7.5E-02 
5.5E-01 
5.4E-01 
6.9E-02 
7.8Е-01 
8.7Е-01 
1.00Е-01 
3.2Е-01 
3.13Е-00 
2.81E+00 
1.66E+00 


3911.81 
3933.38 
3996.60 
4020.39 
4023.22 
4023.68 
4031.38 
4036.86 
4043.80 
4047.80 
4051.83 
4054.54 
4067.00 
4067.63 
4074.96 
4078.56 
4080.57 
4082.39 
4086.66 
4087.47 
4093.12 
4094.86 
4098.36 
4132.98 
4140.27 
4147.38 
4161.85 
4171.53 
4186.42 
4187.61 
4193.53 
4204.52 
4205.20 
4212.32 
4212.48 
4216.08 
4218.23 
4225.54 
4225.69 
4231.64 
4233.59 
4238.05 
4239.55 
4246.14 
4542.55 
4544.67 
4706.94 
4709.31 
471172 
4714.30 
4719.31 
4728.77 
4729.20 
4729.24 
4734.11 
4737.65 
4741.02 
4743.82 
4973.67 
4980.36 
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A 

10887 
1.79Е+00 
1.62Е-01 
1.65Е-01 
1.63Е-00 
3.0E-01 
1.65Е+00 
2.9Е-01 
7.9Е-02 
З.11Е-01 
1.54Е-01 
7.7Е-02 
1.67Е-01 
1.91Е-01 
4.1E-02 
3.7E-01 
4.3E-01 
6.6E-02 
2.73E-01 
3.7E-01 
1.12Е-01 
1.23Е-01 
1.44Е-01 
8.7Е-02 
1.19Е+00 
1.17Е+00 
1.74Е-01 
1.77Е-01 
1.36Е-01 
8АЕ-02 
1.28Е-01 
6.1Е-02 
3.5E-02 
1.12Е-01 
1.58bE-01 
8.6E-02 
2.36E-01 
2.26E-01 
9.5E-02 
7.6E-02 
1.31E-01 
4.0E-01 
7.] E-01 
2.27E-01 
1.15E-01 
1.28Е-01 
1.33E-01 
2.81E-01 
4.0E-01 
1.81E-01 
2.14E-01 
1.04E-01 
1.16E-01 
2.20E-01 
1.93E-01 
1.10Е+00 
8.8E-01 
9.1Е-01 
9.8Е-01 
8.4E-01 
5.6E-01 


À 
À 
4983.43 
4991.91 
4995.00 
5018.41 
5021.52 
5064.31 
5066.38 
5070.17 
5072.71 
5075.82 
5080.22 
5081.56 
5083.72 
5085.55 
5086.94 
5096.72 
5099.27 
5101.12 
5331.79 
5339.43 
5341.07 
5349.34 
5350.28 
5355.79 
5356.10 
5375.37 
5392.06 
5416.16 
5416.41 
5425.55 
5429.42 
5432.98 
5433.25 
5438.28 
5439.04 
5442.62 
5446.20 
5451.37 
5455.24 
5464.95 
5468.40 
5472.19 
5482.01 
5484.63 
5514.23 
5520.52 
5526.10 
5541.07 
5631.04 
5671.83 
5686.86 
5700.19 
5708.64 
5711.79 
5717.31 
5724.13 
5988.43 
6026.16 
6146.20 
6198.43 


Weights 

$, & 
4 4 
6 6 
4 6 
6 4 
4 4 
8 10 
6 6 
6 8 
2 4 
4 6 
4 4 
10 10 
8 
6 
4 
6 
4 
10 
4 
6 
4 
6 
8 
6 
8 
8 
10 
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А 

10887 
2.58Е-01 
3.8Е-01 
5.9Е-02 
2.09Е-01 
2.30Е-01 
7.3Е-02 
3.6Е-02 
1.16Е-01 
2.0E-02 
1.15E-01 
4.1 E-02 
7.6E-01 
6.2Е-01 
5.7Е-01 
6.6Е-01 
1.69E-01 
1.50E-01 
8.8E-02 
1.11E-01 
1.06E-01 
3.8Е-01 
5.9Е-01 
6.8Е-02 
3.0Е-01 
5.7Е-01 
3.4E-01 
4.2E-01 
4.4E-02 
2.0E-02 
4.5E-02 
9.0E-02 
5.4E-02 
9.7E-02 
3.4E-02 
1.74E-01 
2.15E-01 
2.8E-01 
1.50E-01 
6.6E-02 
3.2E-02 
9.7E-02 
9.7E-02 
5.2E-01 
5.2E-01 
4.1 E-01 
4.3E-01 
7.] E-02 
5.5E-02 
3.0E-02 
5.4E-01 
4.9Е-01 
4.6Е-01 
4.7Е-02 
4.БЕ-01 
7.БЕ-02 
7.4Е-02 
6.6E-02 
7.2E-02 
4.2E-02 
3.5E-02 


10-142 NIST Atomic Transition Probabilities 


À . Weights _ A À Weights A À . Weights _ A 
À 8, 8, 1058: А 8, 8, 10851 А 8, 8, 10° s! 
6249.96 6 8 3.2Е-02 3590.47 7 5 2.9E-01 7680.3 3 5 4.6E-02 
6262.22 4 6 8.4E-02 3613.83 7 9 1.48Е+00 7918.4 3 5 5.2E-02 
6280.16 2 4 4.0E-02 3630.74 5 7 1.20Е+00 7932,3 5 7 5.1E-02 
6284.16 6 6 3.9E-02 3642.78 3 5 1.13Е+00 7944.0 7 9 5.8E-02 
6284.73 4 4 7.1E-02 3645.31 7 7 2.74Е-01 7970.3 5 5 7.1Е-03 
6293.02 2 2 1.04E-01 3651.80 5 5 3.0E-01 Sil 
КЕ ھ‎ 52 2277 25 II. 
: дай 2. x АЛЕ e 99268 4 6 8.0E+00 
Sc iI Aur 7 5 M 1020.7 2 2 1.3Е-00 
1880.6 5 3 5.0Е-00 асасы 5 3 АЗЕЛ. 1190.4 2 4 6.9Е+00 
2064.3 7 5 2. 2Е+00 AUG 9 9 1 w 01 1193.3 2 2 2.8Е+01 
2068.0 5 3 2.0E+00 РА 7 7 puse 1194.5 4 4 3.6Е-01 
2273.1 1 3 7 7Е+00 ТЕБЕ 5 5 та 6 1197.4 4 2 1.4Е-01 
2545.20 5 5 4.0E-01 icona 5 7 l Q 1248.4 4 4 1.3E+01 
2552.35 7 5 2.21E+00 Sant bt 5 3 : БЕ a 1251.2 6 4 19Е-01 
2555.79 3 3 6.9E-01 BUS at 1 3 1 Зар 01 1260.4 2 4 2.0Е+01 
2560.23 5 3 2.01E+00 = 9 7 3E M 1264.7 4 6 2.3Е-01 
2563.19 3 1 2.70Е--00 SEE 5 5 1 ОАР 01 1304.4 2 2 3.6Е+00 
2611.19 5 5 2. 2Е+00 ei 3 1 ЇНЭН 1309.3 4 2 7.0Е--00 
2667.70 3 5 1.5Е-00 | : 1 1526.7 2 2 3.73Е+00 
2746.36 3 1 3.9E4 00 Silicon 1533.5 4 2 7.4E+00 
2782.31 5 5 1.3E+00 : 1808.0 2 4 3.7Е-02 
2789.15 7 7 1.3Е-00 511 2904.3 4 6 6.7E-01 
2801.31 9 9 1.3Е-00 19776 1 5 801 2905.7 6 8 7.1Е-01 
281949 3 5 2.3Е+00 = 1 шил 32100 4 6 4.6Е-01 
282212 5 7 2.БЕ+00 19806 2 9 таван: 41281 4 6 1.32E+00 
2826.64 T 9 2.8Е-00 19952 3 5 лын 4130.9 6 8 1.42Е+00 
287085 5 3 1.1Е+00 ӨНЕ о 8 2:16-01 50410 2 4 9.8E-01 
2912.98 5 3 1.1E+00 19890 в 5 АЕО 50560 4 6 1.2E+00 
2979.68 3 5 1.2E+00 22080 : a ИО 5957.6 2 2 4.2Е-01 
2988.92 5 7 2.9Е+00 ЗӨВ» 03 3 uiu, 59789 4 2 8.1E-01 
3039.92 7 9 3.5Е+00 хара ЛЭН 2 ОСЕ 63471 2 4 7.0E-01 
304573 5 7 3.68Е+00 MER 7 њи 6714 2 2 6.9Е-01 
305292 7 9 3.92400 Ы) Б 3 ӘРЕ 78488 а 6 3.9E-01 
306054 7 7 3.0E-01 2306: „3 9 40650 78497 6 8 42E-01 
3065.12 9 11 4.00Е--00 2914.3 I 8 6:1E-01 Si II 
3075.36 9 9 2.5E-01 2516.1 5 5 1.21Е+00 
25192 3 3 4.56E-01 883.40 5 7 6.3E+01 
3128.27 3 3 1.9E+00 
2524.1 3 1 1.81E+00 994.79 3 3 7.89Е-00 
3133.07 5 5 1.8Е-00 
2528.5 5 3 7 7E-01 997.39 5 3 1.31E+01 
3139.72 7 7 2.1Е-00 
2532.4 1 3 2.6E-01 1141.6 3 5 3.0E+01 
3190.98 3 3 1.1E+00 
5631.3 1 3 97E-01 1144.3 5 7 3.9Е+01 
3199.33 5 3 1.9Е-00 
2881.6 5 3 1.892 +00 1161.6 5 5 1.6Е+01 
3312.72 5 7 1.2Е-00 
3905.5 1 3 1.18Е-01 1206.5 1 3 2.59E+01 
3320.40 5 3 1.2E+00 
4738.8 3 3 1.0E-02 1206.5 3 5 4.89Е+01 
3343.23 9 7 1.1Е+00 
4783.0 5 3 17E-02 1207.5 5 5 1.9E+01 
3353.72 5 7 1.51E+00 
4792.3 5 5 1.7E-02 1294.5 3 5 5.42E+00 
3359.67 5 5 2.16E-01 
4818.1 5 7 1.1E-02 1296.7 1 3 7.19E+00 
3361.26 3 3 3.4E-01 
4821.2 3 5 8.0E-03 1298.9 3 3 5.36Е+00 
3361.93 3 1 1.17Е+00 
4947.6 3 1 4.2Е-02 1299.0 5 5 1.61Е+01 
3368.94 5 3 8.3E-01 
5006.1 3 5 2.8E-02 1301.2 3 1 2.13E+01 
3372.15 7 5 9.9E-01 
5622.2 3 3 1.6E-02 1303.3 5 3 8.85E+00 
3379.16 3 3 2.5Е+00 
5690.4 3 3 12Е-02 1328.8 1 3 2.7E401 
3535.71 5 3 6.1E-01 
5708.4 5 5 1.4E-02 1417.2 3 1 2.60E+01 
3558.53 5 7 3.0E-01 
5754.2 5 3 1.5E-02 1435.8 5 : 2.1E+01 
3567.70 3 5 3.5E-01 
5772.1 3 1 3.6E-02 1589.0 5 3 11Е+01 
3572.53 7 7 1.38Е+00 
5948.5 3 5 22-2 1778.7 7 9 4.4E+00 
3576.34 5 5 1.06Е--00 
7226.2 3 5 79-03 1783.1 5 7 3.8E+00 
3580.93 3 3 1.23E+00 
3589.63 5 3 4.6Е-01 7405.8 3 5 37E-02 3241.6 5 3 2.3Е+00 
` jam 7409.1 5 7 2.3E-02 *3486.9 15 21 1.8Е+00 


NIST Atomic Transition Probabilities 


À 

À 
3590.5 
4552.6 
4554.0 
4567.8 
4683.0 
4716.7 
5451.5 
5473.1 
5716.3 
5739.7 
7462.6 
7466.3 
7612.4 


Si IV 
457.82 
458.16 
515.12 
516.35 
*560.50 
*749.94 
815.05 
818.13 
*860.74 
*1066.6 
1122.5 
1128.3 
1128.3 
1393.8 
1402.8 
*1724.1 
Si V 
96.439 
97.143 
117.86 


Si VI 
246.00 
249.12 


Si VII 
217.83 
272.64 
274.18 
275.35 
275.67 
276.84 
278.45 


Si VIII 
214.76 
216.92 
232.86 
235.56 
250.45 
250.79 
314.31 
316.20 
319.83 


Si IX 
223.73 


Weights 
8, 8, 
3 5 
3 5 
5 3 
3 3 
5 5 
5 7 
3 5 
5 7 
9 7 
1 3 
5 3 
7. 5 
3 5 
2 4 
2 2 
2 2 
4 2 
6 10 
10 14 
2 2 
4 2 
10 6 
10 14 
2 4 
4 4 
4 6 
2 4 
2 2 
10 6 
1 3 
1 3 
1 3 
4 2 
2 2 
5 3 
5 3 
3 1 
5 5 
3 3 
1 3 
3 5 
4 2 
6 4 
2 2 
4 4 
2 2 
4 2 
4 2 
4 4 
4 6 
1 3 


A 

10% s~! 
3.9E+00 
1.26Е+00 
7.6Е-01 
1.25Е+00 
9.5Е-01 
2.8Е-00 
6.0E-01 
7.9E-01 
1.9E-01 
4.7E-01 
4.9E-01 
5.4E-01 
1.1Е-00 


3.6Е-00 
3.6Е-00 
4.1Е-00 
8.2Е-00 
1.0Е-00 
1.45Е-01 
1.23Е-01 
2.44E+01 
1.8E+00 
3.91E+01 
2.05E+01 
4.03Е-00 
2.42Е-01 
7.73E+00 
7.58E+00 
5.5E+00 


4.8Е-02 
2.0E+03 
3.0E+02 


1.7E+02 
8.5E+01 


4.3Е+02 
5.1Е+01 
1.2Е+02 
8.9E+01 
3.0E+01 
3.9E+01 
2.9E+01 


4.1Е+02 
3.6Е+02 
8.0 Е+01 
9.7E+01 
7.7E+01 
1.6E+02 
5.2E+01 
5.0E+01 
4.9Е-01 


4.2Е-01 


225.03 
227.01 
227.30 
258.10 
%294.37 
“347.36 
SiX 
253.77 
256.57 
258.35 
261.05 
272.00 
277.26 
287.08 
289.19 
292.22 
%347.73 
*353.09 


Si XI 
43.763 
*49.116 
49.222 
52.296 
303.30 
358.29 
358.63 
361.41 
364.50 
365.42 
368.28 
371.48 
604.14 
2300.8 


Si XII 
*40.924 
*44.118 
499.43 
520.72 
1862 
1949 
4620 
4942 


Silver 


AgI 

2061.2 
2069.9 
3280.7 
3382.9 
5209.1 
5465.5 
5471.6 


Sodium 


Ма 1 

3302.4 
3303.0 
4390.0 
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А 
10887 
12Е+02 
2.0Е-02 
2.3Е-02 
1.04E+02 
5.9E+01 
2.2Е+01 


2.9E+01 
1.1E+02 
14Е-02 
5.4E+01 
3.0E+01 
5.7E+01 
2.6E+01 
5.0E+01 
7.3Е-01 
4.3Е-01 
2.1Е-01 


6.11Е-03 
2.45Е-03 
8.9Е-03 
7.6E+02 
6.42Е+01 
1.03Е+02 
1.38Е-01 
1.80E+01 
1.32E+01 
3.90E+01 
5.1E+01 
2.07E+01 
1.12E+01 
4.34E-01 


4.42Е-03 
14Е-04 
9.56Е-00 
8.47E+00 
1.15E+00 
1.0E+00 
4.6E-02 
4.5E-02 


3.1E-02 
1.5E-02 
14Е-00 
1.3Е-00 
7.5Е-01 
8.6Е-01 
1.4E-01 


2.81E-02 
2.81E-02 
7.7Е-03 


Weights 
6; 8, 
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A 

105 s! 
1.6E-03 
9.2E-03 
1.2E-02 
1.4E-02 
2.4E-03 
2.33E-02 
4.1E-03 
2.5E-02 
6.3E-03 
1.27E-02 
4.1 E-02 
8.2Е-03 
4.89E-02 
1.17E-02 
2.33E-02 
1.03E-01 
1.2E-01 
2.1E-02 
6.11E-01 
6.10E-01 
2.6E-02 
5.2E-02 
4.53E-01 
5.4E-01 
9.0E-02 
8.9E-02 
1.76E-01 


3.0E+01 
4.9E+01 
3.4E+01 


7.7E+01 
3.7E+01 
8.3E+00 
4.6E+00 
8.4E+00 
4.4E+00 
5.3E+00 
3.7E+00 
3.3E+00 
2.4E+00 
3.0E+00 
2.4E+00 
1.7E+00 


2.0Е--02 
5.6E+01 
1.2Е+02 
5.0Е-01 
7.1Е-00 
2.3E+01 
2.3E+01 
2.2E+01 
5.6E+01 
6.8E+01 


1.3E+02 


10-144 NIST Atomic Transition Probabilities 


Х . Weights | A Х Weights A Х __ Weights _ А 
А 8, 8, 1058: А 8, 8, 10887 А 8, 8, 1058: 
361.25 5 5 7.7Е+01 2428.1 1 3 17E-01 1820.3 3 3 2.2Е+00 
*416.53 9 9 3.7Е+01 2569.5 1 3 5.3E-02 1826.2 1 3 7.2Е-01 
"492.80 9 15 1.ЗЕ+01 2931.8 1 3 1.9E-02 4694.1 5 7 6.7E-03 
1550.6 5 5 4.35Е+00 4607.3 1 3 2.01Е+00 4695.4 5 5 6.7E-03 
1567.8 5 3 2.68E+00 Gi 4696.2 5 3 6.5E-03 
1608.5 3 1 2.6E+00 30187 4 4 ЖОО, 6403.6 3 5 5.7E-03 
1649.4 5 5 2.05Е+00 JETO 2 Ч при 6408.1 5 5 9.5E-03 
1741.5 3 5 2.59Е+00 3385.5 2 4 S SEED salai 7 5 1.3E-02 
1747.5 5 7 3.1E+00 9835.4 : Е СЕН 67512 15 25 7.9E-02 
Na VII 2324.5 4 4 1.5E-01 16726 9 5 зээ 
*94409 6 10 2.7Е+03 2423.5 2 2 2.4E-01 ае ? 2 P. 
*105.27 6 2 4.5Е+02 2471.6 4 2 4.8E-01 n d 2 ӨРЕСІ 
353.29 4 4 1.0Е+02 3464.5 4 6 3.1E+00 SH 
381.30 4 2 4.0Е+01 3474.9 4 4 5.1E-01 1124.4 2 4 1.0E+00 
397.49 4 4 3.5E+01 4077.7 2 4 1.42E+00 1125.0 4 4 4.6E+00 
399.18 6 4 5.2E+01 4161.8 2 2 6.5E-01 1131.0 2 2 3.5E+00 
*483.28 10 10 2.9E+01 4215.5 2 2 1.27E+00 1131.6 4 2 1.4Е-00 
486.74 2 4 1.1E+01 4305.5 4 2 1.4E+00 1250.5 4 2 4.6E-01 
491.95 4 6 1.3E+01 4414.8 4 6 1.1E-01 1253.8 4 4 4.2Е-01 
555.80 4 4 2.3Е+01 4417.5 4 4 1.8Е-02 1259.5 4 6 3.4E-01 
777.83 4 6 6.8E+00 4585.9 4 2 7.0E-02 4463.6 8 6 5.3E-01 
Xe 5303.1 2 4 1.9E-01 4483.4 6 4 3.1E-01 
a ё - Жор 5379.1 4 6 2.2Е-01 4486.7 4 2 6.6E-01 
зоон á : Мени 5385.5 4 4 3.7E-02 4524.7 4 4 9.3E-02 
asse 5 5 3555505 57237 2 2 7.1E-02 4525.0 6 4 1.2Е-00 
АГЬ 1 5 күтем 5819.0 4 2 14E-01 4552.4 4 2 1.2Е-00 
1588.4 a 4 мер 8688.9 4 6 5.5Е-01 4656.7 2 4 9.0Е-02 
i8027 8 | 3272 8719.6 4 4 9.7E-02 4716.2 4 4 2.9E-01 
1867.7 3 5 2.01E+00 Sulfur оз 6 : и 
2059.1 3 5 1.80Е+00 1695.6 2 ? ко! 
2558.2 5 3 2.26E-02 sin Tem : 5 ORE 
2772.0 3 5 4.19E-01 1295.7 5 5 4.9Е+00 4924.1 4 6 2.2Е-01 
aid 5 7 4.90E-01 1296.2 5 3 2.7E+00 4925.3 2 4 2.AE-01 
0 1 : БНР 1302.3 3 5 1.8E+00 4942.5 2 2 1.5E-01 
3182.3 1 3 2.92Е-01 1302.9 3 3 1.6Е-00 4991.9 4 4 1.5E-01 
1303.1 3 1 6.6Е+00 5009.5 4 2 7.0Е-01 
Na IX 13034 5 3 1.9Е+00 5014.0 4 4 8.4E-01 
70.615 2 4 1.35E+03 1305.9 1 3 2.4E+00 5027.2 4 2 2.6E-01 
70.653 2 2 1.35E+03 1401.5 5 3 9.1Е-01 5032.4 6 6 8.1E-01 
77.764 2 4 3.6Е +03 1409.3 3 3 5.0E-01 5047.3 4 2 3.6E-01 
77911 4 6 4.3E+03 1412.9 1 3 1.6E-01 5103.3 6 4 5.0E-01 
681.72 2 4 6.63E+00 1425.0 5 7 4.5Е+00 5142.3 2 2 1.9Е-01 
694.17 2 2 6.30Е+00 1425.2 5 5 1.2Е+00 5201.0 4 4 7.5E-01 
2487.7 2 4 8.32Е-01 1433.3 3 5 3.3Е+00 5201.3 6 4 6.5Е-02 
2535.8 2 2 7.89Е-01 1433.3 3 3 1.9Е+00 5212.6 4 6 9.8E-02 
6841.8 2 4 2.59E-02 1437.0 1 3 2. АЕ+00 5212.6 6 6 8.5Е-01 
7103.4 4 6 2.78E-02 14482 5 3 7 ЗЕ+00 5320.7 6 8 9.2Е-01 
Soya 1473.0 5 7 4.2E-01 5345.7 4 6 8.8E-01 
1474.0 5 7 1.6Е+00 5345.7 6 6 1.1Е-01 
571 14744 5 5 5.0E-01 5428.6 2 4 4.2Е-01 
2206.2 1 3 6.6E-03 1474.6 5 3 6.2E-02 5432.8 4 6 6.8E-01 
2211.3 1 3 8.5E-03 14817 3 5 17E-01 5453.8 6 8 8.5E-01 
2217.8 1 3 1.2E-02 1483.0 3 5 12E400 5473.6 2 2 7.3E-01 
2226.3 1 3 1.6E-02 1483.2 3 3 7.5E-01 5509.7 4 4 4.0E-01 
2237.7 1 3 2.3E-02 1487.2 1 3 8.7E-01 5526.2 8 8 8.1E-02 
2253.3 1 3 3.7E-02 1666.7 5 5 6.3E+00 5536.8 4 6 6.6E-02 
2275.3 1 3 6.7E-02 1687.5 1 3 9.4Е-01 5556.0 4 2 1.1Е-01 
2307.3 1 3 1.2Е-01 1782.3 1 3 1.9Е+00 5564.9 6 6 1.7Е-01 
2354.3 1 3 1.8E-01 1807.3 5 3 3.8Е+00 5578.8 6 6 1.1Е-01 


NIST Atomic Transition Probabilities 


Х 


SV 
437.37 
438.19 
439.65 
*661.52 
*679.01 
*690.75 
786.48 
*854.85 


S VI 

248.99 
249.27 
388.94 
390.86 


Weights 

5, 5, 
10 8 
4 4 
4 6 
6 4 
2 4 
6 4 
4 2 
4 4 
8 6 
6 4 


Q л л боо л QQ نم‎ бо л фо л 0 00 М л оо М їл ол 0 0 00 - а оо Q м 


оно о O nN Q = تم تخ‎ юњ м 


На NNN 


л М оо 03 00 оо л фо об М л «л AO М ДСЛ о «л «л Ç (л 


N ANN 


N NNA 


4 

10857: 
5.4E-01 
12Е-01 
6.6E-01 
1.8E-02 
5.7E-01 
4.6E-01 
5.8E-01 
8.5E-02 
1.8E-01 
3.0E-01 


2.5E+00 
2.3E+00 
4.5E-01 
1.4Е-00 
6.2Е-01 
4.6Е-01 
1.9Е-00 
1.2Е+00 
7.7E-01 
6.0E-01 
1.1Е+00 
1.4E+00 
6.1E-01 
5.1E+00 
5.7E+00 
4.7Е-00 
3.0Е-00 
4.0Е-00 
6.4E-01 
1.0Е+00 
4.4E-01 
5.6E-01 
4.2E-01 
1.3Е+00 
1.6Е+00 
6.7Е-01 
1.2Е+00 
9.0Е-01 


2.06Е-01 
4.08Е-01 
2.6Е+00 
2.5Е+00 


1.12Е+01 
З.ЗЗЕ+01 
5.5E+01 
6.44Е +01 
8.6Е+01 
5.0E+01 
5.25E+01 
4.18E+01 


3.1E+01 
3.1E+01 
4.5E+01 
8.8E+01 


S XI 
*189.90 
190.37 
215.95 
217.63 
239.81 
242.57 
242.82 
246.90 
247.12 
*288.49 


S XII 

212.14 
215.18 
218.20 
221.44 
227.50 
234.48 


S XIII 
32.236 
37.600 
256.66 
299.89 
303.37 
307.36 
308.91 
312.68 
316.84 
500.42 


S XIV 
*30.434 
*32.517 
417.67 
445.71 
1550 
1663 
3967 
4153 


Tantalum 


Tal 

3127.9 
3168.3 
3170.3 
3205.5 


BN‏ کح تم تم 


Q (л ол о к о مر نټ نم‎ На ټم‎ 4 BY تم‎ 


Нн ڼم ټم‎ Мм نم‎ Мм ON نم‎ 


соо. 


мэвэ ов 


~ 


тал ээ оо оо Ut Q w 


мю تم یم‎ Ë تم‎ ов 


л о = л фо оо л оо = CQ 


S о حا تم‎ 


10 


А 
10887 
4.17E+01 
4.85E+01 
8.1E+00 
1.7E+01 
1.6E+01 


9.46Е-03 
5.1Е-02 
8.61Е-02 


2.5Е+02 
1.2E+02 


4.3Е-02 
2.8Е-02 
14Е-02 
7.2Е-01 
2.6Е-01 
1.9Е+01 
1.9E+01 
5.4E+01 
3.0E+01 
2.9E+01 


3.7E+01 
14Е-02 
1.7Е+02 
6.4Е+01 
3.7E+01 
6.8E+01 


1.09E+04 
1.3E+03 
8.7E+01 
1.78E+01 
2.28E+01 
1.64E+01 
4.82Е-01 
6.3E+01 
2.50E+01 
1.43E+01 


8.28E+03 
2.6Е+04. 
1.2E+01 
1.0E+01 
14Е-00 
1.2E+00 
5.4E-02 
5.7E-02 


5.7E-03 
6.0E-03 
8.5E-02 
5.6E-03 


Weights 
6; 8, 
4 4 
6 6 
6 4 
4 6 
8 8 
4 6 
4 4 
6 4 
6 8 
8 6 
4 6 
6 8 
10 8 
8 10 
10 12 
6 6 
4 6 
8 8 
4 6 
4 4 
6 6 
8 10 
10 8 
10 10 
4 2 
4 4 
2 4 
4 4 
10 8 
6 8 
4 4 
10 10 
8 10 
10 12 
2 4 
4 4 
6 4 
6 8 
10 10 
6 4 
8 6 
10 8 
6 8 
8 10 
6 6 
8 6 
4 6 
6 6 
2 4 
4 6 
10 8 
6 8 
10 12 
10 8 
10 10 
10 10 
4 6 
4 6 
6 8 
8 8 


10-145 


А 

1058: 
5.8Е-03 
1.3Е-02 
5.3Е-03 
6.8Е-02 
1.91Е-02 
2.62Е-02 
8.5Е-03 
7.3Е-03 
4.9Е-02 
2.72Е-02 
3.3E-03 
4.6E-02 
1.0E-02 
7.] E-02 
5.5E-02 
4.3E-03 
5.3E-03 
6.5E-03 
4.3E-02 
9.0E-03 
5.2E-03 
4.0E-03 
1.30E-02 
2.5E-03 
2.5E-02 
3.98E-02 
3.35E-02 
1.8E-02 
3.1E-03 
7.6E-03 
3.60E-02 
2.8E-02 
2.3E-03 
7.3E-03 
6.5E-02 
3.83E-02 
6.8E-03 
8.4E-03 
2.1Е-03 
1.1Е-02 
1.82Е-02 
1.79Е-02 
2.8Е-02 
8.9E-03 
2.08E-02 
4.8E-03 
1.0E-02 
2.28E-02 
2.53E-02 
7.5E-03 
9.0E-03 
1.36E-02 
1.56E-02 
3.6E-03 
3.1E-03 
2.3E-03 
2.42E-02 
5.3E-03 
9.5E-03 
2.5E-02 


10-146 NIST Atomic Transition Probabilities 


À . Weights _ A À Weights A À . Weights _ A 

À 8, 5, 1058: А 8, 8, 10887 А 5, 5, 105 s! 
4574.3 4 4 1.2bE-02 5944.0 4 6 2.13E-02 2601.1 8 6 1.7E-01 
4580.7 8 10 2.1E-03 5997.2 10 10 2.4E-02 2622.5 8 10 6.1E-02 
4619.5 6 4 5.3E-02 6020.7 2 4 1.0E-02 2841.1 6 6 2.0E-01 
4633.1 4 4 1.2bE-02 6045.4 6 8 2.6E-02 2854.2 8 6 2.7E-01 
4669.1 6 4 2.85E-02 6047.3 8 10 9.0E-03 2914.8 8 8 7.7E-02 
4681.9 6 6 1.5E-02 6249.8 6 6 3.5E-03 2933.0 8 6 1.0E-01 
4684.9 10 8 2.8Е-03 6258.7 6 8 3.3Е-03 2973.2 8 8 2.3Е-01 
4685.3 6 8 3.4Е-03 6309.6 4 6 1.83Е-02 3046.9 8 8 1.8Е-01 
4691.9 2 4 4.08Е-02 6360.8 6 8 4.6E-03 3081.1 8 8 1.9E-01 
4706.1 6 6 1.4E-02 6428.6 6 6 6.0E-03 3122.5 6 6 5.2Е-01 
4740.2 4 4 5.0E-02 6430.8 8 8 2.9E-02 3142.4 6 6 8.8E-02 
4758.0 4 6 7.5E-03 6450.4 8 10 2.2E-02 3172.7 8 8 1.8Е-01 
4769.0 8 8 2.8Е-02 6485.4 10 10 5.8E-02 3233.7 8 10 5.1] E-02 
4780.9 10 8 2.16E-02 6514.4 6 4 2.2E-02 3247.0 6 8 3.0E-01 
4812.8 4 4 1.2Е-02 6516.1 6 8 1.25E-02 3251.8 6 4 5.2Е-01 
4825.4 6 6 2.63E-02 6612.0 6 4 1.9E-02 3380.7 6 8 2.0E-01 
4832.2 4 4 1.7E-02 6673.7 2 4 9.0E-03 3406.0 6 8 1.5E-01 
4852.2 4 4 1.7E-02 6771.7 4 4 5.8E-03 3410.1 8 10 1.0E-01 
4884.0 6 8 1.1E-02 6866.2 8 6 2.58Е-02 3416.6 8 8 5.7E-02 
4904.6 12 10 1.95E-02 6927.4 10 12 1.01E-02 3418.6 6 6 1.1Е-01 
4920.9 8 10 2.1Е-03 6928.5 10 8 1.69Е-02 3563.9 8 6 9.8Е-02 
4921.3 2 4 1.2Е-02 6951.3 10 10 3.7E-03 3567.4 8 10 4.2E-02 
4926.0 4 4 1.5E-02 6953.9 6 8 8.3E-03 3744.1 8 8 9.5E-01 
4936.4 8 6 4.5E-02 6966.1 8 8 1.2Е-02 3751.8 8 10 1.9Е-01 
4969.7 4 4 1.0Е-02 6969.5 10 10 2.9Е-03 3798.5 6 4 1.2Е-00 
5012.5 4 4 1.9Е-02 7407.9 6 4 2.0Е-02 3807.7 6 6 3.9Е-01 
5037.4 10 8 4.4E-02 : 3883.1 8 6 1.0 Е+00 

Thallium 

5043.3 6 4 2.73E-02 3887.4 8 8 3.8E-01 
5067.9 8 6 2.92Е-02 TII 3916.5 6 8 15 Е+00 
5069.9 10 12 1.7Е-03 2104.6 2 4 4.0E-02 3949.3 6 6 1.0 Е+00 
5082.3 10 12 1.9Е-03 2118.9 2 2 2.0E-02 4022.6 6 8 4.0E-02 
5087.4 6 4 1.5E-02 21293 2 4 5.8E-02 4044.5 6 4 2.9E-01 
5090.7 8 6 9.5E-03 2151.9 2 2 3.1E-02 4094.2 8 6 9.0E-01 
5095.3 6 6 5.0E-03 2168.6 2 4 9.8E-02 4105.8 8 10 6.0E-01 
5136.5 2 2 4.5E-02 2237.8 2 4 1.9E-01 4138.3 6 4 7.0E-01 
5141.6 4 2 1.2E-02 2316.0 2 2 7.8E-02 4158.6 6 8 5.5E-02 
5143.7 6 4 1.7E-02 23797 2 4 4.4E-01 4187.6 8 8 6.1E-01 
5147.6 6 4 9.0E-03 2507.9 4 2 1.1E-02 4203.7 8 10 2.5E-01 
5161.8 4 6 6.3E-03 2538.2 4 2 1.6E-02 4222.7 6 8 1.5E-01 
5218.7 8 6 8.2Е-03 2580. 2 2 1.8Е-01 4271.7 6 6 1.1Е-01 
5235.4 6 6 4.7E-03 2609.0 4 6 1.0Е-01 4359,9 8 6 1.3E-01 
5295.0 6 6 7.5E-03 2609.8 4 4 1.9E-02 4386.4 8 8 4.2E-02 
5336.1 6 8 5.5E-03 2665.6 4 2 5.7E-02 4394.4 6 4 1.1Е-01 
5349.6 6 4 2.2Е-02 2709.2 4 6 1.7E-01 4643.1 6 6 3.4E-02 
5354.7 4 4 6.5E-03 27107 4 4 3.7E-02 4681.9 6 8 3.9E-02 
5396.0 6 8 2.5E-03 2767.9 2 4 1.26Е-00 4691.1 6 6 3.9Е-02 
5402.5 4 2 1.4Е-02 2826.2 4 2 8.0E-02 5307.1 8 10 2.3E-02 
5435.3 4 6 1.1E-02 2918.3 4 6 4.2Е-01 5658.3 6 8 1.0Е-02 
5499.4 10 10 6.1Е-03 2921.5 4 4 7.6E-02 5675.8 8 10 1.3E-02 
5518.9 8 10 3.8E-02 3229.8 4 2 1.73E-01 5760.2 6 6 1.3E-02 
5620.7 8 10 6.0E-03 3519.2 4 6 1.24Е+00 Tin 
5640.2 6 8 4.9E-03 3529.4 4 4 2.20Е-01 
5645.9 6 8 1.43E-02 3775.7 2 2 6.25Е-01 SnI 
5699.2 6 6 4.2E-03 5350.5 4 2 7.05E-01 2073.1 1 3 3.6E-02 
5767.9 6 8 2.6E-03 | 2199.3 3 5 2.9E-01 
5780.7 4 6 3.3E-03 а 2209.7 5 5 5.6E-01 
5811.1 8 6 5.7E-03 Тт I 2246.1 1 3 1.6Е+00 
5849.7 10 8 2.8Е-03 2513.8 8 10 6.9E-02 2268.9 5 7 12Е-00 
5877.4 10 12 2.3E-02 2527.0 8 8 1.7Е-01 2286.7 5 5 3.1Е-01 
5939.8 2 4 1.6Е-02 2596.5 8 10 1.6Е-01 2317.2 5 7 2.0Е+00 


NIST Atomic Transition Probabilities 


Х 


Weights 
8, 8, 


сол лл лла оо ке оо ке ке л л л رم‎ лл ол оо Оо к сл л ке ке сл я رم‎ Q лла Q л ооо wo о 


ь Ë N ج‎ N ос ос ь ج‎ 


Q نم‎ Q л Q Q0 Q0 Q0 Q0 л QO л 00 wwe фо Q0 о о (л (л (л фо 00 00 М «л (л 00 00 л М G0 фо QO л фо сло слом М 00 «л сло 


с ON Ҥ& 0400000 t2 


А 

10% s~! 
6.6E-01 
1.7Е+00 
З.1Е-02 
1.8Е-01 
2.5E+00 
1.5E+00 
8.0E-03 
1.1E-02 
1.1E-02 
2.1E-01 
1.7E-01 
6.2E-01 
7.4Е-02 
2.1Е-01 
3.4E-01 
4.БЕ-01 
3.0E-01 
1.1E-01 
1.1E-01 
6.6E-01 
3.7E-03 
1.8E-01 
1.4E-01 
1.4E-01 
2.3E-01 
12Е-01 
1.7Е-00 
3.3Е-01 
5.4E-01 
8.3E-01 
3.8E-01 
6.2Е-01 
2.0Е+00 
1.9E-01 
1.0Е-00 
4.7Е-02 
1.2Е-03 
2.7Е-00 
2.0E-01 
4.1E-02 
2.8Е-01 
2.6Е-01 
2.4Е-02 
9.6Е-02 
5.0E-02 
4.6E-02 
6.3E-02 
4.9E-02 


4.4E-03 
3.7E-01 
5.5E-01 
1.0Е+00 
1.0Е+00 
1.6E-01 
1.3E-01 
8.6E-01 
1.2Е+00 
8.5Е-01 


5596.2 
5797.2 
5799.2 
6453.5 
6761.5 
6844.1 


Titanium 


ТИ 

2276.75 
2280.00 
2299.86 
2302.75 
2305.69 
2424.26 
2520.54 
2529.87 
2541.92 
2599.91 
2605.16 
2611.29 
2611.47 
2619.94 
2631.55 
2632.42 
2641.12 
2644.28 
2646.65 
2733.27 
2735.30 
2912.07 
2942.00 
2948.26 
2956.13 
2956.80 
3186.45 
3191.99 
3199.92 
3341.88 
3354.63 
3370.44 
3371.45 
3377.58 
3385.94 
3635.46 
3642.68 
3653.50 
3724.57 
3725.16 
3729.81 
3741.06 
3752.86 
3786.04 
3948.67 
3956.34 
3958.21 
3981.76 
3989.76 
3998.64 
4013.24 


NON «л AO м «л «л AO м ‹л «л AO AO به‎ ANON AO UMN NON л М ON ‹л «л QO «л AO м «л л صا به‎ М ON TON TOON TON 


о мэ оо» 


HB о به‎ л O м л Sl «л м «л оо олныг له‎ олоо л نه‎ л о оо мл мел 


о м 


л AO М л N л фо оо NO М «л c o 


1.ЗЕ+00 
9.4Е-01 
6.9Е-01 
5.7Е-01 
5.2Е-01 
17Е-01 
3.8E-01 
3.8E-01 
4.3E-01 
6.7E-01 
6.4Е-01 
6.4Е-01 
3.3E-01 
2ЛЕ-01 
17Е-01 
2.7Е-01 
1.8E+00 
14Е-00 
1.5Е+00 
1.9E+00 
4.1Е+00 
1.3Е-00 
1.0Е-00 
9.3Е-01 
9.7Е-01 
1.8Е-01 
8.0Е-01 
8.5Е-01 
9.4Е-01 
6.5Е-01 
6.9Е-01 
7.6Е-01 
7.2Е-01 
6.9Е-01 
5.0Е-01 
8.04E-01 
7.74Е-01 
7.54E-01 
9ЛЕ-01 
7.3E-01 
4.27E-01 
4.17E-01 
5.04E-01 
14Е-00 
4.85Е-01 
3.00Е-01 
4.05Е-01 
3.76Е-01 
3.79Е-01 
4.08Е-01 
2.0Е-01 


Х 
А 
4055.01 
4060.26 
4064.20 
4065.09 
4186.12 
4266.23 
4284.99 
4289.07 
4290.93 
4295.75 
4393.93 
4417.27 
4449.14 
4450.90 
4453.31 
4453.71 
4455.32 
4457.43 
4465.81 
4481.26 
4496.15 
4518.02 
4522.80 
4527.31 
4533.24 
4534.78 
4544.69 
4548.76 
4552.45 
4563.43 
4617.27 
4623.10 
4639.94 
4640.43 
4645.19 
4650.02 
4742.79 
4758.12 
4759.27 
4778.26 
4805.42 
4840.87 
4856.01 
4885.08 
4913.62 
4928.34 
4981.73 
4989.14 
4991.07 
4999.50 
5000.99 
5007.21 
5014.28 
5036.47 
5038.40 
5062.11 
5210.39 
5222.69 
5224.30 
5259.98 


Weights 
8, 8, 
1 3 
3 5 
3 3 
3 1 
9 9 
5 5 
5 5 
5 5 
3 3 
3 1 
9 11 
11 9 
11 11 
9 9 
5 5 
7 7 
7 7 
9 9 
5 7 
7 7 
7 5 
7 9 
5 7 
3 5 
11 11 
9 9 
5 3 
7 5 
9 7 
9 11 
7 9 
5 7 
3 3 
3 1 
3 1 
5 3 
9 9 
11 11 
13 13 
9 9 
5 7 
5 5 
13 15 
11 13 
7 9 
3 5 
11 13 
7 5 
9 11 
7 9 
9 7 
5 7 
3 5 
7 9 
5 7 
5 3 
9 9 
3 3 
11 11 
5 7 


10-147 


А 
1058: 
2.8E-01 
2.4E-01 
2.4E-01 
7.0E-01 
2.10E-01 
3.1Е-01 
3.2Е-01 
3.0Е-01 
4.5Е-01 
1.3Е-00 
3.3Е-01 
3.6Е-01 
9.7Е-01 
9.6Е-01 
5.98Е-01 
4.7Е-01 
4.8E-01 
5.6E-01 
3.28Е-01 
5.7E-01 
4.4Е-01 
1.72bE-01 
1.9E-01 
2.2Е-01 
8.83E-01 
6.87E-01 
3.3E-01 
2.85E-01 
2.1Е-01 
2.1Е-01 
8.51Е-01 
5.74Е-01 
6.64E-01 
5.0E-01 
8.57E-01 
2.6E-01 
5.3E-01 
7.13Е-01 
7.40E-01 
2.0E-01 
5.8E-01 
1.76E-01 
5.2E-01 
4.90E-01 
4.44E-01 
6.2Е-01 
6.60Е-01 
3.25E-01 
5.84E-01 
5.27E-01 
3.52Е-01 
4.92Е-01 
6.8E-01 
3.94E-01 
3.87E-01 
2.98E-01 
3.57E-02 
1.95E-01 
3.6E-01 
2.3E-01 


10-148 NIST Atomic Transition Probabilities 


À _ Weights _ A À Weights A À __ Weights _ А 

А 8, 8, 10857: А 8, 8, 10857: А 5, 5, 10857: 
5351.07 7 7 3.4E-01 3023.67 8 8 1.0E+00 3510.86 8 8 9.3E-01 
5503.90 11 9 2.6E-01 3029.76 10 10 3.5E-01 3520.27 2 4 4.8E-01 
5774.04 9 11 5.БЕ-01 3056.75 2 4 3.2Е-01 3535.41 4 6 5.5Е-01 
5785.98 11 13 6.1E-01 3058.08 6 6 5.0E-01 3641.33 4 2 4.9E-01 
5804.27 13 15 6.8E-01 3066.34 4 4 3.3E-01 3706.23 4 4 3.1E-01 
6098.66 9 7 2.5E-01 3071.25 6 4 3.6E-01 3741.64 6 6 6.2bE-01 
6220.46 9 7 1.8Е-01 3072.99 4 2 1.6Е-00 3757.70 4 4 4.1Е-01 
Ti 3075.23 6 4 1.13Е-00 3759.30 8 8 9.4Е-01 
2440.91 4 4 5.1E-01 3078.65 8 6 1.09Е-00 3761.33 6 6 9.9Е-01 
2451.18 6 6 4.5Е-01 3081.52 10 8 11Е+00 4911.18 6 4 3.2Е-01 
2525.59 10 8 5.6E-01 2089:04 10 5 шэнги Ti III 
2531.28 8 6 4.9E-01 хасын 5 ° وت‎ 865.79 5 3 6.6E+01 
2534.63 6 4 5.4E-01 203720 : 6 TALO 1002.37 5 5 7.6Е-00 
2535.89 4 2 6.8E-01 2103.81 10 Ё nodis 1004.67 7 5 4.3E+01 
2555.99 6 8 3.2E-01 1020 - $ О 1005.80 3 3 1.3E+01 
2635.44 4 4 1.9Е+00 510626 j 6 a 1007.16 5 3 3.8E+01 
2638.56 6 6 1.7E+00 ae - : FUE 1008.12 3 1 5.1Е-01 
2642.02 8 8 1.9Е-00 2113,83 ° - ае 1286.37 9 9 2.0E+00 
2645.86 10 10 2.7E+00 315/786 ° 6 о 1289.30 7 7 2.2Е-00 
2746.54 6 8 2.6Е+00 шэн 8 5 FOE 1291.62 5 5 2.4Е-00 
2751.59 8 10 3.7Е-00 цулын 2 5 BOE 1293.23 9 7 1.0E+00 
2752.68 8 10 1.1E+00 316180 : е Бан 1298.97 7 5 4.9Е+00 
2757.62 6 8 7.2Е-01 210727 8 6 eels 1327.59 5 3 3.2E+00 
2758.35 4 6 9.9E-01 шэнэ 10 5 81 1420.44 1 3 1.2E+00 
2758.79 2 4 4.4E-01 918179 ° 5 ор 1421.63 3 1 4.0Е-00 
2764.28 4 4 7.4E-01 ign 5 ° E 1422.41 5 5 3.0E+00 
2804.82 6 8 4.6E+00 cia 2 4 а 1424.14 5 3 1.6E+00 
2810.30 8 10 5.1E+00 312091 ү 5 цэнэ 1455.19 9 7 6.4E+00 
2817.83 10 12 3.8E+00 bo - 6 وه‎ 1498.70 5 5 2.8Е+00 
2819.87 8 8 6.5E-01 2920 2 10 ТЕП 2007.36 3 3 3.4E+00 
2821.26 6 8 7.9Е-01 322862 : : وره‎ 2007.60 1 3 12Е+00 
2827.12 8 10 1.0Е+00 цолны 8 ° РЕЧИ 2010.80 5 3 5.4E+00 
2828.06 12 14 4.4E+00 ed 10 0 ponen 2097.30 5 7 3.3Е-00 
2828.64 6 6 1.2Е+00 325619 к : шинээ 2099.86 3 5 2.5Е-00 
2828.83 10 10 9.1Е-01 2230,98 8 5 шив 2104.86 3 3 11Е+00 
2834.02 10 12 7.9E-01 2232101 ° ° ВЕ 2105.09 1 3 1.7E+00 
2836.47 8 8 1.2E+00 225966 : : Чан 2199.22 3 3 5.7Е-00 
2839.64 12 12 8.3E-01 eid 5 š шигээ 2237.77 7 7 2.4Е-00 
2845.93 10 10 1.2Е+00 erate ° > БЛ 2331.35 3 1 4.3Е-00 
2851.11 2 4 4ЛЕ-01 228228 5 6 ОШ 2331.66 3 3 1.2E+00 
2856.10 12 12 1.5E+00 го, - > SEE 2339.00 5 3 3.0E+00 
2862.33 4 6 4.0E-01 цохон Н а ZOLO 2346.79 7 5 3.3Е+00 
2877.47 8 8 5.7Е-01 327891 i 5 ағады 2374.99 5 3 4.0Е-00 
2884.13 10 10 5.2Е-01 228592 2 Ç pee 2413.99 5 7 3.8Е-00 
2910.65 8 8 4.6Е-01 Бичин $ 10 TATTO 2516.05 7 9 3.4E+00 
2926.64 10 8 8.9E-01 3919.32 2 : шинэ 2567.56 3 3 2.3Е+00 
2931.10 6 6 3.2Е+00 и - Е банан 2984.75 5 5 1.9Е+00 
2936.02 4 6 2.7Е+00 шарын 10 19 БА 3066.51 3 3 2.5E+00 
2938.57 6 8 2.4E+00 TM Š 5 0 3228.89 3 3 1.5Е+00 
2941.90 8 10 1.8Е+00 PORZ ° - и 3278.31 7 9 3.4E+00 
2942.97 8 8 1.1E+00 2940,34 к i фс 3320.94 3 5 2.8Е-00 
2945.30 10 12 2.7E+00 336129 a 10 وه‎ 3340.20 7 9 3.7 Е+00 
2952.00 8 8 3.0E-01 bii ° 5 FE 3346.18 9 11 3.7E+00 
2954.59 10 12 4.0E+00 үз, 5 ° ПЕРИ 3354.71 11 13 4.4E+00 
2958.80 8 10 4.0E+00 26 - : ман 3397.24 3 1 1.8Е-00 
2979.06 4 6 1.2Е+00 2640 - - Ber 3404.46 3 3 1.8Е-00 
2990.06 6 8 5.6E-01 о i 5 нэхэн 3417.62 3 5 1.9E+00 
3017.17 12 12 3.6E-01 3483.63 B 5 Часэн 3915.47 9 11 2.1Е-00 
3022.64 10 10 1.2Е+00 на 8 6 ни 4119.14 5 5 9.9E-01 

3504.90 10 10 8.2Е-01 


NIST Atomic Transition Probabilities 


4213.26 
4215.53 
4247.62 
4248.54 
4250.09 
4259.01 
4269.84 
4285.61 
4288.66 
4296.70 
4319.56 
4343.25 
4378.94 
4433.91 
4440.66 
4533.26 
4576.53 
4628.07 
4652.86 
4874.00 
4914.32 
4971.19 
5083.80 
5278.33 
7506.87 


ТЇ ТҮ 
423.49 
424.16 
433.63 
433.76 
729.36 
1183.64 
1195.21 
1451.74 
1467.34 
2067.56 
2103.16 
2541.79 
2546.88 
2862.60 
3576.44 


Ti VIII 
249 

258.610 
269.533 
272.037 
272.843 
276.701 
277.813 
289.375 
478.971 
480.376 


Ti IX 

267.941 
278.713 
281.446 
285.128 
433.567 


Weights 
8, 8, 
9 11 
9 11 
11 13 
5 7 
3 5 
11 13 
9 11 
13 15 
11 13 
11 13 
9 11 
3 1 
3 5 
11 13 
1 3 
3 5 
9 7 
3 1 
7 9 
5 7 
3 3 
9 11 
5 3 
3 3 
11 13 
4 6 
6 8 
4 2 
6 4 
4 2 
2 2 
4 2 
2 4 
4 6 
2 4 
2 2 
4 6 
6 8 
4 2 
4 6 
6 4 
6 8 
4 6 
4 4 
6 4 
2 4 
4 4 
2 4 
4 4 
6 6 
5 7 
5 7 
3 1 
1 3 
1 3 


А 

10% s~! 
2.2E+00 
2.2E+00 
1.1E+00 
2.3E+00 
9.5E-01 
9.4Е-01 
1.7Е-00 
3.0Е+00 
1.1Е+00 
1.6Е+00 
1.1Е+00 
1.0Е-00 
1.6Е-00 
1.8Е-00 
1.2Е-00 
1.5Е-00 
1.3Е-00 
1.5Е-00 
2.6Е-00 
1.5Е-00 
1.1Е-00 
2.1Е-00 
9.7Е-01 
9.4Е-01 
1.1Е-00 


4.9Е-01 
5.3Е-01 
5.5Е-00 
5.0Е-00 
5.7Е-00 
6.9Е+00 
1.4Е-01 
1.8E+01 
2.1E+01 
5.1E+00 
5.0E+00 
6.9E+00 
7.4E400 
4.1Е+00 
4.6Е-00 


1.0Е-01 
7.5E+02 
6.0E+02 
4.3Е+02 
6.2Е-01 
9.3Е-01 
3.8Е-02 
3.6E+01 
1.7E+01 
1.5E+01 


5.1E+02 
4.7E+02 
3.2E+02 
4.1Е+02 
6.9Е+00 


439.513 
439.745 
447.484 
447.701 
507.174 
516.215 


Ti X 
253 

254 

281 
289.579 
290.294 
291 

291 

292 
293.684 
293.798 
295.584 
296 

297 

298 

302 

305 

317 
355.815 
360.133 
363 

363 
365.628 
382 

385 
389.99 


Ti XI 
65.403 
87.725 
266 
308.250 
313.229 
318 
322.75 
323 
327.192 
332 
386.140 
408 
425.74 
446.69 
453 


Ti XII 
52.896 
53.140 
53.433 
53.457 
55.181 
55.443 
59.133 
59.435 
60.701 


л о л л Q CQ 


Ov ٥ Ms 6 Ë ج‎ N Ñ Ñ N Ë Ë ds څک‎ со су OS N Ë ۲م ج‎ ~ OS ج#‎ 


л о о М = фо оо = л ол QO (л нн 


BO Не PO Ë N N N dA نم‎ 


N щл оо л = о 


нь бо ON М و9‎ S 4 نم نم‎ н> ~ бу OO ON бу бо бо ۲۷م‎ сымы 


QO = щл о м к м щл м оо оо‏ وا نم نم په 


ы Осы Оо ۲م څ‎ ь сы 


А 

10887 
7.5Е-00 
2.1Е-01 
1.6Е-01 
6.5Е-00 
6.5Е-00 
6.9Е-00 


2.1Е-02 
2.3Е-02 
11Е-02 
2.5Е-02 
1.1E+02 
1.8E+02 
2.3E+02 
1.1E+02 
2.97E+02 
1.7E+02 
2.9E+02 
14Е-02 
9.9E+01 
4.3Е-02 
1.6E+02 
2.5E+02 
1.5E+02 
1.3E+02 
2.19E+02 
2.1E+02 
1.3E+02 
1.2E+02 
1.8E+02 
1.8E+02 
1.1E+02 


5.1E+02 
8.5E+02 
1.8E+02 
1.3E+02 
1.6E+02 
14Е-02 
1.99Е-02 
1.8E+02 
2.9E+02 
3.25E+02 
1.48E+02 
1.37E+02 
1.2E+02 
1.2E+02 
1.3E+02 


1.61E+02 
1.9E+02 
2.1Е+02 
2.1Е-02 
2.4Е-02 
2.81Е-02 
3.72E+02 
4.41Е+02 
3.4E+02 


Х 
А 

60.762 
61.286 
62.433 
62.470 
65.540 
65.577 
67.171 
67.555 
70.986 
71.031 
71.545 
71.987 
82.121 
82.307 
82.344 
82.368 
89.844 
90.512 
90.547 
116.497 
116.597 
116.62 
139.884 
140.361 
141.6 
1417 
169.7 
169.8 
207.2 
208.5 
252.8 
2531 
257.5 


Ti XIII 
23.356 
23.698 
23.991 
26.641 
26.960 
117.1 
117.3 
120.2 
120.2 
128.7 


Ti XIV 
21.341 
21.522 
21.657 
21.733 
21.82 

21.883 
21.958 
22.05 

24.592 
24.891 


Ti XV 
20.19 
20.234 


Weights 
6; 8, 


ь Су څج څک‎ Ñ 6 څج‎ ON څک‎ dS ON су ON ج څک‎ E ۲م‎ ON څج ۲م‎ N GR Ñ 6 уз څک‎ TO 6 څک‎ 6 dS dS ~ 


Q М ло он = = = = 


BO یم ج‎ N تم‎ GR BAAN EA 


л 


تم OO ON М‏ و 00 > М2 00 ON ON‏ ۲۷م > ON‏ ۲م ON i> 00 ON 00 ON t2 +> ON GO ON 8 ON вз GO‏ 000 ۷م 


Q Q Ооо к Оо Q) ы 


Ñ N تم‎ Ë GR N Ë dA Ë сл 


M 


10-149 


A 

10° s! 
3.5Е+02 
18Е-02 
2.08Е+02 
2.22Е+02 
3.2Е+02 
3.5Е-02 
6.2Е-02 
7.2Е+02 
5.7Е+02 
6.1Е+02 
18Е-02 
3.48Е-02 
5.9E+02 
1.13E+03 
5.8Е+02 
1.2Е-03 
9.9Е-02 
1.16Е-03 
1.9Е-02 
3.0Е-03 
3.2Е+03 
2.1Е+02 
2.6Е+02 
2.9Е+02 
17Е+02 
17Е+02 
2.8Е+02 
2.9Е+02 
1.5Е-02 
1.8Е-02 
4.8Е+02 
5.2Е+02 
2.4Е+02 


1.02Е+05 
1.2Е+04 
3.4E+02 
4.06E+03 
3.06E+03 
1.3E+02 
2.8E+02 
5.4E+02 
4.4E+02 
1.2E+02 


9.8E+03 
4.5Е+04 
1.3Е+04 
8.8Е-04. 
6.4Е-04. 
7.0Е+04. 
1.2Е+04 
1.4Е-04 
6.1Е-03 
7.5Е-03 


6.9Е-03 
1.9E+04 


10-150 NIST Atomic Transition Probabilities 


À __ Weights _ A À Weights A À _ Weights _ A 
À 8, 8, 1058: А 8, 8, 10887 А 8, 8, 1058: 
20.234. 3 3 4.9Е--04 163.049 3 1 6.2E+02 10.690 4 6 1.58E+04 
20.246 1 3 4.2Е+04 186863 5 5 2.66Е+02 *11.452 2 6 1.7Е+04 
20.250 5 3 6.5Е+03 207.73 3 1 1.07Е+02 11.872 2 4 2.8E404 
20.29 3 3 1.1Е+04 — 11.958 4 6 3.4Е+04 
20.30 1 3 3.4Е+04 ч 5 M тээ" 11.958 4 4 5.6Е+03 
20.30 1 1 5.8Е+04 ues | I . 15211 2 4 3.50E+04 
20.313 5 3 7.5E+04 Y у М TAr Oi 15.253 2 2 3.58E+04 
20.418 5 7 8.0E+04 22 и р 1 15.907 2 4 8.84Е+04 
20.538 3 3 3.8E+04 2: | р 16.049 4 6 1.05Е+05 
20.54 3 1 4.1E+04 ie 6 1 iu 16.067 4 4 1.8Е+04 
20.551 1 3 1.3Е+04 is P I За 31.586 4 6 5.49Е+03 
20.689 5 7 4.3Е+04 о : | . 45.650 2 4 9.6E+03 
20.698 1 3 11Е+05 1. 3 қ 16:10 45.996 4 6 11Е+04 
20/71 ? 3 о 166225 6 4 1.54E+02 Ti XXI 
20:837 9 7 ЕН 179.902 2 4 6.ЗЕ+01 2.0633 1 3 1.32Е+05 
20828 5 3 PAETOS 189.668 6 6 9.6E+01 2.1108 1 3 2.60Е+05 
21:069 2 2 кө 191.23 4 4 6.6E+01 2.2211 1 3 6.35E+05 
21073 Í 5 رس‎ 197.838 4 6 4.56E+01 2.497 3 1 2.АЕ+06 
21102 8 3 шин 208.07 4 4 12Е+02 2.505 5 5 3.5E405 
22.482 5 3 6.4E+03 mes | 3 лке 
22.936 5 5 1.1E+04 Ti XIX 
2.507 3 5 1.4E+06 
22.966 5 3 1.1E+04 15.67 3 1 3.3E+04 
2.508 3 5 7.9Е+05 
23.034 1 3 6.3Е+03 15.68 9 3 ӘЛЕН 2.510 3 3 6.9Е+05 
| 15.74 5 7 2.7E+04 
Ti XVI au à 5 эш 2.510 1 3 9.6Е+05 
110561 4 2 3.36Е+02 5. : I ы 2.511 3 3 1.4Е+06 
116198 4 4 1.45Е+02 ка. ' I زرد‎ 2.512 5 5 1.8Е+06 
118215 6 4 7.4Е+02 pen А | а 2.512 3 1 1.4Е+06 
121.382 4 2 2.4Е-02 ы : 5 . 2.513 3 1 2.7Е+06 
124.805 4 2 6.1E+02 2 | : ې‎ 2.513 3 5 2.4E4.06 
129.075 4 2 3.81E«02 s А 5 نن‎ 2.514 5 3 1.2Е+06 
134724 2 2 2.6E+02 a. : а 20 2.520 3 5 2.6Е+05 
138800 6 4 3.5Е+02 е | I 2. 2.527 3 1 1.2Е+05 
143.459 4 4 2.8Е+02 мээн а = 1 2.539 3 1 4.1Е+05 
145.665 6 6 2.3Е+02 s : : iiie 2.6102 1 3 2.40E+06 
157812 4 2 1.32Е+02 о 5 з кес 2.6227 1 3 1.12Е+05 
161168 4 125102 16.69 1 3 1.02E+05 Tungsten 
i n x : кыы 16.71 3 5 73E404 ын 
ў : 16.72 5 3 3.3E+04 
176267 2 2 2.45E+02 2879.4 1 3 2.4E-01 
16.72 5 5 7.3E+04 
178240 4 4 2.52Е-02 abe 5 x = 2911.0 1 3 7.7E-02 
| 2923.5 7 9 1.54E-02 
Ti XVII 16.77 3 3 2.6Е+04 В 5 5 ade 
18.05 3 3 4.5Е-04 16.80 5 7 1.81Е+05 ЕКА : 5 asd 
18.13 5 3 2.4Е--04 16.85 3 5 4.АЕ-04 ae I Ч ее 
18.13 1 3 8.1E+04 17.08 3 5 8.3E+04 2d а I а 
18.176 5 7 9.2E+04 17.36 1 3 9.5E+04 50249 : : илэрч 
123.654 3 3 2.3E+02 y 24, I 5 ee 
124553. 08 ? 926402 2.629 2 4 4.9E+04 3049.7 7 5 1.7Е-01 
ЫНЫ 5 5 KORTOZ 2.6295 4 4 3.2E+06 3064.9 5 7 1.1E-02 
МӘЛЕ. نر‎ 1 2.986302 2.631 2 2 6.1E+05 3084.9 5 5 1.3E-02 
136160 S 5 1.257102 2.6319 2 4 1.5E+06 3093.5 7 9 4.4E-02 
ME. 5 БМО? 2.632 2 2 2.7E+06 3107.2 5 7 2.33Е-02 
Аз S 3 шилийн 2.6355 4 6 1.2Е+06 3108.0 7 9 1.58Е-02 
122599. 1 5 1-207102 8.621 4 2 1.1E+06 3145.5 9 9 4.8E-03 
سوه‎ 28 5 ОЗЕ 9.788 4 6 5.26Е+03 3170.2 7 5 6.0Е-03 
موس‎ 47 > 16102 10.046 2 4 7.29Е-03 3176.6 3 5 2.12E-02 
B 3 Í 1:6350 10.109 4 6 8.6E+03 3183.5 7 7 2.64E-03 
15694 9 : еи *10.278 2 6 8.4E+03 3184.4 5 3 2.3E-02 
ee 08 3 Қалада 10.620 2 4 1.34E+04 3191.6 1 3 3.2E-02 
159.62 5 3 1.03Е+02 


NIST Atomic Transition Probabilities 


Weights 
8, 8, 
7 9 
7 9 
5 5 
9 11 
5 7 
5 3 
9 9 
7 5 
7 7 
7 9 
7 5 
9 7 
7 5 
3 3 
7 7 
7 9 
9 9 
7 9 
1 3 
5 3 
3 5 
7 7 
3 5 
9 11 
9 11 
7 7 
7 9 
5 7 
3 3 
7 5 
7 5 
7 7 
3 3 
5 5 
3 5 
1 3 
5 5 
7 9 
7 7 
1 3 
9 11 
9 9 
7 9 
5 3 
1 3 
7 5 
7 9 
7 5 
3 5 
7 7 
5 3 
9 7 
11 11 
5 7 
7 9 
9 7 
9 7 
9 11 
7 5 
9 7 


A 

108 s~! 
4.6E-02 
3.0E-02 
4.4E-02 
2.1E-01 
1.61E-02 
3.53E-03 
2.4E-02 
2.68E-03 
1.3E-02 
8.1E-02 
5.6E-02 
6.6E-03 
1.0E-02 
6.7E-03 
2.64E-03 
9.7E-03 
2.04E-03 
5.2Е-03 
3.2Е-02 
6.7Е-03 
9.6Е-03 
1.1Е-01 
1.3Е-02 
1.20Е-02 
2.0E-02 
2.9E-02 
1.38bE-02 
1.99E-02 
3.47E-02 
4.2E-02 
9.0E-03 
3.1E-02 
3.83E-03 
5.2Е-02 
2.14E-02 
8.3E-03 
5.6E-03 
4.6E-02 
3.6E-02 
5.07E-03 
4.1E-03 
5.6E-03 
1.63E-01 
6.7E-03 
2.0E-02 
2.88Е-02 
1.79E-03 
3.60E-02 
5.6E-03 
1.0E-01 
4.13E-03 
4.9E-02 
4.8E-03 
8.4E-03 
8.6E-03 
4.9E-03 
6.1E-03 
1.38bE-02 
3.04E-02 
1.69E-03 


М о d о N P= AO о м м = дж 


٢۲م‏ = 
ساد xo ٢‏ چم یو تن تا 


[en 
о 


` о щл л м л м X ол 


мо Ш ооо «л м «л صا‎ л 


[en 
[um 


М Q о л ым N NN 0 


À 

À 
6285.9 
6292.0 
6303.2 
6404.2 
6439.7 
6445.1 
6532.4 
6538.1 
6563.2 
6814.9 
7285.8 
7569.9 
7664.9 
8017.2 
8358.7 
9381.4 


Итатит 


الا 
3553.0 
3553.0 
3553.4 
3554.5 
3554.9 
3555.3 
3555.8 
3556.9 
3557.8 
3558.0 
3558.6 
3559.4 
3560.3 
3561.4 
3561.5 
3561.8 
3563.7 
3563.8 
3565.0 
3566.0 
3566.6 
3568.8 
3569.1 
3569.4 
3570.1 
3570.2 
3570.6 
3570.7 
3571.2 
3571.6 
3572.9 
3573.9 
3574.1 
3574.8 
3577.1 
3577.5 
3577.8 
3577.9 
3578.3 
3580.0 
3580.2 


Weights 
6; 8, 
7 5 
3 5 
9 9 
5 7 
9 9 
7 5 
3 5 
11 9 
5 5 
9 9 
13 11 
5 3 
5 3 
5 7 
5 7 
9 7 
13 13 
9 7 
15 13 
11 9 
15 17 
13 15 
13 11 
13 11 
13 13 
11 13 
9 7 
7 9 
9 7 
15 13 
9 9 
13 11 
13 13 
7 7 
13 11 
13 15 
11 11 
13 13 
17 15 
9 9 
13 11 
11 9 
13 15 
15 15 
11 11 
17 15 
13 15 
13 11 
13 15 
13 15 
17 15 
15 13 
11 11 
13 13 
13 11 
9 9 
11 9 


10-151 


А 
1058: 
6.6Е-03 
2.26Е-03 
1.84E-03 
1.50E-03 
1.29E-03 
6.4Е-03 
4.6Е-03 
2.7Е-03 
2.04Е-03 
1.46Е-03 
1.47Е-03 
3.73E-03 
3.80E-03 
1.6E-03 
1.89E-03 
1.53E-03 


2.0E-02 
1.4E-02 
2.2E-02 
8.4E-03 
7.9E-03 
2.7E-02 
4.1Е-03 
7.5E-03 
2.9E-02 
1.6E-02 
3.9E-02 
1.5E-02 
6.4E-02 
5.5E-02 
2.5E-02 
5.7E-02 
2.9E-02 
1.1E-02 
2.9E-02 
1.7E-02 
2.4Е-01 
3.8E-02 
1.1E-01 
1.5E-02 
1.3E-02 
5.3E-03 
2.7E-02 
1.2E-02 
6.3E-03 
1.3E-01 
1.5E-02 
4.0E-02 
3.5E-02 
1.9E-02 
4.3E-02 
7.8E-03 
8.3E-03 
2.3E-02 
2.0E-02 
1.2Е-02 
2.9E-02 


10-152 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 
À 8, 8, 1058: А 8, 8, 10887 А 8, 8, 1058: 
35804 11 3 7.5E-03 354349 2 2 6.7Е-01 423295 8 8 7.7E-01 
35809 13 13 2.1E-02 354533 4 4 3.7Е-01 4268.64 14 14 1.2Е+00 
35826 13 13 2.9E-02 355327 6 6 2.2Е-01 427155 12 12 9.6E-01 
3584.6 7 5 2.4E-02 355514 4 2 2.6E-01 427695 10 10 9.4E-01 
35849 13 15 1.8E-01 3663.60 4 6 3.1E«00 428405 8 8 1.2E+00 
35854 п 11 1.9Е-02 366774 6 8 2.7E+00 429182 12 14 8.8E-01 
35858 11 9 2.8E-02 367241 12 12 92Е-01 429610 10 12 7.7E-01 
3587.8 9 11 1.3E-02 367341 8 10 2.7E+00 429767 8 10 7.0E-01 
3588.3 7 9 1.8E-02 367670 14 14 1.3E+00 4298.08 6 8 7.8E-01 
35897 ll 13 2.1E-02 368012 10 12 2 2Е+00 437923 10 12 1.1E«00 
35898 15 13 5.9E-02 368626 10 12 2.3E-01 438471 8 10 1.1E«00 
3590.7 9 7 2.2Е-02 368750 12 14 2.9E«00 438998 6 8 6.9E-01 
35917 ll 9 5.3E-02 368807 8 8 3.5E-01 439522 4 6 5.5E-01 
3593.0 п 11 1.4Е-02 3690.28 2 4 4.5E-01 440057 2 4 3.4E-01 
35932 13 15 4.2Е-02 3692.22 6 6 5.4Е-01 4406.64 10 10 2.2E-01 
35937 п и 7.2E-02 369534 14 16 2.8E+00 4407.63 8 8 4.4E-01 
— 369586 4 4 6.6E-01 440820 6 6 6.0E-01 
370357 10 8 92Е-01 441647 4 2 2.6Е-01 
VI 370470 8 6 6.6E-01 445201 14 16 9.2E-01 
304312 6 8 2.3E-01 370504 6 4 3.6E-01 445775 10 12 2.7E-01 
3050.39 10 8 5.ЗЕ-01 370603 10 10 5.2Е-01 4460.33 10 8 3.0E-01 
305365 4 4 1.3Е+00 370871 12 12 4.4Е-01 446236 12 14 7.6Е-01 
3056.33 6 6 1.ЗЕ+00 379046 10 8 2.ЗЕ-01 4468.00 8 10 2.ЗЕ-01 
306046 8 8 1.4Е+00 379496 10 10 2.3E-01 446971 10 12 6.2E-01 
3066.37 10 10 2.1E+00 3806.79 10 10 2.5E-01 447404 10 8 4.7E-01 
306653 6 4 3.2E-01 381824 4 2 6.73E-01 4496.06 8 6 4.0E-01 
307593 4 6 2.8E-01 382856 6 4 5.33E-01 451418 6 4 3.3E-01 
308033 2 4 2.7E-01 384075 8 6 5.48E-01 452421 12 10 3.0E-01 
308354 6 8 2.5E-01 385536 4 4 3.30Е-01 452517 4 2 4.1E-01 
308706 2 2 9.2E-01 385585 10 8 5.78E-01 4529.58 10 8 2.4E-01 
308811 4 6 4.9E-01 3863.86 8 6 3.1E-01 454540 10 12 7.6E-01 
3089.3 4 4 5.3E-01 3864.86 6 6 2.70E-01 456072 8 10 7.0Е-01 
3093.79 6 6 4.1E-01 387107 10 8 2.8E-01 4571.79 6 8 6.0E-01 
3094.69 2 4 4.3E-01 387507 8 8 2.36E-01 457873 4 6 6.8E-01 
3112.92 4 2 5.0E-01 390226 10 10 2.68E-01 470616 6 4 2.4E-01 
318341 6 8 2.АЕ+00 392186 4 2 2.7Е-01 475747 4 2 7.6Е-01 
318396 8 10 2.5Е+00 392243 6 6 2.6Е-01 4766.62 6 4 5.6Е-01 
318398 4 6 2.4E+00 3930.02 10 10 3.3E-01 477636 8 6 5.1E-01 
3185.38 10 12 2.7Е+00 3934.01 8 8 62Е-01 4786.50 10 8 4.7Е-01 
31980 6 3.9E-01 399280 12 10 1.2E+00 479692 12 10 4.8E-01 
320239 8 8 4.0E-01 399873 14 12 1.0Е+00 480752 14 12 5.8E-01 
3205.58 8 10 1.3Е+00 405096 10 10 1.4Е+00 5193.00 12 12 4.0Е-01 
320741 10 10 2.6E-01 405135 12 12 1.3E+00 519539 8 8 2.3E-01 
321243 10 12 1.4E+00 409057 8 10 8.5E-01 523408 10 10 492-01 
3218.87 8 6 3.5E-01 409268 8 10 2.30E-01 5240.87 12 12 4.3Е-01 
3233.19 10 8 3.2E-01 409548 6 8 72E-01 541525 12 14 3.1E-01 
327303 8 8 2.7Е-01 409978 6 8 4.10E-01 548791 12 10 2.9E-01 
3284.36 10 10 2.8E-01 40215 4 6 712-01 550775 10 8 3.5E-01 
330948 4 4 3.2E-01 410477 10 8 2.1E+00 609021 8 6 2.60E-01 
3329.85 6 4 7.7Е-01 410516 4 6 4.9E-01 - 
335635 4 6 3.1E-01 410978 2 4 иу 252790 13 13 6.1E-01 
336555 2 4 4.8E-01 411178 10 10 1.01E+00 
337605 4 4 3.2E-01 411518 8 8 5.80E-01 22 - : 2 
rds : Я e 2 : d 2528.83 11 11 5.3E-01 
255404 9 9 5.4E-01 
337762 6 6 6.0E-01 41659 2 2 2.90E-01 
339758 6 4 2.3E-01 412350 4 2 1.00Е+00 2. 7 а Сз 
264086 5 7 1.2Е+00 
340039 8 8 2.5Е-01 4128.06 6 4 7702-01 
352973 4 6 АЛЕ-01 aioe: 3 4 бм 267780 3 5 3.4E-01 
267933 7 7 3.4E-01 
353368 6 8 5.2E-01 413449 10 8 2.90E-01 ЗӨВ 4 А са 
353376 2 4 3.7E-01 423246 10 10 9.8E-01 


NIST Atomic Transition Probabilities 


2687.96 
2689.88 
2690.25 
2690.79 
2700.94 
2706.17 
2734.22 
2753.41 
2784.20 
2787.91 
2825.86 
2843.82 
2847.57 
2854.34 
2862.31 
2868.11 
2869.13 
2882.49 
2884.78 
2889.61 
2891.64 
2892.43 
2892.65 
2893.31 
2903.07 
2906.45 
2908.81 
2910.01 
2910.38 
2911.05 
2912.46 
2915.88 
2924.02 
2924.63 
2930.80 
2941.37 
2944.57 
2948.08 
2952.07 
2955.58 
2968.37 
2972.26 
2973.98 
2985.18 
3001.20 
3014.82 
3016.78 
3020.21 
3048.21 
3063.25 
3100.94 
3113.56 
3122.89 
3134.93 
3136.50 
3139.73 
3151.32 
3190.69 
3250.78 
3251.87 


Weights 
8, 8, 
9 9 
3 1 
7 5 
5 3 
9 11 
7 9 
9 7 
13 11 
9 9 
7 9 
9 7 
7 5 
9 7 
11 9 
11 11 
5 3 
13 11 
5 5 
3 3 
3 1 
5 3 
9 9 
7 5 
9 7 
3 5 
7 7 
11 9 
5 5 
3 3 
7 9 
11 9 
9 7 
11 11 
9 9 
7 7 
11 9 
9 7 
9 11 
7 5 
7 9 
7 9 
5 7 
9 11 
7 9 
7 7 
5 3 
7 5 
9 7 
11 13 
9 11 
7 7 
11 11 
11 13 
13 13 
11 11 
9 9 
3 5 
9 9 
11 9 
5 7 


A 

10887! 
7.6E-01 
9.2Е-01 
3.4E-01 
5.2Е-01 
3.5Е-01 
3.4E-01 
6.2Е-01 
4.2E-01 
1.3Е-00 
5.0E-01 
1.2Е-00 
9.9Е-01 
4.6E-01 
5.0E-01 
3.6E-01 
2.1E+00 
4.8E-01 
4.2E-01 
5.6E-01 
1.9E+00 
1.4E+00 
3.6E-01 
1.3E+00 
1.2E+00 
3.4E-01 
7.8E-01 
1.6E+00 
1.1E+00 
1.2E+00 
3.7E-01 
5.0E-01 
4.9E-01 
1.7E+00 
1.2E+00 
5.8E-01 
3.5E-01 
7.6E-01 
4.0E-01 
7.2E-01 
3.3E-01 
7.0E-01 
5.2Е-01 
3.5Е-01 
4.4E-01 
7.5E-01 
8.9E-01 
5.0E-01 
5.0E-01 
7.0E-01 
1.0E+00 
5.8E-01 
5.0E-01 
7.6E-01 
5.9E-01 
5.3E-01 
5.2E-01 
4.4E-01 
3.3E-01 
5.2Е-01 
3.5Е-01 


3271.12 
3276.12 
3279.84 
328771 
3337.85 
3517.30 
3530.77 
3545.19 
3556.80 
3592.01 
3618.92 


ҮШ 

2318.06 
2323.82 
2330.42 
2331.75 
2334.21 
2337.13 
2343.10 
2358.73 
2366.31 
2371.06 
2373.06 
2382.46 
2393.58 
2404.18 
2516.14 
2521.55 
2548.21 
2554.22 
2593.05 
2595.10 


VIV 

677.345 
680.632 
681.145 
682.455 
682.923 
684.450 
691.530 
723.537 
724.068 
724.809 
737.854 
750.110 
884.146 
1071.05 
1110.72 
1112.20 
1112.44 
1127.84 
1131.26 
1194.46 
1226.52 
1243.72 
1247.07 
1272.97 
1304.17 
1305.42 


Q N AO М (л ода («л д о м 


л оо о л Оо (л М AO м л له‎ фо л P= «(л عا‎ (л 00) نیا‎ (л S] л لاه‎ М عا‎ ~ 


Пан 
[un 


ләл милы ммм 


бо و‎ с = со 


~ л = coc сло л له‎ л له‎ о л QO л М фо л к фр л л м wan یا‎ 


А 
10887: 
6.9E-01 
5.2E-01 
5.8E-01 
7.5E-01 
5.3E-01 
3.8E-01 
4.5E-01 
4.3E-01 
5.1Е-01 
4.4E-01 
3.3E-01 


4.6E+00 
3.8E+00 
3.2E+00 
2.5E+00 
2.2E+00 
2.7E+00 
3.6E+00 
4.2E+00 
4.2E+00 
5.2E+00 
2.9E+00 
5.0E+00 
4.3Е-00 
2.5Е-00 
3.7 Е+00 
3.5E+00 
2.0E+00 
1.2E+00 
2.8E+00 
2.8E+00 


6.7E+00 
1.2E+01 
1.1E+01 
6.5E+00 
6.9E+00 
7.7E+00 
1.1E+01 
1.5E+01 
1.1E+01 
5.6E+00 
2.4Е-01 
1.0Е+01 
4.7 Е+00 
6.1E+00 
5.0E+00 
6.3E+00 
5.0E+00 
8.9Е-00 
9.4Е-00 
1.0Е+01 
1.5Е+01 
9.4Е-00 
4.7Е-00 
2.7E+01 
1.5E+01 
7.0E+00 


Х 
А 
1308.06 
1309.50 
1312.72 
1317.57 
1321.92 
1326.81 
1329.29 
1329.97 
1330.36 
1331.67 
1332.46 
1334.49 
1355.13 
1356.53 
1395.00 
1400.42 
1403.62 
1412.69 
1414.41 
1414.84 
1418.53 
1419.58 
1423.72 
1426.65 
1429.11 
1434.84 
1451.04 
1454.00 
1520.14 
1522.49 
1601.92 
1611.88 
1806.18 
1809.85 
1817.68 
1825.84 
1861.56 
1939.07 
1951.43 
1963.10 
1997.72 
2084.43 
2120.05 
2141.20 
2146.83 
2149.85 
2151.09 
2155.34 
2446.80 
2570.72 
3284.56 
3496.42 
3514.25 


Xenon 


Хеі 

1043.8 
1047.1 
1050.1 
1056.1 


Weights 
5; 8, 


NUN о м щл м 0 я м «л له‎ «л 00 (л М 0 نر‎ «л «л фо М «л AO о М М 0 («л QQ М 03 «л «л له‎ O л фо نم‎ Q) л о М л мл м 


= 
[un 


© м со 
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10-153 


А 

1058: 
7.9Е+00 
8.7Е+00 
8.6Е+00 
8.7Е-00 
9.9Е-00 
4.0Е-00 
1.5Е-01 
4.8Е-00 
6.0Е+00 
17Е+01 
7.5Е+00 
8.3Е+00 
2.5Е-01 
4.9Е-00 
1.4Е-01 
7.5Е+00 
8.4Е+00 
1.1Е-01 
1.2Е-01 
4.6Е-00 
5.2Е-00 
1.3Е-01 
7.1Е-00 
2.2Е-01 
5.0Е-00 
5.4Е-00 
7.0Е--00 
1.1Е-01 
7.2Е+00 
5.5Е +00 
12Е-01 
5.2Е-00 
7.3Е+00 
7.2Е+00 
4.8Е-00 
5.3E+00 
6.6E+00 
5.8E+00 
5.0E+00 
4.8E+00 
4.7E+00 
4.0E+00 
8.1E+00 
7.0E+00 
6.6E+00 
5.1E+00 
4.3E+00 
1.2E+01 
5.3E+00 
7.6E+00 
5.3E+00 
4.4E+00 
4,7Е-00 


5.9Е-01 
1.3Е+00 
8.5E-02 
2.45E4 00 


10-154 NIST Atomic Transition Probabilities 


À Weights A À Weights A À Weights A 
Á 8, 5, 10851 А 8, 8, 10851 А 3 8, 1058: 
1061.2 1 3 1.9E-01 298425 6 8 4.8E-01 498197 4 6 4.7E-03 
1068.2 1 3 3.992 +00 299526 6 4 5.1E-02 500444 6 4 1.2Е-02 
1085.4 1 3 4.10E-01 299694 4 6 8.4E-02 520501 4 4 8.4E-03 
1099.7 1 3 4.34E-01 300526 4 4 4.8E-02 525847 6 6 2.9E-03 
1110.7 1 3 1.5Е+00 3022.28 6 6 6.6Е-02 527182 8 6 1.1Е-02 
1129.3 1 3 4.4E-02 304536 6 6 1.07E-01 538068 6 4 3.2Е-01 
1170.4 1 3 1.6Е+00 305395 6 4 1.9Е-03 538124 4 4 9.9Е-03 
1192.0 1 3 6.2E+00 3155.65 4 6 2.7E-03 538839 6 8 1.1Е-02 
1250.2 1 3 1.4Е-01 317284 4 4 9.9E-03 539081 8 6 2.9E-02 
1295.6 1 3 2.462 +00 318596 6 8 1.2Е-03 540188 6 8 6.0E-03 
1469.6 1 3 2.81E+00 3209.38 6 6 3.0E-03 542436 6 4 3.47E-01 
4501.0 5 3 6.2Е-03 322716 6 4 1.10E-03 546624 4 4 1.0Е-01 
4524.7 5 5 2.1E-03 348405 4 6 1.2Е-02 5466.47 0 12 6.3E-01 
4624.3 5 5 7.2Е-03 3549.66 6 6 1.0Е-03 5469.10 4 6 3.6Е-03 
4671.2 5 7 1.0Е-02 3552.69 4 4 2.3E-01 5513.65 6 6 2.39E-01 
4807.0 3 1 2.4E-02 407736 4 6 11Е-00 551988 4 6 1.2Е-02 
7119.6 7 9 6.6Е-02 408371 4 4 2.5E-01 552643 6 4 3.9E-03 
7967.3 1 3 3.0E-03 410236 6 8 1.3E+00 552756 8 10 5.4E-01 
8409.2 5 3 1.0E-02 412830 6 6 1.6Е+00 5541.63 8 8 5.2Е-02, 
жей 414284 4 4 1.6Е+00 5551.00 4 4 6.9Е-02 
4180.1 4 4 nodo 416751 6 6 2.38E-01 557303 6 4 1.8Е-02 
4336 б 4 ТАРОО 423593 6 4 3.0E-01 559412 6 8 5.0E-02 
Nen и ё түреде 435240 4 4 6.7E-03 5606.34 10 10 5.84E-02 
Ado 4 4 Son 437933 6 4 7.83E-01 561996 6 4 2.0E-02 
заг Р 4 ЕТЕ 438547 4 4 6.9E-02 563014 4 6 4.9E-01 
ARTES : g GEO] 4394.01 8 8 1.9E-02 5641.78 2 4 1.9E-02 
Екенін 5 4 نند‎ 440970 4 6 2.7Е-03 567527 6 6 9.ЗЕ-02 
3059 4 У mee 441743 10 8 3.2bE-02 5675.64 4 6 4.3E-02 
52922 2 Z SIEL 443734 6 6 8.64E-02 5693.63 4 4 1.1E-01 
В И 9 2941 4443.65 0 8 1.1Е-01 571494 8 6 2.0E-02 
мин 4 Е CODI 445901 4 6 1.8E-02 5729.25 6 6 2.2E-03 
E4390 3 5 АГ] 4476.95 6 2.8Е-01 5732.09 6 6 7.5E-02 
ярин 4 8 ФОН) 449174 10 10 2.3E-02 574022 8 6 4.0Е-02 
BEAT 5 И ааг 4514.01 4 6 3.34E-01 5757.59 4 6 7.6Е-03 
Еров 4 е ёс 452778 8 6 8.33Е-01 578836 4 4 9.4E-03 
н 4 à зря 453409 6 8 4.4E-02 584413 6 4 5.6E-03 
В 4 6 gen 454431 6 6 4.10E-01 5879.93 4 2 8.5E-02 
60515 8 7 DEO 4559.36 2 4 4.0E-01 590291 6 8 4.0E-02 
Ma : 4 ЖЕРД 458133 6 4 1.5E-01 608794 6 4 1.1E-01 
eae 4 ё кен 4613.00 6 4 1.8E-01 6191.72 4 4 4.7E-02 
иар N е n EE (D 464370 4 6 1.8Е-01 6222.58 4 6 5.9E-03 
680577 à : Е 465378 4 6 1.6Е-01 640201 6 4 2.7Е-03 
59909 1б 4 И 4674.85 6 8 13E-01 643502 6 6 4.0E-02 
472584 4 4 1.5Е-01 643717 10 8 4.8E-02 
Ytterbium 476296 6 4 4.2E-02 6538.57 10 10 1.5Е-01 
УЫ? 478016 2 4 8.9E-02 662248 8 6 4.5E-03 
"n i 8 ЭЭ" 478103 8 10 1.0E-01 6815.15 2 4 7.18Е-02 
2672.0 1 3 118Е-01 479930 6 8 1.6Е-01 700989 2 4 4.4E-02 
34644 1 3 62E-01 480431 6 4 2.6E-01 703515 4 4 6.3E-02 
3988.0 1 3 1.76E+00 180480 د‎ а байы УП 
55565 1 3 1.14E-02 ~ , оо 311203 1 3 1.3Е-02 
ҮРП ее. 6 E Эрат 317942 3 5 3.8E-02 
3289.4 " 4 L8E400 у : НЕН 3195.62 3 3 8.23E-01 
3694.2 2 2 1.4E+00 4859.84 4 4 7.26Е-01 шанцай ? 4 пен 
3203.32 3 1 2.77E+00 
Yttrium | т ° : оо 3216.69 5 3 2.0Е+00 
УТ 4906.11 10 8 128-01 ae : 2. 
2948.41 4 4 3.5E-01 4950.01 8 6 2.0E-02 3448.81 5 5 4.1E-02 
2974.59 4 6 3.5E-01 4963.49 4 4 1.4E-02 3467.88 5 3 2.7Е-02 


NIST Atomic Transition Probabilities 


Х 
А 
3496.08 
3549.01 
3584.51 
3600.74 
3601.91 
3611.04 
3628.70 
3664.62 
3710.29 
3747.55 
3774.34 
3776.56 
3788.70 
3818.34 
3832.90 
3878.29 
3930.66 
3950.36 
3951.59 
3982.60 
4124.91 
4177.54 
4199.27 
4204.69 
4235.73 
4309.62 
4358.73 


Weights 
8, 8, 


Q М л = QO «л «(л 010102 л м له‎ їл о 03) л оо м 1010102 М о Q н 


Q «л 0) о сло «л М دګ‎ фр «л «л پو وګ‎ QY «л оо М QQ AO «л QO л о 1 an 0 


А 
10887! 
3.49E-01 
3.97E-01 
4.02Е-01 
1.4Е-00 
1.13Е+00 
1.04Е--00 
3.3Е-01 
3.7Е-01 
1.5Е-00 
1.9Е-01 
1.1Е-00 
2.42E-01 
8.1E-01 
9.70E-02 
3.0E-01 
2.9E-02 
2.1E-02 
2.80E-01 
1.5E-02 
2.7E-01 
1.8E-02 
5.27E-01 
5.36E-03 
2.20E-02 
2.3E-02 
1.29E-01 
5.55E-02 


4374.95 
4398.01 
4422.59 
4682.33 
4786.58 
4823.31 
4854.87 
4881.44 
4883.69 
4900.11 
4982.13 
5087.42 
5119.11 
5200.41 
5205.73 
5289.82 
5320.78 
5473.39 
5480.73 
5497.41 
5509.90 
5544.61 
5546.01 
5728.89 
6613.74 
6832.48 
7264.16 


л л л QY QA б? «л л = фо AO М М їл л AO М М O «л (л «л м تیا انا‎ uu 


Q л м 0) фо о 03) 0 л мМ л м л М iO تا‎ л м نا‎ 00 л М л = Q) Ut 


Weights 
5, 5, 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
3 5 
3 3 
5 7 
5 5 
5 3 
3 5 
3 1 
2 4 
2 4 
4 6 
4 4 
4 6 
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А 
1058: 


6.0E-02 
7.6E-02 
5.7E-02 
1.8E-01 
2.6E-01 
3.05E-01 
7.09Е+00 
3.29E-04 
9.0E-01 
1.2Е+00 
6.7Е-01 
1.7Е+00 
4.0E-01 
4.5E-02 
4.74Е-01 
2.43E-01 


3.3Е-00 
4.6Е+00 
5.6Е-00 
9.3Е-01 

1.6Е-00 


ELECTRON AFFINITIES 
Thomas M. Miller 


Electron affinity is defined as the energy difference between 
the lowest (ground) state of the neutral and the lowest state of 
the corresponding negative ion. The accuracy of electron affinity 
measurements has been greatly improved since the advent of laser 
photodetachment experiments with negative ions. Electron affini- 
ties can be determined with optical precision, though a detailed 
understanding of atomic and molecular states and splittings is re- 
quired to specify the photodetachment threshold corresponding 
to the electron affinity. 

Atomic and molecular electron affinities are discussed in two 
excellent articles reviewing photodetachment studies which ap- 
pear in Gas Phase Топ Chemistry, Vol. 3, Bowers, M. Т., Ей, 
Academic Press, Orlando, 1984: Chapter 21 by Drzaic, P. 5., Marks, 
Ј., and Brauman, J. I., “Electron Photodetachment from Gas Phase 
Negative Ions,’ p. 167, and Chapter 22 by Mead, R. D., Stevens, 
А. E., and Lineberger, W. C., "Photodetachment in Negative Ion 
Beams,’ p. 213. Persons interested in photodetachment details 
should consult these articles and the critical reviews of Andersen, 
T., Haugen, H. K., and Hotop, H., Л Phys. Chem. Ref. Data, 28, 
1511, 1999, Hotop, H. and Lineberger, W. C., J. Phys. Chem. Ref. 
Data, 14, 731, 1985, and Andersen, T., Haugen, H. K., and Hotop, 
H., J. Phys. Chem. Ref. Data 28, 1511, 1999. For simplicity in the 
tables below, any electron affinity which was discussed in the ar- 
ticles by Drzaic et al. or Hotop and Lineberger is referenced to 
these sources, where original references are given. The develop- 


ment of cluster-ion photodetachment apparatuses has brought an 
explosion of electron affinity estimates for atomic and molecular 
clusters. The policy in this tabulation is to list the electron affini- 
ties for the atoms, diatoms, and triatoms, if adiabatic electron af- 
finities have been determined, but to refer the reader to original 
sources for higher-order clusters. Additional data on molecular 
electron affinities may be found іп Lias, S. G., Bartmess, J. Е., 
Liebman, J. Е, Holmes, J. L., Levin, R. D., and Mallard, W. G., Gas 
Phase Ion and Neutral Thermochemistry, J. Phys. Chem. Ref. Data, 
17, (Supplement No. 1), 1988 and on the NIST WebBook at the 
Internet address http://webbook.nist.gov/. 

For the present tabulation the 2002 CODATA value e/hc = 
8065.54445 + 0.00069 cm" eV" (http://physics.nist.gov) has been 
used to convert electron affinities from the units used in spectro- 
scopic work, cm", into eV for these tables. The 86 ppb uncertainty 
in e/hc is insignificant compared to uncertainties in the electron 
affinity measurements. 

Abbreviations used in the tables: calc = calculated value; РТ = 
photodetachment threshold using a lamp as a light source; LPT 
- laser photodetachment threshold; LPES - laser photoelectron 
spectroscopy; DA - dissociative attachment; attach - electron at- 
tachment/detachment equilibrium; e-scat - electron scattering; 
kinetic = dissociation kinetics; Knud-Knudsen cell; CT = charge 
transfer; CD - collisional detachment; and ZEKE - zero electron 
kinetic energy spectroscopy. 


TABLE 1. Atomic Electron Affinities 


Atomic 
number Atom Electron affinity in eV Uncertainty in eV Method Ref. 
1 H 0.754195 0.000019 LPT 89 
0.75420812 - calc 205 
D 0.754593 0.000074 LPT 89 deuterium 
D 0.75465624 - calc 205 deuterium 
T 0.75480540 - calc 205 tritium 
2 He not stable - calc 1 
3 Li 0.618049 0.000020 LPT 185 
4 Be not stable - calc 1 
5 B 0.279723 0.000025 LPES 191 
6 C 1.262119 0.000020 LPT 28 
7 N not stable - DA 1 
8 0 1.4611096 0.0000007 LPT 4 
9 F 3.4011895 0.0000025 LPT 227 
10 Ne not stable - calc 1 
11 Ма 0.547926 0.000025 ТРТ 1 
12 Mg not stable - e-scat 1 
13 АЛ 0.43283 0.00005 LPES 208 
14 Si 1.3895220 0.0000024 LPES 227 
15 P 0.7465 0.0003 LPT 1 
16 S 2.077103 0.000001 LPT 1 
17 а 3.612724 0.000027 LPT 52 
18 Ar not stable - calc 1 
19 K 0.50147 0.00010 LPT 1 
20 Са 0.02455 0.00010 ТРТ 44 
21 Sc 0.188 0.020 LPES 1 
22 Ti 0.079 0.014 LPES 1 
23 У 0.525 0.012 LPES 1 
24 Cr 0.666 0.012 LPES 1 
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Electron Affinities 


Atomic 
number 


25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


118 
121 


Atom Electron affinity in eV 
Mn not stable 
Fe 0.151 

Co 0.662 

Ni 1.156 

Cu 1.235 

Zn not stable 
Ga 0.43 

Ge 1.232712 
As 0.814 

Se 2.020670 
Br 3.363588 
Kr not stable 
Rb 0.48592 
Sr 0.048 

Y 0.307 

Zr 0.426 

Nb 0.893 

Mo 0.748 

Tc 0.55 

Ru 1.05 

Rh 1.137 

Pd 0.562 

Ag 1.302 

Cd not stable 
In 0.3 

$n 1.112067 
Sb 1.046 

Te 1.970876 
I 3.059037 
Xe not stable 
Cs 0.471626 
Ba 0.14462 
La 0.47 

Ce 0.955 

Pr 0.962 

Eu 0.864 

Tm 1.029 

Yb -0.020 

Lu 0.34 

НЕ »0 

Ta 0.322 

W 0.815 

Re 0.15 

Os 1.1 

Ir 1.5638 

Pt 2.128 

Au 2.30863 
Hg not stable 
TI 0.2 

Pb 0.364 

Bi 0.942362 
Po 1.9 

At 2.8 

Rn not stable 
Fr 0.46 

Ra 0.10 

Ас 0.35 


еКагадоп 0.056 
ekaactinium 0.57 


Uncertainty in eV 
0.003 
0.003 
0.010 
0.005 
0.03 
0.000015 
0.008 
0.000025 
0.000002 
0.00002 
0.006 
0.012 
0.014 
0.025 
0.002 
0.20 

0.15 
0.008 
0.005 
0.007 

0.2 
0.000015 
0.005 
0.000007 
0.000010 
0.000025 
0.00006 
0.02 
0.026 
0.024 
0.024 
0.022 


0.01 
0.012 
0.002 
0.15 

0.2 
0.0005 
0.002 
0.00003 
0.2 
0.008 
0.000013 
0.3 

0.2 


Method 
calc 
LPES 
LPES 
LPES 
LPES 
e-scat 
LPES 
LPES 
LPES 
LPT 
LPT 
calc 
LPT 
LPT 
LPES 
LPES 
LPES 
LPES 
calc 
calc 
LPES 
LPES 
LPES 
e-scat 
PT 
LPES 
LPES 
LPT 
LPT 
calc 
LPT 
LPT 
LPT 
LPES 
LPES 
LPES 
LPES 
calc 
LPT 
calc 
LPES 
LPES 
calc 
calc 
LPT 
LPT 
LPT 
e-scat 
PT 
LPES 
LPT 
calc 
calc 
calc 
calc 
calc 
calc 
calc 
calc 


200 
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TABLE 2. Electron Affinities for Diatomic Molecules 


Electron Uncertainty Electron Uncertainty 

Molecule affinity in eV in eV Method Ref. Molecule affinity in eV in eV Method Ref. 
Ag, 1.023 0.007 LPES 37 MnH 0.869 0.010 LPES 9 
AgO 1.654 0.002 LPES 233 MnO 1.375 0.010 LPES 158 
Al, 1.10 0.15 LPES 68 MoO 1.290 0.006 LPES 127 
AIO 2.60 0.02 LPES 143 NH 0.370 0.004 LPT 32 
АР 2.043 0.020 ГРЕЗ 218 МО 0.026 0.005 LPES 73 
AIS 2.60 0.03 LPES 129 NRh 1.51 0.02 LPES 206 
As, 0.739 0.008 LPES 200 NS 1.194 0.011 LPES 2 
AsH 1.0 0.1 PT 2 Na, 0.430 0.015 LPES 104 
AsO 1.286 0.008 LPES 198 NaBr 0.788 0.010 LPES 30 
Au, 1.938 0.007 LPES 37 NaCl 0.727 0.010 LPES 30 
AuO 2.374 0.007 LPES 282 NaF 0.520 0.010 LPES 30 
AuPd 1.88 — LPES 220 Маг 0.865 0.010 LPES 30 
AuS 2.469 0.006 LPES 282 Nak 0.465 0.030 LPES 104 
BN 3.160 0.005 LPES 189 NbO 1.29 0.02 LPES 174 
BO 2.508 0.008 LPES 6 Ni, 0.926 0.010 LPES 112 
BeH 0.7 0.1 PT 2 NiCu 0.889 0.010 LPES 128 
Bi, 1.271 0.008 LPES 119 NiAg 0.979 0.010 LPES 128 
Br, 2.55 0.10 СЕ 2 NiD 0.477 0.007 LPES 29 
BrO 2.353 0.006 LPES 88 NiH 0.481 0.007 LPES 29 
C, 3.269 0.006 LPES 87 NiO 1.470 0.003 LPES 146 
CH 1.238 0.008 LPES 2 O, 0.450 0.002 LPES 222 
CN 3.862 0.004 LPES 111 OD 1.825533 0.000037 LPT 142 
CRh 1.46 0.02 ГРЕЗ 206 ОН 1.8276487 0.000011 LPT 226 
CS 0.205 0.021 LPES 2 ORh 1.58 0.02 LPES 206 
CaH 0.93 0.05 PT 2 Р, 0.589 0.025 LPES 42 
Cl, 2.38 0.10 CT 2 PH 1.027 0.006 LPES 281 
CIO 2.275 0.006 LPES 88 PO 1.092 0.010 LPES 2 
Co, 1.110 0.008 LPES 27 Pb, 1.366 0.010 LPES 117 
CoD 0.680 0.010 LPES 29 PbO 0.722 0.006 LPES 105 
CoH 0.671 0.010 LPES 29 PbS 1.049 0.010 LPES 228 
Cr, 0.505 0.005 LPES 114 Pd, 1.685 0.008 LPES 112 
CrD 0.568 0.010 LPES 29 PdCO 0.604 0.010 LPES 160 
CrH 0.563 0.010 LPES 29 PdO 1.570 0.006 LPES 290 
CrO 1.221 0.006 LPES 5 Pt, 1.898 0.008 LPES 112 
Cs, 0.469 0.015 LPES 104 PtN 1.240 0.010 LPES 46 
CsCl 0.455 0.010 LPES 30 Rb, 0.498 0.015 LPES 104 
CsO 0.273 0.012 LPES 133 RbCl 0.544 0.010 LPES 30 
Cu, 0.836 0.006 LPES 37 RbCs 0.478 0.020 LPES 104 
CuO 1.777 0.006 LPES 118 Re, 1.571 0.008 LPES 33 
F, 3.08 0.10 CT 2 5, 1.670 0.015 LPES 53 
FO 2.272 0.006 LPES 88 SD 2.315 0.002 LPES 10 
Fe, 0.902 0.008 LPES 27 SF 2.285 0.006 LPES 93 
FeD 0.932 0.015 LPES 9 SH 2.314343 0.000004 LPT 47 
FeH 0.934 0.011 LPES 9 SO 1.125 0.005 LPES 84 
FeO 1.493 0.005 LPES 45 Sb, 1.282 0.008 LPES 108 
GaAs 1.949 0.020 LPES 218 ScO 1.35 0.02 LPES 171 
GaO 2.612 0.008 LPES 279 Se, 1.94 0.07 LPES 38 
GaP 1.988 0.020 LPES 218 SeH 2.212519 0.000025 LPT 48 
Ge, 2.035 0.001 LPES 123 SeO 1.456 0.020 LPES 41 
1, 2.55 0.05 ст 2 51, 2.201 0.010 LPES 100 
IBr 2.55 0.10 CT 2 SiF 0.81 0.02 LPES 278 
IO 2.378 0.006 LPES 88 SiH 1.277 0.009 LPES 2 
InP 1.845 0.020 LPES 218 SiN 2.949 0.008 LPES 274 
K, 0.497 0.012 LPES 104 Sn, 1.962 0.010 LPES 117 
KBr 0.642 0.010 LPES 30 SnO 0.598 0.006 LPES 168 
ка 0.582 0.010 LPES 30 SnPb 1.569 0.008 LPES 117 
KCs 0.471 0.020 LPES 104 Te, 1.92 0.07 LPES 38 
KI 0.728 0.010 LPES 30 TeH 2.102 0.015 LPES 39 
KRb 0.486 0.020 LPES 104 TeO 1.697 0.022 LPES 40 
LiCl 0.593 0.010 LPES 30 TiO 1.30 0.03 LPES 172 
LiD 0.337 0.012 LPES 102 VO 1.229 0.008 LPES 170 
LiH 0.342 0.012 LPES 102 YO 1.35 0.02 LPES 171 
MgCl 1.589 0.011 LPES 31 ZnF 1.974 0.008 LPES 179 
MgH 1.05 0.06 PT 2 ZnH «0.95 — PT 2 
Ма 1.899 0.018 LPES 31 ZnO 2.087 0.008 LPES 179 
MgO 1.630 0.025 LPES 178 ZrO 13 0.3 LPES 173 
MnD 0.866 0.010 LPES 9 
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TABLE 3. Electron Affinities for Triatomic Molecules 


Electron Uncertainty Electron Uncertainty 

Molecule affinity in eV in eV Method Ref. Molecule ° affinity in eV in eV Method Ref. 
Ag, 2.32 0.05 LPES 37 Ge, 2.23 0.01 LPES 123 
AgCN 1.588 0.010 LPES 163 GeH, 1.097 0.015 LPES 28 
Al, 14 0.15 LPES 68 HCO 0.313 0.005 LPES 35 
AIO, 4.23 0.02 LPES 143 A юэ eG in P 
AIP, 1.933 0.007 LPES 217 Ho ns DUE ТЫРС " 
ALP 2.513 0.020 LPES 217 tis ps ouis xm E 
ALS 0.80 0.12 LPES 129 p poses odi SES 2) 
Аз, 1.45 0.03 LPES 200 ын i ns is фе 
мас 127 2а ЫН : In, 2.36 0.05 LPES 137 
үр "d 23 га 37 к, 0.956 0.050 LPES 18 
AuBr, 4.46 0.07 LPES 294 зар ie ОО THES 37 
AuCl, 4.60 0.07 LPES 294 ay Мени ке ЁРЕ 5 
Аш, 418 0.07 1РЕ$ 294 pe es a ies iss 
Au,H 3.55 0.03 LPES 276 N D 2 Шр р 5 
Au,Pd 3.80 - 1РЕ$ 220 2 23 Ч is Кез 
к ын ва T 8 NCN 2.484 0.006 LPES 154 
B,N 3.098 0.005 LPES 193 NEO denn Doe tors x 
В, niis a 2 дэг NCS 3.537 0.005 LPES 111 
Bi, 1.60 0.03 LPES 119 ЫН aes Ой LES Ян 

à 1.981 0.020 LPES 11 NG poo um 20 а 
СВг, 1.88 0.07 LPES 235 NS 555. 12 та x 
CCl, 1.59 0.07 LPES 235 NOR? соо ines 2 
ср, 0.645 0.006 1РЕ$ 12 Бады 
CDF 0.535 0.005 LPES 95 Na, 1.013 0:060 ЫН 2 
СЕ, 0.180 0.020 LPES 235 2 Bo ٢ Зээ a 
CH, 0.652 0.006 LPES 12 m v سب‎ d a iu 
CHBr 1.454 0.005 ГРЕЗ 95 Эз | | 
сна 1.210 0.005 1РЕ$ 95 Ni, 151 0:05 LPES 93 
CHE 0.542. 0065 LPES dE NiCN 1.771 0.010 LPES 287 
CHI on 012 IPES P» NiCO 0.804 0.012 LPES 2 
Cl, 2.09 0.07 LPES 235 Wr 2 e по 3 
C,Cr 2.30 1.617 0.015 271 ЭНН dos xo Lus du ONO 
CH 2.969 0.006 LPES 87 NO ac S03 IDES Si N: (О 
(68:17 1.380 0.025 LPES 243 3 2 PUR хусэл 152 E ره‎ 
CO 2.289 0.018 LPES 180 Бу? 1" ка Luke u 
COS -0.04 = LPES 272 2 3 . 
CS, 0.58 0.05 LPES 278 5. ыы 4. Е is 
ci 1.542 0.020 LPES 147 PH 2 De puke ын 
Сор, 1.465 0.013 1РЕ$ 34 v it со цэ 51 
Сон, 1.450 0.014. 1РЕ$ 34 PA m сэн is m 
eris ss = Го Ж Ра, <15 01 LPES 55 
Cr,D 1.464 0.005 LPES 107 BIEN а om qu 225 
сен 1.474. 0.005 1РЕ$ 107 БСО бе ТОТО [рр эв 
cro, 2.413 0.008 LPES 144 ОСО si oe NG TPES = 
Cro, 1.5 0.06 LPES 24 Cr(O) PON 5191 1. ee 219 
Cs, ээн о ыг - РЕСО 1212 0.010 LPES 293 
Cu, nee E : Rb 0.920 0.030 LPES 18 
CuCN 1.466 0.010 LPES 163 з : : 
CuCl 5 0.05 LPES 17 © 572 Bob: шэн 2 
CuBr, 4.35 0.05 LPES 177 25 ИЕ MER woe 16 
рсо 0.301 0.005 1РЕ$ 35 2 : У 
DNO 0.330 0.015 LPES 14 5,0 dd 0:008 EPES 16 
DO, 1.077 0.005 LPES 15 - | oa E - 
DS, 1.912 0.015 LPES 53 pix Dun n [рр ын 
Fe, 1.43 0.06 LPES 149 AT 150 1. DE i 
FeC, 1.9782 0.0006 LPES 254 b : | 
FeCO 1.157 0.005 LPES 103 ЯН, 1124 0.020 LPES 2 
гер, 1.038 0.013 1РЕ$ 34 ан хє мн цэ сық 
Ген, 1.049 0.014 1РЕ$ 34 2 291 XE m ms 
FeO, 2.358 0.030 LPES 130 FEN 155 oi [р 2% 
Fe,H 0.564 0.019 LPES 254 n i :- M 155 
Fe,O 1.60 0.02 LPES 152 nó es os нээ ront 
GaAs, 1.894 0.033 LPES 192 | 2 io ООО Е ms 
GaP, 1.666 0.041 LPES 192 v Эв 12 m 10 
Са,Ав 2.428 0.020 LPES 192 wa гэ ри БЕ 234 
Ga,P 2.481 0.015 LPES 192 2 : : 
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Molecule 
Ag, 
Al, 


TABLE 4. Electron Affinities for Larger Polyatomic Molecules 


Electron affinity 
in eV 
n=1-60 
n=3-32 
2.23 
0.64 
2.56 
2.19 
2.43 
2.36 
1.00 
3.10 
3.50 
n=1,2 
n=3-7 
n=1-4 
n=1-5 
n=2,6,7 
n=2-9 
n=2-19 
<0.8 
=17 
=3.5 
п=1-233 
7.5 
2.51 
2.69 
2.06 
2.04 
2.03 
1.95 
3.70 
3.77 
3.76 
2.33 
0.027 
0.038 
2.3 
2.098 
n-2-9 
1.05 
2.87 
3.582 
n=1-4 
n=2-84 
n=2-8 
n=2-7 
n=1,2 
n=2 
n=1,2 
2.70 
2.77 
<1.14 
1.73 
3.510 
1.82 
0.91 
1.57 
4.277 
<0.78 
3.498 


Uncertainty 
in eV 


estimate 


Method 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
ZEKE 
ZEKE 
LPES 
LPES 
LPES 
LPES 
CT 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
CT 
LPES 
LPES 
LPES 
CD 
CD 
LPES 
CT 
LPES 


Ref. 


238 
239 
161 


109 


acetylide 


Co(CO,)NO 


Electron Affinities 


Electron Affinities 


Molecule 
CHO, 
CH,S 
CD,NO, 
CD,O 
CD,O, 
CD,S 
CD,S, 
CH, 

сн, 
CH,NO, 
CH,O 
CH,O, 
CH,S 
CH,S, 
CH,Si 
CH,Si 
CH,N 
CH,Si 
CO, 
CF, 
СР, 
СР, 
C,DO 
CHF 
C,HN 
CHN 
C,HO 
C,HNPd 
C,HPd 
C,HPt 
CD, 
CHD 
C,HFe 
сна 
CH, 
CH,FO 
C,D,N 
C,D,N 


Electron affinity 
in eV 
2.1 
0.465 
0.24 
1.559 
1.154 
1.856 
1.748 
0.08 
0.11 
0.26 
1.572 
1.161 
1.867 
1.757 
0.852 
2.010 
0.432 
1.19 
2.69 
2.255 
2.009 
1.877 
2.350 
1.718 
2.003 
1.883 
2.338 
2.17 
1.98 
2.650 
0.492 
0.489 
1.4512 
1.063 
0.490 
2.22 
1.538 
1.070 
1.328 
1.543 
1.059 
2.531 
0.667 
1.587 
1.103 
1.81897 
1.82476 
1.699 
0.56 
1.712 
1.186 
1.953 
0.868 
2.26 
1.69 
1.858 
1.58 
1.794 
2.625 
0.893 


Uncertainty 
in eV 
0.2 
0.023 
0.08 
0.004 
0.004 
0.006 
0.022 
0.03 
0.02 
0.08 
0.004 
0.005 
0.004 
0.022 
0.010 
0.010 
0.015 
0.04 
0.14 
0.006 
0.020 
0.010 
0.020 
0.006 
0.014 
0.013 
0.008 
0.03 
0.03 
0.010 
0.006 
0.006 
0.0025 
0.019 
0.006 
0.09 
0.012 
0.024 
0.019 
0.014 
0.024 
0.005 
0.024 
0.019 
0.019 
0.00012 
0.00012 
0.004 
0.01 
0.004 
0.004 
0.006 
0.051 
0.08 
0.08 
0.023 
0.06 
0.008 
0.010 
0.025 


Method 
PT 
LPES 
LPES 
LPES 
LPES 
LPT 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPT 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
PT 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPT 
LPT 
LPES 
PT 
LPES 
LPES 
LPT 
LPES 
PT 
LPES 
LPES 
LPES 
LPES 
LPT 
LPES 


10-161 


CO,(H,O) 


d,-methyl peroxyl radical 


methyl peroxyl radical 


CH,-Si 
CH,-SiH 


CH,SiH, 


difluorovinylidene 
DCCN 
DCNC 


monofluorovinylidene 
HCCN 
HCNC 


vinylidene-d, 
vinylidene-d, 


vinylidene 

acetyl fluoride enolate 
cyanomethyl-d, radical 
isocyanomethyl-d, radical 


cyanomethyl radical 
isocyanomethyl radical 
HNiC,H 

vinyl 


acetaldehyde-d, enolate 
acetaldehyde enolate 
ethoxide-d, 

ethyl nitrine 

ethoxide 

ethyl peroxyl radical 
ethyl sulfide 

CH,SCH, 

MeOHOMe 


1,1,1-trifluoroacetone enolate 
propargyl radical 


10-162 


Molecule 
сн, 
C,D,H 
C,H,N 
C.D, 

C,H, 

C,H, 

сн, 
СНО 
СНО 
СНО 


2 


Electron affinity 
ineV 

0.88 
0.907 
1.247 
0.464 
0.481 
0.397 
0.373 
1.758 
1.621 
1.80 
1.789 
1.847 
2.00 
2.02 
1.34 
0.85 
1.561 
0.87 
0.5 
0.63 
«22 
1.67 
1.633 
1,44 
1.182 
0.824 
0.909 
0.914 
2.145 
0.75 
1.801 
0.431 
0.69 
0.493 
0.505 
1.67 
1.67 
1.75 
1.909 
2.03 
2.07 
2.05 
2.0 
1.494 
2.853 
0.70 
1.5 
0.40 
1.790 
1.804 
1.39 
0.62 
0.91 
1.87 
1.598 
1.69 
1.93 
2.09 
12 
1.748 


Uncertainty 
in eV 
0.15 
0.023 
0.012 
0.006 
0.008 
0.069 
0.019 
0.019 
0.006 
0.06 
0.033 
0.004 
0.02 
0.02 
0.15 
0.15 
0.015 
0.08 
0.2 
0.05 
0.2 
0.06 
0.019 
0.10 
0.019 
0.019 
0.015 
0.015 
0.010 
0.008 
0.006 
0.10 
0.008 
0.006 
0.05 
0.05 
0.06 
0.004 
0.02 
0.02 
0.15 
0.2 
0.020 
0.001 
0.05 
0.2 
0.08 
0.008 
0.007 


Method 
LPES 
LPES 
LPES 
LPES 
LPES 
kinetic 
LPES 
LPT 
LPT 
PT 
LPES 
LPES 
PT 
PT 
LPES 
LPES 
LPES 
attach 
CD 
attach 
LPES 
LPES 
LPES 
CT 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPT 
LPES 
CT 
LPES 
LPES 
PT 
PT 
PT 
LPES 
PT 
PT 
LPES 
LPES 
LPES 
LPT 
attach 
CD 
attach 
LPES 
LPES 
LPES 
LPES 
PT 
LPES 
LPT 
PT 
LPT 
PT 
LPES 
LPES 


147 


Electron Affinities 


propargyl-d, radical 
propargyl-d, radical 
CH,CH-CN 

allyl-d, 

allyl 

cyclopropyl 

allyl-d, 

acetone enolate 
propionaldehyde enolate 
methyl acetate enolate 
propyl oxide 
isopropyl oxide 

propyl sulfide 
isopropyl sulfide 


1,2-dichlorotetrafluoro-cyclobutene 
tetrafluorosuccinic anhydride 
octafluorocyclobutane 


maleic anhydride 


vinylvinylidene-d, 
vinylvinylidene 

pyrrolyl 

NO (pyrimidine) 
cyclobutanone enolate 
trimethylenemethane 
2,3-butanedione 
2-methylallyl-d, 
2-methylallyl 
butyraldehyde enolate 
2-butanone-3-d, enolate 
2-butanone-3,3-d, enolate 
t-butoxyl 

n-butyl sulfide 

t-butyl sulfide 


pentafluoropyridine 
hexafluoroglutaric anhydride 
tetrafluoropyridine 
cyclopentadienyl-d, 
cyclopentadienyl 

O, (pyridine) 

NO (pyridine) 
pentadienyl 

O, (pyridine - НО) 
cyclopentanone enolate 
3-penanone enolate 
neopentoxyl 

pentyl sulfide 


Electron Affinities 


Molecule 
C, 

C,Br,O, 
СО, 
со, 
С.Ё,Вг 
СЕ СІ 
CFI 

СЕ МО, 
CF, 

CE, 
СНО, 
СЊЕМО, 
CD, 

CH, 

C H,BrNO, 
САВО, 
C H,BrNO, 
C,H,CINO, 
C,H,CINO, 
C,H,CINO, 
сн,СО 
و‎ FNO, 
C H,FNO, 
C H,FNO, 
C,H,N,O 


6 4 274 


САМО 


6 4 274 


C HN, 
CHO, 
ср, 
CDN 
CHO, 
CHO, 
CH, 
CHN 
CHNO, 
CHO 
ېل‎ 
C,H,NH 
со 
CHO, 
CH, 
CH, 
نیل‎ 
CH, 
C,H,O 
CH, 
CH,,0 
CH,,0 
CN, 
СЕМ 
СЕ, 
CF, 

C HF,O 
CH,N,O 


7 3 374 


C,H,F,NO, 


7 43 


САМО 


7 4 272 


САМО 


4.4.5272 


СНО, 


С.Невг 
С.Невг 


Electron affinity 
ineV 


4.180 
2.44 
2.78 
2.70 
1.15 
0.75 
1.41 
1.52 
0.53 
>14 
2.48 
1.17 
0.551 
0.560 
1.16 
1.32 
1.29 
1.14 
1.28 
1.26 
<2.58 
1.07 
1.23 
1.12 
1.65 
1.65 
2.00 
1.860 
1.092 
1.44 
1.859 
<2.18 
1.096 
1.429 
1.00 
2.253 
<2.47 
1.70 
0.44 
1.06 
«1.67 
0.855 
1.435 
0.654 
1.526 
0.645 
1.755 
1.82 
2.3 
1.11 
0.86 
1.08 
1.10 
2.16 
1.41 
1.61 
1.56 
1.72 
1.308 
1.307 


Uncertainty 


in eV 
0.001 
0.20 
0.10 
0.10 
0.11 
0.05 
0.11 
0.11 
0.05 
0.3 
0.10 
0.10 
0.010 
0.010 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.08 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.005 
0.020 
0.02 
0.005 
0.006 
0.011 
0.01 
0.006 
0.06 
0.03 


0.04 
0.010 
0.004 
0.010 
0.010 
0.015 
+0.05/-0.005 
0.06 
0.3 
0.11 
0.11 
0.10 
0.11 
0.10 
0.10 
0.10 
0.10 
0.10 
0.008 
0.008 


Method 
LPT 
CT 
CT 
CT 
CT 
attach 
CT 
CT 
attach 
CT 
CT 
CT 
LPES 
LPES 
CT 
CT 
CT 
CT 
CT 
CT 
PT 
CT 
CT 
CT 
CT 
CT 
CT 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPT 
LPES 
LPES 
PT 
PT 
LPES 
LPES 
PT 
LPES 
LPT 
LPES 
LPT 
LPES 
LPT 
PT 
PT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
LPES 
LPES 


167 
167 


10-163 


tetrabromo-BQ 
tetrachloro-BQ 
tetrafluoro-BQ 
pentafluorobromobenzene 
pentafluorochlorobenzene 
pentafluoroiodobenzene 
pentafluoro-NB 
hexafluorobenzene 
perfluorocyclohexane 
2,6-dichloro-BQ 
2,4-difluoro-NB 
o-benzyne-d, 

o-benzyne 

o-bromo-NB 
m-bromo-NB 
p-bromo-NB 
o-chloro-NB 
m-chloro-NB 
p-chloro-NB 
o-chlorophenoxide 
o-fluoro-NB 
m-fluoro-NB 
p-fluoro-NB 

o-diNB 

m-diNB 

p-diNB 
1,4-benzoquinone (BQ) 
phenyl-d, 
phenylnitrene-d, 
dehydrobenzoquinone 
benzoquinonide 

phenyl 

phenylnitrene 
nitrobenzene (NB) 
phenoxyl 

thiophenoxide 

anilide 

NO (benzene) 

О, (benzene) 
methylchylopentadienyl 
(СН,),С-С(СН,), 

C H.SiH, 
CH,=C(CH,)-C(CH,), 
cyclohexanone enolate 
t-butyl vinylidene 
pinacolone enolate 
3,3-dimethylbutananl enolate 
TCNE 
pentafluorobenzonitrile 
octafluorotoluene 
perfluoromethylcyclohexane 
pentafluorobenzaldehyde 
3,5-(NO,),-benzonitrile 
m-trifluoromethyl-NB 
o-cyano-NB 

m-cyno-NB 
p-cyano-NB 
o-bromobenzyl 
m-bromobenzyl 


10-164 Electron Affinities 


Electron affinity Uncertainty 

Molecule ineV in eV Method Ref. 

C.H Вг 1.229 0.008 LPES 167 p-bromobenzyl 

сна 1.257 0.008 LPES 167 o-chlorobenzyl 

сна 1.272 0.008 LPES 167 m-chlorobenzyl 

сна 1.174 0.008 LPES 167 p-chlorobenzyl 

CHE 1.091 0.008 LPES 167 o-fluorobenzyl 

CHE 1.173 0.008 LPES 167 m-fluorobenzyl 

CHE 0.937 0.008 LPES 167 p-fluorobenzyl 

CH,FO 2.218 0.010 LPT 2 m-fluoroacetophenone enolate 

CH,FO 2.176 0.010 LPT 2 p-fluoroacetophenone enolate 

CH FeO, 0.990 0.10 CT 120 n,-1,3-butadiene-Fe(CO), 

CHN,O, 1.77 0.05 PT 60 3,4-dintrotoluene 

CHN,O, 1.77 0.05 PT 60 2,3-dinitrotoluene 

CHN,O, 1.60 0.05 PT 60 2,4-dinitrotoluene 

CHN,O, 1.55 0.05 PT 60 2,6-dinitrotoluene 

сно, 1.85 0.10 ст 61 o-CH,-BQ 

CH, 0.912 0.006 LPES 26 benzyl 

CH, 0.868 0.006 LPES 136 1-quadricyclanide 

CH, 0.962 0.006 LPES 136 2-quadricyclanide 

CH, 1.286 0.006 LPES 136 norbornadienide 

CH, 0.39 0.04 LPES 136 cycloheptatrienide 

CH, 3.046 0.006 LPES 136 1-(1,6-heptadiynide) 

CH, >1.140 0.006 LPES 136 3-(1,6-heptadiynide) 

CHNO, 0.92 0.10 CT 61 o-methyl-NB 

C H,NO, 0.99 0.10 CT 61 m-methyl-NB 

C H,NO, 0.95 0.10 CT 61 p-methyl-NB 

C H,NO, 1.04 0.10 CT 61 m-OCH,-NB 

C.H.NO, 0.91 0.10 ст 61 p-OCH,-NB 

CHO «2.36 0.06 PT 2 o-methyl phenoxide 

CHO 2.14 0.02 PT 50 benzyloxide 

С,Н,БО «3.05 0.06 PT 50 PhCH,OHF 

CH, 1.27 0.03 PT 2 heptatrienyl 

CH,O 1.61 0.05 PT 2 2-norbornanone enolate 

C H,Si 1.33 0.04 LPT 65 تفه یل‎ 

CHO 1.598 0.007 LPT 113 cycloheptanone enolate 

CH, O 1.49 0.04 PT 2 2,5-dimethyl- 
cyclopentanone enolate 

CH,,0 1.72 0.06 PT 2 4-heptanone enolate 

CH,,0 1.46 0.04 PT 2 diisopropyl ketone enolate 

са, 1.89 010 ст 51 1,4-(CN),CF, 

C,H,F,O 0.88 0.11 CT 67 pentafluoroacetophenone 

C,H,E.NO, 1.79 0.10 ст 61 3,5-(CF ),-NB 

attach 263 o-trifluoromethylbenzonitrile‏ 0.05 0.70 ووي 

attach 263 m-trifluoromethylbenzonitrile‏ 0.05 0.67 ووي 

снєХ 0.83 0.05 attach 263 p-trifluoromethylbenzonitrile 

C,H,O, 1.21 0.10 CT 61 phthalic anhydride 

C,H, 1.044 0.008 LPES 148 

C,H, 1.091 0.008 LPES 134 

C,H,O 2.057 0.010 PT 2 acetophenone enolate 

C,H,O 2.10 0.08 LPT 2 phenylacetaldehyde enolate 

C,H, 0.55 0.02 CT 134 cyclooctatetraene 

C,H, 0.919 0.008 LPES 139 m-xylylene 

с,н,хо, 121 0.05 РТ 60 3,5-dimethyl-NB 

с,н,хо, 2.61 0.05 РТ 60 2,6-dimethyl-NB 

с,н,хо, 0.86 0.10 CT 61 2,3-dimethyl-NB 

С,Н,О 1.63 0.06 РТ 2 cyclooctanone enolate 

C.S, 0.049 0.005 LPES 230 bithiophene 

C,H,FeO, 0.76 0.10 CT 120 n,-1,3-cyclohexadiene-Fe(CO), 

C,H,O 2.030 0.010 LPT 2 m-methylacetophenone enolate 

C,H,SiN 1.43 0.10 PT 2 trimethylsilylnitrene 


Сн, МО, 0.70 0.10 ст 61 2,4,6-trimethyl-NB 


Electron Affinities 


Molecule 


C, CL,FeN, 
C,,CI,E,,FeN, 
C, ДЕ ем, 


9 20 


сың, е, 


44 8 20 
C,,H,CIE,,FeN, 
C,,H,Cl,,FeN, 
C,,H,,Cl,,FeN, 


44 12 


C, HACI,FeN, 


44 20 


C, HAíCI,FeN, 


44 20 


C,,H,,FeN 


44 28 4 


C,,H,,NiN 


44 28 4 


C,,H,,CIFeN 


44 28 4 


C, H4N 


44 30 4 


C,,H,,NiN,O 


45 29 4 


C.H, FeN.O 


52 39 7 


О 


(benzene), 
(toluene), 
CeF, 
CI(CO,) 
СКН,О) 


Electron affinity 
іп eV 

1.69 
2.19 
1.78 
1.77 
1.81 
1.403 
1.23 
1.18 
0.790 
0.93 
0.98 
0.66 
141 
2.09 
2.72 
1.83 
1.29 
0.82 
2.8 
1.07 
0.79 
2.032 
1.90 
1.52 
0.64 
0.62 
1.43 
0.530 
0.770 
п=1-16 
0.406 
1.04 
0.79 
0.973 
1.06 
1.35 
2.59 
3.21 
3.35 
2.15 
3.14 
2.93 
3.14 
1.86 
2.10 
1.87 
1.51 
2.15 
1.69 
1.74 
1.97 
2.65 
2.74 
2.07 
2.80 
n-53-124 
п=33-139 
3.8 
3.907 
n-1-4 


Uncertainty 
in eV 
0.06 
0.10 
0.10 
0.10 
0.10 
0.015 
0.10 
0.10 
0.008 
0.10 
0.10 


Method 
PT 
CT 
CT 
CT 
CT 
LPES 
CT 
CT 
LPES 
CT 
CT 
LPES 
LPES 
LPES 
LPES 
PT 
CT 
CT 
CD 
PT 
LPES 
LPT 
PT 
CT 
CT 
CT 
CT 
LPES 
LPES 
LPES 
LPES 
CT 
CT 
LPES 
LPES 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
CT 
LPT 
Knud 
CT 
Knud 
LPES 
LPES 
CT 
LPES 
LPES 


286 
286 
231 
270 
66 
66 
236 
285 
66 
186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
201 
202 
186 
202 
248 
248 
98 
131 
250 


10-165 


cyclononanone enolate 
2,3-dichloro-1,4-naphthoquinone 
1,3-dinitronaphthalene 
1,5-dinitronaphthalene 
1,4-naphthoquinone 
1-naphthyl radical 
1-nitronaphthalene 
2-nitronaphthalene 

azulene 
n,-1,3,5-cycloheptatriene Cr(CO), 
n,-1,3,5-cycloheptatriene-Fe(CO), 
NO"(naphthlene) 

O, (naphthlene) 

О, (naphthlene - Н,О) 

О, (naphthlene - (Н,О),) 
cyclodecanone enolate 
n,-1,3-butadiene-Fe(CO), 
decafluorobiphenyl 

TCNQ 

perinaphthenyl 

NO (benzene), 
t-butylacetophenone enolate 
cyclododecanone enolate 
decafluorobenzophenone 
4-fluorobenzophenone 
benzophenone 
9-nitroanthracene 
anthracene 

anthracene - Н,О 
anthracene clusters 

pyrene 

tetracene 

benz[a]pyrene 

perylene 

МО (naphthalene), 
pentacene 

FeTPPCI,, 

FeTPPCI, 

FeTPPF, ВСІ,СІ 

FeTPPF,, 

FeTPPF, СІ 

CI‏ چا 
FeTPPoCl,BC1,Cl‏ 
FeTPPoCI,‏ 

FeTPPoCI,CI 

iron tetraphenylporphyrin (FeTPP) 
nickel tetraphenylporphyrin (NiTPP) 
FeTPPCI 

H, tetraphenylporphyrin 
NiTPPCHO 

FeTPP-val 


FeTPP-piv 


10-166 Electron Affinities 


Electron affinity Uncertainty 

Molecule ineV in eV Method Ref. 
Co, п=1-108 — LPES 251 
CoBr, 4.6 0.1 LPES 249 
Сосі, 47 0.1 LPES 249 
CoF, 6.4 0.3 CT 98 
Cr(CO), 1.349 0.006 LPES 94 
CrO, 3.66 0.02 LPES 241 
Сто, 4.98 0.09 LPES 241 
CrO, 4.4 0.1 LPES 241 
CsO, 2.5 0.2 LPES 252 
Cu, n=1-411 — LPES 37 
CuBr, 4.35 0.05 LPES 237 
Си (CN), n-1-6 m-1-6 LPES 159 
CuCl, 4.35 0.05 LPES 237 
ЕН,О), n=1-4 — LPES 242 
ЕН,О), n=1-4 — LPES 250 
Fe, n-3-34 — LPES 149 
Fe(CO), 1.22 0.02 LPES 2 
Fe(CO), 1.8 0.2 LPES 2 
Fe(CO), 24 0.3 LPES 2 
FeBr, 4.26 0.06 LPES 249 
FeBr, 5.50 0.08 LPES 249 
ЕеС1, 4.22 0.06 LPES 249 
FeCl, 6.00 0.08 LPES 249 
FeF, 3.6 0.1 CT 98 
FeF, 6.0 estimate CT 98 
Fe H, 0.942 0.019 LPES 254 
Fe O; и-1-4 т=1-6 LPES 152 
Ga,As, 2.783 0.024 LPES 192 
GaAs, п-2-50 п=х+у LPES 229 
сар, 2.991 0.026 LPES 192 
Ge, и-3-15 — LPES 71 
GeAs, n-5-30 n-xty LPES 72 
GeH, «174 0.04 РТ 2 
H(NH,),, n=1,2 — LPES 76 
HNO, 0.57 0.15 CD 2 
(Н,О), и-2-19 - LPES 77 
ИСО.) 3.225 0.001 LPES 131 
I(H,O), n=1-4 — LPES 250 
Һр, n-2-8 n-xty LPES 137 
ПЕ, 4.7 0.3 ст 98 
ПЕ, 6.5 0.4 ст 98 
K, n-2-7 — LPES 18 
КО, 2.8 0.2 LPES 252 
LiO, 3.3 0.2 LPES 252 
MnBr, 5.03 0.06 LPES 249 
MnCl, 5.07 0.06 LPES 249 
MnF, 5.5 0.2 CT 98 
MnO, 3.335 0.010 LPES 158 
Mo(CO), 1.337 0.006 LPES 94 
МОЕ, 3.5 0.2 ст 98 
МОЕ, 3.8 0.2 ст 98 
Моо, 3.17 0.02 LPES 280 
Мо,О, 2.24 0.02 LPES 280 
Mo,O, 2.33 0.07 LPES 280 
Mo,O, 2.13 0.04 LPES 280 
N,CD 2.622 0.005 LPES 154 NCND 
N,CH 2.622 0.005 LPES 154 NCNH 
(NH), п=41-1100 — LPES 77 
NH,(NH,),, n=1,2 — LPES 78 


NO(H,O), n-i2 = LPES 75 


Electron Affinities 


Molecule 
NO, 
МО. (Н.О), 


Nb,O 
Ni, 
Ni (benzene), 


Ni(CO), 
Ni(CO), 
Ni(CO)H 
OH(H,O) 
OH(NH,) 
OH(N,O) 
OH(N,O), 


Electron affinity 
in eV 
3.937 
п=0-6 
п=1,2 
>2.1 
n=1,2 
n=2-5 
n=1-7,12 
n=5,7-12 
3.1 
3.2 
2.3 
n=6-17 
1.513 
1.393 
n=1-100 
n=1-3 
4.94 
5.20 
0.643 
1.077 
1.126 
<2.95 
2.35 
2.14 
n=1-5 
3.9 
6.0 
3.88 
1.59 
1.63 
1.52 
0.82 
0.75 
4.95 
3.83 
1.41 
5.5 
7.0 
4.7 
3.6 
5.4 
4.8 
5.2 
7.5 
1.5 
4.23 
1.05 
1.97 
0.6 
n-2-9 
3.46 
6.13 
6.89 
2.9 
2.13 
2.59 
1.85 
n-3-20 
1.766 


Uncertainty 
in eV 
0.014 


0.20 
0.3 
0.4 
estimate 
0.1 
0.3 
0.3 
0.4 
0.3 
0.2 
0.12 


Method 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
PT 
LPES 
LPES 
LPES 
CT 
CT 
LPES 
CD 
CD 
CD 
CD 
CT 
LPES 
CD 
CD 
CT 
CT 
CT 
LPES 
CT 
CT 
CT 
CT 
CT 
e-scat 
CT 
LPES 
LPES 
LPES 
LPES 
LPES 
LPES 
CD 
LPES 
LPES 
LPES 
LPES 
LPES 


Ref. 


240 


HNiCO 


linear 5і-С,-бі 


10-167 


10-168 
Electron affinity Uncertainty 
Molecule in eV in eV Method 
SiD, 1.386 0.022 LPES 
SiF, 2.41 0.22 LPES 
SiF, <0 = LPES 
SiF, 24.66 — LPES 
SiF n-2-11 — LPES 
SiH, 1.406 0.014 LPES 
Si,H 2.53 0.01 LPES 
Si,H 2.68 0.01 LPES 
51 Na, п=4-11 т=1-3 LPES 
Sn, п-1-12 — LPES 
SnCH,CN 1.57 0.02 LPES 
Sn(CN), 2.622 0.004. LPES 
Sn(CN)(CH,CN) 2.29 0.05 LPES 
Ta,O 1.583 0.010 LPES 
TeF, 3.34 0.17 CD 
Ti, и-1-130 - LPES 
TiO, 4.2 — LPES 
UE, 3.7 0.2 ст 
UF, 5.1 0.2 CT 
UO, «21 = CT 
V, п=3-65 — LPES 
VE, 3.5 0.2 CT 
vo, n-3-7 — LPES 
МО 1.218 0.008 LPES 
VO, 42 0.6 CT 
W(CO), 1.859 0.006 LPES 
WF, 1.25 0.3 CD 
WE, >3.5 — ст 
МО, 3.33 +0.04/-0.15 ТРТ 
wo, 3.9 0.2 ст 
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ATOMIC AND MOLECULAR POLARIZABILITIES 
Thomas M. Miller 


The polarizability of an atom or molecule describes the re- 
sponse of the electron cloud to an external field. The atomic or 
molecular energy shift AW due to an external electric field E is 
proportional to Е? for external fields which are weak compared to 
the internal electric fields between the nucleus and electron cloud. 
The electric dipole polarizability x 18 the constant of proportional- 
ity defined by AW = -а 7/2. The induced electric dipole moment 
is ОЕ. Hyperpolarizabilities, coefficients of higher powers of E, are 
less often required. Technically, the polarizability is a tensor quan- 
tity but for spherically symmetric charge distributions reduces to 
a single number. In any case, an average polarizability is usually 
adequate in calculations. Frequency-dependent or dynamic polar- 
izabilities are needed for electric fields which vary in time, except 
for frequencies which are much lower than electron orbital fre- 
quencies, where static polarizabilities suffice. 

Polarizabilities for atoms and molecules in excited states are 
found to be larger than for ground states and may be positive or 
negative. Molecular polarizabilities are very slightly temperature 
dependent since the size of the molecule depends on its rovibra- 
tional state. Only in the case of dihydrogen has this effect been 
studied enough to warrant consideration in Table 3. 

Polarizabilities are normally expressed in cgs units of сг. 
Ground state polarizabilities are in the range of 10% cm? = 1 Аз 
and hence are often given in A*units. Theorists tend to use atomic 
units of a ° where a, is the Bohr radius. The conversion is о(ст?) 
= 0.148184 х 10?' x оца 3). Polarizabilities are only recently en- 
countered in SI units, C m?/V = J/(V/m)?. The conversion from 
cgs units to SI units is a(Cm?/V) = 47е x 10% о(ст?), where €, is 


the permittivity of free space іп SI units and the factor 10% simply 
converts cm? into плз. Thus, «(С m?/V) = 1.11265 х 1079 x a(cm?). 
Persons measuring excited state polarizabilities by optical meth- 
ods tend to use units of MHz/(V/cm) ?, where the energy shift, 
AW, is expressed in frequency units with a factor of h understood. 
The polarizability is -2 AW/E?. The conversion into cgs units is 
a(cm?) = 5.95531 x 1075 x a[MHz/(V/cm)?]. 

The polarizability appears in many formulas for low-energy 
processes involving the valence electrons of atoms or molecules. 
These formulas are given below in cgs units: the polarizability a 
is іп cm*; masses m or и are in grams; energies are in ergs; and 
electric charges are in esu, where e = 4.8032 x 1079 esu. The sym- 
bol a(v) denotes a frequency (v) dependent polarizability, where 
a(v) reduces to the static polarizability a for у = 0. For further 
information, see Bonin, K. D., and Kresin, V. V., Electric Dipole 
Polarizabilities of Atoms, Molecules, and Clusters, World Scientific, 
Sinapore, 1997; Bonin, K. D., and Kadar-Kallen, Int. J. Mod. Phys. 
B, 24, 3313, 1994; and Miller, T. M., and Bederson, B., Advances 
in Atomic and Molecular Physics, 13, 1, 1977, and Gould, H., and 
Miller, T. M., Advances in Atomic, Molecular, and Optical Physics, 
51, 243, 2005. Details on polarizability-related interactions, espe- 
cially in regard to hyperpolarizabilities and nonlinear optical phe- 
nomena, are given by Bogaard, M. Р, and Orr, В. J., in Physical 
Chemistry, Series Two, Vol.2, Molecular Structure and Properties, 
Buckingham, A. D., Ed., Butterworths, London, 1975, pp. 149-194. 
А tabulation of tensor and hyperpolarizabilities is included. The 
gas number density, п, in Table 1 is usually taken to be that of 1 atm 
at 0°С in reporting experimental data. 


TABLE 1. Formulas Involving Polarizability 


Formula 
2-92 med 
x)» ај 


o(v)4 И з Бе 


ЗГТ «2 


Description 


Lorentz-Lorenz relation 


Refraction by polar molecules 


Dielectric constant 
(dimensionless) «(v) =1+4nn оцу) 

Index of refraction 
(dimensionless) 


1(у)-1-2лп o(v) 


Diamagnetic susceptibility 


x, пе (a, Na)” Гат, с? 


Long-range electron- or ion- 
molecule interaction energy 


V(r) = -e'a12r* 


Ion mobility in a gas 


к--1387/(ош) cm? / V:s 


Langevin capture cross 1⁄2 
section o(v.) = (2ne / v, o / u) 
Langevin reaction rate 1/2 
coefficient ka 20 / u) 
Rate coefficient for polar 

molecules 


к, = 22e (o1 и)" +ca(2 шат)” 


Remarks 


For a gas of atoms or nonpolar molecules; the index of refraction 
is n(v) 


The dipole moment is а, in esucm (= 1075 D) 


From the Lorentz-Lorenz relation for the usual case of k(v) = 1 


From nv) = К(У) 


From the approximation that the static polarizability is given by 
the variational formula o = (4/9а )E(N.r?); N is the number of 
electrons, т, 15 the electron mass; a crude approximation is 
X," (Е Ат, с?уо, where E is the ionization energy 


The target molecule polarizability is o 


This one formula is not in cgs units. Enter o in А? ог 1074 cm? 
units and the reduced mass р of the ion-molecule pair in amu. 
Classical limit; pure polarization potential 

The relative velocity of approach for an ion-molecule pair is v ; 
the target molecular polarizability is 0 and the reduced mass 
of the ion-molecule pair is H 


Collisional rate coefficient for an ion-molecule reaction 


The dipole moment of the neutral is d in esucm; the number c is 
a "locking factor" that depends on о and d, and is between 0 
and 1 


10-193 


10-194 


Description 

Modified effective range cross 
section for electron-neutral 
scattering 


Formula 
a(k) = 47А? 
+321 саде / 3h° 
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Remarks 

Here, k is the electron momentum divided by й/27, where h is 
Planck's constant; A is called the "scattering length"; the 
reduced mass is H 


van der Waals constant AB FA РВ For the interaction potential term V (r)= -C 75; E^? represents 
3 aĉa ЕЕ Р 6 6 P 
between two systems A, B в = 2| pE average dipole transition energiesand o^? the respective 
polarizabilities of A, B 
Dipole-quadrupole constant 15 | «до, SEA E В For the interaction potential term V,(r) = -Cj 5E ^? represents 
between two systems A, B C, سو‎ — average quadrupole transition energies and о, ^? are the 
4 E +E, respective quadrupole polarizabilities of A, B 
АВЕ АРВ 
2 15| 0, € ЕСЕ 
A pB 
4 E +E 
van der Waals constant age Ар For an interaction potential У. (г) = -С.73; E^? are characteristic 
between an atom and a сэн 8( Е^ + ES) energies of the atom and surface; g = 1 for a free-electron metal 
surface and g = (2 ع)/(1-‎ + 1) for an ionic crystal 
Relationship between оу) 2р2 Неге, f, is the oscillator strength from the ground state to an 
eh k k 8 8 


and oscillator strengths 


excited state К, with excitation energy E,. This formula is often 
used to estimate static polarizabilities (v = 0) 


Dynamic polarizability ЧЕ 2 Approximate variation of the frequency-dependent polarizability 
о(у) = 5 A о(у) from v = 0 up to the first dipole-allowed electronic 
E? - (hv) transition, of energy E; the static dipole polarizability is 0(0); 
infrared contributions ignored 
Rayleigh scattering cross 87 " The photon frequency is v; the polarizability anisotropy (the 
section av) = эт Om) difference between polarizabilities parallel and perpendicular 
to the molecular axis) is Ү(у) 
x[3o (v) +27 (у) / 3] 
Verdet constant vn do(v) Defined from 0 - V(v)B, where 0 is the angle of rotation of 
V(v)- 1 EJ linearly polarized light through a medium of number density п, 
2т,с dv per unit length, for a longitudinal magnetic field strength B 


(Faraday effect) 


TABLE 2. Static Average Electric Dipole Polarizabilities for Ground State Atoms (in Units of 10-24 cm?) 


Estimated Estimated 
Atomic Polariz- accuracy Atomic Polariz- accuracy 
number Atom ability (96) Method Ref. number Atom ability (96) Method Ref. 
1 H 0.666793 "exact" calc MB77 index/ 
2 He 0.2050522 "exact" calc IJS04 18 Ar 1.6411 0.05 diel | NB65/OC67 
0.2050 0.1 index/ NB65/OC67 19 K 434 2 beam MB77 
diel 20 Ca 22.8 2 calc MB77 
3 Li 24.33 0.7 beam MJBT V06 29.4 6 calc BM02 
4 Be 5.60 2 calc MB77 25.0 8 beam MB77 
5 B 3.03 2 calc MB77 21 Sc 17.8 25 calc D84 
6 C 1.76 2 calc MB77 22 Ti 14.6 25 calc D84 
calc/ 23 ۷ 12.4 25 calc D84 
7 N 110 2 index MB77 24 Cr 11.6 25 calc D84 
calc/ 25 Mn 94 25 calc D84 
8 О 0.802 2 їпдех МВ77 26 Fe 84 25 calc D84 
9 F 0.557 2 calc MB77 27 Co 75 25 calc D84 
10 Ne 0.3956 0.1 diel OC67 28 Ni 6.8 25 calc D84 
inter- 29 Cu 62 6 calc BM02 
11 Na 24.11 0.12 ferom ЕЅСНР94 6.1 25 cale D84 
12 Mg 106 2 сас MT 30 Zn 5.75 2 index | GHM96 
111 5 calc 571 61 6 calc BM02 
10.6 5 calc BM02 56 25 calé D84 
13 Al 6.8 4.4 beam MMD90 31 Ga 812 2 cale MB77 
14 Si 5.38 2 calc MB77 32 Ge 6.07 2 cale MB77 
TR n 3:63 2 сак МВ 33 As 431 2 calc MB77 
29 5 229 2 calc MESS 34 Se 3.77 2 calc MB77 
17 а 2.18 2 calc MB77 35 Br 3.05 2 calc MB77 
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Estimated 
Atomic Polariz- accuracy 
number Atom ability (96) Method Ref. 
36 Kr 2.4844 0.05 diel OC67 
37 Rb 47.3 2 beam MB77 
38 Sr 27.6 8 beam MB77 
23.5 6 calc BM02 
39 Y 227 25 саіс D84 
40 Zr 17.9 25 calc D84 
41 Nb 15.7 25 calc D84 
42 Mo 12.8 25 calc D84 
43 Tc 11.4 25 calc D84 
44 Ru 9.6 25 calc D84 
45 Rh 8.6 25 calc D84 
46 Pd 4.8 25 calc D84 
47 Ag 72 25 сајс D84 
48 Cd 7.36 3 index GH95 
7.4 6 calc BM02 
72 25 calc D84 
49 In 10.2 12 beam GMBSJ84 
9.1 25 calc D84 
50 Sn 77 25 calc D84 
51 Sb 6.6 25 calc D84 
52 Te 5.5 25 calc D84 
53 I 5.35 25 index A56 
47 25 calc D84 
54 Xe 4.044 0.5 diel MB77 
55 Cs 59.42 0.13 beam AGO03 
56 Ba 39.7 8 beam MB77 
57 La 311 25 саіс D84 
58 Ce 29.6 25 calc D84 
59 Pr 28.2 25 calc D84 
60 Nd 31.4 25 calc D84 
61 Рт 30.1 25 calc D84 
62 $m 28.8 25 calc D84 
63 Eu 27.7 25 calc D84 
64 Gd 23.5 25 calc D84 
65 Tb 25.5 25 calc D84 
66 Dy 24.5 25 calc D84 
67 Ho 23.6 25 calc D84 
68 Er 22.7 25 calc D84 


10-195 
Estimated 

Atomic Polariz- accuracy 
number Atom ability (96) Method Ref. 
69 Tm 21.8 25 calc D84 
70 Yb 21.0 25 calc D84 
71 Lu 21.9 25 calc D84 
72 Hf 16.2 25 calc D84 
73 Ta 13.1 25 calc D84 
74 W 11.1 25 calc D84 
75 Re 9.7 25 calc D84 
76 Os 8.5 25 calc D84 
77 Ir 7.6 25 calc D84 
78 Pt 6.5 25 calc D84 
79 Au 5.8 25 calc D84 
80 Hg 5.02 1 index GH96 

5.7 25 calc D84 
81 TI 7.6 15 beam №084 

7.5 25 calc D84 
82 Pb 6.8 25 calc D84 
83 Bi 74 25 саіс D84 
84 Po 6.8 25 calc D84 
85 At 6.0 25 calc D84 
86 Rn 53 25 calc D84 
87 Fr 48.60 2 calc LSMS05 

47.1 5 calc DJSB99 
88 Ra 38.3 25 calc D84 
89 Ас 32.1 25 calc D84 
90 Th 32.1 25 calc D84 
91 Pa 25.4 25 calc D84 
92 U 24.9 6 beam KB94 
93 Np 24.8 25 calc D84 
94 Pu 24.5 25 calc D84 
95 Ат 23.3 25 calc D84 
96 Cm 23.0 25 calc D84 
97 Bk 22.7 25 calc D84 
98 Cf 20.5 25 calc D84 
99 Es 19.7 25 calc D84 
100 Fm 23.8 25 calc D84 
101 Md 18.2 25 calc D84 
102 No 17.5 25 calc D84 
119 ekafrancium 24.26 2 cal LSMS05 


* Methods: calc - calculated value; beam - atomic beam deflection technique; interferom - atomic beam interference; index - determination based on the measured index 


of refraction; diel = determination based on the measured dielectric constant. 
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TABLE 3. Average Electric Dipole Polarizabilities for Ground State Diatomic Molecules (in Units of 10?* cm?) 


Molecule Polarizability Ref. Molecule Polarizability Ref. 
Al, 19 23 5.35 2 
BH 3.32* 1 HgCl 7.4* 9 
Br, 7.02 2 ICI 12.3 2 
CO 1.95 3 K, 77 22 
CL 4.61 3 72 21 
Cs, 104 22 Li, 32.8 29 
CsK 89 22 34 22 
D, (у-0,/-0) 0.7921* 5 LiCl 3.46* 10 
D, (293 K) 0.7954 6 LiF 10.8* 11 
ра 2.84 2 LiH 3.84* 12 
F, 1.38* 7 3.68* 13 
Н, (у-0,/-0) 0.8023* 5 3.88* 14 
H, (293 K) 0.8045* 5 N, 1.7403 6,8 
H, (293 K) 0.8042 6 NO 1.70 2 
H, (322 K) 0.8059 8 Na, 40 22 
HBr 3.61 3 38 21 
на! 2.63 3 NaK 51 22 

2.77 2 NaLi 40 4 
HD (у-0,/-0) 0.7976* 5 O, 1.5812 6 
HF 0.80 27 Rb, 79 22 
HI 5.44 3 


TABLE 4. Average Electric Dipole Polarizabilities for Ground State Triatomic Molecules (in Units of 10?* cm?) 


Molecule Polarizability Ref. Molecule Polarizability Ref. 
BeH, 4.34* 14 Hgl, 19.1 2 
CO, 2.911 8 Li, 34.5 29 
CS, 874 3 LiNa, 612 30 

8.86 2 Та Ма 35.4 30 
D,O 1.26 2 N,O 3.03 8 
H,O 1.45 2 NO, 3.02 2t 
H,S 3.782 3 Na, 70 21 
3.95 2 O, 3.21 2 
HCN 2.59 3 OCS 5.71 2 
2.46 2 52 15 
HgBr, 14.5 2 SO, 3.72 3 
HgCl, 11.6 2 4.28 2 


TABLE 5. Average Electric Dipole Polarizabilities for Ground State Inorganic Polyatomic Molecules 
(Larger than Triatomic) (in Units of 10?* cm?) 


Molecule Polarizability Ref. Molecule Polarizability Ref. 
AsCI, 14.9 2 (Несі), 14.7 9 

ASN, 5.75 2 K, п-2,5,7-9,11,20 21 

BCI, 9.38 20 (KBr), 42.0 16 
BF, 3.31 2 (КС), 32.1 16 
(BN), 5.73 2 (KF), 21.0 16 
(ВН), 8.0 2t (КІ), 363 16 
СЕ, 6.32 2 Li, n-2-22 29 
(CsBr), 54.5 16 (LiBr), 18.9 16 
(CsCl), 42.4 16 (LiCl), 13.1 16 
(CsF), 28.4 16 (LiF), 6.9 16 
(CsI), 51.8 16 (Lil), 23.4 16 
Са Ав, п+т=4-30 28 Та, 75.6 30 
сесі, 151 2 Li,Na, 60.0 30 


GeH,Cl 6.7 2t Li,Na 54.8 30 
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Molecule Polarizability Ref. Molecule Polarizability Ref. 
ND, 170 2 (RbI), 46.3 16 
МЕ, 3.62 2 SE, 6.54 8 
NH, 2.81 20 (SE,), 13.2 2 
2.10 2 50, 4.84 2 
332 5 SO,Cl, 10.5 2 
SeF, 7.33 2 
2.22" 33 SiF, 5.45 2 
(NO), 6.69 2 SiH, 544 2 
Na, n-1-40 21 (SiH,), 111 2 
(NaBr), 26.8 16 SiHCl, 10.7 2 
(NaCl), 23.4 16 SiH,Cl, 8.92 2 
(мар), 207 16 SiH,Cl 7.02 2 
(Nal), 26.9 16 SnBr, 22.0 2 
050, 8.17 2 SnCl, 18.0 2 
РС, 12.8 2 13.8 15 
РЕ, 6.10 2 Snl, 32.3 2 
PH, 4.84 2 Тек, 9.00 2 
(RbBr), 48.2 16 ТІСІ, 164 2 
(RbCl), 43.2 16 UE, 125 2 
(RbE), 40.7 16 


TABLE 6. Average Electric Dipole Polarizabilities for Ground State Hydrocarbon Molecules (in Units of 10?* cm?) 


Molecule Name Polarizability Ref. Molecule Name Polarizability Ref. 
CH, methane 2.593 8 10.87 15 
CH, acetylene 3.33 3 1-ћехепе 11.65 27 

3.93 2 СН, һехапе 11.9 2 

CH, ethylene 4.252 8 C.H, toluene 11.8 25 
C,H, ethane 4.47 3 12.26 15 

4.43 2 12.3 2 

CH, propyne 6.18 2 CH, 1-heptyne 12.8 2t 

C,H, propene 6.26 2 CH, methylcyclohexane 13.1 2 
cyclopropane 5.66 2 1-heptene 13.51 27 

C,H, propane 6.29 3 CH, heptane 13.61 2 

6.37 2 C,H, styrene 15.0 2 

C,H, 1-butyne 7.41 2t 14.41 27 

1,3-butadiene 8.64 2 Со ethylbenzene 14.2 2 

CH, 1-butene 7.97 2 o-xylene 14.9 2 
8.52 2 14.1 15 

trans-2-butene 8.49 2 p-xylene 13.7 25 
2-methylpropene 8.29 2 14.2 15 

СН butane 8.20 2 14.9 2 
isobutane 8.14 27 m-xylene 142 15 

C.H, 1,3-cyclopentadiene 8.64 2 CH, ethylcyclohexane 15.9 2 

C.H, 1-pentyne 9.12 2 сн, n-octane 15.9 2 
trans-1,3-pentadiene 10.0 2 3-methylheptane 15.44 27 

isoprene 9.99 2 2,2,4-trimethylpentane 15.44 27 

сн сус1орепїапе 9.15 18 C,H,, о- methylstyrene 16.05 27 
1-pentene 9.65 27 сн, isopropylbenzene 16.0 2t 

2-pentene 9.84 27 1,3,5-trimethylbenzene 15.5 25 

Сн, репїапе 9.99 2 16.14 27 

пеорепїапе 10.20 18 сн, isopropylcyclohexane 172 2 

CH, benzene 10.0 25 сн, попапе 17.36 27 
10.32 3 CH, naphthalene 16.5 17 

10.74 2 17.48 27 

Сн, 1-һехупе 10.9 2t CH, durene 17.3 25 
2-ethyl-1,3-butadiene 11.8 2t tert- butylbenzene 17.2 25 
3-methyl-1,3-pentadiene 11.8 2t 17.8 2t 

2-methyl-1,3-pentadiene 12.1 2t C H, tert-butylcyclohexane 19.8 2 
2,3-dimethyl-1,3-butadiene 11.8 2+ CH, decane 19.10 27 

cyclohexene 10.7 2t CH, o-methylnaphthalene 19.35 27 

Сн, сусіоһехапе 11.0 18 B-methylnaphthalene 19.52 27 
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Molecule Name Polarizability Ref. Molecule Name Polarizability Ref. 
CH, 0, .B-trimethylstyrene 19.64 27 phenanthrene 36.8* 17 
CH, pentamethylbenzene 19.1 25 24.70 27 
СНА undecane 21.03 27 САН, p-di-tert-butylbenzene 24.5 25 
С.Н, acenaphthene 20.61 27 C.H, pyrene 28.22 27 
CH, a-ethylnaphthalene 21.19 27 С.Н, 2,3- benzfluorene 3021 27 
B-ethylnaphthalene 21.36 27 CH, naphthacene 32.27 27 
С.Н, hexamethylbenzene 20.9 25 1,2- benzanthracene 32.86 27 
СН, dodecane 22.75 27 chrysene 33.06 27 
C.H, fluorene 21.68 27 triphenylene 31.07 27 
СН» anthracene 254 17 C Ha, 1,3,5-tri-tert-butylbenzene 31.8 25 
25.93 27 CH., coronene 42.50 27 


TABLE 7. Average Electric Dipole Polarizabilities for Ground State Organic Halides (in Units of 104 cm?) 


Molecule Name Polarizability Ref. Molecule Name Polarizability Ref. 
CBr F, dibromodifluoromethane 9.0 2' trans-dichloroethylene 8.15 27 
CCIF, chlorotrifluoromethane 5.72 20 cis-dichloroethylene 8.03 27 

5.59 2 C,H,CLF, — Ll-dichloro-22- 84 2t 
CCLF, dichlorodifluoromethane 7.93 20 difluoroethane 
7.81 2 C,H,C1,0 chloroacetyl chloride 8.92 2 
CCLO phosgene 7.29 2 C,H,CLF 1,2,2-trichloro-1-fluoroethane 102 2' 
ССІ,5 thiophosgene 10.2 2 сна, 1,1,2,2-tetrachloroethane 12.1 2' 
CCLF trichlorofluoromethane 9.47 2 C,H,CIN chloroacetonitrile 6.10 18 
CCLNO, trichloronitromethane 10.8 2! CHE, 1,1-difluoroethylene 5.01 20 
CCI, carbon tetrachloride 112 2 C,H,Br bromoethylene 7.59 2 
10.5 3 сна chloroethylene 6.41 2 
CF, carbon tetrafluoride 3.838 8 СНАЕ, 1-chloro-1,1-difluoroethane 8.05 2 
СЕ,О carbonylfluoride 1.88* 17 C,H,CIO acetyl chloride 6.62 2 
CHBr, bromoform 11.8 27 снао, methyl chloroformate 71 2 
CHBIF, bromodifluoromethane 5.7 2! сна, 1,1,1-trichloroethane 10.7 2 
CHCIF, chlorodifluoromethane 6.38 20 CH, 1,1,1-trifluoroethane 4.4 2 
5.91 2 CH iodoethylene 9.3 2' 
CHCLF dichlorofluoromethane 6.82 2 C,H,BrCl 1-bromo-2-chloroethane 9.5 2! 
сна, chloroform 9.5 8 CH Br, 1,2-dibromoethane 10.7 2! 
8.23 27 CH CIF 1-chloro-2-fluoroethane 6.5 2' 
СНЕ, fluoroform 3.52 20 С,Н,СІМО, 1-сМого-1-пИтое(һапе 109 2 
3.57 8 сна, 1,1-dichloroethane 8.64 2 
CHFO fluoroformaldehyde 1.76* 17 1,2-dichloroethane 8.0 т 
сні, iodoform 18.0 27 С,Н,Вг Бготое апе 8.05 2 
CH,Br, dibromomethane 9.32 2 7.28 27 
8.68 27 сна chloroethane 7.27 20 
CH,CINO, chloronitromethane 6.9 2 8.29 2 
CH,Cl, dichloromethane 6.48 3 6.4 15 
7.93 2 C,H,ClO 2-chloroethanol 7.1 2 
СН», diiodomethane 12.90 27 6.88 27 
CH,Br bromomethane 5.87 20 chloromethyl methyl ether Pal 2! 
6.03 2 СНЕ fluoroethane 4.96 2 
5.55 15 CHI iodoethane 10.0 2 
сна chloromethane 5.35 20 сна, dichloropropene 10.1 2! 
4.72 8 сна chloropropene 8.3 2 
CH,F fluoromethane 2.97 8 снао chloroacetone 8.4 2t 
CHI iodomethane 7.97 2 снао, ethyl chloroformate 9.0 2 
C,CIF, chloropentafluoroethane 6.3 2' C,H.CINO,  I-chloro-1-nitropropane 10.4 2' 
C,CLF, 1,2-dichlorotetrafluoroethane 8.5 2 СНА, dichloropropane 10.9 т 
сам trichloroacetonitrile 10.42 18 C,H Br 1-bromopropane 9.4 2 
CF, hexafluoroethane 6.82 2 9.07 27 
С,НВг bromoacetylene 7.39 2 2-bromopropane 9.6 2 
сна chloroacetylene 6.07 2 сна chloropropane 10.0 2 
с,нсі, trichloroethlyene 10.03 27 C;H.CIO B-chloroethyl methyl ether 8.71 27 
сна, pentachloroethane 14.0 2 2-chloro-1-propanol 8.89 27 


C, HI, 1,1-dichloroethylene 7.83 27 3-chloro-1-propanol 8.84 27 


Atomic and Molecular Polarizabilities 


Molecule 
СНА 
сна 
сна 
снао, 


сна, 
С,Н,Вг 


сна 


Мате 
1-iodopropane 
4-chloro-1,2-butadiene 
1-chloro-2-methylpropene 
2-chlorobutyric acid 
3-chlorobutyric acid 
4-chlorobutyric acid 
1,4-dichlorobutane 
bromobutane 


1-chlorobutane 
1-chloro-2-methylpropane 
2-chloro-2-methylpropane 
2-chlorobutane 
B-chloroethyl ethyl ether 
2-chloro-1-butanol 
3-chloro-1-butanol 
l-iodobutane 


methyl 2-chlorobutanoate 
methyl 3-chlorobutanoate 
methyl 4-chlorobutanoate 
2-chloropentanoic acid 
3-chloropentanoic acid 
4-chloropentanoic acid 
1-bromopentane 
1-chloropentane 
fluoropentane 
hexafluorobenzene 
pentafluorobenzene 
2,5-dichloro-1,4- 
benzoquinone 
1,2,3,4-tetrafluorobenzene 
1,2,4,5-tetrafluorobenzene 
1,3,5-trifluorobenzene 
p-bromofluorobenzene 
chloronitrobenzene 
o-dichlorobenzene 
m-dichlorobenzene 
p-dichlorobenzene 
p-fluoroiodobenzene 
p-fluoronitrobenzene 
o-difluorobenzene 
m-difluorobenzene 
p-difluorobenzene 


Polarizability Ref. 


11.5 
10.0 
10.8 
10.87 
10.80 
10.69 
12.0 
13.9 
10.86 
11.3 
11.1 
12.5 
12.4 
10.56 
10.70 
10.38 
13.3 
12.65 
12.33 
12.31 
12.27 
12.69 
12.57 
12.53 
13.1 
12.0 
9.95 
9.58 
9.63 
18.4 


9.69 
9.69 
9.74 
13.4 
14.6 
14.17 
14.23 
14.20 
15.5 
12.8 
9.80 
10.3 
9.80 


2 


27 
27 
27 


Molecule 
C.H,Br 


сна 


снао 
СНЕ 
CHI 
сн,ао, 


СН „Вг 
CH,,F 
С,Н,Вг 
сна 
CHF 
CHI 
C.H, Br 


СЕ 
C,H,, Br 
C,H,;F 
С.Н, Вг 
СУНЬЕ 


Мате 
bromobenzene 


chlorobenzene 


chlorophenol 
fluorobenzene 
iodobenzene 

ethyl 2-chlorobutanoate 
ethyl 3-chlorobutanoate 
ethyl 4-chlorobutanoate 
bromohexane 
fluorohexane 
p-bromotoluene 
p-chlorotoluene 
p-fluorotoluene 
p-iodotoluene 
1-bromoheptane 


fluoroheptane 
bromooctane 
fluorooctane 
bromononane 
fluorononane 
octafluoronaphthalene 
a-bromonaphthalene 
a-chloronaphthalene 
B-chloronaphthalene 
a-iodonaphthalene 
B-iodonaphthalene 
bromodecane 
fluorodecane 
fluoroundecane 
bromododecane 
fluorododecane 
4,4'-dibromodiphenyl ether 
4-bromodiphenyl ether 
p-bromophenyl-p-tolyl ether 
9-bromoanthracene 
9-chloroanthracene 
fluoranthracene 
fluorotetradecane 
bromohexadecane 
bromooctadecane 
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Polarizability Ref. 


14.7 

13.62 
14.1 

12.3 

13.0 

10.3 

15.5 

1416 
14.13 
14.11 
14.44 
11.80 
14.80 
13.70 
1170 
1710 
16.8 

16.23 
13.66 
18.02 
15.46 
19.81 
17.34 
17.64 
20.34 
19.30 
19.58 
22.41 
22.95 
21.60 
19.18 
21.00 
25.18 
22.83 
27.8 

242 

26.6 

28.32 
27.35 
28.34 
26.57 
32.34 
35.92 


2 


TABLE 8. Static Average Electric Dipole Polarizabilities for Other Ground State Organic Molecules (іп Units of 10:24 cm?) 


Molecule 
CN,O, 
CH,O 


CHO, 
CH,NO 


сн,хо, 
CH,O 


Name 
tetranitromethane 
formaldehyde 


formic acid 
formamide 


nitromethane 
methanol 


methyl amine 


cyanogen 
ketene 


Polarizability 


15.3 
2.8 
2.45 
3.4 
4.2 
4.08 
7.37 
3.29 
3.23 
3.32 
4.7 
4.01 
4.01* 
7.99 
4.4 


Ref. 


Molecule 
C,H,N 


Name 
acetonitrile 


acetaldehyde 


ethylene oxide 

acetic acid 

methyl formate 
formic acid dimer 
acetamide 

N-methyl formamide 
nitroethane 

ethyl nitrite 

ethanol 


methyl ether 


Polarizability 


4.40 
4.48 
4.6 
4.59 
4.43 
5.1 
5.05 
12.7 
5.67 
5.91 
9.63 
7.0 
5.41 
5.11 
5.29 


Ref. 
2' 
18 
2' 
18 


10-200 


Molecule 


C,H,O 


62 


Name 


ethylene glycol 


dimethyl sulfone 
ethanethiol 
ethyl amine 
dimethyl amine 


ethylene diamine 
malononitrile 
acrylonitrile 
pyrazole 
propenal 
propionitrile 


acetone 


allyl alcohol 
propionaldehyde 
propionic acid 
ethyl formate 


methyl acetate 


dimethyl carbonate 
N-methyl acetamide 
N,N-dimethyl formamide 
nitropropane 

2-propanol 


1-propanol 

ethyl methyl ether 

dimethoxymethane 

ethylene glycol 
monomethyl ether 

propylamine 


isopropylamine 
trimethylamine 


fumaronitrile 
succinonitrile 
pyrimidine 
pyridazine 
diketene 
thiophene 
methacrylonitrile 
trans-crotononitrile 
N-methylpyrazole 
crotonaldehyde 
methacrylaldehyde 
biacetyl 

acetic anhydride 
divinyl sulfide 
butyronitrile 
isobutyronitrile 


butanal 

methyl ethyl ketone 
trans-2,3-epoxy butane 
ethyl acetate 


Polarizability 


5.84 
5.16 
5.7 
5.61 
7.3 
7.41 
7.10 
6.37 
5.90* 
72 
5.79 
8.05 
7.23 
6.38 
6.70 
6.24 
6.27* 
6.33 
6.4 
6.39 
7.65 
6.50 
6.9 
8.01 
6.88 
6.94 
6.81 
77 
7.82 
7.81 
8.5 
7.61 
6.97 
6.74 
7:93 
7.7 
7.44 


7.70 
9.20 
7.77 
8.15 
7.78* 
11.8 
8.1 
8.53* 
9.27* 
8.0 
9.67 
8.0 
82 
8.99 
8.5 
8.3 
82 
8.9 
10.9 
8.4 
8.05 
8.05* 
8.2 
8.13 
8.22" 
9.7 
8.62 


Ref. 


Molecule 
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Name 

1,4-dioxane 

p-dioxane 
2-methyl-1,3-dioxolane 
butyric acid 

methyl propionate 
1-nitrobutane 
2-methyl-2-nitropropane 
ethyl ether 


1-butanol 

2-methylpropanol 

methyl propyl ether 

ethylene glycol monoethyl 
ether 


ethyl sulfide 
butylamine 
diethylamine 


pyridine 


4-cyano-1,3-butadiene 
1,5-dimethylpyrazole 
acetyl acetone 
valeronitrile 
22-DMPN 

diethyl ketone 

methyl propyl ketone 
ethyl propionate 
methyl butanoate 
diethyl carbonate 
ethyl propyl ether 
tetramethyl orthocarbonate 
p-dinitrobenzene 
p-benzoquinone 
nitrobenzene 


phenol 


aniline 
phenylenediamine 
phenylhydrazine 
1-ethyl-5-methylpyrazole 
ethyl acetoacetate 
dimethylketazine 
cyclohexanol 

amyl formate 
paraldehyde 

propyl ether 


1,1-diethoxyethane 
1,2-diethoxyethane 
triethylamine 


dipropylamine 
p-cyanonitrobenzene 
benzonitrile 

nitroanisole 

anisole 

o-anisidine 
1,1-methylphenylhydrazine 
cyclohexyl methyl ether 
2,4-dimethyl-3-pentanone 
pentyl acetate 
p-dicyanobenzene 


Polarizability 
10.0 
8.60 
9.44 
8.58 
8.97 
10.4 
10.3 
10.2 
8.73 
8.88 
8.92 
8.86 
9.28 


10.8 
13.5 
10.2 
9.61 
9.5 
9.18 
10.5 
10.72 
10.5 
10.4 
9.59 
9.93 
9.93 
10.41 
10.41 
11.3 
10.68 
13.0 
18.4 
14.5 
14.7 
12.92 
11.1 
9.94* 
12.1 
13.8 
12.91 
12.50 
12.9 
15.6 
11.56 
14.2 
17.9 
12.8 
12.5 
13.2 
11.3 
13.1 
13.38 
13.29 
19.0 
12.5 
15.7 
13.1 
14.2 
14.81 
13.4 
13.5 
14.9 
19.2 


Ref. 
2 
18 
15 
27 
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Molecule Name Polarizability ` Ref. 
C, HN, quinoxaline 15.13 27 
C,H,O acetophenone 15.0 2 
сно, 2,5-dimethyl-1,4- 18.8 2 
benzoquinone 
C,H O phenetole 14.9 2 
C,H, N N-dimethylaniline 16.2 2' 
C,H,,N, 1,1-ethylphenylhydrazine 16.62 27 
وي‎ O, ethyl sorbate 17.2 2! 
tetramethylcyclobutane- 18.6 2 
1,3-dione 
СНО, diethyl succinate 16.8 2t 
CHO butyl ether 17.2 2 
C,H,N quinoline 15.70 27 
isoquinoline 16.43 27 
C,H O, ethyl benzoate 16.9 2t 
СВМ tripropylamine 18.87 27 
C, HN o-naphthylamine 19.50 27 
B-naphthylamine 19.73 27 
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Molecule Name Polarizability ` Ref. 
2-methylquinoline 18.65 27 
1-methylisoquinoline 18.28 27 
C.H; Fe ferrocene 17.1 26 
C H iN, 2,3-dimethylquinoxaline 18.70 27 
C,,H,,BeO, beryllium acetylacetonate 34.1 2 
CHO 1-naphthaldehyde 19.75 27 
2-naphthaldehyde 20.06 27 
СНА, рһепалїпе 23.43 27 
СНО, 4-nitrodiphenyl ether 24.7 2t 
C „H,O, anthraquinone 24.46 27 
CHO di-p-tolyl ether 24.9 2 
C,,H,,AlO, aluminum acetylacetonate 51.9 2 
C,,H,,CrO, chromium acetylacetonate 53.7 2 
C,,H,,FeO, ferric acetylacetonate 58.1 2 
C,,H,,0,Th thorium acetylacetonate 79.0 2 
25 buckminsterfullerene 76.5 24 
79 31 


Note: All polarizabilities in the tables are experimental values except those values marked by an asterisk (*), which indicates a calculated result. The experimental polarizabili- 


ties are mostly determined by measurements ofa dielectric constant or refractive index which are quite accurate (0.596 or better). However, one should treat many of the 
results with several percent of caution because of the age of the data and because some of the results refer to optical frequencies rather than static. Comments given with 
the references are intended to allow one to judge the degree of caution required. Interested persons should consult these references. In many cases, the reference given 
is to a theoretical paper in which the experimental results are quoted. These papers, noted in the References, contain valuable information on polarizability calculations 
and experimental data which often includes the tensor components of the polarizability. 

An emperical additive formula for molecular polarizabilities at 589 nm frequency has been given in Bosque, R., and Sales, J., J. Chem. Inf. Comput. Sci. 42, 1154, 2002: 
0/=0.32 +1.51#С +0.17#H +0.57#0 +1.05#М +2.99#5 +2.48#Р +2.16#Cl +3.29#Вг +5.45#1, where “ЁС” denotes the number of carbon atoms in the molecule, etc. 
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Soc., 67, 2902, 1971. Dielectric constants yielding polarizabilities ac- 
curate from 0.3-8%. 
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21. 


22. 


23. 


24. 


25. 


26. 


27. 


Rayane, D., Allouche, A. R., Benichou, E., Antoine, R., Aubert- 
Frecon, M., Dugourd, Ph., Broyer, M., Ristori, C., Chandezon, Е, 
Huber, В. A., and Guet, C., Eur. Phys. J. D 9, 243, 1999. See also Knight, 
W. D., Clemenger, K., de Heer, W. A., and Saunders, W. A., Phys. Rev. 
B 31, 2539, 1985. These data probably correspond to a very low inter- 
nal temperature. 

Tarnovsky У., Bunimovicz, М. Vuskovic, L., Stumpf, В. and 
Bederson, B., J Chem. Phys., 98, 3894, 1993. These data correspond 
to internal temperatures 480-948 K. 

Milani, Р, Moullet, L, and de Heer, W. A., Phys. Rev. A, 42, 5150, 
1990. Beam measurements accurate to 1196. 

Antoine, R., Dugourd, P, Rayane, D., Benichou, E, Broyer, М., 
Chandezon, Е, and Guet, С., J. Chem. Phys., 110, 9771, 1999. 

Aroney, М. J., and Pratten, S. J., Л Chem. Soc, Faraday Trans., 1, 
80, 1201, 1984. Uncertainties in the range 1-396. 

Le Fevre, R. J. W., Murthy, D. S. N., and Saxby, J. D., Aust. J. 
Сйет., 24, 1057, 1971. Kerr effect. 

Мо, K. Т, Cho, К. H., Jhon, M. S., and Scheraga, H. A., J. Am. 
Chem. Soc., 115, 2005, 1993. Theoretical; these results are quoted in 
numerous valuable papers on calculated polarizabilities, e.g., Miller, 
К. J., апа Savchik, J. A., / Am. Chem. Soc., 101, 7206, 1979. 


28. 


29. 


30. 


31. 


32. 


33. 


Atomic and Molecular Polarizabilities 


Schlecht, S., Schafer, R., Woenckhaus, J., Becker J. A. Chem. 
Phys. Lett., 246, 315, 1995. 

Benichou, E. Antoine, R., Rayane, D. Vezin, B. Dalby, F. W. 
Dugourd, P, Ristori, C., Chandezon, F., Huber, B. A., Rocco, J. C., Blun- 
dell, S. A., and Guet, C., Phys. Rev. A 59, R1, 1999. See also Rayane, 
D., Allouche, A. R., Benichou, E., Antoine, R., Aubert-Frecon, M., 
Dugourd, Ph., Broyer, М., Ristori, C., Chandezon, F., Huber, B. A., and 
Guet, C., Eur. Phys. J. D 9, 243, 1999. 

Antoine, R., Rayane, D. Allouche, A. К., Aubert-Frécon, М., 
Benichou, E., Dalby, F. W., Dugourd, P., Broyer, M., and Guet, С, J. 
Chem. Phys., 110, 5568, 1999. 

Ballard, А. Bonin, K., and Louderback, J., Л Chem. Phys. 113, 
5732, 2000. 

Ritchie, G.L.D., and Watson, J.N., J. Phys. Chem. А 108, 4515, 2004. 
These measurements are at 632.8 nm frequency, and are stated accu- 
rate to 0.4%. 

Ritchie, G.L.D., and Blanch, E.W., J. Phys. Chem. А 107, 2093, 2003. 
These measurements are at 632.8 nm frequncy, and are stated accu- 
rate to better than 1%. 


IONIZATION ENERGIES OF ATOMS AND ATOMIC IONS 


The ionization energies (often called ionization potentials) of 
neutral and partially ionized atoms are listed in this table. Data 
were obtained from the compilations cited below, supplemented 
by results from the recent research literature. Values for the first 
and second ionization energies come from Reference 6. АП values 
are given in electron volts (eV). 

Following the traditional spectroscopic notation, columns are 
headed L II, III, etc. up to XXX, where I indicates the neutral atom, 
II the singly ionized atom, III the doubly ionized atom, etc. The 
first section of the table includes spectra I to VIII of all the ele- 
ments through rutherfordium; subsequent sections cover higher 
spectra (ionization stages) for those elements for which data are 
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Neutral Atoms to +7 Ions 


available. 
2 Element I II ш 
1 н 13.598443 
2 Не 24.587387 54.417760 
3 Li 5.391719 75.6400 122.45429 
4 Be 9.32270 18.21114 153.89661 
5 B 8.29802 25.1548 37.93064 
6 C 11.26030 24.3833 47.8878 
7 N 14.5341 29.6013 47.44924 
8 О 13.61805 35.1211 54.9355 
9 Е 17.4228 34.9708 62.7084 
10 Ме 21.56454 40.96296 63.45 
11 Ма 5.139076 47.2864 71.6200 
12 Ма 7.646235 15.03527 80.1437 
13 Al 5.985768 18.82855 28.44765 
14 Si 8.15168 16.34584 33.49302 
15 Р 10.48669 19.7695 30.2027 
16 5 10.36001 23.33788 34.79 
17 С 12.96763 23.8136 39.61 
18 Аг 15.759610 27.62966 40.74 
19 K 4.3406633 31.63 45.806 
20 Ca 6.11316 11.87172 50.9131 
21 Sc 6.56149 12.79977 24.75666 
22 Ti 6.82812 13.5755 27.4917 
23 V 6.74619 14.618 29.311 
24 Cr 6.76651 16.4857 30.96 
25 Mn 7.43402 15.6400 33.668 
26 Fe 7.9024 16.1877 30.652 
27 Co 7.88101 17.084 33.50 
28 Ni 7.6398 18.16884 35.19 
29 Cu 7.72638 20.2924 36.841 
30 Zn 9.394199 17.96439 39.723 
31 Ga 5.999301 20.51514 30.71 
32 Ge 7.89943 15.93461 34.2241 
33 As 9.7886 18.5892 28.351 
34 Se 9.75239 21.19 30.8204 
35 Br 11.8138 21.591 36 
36 Kr 13.99961 24.35984 36.950 
37 Rb 4.177128 27.2895 40 
38 Sr 5.69485 11.0301 42.89 
39 MX 6.2173 12.224 20.52 
40 Zr 6.63390 13.1 22.99 
41 Nb 6.75885 14.0 25.04 
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IV У УІ УП УШ 
217.71865 
259.37521 340.22580 
64.4939 392.087 489.99334 
77.4735 97.8902 552.0718 667.046 
77.41353 113.8990 138.1197 739.29 871.4101 
87.1398 114.2428 157.1651 185.186 953.9112 
97.12 126.21 157.93 207.2759 239.0989 
98.91 138.40 172.18 208.50 264.25 
109.2655 141.27 186.76 225.02 265.96 
119.992 153.825 190.49 241.76 284.66 
45.14181 166.767 205.27 246.5 303.54 
51.4439 65.0251 220.421 263.57 309.60 
47.222 72.5945 88.0530 280.948 328.75 
53.4652 67.8 97.03 114.1958 348.28 
59.81 75.02 91.009 124.323 143.460 
60.91 82.66 99.4 117.56 154.88 
67.27 84.50 108.78 127.2 147.24 
73.4894 91.65 110.68 138.0 158.1 
43.2672 99.30 119.53 140.8 170.4 
46.709 65.2817 128.13 150.6 173.4 
49.16 69.46 90.6349 160.18 184.7 
512 72.4 95.6 119.203 194.5 
54.8 75.0 99.1 124.98 151.06 
51.3 79.5 102.0 128.9 157.8 
54.9 76.06 108 133 162 
57.38 79.8 103 139 166 
59.4 82.6 108 134 174 
64 
45.7131 93.5 
50.13 62.63 127.6 
42.9450 68.3 817 155.4 
47.3 59.7 88.6 103.0 192.8 
52.5 64.7 78.5 111.0 125.802 
52.6 71.0 84.4 99.2 136 
57 71.6 90.8 106 122.3 
60.597 77.0 93.0 116 129 
34.34 80.348 
38.3 50.55 102.057 125 
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2 Element I II Ш ГУ У УІ УП УШ 
42 Мо 7.09243 16.16 27.13 46.4 54.49 68.8276 125.664 143.6 
43 Тс 7.28 15.26 29.54 
44 Ки 7.36050 16.76 28.47 
45 Rh 7.45890 18.08 31.06 
46 Pd 8.3369 19.43 32.93 
47 Ag 7.57623 21.47746 34.83 
48 Cd 8.99382 16.90831 37.48 
49 In 5.78636 18.8703 28.03 54 
50 $n 7.34392 14.6322 30.50260 40.73502 72.28 
51 Sb 8.60839 16.63 25.3 44.2 56 108 
52 Te 9.0096 18.6 27.96 37.41 58.75 70.7 137 
53 I 10.45126 19.1313 33 
54 Xe 12.12984 20.9750 32.1230 
55 Cs 3.893905 23.15744. 
56 Ba 5.211664 10.00383 
57 La 5.5769 11.059 19.1773 49.95 61.6 
58 Ce 5.5387 10.85 20.198 36.758 65.55 77.6 
59 Pr 5.473 10.55 21.624 38.98 57.53 
60 Nd 5.5250 10.72 224 40.4 
61 Pm 5.582 10.90 22.3 41.1 
62 $m 5.6437 11.07 23.4 41.4 
63 Eu 5.67038 11.25 24.92 42.7 
64 Gd 6.14980 12.09 20.63 44.0 
65 Tb 5.8638 11.52 21.91 39.79 
66 Dy 5.9389 11.67 22.8 41.47 
67 Ho 6.0215 11.80 22.84 42.5 
68 Er 6.1077 11.93 22.74 42.7 
69 Tm 6.18431 12.05 23.68 42.7 
70 Yb 6.25416 12.176 25.05 43.56 
71 Lu 5.42586 13.9 20.9594 45.25 66.8 
72 Hf 6.82507 15 23.3 33.33 
73 Ta 7.54957 
74 У 7.86403 16.1 
75 Re 7.83352 
76 Os 8.43823 
77 Ir 8.96702 
78 Pt 8.9588 18.563 
79 Au 9.22553 20.20 
80 Hg 10.4375 18.7568 34.2 
81 1 6.108194 20.4283 29.83 
82 Pb 7.41663 15.03248 31.9373 42.32 68.8 
83 Bi 7.2855 16.703 25.56 45.3 56.0 88.3 
84 Po 8.414 
85 At 
86 Rn 10.7485 
87 Fr 4.072741 
88 Ra 5.278423 10.14715 
89 Ac 5.17 11.75 
90 Th 6.3067 11.9 20.0 28.8 
91 Pa 5.89 
92 U 6.1941 10.6 
93 Np 6.2657 
94 Pu 6.0260 112 
95 Am 5.9738 
96 Cm 5.9914 
97 Bk 6.1979 
98 Cf 6.2817 11.8 
99. Е$ 6.42 12.0 
100 Fm 6.50 
101 Md 6.58 
102 No 6.65 
103 Lr 4.9 


104 Rf 6.0 
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+8 Ions to +15 Ions 


Z Element IX x XI XII XIII XIV ху XVI 

9 F 1103.1176 

10 Ne 1195.8286 1362.1995 

11 Na 299.864 1465.121 1648.702 

12 Mg 328.06 367.50 1761.805 560 

13 Al 330.13 398.75 442.00 2085.98 2304.1410 

14 Si 351.12 401.37 476.36 523.42 2437.63 2673.182 

15 p 372.13 424.4. 479.46 560.8 61174 2816.91 3069.842. 

16 5 379.55 4475 504.8 564.44 652.2 707.01 3223.78 3494.1892 

17 а 400.06 455.63 529.28 591.99 656.71 749.76 809.40 3658.521 

18 Аг 422.45 478.69 538.96 618.26 686.10 755.74 854.77 918.03 

19 K 175.8174 503.8 564.7 6294 714.6 786.6 8611 968 

20 Са 188.54 211.275 591.9 657.2 726.6 817.6 894.5 974 

21 5с 180.03 225.18 249.798 687.36 756.7 830.8 927.5 1009 

22 т 192.1 215.92 265.07 291.500 787.84 863.1 941.9 1044 

23 V 205.8 230.5 255.7 308.1 336.277 896.0 976 1060 

24 Cr 209.3 244.4 270.8 298.0 354.8 384.168 1010.6 1097 

25 Mn 221.8 248.3 286.0 314.4 343.6 403.0 435.163 1134.7 

26 Fe 233.6 262.1 290.2 330.8 361.0 392.2 457 489.256 

27 Со 186.13 275.4 305 336 379 411 444 511.96 

28 М 193 224.6 321.0 352 384 430 464 499 

29 Cu 199 232 265.3 369 401 435 484 520 

30 Zn 203 238 274 310.8 4197 454 490 542 

36 Kr 230.85 268.2 308 350 391 447 492 541 

37 Rb 150 2774 

38 Sr 162 177 324.1 

39 Y 146.2 191 206 374.0 

42 Mo 164.12 186.4 209.3 230.28 279.1 302.60 544.0 570 
116 Ions to +23 Ions 

Z Element XVII XVIII XIX XX XXI XXII XXIII XXIV 

17 а 3946.2960 

18 Аг 4120.8857 4426.2296 

19 К 1033.4 4610.8 4934.046 

20 Са 1087 1157.8 5128.8 5469.864 

21 5с 1094 1213 1287.97 5674.8 6033.712 

22 тї 1131 1221 1346 1425.4 6249.0 6625.82 

23 ۷ 1168 1260 1355 1486 1569.6 6851.3 7246.12 

24 Сг 1185 1299 1396 1496 1634 1721.4 7481.7 7894.81 

25 Mn 1224 1317 1437 1539 1644 1788 1879.9 8140.6 

26 Fe 1266 1358 1456 1582 1689 1799 1950 2023 

27 Co 546.58 1397.2 1504.6 1603 1735 1846 1962 2119 

28 Ni 571.08 607.06 1541 1648 1756 1894 2011 2131 

29 Cu 557 633 670.588 1697 1804 1916 2060 2182 

30 Zn 579 619 698 738 1856 

36 Kr 592 641 786 833 884 937 998 1051 

42 Mo 636 702. 767 833 902 968 1020 1082 
+24 Ions to +29 Ions 

Z Element XXV XXVI XXVII XXVIII XXIX XXX 

25 Mn 8571.94 

26 Fe 8828 9277.69 

27 Co 2219.0 9544.1 10012.12 

28 Ni 2295 2399.2 10288.8 10775.40 

29 Cu 2308 2478 2587.5 11062.38 11567.617 

36 Kr 1151 1205.3 2928 3070 3227 3381 


42 Mo 1263 1323 1387 1449 1535 1601 


IONIZATION ENERGIES OF GAS-PHASE MOLECULES 


Sharon G. Lias 


This table presents values for the first ionization energies (IP) 
of approximately 1000 molecules and atoms. Substances are listed 
by molecular formula in the modified Hill order (see Preface). 
Values enclosed in parentheses are considered not to be well es- 
tablished. Data appearing in the 1988 reference, were updated in 
1996 for inclusion in the database of ionization energies available 
at the Internet site of the Standard Reference Data program of the 
National Institute of Standards and Technology (http://webbook. 
nist.gov). The list appearing here includes these updates. 

The list also includes values for enthalpies of formation of the 
ions at 298 K, A H رے‎ given according to the ion convention used by 


ion 


Mol. 


form. Name 


Substances not containing carbon 


Ac Actinium 

Ag Silver 

AgCI Silver(I) chloride 

AgF Silver(I) fluoride 

Al Aluminum 

AlBr Aluminum monobromide 

AlBr, Aluminum tribromide 

МА Aluminum monochloride 

AICI, Aluminum trichloride 

AIF Aluminum monofluoride 

AIF, Aluminum trifluoride 

AII Aluminum monoiodide 

АП, Aluminum triiodide 

Am Americium 

Ar Argon 

As Arsenic 

AsCI, Arsenic(III) chloride 

AsF, Arsenic(III) fluoride 

AsH, Arsine 

Au Gold 

B Boron 

BBr, Boron tribromide 

BCI, Boron trichloride 

ВЕ Fluoroborane 
Difluoroborane 

BF, Boron trifluoride 

BH Boron monohydride 

BH, Borane 

BI, Boron triiodide 

BO, Boron dioxide 

В.Н, Diborane 

В.О, Boron oxide 

BH,, Tetraborane 

ВН, Pentaborane(9) 

ВН Hexaborane 

Ba Barium 

BaO Barium oxide 

Be Beryllium 

BeO Beryllium oxide 

Bi Bismuth 

BiCl, Bismuth trichloride 


mass spectrometrists; to convert these values to the electron con- 
vention used by thermodynamicists, add 6 kJ/mol. Details on the 
calculation of АН у as well as data for a much larger number of 
molecules, may be found in the reference and on the Internet site. 


Reference 


Lias, S. G., Bartmess, J. E., Liebman, J. F., Holmes, J. L., Levin, R. D., and 
Mallard, W.G., Gas-Phase lon and Neutral Thermochemistry, J. Phys. 
Chem. Ref. Data, Vol. 17, Suppl. No. 1, 1988. 


AC, 
IP/eV kj/mol 
5,17 905 
7.57624 1016 
(< 10.08) « 1065 
(11.0 + 0.3) 1071 
5.98577 905 
(9.3) 913 
(104) 593 
9.4 855 
(12.01) 573 
9,73 + 0.01 673 
< 15.45 < 282 
9.3 + 0.3 965 
(9.1) 673 
5.9738 + 0.0002 860 
15.75962 1521 
9.8152 1250 
(10.55 + 0.025) 754 
(12.84 + 0.05) 452 
(9.89) 1021 
9.22567 1254 
8.29803 1363 
(10.51) 809 
11.60 + 0.02 718 
11.12 + 0.01 957 
(9.4) 317 
157 + 0.3 365 
(9.77) 1385 
12.026 + 0.024 1261 
(9.25 + 0.03) 964 
(135 + 0.3) 1001 
11.38 + 0.05 1134 
13.5 + 0.15 460 
10.76 + 0.04 1105 
9.90 + 0.04 1028 
(9.0) 965 
5.21170 683 
6.91 + 0.06 543 
9.32263 1224 
(10.1 + 0.4) 1111 
7.2855 908 
(10.4) 736 


10-205 


10-206 


Мате 

Berkelium 

Bromine (atomic) 
Bromine chloride 
Bromine fluoride 
Bromine pentafluoride 
Hydrogen bromide 
Bromosilane 

Iodine bromide 
Potassium bromide 
Lithium bromide 
Nitrosyl bromide 
Sodium bromide 
Bromine monoxide 
Rubidium bromide 
Thallium(I) bromide 
Bromine 

Мегсигу(П) bromide 
Tin(II) bromide 
Gallium(III) bromide 
Phosphorus(III) bromide 
Hafnium(IV) bromide 
Tin(IV) bromide 
Titanium(IV) bromide 
Zirconium(IV) bromide 
Calcium 

Calcium monochloride 
Calcium oxide 
Cadmium 

Cerium 

Californium 

Chlorine (atomic) 
Cesium chloride 
Chlorine fluoride 
Perchloryl fluoride 
Chlorine difluoride 
Chlorine trifluoride 
Sulfur chloride pentafluoride 
Hydrogen chloride 
Hypochlorous acid 
Chlorosilane 

Iodine chloride 
Indium(I) chloride 
Potassium chloride 
Lithium chloride 
Nitrosyl chloride 
Nitryl chloride 
Sodium chloride 
Chlorine monoxide 
Chlorine dioxide 
Rubidium chloride 
Thallium(I) chloride 
Chlorine 

Chromyl chloride 
Germanium(II) chloride 
Dichlorosilane 
Мегсигу(П) chloride 
Chlorine oxide 
Thionyl chloride 
Sulfuryl chloride 
Lead(II) chloride 
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IP/eV 

6.23 

11.81381 
11.01 

11.86 

13.172 + 0.002 
11.66 + 0.03 
10.6 

9.790 + 0.004 
7.85 + 0.1 
(87) 

10.17 + 0.03 
8.31 + 0.1 
10.46 + 0.02 
7.94 + 0.08 
9.14 + 0.02 
10.516 + 0.005 
10.560 + 0.003 
9.0 

10.40 

9.7 

(10.9) 

10.6 

10.3 

(107) 

6.11316 

5.86 + 0.07 
6.66 + 0.18 
8.99367 
5.5387 

6.30 

12.96764 
(7.84 + 0.05) 
12.66 + 0.01 
(12.945 0.005) 
(12.77 + 0.05) 
(12.65 + 0.05) 
(12.335 0.005) 
12.749 + 0.009 
(11.12 + 0.01) 
114 

10.088 + 0.01 
(9.51) 

(8.0 + 0.4) 
9.57 

10.87 + 0.01 
(11.84) 

8.92 + 0.06 
10.95 

10.33 + 0.02 
(8.50 + 0.03) 
9.70 + 0.08 
11.480 + 0.005 
11.6 

(10.20 + 0.05) 
114 

11.380 + 0.003 
10.94 

10.96 

12.05 

(10.2) 


А, Н,, 
kj/mol 
911 
1252 
1079 
1086 
840 
1087 
943 
986 
578 
685 
1065 
660 
1135 
583 
844 
1046 
935 
839 
711 
798 
366 
709 
375 
388 
768 
462 
668 
980 
957 
805 
1373 
510 
1171 
1224 
1128 
1057 
144 
1137 
993 
899 
99] 
842 
557 
727 
1099 
1155 
681 
1159 
1093 
590 
869 
1108 
580 
813 
765 
952 
1135 
844 
807 
791 
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Mol. 
form. 
CLS 
Cl Si 
Cl, Sn 
Cl,Ga 
ая 
CLN 
CLOP 
CLOV 
CLP 
CLPS 
CLSb 
Cl,Ge 
СНЕ 
CL Si 
Cl, Sn 
CL Ti 
CLV 
CLZr 
С.Мо 
СК 
СЕР 
CI, Ta 
а 


Мате 

Sulfur dichloride 
Dichlorosilylene 

Tin(II) chloride 
Gallium(III) chloride 
Trichlorosilane 
Nitrogen trichloride 
Phosphorus(V) oxychloride 
Vanadyl trichloride 
Phosphorus(III) chloride 
Phosphorus(V) sulfide trichloride 
Antimony(III) chloride 
Germanium(IV) chloride 
Hafnium(IV) chloride 
Tetrachlorosilane 
Tin(IV) chloride 
Titanium(IV) chloride 
Vanadium(IV) chloride 
Zirconium(IV) chloride 
Molybdenum(V) chloride 
Niobium(V) chloride 
Phosphorus(V) chloride 
Tantalum(V) chloride 
Tungsten(VI) chloride 
Curium 

Cobalt 

Chromium 

Cesium 

Cesium fluoride 

Cesium sodium 

Copper 

Copper(I) fluoride 
Dysprosium 

Erbium 

Einsteinium 

Europium 

Fluorine (atomic) 
Gallium monofluoride 
Hydrogen fluoride 
Hypofluorous acid 
Fluorosilane 

Iodine fluoride 

Indium monofluoride 
Nitrosyl fluoride 

Nitryl fluoride 
Thionitrosyl fluoride (NSF) 
Fluorine monoxide 
Fluorine superoxide (FOO) 
Sulfur fluoride 
Thallium(I) fluoride 
Fluorine 

Germanium(II) fluoride 
Difluoramine 
Difluorosilane 
Magnesium fluoride 
Difluoroamidogen 
trans-Difluorodiazine 
Fluorine monoxide 
Thionyl fluoride 

Sulfuryl fluoride 
Lead(II) fluoride 


IP/eV 

9.45 + 0.03 
(10.93 + 0.10) 
(10.0) 

11.52 

(11.7) 
(10.12 + 0.1) 
11.36 + 0.02 
(11.6) 

9.91 

9.71 + 0.03 
(x 10.7) 
11.68 + 0.05 


11.79 + 0.01 


7.8810 
6.76664 
3.89390 
(8.80 + 0.10) 
(4.05 + 0.04) 
7.72638 
10.15 + 0.02 
5.9389 
6.1078 

6.42 

5.6704 
17.42282 
(9.6 + 0.5) 
16.044 + 0.003 
12.71 + 0.01 
117 

10.54 + 0.01 
(9.6 + 0.5) 
12.63 + 0.03 
(13.09) 

11.51 + 0.04 
12.78 + 0.03 
(12.6 + 0.2) 
10.09 

10.52 

15.697 + 0.003 
(x 11.65) 
(11.53 + 0.08) 
(12.2) 

(13.6 + 0.3) 
11.628 + 0.01 
(12.8) 

13.11 + 0.01 
12.25 

13.04 + 0.01 
(11.5) 
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А, Н,, 
kj/mol 
895 
887 
760 
664 
648 
1244 
540 
425 
668 
573 
s719 
629 
246 
527 
656 
349 
361 
210 
392 
356 
608 
303 
348 
966 
1187 
1050 
452 
489 
535 
1084 
984 
862 
907 
753 
723 
1761 
700 
1276 
1130 
752 
922 
740 
1152 
1154 
1090 
1342 
1228 
986 
835 
1515 
551 
1046 
386 
588 
1155 
1315 
1290 
688 
501 
679 
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Мате 

Sulfur difluoride 
Difluorosilylene 
Tin(II) fluoride 
Xenon difluoride 
Trifluorosilane 
Nitrogen trifluoride 
Trifluoramine oxide 


Phosphorus(V) oxyfluoride 


Phosphorus(III) fluoride 


Phosphorus(V) sulfide trifluoride 


Trifluorosilyl 
Germanium(IV) fluoride 
Tetrafluorohydrazine 
Sulfur tetrafluoride 
Tetrafluorosilane 

Xenon tetrafluoride 
Iodine pentafluoride 
Phosphorus(V) fluoride 
Sulfur pentafluoride 


Molybdenum(VI) fluoride 


Sulfur hexafluoride 
Uranium(VI) fluoride 
Iron 

Fermium 

Gallium 

Gallium(III) iodide 
Gadolinium 
Germanium 
Germane 
Germanium(IV) iodide 
Germanium(II) oxide 
Germanium(II) sulfide 
Hydrogen (atomic) 
Hydrogen iodide 
Lithium hydride 
Imidogen 

Nitrosyl hydride 
Nitrous acid 

Nitric acid 
Hydrazoic acid 
Hydroxyl 
Hydroperoxy 
Mercapto 

Hydrogen 

Amidogen 

Water 

Hydrogen peroxide 
Hydrogen sulfide 
Hydrogen selenide 
Silylene 

Ammonia 
Hydroxylamine 
Phosphine 

Stibine 

Hydrazine 

Silane 

Stannane 

Disilane 

Trisilane 

Helium 
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IP/eV 

(10.08) 

10.78 + 0.05 
(11.1) 

12.35 + 0.01 
(14.0) 

13.00 + 0.02 
13.31 + 0.06 
12.76 + 0.01 
11.60 + 0.05 

< 11.05 + 0.035 
(9.99) 

(15.5) 

11.94 + 0.03 
12.0 + 0.3 
15.24 + 0.14 
12.65 + 0.1 
12.943 + 0.005 
(15.1) 

9.60 + 0.05 
(14.5 + 0.1) 
15.32 + 0.02 
14.00 + 0.10 
7.9024 

6.50 

5.99930 

9.40 

6.1500 

7.900 

< 10.53 

(9.42) 

11.25 + 0.01 
(9.98) 
13.59844 
10.386 + 0.001 
73 

< 13.49 + 0.01 
(10.1) 

«113 

11.95 + 0.01 
10.72 + 0.025 
13.0170 + 0.0002 
11.35 + 0.01 
10.4219 + 0.0004 
15.42593 + 0.00005 
1114 + 0.01 
12.6206 + 0.0020 
10.58 + 0.04 
10.457 + 0.012 
9.892 + 0.005 
8.244 + 0.025 
10.070 + 0.020 
(10.00) 

9.869 + 0.002 
9.54 + 0.08 

8.1 + 0.15 
11.00 + 0.02 
(10.75) 

9.74 + 0.02 
(9.2) 

24.58741 


A, Н,, 
kj/mol 
676 
450 


586 
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Мате 

Hafnium 

Mercury 
Мегсигу(П) iodide 
Holmium 

Iodine (atomic) 
Potassium iodide 
Lithium iodide 
Sodium iodide 
Thallium(I) iodide 
Iodine 
Titanium(IV) iodide 
Zirconium(IV) iodide 
Indium 

Iridium 

Potassium 

Lithium potassium 
Potassium sodium 
Dipotassium 
Krypton 
Lanthanum 
Lithium 

Lithium sodium 
Lithium monoxide 
Lithium rubidium 
Dilithium 
Lutetium 
Mendelevium 
Magnesium 
Magnesium oxide 
Manganese 
Molybdenum 
Nitrogen (atomic) 
Nitric oxide 
Nitrogen dioxide 
Phosphorus nitride 
Nitrogen sulfide 
Nitrogen 

Nitrous oxide 
Nitrogen tetroxide 
Nitrogen pentoxide 
Sodium 

Rubidium sodium 
Disodium 
Niobium 
Neodymium 

Neon 

Nickel 

Nobelium 
Neptunium 
Oxygen (atomic) 
Lead(II) oxide 
Sulfur monoxide 
Sulfur oxide (SSO) 
Silicon monoxide 
Tin(II) oxide 
Strontium oxide 
Oxygen 

Sulfur dioxide 
Thorium(IV) oxide 
Titanium(IV) oxide 


IP/eV 

6.82507 + 0.00004 
10.43750 
9.5088 + 0.0022 
6.0216 
10.45126 

(7.21 + 0.3) 
(75) 

7.64 + 0.02 

8.47 + 0.02 
9.3074 + 0.0002 
(9.1) 

(9.3) 

5.78636 

9.1 

4.34066 

4.57 + 0.04 
4.41636 + 0.00017 
4.0637 + 0.0002 
13.99961 
5.5770 

5.39172 

5.05 + 0.04 
(8.44) 

4.3 + 0.1 

5.1127 + 0.0003 
5.42585 

6.58 

7.64624 

(8.76 + 0.22) 
7.43402 
7.09243 
14.53414 
9.26438 + 0.00005 
9.586 + 0.002 
11.84 + 0.04 
8.87 + 0.01 
15.5808 

12.886 

(10.8) 

(11.9) 

5.13908 

4.32 + 0.04 
4.894 + 0.003 
6.75885 

5.5250 
21.56454 
7.6398 

6.65 

6.2657 + 0.0003 
13.61806 

9.08 + 0.10 
10.294 + 0.004 
10.584 + 0.005 
11.49 + 0.20 
9.60 + 0.02 

6.6 + 0.2 
12.0697 + 0.0002 
12.349 + 0.001 
(8.7 + 0.15) 
(9.54 + 0.1) 


A, Н,, 
kj/mol 
1278 
1069 
900 
882 
1115 
570 
633 
659 
826 
960 
602 
500 
802 
1543 
508 
512 
561 
519 
1351 
969 
680 
571 
894. 
486 
709 
950 
635 
885 
901 
998 
1343 
1875 
985 
958 
1247 
1119 
1503 
1325 
1050 
1161 
603 
480 
614 
1384. 
859 
2081 
1167 
642 
1069 
1563 
939 
998 
971 
1008 
944 
623 
1165 
894 
342 
623 
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Mol. А,Н,, 
form. Name IP/eV kJ/mol 
O,U Uranium(IV) oxide (5.4 + 0.1) 57 
О, Отопе 12.43 1342 
О,5 Sulfur trioxide 12.82 + 0.03 841 
O,U Uranium(VI) oxide (10.5 + 0.5) 214 
0,08 Osmium(VIII) oxide (12.32) 850 
O,Ru Ruthenium(VIII) oxide 12.15 + 0.03 988 
ري‎ Rhenium(VII) oxide (12.7 + 0.2) 125 
Os Osmium 8.7 1630 
P Phosphorus 10.48669 1328 
P. Diphosphorus 10.53 1160 
Pa Protactinium 5.89 1133 
Pb Lead 7.41666 911 
PbS Lead(II) sulfide (8.5 + 0.5) 954 
Pd Palladium 8.3367 1181 
Pm Promethium 5.55 536 
Pr Praseodymium 5.464 883 
Pt Platinum 9.0 1433 
Pu Plutonium 6.025 926 
Ra Radium 5.27892 668 
Rb Rubidium 4.17713 484 
Re Rhenium 7.88 1530 
Rh Rhodium 7.45890 1276 
Rn Radon 10.74850 1037 
Ru Ruthenium 7.36050 1355 
S Sulfur 10.36001 1277 
SSn Tin(II) sulfide (8.8) 966 
S, Disulfur 9.356 + 0.002 1031 
Sb Antimony 8.64 1096 
$c Scandium 6.56144 1010 
Se Selenium 9.75238 1168 
Si Silicon 8.15169 1238 
$m Samarium 5.6437 751 
$n Tin 7.34381 1011 
Sr Strontium 5.69484 713 
Ta Tantalum 7.89 1544 
Tb Terbium 5.8639 955 
Tc Technetium 7.28 1380 
Te Tellurium 9.0096 1066 
Th Thorium 6.308 + 0.003 1207 
Ti Titanium 6.8282 1127 
TI Thallium 6.10829 771 
Тіп Thulium 6.18431 827 
Uranium 6.19405 1129 
V Vanadium 6.746 + 0.002 1166 
У Tungsten 7.98 1621 
Xe Xenon 12.12987 1170 
Y: Yttrium 6.217 1022 
Yb Ytterbium 6.25416 754 
Zi: Zinc 9.39405 1037 
Zr Zirconium 6.63390 1251 


Substances containing carbon 


C Carbon 11.26030 1803 
CBrCIF, Bromochlorodifluoromethane (11.21) 642 
CBrCl, Bromotrichloromethane (10.6) 980 
СВЕТЕ, Bromotrifluoromethane (11.40) 451 
CBr F, Dibromodifluoromethane 11.03 + 0.04 683 
CBr, Tetrabromomethane (10.31 + 0.02) 1079 
са Chloromethylidyne (8.9 + 0.2) 1244 


CCIF, Chlorotrifluoromethane 12.6 + 0.2 505 
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СЕ,О 
СЕ, 

СЕЈ 

CH 
CHBrCl, 
CHBr,Cl 
CHBr, 
CHCl 
CHCIF, 
СНСЂЕ 
CHCI, 
CHF 


CH, 
CH,BrCl 
CH,Br, 
CH,CIF 
CHI, 
CHF, 
сн, 
CH,N, 
CH,N, 
CH,O 
CH,O, 
CH, 
CH,BO 
CH,Br 
сна 
CH,CLSi 
СНЕ 
сна 
СН,ХО 
СН,ХО, 
CH,N, 
CHO 
CH, 
CH,N,O 
CH,O 
CH,S 
CH.N 
CHN, 
СН 5і 
СМ 
CNO 
CO 


Name 
Cyanogen chloride 
Dichloromethylene 


Dichlorodifluoromethane 


Carbonyl chloride 
Trichlorofluoromethane 
Tetrachloromethane 
Fluoromethylidyne 
Cyanogen fluoride 
Difluoromethylene 
Carbonyl fluoride 
Trifluoromethyl 
Trifluoroiodomethane 
Methylidyne 
Bromodichloromethane 
Chlorodibromomethane 
Tribromomethane 
Chloromethylene 
Chlorodifluoromethane 
Dichlorofluoromethane 
Trichloromethane 
Fluoromethylene 
Trifluoromethane 
Triiodomethane 
Hydrogen cyanide 
Hydrogen isocyanide 
Isocyanic acid 
Fulminic acid 
Oxomethyl (HCO) 
Methylene 
Bromochloromethane 
Dibromomethane 
Chlorofluoromethane 
Dichloromethane 
Difluoromethane 
Diiodomethane 
Diazomethane 
Cyanamide 
Formaldehyde 

Formic acid 

Methyl 

Borane carbonyl 
Bromomethane 
Chloromethane 
Methyltrichlorosilane 
Fluoromethane 
Iodomethane 
Formamide 
Nitromethane 

Methyl azide 
Methoxy 

Methane 

Urea 

Methanol 
Methanethiol 
Methylamine 
Methylhydrazine 
Methylsilane 

Cyanide 

Cyanate 

Carbon monoxide 


IP/eV 

12.34 + 0.01 
(9.27) 

12.05 + 0.24 
(11.5) 

1177 + 0.02 
1147 + 0.01 
9.11 + 0.01 
13.34 + 0.02 
1144 + 0.03 
13.035 + 0.030 
8.7 + 0.2 
10.23 

10.64 + 0.01 
10.6 

10.59 + 0.01 
10.48 + 0.02 
9.84 

(12.2) 

(11.5) 

11.37 + 0.02 
10.06 + 0.05 
(13.86) 

9.25 + 0.02 
13.60 + 0.01 
(12.5 + 0.1) 
11.595 + 0.005 
(10.83) 

(8.55) 

10.396 + 0.003 
10.77 + 0.01 
(10.50 + 0.02) 
11.71 + 0.01 
11.32 + 01 
1271 

9.46 + 0.02 
8.999 + 0.001 
(10.4) 

10.88 + 0.01 
11.33 + 0.01 
9.843 + 0.002 
1114 + 0.02 
10.541 + 0.003 
11.22 + 0.01 
(11.36 + 0.03) 
12.47 + 0.02 
9.538 

10.16 + 0.06 
11.08 + 0.07 
9.81 + 0.02 
(10.72) 

12.61 + 0.01 
9.7 

10.85 + 0.01 
9.44 + 0.005 
(8.80) 

7.7 + 0.15 
(10.7) 
13.5984 
1176 + 0.01 
14.014 + 0.0003 


А, Н,, 
kJ/mol 
1329 
1058 
685 
888 
868 
1010 
1134 
1325 
899 
617 
379 
397 
1622 
973 
1030 
1035 
1247 
693 
829 
992 
1121 
643 
1010 
1447 
1407 
1016 
1263 
826 
1392 
1085 
1013 
870 
996 
774. 
1030 
1098 
1137 
941 
715 
1095 
962 
979 
1001 
548 
956 
936 
796 
994 
1227 
1050 
1143 
690 
845 
888 
826 
835 
1003 
1748 
1290 
1242 
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Mol. د‎ Hoon 
form. Name IP/eV kJ/mol 
COS Carbon oxysulfide 11.18 + 0.01 936 
COSe Carbon oxyselenide 10.36 + 0.01 929 
CO, Carbon dioxide 13.773 + 0.002 935 
CS Carbon sulfide 11.33 + 0.01 1361 
CS, Carbon disulfide 10.0685 + 0.0020 1089 
С, Dicarbon (11.4 + 0.3) 2000 
С,Вг,Р, 1,2-Dibromotetrafluoroethane (11.1) 280 
C CIE; Chlorotrifluoroethylene 9.81 + 0.03 373 
С,СІЕ, Chloropentafluoroethane (12.6) 99 

C CI, Dichloroacetylene 9.9 1165 
C CLE, 1,2-Dichlorotetrafluoroethane 122 252 
G CLE, 1,1,1-Trichlorotrifluoroethane 11.5 386 
C,CLF, 1,1,2-Trichlorotrifluoroethane 11.99 + 0.02 429 
CCl, Tetrachloroethylene 9.326 + 0.001 887 
САДЕ, 1,1,2,2- Tetrachloro-1,2-difluoroethane (11.3 563 
C,CLO Trichloroacetyl chloride (11.0 827 
C CI, Hexachloroethane (11.1 920 
СЕМ Trifluoroacetonitrile 13.93 + 0.07 845 
CF, Tetrafluoroethylene 10.12 + 0.02 315 
GE. Hexafluoroethane (13.6 -30 
CH Ethynyl (11.61 + 0.07) 1685 
С,НВг Bromoacetylene 10.31 + 0.02 1242 
C,HBrCIF, 2-Bromo-2-chloro-1,1,1-trifluoroethane (11.0 363 
сна Chloroacetylene 10.58 + 0.02 1276 
С,НСІЕ, 1-Chloro-2,2-difluoroethylene 9.80 + 0.04 628 
СНС, Trichloroethylene 9.46 + 0.02 894 
C,HCLO Dichloroacetyl chloride (10.9) 809 
С,НСІ, Pentachloroethane (11.0) 919 
С,НЕ Fluoroacetylene 11.26 1195 
CHF, Trifluoroethylene 10.14 489 
C HF,O, Trifluoroacetic acid 11.46 75 
CH, Acetylene 11.400 + 0.002 1328 
сна, 1,1-Dichloroethylene 9.81 + 0.04 949 
сна, cis-1,2-Dichloroethylene 9.66 + 0.01 936 
сна, trans-1,2-Dichloroethylene 9.64 + 0.02 934 
СНО Chloroacetyl chloride (< 10.3) 815 
сна, 1,1,1,2-Tetrachloroethane (11.1) 920 
сна, 1,1,2,2- Tetrachloroethane (x 11.62) < 971 
CHF, 1,1-Difluoroethylene 10.29 + 0.01 650 
CHF, cis-1,2-Difluoroethylene 10.23 + 0.02 690 
CHO Ketene 9.617 + 0.003 880 
CHO, Glyoxal 10.2 773 
СНА, Thiirene 8.61 892 
С,Н,Вг Bromoethylene 9.83 + 0.02 1028 
сна Chloroethylene 9.99 + 0.02 985 
СНА, 1-Chloro-1,1-difluoroethane (11.98) 626 
C,H,CIO Acetyl chloride 10.82 + 0.04 801 
C,H,CIO Chloroacetaldehyde (10.48) 815 
снао, Chloroacetic acid (10.7) 597 
СНА, 1,1,1-Trichloroethane (11.0) 917 
сн, 1,1,2-Trichloroethane (11.0) 911 
С,Н,Е Fluoroethylene 10.36 + 0.01 861 
C,H,FO Acetyl fluoride (115) 667 
CH,F, 1,1,1-Trifluoroethane 13.3 + 0.5 536 
C,H,N Acetonitrile 12.20 + 0.01 1253 
C,H,NO Methylisocyanate (10.67) 900 
CH, Ethylene 10.5138 + 0.0006 1067 
CH Br, 1,2-Dibromoethane 10.35 + 0.04 961 
сна, 1,1-Dichloroethane 11.04 + 0.02 935 


сна, 1,2-Dichloroethane 11.04 + 0.02 931 
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Name 
1,1-Difluoroethane 
Acetaldehyde 
Ethylene oxide 
Acetic acid 

Methyl formate 
Bromoethane 
Chloroethane 
2-Chloroethanol 
Fluoroethane 
Iodoethane 
Ethyleneimine 
Acetamide 
N-Methylformamide 
Nitroethane 

Ethane 
Dichlorodimethylsilane 
Ethanol 

Dimethyl ether 
Dimethyl sulfoxide 
Ethylene glycol 
Ethanethiol 
Dimethyl sulfide 
Dimethyl disulfide 
Ethylamine 
Dimethylamine 
Ethanolamine 
1,2-Ethanediamine 
1,1-Dimethylhydrazine 
Cyanogen 
Perfluoropropene 
Perfluoroacetone 
Perfluoropropane 
Cyanoacetylene 
2-Propynal 
3,3,3-Trifluoropropene 
2-Propenenitrile 
Oxazole 

Isoxazole 

Allene 

Propyne 
Cyclopropene 
Imidazole 

Propargyl alcohol 
Acrolein 
Cyclopropanone 
Propenoic acid 
2-Oxetanone 
3-Bromopropene 
3-Chloropropene 
Epichlorohydrin 
Methyl chloroacetate 
3-Fluoropropene 
Propanenitrile 
Acrylamide 

Propene 
Cyclopropane 
1,2-Dibromopropane 
1,3-Dibromopropane 
1,2-Dichloropropane 
1,3-Dichloropropane 


IP/eV 
(11.87) 
10.229 + 0.0007 
10.56 + 0.01 
10.65 + 0.02 
10.835 + 0.005 
10.29 + 0.01 
10.98 + 0.02 
(10.5) 

(11.78) 
9.3492 + 0.0006 
(9.5 + 0.3) 
9.65 + 0.03 
9.83 + 0.04 
10.88 + 0.05 
11.56 + 0.02 
(10.7) 

10.43 + 0.05 
10.025 + 0.025 
9.10 + 0.03 
10.16 

9.31 + 0.03 
8.69 + 0.02 
(74 + 0.3) 
8.86 + 0.02 
8.24 + 0.08 
8.96 

(8.6) 

7.29 + 5 
13.37 + 0.01 
10.60 + 0.03 
(11.57 + 0.13) 
(13.38) 

11.64 + 0.01 
(10.7 + 0.1) 
(10.9) 

10.91 + 0.01 
(9.9) 

(9.93) 

9.692 + 0.004 
10.37 + 0.01 
9.67 + 0.01 
(8.81) 

10.49 + 0.02 
10.103 + 0.006 
(9.1 + 0.1) 
10.60 

(9.70 + 0.01) 
(9.96) 

10.04 + 0.01 
(10.64) 

(10.3) 

(10.11) 

11.84 + 0.02 
(9.5) 

9.73 + 0.02 
9.86 

(10.1) 

(< 10.2) 

10.8 + 0.1 
10.89 + 0.04 


А, Н,, 
kJ/mol 
643 
821 
966 
595 
690 
931 
947 
756 
873 
893 
1044. 
693 
760 
948 
1031 
576 
772 
783 
727 
593 
851 
801 
690 
808 
"ys 
664 
812 
787 
1597 
—103 
-282 
-491 
1475 
1145 
437 
1237 
940 
1038 
1126 
1187 
1209 
997 
1060 
900 
895 
701 
653 
1008 
965 
919 
575 
821 
1194 
720 
959 
1005 
903 
< 919 
886 
892 
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10-214 Ionization Energies of Gas-Phase Molecules 


Mol. АН а 
form. Name IP/eV kJ/mol 
СНО Allyl alcohol 9.67 + 0.05 808 
C,H,O Methyl vinyl ether 8.95 + 0.01 763 
CHO Propanal 9.96 + 0.01 772 
GHO Acetone 9.703 + 0.006 719 
C,H,O Methyloxirane (10.22) 892 
CHO Oxetane 9.65 + 0.01 851 
CHO, Propanoic acid 10.525 + 0.003 568 
C,H.O, Ethyl formate 10.61 + 0.01 639 
CHO, Methyl acetate 10.25 + 0.02 579 
CHO, 1,3-Dioxolane (9.9) 658 
C,H.O, 1,3,5-Trioxane (10.3) 528 
С,Н,Вг 1-Вготоргорапе 10.18 + 0.01 898 
С,Н,Вг 2-Вготоргорапе 10.10 + 0.03 877 
сна 1-СМогоргорапе 10.81 + 0.01 911 
сна 2-СМогоргорапе 10.79 + 0.02 896 
С ЊЕ 1-Fluoropropane (11.3) 806 
СНЕ 2-Fluoropropane (11.08) 776 
СНА 1-Iodopropane 9.25 + 0.01 860 
СНА 2-Iodopropane 9.19 + 0.02 845 
С.Н, Allylamine (8.76) 891 
C ELN Cyclopropylamine (8.8) 926 
сн, Propyleneimine (9.0) 960 
С,Н,ХО N,N-Dimethylformamide (9.12) 688 
СНО, 1-Nitropropane (10.81) 919 
СНО, 2-Nitropropane (10.71) 894 
C,H, Propane 10.95 + 0.05 952 
CHO 1-Ргорапо! 10.18 + 0.06 727 
C,H,O 2-Propanol 10.17 + 0.02 709 
C,H,O Ethyl methyl ether 9.72 + 0.07 722 
CHO, Dimethoxymethane 9.7 588 
C,H,S 1-Propanethiol 9.20 + 0.01 819 
С,Н,5 2-Propanethiol 9.145 + 0.005 806 
C,H,S Ethyl methyl sulfide (8.55 765 
C,H,BO, Trimethyl borate (10.0 65 
C,H,CISi Trimethylchlorosilane (10.15) 624 
C,H,N Propylamine (8.78 777 
С.Н, Isopropylamine (8.72 758 
С.Н, Trimethylamine 7.82 + 0.06 731 
С,Н,ХО 3-Amino-1-propanol (9.0) 651 
GHO, Maleic anhydride (10.8 645 
CH, 1-Buten-3-yne 9.58 + 0.02 1230 
СА, Succinonitrile (12.1 + 0.25) 1377 
GHN, Pyrimidine 9.23 1087 
CHN, Pyridazine 8.67 + 0.03 1112 
GHO Furan 8.883 + 0.003 822 
GHO, Diketene (9.6 + 0.02) 736 
CHO, Succinic anhydride (10.6) 500 
CHO, Fumaric acid (10.7) 355 
C,H,S Thiophene 8.86 + 0.02 970 
сң Methylacrylonitrile 10.34 1127 
САМ Руггоје 8.207 + 0.005 900 
GHN Cyclopropanecarbonitrile (10.25) 1173 
CH, 1,2-Butadiene (9.03) 1034 
CH, 1,3-Butadiene 9.082 + 0.004 986 
CH, 1-Butyne 10.19 + 0.02 1148 
сн, 2-Butyne 9.59 + 0.03 1071 
CH, Cyclobutene 9.43 + 0.02 1067 
CHO Divinyl ether (8.7) 827 
CHO trans-2-Butenal 9.73 + 0.01 835 


CHO 2-Methylpropenal (9.92) 834 
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Name 

Cyclobutanone 
cis-Crotonic acid 
trans-Crotonic acid 
Methacrylic acid 

Vinyl acetate 

Methyl acrylate 

Acetic anhydride 
Dimethyl oxalate 
2,5-Dihydrothiophene 
Butanenitrile 
2-Methylpropanenitrile 
2-Pyrrolidone 

1-Butene 

cis-2-Butene 
trans-2-Butene 
Isobutene 

Cyclobutane 
Methylcyclopropane 
1,4-Dibromobutane 
Ethyl vinyl ether 
1,2-Epoxybutane 
Butanal 

Isobutanal 

2-Butanone 
Tetrahydrofuran 
Butanoic acid 
2-Methylpropanoic acid 
Propyl formate 

Ethyl acetate 

Methyl propanoate 
1,3-Dioxane 

1,4-Dioxane 

Sulfolane 
Tetrahydrothiophene 
1-Bromobutane 
2-Bromobutane 
1-Bromo-2-methylpropane 
2-Bromo-2-methylpropane 
1-Chlorobutane 
2-Chlorobutane 
1-Chloro-2-methylpropane 
2-Chloro-2-methylpropane 
1-Iodobutane 
2-Iodobutane 
1-Iodo-2-methylpropane 
2-Iodo-2-methylpropane 
Pyrrolidine 
N,N-Dimethylacetamide 
Morpholine 

Butane 

Isobutane 

1-Butanol 

2-Butanol 
2-Methyl-1-propanol 
2-Methyl-2-propanol 
Diethyl ether 

Methyl propyl ether 
Isopropyl methyl ether 
Ethylene glycol monoethyl ether 
Ethylene glycol dimethyl ether 


9.55 + 0.06 
9.11 + 0.01 
9.10 + 0.01 
9.239 + 0.003 
(9.82 + 0.05) 
(9.46) 
(10.15) 
(8.98) 

(< 10.15) 
9.84 + 0.02 
9.71 + 0.01 
9.52 + 0.04 
9.38 + 0.05 
10.17 + 0.05 
10.33 + 0.03 
10.52 + 0.02 
10.01 + 0.05 
10.15 + 0.03 
9.8 

9.19 + 0.01 
(9.8) 

8.38 

(10.12) 
10.01 + 0.02 
10.09 + 0.02 
9.92 + 0.03 
10.67 + 0.03 
10.53 

10.73 + 0.07 
(10.61) 

9.23 + 0.01 
9.10+0.02 
9.19 + 0.01 
(9.02) 

(8.0) 

8.81 + 0.03 
(8.2) 

10.53 + 0.10 
(10.57) 

9.99 + 0.05 
9.88 + 0.03 
10.02 + 0.04 
9.90 + 0.02 
9.51 + 0.03 
9.41 + 0.07 
9.45 + 0.04 
(9.6) 

(9.3) 


ACH, 
kJ/mol 
815 
625 
604. 
611 
572 
641 
398 
287 
898 
1110 
1115 
674 
921 
871 
866 
875 
976 
936 
879 
709 
862 
742 
721 
678 
721 
509 
516 
555 
522 
548 
607 
571 
577 
774 
869 
845 
861 
823 
875 
857 
877 
842 
840 
815 
824 
798 
769 
616 
841 
890 
886 
689 
658 
683 
642 
666 
670 
661 
529 
558 
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А, Н,, 
و‎ IP/eV kj/mol 
эн хөх 1 9.14 + 0.01 794. 
CH,S T Butanethiol a са 
CH,S 2-Butanethiol | о - 
C,H, S ЗЕЕ propanethiol шэн Ls 
CH,S 2-Methyl-2-propanethiol dd 2 
CHS Diethyl sulfide | ав - 
CH,S Methyl propyl шини Эв اه‎ 
С.Н, د‎ Isopropyl methyl sulfide Wa 2 
С,Н,5, Diethyl шде 2. - 
C,H,,N Butylamine | 4. in 
C,H,,N sec Butylamiime оо. йн 
C,H,,N tert- Butylamine оо | 
C,H,,N Isabutylamine ian йн 
GH N Diethylamine я له‎ 
C,H,,Si Tetramethylsilane оо йн 
CH, Sn Tetramethylstannane 42. sd 
СМО, Nickel carbonyl 2. ын 
C,H,O, ди ке d 
a un 9.00 + 0.01 1119 
C.H, 1-Penten-3-yne . | 
C.H, cis-3-Penten-1-yne D на d 
C.H, trans-3-Penten-1-yne 2. Пе 
C.H, د هنن ووه‎ оо "s 
C.H, 1,3-Cyclopentadiene 2. | 
CHO 2-Methylfuran а - 
СНО 3-Methylfuran ud as 
C.HiS 2-Methylthiophene p ~ 
CHS 3-Methylthiophene 2. MA 
ЄН, нЕ оо ын 
|. ben о“ 9.60 + 0.02. 1032 
C.H ,A-Pentadien x 
CH, 2-Methyl-1,3-butadiene | ده‎ 8 
ceu Bs 9.01 + 0.01 905 
E EA 2. (9.26) E 
C.H piropen ~ 
CHO Cyclopropyl methyl ketone цэнэ 2 
CHO Cyclopentanone 2. - 
C,H,O 3,4-Dihydro-2H-pyran | ыг 
C.H,O, Ethyl acrylate m E 
C.H,O, Methyl methacrylate ТЕ v 
CHO, 2,4-Pentanedione | шинэ кг 
С,Н,ХО N-Methyl-2-pyrrolidone i - 
| көз 9.01 + 0.03 843 
Сн, cis-2-Pentene оо is 
CAL, trans-2-Pentene ووي‎ Эл 
СН, 2-Methyl-1-butene М. - 
СН, 3-Methyl-1-butene M pde - 
СН; 2-Methyl-2-butene | яр 
СН, Cyclopentane 2 - 
C,H,,O 2,2-Dimethylpropanal um is 
C,H,,O Cyclopentanol о ie 
FUA idi 9.38 + 0.01 646 
C,H,,O 2-Pentanone оо - 
C,H,,O 3-Pentanone оо - 
СНО 3-Methyl-2-butanone 4. ps 
C,H,,O Tetrahydropyran — ٣-0 
СНО, Pentanoic acid - دو‎ 2 
C,H,,0, 3-Methylbutanoic aci n = 
C,H,,0, Butyl formate s. od 
C.H O, Propyl acetate 22 | 
C,H,,0, Isopropyl acetate 
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Name 

Ethyl propanoate 

Methyl butanoate 
Thiacyclohexane 
1-Bromopentane 
1-Iodopentane 
Piperidine 
N-Methylpyrrolidine 
Pentane 

Isopentane 

Neopentane 

1-Pentanol 

2-Pentanol 

3-Pentanol 
2-Methyl-1-butanol 
2-Methyl-2-butanol 
3-Methyl-2-butanol 
Butyl methyl ether 
Methyl tert-butyl ether 
Ethyl propyl ether 
tert-Butyl methyl sulfide 
Ethyl propyl sulfide 

Ethyl isopropyl sulfide 
Bromopentafluorobenzene 
Chloropentafluorobenzene 
Hexachlorobenzene 
Hexafluorobenzene 
Perfluorocyclohexane 
Pentafluorobenzene 
Pentafluorophenol 
1,2,3,4- Tetrafluorobenzene 
1,2,3,5- Tetrafluorobenzene 
1,2,4,5-Tetrafluorobenzene 
1,2,4-Trichlorobenzene 
1,3,5-Trichlorobenzene 
1-Chloro-3-nitrobenzene 
1-Chloro-4-nitrobenzene 
o-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichlorobenzene 
1-Fluoro-4-nitrobenzene 
o-Difluorobenzene 
m-Difluorobenzene 
p-Difluorobenzene 
p-Benzoquinone 
Bromobenzene 
Chlorobenzene 
m-Chlorophenol 
p-Chlorophenol 
Fluorobenzene 
Iodobenzene 
Nitrobenzene 
o-Nitrophenol 
m-Nitrophenol 
p-Nitrophenol 

Benzene 

Fulvene 

o-Chloroaniline 
m-Chloroaniline 
p-Chloroaniline 
o-Nitroaniline 


IP/eV 
(10.00) 
(10.07) 

(8.2) 

10.10 + 0.01 
9.20 + 0.01 
8.03 + 0.11 
< 8.41 + 0.02 
10.28 + 0.10 
10.32 + 0.05 
(< 10.2) 


9.88 + 0.13) 
9.4 + 0.1) 


9.32 + 0.02 
(9.92 + 0.1) 
(9.96 + 0.1) 
9.06 + 0.02 
9.10 + 0.02 
8.92 + 0.02 
(9.90) 

9.29 + 0.01 

9.33 + 0.01 
9.1589 + 0.0003 
10.01 + 0.06 
9.00 + 0.02 
9.07 + 0.02 
8.655 + 0.001 
(< 8.69) 

9.20 + 0.01 
8.685 

9.86 + 0.02 
(91) 

(9.0) 

(91) 

9.24378 + 0.00007 


А, Н,, 
kj/mol 
500 
520 
728 
846 
817 
726 

« 809 
845 
843 

< 818 
668 
630 
628 
649 
615 
637 
648 
608 
640 
687 
716 
689 


10-217 


10-218 Ionization Energies of Gas-Phase Molecules 


Mol. АН а 
form. Name IP/eV kJ/mol 
СНО, m-Nitroaniline (8.31 865 
CHN,O, p-Nitroaniline (8.34 859 
CHO Phenol 8.49 + 0.02 723 
CHO, p-Hydroquinone 7.94 + 0.01 503 
CHS Benzenethiol (8.32 915 
сн, Aniline 7.720 + 0.002 832 
сн, 2-Methylpyridine (9.02 970 
САМ 3-Methylpyridine (9.04. 979 
сн, 4-Methylpyridine (9.04 976 
CAN, o-Phenylenediamine (7.2) 787 
CAN, m-Phenylenediamine (7.14 777 
CAN, p-Phenylenediamine (6.87 + 0.05) 759 
С Ну 1,5-Hexadiene 9.27 + 0.05 978 
CH, 1-Hexyne 10.03 + 0.05 1089 
сн, 3,3-Dimethyl-1-butyne 9.90 + 0.04 1060 
СН, Cyclohexene 8.945 + 0.01 859 
СНО Cyclohexanone 9.14 + 0.01 656 
СНО Mesityl oxide 9.10 + 0.01 694 
СНО, Diethyl oxalate (9.8) 205 
C,H, NO Caprolactam (9.07 + 0.02) 629 
Сн, 1-Нехепе 9.44 + 0.04 869 
Сн, cis-2-Hexene (8.97 + 0.01) 818 
Сн, trans-2-Hexene (8.97 + 0.01) 814 
Сн, 2-Methyl-1-pentene (9.08 + 0.01) 817 
Сн, 4-Methyl-1-pentene 9.45 + 0.01 862 
CH,, 2-Methyl-2-pentene (8.58) 761 
Сн, 4-Methyl-cis-2-pentene 8.98 + 0.01 809 
Сн, 4-Methyl-trans-2-pentene (8.97 + 0.01) 804 
CH, 2-Ethyl-1-butene (9.06 + 0.02) 818 
Сн, 2,3-Dimethyl-1-butene (9.07 + 0.01) 812 
Сн, 2,3-Dimethyl-2-butene 8.27 € 0.01 729 
CH,, Cyclohexane 9.86 + 0.03 828 
СН, Methylcyclopentane (9.85) 845 
CHO Hexanal 9.72 + 0.05 691 
C H,jO 2-Hexanone 9.3 + 0.1 626 
CHO 3-Hexanone 9.12 + 0.02 600 
CHO 3-Methyl-2-pentanone 9.21 + 0.01 600 
C H,jO 4-Methyl-2-pentanone 9.30 + 0.01 609 
CH,,0 2-Methyl-3-pentanone 9.10 + 0.01 592 
СНО 3,3-Dimethyl-2-butanone 9.12 + 0.02 589 
C. H,jO Cyclohexanol (9.75) 651 
СНО, Hexanoic acid < 10.12 < 463 
C.H,,0, Butyl acetate (9.92 + .05) 471 
C .H,.O, sec-Butyl acetate 9.90 453 
Cr, O; Methyl 2,2-dimethylpropanoate (9.90 + 0.04) 466 
C H.I 1-Iodohexane 9.179 794 
C.H,N Cyclohexylamine (8.86) 750 
СН, Нехапе 10.13 810 
С.Н, 2-Methylpentane (10.12) 802 
СН, 3-Methylpentane (10.08) 801 
СН, 2,2-Dimethylbutane (10.06) 787 
СН, 2,3-Dimethylbutane (10.02) 791 
C.H,,O 1-Hexanol (9.89) 639 
CH, O 2-Hexanol (9.80 + 0.03) 611 
CH. O 3-Hexanol (9.63 + 0.03) 599 
C.H,,O Dipropyl ether (9.27) 602 
CH: O Diisopropyl ether 9.20 + 0.05 569 
CH O Butyl ethyl ether (9.36) 610 
C.H,,O Methyl pentyl ether (< 9.67) < 657 
Cr O; 1,1-Diethoxyethane (9.2) 434 
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Name 


Diethylene glycol dimethyl ether 


Dipropyl sulfide 
Diisopropyl sulfide 
Hexylamine 
Dipropylamine 
Diisopropylamine 
Triethylamine 
Triethanolamine 
2,3,4,5,6-Pentafluorotoluene 
Benzoyl chloride 
(Trichloromethyl)benzene 
(Trifluoromethyl)benzene 
Benzonitrile 
Benzaldehyde 

Benzoic acid 
p-Bromotoluene 
o-Chlorotoluene 
m-Chlorotoluene 
p-Chlorotoluene 
(Chloromethyl)benzene 
o-Fluorotoluene 
m-Fluorotoluene 
p-Fluorotoluene 
Benzamide 
o-Nitrotoluene 
m-Nitrotoluene 
p-Nitrotoluene 

Toluene 

o-Cresol 

m-Cresol 

p-Cresol 

Benzyl alcohol 

Anisole 

Benzylamine 
o-Methylaniline 
m-Methylaniline 
p-Methylaniline 
N-Methylaniline 
2,3-Dimethylpyridine 
2,4-Dimethylpyridine 
2,5-Dimethylpyridine 
2,6-Dimethylpyridine 
3,4-Dimethylpyridine 
3,5-Dimethylpyridine 
Dicyclopropyl ketone 
1-Heptene 
trans-3-Heptene 
Cycloheptane 
Methylcyclohexane 
cis-1,2-Dimethylcyclopentane 


trans-1,2-Dimethylcyclopentane 


1-Heptanal 

2-Heptanone 
3-Heptanone 
4-Heptanone 
5-Methyl-2-hexanone 
2,4-Dimethyl-3-pentanone 
1-Methylcyclohexanol 
Heptane 

1-Heptanol 


IP/eV 
<9.8 

8.30 + 0.02 
(82 + 0.2) 
(8.63 + 0.05) 
(7.84 + 0.02) 
(7.73 + 0.03) 
(7.50 + 0.02) 
(7.9) 

(9.4) 

(9.53) 

(< 9.60) 

9.685 + 0.005 
9.70 + 0.01 
9.49 + 0.02 
(9.3) 

8.67 + 0.02 
(8.7 + 0.1) 
(8.83) 

(8.69) 
9.10+0.02 
8.91 + 0.01 
8.91 + 0.01 
8.79 + 0.01 
(9.25) 

9.24 

9.45 + 0.1 
9.46 + 0.05 
8.8276 + 0.0006 
(8.24) 

8.29 + 0.07 
(8.3) 

(8.3) 

8.22 + 0.03 
(8.64) 

(7.44 + 0.02) 
(7.50 + 0.02) 
(7.24 + 0.02) 
7.34 + 0.04 
(8.85 + 0.02) 
(8.85 + 0.03) 
(< 8.80 + 0.05) 
8.86 + 0.03 
(<9.15) 
(<9.25) 

(9.1) 

9.34 + 0.10 
(8.92) 

9.97 

9.64 

(9.92 + 0.05) 
9.7 + 0.2 
(9.65) 

9.28 + 0.10 
9.18 + 0.08 
9.10 + 0.06 
(9.28) 

8.95 + 0.01 
(9.8 + 0.2) 
9.93 + 0.10 
(9.84) 


ACH, 
kj/mol 
< 448 
676 
649 
699 
641 
602 
631 
206 
64 
815 

< 914 
335 
1154 
878 
604. 
908 
856 
869 
855 
897 
709 
709 
701 
792 
946 
941 
942 
901 
670 
668 
675 
701 
725 
917 
772 
778 
753 
792 
922 
918 
< 916 
913 
=953 
<965 
1041 
839 
790 
844 
775 
828 
799 
668 
594 
589 
577 
586 
552 
586 
771 
614 
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Mol. اد‎ 
form. Name IP/eV kJ/mol 
СНО 2-Heptanol (9.70) 580 
СНО 3-Heptanol (9.68) 578 
CH O 4-Heptanol (9.61) 572 
СНО Ethyl pentyl ether (s 9.49) < 602 
C,H,O, Phthalic anhydride (10.1) 603 
CHO, Isophthalic acid (9.98) 268 
CHO, Terephthalic acid (9.86) 232 
СН 2-Methylbenzonitrile (< 9.38) 1085 
сн, 3-Methylbenzonitrile (< 9.34) 1085 
САМ 4-Methylbenzonitrile 9.32 + 0.02 1083 
сн, Indole 7.7602 + 0.0006 908 
C,H, Styrene 8.464 + 0.001 964 
C,H,O p-Tolualdehyde (9.33) 825 
C,H,O Acetophenone 9.29 + 0.03 810 
C,H,O, o-Toluic acid (9.1) 558 
C,H,O, m-Toluic acid (9.43) 579 
C,H,O, p-Toluic acid (9.23) 560 
CHO, Benzeneacetic acid (8.26) 479 
C,H,O, Methyl benzoate 9.32 + 0.03 611 
СН Ethylbenzene 8.77 + 0.01 876 
Сб о-Хујепе 8.56 + 0.01 844 
Сн, m-Xylene 8.56 + 0.01 843 
СН р-Хујепе 8.44 + 0.01 832 
СНО p-Ethylphenol (7.84) 613 
C,H,,O 2,3-Xylenol (8.26) 640 
Со 2,4-Xylenol (8.0) 609 
C,H,,O 2,6-Xylenol (8.05) 615 
CH O 3,4-Xylenol (8.09) 624 
C.H, O Phenetole (8.13) 683 
C,H,,N 2,4,6-Trimethylpyridine (< 8.9) < 880 
C,H,,N N-Ethylaniline (< 7.67) < 794 
C,H, N N,N-Dimethylaniline 7.12 + 0.02 787 
CH, 1-Octyne (9.95 + 0.02) 1040 
CH, 2-Octyne 9.31 + 0.01 961 
CH, 3-Octyne 9.22 + 0.01 952 
CH, 4-Octyne 9.20 + 0.01 946 
сн, 1-Octene 9.43 + 0.01 829 
CHE Cyclooctane 9.75 + 0.05 816 
Сн, Ethylcyclohexane (9.54) 748 
Сн, 1,1-Dimethylcyclohexane (9.42) 728 
сн, cis-1,2-Dimethylcyclohexane («9.78) 772 
CHE trans-1,2-Dimethylcyclohexane 9.41 728 
Сн, cis-1,3-Dimethylcyclohexane («9.98) 778 
C EL trans-1,3-Dimethylcyclohexane 9.53 743 
CHE cis-1,4-Dimethylcyclohexane («9.93) 782 
Сн, trans-1,4-Dimethylcyclohexane (9.56 738 
CHE Propylcyclopentane (9.34 753 
сео 2,2,4- Trimethyl-3-pentanone (8.80 511 
C,H. Octane 9.80 + 0.10 737 
сн, 2-Methylheptane (9.84 734 
CH. 2,2,4-Trimethylpentane (9.86 713 
сн, 2,2,3,3-Tetramethylbutane 9.8 720 
C,H,,O Dibutyl ether (9.28 s 560 
C,H,,O Di-sec-butyl ether (9.11 511 
C,H,,O Di-tert-butyl ether 8.88 + 0.07 493 
CHS Dibutyl sulfide (8.2) 624 
С.Н 3$ Di-tert-butyl sulfide (8.0) 583 
С.Н S Diisobutyl sulfide (8.34) 625 
C,H,N Dibutylamine (7.69) 586 
( 


C,H,N Diisobutylamine 7.8) 574 
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Mol. اد‎ 
form. Name IP/eV kj/mol 
GHS: Tetraethylsilane (8.9) 595 
сн, Ошпо пе 8.62 + 0.01 1041 
сн, Isoquinoline 8.53 + 0.03 1032 
C,H, Indene 8.14 + 0.01 949 
СН o-Methylstyrene (8.20) 908 
СУН; m-Methylstyrene (8.15) 899 
СН, p-Methylstyrene (8.1) 895 
СН Cyclopropylbenzene (8.35) 956 
СН, Indan (8.3) 864 
C,H,,0, Ethyl benzoate (8.9) 537 
СН, Propylbenzene 8.713 + 0.010 848 
СН, Isopropylbenzene 8.73 € 0.01 847 
СН, 1,2,3- Trimethylbenzene 8.42 + 0.02 803 
CH, 1,2,4-Trimethylbenzene 8.27 + 0.01 784 
СН, 1,3,5-Trimethylbenzene 8.41 + 0.01 796 
C,H,,N N,N-Dimethyl-o-toluidine 7.40 + 0.02 814 
C,H,,O Isophorone (< 9.07) < 670 
СН, Butylcyclopentane (9.95) 793 
СН, Propylcyclohexane (9.46) 720 
СН, Isopropylcyclohexane (9.33) 704 
CHO 2-Nonanone (9.16) 545 
C,H,,O 5-Nonanone (9.07) 530 
C,H,,O 2,6-Dimethyl-4-heptanone 9.01 + 0.06 512 
C EL: Nonane 9.71 + 0.10 709 
С.Е Perfluoronaphthalene 8.85 -368 
CHBr 1-Bromonaphthalene 8.08 + 0.03 955 
C, HCl 1-Chloronaphthalene (8.13) 906 
GH, Naphthalene 8.1442 + 0.0009 936 
C,H, Azulene 7.38 + 0.05 1001 
C, H,O 1-Naphthol 7.76 + 0.08 719 
C, H,O 2-Naphthol 7.87 + 0.06 729 
C.H, O, Dimethyl phthalate (9.64 + 0.07) 277 
СН 1,2,3,4- Tetrahydronaphthalene 8.46 + 0.02 841 
C obl Butylbenzene 8.69 + 0.02 826 
C,H, sec-Butylbenzene 8.68 + 0.02 820 
C,H, tert-Butylbenzene 8.68 + 0.05 816 
с а Isobutylbenzene 8.69 + 0.02 817 
Сын, p-Cymene (8.29 771 
C,H, o-Diethylbenzene (< 8.51) < 804 
C nbus m-Diethylbenzene (8.49 798 
C,H, p-Diethylbenzene (8.40 790 
C,H, 1,2,4,5-Tetramethylbenzene 8.04 + 0.02 730 
C,,H,,0 p-tert-Butylphenol (7.8) 552 
СЫН, a-Pinene (8.07 808 
لال‎ Camphor (8.76 577 
Gis cis-Decahydronaphthalene 9.36 + 0.04 734 
Сы trans-Decahydronaphthalene 9.34 + 0.04 720 
C os 1-Decene 9.42 + 0.05 786 
Gub. Butylcyclohexane (9.41 695 
С.Н» Decane (9.65 682 
CH, 1-Methylnaphthalene 7.97 + 0.03 882 
Gus 2-Methylnaphthalene 7.91 + 0.08 877 
Gul p-tert-Butyltoluene (8.12 730 
САЊА Undecane (9.56 650 
bi 2-Methyldecane (9.7) 658 
C.H, Acenaphthylene (8.22 1053 
C, HN Carbazole (7.57 961 
С. Acenaphthene 7.75 + 0.07 903 
CH Biphenyl 8.23 + 0.10 977 


C,,H,,N,O trans-Azoxybenzene (8.1) 1123 


10-222 


Мате 

Diphenyl ether 
Diphenylamine 
5,7-Dodecadiyne 
Hexamethylbenzene 
Cyclohexylcyclohexane 
Tributylamine 
9H-Fluorene 
Benzophenone 
Diphenylmethane 
Anthracene 
Phenanthrene 
Diphenylacetylene 
cis-Stilbene 
trans-Stilbene 
1,2-Diphenylethane 
Fluoranthene 
Pyrene 

Chrysene 
o-Terphenyl 
m-Terphenyl 
p-Terphenyl 
Perylene 

Coronene 


Ionization Energies of Gas-Phase Molecules 


IP/eV 

(8.09) 

7.16 + 0.04 
(8.67) 

7.85 + 0.01 
(9.41) 

(7.4) 

7.91 + 0.02 
9.08 + 0.05 
(8.55) 

7.439 + 0.006 
7.8914 + 0.0006 
7.94 + 0.03 
(7.80) 

7.656 + 0.001 
8.9 + 0.1 
7.9+0.1 
7.4256 + 0.0006 
7.60 + 0.01 
(7.99) 

(8.01) 

7.80 + 0.03 
6.960 + 0.001 
7.29 + 0.01 


А, Н,, 
kj/mol 
766 
908 
1079 
670 
690 
492 
952 
926 
963 
948 
966 
1168 
1005 
973 
1002 
1052 
935 
1017 
1056 
1057 
1037 
981 
1026 


X-RAY ATOMIC ENERGY LEVELS 


The energy levels in this tables are the values recommended by References 
Bearden and Burr on the basis of a thorough review of the litera- 
ture on x-ray wavelengths and related data. All values are in elec- 1. Bearden, J. A., and Burr, A. F., Rev. Mod. Phys., 39, 125, 1967; also pub- 
tron volts (eV). Values in parentheses are interpolated, and an as- lished as X-Ray Wavelengths and X-Ray Atomic Energy Levels, Natl. 
terisk * indicates a level which is not resolved from the level above Stand. Ref. Data Sys. — Natl. Bur. Standards (U.S.), No. 14, 1967. : 
it. See Reference 1 for uncertainties in the levels and a complete 2a Gray: De Bo Eds American ылық Physics Handbook: Thira 
a ЯН. . Р Edition, pp. 7-158 to 7-167, McGraw-Hill, New York, 1972. 
description of how the recommended values were obtained. 


Level ІН ЗНе 3Li “Ве 5В С М ЗО 

K 13.59811 24.58678 54.75 111.0 188.0 283.8 401.6 532.0 
Ёс 23.7 
Шы 47 64 92 7.1 
Level ЈЕ Ne “Na ?Мв BAI MSi 5p 165 

K 685.4 866.9 1072.1 1305.0 1559.6 1838.9 2145.5 2472.0 
L, (31) (45) 63.3 894 1177 1487 189.3 229.2 
Ён, 8.6 18.3 311 514 73.1 99.2 132.2 164.8 
Level "Cl АГ PK Ca 21Sc 22Ti zy Сү 

K 2822.4 3202.9 3607.4 4038.1 4492.8 4966.4 5465.1 5989.2 
L, 270.2 320 377.1 437.8 500.4 563.7 628.2 694.6 
Li 201.6 247.3 296.3 350.0 406.7 461.5 520.5 583.7 
Lu 200.0 245.2 293.6 346.4 402.2 455.5 512.9 574.5 
M, 17.5 25.3 33.9 43.7 53.8 60.3 66.5 74.1 
Мула 6.8 124 178 254 323 34.6 37.8 42.5 
Мау 6.6 27 22 2.3 
Level 25Мп Fe “Со 28 Си 30Zn 31Ga ?Ge 

K 6539.0 7112.0 7708.9 8332.8 8978.9 9658.6 10367.1 11103.1 
L, 769.0 846.1 925.6 1008.1 1096.1 1193.6 1297.7 1414.3 
Li 651.4 721.1 793.6 871.9 951.0 1042.8 1142.3 1247.8 
Lu 640.3 708.1 778.6 854.7 931.1 1019.7 1115.4 1216.7 
M, 83.9 92,9 100.7 111.8 119.8 135.9 158.1 180.0 
Mi 48.6 54.0 59.5 68.1 73.6 86.6 106.8 127.9 
М 48.6* 54.0* 59.5* 68.1* 73.6* 86.6* 102.9 120.8 
Mw 3.3 3.6 2.9 3.6 1.6 8.1 174 28.7 
Level 33А$ Se 35Br Kr YRb 389r зү “Zr 

K 11866.7 12657.8 13473.7 14325.6 15199.7 16104.6 17038.4 17997.6 
L 1526.5 1653.9 1782.0 1921.0 2065.1 2216.3 2372.5 2531.6 
Li 1358.6 1476.2 1596.0 1727.2 1863.9 2006.8 2155.5 2306.7 
Lui 1323.1 1435.8 1549.9 1674.9 1804.4 1939,6 2080.0 2222.3 
M, 203.5 231.5 256.5 322.1 357.5 393.6 430.3 
Mi 146.4 168.2 189.3 2227 247.4 279.8 3124 344.2 
Ми 140.5 161.9 181.5 213.8 238.5 269.1 300.3 330.5 
My 41.2 56.7 70.1 88.9 111.8 135.0 159.6 182.4 
M, 41.2* 56.7* 69.0 88.9* 110.3 133.1 157.4 180.0 
N, 27.3 24.0 29.3 37.7 45.4 51.3 
Ni 25 5.6 5.2 10.6 14.8 19.9 25.6 28.7 
Ми 25" 5,6" 4.6 10.6" 14.0 19/9” 25.6* 28.7* 
Level “Nb Мо "Те "Ru ^Rh “Pd “Ав Са 

K 18985.6 19999.5 21044.0 22117.2 23219.9 24350.3 25514.0 26711.2 
L, 2697.7 2865.5 3042.5 3224.0 3411.9 3604.3 3805.8 4018.0 
Li 2464.7 2625.1 2793.2 2966.9 3146.1 3330.3 3523.7 3727.0 
Lu 2370.5 2520.2 2676.9 2837.9 3003.8 3173.3 3351.1 3537.5 
M, 468.4 504.6 585.0 627.1 669.9 717.5 770.2 
Mi 378.4 409.7 444.9 482.8 521.0 559.1 602.4 650.7 
М 363.0 392.3 425.0 460.6 496.2 531.5 571.4 616.5 
M. 207.4 230.3 256.4 283.6 2117 340.0 372.8 410.5 


10-223 


10-224 X-Ray Atomic Energy Levels 


Level “Nb Мо "IC "Ru ^Rh “Pd “Ав Са 

M, 204.6 227.0 252.9 279.4 307.0 334.7 366.7 403.7 
М, 58.1 61.8 74.9 81.0 86.4 95.2 107.6 
Ni 33.9 34.8 38.9 43.1 47.9 51.1 62.6 66.9 
Ми 33.9* 34.8* 38.9* 43.1* 47.9* 51.1” 55.9 66.9* 
Му 3.2 1.8 2.0 2.5 1.5 3.3 9,3 
Level In 505 п яр Те 53] “Хе 55Сд 56Ва 

K 27939.9 29200.1 30491.2 31813.8 33169.4 34561.4 35984.6 37440.6 
L 4237.5 4464.7 4698.3 4939.2 5188.1 5452.8 5714.3 5988.8 
Li 3938.0 4156.1 4380.4 4612.0 4852.1 5103.7 5359.4 5623.6 
Lu 3730.1 3928.8 4132.2 4341.4 4557.1 4782.2 5011.9 5247.0 
M, 825.6 883.8 943.7 1006.0 1072.1 1217.1 1292.8 
Mi 702.2 756.4 811.9 869.7 930.5 999.0 1065.0 1136.7 
Ми 664.3 714.4 765.6 818.7 874.6 937.0 997.6 1062.2 
My 450.8 493.3 536.9 582.5 631.3 739.5 796.1 
M, 443.1 484.8 527.5 572.1 619.4 6723 725.5 780.7 
N, 121.9 136.5 152.0 168.3 186.4 230.8 253.0 
Ni 774 88.6 98.4 1102 122.7 146.7 1723 191.8 
Ми 77.4% 88.6" 98.45 110.2* 1227" 146.7% 161.6 179.7 
Niy 16.2 23,9 314 39.8 49.6 78.8 92,5 
N, 16.2* 239" 31,4" 39.8* 49.6* 76.5 89.9 
O, 0.1 0.9 6.7 11.6 13.6 22.7 39.1 
Oi 0.8 Li 2.1 23 3.3 13.1 16.6 
Ori 0.8* 1.1* 2.1* 2,3” 3.3” 114 14.6 
Level La 58Се 5°Pr ома Pm 529 т шиг “Gd 

K 38924.6 40443.0 41990.6 43568.9 45184.0 46834.2 48519.0 50239.1 
L, 6266.3 6548.8 6834.8 7126.0 7427.9 7736.8 8052.0 8375.6 
Ls 5890.6 6164.2 6440.4 6721.5 7012.8 7311.8 7617.1 7930.3 
Lu 5482.7 5723.4 5964.3 6207.9 6459.3 6716.2 6976.9 7242.8 
M, 1361.3 1434.6 1511.0 1575.3 1722.8 1800.0 1880.8 
Mi 1204.4 1272,8 1337.4 1402.8 1471.4 1540.7 1613.9 1688.3 
Ми 1123.4 1185.4 1242.2 1297.4 1356.9 1419.8 1480.6 1544.0 
My 848.5 901.3 951.1 999.9 1051.5 1106.0 1160.6 1217.2 
M, 831.7 883.3 931.0 977,7 1026.9 1080.2 1130.9 1185.2 
М, 270.4 289.6 304.5 315.2 345.7 360.2 375.8 
Ni 205.8 223.3 236.3 243.3 242 265.6 283.9 288.5 
Мн 191.4 207.2 217.6 224.6 242% 247.4 256.6 270.9 
Nyy 98.9 110.0 113.2 117.5 120.4 129.0 133.2 140.5 
Nus 0.1 20 L5 55 00 ол 
0 32,3 37.8 37.4 37.5 37.4 31.8 36.1 
o 144 19.8 223 21.1 21.3 22.0 20.3 
Level Tb “Dy Но Er Tm үр “Lu ?Hf 

K 51995.7 53788.5 55617.7 57485.5 59389.6 613323 63313.8 65350.8 
L, 8708.0 9045.8 9394.2 9751.3 10115.7 10486.4 10870.4 11270.7 
Ey 8251.6 8580.6 8917.8 9264.3 9616.9 9978.2 10348.6 10739.4 
Lu 7514.0 7790.1 8071.1 8357.9 8648.0 8943.6 9244.1 9560.7 
M, 1967.5 2046.8 2128.3 2206.5 2306.8 2398.1 2491.2 2600.9 
М, 1767.7 1841.8 1922.8 2005.8 2089.8 2173.0 2263.5 2365.4 
Ми 1611.3 1675.6 1741.2 1811.8 1884.5 1949.8 2023.6 2107.6 
My 1275.0 1332.5 1391.5 1453.3 1514.6 1576.3 1639.4 1716.4 
M, 1241.2 1294.9 1351.4 1409.3 1467.7 1527.8 1588.5 1661.7 
N, 397.9 416.3 435.7 449.1 471.7 487.2 506.2 538.1 
Ni 310.2 331.8 343.5 366.2 385.9 396.7 410.1 437.0 
Ng 385.0 292,9 306.6 320.0 336.6 343.5 3593 380.4 
М, 147.0 154.2 161.0 176.7 179.6 198.1 204.8 223.8 
Ny 147.0* 154.2* 161.0* 167.6 179,6* 184.9 195.0 213.7 
Nivu 2.6 4.2 37 43 5.3 63 6.9 171 
О, 39.0 62.9 Б1.2 59.8 532 54.1 56.8 64.9 
O; 25.4 26.3 20.3 29.4 32.3 23.4 28.0 38.1 
0 25.4* 26.3* 20,3" 29.4* 32,3% 23.4* 28.0* 30.6 


X-Ray Atomic Energy Levels 10-225 


Level 7Ta у Re 7608 8 Pt AU На 
К 67416.4 69525.0 716764 73870.8 76111.0 78394.8 80724.9 83102.3 
L, 11681.5 12099.8 12526.7 12968.0 13418.5 13879.9 14352.8 14839.3 
Li 11136.1 11544.0 11958.7 12385.0 12824.1 13272.6 13733.6 14208.7 
Lai 9881.1 10206.8 10535.3 10870.9 11215.2 11563.7 11918.7 12283.9 
M, 2708.0 2819.6 2931.7 3048.5 3173.7 3296.0 3424.9 3561.6 
M, 2468.7 2574.9 2681.6 2792.2 2908.7 3026.5 3147.8 3278.5 
Ми 2194.0 2281.0 2367.3 2457.2 2550.7 2645.4 2743.0 2847.1 
My 1793.2 1871.6 1948.9 2030.8 2116.1 2201.9 2291.1 2384.9 
M, 1735.1 1809.2 1882.9 1960.1 2040.4 2121.6 2205.7 2294.9 
N, 565.5 595.0 625.0 654.3 690.1 722.0 758.8 800.3 
М, 464.8 491.6 517.9 546.5 577.1 609.2 643.7 676.9 
Nu 404.5 425.3 444.4 468.2 494.3 519.0 545.4 571.0 
Ny 241.3 258.8 273.7 289.4 3114 330.8 352.0 378.3 
N, 229.3 245.4 260.2 272.8 294.9 313.3 333.9 359.8 
Ма 25.0 36.5 40.6 46.3 63.4 74.3 86.4 102.2 
Ми 25.0* 33.6 40.6* 46.3* 60.5 711 82.8 98.5 
0 71.1 77.1 82.8 83.7 95.2 101.7 107.8 120.3 
Oi 44.9 46.8 45.6 58.0 63.0 65.3 717 80.5 
Ош 36.4 35.6 34.6 45.4 50.5 51:7 53.7 57.6 
Оҳу 5.7 6.1 3.5 3.8 2.2 2.5 6.4 
Level ST] Spb SBi “ро SAC ‘Rn SFr Ra 
K 85530.4 88004.5 90525.9 93105.0 95729.9 98404. 101137 103921.9 
L 15346.7 15860.8 16387.5 16939.3 17493 18049 18639 19236.7 
Li 14697.9 15200.0 15711.1 16244.3 16784.7 173371 17906.5 18484.3 
Ше 12657.5 13035.2 13418.6 13813.8 14213.5 146194 150312 15444.4 
М, 3704.1 3850.7 3999.1 4149.4 (4317) (4482) (4652) 4822.0 
Mi 3415.7 3554.2 3696.3 3854.1 4008 4159 4327 4489.5 
Ми 2956.6 3066.4 3176.9 3301.9 3426 3538 3663 3791.8 
My 2485.1 2585.6 2687.6 2798.0 2908.7 3021.5 3136.2 3248.4 
M, 2389.3 2484.0 2579.6 2683.0 2786.7 2892.4 2999.9 3104.9 
N, 845.5 893.6 938.2 995.3 (1042) (1097) (1153) 1208.4 
Ni 721.3 763.9 805.3 851 886 929 980 1057.6 
Ми 609.0 644.5 678.9 705 740 768 810 879.1 
Niy 406.6 435.2 463.6 500.2 533.2 566.6 603.3 635.9 
N, 386.2 412.9 440.0 473.4 577 602.7 
Ny, 122.8 142.9 161.9 298.9 
Ка 118.5 138.1 1574 298.9* 
О, 136.3 147.3 159.3 254.4 
Oi 99.6 104.8 116.8 200.4 
0 75.4 86.0 928 152.8 
О 15.3 21.8 26.5 314 67.2 
om 13.1 19.2 244 31.4* 67.2* 
Р, 3.1 43.5 
Pes 0.7 27 18.8 
Level Ас Th эра 2U "Мр “Pu 5Аш “Ст 
15 106755.3 109650.9 112601.4 115606.1 118678 121818 125027 128220 
L, 19840 20472.1 21104.6 21757.4 22426.8 23097.2 23772.9 24460 
Ls 19083.2 19693.2 20313.7 20947.6 21600.5 222662 22944.0 23779 
Lu 15871.0 16300.3 16733.1 17166.3 17610.0 18056.8 18504.1 18930 
M, (5002) 5182.3 5366.9 5548.0 57232 5932.9 6120.5 6288 
Mi 4656 4830.4 5000.9 51822 5366.2 5541.2 5710.2 5895 
Ми 3909 4046.1 4173.8 4303.4 4434.7 4556.6 4667.0 4797 
My 3370.2 3490.8 3611.2 3727.6 3850.3 3972.6 4092.1 4227 
M, 3219.0 3332.0 3441.8 3551.7 3665.8 3778.1 3886.9 3971 
N, (1269) 1329.5 1387.1 1440.8 1500.7 1558.6 1617.1 1643 
Ni 1080 1168.2 1224.3 1272.6 1327.7 1372.1 1411.8 1440 
N; 890 967.3 1006.7 1044.9 1086.8 1114.8 (1135.7) 1154 
N 674.9 714.1 743.4. 780.4 815.9 848.9 878.7 
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10-226 X-Ray Atomic Energy Levels 


Level Ас Th Pa 947 "Мр “Pu 5Аш “Ст 
N, 676.4 708.2 737.7 770.3 801.4 827.6 
му, 344.4 371.2 391.3 415.0 445.8 

Non 335.2 359.5 380.9 404.4 432.4 

0 290.2 309.6 323.7 351.9 385 
Oi 229.4 222.9 259.3 283.4 274.1 

Ош 181.8 222.9* 195.1 206.1 206.5 

О 94.3 941 105.0 109.3 116.0 115.8 
0 87.9 94.1* 96.3 101.3 105.4 103.3 
Р, 59.5 70.7 

Р, 49.0 42.3 

Р, 43.0 32.3 

Level "Bk "СЕ %Е5 10Fm юма Мо 108 Lr 
K 131590 135960 139490 143090 146780 150540 154380 
L, 25275 26110 26900 27700 28530 29380 30240 
Li 24385 25250 26020 26810 27610 28440 29280 
Ls 19452 19930 20410 20900 21390 21880 22360 
M, 6556 6754 6977 7205 7441 7675 7900 
Mi 6147 6359 6574 6793 7019 7245 7460 
Ми 4977 5109 5252 5397 5546 5688 5710 
My 4366 4497 4630 4766 4903 5037 5150 
M, 4132 4253 4374 4498 4622 4741 4860 
N, 1755 1799 1868 1937 2010 2078 2140 
Ni 1554 1616 1680 1747 1814 1876 1930 
Ми 1235 1279 1321 1366 1410 1448 1480 
О 398 419 435 454 472 484. 490 


This table gives the binding energies in electron volts (eV) for 
selected electronic levels of the elements. For metallic elements 
the binding energy is referred to the Fermi level; for semiconduc- 
tors, to the valence band maximum; and for gases and insulators, 
to the vacuum level. The atomic number is listed after the element 


name. 
Actinium (89) 
K 1s 
LI 2s 
LU 2P 
LII 2p,, 
MI 3s 
MII 3p,, 
МШ — 3p, 
MIV 34, 
MV 3d,, 
NI 4s 
NII 4р,, 
NII ар, 
МІУ 44, 
NV ад, 
NVI 46, 
NVI 4f,,, 
OI 5s 
оп бр, 
ош 5р, 
OIV 54, 
ОУ 54,, 
PI 6s 
РП бр, 
РШ бр, 
Aluminum (13) 
K 1s 
LI 2s 
LU 2p, 
LII 2p,, 
Antimony (51) 
K 1s 
LI 2s 
LU 2P 
LIII др, 
MI 3s 
MII 3p,, 
MII — 3p, 
MIV 34, 
MV 3d,, 
NI 4s 
NII ар, 
NII ар, 
NIV 44, 
NV 44., 
Argon (18) 
K 1s 
LI 2s 


ELECTRON BINDING ENERGIES OF THE ELEMENTS 


106755 
19840 
19083 
15871 
5002 
4656 
3909 
3370 
3219 
1269* 
1080* 
890* 
675* 
639* 
319* 
319* 
2723 
2155 
1674 
80" 


30419 
4698 
4380 
4132 
946» 
812.7» 
766.4” 
537.5* 
528.2» 
153.25 
95,696 
95.6^ 
33.3^ 
32.15 


3205.9* 
326.3* 


LII др, 
LII 2р,, 
МІ 35 
MII р, 
MII 3P 
Arsenic (33) 

K 15 
LI 2s 
LIH 2р,, 
LII 2р,, 
МІ 35 
MII 3p, 
MII — 3p, 
MIV за, 
МУ 3d,, 
Astatine (85) 

K 1s 
LI 2s 
LU 2p,, 
ІШ 2p, 
MI 3s 
MII 3p, 
MII — 3p, 
MIV 34» 
MV 3d,, 
NI 4s 
МП Ар 
NIII Ap, 
NIV 44, 
NV 44,, 
NVI 46, 
NVI 46, 
О1 58 
оп бр, 
ОШ 5р, Р 
ОТУ 5а, n 
OV 5а, 
Barium (56) 

K 1s 
11 28 
LIH 2p,, 
LII 2р,, 
МІ 35 
MII 3p, 
MIII 3p,, 
MIV 34, 
МУ 3d,, 
NI 4s 
МП Ар 


Gwyn P. Williams 


250.6* 
248.44 
29.33 
15.9 
15,7% 


11867 
1527.084 
1359.1*4 
1323.64 
204.7? 
146.2* 
141.2 
41.7* 
41.7* 


95730 
17493 
16785 
14214 
4317 
4008 
3426 
2909 
2787 
1042* 
886* 
740* 
533* 
507* 
210* 
210* 
195* 
148* 
115* 
40* 
40* 


37441 
5989 
5624 
5247 
129334 
113784 
106384 
795.7* 
780.5* 
253.5° 
192 
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МШ 4р,, 
NIV 44» 
NV 44,, 
N VI 4, 
МУП АЁ > 
OI 5s 
ОП 5р,, 
ОШ 5р, 
Beryllium (4) 

K 15 
Bismuth (83) 

K 15 
LI 2s 
LII 2р, 
ІШ 2р,,, 
МІ 35 
MII 3p,, 
MII Зр,, 
MIV за,» 
МУ За, 
М1 4s 
NII 4р, 
МШ Ар 
NIV 44,, 
NV 44, 
N VI 46, 
МУП 4, 
OI 5s 
ОП 5р,, 
ош 5p, 
OIV 54 
OV 54,, 
Boron (5) 

K 15 
Bromine (35) 

K 15 
LI 2s 
LII 2р,, 
ІШ 2p, 
MI 3s 
MII 3p,, 
мш 3p,,, 
MIV За, 
МУ За, 
Cadmium (48) 
K 1s 
LI 2s 
LII 2p,, 


111.5 


90526 
16388 
15711 
13419 
3999 
3696 
3177 
2688 
2580 
939^ 
805.2^ 
678.8^ 
464.0^ 
440.1^ 
162.3° 
157.0° 
159.354 
119.0° 
92.6^ 
26.9^ 
23.8^ 


188* 


13474 
1782* 
1596* 
1550* 
257° 
189° 
182° 
70° 
69° 


26711 
4018 
3727 


ІШ 2p, 
MI 3s 
MII 3p,, 
MII — 3p, 
MIV 34» 
MV 3d,, 
NI 4s 
NII Ар 
NIII Ар 
NIV 44,, 
NV 44, 
Calcium (20) 

K 1s 
LI 2s 
LU 2p,, 
LII 2р,, 
МІ 35 
MII Зр,, 
MII — 3p, 
Carbon (6) 

K 1s 
Cerium (58) 

K 1s 
LI 2s 
LU 2p,, 
LII 2p,, 
MI 3s 
MII 3p,, 
MII — 3p, 
MIV 34, 
MV 3d., 
NI 4s 
МП Ар 
NIII Ар, 
NIV 44,, 
NV Ad. 
NVI ТЖ 
NVI — 4f, 
OI 5s 
оп 5р,, 
ош 5р,, 
Сеѕіит (55) 

K 1s 
LI 2s 
LII др, 
LII 2р,, 
МІ 35 
мп 3p,, 


3538 

772.0° 
652.6? 
618.4 
411.95 
405.25 
109.85 
63.9°< 
63.95 
11.7» 

10.7» 


4038.53 
438.45 
349.7 
346.2^ 
44.3^ 
25.4^ 
25.4^ 


284.2* 


40443 
6548 
6164 
5723 
14364 
127444 
118744 
902.4* 
883.8* 
291.0* 
223.3 
206.5* 
109* 
0.1 

0.1 
37.8 
19.8* 
17.0* 


35985 
5714 
5359 
5012 
1211*4 
1071* 


10-227 


10-228 

МШ — 3p, 
МІУ 34, 
МУ 3d,, 
NI 4s 
NII ар, 
NII др, 
NIV 44, 
NV 44., 
NVI 46, 
МУШ 4, 
OI 5s 
оп бр, 
ош 5р,, 
Chlorine (17) 

K 15 
11 25 
LU 2P 
LII 2p,, 
Chromium(24) 
K 15 
11 25 
LU 2P 
LII др, 
MI 3s 
MII 3p,, 
МШ ӛр, 
Cobalt (27) 

K 15 
LI 2s 
LU 2p,, 
LII 2р, 
MI 3s 
MII 3p,, 
МШ — 3p, 
Copper (29) 

K 15 
LI 2s 
LI 2p,, 
LII др, 
MI 3s 
MII 3p,, 
МШ ӛр, 
Dysprosium (66) 
K 15 
11 25 
LU 2P 
LIII 2р,, 
МІ 35 
MII 3p,, 
МШ — 3p, 
MIV 34, 
МУ 3d,,, 
NI 4s 
NII 4p 
NII др, 
NIV 44, 
МУ 44, 
NVI Af, 
NVI 46, 
OI 5s 


2822.0 
270* 
202* 
200* 


5989 
696.0^ 
583.8° 
574.15 
74.15 
42.2» 
42.2» 


7709 
925.1^ 
793.2 
778.15 
101.05 
58.99 
58.99 


8979 
1096.75 
952.3^ 
932.5^ 
122.55 
77.3» 
75.1» 


53789 
9046 
8581 
7790 
2047 
1842 
1676 
1333 
1292 
414.2* 
333.5* 
293.2* 
153.6? 
153.6* 
8.0* 
4.3* 
49.9* 


оп Бр,» 
ош Бр, 
Erbium (68) 

K 1s 
LI 2s 
LII др 
LIII 2р,, 
МІ 35 
MII Зр, 
MII — 3p, 
MIV 34, 
MV 3d,,, 
NI 4s 
NII 4ру, 
мш ар, 
МУ 44, 
NV Ad,,, 
NVI 4, 
NVI 46, 
OI 5s 
оп бр, 
ош Бр, 
Europium (63) 
K 1s 
LI 2s 
LII 2р,, 
LIII 2р,, 
МІ 35 
MII Эр 
МШ — 3p, 
MIV 34, 
МУ 3d,,, 
NI 4s 
NIH ар, 
МШ ар, 
NIV 44, 
NV Ad,, 
NVI 4, 
NVI 46, 
OI 5s 
oll Бр,» 
ош Бр, 
Fluorine (9) 

K 1s 
Francium (87) 
K 1s 
LI 2s 
LII 2р,, 
LIII 2р, 
МІ 35 
MII 3p,, 
МШ — 3p, 
MIV 34, 
MV За, 
NI 4s 
NII 4p,, 
NII ар,, 
МІУ 44, 
NV 44. 
МУ 4, 
МУП 41 


48519 
8052 
7617 
6977 
1800 
1614 
1481 
1158.6* 
1127.5* 
360 


696.7* 


101137 
18639 
17907 
15031 
4652 
4327 
3663 
3136 
3000 
1153* 
980* 
810* 
603* 
577* 
268* 
268* 


Electron Binding Energies of the Elements 


OI 5s 
оп бр, 
ош 5p,,, 
OIV 5d,, 
OV 5а,, 
РІ 65 
PI бр, 
РШ бр, 
Gadolinium (64) 
K 15 
LI 2s 
LU 2p,, 
LIII 2р,, 
МІ 35 
MII 3p,,, 
MII — 3p, 
MIV 34, 
МУ 3d,,, 
NI 4s 
NI ар,, 
NII ар, 
МІУ 44,, 
МУ 44, 
NVI 46, 
NVI 4f,,, 
О1 55 
оп бр, 
ош 5р, 
Gallium (31) 

K 15 
LI 2s 
LU 2р,, 
LIII 2р,, 
МІ 35 
MII Зр,, 
MII — 3p, 
MIV 34, 
MV за, 7 
Germanium (32) 
K 15 
LI 2s 
LU 2p,, 
LII др, 
М1 35 
MII 3p,,, 
MII — 3p, 
MIV 34а, 
МУ 3d,,, 
Gold (79) 

K 15 
LI 2s 
LU 2P 
LII 2р,, 
МІ 35 
MII 3p,,, 
MII — 3p, 
MIV 34, 
МУ 3d,,, 
NI 4s 
NII Ар, 


NII ар,, 


2344 
182: 
140° 
58° 
58° 

34 
15 
15 


50239 
8376 
7930 
7243 
1881 
1688 
1544 
1221,9: 
1189.6* 
378.6* 
286 


10367 
1299.054 
1143.25 
1116.4» 
159.55 
103.5 
100.0° 
18.7° 
18.7° 


11103 
1414.64 
1248.14 
1217.04 
180.1* 
124.9* 
120.8 
29.8* 
29.23 


80725 
14353 
13734 
11919 
3425 
3148 
2743 
2291 
2206 
762.1^ 
642.7° 
546.3? 


NIV 44,, 
NV 44, 
NVI 46, 
NVI 46, 
О1 55 
оп 5р,, 
ош Бр 
Најтит (72) 

K 1s 
LI 2s 
LI 2p,, 
LII 2р,, 
МІ 35 
MII 3p,, 
MII — 3p, 
MIV 34, 
MV 34,, 
МІ 4s 
МП др 
NIII др, 
NIV 44,, 
МУ 44, 
NVI Af, 
NVI 4f, 
OI 5s 
оп 5р,, 
ош 5р,, 
Helium (2) 

K 1s 
Holmium (67) 
K 1s 
LI 2s 
Lu 2p,, 
LII 2р,, 
МІ 35 
MII 3p,, 
МШ — 3p, 
MIV 34, 
MV 3d., 
NI 4s 
NII Ар 
NI Ар, 
NIV 44,, 
NV 44, 
NVI 46, 
NVI 4, 
О1 55 
оп 5р,, 
ош 5p,, 
Hydrogen (1) 

K 1s 
Indium (49) 

K 1s 
LI 2s 
LIH 2p,, 
LII 2р,, 
МІ 35 
MII 3p,, 
MII — 3p, 
MIV 34, 


353.2» 
335.1* 
87.6^ 
83.9^ 
107.254 
74.2^ 
57.29 


65351 
11271 
10739 
9561 
2601 
2365 
2107 
1176 
1662 
538% 
438.25 
380.7° 
220.0° 
2115' 
15.99 
14.25 
64.25 
38° 
29.9^ 


24.6: 


55618 
9394 
8918 
8071 
2128 
1923 
1741 
1392 
1351 
432.44 
343.5 
308.2^ 
160* 
160* 
8.6* 
5.2% 
49.3* 
30.8* 
24.1* 


13.6 


27940 
4238 
3938 
3730 
827.2^ 
703.2^ 
665.3" 
4514» 
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MV за, 5 
NI 4s 
NII Ар, 
NII 4p,, 
NIV 44,, 
МУ 44,, 
Тоате (53) 

K 1s 
LI 2s 
LU 2р,, 
LII 2р,, 
МІ 35 
MII 3p,, 
МШ — 3p, 
MIV за 
MV 3d,, 
NI 4s 
NII Ap, 
NII 4р,, 
NIV 44, 
МУ 44, 
Iridium (77) 

K 15 
LI 2s 
LU 2р,, 
LII 2р,, 
МІ 35 
MII 3p,, 
МШ — 3p, 
MIV 34, 
MV за.» 
МТ 45 
МП 4p, 
МШ 4р,, 
МІУ 44, 
NV 44, 
NVI Af, 
NVI 4, 
OI 52 
оп бр, 
ош 5р,, 
Iron (26) 

K 15 
LA 2s 
LU 2р,, 
LII 2р,, 
МІ 35 
MII 3p,, 
МШ — 3p, 
Krypton (36) 

K 15 
Li 2s 
LU 2р,, 
LII 2р,, 
МІ 35 
ми 3p,, 
МШ — 3p, 
MIV 34, 
MV 3d,, 
NI 4s 


NII 4р 


443.9^ 
122.95 
73.5°< 
73.5 
17:75 
16.9» 


33169 
5188 
4852 
4557 
1072: 
931° 
875° 
631° 
620° 
186° 
123* 
123? 
50° 
50° 


76111 
13419 
12824 
11215 
3174 
2909 
2551 
2116 
2040 
691.1^ 
577.8° 
495.8^ 
311.95 
296.35 
63.8» 
60.8» 
95,234 
63,084 
48.05 


7112 
844.6^ 
719.9^ 
706.8^ 
91.3» 
52.75 
52,7" 


14326 
1921 
1730.9* 
1678.44 
292.8* 
222.2 
214.4* 
95.0* 
93.8: 
27.53 
14.1* 


NIII Ар 
Lanthanum (57) 
K 1s 
E 2s 
LII 2р, 
LIII 2р,, 
MI 3s 
MII 3p,, 
MIII Эр 
MIV 3d,, 
MV 3d,, 
NI 4s 
NI 4р,, 
NIII Ара 
NIV 4d,,, 
NV 44., 
МУ АЁ 
МУП 4, 
О1 55 
ОП 5р,» 
ОШ 5р,, 
Lead (82) 

K 1s 
1821 25 
LII 2р,, 
LIII 2p, 
MI 3s 
MII 3p,, 
MIII Зр, 
MIV 3d,, 
MV За, 
NI 4s 
NII 4р,, 
NIII 4р,, 
NIV 44,, 
МУ 44, 
NVI 4, 
МУП 4, 
О1 55 
ОП 5р,» 
ОШ 5p, 
OIV 54» 
ОУ 5d., 
Lithium (3) 

K 1s 
Lutetium 

K 1s 
LI 2s 
LII 2р,» 
LIII 2p,5 
MI 3s 
MII 3p,, 
MIII Эр 
MIV 3d,, 
MV 34,, 
МІ 45 
МП Ар 
NIII Ара 
NIV 4d,,, 
NV 44,, 
МУ 4f 


14.1* 


38925 
6266 
5891 
5483 
136244 
120984 
112894 
853% 
836 
247.7* 
205.8 
196.0* 
105.3* 
102.5* 


МУШ 4, 
OI 5s 
оп бр, 
ош 5р, 
Magnesium (12) 
K 15 
LI 2s 
LU 2p,, 
LIII 2р,, 
Manganese (25) 
K 15 
LI 2s 
LU 2р, 
LII др, 
М1 35 
MII 3p,,, 
МШ — 3p, 
Mercury (80) 

K 15 
LI 2s 
LU 2p,, 
LII 2р,, 
МІ 35 
MII 3p,,, 
MII — 3p, 
MIV 34а, 
МУ 3d,,, 
NI 4s 
МП др, 
NII ар, 
МІУ 44,, 
NV 44, 
NVI 46, 
МУП 4, 
OI 5s 
оп Бр, 
ош 5p,,, 
OIV 54 
OV 54 
Molybdenum (42) 
K 15 
LI 2s 
LU 2p,, 
LII 2p,, 
MI 3s 
MII 3p,,, 
MII — 3p, 
MIV 34, 
MV 3d., 
NI 4s 
NII ар, 
NII ар, 
Меодутшт (60) 
K 15 
LI 2s 
LU 2p,, 
LII 2p,, 
MI 3s 
MII 3p,,, 
MII — 3p, 


7.55 

57.33 
33.6 
26.7? 


1303.0° 
88.6* 
49.6^ 
49.23 


6539 
769.1" 
649.9^ 
638.7^ 
82.3^ 
47.2» 
47.2» 


83102 
14839 
14209 
12284 
3562 
3279 
2847 
2385 
2295 
802.2» 
680.2^ 
576.6° 
378.25 
358.8? 
104.0° 
99.9^ 
127» 
83.1» 
64.5» 
9,6» 
7.8» 


20000 
2866 
2625 
2520 
506.3? 
411.6° 
394.0^ 
231.15 
227.9 
63.2» 
37.6” 
35.55 


43569 
7126 
6722 
6208 
1575 
1403 
1297 


MIV 3, 
МУ 3d,, 
NI 4s 
NII 4р,, 
мш Ар, 
NIV 44,, 
NV 44., 
NVI 46, 
МУП 46, 
О1 5s 
оп 5р,, 
ош 5р,, 
Neon (10) 

K 1s 
LI 2s 
LU 2p,, 
LII 2р,, 
Nickel (28) 

K 1s 
LI 2s 
LIH 2p,, 
LII 2р,, 
МІ 35 
MII 3p,, 
MII — 3p, 
Niobium (41) 

K 1s 
LI 2s 
LU 2p,, 
LII 2р,, 
МІ 35 
MII 3p,, 
MII ӛр, 
MIV 34, 
MV 3d,, 
NI 4s 
МП др 
мш Ар, 
Nitrogen (7) 

K 1s 
LI 2s 
Osmium (76) 

K 1s 
LI 2s 
LH 2p,, 
LII 2р,, 
МІ 35 
MII 3p,, 
MII — 3p, 
MIV 34» 
MV 3d,, 
NI 4s 
МП Ар 
NIII ар,, 
МІУ 44,, 
NV 44, 
NVI 46, 
NVI 4f, 
OI 5s 
оп 5р,, 


10-229 


1003.3* 
980.4" 
31923 
243.3 
224.6 
120.5* 
120.5* 
15 

1.5 
37.5 
21.1 
21.1 


870.2* 
48.5* 
21.7 
21.6 


8333 
1008.6^ 
870.0° 
852.75 
110.85 
68.0? 
66.2? 


18986 
2698 
2465 
2371 
466.6^ 
376.1* 
360.6^ 
205.0° 
202.3 
56.49 
32.6” 
30.8" 


409.9* 
37.33 


73871 
12968 
12385 
10871 
3049 
2792 
2457 
2031 
1960 
658.2^ 
549.1» 
470.7° 
293.1° 
278.55 
53.49 
50.75 
84° 
58° 
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ош бр, 44.5) оп 5p,, 132° NV Ad... 708° LI 2s 12527 
dust) ош Бр, 104° NVI 4f., 371° LII др 11959 
x " "m OIV 5d,,, 31° NVI | ٢ 360° LIII 2р,, 10535 
її 8 хо ov 5d., 31° OI 5s 310* MI 3s 2932 
аан) оп бр, 2328 MII 3p,, 2682 
Palladium (46) K js sonia ош Бр 232: мш Зр,, 2367 
K 15 24350 OIV 5d 94° MIV за 1949 
LI 2s 378.6" э з 
LI 2s 3604 ov 5d 94e MV 3d 1883 
LII 2p,, 297.3 52 5/2 
LU др, 3330 12 PI 6s = NI 4s 625.4^ 
из LIII 2p,, 294.68 
LI р, 3173 ? РП бр = NI 4р, 518.7 
i MI 3s 34.8° из 12 
МІ 35 671.6 РШ бр = N III Ap 446.8 
6 MII Зр, 18.38 э 32 
MII Зр, 559.9 12 NIV Ad 273.9 
2 | MII 3p, 18.39 Radium (88) э 
мш 3p,. 532.3 э NV 4d 260.5^ 
Ps2 K 1s 103922 sa 
MIV 3d,, 340.5^ Praseodymium (59) ii 5 N VI 4, 42,9% 
МУ За. 335.25 K 15 41991 : Scil NVI 4 40.5: 
s LII 2 18484 7 
NI 4s 87.144 LI 2s 6835 "e ^ 2d OI 5s 83° 
NI ар, 55.7% LII др 6440 1 Бо“ тэн оп 5р, 45.6» 
NII 4p., 50.9% LIII 2p,. 5964 š ош 5 34.6°4 
3/2 Р» М II 3 4490 Ps). 
MI 3s 1511 Pip 
Phosphorus (15) MII 3 3792 Rhodium (45) 
MII 3p 1337 Рзо 
K 15 2145.5 12 MIV за 3248 K 15 23220 
мш 3p 1242 22 
LI 2s 189: э МУ за 3105 LI 2s 3412 
MIV 38, 948.3* з 
LII 2р,, 136: Му i шин NI 4s 1208" LII др 3146 
„ш 2p,,, 135° ын 27 1. NII ар,, 1058 „ш 2p, 3004 
Platinum (78) NII др 2363 NIII 4p, , 879* MI 3s nin 
K 15 78395 МШ ёф, 217.6 ده‎ ы dd ps ЭР 2 
LI 2s 13880 NIV 44, 115.7 uid Ads id МШ ٢ dod 
21 "n 1 NV a он NVI 4f., 299 MIV 34, -- 
ІШ 2р,, 11564 N VI 41 2.0 МУП Af 299 MV 34,, мин 
М1 35 3296 NVI 46, 2.0 2! = Mn ux 2 : 
MII Зр, 3027 OI 55 | 37.4 Оп ЭР 00 М {Pin аА 
ИШ d 2645 ps 5p, шиг ош 5р,, 153 мш Ару 473 
MIV 34» 2202 ош бр, 22.3 OIN 58 jd Rubidium (37) 
MV за, 2122 мээн оу 5d, ps K 15 15200 
М1 45 725.4 : g — ET Us a LI 25 2065 
NII ар, 609.1^ 1 p бр ий LII 2p 1864 
3 LI 2s 7428 P III бр. 19 “> 
NII др, 519.4^ 2 LIII 2p 1804 
э : LII др, 7013 32 
NIV 4d, , 331.6 8 Radon (86) MI 3s 326.7* 
1 „ш 2p, 6459 
NV 44, 314.6 њи د‎ : 15 98404. MII 3p, , 248.7 
N VI Af. 74.55 ју а 
E | et ар. Жр LI 2s 18049 MIII Эр, 239.1 
NVI ж, 712 1. 2! m LU 2р,, 17337 MIV 34, 113.0: 
OI 5s 101.74 Ру» LII 2p 14619 MV 3d 112 
- MIV за, 1052 за 52 
оп Бр,» 65.3^ эл М1 35 4482 NI 4s 30.5* 
Ь МУ за. 1027 
ош 5р,, 517 NT 27 0 MII 3p,, 4159 МП Ар 16.39 
Polonium (84) NII 4р,, 242 мш a ээ NIO Р ха 
K 18 93105 МШ 4р,, 242 is u 5 Ка а Ruthenium (44) 
LI 2s 16939 NIV Ad,,, 120 i PC n K 1s 22117 
LII 2р,, 16244 МУ 44,, 120 8 : LI 2s 3224 
LIII 2p,,, 13814 T" ЫП Api) й LII др 2967 
М1 35 4149 о". نو‎ — NIO 4P, bod LII 2p,, 2838 
MII Зр, 3854 5 О 297 MI 3 586.2° 
; LI 2s 21105 NV 44 541° 
MII 3p,,, 3302 52 MII 3p 483.3^ 
2 LII 2р, 20314 NVI Af 238* n 
MIV за, 2798 12 52 мш Эр, 461.5° 
Му 2 RM LIII 2p,, 16733 NVI 46, 238 2. از‎ 
М 2 юэ М1 35 5367 О1 55 2142 NN 44. sania 
a 57 : 
NII Ар, 851° м u Tue к оп Эр хи NI m 75.0 
NII ар, 7052 Pap ош 5р,» pd NII 4p 46.5 
MIV 3d,, 3611 OIV 5d 48° Е 
NIV 44, 500° МУ 227 20 32 мш ар, 43.2» 
NV ه4‎ 473: э оу 5d,, 48° 
N VI 4f 184 NI 4s 1387: Р1 6s 26 Samarium (62) 
5/2 a 
NVI 4, 184^ x x 2! a. Rhenium (75) i г 2 
OI 55 177% Pan K 1s 71676 4 


NIV 44,, 7483 LII 2р,, 7312 
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LII др, 
MI 3s 
MII 3p,, 
МШ — 3p, 
MIV 34а, 
МУ 3d,, 
NI 4s 
NII ар, 
NII др, 
NIV 4d, 
NV 44, 
NVI 4, 
МУШ 4, 
OI 5s 
оп бр, 
ош 5р,, 
Scandium (21) 
K 15 
LI 2s 
LU др. 
LII 2p,, 
MI 3s 
MII Зр, 
МШ — 3p, 
Selenium (34) 

K 15 
LI 2s 
LU 2p,, 
LII др, 
М1 35 
MII 3p,, 
МШ ӛр, 
MIV 34, 
MV 3d,, 
Silicon (14) 

K 16 
LI 2s 
LU 2P 
LIII 2р,, 
Silver (47) 

K 15 
LA 2s 
LU 2p,, 
LII 2p,, 
MI 3s 
МП 3p,, 
МШ — 3p, 
MIV 34, 
MV 3d,, 
NI 4s 
NII Ар, 
NII ар, 
Sodium (11) 

K 15 
1,4 25 
LU 2p,, 
LII 2p,, 
Strontium (38) 
K 15 
Li 2s 


6716 
1723 
1541 
1419.8 
1110.9* 
1083.4* 
347.2 
265.6 
247.4. 
129.0 
129.0 
5.2 

5.2 
37.4 
21.3 
213 


4492 
498.0* 
403.6* 
389.7* 
ОДА 
28.3* 
28.3* 


12658 
1652.04 
1474.3%4 
1433.9:4 
229.6* 
166.5 
160.7* 
55.5 
54.6 


1839 
149.7%4 
99.8: 
99.2* 


25514 
3806 
3524 
3351 
719.0^ 
603.8^ 
573.0° 
374.0^ 
368.0^ 
97.0» 
63.7» 
58.39 


1070.8^ 
63.5^ 
30.4» 
30.5: 


16105 
2216 


LII др, 
LII 2р,, 
МІ 35 
мп 3P in 
MII 3p,, 
MIV за, 
МУ 3d,,, 
NI 4s 
NII Ар 
МШ 4р 
Sulfur (16) 

K 1s 
LI 2s 
LU 2p,, 
LII 2р,, 
Tantalum (73) 
K 1s 
LI 2s 
LU 2p,, 
ІШ 2p,, 
MI 3s 
MII 3p, 
MII — 3p, 
MIV 34, 
МУ За. 
МТ 45 
МП Ар 
NI Ар, 
NIV 44, 
NV 44,, 
NVI 46, 
NVI 46, 
OI 58 
оп бр, 
ош Бр, 
Technetium (43) 
K 1s 
LI 2s 
LU 2p,, 
LII 2р,» 
MI 3s 
MII 3p, 
MII — 3p, 
MIV 34, 
МУ 3d,, 
NI 4s 
NII Ар 
NIII Ap, 
Tellurium (52) 
K 1s 
LI 2s 
LIH 2p,, 
LII 2р,» 
MI 3s 
MII 3p, 
MII — 3p, 
MIV 34, 
MV 3d,, 
NI 4s 
NI 4р,, 


NII 4p, 


2007 
1940 
358.75 
280.35 
270.0” 
136.0” 
134.2> 
38.9^ 
21.6^ 
20.1^ 


2472 
230.954 
163.6* 
162.5* 


67416 
11682 
11136 
9881 
2708 
2469 
2194 
1793 
1735 
563.4° 
463.4” 
400.9° 
237.9» 
226.4» 
23.5” 
21.6” 
69.7° 
42.23 
32.7» 


21044 
3043 
2793 
2677 
586.14 
447.6* 
417.7* 
257.6* 
253.9* 
69.5* 
42.3* 
99,9% 


31814 
4939 
4612 
4341 
1006" 
870.8° 
820.0° 
583.4° 
573.0° 
169.45 
103.35 
103.35 


NIV 4d, , 
NV 44, 
Terbium (65) 

K 1s 
LI 2s 
LII 2p,, 
ІШ 2p,, 
MI 3s 
MII Зр,» 
мш 3p,, 
MIV 3d,, 
MV За, 
М1 4s 
NII 4р,, 
МШ 4p, 
NIV 44,, 
NV 44,, 
N VI 46, 
МУП f, 
OI 5s 
ОП 5р, 
ош 5p, 
Thallium (81) 
K 15 
LI 2s 
LII 2р, 
ІШ 2p,, 
MI 3s 
MII Зр,» 
MIII 3p,, 
MIV за,» 
МУ За, 
М1 4s 
NII 4р, 
МШ Ар 
NIV 44,, 
NV 44, 
N VI 46, 
МУП 4, 
О1 55 
ОП 5р,, 
ОШ 5р, 
ОТУ 54 
OV 54,, 
Thorium (90) 

K 15 
LI 2s 
LII 2p,, 
ІШ 2p,, 
MI 3s 
MII Зр,» 
MII 3p,, 
MIV 34,, 
МУ Зд 
NI 4s 
NII 4р, 
МШ ар, 
NIV 44 
NV 44, 
N VI Af. о 
N VII 4f. 


41.95 
40.45 


51996 
8708 
8252 
7514 
1968 
1768 
1611 
1267.9* 
1241,1: 
396.0* 
322.4* 
284.1* 
150.5 
150.5 
727% 
2.44 
45.6 
28.7? 
22.6" 


85530 
15347 
14698 
12658 
3704. 
3416 
2957 
2485 
2389 
846.2^ 
720.5^ 
609.55 
405.75 
385.0” 
12296 
117.89 
1364 
94.6^ 
73,5? 
14.78 
12:59 


109651 
20472 
19693 
16300 
5182 
4830 
4046 
3491 
3332 
1330“ 
11685 
966.4^ 
712,15 
675.2» 
342.4» 
333.1° 


О1 58 
ОП 5р,» 
ОШ 5p, 
OIV 5d,, 
OV 54,, 
PI 6s 
РИ бр, 
РШ бр,, 
Thulium (69) 

K 15 
LI 2s 
LII 2p,, 
LIU 2p, 
MI 3s 
MII 3p,, 
МШ Зр,, 
MIV 3d,, 
MV 3d,, 
NI 4s 
МП 4р,, 
МШ 4р,, 
NIV 4d,,, 
NV 44,, 
N VI 45, 
МУП АГЬ 
О1 5s 
ОП 5р,, 
ОШ 5р,, 
Тт (50) 

K 15 
LI 2s 
LII 2р, 
LIU 2р,, 
MI 3s 
MII 3p,, 
МШ 3p,, 
MIV 34,, 
МУ 3d,, 
NI 4s 
МП 4р,, 
МШ 4р,, 
NIV 44, 
NV 44,, 
Titanium (22) 
K 15 
LI 2s 
LII 2p,, 
LIU 2р,, 
М1 35 
MII 3p,, 
MII Зр,, 
Tungsten (74) 

K 15 
LI 2s 
LII 2p,, 
LIU 2р,, 
М1 35 
MII 3p,, 
МШ Зр,, 
MIV 3d. 
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МУ 3d, 
NI 4s 
NII ар, 
NII Ap,,, 
NIV 44, 
NV ه4‎ 
NVI Af, 
NVI 4f, 
OI 5s 
оп бр, 
ош 5p,,, 
Uranium (92) 

K 15 
LI 2s 
LU 2p,, 
LII 20; 
МІ 35 
MII 3p,, 
МШ — 3p, 
MIV 34, 
MV 3d,,, 
NI 45 
МП ар, 
NII Ap,,, 
NIV 44, 
NV 44,,, 
NVI Af, 
NVI 4, 
OI 5s 


Reference 1. 


1809 
594.19 
490.4^ 
423.6^ 
255.9^ 
243.5^ 
33.6 
31.4» 
75.6» 
453% 
36.8» 


115606 
21757 
20948 
17166 


5548 
5182 
4303 
3728 
3552 
1439%4 
127154 


1043» 

778.3^ 
736.2^ 
388.2* 
377.4^ 
321568 


оп 5р,, 
ош 5р, 
OIV 5d,, 
OV 5d., 
PI 6s 
РП бр, 
РШ бр,, 
Vanadium (23) 
K 1s 
LI 2s 
LU 2p,, 
LII 2р,, 
МІ 35 
MII 3p,, 
MIII 3p,, 
Xenon (54) 

K 1s 
LI 2s 
LU 2p,, 
LIII 2р,, 
МІ 35 
MII 3p, 
MII — 3p, 
MIV 34, 
MV 3d, 
NI 4s 
NII Ар 
NI 4р, 
NIV 44, 
NV 44, 
N VI 41 


Reference 2 (remaining values from Reference 3). 


One-particle approximation not valid. 


Derived using energy differences from Reference 3. 


25734 
19254 
102.8 
94.2» 
43.9 
26.8” 
16.89 


5465 
626.7” 
519.8” 
521.19 
66.3? 
37.2 
37.2 


34561 
5453 
5107 
4786 
1148.7* 
1002.1* 
940.6* 
689.0* 
676.4* 
213.2* 
146.7 
145.5* 
69.5* 
67.58 


NVI 4, 
О1 55 
оп бр, 
ош 5р» 
Ytterbium (70) 
K 15 
EI 2s 
LU 2p,, 
LII 2р,, 
МІ 35 
MII 3p,,, 
MII — 3p, 
MIV 34, 
МУ 3d,,, 
NI 4s 
NII ар, 
NII др, 
NIV 44,, 
NV 44., 
NVI 4, 
NVI — 4f, 
OI 5s 
оп бр, 
ош 5р,, 
Yttrium (39) 

K 15 
EI 2s 
LI 2p,, 
LIII 2р,, 
МІ 35 
MII 3p,, 


MIII 3p, 
MIV 3d,, 
MV 34,, 
МІ 45 
МП 4р,, 
NIII 4р,, 
Zinc (30) 

K 1s 
LI 2s 
LII 2р,, 
LIII 2p,, 
MI 3s 
MII 3p,, 
MIII Зр,, 
MIV 3d,, 
MV 34,, 
Zirconium (40) 
К 15 
LI 2s 
LII 2P, 
LIII 2р,, 
MI 3s 
MII Эр, 
MIII Зр,, 
MIV 3d,, 
MV За, 
М1 45 
МП 4р,, 
NIII 4p, 


Electron Binding Energies of the Elements 


298.8? 
157.7° 
155.8 
43.8* 
24.4 
23.1? 


9659 
1196.27 
1044.97 
1021.87 
139.8* 
91.44 
88.6" 
10.2? 
10.1? 


17998 
2532 
2307 
2223 
430.35 
343.5^ 
329.8^ 
1811» 
178.8^ 
50.6" 
28.5^ 
27:19 


Natural widths of K X-ray lines in eV: 


Element Ka, 
Ca 1.00 
Ti 1.45 
Cr 2.05 
Fe 2.45 
Ni 3.00 
Zn 3.40 
Ge 3.75 
Se 4.10 
Kr 4.23 
Sr 5.17 
Zr 5.70 

Mo 6.82 
Ru 741 
Pd 8.80 
Cd 9.80 
$n 11.20 
Te 12.80 
Xe 14.20 
Ba 16.10 


Ka, 
0.98 
2.13 
2.64 
3.20 
3.70 
3.96 
4.18 
4.43 
4.62 
4.97 
5.25 
6.80 
7.96 
9.20 

10.40 
12.40 
14.20 
15.10 
16.80 


NATURAL WIDTH OF X-RAY LINES 


Kp 


1 


11.80 
13.30 
15.30 
18.15 


11.00 
13.10 
14.50 
16.70 


3 


From Salem, S. I. and Lee, P. L., At. Data Nucl. Data Tables, 18, 233, 1976. 


Natural widths of L X-ray lines in eV: 


Element 


1.87 
2.03 
2.18 
2.36 
2.54 
2.75 
2.96 
3.20 
3.45 
3.73 
4.00 
4.33 
4.63 
5.03 
5.45 
5.90 
6.36 
6.90 
7.42 
8.00 
8.70 
9.35 
10.10 
10.65 
11.60 
12.40 
13.50 
14.10 
15.70 


Element Ka, 


Ce 
Nd 
Sm 
Gd 
Dy 


Lp, 


5.13 
5.30 
5.45 
5.63 
5.82 
6.10 
6.25 
6.43 
6.70 
6.86 
7.18 
7.42 
7.70 
7.90 
8.28 
8.58 
8.92 
9.06 
9.60 
9.95 
10.40 
10.75 
11.25 
11.65 
12.20 
12.80 
13.30 
13.90 
14.60 


18.60 
21.50 
26.00 
29.50 
33.90 
35.00 
38.80 
42.70 
46.80 
49.00 
54.10 
64.75 
67.10 
73.20 
80.00 
87.00 
94.70 
103.00 


Lp, 
5.50 
5.90 
6.35 
6.80 
733 
7.70 
8.22 
8.70 
9.20 
9.70 

10.30 

10.80 

11.20 

11.50 

11.85 

12.20 

12.40 

13.10 

14.60 

16.10 

17.40 

18.65 

19.90 

21.00 

22.00 

22.85 

23.70 

24.10 

25.00 


Lp, 
5.60 
5.78 
5.96 
6.18 
6.28 
6.60 
6.82 
7.15 
7.42 
7.82 
8.15 
8.60 
9.08 
9.60 

10.03 
11.00 
12.80 
14.60 
16.50 
18.00 
19.70 
21.30 
22.70 
24.00 
25.20 
26.35 
27.50 
28.30 
29.40 


кр, 
20.60 
23.25 
25.65 
29.37 
32.73 
36.20 
4143 
46.00 
51.83 
55.90 
59.98 
65.75 
72.20 
78.60 
85.50 
94.20 
99.70 
105.00 


Ту, 
3.34 
3.76 
4.15 
4.50 
4.83 
5.23 
5.60 
5.95 
6.35 
6.75 
7.16 
7.50 
7.83 
8.30 
8.75 
9.20 
9.63 

10.20 
10.65 
11.20 
11.80 
12.30 
13.05 
13.55 
14.30 
15.00 
15.70 
16.40 
17.10 


KB, 
18.60 
21.33 
24.65 
28.00 
32.00 
35.70 
41.15 
46.10 
51.50 
55.95 
62.13 
68.95 
73.80 
80.10 
86.50 
95.50 

101.00 

107.30 


10-233 


PHOTON ATTENUATION COEFFICIENTS 


Martin J. Berger and John H. Hubbell 


This table gives mass attenuation coefficients for photons for all 
elements at energies between 1 keV (soft x-rays) and 1 GeV (hard 
gamma rays). The mass attenuation coefficient и describes the at- 
tenuation of radiation as it passes through matter by the relation 


I(x)/I, =e" 


where 1, is the initial intensity, (ж) the intensity after path length 
х, and p is the mass density of the element in question. To a high 
approximation the mass attenuation coefficient is additive for the 
elements present, independent of the way in which they are bound 
in chemical compounds. 

The power of ten is indicated beside each number in the table; 
1е., 7.41 + 03 means 7.41 x 103. A vertical line between two col- 
umns indicates that an absorption edge lies between those energy 
values. The various edges are labeled at the bottom of the table. 


10-234 


The attenuation coefficients were calculated with the computer 
program XCOM (Reference 1), which uses a cross-section data- 
base compiled at the Photon and Charged Particle Data Center at 
the National Institute of Standards and Technology. Their accu- 
racy has been confirmed at all energies by extensive comparisons 
with experimental attenuation coefficients. Such comparisons for 
X-ray energies up to 100 keV can be found in Reference 2. 


References 


1. Berger, M. J. and Hubbell, J. H., National Bureau of Standards Report 
NBSIR-87-3597, 1987. 

2. Saloman, E. B., Hubbell, J. H., and Scofield, J. H., Atomic Data and 
Nuclear Data Tables, 38, 1, 1988. 


Photon Attenuation Coefficients 


Atomic 
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Mass attenuation coefficient, cm?/g 
Photon energy, MeV 

0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 

7.21 + 00 1.06 + 00 4.19-01 3.85-01 3.69-01 3.36-01 2.94-01 2.43-01 1.73-01 
6.08 + 01 6.86 + 00 5.77-01 2.48-01 1.96-01 1.70-01 1.49-01 1.22-01 8.71-02 
2.34 4 02 2.71 + 01 1.62 + 00 3.40-01 1.86-01 1.49-01 1.29-01 1.06-01 7.53-02 
6.04 + 02 7.47 + 01 4.37 + 00 6.47-01 2.25-01 1.55-01 1.33-01 1.09-01 7.74-02 
1.23 + 03 1.60 + 02 9.68 + 00 1.25 + 00 3.01-01 1.66-01 1.39-01 1.14-01 8.07-02 
2.21 + 03 3.03 + 02 1.91 + 01 2.37 + 00 4.42-01 1.87-01 1.51-01 1.23-01 8.72-02 
3.31 + 03 4.77 + 02 3.14 + 01 3.88 + 00 6.18-01 1.98-01 1.53-01 1.23-01 8.72-02 
4.59 + 03 6.95 + 02 4.79 + 01 5.95 + 00 8.65-01 2.13-01 1.55-01 1.24-01 8.73-02 
5.65 + 03 9.05 + 02 6.51 + 01 8.21 + 00 1.13 + 00 2.21-01 1.50-01 1.18-01 8.27-02 
7.41 + 03 1.24 + 03 9.34 + 01 1.20 + 01 1.61 + 00 2.58-01 1.60-01 1.24-01 8.66-02 
6.54 + 02 1.52 + 03 1.19 + 02 1.56 + 01 2.06 + 00 2.80-01 1.59-01 1.20-01 8.37-02 
9.22 + 02 1.93 + 03 1.58 + 02 211-01 2.76 + 00 3.29-01 1.69-01 1.24-01 8.65-02 
1.19 + 03 2.26 + 03 1.93 + 02 2.62 + 01 3.44 + 00 3.68-01 1.70-01 1.22-01 8.44-02 
1.57 + 03 2.78 4 03 2.45 + 02 3.39 + 01 4.46 + 00 4.38-01 1.84-01 1.28-01 8.75-02 
1.91 + 03 3.02 + 02 2.86 + 02 4.04 + 01 5.35 + 00 4.92-01 1.87-01 1.25-01 8.51-02 
2.43 + 03 3.85 + 02 3.49 + 02 5.01 + 01 6.71 + 00 5.85-01 2.02-01 1.30-01 8.78-02 
2.83 + 03 4.52 + 02 3.90 + 02 5.73 + 01 7.74 + 00 6.48-01 2.05-01 1.27-01 8.45-02 
3.18 + 03 5.12 + 02 4.23 + 02 6.32 + 01 8.63 + 00 7.01-01 2.04-01 1.20-01 7.96-02 
4.06 + 03 6.59 + 02 5.19 + 02 7.91 + 01 1.09 + 01 8.68-01 2.34-01 1.32-01 8.60-02 
4.87 + 03 8.00 + 02 6.03 + 02 9.34 + 01 1.31 + 01 1.02 + 00 2.57-01 1.38-01 8.85-02 
5.24 + 03 8.70 + 02 6.31 + 02 9.95 + 01 141 + 01 1.09 + 00 2.58-01 1.31-01 8.31-02 
5.87 + 03 9.86 + 02 6.84 + 02 1.11 + 02 1.59 + 01 1.21 + 00 2.72-01 1.31-01 8.19-02 
6.50 + 03 1.11 + 03 9.29 + 01 1.22 + 02 177401 1.35 + 00 2.88-01 1.32-01 8.07-02 
7.40 + 03 1.28 + 03 1.08 + 02 1.39 + 02 2.04 + 01 1.55 + 00 3.17-01 1.38-01 8.28-02 
8.09 + 03 142 +03 121+02 1.51 + 02 2.25 + 01 1.71 + 00 3.37-01 1.39-01 8.19-02 
9.09 + 03 1.63 + 03 1.40 + 02 1.71 + 02 2.57 + 01 1.96 + 00 3.72-01 1.46-01 8.41-02 
9.80 + 03 1.78 + 03 1.54 + 02 1.84 + 02 2.80 + 01 2.14 + 00 3.95-01 1.48-01 8.32-02 
9.86 + 03 2.05 + 03 1.79 + 02 2.09 + 02 3.22 + 01 2.47 + 00 444-01 1.58-01 8.70-02 
1.06 + 04 2.15 + 03 1.90 + 02 2.16 + 02 3.38 + 01 2.61 + 00 4.58-01 1.56-01 8.36-02 
1.55 + 03 2.37 + 03 2.12 + 02 2.33 + 02 3.72 + 01 2.89 + 00 4.97-01 1.62-01 8.45-02 
1.70 + 03 2.52 + 03 2.27 + 02 3.42 + 01 3.93 + 01 3.08 + 00 5.20-01 1.62-01 8.24-02 
1.89 + 03 2.71 + 03 247 + 02 3.74 + 01 422 + 01 3.34 + 00 5.55-01 1.66-01 8.21-02 
2.12 + 03 2.93 + 03 2.71 + 02 4.12 + 01 4.56 + 01 3.63 + 00 5.97-01 1.72-01 8.26-02 
2.32 + 03 3.10 + 03 2.90 + 02 4.41 + 01 4.82 + 01 3.86 + 00 6.28-01 1.74-01 8.13-02 
2.62 + 03 3.41 + 03 3.21 + 02 4.91 + 01 5.27 + 01 4.26 4 00 6.86-01 1.84-01 8.33-02 
2.85 + 03 3.60 + 03 3.43 + 02 5.26 + 01 5.55 + 01 4.52 + 00 7.22-01 1.87-01 8.23-02 
3.17 + 03 3.41 + 03 3.74 + 02 5.77 + 01 5.98 + 01 4.92 + 00 7.80-01 1.96-01 8.36-02 
3.49 + 03 2.59 + 03 4.06 + 02 6.27 + 01 6.39 + 01 5.31 + 00 8.37-01 2.04-01 8.44-02 
3.86 + 03 7.42 + 02 4.42 + 02 6.87 + 01 6.86 + 01 5.76 + 00 9.05-01 2.15-01 8.61-02 
4.21 + 03 8.12 + 02 4.76 + 02 7.42 + 01 7.24 + 01 6.17 + 00 9.66-01 2.24-01 8.69-02 
4.60 + 03 8.89 + 02 5.13 + 02 8.04 + 01 7.71 + 01 6.64 + 00 1.04 + 00 2.34-01 8.83-02 
4.94 + 03 9.60 + 02 5.45 + 02 8.58 + 01 1.31 +01 7.04 + 00 1.10 + 00 2.42-01 8.85-02 
5.36 + 03 1.04 + 03 5.84 + 02 9.23 + 01 141 + 01 7.52 + 00 1.17 + 00 2.53-01 8.97-02 
5.72 + 03 1.12 + 03 6.17 + 02 9.80 + 01 1.50 + 01 7.92 + 00 1.23 + 00 2.62-01 8.99-02 
6.17 + 03 1.21 + 03 6.59 + 02 1.05 + 02 1.61 + 01 8.45 + 00 1.31 + 00 2.74-01 9.13-02 
6.54 03 1.29 + 03 6.91 + 02 1.11 + 02 1.70 + 01 8.85 + 00 1.38 + 00 2.83-01 9.13-02 
7.04 + 03 140 + 03 7.39 + 02 1.19 + 02 1.84 + 01 9.45 + 00 1.47 + 00 2.97-01 9.32-02 
7.35 + 03 147 + 03 7.69 + 02 1.24 + 02 1.92 + 01 9.78 + 00 1.52 + 00 3.04-01 9.25-02 
7.81 + 03 1.58 + 03 8.13 + 02 1.32 + 02 2.04 + 01 1.03 + 01 1.61 + 00 3.17-01 9.37-02 
8.16 + 03 1.66 + 03 8.47 + 02 1.38 + 02 2.15 + 01 1.07 + 01 1.68 + 00 3.26-01 9.37-02 

L,|L, K EDGE 
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Mass attenuation coefficient, cm?/g 
Photon energy, MeV 


Atomic 

no. 1.0 2.0 5.0 10.0 20.0 50.0 100.0 500.0 1000.0 
H 1 1.26-01 8.77-02 5.05-02 3.25-02 2.15-02 1.42-02 1.19-02 1.14-02 1.16-02 
He 2 6.36-02 4.42-02 2.58-02 1.70-02 1.18-02 8.61-03 7.78-03 7.79-03 7.95-03 
Li 3 5.50-02 3.83-02 2.26-02 1.53-02 1.11-02 8.68-03 8.21-03 8.61-03 8.87-03 
Be 4 5.65-02 3.94-02 2.35-02 1.63-02 1.23-02 1.02-02 9.94-03 1.08-02 1.12-02 
B 5 5.89-02 4.11-02 2.48-02 1.76-02 1.37-02 1.19-02 1.19-02 1.32-02 1.37-02 
С 6 6.36-02 4.44-02 2.71-02 1.96-02 1.58-02 1.43-02 1.46-02 1.64-02 1.70-02 
N 7 6.36-02 4.45-02 2.74-02 2.02-02 1.67-02 1.57-02 1.63-02 1.85-02 1.92-02 
[9] 8 6.37-02 4.46-02 2.78-02 2.09-02 1.77-02 1.71-02 1.79-02 2.06-02 2.13-02 
F 9 6.04-02 4.23-02 2.66-02 2.04-02 1.77-02 1.75-02 1.86-02 2.14-02 2.21-02 
Ne 10 6.32-02 4.43-02 2.82-02 2.20-02 1.95-02 1.96-02 2.11-02 2.43-02 2.51-02 
Na 11 6.10-02 4.28-02 2.75-02 2.18-02 1.97-02 2.03-02 2.19-02 2.53-02 2.62-02 
Mg 12 6.30-02 4.43-02 2.87-02 2.31-02 2.13-02 2.23-02 2.42-02 2.81-02 2.90-02 
Al 13 6.15-02 4.32-02 2.84-02 2.32-02 2.17-02 2.31-02 2.52-02 2.93-02 3.03-02 
51 14 6.36-02 4.48-02 2.97-02 2.46-02 2.34-02 2.52-02 2.76-02 3.23-02 3.34-02 
P 15 6.18-02 4.36-02 2.91-02 2.45-02 2.36-02 2.58-02 2.84-02 3.33-02 3.45-02 
S 16 6.37-02 4.50-02 3.04-02 2.59-02 2.53-02 2.79-02 3.08-02 3.62-02 375-02 
а 17 6.13-02 4.33-02 2.95-02 2.55-02 2.52-02 2.81-02 3.11-02 3.67-02 3.80-02 
Аг 18 5.76-02 4.07-02 2.80-02 2.45-02 2.45-02 2.76-02 3.07-02 3.62-02 3.75-02 
К 19 6.22-02 4.40-02 3.05-02 2.70-02 2.74-02 3.11-02 3.46-02 4.09-02 4.24-02 
Са 20 6.39-02 4.52-02 3.17-02 2.84-02 2.90-02 3.32-02 3.71-02 4.40-02 4.56-02 
56 21 5.98-02 4.24-02 3.00-02 2.72-02 2.80-02 3.23-02 3.62-02 4.30-02 4.45-02 
Ti 22 5.89-02 4.18-02 2.98-02 2.73-02 2.84-02 3.30-02 3.71-02 4.40-02 4.56-02 
۷ 23 5.79-02 4.11-02 2.96-02 2.74-02 2.88-02 3.36-02 3.78-02 4.49-02 4.65-02 
Cr 24 5.93-02 4.21-02 3.06-02 2.86-02 3.03-02 3.56-02 4.01-02 4.76-02 4.93-02 
Mn 25 5.85-02 4.16-02 3.04-02 2.87-02 3.07-02 3.63-02 4.09-02 4.86-02 5.04-02 
Fe 26 5.99-02 4.26-02 3.15-02 2.99-02 3.22-02 3.83-02 4.33-02 5.15-02 5.33-02 
Co 27 5.91-02 4.20-02 3.13-02 3.00-02 3.26-02 3.88-02 4.40-02 5.23-02 5.41-02 
Ni 28 6.16-02 4.39-02 3.29-02 3.18-02 3.48-02 4.17-02 4.73-02 5.61-02 5.81-02 
Cu 29 5.90-02 4.20-02 3.18-02 3.10-02 3.41-02 4.10-02 4.66-02 5.53-02 5.72-02 
Zn 30 5.94-02 4.24-02 3.22-02 3.18-02 3.51-02 4.24-02 4.82-02 5.72-02 5.91-02 
Ga 31 5.77-02 4.11-02 3.16-02 3.13-02 3.48-02 4.22-02 4.80-02 5.70-02 5.89-02 
Ge 32 5.73-02 4.09-02 3.16-02 3.16-02 3.53-02 4.30-02 4.89-02 5.80-02 6.00-02 
As 33 5.73-02 4.09-02 3.19-02 3.21-02 3.60-02 4.40-02 5.01-02 5.95-02 6.15-02 
Se 34 5.62-02 4.01-02 3.14-02 3.19-02 3.60-02 4.41-02 5.03-02 5.97-02 6.17-02 
Br 35 5.73-02 4.09-02 3.23-02 3.29-02 3.74-02 4.60-02 5.24-02 6.22-02 6.43-02 
Kr 36 5.63-02 4.02-02 3.20-02 3.28-02 3.74-02 4.61-02 5.26-02 6.25-02 6.46-02 
Rb 37 5.69-02 4.06-02 3.25-02 3.36-02 3.85-02 4.75-02 5.43-02 6.45-02 6.67-02 
Sr 38 5.71-02 4.08-02 3.29-02 3.41-02 3.93-02 4.87-02 5.56-02 6.61-02 6.83-02 
Y 39 5.80-02 4.14-02 3.35-02 3.50-02 4.05-02 5.03-02 5.75-02 6.83-02 7.06-02 
Zr 40 5.81-02 4.15-02 3.38-02 3.55-02 4.12-02 5.13-02 5.87-02 6.98-02 7.22-02 
Nb 41 5.87-02 4.18-02 3.44-02 3.63-02 4.22-02 5.27-02 6.03-02 7.17-02 7.42-02 
Mo 42 5.84-02 4.16-02 3.44-02 3.65-02 4.26-02 5.33-02 6.10-02 7.26-02 7.51-02 
Tc 43 5.88-02 4.19-02 3.48-02 3.71-02 4.35-02 5.45-02 6.24-02 7.43-02 7.68-02 
Ru 44 5.85-02 4.16-02 3.48-02 3.73-02 4.39-02 5.50-02 6.30-02 7.51-02 777-02 
Rh 45 5.89-02 4.20-02 3.53-02 3.80-02 4.48-02 5.63-02 6.45-02 7.69-02 7.94-02 
Pd 46 5.85-02 4.16-02 3.52-02 3.80-02 4.50-02 5.66-02 6.49-02 7.73-02 8.00-02 
Ag 47 5.92-02 4.21-02 3.58-02 3.88-02 4.61-02 5.81-02 6.67-02 7.93-02 8.20-02 
Cd 48 5.83-02 4.14-02 3.54-02 3.85-02 4.59-02 5.79-02 6.64-02 7.91-02 8.18-02 
In 49 5.85-02 4.15-02 3.56-02 3.90-02 4.65-02 5.88-02 6.75-02 8.04-02 8.32-02 
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5.80-02 4.11-02 3.55-02 3.90-02 4.66-02 5.90-02 6.78-02 8.07-02 8.35-02 


Photon Attenuation Coefficients 


Atomic 
no. 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
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96 
97 
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99 
100 


10-237 
Mass attenuation coefficient, cm?/g 
Photon energy, MeV 

0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 
8.58 + 03 1.77 + 03 8.85 + 02 1.46 + 02 2.27 + 01 1.12 + 01 1.76 + 00 3.38-01 9.45-02 
8.43 + 03 1.83 + 03 9.01 + 02 1.50 + 02 2.34 + 01 1.14 + 01 1.80 + 00 3.43-01 9.33-02 
9.10 + 03 2.00 + 03 8.43 + 02 1.63 + 02 2.54 + 01 1.23 + 01 1.94 + 00 3.66-01 9.70-02 
9.41 + 03 2.09 + 03 6.39 + 02 1.69 + 02 2.65 + 01 1.27 + 01 2.01 +00 3.76-01 9.70-02 
9.37 + 03 2.23 + 03 2.30 + 02 1.79 + 02 2.82 + 01 1.34 + 01 2.12 + 00 3.94-01 9.91-02 
8.54 + 03 2.32 + 03 2.41 + 02 1.86 + 02 2.94 + 01 1.38 + 01 2.20 + 00 4.05-01 9.92-02 
9.09 + 03 2.46 + 03 2.58 + 02 1.97 + 02 3.12 + 01 1.45 + 01 2.32 + 00 4.24-01 1.01-01 
9.71 + 03 2.61 + 03 2.74 + 02 2.08 + 02 3.31 + 01 1.52 + 01 2.45 +00 4.45-01 1.04-01 
1.06 + 04 2.77 + 03 2.92 + 02 2.21 + 02 3.53 + 01 1.60 + 01 2.59 + 00 4.69-01 1.07-01 
6.63 + 03 2.88 + 03 3.06 + 02 2.30 + 02 3.68 + 01 1.65 + 01 2.69 + 00 4.84-01 1.08-01 
2.06 + 03 3.05 + 03 3.26 + 02 2.44 + 02 3.92 + 01 1.73 + 01 2.84 + 00 5.10-01 1.12-01 
2.11 + 03 3.12 + 03 3.36 + 02 2.50 + 02 4.03 + 01 1.77 + 01 2.90 + 00 5.19-01 1.11-01 
2.22 + 03 3.28 + 03 3.54 + 02 2.63 + 02 4.24 + 01 1.85 + 01 3.04 + 00 5.43-01 1.14-01 
2.29 4 03 3.36 + 03 3.65 + 02 2.69 + 02 4.36 + 01 3.86 + 00 3.11 + 00 5.54-01 1.14-01 
2.40 + 03 3.51 + 03 3.84 + 02 2.82 + 02 4.59 + 01 4.06 + 00 3.25 + 00 5.77-01 1.17-01 
2.49 + 03 3.47 + 03 3.99 + 02 2.90 + 02 4.76 + 01 4.23 + 00 3.36 + 00 5.95-01 1.18-01 
2.62 + 03 3.59 + 03 4.17 + 02 3.01 + 02 4.98 + 01 443 + 00 3.49 + 00 6.18-01 1.20-01 
2.75 + 03 3.52 + 03 4.36 + 02 3.13 + 02 5.20 + 01 4.63 + 00 3.63 + 00 6.41-01 1.23-01 
2.90 + 03 3.69 + 03 4.57 + 02 2.83 + 02 5.45 + 01 4.87 + 00 3.78 + 00 6.68-01 1.26-01 
3.02 + 03 3.80 + 03 4.72 + 02 2.94 + 02 5.63 + 01 5.04 + 00 3.88 + 00 6.86-01 1.27-01 
3.19 + 03 3.45 + 03 4.94 + 02 2.21 + 02 5.88 + 01 5.28 + 00 4.03 + 00 7.13-01 1.30-01 
3.34 + 03 3.60 + 03 5.11 + 02 2.30 + 02 6.09 + 01 5.48 + 00 4.15 + 00 7.34-01 1.32-01 
3.51 4 03 3.77 + 03 5.33 + 02 2.38 + 02 6.33 + 01 5.72 + 00 4.30 + 00 7.60-01 1.35-01 
3.68 + 03 3.92 + 03 5.53 + 02 9.69 + 01 6.57 + 01 5.95 + 00 4.44 + 00 7.84-01 1.38-01 
3.87 + 03 3.77 + 03 5.76 + 02 1.01 + 02 6.84 + 01 6.21 + 00 4.59 + 00 8.12-01 141-01 
4.03 + 03 2.22 + 03 5.93 + 02 1.04 + 02 7.04 + 01 6.41 + 00 4.70 + 00 8.33-01 1.43-01 
424 + 03 1.03 + 03 6.18 + 02 1.09 + 02 7.32 + 01 6.69 + 00 4.86 + 00 8.63-01 1.46-01 
4.43 + 03 1.08 + 03 6.40 + 02 1.13 + 02 7.57 + 01 6.95 + 00 4.99 4 00 8.90-01 149-01 
4.65 + 03 1.14 + 03 6.66 + 02 1.18 + 02 7.88 + 01 7.26 + 00 5.16 + 00 9.22-01 1.53-01 
4.83 + 03 1.18 + 03 6.87 + 02 1.22 + 02 8.12 + 01 7.50 + 00 5.28 + 00 9.46-01 1.56-01 
5.01 + 03 1.23 + 03 7.07 + 02 1.26 + 02 8.36 + 01 7.75 + 00 5.40 + 00 9.69-01 1.58-01 
5.21 + 03 1.29 + 03 7.30 + 02 1.31 + 02 8.64 + 01 8.04 + 00 5.55 + 00 9.99-01 1.61-01 
5.44. + 03 1.35 + 03 7.58 + 02 1.36 + 02 8.95 + 01 8.38 + 00 5.74 + 00 1.03 + 00 1.66-01 
5.72 + 03 1.42 + 03 7.93 + 02 1.43 + 02 9.35 + 01 8.80 + 00 5.99 + 00 1.08 + 00 1.71-01 
5.87 + 03 1.49 + 03 8.25 + 02 1.49 + 02 9.70 + 01 9.19 + 00 6.17 + 00 1.12 + 00 1.77-01 
5.83 03 1.49 + 03 8.16 + 02 1.48 + 02 9.56 + 01 9.12 + 00 6.09 + 00 1.10 + 00 1.73-01 
6.08 + 03 1.56 + 03 8.49 + 02 1.54 + 02 9.93 + 01 9.52 + 00 1.66 + 00 1.14 + 00 1.78-01 
6.20 + 03 1.62 + 03 8.74 + 02 1.59 + 02 1.02 + 02 9.85 + 00 1.71 + 00 1.17 + 00 1.82-01 
6.47 + 03 1.70 + 03 8.69 + 02 1.65 + 02 1.06 + 02 1.03 + 01 1.79 + 00 1.21 + 00 1.87-01 
6.61 + 03 1.74 + 03 8.88 + 02 1.69 + 02 9.37 + 01 1.05 + 01 1.83 + 00 1.23 + 00 1.90-01 
6.53 + 03 1.83 + 03 8.76 + 02 1.77 + 02 7.03 + 01 1.10 + 01 1.92 + 00 1.29 + 00 1.97-01 
6.63 + 03 1.86 + 03 8.89 + 02 1.79 + 02 7.11 1 1.12 + 01 1.95 + 00 1.30 + 00 1.98-01 
6.95 + 03 1.96 + 03 9.32 + 02 1.87 + 02 7.45 + 01 1.18 + 01 2.05 + 00 1.35 + 00 2.05-01 
7.19 + 03 2.04 + 03 9.65 + 02 1.94 + 02 7.71 + 01 1.22 + 01 2.13 + 00 1.39 + 00 2.10-01 
7.37 + 03 2.10 + 03 9.90 + 02 1.98 + 02 7.93 + 01 1.25 + 01 2.19 +00 1.42 + 00 2.14-01 
7.54 + 03 2.15 + 03 1.02 + 03 2.03 + 02 8.14 + 01 1.28 + 01 2.25 + 00 1.44 + 00 2.18-01 
7.84 + 03 2.25 + 03 1.06 + 03 2.10 + 02 8.39 + 01 1.34 + 01 2.35 + 00 1.50 + 00 2.25-01 
7.89 + 03 2.31 + 03 9.27 + 02 2.15 + 02 8.58 + 01 1.37 + 01 2.41 + 00 1.52 + 00 2.29-01 

2.40 + 03 9.59 + 02 2.22 + 02 1.42 + 01 2.51 + 00 1.57 + 00 2.36-01 

2.46 + 03 9.77 + 02 2.26 + 02 1.45 + 01 2.57 + 00 1.59 + 00 2.39-01 
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10-238 Photon Attenuation Coefficients 


Mass attenuation coefficient, cm?/g 
Photon energy, MeV 


Atomic 

no. 1.0 2.0 5.0 10.0 20.0 50.0 100.0 500.0 1000.0 
Sb 51 5.80-02 4.10-02 3.56-02 3.92-02 4.70-02 5.96-02 6.85-02 8.16-02 8.44-02 
Te 52 5.67-02 4.01-02 3.49-02 3.86-02 4.64-02 5.89-02 6.77-02 8.07-02 8.35-02 
I 53 5.84-02 4.12-02 3.61-02 4.00-02 4.82-02 6.13-02 7.04-02 8.40-02 8.69-02 
Xe 54 5.78-02 4.08-02 3.58-02 3.99-02 4.82-02 6.12-02 7.04-02 8.40-02 8.69-02 
Cs 55 5.85-02 4.12-02 3.64-02 4.06-02 4.91-02 6.25-02 7.19-02 8.58-02 8.88-02 
ZB 56 5.80-02 4.08-02 3.61-02 4.04-02 4.90-02 6.25-02 7.19-02 8.58-02 8.88-02 
La 57 5.88-02 4.12-02 3.66-02 4.11-02 5.00-02 6.37-02 7.34-02 8.76-02 9.06-02 
Ce 58 5.96-02 4.18-02 3.73-02 4.19-02 5.10-02 6.52-02 7.50-02 8.96-02 9.27-02 
Pr 59 6.07-02 4.24-02 3.80-02 4.29-02 5.23-02 6.68-02 7.69-02 9.19-02 9.50-02 
Nd 60 6.07-02 4.24-02 3.81-02 4.30-02 5.26-02 6.72-02 7.74-02 9.25-02 9.56-02 
Pm 61 6.19-02 4.31-02 3.88-02 4.40-02 5.38-02 6.89-02 7.94-02 9.48-02 9.81-02 
Sm 62 6.11-02 4.24-02 3.83-02 4.35-02 5.34-02 6.84-02 7.88-02 9.41-02 9.73-02 
Eu 63 6.19-02 4.28-02 3.88-02 4.42-02 5.42-02 6.96-02 8.02-02 9.57-02 9.90-02 
Gd 64 6.12-02 4.23-02 3.84-02 4.38-02 5.38-02 6.91-02 7.97-02 9.51-02 9.83-02 
Tb 65 6.20-02 4.27-02 3.89-02 4.45-02 5.47-02 7.03-02 8.11-02 9.67-02 1.00-01 
Dy 66 6.20-02 4.26-02 3.90-02 4.46-02 5.49-02 7.06-02 8.15-02 9.72-02 1.00-01 
Ho 67 6.26-02 4.29-02 3.93-02 4.50-02 5.55-02 7.14-02 8.24-02 9.83-02 1.02-01 
Er 68 6.32-02 4.32-02 3.96-02 4.55-02 5.61-02 7.23-02 8.34-02 9.95-02 1.03-01 
Tm 69 6.40-02 4.36-02 4.01-02 4.61-02 5.70-02 7.35-02 8.48-02 1.01-01 1.04-01 
Yb 70 6.40-02 4.35-02 4.00-02 4.61-02 5.70-02 7.35-02 8.49-02 1.01-01 1.04-01 
Lu 71 6.48-02 4.39-02 4.05-02 4.66-02 5.77-02 7.45-02 8.60-02 1.02-01 1.06-01 
Hf 72 6.50-02 4.39-02 4.05-02 4.68-02 5.80-02 7.48-02 8.64-02 1.03-01 1.06-01 
Ta 73 6.57-02 4.41-02 4.08-02 4.72-02 5.85-02 7.56-02 8.73-02 1.04-01 1.07-01 
ү 74 6.62-02 4.43-02 4.10-02 4.75-02 5.89-02 7.62-02 8.80-02 1.05-01 1.08-01 
Ке 75 6.69-02 4.46-02 4.14-02 4.79-02 5.95-02 7.70-02 8.89-02 1.06-01 1.09-01 
Os 76 6.71-02 4.46-02 4.13-02 4.79-02 5.96-02 7.71-02 8.90-02 1.06-01 1.10-01 
Ir 77 6.79-02 4.50-02 4.17-02 4.84-02 6.02-02 7.80-02 9.01-02 1.07-01 1.11-01 
Pt 78 6.86-02 4.52-02 4.20-02 4.87-02 6.06-02 7.86-02 9.08-02 1.08-01 1.12-01 
Au 79 6.95-02 4.57-02 4.24-02 4.93-02 6.14-02 7.95-02 9.19-02 1.09-01 1.13-01 
Hg 80 6.99-02 4.57-02 4.25-02 4.94-02 6.15-02 7.98-02 9.22-02 1.10-01 1.13-01 
TI 81 7.03-02 4.58-02 4.25-02 4.94-02 6.16-02 8.00-02 9.24-02 1.10-01 1.14-01 
Pb 82 7.10-02 4.61-02 4.27-02 4.97-02 6.21-02 8.06-02 9.31-02 1.11-01 1.15-01 
Bi 83 7.21-02 4.66-02 4.32-02 5.03-02 6.28-02 8.15-02 9.42-02 1.12-01 1.16-01 
Po 84 7.39-02 4.75-02 4.40-02 5.12-02 6.40-02 8.32-02 9.61-02 1.15-01 1.18-01 
At 85 7.54-02 4.82-02 4.46-02 5.20-02 6.49-02 8.44-02 9.76-02 1.16-01 1.20-01 
Rn 86 7.30-02 4.65-02 4.30-02 5.01-02 6.26-02 8.14-02 9.42-02 1.12-01 1.16-01 
Fr 87 7.45-02 4.72-02 4.36-02 5.08-02 6.35-02 8.26-02 9.56-02 1.14-01 1.18-01 
Ra 88 7.53-02 4.75-02 4.38-02 5.10-02 6.38-02 8.31-02 9.61-02 1.15-01 1.19-01 
Ac 89 7.69-02 4.82-02 4.44-02 5.17-02 6.47-02 8.43-02 9.75-02 1.16-01 1.20-01 
Th 90 7.71-02 4.81-02 4.42-02 5.15-02 6.45-02 8.40-02 9.72-02 1.16-01 1.20-01 
Pa 91 7.94-02 4.93-02 4.52-02 5.26-02 6.59-02 8.60-02 9.95-02 1.19-01 1.23-01 
U 92 7.90-02 4.88-02 4.46-02 5.19-02 6.51-02 8.49-02 9.83-02 1.17-01 1.21-01 
Np 93 8.13-02 4.99-02 4.56-02 5.30-02 6.65-02 8.68-02 1.01-01 1.20-01 1.24-01 
Pu 94 8.26-02 5.05-02 4.60-02 5.34-02 6.71-02 8.76-02 1.01-01 1.21-01 1.25-01 
Am 95 8.33-02 5.06-02 4.60-02 5.34-02 6.70-02 8.77-02 1.02-01 1.21-01 1.25-01 
Cm 96 8.41-02 5.08-02 4.60-02 5.34-02 6.70-02 8.77-02 1.02-01 1.21-01 1.26-01 
Bk 97 8.62-02 5.18-02 4.68-02 5.42-02 6.81-02 8.92-02 1.03-01 1.24-01 1.28-01 
Cf 98 8.70-02 5.20-02 4.68-02 5.42-02 6.81-02 8.92-02 1.04-01 1.24-01 1.28-01 
Es 99 8.89-02 5.28-02 4.74-02 5.48-02 6.89-02 9.04-02 1.05-01 1.25-01 1.29-01 


Fm 100 8.94-02 5.28-02 4.72-02 5.45-02 6.86-02 9.00-02 1.05-01 1.25-01 1.29-01 


CLASSIFICATION OF ELECTROMAGNETIC RADIATION 


Hans Dolezalek 


Basic Conversions: À = c/v = ИК 
c= № = v/k k= у/с = 1А 
v = cl = ck с = speed of light = 2.99792458 x 108 m/s 
Approximate photon 
Frequency (v) Wavelength (A) Wave number (k) Names of bands energies 
3 x 10°— 3 x 10! Hz 108— 107 т 108 — 107 m? ELF-(ELF 1), ITU band no. 1 
3— 30 Hz 100 — 10 Mm 10--100 Gm? 
3х10--3х102Н27 107— 106 m 107—10* m? SLF-(ELF 2), ITU band по. 2, megameter 
30 — 300 Hz 10—1Mm 100 Gm!— 1IMm? waves 
3 x 10?— 3 x 10? Hz 106۴ 105 m 105—105 п! ULF-(ELF 3), ITU band по. 3 
300 Hz — 3 kHz 1 Мт — 100 km 1—10 Мт! 
3 x 108—3 x 10*Hz 105— 10* m 105—10* m? VLE ITU band no. 4, myriameter waves 
3 — 30 kHz 100 — 10 km 10— 100 Mm! 
3 x 10—3 x 10°Hz 10:— 103 m 10*— 103 m? LF, ITU band по. 5, kilometer waves 
30 — 300 kHz 10—1 km 100 Mm'!— 1 km? 
3 x 105— 3 x 106 Hz 103—10? m 103—107 m ME, ITU band по. 6, hectometer waves 
300 kHz —3 MHz 1 km — 100m 1—10 km? 
3x106—3 x 107 Hz 10?— 10! m 102— 107 m? НЕ, ITU band по. 7, decameter waves 
3 — 30 MHz 100 — 10m 10 — 100 km? 
3x107—3 x 105 Hz 10!— 10? m 10 — 100 m? VHE, ITU band no. 8, meter waves 
30 — 300 MHz 10—1m 100 km?— 1 mm? 
3x105—3 x 10? Hz 109—107 109— 10! m UHF, ITU band no. 9, decimeter waves? 
300 MHz —3 GHz 1m— 100mm 1—10m? 
3 x 10°— 3 x 108 Hz 10: — 10? 10: — 102 m? SHE, ITU band по. 10, centimeter waves? 
3— 30 GHz 100 —10 mm 10 — 100 т! 
3 x 10°—3 x 10! Hz 10?— 10% т 102 — 10° m? ЕНЕ, ITU band no. 11, millimeter waves 
30— 300 GHz 10—1 mm 100 т! — 1 mm 
(1— 10 ст") 
3 x 101—3 x 10? Hz 10? —10* 10° — 10* m: Part of micrometer waves, includes part 
300 GHz —3 THz 1 mm — 100 um (1—10 mm’) of far or thermal infrared; ITU band no. 
(10 — 100 cm?) 12 
3 x 102—3 x 105 Hz 10%— 105 10%— 10° m Part of micrometer waves includes part of 
3— 30 THz 100 — 10 um 10 — 100 mm? far (thermal) infrared 
(100 — 1000 ст“) 
3x105—3 x 10^ Hz 105—106 т 105 — 106 m? Part of шт waves, part of infrared (1.6 — 16) x 10 ۳6 
30 — 300 THz 10—1 um 100 mm! — lum? {0.1—1 eV} 
(100,000 — 10,000 A) 
3 x 104— 3 x 10% Hz 10$— 107m 106— 107 m: Near infrared, visible, near ultraviolet (1.6 — 16) х 6 
300 THz — 3 PHz 1um— 100 т 1 — 10 um“ {1 — 10 eV} 
(10,000 — 1000 Å) 
3 x 105—3 x 7 107— 10*m 107 — 108 т Part of vacuum ultraviolet (1.6 — 16) х 6 
3— 30 PHz 100 — 10 nm 10 — 100 um? {10 — 100 eV] 
(1000 — 100 À) 
3x10/5—3 x 10" Hz 105— 10?m 108 — 10° та Part of soft X-rays (1.6 — 16) x 1 joule 
30 — 300 PHz 10—1 nm 100 um“ — 1 nm? {100 — 1000 eV) 
(100 — 10 À) 
3 x 107—3 x 10 Hz 10°— 10m 10° — 10? m Part of soft X-rays (1.6 — 16) x 10 joule 
300 PHz — 3 Ehz 1 nm — 100 pm 1—10 nm? {1 — 10 keV} 
(10 —1 A) 
3 x 10°—3 x 10? Hz 1079— 10 m 107? — 10!! m Hard X-rays and part of soft 56 (1.6 — 16) х 6 
3— 30 Ehz 100 — 10 pm 10— 100 nm? {10 — 100 keV} 
(1—0.1 A) 
3 x 10°—3 x 10” Hz 10 — 107m 10: — 102 т"! Part of soft and part of hard y-rays (limit (1.6 — 16) x 10'"јоше 
30 — 300 Ehz 10—1 pm 100 nm— 1 pm? at 510 keV) {100 keV — 1 MeV} 
(0.1— 0.01 À) 
3 x 109— 3 x 10?! Hz 10? — 103 т 102 — 10? п! Part of hard y-rays and part of cosmic" (1.6 — 16) x 6 
300 — 3000 EHz 1 рт — 100 fm 1-10 pm! Ү-гаув {1— 10 MeV} 
(0.01 — 0.001 А) 
3 х 102—3 x 10” Hz 10:3--10-“т 105 — 10^ m Y-rays produced by cosmic rays (1.6 — 16) х 6 
3000 — 30,000 EHz 100 — 10 fm 10 — 100 pm? {10—100 MeV] 


(0.001 — 0.0001 À) 
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Classification of Electromagnetic Radiation 10-241 


Note: Abbreviations used in this table: A— angstrom (1 À-10?m); EHz—exahertz (1018 hertz); EHF—extremely high frequency; ELF— extremely low 
frequency; eV—electron volt (1 eV = 1.60218 x 10? joule); fm—femtometer (1075 m); GHz—gigahertz (10? hertz); Gm—gigameter (10? т); 
HF—high frequency; Hz—hertz (s+); ITU— International Telecommunications Union; keV— kiloelectron volt (10° eV); km—kilometer (10? m); 
LF—low frequency; m—meter; MeV— megaelectron volt (10° eV); MF—medium frequency; MHz—megahertz (10° hertz); Mm—megameter 
(10° meter); mm—millimeter (10? meter); Jujm—micrometer (10% meter); nm—nanometer (10°meter); PHz—petahertz (1075 hertz); 
pm—picometer (107 meter); SHF—super high frequency; SLF—super low frequency; THz—terahertz; UHF— ultra high frequency; ULF—ultra 
low frequency; VHF—very high frequency; VLF—very low frequency. 

^ Also called “microwaves”; not to be confused with “micrometer waves”. 


LETTER DESIGNATIONS OF MICROWAVE BANDS 


Frequency (GHz) Wavelength (cm) Wavenumber (сп!) Band 
1—2 30—15 0.033—0.067 L-Band 
1—4 15—7.5 0.067 —0.133 S-Band 
4—8 7.5—3.7 0.133—0.267 С-Вапа 
8—12 3.7—2.5 0.267—0.4 X-Band 
12—18 2.5—1.7 0.4—0.6 Ku-Band 
18—27 1.7—1.1 0.6—0.9 K-Band 


27—40 1.1—0.75 0.9—1.33 Ka-Band 


BLACK BODY RADIATION 


The total power radiated from an ideal black body and the Section 1. The radiated power in a band АХ ал, may be calcu- 
wavelength corresponding to maximum power are given here as lated from: 
a function of absolute temperature. Constants used in the calcula- 


tion are taken from the table "Fundamental Physical Constants" in Prax = 0.657548 (АХЛ „) Р 


tot 


T/K P А J ШП T/K P. ۸ tm T/K P А Jum 
50 0.354 W/m? 57.955 740 17.004 3.916 1520 302.689 1.906 
100 5.671 28.978 750 17.942 3.864 1540 318.937 1.882 
150 28.707 19.318 760 18.918 3.813 1560 335.831 1.858 
200 90.728 14.489 770 19.934 3.763 1580 353.387 1.834 
250 221.504 11.591 780 20.989 3.715 1600 371.623 1.811 
273 314.973 10.614 790 22.087 3.668 1620 390.555 1.789 
280 348.541 10.349 800 23.226 3.622 1640 410.202 1.767 
290 401.064 9.992 810 24.410 3.577 1660 430.581 1.746 
300 459.311 9.659 820 25.638 3.534 1680 451.710 1.725 
310 523.684 9.348 830 26.911 3.491 1700 473.607 1.705 
320 594.596 9.055 840 28.232 3.450 1720 496.290 1.685 
330 672.478 8.781 850 29.600 3.409 1740 519.779 1.665 
340 757.771 8.523 860 31.018 3.369 1760 544.093 1.646 
350 850.931 8.279 870 32.486 3.331 1780 569.249 1.628 
360 952.428 8.049 880 34.006 3.293 1800 595.267 1.610 
370 1.063 kW/m? 7.832 890 35.578 3.256 1820 622.168 1.592 
380 1.182 7.626 900 37.204 3.220 1840 649.970 1.575 
390 1.312 7.430 910 38.886 3.184 1860 678.694 1.558 
400 1.452 7.244 920 40.623 3.150 1880 708.359 1.541 
410 1.602 7.068 930 42.418 3.116 1900 738.987 1.525 
420 1.764 6.899 940 44.272 3.083 1920 770.597 1.509 
430 1.939 6.739 950 46.187 3.050 1940 803.210 1.494 
440 2.125 6.586 960 48.162 3.018 1960 836.848 1.478 
450 2.325 6.439 970 50.201 2.987 1980 871.531 1.464 
460 2.539 6.299 980 52.303 2.957 2000 907.282 1.449 
470 2.767 6.165 990 54.471 2.927 2020 944.121 1.435 
480 3.010 6.037 1000 56.705 2.898 2040 982.071 1.420 
490 3.269 5.914 1020 61.379 2.841 2060 1.021 MW/m? 1.407 
500 3.544 5.796 1040 66.337 2.786 2080 1.061 1.393 
510 3.836 5.682 1060 71.589 2.734 2100 1.103 1.380 
520 4.146 5.573 1080 77.147 2.683 2120 1.145 1.367 
530 4.474 5.467 1100 83.022 2.634 2140 1.189 1.354 
540 4.822 5.366 1120 89.227 2.587 2160 1.234 1.342 
550 5.189 5.269 1140 95.773 2.542 2180 1.281 1.329 
560 5.577 5.175 1160 102.672 2.498 2200 1.328 1.317 
570 5.986 5.084 1180 109.939 2.456 2220 1.377 1.305 
580 6.417 4.996 1200 117.584 2.415 2240 1.428 1.294 
590 6.871 4.911 1220 125.621 2.375 2260 1.479 1.282 
600 7.349 4.830 1240 134.063 2.337 2280 1.532 1.271 
610 7.851 4.750 1260 142.924 2.300 2300 1.587 1.260 
620 8.379 4.674 1280 152.217 2.264 2320 1.643 1.249 
630 8.933 4.600 1300 161.955 2.229 2340 1.700 1.238 
640 9.514 4.528 1320 172.154 2.195 2360 1.759 1.228 
650 10.122 4.458 1340 182.827 2.163 2380 1.819 1.218 
660 10.760 4.391 1360 193.989 2.131 2400 1.881 1.207 
670 11.427 4.325 1380 205.655 2.100 2420 1.945 1.197 
680 12.124 4.261 1400 217.838 2.070 2440 2.010 1.188 
690 12.853 4.200 1420 230.556 2.041 2460 2.077 1.178 
700 13.615 4.140 1440 243.822 2.012 2480 2.145 1.168 
710 14.410 4.081 1460 257.652 1.985 2500 2.215 1.159 
720 15.239 4.025 1480 272.063 1.958 2550 2.398 1.136 
730 16.103 3.970 1500 287.070 1.932 2600 2.591 1.115 
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Black Body Radiation 


T/K 
2650 
2700 
2750 
2800 
2850 
2900 
2950 
3000 
3050 
3100 
3150 
3200 
3250 
3300 
3350 
3400 
3450 
3500 
3550 


1.093 
1.073 
1.054 
1.035 
1.017 
0.999 
0.982 
0.966 
0.950 
0.935 
0.920 
0.906 
0.892 
0.878 
0.865 
0.852 
0.840 
0.828 
0.816 


T/K 
3600 
3650 
3700 
3750 
3800 
3850 
3900 
3950 
4000 
4100 
4200 
4300 
4400 
4500 
4600 
4700 
4800 
4900 
5000 


P max 

9.524 0.805 

10.065 0.794 
10.627 0.783 
11.214 0.773 
11.824 0.763 
12.458 0.753 
13.118 0.743 
13.804 0.734 
14.517 0.724 
16.024 0.707 
17.645 0.690 
19.386 0.674 
21.254 0.659 
23.253 0.644 
25.389 0.630 
27.670 0.617 
30.101 0.604 
32.689 0.591 
35.441 0.580 


/um 


T/K 
5100 
5200 
5300 
5400 
5500 
5600 
5700 
5800 
5900 
6000 
6500 
7000 
7500 
8000 
8500 
9000 
9500 

10000 


P 
38.362 
41.461 
44.743 
48.217 
51.889 
55.767 
59.858 
64.170 
68.712 
73.490 
101.222 
136.149 
179.418 
232.264 
296.004 
372.042 
461.867 
567.051 


The curves below show, for various temperatures, the fraction of radiant power as a function of wavelength. The function plotted is 


РТА P 


tot? 


where Р, is the power at wavelength À in a small interval АЛ (in иш), and P „is the total power. 


Fraction of Radiant Power 


0.25 


0.20 


0.15 


0.10 


0.05 


Wavelength in um 


CHARACTERISTICS OF INFRARED DETECTORS 


This graph summarizes the wavelength response of some semi- апа Te (three examples are shown at 77 К). The graph also shows 
conductors used as detectors for infrared radiation. The quantity the theoretical background limited sensitivity for ideal detectors 
D*(A) is the signal to noise ratio for an incident radiant power den- which introduce no intrinsic noise. 
sity of 1 W/cm? and a bandwidth of 1 Hz (60° field of view). The 
Ge, InAs, and InSb detectors are photovoltaics, while the HgCdTe 
series are photoconductive devices. The cutoff wavelength of the 
latter can be varied by adjusting the relative amounts of Hg, Cd, Infrared Detectors 1995, EG&G Judson, Montgomeryville, PA. 


Reference 


1014 ҮТҮ 
а 
hv 
١١ 
Се77К Қы 
VA 
1073 ٢ 
\ د‎ 
N Y 
NN Ideal Photovoltaic 
1 ЫН (ВИР Limit) 
1012 Ge -30°С хх 
N 
En 4 | Ideal Photoconductor 
NUN (BLIP Limit) 
InAs 77 K TO 
< 10" Ge 22°С InSb 77К Чо 25-1 
2 SPI әйт = 
HgCdTe -55°С 
HgCdTe 77 К 
10 HgCdTe 77 K 
10 InAs -30°C 3 
HgCdTe 77K Doped Ge 4 K 
109 
InAs 22°С 
108 С, М 
1 2 3 4 5 6 7 8 10 12 20 30 


Wavelength (um) 
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REFRACTIVE INDEX AND TRANSMITTANCE OF REPRESENTATIVE GLASSES 


Typical values of the index of refraction and internal trans- 
mittance (fraction of light transmitted through a one centimeter 
thickness) are tabulated here for selected types of glasses, as well 
as for synthetic fused (vitreous) silica. Nominal compositions are 
given in the first part of the table. The second part gives the index 
of refraction, relative to air, and the internal transmittance for rep- 
resentative samples of each glass at wavelengths in the infrared, 
visible, and near-ultraviolet regions. It should be emphasized that 
wide variation of these parameters may be found among subtypes 
of each glass. More detailed data may be found in Reference 3. 

Assuming that the Lambert-Beer Law is followed, the transmit- 
tance of a glass plate of thickness d (in centimeters) сап be obtained 
by raising the transmittance value in the table to the power d. 


References 


. Weber, M. J., CRC Handbook of Laser Science and Technology, Vol. IV, 


Part 2, CRC Press, Boca Raton, FL ,1988. 


. Gray, D. E., Ed. American Institute of Physics Handbook, Third 


Edition, McGraw Hill, New York, 1972. 


. Schott Optical Glass, Schott Glass Technologies, Inc., 400 York Ave., 


Duryea, PA 18642. 


. Kaye, G. W. C., and Laby, T. H., Tables of Physical and Chemical 


Constants, 15th Edition, Longman, London, 1986. 


Composition in percent by mass 


Type Name SiO, B,O, ALO, Na,O КО Сао Вао ZnO PbO Р.О; 
РК Phosphate crown 3 10 12 5 70 
PSK Dense phosphate crown 3 5 4 28 60 
BK Borosilicate crown 70 10 8 8 1 3 
K Crown 74 9 11 6 
ZK Zinc crown 71 17 12 
Вак Barium crown 60 3 3 10 19 5 
SK Dense crown 39 15 5 41 
КЕ Crown flint 67 16 3 12 
BaLF Barium light flint 51 6 5 20 14 4 
SSK Extra dense crown 35 10 5 42 8 
LLF Extra light flint 63 5 8 24 
BaF Barium flint 46 8 16 8 22 
LF Light flint 53 5 8 34 
F Hint 47 2 7 44 
BaSF Dense barium flint 43 1 7 11 5 33 
SF Dense flint 33 5 62 
KzFS Short flint 
SiO, Fused silica 100 

Index of refraction Transmittance of 1 cm plate 
Type 1.060 um 546.1 nm 365.0 nm 312.6 nm 1.060 um 546.1 nm 365.0 nm 310 nm 
PK 1.51519 1.52736 1.54503 1.5574 0.997 0.998 0.987 0.46 
PSK 1.54154 1.55440 1.57342 1.5868 0.996 0.998 0.984 0.46 
BK 1.50669 1.51872 1.53627 1.5486 0.999 0.998 0.987 0.35 
K 1.50091 1.51314 1.53189 1.5454 0.998 0.998 0.988 0.40 
ZK 1.52220 1.53534 1.55588 1.5708 0.996 0.998 0.976 0.27 
BaK 1.55695 1.57124 1.59407 1.6108 0.998 0.997 0.986 0.28 
SK 1.59490 1.60994 1.63398 0.998 0.998 0.959 0.28 
KF 1.50586 1.51978 1.54251 1.5600 0.998 0.996 0.989 0.49 
BaLF 1.57579 1.59166 1.61804 0.996 0.998 0.933 0.010 
SSK 1.60402 1.61993 1.64595 0.999 0.998 0.915 0.010 
LaK 1.69710 1.71616 1.74573 0,999 0.998 0.882 0.17 
ЫЖ 1.52775 1.54344 1.57038 0.998 0.997 0.990 0.32 
BaF 1.56873 1.58565 1.61524 0.999 0.997 0.992 0.004 
LF 1.56594 1.58482 1.61926 0.999 0.998 0.981 0.008 
E 1.58636 1.60718 1.64606 0.997 0.998 0.959 
BaSF 1.60889 1.62987 1.66926 0.999 0.998 0.857 
SF 1.71350 1.74620 1.8145 0.998 0,997 0.650 
KzFS 1.59680 1.61639 1.64849 1.6739 0.998 0.672 0.012 
SiO, 1.44968 1.46008 1.47435* 1.53430° 
* At 366.3 nm. 
^ At 213.9nm. 


10-249 


INDEX OF REFRACTION OF WATER 


This table gives the index of refraction of liquid water at atmo- References 
spheric pressure, relative to a vacuum, at several temperatures and 
wavelengths. It is generated from the formulation in Reference 1, 1. Schiebener, P., Straub, J., Levelt Sengers, J. M. Н., and Gallagher, J. S., 


J. Phys. Chem. Ref. Data, 19, 677, 1990; 19, 1617, 1990. 

2. Marsh, К. N., Editor, Recommended Reference Materials for the 
Realization of Physicochemical Properties, Blackwell Scientific 
Publications, Oxford, 1987. 


which covers a wide range of temperature, pressure, and wave- 
length. The wavelengths listed here correspond to prominent lines 
of cadmium (226.50 and 361.05 nm), potassium (404.41 nm), so- 
dium (589.00 nm), Ne (632.80 nm, from a helium - neon laser), and 
mercury (1.01398 um). 


tC 226.50 nm 361.05 nm 404.41 nm 589.00 nm 632.80 nm 1.01398 um 
0 1.39450 1.34896 1.34415 1.33432 1.33306 1.32612 
10 1.39422 1.34870 1.34389 1.33408 1.33282 1.32591 
20 1.39336 1.34795 1.34315 1.33336 1.33211 1.32524 
30 1.39208 1.34682 1.34205 1.33230 1.33105 1.32424 
40 1.39046 1.34540 1.34065 1.33095 1.32972 1.32296 
50 1.38854 1.34373 1.33901 1.32937 1.32814 1.32145 
60 1.38636 1.34184 1.33714 1.32757 1.32636 1.31974 
70 1.38395 1.33974 1.33508 1.32559 1.32438 1.31784 
80 1.38132 1.33746 1.33284 1.32342 1.32223 1.31576 
90 1.37849 1.33501 1.33042 1.32109 1.31991 1.31353 
100 1.37547 1.33239 1.32784 1.31861 1.31744 1.31114 
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INDEX OF REFRACTION OF LIQUIDS FOR CALIBRATION PURPOSES 


This table gives the index of refraction of six liquids which are 
available in highly pure form and whose index of refraction has 
been accurately measured as a function of wavelength and tem- 
perature. They are therefore useful for calibration of refractom- 
eters. The estimated uncertainty in the values is: 


2,2,4-Trimethylpentane 
Hexadecane 
trans-Bicyclo[4.0.0]decane 
1-Methylnaphthalene 
Toluene 
Methylcyclohexane 


+0.00003 
+0.00008 
+0.00008 
+0.00008 
+0.00003 
+0.00003 


Full details are given in the references. This table is reprinted from 
Reference 1 by permission of the International Union of Pure and 
Applied Chemistry. 


References 


1. Marsh, K. N., Editor, Recommended Reference Materials for the 
Realization of Physicochemical Properties, Blackwell Scientific 
Publications, Oxford, 1987. 

2. Tilton, L. W., J. Opt. Soc. Am., 32, 71, 1941. 


À 2,2,4-Trimethylpentane Hexadecane 

nm 20°C 25°С 30°С 20°С 25°С 30°С 
667.81 1.38916 1.38670 1.38424 1.43204 1.43001 1.42798 
656.28 1.38945 1.38698 1.38452 1.43235 1.43032 1.42829 
589.26 1.39145 1.38898 1.38650 1.43453 1.43250 1.43047 
546.07 1.39316 1.39068 1.38820 1.43640 1.43436 1.43232 
501.57 1.39544 1.39294 1.39044 1.43888 1.43684 1.43480 
486.13 1.39639 1.39389 1.39138 1.43993 1.43788 1.43583 
435.83 1.40029 1.39776 1.39523 1.44419 1.44213 1.44007 

À trans-Bicyclo[4.4.0]decane 1-Methylnaphthalene 

nm 20°С 25°С 30°С 20°С 25°С 30°С 
667.81 1.46654 1.46438 1.46222 1.60828 1.60592 1.60360 
656.28 1.46688 1.46472 1.46256 1.60940 1.60703 1.60471 
589.26 1.46932 1.46715 1.46498 1.61755 1.61512 1.61278 
546.07 147141 1.46923 1.46705 1.62488 1.62240 1.62005 
501.57 1.47420 1.47200 1.46980 1.63513 1.63259 1.63022 
486.13 1.47535 1.47315 1.47095 1.63958 1.63701 1.63463 
435.83 1.48011 1.47789 1.47567 1.65627 1.65386 

Х Toluene Methylcyclohexane 

nm 20°С 25°С 30°С 20°С 25°С 30°С 
667.81 1.49180 1.48903 1.48619 1.42064 1.41812 1.41560 
656.28 1.49243 1.48966 1.48682 1.42094 1.41842 1.41591 
589.26 1.49693 1.49413 1.49126 1.42312 1.42058 1.41806 
546.07 1.50086 1.49803 1.49514 1.42497 1.42243 1.41989 
501.57 1.50620 1.50334 1.50041 1.42744 1.42488 1.42233 
486.13 1.50847 1.50559 1.50265 1.42847 1.42590 1.42334 
435.83 1.51800 1.51506 1.51206 1.43269 1.43010 1.42752 
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INDEX OF REFRACTION OF AIR 


This is a table of the index of refraction и of dry air غه‎ and If the air is at a temperature t in °C (ITS-90) and a pressure p in 
a pressure of 101.325 kPa and containing 0.045% by volume of car- — pascals, a value of (и — 1) from this table should be multiplied by 
bon dioxide ("standard air"). The index of refraction is defined by 
n = X, А where À is the wavelength of the radiation. The index РИ + p(60.1 — 0.9721) x 10:51/96095.43(1 + 0.0036611) 


vac ' air 


is calculated from the expression 
(n—1) x 10? = 8342.54 + 2406147(130 – o°)! + 15998(38.9 – o?)! References 


where o = 1/À,. and ۸ has units of um. The equation is valid 1. Birch, K. Р, and Downs, M. J., Metrologia, 31, 315, 1994. 
for À. from 200 nm to 2 шт. The table also gives the correction 2. Edlen, B., Metrologia 2, 71, 1966. 
(n—1)A,.. which must be added to the wavelength in air to obtain 


Aac 
д. (п-1) x 108 Nae MS Хи (п-1) x 108 Ac Ан À. (1—1) x 108 Nae” Ан 

200 nm 32409 0.06480 nm 540 27804 0.15010 880 27462 0.24160 
210 31748 0.06665 550 27784 0.15277 890 27458 0.24431 
220 31226 0.06868 560 27765 0.15544 900 27454 0.24701 
230 30801 0.07082 570 27747 0.15811 910 27449 0.24972 
240 30447 0.07305 580 27730 0.16079 920 27445 0.25243 
250 30148 0.07535 590 27714 0.16347 930 27441 0.25513 
260 29892 0.07769 600 27698 0.16614 940 27437 0.25784 
270 29670 0.08009 610 27684 0.16882 950 27434 0.26055 
280 29477 0.08251 620 27670 0.17151 960 27430 0.26326 
290 29307 0.08497 630 27657 0.17419 970 27427 0.26597 
300 29157 0.08745 640 27644 0.17688 980 27423 0.26868 
310 29023 0.08995 650 27632 0.17956 990 27420 0.27138 
320 28904 0.09247 660 27621 0.18225 

330 28796 0.09500 670 27610 0.18494 1.00 um 27417 0.0002741 
340 28700 0.09755 680 27600 0.18763 1.05 27402 0.0002876 
350 28612 0.10011 690 27590 0.19032 1.10 27390 0.0003012 
360 28532 0.10269 700 27581 0.19301 1.15 27379 0.0003148 
370 28460 0.10527 710 27572 0.19570 1.20 27370 0.0003283 
380 28393 0.10786 720 27563 0.19840 1.25 27361 0.0003419 
390 28332 0.11046 730 27555 0.20109 1.30 27354 0.0003555 
400 28276 0.11307 740 27547 0.20379 1.35 27347 0.0003691 
410 28224 0.11569 750 27539 0.20649 1.40 27341 0.0003827 
420 28177 0.11831 760 27532 0.20918 1.45 27336 0.0003963 
430 28132 0.12094 770 27525 0.21188 1.50 27331 0.0004099 
440 28091 0.12357 780 27518 0.21458 1.55 27327 0.0004234 
450 28053 0.12620 790 27511 0.21728 1.60 27323 0.0004370 
460 28018 0.12885 800 27505 0.21998 1.65 27319 0.0004506 
470 27985 0.13149 810 27499 0.22268 170 27316 0.0004642 
480 27954 0.13414 820 27493 0.22538 1.75 27313 0.0004778 
490 27925 0.13679 830 27488 0.22808 1.80 27310 0.0004914 
500 27897 0.13945 840 27482 0.23079 1.85 27307 0.0005050 
510 27872 0.14211 850 27477 0.23349 1.90 27305 0.0005187 
520 27848 0.14477 860 27472 0.23619 1.95 27303 0.0005323 
530 27825 0.14743 870 27467 0.23890 2.00 27301 0.0005459 
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CHARACTERISTICS OF LASER SOURCES 
William F. Krupke 


Light Amplification by Stimulated Emission of Radiation was 
first demonstrated by Maiman in 1960, the result of a population 
inversion produced between energy levels of chromium ions in a 
ruby crystal when irradiated with a xenon flashlamp. Since then 
population inversions and coherent emission have been generated 
in literally thousands of substances (neutral and ionized gases, 
liquids, and solids) using a variety of incoherent excitation tech- 
niques (optical pumping, electrical discharges, gas-dynamic flow, 
electron-beams, chemical reactions, nuclear decay). 

The extrema of laser output parameters which have been dem- 
onstrated to date and the laser media used are summarized in 
Table 1. Note that the extreme power and energy parameters list- 
ed in this table were attained with laser systems rather than with 
simple laser oscillators. 

Laser sources are commonly classified in terms of the state-of- 
matter of the active medium: gas, liquid, and solid. Each of these 
classes is further subdivided into one or more types as shown in 
Table 2. A well-known representative example of each type of laser 
is also given in Table 2 together with its nominal operation wave- 
length and the methods by which it is pumped. 


The various lasers together cover a wide spectral range from 
the far ultraviolet to the far infrared. The particular wavelength of 
emission (usually a narrow line) is presented for some six dozen 
lasers in Figures 1A and 1B. 

By suitably designing the excitation source and/or by control- 
ling the laser resonator structure, laser systems can provide con- 
tinuous or pulsed radiation as shown in Table 3. 

Besides the method of excitation and the temporal behavior of a 
laser, there are many other parameters that characterize its opera- 
tion and efficiency, as shown in Tables 4 and 5. 

Although many lasers only emit in one or more narrow spec- 
tral “lines” an increasing number of lasers can be tuned by chang- 
ing the composition or the pressure of the medium, or by varying 
the wavelength of the pump bands. The spectral regions in which 
these tunable lasers operate are presented in Figure 2. 
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TABLE 1. Extrema of Output Parameters of Laser Devices or Systems 


Value 

1х 108 W/(collimated) 
1018 W/cm? (focused) 
2105] 

10 W 


Parameter 

Peak power 

Peak power density 
Pulse energy 
Average power 
Pulse duration 
Wavelength 
Efficiency (nonlaser pumped) 
Beam quality 
Spectral linewidth 
Spatial coherence 


60 nm <> 385 um 
7096 

Diffraction limited 
20 Hz (for 1011 s) 
10m 


3x 10155 continuous wave (cw) 


Laser medium 

Nd:glass 

Nd:glass 

СО, Nd:glass 

CO, 

Rh6G dye; various gases, liquids, solids 
Many required 

CO 

Various gases, liquids, solids 
Neon-helium 

Ruby 


TABLE 2. Classes, Types, and Representative Examples of Laser Sources 


Nominal operating 


Class Type (characteristic) Representative example wavelength (nm) Method(s) of excitation 
Gas Atom, neutral (electronic transition) Neon-Helium (Ne-He) 633 Glow discharge 
Atom, ionic (electronic transition) Argon (Ar*) 488 Arc discharge 
Molecule, neutral (electronic 
transition) Krypton fluoride (KrF) 248 Glow discharge; e-beam 
Molecule, neutral (vibrational 
transition) Carbon dioxide (СО,) 10600 Glow discharge; gasdynamic flow 
Molecule, neutral (rotational 
transition) Methyl fluoride (CH,F) 496000 Laser pumping 
Molecule, ionic (electronic transition) Nitrogen ion (М,') 420 E-beam 
Liquid Organic solvent (dye-chromophore) Rhodamine dye (Rh6G) 580—610 Flashlamp; laser pumping 
Organic solvent (rare earth chelate) Europium:TTF 612 Flashlamp 
Inorganic solvent (trivalent rare earth 
ion) Neodymium:POCI, 1060 Flashlamp 
Solid Insulator, crystal (impurity) Neodymium:YAG 1064 Flashlamp, arc lamp 
Insulator, crystal (stoichiometric) Neodymium:UP(NdP,O, ) 1052 Flashlamp 
Insulator, crystal (color center) ЕНЕ 1120 Laser pumping 
Insulator, amorphous (impurity) Neodymium:glass 1061 Flashlamp 
Semiconductor (p-n junction) GaAs 820 Injection current 
Semiconductor (electron-hole plasma) GaAs 890 E- beam, laser pumping 
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Еогт 
Continuous wave 
Pulsed 
Q-Switched 


Cavity dumped 


Mode locked 
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TABLE 3. Temporal Characteristics of Lasers and Laser Systems 


Technique 


Excitation is continuous; resonator Q is held constant at some moderate value 

Excitation is pulsed; resonator Q is held constant at some moderate value 

Excitation is continuous or pulsed; resonator Q is switched from a very low value 
to a moderate value 

Excitation is continuous or pulsed; resonator Q is switched from a very high value 
to a low value 


Excitation is continuous or pulsed; phase or loss of the resonator modes is 
modulated at a rate related to the resonator transit time 


Pulse width range (s) 
ib – 10? 
105 — 10% 
107 – 10° 
1072 – 10° 


TABLE 4. Properties and Performance of Some Continuous Wave (CW) Lasers 


Parameter Unit 


Excitation method 


Gain medium 


composition 
Gain medium density Torr 
ions/cm? 
Wavelength nm 
Laser cross-section cm? 
Radiative lifetime 5 
(upper level) 
Decay lifetime (upper s 
level) 
Gain bandwidth nm 
Type, gain saturation 
Homogeneous W cm? 
saturation flux 
Decay lifetime (lower s 
level) 
Inversion density cm? 
Small signal gain ст“ 
coefficient 
Pump power density W cm? 


Output power density W cm? 


Laser size (diameter: 


Excitation current/ АМ 


Excitation current A cm? 
density 

Excitation power w 

Output power w 

Efficiency % 


* Junction thickness:width:length. 


b Pressure dependent. 
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Gas Liquid Solid 
Rhodamine 6G 
Neon helium Argon ion Carbon dioxide dye Nd:YAG GaAs 
DC discharge DC discharge DC discharge Аг" laser pump Krypton arc DC injection 
lamp 
Neon:helium Argon CO N He Rh 6G:H,O Nd:YAG p:n:GaAs 
0.1:1.0 0.4 0.4:0.8:5.0 
2(18):2(22) 1.5(20):2(22) 2(19):3(18):3(22) 

633 488 10600 590 1064 810 
3(-13) 1.6(-12) 1.5(-16) 1.8(-16) 7(-19) ~6(-15) 
~1(-7) 7.5(-9) 4(-3) 6.5(-9) 2.6(-4) ~1(-9) 
~1(-7) ~5.0(-9) ~4(-3) 6.0(-9) 2.3(-4) -1(-9) 
2(-3) 5(-3) 1.6(-2) 80 0.5 10 
Inhomogeneous Inhomogeneous Homogeneous Homogeneous Homogeneous Homogeneous 

~20 3(5) 2.3(3) ~2(4) 
~ 1(-8) ~4(-10) =5(-6) <1(-12) «1C7) <1(-12) 
~ 10) 2(10) 2(15) 2(16) 6(16) 1(16) 
= 1(-3) =3(-2) 1(-2) 4 5(-2) 40 
3 900 0.15 1(6) 150 7(7) 
2.6(-3) -1 2(-2) 3(5) 95 5(6) 
0.5:100 0.3:100 5.0:600 1(-3):0.3 0.6:10 5(-4):7(-3);2(-2)% 
3(-2):2(3) 30:300 0.1:1.5(4) 90:125 1.0/1.7 
0.15 600 6(-3) 140 4.5(3) 
60 9(3) 1.5(3) 4 11(4) 17 
0.06 10 240 0.3 300 0.12 
0.1 0.1 13 7 2.6 7 
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Parameter 
Excitation 
method 
Gain medium 
composition 
Gain medium 
density 


Wavelength 
Laser cross- 
section 
Radiative lifetime 
(upper level) 
Decay lifetime 
(upper level) 
Gain bandwidth 
Homogeneous 
saturation 
fluence 
Decay lifetime 
(lower level) 
Inversion density 
Small signal gain 
coefficient 
Medium 
excitation 
energy density 
Output energy 
density 
Laser dimensions 


Excitation 
current/voltage 

Excitation 
current density 

Excitation peak 
power 

Output pulse 
energy 

Output pulse 
length 

Output pulse 
power 

Efficiency 


а Pressure dependent. 


Unit 


% 


10-255 
TABLE 5. Properties and Performance of Some Pulsed Lasers 
Gas Liquid Solid 
Carbon dixoxide Krypton fluoride Rhodamine 6G Nd:YAG Nd:glass 
TEA- E- beam/sust. Glow discharge E-beam Xenon flashlamp Xenon Xenon 
discharge flashlamp flashlamp 
CO,:N;:He СО,М,Не He:Kr:F, Ar:Kr:F, Rh6G:alcohol Nd:YAG Nd:Glass 
100:50:600 240:240:320 1070:70:3 1235:52:3 - 
1(18):1.5(22) 1.5(20):1(22) 3(20):2(22) 

10600 10600 249 249 590 1064. 1061 
2(-18) 2(-18) 2(-16) 2(-16) 1.8(-16) 7(-19) 2.8(-20) 
4(-3) 4(-3) 7(-9) 7(-9) 6.5(-9) 2.6(-4) 4.1(-4) 
~1(-4) 5(-5) 2(-9) 3(-9) 6.0(-9) 2.3(-4) 3.7(-4) 
1 1 2 2 80 0.5 26 
0.2 0.2 4(-3) 4(-3) 2(-3) 0.6 “8 
5(-8) 1(-8)° <1(-12) <1(-12) <1(-12) <1(-7) <1(-8) 
3(17) 6(17) 4(14) 2(14) 2(16) 4(17) 3(18) 
2(-2) 4(-2) 8—92) 4(-2) 4 0.3 8(-2) 
0.1 0.36 0.15 0.13 2.8 0.15 0.6 
2(-2) 1.8(-2) 1.5(-3) 1.2(-2) 0.85 5(-2) 2(-2) 
4.5:4.5:87 10:10:100 1.5:4.5:100 8.5:10:100 1.2:25 0.6:7.5 0.6:8.3 
6(4)/3.3(3) 24(4)//4(4) 2.5(4)/1.5(5) 12(4)2.5(5) 2(5)/2.5(4) 
8.5 22 170 1L5 2.6(3) 
2(8) 9(8) 4(9) 3(9) 5.4(9) 4(4) 9(4) 
35 180 1 102 32 0.1 1.0 
1(-6) 4(-6) 2.5(-8) 6(-7) 3.2(-6) 2(-8) 1(-4) 
3.5(7) 4(7) 4(7) 2(8) 1(7) 5(6) 1(4) 
17 5 1 10° 0.2 1.5 3.7 


^ [ntrinsic efficiency = energy output/energy deposited in gas. 
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FIGURE ТА. Wavelengths of lasers operating in the 120 to 1200 nm spectral region. 
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FIGURE 1B. Wavelength of lasers operating in the 1300 to 12,000 nm spectral region. 
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FIGURE 2. Spectral tuning ranges of various types of tunable lasers. 
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INFRARED LASER FREQUENCIES 
Arthur Maki 


The CO, laser has been the subject of a number of very accurate 
frequency measurements. Most of the earlier measurements are 
given by Bradley et al.! That analysis was based on a single absolute 
frequency measurement and many laser frequency differences. New 
measurements of the methane frequency** have made it necessary 
to slightly revise that single absolute frequency measurement. In 
addition, there have been several other absolute frequency mea- 
surements?? that have been used here to improve the accuracy of 
the present tables. New frequency difference measurements have 
also been added to the database used for the present tables.* 
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Frequencies for the 00°1-(10°0,02°0), and 00*1-(10*0,02*0), Bands of "C'*O, with the Estimated 2-с Uncertainties 


Band I frequency 
Line (MHz) Uncertainty (MHz) 
P(70 26721305.4647 0.1680 
P(68 26794232.6712 0.1217 
Р(66 26866318.8073 0.0867 
P(64 26937571.7234 0.0606 
P(62 27007998.9216 0.0415 
P(60 27077607.5643 0.0279 
P(58 27146404.4834 0.0185 
P(56 27214396.1873 0.0121 
P(54 27281588.8696 0.0081 
P(52 27347988.4161 0.0057 
P(50 27413600.4119 0.0043 
P(48 27478430.1487 0.0036 
P(46 27542482.6310 0.0032 
P(44 27605762.5826 0.0030 
P(42 27668274.4525 0.0028 
P(40 27730022.4206 0.0027 
P(38 27791010.4036 0.0026 
P(36 27851242.0594 0.0025 
Р(34 27910720.7927 0.0024 
Р(32 27969449.7593 0.0023 
P(30 28027431.8708 0.0022 
P(28 28084669.7981 0.0021 
P(26 28141165.9762 0.0020 
P(24 28196922.6067 0.0019 
P(22 28251941.6622 0.0017 
P(20 28306224.8888 0.0016 
P(18 28359773.8090 0.0014 
P(16 28412589.7245 0.0012 
P(14 28464673.7184 0.0011 
P(12 28516026.6574 0.0009 
Р(10 28566649.1935 0.0008 
Р(8) 28616541.7661 0.0008 
Р(6) 28665704.6027 0.0008 
P(4) 28714137.7205 0.0008 
P(2) 28761840.9272 0.0008 
R(0) 28832026.2198 0.0008 
R(2) 28877902.4382 0.0007 
R(4) 28923046.4303 0.0006 


Band П frequency 
Line (MHz) Uncertainty (MHz) 
P(70 29789856.3783 0.0308 
P(68 29861850.7690 0.0192 
P(66 29933216.1760 0.0122 
P(64 30003944.2861 0.0086 
Р(62 30074026.9127 0.0072 
Р(60 30143456.0039 0.0066 
Р(58 30212223.6504 0.0061 
Р(56 30280322.0930 0.0055 
P(54 30347743.7306 0.0049 
P(52 30414481.1273 0.0044 
P(50 30480527.0196 0.0041 
P(48 30545874.3239 0.0039 
P(46 30610516.1429 0.0039 
P(44 30674445.7724 0.0039 
P(42 30737656.7080 0.0039 
P(40 30800142.6511 0.0039 
P(38 30861897.5150 0.0038 
P(36 30922915.4310 0.0037 
P(34 30983190.7534 0.0037 
Р(32 31042718.0652 0.0037 
Р(30 31101492.1833 0.0036 
P(28 31159508.1631 0.0037 
P(26 31216761.3029 0.0037 
P(24 31273247.1487 0.0037 
P(22 31328961.4978 0.0037 
P(20 31383900.4028 0.0037 
P(18 31438060.1749 0.0037 
P(16 31491437.3872 0.0036 
P(14 31544028.8776 0.0036 
P(12 31595831.7516 0.0036 
P(10 31646843.3843 0.0035 
P(8) 31697061.4225 0.0035 
P(6) 31746483.7868 0.0035 
P(4) 31795108.6724 0.0035 
P(2) 31842934.5511 0.0035 
R(0) 31913172.5691 0.0035 
R(2) 31958996.0621 0.0034 
R(4) 32004017.3822 0.0034 
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Band I frequency Band II frequency 
Line (MHz) Uncertainty (MHz) Line (MHz) Uncertainty (MHz) 
R(6) 28967457.0657 0.0005 R(6) 32048236.2498 0.0034 
R(8) 29011133.0054 0.0003 R(8) 32091652.6619 0.0034 
R(10 29054072.7010 0.0001 R(10 32134266.8917 0.0034 
R(12 29096274.3935 0.0003 R(12 32176079.4878 0.0034 
R(14 29137736.1129 0.0005 R(14 32217091.2721 0.0035 
R(16 29178455.6759 0.0007 R(16 32257303.3386 0.0036 
R(18 29218430.6852 0.0009 R(18 32296717.0510 0.0037 
R(20 29257658.5269 0.0010 R(20 32335334.0408 0.0038 
R(22 29296136.3689 0.0011 R(22 32373156.2044 0.0039 
R(24 29333861.1583 0.0012 R(24 32410185.7003 0.0041 
R(26) 29370829.6191 0.0011 R(26 32446424.9459 0.0042 
R(28 29407038.2491 0.0011 R(28 32481876.6140 0.0042 
R(30 29442483.3168 0.0011 R(30 32516543.6293 0.0042 
R(32 29477160.8582 0.0012 R(32 32550429.1641 0.0042 
R(34 29511066.6733 0.0013 R(34 32583536.6340 0.0042 
R(36 29544196.3221 0.0015 R(36 32615869.6937 0.0041 
R(38 29576545.1205 0.0017 R(38 32647432.2320 0.0040 
R(40 29608108.1360 0.0019 R(40 32678228.3665 0.0039 
R(42 29638880.1831 0.0022 R(42 32708262.4386 0.0038 
R(44 29668855.8183 0.0024 R(44 32737539.0081 0.0039 
R(46 29698029.3350 0.0027 R(46 32766062.8469 0.0041 
R(48 29726394.7582 0.0032 R(48 32793838.9334 0.0045 
R(50 29753945.8385 0.0037 R(50 32820872.4463 0.0055 
R(52 29780676.0464 0.0042 R(52 32847168.7576 0.0071 
R(54 29806578.5659 0.0047 R(54 32872733.4269 0.0099 
R(56 29831646.2878 0.0052 R(56 32897572.1935 0.0141 
R(58 29855871.8032 0.0058 R(58 32921690.9701 0.0202 
R(60 29879247.3960 0.0074 R(60 32945095.8355 0.0288 
R(62) 29901765.0357 0.0113 R(62 32967793.0268 0.0407 
R(64 29923416.3695 0.0186 R(64 32989788.9322 0.0567 
R(66 29944192.7145 0.0302 R(66 33011090.0831 0.0780 
R(68 29964085.0488 0.0475 R(68 33031703.1467 0.1060 
R(70 29983084.0036 0.0720 R(70 33051634.9172 0.1423 


P(66 25523832.1808 0.7836 P(66 28512082.5283 1.2894 
P(64 25590013.4703 0.5415 P(64 28585121.9396 0.9194 
P(62 25655543.6502 0.3629 P(62 28657449.4180 0.6420 
P(60 25720428.2487 0.2339 P(60 28729056.6374 0.4375 
P(58 25784672.4840 0.1430 P(58 28799935.4147 0.2897 
P(56 25848281.2771 0.0810 P(56 28870077.7187 0.1853 
P(54 25911259.2627 0.0405 P(54 28939475.6771 0.1135 
P(52 25973610.8005 0.0157 Р(52 29008121.5846 0.0659 
Р(50 26035339.9857 0.0045 Р(50 29076007.9109 0.0357 
Р(48 26096450.6582 0.0079 Р(48 29143127.3077 0.0180 
P(46 26156946.4123 0.0101 P(46 29209472.6164 0.0090 
P(44 26216830.6053 0.0101 P(44 29275036.8754 0.0058 
P(42 26276106.3655 0.0090 P(42 29339813.3270 0.0050 
P(40 26334776.6003 0.0077 P(40 29403795.4243 0.0044 
P(38 26392844.0030 0.0068 P(38 29466976.8383 0.0037 
P(36 26450311.0599 0.0063 P(36 29529351.4635 0.0032 
P(34 26507180.0565 0.0061 P(34 29590913.4252 0.0029 
Р(32 26563453.0836 0.0060 P(32 29651657.0844 0.0028 
P(30 26619132.0428 0.0058 P(30 29711577.0447 0.0028 
P(28 26674218.6515 0.0055 P(28 29770668.1566 0.0031 
P(26 26728714.4479 0.0054 P(26 29828925.5239 0.0035 
P(24 26782620.7952 0.0054 P(24 29886344.5074 0.0041 
Р(22 26835938.8858 0.0054 Р(22 29942920.7308 0.0046 
Р(20 26888669.7451 0.0055 P(20 29998650.0838 0.0051 


P(18 26940814.2347 0.0055 P(18 30053528.7271 0.0054 


Infrared Laser Frequencies 


Band I frequency 

Line (MHz) 
P(16) 26992373.0555 
P(14) 27043346.7508 
P(12) 27093735.7083 
P(10) 27143540.1624 
P(8 27192760.1962 
P(6 27241395.7431 
P(4 27289446.5880 
P(2 27336912.3682 
R(0 27407012.8882 
R(2 27453013.4589 
R(4 27498426.5430 
R(6 27543251.1200 
R(8 27587486.0225 
R(10 27631129.9356 
R(12 27674181.3963 
R(14 27716638.7917 
R(16 27758500.3577 
R(18 27799764.1770 
R(20 27840428.1773 
R(22 27880490.1283 
R(24 27919947.6395 
R(26 27958798.1567 
R(28 27997038.9591 
R(30 28034667.1551 
R(32 28071679.6785 
R(34 28108073.2842 
R(36 28143844.5432 
R(38 28178989.8377 
R(40 28213505.3554 
R(42 28247387.0838 
R(44 28280630.8035 
R(46 28313232.0818 
R(48 28345186.2652 
R(50 28376488.4720 
R(52 28407133.5839 
R(54 28437116.2372 
R(56 28466430.8141 
R(58 28495071.4324 
R(60 28523031.9357 
R(62 28550305.8819 
R(64 28576886.5323 
R(66 28602766.8393 


27045326.3119 
27114914.0922 
27183635.7945 
27251496.4118 
27318500.7361 
27384653.3618 
27449958.6881 
27514420.9224 
27578044.0828 
27640832.0010 
27702788.3248 
27763916.5206 
27824219.8762 
27883701.5029 
27942364.3379 
28000211.1464 


Uncertainty (MHz) 
0.0055 
0.0054 
0.0052 
0.0051 
0.0049 
0.0048 
0.0047 
0.0046 
0.0045 
0.0043 
0.0040 
0.0037 
0.0034 
0.0031 
0.0029 
0.0029 
0.0029 
0.0029 
0.0030 
0.0029 
0.0029 
0.0028 
0.0028 
0.0027 
0.0027 
0.0026 
0.0026 
0.0026 
0.0028 
0.0033 
0.0046 
0.0083 
0.0161 
0.0301 
0.0531 
0.0887 
0.1419 
0.2188 
0.3271 
0.4763 
0.6781 
0.9467 


0.4540 
0.3324 
0.2392 
0.1688 
0.1165 
0.0783 
0.0510 
0.0319 
0.0191 
0.0108 
0.0059 
0.0035 
0.0028 
0.0026 
0.0025 
0.0024 


Line 
P(16) 
P(14) 
P(12) 
P(10) 
P(8 
P(6 
Р(4 
Р(2 
P(0 
P(2 
Р(4 
P(6 
P(8 
P(10 
P(12 
P(14 
P(16 
P(18 
P(20 
Р(22 
P(24 
P(26 
P(28 
P(30 
P(32 
P(34 
P(36 
P(38 
P(40 
P(42 
P(44 
P(46 
P(48 
P(50 
P(52 
P(54 
P(56 
P(58 
P(60 
Р(62 
Р(64 
Р(66 


P(70 
P(68 
P(66 
P(64 
P(62 
P(60 
P(58 
P(56 
P(54 
P(52 
P(50 
P(48 
P(46 
P(44 
Р(42 
Р(40 


Band П frequency 


(MHz) 
30107553.0955 
30160719.9016 
30213026.1388 
30264469.0839 
30315046.2994 
30364755.6359 
30413595.2335 
30461563.5231 
30531879.5415 
30577664.6138 
30622575.1885 
30666611.0128 
30709772.1257 
30752058.8571 
30793471.8269 
30834011.9425 
30873680.3976 
30912478.6694 
30950408.5159 
30987471.9732 
31023671.3517 
31059009.2327 
31093488.4642 
31127112.1569 
31159883.6793 
31191806.6529 
31222884.9469 
31253122.6730 
31282524.1795 
31311094.0452 
31338837.0736 
31365758.2858 
31391862.9147 
31417156.3972 
31441644.3679 
31465332.6516 
31488227.2557 
31510334.3631 
31531660.3243 
31552211.6497 
31571995.0017 
31591017.1868 


30695237.5856 
30755520.2231 
30815311.4928 
30874607 .2084 
30933403.2309 
30991695.4724 
31049479.9009 
31106752.5446 
31163509.4964 
31219746.9183 
31275461.0455 
31330648.1908 
31385304.7490 
31439427.2006 
31493012.1163 
31546056.1605 


10-261 


Uncertainty (MHz) 
0.0055 
0.0055 
0.0054 
0.0054 
0.0054 
0.0055 
0.0056 
0.0057 
0.0057 
0.0056 
0.0054 
0.0051 
0.0047 
0.0045 
0.0044 
0.0043 
0.0044 
0.0044. 
0.0044. 
0.0043 
0.0042 
0.0042 
0.0042 
0.0043 
0.0045 
0.0046 
0.0048 
0.0053 
0.0061 
0.0077 
0.0108 
0.0173 
0.0295 
0.0505 
0.0845 
0.1366 
0.2138 
0.3247 
0.4800 
0.6932 
0.9805 
1.3619 


0.0858 
0.0570 
0.0364 
0.0223 
0.0131 
0.0075 
0.0049 
0.0041 
0.0040 
0.0040 
0.0039 
0.0039 
0.0039 
0.0039 
0.0038 
0.0038 


10-262 Infrared Laser Frequencies 


Band I frequency Band II frequency 

Line (MHz) Uncertainty (MHz) Line (MHz) Uncertainty (MHz) 
P(38 28057244.5242 0.0022 P(38 31598556.0954 0.0037 
Р(36 28113466.8992 0.0021 Р(36 31650508.7847 0.0037 
р(34 28168880.5335 0.0020 р(34 31701911.1970 0.0037 
Р(32 28223487.5256 0.0019 Р(32 31752760.4093 0.0037 
P(30 28277289.8118 0.0017 P(30 31803053.6105 0.0037 
P(28 28330289.1679 0.0016 P(28 31852788.1043 0.0038 
P(26 28382487.2111 0.0015 P(26 31901961.3125 0.0038 
P(24 28433885.4012 0.0013 P(24 31950570.7773 0.0038 
P(22 28484485.0420 0.0012 Р(22 31998614.1649 0.0038 
Р(20 28534287.2828 0.0011 Р(20 32046089.2669 0.0037 
Р(18 28583293.1193 0.0010 Р(18 32092994.0036 0.0037 
P(16 28631503.3952 0.0010 P(16 32139326.4254 0.0036 
P(14 28678918.8025 0.0009 P(14 32185084.7154 0.0036 
Р(12 28725539.8830 0.0010 Р(12 32230267.1907 0.0036 
P(10 28771367.0288 0.0010 P(10 32274872.3041 0.0037 
P(8 28816400.4829 0.0010 P(8 32318898.6455 0.0038 
P(6 28860640.3403 0.0011 P(6 32362344.9434 0.0039 
P(4 28904086.5477 0.0011 P(4 32405210.0652 0.0041 
P(2 28946738.9048 0.0011 P(2 32447493.0185 0.0041 
R(O 29009228.1702 0.0010 P(0 32509824.0580 0.0042 
R(2 29049894.0586 0.0010 P(2 32550648.1723 0.0042 
R(4 29089764.2368 0.0009 P(4 32590887.7542 0.0042 
R(6 29128837.8426 0.0008 P(6 32630542.4457 0.0041 
R(8 29167113.8668 0.0008 P(8 32669612.0295 0.0041 
R(10 29204591.1529 0.0009 P(10 32708096.4282 0.0040 
R(12 29241268.3964 0.0010 Р(12 32745995.7040 0.0040 
R(14 29277144.1444 0.0011 P(14 32783310.0573 0.0040 
R(16 29312216.7955 0.0012 P(16 32820039.8258 0.0040 
R(18 29346484.5984 0.0012 P(18 32856185.4827 0.0040 
R(20 29379945.6517 0.0013 P(20 32891747.6358 0.0040 
R(22 29412597.9024 0.0013 Р(22 32926727.0254 0.0040 
R(24 29444439.1458 0.0013 P(24 32961124.5220 0.0040 
R(26 29475467.0236 0.0014 P(26 32994941.1249 0.0040 
R(28 29505679.0230 0.0015 P(28 33028177.9594 0.0040 
R(30 29535072.4755 0.0016 P(30 33060836.2743 0.0040 
R(32 29563644.5557 0.0018 Р(32 33092917.4394 0.0041 
R(34 29591392.2794 0.0020 P(34 33124422.9429 0.0043 
R(36 29618312.5023 0.0023 P(36 33155354.3878 0.0046 
R(38 29644401.9182 0.0028 P(38 33185713.4894 0.0049 
R(40 29669657.0575 0.0036 P(40 33215502.0716 0.0056 
R(42 29694074.2853 0.0053 P(42 33244722.0637 0.0068 
R(44 29717649.7992 0.0082 P(44 33273375.4969 0.0092 
R(46 29740379.6276 0.0128 P(46 33301464.5003 0.0134 
R(48 29762259.6274 0.0200 P(48 33328991.2976 0.0199 
R(50 29783285.4820 0.0307 P(50 33355958.2027 0.0294. 
R(52 29803452.6988 0.0461 P(52 33382367.6161 0.0427 
R(54 29822756.6072 0.0681 P(54 33408222.0209 0.0607 
R(56 29841192.3558 0.0985 P(56 33433523.9780 0.0848 
R(58 29858754.9100 0.1401 P(58 33458276.1228 0.1165 
R(60 29875439.0495 0.1960 P(60 33482481.1601 0.1576 
R(62 29891239.3658 0.2702 Р(62 33506141.8605 0.2104 
R(64 29906150.2589 0.3673 P(64 33529261.0556 0.2775 
R(66) 29920165.9352 0.4930 P(66 33551841.6335 0.3621 
R(68 29933280.4042 0.6540 P(68 33573886.5352 0.4679 
R(70 29945487.4756 0.8581 P(70 33595398.7493 0.5992 

Frequencies for the 00°1-(10°0,02°0), and 00°1-(10°0,02°0),, Bands of ?C'^O, with the Estimated 2-с Uncertainties 
P(70 25967863.7652 1.1146 P(70 28960476.2278 0.4069 
P(68 26033448.2798 0.8152 P(68 29022326.9578 0.2861 
P(66 26098273.9159 0.5860 P(66 29083661.3546 0.1961 


Infrared Laser Frequencies 10-263 


Band I frequency Band II frequency 

Line (MHz) Uncertainty (MHz) Line (MHz) Uncertainty (MHz) 
P(64 26162346.4813 0.4129 P(64 29144473.5795 0.1303 
P(62 26225671.5466 0.2844 P(62 29204757.8761 0.0833 
P(60 26288254.4494. 0.1906 Р(60 29264508.5768 0.0507 
Р(58 26350100.2984 0.1237 P(58 29323720.1086 0.0290 
P(56 26411213.9778 0.0772 P(56 29382386.9988 0.0152 
Р(54 26471600.1504 0.0459 P(54 29440503.8809 0.0073 
P(52 26531263.2618 0.0258 P(52 29498065.4997 0.0038 
P(50 26590207.5442 0.0138 P(50 29555066.7172 0.0032 
P(48 26648437.0195 0.0077 P(48 29611502.5178 0.0031 
P(46 26705955.5026 0.0057 P(46 29667368.0132 0.0031 
P(44 26762766.6051 0.0055 P(44 29722658.4475 0.0034 
P(42 26818873.7378 0.0055 P(42 29777369.2022 0.0039 
P(40 26874280.1143 0.0056 P(40 29831495.8006 0.0044 
P(38 26928988.7531 0.0056 P(38 29885033.9125 0.0049 
P(36 26983002.4809 0.0056 P(36 29937979.3584 0.0053 
P(34 27036323.9351 0.0055 P(34 29990328.1139 0.0054 
Р(32 27088955.5657 0.0054 Р(32 30042076.3132 0.0055 
P(30 27140899.6384 0.0051 P(30 30093220.2534 0.0055 
P(28 27192158.2363 0.0049 P(28 30143756.3978 0.0054 
P(26 27242733.2620 0.0047 P(26 30193681.3793 0.0053 
P(24 27292626.4396 0.0044 P(24 30242992.0038 0.0052 
P(22 27341839.3165 0.0042 Р(22 30291685.2529 0.0051 
Р(20 27390373.2651 0.0040 Р(20 30339758.2870 0.0049 
Р(18 27438229.4843 0.0037 Р(18 30387208.4477 0.0048 
P(16 27485409.0008 0.0035 P(16 30434033.2603 0.0046 
P(14 27531912.6704 0.0033 P(14 30480230.4356 0.0045 
P(12 27577741.1795 0.0031 Р(12 30525797.8725 0.0044 
P(10 27622895.0455 0.0031 P(10 30570733.6593 0.0043 
P(8 27667374.6182 0.0031 P(8 30615036.0750 0.0043 
P(6 27711180.0803 0.0033 P(6 30658703.5912 0.0044 
P(4 27754311.4480 0.0034 P(4 30701734.8727 0.0045 
P(2 27796768.5718 0.0036 P(2 30744128.7785 0.0045 
0 27859189.3155 0.0036 Р(0 30806522.5414 0.0045 
R(2 27899959.0889 0.0035 P(2 30847319.2956 0.0044. 
R(4 27940052.7921 0.0033 P(4 30887476.2168 0.0043 
R(6 27979469.5315 0.0031 P(6 30926993.0424 0.0042 
R(8 28018208.2478 0.0028 P(8 30965869.7046 0.0041 
R(10 28056267.7161 0.0026 P(10 31004106.3298 0.0040 
R(12 28093646.5448 0.0025 Р(12 31041703.2379 0.0040 
R(14 28130343.1757 0.0025 P(14 31078660.9408 0.0040 
R(16) 28166355.8825 0.0025 P(16 31114980.1420 0.0040 
R(18 28201682.7706 0.0025 P(18 31150661.7340 0.0041 
R(20 28236321.7757 0.0025 P(20 31185706.7976 0.0042 
R(22) 28270270.6628 0.0024 Р(22 31220116.5992 0.0043 
R(24 28303527.0249 0.0024 P(24 31253892.5891 0.0043 
R(26 28336088.2817 0.0023 P(26 31287036.3991 0.0044 
R(28 28367951.6781 0.0024 P(28 31319549.8396 0.0043 
R(30 28399114.2823 0.0025 P(30 31351434.8973 0.0043 
R(32 28429572.9843 0.0026 Р(32 31382693.7318 0.0042 
R(34 28459324.4940 0.0028 P(34 31413328.6728 0.0042 
R(36 28488365.3390 0.0029 P(36 31443342.2165 0.0041 
R(38 28516691.8625 0.0029 P(38 31472737.0219 0.0040 
R(40 28544300.2211 0.0031 P(40 31501515.9074 0.0039 
R(42 28571186.3823 0.0032 P(42 31529681.8467 0.0040 
R(44 28597346.1222 0.0032 P(44 31557237.9646 0.0042 
R(46) 28622775.0223 0.0038 P(46 31584187.5329 0.0046 
R(48 28647468.4672 0.0071 P(48 31610533.9656 0.0057 
R(50 28671421.6417 0.0148 P(50 31636280.8146 0.0088 
R(52) 28694629.5272 0.0286 P(52 31661431.7650 0.0151 
R(54 28717086.8993 0.0510 P(54 31685990.6298 0.0261 
R(56 28738788.3239 0.0852 P(56 31709961.3449 0.0434 


10-264 Infrared Laser Frequencies 


Band I frequency Band II frequency 
Line (MHz) Uncertainty (MHz) Line (MHz) Uncertainty (MHz) 
R(58 28759728.1540 0.1355 P(58 31733347.9642 0.0693 
R(60 28779900.5263 0.2075 P(60 31756154.6537 0.1068 
R(62 28799299.3572 0.3078 Р(62 31778385.6867 0.1594 
R(64 28817918.3393 0.4447 P(64 31800045.4375 0.2317 
R(66) 28835750.9374 0.6283 P(66 31821138.3761 0.3291 
R(68 28852790.3843 0.8707 P(68 31841669.0622 0.4581 
R(70 28869029.6768 1.1863 P(70 31861642.1394 0.6268 
Frequencies for the 01'*1-(11'*0,03'*0), and 017*1-(11'*0,03'*0), Bands of "C!5O, with the Estimated 2-o Uncertainties 
P(59 26125213.2723 1.6633 P(59 30427055.2899 0.1962 
P(57 26191576.6703 1.0880 P(57 30494640.3229 0.1332 
P(55 26257240.7898 0.6844 P(55 30561557.5929 0.0865 
P(53 26322208.2302 0.4094 P(53 30627802.0344 0.0530 
P(51 26386481.4313 0.2286 P(51 30693368.7014 0.0306 
P(49 26450062.6783 0.1155 P(49 30758252.7710 0.0175 
P(47 26512954.1076 0.0498 P(47 30822449.5469 0.0123 
P(45 26575157.7109 0.0191 P(45 30885954.4624 0.0114 
P(43 26636675.3402 0.0160 Р(43 30948763.0834 0.0109 
P(41 26697508.7115 0.0182 P(41 31010871.1119 0.0100 
P(39 26757659.4084 0.0177 P(39 31072274.3882 0.0091 
P(37 26817128.8857 0.0160 P(37 31132968.8940 0.0091 
P(35 26875918.4726 0.0144 P(35 31192950.7549 0.0102 
P(33 26934029.3751 0.0131 P(33 31252216.2430 0.0118 
P(31 26991462.6787 0.0119 P(31 31310761.7788 0.0134 
Р(29 27048219.3509 0.0106 Р(29 31368583.9339 0.0147 
Р(27 27104300.2431 0.0096 Р(27 31425679.4328 0.0155 
P(25 27159706.0925 0.0093 P(25 31482045.1550 0.0157 
P(23 27214437.5237 0.0097 P(23 31537678.1367 0.0154 
P(21 27268495.0505 0.0104 P(21 31592575.5725 0.0147 
P(19 27321879.0769 0.0108 P(19 31646734.8172 0.0137 
P(17 27374589.8987 0.0108 P(17 31700153.3868 0.0127 
P(15 27426627.7040 0.0104 P(15 31752828.9602 0.0119 
P(13 27477992.5747 0.0098 P(13 31804759.3803 0.0113 
Р(11 27528684.4867 0.0096 Р(11 31855942.6551 0.0113 
Р(9 27578703.3113 0.0101 Р(9 31906376.9582 0.0116 
Р(7 27628048.8151 0.0113 Р(7 31956060.6304 0.0122 
P(5 27676720.6609 0.0127 P(5 32004992.1796 0.0129 
P(3 27724718.4080 0.0141 P(3 32053170.2819 0.0136 
R(1) 27841759.7696 0.0152 P(1 32170312.0391 0.0149 
R(3) 27887393.2105 0.0146 P(3 32215845.0845 0.0151 
R(5 27932349.2934 0.0135 P(5 32260620.8121 0.0152 
R(7 27976627.0108 0.0124 P(7 32304638.8261 0.0152 
R(9 28020225.2521 0.0115 P(9 32347898.8990 0.0150 
R(11 28063142.8031 0.0110 P(11 32390400.9714 0.0148 
R(13 28105378.3457 0.0109 P(13 32432145.1513 0.0145 
R(15 28146930.4576 0.0109 P(15 32473131.7137 0.0142 
R(17) 28187797.6116 0.0107 P(17 32513361.0997 0.0140 
R(19) 28227978.1750 0.0103 P(19 32552833.9153 0.0140 
R(21 28267470.4088 0.0099 P(21 32591550.9309 0.0141 
R(23 28306272.4666 0.0099 Р(23 32629513.0796 0.0143 
R(25 28344382.3939 0.0107 P(25 32666721.4564 0.0144 
R(27 28381798.1267 0.0122 P(27 32703177.3164 0.0142 
R(29 28418517.4902 0.0141 Р(29 32738882.0732 0.0136 
R(31 28454538.1976 0.0165 P(31 32773837.2976 0.0136 
R(33) 28489857.8477 0.0213 Р(33 32808044.7156 0.0174 
R(35) 28524473.9240 0.0312 P(35 32841506.2063 0.0279 
R(37 28558383.7917 0.0486 P(37 32874223.8000 0.0462 
R(39 28591584.6963 0.0754 Р(39 32906199.6761 0.0735 
В (41 28624073.7602 0.1131 P(41 32937436.1606 0.1114 
R(43 28655847.9806 0.1644 P(43 32967935.7238 0.1624 
R(45 28686904.2261 0.2328 P(45 32997700.9775 0.2292 


Infrared Laser Frequencies 


Band I frequency 


(MHz) 
28717239.2334 
28746849.6038 
28775731.7988 
28803882.1361 


Uncertainty (MHz) 
0.3239 
0.4465 
0.6142 
0.8465 


Line 
P(47 
P(49 
P(51 
P(53 


Band II frequency 


(MHz) 
33026734.6728 
33055039.6965 
33082619.0689 
33109475.9403 


10-265 
Uncertainty (MHz) 
0.3151 
0.4238 
0.5595 
0.7272 


Frequencies for the 01:1 -(11:0,03'0), and 01"1-(11"0,03"0),, Bands of СТО, with the Estimated 2-o Uncertainties 


P(60 
P(58 
P(56 
P(54 
P(52 
P(50 
P(48 
P(46 
P(44 
р(42 
Р(40 
Р(38 
Р(36 
P(34 
P(32 
P(30 
P(28 
P(26 
Р(24 
Р(22 
Р(20 
Р(18 
Р(16 
Р(14 
Р(12 
Р(10 
Р(8) 
P(6) 
Р(4) 
Р(2) 


26051570.0104 
26120964.4932 
26189552.8496 
26257339.6006 
26324329.0344 
26390525.2136 
26455931.9824 
26520552.9722 
26584391.6075 
26647451.1105 
26709734.5057 
26771244.6242 
268319841067 
26891955.4069 
26951160.7945 
27009602.3576 
27067282.0045 
27124201.4662 
27180362.2977 
27235765.8792 
27290413.4182 
27344305.9494 
27397444.3368 
27449829.2733 
27501461.2824 
27552340.7179 
27602467.7649 
27651842.4399 
27700464.5912 
27748333.8988 
27864709.8633 
27909939.2762 
27954412.3294 
27998127.7801 
28041084.2173 
28083280.0620 
28124713.5668 
28165382.8151 
28205285.7213 
28244420.0302 
28282783.3158 
28320372.9812 
28357186.2574 
28393220.2023 
28428471.6994 
28462937.4565 
28496614.0042 
28529497.6934 
28561584.6939 
28592870.9914 
28623352.3850 
28653024.4839 
28681882.7038 
28709922.2632 
28737138.1785 


4.4521 
3.0629 
2.0516 
1.3305 
0.8289 
0.4901 
0.2698 
0.1334 
0.0551 
0.0181 
0.0151 
0.0174 
0.0157 
0.0126 
0.0105 
0.0096 
0.0092 
0.0090 
0.0089 
0.0090 
0.0093 
0.0096 
0.0097 
0.0096 
0.0096 
0.0101 
0.0111 
0.0125 
0.0139 
0.0148 
0.0146 
0.0135 
0.0122 
0.0112 
0.0107 
0.0108 
0.0110 
0.0112 
0.0111 
0.0110 
0.0114 
0.0129 
0.0149 
0.0168 
0.0175 
0.0165 
0.0142 
0.0163 
0.0309 
0.0593 
0.1054 
0.1779 
0.2907 
0.4635 
0.7231 


P(60 
P(58 
P(56 
P(54 
Р(52 
Р(50 
Р(48 
P(46 
P(44 
P(42 
P(40 
P(38 
P(36 
P(34 
р(32 
Р(30 
P(28 
P(26 
P(24 
Р(22 
P(20 
P(18 
P(16 
P(14 
2 
0 
P(8 
P(6 
Р(4 
Р(2 
Р(2 
Р(4 
Р(6 
P(8 
P(10 
Р(12 
P(14 
P(16 
P(18 
0 
Р(22 
р(24 
р(26 
P(28 
0 
Р(32 
Р(34 
Р(36 
Р(38 
Р(40 
Р(42 
Р(44 
Р(46 
P(48 
P(50 


30355115.0204 
30425283.5969 
30494732.8293 
30563455.6325 
30631445.1076 
30698694.5456 
30765197.4310 
30830947.4444. 
30895938.4662 
30960164.5794 
31023620.0723 
31086299.4415 
31148197.3941 
31209308.8510 
31269628.9481 
31329153.0395 
31387876.6994 
31445795.7236 
31502906.1318 
31559204.1695 
31614686.3091 
31669349.2515 
31723189.9280 
31776205.5007 
31828393.3642 
31879751.1463 
31930276.7092 
31979968.1497 
32028823.8002 
32076842.2290 
32193218.1935 
32238298.4853 
32282538.0393 
32325936.7244 
32368494.6458 
32410212.1438 
32451089.7941 
32491128.4063 
32530329.0234 
32568692.9211 
32606221.6061 
32642916.8154 
32678780.5147 
32713814.8971 
32748022.3813 
32781405.6101 
32813967.4482 
32845710.9809 
32876639.5111 
32906756.5580 
32936065.8540 
32964571.3426 
32992277.1760 
33019187.7118 
33045307.5105 


0.2752 
0.1926 
0.1301 
0.0840 
0.0512 
0.0292 
0.0163 
0.0111 
0.0104 
0.0105 
0.0105 
0.0107 
0.0114 
0.0126 
0.0138 
0.0147 
0.0151 
0.0149 
0.0141 
0.0128 
0.0113 
0.0098 
0.0086 
0.0081 
0.0085 
0.0095 
0.0107 
0.0120 
0.0131 
0.0139 
0.0150 
0.0151 
0.0153 
0.0153 
0.0154 
0.0155 
0.0155 
0.0154 
0.0152 
0.0149 
0.0147 
0.0144 
0.0140 
0.0133 
0.0120 
0.0106 
0.0122 
0.0212 
0.0385 
0.0646 
0.1015 
0.1518 
0.2184 
0.3048 
0.4152 


INFRARED AND FAR-INFRARED ABSORPTION FREQUENCY STANDARDS 
Arthur Maki 


Aside from the CO, laser transitions, the absorption spectrum 
of CO has been more accurately and thoroughly measured than 
any other spectrum. A bibliography of earlier measurements on 
CO is given by Maki and Wells,! and the present tables were calcu- 
lated from the measurements referred to in that work. In addition, 
some new and very accurate frequency measurements?? have been 
made and were incorporated in the present tables. The frequencies 
of the rotational transitions of HF and НСІ were calculated from 
constants obtained from fitting the measurements of Evenson et 
.له‎ and Jennings and Wells.* 

А new report on infrared wavenumber standards from the 
International Union of Pure and Applied Chemistry, Commission 
on Molecular Structure and Spectroscopy, may be found in 
Reference 7. 
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Wavenumbers for the v = 1 – 0 Band of CO 


Wavenumber (unc)*/cm"! Transition 
2139.426071(01 Р(1 
2135.546178(01 р(2) 
2131.631574(01 P(3 
2127.682404(01 P(4 
2123.698816(01 P(5 
2119.680957(01 P(6 
2115.628973(01 P(7 
2111.543012(01 P(8) 
2107.423221(01 P(9 
2103.269746(01 P(10 
2099.082734(01 р(11) 
2094.862333(01 P(12 
2090.608688(01 P(13 
2086.321947(01 P(14 
2082.002256(01 P(15 
2077.649762(01 P(16 
2073.264612(01 P(17) 
2068.846952(01 P(18 
2064.396929(01 P(19 
2059.914688(02 P(20) 
2055.400377 (02, P(21 
2050.854140(02 P(22 
2046.276126(03 P(23 
2041.666479(03 P(24 
2037.025345(03 P(25 
2032.352870(04 P(26 
2027.649200(04 P(27 
2022.914480(04 P(28 
2018.148857(05 P(29) 
2013.352474(05 P(30 
2008.525477(06 P(31 
2003.668012(06 P(32) 
1998.780224(07 P(33 
1993.862257(09 P(34) 
1988.914257(11 P(35) 
1983.936367(14 P(36 
1978.928733(18 P(37 
1973.891500(25 P(38) 
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Wavenumber (unc)/cm^! Transition 
2147.081132(01 R(0 
2150.856006(01 ка 
2154.595581(01 R(2 
2158.299710(01 R(3 
2161.968245(01 R(4 
2165.601041(01 R(5 
2169.197949(01 R(6 
2172.758824(01 R(7 
2176.283519(01 R(8 
2179.771887(01 R(9 
2183.223782(01 R(10 
2186.639057(01 R(11 
2190.017565(01 R(12 
2193.359161(01 R(13 
2196.663698(01 R(14 
2199.931030(01 R(15 
2203.161010(01 R(16 
2206.353492(01 R(17 
2209.508331(02 R(18 
2212.625379(02 R(19 
2215.704492(02 R(20 
2218.745522(02 R(21 
2221.748326(03 R(22 
2224.712755(03 R(23 
2227.638666(03 R(24 
2230.525912(04 R(25 
2233.374349(04 R(26 
2236.183829(04 R(27 
2238.954210(05 R(28 
2241.685344(05 R(29 
2244.377088(06 R(30 
2247.029296(07 R(31 
2249.641824(08 R(32 
2252.214527(10 R(33 
2254.747262(14 R(34 
2257.239883(18 R(35 
2259.692248(24 R(36 
2262.104213(33 R(37 
2264.475634(45 R(38 


Infrared and Far-Infrared Absorption Frequency Standards 10-267 


Wavenumbers for the v = 1 – 0 Band of CO 


Wavenumber (unc)*/cm"! Transition Wavenumber (unc)/cm `! Transition 
1968.824811(34) Р(39) 2266.806368(61) R(39) 
1963.728813(46) P(40) 2269.096273(81) R(40) 
1958.603648(61) P(41) 2271.345206(106) R(41) 
1953.449462(82) P(42) 2273.553027(139) R(42) 


* The uncertainty in the last digits (twice the standard error) is given in parentheses. 


Wavenumbers for the v = 2 – 0 Band of CO 


Wavenumber (unc)*/cm"! Transition Wavenumber (unc)/cm“! Transition 
4263,837198(02 (0 
4256.217140(02 Р(1 4267.542066(02 R(1 
4252.302244(02 P(2 4271.176630(02 R(2 
4248.317633(02 р(з 4274.740746(02 R(3 
4244.263453(02 P(4 4278.234264(02 R(4) 
4240.139852(02 P(5 4281.657039(02 R(5 
4235.946975(02 P(6 4285,008924(02 R(6 
4231.684972(02 Р(7 4288.289772(02 R(7 
4227.353987(02 P(8 4291.499437(02 R(8 
4222.954169(02 р(9 4294.637773(02 RO 
4218.485665(02 P(10 4297.704631 (02 као 
4213.948620(02 P(11 4300.699868(02 R(11 
4209.343182(02 P(12 4303.623334(02 R(12 
4204.669499(02 P(13 4306.474886(02 R(13 
4199.927716(02 р(14 4309.254375(02 R(14) 
4195.117980(02 P(15 4311.961657(02 R(15 
4190.240439(02 P(16 4314.596584(02 R(16 
4185.295239(02 P(17 4317.159011(02 R(17 
4180.282526(02 P(18 4319.648791(02 R(18 
4175.202447(02) Р(19 4322.065779(03 R(19 
4170.055149(03 P(20 4324.409829(03 R(20 
4164.840777(03 P(21 4326.680794(03 R(21 
4159.559478(03 Р(22 4328.878530(03 R(22 
4154.211398(03 P(23 4331.002889(04 R(23 
4148.796683(04 P(24 4333.053728(04 R(24 
4143.315479(04 P(25 4335.030899(05 R(25 
4137.767932(04 P(26 4336.934259(06 R(26 
4132.154187(05 Р(27 4338.763661(07 R(27 
4126.474391(06 P(28 4340.518961(09 R(28 
4120.728689(07 P(29 4342.200014(11 R(29 
4114.917226(09 P(30 4343.806675(16 R(30 
4109.040148(12 P(31 4345.338799(21 R(31 
4103.097600(16 P(32 4346.796243(29 R(32 
4097.089728(21 33 4348.178862(40 R(33 
4091.016676(29 P(34 4349,486513(54 R(34 
4084.878591(40 P(35 4350.719052(73 R(35 
4078.675618(54 P(36 4351.876336(96 R(36 
4072.407901(73 Р(37 4352.958224(127) R(37 
4066.075588(97 P(38 4353.964572(166) R(38 
4059.678822(127) P(39 4354.895240(214) R(39 


* The uncertainty in the last digits (twice the standard error) is given in parentheses. 


Wavenumbers for the v = 3 – 0 Band of CO 


Wavenumber (unc)*/cm^! Transition Wavenumber (unc)/cm^! Transition 
6354.179057(13) R(0) 
6346.594000(13) РО) 6357.813923(13) R(1) 
6342.644103(13) P(2) 6361.343487(13) R(2) 
6338.589491(13) P(3) 6364.767599(13) R(3) 
( ( ( 


6334.430309(13) Р(4) 6368.086115(13) R(4) 
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Wavenumbers for the v = 3 – 0 Band of CO 


Infrared and Far-Infrared Absorption Frequency Standards 


Wavenumber (unc)*/cm^! Transition Wavenumber (unc)/cm `! Transition 
6330.166705(13 P(5) 6371.298887(13 R(5) 
6325.798826(13 P(6) 6374.405768(12 R(6) 
6321.326819(13 P(7) 6377.406611(12 R(7) 
6316.750831(12 P(8) 6380.301271(12 R(8) 
6312.071008(12 P(9) 6383.089600(12 R(9) 
6307.287498(12 P(10 6385.771452(12 R(10 
6302.400447(12 P(11 6388.346680(13 R(11 
6297.410003(12 P(12 6390.815139(13 R(12 
6292.316311(13 P(13 6393.176681(13 R(13 
6287.119520(13 P(14 6395.431160(13 R(14 
6281.819775(13 P(15 6397.578430(13 R(15 
6276.417224(13 P(16 6399.618344(13 R(16 
6270.912012(13 P(17 6401.550757(13 R(17 
6265.304287(13 P(18 6403.375523(13 R(18 
6259.594194(13 P(19 6405.092495(14 R(19 
6253.781880(13 P(20 6406.701527 (14 R(20 
6247.867492(14 Р(21 6408.202474(14 R(21 
6241.851176(14 P(22 6409.595189(15 R(22 
6235.733077(14 P(23 6410.879527(15 R(23 
6229.513342(15 Р(24. 6412.055343(16 R(24 
6223.192117(15 P(25 6413.122491(17 R(25 
6216.769547(16 P(26 6414.080825(19 R(26 
6210.245778(17 P(27 6414.930201(23 R(27 
6203.620957(19 P(28 6415.670474(28 R(28 
6196.895229(23 P(29 6416.301500(37 R(29 
6190.068739(28 P(30 6416.823133(50 R(30 
6183.141633(37 P(31 6417.235231(67 R(31 
6176.114058(50 P(32 6417.537649(90 R(32 
6168.986159(67 P(33 

6161.758082(90 P(34 


* The uncertainty in the last digits (twice the standard error) is given in parentheses. 


Frequencies and Wavenumbers for the Rotational Lines of CO 


Frequency/MHz — Uncertainty*/MHz Л 7 Wavenumber/cm'!  Uncertainty*/cm^! 
115271.2029 0.0004 1 0 3.84503345 0.00000001 
230538.0016 0.0008 2 1 7.68991999 0.00000003 
345795.9923 0.0012 3 2 11.53451273 0.00000004 
461040.7712 0.0016 4 3 15.37866477 0.00000005 
576267.9350 0.0019 5 4 19.22222923 0.00000006 
691473.0809 0.0021 6 5 23.06505926 0.00000007 
806651.8065 0.0023 7 6 26.90700800 0.00000008 
921799.7104 0.0025 8 7 30.74792863 0.00000008 
1036912.3919 0.0027 9 8 34.58767438 0.00000009 
1151985.4515 0.0029 10 9 38.42609848 0.00000010 
1267014.4906 0.0031 11 10 42.26305422 0.00000010 
1381995.1119 0.0034 12 11 46.09839491 0.00000011 
1496922.9195 0.0038 13 12 49.93197392 0.00000013 
1611793.5189 0.0042 14 13 53.76364468 0.00000014 
1726602.5173 0.0047 15 14 57.59326065 0.00000016 
1841345.5237 0.0052 16 15 61.42067535 0.00000017 
1956018.1486 0.0057 17 16 65.24574239 0.00000019 
2070616.0050 0.0061 18 17 69.06831542 0.00000020 
2185134.7075 0.0065 19 18 72.88824816 0.00000022 
2299569.8733 0.0069 20 19 76.70539441 0.00000023 
2413917.1217 0.0071 21 20 80.51960806 0.00000024 
2528172.0747 0.0073 22 21 84.33074306 0.00000024 
2642330.3567 0.0074 23 22 88.13865346 0.00000025 
2756387.5949 0.0075 24 23 91.94319341 0.00000025 


Infrared and Far-Infrared Absorption Frequency Standards 


Frequency/MHz 
2870339.4194 
2984181.4631 
3097909.3621 
3211518.7558 
3325005.2869 
3438364.6013 
3551592.3489 
3664684.1829 
3777635.7608 
3890442.7435 
4003100.7965 
4115605.5892 
4227952.7954 
4340138.0932 
4452157.1657 
4564005.7001 


* Тһе uncertainty given is twice the standard error. 


Frequency/MHz 
1232476.21 
2463428.09 
3691334.81 
4914682.58 
6131968.11 
7341702.00 
8542412.1 
9732646.8 
10910978.2 
12076004.8 
13226355.2 
14360689.8 
15477704.4 
16576131.8 
17654744.4 
18712356.5 
19747825.6 
20760054.3 
21747991.7 
22710634.7 
23647028.7 
24556268.8 
25437499.9 
26289917.4 
27112767.2 
27905345.6 
28666999.3 
29397124.8 
30095168.2 
30760624.2 
31393035.7 


* The uncertainty given is twice the standard error. 


Frequencies and Wavenumbers for the Rotational Lines of CO 


Uncertainty*/MHz 
0.0077 
0.0080 
0.0085 
0.0090 
0.0096 
0.0102 
0.0107 
0.0111 
0.0118 
0.0137 
0.0179 
0.0254 
0.0370 
0.0531 
0.0746 
0.1025 


Л 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


r 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


Wavenumber/cm'! 
95.74421713 
99.54157896 

103.33513334 

107.12473480 

110.91023800 

114.69149772 

118.46836884 

122.24070637 

126.00836545 

129.77120137 

133.52906952 

137.28182546 

141.02932487 

144.77142361 

148.50797766 

152.23884318 


Frequencies and Wavenumbers for the Rotational Lines of HF 


Uncertainty*/MHz 
0.12 
0.19 
0.25 
0.51 
1.10 
2.00 
321 
4.72 
6.51 
8.55 

10.81 
13.25 
15.86 
18.61 
21.48 
24.44 
27.43 
30.32 
32.91 
34.94 
36.08 
35.93 
34.12 
30.32 
24.41 
16.88 
10.80 
14.65 
24.62 
33.36 
36.17 
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Wavenumber/cm `! 
41.110981 
82.171116 
123.129676 
163.936165 
204.540439 
244.892818 
284.944197 
324.646153 
363.951056 
402.81216 
441.18372 
479.02105 
516.28065 
552.92024 
588.89888 
624.17703 
658.7 1656 
692.4809 
725.4349 
757.5452 
788.7800 
819.1090 
848.5037 
876.9373 
904.38457 
930.82214 
956.22817 
980.58253 
1003.86676 
1026.0640 
1047.1590 


Uncertainty*/cm ' 
0.00000026 
0.00000027 
0.00000028 
0.00000030 
0.00000032 
0.00000034 
0.00000036 
0.00000037 
0.00000039 
0.00000046 
0.00000060 
0.00000085 
0.00000123 
0.00000177 
0.00000249 
0.00000342 


Uncertainty*/cm ' 


0.000004 
0.000006 
0.000008 
0.000017 
0.000037 
0.000067 
0.000107 
0.000157 
0.000217 
0.000285 
0.000361 
0.00044. 
0.00053 
0.00062 
0.00072 
0.00082 
0.00092 
0.00101 
0.00110 
0.00117 
0.00120 
0.00120 
0.00114 
0.00101 
0.00081 
0.00056 
0.00036 
0.00049 
0.00082 
0.00111 
0.00121 
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10-270 Infrared and Far-Infrared Absorption Frequency Standards 


Frequencies and Wavenumbers for the Rotational Lines of Н?°С1 


Frequency/MHz . Uncertainty*/MHz Л J. Wavenumber/cm- Uncertainty*/cm-! 
1876226.517 0.065 3 2 62.584180 0.000002 
2499864.439 0.066 4 3 83.386502 0.000002 
3121986.563 0.064. 5 4 104.138262 0.000002 
3742216.601 0.076 6 5 124.826909 0.000003 
4360180.042 0.098 7 6 145.439951 0.000003 
4975504.51 0.11 8 7 165.964966 0.000004 
5587820.10 0.12 9 8 186.389615 0.000004 
6196759.76 0.22 10 9 206.701656 0.000007 
6801959.63 0.50 11 10 226.888951 0.000017 
7403059.41 1.02 12 11 246.939481 0.000034 
7999702.7 1.8 13 12 266.841359 0.000062 
8591537.3 3.1 14 13 286.582837 0.000103 
9178215.8 4.8 15 14 306.152324 0.000161 


* The uncertainty given is twice the standard error. 


Frequencies and Wavenumbers for the Rotational Lines of H®’Cl 


Frequency/MHz Uncertainty*/MHz ТЫ J Wavenumber/cm-! Uncertainty*/cm-1 
1873410.72 0.05 3 2 62.490255 0.000002 
2496115.33 0.05 4 3 83.261445 0.000002 
3117308.69 0.05 5 4 103.982225 0.000002 
3736615.64 0.06 6 5 124.640082 0.000002 
4353662.84 0.08 7 6 145.222561 0.000003 
4968079.04 0.09 8 7 165.717279 0.000003 
5579495.53 0.10 9 8 186.111938 0.000003 
6187546.42 0.19 10 9 206.394332 0.000006 
6791869.04 0.45 11 10 226.552365 0.000015 
7392104.3 0.9 12 11 246.574057 0.000030 
7987896.9 1.6 13 12 266.447561 0.000054. 
8578896.1 2.7 14 13 286.161170 0.000089 


* The uncertainty given is twice the standard error. 


SENSITIVITY OF THE HUMAN EYE TO LIGHT OF DIFFERENT WAVELENGTHS 


The human eye responds to electromagnetic radiation in the 
wavelength range from about 360 nm (violet) to 820 nm (red), 
with a peak sensitivity near 555 nm. While the detailed shape of 1. The Basis for Physical Photometry, CIE Publication #18.2, 1983. 


this response curve depends on the individual person, studies on 
representative samples of human subjects have led to adoption of 
a standard function relating the perceived brightness (luminous 


flux) to the actual power of the spectral radiation. This function is 
referred to as V(X), the photopic spectral luminous efficiency func- 


tion, and it plays an important role in photometry. 


The function V(A), as adopted by the International Commission 
on Illumination (CIE) is tabulated and plotted below. 


A/nm 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 


Spectral Luminous Efficiency 


VQ) 
0.000004 
0.000012 
0.000039 
0.000120 
0.000396 
0.001210 
0.004000 
0.011600 
0.023000 
0.038000 
0.060000 
0.090980 
0.139020 
0.208020 
0.323000 
0.503000 


1.000000 
0.900000 
0.800000 
0.700000 
0.600000 
0.500000 
0.400000 
0.300000 
0.200000 
0.100000 


0.000000 
350 


400 


450 


A/nm 


520 
530 
540 
550 
555 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 


VO) 
0.710000 
0.862000 
0.954000 
0.994950 
1.000000 
0.995000 
0.952000 
0.870000 
0.757000 
0.631000 
0.503000 
0.381000 
0.265000 
0.175000 
0.107000 
0.061000 


Spectral Luminous Efficiency Function 


500 


550 600 


Wavelength (nm) 


650 


References 


A/nm 


670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 


700 


750 


2. CIE Standard Colorimetric Observers, ISO/CIE #10527, 1991. 
3. Kaye and Laby Tables of Physical and Chemical Constants, Sixteenth 
Edition, Longman Group Ltd., Harlow, Essex, 1995. 


VQ) 
0.032000 
0.017000 
0.008210 
0.004102 
0.002091 
0.001047 
0.000520 
0.000249 
0.000120 
0.000060 
0.000030 
0.000015 
0.000007 
0.000004 
0.000002 
0.000001 


800 


10-241 


INDEX OF REFRACTION OF INORGANIC CRYSTALS 


This table lists the index of refraction of selected crystalline inor- 
ganic compounds. When, available, values are give as a function of 
wavelength in the range from the ultraviolet to the far infrared 
region. For each compound a value at 589 nm, the wavelength of the 
principal sodium line, is given. The data have been taken from the 
references indicated; in many cases, data from a reference have been 
refitted to generate the index of refraction at the wavelengths used in 
this table. All values refer to ambient temperature. Entries marked 
by * are based on extrapolation beyond the range of available exper- 
imental data. 

Compounds belonging to the cubic crystal system have only a sin- 
gle refractive index value, but other systems are anisotropic, so that 
the crystal is characterized by two or three unique indexes. Hexago- 
nal, rhombohedral, and tetragonal crystals have two unique indexes 
which are traditionally labeled n, and п, for “ordinary ray" and 
"extraordinary ray". Orthorhombic, monoclinic, and triclinic crys- 
tals are characterized by three indexes which are here called n,, п, 
and п,. The table indicates the crystal system for each entry in order 
to identify the material uniquely. 

The refractive index and other optical properties for metals, semi- 
conductors, and certain other compounds can be found in the tables 
"Optical Properties of Selected Elements" and “Optical Properties 
of Selected Inorganic and Organic Solids" in Section 12 of this 
Handbook. 


Crystal 
Compound system Ray 300nm 589 nm 
AgCl cub n 2.0668 
МРО, rhomb т 1.5247 
rhomb n, 1.5338 
АБО: ћех п, 1.7673 
ћех n, 1.7598 
As,O,* cub n 1.7537 
BaF, cub n 1.5010 1.4744 
BaO cub n 1.9841 
BaSO, orth ny 1.6362 
orth пу 1.6374 
orth n, 1.6480 
BaTiO, tetr n, 2.4405 
tetr n, 2.3831 
BaWO, tetr n, 1.8426 
tetr n, 1.8405 
BeO hex п, 1.7184 
hex п, 1.7342 
Ве5О,4Н,О tetr n, 1.4713 
tetr n, 1.4328 
СаСО} ћех Ny 1.7216 1.6584 
hex n, 1.5145 1.4864 
CaF, cub n 1.4540 1.4338 
CaO cub n 1.8396 
CaSO, orth n, 1.5698 
orth п, 1.5755 
orth n, 1.6137 
Са50,2Н,О monocl ny 1.5207 
monocl п, 1.5227 
monocl n, 1.5304 
CaWO, tetr n, 1.9195 
tetr пе 1.9355 
CdS hex n 2.507 
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1.4712 1.4686 14647 14511 4 


1.6503 1.6436 1.6249 
1.4828 1.4801 1.4753 
1.4311 1.4289 1.4239 1.3990 1.299 
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Index of Refraction at the Indicated Wavelength 


750nm 1 рш 2 pm Sum 10pm 20рш Ref 
2.0401 2.0224 2.0062 1.9975 1.9803 1.9069 5 
1.5203 1.5161 1.5034 
1.5290 1.5245 1.5116 


” b B = вв вв B څخ‎ Ua ما‎ de dod B 8 B B dod > > во вв вс 


2.334 
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Index of Refraction at the Indicated Wavelength 


Crystal 
Compound system Ray 300nm 589nm 750nm 1рш 2 um Sum 10pm 20 рт Ref. 

ћех E 2.525 2.409 2.352 5 

CdSe hex n, 2.68* 2.5502 2.4682 2.4483 2.4331 7 
hex Я 2.69* 2.5696 2.4873 2.4676 2.4514 7 

CdTe cub n 2.0724 2.6302 7 
CeF, hex n, 1.6183 4 
hex пе 1.6113 4 

CsBr cub n 1.8047 1.6974 1.6861 1.6784 1.6711 1.6678 1.6630 1.6439 1 
CsCl cub n 1.712 1.640 1.631 1.626 1.620 1.616 1.606 1.563 1 
CsClO, orth пу 1.4752 4 
orth п, 1.4788 4 

orth n, 1.4804 4 

CsF cub n 1.506 1.477 1.474 1.472 1.469% 14611 14367 7 1 
CsI cub n 1.9790 1.7873 1.7694 1.7576 1.7465 1.7428 1.7396 1.7280 1 
С5,5О, orth ny 1.5598 4 
orth п, 1.5644 4 

orth n, 1.5662 4 

CuBr cub n 2.117 7 
CuCl cub n 1.9727 1.9391 1.9245 7 
CuSO,-5H,O tricl ny 1.5140 4 
tricl пу 1.5367 4 

tricl n, 1.5436 4 

Dy;O, cub n 1.9757 4 
FeF, tetr n, 1.514 4 
tetr п, 1.524 4 

04,0, сир п 1.96 4 
HgS rhomb n, 2.9413 27770 2.7120 2.6305 2.6018 6 
rhomb n, 3.3072 3.0896 3.0050 2.8776 2.8522 6 

KBr cub n 1.6482 1.5598 1.5498 1.5444 1.5383 1.5345 1.5264 1.4924 1 
ка cub n 1.5455 1.4902 1.4840 1.4798 1.4753 1.4704 1.4564 1.3946 1 
КСІО, orth ny 1.4730 4 
orth пу 1.4736 4 

orth n, 1.4768 4 

KF cub n 1.380 1.362 1.360 1.358 1:355 1.344 1.304* 57 1 
KH,AsO, tetr n, 1.5674 7 
tetr n, 1.5179 7 

KH;PO, tetr n, 1.5450 1.5093 1.5030 7 5 
tetr n, 1.4977 1.4682 1.4641 1.4606 5 

KI cub n 1.834* 1.665 1.650 1.640 1.631 1.627 1.620 1.593 1 
KIO, tricl ny 1.6959 
tricl п, 1.8317 7 

tricl n, 1.8343 7 

KIO, tetr Ny 1.6205 4 
tetr пе 1.6476 4 

KNbO, orth n, 2.0480 2.3395 22612 7 
orth п, 2.3464 2.2959 2.2622 7 

orth n, 2.1803 2.1457 8 7 

K,SO, orth п, 1.4934 4 
orth пу 1.4947 4 

orth n, 1.4973 4 

LaF, hex п, 1.605 4 
ћех п, 1.599 4 

LiBr cub n 1.810 1.783 1.781 1.778 1.774* 1.756“ 7 1.33* 1 
LiCl cub n 1.677 1.662 1.660 1.658 1.654“ 77 159% 1 
LiClO,-3H,O0 hex Ny 1.4832 4 
hex n, 1.4384 4 

LiF cub n 1.4087 1.3921 1.3895 1.3871 1.3786 1.3266 1.1005 1 
Lil cub n 1.979 1.955 1.952 1.950 1.948*  1.940* 7 IPS 1 
LilO, hex n, 1.8875 1.8713 1.8589 1.8410 6 
һех n. 17400 1.7268 1.7179 1.7062 6 

LiNbO, rhomb Ny 2.3007 2.2632 2.2370 7 


Index of Refraction of Inorganic Crystals 10-247 


Index of Refraction at the Indicated Wavelength 


Crystal 
Compound system Ray 300nm 589nm 750nm 1рш 2 рт Spm 10 т 20 рт Ref. 

rhomb : 2.2116 2.1804 2.1567 7 
LiTaO, rhomb n, 2.1864 2.1590 2.1391 2.1066 7 
rhomb n, 2.1908 2.1634 2.1432 2.1115 7 
Li,SO,-H,O monocl ny 1.4615 4 
monocl п, 1.4765 4 
monocl n, 1.4863 4 
Lu;O, cub n 1.9349 4 
MgF, tetr Ny 1.3930 1.3776 5 1.373 1.368 1.34 1.21 2 
tetr n, 1.4055 1.3894 1.387 1.385 1:379 1.34 1.21 2 
MgO cub n 1.7355 1.7283 1.7228 1.7084 1.6361 5 
MgSO,-7H,O orth ny 1.4326 4 
orth ny 1.4555 4 
orth п, 1.4607 4 
МпЕ, tetr n, 1.472 4 
tetr n, 1.501 4 
NHjH,AsO, tetr n, 1.6401 1.5777 1.5704 1.5583 7 
tetr n, 1.5754 1.5232 15179 1.5101 7 
МН.Н.РО, tetr n, 1.5668 1.5247 1.5187 1.5084 7 
tetr n, 1.5137 1.4797 1.4754 1.4694 7 
МаВг cub n 1.748 1.642 1.631 1.623 1.616 1.609 1.593*  1.520* 1 
NaBrO, cub n 1.6168 4 
NaCl cub n 1.6066 1.5441 1.5369 1.5320 1.5265 1.5188 1.4947 57 1 
NaClO, cub n 1.5151 7 
МаЕ cub n 1.3424 13252 1.3231 1.3214 1.3179 1.3017 1.2400 1 
Ман,РО,2Н,О orth ny 1.4400 7 
orth п, 1.4628 7 
orth п, 1.4814 7 
Ма! cub n 1.93* 1.774 1.758 1.74 173% 1.73* 1:715 1.66” 1 
NaNO, orth n, 1.6547 7 
orth пу 1.3455 7 
orth n, 1.4125 7 
NaNO, thomb Ny 1.5840 5 
rhomb n, 1.3340 5 
Na,HPO,-7H,O monocl п, 1.4411 4 
monocl п, 1.4423 4 
monocl n, 1.4525 4 
Ма,5О, orth ny 1.4669 4 
orth пу 1.4730 4 
orth n, 1.4809 4 
NdF, hex n, 1.6191 4 
hex n, 1.6132 4 
Nd,O; cub n 1.92 4 
NiF, tetr Ny 1.526 4 
tetr пе 1.561 4 
NiSO,-6H,O tetr Ny 1.5107 4 
tetr n, 1.4870 4 
PbF, cub n 1.94* 1.767 1.754 1.745 1.73 1.70 1.66 1.32 5 
PbSO, orth ny 1.8780 4 
orth п, 1.8834 4 
orth n, 1.8945 4 
PrF, hex n, 1.6207 4 
hex n, 1.6146 4 
RbBr cub n 1.639 1.553 1.544 1.538 1:532 1.530 1:525 1.505* 1 
RbCI cub n 1.549 1.493 1.487 1.483 1.479 1.475 1.465 1.424* 1 
RbCIO, orth ny 1.4691 4 
orth п, 1.4701 4 
orth n, 1.4732 4 
RbF cub n 14287 1.397 1.394 1.391 1.388 1.379 1.346 1.19* 1 
RbH,AsO, tetr n, 1.6183 1.5603 1.5538 1.5432 7 
tetr n 1.5718 1.5232 1.5184 1.5121 T 
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Compound 
RbH,PO, 


RbI 


Rb,SO, 


$6,0; 
500, 
510, 


SnO, 
SrF, 


SrO 
SrSO, 


SrTiO; 
SrWO, 
TbF, 
TeO, 


ThO, 
TiO; 


TIBr 
TICI 
TICIO, 


TLSO, 


Ү,О, 
ول رلا‎ 
ZnF, 


ZnO 


ZnS! 
ZnSe 


ZnSe 
ZnTe 
71510; 


а Arsenolite 
^ Calcite 


* Senarmontite 


4 o-Quartz 
* Rutile 

f Sphalerite 
š Wurtzite 
^ Zircon 


Crystal 
system 
tetr 
tetr 
cub 
orth 
orth 
orth 
cub 
cub 
hex 
hex 
tetr 
tetr 
cub 
cub 
orth 
orth 
orth 
cub 
tetr 
tetr 
hex 
hex 
tetr 
tetr 
cub 
tetr 
tetr 
tetr 
tetr 
cub 
cub 
orth 
orth 
orth 
orth 
orth 
orth 
cub 
cub 
tetr 
tetr 
hex 
hex 
cub 
hex 
hex 
cub 
cub 
tetr 
tetr 


Index of Refraction at the Indicated Wavelength 


300nm 589 пт 750 nm 


1.5434 
1.5106 
1.808 


1.5733 
1.5882 


1.459 


1.5078 
1.4791 
1.647 

1.5131 
1.5133 
1.5144 
2.8017 
1.9943 
1.5442 
1.5534 
1.993 

2.088 

1.4380 
1.8710 
1.6214 
1.6231 
1.6303 
2.4082 
1.8618 
1.8719 
1.6034 
1.5603 
2.2738 
2.4295 
2.1113 
2.612 

2.910 

2.562 

2.489 

2.418 

2.247 

1.6427 
1.6446 
1.6542 
1.8604 
1.8676 
1.8857 
1.930 

1.9468 
1.495 

1.525 

2.0036 
2.0199 
2.3691 
2.372 

2.368 

2.6222 
3.060 

1.9255 
1.9843 


1.5021 
1.4754 
1.633 


1.5394 
1.5484 


1.435 


2.3525 


2.533 
2.805 


2.350 
2.198 


1.9662 
1.9821 
2.3232 
2.331 
2.327 
2.5384 
2.880 


1 um 
1.4941 
1.4704 
1.623 


1.5350 
1.5438 


1.433 


2.3160 


2.2080 
2.3520 


2.485 
2.748 


2.289 
2.145 


1.9435 
1.9589 
2.2932 
2.303 
2.301 
2.4888 
2.789 


Provisional value based on extrapolation beyond the range of experimental data. 
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2 ym 


1.615 


1.5209 
1.5291 


1.429 


2.2676 


2.399 


2.103 
1.986 


1.9197 
1.9330 
2.2633 
2.26 


2.4462 
2.719 


5 ium 


1.612 


1.412 


2.1205 


2.220 


1.984 
1.891 


2.25 


2.4296 
2.698 


10 рт 20um Ref. 


7 
7 
1.608 1.595 1 
4 
4 
4 
4 
4 
5 
5 
4 
4 
135 2 
4 
4 
4 
4 
5 
4 
4 
4 
4 
7 
7 
4 
5 
5 
4 
4 
2.339 2.322 5 
2.193 5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
И 
7 
7 
2.20 35 
5 
2.4065 3 
2.684 3 
4 
4 


PROTON AFFINITIES 


Proton affinity is a useful parameter for describing gas phase 
ion-molecule reactions in fields such as atmospheric chemistry, 
plasma chemistry, mass spectrometry, and astrophysics. The pro- 
ton affinity E . (often designated іп the literature as PA) of a mo- 
lecular species M is defined as the negative of the enthalpy change 
for the gas phase reaction 


M + Н+. و‎ МН". 


A closely related quantity is Һе gas phase basicity Д, G° (of- 
ten designated as GB), which is the negative of the Gibbs energy 
change for the same reaction. Thus the two are related by 

A, G° = E, + TAS, 


base 


where T'is the temperature and AS is the entropy change in the 
reaction (which can be calculated if the molecular structure of M 
and M: is known). 

Direct measurement of the proton affinity is possible for only a 
few molecules, mainly olefins and carbonyl compounds. However, 
these measurements have been used to establish a scale of E. 
values that permits proton affinities to be determined for many 
other molecules, including unstable species and reaction interme- 
diates. The basis for this scale is described by Hunter and Lias in 
Reference 1. 

The ЕЁ „апа А, G° values at a temperature of 298 K are tabu- 
lated below for selected molecules. Many values are given to one 
decimal place, but the majority are not accurate to better than one 
or two kilojoules per mole. The methods of measurement are de- 


Molecular 
formula Name 

Ar Argon 
AsF, Arsenic(III) fluoride 
AsH, Arsine 
BHO, Metaboric acid 
BH,O, Boric acid 
BH, Diborane 
ВН, Borazine 
B,H,, Tetraborane(10) 
В.Н, Pentaborane(9) 
BaO Barium oxide 
Br Bromine (atomic) 
BrH Hydrogen bromide 
BrLi Lithium bromide 
CaO Calcium oxide 
CI Chlorine (atomic) 
CIH Hydrogen chloride 
CILi Lithium chloride 
Co Cobalt 
Cr Chromium 
CsHO Cesium hydroxide 
Cs,O Cesium oxide 
Cu Copper 
F Fluorine (atomic) 
ЕН Hydrogen fluoride 
FO Fluorine oxide 
E; Fluorine 
F.O,S Sulfuryl fluoride 


scribed in Reference 1, which contains a much more extensive and 
detailed tabulation. 

Compounds are listed by molecular formula in the Hill order, 
but with all compounds that do not contain carbon appearing be- 
fore those that do contain carbon. 
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Ea А, 6” 
kJ/mol kJ/mol Notes 
369.2 346.3 
636.7 604.2 
747.9 712.0 
763.0 730.5 
728.1 698.4 
615 586.0 
802.5 772.8 
605 572.5 
699.4 666.9 

1215.4 1187.6 
554.4 531.2 
584.2 557.7 
819 792.5 

1190.6 1162.3 
513.6 490.1 
556.9 530.1 
827 800.5 
742.7 719.8 
791.3 768.4 

1117.9 1092.2 

1442.9 1412.2 
655.3 632.4 
340.1 315.1 
484 456.7 
508.7 482.2 
332 305.5 
605.5 580.5 
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10-174 Proton Affinities 


Molecular E. A pase 
formula Name kJ/mol kJ/mol Notes 

ЕМ Nitrogen trifluoride 568.4 538.6 
БОР Phosphoryl fluoride 694.0 664.2 
ЕР Phosphorus(III) fluoride 695.3 662.8 
F,Si Tetrafluorosilane 502.9 476.6 
ES Sulfur hexafluoride 575.3 550.7 
Fe Iron 754 731.1 
FeO Iron(II) oxide 907 880.5 
GeH, Germane 7134 687.1 
HI Hydrogen iodide 627.5 601.3 
HKO Potassium hydroxide 1101.8 1075.4 
HLi Lithium hydride 1021.7 996.4 
HLiO Lithium hydroxide 1000.1 972.1 
HNO, Nitric acid 7514 731.5 
HN, Hydrazoic acid 756.0 723.5 
HNa Sodium hydride 1095 1070.6 
HNaO Sodium hydroxide 1071.8 1044.8 
HO Hydroxyl 593.2 564.0 
HO, Hydroperoxy 660 627.5 
HP Phosphorus monohydride 670.3 639.6 
H, Hydrogen 422.3 394.7 
H,NO, Nitramide 7574 725.0 
H,O Water 691 660.0 
H,O, Hydrogen peroxide 674.5 643.8 
H,O,S Sulfuric acid 717 681 Ref. 3 
H,P Phosphino 709.2 675.7 
H,S Hydrogen sulfide 705 673.8 
H,Se Hydrogen selenide 707.8 676.4 
H,Si Silylene 839.2 804.1 
H,Te Hydrogen telluride 735.9 704.5 
нм Ammonia 853.6 819.0 
н,р Phosphine 785 750.9 
HN, Hydrazine 853.2 822.4 
H,Si Silane 639.7 613.4 
H,OSi, Disiloxane 749 718.3 
He Helium 177.8 148.5 
I Iodine (atomic) 608.2 583.5 
K,O Potassium oxide 1342.5 1311.8 
Kr Krypton 424.6 402.4 
La Lanthanum 1013 991.9 
Li, Dilithium 1162 1133.1 
Li,O Lithium oxide 1206 1175.3 
Lu Lutetium 992 970.6 
Mg Magnesium 819.6 797.3 
MgO Magnesium oxide 988 959.4 
Mg, Dimagnesium 919 886.5 
Mn Manganese 797.3 774.4 
N Nitrogen (atomic) 342.2 318.7 
NO Nitric oxide 531.8 505.3 
NO, Nitrogen dioxide 591.0 560.3 
NP Phosphorus nitride 7894 757.0 
N, Nitrogen 493.8 464.5 
МО Nitrous oxide 549.8 523.3 Protonation at N 
МО Nitrous oxide 5752 548.7 Protonation at O 
Na, Disodium 1146.8 1118.2 
Ма,О Sodium oxide 1375.9 1345.2 
Ne Neon 198.8 174.4 
Ni Nickel 737 714.1 
0 Oxygen (atomic) 485.2 459.6 
OP Phosphorus monoxide 682 649.5 


OSi Silicon monoxide 777.8 750.4 Protonation at O 


Proton Affinities 


Molecular 
formula 


OSi 


CHF, 
СНЕ,О,5 
CHN 
CHN 
CHNO 


Name 

Silicon monoxide 
Strontium oxide 
Oxygen 

Sulfur dioxide 

Ozone 

Sulfur trioxide 
Osmium(VIII) oxide 
Phosphorus 
Palladium 

Rhodium 

Ruthenium 

Sulfur 

Silicon monosulfide 
Silicon monosulfide 
Scandium 

Silicon 

Titanium 

Uranium 

Vanadium 

Xenon 

Yttrium 

Zinc 
Bromotrifluoromethane 
Cyanogen bromide 
Chlorotrifluoromethane 
Cyanogen chloride 
Dichloromethylene 
Carbonothioic dichloride 
Cyanogen fluoride 
Difluoromethylene 
Carbonyl fluoride 
Trifluoroiodomethane 
Trifluoronitrosomethane 
Tetrafluoromethane 
Chloromethylene 
Fluoromethylene 
Trifluoromethane 
Trifluoromethanesulfonic acid 
Hydrogen cyanide 
Hydrogen isocyanide 
Isocyanic acid (HNCO) 
Fulminic acid 
Oxomethyl (HCO) 
Formyloxyl 
Difluoromethane 
Diazomethane 
Cyanamide 
Formaldehyde 

Formic acid 
Thioformaldehyde 
Selenoformaldehyde 
Bromomethane 
Chloromethane 
Fluoromethane 
Iodomethane 
Formamide 
Nitromethane 

Methyl nitrite 

Methyl nitrate 

Methyl azide 


E 
kJ/mol 
533 

1209 
421 
672.3 
625.5 
588.3 
676.9 
626.8 
696 
768 
774 
664.3 
627 
683 
914 
837 
876 
995.2 
859.4 
499.6 
967 
608.6 
580.0 
749.8 
571.3 
722.1 
861 
752.5 
632 
765 
666.7 
628.0 
703.3 
529.3 
874.1 
797.9 
619.5 
699.4 
712.9 
772.3 
753 
758 
636 
623.4 
620.5 
858.9 
805.6 
712.9 
742.0 
759.7 
764.0 
664.2 
647.3 
598.9 
691.7 
822.2 
754.6 
798.9 
733.6 
833 


base? 
kJ/mol 
500.5 
1180.7 
396.3 
643.3 
595.9 
560.3 
650.6 
604.8 
673.4 
745.4 
751.4 
640.2 
596.6 
660.2 
892.0 
814.1 
853.7 
973.2 
836.8 
478.1 
945.9 
586.0 
550.3 
719.2 
541.5 
691.5 
828.5 
721.8 
601.3 
732.5 
637.0 
598.2 
670.8 
503.7 
839.9 
763.8 
589.7 
666.9 
681.6 
739.8 
718.8 
725.5 
601.8 
590.9 
589.7 
826.7 
774.9 
683.3 
710.3 
730.5 
734.9 
638.0 
621.1 
571.5 
665.5 
791.2 
721.6 
766.4 
714.8 
800.5 


Notes 
Protonation at Si 


Protonation at Si 
Protonation at S 
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10-176 Proton Affinities 


Molecular E. A... G° 
formula Name kJ/mol kJ/mol Notes 

CH, Methane 543.5 520.6 
CH,N Methylamidogen 832.8 801.6 
CH,N,O Urea 873.5 841.6 Protonation at O; Ref. 8 
CH,N,S Thiourea 893.7 863.9 
CHO Methanol 754.3 724.5 
СН,О,5 Methanesulfonic acid 761.3 728.9 
CH,S Methanethiol 773.4 742 
CH,N Methylamine 899.0 864.5 
CH,NO O-Methylhydroxylamine 844.8 812.3 
CH,N, Guanidine 986.3 949.4 
CH,P Methylphosphine 851.5 817.6 
CHN, Methylhydrazine 898.8 866.4 
CN Cyanide >595 >564 Protonation at N 
CNS Thiocyanate 751 718.5 
CO Carbon monoxide 594 562.8 Protonation at C 
CO: Carbon monoxide 426.3 402.2 Protonation at O 
COS Carbon oxysulfide 628.5 602.6 Protonation at 5 
COSe Carbon oxyselenide 670 644.1 Protonation at Se 
CO, Carbon dioxide 540.5 515.8 
CS Carbon monosulfide 791.5 760 
CS, Carbon disulfide 681.9 657.7 
CSe Carbon monoselenide 831.8 800.2 Protonation at C 
CSe, Carbon diselenide 725 700.9 
С,СІЕ,О Trifluoroacetyl chloride 681.6 649.8 
C,CLN Trichloroacetonitrile 723.2 692.6 
СЕМ Trifluoroacetonitrile 688.4 657.7 
CH Ethynyl 753 720.8 
C,HCLO Trichloroacetaldehyde 722.3 690.5 
C,HCLO, Trichloroacetic acid 770.0 739.1 
C,HF Fluoroacetylene 686 661.3 
С,НЕ, Trifluoroethene 699.4 666.9 
С,НЕ,О, Trifluoroacetic acid 7117 680.7 
CH, Acetylene 6414 616.7 
C,H,CIN Chloroacetonitrile 745.7 715.1 
CILE, 1,1-Difluoroethene 734 705.1 
CHF, trans-1,2-Difluoroethene 688.6 657.9 
C,H,O Ketene 825.3 793.6 
снао, Chloroacetic acid 765.4 734.5 
СНО 2,2,2-Trichloroethanol 729.3 698.9 
C,H,F Fluoroethene 729 700.1 
C,H,FO, Fluoroacetic acid 765.4. 734.5 
C,H,F,O 2,2,2-Trifluoroethanol 700.2 669.9 
C,H,F.O Methyl trifluoromethyl ether 719.2 690.0 
САМ Acetonitrile 7792 748 
C,H,N Isocyanomethane 839.1 806.6 
C,H,NO Methyl isocyanate 764.4 732.0 
C,H,NS Methyl thiocyanate 796.7 766.1 
C HNS Methyl isothiocyanate 799.2 766.7 
CHN, 1H-1,2,3-Triazole 879.3 847.4 
CHN, 1H-1,2,4-Triazole 886.0 855.9 
CH, Ethylene 680.5 651.5 
C,H,F,O 2,2-Difluoroethanol 727.4 697.0 
СНЕМ 2,2,2-Trifluoroethylamine 846.8 812.9 
CH, Aminoacetonitrile 824.9 791.0 
CHO Acetaldehyde 768.5 736.5 
CHO Oxirane 774.2 745.3 
CHO, Acetic acid 783.7 752.8 
CHO, Methyl formate 782.5 751.5 
С,Н,5 Thiirane 807.4 777.6 


С,Н,Вг Bromoethane 696.2 669.7 


Proton Affinities 


Molecular 
formula 


С,Н,ВгО 
сна 
C,H,ClO 


СНЕ 


C,H,FO 


CHI 
(08:81) 
сн 
сн 
(08:81) 
(08:81) 
сим 
сн 
сң 
сн 
CH, 
CHH 
сн 
CHN 
CHN 


C.H N.O, 


CHO 
CHO 
CHO 
CHO 
CHS 
CHS 
CHS, 
CHN 
CHN 
CHN 
CHO 


~ 


2 


05500906 


2 


5 


8 


2 


2 


0 


5 


2 


o 
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Name 
2-Bromoethanol 
Chloroethane 
2-Chloroethanol 
Fluoroethane 
2-Fluoroethanol 
Iodoethane 
Ethenamine 
Ethyleneimine 
Acetamide 
N-Methylformamide 
Nitroethane 

Ethyl nitrite 

Glycine 
Acetohydroxamic acid 
Thioacetamide 

Ethane 

Dimethyl mercury 
Ethanimidamide 
trans-Dimethyldiazene 
2-Aminoacetamide 
N-Methyl-N-nitromethanamine 
Ethanol 

Dimethyl ether 
Dimethyl sulfoxide 
1,2-Ethanediol 
Ethanethiol 

Dimethyl sulfide 
Dimethyl disulfide 
Ethylamine 
Dimethylamine 
Ethanolamine 
Dimethyl hydrogen phosphite 
Dimethylphosphine 
1,2-Ethanediamine 
1,1-Dimethylhydrazine 
Cyanogen 

Dicarbon monoxide 
Carbon trimer 
Perfluoroacetone 
Cyanoacetylene 
1,1,1,3,3,3-Hexafluoro-2-propanol 
Malononitrile 
2-Propynyl 
1,1,1-Trichloro-2-propanone 
1,1,1-Trifluoroacetone 
Methyl trifluoroacetate 
Acrylonitrile 

Oxazole 

Isoxazole 
2-Oxopropanenitrile 
Thiazole 

1,3,5-Triazine 

Allene 

Propyne 

Cyclopropene 
3-Chloropropanenitrile 
1H-Pyrazole 

Imidazole 
2-Thiazolamine 
Acrolein 


E. 
kJ/mol 
766.1 
693.4 
766.1 
683.4 
715.6 
724.8 
898.9 
905.5 
863.6 
851.3 
765.7 
818.9 
886.5 
854.0 
884.6 
596.3 
771.6 
970.7 
865.1 


828.3 
776.4 
792 

884.4 
815.9 
789.6 
830.9 
815.3 
912.0 
929.5 
930.3 
894.8 
912.0 
951.6 
927.1 
674.7 
774.7 
767.0 
670.4. 
751.2 
686.6 
723.0 
741 

768.3 
723.9 
740.5 
784.7 
876.4 
848.6 
746.9 
904 

848.8 
775.3 
748.2 
818.5 
773.1 
894.1 
942.8 
930.6 
797.0 


10-177 


ba G° 

kJ/mol Notes 
735.7 
666.9 
735.7 
655.8 
685.2 
698.3 
866.5 
872.5 
832.6 
820.3 
733.2 
786.4 
852.2 
823.0 
852.8 
569.9 
740.8 
938.2 
834.4 
882.3 
795.8 
746 
764.5 
853.7 
773.6 
758.4 
801.2 
782.8 
878 
896.5 
896.8 
862.4 
877.9 
912.5 
894.7 
645.8 
747.0 
736.3 
639.7 
720.5 
656.2 
694.1 
708.5 
736.3 
692.0 
709.6 
753.7 
844.5 
816.8 
716.2 
872.1 
819.6 
745.8 
723.0 
787.8 
742.4 
860.5 
909.2 
898.7 
765.1 


10-178 Proton Affinities 


Molecular E. А pase 
formula Name kJ/mol kJ/mol Notes 

СНО 1-Ргореп-1-опе 8341 803.4 
C,H,O, Ethylene carbonate 814.2 784.4 
C.H, Allyl 736 707.4 
С.Н, Cyclopropyl 738.9 702.0 
C. H,CIO, Ethyl chloroformate 764.8 733.8 
С,Н.ЁО 1-Fluoro-2-propanone 795.4 763.5 
C,H,F,O 2,2,2-Trifluoroethyl methyl ether 747.6 718.4 
СНА Propanenitrile 794.1 763.0 
C,H.N 2-Propyn-1-amine 887.4 853.5 
СНА Ethyl isocyanide 851.3 818.9 
СНО Acrylamide 870.7 839.8 
СНО Methoxyacetonitrile 758.1 727.4 
СНО 2- Атена попе 852.6 821.7 
С,Н,М5 (Methylthio)acetonitrile 784.8 754.1 
CHN, 1H-Pyrazol-3-amine 921.5 889.6 
СНА, 1H-Pyrazol-4-amine 907.6 874.0 
CH, Propene 741.6 Ref. 5 
C,H, Cyclopropane 750.3 722.2 
CHAN, 3-Aminopropanenitrile 866.4 832.5 
CHN, Dimethylcyanamide 852.1 821.4 
C,H М,5 2-Imidazolidinethione 921.9 891.2 
C,H,O Methyl vinyl ether 859.2 830.3 
СНО Propanal 786.0 754.0 
C,H,O Acetone 812 782.1 
СНО Oxetane 801.3 773.9 
CHO, Propanoic acid 797.2 766.2 
с,ң о, Ethyl formate 799.4 768.4 
C,H.O, Methyl acetate 821.6 790.7 
с,ңо, Dimethyl carbonate 830.2 799.2 
СНА (Methylthio)ethene 8582 829.3 
сна Thietane 834.8 805.0 
СНА Methylthiirane 833.3 801.5 
сн, Allylamine 909.5 875.5 
СНА Cyclopropylamine 904.7 869.9 
СНА Azetidine 943.4 908.6 
С.Н, 1-Methylaziridine 934.8 904.1 
СНА Propyleneimine 925.1 892.1 
С,Н,ХО N,N-Dimethylformamide 887.5 856.6 
C,H,NO N-Methylacetamide 888.5 857.6 
С,Н,ХО Ргорапап де 876.2 845.3 
C,H NO, Isopropyl nitrite 845.5 813.0 
C,H NO, L-Alanine 901.6 867.7 
C,H NO, Sarcosine 9212 888.7 
С,Н,МО,5 L-Cysteine 903.2 869.3 
C.H.NO, L-Serine 914.6 880.7 
СН, Ргорапе 625.7 607.8 
САМО N,N’-Dimethylurea 903.3 873.5 
ووي‎ N,N”-Dimethylthiourea 926.0 895.1 
C,H,O 1-Propanol 786.5 756.1 
C,H,O 2-Propanol 793.0 762.6 
C,H,O Ethyl methyl ether 808.6 781.2 
C,H,O, 1,3-Propanediol 876.2 825.9 
C,H,O, 2-Methoxyethanol 768.8 729.8 
СНО, Glycerol 874.8 820 
C,H,S 1-Propanethiol 794.9 763.6 
С,Н,5 2-Propanethiol 803.6 772.3 
С,Н,5 Ethyl methyl sulfide 846.5 815.3 
C,H,As Trimethylarsine 897.3 864.9 
C,H,BO, Trimethyl borate 815.8 783.4 


С.Н, Ргорујапипе 917.8 883.9 


Proton Affinities 10-179 


Molecular E. A... G° 
formula Name kJ/mol kJ/mol Notes 
сн, Isopropylamine 923.8 889.0 
сн, Ethylmethylamine 942.2 909.2 
С.Н, Trimethylamine 948.9 918.1 
СНО 2-Methoxyethylamine 928.6 894.6 
СНО Trimethylamine oxide 983.2 953.5 
СНО 3-Amino-1-propanol 962.5 917.3 
C,H,O,P Trimethyl phosphite 929.7 899.9 
C,H,O,P Trimethyl phosphate 890.6 860.8 
C,H,P Trimethylphosphine 958.8 926.3 
С.Н N, 1,3-Propanediamine 987.0 940.0 
C,H, ,OSi Trimethylsilanol 814.0 781.5 
CF, Perfluorocyclobutane >544 Ref. 6 
C,H, 1,3-Butadiyne 737.2 712.8 
C,H,F,O Bis(2,2,2-trifluoroethyl) ether 702.3 674.9 
сн, Pyrazine 877.1 847.0 
GHN, Pyrimidine 885.8 855.7 
сн, Pyridazine 907.2 877.1 
C,H.N,O, Uracil 872.7 841.7 
CHN,S, 2,4(1H,3H)-Pyrimidinedithione 911.4 880.5 
CHO Furan 812 781 Ref. 10 
CHO, Succinic anhydride 797 Ref. 9 
C,H,S Thiophene 815.0 784.3 
СНАО, Ethyl trichloroacetate 790.4 759.4 
СНО, Ethyl trifluoroacetate 758.8 727.9 
САМ Pyrrole 8754 843.8 
САМ Cyclopropanecarbonitrile 808.2 777.5 
САО, Ethyl cyanoformate 745.7 714.7 
C H,NS 2-Methylthiazole 930.6 898.7 
САМО Cytosine 949.9 918 
CH, 1,2-Butadiene 778.9 749.8 
CH, 1,3-Butadiene 783.4 757.6 
CH, 2-Butyne 775.8 745.1 
C,H, Cyclobutene 784.4 753.6 
C, HENO 2,2,2-Trifluoro-N,N- 849.0 818.0 
dimethylacetamide 
СА, 1-Methylimidazol 959.6 927.7 
CHN, 2-Methyl-1H-imidazole 963.4 929.6 
CHAN, 4-Methyl-1H-imidazole 952.8 920.9 
сн, 1-Methyl-1H-pyrazole 912.0 880.1 
САМ, 3-Methyl-1H-pyrazole 906.0 874.2 
СА, 4-Methyl-1H-pyrazole 906.8 873.4 
CHO 2-Methylpropenal 808.7 776.8 
CHO 3-Buten-2-one 834.7 802.8 
CHO Cyclobutanone 802.5 772.7 
СНО 2,3-Dihydrofuran 866.9 834.4 
CHO 2,5-Dihydrofuran 8234 796 
CHO, trans-2-Butenoic acid 824.0 793 
CHO, Methacrylic acid 816.7 785.7 
CHO, Cyclopropanecarboxylic acid 8214 790.4 
CHO, Vinyl acetate 813.9 782.9 
CHO, Methyl acrylate 825.8 794.8 
CHO, 2,3-Butanedione 801.9 770.1 
CHO, y-Butyrolactone 840.0 808.1 
сно, 2,3-Dihydro-1,4-dioxin 823.5 792.8 
C,H.O, Acetic anhydride 844 Ref. 9 
C,H, 2-Methylallyl 778 747.3 
САМ Butanenitrile 798.4 767.7 
сн, 2-Methylpropanenitrile 803.6 772.8 
C,H.N 1-Isocyanopropane 856.8 824.3 
C H.NO 2-Butenamide 887.1 856.1 


10-180 Proton Affinities 


Molecular E. A pase 
formula Name kJ/mol kJ/mol Notes 

C,H, NO 2-Methyl-2-propenamide 880.4 849.4 
C, HNO, L-Aspartic acid 908.9 875 

CH, trans-2-Butene 747 719.9 
CH, Isobutene 802.1 775.6 
сн, (Dimethylamino)acetonitrile 884.5 853.7 
CH,N,O, L-Asparagine 929 891.5 
CH,N,O, N-Glycylglycine 882 

CH,O Ethyl vinyl ether 870.1 840.4 
CH,O 2-Methoxy-1-propene 894.9 866.1 
CH,O Butanal 7927 760.8 
C,H,O Isobutanal 797.3 765.5 
C,H,O 2-Butanone 827.3 795.5 
C,H,O Tetrahydrofuran 822.1 794.7 
CH,O, Propyl formate 804.9 773.9 
CH,O, Isopropyl formate 811.3 780.3 
C,H,O, Ethyl acetate 835.7 804.7 
C,H,O, Methyl propanoate 830.2 799.2 
C,H,O, 1,3-Dioxane 825.4. 796.2 
C,H,O, 1,4-Dioxane 797.4 770.0 
C,H,O, Ethyl methyl carbonate 842.7 810.8 
C,H,S Tetrahydrothiophene 849.1 819.3 
сн Pyrrolidine 948.3 915.3 
CH,NO N-Methylpropanamide 920.4 889.4 
CH,NO 2-Methylpropanamide 878.6 846.7 
CH,NO N-Ethylacetamide 898.0 867.0 
CH,NO N,N-Dimethylacetamide 908.0 877.0 
CH,NO Morpholine 924.3 891.2 
CH,NO, tert-Butyl nitrite 863.9 831.4 
CH,NO, Ethyl N-methylcarbamate 888.8 857.8 
C,H,NO, L-Threonine 922.5 888.5 
CH,NS N,N-Dimethylthioacetamide 925.3 894.4 
сн Isobutane 677.8 671.3 
CHN, Piperazine 943.7 914.7 
C,H oN, 3-Ethyl-3-methyldiaziridine 903.8 871.3 
СНО 1-Виїапо1 789.2 758.9 
C,H,O 2-Butanol 815.7 784.6 
СНО 2-Methyl-1-propanol 793.7 762.2 
СНО 2-Methyl-2-propanol 802.6 772.2 
CH, O Diethyl ether 8284 801 

CH, O Methyl propyl ether 814.9 785.7 
CH,O Isopropyl methyl ether 826.3 707.1. 
с,н,о, 1,4-Butanediol 915.6 854.9 
C,H,,0, 1,2-Dimethoxyethane 858.0 820.2 
CH: O; 1,2,4-Butanetriol 905.9 841 

CHS 1-Butanethiol 801.7 770.5 
CH,S 2-Methyl-1-propanethiol 802.6 771.4 
CH,S 2-Methyl-2-propanethiol 8164 785.1 
CH,S Diethyl sulfide 856.7 827.0 
сн, Butylamine 921.5 886.6 
CH,N tert-Butylamine 934.1 899.9 
C,H,,N Isobutylamine 924.8 890.8 
сн, Diethylamine 952.4 919.4 
CH,N Isopropylmethylamine 952.4 919.4 
C,H,,N Ethyldimethylamine 960.1 929.1 
C,H, NO N-Ethyl-N-hydroxyethanamine 914.7 882.2 
C,H,,NO 4-Amino-1-butanol 984.5 932.1 
C,H,,NO, Diethanolamine 953 920 

CH,N, 1,4-Butanediamine 1005.6 954.3 
CH,N, N,N’-Dimethyl-1,2-ethanediamine 989.2 946.9 


C,H,,Sn Tetramethylstannane 823.7 797.4 


Proton Affinities 10-181 


Molecular E. A... G° 

formula Name kJ/mol kJ/mol Notes 
C,H, ,OSi, 1,1,3,3-Tetramethyldisiloxane 845.3 814.6 
СО, Nickel carbonyl 742.3 716.0 
СЕХ Perfluoropyridine 764.9 733.0 
C.FeO, Iron pentacarbonyl 833.0 798.5 
C.H,CIN, 6-Chloro-1H-purine 873.6 841.7 
C.H,BrN 2-Bromopyridine 904.8 873.0 
C.H,BrN 3-Bromopyridine 910.0 878.2 
C.H,BrN 4-Bromopyridine 917.8 886.0 
СНОМ 2-Chloropyridine 900.9 869 
СНОМ 3-Chloropyridine 903.4 871.5 
СНОМ 4-Chloropyridine 916.1 884.2 
C,H,FN 3-Fluoropyridine 902.0 870.1 
C,H,FN 2-Fluoropyridine 884.6 852.7 
C,H,N,O, 4-Nitropyridine 874.3 842.5 
C,H,N,O, 4-Nitropyridine 1-oxide 868.0 837.3 
CHN, 1H-Purine 920.1 888.2 
C.H,N,O Hypoxanthine 912.3 880.5 
CH, Cyclopentadienyl 831.5 799.1 
сам Pyridine 930 898.1 
C.H.NO 3-Pyridinol 929.5 897.7 
C.H.NO Pyridine-1-oxide 923.6 892.9 
CHN, Adenine 942.8 912.5 
C,H,N,O Guanine 959.5 927.6 
CH, 1,3-Cyclopentadiene 821.6 798.4 
CHN, 2-Pyridinamine 947.2 915.3 
CHN, 3-Pyridinamine 954.4 922.6 
CHN, 4-Pyridinamine 979.7 947.8 
C.H N.O, Thymine 880.9 850.0 
C,H,O 2-Methylfuran 865.9 833.5 
СНО 3-Methylfuran 854.0 821.5 
С.Н, Glutaric anhydride 816 Ref. 9 
С.н.о, 3-Methylsuccinic anhydride 807 Ref. 9 
С.Н 5 2-Methylthiophene 859.0 826.5 
C.H.F,O, Propyl trifluoroacetate 763.9 732.9 
C.H, trans-1,3-Pentadiene 834.1 804.4 
CH, 2-Methyl-1,3-butadiene 8264 797.6 
C.H, 2-Pentyne 810.2 778.0 
C.H, 3-Methyl-1-butyne 814.9 787.8 
CH, Cyclopentene 766.3 733.8 
С.Н, 1-Methylcyclobutene 841.5 807.3 
C.H, Vinylcyclopropane 816.3 787.5 
CH, 3,3-Dimethylcyclopropene 847.8 817.1 
сн, 1,3-Dimethyl-1H-pyrazole 933.9 902.3 
CAN, 1,4-Dimethyl-1H-imidazole 976.7 944.9 
CHN, 1,5-Dimethyl-1H-pyrazole 934.3 902.8 
сн, 3,4-Dimethyl-1H-pyrazole 927.3 895.4 
CAN, 3,5-Dimethyl-1H-pyrazole 933.5 900.1 
CHN, 1,2-Dimethyl-1H-imidazole 984.7 952.6 
сн, 1,5-Dimethyl-1H-imidazole 977.6 945.8 
C.H,O trans-2-Pentenal 839.0 807.2 
C,H,O 3-Methyl-2-butenal 856.9 825.0 
C.H,O 3-Methyl-3-buten-2-one 843.1 811.3 
C.H,O Cyclopropyl methyl ketone 854.9 823 
C,H,O Cyclopentanone 823.7 794.0 
C.H,O 3,4-Dihydro-2H-pyran 865.8 833.4 
C.H,O, 3-Methyl-2-butenoic acid 822.9 791.9 
C.H,O, cis-2- Methyl-2-butenoic acid 822.5 791.5 
C.H,O, Cyclobutanecarboxylic acid 8174 786.4 
C.H,O, Methyl trans-2-butenoate 851.3 820.4 


C.H,O, Methyl methacrylate 8314 800.5 


10-182 


Molecular 
formula 

C.H,O, 
C.H,O, 
САМ 
сн, 
С.Н,“ 
С.Н, 
сн, 
сн, 
сн, 
сн, 
сн, 
C.H,N, 
C.H, 
C.H, N,O 
C,H,,N,O, 
C,H O 
СНО 
СНО 
СНО 
СНО 
C.H O 
СНО 
C.H,,0, 
С,Н,О, 
C.H,,0, 
C.H,,0, 
C.H,,0, 
C.H,,0, 
С,Н,5 
C,H, N 
C,H, N 
C.HiN 
C,H, NO 
C,H,,NO, 
C,H, ,NO,S 
C,H,,N,O 
C,H,,N,S 
С,Н,О 
C,H,,0 
С,Н,О 
C.H,,O 
С,Н,5 
C,H „Si 
С.Н, 
СМ 
СМ 
Сн 
C.H,N 
СМ 
сн, 
с, 
C.H,N, 


~ 


O O O O O 


4 


Name 

Methyl cyclopropanecarboxylate 
2,4-Pentanedione 
2-Isocyano-2-methylpropane 
3-(Dimethylamino)-1-propyne 
Pentanenitrile 
2,2-Dimethylpropanenitrile 
3-Ethoxypropanenitrile 
N,N-Dimethyl-2-propenamide 
N-Methyl-2-pyrrolidone 
L-Proline 

L-Glutamic acid 

Histamine 

2-Methyl-2-butene 
1,3-Dimethyl-2-imidazolidinone 
L-Glutamine 

Allyl ethyl ether 

Pentanal 

2-Pentanone 

3-Pentanone 
3-Methyl-2-butanone 
Tetrahydropyran 
2-Methyltetrahydrofuran 
Butyl formate 

Propyl acetate 

Isopropyl acetate 

Methyl butanoate 

Methyl isobutanoate 

cis-1,2- Cyclopentanediol 
Thiacyclohexane 
Allyldimethylamine 

Piperidine 
N-Methylpyrrolidine 
2,2-Dimethylpropanamide 
L-Valine 

L-Methionine 
Tetramethylurea 
Tetramethylthiourea 
2,2-Dimethyl-1-propanol 
Butyl methyl ether 

Methyl tert-butyl ether 

Ethyl isopropyl ether 
2,2-Dimethyl-1-propanethiol 
Vinyltrimethylsilane 
Pentylamine 
2-Methyl-2-butanamine 
2,2-Dimethylpropylamine 
Ethylisopropylamine 
N,N-Dimethyl-1-propanamine 
Diethylmethylamine 
1,1,3,3-Tetramethylguanidine 
N,N,N;N’-Tetramethylmethanediamine 
N,N-Dimethyl-1,3-propanediamine 
1,5-Pentanediamine 
Chromium carbonyl 
Hexafluorobenzene 
Pentafluorobenzene 
1,2,3,4-Tetrafluorobenzene 
1,2,3,5-Tetrafluorobenzene 
1,2,4,5-Tetrafluorobenzene 
1,2,3-Trifluorobenzene 


E, 
kJ/mol 
842.1 
873.5 
870.7 
940.3 
802.4 
810.9 
807.2 
904.3 
923.5 
920.5 
913.0 
999.8 
808.8 
918.4 
937.8 
833.7 
796.6 
832.7 
836.8 
836.3 
822.8 
840.8 
806.0 
836.6 
836.6 
836.4 
836.6 
885.6 
855.8 
957.8 
954.0 
965.6 
889.0 
910.6 
935.4 
930.6 
947.6 
795.5 
820.3 
841.6 
842.7 
809.5 
833 
923.5 
937.8 
928.3 
960.0 
962.8 
971.0 

1031.6 
952.2 

1025.0 
999.6 
739.2 
648.0 
690.4 
700.4 
747.3 
746.5 
724.3 


Proton Affinities 


CN 
kJ/mol Notes 
811.2 
836.8 
838.3 
909.5 
771.7 
780.2 
776.5 
873.4 
891.6 
886.0 
879.1 
961.9 
779.9 
886.0 
900 
804.5 
764.8 
800.9 
807 
804.4 
795.4 
811.6 
775 
805.6 
805.6 
805.4 
805.7 
853.1 
826.0 
926.8 
921 
934.8 
857.2 
876.7 
901.5 
899.6 
916.6 
765.2 
791.2 
812.4 
813.5 
778.2 
804.1 
889.5 
903.6 
894.0 
926.7 
931.9 
940.0 
997.4 
919.8 
975.3 
946.2 
714.6 
624.4 
662.7 
672.7 
719.6 
718.8 
696.6 


Proton Affinities 10-183 


Molecular E. А pase 

formula Name kJ/mol kJ/mol Notes 
CHF, 1,2,4-Trifluorobenzene 729.5 699.4 
CHE, 1,3,5-Trifluorobenzene 741.9 715.4 
CH, Benzyne 841 808.5 
CHE, o-Difluorobenzene 7312 703.5 
CALF, m-Difluorobenzene 749.7 722 
CHE, p-Difluorobenzene 718.7 692.8 
C HN, 2-Pyridinecarbonitrile 872.9 841 
сн, 3-Pyridinecarbonitrile 877.0 845.1 
сн, 4-Pyridinecarbonitrile 880.6 848.8 
C HO, p-Benzoquinone 799.1 769.3 
CH, Phenyl 884 851.5 
С,Н,Вг Bromobenzene 754.1 725.8 
сна Chlorobenzene 753.1 724.6 
СНЕ Fluorobenzene 755.9 726.6 
C .H.NO Nitrosobenzene 854.3 823.6 
C .H.NO 4-Pyridinecarboxaldehyde 904.6 872.8 
СНО, Nitrobenzene 800.3 769.5 
сң, Azidobenzene 820 787.5 
C H.O Phenoxy 873.2 Ref. 4 
CH, Benzene 750.4 725.4 
C,H,BrN 3-Bromoaniline 873.2 841.4 
C,H,CIN 3-Chloroaniline 868.1 836.3 
C,H,CIN 4-Chloroaniline 873.8 842.0 
C,H,CIN 2-Chloro-4-methylpyridine 921.2 889.4 
C,H,CIN 2-Chloro-6-methylpyridine 908.0 876.2 
C, H,CINO 2-Chloro-6-methoxypyridine 909.9 878.0 
C.H.FN 3-Fluoroaniline 867.3 835.5 
CHEN 4-Fluoroaniline 871.5 839.7 
CHIN 3-Iodoaniline 8787 846.8 
С НМ Anilino 949.8 917.4 
СНО 3-Pyridinecarboxamide 918.3 886.4 
CHN,O, 4-Nitroaniline 866.0 834.2 
CHN, 6-Methyl-1H-purine 939.2 907.3 
СНО Bis(2-propynyl) ether 783.9 756.5 
CHO Phenol 817.3 786.3 
сн, Bis(2-propynyl)amine 910.0 876.9 
CHIN Aniline 882.5 850.6 
CHIN 2-Methylpyridine 949.1 917.3 
сн, 3-Methylpyridine 943.4 911.6 
САМ 4-Methylpyridine 947.2 915.3 
C.H.NO 1-Methyl-2(1H)-pyridinone 925.8 894.8 
C.H.NO 2-Aminophenol 898.8 866.9 
C.H.NO 3-Aminophenol 898.8 866.9 
C.H.NO 2-Methoxypyridine 934.7 902.8 
С,Н,ХО 3-Methoxypyridine 942.7 910.9 
C.H.NO 4-Methoxypyridine 961.7 929.8 
C.H.NO 3-Methylpyridine-1-oxide 935.2 902.8 
CH, 1,3-Cyclohexadiene 837 804.5 
CH, 1,4-Cyclohexadiene 837 808.0 
CAHN, 1,2-Benzenediamine 896.5 865.8 
С HN, 1,3-Benzenediamine 929.9 899.2 
сн, 1,4-Benzenediamine 905.9 874.0 
САМО Bis(2-cyanoethyl) ether 813.8 786.4 
CHO 2,4-Dimethylfuran 894.7 862.3 
GHO 2,5-Dimethylfuran 865.9 835.2 
C,H,O 3,4-Dimethylfuran 869.0 838.3 
C,H,O, 1,3-Cyclohexanedione 881.2 849.4 
C. H,O, 1,4-Cyclohexanedione 812.5 782.7 
CHO; 1,2-Cyclohexanedione 849.6 818.9 
C,H,O, 4-Methylglutaric anhydride 820 Ref. 9 


10-184 


Molecular 
formula 


Name 

Butyl trifluoroacetate 
2,5-Dimethylpyrrole 
L-Histidine 
Methylenecyclopentane 
(1-Methylvinyl)cyclopropane 
2-Methyl-1,3-pentadiene 
3-Methyl-1,3-pentadiene 
2,3-Dimethyl-1,3-butadiene 
1-Hexyne 

2-Hexyne 

Cyclohexene 
1-Methylcyclopentene 
1,3,5-Trimethyl-1H-pyrazole 
3,4,5-Trimethyl-1H-pyrazole 
7-Oxabicyclo[2.2.1]heptane 
7-Oxabicyclo[4.1.0]heptane 
trans-3-Hexen-2-one 

Diallyl ether 

Cyclohexanone 

Mesityl oxide 
Cyclopentanecarboxylic acid 
2,5-Hexanedione 
N-Allyl-2-propen-1-amine 
1-Methyl-2-piperidinone 
N-(N-Glycylglycyl)glycine 
1-Hexene 
2-Methyl-2-pentene 
2,3-Dimethyl-2-butene 
Cyclohexane 
Triethylenediamine 
N-L-Alanyl-L-alanine 
Oxepane 

3-Hexanone 
3,3-Dimethyl-2-butanone 
cis-1,3-Cyclohexanediol 
trans-1,3-Cyclohexanediol 
Methyl 2,2-dimethylpropanoate 
Diacetone alcohol 
a-D-Glucose 

B-D-Glucose 
N,N,2-Trimethylpropenylamine 
Cyclohexylamine 
1-Methylpiperidine 
Hexahydro-1H-azepine 
N,N-Dimethylbutanamide 
N,N-Diethylacetamide 
L-Leucine 

L-Isoleucine 

L-Lysine 

L-Arginine 

Dipropyl ether 

Diisopropyl ether 

tert-Butyl ethyl ether 
Diethylene glycol dimethyl ether 
Dipropyl sulfide 

Diisopropyl sulfide 
Butyldimethylamine 
Isobutyldimethylamine 
Hexylamine 

Dipropylamine 


E, 
kJ/mol 
764.8 
918.7 
988 
832.4 
871.6 
864.9 
852.3 
835.0 
799.8 
806.1 
784.5 
816.5 
949.3 
949.3 
844.2 
848.1 
865.6 
827.4 
841.0 
878.7 
817.4 
892.0 
949.3 
924.4 
966.8 
805.2 
812 
813.9 
686.9 
963.4 


834.2 
843.2 
840.1 
8822 
828.6 
845.2 
822.9 


967.0 
934.4 
971.1 
956.7 
921.7 
925.4 
914.6 
917.4 
996 
1051.0 
837.9 
855.5 
856.0 
918.8 
864.7 
876.4 
969.2 
968.7 
927.5 
962.3 


Proton Affinities 


ba G° 
kJ/mol Notes 
733.8 
887.1 
950.2 
803.5 
842.7 
836 
823.4 
807.8 
774.8 
781.1 
752.0 
787.1 
917.4 
916.0 
816.8 
815.6 
833.8 
800.0 
811.2 
846.9 
786.4 
851.8 
916.3 
892.6 
916.8 
776.3 
783.1 
785.9 
666.9 
934.6 
905.6 
806.8 
811.3 
808.2 
849.7 
797.9 
814.2 
791.1 
778.9 
778.9 
934.5 
899.6 
940.1 
923.5 
890.8 
894.4 
880.6 
883.5 
951.0 
1006.6 
810.5 
828.1 
826.9 
870.9 
834.9 
846.6 
938.2 
937.8 
893.5 
929.3 


Proton Affinities 


Molecular 
formula 

С.Н,“ 
C.H,,N 

СН МО 
С,Н,ОР 

C. H,.O,P 
С,Н,Р 
CHN, 
CHN, 


C.H, نل‎ 
C,H,,N,OP 
C,H,NP 
СНО, 
C, MoO, 
со 
C.HN,O, 
C.H,N,O, 
снао 
снао 
C,H,FO 
СНО 
CHN 
CHN 
снхо 
C,H,NO, 
C.H.CINO 
C.H .CINO 
СНЕ 


E. 
Name kJ/mol 
Diisopropylamine 971.9 
Triethylamine 981.8 
6-Amino-1-hexanol 969.0 
Triethylphosphine oxide 936.6 
Triethyl phosphate 909.3 
Triethylphosphine 984.5 
1,6-Hexanediamine 999.5 
N,N,N;N’-Tetramethyl-1,2- 1012.8 
ethanediamine 
Triethylsilanol 822.1 
Hexamethylphosphoric triamide 958.6 
Hexamethylphosphorous triamide 930.1 
Hexamethyldisiloxane 846.4 
Molybdenum hexacarbonyl 762.6 
Tungsten carbonyl 758.0 
3-Nitrobenzonitrile 7814 
4-Nitrobenzonitrile 775.7 
3-Chlorobenzaldehyde 813.0 
4-Chlorobenzaldehyde 831.3 
3-Fluorobenzaldehyde 814.3 
4-Fluorobenzaldehyde 8271 
Benzonitrile 811.5 
Isocyanobenzene 868.4 
Benzoxazole 891.6 
4-Nitrobenzaldehyde 795.1 
3-Chlorobenzamide 877.2 
4-Chlorobenzamide 877.2 
m-Fluorobenzyl 836.5 
3-Fluorobenzamide 877.2 
4-Fluorobenzamide 877.2 
3-(Trifluoromethyl)aniline 856.9 
1H-Benzimidazole 953.8 
1H-Indazole 900.8 
3-Aminobenzonitrile 842.3 
1H-Pyrrolo[2,3-b]pyridine 940.2 
4-Nitrobenzamide 845.3 
3-Nitrobenzamide 854.2 
Benzaldehyde 834.0 
2,4,6- Cycloheptatrien-1-one 920.8 
Benzoic acid 8211 
Benzyl 8314 
2-Bromotoluene 775.3 
3-Bromotoluene 782.0 
4-Bromotoluene 775.3 
2-Chlorotoluene 790.5 
3-Chlorotoluene 783.9 
4-Chlorotoluene 762.9 
2-Fluorotoluene 773.3 
3-Fluorotoluene 785.4 
4-Fluorotoluene 763.8 
1-Iodo-2-methylbenzene 780.3 
4-Vinylpyridine 944.1 
1-(3-Pyridinyl)ethanone 916.2 
1-(4-Pyridinyl)ethanone 914.7 
4-Aminobenzaldehyde 910.4 
Benzamide 892.1 
Methyl 3-pyridinecarboxylate 925.6 
Methyl 4-pyridinecarboxylate 926.6 
Aniline-2-carboxylic acid 901.5 
Aniline-3-carboxylic acid 864.7 


10-185 


bas G° 

kJ/mol Notes 
938.6 

951 

915.7 

906.8 

879.6 

952.0 

946.2 

970.6 


794.8 
928.7 
897.7 
816.2 
738.1 
733.4 
750.7 
745.1 
781.1 
799.4 
782.5 
795.3 
780.9 
836.0 
859.8 
763.2 
846.3 
846.3 
804 

846.3 
846.3 
825.1 
920.5 
868.9 
810.4 
908.3 
814.4 
823.2 
802.1 
891.0 
790.1 
800.7 
745.8 
752.5 
745.8 
761.1 
754.5 
735.2 
743.8 
756.0 
736.1 
750.8 
912.3 
884.3 
882.9 
878.6 
861.2 
893.8 
894.7 
869.0 
832.3 


10-186 Proton Affinities 


Molecular E. A pase 

formula Name kJ/mol kJ/mol Notes 
C,H NO, Aniline-4-carboxylic acid 864.7 832.3 
C,H NO, 4-Nitrotoluene 815.2 782.7 
C.H.NO, 4-Nitrobenzenemethanol 810.5 778.0 
C HN, 1-Methyl-1H-benzotriazole 9312 898.7 
CHO 2-Methylphenoxy 874.5 842 
C.H, Toluene 784.0 756.3 
C.H, 2,5-Norbornadiene 849.3 820.3 
САО 4-Aminobenzamide 927.9 896.9 
САО 3-Aminobenzamide 900.9 869.9 
САО, N-Methyl-4-nitroaniline 891.6 865.1 
C.H,O o-Cresol 832 800 Ref. 10 
C.H,O m-Cresol 841 809 Ref. 10 
C.H,O p-Cresol 814 782 Ref. 10 
C.H,O Benzyl alcohol 778.3 748.0 
CHO Anisole 839.6 807.2 
C.H,O, 2,6-Dimethyl-4H-pyran-4-one 941.5 907.3 
C. H,O,S Methyl phenyl sulfone 8127 780.3 
C.H,S (Methylthio)benzene 872.6 843.7 
СНА Benzylamine 913.3 879.4 
СНА 2-Methylaniline 890.9 859.1 
С.Н, 3-Methylaniline 895.8 864.0 
СНА 4-Methylaniline 896.7 864.8 
СНА N-Methylaniline 916.6 890.1 
C. HN 2-Ethylpyridine 952.4 920.6 
СНА 3-Ethylpyridine 947.4 915.5 
СА 4-Ethylpyridine 951.1 919.2 
C. HN 2,3-Dimethylpyridine 958.9 927.0 
СНА 2,4-Dimethylpyridine 962.9 930.8 
СНА 2,5-Dimethylpyridine 958.8 926.9 
С.Н, 2,6-Dimethylpyridine 963.0 931.1 
СНА 3,4-Dimethylpyridine 957.3 925.5 
СНА 3,5-Dimethylpyridine 955.4 923.5 
С,Н,ХО 2-Methoxyaniline 905.2 873.3 
С,Н,ХО 3-Methoxyaniline 913.0 881.1 
С,Н,ХО 4-Methoxyaniline 900.3 868.5 
СН, Bicyclo[2.2.1]hept-2-ene 836.5 804.0 
C.H, N, N,N-Dimethyl-2-pyridinamine 968.2 941.6 
C.H, N, N,N-Dimethyl-4-pyridinamine 997.6 971.1 
C.H, O Dicyclopropyl ketone 880.4 850.6 
СНО Bicyclo[2.2.1]heptan-2-one 8474 815.5 
CHIN Cyclohexanecarbonitrile 815.0 784.4 
CH, 2,4-Dimethyl-1,3-pentadiene 886.5 857.6 
CH, 1-Methylcyclohexene 825.1 792.6 
CH, 1,2-Dimethylcyclopentene 822.6 791.9 
CHN, 2,3,4,6,7,8-Hexahydropyrrolo[1,2- 1038.3 1005.9 

a]pyrimidine 

C.H,.O Cycloheptanone 845.6 815.9 
C H,O 4-Methylcyclohexanone 844.9 813.0 
C.H,.O, Cyclohexanecarboxylic acid 823.8 792.8 
C HN 1-Azabicyclo[2.2.2]octane 983.3 952.5 
CH, 2,4-Dimethyl-2-pentene 812 783.1 
C.H,,O Methoxycyclohexane 840.5 811.3 
C.H,,O 4-Heptanone 845.0 815.3 
C نا ال‎ 2,4-Dimethyl-3-pentanone 850.3 820.5 
СНО Cyclohexanemethanol 802.1 771.7 
C.H,N Cyclohexanemethanamine 926.6 895.8 
CH, لا‎ tert-Butyl isopropyl ether 870.7 841.5 
СН,“ Heptylamine 923.2 889.3 
СН,“ Methyldipropylamine 983.5 950.9 


СНМ Diethylpropylamine 978.8 947.9 


Proton Affinities 


Molecular 
formula 


C,H,,N, 
CHN, 


Name 
1,7-Heptanediamine 
N,N,N;N’-Tetramethyl-1,3- 
propanediamine 
3-(Trifluoromethyl)benzonitrile 
4-(Trifluoromethyl)benzonitrile 
m-Dicyanobenzene 
p-Dicyanobenzene 
1-Chloro-4-ethynylbenzene 


2,2,2-Trichloro-1-phenylethanone 
2,2,2-Trifluoro-1-phenylethanone 
4-(Trifluoromethyl)benzaldehyde 


4-Formylbenzonitrile 
Phenylacetylene 
4-(Chloromethyl)benzonitrile 
3-(Chloromethyl)benzonitrile 
Quinoxaline 

Cinnoline 
1-Bromo-4-vinylbenzene 
1-Bromo-3-vinylbenzene 
1-(3-Chlorophenyl)ethanone 
1-(4-Chlorophenyl)ethanone 
Methyl 4-chlorobenzoate 
Methyl 3-chlorobenzoate 
1-(4-Fluorophenyl)ethanone 
Benzeneacetonitrile 
1H-Indole 
1-(4-Nitrophenyl)ethanone 
1-(3-Nitrophenyl)ethanone 
Methyl 3-nitrobenzoate 
Methyl 4-nitrobenzoate 
Styrene 
1-Methyl-1H-benzimidazole 
2-Methyl-2H-indazole 
1-Methyl-1H-indazole 
3-Methylbenzaldehyde 
4-Methylbenzaldehyde 
Acetophenone 

о-ТоШіс acid 

т-ТоШіс acid 

p-Toluic acid 

Methyl benzoate 
3-Methoxybenzaldehyde 
4-Methoxybenzaldehyde 
1-(3-Hydroxyphenyl)ethanone 
1-(4-Hydroxyphenyl)ethanone 
Methyl 4-hydroxybenzoate 
Methyl 3-hydroxybenzoate 
2,3-Dihydro-1H-indole 
3-Methylbenzamide 
4-Methylbenzamide 
1-(4-Aminophenyl)ethanone 
3-Methoxybenzamide 
2,4-Dimethyl-1-nitrobenzene 
Methyl 4-aminobenzoate 
4-Methoxybenzamide 
Ethylbenzene 

о-Хујепе 

т-Хујепе 

p-Xylene 
4-Chloro-N,N-dimethylaniline 


E. 
kJ/mol 

998.5 

1035.2 


7914 
787.2 
779.3 
779.0 
832.4 
818.9 
799.2 
805.6 
796.9 
832.0 
812.8 
8112 
903.8 
936.3 
838.7 
822.4 
846.9 
856.6 
842.1 
835.4 
858.6 
805.5 
933.4 
824.3 
826.0 
815.7 
813.2 
839.5 
967.0 
9414 
922.4 
840.0 
851.8 
861.1 
838.8 
829.8 
836.7 
850.5 
844.1 
881.1 
863.6 
883.7 
863.4 
850.0 
957.1 
900.9 
900.9 
908.8 
900.9 
831.0 
883.9 
900.3 
788.0 
796.0 
812.1 
794.4 
922.9 


10-187 


ba G° 
kJ/mol Notes 
944.9 
985.4 


760.8 
758.3 
750.4 
751.8 
801.7 
787.0 
767.4 
773.8 
766.3 
801.3 
782.1 
780.6 
873.7 
904.4 
809.8 
793.5 
815.1 
824.8 
811.1 
804.4 
826.8 
774.8 
901.9 
792.5 
794.1 
784.7 
782.3 
809.2 
935.2 
909.6 
890.5 
808.1 
820.0 
829.3 
807.8 
798.8 
805.7 
819.5 
812.2 
849.3 
831.8 
851.9 
832.5 
819.1 
926.3 
869.9 
869.9 
877.0 
869.9 
798.5 
853.0 
869.4 
760.3 
768.3 
786.2 
766.8 
896.4 


10-188 


Molecular 
formula 


C,H,,N,O 


10 272 
с,н,Х,О, 
СНО 
C,H,,O 


СНО 


Мате 
N,N-Dimethyl-4-nitroaniline 
N,N-Dimethyl-3-nitroaniline 
Benzyl methyl ether 
2-Methylanisole 
3-Methylanisole 
4-Methylanisole 
4-Isopropylpyridine 
3-Ethylaniline 
N-Ethylaniline 
N,N-Dimethylaniline 
2,6-Dimethylaniline 
Benzeneethanamine 
2-Propylpyridine 
2-Methyl-2-norbornene 
N,N-Dimethyl-1,4-benzenediamine 
Ethyl 1,5-dimethyl-1H-pyrazole-3- 
carboxylate 
Cyclooctanone 
1-Cyclohexylethanone 
Methyl cyclohexanecarboxylate 
2,2,4-Trimethyl-3-pentanone 
Cyclohexyldimethylamine 
Dibutyl ether 
Di-sec-butyl ether 
Di-tert-butyl ether 
Triethylene glycol dimethyl ether 
Tetraethylene glycol 
Dibutyl sulfide 
Di-tert-butyl sulfide 
N-Ethyl-N-isopropyl-2-propanamine 
Octylamine 
Dibutylamine 
Di-sec-butylamine 
Diisobutylamine 
N,N,N;N’-Tetramethyl-1,4- 
butanediamine 
Tetraethylhydrazine 
Manganese 2-methylcyclopentadienyl 
tricarbonyl 
Quinoline 
Isoquinoline 
4-Acetylbenzonitrile 
Indene 
2-Methylbenzofuran 
Methyl 4-formylbenzoate 
1-Chloro-4-isopropenylbenzene 
3-Chloro-4-methoxyacetophenone 
2-Methylstyrene 
3-Methylstyrene 
4-Methylstyrene 
cis-1-Propenylbenzene 
trans-1-Propenylbenzene 
Isopropenylbenzene 
Cyclopropylbenzene 
4-(Dimethylamino)benzonitrile 
1-(3-Methylphenyl)ethanone 
1-Phenyl-1-propanone 
1-Phenyl-2-propanone 
4-Methylacetophenone 
4-Acetylthioanisole 
Methyl 2-methylbenzoate 


E, 
kJ/mol 
896.7 
894.1 
816.7 
850 
860 

841 
955.7 
897.9 
924.8 
941.1 
901.7 
936.2 
955.7 
845 
955.0 
933.4 


849.4 
8414 
846.2 
856.9 
983.6 
845.7 
865.9 
887.4 
946.6 


871.8 
893.8 
994.3 
928.9 
968.5 
980.7 
958.1 
1046.3 


964.3 
833.8 


953.2 
951.7 
826.8 
848.8 
859.6 
832.9 
854.3 
883.7 
855.2 
849.4 
8617 
836.4 
834.2 
864.2 
834.9 
889.1 
868.2 
867.4 
842.6 
875.5 
888.2 
858.3 


ba CA 
kJ/mol 
870.2 
867.6 
787.5 
818 
828 
809 
923.8 
866.1 
892.9 
909.2 
869.8 
902.3 
923.8 
812.5 
928.4 
901.5 


819.6 
809.5 
815.3 
825.0 
952.6 
818.3 
838.5 
860.0 
892.4 
2910 
842.1 
864.0 
963.5 
895.0 
935.3 
947.5 
925.1 
992.7 


935.3 
801.3 


921.4 
919.9 
795.0 
819.6 
827.2 
801.9 
825.4 
851.9 
826.3 
820.5 
832.8 
807.5 
805.3 
835.3 
802.4 
862.6 
836.4 
835.6 
810.8 
843.6 
856.3 
827.3 


Notes 


Ref. 10 
Ref. 10 
Ref. 10 


Proton Affinities 


Proton Affinities 10-189 


Molecular E. A pase 
formula Name kJ/mol kJ/mol Notes 

C,H,,0, Methyl 3-methylbenzoate 8577 826.8 
C,H,,0, 1-(3-Methoxyphenyl)ethanone 8712 839.3 
СНО, Methyl 4-methylbenzoate 861.5 830.6 
C,H O, 4-Acetylanisole 895.6 863.7 
СНО, Methyl 4-methoxybenzoate 870.6 839.6 
CHO, Methyl 3-methoxybenzoate 856.7 825.8 
C,H,,N 5,6,7,8-Tetrahydroquinoline 966.0 934.1 
C,H,,N 5,6,7,8-Tetrahydroisoquinoline 966.6 934.7 
C,H, NO 4-(Dimethylamino)benzaldehyde 924.8 898.3 
C,H, , NO N,N-Dimethylbenzamide 932.7 901.8 
C,H,,NO, 1,3,5-Trimethyl-2-nitrobenzene 823.8 793.1 
C,H,,NO, L-Phenylalanine 922.9 888.9 
C,H,,NO, L-Tyrosine 926 892.1 
CET, Propylbenzene 790.1 762.4 
C,H, Isopropylbenzene 791.6 763.9 
СН, 1,3,5-Trimethylbenzene 836.2 808.6 
C,H,N, 3-(2-Pyrrolidinyl)pyridine, (S)- 964.0 931.0 
C,H,,N,O, Uridine 947.6 916.6 
C,H,,O, 1,3,5-Trimethoxybenzene 926.7 898.2 
C,H,,N N-Ethyl-N-methylaniline 939.0 912.4 
C,H,,N 2,6-Diethylpyridine 972.3 940.4 
C,H,,N 4-tert-Butylpyridine 957.7 925.8 
C,H,,N 2-tert-Butylpyridine 961.7 929.8 
C,H,,N 2-Methyl-N, N-dimethylaniline 951.8 925.3 
C,H,,N 3-Methyl-N, N-dimethylaniline 942.1 915.7 
C,H,,N 4-Methyl-N, N-dimethylaniline 950.0 918.1 
C,H,,N N,N-Dimethylbenzylamine 968.4 937.4 
C,H,,NO 4-Methoxy-N,N-dimethylaniline 949.1 922.4 
с,н,мо, Cytidine 982.5 950.0 
C,H,,O Isophorone 893.5 861.6 
СН М N,N-Diallyl-2-propen-1-amine 972.3 941.3 
C,H,N N-(1-Cyclopenten-1-yl)pyrrolidine 1019.2 988.4 
СН,О Cyclononanone 852.6 822.8 
C,H,,N,O, N-(N-L-Alanyl-L-alanyl)-L-alanine 924.1 
C,H,,0 5-Nonanone 853.7 821.9 
C,H,,O Di-tert-butyl ketone 861.3 831.5 
С.Н, „М 1-Isobutylpiperidine 974.5 943.5 
С.Н, „М 2,2,6,6-Tetramethylpiperidine 987.0 953.9 
C,H,,N Tripropylamine 991.0 960.1 
CH, Naphthalene 802.9 779.4 
CH, Azulene 925.2 896 
C H4N, 2,2’-Bipyridine 965 Ref. 7 
С HN 1-Naphthylamine 907.0 875.1 
C, H,,Fe Ferrocene 863.6 841.3 
СН, 1,8-Naphthalenediamine 944.5 912.1 
C HN, 1-Methyl-3-phenyl-1H-pyrazole 932.6 900.8 
C OH, N; 1-Methyl-5-phenyl-1H-pyrazole 932.4 900.5 
C, H; Ni Nickelocene 935.7 907.3 
САО, 1,4-Diacetylbenzene 850.8 821.0 
С H40, 1,3-Diacetylbenzene 852.0 822.3 
C H0, 4-Acetylphenyl acetate 853.2 821.3 
C H40, Dimethyl isophthalate 843.5 814.3 
C OH, O, Dimethyl terephthalate 843.2 812.3 
C. H Ru Ruthenocene 899.1 876.8 
СН, 1-Methyl-3-(1-methylvinyl)benzene 867.6 838.7 
CH, 1-Methyl-4-(1-methylvinyl)benzene 881.8 852.9 
CH, 1-Methyl-2-(1-methylvinyl)benzene 857.8 828.9 
С.Н, 1,2,3,4- Tetrahydronaphthalene 809.7 782.1 
C HO 1-(2,4-Dimethylphenyl)ethanone 882.6 850.8 


Со 1-(2,5-Dimethylphenyl)ethanone 873.5 841.6 


10-190 


Molecular 
formula 


دب 
с,Н,,0,‏ 
C Н.О,‏ 


105 11272 
C,H,0, 
C, HN 
СМО 
C H,,NO 
C H,,NO 
C H,,NO 


C, H,N,O. 


13 573 


C H,,N,O 


13 574 


C OH. NO 


10 137 5^5 


Соб 
C, د د‎ 


СНО. 


10 2275 


Name 
1-(3,4-Dimethylphenyl)ethanone 
Methyl 2,5-dimethylbenzoate 
Methyl 2,4-dimethylbenzoate 
Methyl 3,5-dimethylbenzoate 
1-Phenylpyrrolidine 
4’-(Dimethylamino)acetophenone 
N,N,3-Trimethylbenzamide 
N,N,4-Trimethylbenzamide 


1-[3-(Dimethylamino)phenyl]ethanone 


2’-Deoxyadenosine 
Adenosine 
Guanosine 
Butylbenzene 
1,2,3,5-Tetramethylbenzene 
4-Chloro-N,N-diethylaniline 
L-Nicotine 
N,N-Diethyl-3-pyridinecarboxamide 
Thymidine 
N,N,2,6-Tetramethylaniline 
N,N,3,5-Tetramethylaniline 
N,N-Diethylaniline 
N,N,N;N’-Tetramethyl-1,2- 
benzenediamine 
Tricyclo[3.3.1.1°’]decan-1-amine 
Dipentyl ether 
Tetraethylene glycol dimethyl ether 
Decylamine 
N,N,N;N’-Tetramethyl-1,6- 
hexanediamine 
4-Phenylpyridine 
1-Methylnaphthalene 
2-Methylnaphthalene 
L-Tryptophan 
Methyl 2,4,6-trimethylbenzoate 
1-Phenylpiperidine 
Tricyclo[3.3.1.1*’]decane-1- 
carbonitrile 
Pentamethylbenzene 
N,N-Diethyl-4-methylaniline 
2-Hexylpyridine 


1,4,7,7-Tetramethylbicyclo[2.2. 1]heptan- 


2-one 
2,6,10,14-Tetraoxapentadecane 
Phenazine 
Phenyl-3-pyridinylmethanone 
Acenaphthene 
Biphenyl 
1-(4-tert-Butylphenyl)ethanone 
Hexamethylbenzene 


1-Tricyclo[3.3.1.1?"]dec-1-ylethanone 


N,N-Dipropylaniline 
2,5-Di-tert-butylfuran 
Tributylamine 
Acridine 

9H-Fluorene 
Benzophenone 
2-Methylbiphenyl 
3-Methylbiphenyl 
4-Methylbiphenyl 
Diphenylmethane 
Methyldiphenylphosphine 


E 


pa 
kJ/mol 


882.8 
864.7 
868.2 
864.3 
941.6 
932.8 
927.0 
927.0 
928.0 
991.5 
989.3 
993.4 
791.9 
845.6 
931.0 
963.4 
940.9 
948.3 
954.1 
956.1 
959.8 


982.6 
948.8 
8527 
953.8 
930.4 
1035.8 


939.7 
834.8 
831.9 
948.9 
866.3 
952.9 
834.4 


850.7 
962.8 
963.6 
863.3 


938.4 
934.1 
851.7 
813.6 
882.5 
860.6 
864.9 
963.0 
894.7 
998.5 
972.6 
831.5 
882.3 
815.9 
828.0 
817.9 
802.0 
972.1 


Proton Affinities 


base 
kJ/mol Notes 
851.0 
833.7 
837.2 
833.4 
915.1 
906.3 
896.0 
896.0 
901.5 
959.1 
956.8 
960.9 
764.2. 
816.5 
899.2 
932.6 
909.0 
915.9 
923.2 
924.3 
927.9 


950.2 
916.3 
825.3 
897.8 
896.5 
982.2 


907.8 
805.3 
802.4 
915 

835.3 
926.4 
803.8 


823.5 
931.0 
931.7 
831.4 


895.1 
908.3 
902.3 
821.0 
782.9 
850.6 
836.0 
833.1 
931.1 
863.9 
967.6 
940.7 
803.8 
852.5 
783.4 
795.5 
785.4 
769.5 
939.7 


Proton Affinities 


Molecular 
formula 


C,,H,,N 


13 21 


Name 
2,6-Di-tert-butylpyridine 
2,4-Di-tert-butylpyridine 


N,N-Dimethyltricyclo[3.3.1.1?"] decane- 


1-carboxamide 
Anthracene 
Phenanthrene 
1,1-Diphenylethene 
1,2-Diphenylethane 


1,2,3,4,5,6,7,8-Octahydroanthracene 
1,2,3,4,5,6,7,8-Octahydrophenanthrene 


4-Octylaniline 
2-Methylanthracene 
9-Methylanthracene 
3,5-Diphenyl-1H-pyrazole 
1,3-Diphenylpropane 


1,4-Dimethyl-7-isopropylazulene 
1,3-Di-tert-butyl-5-methylbenzene 


Fluoranthene 

Pyrene 
1,4-Diphenylbutane 
1,5-Diphenylpentane 
Chrysene 

Naphthacene 
Triphenylene 
Triphenylarsine 
Triphenylarsine oxide 
Triphenylamine 
Triphenylphosphine oxide 
Triphenylphosphine 
Triphenylphosphine sulfide 
Triphenylstibine 
1,6-Diphenylhexane 
1,3,5-Tri-tert-butylbenzene 
Perylene 
Benzo[ghi]perylene 
Picene 

Coronene 

Carbon (fullerene-C,,) 
Carbon (fullerene-C,,) 


E 


pa 
kJ/mol 


982.9 
983.8 
949.4 


877.3 
825.7 
885.7 
801.8 
845.4 
846.2 
894.5 
887.5 
896.5 
946.3 
820.1 
983.1 
853.7 
828.6 
869.2 
822.0 
824.7 
840.9 
905.5 
819.2 
908.9 
906.2 
908.9 
906.2 
972.8 
906.2 
845.5 
826.1 
848.8 
888.6 
876.0 
851.3 
861.3 


10-191 


bas G° 
kJ/mol Notes 
951 
952.0 
917.6 


846.6 
795.0 
856.9 
774.1 
814.7 
815.5 
862 

855.1 
865.8 
912.7 
787.6 
950.6 
826.0 
800.9 
840.1 
779.8 
782.4 
810.1 
876.5 
791.2 
876.4 
876.4 
876.4 
876.4 
940.4 
876.4 
813.1 
783.8 
822.3 
859.6 
845.2 
820.6 
835.0 
827.5 
827.5 
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GAUGE AND HIGGS BOSONS 
а 


IPO = ori(17 7) 


Mass m < 2 x 10716 ev 
Charge q < 5x107% e 
Mean life т = Stable 


[4 T NE 
ог gluon 027) = 0(17) 
Mass m = 0 19 
SU(3) color octet 
[^] 2 


Charge = tle 

Mass m = 80.41 + 0.10 GeV 

mz — ту = 10.78 + 0.10 GeV 
туу. — My- = —0.2 + 0.6 GeV 
Full width Г = 2.06 + 0.06 GeV 


WT modes are charge conjugates of the modes below. 


p 

Wt DECAY MODES. Fraction (Г ;/T) Confidence level (MeV/c) 
ity [ (10.74+0.33) % - 
ety (09 +04 )% 40205 
pty (102 405 )% 40205. 
thy (13 408 )% 40185. 
hadrons (67.8 =10 )% = 
my < 22 х 107% 95% 40205 


Charge = 0 


Ма т = 91.187 + 0.007 


Full width Г 


F(£* £7) = 83.83 3 
(invisible) = 498.3 + 


= 249 


T 
B 
№ 


يدي 


Gev [d 


T(hadrons) = 1740.7 + 5.9 MeV 
F(a и) (етет) = 1.000 + 0.005 
F(r* 7-)/r(e*e-) = 0.998 + 0.005 [9] 


Average charged 


multiplicity 


(charged) = 21.00 + 0.13 


Couplings to leptons 


gf, = —0.0377 + 0.0007 
= = —0.5008 = 0.0008 


3 0.53 = کې 
g. = 0.502‏ 


Е 0.09 
= 0.017 


Asymmetry parameters [7] 


Ae = 0.1519 


= 0.0024 


A, = 0.102 + 0.034 


Ар = 0.143 + 


0.008 


Ac = 0.59 + 0.19 
Ap = 0.89 + 0.11 


Charge asymmetry (%) at Z pole 
AP = 159 + 018 


ACD — 404 73 

AB 99+31 (8-1 
AG) — 7,32 + 0.58 

AC? = 10.02 + 0.28 


2) 


p 
Confidence level (MeV/c) 


Z DECAY MODES Fraction (Г//Г) 
ete- ( 3.366 40.008) % 45594 
pt po ( 3.367 £0.013) % 45593 
тт ) 3.360£0.015) % 45559 
eter [b] ( 3.366-£0.006) % - 
invisible (20.01 £0.16 )% - 
hadrons (69.90 +0.15 )% = 
(uu+cc)/2 (10.1 +11 )% - 
(dd+ss+bb)/3 (166 +05 )% - 
се (124 +06 )% - 
bb (1516 +0.09 )% - 
EEE < 11 % 95% - 
лбу < 52 x10-9 95% 45593 
ту < 51 پر‎ 1079 95% 45592 
шу < 65 x10-4 95% 45590 
of (958уу < 42 х 1075 95% 45588 
77 < 52 x10 95% 45594 
yyy < 10 х 1079 95% 45594 
rEWF []< 7 x10— 9% 10139 
p^ Wt [8] < 83 x10 95% 10114 
JAV(S)X ( 3.66 £0.23 ух 1073 = 
(25)х ( 160 £0.29 ) x 1073 = 
Xa (1P)X (29 +07 )x1073 - 
Xco(1P)X < 32 x10 90% - 
Т(15) X +7(25) X (10 +05 )x1074 - 
+7(35) х 
T(15)X < 55 x10-5 9% = 
T(25)X « 139 х107% %5% = 
T(35)X < 94 x1079 956 - 
(56/58) х (207 +20 )% - 
DEX (122 +17 )% - 
D*(2010)=X le] (ил +13 )% - 
BOX seen - 
anomalous y+ hadrons ІН < 32 x 1073 95% - 
ете“у ІН < 52 х10-5 95% 45594 
pt pny ІЙ < 56 х10-5 95% 45593 
тїт ІН < 73 x10-4^ 95% 45559 
Ну Ї < 68 x10-9 95% - 
4477 Й < 55 x 107% 95% - 


11-2 
рүү 1 < 31 x10-9 95% 45594 
ett ЈЕ [e] < 17 х 1076 956% 455% 
ett LF [g] < 98 х10-0 95% 45576 
utr Е [g] < 12 х10-5 95% 76 


Higgs Bosons — H? and НЕ, Searches for 


НО Mass m > 775 6۵/7 CL = 95% 
НО in Supersymmetric Models (т em) 
Mass m > 62.5 GeV[ CL = 95% 


40 Pseudoscalar Higgs Boson In Supersymmetric Models l 
Mass m > 62.5 GeV CL = 95% tan? >1 


НЕ Mass m > 545 GeVT CL = 95% 


See the Particle Listings for a Note giving details of Higgs 
Bosons. 


Heavy Bosons Other Than 


Higgs Bosons, Searches for 


Additional W Bosons 
Wp — right-handed W 
Mass m > 549 GeV 
(assuming light right-handed neutrino) 
W! with standard couplings decaying to evT даг 
Mass m > 720 GeV[ CL = 95% 
Additional Z Bosons 
ЖМ with standard couplings 
Mass m > 690 GeVI CL = 95% (рр direct search) 
Mass m > 779 GeV[ CL = 95% (electroweak fit) 
дір of 5002); х5 И (2)ех (1) 
with gj = £g) 
Mass m > 630 GeVTCL = 95% (рр direct search) 
Mass m > 389 GeVI CL = 95% (electroweak fit) 
Zy of SO(10) + SU(5)xU(1)x 
coupling constant derived from G.U.T.) 
Mass m > 595 GeVI CL = 95% (рр direct search) 
Mass m > 321 GeVICL = 95% (electroweak fit) 
Zp of Eg — 50(10)х0(1), 
coupling constant derived from G.U.T.) 
Mass т> 590 GeVI CL = 95% (рр direct search) 
Mass m > 160 GeV[ CL = 95% (electroweak fit) 
Z of E — SU(3)xSU(2)xU(1)xU(1), 
coupling constant derived from G.U.T.); 
charges аге Q, = /3/8Qy — ү5/80,) 
Mass m > 620 GeV[CL = 95% (рр direct search) 
Mass m > 182 GeVTCL = 95% (electroweak fit) 


Scalar Leptoquarks 
Mass m > 225 GeV[ CL = 95% (1st generation pair prod.) 
Mass m > 237 GeV[ CL = 95% (1st gener. single prod.) 
Mass m > 119 GeV[ CL = 95% (2nd gener. pair prod.) 
Mass m > 73 GeV[ CL = 95% (2nd gener. single prod.) 
Mass m > 99 GeV[ CL = 95% (3rd gener. pair prod.) 

(See the Particle Listings for assumptions on leptoquark quan- 

tum numbers and branching fractions.) 


Gauge & Higgs Boson Summary Table 


Axions (А0) and Other 


Very Light. Bosons, Searches for 


The standard Peccei-Quinn axion is ruled out. Variants with reduced 
couplings or much smaller masses are constrained by various data. The 
Particle Listings in the full Review contain a Note discussing axion 
Searches. 


The best limit for the half-life of neutrinoless double beta decay with 
Majoron emission is > 7.2 x 1024 years (CL = 90%). 


NOTES 


In this Summary Table: 


When a quantity has "(S = ...)" to its right the error on the quantity has 
been enlarged by the “scale factor" 5 defined as S = /X2/(N — 1) where N 
is the number of measurements used in calculating the quantity. We do this 
when 5 > 1[ which often indicates that the measurements are inconsistent. 
When S > 1.25Г we also show in the Particle Listings an ideogram of the 
measurements, For more about S[ see the Introduction. 


А decay momentum р is given for each decay mode. For a 2-body decay p is 
the momentum of each decay product in the rest frame of the decaying particle. 
For a 3-or-more-body decay р is the largest momentum any of the products 
can have in this frame. 


[2] Theoretical value. A mass as large as а few MeV may not be precluded. 

[b] 6 indicates each type of lepton (ef Cand т)Гп sum over them. 

[c] The Z-boson mass listed here corresponds to a Breit-Wigner resonance 

parameter. It lies approximately 34 MeV above the real part of the posi- 

tion of the pole (in the energy-squared plane) in the Z-boson propagator. 

d] This partial width takes into account Z decays into vp and any other 

possible undetected modes. 

еј This ratio has not been corrected for the 7 mass. 

f] Нее A = 2вүдд/( 162). 

[g] The value is for the sum of the charge states of particle/antiparticle 
states indicated. 

h] See the Z Particle Listings for the y energy range used in this measure- 
ment. 

ІҢ For myy = (60 = 5) GeV. 

[Л The limits assume no invisible decays. 


LEPTON SUMMARY TABLE 


Decay tel 
LEPTONS رټ‎ | 
See the 7 Particle Listings for a note concerning т-Чесау parameters. 


(f (e ог u) = 0.748 + 0.010‏ -ر 
[е] EE pT (e) = 0.745 + 0.012‏ 
(u) = 0.741 + 0.030‏ م ]9[ Mass m = 0.51099907 + 0.00000015 Mev‏ 
х 107^ и (е оғ u) = 1.01 + 0.04‏ )0.000000012 + 5.485799111( = 
(т. — m, ут < 4х 10-8, CL = 9% E (e) = 0.98 + 0.05‏ 
4x 1078 E(u) = 1.07 + 0.08‏ < 6/-.4 + ےا 
Magnetic moment у. = 1.001159652193 + 0.000000000010 jug nf (e or н) = 0.01 + 0.07‏ 
(Ee — Е.) | Baverage = (70.5 + 2.1) x 10712 (в) = —0.10 + 0.18‏ 
Electric dipole moment d = (0.18 + 0.16) x 10726 ест (86)7(е or и) = 0.749 + 0.026‏ 
Mean life т > 4.3 x 1023 yr, CL = 68% 101 (6EY (e) = 0.733 + 0.033‏ 


(EEF (и) = 0.78 + 0.05 
E (z) = 0.99 + 0.05 


—1 
J=3 #'(р) = 0.996 + 0.010 
Mass m = 105.658389 + 0.000034 ١6 (ар) = 1.02 + 0.04 
= 0.113428913 + 0.000000017 и £ (all hadronic modes) = 0.997 + 0.009 
life. — E? —6 
Mean life r = (2.19703 E 0.00004) x los TT modes аге charge conjugates of the modes below. sp stands for 
T {7 ے‎ = 1.00002 + 0.00008 тЕ or КЕ. “e” stands for e or pa “Neutral” means neutral hadron whose 
cr — 658.654 m decay products include y's and/or 19. 
Magnetic moment и = 1.0011659230 + 0.0000000084 ећ/2т,, Scale factor/ р 
(g,- - а) / average = (72.6 + 1.6) x 1079 то DECAY MODES Fraction (T;/T) Confidence level (MeV/c) 
ic di — (37 L -19 
Electric dipole moment d = (3.7 + 3.4) x 1071? ест Modes with one charged particle 
Decay parameters [^ particle > 0 neutrals > 0/177 (8471+ 0.13) % 5-12 - 
p = 0.7518 + 0.0026 ("I-prong") 
п = -0.007 + 0.013 particle > 0 neutrals > 0КОи, (85.30-- 0.13) % S=12 - 
5 =й БОЛОЙ. رو‎ Л (737+ 009% 885 
ЕР, = 1.003 + 0.008 lel ЕС еи 1 
EM eT Dev, ] (їт81+ 0.07)% 889 
ЛД ne CL = 90% AT > 0 neutrals > 0K 9 ир (49.52+ 0.16) % $=1.2 = 
= Ld ٣ > OKP и, (1232+ 012% 5=15 = 
А= (0 + 4) зар шил (11.794 0.12) % 5—1,5 = 
~ "m m 2 тир Д (11088 0.13) % 8-14 883 
: /А = (0 + 4) х сан К-и; Л (71 + 05 ух1073 820 
8/۸ = (4 + 6) x 10 В > 1 neutrals (3691-- 017)% 5-12 - 
ВА = (2 + 6) x 1073 سا‎ тди; (25.84 0.14) % $=11 - 
1} = 0.02 + 0.08 по ир j| (25.32+ 015)% $=1.1 878 
3 3 
+ й по т non-p(7/70)- (30 + 32 )х 10 878 
ИТ modes аге charge conjugates of the modes below. K- ти, П (52%05)х ю-3 ed 
p h- 2295 (1079+ 0.16) % 8-12 - 
и“ DECAY MODES. Fraction (Г,/Г) Confidence level (MeV/c) h 219; ЈЕ ( 939-- 0.14) % 8-12 = 
сир = 100% 53 h 219v. (ex. K9) ( 923+ 0.14) % 8-12 - 
бе А Я (1440.4) % 53 толи, (KO) Л (9454 015)% S=L2 862 
epey et en | (942-04) x 10-5 E К 27%и (ех.КЎ) p] (80 27 )}x1074 7% 
h- 3x95. (1408 0.11) % 5-11 - 
Lepton Family number (LF) violating modes ће 3۳ и. ( 123+ 0.10) % S=1.1 - 
24217 LF [e «i2 % %% 53 то Злби, (ех.К0) М (111 0.14)% 836 
ey LF <49 سو‎ %% 53 К- зпби (eK) М (43 +109 ухло-4 766 
e-ete- LF «10 x 10712 90% 53 Cord 0 : -3 
e» ЇЕ кен ed 99 53 HAr? иу (ex.K9) (17 + 06 )х10 - 
4r (ех.К® лу) [l (14 + 06 )x 1073 - 
K- > 02 > 0K9 и. ( 166+ 0.10) % - 
4-4 K- > 1 (10 or КО) и, (95 + 10 ) x 1073 - 
Mass m = 17770570 MeV K (particles) аж Ёс ٢ 09) % هنو‎ 
ñ i 5 particles) 1, 4 .09) % => = 
Mean life т = (290.0 + 1.2) x 10:15 s re б 
ет h К> 0 neutrals > OK? v. ( 162+ 0.09) % همو‎ - 
: 4 к Ки (9.9 + 0.8 }x1073 5-15 _ 
Magnetic moment anomaly > —0.052 and < 0.058, CL — 95% x Ком П (83 ковух:0-3 بو‎ as 
Electric dipole moment d > —3.1 and < 3.1 х 10716 ест, CL = т- Ко : E ТТ | x 1073 а ақ, 812 
95% (поп- K*(892)— ) v. 
Weak dipole moment K-K9v. Л (15098 0.24) x 1073 737 
Ве(49) < 0.56 x 10717 ecm, CL = 95% Ки (55 = 05 )х 1073 = 
(49) < 1.5 x 10717 ecm, CL = 95% T K T Vr Л (39 £05)x103 (ME 
m КОр-и, (19 + ол )х 1073 - 
Weak anomalous magnetic dipole moment K- КОлди, Л (1514 0.29) x 103 685 
Ке(аУ) < 45х 10-3, CL = 9% тэ Kon тои, (6 +4 )x1074 - 
Іт(о7) < 9.9 x 1073, CL = 9% K- Колоти, « 39 х1074 cL=95% - 
r КК и, Л (121+ 021)x107 5-12) 682 
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K ور رر‎ ту, 


4 )x10-4 


т^ КО. КЎ иг. (30 + 05 ) x1074 
z KŠ кй (60 + 10 ) x 1074 
тг КО Key, < 20 x 1074 
r ко لا‎ (34 + 12) x10-4 
KTK? > 0 neutrals v. (зл + 04 у x 1072 
КО т h7 h^ > 0 neutrals v. < 17 x 1073 
КО т h7 س‎ v, (23 + 20 )x 1074 
Modes with three charged particles 
hhh" > Oneut. иг (“З-ргопв”) | (1518= 0.13) % 
ће В В > 0 neutrals v. (14.60-- 0.13) % 
(ex. КО + سر نس‎ 
ттт > 0 neutrals v. (14.60+ 0.14) % 
В В Ви. ( 9.%-- 0.10) % 
ће س‎ В+ v. (ex.K9) ( 9.624- 0.10) % 
ће по ht (ex. KO шл) ( 957+ 0.10) % 
ور وښ وا‎ Ир ( 9.56-- 0.11) % 
ттт иг (е.К®) ( 9.524- 0.11) % 
попа“ и. (ex. Kou) Й (9234 011) % 
سا‎ hht > 1 neutrals ис ( 518+ 0.11) % 
ће попе > 1 neutrals и (ех. ( 4.98-- 0.11) % 
к — тїт) 
سه سا‎ Виду, (4504 0.09) % 
h ће ty, (ex. K9) (431+ 009) % 
В ће Ir s v. (ех. К, ш) ( 2.594- 0.09) % 
mo mtm mv. (435+ 010) % 
ېر يو سر‎ пои, (ех.К) ( 4224 010) % 
ттт пди, (ex KO) [] ( 249+ 010)% 
В (prov. ( 2884 0.35) 96 
(а((1260) уг vr < 20 % 
h paz? v. (1354 020) % 
ће рећи (45 + 22 )x 1073 
7p ир (117+ 023) % 
іт پر خښ‎ (54 + 04 ) x 1072 
ће h r^ 289 v. (ex. K9) (53 + 04 у x 1073 
ће ће ілді, (exw) [] (11 + 04 )х 1073 
ho ho ht > Зиду Л (14 £ 08 ух1073 
ће h7 د رل‎ (29 + 08 ) x 1074 
ко В > 0 neutrals v. ( 54 + 07 ) x 1073 
К ттт > 0 neutrals v, (34 + 0.6 ) x 107? 
Копи иг (23 = 04 ух 1073 
К ттт v (ex KO) i] (18 + 05 )ух1073 
+ 
+ 


Korta пбу (ex.K9) qp (24 + هول(‎ 
К-т K > 0 neut. v, < 9 x 1074 
К-Кӛл- > 0 neut. v. (23 + 04 ) x 1073 

Ко هر يی‎ ир Л (1614 0.26) x 10-3 

К Кел عبر‎ Л (6.9 + 30 у х107% 
K-KtK- > 0 пеш. v. < 21 х 1073 

ир < 19 x 1074‏ ودي وی 

п Кът > 0 neut. v. < 25 x 1073 
ee eta, (28 + 15 )x1075 
برد د‎ Yr < 36 x 1075 

Modes with five charged particles 
3h-2h* > 0 neutrals ис (97 = 07)x10-4 
(ех. КЗ — زور‎ 
(“S-prong”) 

ЗА 2 v, (ex.K?) ІІ (7.5 + 07 )x10-4 

ЗА 2h r? v. (ex.K9) ІЛ (22 + 05 ) х10-4 

3h- 27۳ 210 v. < 11 x 1074 

Miscellaneous other allowed modes 
(5r) ېلا‎ (74 + 07 ) х 1073 
АЗ > 0 neutrals v; < 24 х 1076 
(“7-prong”) 
K*(892)- > OUP Z К) и (1845 031) % 
K*(892)- > 0 neutrals v; (1334: 013) % 

K*(892)" v. ( 128-- 0.08) % 
K*(892? K— > 0 neutrals v. (32 + 14)x1073 

K*(892 KT v. (21 + ол ) x 1072 
КЧ(892/ л” > 0 neutrals ис (38 = L7 ) x 1072 

K*(8929m— v. (22 + 05 ) x 107? 
СК (892) Y" иг > (11 + 05 ух1073 

Кот py‏ سا 
K1(1270)- v. (4 +4 )x103‏ 
K1(1400)- v. (8 жа )x103‏ 


5-12 
5-12 
CL=95% 


CL=95% 


5-12 
8-12 


S=L1 
S= 
$=1.1 
$=1.1 
5-11 
5-11 
5-12 
5-12 


5-11 
5-11 


CL—95% 


Seli 
58-11 


CL=95% 


CL=95% 
CL=90% 
CL=95% 


CL=90% 


CL=90% 


CL=90% 


433 
335 


КЗ(1430) v. 

"T v. 

بر سر 

qm My, 

TK u 

neutrals и‏ 0 > و سو سا 
пт тіл” Ут‏ 
пау (1260) v, — та“ pv,‏ 

qm ит 

ттт пои, 

п (958)т— и, 

of (958) a7 a? v, 

T v. 

ФК“ 

8 (1285) пи; 
(1285) пои; > 

ттт py 

Kw > 0 neutrals v. 
Я ши 
پر سا‎ 
سا‎ «270и 
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Lepton Family number (1 Ғ), Lepton number (1), 
or Baryon number (B) violating modes 
(In the modes below, £ means a sum over e and д modes) 


L means lepton number violation (e.g. т” 


common usagel LF means lepton family violation and not lepton number 


violation (e.g. 7— 


ey LF 
By LF 
епо LF 
и“ то LF 
eK? LF 
u К LF 
ет LF 
ЕЯ LF 
ep BE 
Ер EF 
e K*(892)? LF 
ил К*(892)0 LF 
e- K* (892)? LF 
и“ 7 LF 
e LF 
Фф LF 
"Toy L 
тло L 
e-ete- LF 
e ит # LF 
et ТТ LF 
и سر د‎ LF 
ute-e- LF 
и“ ut ИС ЇЕ 
e mta LF 
etm m L 
и“ سا‎ LE 
ut TT L 
ет سر‎ LF 
ea К+ LF 
etr- К- [s 
e-K*K- LF 
etK-K- L 
port ын ЇЕ 
илт КТ LF 
ит“ КТ L 
su LF 
یی ور‎ L 
е 1049 LF 
и“ поло LF 
enny LF 
Ет LF 
e- п 7 LF 
и“ тт LF 
py LIB 
pz? LIB 
Рт LB 
е” light boson LF 
и“ light boson LF 


«3 х10-3 cL—95% 317 
< 14 х 1074 CL=95% 798 
Ї (174+ 0.24) x 1073 778 
(14 + 07 )x10-4 746 
(27 = 06 )x 1074 720 
«3 x107? CL—90% - 
(34 + 08 ) x 1074 - 
< 39 x10-^ CL=90% - 
< 11 х10-5 CL=95% 637 
< 20 x10-4 CL=95% 559 
< та х10-5 1909, - 
« 80 х10-5 С1-90% - 
< 20 х10-4 CL=90% 585 
< 67 х10-5 CL=90% _ 
(58 + 23 )х107% _ 
(19 + 07 ух107% - 
( 2.36+ 0.08) % - 
Й (1932 0.06) % - 
ІІ. (43 + 05 ух1073 - 
(19 + 08 ух10:5 - 
— ет т”), Following 
— етт). B means baryon number violation. 
= 27 х10-6 مه‎ 888 
< 30 х10-6 مه‎ 885 
< 37 х10-6 موه‎ 883 
< 40 х10-6 CL-o04 880 
< 13 х10-2 с1-90% 819 
< 10 x10-3 CL=90% 815 
< 82 х10-6 تمه‎ 804 
< 96 х1076 а-909% 800 
< 20 х10-6 CL=90% 722 
< 63 х1076 CL=90% 718 
< 51 х10-6 CL=90% 663 
< 75 х10-6 CL=90% 657 
< 74 x10-9 cL=90% 663 
< 75 х10-6 CL=90% 657 
< وم‎ x10-9 cL—90% 596 
< 70 x10-9 CL=90% 590 
< 28 х10-4 CL=90% 883 
< 3⁄7 х10-4 CL=90% 878 
< 29 х10-6 CL=90% 888 
< 18 х10-6 cL—90% 882 
< 15 x10-9 CL=90% 882 
< 17 х10-6 CL=90% 885 
< 15 х10-6 CL=90% 885 
< 19 x10-9 CL=90% 873 
« 22 x10-9 CL=90% 877 
< 19 х10-9 CL=90% 877 
< 82 х10-6 CL=90% 866 
< 34 x10-9 CL=90% 866 
< 64 х10-6 cL—90% 814 
< 38 х 1076 CL=90% 814 
« 24 х10-9 CL=90% 814 
« 60 х10-6 CL=90% 739 
< 38 x10-9 CL-904 739 
< 75 x10-9 CL=90% 800 
< та х 1076 CL=90% 800 
< 70 х10-6 CL=90% 800 
< 15 х10-5 CL—90% 699 
< 60 x10-9 cL—90% 699 
< 65 x10-9 CL=90% 878 
< 14 х1075 CL=90% 867 
< 35 х10-5 CL=90% 700 
< 60 х10-5 CL=90% 654 
< 24 x107? CL=90% 798 
< 22 х10-5 CL=90% 784 
< 29 х10-4 CL=90% 641 
< 66 x 1074 CL=90% 632 
< 130 х10-3 CL=90% 476 
« 27 x107? CL=95% - 
< 5 х10-3 CL=95% - 


Lepton Summary Table 


Heavy Charged Lepton Searches 
L= — charged lepton 
Mass m > 80.2 GeV, CL = 95% m, = 0 


[= = stable charged heavy lepton 
Mass m > 84.2 GeV, CL = 95% 


Neutrinos 


See the Particle Listings for a Note “Neutrino Mass” giving details of 
neutrinos, masses, mixing, and the status of experimental searches. 
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Бі 


Mass m: Unexplained effects have resulted in significantly neg- 
ative n? in the new, precise tritium beta decay experiments. 
It is felt that a real neutrino mass as large as 10-15 eV would 
cause observable spectral distortions even in the presence of 
the end-point count excesses. 

Mean life/mass, т/т,, > 7 х 109 s/eV (solar) 

Mean life/mass, т/т,, > 300 5/еу, CL = 90% (reactor) 

Magnetic moment № < 1.8 x 1071? ив, CL = 90% 


Ге 


Nie 


Mass m < 0.17 MeV, CL = 90% 
Mean life/mass, T/M, > 15.4 s/eV, CL = 9% 
Magnetic moment د‎ 7.4 x 10—10 ив, CL = 90% 


f= 


Nie 


Mass m < 18.2 MeV, CL = 95% 
Magnetic moment м < 5.4 х 10-7 ив, CL = 90% 
Electric dipole moment d < 5.2 x 10-17 ecm, CL = 95% 


Number of Light Neutrino Types 


(including ve, v, and v.) 
Number N = 2.994 + 0.012 (Standard Model fits to LEP data) 
Number М = 3.07 + 0.12 (Direct measurement of invisible Z 
width) 


Massive Neutrinos and 
Lepton Mixing, Searches for 


For excited leptons, see Compositeness Limits below. 


See the Particle Listings for a Note "Neutrino Mass" giving details of 
neutrinos, masses, mixing, and the status of experimental searches. 
While no direct, uncontested evidence for massive neutrinos or lepton 
mixing has been obtained, suggestive evidence has come from solar neu- 
trino observations, from anomalies in the relative fractions of ve and 1, 
observed in energetic cosmic-ray air showers, and possibly from a Ре ap- 
pearance experiment at Los Alamos. Sample limits are: 
Stable Neutral Heavy Lepton Mass Limits 
Mass m > 45.0 GeV, CL = 95% (Dirac) 
Mass m > 39.5 GeV, CL = 95% (Majorana) 
Neutral Heavy Lepton Mass Limits 
Mass m > 69.0 GeV, CL = 95% (Dirac ир coupling to е, u, т 
with | 042 > 10722) 
Mass m > 58.2 GeV, CL = 95% (Majorana v; coupling to e, 
ii, 7 With |2 > 10712) 


Solar Neutrinos 


Detectors using gallium (E,, > 0.2 MeV), chlorine (£, > 0.8 MeV), 
and Cerenkov effect in water (E, > 7 MeV) measure significantly 
lower neutrino rates than are predicted from solar models. The deficit 
in the solar neutrino flux compared with solar model calculations 
could be explained by oscillations with Am? < 107? eV? causing 
the disappearance of ve. 


Atmospheric Neutrinos 

Underground detectors observing neutrinos produced by cosmic rays 
in the atmosphere have measured a и, / и ratio much less than ex- 
pected and also a deficiency of upward going v, compared to down- 


ward. This could be explained by oscillations leading to the disap- 
pearance of иу with Am? = 1073 to 1072 еу?, 


v oscillation: De 7» Te (0 = mixing angie) 
An? < 9107 «№2, CL=90% (if sin?2 = 1) 
біп220 < 0.00, CL = 90% (if A(m*) is large) 

v osillation: м, (р,) — ve (Ре) (any combination) 
An? < 0.075 eV?, CL = 90% (if 51220 = 1) 
si?20 < 18х1079,С1- 9% (if A(m2) is large) 


NOTES 


In this Summary Table: 


When а quantity has "(S = ...)" to its right, the error on the quantity has 
been enlarged by the “scale factor" S, defined as 5 = J/X2/(N — 1), where N 
is the number of measurements used in calculating the quantity. We do this 
when S > 1, which often indicates that the measurements are inconsistent. 
When 5 > 1.25, we also show in the Particle Listings an ideogram of the 
measurements. For more about S, see the Introduction. 


А decay momentum p is given for each decay mode. For а 2-body decay, p is 
the momentum of each decay product in the rest frame of the decaying particle. 
For а 3-or-more-body decay, p is the largest momentum any of the products 
can have in this frame. 


[2] The uncertainty in the electron mass in unified atomic mass units (и) 
is ten times smaller than that given by the 1996 CODATA adjustment, 
quoted in the Table of Physical Constants (Section 1). The conversion 
to MeV via the factor 931.49432(28) MeV/u is more uncertain because 
of the electron charge uncertainty. Our value in MeV differs slightly from 
the 1986 CODATA result. 

b] This is the best "electron disappearance" limit. The best limit for the 

mode е” — vy is > 2.35 x 1025 yr (CL=68%). 

[c] The muon mass is most precisely known in u (unified atomic mass units). 

The conversion factor to MeV via the factor 931.49432(28) MeV/u is 

more uncertain because of the electron charge uncertainty. 


d] See the "Note on Muon Decay Parameters" in the м Particle Listings for 
definitions and details. 

[е] Ру, is the longitudinal polarization of the muon from pion decay. In 
standard У—А theory, P, = 1 and p = 6 = 3/4. 

f] This only includes events with the y energy > 10 MeV. Since the e Pe Vy 

and еер, у modes cannot be clearly separated, we regard the latter 

mode as a subset of the former. 


[g] See the и: Particle Listings for the energy limits used in this measurement. 
[A] A test of additive vs. multiplicative lepton family number conservation. 
[i] Basis mode for the т. 
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QUARK SUMMARY TABLE 


QUARKS 


The ,ځا‎ d-, and s-quark masses are estimates of so-called "current- 
quark masses,” in a mass-independent subtraction scheme such as 


MS at a scale js 22 2 GeV. The c- and b-quark masses are estimated 
from charmonium, bottomonium, D, and B masses. They are the 
“running” masses in the MS scheme. These can be different. from 
the heavy quark masses obtained in potential models. 


Ру = 187) 


[5] 


Mass m = 1.5 to 5 MeV [al 
my/mg = 0.20 to 0.70 


Спаше =Зе 12-44 


[5] 


Р) = И) 


Mass m = 3 to 9 MeV [l 
ms/ mg = 17 to 25 
m = (m,--mq)/2 = 2 to 6 MeV 


кюк 


Спаре--16 k=- 


[4] 


10Р) o3) 


Mass m = 60 to 170 Мем ІЗІ Charge — -le Strangeness — —1 
(ms — (ту + та) /2) (та — ти) = 34 to 51 


ЦУРу- (+) 


لکا 


Mass m = 1.1 to 1.4 GeV Charge — 2 е Стат = +1 


iP) =00+) 


[=] 


Mass m = 4.1 to4.4GeV Charge =-Ёе Bottom = —1 


لسا 


IP) =0(+) 


Charge = 2 е Тор = +1 


Mass т = 173.8 + 5.2 GeV (direct observation of top events) 

Mass m = 170 + 7 (+14) GeV (Standard Model electroweak 
fit, assuming My — Mz. Number in parentheses is shift from 
changing Мн to 300 GeV. 


Ы (4% Generation) Quark, Searches for 


Mass m > 128 GeV, CL = 95% 
Mass m > 46.0 GeV, CL = 95% 


Free Quark Searches 


All searches since 1977 have had negative results. 


(pP, charged current decays) 
(e* e^, ай decays) 


NOTES 


[а] The ratios т,/та and т,/ та are extracted from pion and kaon masses 
using chiral symmetry. The estimates of и and d masses are not without 
controversy and remain under active investigation. Within the literature 
there are even suggestions that the и quark could be essentially massless. 
The s-quark mass is estimated from SU(3) splittings in hadron masses. 


MESON SUMMARY TABLE 


LIGHT UNFLAVORED MESONS 
(S—- C— B- 0) 


For! = 1 (al bl pla): udi (uu-dd)/ 21 du, 
for 1 — 0 (MYTA WT ۲ل‎ FT alut + dd) + oss) 


IG (P) - 17 (07) 


Mass m = 13956995 + 0.00035 MeV 
Mean life т = (2.6033 + 0.0005) x 1078 ѕ (5 = 12) 
ст = 7.8045 m 
at ру form factors ll 
Fy = 0.017 + 0.008 
Fa = 00116 + 00016 ($—13) 
R = 00591909 


т” modes аге charge conjugates of the modes below. 


p 
at DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
pr Vy [b] (99.98770--0.00004) % 30 
p uy [d (124 4025 )x 10-4 30 
etve [b] (1230 +009 )x1074 70 
етуу [d] (161 +023 )x1077 70 
et vert (1005 +0.034 )x10-9 4 
етее" (32 +05 )x10-? 70 
et veut < 5 x 1079 90% 70 
Lepton Family number (LF) or Lepton number (1) violating modes 

L [d< 15 x 1073. 9% 30 

LF [d] < 80 x 1073 90% 30 

LF < 16 x 10-6 90% 30 


16 Р9 - 0%(0 == +) 


Mass m = 547.30 + 0.12 MeV 
Full width Г = 1.18 + 0.11 keV И (s = 1.8) 


C-nonconserving decay parameters 


ata по 


Left-right asymmetry = (0.09 + 0.17) x 1072 


IG( JPG) 1-0-7 


Mass m = 134.9764 + 0.0006 MeV 
m + — ту = 4.5936 + 0.0005 MeV 
Mean life т = (84 + 0.6) x 1071 s (5 = 3.0) 


cr — 25.1 nm 

Scale factor/ Р 
т9 РЕСАУ MODES Fraction (F;/F) — Confidence level. (Мемо) 
2y (98.798£0.032) % 8-11 67 
ete» ( 1198--0032)% دنو‎ 67 
positronium ( 182 +0.29 ) x 107? 67 
etete سي‎ (344 +0.30 ) x 1075 67 
ete (75 +20 )x10-8 67 
4y < 2 x 1078 CL—90% 67 
ур lel < 83 x 1077. CL=90% 67 
2259 < 17 х 1076. CL—90% 67 
17-7 < 341 x 1076. CL=90% 67 
ېلا‎ < 21 х 1076. CL—90% 67 

Charge conjugation (C) ог Lepton Family number (LF) violating modes 
3y ë < 34 x 1078. CL=90% 67 
٢ ې‎ ен LF < 17 x 1078. CL=90% 26 


лет то Sextant asymmetry = (0.18 + 0.16) x 1072 
څې ې ې‎ Quadrant asymmetry = (—0.17 + 0.17) x 1072 
کچ کس‎ — Left-right asymmetry = (0.9 + 0.4) x 1072 
rty В (Ромам) = 005 +0.06 (5 = 15) 
Dalitz plot parameter 
10100 می‎ = –0.039 + 0.015 
Scale factor/ Р 
з} DECAY MODES. Fraction (Г;/Г) Confidence level (MeV/c) 
Neutral modes 
neutral modes (715 +06 )% 5-14 - 
27 [f] (39212-0:34) % 814 274 
Зло (322 +04 )% 8-13 8 
л02ү (та #14 ) x 10-4 257 
other neutral modes « 28 % CL=90% = 
Charged modes 
charged modes (285 %06)% 5-14 = 
مې اې‎ (231 +05 )% 5814 3 
тету (4.774043) % S-L3 25 
ete» (49 +11 у х1073 274 
ићи“ Y ( 34 +04 у x 1074 252 
ете” < 77 x10 موه‎ 24 
ut ( 58 £08 ) x 1076 252 
دو سر سا‎ (13 112 )х 1073 235 
Tm 27 < 21 х 1073 235 
па my < 6 x10-4 مهو‎ 173 
aÜ ut y < 3 х10:5 01-40) 20 
Charge conjugation (С)ГРату (Р)Г 
Charge conjugation x Parity (CP) or 
Lepton Family number (LF) violating modes 
ттт РСР وب‎ х10:5 C=0% 235 
3y C «5 х10:4 с=<%% 274 
лде سي‎ с [l< 4 x10-5 01-99) 257 
ШИЛ? с Ш<5 x10-$ а-9% 20 
prem + poet LF < 6 х1076 موه‎ 263 


0400-1200) ІЯ 


re РО) = (о ++) 
orc 


Mass m = (400-1200) MeV 
Full width Г = (600-1000) MeV 


& (400-1200) DECAY MODES Fraction (Г;/Г) р(Меуд 
TT dominant = 
vy seen = 
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I6(jPC) = 1t 7 7) Charge conjugation (C) or Рату (P) violating modes 


rtr РСР <2 % CL=90% 458 
Mass m = 770.0 + 0.8 MeV (5 = 1.8) тото РСР < 9 х107% С=90% — 459 
Full width Г = 150.7 + 1.1 MeV د د پو‎ с [H< 13 % CL=90% 469 
[ee = 6.77 + 0.32 keV пете € le] < 14 % CL=90% 322 
Scale factors p Га < 10 х 1074  CL—909$ 479 
о Е Ж 
(179) DECAY MODES Fraction (Г,/Г) Confidence level ۵۹ utum с g< 60 х10-5 а 4% 
ЖИГ! С وا‎ < 15 х1075 Сі-%% 274. 
тт ~ 100 % 358 
= 
" 06770) decays РС) = 0400 + +) 
T ( 45 +05 )х1071 5-22 372 
+ eee 
Tite 20 im. das RNC Mass m = 980 - 10 MeV 
тетет m < 20 x10 ам. 29 Full width Г = 40 to 100 MeV 
770)? decays р 
a ) ( 99 +16 ) x 109 T (980) DECAY MODES. Fraction (Fz/T) Confidence level (MeV/c) 
( 68 +17 )x 107-4 372 тт. dominant 470 
( 24 +08 ух107% 5-16 189 KK SER x 
: —5 YY (1494-0,33) x 1075 490 
ИС 450-5028) то 369 ete- «3 х 1077 90% 490 
U] С 449-022) x 1079 384 
« 12 х10-4 cL—90% 319 
& 2 х10-% CL=90% 246 JG (JPC) =17(0 ++) 
< 4 х10-5 CL=90% 252 
Mass m = 983.4 + 0.9 MeV 
16UPC) -о-а->) Full width Г = 50 to 100 MeV 
Mass m = 781.94 + 0.12 MeV. (S = 1.5) 20(980) DECAY MODES Fraction (Tj/T) р (MeV) 
Full width Г = 8.41 + 0.09 MeV тт dominant 321 
Fee = 0.60 + 0.02 keV KK seen == 
Scale factor/ p TY seen 422 
w(782) DECAY MODES Fraction (F;/T) Confidence level (MeV/c) 
тл л? (888 +07 )% 327 ГРС) 2o7( 7 7) 
Ty (85 +05 )% 379 
тл ( 221+030) % 365 Mass m = 1019.413 + 0.008 MeV 
neutrals (excluding ry) (53 zT ух 1073 = Full width Г = 4.43 + 0.05 MeV 
s Scale factor/ Р 
-4 
ny (65 жїр ) x10 199 4(1020) DECAY MODES Fraction (T/T) Confidence level. (MeV/c) 
س بر سا‎ (5.9 #19 ) x 107% 379 = 
utu (95 +23 ) x 1075 349 P К (49.1 --08 )% 5-13 127 
ete- ( 7.07 +0.19) x 1075 S=1.1 391 күк; (34.1 +06 )% л Ho 
pg r و < مر‎ % CL—909$ 261 pr + ata (15.5 #07 )% $=1.5 - 
ntry < 36 х 1073 С1—95% 365 "Y ( 1.26£0.06) % 5-11 363 
مچ ې چو‎ < 1 1073 сі-90% 256 Ty (13103) x 1073 501 
поту (72 £25 ) x 105 367 ete- ( 2.99::0.08) x 1074 8-12 510 
ut u- < 18 х10-5 а 3% utu (25 #04 ) x 107^ 499 
Зу < 19 х10-4 CcL=95% 391 کی‎ (13 198 )х 1074 363 
5 Charge conjugation (C) violating modes тіл” (8 tł ух10-5 5-15) 490 
т с <1 x10 CL=90% 162 = 
310 C <8 x 10-4 مه‎ 329 21 ph: а co 2 
هچ‎ рт < 7 х10-4  CL—909$ 219 
тлу < 3 x10-9 С=90% 490 
-4 z 
Gr PCy — ei — + (980) ed x10 CL—90% 39 
k -)-o'(0 7) поло < 1 x10 сі-90% 492 
Mass т = 957.78 + 0.14 MeV шүлс" < 87 хю-% а-% о 
n = -4 = 
Full width Г = 0.203 + 0.016 MeV (5 = 1.3) ттт < 15 x10. 995% за 
— meter < 12 х10-4 موه‎ 501 
cale factor, p о —3 وو‎ 
M 1 : терү < 25 х10 CL=90% 346 
af (958) DECAY MODES. Fraction (Г;/Г) Confidence level (MeV/c) ао(980) ре sios ti + 
n 9 ж 
тїт (438 #15 )% دنو‎ 232 HOSS 12 +97 үхло-4 = 
p?» (including non- (30.2 +13 )% دلو‎ 169 иг ot (12 708) А 
геѕопапіт+ ту) иш у (23 +10 у x 107 = 
поло (207 +13 )% بو‎ 239 
wy ( 3.01 £0.30) % 160 6(ЈРСу о += 
үү ( 2.11+0.13) % 5-12 479 Pre ) 
эл? ( 154026) x 103 430 Mass m = 1170 + 20 MeV 
wry (108026) x 1074 467 Full width Г = 360 + 40 MeV 
пет <5 % CL—90% 427 
тор» < 4 % CL—90% 118 In (1170) DECAY MODES Fraction (Г;/Г) p (Мемо) 
mtm m m «1 % موه‎ 372 
тетет тт neutrals «1 % CL=95% - ОЛ: шш ын 
па ба т” بر‎ < 1 % сї =90% 298 
бт < 1 % CL=90% 189 
тїт وکو‎ < 6 x10 cL=90% 458 
yy < 8 х10-4 موه‎ 469 
ато < 5 х10-4 مهه‎ 379 
ete- < د24‎ х10-7 С1-90% 479 


Meson Summary Table 


16 (PC) = ил шин 


Mass m = 1229.5 + 3.2 MeV (S = 1.6) 
Full width Г = 142 + 9 MeV ($ = 1.2) 


p 
51 (1235) DECAY MODES. Fraction (Г;/Г) Confidence level (MeV/c) 
dominant 348 
[D/S amplitude ratio = 0.29 + 0.04] 
TT ( 1.6404) x 10-3 608 
пр seen = 
ГАЛ АРЫН «50 2 34% 5% 
(ККу®т° < 8 % 90% — 248 
ко К?т= < 6 % 90% 238 
К Кет < 2 % 90% 238 
Фт < L % 84% 146 
a) (1260) И UPO = 171 ++) 
Mass m = 1230 + 40 MeV Il 
Full width Г = 250 to 600 MeV 
ړو‎ (1260) DECAY MODES Fraction (Г;/Г) p (Мем) 
dominant 356 
[D/S amplitude ratio = —0.100 + 0.028] 
ту seen 607 
т(тт)-маме possibly seen 575 
f (1270) ICPC) = о+(о ++) 
Mass m = 1275.0 + 1.2 MeV 
Full width Г = 185.5*28 Mev (5 = 1.5) 
Scale factor/ p 
#,(1270) DECAY MODES Fraction (Г;/Г) Contidence level (MeV/c) 
тт (84.6 +25 )% S=L3 622 
па“ 210 (72 255 5% 8-13 562 
КК (46 +04 )% 5-28 403 
Int Qe ( 28 £04 )% S=1.2 559 
7 (45 +10 ух 1073 5-2.4 327 
449 (зо +10 ух 1073 564 
yy (132947) x 1079 637 
NTT < 8 x10 CL=95% 475 
KOKOrt+ cc. < 34 х 1073 CL=95% 293 
ete- < 9 х 1078 сі-%% 637 
f (1285) I6(jFC) Sot ++) 
Mass m = 1281.9 + 0.6 MeV ($ = 1.7) 
Full width Г = 24.0 + 1.2 MeV. (S = 1.4) 
(r= р(тт) Pwave) 
Scale factor/ Р 
Ћ (1285) DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
4m (35 +4 )% 5-16 563 
пода ې‎ (23.5 30) % 5-16 566 
2rt 27 (11.7-- 15)% $=1.6 563 
рат“ (11.7-- 15)% 5-16 340 
410 < 7 х10-4  CL—909$ 568 
NTT (50 +18 )% 479 
20(980) т [ignoring а0(980) — (А +8 )% S—L2 234 
K 
ттт [excluding a5(980) т] (15 +7 )9 S=1L1 = 
KKT (96+ 12)% $=1.5 308 
KK*(892) not seen - 
yp (54+ 12)% 5-23 410 
oy (7.94 30) x 1074 236 
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16 (jPC) E 0%(0- +) 


Mass m = 1297.0 + 2.8 MeV 
Full width Г = 53 = 6 MeV 


1(1295) DECAY MODES Fraction (Г;/Г) p (Mevo 
1 سک‎ seen 488 
ао(980)т seen 245 
رس‎ seen - 
її(тт)5-ууауе seen = 
т(1300) I6 (JPC) =1—(0—+) 

Mass m = 1300 + 100 Мем ٨1 

Full width Г = 200 to 600 ٧ 
7(1300) DECAY MODES. Fraction (Гу/Г) p (Мед 
рт seen 406 
T (Tr )s-wave seen = 


16 РОУ =i {tT} 


Mass m = 1318.1 + 0.6 MeV (5 = 1.1) 


Full width Г = 107 + 5 MeV ٨1 


(КЕ KŠ and тт modes) 


Scale factor / p 
@,(1320) DECAY MODES. Fraction (Гу/Г) Confidence level (MeV/c) 
рт (70.1£2.7) % 5-12 419 
тт (14.5+12)% 535 
ITT (10.6+3.2) % 5—1.3 362 
KK ( 4.940.8) % 437 
1 (958) ( 5.3::0.9) x 1073 287 
mt ( 2.8+0.6) x 1073 652 
yY ( 9.43-0.7) x 1079 659 
тт < 8 % CL=90% 621 
ete- « 23 x 1077 CL=90% 659 
fo(1370) " I6 (PC) = ot t+) 
Mass т = 1200 to 1500 MeV 
Full width Г = 200 te 500 MeV 
(1370) DECAY MODES Fraction (Гу/Г) p (мед 
TT seen = 
4т зееп - 
47° seen - 
спот“ seen == 
тіл” 210 seen يې‎ 
2(пт)5-маме seen = 
т seen = 
KK seen = 
ҮҮ seen بډ‎ 
ete- not seen - 
f (1420) 1 РС) =0%1 ++) 
Mass m = 1426.2 + 1.2 MeV. ($ = 1.3) 
Full width Г = 55.0 + 3.0 MeV 
fj (1420) DECAY MODES. Fraction (Г;/Г) p (MeV/O 
K Kr dominant 439 
K K*(892)+ c.c. dominant 155 
NET possibly seen 571 
1420) 4 ie (PC) =о-а--) 
Mass m = 1419 + 31 MeV 
Full width Г = 174 + 60 MeV 
21420) DECAY MODES. Fraction (Гу/Г) p (мед 
рт dominant 488 
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(РО -0%0-?) 


Mass m = 1400 - 1470 MeV [ml 
Full width Г = 50 - 80 MeV Їл! 
1(1440) DECAY MODES Fraction (T;/T) p (MeVO 
ККт Seen - 
KK*(892)4- с.с. Seen = 
тт seen - 
ag(980)z seen - 
"(тт)5-науе seen = 
4т seen = 
a0 (1450) увы qutt) 
Mass m = 1474. + 19 MeV 
Full width Г = 265 + 13 MeV 
ay (1450) DECAY MODES. Fraction (Г;/Г) p (Meyo 
T seen 613 
11 (958) seen 392 
KK seen 530 


je РО) =1+177) 


Mass m = 1465 + 25 Мем [ml 


Full width Г = 310 


p (1450) DECAY MODES 


+ 60 MeV [ml 


Р 
Fraction (T/T) Confidence level (MeV/c) 


"TT seen 719 
4т seen 665 
шт <20% 95% 512 
ete- seen 732 
пр < % 317 
фт. < % 358 
KK <1.6 x 1073 95% 541 
5(1500) 1 6) аот) 
Mass m = 1500 + 10 Mev (5-13) 
Full width [ = 112 + 10 MeV 
f(1500) DECAY MODES Fraction (Г;/Г) p (Меме) 
mj (958) seen = 
nn seen 513 
4т seen = 
4r? seen 690 
Ont 227 Seen 686 
27 seen = 
тїт seen 737 
279 seen 738 
KK seen 563 
Р.(1525) ГРС) = ot(g t +) 
Mass m = 1525 + 5 MeV [m] 
Full width Г = 76 + 10 MeV [1 
fb, (1525) DECAY MODES Fraction (Г;/Г) p (MeVic) 
KK (888 +31)% 581 
77 (103 +34 )% 531 
тт (82 +15 )x 1073 750 
үү ( 1324-021) x 1076 763 


(1600) Pl 
Mass m = 1649 4 


Meson Summary Table 


IGuPO =о-а--) 


Е24 Ме/ (S=23) 


Full width Г = 220 + 35 MeV ($ = 1.6) 


(1600) DECAY MODES Fraction (Г;/Г) р (Mevo 
рт seen 637 
тт seen 601. 
ete- seen 824 
w3(1670) IGuPC) =о-в--) 
Mass т = 1667 + 4 MeV 
Full width Г = 168 + 10 MeV [m] 
(1670) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
рт seen AT 
штт seen 614 
6, (1235) possibly seen 359 
л2(1670) јер =1-2-+) 
Mass т = 1670 + 20 Mev [Ч 
Full width Г = 258 + 18 Mev № (5 — 1.7) 
12(1670) DECAY MODES Fraction (Г;/Г) р (Мемо) 
Зт (95.84:14) % 806 
Б(1270)т (56.2+3.2) % 325 
рт (31 +4 )% 649 
(1370 ут ( 8743.4) % = 
K K*(892)+ с.с. ( 4.2414) % 453 
$1680) 19095) =0-(1- 7) 
Mass m = 1680 + 20 Мем [7l 
Full width Г = 150 + 50 MeV 71 
$1680) DECAY MODES Fraction (Г,/Г) р (Мемо) 
K K*(892)+ с.с. dominant 463 
K 9 Кт seen 620 
KK seen 681 
ete- seen 840 
штт not seen 622 
p3(1690) (Ру о) 


JP from the 2r and KK modes. 


Mass m = 1691 + 


Е 5 Mev [m] 


Full width Г = 160 + 10 Mev Я 


($ = 1.5) 


Р 
Scale factor. (MeV/c) 


pa(1690) DECAY MODES Fraction (Г;/Г) 

4r (TL1 = 19)% 788 
Ето (67 +2 )% 788 
шт (6 +6 )% 656 

тт (236 + 13)% 834 

ККт (38 + 12)% 628 

KK (1588 026) % 12 686 

natr seen 728 


Meson Summary Table 


p(1700) [41 


Mass m = 1700 + 20 MeV 1" 
Full width Г = 240 + 60 MeV 1771 


ie (PC) =1+07-7) 


(10? and z! z modes) 
(mp9 and лт” modes) 


2(1700) DECAY MODES Fraction (Г/Т) p (Мемо 
ртт dominant 640 
2(т7-т7) large 792 
۳م‎ T large 640 
рт tao large 642 
ور و‎ seen 838 
тт seen 839 
КК“ (892) + c.c. seen 479 
"po seen 533 
KK Seen 692 
ete seen 850 
ېچ‎ жеп 662 
#01710) Ч 16 (PC = у (even ++) 
Mass т = 1712 + 5 MeV ($=1.1) 
Full width Г = 133 + 14 MeV. (5-12) 
f,(1710) DECAY MODES. Fraction (Г/Т) p (Мемо) 
KK seen 690 
17 seen 648 
TT seen 837 
v (1800) CUPO =1707 t) 
Mass т = 1801 + 13 MeV (5 = 1.9) 
Full width Г = 210 + 15 MeV 
т(1800) DECAY MODES Fraction (Г,/Г) p (Мемо 
Tz m seen = 
(980 ут“ seen 623 
5(1370)т” seen = 
рт not seen 728 
mpm seen = 
ао(980у7 seen 459 
f6(1500)z ` seen 240 
ту (958 ут — seen - 
КоАЗОЈК— seen = 
K*(892)K— not seen 560 
$3(1850) IEP = o7(87 7) 
Mass m = 1854 + 7 MeV 
Full width Г = 87725 MeV (5 = 1.2) 
$3(1850) DECAY MODES Fraction (Г,/Г) p (Мемо) 
KK seen 785 
K K*(892) - c.c. seen 602 


Seen by one group only. 


[6 (PC) = о+2+ +) 


Mass m = 2011 +69 MeV 
Full width Г = 202 + 60 MeV 


£,(2010) DECAY MODES. Fraction (Г;/Г) p (Mao 
ФФ seen - 
Mass m = 2020 + 16 MeV 
Full width Г = 387 + 70 MeV 
24(2010) DECAY MODES. Fraction (Г;/Г) р (Мемо) 
KK seen 892 
ېچ اچ‎ seen = 
пто seen 941 
&(2050) (SPC) s та +) 
Mass m = 2044 + 11 MeV (5 = 1.4) 
Full width Г = 208 + 13 MeV (5 = 1.2) 
fa(2050) DECAY MODES Fraction (Г/Т) р(меуо 
wu (26 +6 )% 658 
тт (17.0+1.5) % 1012 
KK (68134) x 1073 895 
nn ( 2102) x 1073 863 
47° < 12 % 977 
5 (2300) р буг 877) 
Mass m = 2297 + 28 MeV 
Full width Г = 149 + 40 MeV 
f> (2300) DECAY MODES. Fraction (Г;/Г) p (MeV) 
oo seen 529 
(2340) 6) C soto, 
Mass m = 2339 + 60 MeV 
Full width Г = 319289 MeV 
f,(2340) DECAY MODES Fraction (Г;/Г) р (Меме) 
Фф seen 573 
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STRANGE MESONS 
(S= +1, C=B=0) 


К+ = ysl K? = ds KO = ds K— 


us similarly for K*'s 


КР) = 507) 
Mass m = 493.677 + 0.016 Mev М (s = 2.8) 
Mean life т = (1.2386 + 0.0024) x 10785 (S = 2.0) 
ст = 3.713 т 
Slope parameter g [vl 
(See Particle Listings for quadratic coefficients) 
КЕ патак“ 0.2154 + 0.0035 (S = 14) 
К = ттт = -0.217 + 0.007 (5- 2.5) 
КЕ — rrr? = 0.594 + 0.019 (5 = 1.3) 
К+ decay form factors [2] 
Ki, X = 0.0286 + 0.0022 


Кїз Ay = 0.032 + 0.008 (5 = 1.6) 
Kis Ag = 0.006 = 0.007 ($ = 16) 


КА [f/f] = 0.084 = 0.023 (S= 1.2) 

КА |f/ft|-038x011 (S= 1.1) 
|т/ | = 0.02 + 0.12 

К+ = etuey |Ед + Fy| = 0.148 + 0.010 
K+ — utw,y |Fa + Бу] < 0231 CL = 90% 
Kt = етиу |FA — Fy| « 049 

Kt ЖУЛ ЇРА - Fv| = —2.2 to 0.3 


КТ modes are charge conjugates of the modes below. 


Scale factor/ p 
КТ DECAY MODES Fraction (F;/T) Confidence level (MeV/c) 
ио, (63.51--0.18) % 8-13 مته‎ 
ety, ( 1.5540.07) x 10-5 247 
тъл? (21.162-0.14) % S=L1 205 
Ган ажлын ( 5.59+0.05) % 5-18 125 
at مې و‎ ( 17300) % 8-12 133 
سر‎ us, ( 3.182-0.08) % 8-15 215 
Called К}. 
Wet ve ( 4.822-0.06) % S-i3 228 
Called КА. 

y, (21 +04 )x 1075 2%‏ و سا 
пел ety, ( 3.91::0.17) x 1075 208‏ 
UT y (14 +09 )x 1075 151‏ ې 
TOTO et y, < 35 x10-6 С1-9% 135‏ 
atyy М (110-032) x 1076 207‏ 
at By [I] < 10 х10-5  CL—90 227‏ 
(ШУЛ? < 60 x10-9 cL=%% 236‏ 
еви? < 6 х1075 CL=90% 247‏ 
у х 1077 236‏ 04+ 13 ( :1 
ее e (зо 130 ух 1078 247‏ 
ut vut и“ < 41 x10-7  CL—90& 185‏ 
ит у ( 5.50--028) x 1073 236‏ 
Doy] (275-015) x 10-4 205‏ بهل at‏ 
[о] (1.8 +04 )x 1075 205‏ د رر شا 
па Ty ky] ( 1.042:0.31) x 1074 125‏ 
at Oy by] (тв 185 )x 1076 133‏ 
215 موه met uy boy] < 61 x105‏ 
met vey bay] ( 2.622:020) x 10-4 228‏ 
Wet vey(SD) [аа] < 53 х10-5 Сл=40% 2%‏ 

wet vey < 5 х 1076 CL=90% 2% 
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Lepton Family number (LF)I Lepton number (ГГ AS = AQ (SQ) 


violating modes or AS = 1 weak neutral current (51) modes 


mmt eV. 50 < 12 x10-8 cL—%% 203 
ШЕТ, 50 < 30 х1076 مول‎ 151 
و د سا‎ 51 ( 2.74::023) x 10-7 227 
att рт 51 (50 +10 ) x 1078 172 
13477 St (42 235 )х 10719 227 
и“ vetet LF « 20 x10-8  CL-909& 236 
HT ve LF [d< 4 x10-3 сі-9% 236 
тїн کو‎ LF трі x10-10 موه"‎ 24 
ntu et LF «T х1079 сі-9% 24 
m-utet L EUR x10-? сі-ю% 214 
metet L < 10 х 1078 сі-%% 227 
mut ut L [91 < 15 х10-4  CL-909$ 172 
ИТР. L [d < 33 х 1073 cL=90% 236 
бер. L < 3 х 1073 cL=90% 2% 


Ру = 507) 


50% К<Г50% Ку 


Mass m = 497.672 + 0.031 MeV 
тко — тус = 3.995 + 0.034 MeV (S = 1.1) 
[mo = mol / Maverage < 10-18 190) 


KJP) 107) 

Mean life т = (0.8934 + 0.0008) х 10-195 

cr = 2.6762 cm 
CP-violation parameters [02] 


то} = —0.002 + 0.008 
Іт(зооо)2 < 0.17 CL = 90% 


Scale factor/ p 


KQ DECAY MODES Fraction (F;/T) ^ Confidence level. 09 
ata (68.61 +0.28) % 5-12 2% 
поло (31.39-50.28) % 5=12 209 
тетү [ydd] ( 1.782:0.05) x 103 206 
yY (24 £09 )х 1076 249 
ata (за tht yx 10-7 133 
Зло < 37 х10-5 cL=90% 139 
лЕеРи [ее] ( 6.70--0.07) x 104 S=1.1 229 
т=н [ee] ( 4.69--0.06) х 10-4 | 5-11 0216 
AS = 1 weak neutral current (51) modes 
иш 51 < 32 х1077  CL-9096 225 
ete- 51 « 14 х10-7  CL—909& 249 
ete 51 < 11 х 1076 CL—90% 23 


КР) = ко“) 


тк, 


з — MK, = (0.5301 + 0.0014) x 1019 7, $71 


= (3.489 + 0.009) x 10712 MeV 
Mean life т = (5.17 + 0.04) x 1078 5 (S = 1.1) 
ст = 1551 т 


Slope parameter g [vl 
(See Particle Listings for quadratic coefficients) 
К — جح ام‎ = 0.670 + 0.014 (5- 1.6) 
Ку, decay form factors [w] 
K2, Ay = 0.0300 + 0.0016 (5-12) 
KO, A+ = 0.034 0.005 ($—23) 
Ло = 0.025 + 0.006 (S = 2.3) 
ко, |fs/f.| < 004ГС1 = 68% 
ко, || < о2ага. = 68% 
|| = 0.12 + 0.12 
«к» = —0.28 + 0.08 


K, = ететт: 


Meson Summary Table 


CP-violation parameters [cc] 
ë = (0.327 + 0.012)% 
|поо| = (2.275 + 0.019) x 1073 
|.| = (2.285 + 0.019) х 10-3 


(8-14) 


|поо/14-—| = 0.9956 + 0.0023 71 (s = 1.8) 
е је = (1.5 + 08) x 10-31 (s = 1.8) 


°)0.6 + 43.5( = ېه 

Фоо = (43.4 + 1.0)° 

Фоо — Ф = (—0.1 + 0.8)° 
Ло K} — ттт = 0.0011 4 
[m| = (2.35 x 0.07) x 1073 
Фу = (44 + 4p 

lé Me < озга. = 90% 


AS = —AQ in К, decay 


Е 0.0008 


Ве х = 0.006 + 0.018 (5 = 1.3) 
Im x= —0,003 + 0.026 (5 = 1.2) 


CPT-violation parameters 
Re À = 0.018 + 0.020 
Im A = 0.02 + 0.04 


Scale factor / Р 
Fraction (Г;/Г Confidence level (MeV/c) 
К? DECAY MODES. i 
349 (2112 +027 )% دلو‎ 139 
هر ووا‎ ло (12.56 +020 )% 8-17 133 
т=н leg] (2717 +025 )% заа مته‎ 
Called КО. 
те ћи [zz] (3878 +027 )% S-il 229 
Called ко, 
2y ( 5.92 £0.15 ) x 1074 249 
Зу < 24 x 10-7 CL=90% 249 
т92у [hh] ( 170 +0.28 ) x 10-6 231 
رړ و کې دې‎ leg] ( 518 £0.29 )x 1075 207 
(mrpatom)v (1.06 £0.11 )x 1077 = 
пету [вв] (3.62 *029 у x 19-3 229 
тлу [ohh] ( 461 +0.14 у x 1075 206 
Dr < 56 x10-9 209 


Charge conjugation х Рату (СР, CPV) or Lepton Family number (LF) 


violating modes or AS = 1 weak neutral current (51) modes 


ттт CPV (2067-0035) x 10-3 5-11 206 
толо СРУ ( 9.36 +0.20 ух 1074 209 
utu 51 (72 +05 0۶د«(‎ 8-14 225 
ићи“ у 51 ( 3.25 £0.28 үх 1077 225 
ete- 51 < 44 хю-На =90% 249 
етету 51 (91 +05 )x10-9 249 
ete yy St [h] (65 +12 )x10-7 249 
سر سا‎ ебет 51 [h] < 46 x10-7 موه‎ 206 
utu اک‎ ew 51 (29 184 ух1079 225 
ete-ete- 51 (41 жов )x109 5—12 249 
a9 ut u- CPSI М < 54 x 10-9 сі-% i7 
met em CPSI М < 43 x 10-9 CL=90% 231 
пдур CPISt j] < 58 x 1075 CL—90% 231 
et nF LF [gg] < эз لل هدر‎ =90% 238 
et et uF ит LF [g] < 61 x107? موه‎ - 
K*(892) KP) = 307) 

K*(892)- mass m = 891.66 + 0.26 MeV 

K*(892)° mass m = 896.10 + 0.28 MeV (5 = 1.4) 

K*(892)= full width Г = 50.8 + 0.9 MeV 

K*(892)° full width Г = 50.5 + 0.6 MeV (S = 1.1) 

Р 

K*(892) DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
Kr ~ 100 % 291 
Koy ( 2.30-40.20) x 1073 310 
Kt» ( 99 +029 )x 10-4 309 
Ктт < 7 x 1074 95% 224. 


د دو 


Mass m = 1273 + 7 MeV [m] 
Full width Г = 90 + 20 MeV 1 


K1(1270) DECAY MODES Fraction (Г;/Г) р (Мемо) 
Кр (42 +6 )% 76 
K§(1430) т (28 +4 )% = 
لن وو‎ (16 £5 )% 301 
Kw (11.0--2.0) % = 
K (1370) (30420) % - 


Mass т = 1402 + 7 MeV 
Full width Г = 174 + 13 MeV (5 = 1.6) 


K1(1400) DECAY MODES Fraction (Г;/Г) р (Мемо) 

К(892)т (94 +6 )% 401 

Ке ( 3.02:3.0) % 298 

K (1370) ( 2.0+2.0) % = 

Ко (101.0) % 285 

(1430) т not seen - 
K*(1410) iP) = 107) 


Mass m = 1414 + 15 MeV (S=1.3) 
Full width Г = 232 + 21 MeV (5 = 1.1) 


Р 
K*(1410) DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
К*(892)т > 40 % 95% 408 
Кт ( 6.61.3) % 611 
Кр < 7 % 95% 309 


i^ د‎ 


Mass m = 1429 + 6 MeV 
Full width Г = 287 + 23 MeV 


Ko(1430) DECAY MODES Fraction (Г;/Г) р (Меме) 
Кт (9310) % 621 
K3(1430) iP) = 507) 


K3(1430)* mass m = 1425.6 + 1.5 MeV. (5 =11) 
K3(1430)? mass m = 1432.4 + 1.3 MeV 

K3(1430)* full width Г = 98.5 + 2.7 MeV (S =1.1) 
K3(1430)? full width Г = 109 = 5 MeV (5 = 1.9) 


Scale factor/ p 
к: 21430) DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
Kr (49.91.2) % 622 
К*(892ут (24.7--1.5) % 423 
K*(892)r v (13.4::22) % 375 
Kp ( 8.7+0.8) % 5-12 331 
Kw ( 2.9+0.8) % 319 
Kty ( 2440.5) x 1073 S=L1 627 
Kn (C15 D x 1073 5=13 492 
Кет < 72 х 1074 CL—%% 110 
ко, < 9 х107%  cL—%% 631 


11-13 


11-14 


iP = $07) 


Mass m = 1717 + 27 MeV (5 = 1.4) 
Full width Г = 322 = 110 MeV (S = 4.2) 


K*(1680) DECAY MODES Fraction (Г;/Г) р (Мемо) 
Кт (38.7 £2.5) % 779 
Kp цал 571 
K*(892) (29.9722) % 615 
Ko(1770) М КР) = 387) 
Mass m = 1773 = 8 MeV 
Full width Г = 186 + 14 MeV 
Ko(1770) DECAY MODES Fraction (Г;/Г) p (мемо 
Ктт - 
К5(1430)т dominant 287 
К*(892) п seen 653 
K Б(1270) seen - 
Ko seen 441 
Ku seen 608 
K:(1780) IUP) = 387) 
Mass m = 1776 = 7 MeV (5 = 1.1) 
Full width Г = 159 +21 MeV (5 = 1.3) 
p 
K3(1780) DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
Kp (31 +9 )% 612 
K*(892)= (0 +5 ما(‎ 651 
Kr (18.8+ 1.0) % 810 
Ky (30 +13 )% 715 
K3(1430)7 < 16 % 95% 284 
Ко(1820) ۳ КИР) = #27) 


Mass m = 1816 + 13 MeV 
Full width Г = 276 = 35 MeV 


К2(1820) DECAY MODES. Fraction (Г;/Г) p (Mevo 
К5(1430)т seen 325 
К*(892) т seen 680 
K Б(1270) seen 186 
Ku seen 638 
ШЫ 

Mass m = 2045 + 9 MeV (5 = 1.1) 

Full width Г = 198 = 30 MeV 
KA (2045) DECAY MODES Fraction (Г;/Г) р (Mevo 
Кт (99:12) % 958: 
К*(892утт (9 +5 )% 800 
К*(в92уттт (7 +5 )% 764. 
pKr (57+3.2) % 742 
«Кт (5.0--3.0) % 736 
ФКт (28:14) % 591 
ФК*(892) (142-07) % 363 
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CHARMED MESONS 
(C2 +1) 


сагро = cur D? = сигр“ = саг similarly for 075 


КР) = 107) 


Mass m = 1869.3 + 0.5 MeV ($ = 1.1) 
Mean life 7 = (1.057 + 0.015) x 10712 s 
ст = 317 ит 


CP-violation decay-rate asymmetries 


D+ 


Acp(Kt K rE) = —0.017 + 0.027 
Acp(K* К?) = —0.02 + 0.05 
Аср(фт) = —0.014 + 0.033 
)ي۸‎ ٣۲۳٣ rE) = —0.02 + 0.04 
— K*(892)0£^ v, form factors 

№ = 0.72 + 0.09 

ry = 1.85 + 0.12 

Г,/Гт = 1.23 + 0.13 

T/T = 0.16 + 0.04 


D— modes аге charge conjugates of the modes below. 
Scale factor/ p 
р" DECAY MODES. Fraction (Г;/Г) Confidence level (MeV/c) 
Inclusive modes 
e+ anything (172 +19 )% - 
K anything (24.2 +28 ) 5 5-14. = 
Ко anything + КОапушШїп (9 +7 )% - 
К+ anything (58 +14 )% - 
т anything [nr] < 13 % cL=90% - 
Leptonic and semileptonic modes 
HT vy « 72 х10-4 ښوه‎ 932 
K9ttv, foo] (68 %08)% 868 

etve (67 +03 )% 868‏ سا 

Korut, (то +30 3% 865 
و یس سی‎ ٢ (41 +93 )% 863 

K*(892)9 et ve (32 +033) % 720 

x B(K 5 Кел) 

K— at e* v. nonresonant < Т х10-3 CL—90% 863 
Kortu и, (32 +04 )% 6-11 851 

K*(892)9 ut v, (29 +04 )% 715 

х В(К"О => КТ m) 

К тъ ut и, nonresonant (27 +11 )x 1073 851 
(К*(892) P et v. < 12 % cL=90% 714 
(Km ay! e* v.non- K*(892) «9 х 1073 сі-90% 846 
Korta utu, < 14 х10-3 cL=90% 825 
ېچ‎ ve [рр] (34 +15 ух 1073 930 


Fractions of some of the following modes with resonances have already 
appeared above as submodes of particular charged-partide modes. 


K*(892)9 t* v; [oo] (47 +04 )% 720 
K*(892y9 et v. (48 +05 )% 720 
K*(892Y9 rt, ( 44 +06 )% دنو‎ 715 

ебі (22 +08 ) x 1073 776 

Put v, (27 +07 ) x 1073 772 

фе < 2.09 % CL=90% 657 

PUT и, < 3.72 % CL=90% 651 

01587) < 5 х 1073 сі-90% - 

of (958) и v, < 9 х10-3 с1=90% 684 

= Hadronic modes with a K or KKK 
Kogt ( 2:89:-026) % S=11 862 
Кия [qq] (9.0 +O )% 845 
K=*(892)9++ ( 1272-0.13) % 712 
x В(КО қ-а”) 

Kg1430y rt (23 +03 )% 368 
x B(K§(1430)° — К-т”) 

К*(1680)°т+ (37 +08 ) x 1073 65 
x В(К*(1680)9 = К-т?) 

К amt nonresonant (85 +08 ) 96 845 

Por [qq] (97 --30 )% دنو‎ 845 
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Kept 
К*(892)0 rT 
х B(K* — K9%r9) 
K rtr nonresonant 
Кок као 
K*(892)? pt total 
x B(K*9 5 К-т+) 
К (1400 z+ 
x B(K,(14009 = К-т+ 
K- pt st total 
К p* اج‎ 3-body 
K*(892)9 ^ потока! 
x В(К — Қ-т?) 
K*(8929 1 3007 
x В(К*0 К-т?) 
K*(892)- rt at 3-body 
x B(K*- — К-л9) 
Кот s a? nonresonant 
ور يو وسوا‎ 
Ка; (1260) - 


19% 


a9) 


[т] 
[qql 


x B(a (1260) — тітіл”) 


Кү(1400У rt 


x В(К1(14009 = ۹ 


K*(892) rT rt 3-body 
х B(K*- — Кол“) 
K? 00 s total 
K? рол 3-body 
Котт т+ т^ nonresonant 
Копи ил“ 
K*(802 r^ سور‎ 
x B(K*9 5 К-т?) 
K*(892y9 pP + 
x B(K* К-т?) 
К*(892)°т x^ rT no-p 
x B(K* > К-т?) 
Ко тт 
К-тітітіт” nonresonant 
Копи مې و‎ 
پر سور دې ور سيا‎ 
Коза а ттт 
Копи چ٢ کې‎ 
ROR K+ 


Fractions of some of the following modes with resonances have already 


[qql 


( 6.6 =25 )% 
(63 +04 )x 103 


(13 і11)% 
(64 +11 )% 
(14 +09 )% 


(22 +06 )% 


(зл +11 )% 
(11 +04 )% 
(45 шоо )96 


(28 +09 )% 
(7 аз )x10Ó3 


(12 +06 )% 
(70 £09 )% 
( 40 +03 )% 


(22 +06 )% 
(14 +06 )% 


(42 x09 )% 

(5 +5 )x10— 
(8 +4 کد«(‎ 
(72 +10 ух 1073 
( 54 £23 ух 1073 


(19 +h yx 1073 

(29 #11 )x 1073 

(за +09 ух 1073 
< 23 x 1973 

(22 T$ )% 

(54 153 )% 

(8 +7 ух107% 


(20 +18 ух 1073 
(18 £08 )% 


С =90% 


appeared above as submodes of particular charged-particle modes. 


Rept 

Ka,(1260)+ 

Ka9(1320)+ 

K*(892 rt 

K*(892)° pt total 
K*(892)° ام‎ S-wave 
K*(8929 p+ P-wave 
K*(892)9 pt D-wave 
K*(892)9 pt D-wave longitu- 

_ . dinal 

К! (12709 rt 

K,(1400 r+ 

КАТО rt 

وي( ووا 

К*(1680 rt 

K*(8929 rT x? total 
K*(8929 1^ по 3-body 
K*(892)- rtrt 3-body 

К pt x* total 
K- اج ۲م‎ 3-body 

K? total 
КО pat 3-body 

KO fy (080) 

K*(892 ام ام‎ rT 
K*(892)9 072+ 
K*(8929 ^ rt по-р 

Ко тт 


[m] 
[m] 


[m] 


( 6.6 +25 )% 
(80 +=17 )% 
«3 х1073 
( L.90+0.19) % 
(21 £13 )% 
(16 =16 )% 


gi x107 
(0 +7 )x10 
<7 x 1073 
< 7 х 1073 
(49 =12 )% 
<7 х 1073 


(37 +04 )% 
( 143 +0.30) % 
(67 +14 )% 
(42 £14 )% 
(20 +09 )% 
(341 =11 )% 
(11 +04 )96 
(42 +09 )% 
(5 +5 )x1073 
< 5 х 1073 
(81 +34 ух 1073 


(29 tH yx 1073 
(43 +17 ух 1073 
(31 +09 )x 1073 


CL—90% 


CL—90% 


CL—90% 


CL—90% 


CL—90% 


CL—90% 


CL—90% 
SLT 


$=1.8 


680 
712 


845 
816 
423 


390 


616 
616 
687 


687 


688 


816 
814 
328 


390 


688 


614 
614 
814 
772 
642 


242 


642 


529 
772 


775 


773 


714 
718 
545 


680 
328 
199 
712 
423 
423 
423 
423 
423 


487 
390 
382 
368 

65 
687 
687 
688 
616 
616 
614 
614 
461 
642 


242 


642 
529 


Pionic modes 

тъпо ( 25 £07 )x 1073 
тітіл- (36 #04 ) x 1073 

peat ( 1.05--0.31) x 10-3 

ттт nonresonant ( 22 +04 ) x 1073 
та رس‎ (18 Bl )% 

тох Bn Tnm) (17 +06 ) x 1073 

wat x B(w — ریو‎ по) < 6 x10  CL-905 
па а m т^ (21 504 )x 10-3 
пат а 9 (29 138 у х 1073 


Fractions of some of the following modes with resonances have already 
appeared above as submodes of particular charged-partide modes. 


тт (7.5 £25 )x 1073 
put ( 105-031) x 10-3 
wrt BF x10  CL=90% 
пр“ < 12 % CL=90% 
nf (958) тт < 9 x10-3 сі-90% 
1958) p> < 15 % CL=90% 
Hadronic modes with a K K pair 
KHK? (74 £10 ух 1073 
Kt »سو‎ [91 (88 +08 )x 1073 
ort x B( — KTKT) ( 3.0 +03 ух 1073 
K+ 76 (28 £04 ух1073 
x B(K* — Kort) 
K+ Kt nonresonant (45 +09 )x 1073 
KOKO ېې‎ — 
K*(892)t КО (21 +10 )% 
x В(К — Кох" 
Kt وی‎ 7? — 
ertr? x В(ф— KtK-) (11 +05 )% 
фр! хВ(ф- K*K-) « 7 x10 с1-90% 
Kt Kt لم‎ non-ó (15 184 )% 
KT Kot کې‎ «2 % CL=90% 
K9k- atat ( 10 +06 )% 
K*(892)* K*(892)° (12 £05 )% 
х В2(К*+ — Кох“) 
КО°К-тїтї non-K*t KO < та х10-3  CL-909 
سر ور و ې نی‎ - 
фи ور ور‎ <1 х 1073 CL=90% 
x В(ф-» سرو‎ 
K+ К-ті at т^ nonresonant <3 % CL—90% 


Fractions of the following. modes with resonances have already appeared 
above as submodes of particular charged-particle modes. 


oat (61 +06 )x 1073 
portr? (23 +10 )% 

фр“ < 14 % CL=90% 
ort سر دو‎ 2 х 1073 cL=90% 
KT K*(go2? (42 £05 ) x107? 
K*(892)* ко (32 £15 )% 
к“ (892) - K*(892)° (26 +11 )% 


Doubly Cabibbo suppressed (DC) modest” 
AC = 1 weak neutral current (СТ) modes[ or 


Lepton Family number (LF) or Lepton number (L) violating modes 


DC (68 £15 ) x 1074‏ سر ي0 
кер DC (25 +12 }x 1074‏ 
K*(892) xt DC (36 +16 )x 1074‏ 
Ktrta nonresonant pc (24 #12 ух 107%‏ 
DC < 14 x10-^ 4‏ سر يی دي 
фКТ рс < 13 х10-5 С-90%‏ 
mtete- ст < 65 х10-5 С1-90%‏ 
at pet peo ст < 18 x10-5  CL-909$‏ 
pt utu сї < 56 x10-^  CL-909‏ 
Ktete- [s] < 20 х 107%  CL-909$‏ 
K* ut u- [s] « 97 x10-5 С1-90%‏ 
тећи“ LF < 141 х10-4 CcL-—90%‏ 
rte pt LF < 13 x10-^  CL-909‏ 
Ktetu- LF < 13 x10-^  CL-90*‏ 


925 
908 
769 
908 


882 


848 
764 
845 


799 


848 
769 
764 
658 
680 
355 


792 
744 
647 
610 


744 
741 
611 


682 
619 
268 


682 


678 
678 
273 


678 
600 
565 


600 


647 
619 
268 
565 
610 
611 
273 


845 
681 
712 
845 
550 
527 
929 
917 
759 
869 
856 
926 
926 
866 
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Kte-yut LF « 12 x10-^ موه‎ 866 К-т+то [qq] (139 +09 )*6 S—13 844 
metet L < 11 x10-4^ сї—90% 929 K pt (108 +10)% 678 
سا‎ ut ut L < 87 х10-5 С1-90% 917 K*(892)- т" (L7 +02 )% 711 
теи Ë < 11 х10-5 CcL—90% 926 _х ВК — K-a9) 
—utut Ё < 55 х10-4 а-ю% 759 K*(892) по ( 2.1 +03 )% 709 
(ЖЕГУ ام‎ 
K-etet L < 12 x10-^ С1=90% 869 x B(K*9 — К-т”) 
Ко и" ut L « 12 х 107% с1-90% 856 _ K—r* a? nonresonant (6.9 +25 )x 1073 844 
Ko et yet L < 13 х107% cL=90% 866 КОтОтО - 843 
K*(892)- pt pt L < 85 х10-4 0909. 0 703 K*(8929 1° (11 40.2 )% 709 
— x B(K'9 — Ken?) 
EA z Њу КО 7979 nonresonant (79 £241 )x 10-3 843 
y= 207) K-atata- [991 (7.6 +04 )% scii — #12 
К-т? д0 total ( 63 +04 )% 612 
= .6 = 0.5 MeV (5-14 
Mass m Ш 0 ir M * < 27 i K— т+ p 3-body (48 +21 ух 1073 612 
тр-- тро = 476 + 010 MeV. (5-14) K*(892) 0 (98 +22 } x107? 418 
Mean life т = (0.415 + 0.004) x 10712 s x во э қ-ғ) 
ст = 124.4 um ib š - K- a (1260) (3.6 +06 )% 327 
lm _ mpal < 24x 101? 8 s-1T CL = 90% 8 x B(a (1260) — tata) 
|Гро = ГроГро < 0-207 CL = 90% Ч и à (15 +04 )% 683 
1 2 Е x — Кох 
(Kt Te (ма DPy/T(K- £^ vr) < 0.005 CL = 90% К" (8929 r+ x 3-body (95 +21 ух1073 а 
F(K-7 77 or K-n п по (viaD9)) = x B(K*9? = К-т”) 
< 0.0085 (or < 0.0037)[ CL = 
Г(К-т-о"К-т-т-т-) ( ) Ki(1270)- т" ІН (36 +10 ух1073 483 
90% [71 x в(Ку(1270)- — Кол“) 
ын ui وا‎ тї ат nonresonant ( 1,76 +0.25) % 812 
x Даны rate asymmetries Коло [aq] (100 +12 )% 812 
Acp(K* K) = 0.026 + 0.035 Kon x Bop — та“ 0) ( L6 +03 ) x 1073 772 


Acp(at тт) = —0.05 + 0.08 K9 x B(w — m'a x9) (19 зол )% 670 
Ace (Ke $) = —0.03 + 0.09 K*(892)- ۳م‎ (41 41.6 )% 422 

Аср(К@т9) = —0.018 + 0.030 x B(K*- — Кох“) 
то А К*(вэ2)° 0 (49 +11 ух 1073 418 

modes аге charge conjugates of the modes below. x в(С9 ys Коло) 
Scalefador/ р K,(1270) т+ (54 +14 )x1073 483 

рд DECAY MODES Fraction (F;/F) — Confidence level. (MeV/c) x В(К!(1270)- + КОл-л9) 
: K*(892y9 xt т7-3-род 48 +11 )x 1073 683 
. Inclusive modes | ВЭ M 950) : : 

et anything ( 6.75+0.29) % - йр =й 

лт“ nonresonant (21 =21)% 812‏ وی _ 8 . نف 
то (15 +5 (٤ 815‏ وې کې ې w anything iade‏ 
Коше г. (53 +4 )% sia = K- ror p go (ad зох )% ын‏ 

i thi +5 مو(‎ - 2 о 

2. а аши Ge | : Їл K*(892P rrr? (12 £06 ) % 641 
KT anything (34 Tga )% = x B(K*0 ب‎ K- т*) 

5 anything [nn] < 13 96 CL=90% - K*(892)° n (29 +08 ) x 1073 580 

a ٩ x В(К*О — K—=+ 
И Semileptonic modes x Bs — ка“ т) 

K e и [oo] ( 3.50+0.17) % 8-13 867 К-т+о x Bw > rtr пб) (27 +05 )% 605 
Ктетие ( 3.66 +0.18) % 867 K*(892 w (7 +з )x10-3 406 
K- uv, ( 3.23 +0.17) % 863 x BCR > Kort) 

Ко пећи; ( 16 the )% 861 х Blu = тъп пто) 

_ ЖЕ رر هر ييا‎ то (58 +16 у x 1073 768 

orco “=‏ 2 860 %) 557 28( رر چو يا 

ES : Ko gt دابرب پر‎ (105 513 )% 771 

K*(892)- et ve ( 135+022) % 719 12 : 3 

x B(K— э Кол“) кокк ( эл +10 у x 107 544 

K*(892)- C" v = = Коф х В(ф — KtK-) ( 43 +05 ) x 1073 520 

Тек 02-02 2 КО K+ K- поп-ф (51 +08 ) x 1073 544 

K*(892)! rT et ve 708 коко ко a 

Kort ићи < 12 х10-% cL=90% 821 50505 poa ed 
(K*(892)r )7 ићи, < 14 х1073 29-90% 693 АА Саа ухо 22 

metre (37 +06 } x107? 927 KEK- Коко (72 +33 yx 10-3 435 

A fraction of the following resonance mode has already appeared above as Fractions of many of the following modes with resonances have already 

a submode of a charged-partide mode. appeared above as submodes of particular charged-particle modes. (Modes 

K*(892)- et Ve ( 2.02.--0.33) % 719 id = there are only upper limits and K*(892) 2 submodes only appear 
'elow. 

ЗЭЭ Hadronic modes with а K or K KK Кол (74 #10 ух107% 772 
um T ( 3.85--0.09) % 861 Коро (1.214047) % 676 
K T ( 212-021) % 5-11 860 K-p* (108 +10)% 8-12 678 
Kor т [qq] (54 =04 )% بو‎ 842 Row (21 404)% 670 

Кор سا‎ % - 616 Кол (958) ( 172-026) % 565 

K” fo(980) t ($0 E08 yx 10 m КО (980) (57 +16 ) x 10-3 549 

80 Blo > ттт) š коф (86 +10 ух1073 520 

K?5(1270) ۰ (24 +09 ) x107 263 K- 21(1260)+ (73 +11)% 327 

Ж. Bik > тетт) ёл K?a,(1260)9 < 19 % CL=90% 322 

K? fo(1370) E (43 £13 )x10 B КО 5(1270) (42 +15 ) x 10-3 263 

a B(fo em ) : K- ao (1320)* «2 х1073 CL-904 197 

K 2 m. (34 £03 )% ті K? 6(1370) (то £24 ) х10-% - 

— (К ЕДЫ ) = K*(892)- rt (54 +04 )% 8-12 ти 

криз T p oe ( 64 +16 )x 10 364 K*(892) то (32 +04 )% 709 

x B(Kg(1430) > Кок“) K*(892)? rt тю (23 +05 )% 683 

KO тт nonresonant ( 1.47 +0.24) % 842 K* (892)? rtr 3-body ( 143-032) % 683 


Meson Summary Table 


Krt p total 
K— xt p°3-body 
K*(892)° p® 
K*(892)? p transverse 
K*(892)° p° S-wave 
K*(892)° 20 S-wave long. 
K*(892)° 20 P-wave 
K*(892)° 20 D-wave 
K*(892)- pt 
K*(892)- p* longitudinal 
К*(892)- p* transverse 
K*(892)- pt P-wave 
К-т! f(980) 
K*(892)° (980) 
Ki(1270)- тт 
Ki(1400)- т” 
K (14000 19 
К*(1410)-т+ 
KEA) тт 
K3(1430)^ тт 
K*(1430P то 
K*(8902)9 rt rr? 
K*(892)9n 
Коки 
K*(892)°w 
К-т (958) 
K*(892y9 y (958) 


тт 

1910 

Ган رټ‎ 

па а т^ 
mtm رو سور‎ 


тїлїлїл тт 


(63 +04 )% 
(48 +21 ух 1073 
( 1.4740.33) % 
(15 #05 )% 
(28 +06 )% 

< 3 х 1073 

< 3 х 1073 
(19 +06 )% 
(61 +24 )% 
(29 £12 )% 
(32 £18 )% 


< 15 % 

€ 14 % 

< 7 х 10-3 
[т] (1.06=0.29) % 

< 12 % 

€ 37 % 

< 12 % 

( 1.04+0.26) % 

< 8 х 1073 

< 4 x 1073 


(18 +09 )% 
(19 +05 )% 
(зо +06 )% 
(11 +05 )% 
(70 +18 )x 1073 
< L1 x 1073 


Pionic modes 


(1534:0.09) x 10-3 
(85 £22 )х10-4 
(16 #11 )% 
(74 06 ) x 1073 
(19 +04 )% 
(40 =30 )х 1074 


Hadronic modes with a K K pair 


KTKT 
KOKO 
KOKO rt 
یا‎ ко 
x В(К*0 = К-т?) 
K*(892)" K- 
х B(K** مب‎ 
КО°К— т+ nonresonant 
سر دق سوا‎ 
K*(892)°K° 
х В(К® — кіт”) 


КО К+ т” nonresonant 
KEK 

0 0 
دلو و 
سر بو یی Kt‏ 


фтіл” x В(ф— КТК”) 


bp? حر‎ КҮК?) 
KTK- p°3-body 
K*(892)9 К-т +c.c. 

x B(K*9 + кіт”) 
K*(892)9 K*(892? 

х ВК — Кл) 
КЕК тїт поп-ф 
КК ті т nonresonant 

KOK ort ې‎ 
Kt و وې‎ то 


Fractions of most of the following modes with resonances have already 


[ww] < 5 


(427-016) x 1073 
(65 =18 د(‎ 1074 
(64 +10 ух 1073 
ааа х 1073 


(23 +05 )x 1073 
(23 £23 ух 1073 
( 5.0 #10 ух 10 


< 5 х 1074 


( 12 £07 ) x 1073 


(39 123 )x 1073 


(13 +04 )x 1073 
< 59 x10-4 


[w] (2.522024) x 103 


(53 +14 ух 107% 
( 3.0 =16 ух 107% 
(эл +23 ух 107% 
x 10-4 


(6 +2 4د«(‎ 
<8 x 1074 


(6.9 +27 )x 1073 
(34 £20 )x 1073 


CL=90% 
CL=90% 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 


CL—90% 
CL—90% 


CL=90% 


$=2.7 


5-12 
5-11 
CL=90% 


CL=90% 


CL=90% 


appeared above as submodes of particular charged-particle modes. 


K*(892y0 ко 
K*(892Y" к 
K*(892)9 ко 
K*(892)- К+ 
pr? 

on 


< 16 х 1073 
(35 +08 ) x 1073 
< 8 x 1074 
(18 +10 ух 1073 
< 14 x 1073 
< 28 х 1073 


CL—90% 


CL=90% 


CL=90% 
CL=90% 


610 


610 


489 


ow хээл x10 С=90% 239 
ont a ( 11080.29) x 10-3 614 
фр? (6 +3 )хю- 260 
фт т 3-body (7 +5 فر«(‎ 614 
K* (892? КЕ c.c. [ww] < 8 х10-4  CL-90* - 
K*(892)9 K*(892)° (14 +05 )x 1073 257 


Doubly Cabibbo suppressed (DC) modest” 
АС = 2 forbidden via mixing (C2M) modes 
AC = 1 weak neutral current (CZ) modes[ or 
Lepton Family number (LF) violating modes 


K+ t7 рума D?) CM «ал х 107% CL=90% - 
Kt ror см < 10 x10  CL—909 - 
Kata (ма 09) 
Кт DC (28 10.9 ) x 10-4 861 
К+т^ (ма Р?) < 19 х10-4 CL=90% ت8‎ 
ور و هر يا‎ DC (19 +27 )x 1074 812 
K* در سر‎ a (via D?) < 4 х10-4 CL=0% 82 
и“ anything (ма 29) <4 х10-4 С1-90% - 
ete- ci < 13 х10-5 С1=90% 932 
pt po с < 41 х10-6 с1-90% 9% 
met en сі < 45 х10-5 С1-90% 927 
a9 utu сї < 18 x10-4^  CL=90% 915 
net em с < 11 х10-4 сі-90% 852 
nut ور‎ сї < 53 x10-^ موه‎ 838 
Pete ст < 10 х10-4 cL-904 3 
ићи“ с < 23 x10-^ CL-905 7% 
wete- с < 18 х 107% CL=90% 768 
wit и“ сї < 83 х10-4 cL=90% 751 
феће“ с < 52 x10-9 CL=90% 654. 
but peo с < 41 х 107% cL=90% 631 
K9ete- [s] < 11 x10-^ ¢L=90% 866 
Kout и“ [s] « 26 х10-4 с1-90% 852 
K*(892)? et e7 [s] « 14 x10-^ CL-904 717 
K*(892 ut и“ [s] « 118 х10-3 CL=90% 698 
mm m utu- ст < 81 х10-4 cL=90% 863 
utet LF [а] < 19 x10— С1=90% 929 
Wet یو‎ LF [gg] < 85 x10 CL=90% | 924 
net uF LF [gg] < 10 x10-^ CL=90% 848 
pet ut LF [g] < 49 x10-9 CL=90% وم‎ 
гетит LF [g] < 12 x10-4 CL=90% ٨م‎ 
bet pF LF [2] < هد‎ х10-5 С1-99% همه‎ 
Ket uT LF [2] < 10 х10-4 CL=90% 862 
K*(892)9 e pF LF [ge] < 10 х107% موه‎ 2 


ЈР) = 307) 


D* (2007)? 
T J[ P need confirmation. 


Mass m = 2006.7 + 0.5 MeV ($ = 1.1) 
Mpo — Mpo = 142.12 + 0.07 MeV 
Full width Г < 2.1 MeV[ CL = 90% 


D* (20070 modes are charge conjugates of modes below. 


D*(2007) DECAY MODES Fraction (Г;/Г) p (Мемо) 
pog (61.929) % 43 
Dy (881--29) % 137 
D*(2010)* iP) = 107) 
T J[ P need confirmation. 

Mass m = 2010.0 + 0.5 Мем (S— 1.1) 

Mpoo — Mp- = 140.64 +0.10 MeV. (5-14) 

тресолој- — Mp = 145.397 + 0.030 MeV 

Full width < 0.131 MeVT CL = 90% 

D*(2010)— modes are charge conjugates of the modes below. 

D*(2010)* DECAY MODES Fraction (Г;/Г) p (Mevo) 
Dog (68.3414) % 39 
Dt? (30.6425) % 38 
Dty (14125) » 136 


11-17 


11-18 


IP) = 5019) 


D, (2420)? 
Г.Л P need confirmation. 


Mass m = 24222 + 1.8 Мем (5 = 1.2) 
Full width Г = 18.9* $2 MeV 


РД (24209 modes are charge conjugates of modes below. 


D4 (2420? DECAY MODES Fraction (Г;/Г) p (Мемо 
D*(2010)* r seen 355 
و‎ not seen 474 
D3(2460)° Ру = 327) 
УР aot assignment strongly favored (ALBRECHT 898). 
Mass m = 2458.9 + 20 Мем (5-12) 
Full width Г = 23 = 5 MeV 
15;(2460)0 modes are charge conjugates of modes below. 
05(2460)0 DECAY MODES Fraction (г//г) p (Mei) 
وو‎ seen 503 
D*(2010y* r7 seen 387 


IJP) = 327) 


ЈР aot assignment strongly favored (ALBRECHT 89B). 
Mass m= 2459 + 4 MeV (5 = 1.7) 
mps(oasoy= — "оқожор = 0.9 + 33 MeV. (S = 1.1) 


Full width Г = 2529 Mev 


2460)” modes аге charge conjugates of modes below. 


D¥(2460)+ DECAY MODES Fraction (Г;/Г) p (Меме) 
DOnt seen 508 
DO gt seen 390 


Meson Summary Table 


CHARMED, STRANGE MESONS 
(C2 S= +1) 


+  مچح لم‎ — = imi , 
Di = 270; =с similarly for 27$ 


Mass m = 1968.5 = 


D 


5 
Mean life т = (0.467 3 


ст = 140 ит 
р} form factors 
№ = 1.6 + 0.4 
ry = 15-05 
Г,/Гт = 0.72 = 0. 


ИР) = о(о—) 


Е 0.6 MeV (5-14) 
тр= — mp. = 99.2 = 0.5 MeV (5 = 1.1) 


18 


Е 0.017) x 10712 s 


Branching fractions for modes with а resonance in the final state include 
all the decay modes of the resonance. Dy modes are charge conjugates 


of the modes below. 


D. DECAY MODES 


Fraction (Г;/Г) 


Scale factor/ Р 
Confidence level (Ме\с) 


Inclusive modes 
Кт anything аз 114 مور‎ - 
K? anything + К anything (39 +28 )% - 
К+ anything Qo +18 )% - 
non- K K anything (64 +17 (٨ - 
et anything (8 t$ )% - 
ф anything (в t موز‎ - 
Leptonic and semileptonic modes 
it vy (до + $2)x103 هبو‎ 981 
тй. (7 £4 )% 182 
Фе и bx] (20 + 05 )% - 
ntt vg + qw (958)£* ve pe] (34 + 10 )% - 
Ёш (25 + 07 )96 - 
17 (958) E+ v; (8.8 + 34 ) х 1073 - 
Hadronic modes with а K K pair (including from a ф) 

KERO (36 +11)% 850 
KY KT at а (44 + 12)% 5-11 805 
фт 1 (36 + 09 )% 712 
K+K*(892)° 1 (33 + 09 )% 682 
(980) اد‎ 1 (18 + 08)% $=13 732 
وا‎ К5(1430р 1 (7 +4 )x103 186 
(1710) —^ K*tK-«-* [z] (15 + 19 )ух1073 204 
КТ Kr nonresonant (9 +4 )x103 805 
Ко Котт - 802 
K*(892)* Ко Dy] (43 + 14)% 683 
КК at r - 748 
ont 7? 1 (9 £5 )% 687 
фр“ 1 (67 +23)% 407 
ont 1? 3-body ]« 25 % cL=90% 687 

КТ К-т nord < 9 % cL=90% 748 
KtK9gta- < 28 % а! =90% 744 
Ko Kat gt (43 + 15 )96 744 
K*(892)t K*(892)° 1 (58 425)% 412 
سو سی‎ пп non K** КО < 22 % CL=90% 744 
Kt چی‎ а то (83 + 33 )x 1073 673 
سر روو ا‎ 1 (118+ 0.35) % 640 
КЕК-тїтїлпо-ф (зо * 38 yx 1073 673 

Hadronic modes without K"s 

па а (10 + 04)% S=1.2 959 
peat < 8 х10-5 С1-90% 827 
(980) r+ Dy] (18 + 08 )% 7و‎ 732 
(1270) Dy] (23 + 13 ) х10-3 559 
(1500) т" — пелет [аза] (28 + 16)х1073 391 
at ттл nonresonant < 28 x107? CL=90% 959 
پر ور وی سا‎ <12 % CL=90% 935 
тт Dy] (20 + 06)% 902 


Meson Summary Table 


шт [y] (34 + 14 ) х 1073 822 
Гал лан ал کر«( 30 + 69( ور ېر‎ 899 
па а поло — 902 

+ Dy] (10.3 = 32 )% 727 

тту 12 3-body [y] < 3.0 % CL=90% 886 
па а ток sN (49 + 32 )% 856 

of (958) т+ Dy] (49 = 18)% 743 
па а m m поло = 803 

of (958)p* руі (2 £4 )% 470 

of (958) т z93-body [y] < 31 % CL=90% 720 

Modes with one or three K's 
ېې‎ < 8 х 1073 сі-9099 916 
ې دی‎ و٨‎ (10 + 04)% 900 

Kt p® < 29 х1073 QL-90$ 7 

K*(892) rt Dy] (65 + 28 ух1073 773 
КТКТ КТ < 6 х10-4 cL—90% 628 

okt Dy] < 5 х10-4 cL=90% 607 

АС = 1 weak neutral current (СІ) modes[ or 
Lepton number (L) violating modes 
و یر وا‎ [ss] < 43 х10-5 موه‎ 968 
Kt ut u- Сі < 59 х10-4 CL-90$ ومو‎ 
K*(8o2y* ut ш с < 14 х 1073 QL-90$ 76 
Ганган”! Е < 43 х10-4 С1-909 968 
Kr pt et L < 59 х 1074 cL=90% 909 
K*(892)- u^ ut L < 14 х 1073 CL=90% 76 


ИР) = о(2у 


ЈР is naturall width and decay modes consistent with 17. 


Mass m = 2112.4 + 0.7 MeV (5 = 1.1) 


тр — Тр= = 143.8 + 0.4 MeV 


Full width Г < 1.9 MeVTCL = 90% 


рг modes are charge conjugates of the modes below. 


pet DECAY MODES Fraction (Г;/Г) p (Mefe) 
Dry (942:-25)% 139 
рї хт? ) % 48 


(o о) 


ЈГ P need confirmation. 


Mass m = 2535.35 + 0.34 + 0.5 MeV 
Full width < 2.3 MeV[ CL = 9% 


D;1(2536) modes are charge conjugates of the modes below. 


0,1 (2536) + DECAY MODES Fraction (Г;/Г) p (MeV) 
D*(2010)* ко seen 150 
D*(2007)° К+ seen 169 
DEK? not sen 382 
D° Kt not seen 392 
D ны i possibly seen 389 


ЈР is natural width and decay modes consistent with 27. 


Mass m = 2573.5 + 1.7 MeV 
Full width Г = 1575 MeV 


Dy; (2573) modes are charge conjugates of the modes below. 


D, (2573j- DECAY MODES. Fraction (T;/T) p (Мемо) 


DOK* seen 436 
D*(2007)° K+ not seen 245 


BOTTOM MESONS 
(В = +1) 


В+ = ubr B? = di B? = db B- 757 similarly for B*’s 


rtide orga 


Many measurements of B decays involve admixtures of В hadrons. Pre- 
viously we arbitrarily included such admixtures in the В section but 
because of their importance we have created two new sections: “В=/В° 
Admixture” for 7(45) results and “B*/B°/B°/b-baryon Admixture” for 
results at higher energies. Most inclusive decay branching fractions are 
found in the Admixture sections. 89-89 mixing data are found in the 89 
section’ while 89-82 mixing data and B-B mixing data for а 80/80 ad- 
mixture are found in the 82 section. CP-violation data are found in the 
B? section. b-baryons are found near the end of the Baryon section. 
The organization of the В sections is now as follows[ where bullets indi- 
cate particle sections and brackets indicate reviews. 
[Production and Decay of b-flavored Hadrons] 
[Semileptonic Decays of B Mesons] 
e BE 
mass[ mean life 
branching fractions 
eB? 
mass mean life 
branching fractions 
polarization in B? decay 
B9-B? mixing 
[B°-B° Mixing and CP Violation in B Decay] 
CP violation 
e B^ B? Admixtures 
branching fractions 
e В=/В°/В° / b-baryon Admixtures 
mean life 
production fractions 
branching fractions 
+ В* 
mass 
T 
mass mean life 
branching fractions 
polarization in 89 decay 
ВО-В9 mixing 
B-B mixing (admixture of В°Г 89) 
At end of Baryon Listings: 
2117 
mass[ mean life 
branching fractions 
• b-baryon Admixture 
mean life 
branching fractions 


11-19 


11-20 


КР) = 507) 


Г.Л P need confirmation. Quantum numbers shown are quark-model 


predictions. 
Mass mg = 5278.9 + 1.8 MeV 
Mean life Tg- = (1.65 + 0.04) x 10712 s 
Cr — 495 um 


В modes are charge conjugates of the modes below. Modes which do not 
identify the charge state of the B are listed in the ВЕ/ВО ADMIXTURE 
section. 


The branching fractions listed below assume 50% BOB? and 50% BT B— 
production at the (45). We have attempted to bring older measurements 
up to date by rescaling their assumed 7(45) production ratio to 0 
and their assumed DT БГ D*T and « branching ratios to current values 
whenever this would affect our averages and best limits significantly. 


Indentation is used to indicate a subchannel of a previous reaction. All 
resonant subchannels have been corrected for resonance branching frac- 
tions to the final state so the sum of the subchannel branching fractions 
can exceed that of the final state. 


Scale factor, Р 
BT DECAY MODES Fraction (Г;/Г) Confidence ad (мед 
Semileptonic and leptonic modes 
{+ yganything [pp] (103 +09 )% - 
Dott y, [pp] ( 1.86£0.33) % - 
D*(2007)° et v; [рр] (53 +08 )% - 
metus < 22 х10-3 CL=90% 2638 
wlt vr [pp] < 21 x10-^  С1-900, - 
ptt ug [pp] < 24 х107% 0035 = 
et vs < 15 x10  CL-904 2639 
BT < 21 x10-9 0-90 2638 
TUR, < 57 x10-* CL=90% 2340 
етиу < 20 x104 с1-90% - 
ut uy < 52 x10 CL=90% - 
DI D*[ or D, modes 

Dort (5.3 £05 ) x 1073 2308 
Dept ( 1.34+018) % 2238 
Бот (11 +04 )% 2289 
Рот+ ті тт nonresonant (5 +4 کد«(‎ 2283 
مړ ې 0و‎ (42 £30 )х 1073 2209 
D? а; (1260) (5 34 )хі-3 2123 
D*(2010) rtrt ( 21 +06 )x103 2047 
ور ورا‎ + < 14 х10-3 С—90% 2299 
D*(2007)9 rt (46 +04 )x 103 2256 
D*(2010)* 79 < 17 x10-^ CL-904 2254 
D*(2007)° pt ( 1.55031) % 2183 
D*(2007 тт ( 94 +26 )x 1073 2236 
D*(2007)° a, (1260)* (19 +05 )% 2062 
D*(2010)- xt rt 7 (15 £07 )% 2235 
D*(2010) па ит“ < 1 % CL-904 2217 
D¥(2420)0 rt (15 £06 )x 1073 8-13 2081 
D¥(2420)° p+ < 14 х1073 CL=90% 1997 
5(2460)0 rt < 1з x10-3 QL-90 2064 
D3(2460)?p* < ат х 1073 с1-99% 1979 
гэрт (13 +04 )% 1815 
рор“ (9 +4 ухїо-3 1734 
D'(2007? D+ (12 +05 )% 1737 
D*(20079 D7* (27 £10 )% 1650 
Dir < 20 х10-4 С1-909% 2270 
Dit? < 33 х107% موه‎ 2214 
Din <5 x10-^ موه‎ 2235 
Dit < в x10-* 01909, 2177 
م پو‎ < 4 x10-^ 01909, 2198 
DE ро < 5 x10-^ с1-90% 2139 
01 < 5 x10-^ 019094 2195 
ро < 7 x10-^ С1-90% 2136 
De a (1260 « 22 х10-3 CL=90% 2079 
:و‎ a, (1260)? < 16 x10-3 а-% 2014 
рїф < 32 х107% QL-90 2м1 
рф < 4 х107% موه‎ 2079 


руко 

рр ко 

DT K*(892)° 
Det К*(892)0 
Dy at K+ 

рг rt K+ 
Реп K*(892)" 
D£ т+ K*(892y" 


Meson Summary Table 


< 11 x 1073 
< 11 х 1073 
< 5 x 107% 
< 4 x 107% 
< 8 x10-4 
« 12 x 1073 
< 6 х 1073 
< 8 x 1073 
Charmonium modes 


Jfi(1S)K* ( 99 +10 ) x 1074 
Ја бук тко ( 14 +06 ) x 1073 
Jf (15) K*(892)* (147-027) x 1073 
Jfi(1S)r* (50 £15 )х10-5 
SPAS) pt < 77 x10-* 
Ја 5) а (1260) < 12 x 1073 
4(25)КТ (6.9 +31 ) x 10—4 
v(25)K*(802)* < 30 x 1073 
25) К тїт (19 +12 yx 1073 
Xa(1P)K* (10 +04 ) x 1073 
Xa(1P)K*(892)* «21 x103 
K or K* modes 

Кот" (23 +11 )x 1075 
٢ < 16 x 1075 
КТ (65 +17 )х1075 
ري‎ < 13 х 1074 
nK* < 14 х 1075 
nK*(892)* < 30 х 1079 
К*(в8929т+ < 41 х 107 
К*(892) - по < 99 x 1075 
Kta = nonresonant < 28 х 1079 
К-т+ ті nonresonant < 56 x 1075 
Ку (14002 z+ < 26 х 1073 
K*(1430 rT < 68 x10-4 
Kt م٥‎ < 19 х 1075 
кор” < 48 x 1075 
K*(892) пл m < 14 x 1073 

K*(g02)* ام‎ < 90 x10-4 
K(1400)* لم‎ < 78 x 10–% 
K3(1430)* م‎ < 15 х 1073 
KEK? < 21 х 1075 
K+ K— «t nonresonant < 75 x 1075 
КЕК K+ < 20 х 107% 

Kto < 12 x10 

K+ K— КТ nonresonant. < 38 х 1075 
K*(892)* КК < 16 х 1073 

K*(892)* ф < 70 х 1075 
Ki(1400)* ф < 11 x 1073 
K3(1430)* ó < 34 x 1073 
KT t (980) < 8 х 1079 
K*(892)* y (57 +33 ) x107 
Ki(1270)* y < 73 x 1073 
Ку (1400 у у « 22 x 1073 
K3(1430)* y < 14 х 1073 
K*(1680)* y < 19 х 1073 
K3(1780y* y < 55 х 1073 
K1(2045)* y < 99 х 1073 

Light unflavored meson modes 

rtr? < 20 х 1075 
دو ور‎ ын < 13 х 107% 

Prt < 43 х 1075 

т+ (980) < 14 х 107% 

at Б(1270) < 24 х 1074 

mtr п nonresonant < 41 х 1075 
тъпото < 89 х 1074 

1079 یر 77 < рт?‏ 
х 1073‏ 40 < ری هور سا 

ТАҒА < 10 x 1073 

21 )1260( то < 17 х 1073 

а, (12609 5 < 90 x10-4 
wrt < 40 x10-4 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 


CL=90% 
CL=90% 

5-13 
CL=90% 


CL=90% 


CL=90% 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
С =90% 
CL=90% 
CL—90% 
CL=90% 
CL—90% 
CL—90% 
CL=90% 
CL—90% 


CL—90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 


CL=90% 
CL—90% 
CL=90% 
CL—90% 
CL=90% 
CL—90% 
CL—90% 
CL—90% 
CL=90% 
CL—90% 
CL=90% 
CL—90% 
CL=90% 


Meson Summary Table 


тт < 15 x10-9  CL—9096 
т < د34‎ х10-5 CL=90% 
of pt < 47 х10-5 С1=90% 
пр“ < 32 x10 с1=90% 
па سور وو‎ a < 86 х1074 сі-%% 
pa (1260 у" < 62 x10-45 с1-%% 
00 а (1320 у" < 72 х10-4 CL=90% 
atat ata r پر‎ < 63 х 1073 CL=90% 
а (1260)* a, (12600 < 13 % CL=90% 
Baryon modes 
pprt < 16 х10-4 сі-%% 
ppr nonresonant < 53 х 1075 CL=90% 
ور یو و را‎ < 52 х10-4 Ссі-90% 
рр nonresonant < 89 х10-5 CL=90% 
pA «6 х10-5 сі-%% 
РрЛт+т < 20 х1074 CL=90% 
Ap < 38 х107% Сі-90% 
ATTp < 15 х10-4  CL-909$ 
Az prt (6.2 +27 ) x 104 
Az ртт? < 312 х 1073 С1-909 
Л ۳ ٢٣م‎ < 146 x10? ¢L=90% 
Ле рп и и по < LM % CL=90% 


Lepton Family number (LF) or Lepton number (L) violating modes[ or 


АВ = 1 weak neutral current (В1) modes 


пете“ В1 < 39 х10-3  CL-909$ 
اچ‎ utu Bl < دو‎ х 1073 cL=90% 
Kt*tete- ВІ < 6 x10? сі-90% 
K* ut ور‎ B1 < 10 х 1075 CL—90% 
K*(892) et e7 B1 < وم‎ х107%  CL-909$ 
K*(892)" ut uT BI < 12 х10-3 с1=90% 
mtetu- LF < 64 х10-3  CL-909$ 
کم اچ‎ LF < 64 x10— сі-% 
Kt*tetyu- LF < 64 х10-3 сі-%% 
Kte-ut LF < 64 ر‎ 1073 сі-%% 
тете" L < 39 х10-3 CL=90% 
چ‎ pt pt L < 91 х 1073 С1—90% 
metut LF < 64 х 1073 مووا‎ 
K-etet L < 39 x10-9 с1=90% 
Конти < دو‎ х 1073 сі-90% 
د سی‎ yt LF < 64 x10 С1—90% 


2638 
2633 
2616 
2612 
2564 
2560 
2637 
2637 
2615 
2615 
2638 
2633 
2637 
2616 
2612 
2615 


КР) = 507) 


IT JP P need confirmation. Quantum numbers shown are quark-model 
predictions. 


Mass M pgo = 5279.2 + 1.8 MeV 
тро = mg- = 0.35 +0.29 MeV. (5 = 1.1) 
Mean life т во = (1.56 + 0.04) x 10712 s 

cr — 468 um 
Tg-/Tgo = 1.02 + 0.04 
Тр-/Тро = 1.04 + 0.04 
тв-/тво = 0951012 


(direct measurements) 


B?-B? mixing parameters 
Ха = 0.172 + 0.010 
Ampo = тру — тво = (0.464 + 0.018) х 1012 18-1 
ха = Атво/Г во = 0.723 + 0.032 
CP violation parameters 
|Re(ego)| = 0.002 + 0.008 


ВО modes are charge conjugates of the modes below. Reactions indicate 
the weak decay vertex and do not include mixing. Modes which do not 
identify the charge state of the B are listed in the 8 /80 ADMIXTURE 
section. 

The branching fractions listed below assume 50% 8980 and 50% В+ B— 
production at the T (4S). We have attempted to bring older measurements 
up to date by rescaling their assumed 7(45) production ratio to 50:50 


and their assumed DT DF D*T and 4) branching ratios to current values 
whenever this would affect our averages and best limits significantly. 


(average of direct and inferred) 


(inferred from branching fractions) 


Indentation is used to indicate a subchannel of a previous reaction. All 
resonant subchannels have been corrected for resonance branching frac- 
tions to the final state so the sum of the subchannel branching fractions 
can exceed that of the final state. 


ВО DECAY MODES 


Scale factor/ 


Fraction (Г;/Г) 


P 


Confidence level (Meyo) 


£* vganything [рр] (105 = 08)% - 
D iy [рр] ( 2.004 0.25) % - 
D*(2010)- £^ v; [pp] (4604 027)% - 
p C vr [p] (25 L 98 yx 1074 = 
att ug (18 + 06 )x 1074 - 
Inclusive modes 
КТ anything (8 +80 )% - 
DI D*T'or D; modes 
Dort ( 3.0 + 04 ) x 1073 2306 
D-p* (79 = 14 )x 103 2236 
سر و سا‎ < 16 x10 CL—90% 2301 
D*(2010)- тт ( 2762 0.21) x 10-3 2254 
D- пи و‎ (8.0 + 25 )x 1073 2287 
(D7 тът+ т) nonresonant ( 39 + 19 )x1073 2287 
Dort o (11 + L0 )x 1073 2207 
D- а\(1260у+ (60 + 33 ) x107? 2121 
D*(2010)- rt 5? ( 15 =05)% 2247 
D*(2010)- pt (67 + 33 )x 1073 2181 
D*(2010) rt rtr (76 + 17 )х10-3 8-13 2235 
(D*(2010)- ттт) non- (00 + 25 )x 1073 2235 
resonant 
D*(2010)- wt لم‎ (57 = 34 )х 1073 2151 
D*(2010)- а; (1260) T ( 1.304 027) % 2061 
D*(2010)- کې * ې‎ (34 = 18 )% 2218 
D32460) т+ « 22 х1073 CL=90% 2064 
D3(2460)- рт < 43 х 1073 q-90& 1979 
D-Di (80 + 30 ) x 1073 1812 
D*(2010)- D (9.6 + 34 )x 1073 1735 
р-р (10 = 05 )% 1731 
D*(2010)- Dz* (20 2 )% 1649 
Dia < 28 х10-4 С1-909 2270 
рт“ < 5 x10-^ clL=90% 2214 
Dip- <7 х10-4 а-90% 2198 
ېب‎ p7 < 8 х10-5 Q-904 2139 
D a,(1260)- « 26 x10 а-90% 2079 
ОХ а (1260)- < 22 x107% CL—90% 2014 
D7 Kt < 24 х10-4 QL-904 2242 
ок“ < 17 х10-5 CL-o0 2185 
D. K*(892)* < وو‎ x10-^ QL-90& 2172 
D; K*(go2)* < 11 x10 موه‎ 212 
ретко < 5 x10 сі-90% 2221 
De rt ко < 31 x10 CL=90% 2164 
D; rt K*(g92)9 < + х 1073 CL—90% 21% 
Dt «t K*(892)° < 20 x10 مول‎ 2074 
Боло < 12 х10-4 С1-909) 2308 
БУЫ < 39 х10-4 С1-900 2238 
рођ < 13 х107% С1-909% 2274 
Doy < هو‎ x10-^ С1-90% 2198 
Doo < 51 x10-^ Qd 90$ 2235 
D*(2007? то < 44 х10-4 Q-904 2256 
D*(2007y? о? < 56 x10-^ С1-909% 2183 
D*(2007 < 26 х10-5 CL=90% 2220 
D*(20079 xf < 14 x10 CL—90% 214 
17)2007( ١ -74 х 107% CL=90% 2180 
D*(2010)* Р*(2010у— < 22 х 1073 QL-90$ 1711 
D*(2010)* D7 < 18 х 1073 CL—90% 1790 
Dt D*(2010) < 12 х10-3 CL—90% 1790 
Charmonium modes 
J/pP(1S)K9 ( 89 + 12 )x10— 1683 
JISKE (11 + 06 )x 1073 1652 
S/S) K*(892)" (135: 0.18) x 1073 1570 
ЛЕТ < 58 х10-5 С-909% 1728 
Фа 5 уп < 12 х 1073 CL=90% 1672 
Jis)? « 25 х10-4 а-9% 164 


11-21 


11-22 
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ЛР) 
(25) K° К S x P CL—904 1609 
v(25) К'т i x E CL—904 1283 рр Baryon modes 
(25) K*(892)° Fides x ын CL=90% 1238 рртіт- < 18 х10-5 С1-90% 2467 
Xa (1P)K9 2 n 3 ) x ms 1113 ۳م‎ < 25 х10-5 С1-90% | 2406 
Xa (LP) K*(892)° 2 pu. oue їп. 2979 Бу х10-4 موه‎ 2401 
E х10-3 CL=90% 1263 Att A-- < 15 х 1073 CL=90% 2334 
T K or K* modes АЛЕ <ы х10-4 CL-904 2334 
10 -3 
15 + 05 —5 А a < x10 CL—90% 
коло (15 2 g4 )x10 2615 2 x mU (13 = 06 ) x 10-3 ه‎ 9 
< 41 х 1075 c Е 
iu (47128 5 о Ле pr? gos х107% مهه‎ 201 
л * 28 )x107 - 
if K* (802? 2 22) N 2528 Ac pr ې‎ Sm x10-^ cL=90% = 
i кб 2 x19 5 بوت‎ 282 Артіт-тіт- bod x10-3 cL=90% а 
ji < зз хит CL=90% 2534 : مهه تم دد‎ = 
- : x107 i 
2 < : سم اسم موا‎ (LF) کسه وار‎ 
=90% | 2593 =1 
ie к а 52. 54 7”, neutral current (ВТ) modes 
< 3. - 2 2: 
кор 4 эн x10 И CL=90% 2559 ete Ер - - х10-5 CL=90% 260 
K? (980) pis Pao د‎ ut u- BI < + х10-6 01—90 260 
K*(892y r7 2. — oe men DOLI B1 220 х10-7 CL=90% 2637 
K*(892)0 10 pee х10:5 سی 252 موه‎ иг S 2 х10-4 CL=90% 2616 
3(1430) 77T : 2 х 1075 С1-909, 2562 К“ (8929 et eT B1 3 х10-4 CL=90% 2612 
K9K*k- i х10-3 CL=90% 2445 K*(892)9 ut и“ B1 < ан х10-4 cL=90% | 2564 
коф š - х10-3 CL=90% 2522 K 3 (892 vv B1 « i Fin Пс ә 
талы [bbb] < — : m ned ш a " LF [е] < 59 е P CL. 228 
یا‎ rt т 22. سي 200 موه لوب‎ ie uae nd х10-5 90% 2639 
К*(892)°р9 22. idi CL=90% 2556 pert LF dele 83 oe аж 
K*(892)° f, (080) » НЫ х а CL=90% 2504 Q x10 CL=90% 2339 
К1(1400) ۳ B ed x i : CL-90 2467 
= : х10- 5 
© K سوب‎ б < 23 “а وت‎ 2451. 
892 KFK к ЯН CL=90% 2471 
К“(892)0ф : x107^ С1-909, — 2466 The branchi i 
PET 8 nching fraction measurei ü 
Ks (1400)9 рб у 3 x10 CL=90% 2459 the 7(45). The values quoted Шы е ч ЕС دع‎ 
K.(1400 Ф 5 i x10-3 cL=90% 2389 а وي‎ Тїз) v سه د‎ 
78 " 4 233 usive branching fracti " 
2 1430) p? < 11 қ ү Зарга ын of multiple D's in the fina EL. — D anything! the treatment 
3(1430 $ « 14 x10-3 С1-909, 2380 to count the number of events with a وو د‎ ове وو‎ а 
I^ (8929 : х10-3 CL=90% 2330 number of 82%. Another possibility would Жин реал die Dy еюн 
Ky 12709 (40 + 19 )x 1975 RN وي‎ ale oye loin ыг пре the eO Lo ye 
| б P 10-3 multiplicity. The two definiti A ГУЛ isthe definition of average 
1 1400) y x10 CL=90% 2486 B 1 À itions are identical when only om ifi 
T 0 « 43 РЕР particles is allowed in the final state. Буе ly one of the specified 
3 1430) y bbs a CL—9095 2453 definition seems sensible for practical E n though the “one-or-more” 
К (1680 у 4 хло CL=90% 2445 are almost always measured using the А ELSE qa 
к 17800 < 20 х10-3 CL=90% 2361 final state particles! authors call their esie m ын definition. For heavy 
3 < 10 % while for light particles so 5 inclusive branching fractions 
S 20459 PES 6 CL=90% 2343 В sections? we list all ds call their results multiplicities. In the 
Фф : х10-3 CL=90% — 2244 وان دیا‎ йөк. Tie react liq зк, оне d 
< 39 х10-5 С1-90% 2436. exceed 100% and that indusive partial плате 4. maere an 
Li ght unfi just as inclusive cross sections total widths 
ар lavored meson modes can exceed total cross section: 
Tm B E 
B modes " 
مه‎ < 15 -5 аге charge conjugates 
тот х10-5 (904 26% the weak ijugates of the modes below. Reactions indi 
decay vertex * 22 . Reactions indicate 
пто : = x1 o% с1—0%, = у апа do пої include mixing. 
x 10^ 
| 0 < 18 10-5 сарыг 2609 B DECAY MODES Frac Scale factor/ p 
үт х10-5 CL=90% 2582 raction (F;/T) — Confidence level 
Тт < ы х 1075 С1-90% (MeV/c) 
iu < 47 х10-5 وه‎ м Boe .. Semileptonic and leptonic modes 
7o < 21 е со [ce] ( 10410.29) 9 
тр : x10 С1-90% 2522 В — pet ue anything 41029) % S=1.2 = 
ap < 23 х10-5 С\—90% 24 Г. ick - < 16 x10-3 cL=90% на 
el < 13 10-5 : 23 к ир anything [cc] (103 #05 )9 И 
دچ اچ‎ х1075 CL=90% 2554 В — f vganything 3 05د‎ 56 0 
por? < 72 х10-5 С1-90% 2631 B = D- ftt vganythi Қ. = 
و‎ at < 24 x10-5 990% 2582 B Dru 4. [p] ( 27 £08 )% - 
nin rtr e] < 88 x10-5 CL=90% 2582 B> м Ж [p] ( тож1л)% 5 
0.0 « 23 х 107% 9 = pddd] ( 27 +07 )9 
4 < 28 ое с> B — Di (2420)! ирапу- 2. = 
a, (1260)F rE v سه‎ Сао 255 thing Мало s - 
ж 1320) r= 5 х10 CL—90% 2494 Bo #۳ 5 
шилжин وا‎ aa х10-4 موه‎ 2473 Wei те P ( 23 E04 y* z 
pt م‎ _ - х иг CL=90% 2622 B— 7 (2460) 7 ов 804 
а 150°? ME — » сои mos thing 2 х10-3 CL-9556 = 
t ял х [^ - 
Edd < 45 Pe Ке, Ж О, Ber Рт any- ( 1004034 
дал r r? ы, x10 2 CL=90% 2580 thing ý 34) % بې‎ 
= . х 107 m А 
а 1260)" p IE 15 сео» 2609 B= Di £* vranything [p] < 9 x 1073 
: _ n 
qure p < 24 10-3 بب ای‎ at вә Dif'wKhany- [pp] < 6 ٢ 2200 7 
qmm тт т 22 * а CL=90% 2434 thing x107? CL-9096 2 
a (1260)! a (1260)- у i CL=90% 2592 B = D7 £ ارو‎ 
< 28 = S£ ve K” anythin НЕ 
гл х10-3 С1-90% 2336 Bo ٣٢٢ anythin в [pp] < 9 x10 cL—90% = 
хо % CL=90% 2572 В- K-t va hi 5 [р] ( 60 =05 )% = 
anything [p] (10 +4 )x103 2 


В-» K9fK?ttwanything [pp] ( 44 +05 )% 


Meson Summary Table 


ргр"Гог D, modes 
B — D-Canything 
B — D°/D® anything 
В — D*(2010)*anything 
B — D*(2007)° anything 


(241 +19 )% 
(631 +29 )96 
(227 +16 )% 
( 26.0 +27 )% 


B — Dianything [ge] (100 +25 )% 
b= cts (22 +4 )% 
B— D,DIDEDITD,D*Tor [eg] ( 49 £13 )% 
DtD* 
В — D*(2010)y < 11 x 1073 
вә Би Гр лог [z] < 5 x 10-4 
D ۲م‎ Dt ۲م‎ D} TT 
DE PT РГ рг 
DE ۲م‎ DE рог DE wT 
рећи 
B — Р (2536) anything < 95 x 1073 


Charmonium modes 
В — Jfi(1S)anything 
B > J/V(1S)(direct) any- 


( 1340.6) % 
( во 408 ух 1073 


thing 
B — 4(2S)anything ( 35 +05 )x 1073 
B — Xe.(1P)anything 42 £07 )x 1073 
B — Ха (1P)(direct) any- ( 37 +07 )x 1073 
thing 
B — Xeo(1P)anything < 38 x 1073 
B — nd(1S)anything < 9 x 1073 
K or K* modes 
В — Ktanything [z] (789 +25 )% 
В — Ktanything (66 +5 )% 
В-» K-anything (13 +4 )% 
в— K? / K9anything [Z] (64 +4 )% 


В — K*(s92y*anything (18 46 


)% 


В — К"(892)) /K*(892)Pany- [gg] ( 146 +26 )% 


thing 
В — Кү(1400уу < Al x 1974 
В-» K5(1430yy < 83 x 19-4 
В — 7 < 12 x 1073 
В > К%(1780)у < 30 x 1073 
В — Ki(2045^ < 10 x 1073 
Bo b> sy ( 23 +07 )x 10-4 
B— b— sgluon < 68 % 
Light unflavored meson modes 
B — т: anything [ggeee] (359 +7 (٨ 
B — manything (176 +16 )% 
В — р? anything (21 +5 )% 
B — w anything < 81 % 
B — ф anything ( 35 #07 )% 
Вагуоп modes 
В — anything ( 64 +11 )% 
B — Az e anything < 32 x 1073 
В — A.panything ( 36 +07 )% 
В A peve < 15 x 1073 
В-» E. anything ( 42 £24 ух 1073 
B — X-anything < 96 х 1073 
B > anything ( 46 +24 ух 1073 
вә ХОММ = porn) < 15 х 1073 
B — =Qanything ( 14 +05 )x 19-4 
x B(z9—5 = 17) 
В — =L anything ( 45 ІЗ ) x 1074 
x В(ЕЁ > Sorter) 
B — p/panything leg] ( 80 =04 )% 
B — p/p(direct) anything [g] ( 5.5 =05 )% 
В — Л/ Aanything [22] ( 4.0 +05 )% 
В = =—/=*anything [22] ( 27 +06 ух 1073 
B — baryons anything ( 68 =06 )% 
В — ppanything ( 2.4740.23) % 
В + Ap/Apanything leg] ( 25 +04 )% 
В — AAanything < 5 x 1073 


$=1.1 


CL=90% 
CL=90% 


CL=90% 


CL=90% 
CL=90% 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=90% 


CL=90% 


CL=90% 


$=1.8 


С =90% 


CL=90% 


CL=90% 


CL=90% 


CL=90% 


Lepton Family number (LF) violating modes or 
AB = 1 weak neutral current (81) modes 


Bo ود دز‎ ѕ Bi < 57 х10-5 CL—909$ 
Bo ptus Бі < 58 х10-5 CL=90% 
Bo etus LF < 22 x10 CL=90% 


B*/B°/B°/b-baryon ADMIXTURE 


b DECAY MODES 


These measurements are for an admixture of bottom particles at high 
energy (LEPT Tevatron" SppS). 


Mean life 7 = (1.564 + 0.014) x 10712 s 

Mean life r = (1.72 + 0.10) x 10712 s 
admixture 

Mean life 7 = (1.58 + 0.14) x 10712 s 
mixture 


T charged b—hadron/ T neutral b—hadron = 1.09 + 0.13 


The branching fraction measurements are for an admixture of В mesons 
and baryons at energies above the 7(45). Only the highest energy results 
(LEPT Tevatron! SppS) are used in the branching fraction averages. The 
production fractions give our best current estimate of the admixture at 
LEP. 


For inclusive branching fractions e.g, В — p+ anythingrthe treatment 
of multiple D's in the final state must be defined. One possiblity would be 
to count the number of events with one-or-more D’s and divide by the total 
number of B's. Another possibility would be to count the total number of 
D's and divide by the total number of B's[ which is the definition of average 
multiplicity. The two definitions are identical when only one of the specified 
particles is allowed in the final state. Even though the "one-or-more" 
definition seems sensibler for practical reasons inclusive branching fractions 
are almost always measured using the multiplicity definition. For heavy 
final state partides" authors call their results inclusive branching fractions 
while for light partides some authors call their results multiplicities. In the 
В sections! we list all results as inclusive branching fractions! adopting а 
multiplicity definition. This means that inclusive branching fractions can 
exceed 100% and that inclusive partial widths can exceed total 7 
just as inclusive cross sections can exceed total cross sections. 


The modes below are listed for a b initial state. b modes are their charge 
conjugates. Reactions indicate the weak decay vertex and do not include 
mixing. 


Fraction (Г;/Г) 


Charged b-hadron 


Neutral b-hadron ad- 


p 
Confidence level (MeV/c) 


PRODUCTION FRACTIONS 


The production fractions for weakly decaying b-hadrons at the 2 have 
been calculated from the best values of mean lives! mixing parameters’ and 
branching fractions in this edition by the LEP 8 Oscillation Working Group. 
as described in the note “Production and Decay of b-Flavored Hadrons" 
in the B+ Particle Listings. Values assume 


в(Б— B+) =В(® — B?) 
B(b— 87) + B(b— 89) +B(b 


0 
BQ) + B(b 
The notation for production fractions varies in the literature (fgo T f(b — 


BÜOyrBrb — БОу). We use our own branching fraction notation here 
B(b— B?) 


Bt (397 + 15 ул 

во (397 + 58 уњ 

во (105 + 18 )% 

Ab (101 + 32 )% 

DECAY MODES 

Semileptonic and leptonic modes 

vanything (231 = 15)% 

£T vganything (рргсес] ( 10.994 023) % 

et v. anything [ec] (109 + 059% 

Ht u, anything [cc] (108 + 05 )% 

D- {+ veanything [рр] ( 202+ 029)% 

D? (+ veanything [pp] ( 65 + 06)% 

D*— £* veanything [pp] ( 276+ 0.29) % 
Deer veanything [РР] — seen 
Dee veanything ورا‎ | seen 
D3(2460)° t* veanything seen 
D5(2460)- 2+ veanything seen 


т иу anything 


( 26 = 04)% 


с— £ vganything [p] ( 78 + 05 )% 


Ap) = 100%. 
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Charmed meson and baryon modes 


D® anything (601 + 32 )% - ВОТТОМ, STRANGE MESONS 
D anything (237 + 23) = (В= +1, S= +1) 


D; anything (18 +5 )% - 
د دوه‎ ( 97 + 29)% E B? = اوو‎ 89 = 5b" similarly for B?'s 
c/ canything [ee] (17 +4 )% - 
Charmonium modes 

Jf (1S)anything ( 116+ 0.10) % Е ЕД سل‎ ) =0(07) 
v(2S)anything ( 48 + 24 ) x 10? - 
Ха(Р hi 4 5 ) 96 - : : 

сі (1P)anything т. IT آل‎ P need confirmation. Quantum numbers shown are quark-model 

K or K* modes predictions, 

$y < БА х107% 90% - Mass / مې‎ = 5369.3 + 2,0 MeV 

+ i E 5 
P ae ти s қ Mean life т = (1.54 + 0.07) x 10712 s 

sanything ак cr = 462 um 

Pion modes 
anything [ee] (278 +60 )% - 82-83 mixing parameters 
Хв at high energy = fyXg--f;Xs = 0.118 + 0.006 

ТЕНГЕ Baryon mee 36 _ Ато = тру = go, > 91% 102 У НС: = 95% 

рр ( " Xs = ۵۸1 مي أ/مي‎ > 140 CL = 95% 
Other modes БГ — 959 
charged anything [ee] (407 +7 )% - Xs ОНЕ ЕА 
hadron* hadron- (17 + 10 ух 10-5 2: These branching fractions ай scale with B(b — BOY the LEP بو‎ pro- 
charmless z m" 193 _ duction fraction. The first four were evaluated using B(b — B9) = 
( p (10.5 ما(‎ and the rest assume B(b — ВО) = 12%. 
Baryon modes 

A / Aanything ш 59 + 06 )% 2 The branching fraction в(в0 — Dyer veanything) is not a pure mea- 


surement since the measured product branching fraction B(b — B0) x 


AB — 1 weak neutral current (B1) modes в(во — тарж ue anything) was used to determine B(b > BO as 


ш и“ anything BI < 32 x 1074 90% - described in the note on “Production and Decay of Flavored Hadrons.” 
Р 
iP) = 107) 80 DECAY MODES Fraction (F/F) — Confidence level (МӨ(0) 
. D; anything (92 +33 )% = 
IT ЈГ P need confirmation. Quantum numbers shown are quark-model D. "PI y, anything [gp] (81 + 25)% 2 
predictions. рст" <13 % 2321 
Mass mp, = 5324.9 + 1.8 MeV ۷ E 
mg, — mg = 45.78 + 0.35 MeV 1 (os cesa 180 
в В жау” < 12 پر‎ 1073 90% 1788 
Ја ут < 38 х 1073 90% 1735 
B* DECAY MODES Fraction (Г;/Г) р (Меме) 0025) an 1122 
By dominant 46 тїт < 17 х 107% 90% 1122 
толо < 21 x 1074 90% 2861 
до < 10 x 1073 90% 2655 
177 < 15 х 1073 90% %% 
ТК“ < 21 х 107% 90% 2660 
KtK- < 59 х 1075 90% 2639 
pp < 59 х 1075 90% 2515 
YY < 148 х 107% 90% 2685 
фу <7 х 107% 90% 2588 


Lepton Family number (LF) violating modes ог 
AB — 1 weak neutral current (B1) modes 


utu BI < 20 х 1076 90% 2682 
ete- B1 < 54 х 1075 90% 2864 
ett LF [g] < نه‎ x 1075 90% 2864 


фир В1 < 54 х 1073 90% - 


Meson Summary Table 


cc MESONS 


Mass m = 2979.8 3 


IG (jPC) = ot(o- +) 
ь21 Мем ($ = 2.1) 


Full width Г = 13.2* 3$ MeV 


p 
Confidence level (MeV/c) 


DECAY MODES Fraction (C/T)‏ (کل« 
Decays involving hadronic resonances‏ 
of (958) тт (41 +17)% 1319‏ 
pp (26 +09) % 1275‏ 
K*(892 K * — с.с. (2.0 =07)% 1273‏ 
K*(892) K*(892) (85 +31) x 1073 1193‏ 
ФФ (71 £2.8) x 1073 1086‏ 
а0(980)т «2 % 90% 1323‏ 
а; (1320) т <2 % 90% 1193‏ 
K*(892) К + c.c. < 1.28 % 90% 1307‏ 
5(1270)n <11 % 90% 1142‏ 
шш <3. x 1073 90% 1268‏ 
Decays into stable hadrons‏ 
KKr (55 +17)% 1378‏ 
ттт (49 +18)% 1425‏ 
тїт КУК (2.0 591)% 1342‏ 
2(K* K^) (21 +12)% 1053‏ 
2(т7 7) (12 =04)% 1457‏ 
рр (12 +04) x 1073 1157‏ 
КК < 3.1 % 90% 1262‏ 
тїт^рр <12 % 90% 1023‏ 
АЛ «2 х 1073 90% 987‏ 
Radiative decays‏ 
yy (зо +12) x 1074 1489‏ 


Mass m = 3096.88 


I6(jPC) -о-(1--) 
= 0.04 MeV 


Full width Г = 87 + 5 keV 


lee = 5.26 + 0.37 


keV — (Assuming Tee = Гар) 
Scale factor/ Р 


4/15) DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
hadrens (87.7 +05 )% - 

virtual»; — hadrons (170 +2.0 )% m 
ete- ( 6.02+0.19) % 1548 
utu ( 6.01--019) % 1545 

Decays involving hadronic resonances 

pm ( 1.27-40.09) % 1449 

рото ( 42 £05 ) х10-3 1449 
a5(1320)p ( 1.09 +0.22) % 1125 
utm mm (85 +34 у х 1073 1392 
от سور‎ (72 £10 ух1073 1435 

w (1270) (43 +06 ) x 1073 1143 
K*(892Y9 К5(1430)9-+ c.c. (67 £26 )x10-3 1005 
w K*(892) К + c.c. (53 £20 у х 1073 1098 
K+ K*(892)- + с.с. (5.0 #04 у x 1073 1373 
КО K*(892)9 + c.c. (42 код ) x 1073 1371 
wan? (34 +08 ) x 1079 1436 
bi(1235)* rF leg] (3.0 +05 у x 1073 1299 
wKtkOrt leg] (3.0 +07 )x10-3 1210 
by(1235)0 10 (23 +06 у х1073 1299 
ФК*(892) К + с.с. ( 2.04028) х 1073 969 
wkKK ( 19 +04 у x 1073 1268 

wfjy(1710) + «КК (48 +11 )x 1074 878 
Gat т”) ( 1600.32) x 10-3 1318 
40232) ++ pr ( 16 #05 у x 1073 1030 
ш? ( 1.58+0.16) x 1073 1394. 
ФКК ( 148-022) x 1073 1179 

efj(1710) + ФКК ( 36 +06 )x 1074 875 
ppo ( 1.302-025) x 1073 5-13 769 
A(1232)++ A(1232) — ( 1104-029) x 1073 938 
2 (1385) > (1385) (ог с.с.) (ші (103-013) x 1073 692 
pp! (958) (9 +4 )x10-4 S=L7 596 
11525) (8 +4 ух107% $=27 871 


=(1530)-=* 

pK- ۶ )13857" 

шт 

Ф1 (958) 

Ф0(980) _ 
=(1530)9 =? 
£(1385)— > + (or c.c.) 
Ф (1285) 

pu 

wn (958) 

w (980) 

рт (958) 

ррф 

а>(1320)- = 

K K3(1430)+ с.с. 
к5(1430)0 Kš(1430)9 
K*(892)? K*(g92)° 
(1270) 

ppp 

(1440) > фцтт 
w f (1525) 
£(1385)°A 


ae 
A 
on? 


207+ т”) то 
ти“ јуко 

пи по 

کې Kt‏ سر يرا 
یر ور Art‏ 
КУК‏ سا 
ККт‏ 

ррт+т- 
ata) 

3(т7 7) 

та ور‎ 

2957 

Art) Kt KT 
ррт“ ېې‎ 


уККт 
yy 
та r 


yB (2050) 

үшш 

101440) — yp? 00 
7601270) 
(1710) + yKK 


(8.0 +12 )x 1074 
[gg] (72 +0.9 )x 10-4 
(68 +24 د(‎ 1074 
( 65 +07 )x 1074 
( 59 +15 у x 1074 
(51 £32 у х 107% 
(42 +06 у x 107% 
(33 £04 у x 1074 
(32 £09 ) x 107% 
(32 +14 у х 10-4 
[22] (34 +05 у х 1074 
(26 +05 ) х 1074 
( 193 +0.23} x 1074 
( 1.67 +0.25} x 1074 
( 14 +05 у x1074 
( 1050.18) x 1074 
( 45 +15 ) x 1075 


[22] < 43 х 10-3 
< 40 x 10-3 
< 29 х 10-3 
<5 x10-4 
< 37 x10-4 
< ته‎ x10-4 
« 25 xo 
< 22 x 1074 
< 2 x 1074 
e d x10-4 
< 9 x 1075 
< 68 x 1076 
Decays into stable hadrons: 


( 3.3740.26) % 
(23 +06 )% 
( 1.50-+40.20) % 
( 1.20-50.30) % 
(9.0 +3.0 у x 1073 
(72 £23 у х 1073 
(61 +10 ух 1073 
( 6.0 +05 ) х1073 
(40 #10 ) x 1073 
(4.0 +2.0 ) x 1073 
(4 +4 ух1073 
( 127 £017) x 1073 
(34 +13 у х 1073 
[bhh] (23 +09 у x 1073 
( 214-010) x 1073 
( 209--018) x 1073 
( 2 00020) x 1073 
( 19 £05 у x 1073 
(18 +04 у x 1073 
( 135+0.14) x 1073 
) 1.092-0.09) x 10-3 
[gg] ( 1.06-+0.12) x 10-3 
(89 =16 ) x 1074 
(то 30 у x 1074 
( 29 £08 у x 1074 
( 237 £0.31) x 1074 
(22 +07 ) x1074 
( 1.47 +0.23) x 1074 
( 1.08-0.14) x 1074 


< 15 x 1074 
< 52 x 1076 
Radiative decays 


(13 +04 )% 
(83 +31 у x107? 
(61 #10 у x 1073 
[p] (941 +18 ) х 107% 
(64 +14 ) x 1075 
( 34 +07 у x 107% 
( که‎ +08 ) x107? 
( 431+030) x 1073 
(28 £05 у x 1073 
(27 +07 )x103 
( 1.59+0.33) x 1073 
(17 +04 у x 1073 
( 138 014) x 1073 


(85 542 )x1074 


5-14 


5-19 


$= 


CL—90% 
CL—90% 
CL—90% 
CL—90% 
CL—90% 
CL—90% 
CL—90% 
CL—90% 
CL—90% 
CL—90% 
CL—90% 
CL—90% 


5-13 


5-19 


5-18 
5-12 


CL—9006 
CL—9006 


$=1.9 


11-25 


11-26 


77 __ 
yfí(1420) — уККт 
به‎ (1285) 

041525) 


yog 

Ypp 

y1(2225) 

-n(1760) — yp? рд 
уто 

کې اې و په 

اه 

YAA 


3y 
70(2220) 
y fo(1500) 
yete- 


(86 0.8 ух 1074 
( 83 =15 د(‎ 1074 
(65 +10 ух 1074 
(ал $82 yx 107% 
( 40 +12 ух 1074 
(38 41.0 )x 10-4 
(2.9 +0.6 ух 107% 
(13 و0‎ ) x 1074 
(3.9 +13 ) x 1075 


< 7.9 x 107% 
< 5 x 10-4 
< 13 x 1074 
< 55 х 1075 
> 250 х 1073 


( 5.7 +08 ) x 107% 
(88 £14 ) x 1073 


$=2.1 


CL=90% 
CL=90% 
CL=90% 
CL=90% 
CL=99.9% 


je (PC) =0 (0+) 


Mass m = 3417.3 + 2.8 MeV 
Full width Г = 14 + 5 MeV 


Xco(1P) DECAY MODES. 


Fraction (Г;/Г) 


p 
Confidence level (MeV/c) 


Hadronic decays 
Antr) (3.70.7) % 1679 
тїт KT وی‎ (30+0.7) % 1580 
рат“ (1605) % 1608 
З(т7т (1.5--0.5) % 1633 
K*K*(892 ېم‎ с.с. (122-04) % 1522 
тїт (7.521) x 103 1702 
KEK (7.1424) x 10-3 1635 
пт pp (5.0--2.0) x 10-3 1320 
РР «90 x 1074 90% 1427 
Radiative decays 
yt f(s) (6.51.8) x 1073 308 
ҮҮ <5 x 1074 95% 8 
1(1Р) 16 (РС) = ota tt) 
Mass m = 3510.53 + 0.12 MeV 
Full width Г = 0.88 + 0.14. MeV 
Xe1(1P) DECAY MODES Fraction (Г ;/T) р (Meve) 
Hadronic decays 
3(r* 07) ( 22-08) % 1693 
тко) (16:05) % 1727 
жет КУК (9 +4 )x103 1632 
رر وب‎ ( 39435) x 1073 1659 
KERK*(892 چو‎ c.c. (32-24) 1073 1576 
пп pp ) 140.9) x 103 1381 
рр (8512) x 1075 1483 
ورس سا‎ КЕК < 21 х 1073 - 
Radiative decays 
y JATS) (27.3--1.6) % 389 
Хе2(1Р) Го (РС) Sorat +) 


Mass m = 3556.17 + 0.13 MeV 


Full width Г = 2.00 3 


Xco(1P) DECAY MODES. 


Е 0.18 MeV 


Fraction (Г;/Г) 


p 
Confidence level (MeV/c) 


Hadronic decays 


ит“) 

mta Kt دی‎ 
Зак“) 

بې وي 

KERK*(892 rT ++ с.с. 
rtr pp 

тіл” 

K+ KT 


pp 
و‎ (Syr тп 


( 2.2405) % 

( 1940.5) % 

( 1240.8) % 

(T +4 کد«(‎ 

) 48+28)х 1073 

( 3.3::1.3) x 1073 

(1.91.0) x 10-3 

( 1541.1) x 1073 

(10.041.0) x 10-5 
< 15 % 


90% 


1751 
1656 
1707 
1683 
1601 
1410 
1773 
1708 
1510 

185 


Meson Summary Table 


Radiative decays 
y J/1S) (13.5--11)% 430 
77 (1.60.5) x 1074 1778 
¥(25) Роу -о-(1--) 

Mass т = 3686.00 + 0.09 MeV 

Full width Г = 277 + 31 кеу (5-14) 

Tee = 244 + 0.21 keV (Assuming Tee = Гар) 

Scale factor/ Р 

4425) DECAY MODES. Fraction (Г;/Г) Confidence level (MeV/c) 
hadrons (98.10--0.30) % = 


virtual; — hadrons 


(29 £04 )% - 


ete- (85 40.7 ух10-3 1843 
ићи“ (тт +17 ух1073 1840 
Decays into Ј/ (15 уапа anything 
Ју 15 уапућте (542 +3.0 )% = 
Jf (1S)neutrals (228 +17 )% - 
ЈА(15)т тт (30.2 +19 )% 477 
Ја 5 مړ‎ (179 £18 )% 481 
30415) (27 £04 (٨6 S=L7 200 
Ј/ (15) (97 +21 ух 1074 527 
а S)ut ит (10.0 +33 )x 103 - 
Hadronic decays 
3(r* یز ې‎ (35 +16 )ух1073 1746 
2(т*т—)лО (зо +08 )x 103 1799 
тїт KT KO (16 +04 )x 1073 1726 
wha pp (80 +20 ух 19-4 1491 
К+К*(892)9 rT + c.c. (67 +25 ух 1074 1673 
nt a) (45 +10 ух 10-4 1817 

рт“ (42 +15 ) x 1074 1751 
pp (19 +05 ) х10-4 1586 
(ттт) ( 15 +10 )x1074 1774 
ppr? (14 +0.5 هند(‎ 1543 

( 10 £07 )х 107% 1776 

(9 +5 )x10-5 1830 

< 83 х1075  С1-9009, 1760 

(8 +5 )x10-5 1838 

< 4 x10-* CL=90% 1467 

< 2 х10-5 CL—90% 1285 

< 296 х10-5 СІ-90% 1754 

KT K*(892)-4- c.c. < БА x10-9 CL=90% 1698 
Radiative decays 

yXco(1P) (93 +09 )% 261 

ЭХа(1Р) (87 40.8 )% 171 

ухо ПР) ( 78 40.8 )% 127 

үпс(15) ( 2.8 +0.6 ) x 1073 639 

yn (958) < L1 x107? С1-999 1719 

ҮҮ < 15 х10-4 CL—90% 1843 

101440) > уККт < 12 х10-4  CL—90 1569 


(Ру 210 - 7) 


Mass m = 3769.9 + 2.5 MeV (5 = 1.8) 


= 23.6 +2.7 MeV (5-14) 
0.04 кеу ($=1.2) 


р 
Fraction (Г;/Г) Scale factor (MeV/c) 


Full width Г 
Fee = 0.26 3 
(3770) DECAY MODES. 
DD 
ete- 


dominant 242 
(1122-017) x 10-5 12 1885 


Ру = 1-7) 


Mass m = 4040 + 10 MeV 


Full width Г 


= 52 + 10 MeV 


Tee = 0.75 = 0.15 keV 


+$(4040) DECAY MODES. Fraction (Г;/Г) р (Mevo 
ete” (1.4404) x 1075 2020 
DDS _ seen 777 
D*(2007)°D° + c.c. seen 578 
D*(2007Y? D*(20079 seen 232 
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босу нас) 6 (РС) = оа ++) 


J needs confirmation. 
Mass m = 4159 + 20 MeV 
Full width Г = 78 + 20 MeV Mass m = 9891.9 + 0.7 MeV 


Tee = 0.77 + 0.23 keV 


Xp (LP) DECAY MODES Fraction (Г;/Г) р (мед 
(4160) DECAY MODES Fraction (Г;/Г) р (MeV) y 7(15) (35-8) % 422 


ete- (1054) x 10-06 2079 
Хь(1Р) Wl ICPC) = oto t 


Ј needs confirmation. 


Ро ü) 
Mass m = 9913.2 + 0.6 MeV 


Е 6 MeV 
Full width Г = 43 + 15 MeV (5 = 1.8) 


Хр(1Р) DECAY MODES. Fraction (T/T) меу 
Tee = 0.47 + 0.10 keV to^) шаш OUS Poe 
y Т(15) (2244) % 443 
484415) DECAY MODES Fraction (Г;/Г) р (мем) 
hadrens dominant = T(2S) 16 (FC) =0 (1-7) 
ete- (1124-04) x 1075 2207 


Mass m = 10.02330 + 0.00031 GeV 
Full width Г = 44 + 7 keV 


bb MESONS Vee = 0.520 + 0.032 keV 


p 
T(2S) DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
Т(15) 6 (PC = 0-(1--) табла то (185 08 )% 475 
Т(15)л9лд (88 x11 )*6 480 
Mass m = 9460.37 + 0.21 MeV (S = 2.7) qu (17 +16)% 4686 
Full width Г = 52.5 + 1.8 keV utu ( 1315021) % 5011 
[ee = 1.32 + 0.05 keV eres ( 1.183:0.20) % 5012 
Scale factor/ р TSY? <8 x ш ټو‎ — 53M 
Т(15) DECAY MODES. Fraction (Гу/Г) Confidence level (MeV/c) T(1S)n «2 x107 90% 127 
J/ys(S)anything <6 x 1073 90% 4533 
тіт- Q.67* 0-1) % 4384 2. 
uc 252-047 % 4730 нээ у 
шэг 2. 5-11 4729 Хы (LP) Сото ук = 
он د سه وي‎ zs yXpo(1P) (66 +09 )% по 
Hadronic decays "YXpo(1P) (43 x10 )% 162 
Ја 5) anything (L1 #04 ) x 1073 4223 (1710) < 5,9 x 1074 90% 4866 
рт <2 x10-4 290% 4698 + (1525) < 53 x 10-4 90% 48% 
тіл” «5 x10-^  CL-9 4728 y 5(1270) < 241 x 1074 90% 4931 
KtK- «5 х 1074  CL-904 4704 
рр «5 х10-4 сі-9% 4636 
Radai хь(2Р) ИЛ 16 (РС у = о+(о ++) 
decays J needs confirmation. 
ун 2h7 (7.0 #15 ) x 10-4 4720 
узһ з (54 20 ) x 10-4 4703 Mass m = 10.2321 + 0.0006 GeV 
у4АН ан (74 £35 )x 10-4 4679 
yrtr K+K- (29 +09 ) x 10-4 46% Xpo(2P) DECAY MODES Fraction (Г;/Г) p (Mevo 
y2rt 217 (25 £09 ) x 1074 4720 y Т(25) (46:24) % 210 
ут 3r (25 #12 )x 1074 4703 7705) (9 +6 ух1073 746 
+22 Kt K— (24 +12 )x 10-4 4658 
yrtr pp (L5 =06 )x 10-4 4604. 
2ه‎ 2r pp (4 +6 ух1о-5 4563 Хы(2Р) Ul КОРЕ) = ota t+) 
y2K*2K- (20 £2.0 у x 1075 4601 Ј needs confirmation. 
717 (958) <1з х ur CL=90% 4682 Mass m = 10.2552 + 0.0005 GeV 
ү? < 35 x 10 CL—9096 4714 m -m = 23.5 + 1.0 MeV 
71,(4525) «14 x10-^ сї=©% 4607 Хы(2Р) Жао) 
ү6(1270) <13 xi0-^ موه‎ 464 х 28 р 
(1440) Е . x10-5 d0% Ха bi (2P) DECAY MODES Fraction (Г;/Г) Scale factor. (MeV/c) 
(1710) + УКК <26 х107%  CL-904 6 77025) (21 +4 )% 15 29 
оу (2200) — yKt K- <2 х107%  CL-904 4475 yras) ( 85+13) % 13 764 
У 62220)  4K* КТ <15 х10-5  CL-994 4469 
102225) — уфф <3 x10-?  CL-904 4469 
эх <3 کټ‎ аж - Ху(2Р) Ul НИКЕ. 
_Х = pseudoscalar with m« 7.2 GeV) Ј needs confirmation. 
хх _ 1 «1 x 1973 CL=90% - Mass m = 10.2685 + 0.0004 GeV 
XX = vectors with m< 3.1 GeV) MX (2P) — mx, (2P) = 13.5 + 0.6 MeV 
Xpo( LP) Ш I6 (PC) = уо ++) Xpo(2P) DECAY MODES Fraction (Г//Г) p (мемо 
4 needs confirmation. y T(2s) (16.242.4) % 242 
4 
Mass m = 9859.8 + 1.3 MeV TUM энийг Ue 
p 
Xpo(1P) DECAY MODES. Fraction (Г;/Г) Confidence level (MeV/c) 


yT(1S) <6% 90% 391 
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Mass m = 10.3553 


iSuPC) o7 7 7) 
+ 0.0005 GeV 


Full width Г = 26.3 + 3.5 keV 


Scale factor/ Р 
7(35) DECAY MODES Fraction ([ ;/T) Confidence level (MeV/c) 
T(2S)anything (10.6 +08 )% 296 
Т(25)т+т- (28 +06 )% 8-22 7 
T(25)x9 59 ( 2002-032) % 190 
ТО5)уу (50 +07 )% 327 
T(S)rtz- ( 448-5021) % 814 
T(1S)r? 59 (26028) % 816 
Т(15)ң < 22 х10-3  CL-909 - 
pet pee ( 1.8140.17) % 5177 
ete- seen 5177 
Radiative decays 
Хр СР) (114 +08 )% $-13 87 
yXg (2P) (113 +06 )% 100 
"YXpgo(2P) ( 54 +06 )% S=1.1 123 
T(4S) GUPO ga == 
pera 7) 
or T(10580) 


Mass m — 10.5800 


+ 0.0035 GeV 


Full width Г = 10 + 4 MeV 
Tee = 0.248 + 0.031 ЮУ (S = 1.3) 


Р 
Confidence level (MeV/c) 


T(4S) DECAY MODES Fraction (T ;/T) 

BB _ >% % 95% - 

nor BB <4 % 95% - 
ete- ( 2840.7) x 1075 5290 
J/'b (3097) anything ( 224507) x 1073 = 
D*+ anything + c.c. < ТА % 90% 5099 
óanything « 23 х 1073 90% 5240 
T(1S)anything «4 х 1073 90% 1053 
T(10860) ОРО = sa 7 7) 


Mass m = 10.865 + 0.008 беу (S = 1.1) 


Full width Г = 110 + 13 MeV 

Tee = 0.31 + 0.07 keV (5-13) 
Т(10860) DECAY MODES Fraction (Г//Г) р (Мемо 
ete- (28-07) x 10-6 5432 

T(11020) РО Z2! ин 

Mass m = 11.019 + 0.008 GeV 

Full width Г = 79 + 16 MeV 

Гее = 0.130 - 0.030 keV 
Т(11020) DECAY MODES Fraction (Г;/Г) р (Мемо 
ete- (1605) x 10-6 5509 
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NOTES 


In this Summary Table: 


When a quantity has "(S = — ...)" to its right[ the error on the quantity has 
been enlarged by the "scale factor" Sl defined 255 = 4/X2/(N — 1) where 
N is the number of measurements used in calculating the quantity. We 

do this when 5 > 1[ which often indicates that the measurements are incon- 
sistent. When S > 1.25 we also show in the Particle Listings an ideogram of 
the measurements. For more about ST see the Introduction. 


A decay momentum р is given for each decay mode. For a 2-body decay p is 
the momentum of each decay product in the rest frame of the decaying 
particle. For a 3-or-more-body decay p is the largest momentum any of the 
products can have in this frame. 


[a] See the “Note on т — Еу and KE — £v Form Factors" in the 
T Particle Listings for definitions and details. 

[b] Measurements of [(e* ve)/T (u? v.) always include decays with "sand 
measurements of F(e* vey) and F(p" 1y Y} never include low-energy y's. 
Thereforel since no clean separation is possiblel we consider the modes 
with y's to be subreactions of the modes without them[ and let [ (et ve) 
F F(u* „Га = 100%. 

[c] See the « Particle Listings for the energy limits used in this measure- 

ment; low-energy y's are not included. 

[d] Derived from an analysis of neutrino-oscillation experiments. 


[e] Astrophysical and cosmological arguments give limits of order 10713; see 
the ло Particle Listings. 


[f] See the "Note on the Decay Width Г( — уу)” in our 1994 edition 
Phys. Rev. D50[ 1 August 19947 Part Гр. 1451. 


[g] C parity forbids this to occur as a single-photon process. 


ІҢ See the "Note on scalar mesons” in the (1370) Particle Listings . The 
interpretation of this entry as a particle is controversial. 

[i] See the "Note on p(770)" in the p(770) Particle Listings . 

[j] The et e7 branching fraction is from et e^ — z^ т^ experiments only. 

The wp interference is then due to хр mixing onlyf and is expected to 
be small. If ej; universality holds (99 — ptu) = Грб — ete) 
x 0.99785. 

[К] See the "Note on scalar mesons” in the f5(1370) Particle Listings . 

[f] See the "Note on a; (1260)" in the a; (1260) Particle Listings . 


[m] This is only an educated guess; the error given is larger than the error on 
the average of the published values. See the Particle Listings for details. 


[n] See the "Note on the ñ (1420)" in the 7(1440) Particle Listings. 

[o] See also the «2 (1600) Particle Listings. 

[p] See the "Note on the 2(1440)" in the (1440) Particle Listings. 

[g] See the "Note on the р(1450) and the p(1700)" in the р(1700) Particle 
Listings. 

[r] See the "Note on non-qq mesons” in the Particle Listings (see the index 
for the page number). 

[s] See also the (1420) Particle Listings. 

ІҢ See the "Note on Ғ/(1710)” in the Ғ/(1710) Particle Listings . 

[и] See the note in the K Particle Listings. 


[v] The definition of the slope parameter g of the K — 3r Dalitz plot is as 
follows (see also "Note on Dalitz Plot Parameters for K — 3: Decays" 
in the КЕ Particle Listings): 

[MP =1 + (5 – syn. +... 
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[w] For more details and definitions of parameters see the Particle Listings. 


[x] See the К Particle Listings for the energy limits used in this measure- 
ment. 


[y] Most of this radiative model the low-momentum у ра/1Гіз also included 
in the parent mode listed without y's. 


[2] Direct-emission branching fraction. 

[aa] Structure-dependent part. 

[bb] Derived from measured values of 5. Г hoor ИГ Imo - тю |Гапа 
т ко Газ described in the introduction to “Tests of Conservation Laws.” 

E 

[cc] The CP-violation parameters are defined as follows (see also “Note on 
CP Violation in Ks — 3r” and "Note on CP Violation in ко Ресау" 
in the Particle Listings): 

: А(К? > یزیو‎ 
ту = | |е =е+#ё 

d bh АК = тіт”) | 

дк} — 1270) 

A(K 8 — 7979) 2 

(к? — тои) - г(ко ә ки 
F(KQ— пои) (К "Ги 
р (K2 E سب پر ور سا‎ Viol. 

Im(. 0 F 

ыг F(KQ رد د‎ 

F(KQ — 95959) 

Г(К رر‎ ` 
where for the last two relations CPT is assumed validi i.e., Ке(—0) ~ 
0 and Бе(7оо0) = 0. 

[dd] See the ко Particle Listings for the energy limits used in this measure- 
ment. 

[ee] Calculated from к? semileptonic rates and the ко lifetime assuming AS 
= AQ. 

[ff] « је is derived from proo/.— | measurements using theoretical input on 
phases. 

[gg] The value is for the sum of the charge states of particle/antiparticle 
states indicated. 


[hh] See the к? Particle Listings for the energy limits used in this measure- 
ment. 


[if] Allowed by higher-order electroweak interactions. 


[ij] Violates CP in leading order. Test of direct CP violation since the in- 
direct. CP-violating and CP-conserving contributions are expected to be 
suppressed. 


[kk] See the "Note on 11370)" in the (1370) Particle Listings and in the 
1994 edition. 
[М See the note in the 1(1770) Particle Listings in Reviews of Modern 
Physics 56 No. 2 Pt. И (1984) p. S200. See also the "Note оп К(1770) 
and the K5(1820)" in the K>(1770) Particle Listings . 


[mm] See the “Note on K5(1770) and the K5(1820)" in the K>(1770) Particle 
Listings . 


тол тоо “9 = € — 2d 


ип (ооо? = 


[nn] This is a weighted average of DE (44%) and D? (56%) branching frac- 
tions. See “DtandD® — ) anything) / (total 0+ апа 29)" under 
"D^ Branching Ratios" in the Particle Listings. 
[oo] This value averages the e+ and и branching fractions! after making а 
small phase-space adjustment їо Ше. fraction to be able to use it as 
an et fraction; hence our £^ here is really an ет. 
[рр] An £ indicates an e or a jz model not a sum over these modes. 

[gg] The branching fraction for this mode may differ from the sum of the 

submodes that. contribute to НГ due to interference effects. See the 

relevant papers in the Particle Listings. 

[rr] The two experiments measuring this fraction are in serious disagreement. 

See the Particle Listings. 

This mode is not a useful test for a AC—1 weak neutral current because 

both quarks must change flavor in this decay. 

[tt] The 05-09 limits are inferred from the D?-D? mixing ratio 

(K+ (via DO) / (K-t vo). 

[uu] The larger limit (from E791) allows interference between the doubly 

Cabibbo-suppressed and mixing amplitudes; the smaller limit (from E691) 

doesn't. See the papers for details. 

The experiments on the division of this charge mode amongst its sub- 
modes disagree! and the submode branching fractions here add up to 
considerably more than the charged-mode fraction. 

[ww] However[ these upper limits are in serious disagreement with values ob- 
tained in another experiment. 

[хх] For now[ we average together measurements of the X et v and X rt ив 
branching fractions. This is the averagel not the sum. 

This branching fraction includes all the decay modes of the final-state 

resonance. 


This value includes only K+ К decays of the f,(1710)[ because branch- 
ing fractions of this resonance are not known. 


[ааа] This value includes only тт” decays of the f (1500)f because branching 
fractions of this resonance are not known. 


[bbb] B? and Be contributions not separated. Limit is on weighted average of 
the two decay rates. 


[ccc] These values are model dependent. See ‘Note on Semileptonic Decays" 
in the 8+ Particle Listings. 

[ddd] D** stands for the sum of the D(1 !P, Г DCL ЗРЬ)Г DC °P, DC ЗРЬ)Г 
D(2 tSo} and 22 151) resonances. 


[еее] Inclusive branching fractions have a multiplicity definition and can be 
greater than 100%. 


[fff] D; represents an unresolved mixture of pseudoscalar and tensor D** (P- 
wave) states. 


[ggg] Not a pure measurement. See note at head of во Decay Modes. 


[$$] 


[w] 


уу 


[zz] 


[hhh] Includes pprt z y and excludes ppn ppo ppr. 

[ii] JPC known by production in e+ e^ via single photon annihilation. / G 
is not known; interpretation of this state as a single resonance is unclear 
because of the expectation of substantial threshold effects in this energy 
region. 

Lj] Spectroscopic labeling for these states is theoreticall pending experimen- 
tal information, 
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e ћ(1170) 
e 5 (1235) 
o а, (1260) 
© £(1270) 
© (1285) 
e (1295) 
e (1300) 
© (1320) 
• (1370) 
1380) 
1405) 
e 1.(1420) 
(1420) 
5(1430) 
e 77 (1440) 
e (1450) 
e (1450) 
• 5(1500) 
f (1510) 
e #,(1525) 
f (1565) 
e (1600) 
X(1600) 
(1640) 
tp( 1645) 


оомосоооооыны-ын 
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See also the table of suggested qq quark-model assignments in the Quark Model section. 


е Indicates particles that appear in the preceding Meson Summary Table. We do not regard 


the other entries as being established. 


T Indicates that the value of J given is preferred, but needs confirmation. 


X (1650) 
e cx(1670) 


e (1670) 


e 9(1680) 
e (1690)ږم‎ 
е (1700) 


e (1710) 


1Қ1760) 


Х(1775) 
e т(1800) 
Б(1810) 


e 03(1850) 


tp (1870) 


X(1910) 


& (1950) 


X(2000) 
• 5(2010) 


(2020) 


e 2,(2040) 
e 5(2050) 
(2060) 


т›(2100) 
(2150) 


0(2150) 


%(2200) 


62220) 


(2225) 


рз(2250) 


e 5(2300) 


f, (2300) 
e Б(2340) 


ps (2350) 


а (2450) 


(2510) 
X(3250) 


OTHER LIGHT UNFLAVORED 
(S=C=B=0) 


ete- (1100-2200) 7 (1--) 
NN(1100-3600) 
X (1900-3600) 


STRANGE 
+1, C= B=0) 
ҚР) 


1/2(0-) 
1/2(0”) 


• КЕ 

ek? 

eK 0 

ek ү, 

e K*(892) 

e IG (1270) 

e K1(1400) 

e K*(1410) 

e K5(1430) 

e K5(1430) 
K(1460) 
K, (1580) 
K4(1650) 

• K*(1680) 

e К>(1770) 

e K3(1780) 

e К>(1820) 
K(1830) 
К%(1950) 
K3(1980) 

e К%(2045) 
К>(2250) 
Кз(2320) 
K$(2380) 
K4(2500) 
K(3100) 


CHARMED 
(c= +1) 


1/2(0—) 


e Dt 

• D? 

• D*(2007)° 

e D'(2010)* 

e D, (2420)? 
Di(2420)* 

• D3(2460)° 

e D5(2460) t 


CHARMED, STRANGE 
(С=5=+1) 

0(07) 

0(27) 

о 7) 

о(??) 

ВОТТОМ 

(B= +1) 
1/2(07) 
1/2(07) 
1/2(17) 


72) 


. Di 
. De 
• 0,1(2536)= 
• 0,(2573)= 


• В= 

e B? 

کاو 
)8"(5732 


BOTTOM, STR 
(8==1,5= 


ANGE 


Tl) 
(JPO) 
0(0—) 
0(1—) 
77) 


в" (5850) 
BOTTOM, CHARMED 
(в=сС==1 
в= 0(0”) 


с 


ens) 
e J/v(1S) 
2 Xco(1P) 
e ха ПР) 
(ІР) 
2 хор) 
пе(25) 
e (25) 
e (3770) 
• (4040) 
е:/(4160) 
ө (4415) 


• 7(15) 

e Xpo(1P) 
• Хь(1Р) 
e Xpo(1P) 
• 7(25) 

* Xpo(2P) 
e Хы(2Р) 
e Xpo(2P) 
e T(3S) 

е 7(45) 

e T(10860) 
e T(11020) 


NON-qq CANDIDATES 
Non-qq Candidates 


BARYON SUMMARY TABLE 


This short table gives the name, the quantum numbers (where known), and the status of baryons in the Review. Only the baryons with 3- 
or 4-star status are included in the main Baryon Summary Table. Due to insufficient data or uncertain interpretation, the other entries in the 
short table are not established as baryons. The names with masses are of baryons that decay strongly. See our 1986 edition (Physics Letters 
170B) for listings of evidence for Z baryons (KN resonances). 


p Pa te A(1232) Ра ӨӨ ЈА Ры жәж | ye Ра жж | 29 Ра хєєж 
ћ Ра ۴۶۴۴ | A(1600) Рр ** |A(1405) 5 **** yo Pa Же | =- Ра FE 
N(1440 Ра  **** | 40620) S4  **** | Л(1520) Пу ӘН |X- Ра ۴۶۴ | =(1530) Ра ۳۶ 
М1520) Dj; PF |A(1700 Пу  **** | A(1600) Ру ЗӨ |2(1380 Рз FFF | 2(1620) * 
№1535) Sua *** | 4(1750) Ри * A(1670) Sy ۶۴۳ | X(1480) * =(1690) жек 
М(1650) Su  **** | A(1900) Sı  **  |A(1690 Dy  **** | (1560) ** | (1820) Dg; *** 
М(1675) Di; ۴۴۳ | A(1905) Ғы  **** |A(1800 Sy,  *** |2(1580 Оз * | =(190) жек 
A(1680) Ғы ۴۴۳ | A(1910) P4  **** | (1810) Ру *©* |7(1620) Su * | Е (2030) жә 
№1700) Dis * | A(1920) Ра ӨР |A(1820 Қы *®* | 2(1660)) Ра ۴۴ | = (2120) ж 
№1710) Pa  *** | A(1930) Dy  *** |/(180) Dy  **** |2(1670) Оз  *"** | z(2250) ** 
№1720) Ра #99 | A(1940) D * A(1890) Рз ғ | X (1690) ** | =(2370) ** 
N(1900 Рз **  |A(1950 Ру  **** | A(2000) * Х(1750) Su %% | =(2500) * 
N(1990) Ат ** | A(2000) Ғы ** |200) F * Х(1770) Ра * 
№2000) Ғы * |А(2150) 51 * 210) бұ Ж | (1775) Dy ۴۴۴ | Q- жә 
№2080) Оз ** | A(2200) бу * A(2110) Қы ۴۴ |2(80) Рз * $2(2250)- же 
М(2090) Su * A(2300) Ны ** |Л(2325) Пу * 2(1880) Pa * 87 Ж 
N(2100) Pu * A(2350 Ds * A(2350 Нә  *** |X(1915 Ғы RF | 20240) ** 
№2190) бу ӨӨХ | 4(2390) يم‎ * A(2585) * ум) Ds += | ا‎ 
№2200) 05 * | A(2400) бо ** Х(2000) 540% A dk 
№2220) Но ۴۶۴۳ | Д(2420) Нуш ۳۷ Х(2030) Fz Ж Ле(2593)" ш. 
№2250) бө ӨР | A(2750) Ба ** (207) Ба * Ac(2625)* жек 
№2600) ha ** | Д(2950) №5 ** E(2080) Ру * |0455) eee 
№2700) Қаз | Х(2100) бт * X. (2520) жек 
X (2250) жж |ж? жек 
X (2455) = |= жж 
X (2620) * | = (2645) же 
Х (3000) * 20 ж 
X (3170) * 
Л *** 
жен = * 
=b b 


**** Existence is certain, and properties are at least fairly well explored. 


жж Existence ranges from very likely to certain, but further confirmation is desirable and/or 
quantum numbers, branching fractions, etc. are not well determined. 


** Evidence of existence is only fair. 


* Evidence of existence is poor. 
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Antilepton + photon(s) 
М ВАКУОМ5 р— ety > 460 90% 469 
(5 = 01- 1/2) р— pty > 380 90% 463 
, n иу >24 90% 470 
РЕМ+ = uud; ni N° = udd p етут > 100 90% 469 
Three (or more) leptons 
[2] КР) = 019) po егете” > 510 90% 469 
р енн >81 90% 457 
Mass m = 938.27231 + 0.00028 Мем ІРІ р etvv >ш 90% 469 
= 1.007276470 + 0.000000012 u n= etev >74 90% 470 
|22-|/(22-у = 1.0000000015 + 0.0000000011 n= мер >47 90% 464 
Р Р 8 п utu-v > 42 90% 458 
lap + ap|/e < 2x10 р pete >91 90% 464 
+ де [је < 10x 10771 [9] po ututu- > 190 90% 439 
Magnetic moment x = 2.79284739 + 0.00000006 jen; р— utvv >21 90% 463 
Electric dipole moment d = (—4 + 6) x 10723 ест po putut >6 90% 457 
Electric polarizability @ = (12.1 + 0.9) х 107^ fm? n= Зи > 0.0005 90% 470 
Magnetic polarizability 8 = (2.1 + 09) x 1075 fm? Inclusive modes 
Mean Шет > 1.6 х 1075 years (independent of mode) N — etanything > 06 (n p) 90% is 
> 1031 to 5 x 1032 years Ís] (mode dependent) N — jctanything > 12 (arp) 90% = 
Below! for N десаузг р and n distinguish proton and neutron partial life- N = eta? anything > 0.6 (nl p) 90% ES 
me ee 2. Te пее Decay" in our 1994 edition (Phys. AB = 2 dinucleon modes 
The "partial mean life" limits tabulated here are the limits on r/B;T where Тһе following: are lifetime: limits per iron nucleus. 
т is the total mean life and B; is the branching fraction for the mode in pp тїт >07 90% _ 
question. рп کې‎ >2 90% - 
Partial mean life Шал 22 2 _ 
p DECAY MODES (1030 years) Confidence level (mews 5 E a нэн — — к - 
Antilepton + meson pp еи >36 90% - 
М— ет > 130 (mU > 550 (р) 90% 459 pp— utut >17 90% - 
No utm > 100 (m) 270 (p) 90% 453 рп— ety >28 90% - 
N= ит > 100 (mE > 25 (p) 90% 459 pn— џију > 16 90% = 
p etg > 140 90% 309 ПП — VeVe > 0.000012 90% = 
po utn > 69 90% 296 nn VuVu > 0.000006 90% = 
n vm >54 90% 310 p DECAY MODES 
N— etp > 58 (m > 75 (p) 90% 153 
N— utp > 23 (n) > 110 (p) 90% 119 Partial mean life p 
N= vp > 19 (nF > 27 (p) 90% 153 p DECAY MODES (years) Confidence level (MeV/c) 
po etw > 45 90% — 142 ре ету > 1848 95% — 469 
po utw >57 90% 104 po رد‎ > 554 95% 459 
n vw > 43 90% 144 po en 171 95%, 309 
М— etK >13 (п)Г> 150 (p) 90% 337 P> ek? >29 95% 337 
р етке >76 90% 337 ре ею 9 9% — 337 
po ек > 44 90% 337 
М— utK > LL (mr 120 (p) 90% 326 
po K >64 9% 326 [^] КР) = 57) 
p пък >44 90% 326 T 
М- vK >86 (уг 100 (р) 90% 339 Mass m = 939.56563 + 0.00028 MeV 
р— et K*(892)9 25 ue ie = 1.008664904 + 0.000000014 и 
N — vK*(892) 2 Gr» (ру из 28 ту = mp = 1.293318 + 0.000009 MeV 
5 = 0.001388434 + 0.000000009 u 
" Antilepton + mesons Mean life т = 886.7 + 1.95 (S=1.2) 
po ши Ын >21 90% 448 ст = 2.658 x 108 km 
: = : Мал -| | н Magnetic moment , = —1.9130428 + 0.0000005 jy 
po umts БЕ B ын Mu Electric dipole moment d« 097. ДИ еспе = 90% 
р-» итол? >= 33 90% 427 Electric polarizability œ = (0.98 553) x 1077 т? (5 = 1.1) 
na utr >33 90% 427 Charge q = (-04 = 1.1) x 1071 e 
п etK94- >18 90% 319 Mean пї-овсШайоп time > 1.2: 109 $ГСІ = 90% (4 (bound m 
> 0.86 x 108 га]. = 90% (free m) 
Lepton + meson 
n= ert >65 906 _ 459 Decay parameters [°] 
n port >49 9% 453 рет.  ga/gv = —1.2670 + 0.0035 (S = 1.9) 
п e-pt > 62 90% 154 " А 0.1162 + 0.0013 (5 = 1.8) 
n= ни“ p^ >7 90% 120 " B = 0.990 + 0.008 
n= eK E >32 W% 340 " 2 = —0.102 + 0.005 
n= рК >57 90% 330 ñ Фау = (180.07 + 0.18)° ІН 
Lepton + mesons " D =(–05 + 1.4) х 1073 
po ertr" > 30 90% 448 p 
n= کي‎ > 29 90% 449 n DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
p> и“ т m >17 90% 425 pepe 100% 138 
no т > 34 90% 427 
ре етк >20 90% 320 Charge conservation (Q) violating mode 


po port Kt >5 90% 279 рее Q < 8х10727 68% 129 
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М(1440) Pu: 


Breit-Wigner mass = 1430 to 1470 (х2 1440) MeV 
Breit-Wigner full width = 250 to 450 ( 350) MeV 


Рьеат = 0.61 GeV/c 


4тХ2 = 31.0 mb 


Re(pole position) = 1345 to 1385 (х 1365) MeV 
—2Im(pole position) = 160 to 260 (~ 210) MeV 


N(1650) 511 


Breit-Wigner mass = 1640 to 1680 (х2 1650) MeV 
Breit-Wigner full width = 145 to 190 (= 150) MeV 


Рьеат = 0.96 GeV/c 


4152 = 16.4 mb 


Re(pole position) = 1640 to 1680 (== 1660) MeV 
—2Im(pole position) = 150 to 170 (ғ: 160) MeV 


М(1440) DECAY MODES Fraction (Г;/Г) p (Мед №1650) DECAY MODES. Fraction (Г;/Г) p (Мед 
Мт 60-70 % 397 Мт 55-90 % 547 
Мат 30-40 % 342 Ny 3-10 % 346 
Ar 20-30 % 143 AK 3-11% 161 
Np <8% t Naw 10-20% 511 
М(тт) ме 5-10% - Ат 17% 3⁄4 
py 0.035-0.048 % 414 Np 4-12% t 
рүГһейсйу—1/2 0.035-0.048 % 414 N (aT е <4% d 
my 0.009-0.032 % 413 М(1440)т <5% 147 
myThelicity21/2 0.009-0.032 % 413 ру 0.04-0.18 % 558 
۲م‎ helicity=1/2 0.04-0.18 % 558 
ny 0.003-0.17 % 557 
N(1520) Dis (= 53”) myFhelicity-1/2 0.003-0.17 % 557 
Breit-Wigner mass = 1515 to 1530 (ғ: 1520) MeV 
Breit-Wigner full width = 110 to 135 (ле 120) MeV N(1675) Dis Р) = 1(37) 
Рреат = 0.74 GeV/c 4832 = 23.5 mb 
Re(pole position) = 1505 to 1515 (а: 1510) MeV Breit-Wigner mass = 1670 to 1685 (г: 1675) MeV 
—2Im(pole position) = 110 to 120 (~ 115) MeV Breit-Wigner full width = 140 to 180 (~ 150) MeV 
Рреат = 1.01 GeV/c 4лХ2 = 15.4 mb 
N(1520) DECAY MODES. Fraction (T/T) p (Mey) Re(pole position) = 1655 to 1665 (ғ: 1660) MeV 
m 50-60% 456 —2Im(pole position) = 125 to 155 ( 140) MeV 
Мтт 40-50 % 410 . 
Ат 15-25 % 298 N(1675) DECAY MODES Fraction (Г//Г) р (Мемо) 
Мр 15-25 % 1 Мт 40-50% 563 
М(тту&0 e <8% = АК <1% 209 
py 046-056 % 470 Мат 50-60% 529 
р'уГћећсћу=1/2 0.001-0.034 94 470 Ат 50-60% 364 
py[ helicity=3/2 0.44-0.53 % 470 Np <13% t 
ny 0.30-0.53 % 470 pY 0.004-0.023 % 575 
mT helicity=1/2 0.04-0.10% 470 руГћећску=1/2 0.0-0.015 % 575 
myFhelicity-3/2 025-045% 470 pyThelicity=3/2 00-001 % 575 
пу 0.02-0.12 % 574 
nyThelicity=1/2 0.006-0.046 % 574 
N(1535) 511 iP) = 387) my helicity=3/2 0.01-0.08 % 574 
Breit-Wigner mass = 1520 to 1555 (= 1535) MeV 
Breit-Wigner full width — 100 to 250 ( 150) MeV N(1680) Fis КР) = 387) 
Рреат = 0.76 GeV/c 4132 = 22.5 mb шэг 
Re(pole position) = 1495 to 1515 (æ 1505) MeV Breit-Wigner mass = 1675 to 1690 (г: 1680) MeV 
—2Im(pole position) = 90 to 250 (=: 170) MeV Breit-Wigner full width = 120 to 140 (= 130) MeV 
Рьеат = 1.01 GeV/c 4лХ2 = 152 mb 
N(1535) DECAY MODES Fraction (Г,/Г) p (MeV) Re(pole position) = 1665 to 1675 (= 1670) MeV 
Мт 35-55% p —2Im(pole position) = 105 to 135 (= 120) MeV 
0, 
um d i es N(1680) DECAY MODES Fraction (T;/T) p (MeV) 
Ат <1% 242 Мт 60-70% 567 
Мр <4% t Мтт 30-0% 532 
М(тту 0 е <3% - Ат 5-15% 369 
М(1440)т <7% t Np 315% t 
py 0.15-0.35 % 481 М(тту ме 5-20% Е 
рүГһейсйу—1/2 0.15-0.35 % 481 py 0.21-0.32 % 578 
ny 0.004-0.29 % 480 pyVhelicity=1/2 0.001-0.011 % 578 
ny[ helicity=1/2 0.004-0.29 % 480 р'уГћећсћу=3/2 0.20-0.32 % 578 
m 0.021-0.046 % 577 
myFhelicity-1/2 0.004-0.029 % 577 
nT helicity=3/2 0.01-0.024 % 577 
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| Мато) Di. ردد و‎ 


Breit-Wigner mass = 1650 to 1750 (аг 1700) MeV 
Breit-Wigner full width = 50 to 150 (= 100) ٧ 
Pbeam — 1.05 GeV/c 412 = 14.5 mb 
Re(pole position) = 1630 to 1730 (= 1680) MeV 

— 2Im(pole position) = 50 to 150 (== 100) MeV 


Baryon Summary Table 


(2220) нэ | =н 


Breit-Wigner mass = 2180 to 2310 (= 2220) MeV 
Breit-Wigner full width = 320 to 550 (== 400) MeV 
Poeam = 2.14 GeV/c 412 = 5.97 mb 
Re(pole position) = 2100 to 2240 (ғә 2170) MeV 
— 2Im(pole position) = 370 to 570 (= 470) MeV 


N(1700) DECAY MODES Fraction (Г;/Г) p (Меме) N(2220) DECAY MODES Fraction (Г;/Г) p (MeV/O 
Мт 5-15 % 580 Мт 10-20% 905. 
АК <3% 250 
Мтт 85-95% 547 

Мр <5% t N(2250) Gig КР) = 587) 

р 

Е оо н ЭН Breit-Wigner mass = 2170 to 2310 (а 2250) ٧ 

py helicity—3/2 о002-098 % sob Breit-Wigner full width — 290 to 2 (ғ 400) MeV 
ny 0.01-0.13% 590 Poeam = 2.21 GeV/c Ата“ = 5.74 mb 

nyThelicity=1/2 0.0-0.09 % 590 Re(pole position) = 2080 to 2200 (ғг 2140) MeV 

ny helicity=3/2 0.01-0.05 % 590 — 2Im(pole position) = 280 to 680 (=: 480) MeV 


Breit-Wigner mass = 1680 to 1740 (аг 1710) MeV 
Breit-Wigner full width = 50 to 250 (= 100) MeV 
Pbeam = 1.07 GeV/c 4732 = 142 mb 
Re(pole position) = 1670 to 1770 (22 1720) MeV 

—2Im(pole position) = 80 to 380 (~ 230) MeV 


N(1710) DECAY MODES. Fraction (Г;/Г) p (Mevo 
Мт 10-20% 587 
АК 5-25% 264 
Мтт 40-90 % 554. 
Ат 15-40% 393 
Мр 5-25 % 48 
М(тт) це 10-40% = 

y 0.002–0.05% 598 
pyUhelicity=1/2 0.002-0.0596 598 
ny 0.0-0.02% 597 
nyl helicity=1/2 0.0-0.02% 597 


К?) = 337) 


Breit-Wigner mass = 1650 to 1750 (2: 1720) MeV 
Breit-Wigner full width = 100 to 200 (= 150) Мем 
Рьеат = 1.09 GeV/c 41? = 139 mb 
Re(pole position) = 1650 to 1750 (аг 1700) MeV 
—2Im(pole position) = 110 to 390 (= 250) MeV 


N(1720) DECAY MODES. Fraction (Г//Г) р (Меме) 
Мт 10-20% 594. 
АК 1-15 % 278 
Naw >70% 561 
Np 70—85 % 104 

y 0.003-0.10 % 604. 
pyThelicity=1/2 0.003-0.08 % 604 
pyThelicity=3/2 0.001-0.08 % 604 
ny 0.002–0.39 % өз 
түГһеісіу--1/2 0.0-0.002 % 603 
nyThelicity=3/2 0.001–0.39 % 603 


Breit-Wigner mass = 2100 to 2200 (22 2190) MeV 
Breit-Wigner full width = 350 to 550 (= 450) MeV 
Poeam = 2.07 GeV/c 4152 = 6.21 mb 
Re(pole position) = 1950 to 2150 (a: 2050) MeV 
—2Im(pole position) = 350 to 550 (= 450) MeV 


N(2190) DECAY MODES Fraction (Г;/Г) р (Mevo) 


Мт 10-20% 888 


N(2250) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
Мт 515% 923 


Breit-Wigner mass = 2550 to 2750 (=> 2600) MeV 
Breit-Wigner full width = 500 to 800 (a: 650) MeV 
Poeam = 3.12 GeV/c 4x2 = 3.86 mb 


N(2600) DECAY MODES. Fraction (Г;/Г) р (Мемо) 
Мт 5-10 % 1126 


А ВАКУОМ5 


(5 = 0, / = 3/2) 


А++ = yuu Аъ = uud: A? = udd АП = ddd 


| 40232) Pss i-i 


Breit-Wigner mass (mixed charges) = 1230 to 1234 (аг 1232) 
MeV 

Breit-Wigner full width (mixed charges) = 115 to 125 (аг 120) 
MeV 
Рреат = 0.30 GeV/c АтХ2 = 94.8 mb 

Re(pole position) = 1209 to 1211 (~ 1210) MeV 

—2Im(pole position) = 98 to 102 (~ 100) MeV 


4(1232) DECAY MODES Fraction (Г;/Г) ههد‎ 
Мт >99 % 227 
Му 0.52-0.60 % 259 
МеуГћенску=1/2 0.11-0.13 % 259 
N^yT helicity23/2 0.41-0.47 % 259 


| 1800) Pss | UP 889 


Breit-Wigner mass = 1550 to 1700 (а: 1600) MeV 
Breit-Wigner full width = 250 to 450 (ғә 350) MeV 
Poeam = 0.87 GeV/c 4732 = 18.6 mb 
Re(pole position) = 1500 to 1700 (== 1600) MeV 
—2Im(pole position) = 200 to 400 (== 300) MeV 


(1600) DECAY MODES Fraction (Fj/P) p (мем) 
10-25 % 512 
75-90 % 473 
40-70% 301 
<5% t 
10—35 % 74 
0.001-0.02 % 525 
0.0-0.02 % 525 


N^yFhelicity—3/2 0.001—0.005 % 525 


Baryon Summary Table 


Breit-Wigner mass = 1615 to 1675 ( 1620) MeV 
Breit-Wigner full width = 120 to 180 (ғ 150) MeV 
Pheam = 0.91 GeV/c 462 = 17.7 mb 
Re(pole position) = 1580 to 1620 (== 1600) MeV 
—2Im(pole position) = 100 to 130 ( 115) MeV 


A(1920) Раз سښا‎ = 37) 
Breit-Wigner mass = 1900 to 1970 («z 1920) MeV 
Breit-Wigner full width = 150 to 300 (= 200) MeV 

Pheam = 1.48 GeV/c 4тХ? = 9.37 mb 
Re(pole position) = 1850 to 1950 (a: 1900) MeV 
—2Im(pole position) = 200 to 400 (= 300) MeV 


A(1620) DECAY MODES Fraction (Г;/Г) p (Мед 441920) DECAY MODES Fraction (Г;/Г) p (Мед 
Мт 20-30 % 526 № 5-20 % 722 
Мат 70-80 % 488 
Ат 30-60% 318 р, 3,5— 
Мр 7-25 5 t A(1930) Dy; IJ у= (> ( 
Му 0.004-0.044 % 538 
NyThelicity=1/2 0.004-0.044 % 538 Breit-Wigner mass = 1920 to 1970 ( 1930) MeV 
Breit-Wigner full width = 250 to 450 ( 350) MeV 
_ Pheam = 1.50 GeV/c 4лХ2 = 921 mb 
A(1700) D; 1?) = 387) Re(pole position) = 1840 to 1940 (æ 1890) MeV 
—2Im(pole position) = 200 to 300 ( 250) MeV 
Breit-Wigner mass = 1670 to 1770 (ғ: 1700) MeV (pole position) ( ) 
Breit-Wigner full width = 200 to 400 ( 300) MeV A(1930) DECAY MODES Fraction (Г//Г) p (MeV) 
= 22 
Poeam = 1.05 GeV/c А2 = 145 mb МЕ "em - 
Re(pole position) = 1620 to 1700 (= 1660) MeV Му 0.00.02% 47 
—2Im(pole position) = 150 to 250 ( 200) MeV МуГћећску=1/2 0.0-0.01 94 737 
НЕ : 
A(1700) DECAY M Fraction (Г/Т) p MO N-yThelicity=3/2 0.0-0.01 % 737 
Мт 10-20 % 580 -— 
Мат 80-90% 547 A(1950) Ру 107) = 5067) 
Ат 30-60% 385 
Мр 30-55 94 t Breit-Wigner mass = 1940 to 1960 (г: 1950) MeV 
Му 0.12-0.26 % 591 Breit-Wigner full width = 290 to 350 (== 300) MeV 
МуГћенску=1/2 0.08-0.16 % 591 Poeam = 1.54 GeV/c 47A? = 891 mb 
МуГћећску=3/2 0,005-0.12 % 591 Re(pole position) = 1880 to 1890 (== 1885) MeV 
—2Im(pole position) = 210 to 270 (га 240) MeV 
4(1905) Fas КР) = 36+) A(1950) DECAY MODES Fraction (Г;/Г) p (Mayo) 
1 
Breit-Wigner mass = 1870 to 1920 (æ 1905) MeV ни 35-07% 7H 
Breit-Wigner full width = 280 to 440 (zz 350) MeV y "E о 
Pbeam = 1.45 GeV/c 2چ‎ = 9.62 mb Np phe ° 23 
Re(pole position) = 1800 to 1860 (ғ: 1830) MeV Му 0.08-0.13 % 749 
—2Im(pole position) = 230 to 330 (г: 280) MeV N^Thelidty-1/2 0.03-0.055 % 749 
د‎ Я 
A(1906) DECAY MODES Fraction (ГГ) рода МүГһеісіу-3/2 0.05-0.075 % 79 
Мт 5-15% 713 " 
Мтт 85-95 % 687 А(2420) H311 КР) = 8037) 
Ат <25% 542 
Мо >60% 421 Breit-Wigner mass = 2300 to 2500 (a: 2420) MeV 
Му 0.01-0.03 % 721 Breit-Wigner full width = 300 to 500 (=> 400) MeV 
N^ helidty—1/2 00-01% 721 Poeam = 2.64 GeV/c 432 = 4.68 mb 
NyThelicity=3/2 0.004-0.08 % 721 Re(pole position) = 2260 to 2400 (аг 2330) MeV 
—2Im(pole position) = 350 to 750 (= 550) MeV 
Py 31 
A(1910) Ра КЈ (- 357) 142420) DECAY MODES Fraction (T/T) p MVO 
Breit-Wigner mass = 1870 to 1920 (== 1910) MeV Мт 515% 1023 
Breit-Wigner full width = 190 to 270 (я 250) MeV 
Рреат = 1.46 GeV/c 4X2 = 9.54 mb 
Re(pole position) = 1830 to 1880 (ғ: 1855) MeV 
—2Im(pole position) = 200 to 500 (~ 350) MeV 
A(1910) DECAY MODES Fraction (Г//Г) p (Мед 
Nz 15-30 % 716 
Му 0.0-0.2 % 725 
МүГһеісіу-1/2 00-02% 725 
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А ВАКУОМ5 


(5--1,1-0) 


A = uds 


у= ОТ) 


Mass m = 1115.683 + 0.006 MeV 
Mean life т = (2.632 + 0.020) х 10710 s (S = 1.6) 
cr — 7.89 cm 
Magnetic moment + = —0.613 + 0.004 ил 
Electric dipole moment d < 1.5 x 10-19 естГСЕ = 95% 


Decay parameters 
рт“ a_ = 0.642 + 0.013 
p ф_ = (—6.5 + 35) 
" په‎ = 0.76 181 
" A. = (8 + که‎ ЇЕ 
пто ад = +0.65 + 0.05 
peve вд/вү = —0.718 + 0.015 [el 
A DECAY MODES Fraction (Г;/Г) P (мед 
рт“ (63.9 =05 )% 101 
пт (35.8 +05 ) 4 104 
my (175045) x 1073 162 
Pry ІН( 84 +14 у x 1074 101 
Pe Te ( 8.32 +0.14) x 1074 163 
PU Ty ( 157 +0.35) x 1074 131 
A(1405) Sot 10Р) = 057) 
Mass т = 1407 + 4 MeV 
Full width Г = 50.0 + 2.0 MeV 
Below K N threshold 
A(1405) DECAY MODES Fraction (F;/T) р (Мемо) 


Хт 100% 152 


Mass m = 1519.5 + 1.0 Mev ЇЙ 
Full width Г = 15.6 + 1.0 Mev ЇЙ 


КР) = ол) 


Baryon Summary Table 


A(1670) 10Р) -об”) 
Mass т = 1660 to 1680 (== 1670) MeV 
Full width Г = 25 to 50 (л: 35) MeV 


Рьеат = 0.39 GeV/c 4лХ2 = 82.8 mb 
A(1520) DECAY MODES Fraction (Г;/Г) p (Mevic) 
NK 45 + 1% 244 
PX 42 = 1% 267 
ATT 10+1% 252 
Утт 0.9 = 0.1% 152 
Лу 0.8 + 0.2% 351 
A(1600) Pox iP) = 005+) 
Mass m = 1560 to 1700 (ғ: 1600) MeV 
Full width Г = 50 to 250 (zz 150) MeV 
Pbeam = 0.58 GeV/c 4лХ2 = 41.6 mb 
A(1600) DECAY MODES Fraction (Гу/Г) p (Mavo 
NK 15-30% 343 
zum 10-60 % 336 


Pbeam = 0.74 GeV/c 4лХ2 = 28.5 mb 
A(1670) DECAY MODES. Fraction (Г;/Г) р (Meo) 
NK 15-25 % 414 
an 20-60% 393 
An 15-35 % 64 
A(1690) Dos Р) = 037) 
Mass т = 1685 to 1695 (= 1690) MeV 
Full width Г = 50 to 70 (= 60) MeV 
Рьеат = 0.78 GeV/c 4лХ2 = 26.1 mb 
A(1690) DECAY MODES. Fraction (Г;/Г) р (Меме) 
NK 20-30 96 433 
PX 20-40% 409 
ATT ~ 25% 415 
Lan ~ 20% 350 
/(1800) КР) = o7) 
Mass m = 1720 to 1850 (= 1800) MeV 
Full width Г = 200 to 400 (ғ: 300) MeV 
Pheam = 1.01 GeV/c 4832 = 17.5 mb 
A(1800) DECAY MODES. Fraction (Г;/Г) p (Mevo) 
NK 25-40% 528 
Хт seen 493 
2(1385)т seen 345 
NK*(892) seen Ї 
A(1810) Ру (Ру =0(27) 
Mass m = 1750 to 1850 (ғ: 1810) MeV 
Full width Г = 50 to 250 (ғу 150) MeV 
Рьеат = 1.04 GeV/c 4nX? = 17.0 mb 
A(1810) DECAY MODES Fraction (Г;/Г) p (Мемо) 
NK 20-50 96 537 
Ут 10-40% 501. 
2385) т seen 356 
NK*(892) 30-60 % t 
A(1820) Fos iP) = 087) 
Mass т = 1815 to 1825 (= 1820) MeV 
Full width Г = 70 to 90 (ғ: 80) MeV 
Рьеат = 1.06 GeV/c 4тх? = 16.5 mb 
(1820) DECAY MODES, Fraction (Г;/Г) p (MeV) 
NK 55-65% 545 
in 8-14 96 508 
У (1385) т 510% 362 
(1830) Dos КР) = o7) 
Mass m = 1810 to 1830 (= 1830) MeV 
Full width Г = 60 to 110 (ғ: 95) MeV 
Pbeam — 1.08 GeV/c 4лХ2 = 16.0 mb 
^(1830) DECAY MODES. Fraction (Г;/Г) p (Меуо) 
NK 3-10 96 553 
in 35-75% 515 
У (1385) >15% 371 


Baryon Summary Table 


КР) =087) 


Mass m = 1850 to 1910 (х2 1890) MeV 


۶ BARYONS 


(5 =—1,/=1) 


Full width Г = 60 to 200 (= 100) MeV 


Et = aus 


20 = ид X` = dds 


Mass m = 1189.37 4 


iP) = 15+) 


+ 0.07 MeV (5-22) 


Mean life т = (0.799 + 0.004) x 10—10 s 


ст = 2.396 ст 
Magnetic moment цг 
r(E* өз т+}/Г 


= 2458 + 0.010 иу (5-24) 
E > ور‎ < 0.043 


Pbeam = 1.21 GeV/c 4152 = 13.6 mb 
1890) DECAY MODES Fraction (Г,/Г) p (Meo 
NK 20-35 % 599 
Ут 310% 559 
© (1385) seen 420 
NK*(892) seen 233 
A(2100) Gy (J?) = 037) 
Mass т = 2090 to 2110 (== 2100) MeV 
Full width Г = 100 to 250 (æ 200) MeV 
Рреат = 1.68 GeV/c 4X2 = 8.68 mb 
(2100) DECAY MODES. Fraction (T/T) p (Ме 
NK 25-35% 751 
Er “5% 704. 
۸7 <3% 617 
ЕК <3% 483 
Aw <8% 443 
NK*(892) 10-20 % 514 
A(2110) Fos IP) = 087) 
Mass m = 2090 to 2140 (ғ: 2110) MeV 
Full width Г = 150 to 250 (== 200) MeV 
Рреат = 1.70 GeV/c 4nX2 = 8.53 mb 
2110) DECAY MODES Fraction (Г;/Г) р (MeV/c) 
NK 5-25 % 757 
in 10-40% ти 
Ло Seen 455 
2 (1385) seen 589 
NK*(892) 10-60 % 524 
(2350) Hog 10Р) = 063+) 
Mass m = 2340 to 2370 (~ 2350) MeV 
Full width Г = 100 to 250 (= 150) MeV 
Руеат = 2.29 GeV/c 4TA? = 5.85 mb 
A(2350) DECAY MODES Fraction (Г//Г) p (Мемо) 
NK ~12% 915 
Er ~10% 867 


Decay parameters 
P оо 0907900 
" Фо = (36 t 34y 
" 26 = 0.16 1 
" Ao = (187 + 6)° [el 
nrt «ү = 0.068 + 0.013 
" фу = (167 + 2002 (5-14) 
" ү = —0.97 ЇЙ 
" A, اس‎ М 
py ay = —0.76 + 0.08 
Р 
X+ DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
pr? (51.5700) % 189 
nat (48.3140.30) % 185 
py (123-005) x 1073 225 
anty М (45 +05 yx 1074 185 
Aet ve ( 2:0 +05 ) x 1075 71 
AS = AQ (SQ) violating modes or 
AS = 1 weak neutral current (51) modes 
net v, 59 < 5 х 1076 90% 224 
nich vy, SQ < 30 х 1075 90% 202 
ређе“ 51 <7 x 19-6 225 


КР) = 15+) 


Mass m = 1192.642 + 0.024 MeV 

ту_ — туо = 4.807 + 0.035 MeV (S = 1.1) 

Myo — тд = 76.959 + 0.023 MeV 

Mean life т = (7.4 + 0.7) x 10720 s 
ст = 2.22 x 10-1 т 

Transition magnetic moment |: = 4| = 1.61 + 0.08 шұ 


p 
ХО DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
Ay 10% 74 
Луу < 3% 90% 74 


Лете“ Й 5x10 74 
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КР) = #7) 


Mass m = 1197.449 + 0.030 MeV. ($ = 12) 
my- — туу = 808 + 0.08 MeV (5 = 1.9) 
my- — тд = 81.766 + 0.030 MeV (S = 12) 


Mean life + = (1.479 3 


ст = 4.434 ст 
Magnetic moment м = —1.160 + 0.025 иу (S = 1.7) 
Decay parameters 

mr a_ = —0.068 + 0.008 

^ $- = 00 + 15)° 

" у = 0.98 [81 

" A. = (00912) El 
пер, вд/ву = 0.340 + 0.017 Fl 


" 
n 

Ле Te 
" 


Б(о)/ (0) = 0.97 + 0.14 
D= 0.11 + 0.10 
Ev/ga = 0.01 + 0.10 @ 
EwM/EA = 24 + 17 18 


(5-15) 


Е 0,011) х10-195 (5-13) 


Baryon Summary Table 


Р) 2 187) 


X (1750) 511 


Mass m = 1730 to 1800 (=> 1750) MeV 
Full width Г = 60 to 160 (= 90) MeV 


2 DECAY MODES Fraction (Г;/Г) р (Мемо 
пт (99.848:-0.005) % 193 
пт у ІЙ( 46 +06 )x10-* 193 
ne^ V. ( LOL7--0.084) x 103 230 
пи“ V, (45 +04 )x1074 210 
Детге (5.73 +027 )x 1079 79 
5 (1385) Ps 10Р) zi?) 
X(1385)tmass m = 1382.8 + 0.4 MeV (5 = 2.0) 
X(1385)? mass m = 1383.7 + 1.0 MeV (S= 14) 
X(1385)-mass m = 1387.2 + 0.5 MeV (5-22) 
X (1385) full width Г = 35.8 + 0.8 MeV 
X (1385)? full width Г = 36 + 5 MeV 
X(1385)-full width Г = 39.4 + 21 MeV (5 = 1.7) 
Below КМ threshold 
> (1385) DECAY MODES. Fraction (Г;/Г) р (Mevo 
Ат 88+2 % 208 
XT 1242 96 127 
2 (1660) Pu iP) = 057) 
Mass т = 1630 to 1690 (=> 1660) MeV 
Full width Г = 40 to 200 (ғ: 100) MeV 
Poeam = 0.72 GeV/c 4432 = 29.9 mb 
Z (1660) DECAY MODES. Fraction (Г;/Г) P (Мемо 
NK 10-30 96 405 
Лт seen 439 
Ут seen 385 
2 (1670) Dis Pei 
Mass m = 1665 to 1685 (ғ: 1670) MeV 
Full width Г = 40 to 80 (~ 60) MeV 
Poeam = 0.74 GeV/c 4тХ° = 28.5 mb 
(1670) DECAY MODES. Fraction (Г;/Г) р (Мемо) 
МК 7-13% 414 
Ат 55% 447 
Ут 30-60 % 393 


Рьеат = 0.91 GeV/c 4лХ2 = 20.7 mb 
(17590) DECAY MODES. Fraction (Г;/Г) р (Мемо) 
NK 10-40 % 486 
Ат seen 507 
in <8% 455 
Ут 15-55 % 81 
2:(1775) Dis quei) 
Mass m = 1770 to 1780 (ғ: 1775) MeV 
Full width Г = 105 to 135 (ғу 120) MeV 
Рреат = 0.96 GeV/c 4тХ? = 19.0 mb 
(1775) DECAY MODES. Fraction (Г;/Г) р (Меме) 
МК 37-43% 508 
Ят 14-20% 525. 
27 2-5% 474. 
2 (1385) т 8-12% 324 
A(1520yr 17-23% 198 
X(1915) Fis по reist) 
Mass m = 1900 to 1935 (= 1915) MeV 
Full width Г = 80 to 160 (=> 120) MeV 
Poeam = 1.26 GeV/c 4тХ? = 12.8 mb 
Е(1915) DECAY MODES Fraction (Гу/Г) p (Mey) 
NK 5-15 % 618 
Ar seen 622 
Er seen 577 
X(1385)r <5% 440 
2 (1940) Dis КР) = 137) 
Mass m = 1900 to 1950 (=: 1940) MeV 
Full width Г = 150 to 300 (= 220) MeV 
Рреат = 1.32 GeV/c 4тХ? = 121 mb 
Z (1940) DECAY MODES. Fraction (Г;/Г) р (Меме) 
NK «2096 637 
Ат seen 639 
xw seen 594. 
У(1385)т seen 460 
А1520)т | seen 354 
A(1232)K seen 410 
NK* (892) seen 320 
> (2030) Fi IP) = 157) 
Mass m = 2025 to 2040 (zz 2030) MeV 
Full width Г = 150 to 200 (ғу 180) MeV 
Рьеат = 1.52 GeV/c 4тА2 = 9.93 mb 
Z (2030) DECAY MODES. Fraction (Г;/Г) p (Мемо 
NK 17-23 % 702 
Ат 17-23 96 700 
Ут 510% 657 
ЕК <2% 412 
У (1385) т 5-15% 529 
А(1520)л_ 10-20 % 430 
A(1232) K 10-20% 498 


МК (892) «59 438 


Baryon Summary Table 


Х (2250) 


КОР) = 107?) 


Mass m = 2210 to 2280 (а: 2250) MeV 
Full width Г = 60 to 150 (= 100) MeV 


Pbeam = 2.04 GeV/c 4тХ? = 6.76 mb 
Х (2250) DECAY MODES Fraction (Г;/Г) p (Mevo 
МК <10% 851 
Ат seen 842 
in seen 803 


= BARYONS 


(5--2,/-1/2) 


= uss =" = 455 


КР) = 57) 


Pis not yet measured; + is the quark model prediction. 


Mass m = 1314.9 + 0.6 MeV 
mz. — Mz = 6.4 + 0.6 MeV 
Mean life 7 = (2.90 + 0.09) x 10719 s 
ст = 871 cm 
Magnetic moment ш = —1.250 + 0.014 шу 


Decay parameters 
Алд а--0411-0022 (5-24) 
Ë $= (21 + 12)° 
" y = 0.85 ЇЕ 
1 А = (218112 lel 
Лу a=04+ 0.4 
207 « = 0.20 + 0.32 
50 DECAY MODES. Fraction (F;/F) — Confidence level (моб 
Алд (99.544-0.05) % 135 
Лу ( 1.060.16) x 10-3 184 
rey (35 +04 ) x 1073 17 
Ete Te xL x107 90% 120 
рр, < 11 х 1073 90% 64 
AS = AQ (SQ) violating modes or 
AS = 2 forbidden (52) modes 
E دو‎ SQ وب‎ x 107% 90% 112 
=н ин 59 <9 х10-5 90% 49 
рт“ 52 <å х 1075 90% 299 
pe Ve 52 < 13 x10— 323 
PU Ua 52 < 13 х 1073 309 


(JP) = КЕ) 


P is not yet measured; + is the quark model prediction. 
Mass m = 1321.32 + 0.13 MeV 
Mean life т = (1.639 + 0.015) x 10—10 s 
cr — 4.91 cm 
Magnetic moment и: = —0.6507 + 0.0025 ji 


Decay parameters 
Алт о = —0.456 + 0.014 (S = 1.8) 
8 Ф=(4 4۳ 
: y = 0.89 lel 
" А = (188 + 8)° [el 


Ae-ve | ga/gv = —0.25 + 0.05 ٤ 
Р 
=“ DECAY MODES. Fraction (Г;/Г) Confidence level (MeV/c) 
Дт” (99.887 +0.035) % 139 
> Y ( 127 +0.23 ух 107% 118 
Лете (543 +0.31 ) x 1074 190 
шил (35 135 )xi1074 163 
Хде-р, (87 +17 ух1075 122 
игру «8 х107% 90% 70 
EO eTe < 23 х10-5 9% 6 


AS = 2 forbidden (52) modes 


тт 52 < 19 پر‎ 1079 90% 308 
пе“ ть S2 < 32 x 1073 90% 327 
пи V, 52 < 15 % 90% 314 
рт то 52 «4 x10-4 9096 223 
pr eve. 52 «4 x 1074 90% 304 
PITH Vy 52004 x 107% 90% 250 
рит” L < 4 x10-4 90% 272 


(1530) Pis К) = 337) 
=(1530)° mass m = 1531.80 + 0.32 MeV (S = 1.3) 
=(1530)~ mass m = 1535.0 + 0.6 MeV 
=(1530)° full width Г = 9.1 + 0.5 Mev 
=(1530)~full width Г = 9.9527 Mev 


Р 
Confidence level (MeV/c) 


=(1530) DECAY MODES. Fraction (Г;/Г) 
ېچ‎ 100% 152 
=> <4% 90% 200 


(1690) Ру = i) 


Mass m = 1690 + 10 MeV ЇЙ 
Full width Г < 50 MeV 


=(1690) DECAY MODES. Fraction (Г;/Г) p (Мемо) 
AK seen 240 
УК зееп 51 
=— ې‎ ат possibly seen 214 
(1820) Dis pP) = 587) 
Mass m = 1823 + 5 MeV Й 
Full width Г = 24515 Мем ll 
(1820) DECAY MODES Fraction (Г;/Г) р (мемо) 
K large 400 
small 320 
small 413 
small 234 
iP) = 5029) 
Mass m = 1950 + 15 MeV ll 
Full width Г = 60 + 20 Mev Й 
(1950) DECAY MODES. Fraction (Г;/Г) р (Mevo 
AK seen 522 
ЕК possibly seen 460 
=т seen 518 
7. 
Р) = 502 8?) 
Mass m = 2025 + 5 ЇЙ 
Full width Г = 2013 Mev ЇЙ 
(2030) DECAY MODES. Fraction (Г;/Г) р (Mevo 
AK ~ 20% 589 
УК ~ 80% 533 
=т small 573 
Е(1530)т small 421 
A K: T small 501 
Кт small 430 


11-39 


11-40 


Q BARYONS 


(5=–3,1=0) 


Q- = 555 


ЈР) =0(8+) 


JP is not yet measured; at is the quark model prediction. 


Mass m = 1672.45 + 0.29 MeV 
Mean life т = (0.822 + 0.012) x 10719 s 


ст = 246 ст 
Magnetic moment / = —2.02 + 0.05 им 
Decay parameters 

AKT a = —0.026 + 0.026 

mg a = 0.09 + 0.14 

EU œ = 0.05 + 021 

Р 
0— DECAY MODES Fraction (F;/T) Confidence level (MeV/c) 
АКТ (67.8--0.7) % 211 
Е (23.607) % 294 
Е т ( 8.6404) % 290 
Е-т+т- (43795 x 1074 190 
Е(15309 77 (64173 x 1074 17 
EI eTe (56:28) x 1073 319 
= < 46 х 1074 90% 314 
AS — 2 forbidden (52) modes 
Алт 52 < 19 x 1074 9096 449 
12Р) = (27) 

Mass т = 2252 = 9 MeV 

Full width Г = 55 + 18 MeV 
1X2250)- DECAY MODES Fraction (Г;/Г) р (Мемо) 
=Е-т+К- seen 531 

(15300 K7 seen 437 


CHARMED BARYONS 
(C=+1) 
udc X? 


+= + 
At = ude ЕТ 


=F =0 
Ес = изеГ Ес 


ийсГ ЕТ M 
dsc 00 = sse 


10Р) = 087) 


J not confirmed; i is the quark model prediction. 


Mass m = 2284.9 + 0.6 MeV 
Mean life 7 = (0.206 = 0.012) x 10712 5 


ст = 618 ит 
Decay asymmetry parameters 
Ant а = —0.98 + 0.19 


Etr? 
Alt ve 


а = —045 + 0.32 
- 011 
«= – 0.827 017 


Nearly all branching fractions of the at are measured relative to the 
pK т+ moder butthere аге по model-independent measurements of this 
branching fraction. We explain how we arrive at our value of BAT = 


рк” at) in a Note at the beginning of the branching-ratio measurements 
in the Listings. When this branching fraction is eventually well determined 
all the other branching fractions will slide up or down proportionally as the 


true value differs from the value we use here. 


+ 
б DECAY MODES 


Baryon Summary Table 


Scale factor/ 


Fraction (Гут) 


p 
Confidence level (MeV/c) 


E Hadronic modes with a p and one К 
pk? (25 +07)% 
рК ير‎ [М (50 =13)% 
۲7م‎ И (18 +06)% 
A(1232)* K— (8 +5 )x103 
Д(1520)т+ М (455 ухюз 
pK ті nonresonant (28 + 09)% 
pk9n (13 + 04)% 
pKOgta- (24 + 11)96 
pK- sa seen 
pK*(802)- r+ М (11 + 06)% 
P(K— nonresonant t (36 + 12 )% 
A(1232) К (892) seen 
рКоп и ко“ (11 + 08 )x 1073 


рК“п пок 
рк“ و م مې‎ 


(8 +4 )x103 
(5.0 + 3.4 ) x 1073 


Hadronic modes with a p and zero or two K's 


рат“ 
р10(980) 
پر کر وو‎ "T 
pK*K- 
рф 


7 =(1530 K+ 


АЁ ve 

Aet Ve 

Aut Vy 
et anything 
pet anything 
Ae* anything 
Aut anything 
ЛЕР veanything 


p anything 

р anything (no Л) 
р hadrons 
n anything 

n anything (no A) 
A anything 
X-anything 


(35 + 20 ) x 1073 
М (28 + 19 )x 1073 
(18 + 12 )x 1073 
(23 + 09 ) x 1073 
И (12 = 05 کد«(‎ 


Hadronic modes with а hyperon 
(90 = 28 )х1073 
(36 + 13)% 

< 5 % 
(33 + 10)% 
(17 + 06)% 

М (85 = 33 ) х 1073 
(6.0 + 21 ) x 1073 
(99 = 32 )х 1073 
( 1.00+ 0.34) % 
(55 + 23 )x 1073 
(34 + L0 )% 

< 14 % 
(18 + 08 )% 
(18 + 08 )*6 
(11 + 04 )96 


И (27 =10)% 
(30 * 44) х 1073 
(35 #12 )x103 

М (35 + 17 ух 1073 
(т E$ تر‎ 
(39 = 14 ух 1073 
(49 + 17 ) x 1073 

М (26 =10)х 1073 

Semileptonic modes 


[m] (20 + 06 )% 
(21 + 06 )% 
(20 +07)% 
(45 + 17)% 
(18 + 09)% 


Go + )% 
(12 +19 )% 


(60 +16 )% 
09 zi )% 
(85 +11 )* 
|4 Qo +5 )% 


CL—95% 


CL=95% 


5-14 
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AC = 1 weak neutral current (СТ) тодезГог 


Lepton number (L) violating modes 
pict po с < 3⁄4 х 1074 CL-904 | 936 
E` utut L < 70 х 107% CL-909 811 
Лс(2593у” IJP) = (е) 


The spin-parity follows from the fact that (2455)ے2‎ т decaysl with 
little available phase spacel are dominant. 
Mass m = 2593.9 + 0.8 MeV 
т = m+ = 308.9 + 0.6 Ме (5-14) 
iy 


Full width Г = 3.6229 MeV 


Афтт and its submode 2 -(2455)т — the latter just barely — are the 
only strong decays allowed to an excited At having this mass; and the 
Atat т” mode seems to be largely via rita or х0т+, 


Ac(2593y DECAY MODES Fraction (Г;/Г) هم‎ 
Agata To] =: 67 % 124 
ووو ونا د‎ r7 24 +7% 17 
2 (24550 rt 24 +7% 23 
Лет“ роду 18 =10% 124 
AT? not sen 261 
Ат not seen 290 


10Р) = о) 


Ле(2625)+ 
JP is expected to be 3/27. 


Mass т = 2626.6 + 0.8 MeV. (S = 12) 
m- ma سم‎ MeV (5- 16) 


Full width Г < 19 МеУГСІ. = 90% 


DE and its submode X (2455)7 are the only strong decays allowed to 


an excited At having this mass. 


Ас(2625) + DECAY MODES Fraction (Г//Г) p (Мемо 
A وس‎ seen 184 
Х(2455)++ т- small 100 
х (24558 rT small 101. 
+ рын 
Ac кл“ роду large 184 
Ato? not seen 293 
A Y not seen 319 
2455) (у= Т) 
ЈР not confirmed; 4+ is the quark model prediction. 
2 (2455) mass m = 2452.8 + 0.6 MeV 
56(2455)+ mass m = 2453.6 + 0.9 MeV 
50455) mass m = 2452.2 + 0.6 MeV 
трн — Mpy = 167.87 + 0.19 MeV 
Bye т = 168.7 + 0.6 MeV 
туо - та = = 167.30 + 0.20 MeV 
Myr ري‎ = 0.57 + 0.23 MeV 
me. то = 14 = 0.6 MeV 
Ate is the only strong decay allowed to a 2 having this mass. 
2 (2455) DECAY MODES Fraction (Г,/Г) p (Mevo 
Atm &: 100 96 90 


c(2520) 10Р) = Ц) 


5 (2520) mass т = 2519.4 + 1.5 MeV 
Е.(2520)) mass т = 2517.5 + 1.4 MeV 
ту (оорук — тд = = 2345 + 1.4 MeV 
Thy (ороо — дк = = 232.6 + 13 MeV 


тұ (2520 — т, E2520 = -19-19Меу 
5-(0520)-Чш width Г = 18 + 5 MeV 
505200 full width Г = 13 + 5 MeV 


)"33 = سا 


ЦЭ”) not confirmed; 4(4+) is the quark model prediction. 


Mass m = 2465.6 + 1.4 MeV 
Mean life т = (0.35 7990) x 10712 s 


ст = 106 um 
zT DECAY MODES Fraction (Г;/Г) p (Мемо 
АК-т+т+ seen 784 
AK* (892) rt not seen 601 
Х(136БугК-лт not seen 676 
ETK 8 seen 808 
ETK*(gopy seen 653 
ير ور سي پا‎ seen 733 
Ert seen 875 
Е-т+т+ seen 850 
(1530 57 not seen 748 
EE seen 854 
پر يي ورس‎ seen 817 
200+ Ve seen 882 
10Р) = IGH 
1 (P ) not confirmed; 4(4+) is the quark model prediction. 
Mass m = 2470.3 + 1.8 MeV. ($ = 1.3) 
т-- та = 47 +21 Ме (5-12) 
Mean life r = (0.098 9053) x 10712 s 
ст = 29 шп 
9د‎ DECAY MODES Fraction (Г,/Г) p (Мемо 
AK9 seen 864 
Scat seen 875 
эг rtrt Lun seen 816 
pK- K*(g92)° seen 4% 
Q-K* seen 522 
E etve seen 882 
z-ftanthing seen - 
(2645) I(JP)= (0) 


= (2645У” mass m = 2644.6 + 21 MeV (S = 12) 
Е.(2645)) mass m = 2643.8 + 1.8 MeV 

m= دو‎ т-а = 174.3 = 11 MeV 

m= (2645) - Mos = 1782 + 11 MeV 

= (26453 full width Г < 3.1 МеугСІ. = 90% 
Е.(2645У full width Г < 5.5 MeVT CL = 90% 


Ест is the only strong decay allowed to a =. resonance having this mass. 


Z= (2645) DECAY MODES Fraction (Г;/Г) р (Mevo 


Zrt seen 101 


= seen 107 


11-41 


11-42 


Р) = (8^) 


IJP} not confirmed; 0(5 ' ) is the quark model prediction. 


Mass m = 2704 + 4MeV (5 = 1.8) 
Mean life т = (0.064 + 0.020) x 10712 s 


ст = 19 um 
و‎ DECAY MODES Fraction (Fj/T) р(мемо) 
کې پل )و‎ seen 697 
EO Ko چک ې‎ seen 838 
Qrt seen 827 
Or کې ې‎ seen 759 


BOTTOM BARYONS 


(8--1) 


A = udb =0 = usb E; = dsb 


№ iP) = 057) 


! (ЈР ) not yet measured; (3%) is the quark model prediction. 
Mass m = 5624 + 9 MeV ($ = 18) 
Mean life т = (1.24 + 0.08) x 10712 s 
cr — 372 um 


These branching fractions are actually an average over weakly decaying 
b-baryons weighted by their production rates in Z decay (or high-energy 
PP) branching ratios! and detection efficiencies. They scale with the LEP 
Ap production fraction B(b — Ap) and are evaluated for our value B(b — 


Ap) = (101 2:24. 


The branching fractions B(b-baryon — AZ panything) and Bug — 


AC £ zyanything) are not pure measurements because the underlying 
measured products of these with B(b — Ap) were used to determine 
B(b — Ap) as described in the note “Production and Decay of b-Flavored 


Hadrons.” 
Р 
5 DECAY MODES Fraction (Г;/Г) Confidence level (MeV/c) 
УФА (4.72.8) x 1074 1744 
Ат“ seen 2345 
+ КЕРІ 
Ac а1(1260) seen 2156 
A C Vyanything p] Өө = 
рт“ «50 x 1079 90% 2 
pK- < 50 یر‎ 1075 90% 2711 


b-baryon ADMIXTURE (Ap, =p, Хь, 25) 


Mean life т = (1.20 + 0.07) x 10712 s 


These branching fractions are actually an average over weakly decaying 
b-baryons weighted by their production rates in 2 decay (or high-energy 
Pp) branching ratios” and detection efficiencies. They scale with the LEP 
Ap production fraction B(b — Ap) and аге evaluated for our value B(b — 


Ap) = (101 224. 


The branching fractions B(b-baryon — ЛЕ“ Ирапу те) and BU — 
AC £ peanything) аге not pure measurements because the underlying 
measured products of these with B(b — Ab) were used to determine 


B(b — Ap) as described in the note “Production and Decay of b-Flavored 
Hadrons.” 


b-baryon ADMIXTURE (ЛЫГЫ) Fraction (T7/T) p (ме) 
ри” vanything (49+ 24) % = 
ЛЕ reanything Gat 19s - 
A/ Aanything Gs +17 )% - 
ري ها‎ م٢٢‎ (555 20) х 1073 - 
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NOTES 


This Summary Table only includes established baryons. The Particle Listings 
include evidence for other baryons. The massesi widthsI and branching fractions 
for the resonances іп this Table are Breit-Wigner parametersl but pole positions 
are also given for most of the N and A resonances. 


For most of the гезопапсезг the parameters come from various partial-wave 
analyses of more or less the same sets of datal and it is not appropriate to 
treat the results of the analyses as independent or to average them together. 
Furthermorel the systematic errors on the results are not well understood. 
Thusi we usually only give ranges for the parameters. We then also give a best 
Euess for the mass (as part of the name of the resonance) and for the width. 
The Note on N and A Resonances and the Note оп Л and > Resonances in 
the Particle Listings review the partial-wave analyses. 


When a quantity has "(S = ...)" to its right the error on the quantity has 
been enlarged Бу the “scale factor" SI defined as 5 = y X? /(N — 1) where N 
is the number of measurements used in calculating the quantity. We do this 
when 5 > 1[ which often indicates that the measurements are inconsistent. 
When S > 1.25Г we also show in the Particle Listings an ideogram of the 
measurements. For more about SI see the Introduction. 


А decay momentum p is given for each decay mode. For a 2-body decayf p is 
the momentum of each decay product in the rest frame of the decaying particle. 
For a 3-or-more-body decayf p is the largest momentum апу of the products сап 
have in this frame. For any resonancel the nominal mass is used in calculating 
p. А dagger ("|") in this column indicates that the mode is forbidden when 
the nominal masses of resonances are used[ but is in fact allowed due to the 
nonzero widths of the resonances. 


[а] The masses of the p and n are most precisely known in и (unified atomic 
mass units). The conversion factor to МеУГІ и = 931.49432 + 0.00028 
Меугі less well known than are the masses in u. 


[b] The limit is from neutrality-of-matter experiments; it assumes ду = gp + 
де. See also the charge of the neutron. 


[c] The first limit is geochemical and independent of decay mode. The 
second епітуГа range of limits! assumes the dominant decay modes are 
among those investigated. For antiprotons the best limit[ inferred from 
the observation of cosmic ray p's is тр > 107 угГіће cosmic-ray storage 
timel but this limit depends on a number of assumptions. The best direct 
observation of stored antiprotons gives r5/B(p — е y) > 1848 yr. 

[d] There is some controversy about whether nuclear physics and model 

dependence complicate the analysis for bound neutrons (from which the 

best limit comes). The second limit here is from reactor experiments 
with free neutrons. 


[е] The parameters gal gy Fand сууу for semileptonic modes are defined by 
Brba(ev + 8475) + i(gwu/məp;) ex» 8: and day is defined Бу 
EA/£v = |кдј ву је ^v. See the “Note on Baryon Decay Parameters" 
in the neutron Particle Listings. 


ІҢ Time-reversal invariance requires this to be 0° ог 180°. 
g] The decay parameters y and A are calculated from œ and ф using 
у = V1—e2 совфГ tanA = E ۷ 1—o? sind. 
See the "Note on Baryon Decay Parameters" in the neutron Particle List- 
ings. 


[A] See the Particle Listings for the pion momentum range used in this mea- 
surement. 


ІҢ The error given here is only an educated guess. It is larger than the error 
on the weighted average of the published values. 


[ЛА theoretical value using QED. 
[k] See the “Note on A Branching Fractions" in the Branching Fractions 
of the AL Particle Listings. 


ІЛ This branching fraction includes all the decay modes of the final-state 
resonance. 


[m] An £ indicates an e or а и: model not a sum over these modes. 


[n] The value is for the sum of the charge states of particle/antiparticle 
states indicated. 


[о] Assuming isospin conservationf so that the other third is At 1? 7. 


[p] Not a pure measurement. See note at head of ЛО Decay Modes. 


SEARCHES SUMMARY TABLE 


MONOPOLES, SUPERSYMMETRY, 


COMPOSITENESS, etc., 


Scale Limits A for Contact Interactions 


SEARCHES FOR (the lowest dimensional interactions with four fermions) 
If the Lagrangian has the form 
Г 2 — د‎ == ] 
Magnetic Monopole Searches + £, رز‎ 
Isolated supermassive monopole candidate events have not been con- (with g2/47 set equal to 1), then we define А = АБ. For the 
firmed. The most sensitive experiments obtain negative results. full definitions and for other forms, see the Note in the Listings 
Best cosmic-ray supermassive monopole flux limit: on Searches for Quark and Lepton Compositeness in the full Ке- 
< 10х 10715 стоји 13571  forllx107^«8 «01 view and the original literature. 
Al(eeee) > 2.4 ТЕМ, CL = 95% 
Supersymmetric Particle Searches Ар(ееее) > 3.6 TeV, CL = 95% 
ЛД 2.6 TeV, CL = 959 
Limits are based on the Minimal Supersymmetric Standard Model. П(еери) > 26 TeV, CL = 95% 
E Бу T — 959 
Assumptions include: 1)X9 (or 27) is lightest supersymmetric particle; Ag(eenu) > 29 TeV, CL = 95% 
2) R-parity is conserved; 3) АШ scalar quarks (except 7; and Tp) are de- Af(eerr) > 19 TeV, CL = 95% 
generate in mass, and mz, = та 4) Limits for selectrons and smuons Ар (еетт) > 3.0 TeV, CL = 95% 
refer to the £= states. m 35 TeV. CL = 95% 
See the Particle Listings for a Note giving details of supersymmetry. (4440) жыла ак 
24 ~, ~, v T« = 0, 
X — neutralinos (mixtures of ў, 29, and H?) Au "opa Шы CL = 95% 
Mass ma, > 10.9 GeV, CL = 95% А, (еед9) > 2.5 ТЕМ, CL = 95% 
Mass my > 453 GeV, CL =95% Пап >1] Ар(ее4д) > 3.7 TeV, CL = 95% 
Mass ту > 75.8 GeV, CL =95% [tang >1] Af,(eebb) > 3.1 TeV, CL =95% 
Mass mag > 127 GeV, CL = 95% [tang >3] Ар(ееоо) > 29 ТЕМ, CL = 95% 
4 
XE — charginos (mixtures of W= and HE) Аба) > 2.9 TeV, CL = 95% 
Mass тү. > 65.7 GeV, CL = 95% [т-ту > 2 GeV] Ад (ии44) > 42 Тем, CL = 95% 
Mass ты > 99 GeV, CL = 95% [СИТ relations assumed] Nis (rire e) > 3.1 TeV, CL = 90% 
р — scalar neutrino (sneutrino) А (9999) > 1.6 TeV, CL = 95% 
Mass m > 37.1 GeV, CL = 95% [опе flavor] Excited Leptons 


Mass m > 43.1 GeV, CL = 95% [three degenerate flavors] 


€ — scalar electron (selectron) 
Mass m > 58 GeV, CL = 95% [те-то > 4 бе] 
1 


The limits from #*+ #*— do not depend оп А (where А is the 
££* transition coupling). The A-dependent limits assume chiral 
coupling, except for the third limit for e* which is for nonchiral 


ji — scalar muon (smuon) coupling. For chiral coupling, this limit corresponds to ېد‎ = V2. 


Mass т > 55.6 GeV, CL = 95% [Mi Ро > 4 Сем] e** — excited electron 
1 Mass m > 85.0 GeV, CL = 95% (Пот е e*—) 
7 — scalar tau (stau) Mass m> 91GeV,CL— %% (fz > 1) 
Mass m > 45 GeV, CL = 95% ІШ т « 38 GeV] Mass m > 194 беу, CL = 95% (if X, = 1) 
9 — scalar quark (squark) p= — excited muon 
These limits include the effects of cascade decays, evaluated Mass m > 85.3 GeV, CL = 95% — (from Tu) 
assuming а fixed value of the parameters jz and tang. Тһе Mass m > 91 GeV, CL = 95% (if Az > 1) 


limits are weakly sensitive to these parameters over much of 


E : 
parameter space. Limits assume GUT relations between gaug- т^ — excited tau 


ino masses and the gauge coupling; in particular that for lel Mass m > 84.6 GeV, CL = 95% (from r*+7*-) 
not small, 08 = my/6. Mass m > 90 GeV, CL = 95% (ҒА? > 0.18) 
Mass m > 176 GeV, CL = 95% (апу ту <300 GeV, "رر‎ — excited neutrino 
в = —250 GeV, tang = 2] Mass m > 84.9 GeV, CL = 95% (from игру 


Mass m > 224 GeV, CL = 95% [my < тә, 


к=з 0, ٢ 
مر‎ —400 GeV, ап = 4] Mass m > 91 GeV, CL = 95% (if Az > 1) 


Mass m = попе 40-96 GeV, CL = 95% (from ep — v*X) 


£ — gluino К | 
There is some controversy on whether gluinos in a low-mass q* — excited quark | - 
window (1 5 mg S 5 GeV) are excluded оғ not. See the Mass m > 45.6 GeV, CL = 95% (Пот 447) 
Supersymmetry Listings for details. Mass m > 88 GeV, CL = 95% (if Az > 1) 
The limits summarised here refere to the high-mass region Mass m > 570 GeV, CL = 95% (рр => q*X) 
(т;2, 5 GeV), and include the effects of cascade decays, eval- Color Sextet and Octet Particles 
uated assuming a fixed value of the parameters и: and tang. 
The limits are weakly sensitive to these parameters over much Color Sextet Quarks (46) 


of parameter space. Limits assume GUT relations between Mass m > 84 GeV, CL=95% (Stable 06) 
gaugino masses and the gauge coupling; in particular that for Color Octet Charged Leptons (25) 


|e] not small, т = та. Mass m > 86 GeV, CL=95% (Stable (5) 
Mass m > 173 GeV, CL=95% [any mg, ш = —200 GeV, Color Octet Neutrinos (vg) 


tang = 2] 
Mass m > 212 GeV, CL = 95% [mg > т в = —250 беу, Mass m> 110 GeV, CL=90% (ив — vg) 
tang = 2] 
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TESTS OF CONSERVATION LAWS 


TESTS OF CONSERVATION LAWS 
Revised by L. Wolfenstein and T.G. Trippel'May 1998. 


In keeping with the current interest in tests of conservation lawsI 
we collect together а. Table of experimental limits on all weak and 

electromagnetic decaysI'mass differencesl'and momentsI'and on 

a few reactionsI'whose observation would violate conservation 
laws. The Table is given only in the full Review of Particle 
PhysicsUnot in the Particle Physics Booklet. For the benefit. of 
Booklet теаетзГ we include the best limits from the Table in 

the following text. Limits in this text are for CL=90% unless 

otherwise specified. The Table is in two parts: *Discrete Space- 

Time SymmetriesI"Z е.ГСГРГГГСРГала CPT; and “Number 

Conservation LawsI" z.e. lepton baryon hadronic НахогГала 

charge conservation. The references for these data can be found 

in the the Particle Listings in the Review. A discussion of these 

tests follows. 


CPT INVARIANCE 


General principles of relativistic field theory require invariance 
under the combined transformation CPT. The simplest tests 
of CPT invariance are the equality of the masses and lifetimes 
of a particle and its antiparticle. The best test comes from the 
limit on the mass difference between КО and КУ. Any such dif- 
ference contributes to the C'P-violating parameter e. Assuming 
CPT туалапсеГфе the phase of € should be very close to 447. 
(See the “Note on СР Violation in К? Decay" in the Particle 
Listings.) In contrastTif the entire source of СР violation in КО 
decays were a. K? — K? mass ЧШегепсеГф: would be 44? + 90°. 
Assuming that there is no other source of CPT' violation than 
this mass differencel'it is possible to deduce that [1] 


2(тко _ тко) Inl Gop + +00 - фо) 
sin фо : 


where фо = 43.5? with an uncertainty of less than 0.1°. Us- 
ing our best values of the C P-violation parameters we get 
(m — mgo)/mgo| < 10-18. Limits can also be placed on 
specific CPT-violating decay amplitudes. Given the small value 
of (1 — [00/74 |) Се value of фор — Ф+— provides à measure 
of CPT violation in К? — 2т decay. Results from CERN [1] 
and Fermilab [2] indicate no CPT-violating effect. 


CP AND T INVARIANCE 


Given CPT invariancel'CP violation and Т violation are equiv- 
alent. So far the only evidence for СР or T' violation comes 
rom the measurements of 11, ГпооГапа the semileptonic decay 
charge asymmetry for КуГе. о Ла | = |ACK? — пл у А(К0 
— т?л”) = (2.285 + 0.019) x 10-3 and [I(K? — лети) — 
T(K} — ттер) вит] = (0.333 + 0.014)%. Other searches 
or CP or T' violation divide into (a) those that involve weak 
interactions or parity violationl'and (b) those that involve pro- 
cesses otherwise allowed by the strong or electromagnetic in- 
eractions. In class (a) the most sensitive are probably the 
searches for an electric dipole moment of the neutron measured 
o be < 1.0 x 1075 е стГапа the electron (—0.18 + 0.16) х 
07% e cm. А nonzero value requires both P and Т violation. 
Class (b) includes the search for С violation in т decayI* be- 
lieved to be an electromagnetic processI'e.g.l'as measured by 
Гар = u*u-n9)/T(m — all) < 5 x 10 $Pand searches for Т 
violation in a number of nuclear and electromagnetic reactions. 


T m 22 
пк? "ко 
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CONSERVATION ОЕ LEPTON NUMBERS 


Present experimental evidence and the standard electroweak 
theory are consistent with the absolute conservation of three 

separate lepton numbers: electron number Ler muon number 
L,land tau number .ېل‎ Searches for violations are of the fol- 

lowing types: 

a) AL —2 for one type of lepton. The best limit comes 

from the search for neutrinoless double beta decay (Z, А) — 

(Z +2, A) - e^ + e^. The best laboratory limit is бур > 1.1 x 

10% yr (CL=90%) for Ge. 

b) Conversion of one lepton type to another. For 
purely leptonic processesI'the best limits are оп 44 — еу and 

и — 361 measured as Г(и > ey)/T(j —all) < 5 x 1078 and 

Г(и — 3e)/I(g — all) < 1.0 x 10712. For semileptonic 
processes the best limit comes from the coherent conversion 
process in a muonic atoml`# + (Z,A) + €^ + (Z, AJ mea- 

sured as Г(и Ti — e-Ti)/T(u-Ti — all) < 4x 10712. Of 
special interest is the case in which the hadronic flavor also 
changeslas in Кр — ej and K+ — пе“ T measured as 

Г(Кь > eu)/T(Kr > al) < 33 x 10-0 and T(K*^ — 

пети (/1) — all) < 2.1 x 10710. Limits on the conversion 
of r into e or p are found in т decay and are much less stringent 

than those for مر‎ — е conversionl'e.g. D T(r — игү)/Г(т — all) < 

3.0 x 10-6 and Г(т — ey)/T(r — all) < 2.7 x 10-5. 

c) Conversion of one type of lepton into another type 

of antilepton. The case most studied is џи“ + (Z,A) — 
e+ + (Z — 2, A) the strongest limit being I(j47 Ti — e+Ca)/ 

Г(и-Ті — all) < 9 x 1078. 

d) Relation to neutrino mass. If neutrinos have massI'then 
it is expected even in the standard electroweak theory that the 
lepton numbers are not separately сопзегуе Газ а. consequence 
of lepton mixing analogous to Cabibbo quark mixing. However 
in this case lepton-number-violating processes such as  — еу 
are expected to have extremely small probability. For small neu- 

trino таззезГ the lepton-number violation would be observed 
first in neutrino oscillations!’ which have been the subject of 
extensive experimental searches. For examplel'searches for Z< 

disappearancel which we label as 7. A v.lgive measured limits 
Жат?) < 9 x 1074 eV? for sin?(20) = 1Гапа 5ш2(20) < 0.02 

for large A(m?)Twhere 0 is the neutrino mixing angle. Possible 
evidence for mixing has come from two sources. The deficit in 
the solar neutrino flux compared with solar model calculations 
could be explained by oscillations with A(m?) < 10-5 eV? caus- 
ing the disappearance of ve. In addition underground detectors 
observing neutrinos produced by cosmic rays in the atmosphere 
have measured à и, /ve ratio much less than expected and also 
a deficiency of upward going и, compared to downward. This 
could be explained by oscillations leading to the disappearance 
of v, with A(m?) of the order 1077-107? eV?. 


CONSERVATION OF HADRONIC FLAVORS 


In strong and electromagnetic interactions hadronic flavor 
is conserved? 4.6. the conversion of a quark of one flavor 
(фи, s, c, b, t) into a quark of another flavor is forbidden. In 
the Standard Моде the weak interactions violate these conser- 
vation laws in à manner described by the Cabibbo-Kobayashi- 
Maskawa mixing (see the section *Cabibbo-Kobayashi-Maskawa 
Mixing Matrix"). The way in which these conservation laws are 
violated is tested as follows: 


a) AS — AQ rule. In the semileptonic decay of strange par- 
ticlesl'the strangeness change equals the change in charge of 
the hadrons. Tests come from limits on decay rates such as 


Tests of Conservation Laws 


ГОУ — netv)/V(* — all) < 5 x 1079Tand from a detailed 
analysis of Kr, — هم‎ which yields the parameter zT measured 
to be (RezT' Im х) = (0.006 + 0.018D —0.003 + 0.026). Corre- 
sponding rules are AC — AQ and AB — AQ. 

b) Change of flavor by two units. In the Standard Model 
this occurs only in second-order weak interactions. The classic 
example із AS = 2 via КО — K^ mixingIwhich is directly mea- 
sured by m(Ks) —m(Kr) = (3.489+0.009) х 10772 MeV. There 
is now evidence for ВО — В mixing (AB = 2)[with the corre- 
sponding mass difference between the eigenstates (m. во — m во) 


= (0.723 + 0.032)Гро = (3.05 + 0.12) x 10719 МеУГала for 
BOB mixingIwith (mgo тро ) > Гро or > 61079 MeV 


(CL=95%). No evidence exists for D? — р? mixing! which is ex- 
pected to be much smaller in the Standard Model. 

c) Flavor-changing neutral currents. In the Standard 
Model the neutral-current interactions do not change flavor. T'he 
low rate (Kt — и рт) (К — all) = (7.240.5) x 107? puts 
limits on such interactions; the nonzero value for this rate is 
attributed to а. combination of the weak and electromagnetic 
interactions. The best test should come from K+ > тиг 
which occurs in the Standard Model only as à second-order weak 
process with a branching fraction of (1 to 8)x107!°, Obser- 
vation of one event has been reported ИГ yielding Г(КТ — 
тү) ГК — all) = (4.2722) x 10719. Limits for charm- 
changing or bottom-changing neutral currents are much less 
stringent: Г(Рб — u*u-)/T(D? — al) < 4 x 1079 and 
1) — u*u-)/T(B? — all) < 7 x 1077. One cannot isolate 
flavor-changing neutral current (FCNC) effects in non leptonic 
decays. For examplel'the FCNC transition s > d + (1 + и) is 
equivalent to the charged-current transition s + и + (u + d). 
'Tests for FCNC are therefore limited to hadron decays into lep- 
ton pairs. Such decays are expected only in second-order in the 
electroweak coupling in the Standard Model. 
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TESTS OF DISCRETE SPACE-TIME SYMMETRIES 


CHARGE CONJUGATION (C) INVARIANCE 


Гат — У او‎ «34 x10-8rCL = 90% 

7; C-nonconserving decay parameters 

ata وې‎ left-right asymmetry 
parameter 


(0.09 + 0.17) x 1072 


т =Ü sextant asymmetry (0.18 + 0.16) x 1072‏ ې 
parameter‏ 

quadrant asymmetry (—0.17 + 0.17) x 10-2‏ و ې ې 
parameter‏ 

== у left-right asymmetry (0.9 + 0.4) x 1072 
parameter 


т+ т y parameter 8 (D-wave) 
Г = 37)/Ttotal «b x 107^ CL = 95% 
Га — هس درس‎ [a] <4х10—5ГС1. = 90% 
Cop лове utra [a] «5x10-$rcL = 90% 
Г(ш(782) = nz9/Ttotal <1 x 1073Г ٢ل‎ 90% 
T(w(782) + 30)/Trotat <3x 10—rcL = 90% 
Tal (958) — eb е) Га [0] «13x 10-?rcL = 90% 
ГОИ (958) + mee )/Ttotal [a] «11x 10 —2rcL = 90% 
ГО (958) = 37)/Ttotal <10х10-4ГСІ = 90% 
Гб (958) — ic i7 n9 Fetal [a] <6.0x 19 Sr CL = 90% 
ГО (958) — и i7 ту total [a] <1.5х10-5Гсі = 90% 


0.05 + 0.06 (5 = 1.5) 


Limits are given at the 90% confidence level while errors аге given as +1 standard deviation. 


PARITY (P) INVARIANCE 


€ electric dipole moment 
ін electric dipole moment 
т electric dipole moment (4) 


Га — سورد‎ ока 

ГОР (958) + ۳۳۳ -(/ ә 
T( (958) — =9=9)/Ttotal 
р electric dipole moment 

n electric dipole moment 

A electric dipole moment 


(0.18 -- 0.16) x 10729 ecm 

(3.7 = 3.4) x 10713 ест 

> —34 and « 3.1 x 10716 естг 
CL = 95% 

«9 x 1074 С! = 90% 

<2 x 1072Г С]. = 90% 

«9 x 10—4rCL = 90% 

(—4 = 6) x 10723 ест 

«0.97 x 10725 ecmr CL = 90% 

«L5 x 10719 ecmrCL = 95% 


TIME REVERSAL (T) INVARIANCE 


Limits on e, д, т, p, п, and A electric dipok moments under Parity 
Invariance above are also tests of Time Reversal Invariance. 


н. decay parameters 
transverse et polarization normal to 
plane of j« spin et momentum 
له‎ JA 
ВА 
T electric dipole moment (4) 
Im(£) in KS decay (from transverse ёс pol.) 
Im(£) in Ko. decay (from transverse (١ pol.) 
п— pe v decay parameters 


0.007 + 0.023 


(0 + 4) x 1073 

(2 + 6) х 1073 

> —34 and < 3.1 x 10719 естг 
CL = 95% 

—0.017 + 0.025 


—0.007 + 0.026 


av phase of ga relative to gy [b] (180.07 + 0.18)? 
triple correlation coefficient D (—0.5 # 1.4) x 1073 
triple correlation coefficient D for ET — 0.11 = 0.10 
пе Ve 
CP INVARIANCE 
Rea’) <0.56 x 10—17 ecmr CL = 95% 
(49) «15 x 10717 ecmr CL = 95% 
Га وريږ س‎ Гоа) «9 x 10—%ГС = 90% 
ГО (958) = m= YT total <2 x 107?rCL = 90% 
F( (958) > хОхО)/Гг ш «9 x 10-^r CL = 90% 
КЕ — acq т rate difference/average (0.07 + 0.12)% 
K+ — тело rate difference/average (0.0 + 0.6)% 
КЕ — плоду rate difference /average (0.9 + 3.3)% 
(E. — &-)/ E на ог KE — (70.7 + 0.5)% 
си 
CP-violation parameters in А” 9 decay 
167 9) = Im(A(K8 — талог —0.002 + 0.008 
CP-violating) / АС — 
гіл” лоју 
Im(nooo)2 = [ (KQ — 350) / <0ЛГСІ. = 90% 
T(K? — зл9) 
charge asymmetry j for КО — пт 1? 0.0011 + 0.0008 
I yle tor кф = тло <озга = 90% 
T(K9 — «P it وی٢‎ (4 «5-1 x 10—9ГС1 = 90% 
T(K9 — nete) total [d «43х10-Эгс = 90% 
T(K9 — пирг овај [d] «5.8 x 10—5r CL = 90% 


Аср(К+К-т=) in DE — KT کم‎ 

Acp(K* K*9) in Dt — КЕК and 
D- 5 سر‎ 

Acp(ér*) т DE > ovt 

Acp(r rT m) in DE > rtr rE 

Аср(К+ KT) in рогро — K+ کې‎ 

Аср(т*т—)їп рогро — хе“ 

Аср«кафуп DTD? — ۱4 

Аср(К® т) т рогро — кбло 

|Re(<go)| 

[e 09 + )ېه‎ 1 / [e—(A) — eA) 


—0.017 + 0.027 
—0.02 + 0.05 


—0.014 + 0.033 
—0.02 + 004 
0.026 + 0.035 
—0.05 + 0.08 
—0.03 + 0.09 
—0.018 + 0.080 
0.002 + 0.008 
—0.08 + 0.06 
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CP VIOLATION OBSERVED 


K9 branching ratios 
charge asymmetry in Ko, decays 
809 = ET v) 
- rt p—y,,)1/sum 
6(е) = [Fret ve) 
-r(rt етгрАЛ/вша 
parameters Тог кф — 2m decay 
|тоо = (КЎ — 270) / 
A(K8 — 210) 
I-l = JAK} = vt 
АК — mt) 


d/o & Re(d/o) = )-100/ 3 


Фа. _Грһазе ог 
doo! phase of 7799 
parameters for к? — тту decay 


|а— = IAK? — مې کې‎ 
violating)/A(KQ — arta) 


phase of nyy‏ = سړ۵ 
r(K? — таг ya‏ 
re = поло y tota‏ 


[е] 


(0.304 + 0.025)% 


(0.333 + 0.014)% 


(2.275 = 0.019) x 10-3 ($ = 1.1) 
(2.285 + 0.019) x 10-3 

(15 + 0.8) x 1073 (S = 1.8) 
(43.5 + 0,6)? 

(43.4 + 1.0)? 

(2.35 -- 0.07) x 103 

(44 + 4? 


(2.067 + 0.085) x 1073 (S = 1.1) 
(9.36 + 0.20) х 1074 


CPT INVARIANCE 
(түүс — тұу-) / Maverage —0.002 + 0.007 
(те — т) / Maverage <4 x 108r CL = 90% 
19. + ч„—|/е <2 x 10718 
Ee- — 8,—) / average (—0.5 + 2.1) x 10712 
Cu- > Ta) / Taverage (2 + 8) x 1075 

28 

Eu — £,-) / Saverage (—2.6 + 1.6) x 10 
(m... — m) / maverage (2+5) x 1074 
ې ج)‎ — Ту—) / Taverage (6 + 7) x 1074 


(my = тук) / Maverage 
(т K-T к-) / Taverage 
к= > ټوا‎ rate difference/average 
КЕ — لم ې‎ rate difference/average 
Imo — ор / Maverage 
phase difference Фо _ [ru 
CPT-violation parameters in KO decay 
real part of A 
imaginary part of Д 
1 انيو‎ leverage 
|т + а/е 
(p + ир) / lilaverage 
(ту тд) / average 
(тд — тд) / тд 
GA نو‎ Taverage 
(= Р в) / [№ мегаве 
(т =- 7 mz) / Maverage 


G= - 


=) / Taverage 
) ےم‎ — mg / maverage 


fr 
lg] 


(—0.6 + 1.8) x 1074 
(0.11 + 0.09)% (S = 1.2) 
(—0.5 + 0.4)% 

(0.8 + 1.2)% 

«10718 

(—0.1 = 0.8)? 


0.018 + 0.020 
0.02 + 0.04 

(15 + L1) x 107? 
«2x10—5 

(—2.6 + 2.9) x 1073 
(9 + 5) x 1075 
(—1.0 + 0.9) x 1075 
0.04 + 0.09 

0.014 + 0.015 

(11 + 27) x 1074 
0.02 + 0.18 

(0 + 5) x 1074 


Limits are given at the 90% confidence level while errors are given as +1 standard deviation. 


Tests of Conservation Laws 


LEPTON FAMILY NUMBER 


Lepton family number conservation means separate conservation 


of each of ما‎ ба سیا‎ 


(z — et pry! l'total 
г(2 = e* тугы 
T(Z > нЕт) гьа 
limit on и“ — е” conversion 
ote 328 — е-326)/ 
(7 325 — и, Sp 
о Ti е” Ті) / 
«(и Ti — capture) 
اا‎ Pb = e-Pb)/ 
(к Pb — capture) 
limit on muonium — antimuonium 
conversion Ry. = Gc / бр 
rT — e ver, total 
eT — е7) Гора 


MeT = еее Гы 
MT = e 27)/T total 

Га“ — e yTtotal 

Га — xT total 

Го“ > e—=9V/Ttotal 

Г — x ту оњ 

ге — e-k9y l'total 

T(77 — ил K9yVTtotal 

Го“ е m/Ttotal 

Га БЕЛЛ 

T(r = e total 

Го — n7 рду total 

r(z— — e-K*(s929y/T tora 
га = x K*(892)9)/Ttotal 
га“ — e K*(892)O)/Ttotal 
T(7— — к—К*(892)0)/Г total 
T(r- + e Ф/ ока 

T(r- — total 

Пт — eT eb e7)/Motal 
Пт — eT eT HY Total 
Kr > et и о ДР 
ГР = ређе“ Гоа 
П — тете Гы 
Га“ — или ил Total 
Пт — سه‎ M total 
Го — илт ал total 
rT — етк) Га 
Пт — еттт К) Гаа 
Пт — e- Kt K—VTrtotal 
Го — poet KT) total 
م))‎ — илт K+) total 
Го — K+ K—Ttotal 
0 و‎ e929) Total 
I(r p79 лог total 
Га” — е Иа 
Гетры 

ге — e290) Total 
T(r7 — 7 абы 
T(r- — е ЛЕ boson)/[ total 
T(r— — ш light boson)/T total 


v oscillations. (For other lepton mixing effects in partide decays[ see the Particle Listings.) 


Ve > Ve 
А(т2) for sin?(20) = 1 
sin? (20) for "Large" А(т2) 
Ve =k vL 
A(m2) for sin2(20) = 1 
sin2(20) for "Large" А(т2) 
Ve P+ 
sin2(20) for "Large" Alm?) 


Ve‏ — مه 


(А 


ІН 
ІН 
ІН 


ui 


«17 x 10—Šr CL = 95% 
«9.8 x 10—Šr CL = 95% 
«L2 x 10—5rCL = 95% 


<7 x107llrci = 90% 
«43 x 107!2rcL = 90% 
«4.6 x 10-H CL = 90% 
<0.018ГС1. = 90% 


«12 x 10—2rCL = 90% 
<49х10-11гсі = 90% 
«L0 x 107!rcL = 90% 
«72 x 107 11۳ = 90% 
<27 x10-$TCL = 90% 
<3.0 x 107ÓTCL = 90% 
«3.7 x 10—ŠrCL = 90% 
«4.0 x 10—ŠrCL = 90% 
«L3 x 10—ŠrCL = 9% 
«10 x 10—3rCL = 90% 
«82 x 10—ŠrCL = 90% 
«9.6 x 10-ÓT CL = 90% 
«20 x 10-$TCL = 90% 
«6.3 x 10-$TCL = 90% 
«5.1 x 10-$TCL = 90% 
«T5 x 10—ŠrCL = 90% 
<74 x 107 $TCL = 90% 
«7.5 x 107ÓT CL = 90% 
<69х10-ӨГСІ = 90% 
<70х10-ӨГСІ = 90% 
«23 x 107 $TCL = 90% 
«18 x10-$TCL = 90% 
«L5 x 107ÓrCL = 90% 
«L7 x 10-9rCL = 90% 
«L5 x 10-6 ےم‎ 90% 
«19 x 10—Šr CL = 90% 
«22 x 107$TCL = 90% 
«82 x 10-$rCL = 90% 
<64 х10-ӨГСІ = 90% 
«3.8 x 10 $TCL = 90% 
«6.0 x 107ÓTCL = 90% 
«T5 x10-9rTCL = 90% 
«TA x10-9rTCL = 90% 
«15 x 10 5ГСЕ = 90% 
«6.5 x 10-$TCL = 90% 
«14 х10-5ГСІ. = 90% 
«35 x 1079ГС1 = 90% 
«6.0 x 1075FCL = 90% 
«24 x 10 5ГСЕ = 90% 
«23 x 1075TCL = 90% 
«2 x LOST CL = 95% 
<5 x 1073FCL = 95% 


«9 x 1074 eV?r CL = 90% 
<0.Q2 CL = 90% 


«9 eV2r CL = 90% 
<0.25ГС1 = 90% 


«ОЛГСЇ = 90% 


Tests of Conservation Laws 


A(m?) for sin? (20) = 1 
sin?(20) for “Large” (т?) 
wt Ve 
A(m2) for sin?(20) = 1 
sin2(20) for "Large" A(m?) 
ان با‎ ие (Ре) 
А(т2) for sin2(20) = 1 
sin2(20) for "Large" A(m?) 
> Vr 
A(m?) for sin2(20) = 1 
sin2(20) for "Large" А(т2) 
— Рр 
A(m2) for sin2(20) = 1 
sin2(20) for "Large" А(т2) 
د یا‎ > из (Pr) 
A(m?) for sin2(20) = 1 
віп2(20) for "Large" А(т2) 
Ve f ve 
Alm?) for sin2(20) = 1 
sin2(20) for "Large" А(т2) 
Vy TP Vy 
A(m?) for sin? (20) = 1 
sin2(20) for A(m2) = 100eV2 
Vy ^ Vy 
А(т2) тог sin2(20) = 1 
$12 (20) for 190 eV? < А(т2) < 
320 eV? 
Trt — ићи рока 
Г(т+ — petet Гоа 
Г(п0 — ute- + еи y ral 
Min кет + не MT total 
(KE > avet Mg 
(K+ — ET ve total 
(К+ — tut -(/ gal 
(KE пи ет) Гота 
(KP — ور د‎ ٢ 
T(K = د د د د د‎ ٢ 
(Dt دو ۴وس ود و‎ 
T(D* — пе“ иу Гоа 
(РТ > Къе шт) /Г total 
rats Kte и) Гота 
r(pO — м-етуГ 
ГОО  х0еЕ +) гьа 
(ОВ — net دور‎ 
(Do — Pet (/ ы 
وس‎ ое у а 
Г(00 — oet ТУГ, 
ГОР — Ке „уга 
T(D® — K*(se29 et „уг 
ret = ctetu Muta 
(BT — же кР) гьа 
T(B* سر ور در‎ 
T(B* — Kte-u Tra 
ret = د سر‎ у Гота 
T(B* — Кету 
۲) 89 — etg yw 
Г(ВО — cfr Ру Тога 
r(89 — тт) Гьы 
Г(В — euF sYTtotal 
(BO eu کنا‎ 


v 


ир, 


ГА 


И 


[к] 


"| 
"| 


"| 
"| 
ң 
"| 
"| 
ң 
Al 
"| 


ІҢ 
ІҢ 
ІҢ 


ІН 


«0.09 eV?r CL = 90% 
<3.0 x 1073Г CL = 90% 


«014 eV?r CL = 90% 
<0004ГСІ. = 95% 


«0.075 eV? r CL = 90% 
«L8 x I03TCL = 90% 


«09 eV2rCL = 90% 
«0.004 CL = 90% 


<2.2 eV2rCL = 90% 
«44 x 107?T CL = 90% 


«L5 eV?r CL = 90% 
«8 x 10 3T CL = 90% 


<0.17 eV2r CL = 90% 
<7 x 10—2rCL = 90% 


<0.23 or >1500 ev? 
<0.02ГС1. = 90% 


<7 or >1200 e 2 
<0,02Г CL = 90% 


«8.0 x 10 — CL = 90% 
«L6 x 10-9rcL = 90% 
<1.72 x 1079r CL = 90% 
<6 x 10—Šr CL = 90% 
<2.0 x 1078г = 90% 
<4 x 10—3rCL = 90% 
«24 x 10—10rcL = 90% 
«T x 10—?r CL = 90% 
<3.3 x10-llrCL = 90% 
«6.1 x 1079Г С]. = 90% 
<1.1 x 10 —4r CL = 90% 
«1.3 x 107^T CL = 90% 
«13 x 10—r CL = 90% 
«L2 x 10 —4rCL = 90% 
<1.9 x 1075Г а. = 90% 
«8.6 x 1075Г CL = 90% 
<1.0 x 109 —4rCL = 90% 
<4.9 x 1075Г CL = 90% 
«12 x 10—4rCL = 90% 
<3.4 x 10—TCL = 90% 
<1.0 x 107%Г CL = 90% 
<1.0 x 10-47 CL = 90% 
<6.4 x 10 3T CL = 90% 
<64х1073ГСІ = 90% 
<6.4 x 109-36 = 90% 
«64 x 10— CL = 90% 
<6.4 x 10T CL = 90% 
<6.4 x 1073Г CL = 90% 
<5.9 x 1076Г а. = 90% 
«5.3 x 107^T CL = 90% 
<83х10-4ГСІ = 90% 
«22 x 1075Г CL = 90% 
<4.1 x 10—5T CL = 90% 


Limits are given at the 90% confidence level while errors are given as +1 standard deviation. 


TOTAL LEPTON NUMBER 


Violation of total lepton number conservation also implies violation 
of kpton family number conservation. 


limit on j;— — e+ conversion 
رر سر — 328 اا‎ 
о(р“ 325 بر و‎ 
о(р“ 1271 — et127sp*) / 
سم )مو‎ 127] — anything) 
olu Ti etca) / 
ol Тї — capture) 


Г(т— — п у) Гар 
Г — 7—70) otal 
T(r- — епт п) 
ГО — ит m YT total 
(rT — etr Коју Гога 
{rT + et KTK утока 
Г(т— — илт K—Ttotal 
Г(т— — FK коју Tiotal 
Г(т — PY total 

Г(т— = рт) / total 

Га“ > pm/Ttotal 

Ve — (Реј 


eA (m?) for sin?(20) = 1 

а26іп2(20) for "Large" A(m2) 
vy (Ре) 

«А(т?у for їп? (20) = 1 

а26іп2(20) for "Large" A(m2) 


«9 x 1071 9rCL = 90% 
«3 x 10719г CL = 90% 
«8.9 x 10-11ГС1 = 90% 


«2.8 x 107%Г CL = 90% 
«3.7 x 107%Г CL = 90% 
«1.9 x 1076Г CL = 90% 
«34 x 1076Г С]. = 90% 
«24 x10-9rCL = 90% 
«3.8 x 1079Г CL = 90% 
<7.0 x 1076Г С]. = 90% 
«6.0 x 10-9TCL = 90% 
«29 x 10 TCL = 90% 
«6.6 x I07ÓT CL = 90% 
«1.30 x 1073Г CL = 90% 


«014 eV2r CL = 90% 
<0.032[ CL = 90% 


<0.16 АГА = 90% 
<0.001[ CL = 90% 


Cert — i vetta [Л <15 х1о-Зга. = 90% 
F(K* — пне) а <7 x 10—?rCL = 90% 

(Kt — T—eTeT)/Ttotal «L0 x 10-9rQL = 90% 
(KE د د‎ Teal [Л <1.5 х10-4ГСІ. = 90% 
T(K* — ртр.) [Л <33х10-3Гсі = 90% 
Г(КЪ ور یر‎ vat «3 x 1073TCL = 90% 

(Dt — = eFeTtYrtotal «L4 x 10 4TCL = 90% 
T(D* — «7 ور ور‎ <8.7 x 10—TCL = 90% 
(D+ — пеи) <11х10-4ГСІ = 90% 
ГО — р-н Р) га «5.6 x 10-47 CL = 90% 
r(Dt — косе у اوه‎ «12x 107^T CL = 90% 
ГО ور و سور‎ таа <12х10-4ГСІ = 90% 
Г(р ^ د سر‎ у ока] «L3 x 107%Г С]. = 90% 
T(D* — K*(892)7 и i T total «85 x 10-ЧГСІ. = 90% 
ГСО — کد د یه‎ «43 x 1073Г а]. = 90% 
(DE — Кау «59 x 1073Г CL = 90% 
T(Di — K*(892)- et HY Total «LA x 1073г = 90% 
Г(ВЪ — леве Тора «39 x 10TQL = 90% 
Г(В — по ut uw gera «9.1 x 107r QL = 90% 
Г(В = لد سیر‎ «3.9 x 10 3T CL = 90% 
T(B* — К У otal «9. x 1073T CL = 90% 
(ET — pe eV total <4х 10—TCL = 90% 

TAD — د پر‎ Гота <7.0 x 107%Г С]. = 90% 

BARYON NUMBER 


T(r7 > PY total 
Г(ғ- — рлО)/Г уа 
T(r^ > pm/Ttotal 
p mean life 


«29 x 107r CL = 90% 
«6.6 x I07ÓTCL = 90% 
«130 x 10r CL = 90% 
>16 x 1025 years 


A few examples of proton or bound neutron decay follow. For limits on many other nudeon 


decay channels[ see the Baryon Summary Table. 


T(N — etm) 
T(N — ptr) 
T(N— etK) 
T(N— ик) 


limit on n7 oscillations (bound n) 
limit on n7 oscillations (free n) 


[7] 


> 130 (mr > 550 (p) x 1030 years 


CL = 90% 

> 100 (п)Г> 270 (p) x 1030 years 
CL = 90% 

> 13 (mr 150 (p) x 1030 years 
CL = 90% 

> 1.1 (mr > 120 (p) x 1030 усагаг 
CL = 90% 


>1.2 x 108 5ГС1 = 90% 
>0.86 x 108 و‎ = 90% 
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ELECTRIC CHARGE (0) 


[1 >4.3 x 1023 yr CL = 68% 
<8 x 10727 Г С]. = 68% 


е mean life / branching fraction 
T(n = PveVe)/Ttotal 


AS = AQ RULE 
Allowed in second-order weak interactions. 


ГК — tt يی‎ total <12х10-%ГСІ = 90% 
(К+ — тїт ری‎ )/Г а <3,0 x 10—Šr CL = 95% 
x 2 АСКО — по C /A(K® — тг tv) = А(А5--АОУ/А(Л5-АО) 


real part of x 0.006 + 0.018 (S = 1.3) 
imaginary part of x —0.008 + 0.026 (S = 1.2) 
r(rt = пени) (Е — ng «0.043 


<5 x 107 ÓrCL = 90% 
«3.0 x 1075T CL = 90% 
«9 x 10—TCL = 90% 
«9 x 107r CL = 90% 


rrt ای سا‎ 
ПО — прију Тога 
(E° — zx-—eFuve)/Ttotal 
Г(20 ^ кои ћир кока 


AS = 2 FORBIDDEN 


Allowed in second-order weak interactions. 


Г(=9 ^ рт) Гьы «4x 10—5r CL = 90% 
اهم‎ 


<13 x 1073 

<13 x 1073 

«19 x 1075Г CL = 90% 
«32 x 10 —r CL = 90% 
«15 x 10-27 CL = 90% 
«Ax 107%Г а] = 90% 
<4 x 104 CL = 90% 
<4 x 107r CL = 90% 
«19 x 10—r CL = 90% 


— Pe Ve)/Ttotal 
> PE VAT total 
— nt T total 

— ne Ve)/Ttotal 
= n, )/T total 
= 
=> 


рт T_T total 

шингээ” 
> چو‎ Ui) total 
Г(0-- Ar УГ 


AS — 2 VIA MIXING 
Allowed in second-order weak interactions, e.g. mixing. 
тк — тко (0.5301 + 0.0014) х 1010 ћ 5—1 


то т, (3.489 + 0.009) x 10712 MeV 
ко K 


AC — 2 VIA MIXING 
Allowed in second-order weak interactions, e.g. mixing. 
my- т о] <24 x 1010 п s~ ITCL = 90% 
| pe pel [о] ü ü 
Feo = Го" fif 
| ” р! po mean life 
difference/average 
(КЕ грма D) /r(K— ete) 
Г(К+хт—ог К+л т т (via БОУ/ 
(Кто К ттт) 
г(рд  К+е ve(via Dy) کی‎ 
г(рб — سر‎ or К+т سر دو‎ (ма 
سا‎ total 


[o] «o20rc. = 90% 


<0.005Г CL = 90% 
[p] < 0.0085 (ог < 0.0037)ГСІ. = 90% 


«17 x 107^T CL = 90% 
<10х1073ГСІ = 90% 


Limits are given at the 90% confidence level while errors are given as +1 standard deviation. 


Tests of Conservation Laws 


AB = 2 VIA MIXING 
Allowed in second-order weak interactions, e.g. mixing. 


ха 0.172 + 0.010 
Атро = mgo — "во (0.464 + 0.018) x 1012 п 5-1 
0.723 + 0.082 
0.118 + 0.006 


294 x 1012 8 s—1rCL = 95% 


xq = Ат во/Г во 
Хв at high energy 
Ат = тр -ipo 
B; Вун E 
xç = Am о/Гда 
5 B; B; 
Хе >0.4975[ CL = 95% 


>140ГСІ. = 95% 


AS = 1 WEAK NEUTRAL CURRENT FORBIDDEN 
Allowed by higher-order electroweak interactions. 


(Kt — metet و‎ gal 
(KE — mt يی و در‎ 
(K+ — ти) Гоар 
ЦОЛ” 
г(к9. — ее) уа 
гске. бете Гоа 
T(K9 — ићи -(/ 
T(K9 — total 
(KP — د د دد‎ ٢ «A x 10 -llrCL = 90% 
г(кф- ete-»y etat (9.1 = 0.5) x 1076 

T(K9 — себе“ удова [q] (6.5 + 1.2) x 1077 

T(K9 — rtr ری‎ ٢ [d] «4.6 x 1077r CL = 90% 
T(K? тете Гьы (2951) x 1079 

T(K9 — ete етет) (4.1 + 0.8) x 1078 (s = 1.2) 
T(K? тор) Гоар «5.1 х1079ГСІ = 90% 
T(K9 — ntete )Ttotal «43 x 109r CL = 90% 
T(K9 — лдиру/ Тыны! «5.8 x 10—9TCL = 90% 
ПЕЋ = pet e™)/Trotal <7 x 1076 


(2.74 + 0.23) x 1077 

(5.0 + 1.0) x 10-8 
(4243-2) x 10710 
«32x10-7'rCL = 90% 
<14 x1077TCL = 90% 
«11 x10-$TCL = 90% 
(7.2 + 0.5) x 107? (S = 14) 
(3.25 + 0.28) x 1077 


AC = 1 WEAK NEUTRAL CURRENT FORBIDDEN 
Allowed by higher-order electroweak interactions. 


«6.6 x 10—TCL = 90% 
«L8 x 5/٢ 90% 
«5.6 x 107TCL = 90% 
«13 x 10—r CL = 90% 
«A x 10-$TCL = 90% 
«A5 x10—rQ. = 90% 
«L8 x 107r CL = 90% 
«14 x 10 —rCL = 90% 
«5.3 x 10—TCL = 90% 
«L0 x 107%Г CL = 90% 
«23 x10-^rCL = 90% 
<18х10-4ГСІ = 90% 
<83х10-4ГСІ = 90% 
<52х10-5ГСІ = 90% 
<4.1 x 10 —rCL = 90% 
«8.1 x 107r CL = 90% 
«59 x 10 —r CL = 90% 
<1.4 x 10TCL = 90% 
«34 x 10 “TCL = 90% 


Г(р+ — тее) уа 
ПРЕ — тта) Гь 
ПРЕ — ptu Гы 
(DO — ebe7)/Total 

Г(00 > тат) оі 

г(рд — «Pet سر‎ ي٢‎ 

грб — ربز‎ иг total 

ГОО = nete- УГ 

Г(Р0 — ти) Гоја 

Г(рд — Pete) а 

Г(р0 — (+) total 

ГОО = wet e™)/Ttotal 

(DO يز‎ Гы 

ГОО — &efte-Tiotal 
Г(00- کن یي یز‎ 

Г(р0 یب رب هور دږ‎ 
TBE — ور وي‎ y ي٢‎ 
r(pf — K*(so2y" ic i کی‎ 
TAL — рећи YT total 


Tests of Conservation Laws 


ret => 
ret — 
ret — 
ret 
ret — 
ret مج‎ 
r(g? — 
г(во = 
r(g? — 
r(g? — 
г(в9 > 
r(g? — 
r(g? — 
г(в9 => 


АВ = 1 WEAK NEUTRAL CURRENT FORBIDDEN 


Allowed by higher-order ekctroweak interactions. 


шинэ 

يی سو د سا 
Kt et e—)Ttotal‏ 

KY ut УГ 
K*(892y" et e™)/Ttotal 
K*(892YyV и и УГ ра! 
YT total 

ee total 
uh يی د‎ 

Ket دس‎ ي٢‎ 

кодын YT total 
K*(892)9 et e—)/Ttotal 
K*(892)9 uT eV total 
K* (S92 ur) /Ttotal 


T(B = ete- s)Ttotal 
T(B — па“ 5)/ total 
ГФ — pet uc anything) /F total 


re? ^ 
rg? — 
г(во > 


iT رس‎ 
et e™)/Ttotal 
Фит) Гука 


<39х10-3ГСІ = 90% 
«9. x 1073T CL = 90% 
<6 x10-5rCL = 90% 

«L0 x 1075Г CL = 90% 
«6.9 x 1073 CL = 90% 
«12 x 10—3r CL = 90% 
<3.9 x 1075Г CL = 90% 
«5.9 x 1076Г CL = 90% 
<6.8 x 1077Г С]. = 90% 
«3.0 x 107%Г CL = 90% 
<3.6 x 107r CL = 90% 
«23 x 107^T CL = 90% 
«23 x10—TCL = 90% 
«10 x 1073Г С]. = 90% 
<5.7 x 10—TCL = 90% 
<58 x 1075T CL = 90% 
«32 x 107%Г С]. = 90% 
<2.0 x 10-9rCL = 90% 
<5.4 x 10r CL = 90% 
<54х10-3ГСІ = 90% 


Limits are given at the 90% confidence level while errors are given as +1 standard deviation. 


NOTES 


In this Summary Table: 


When a quantity has "(S = ...)" to its right the error on the quantity has 
been enlarged by the "scale factor" 5۲ defined as $ = yX? /(N — 1) where N 
is the number of measurements used in calculating the quantity. We do this 
when $ > 1[ which often indicates that the measurements are inconsistent. 
When S > 1.25 we also show in the Particle Listings an ideogram of the 
measurements. For more about SI see the Introduction. 


а] С рату forbids this to occur as a single-photon process. 
b] Time-reversal invariance requires this to be 0? or 1809. 
c] Allowed by higher-order electroweak interactions. 


d] Violates CP in leading order. Test of direct CP violation since the in- 
direct CP-violating and CP-conserving contributions are expected to be 
suppressed. 


e] 6 /с is derived from |uoo/1..... | measurements using theoretical input оп 
phases. 


[f] Neglecting photon channels. Seer eg. ۸. Pais and S.B. Treiman’ Phys. 
Rev. D12I 2744 (1975). 


[g] Derived from measured values of фу Г ФооГ Г [то — m polr and 
2 5 
T ко Газ described in the introduction to “Tests of Conservation Laws." 

h] The value is for the sum of the charge states of particle/antiparticle 
states indicated. 

НА test of additive vs. multiplicative lepton family number conservation. 

[Л A(n?) = 100 еу?, 

k]190eV? < А(т?) < 320 eV?. 

[/] Derived from an analysis of neutrino-oscillation experiments. 

[m] There is some controversy about whether nuclear physics and model 

dependence complicate the analysis for bound neutrons (from which the 

best limit comes). The second limit here is from reactor experiments 
with free neutrons. 

[n] This is the best. "electron disappearance" limit. The best limit for the 

mode e — uv is > 2.35 x 1025 yr (CL =68%). 

[ој The 29-09 limits are inferred from the 20-00 mixing ratio 

Г(КТ (via DOY) / F(K- tt vr). 

[p] The larger limit (from E791) allows interference between the doubly 
Cabibbo-suppressed and mixing amplitudes; the smaller limit (from E691) 
doesn'L See the papers for details. 

[9] See the К " Particle Listings for the energy limits used in this measure- 

ment. 


11-49 


TABLE OF THE ISOTOPES 
Norman E. Holden 


This table presents an evaluated set of values for the experimen- 
tal quantities that characterize the decay of radioactive nuclides. 
A list ofthe major references used in this evaluation is given below. 
When uncertainties are not listed, they are assumed to be five or 
less in the last digit quoted. If they exceed five in the last digit, 
the value is prefaced by an approximate sign. For quasi-stable nu- 


clides, the measured width, I, of the resonance is given. To esti- 
mate the approximate half-life, the Heisenberg relationship may 
be used, the half-life = 4.56 x 1072 seconds / (MeV). The effec- 
tive literature cutoff date for data in this edition of the Table is 
December, 2005. 


Table Layout 


Column Column title Description 
No. 
1 Isotope or Element 


For elements, the atomic number and chemical symbol are listed. For nuclides, the mass number and 
chemical symbol are listed. Isomers are indicated by the addition of m, m1, or m2. 


Atomic mass relative to "C = 12. Atomic weight of elements is given on the same scale. 


Half-life in decimal notation. us = microseconds; ms = milliseconds; s = seconds; m = minutes; h = hours; 
d = days; and y = years. For quasi-stable nuclides, the measured width at half maximum of the energy 


Decay modes are a = alpha particle emission; D = negative beta emission; B+ = positron emission; EC = 
orbital electron capture; IT = isomeric transition from upper to lower isomeric state; n = neutron 
emission; sf = spontaneous fission; ВВ = double beta decay. Total disintegration energy in MeV units. 


End point energies of beta transitions and discrete energies of alpha particles in MeV and their intensities 


Nuclear spin or angular momentum of the nuclides in units of h/2m; parity is positive or negative. 


Gamma ray energies in MeV and intensities in percent. Ann. rad. refers to the 511.006 keV photons 


2 Isotopic Abundance In atom percent. 
3 Atomic Mass or Atomic 
Weight 
4 Half-life/Resonance Width 
resonance is given 
5 Decay Mode/Energy 
6 Particle Energy/Intensity 
in percent. 
7 Spin and Parity 
8 Magnetic Dipole Moment ^ Magnetic dipole moments in nuclear magneton units. 
9 Electric Quadrupole Electric quadrupole moments in barn units (1074 cm”). 
Moment 
10 Gamma Ray Energy/ 
Intensity emitted in the annihilation of positrons in matter. 


General Nuclear Data References 


The following references represent the major sources of the 
nuclear data presented, along with subsequent published journal 
articles and reports: 


1. G. Audi, О. Bersillon, J. Blachot, А.Н. Wapstra, The Nubase Evaluation 
of Nuclear and Decay Properties, Nuclear Physics A729, 3 (2003). 

2. G. Audi, A.H. Wapstra, C. Thibault, The AME2003 Atomic Mass 
Evaluation (I), Nuclear Physics A729, 337 (2003). 

3. International Commission on Atomic Weights, Atomic Weights of the 
Elements - 1999, Pure & Applied Chemistry 75, 667 (2001). 

4. E.M. Baum, H.D. Knox, T.R. Miller, Chart of the Nuclides, 16th Edition, 
Knolls Atomic Power Lab. (2002) 

5. МЕ. Holden, Total and Spontaneous Fission Half-lives for Uranium, 
Plutonium, Americium and Curium Nuclides, Pure & Applied 
Chemistry 61, 1483 (1989). 

6. N.E. Holden, Half-lives of Selected Nuclides, Pure & Applied Chemistry 
62, 941 (1990). 
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7. МЕ. Holden, Review of Thermal Neutron Cross Sections and Isotopic 
Composition of the Elements, BNL-NCS-42224 (March 1989). 
8. P. Raghavan, Table of Nuclear Moments, Atomic Data Nuclear Data 
Tables 42, 189 (1989). 
9. E. Brown, R. Firestone, Radioactivity Handbook, Wiley Interscience 
Press (1986). 
10. J.K. Tuli, Nuclear Wallet Cards, Brookhaven National Laboratory 
(April 2005). 
11. N.E. Holden, D.C. Hoffman, Spontaneous Fission Half-lives for Ground 
State Nuclides, Pure & Applied Chemistry 72 1525 (2000). 
12. N. Stone, Table of New Nuclear Moments, private communication, 
www.nndc.bnl.gov/nndc/stone moments/moments.html (Dec 2000) 


This research was carried out under the auspices of the US 
Department of Energy Contract No. DE-AC02-98CH10886. The 
author is at Brookhaven National Laboratory, Upton, NY, and can 
be contacted at holdengbnl.gov. 


Table of the Isotopes 11-51 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom. (nm) Mom. (b) (MeV/%) 
on 1.008664916 614. s В- /0.78235 0.782/100. 1/2+ -1.913043 
В-, у / < 0.069 
Н 1.00794(7) 
Н 99.9885(70) 1.007825032 > 2.8 x 10 y 1/2+ +2.79285 
Н 0.0115(70) 2.014101778 1+ +0.85744 +2.86 mb 
H 3.016049278 12.33 y B-/0.01859 0.01860/100. 1/2+ +2.97896 
^H 4.0278 Г-3 п/ /100 2- 
°H 5.0353 Г<0.5 п/ /100 (1/24) 
SEE 6.0449 Г = 1.6(4) n/ (2-) 
7H 7.053 Г ~ 20. 
„Не 4.002602(2) 
ЗНе 0.000134(3) 969 1/27 -2.12762 
‘He 99.999866(3) 4002603254 0+ 
5Не 5.01222 Г = 0.60(2) n,a 3/2- 
*He 6.018889 0.807 s В-/3.508 3.510/100. 0+ 
В, а /0.00076 
"He 7.02802 Г = 0.15(2) п (3/2)- 
*He 8.03392 0.119s В-/10.65 184. 0+ 0.9807 /84. 
п/ 116. 0.4776/5. 
p.t /0.82 
Не 9.04395 Г =0.10(6) п /100 (1/2-) 
He 10.0524. I = 0.3(2) 2п /100 0+ 
„Li 6.941(2) 
Li 4.0272 Г = 6.0 р/ /100 2- 
SLi 5.01254 Г-12 p/a 3/2- 
SLi 7.59(4) 6.01512280 1+ +0.82205 -0.8 mb 
Thi 92.41 (4) 7.0160046 3/2- +3.25644 -0.0400 
Li 8.0224874 0.840 s В-/16.004 12.5/100. 2% +1.6536 +0.0314 
a/ a(1.6) 
“Li 9.026790 0.178 s B-/13.606 13.5/75. 3/2- 3.4368 -0.0306 
B-/ 11/25. 
1017 10.03548 T =0.11(5) п 17. 1+ 
ЭД 11.04380 8.8 ms В-/20.6 [8.3 3/2(-) 3.668 -0.031 3.368/33. 
В-, n [85.7 0.320/7. 
В-, 2n /4.1 2.590/8. 
В-, 3n /1.9 5.958/3. 
В-, d / 1 2.895/1.5 
В-, t /0.02 2811, 
PLi 12.054 < 0.01 us 
„Ве 9.012182(3) 
5Be 5.041 р, Не (1/2+) 
%Ве 6.01973 Г = 0.092(6) 6 0+ 
"Be 7.0169298 53.28 d ЕС/0.8618 3/2- -14 0.4776/10.4 
Ве 8.00530510 Г =6.8(17)eV  2a/0.046 0+ 
"Ве 100. 9.0121822 3/2- -1.1776 +0.0529 
Be 10.0135338 1.52 x 10%у B-/0.5559 0.555/100. 0+ 
"Ве 11.02166 13.8 5 В-, В-а/11.51 11.48/61. 1/24 2.125/35.5 
“Be 12.02692 22.0 ms B-, (n)/11.71 n//0.5 0+ (0.95 - 4.4) 
ЗВе 13.0357 Г-1. 
“Be 14.0429 4.6 ms B-/16.2 0+ 3.5346/0.9 
В-, п 0.288/94. 3.6845/7. 
B-, 2n 16. 
B-, a /<0.012 
В-, t / 4 
5Be 15.053 < 0.2 us p 


11-52 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
“Be 16.062 « 0.2 us p 0+ 
B 10.811(7) 
В 7.0299 Г = 1.4(2) pa (3/2-) 
"B 8.024607 0.770 8 B+, 20/17.979 13.7(В+)/93. 2+ 1.0355 0.068 ann.rad. 
?B 9.013329 Г = 0.5(2) кеу р,2а/ 3/2- 
В 19.9(7) 10.0129370 3+ +1.8006 +0.085 
пв 80.1(7) 11.0093054 3/2- +2.6886 +0.0406 
PB 12.014352 0.0202s B-/13.369 1+ +1.0027 0.0132 4.438/1.3 
В- о/1.6/ 3.215/0.00065 
BB 13.017780 0.0174 s B- /13.437 134 3/2- 43.1778 0.037 3.68/7.6 
В- n/0.25/ 2.43(n)/0.09 
3.55(n)/0.16 
“В 14.02540 14. ms B-/20.64 2- 1.185 0.0298 6.094/90. 
5B 15.03110 9.9 ms В-, (n)/19.09 n//99.7 (3/2-) 2.66 0.038 
еВ 16.0398 Г <0.1 п 
UB 17.0470 5.1 ms В-, (n)/22.7 2.54 0.039 
ір 18.056 « 0.026 us 0- 
УВ 19.0637 2.9 ms В-, (n)/26.5 1n//72. (3/2-) 
2n//16. 
3n// « 9. 
«С 12.0107(8) 
aC 8.03768 Г =0.25(4) Р 0+ 
ке 9.031037 127. ms B+, p, 20/16.498 (3/2-) -1.391 ann.rad. 
МС 10.0168532 19.35 В-/3.648 1.865 0- ann.rad. 
0.71829/100. 
"C 11.011434 20.3m B+, EC/1.982 0.9608/99. 3/2- -0.964 0.0333 ann.rad. 
“С 98.93(8) 12.000000000 0+ 
BC 1.07(8) 13.003354838 %- +0.70241 
"C 14.003241989 5715.y В-/0.15648 0.1565/100. 0+ 
sC 15.010599 2.45 5 B-/9.772 4.51/68. ул 1.32 5.298/68. 
9.82/32. (7.30—9.05) 
HG 16.014701 ~ 0.750 $ В-/8.012 В/3.3, 4.3/84, 16 0+ 
В, п п/0.8, 1.7/84, 16 
“С 17.02259 0.195 B-/13.17 3/2+ 1.375 
В-, п n/1.6-3.7/11. 1.849 
1.906 
20 18.02676 0.092 8 В-/11.81 0+ 
В-, п n/0.88—4.59/21. 
26 19.0348 0.05 8 п Yo 
ше 20.0403 0.02 s Bn 1n// ~ 65. 0+ 
2п// < 19. 
“С 21.049 < 0.03 us 
20 22:057 6 ms B-, n 1n// ~ 61. 0+ 
2п// < 37. 
‚М 14.0067 (2) 
юм 10.0417 Г = 2.3(16) 
УМ 11.02609 Г-1. Vot 
УМ 12.018613 11.00 ms В+, B+a/17.338 — 5 1+ +0.457 410.mb  ann.ad. 
4.438/2. 
BN 13.0057386 9.97 т В+ /2.2204 1.190/100. %- 0.3222 
“N 99.636(20) 14.003074005 l+ +0.40376 +0.0200 
IN 0.364(20) 15.00010898 %- -0.28319 
16N 16.006102 7138 В- /10.419 4.27/68. 2- 6.129/68.8 
10.44/26. 1.986 18 mb 7.115/4.7 
В-, a 1.85/.0012 (0.99–8.87) 
UN 17.00845 4178 В-, В- п/8.68 3.7/100. %- 0.352 0.871/3. 


Table of the Isotopes 11-53 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
0.4–1.71/95. 2.1842/0.3 
В- a/ 8.0, 8.2 
18N 18.01408 0.62 s B- /13.90 9.4/100. 1- 0.328 0.012 0.822/48. 
В-, a 112. 1.65/47. 
В-,п 114 1.982/77. 
(0.535-7.13) 
IN 19.01703 0.32 5 В-/12.53 < 0.32 (0.096-3.14) 
2N 20.0234 0.145 B- /17.97 
UN 21.0271 0.08 s 
2N 22.0344 0.02 s р-п 1n// ~ 41. 
2n// « 13. 
2N 23.0412 15. ms В-, п п// ~ 42. 
2п// ~ 8. 
3n// < 34 
HN 24.0510 « 0.052 us 
>N 25.061 < 0.26 us 
,O 15.9994(3) 
20 12.03441 Г = 0.51(16) 2p 0+ 
BO 13.02481 8.9 ms B+, p/17.77 1.560 (p) (3/2-) 1.389 0.011 ann.rad. 
p/(1.00 - 13.5) 4.438/0.56 
“О 14.0085963 70.635 B+ /5.1430 1.81/99. 0+ ann.rad. 
2.312/99.4 
50 15.0030656 122.25 B+ /2.754. 1.723/100. 1/2- 0.7195 ann.rad. 
во 99.757(16) 15.9949146196 0+ 
“O 0.038(1) 16.9991317 5/2+ -1.8938 -0.026 
ЗО 0.205(14) 17.999161 0- 
2O 19.003580 26.9 s B- /4.820 3.25/60. 5/2+ 1.5320 3.7 mb 0.197/95.9 
4.60/40. 1.3569/50.4 
(0.11-4.18) 
me) 20.004077 13.5 $ В- /3.814 0+ 1.057/100. 
710 21.00866 345 В- /811 (0.28—4.6) 
20 22.0100 2.25 В- /6.5 0+ 0.072/100 
0.638/98 
1.862/63 
(0.918-2.499) 
ЗО 23.0157 0.08 8 
ЗО 24.0205 ~ 65. ms B- п п//18. 0+ 1.83/28. 
0.52/14. 
1.31/12. 
20 25.0295 «0.05 us 
290 26.0383 « 0.04 us 0+ 
70 27.048 « 0.026 us 
ЗО 28.058 «0.10 us 0- 
F 18.9984032(5) 
МЕ 14.0351 
PE 15.0180 Г = 0.8(3) р (1/2+) 
БЕ 16.01147 Г = 0.037(14) p 0- 
VE 17.0020952 64.5 5 B+ /2.761 1.75/ 5/2+ +4.721 0.058 ann.rad. 
ЗЕ 18.000938 1.829 h B+, EC/1.656 0.635/97. 1+ ann.rad. 
"Е 100. 18.9984032 ил +2.62887 0.072, 
МЕ 19.9999813 11.00 5 B- /7.0245 5.398/100. 2+ +2.0934 0.042 1.634/100. 
3.33/0.009 
Эр 20.999949 4.16 8 B- /5.684 3.7/8. 5/2+ 3.9 0.3507/90. 
5.0/63. 1.395/15. 
5.4/29. (1.746—4.684) 
TE 22.00300 4.23 $ В- /10.82 3.48/15. 4+ 1.2746/100. 
4.67/7. 2.0826/82. 


11-54 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
5.50/62. (0.82-4.37) 
ЭЕ 23.0036 225 p- /8.5 5/2+ 1.701/48. 
2.129/34. 
(0.493-3.83) 
МЕ 24.0081 0.38 В- /13.5 1.9816/ 
ФЕ 25.0121 ~ 50. ms В-, (n) n//14. 1.70/39. 
(0.57–2.19) 
Е 26.0196 10. ms В-, (п) n//11. 2.02/67. 
1.67/19. 
ME 27.0268 5.0 ms В-, (n) n//90. 2.02/18. 
28р 28.036 < 0.04 us 
TE 29.043 2.5 ms В-, (n) n//100. 
ЧЕ 30.053 « 0.26 us 
Эр 31.060 » 0.26 ив 
Ne 20.1797(6) 
“Ке 16.02576 I = 0.12(4) 2р 0+ 
"Ме 17.01767 109. ms В+, р/14.53 1.4-10.6/6.9 1/2- 0.787 ann.rad./ 
B+, a /0.014 0.495 
Ме 18.0057082 1.668 5 В+ /4.446 3.416/92. 0+ ann.rad./ 
1.0413/7.8 
(0.658-1.70) 
Ме 19.0018802 17.22 5 В+ /3.238 2.24/99. 1/2+ -1.885 ann.rad./ 
(0.11-1.55) 
Ме 90.48(3) 19.992440175 0+ 
"Ме 0.27(1) 20.99384668 3/2+ -0.66180 +0.103 
Ме 9.25(3) 21.99138511 0+ -0.19 
Ne 22.9944669 37.25 В- /4.376 3.95/32. 5/2+ -1.08 +0.15 0.440/33. 
4.39/67. (1.64-2.98) 
"Ne 23.9936108 3.38 m B- /2.47 1.10/8. 0+ 0.4723/100. 
1.98/92. 0.874/7.9 
Ме 24.99774. 0.61 5 p- /7.30 6.3/ 1/24 -1.006 0.0895/96. 
7.3/ (0.98—3.69) 
Ме 26.00046 197 ms В-, n/7.3 n//0.13 0+ 0.082/100 
1.278/6 
0.233/5 
0.151/3 
1211/1 
2.489/1 
27Ме 27.0076 31. ms В-, n/127 n//2. (3/24) 
Ме 28.0121 19. ms В-, n/12.3 n//12. 0+ 2.06/19. 
2n//3. 0.86/3. 
Ме 29.0194 15. ms B-, (n)/15.4 n//29. (3/24) 2.92/55. 
B-, 2n 2n//4. (0.22-1.18) 
зе 30.025 7.ms B-, (n) n//9. 0+ 0.151/9. 
Ме 31.033 3. ms 
Ме 32.040 ~ 3.5 ms 0+ 
33Ме 33.049 < 0.26 us 
“Ме 34.057 > 1.5 us 0+ 
„Ма 22.98976928(2) 
18Na 18.02597 T = 0.34(9) 
Ма 19.01388 0.03 5 В+, р/11.18 
Ма 20.00735 0.446 5 B+ /13.89 2+ +0.3694 ~ + 0.04 — ann.rad./ 
а 2.15/ 1.634/79. 
"Na 20.997655 2248s B+ /3.547 2.50/95. 3/24 42.3863 = +0.05 — ann.rad./ 
0.351/5. 
Ма 21.9944364 2.605 у B+ /90/2.842 0.545/90. 3+ +1.746 +0.19 ann.rad./ 
EC/10/ 1.2745/99.9 


Table of the Isotopes 11-55 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
23Ма 100. 22.989769281 3/2+ +2.21752 +0.106 
Ма 20.2 ms LT., В: l+ 0.4723/100. 
"Na 23.9909628 14.96 h В- /5.5158 1.389/>99. 4+ +1.690 1.3686/100. 
2.754/100. 
(0.997—4.238) 
Ма 24.989954 59.3 $ В- /3.835 2.6/7. 5/2+ +3.683 ~ -0.06 0.3897/12.7 
3.15/25. 0.5850/13. 
4.0/65. 0.9747/14.9 
(0.836-2.80) 
2Ма 25.99263 1.071 s В- /9.31 3+ +2.851 -5.3 тб 1.809/98.9 
(0.24-7.37) 
27Ма 26.994077 0.290 $ В- /9.01 7.95/ 5/2+ 43.90 -7.2mb 0.9847/87.4 
В-, n/ 1.698/11.9 
Na 27.99894 31. ms В- /14.0 12.3/ l+ +2.42 +0.04 1.473/37. 
В-, n/ 2.389/18.6 
?Na 29.00286 44. ms В-, n/13.3 11.5/ 3/24 +2.46 +86.mb 2.560/36. 
(1.04-3.99) 
ШЫР 30.00898 50. ms В-, n/17.5 п//30. 2- +2.07 1.483/46. 
“Ма 31.0136 17.2 ms В-, n/15.9 n//37. 3/2- 42.30 1.483/14. 
(0.05-3.54) 
Ма 32.0205 13.5 ms B- /19.1 0.240—3.935 
Na 33.027 8.0 ms p- /20. /- 38 0.886/16 
В-, п 0.8,1.02/47(6) 0.546/6.4 
В-, 2n /13(3) 0.050-2.55 
Ма 34.035 5. ms В- /24. 
Ма 35.042 1.5 ms В- /24. 
36Na 36.051 < 0.26 us 
"Na 37.059 > 1.5 us 
МЕ 24.3050(6) 
"Мо 19.0355 < 0.02 us 
Mg 20.01886 96. ms 3+ /10.73 170 0+ 
B+, p /30 
"Mg 21.01171 122. ms B+, p/13.10 5/24 0.332/51. 
?Mg 21.999574 3.876 8 В+ /4.786 3.05/ 0+ 0.0729/60. 
0.5820/100. 
(1.28–1.93) 
ЗМа 22.994124 11.32 5 В+ /4.057 3.09/92. 3/2+ 0.536 1.25 0.440/8.2 
"Mg 78.99(4) 23.98504170 0+ 
>Mg 10.00(1) 24.98583692 5/2+ -0.85545 +0.200 
Ма 11.01(3) 25.98259293 0+ 
UMg 26.98434059 9.45 m В- /2.6103 1.59/41. 1/2+ 0.17068/0.9 
1.75/58. 0.84376/72. 
2.65/0.3 1.01443/28. 
Ма 27.983877 20.9 h В- /1.832 0.459/95. 0+ 0.0306/95. 
0.4006/36. 
0.9418/36. 
1.342/54. 
Ме 28.98860 13s ۸-5 5.4/ 3/2+ 0.960/15. 
1.398/16. 
2.224/36. 
Ма 29.99043 0.32 5 p- /7.0 0+ 0.224/85. 
“Мр 30.99655 0.245 В- /11.7 8.4/29.9 (3/24) -0.8836 1.613/47. 
0.947/37. 
(0.666-4.640) 
B-,n /1.7 
Ме 31.99898 0.12 5 В- /10.3 0+ 2.765/25. 
ШАЛ 33.00525 91. ms В- /13.7 183. 1.848/ 
B-, n 117, 


11-56 Table of the Isotopes 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
“Mg 34.0095 0.02 s В- /11.3 0+ 
*Mg 35.0173 0.07 s (7/2-) 
Ма 36.023 4. ms 0+ 
У Ма 37.031 > 0.26 us (7/2-) 
9*Mg 38.038 » 0.26 us 0+ 
Mg 39.047 < 0.26 us 
"Mg 40.054 0+ 
Al 26.9815386(8) 
HA] 21.0280 « 0.035 us 
ZA] 22.0195 59. ms В+ /18.6 p/1.3/18. 44 ann.rad./ 
B+, p, 2p, а/ a/3.3/0.3 
2m | ~ 0.35 $ B+, p/0.17 0.554. 
0.839 
ЗА] 23.00727 0.47 5 В+ /12.24 ann.rad./ 
B+, р/ 
А] 0.129 s І.Т./0.4259 
B+ 13.3 1+ 1.3686/5.3 
ЗА 23.999939 2.07 8 B+ /13.878,p 3.40/48. 4+ 1.078(2)/ 16. 
4.42/41. 1.368(2)/96. 
6.80/3. 2.753(2)/43. 
8.748. 4.315(3)/15. 
5.392(3)/20. 
7.0662(2)/41. 
5А] 24.9904281 7.175 B+ /4.277 3.27/ 5/2+ 3.646 ann.rad./ 
1.6115(2)/100. 
0.975(2)/5. 
25m A] 6.345 s В+ / 3.2/ 0+ ann.rad./ 
28А1 25.9868917 7.1 x 10° y В+ /82/4.0042 67 5+ +2.804 +0.17 ann.rad./ 
EC/18 1.8087/99.8 
VA] 100. 26.9815386 5/24 +3.64151 +0.140 
ЗА] 27.9819103 2.25 т В- /4.6422 2.865/100. 3+ 3.24 0.18 1.7778(6)/100. 
РА 28.980445 65m В- /3.680 1.4/30. 5/24 1.2732(8)/89. 
2.5/70. 2.0282(8)/4. 
2.4262(8)/7. 
зод] 29.98296 3.68 5 В- /8.56 5.05/ 3+ 3.01 1.26313(3)/35. 
2.23525(5)/65. 
ЗА] 30.98395 0.64 5 В- /8.00 6.25/ 5/2+ 0.75223(3)/18. 
1.69473(3)/59. 
2.31664(4)/73. 
А 31.9881 33. ms В- /13.0 1+ 1.96 
ЗА] 32.9908 41.7 ms В- /12.0 /91.5 1.940/2.5 
В-, п [8.5 (1.01-4.34) 
9A] 33.9969 56. ms В- /17.1 4.255/44 4 0.929/57 
В-, п /26. (0.12-4.26) 
Al 34.9999 38. ms B-/14.3 0.974/48 5/2+ 0.064/45. 
В-, n / 38. (0.12—5.63) 
А 36.0062 0.09 5 В-/18.3 
В-, n 1<31. 
VA] 37.0107 11.ms B-/16. 
ЗА] 38.017 > 7.6 ms 
ЭА] 39.023 > 8. ms 
2A] 40.031 > 0.26 us 
ЧА] 41.038 > 0.26 us 
цэ 28.0855(3) 
251 22.0345 29. ms B+, p 1.99/20 0+ 
251 23.0255 40.7 ms В+, р/5.9 1.32,(0.6-11.6) 


226} 24.01155 0.145 В+, р/10.81 1.44,3.92,1.09 0+ ann.rad./ 


Table of the Isotopes 11-57 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
(1.66-4.47) 
2851 25.00411 221 ms B+, p/12.74 p/4.25/9.5 5/24 ann.rad./ 
p/0.40/4.75 
p/0.56-6.80 
2551 25.992330 2.23 5 В+ /5.066 3.282/ 0+ ann.rad./ 
0.8294(8)/22. 
2751 26.9867049 4.14 8 В+ /4.8118 3.85/100. 5/24 -0.8554 ann.rad./ 
2.211(5)/0.2 
2851 92.223(19) 27.976926533 0+ 
2291 4.685(8) 28.97649470 1/2+ -0.5553 
Si 3.092(11) 29.97377017 0+ 
151 30.97536323 2.62h B- /1.4920 1.471/99.9 3/24 1.2662(5)/0.05 
3251 31.97414808 1.6 x 102 у В- /0.224 0.213/100. 0+ 
3351 32.97800 6.1 5 В- /5.85 3.92 (3/2+) 1.21 1.4313(5)/13. 
1.8477/100. 
2.538(2)/10. 
Si 33.97858 2.8 5 В- /4.60 3.09/ 0+ 0.42907(5)/60. 
1.17852(2)/64. 
1.60756(5)/36. 
3551 34.98458 0.9 5 В- /10.50 
3651 35.9866 0.5 5 В- /7.9 0* 
B-, n /~ 12. 
3751 36.9929 ~ 0.09 8 В- /12.5 
B-, п [~ 17. 
3851 37.9956 > 18 В- /10.7 0" 
B-, n 
Si 39.0021 48. ms В- /14.8 
asi 40.006 33. ms OF 
“Si 41.015 20. ms 
25i 42.020 13. ms 0* 
2551 43.029 » 0.26 ив 
Р 30.973762(2) 
мр 24.034 
>P 25.0203 < 0.03 us 
зер 26.0118 44. ms B+, р/18.1 p/0.41/18.0 3+ 
p/1.98/2.4 
p/0.78-7.49 
vp 26.99923 0.38 В+, р/11.63 p/0.73, 0.61/0.07 1/24 
2р 27.992315 270. ms В+ /14.332 3.94/13. 3+ ann.rad./ 
5.25/13. 1.779(2)/98. 
6.96/16. 2.839(2)/2.8 
8.8/7. 3.040(2)/3.2 
11.49/52. 4.498(2)/12. 
7.537(2)/9. 
эр 28.981801 4148 B+ /4.9431 3.945/98. 1/24 1.2349 ann.rad./ 
1.273/1.32 
2.426/0.39 
80р 29.9783138 2.50 т В+ /4.2323 3.245/99.9 1+ ann.rad./ 
2.230(3)/0.07 
AP 100. 30.9737616 1/24 «1.13160 
р 31.9739073 14.284 В- /1.7106 1.710/100. 1+ -0.2524 
эр 32.971726 2534 B- /0.249 0.249/100. 1/2+ 
зар 33.973636 1245 B- /5.374 3.2/15. 1+ 1.78—4.1/ 
5.1/85. 2.127(5)/15. 
sep 34.973314 47.5 В- /3.989 2.34/100. 1/2+ 1.572(1)/100. 
зер 35.97826 5.7 $ В- /10.41 0.902/77. 
3.291/100. 
Yp 36.97961 235 В- /7.90 0.6462/ 


11-58 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
1.5829/ 
эр 37.9842 0.6 5 В- /12.4 1.2923/ 
В-, п /~ 12. 2.224/ 
эр 38.9862 0.38 В- /10.5 
В-, n /26 
“ор 39.9913 0158 В- /14.5 
B-,n /~ 30. 
Эр 40.9943 0.10 8 В-/- 13.8 
B-,n /~ 30. 
бар 42.0010 49. ms B-/17. 
В-, п / ~ 50. 
ep 43.006 36. ms p-/16. 
В-, п /100. 
=P 44.013 19. ms 
эр 45.019 > 0.2 us 
45p 46.027 > 0.2 us 
169 32.065(5) 
55 26.0279 ~ 10 ms 0* 
*S 27.0188 16. ms B+, 2p/18.3 p/2.26, 7.80 
25 28.0044. 0.13 5 0* 
295 28.99661 0.188 s 3+ /13.79 5/2+ ann.rad./ 
B+, p/ 
25 29.984903 1.18 s B+ /6.138 4.42/78. 0+ ann.rad./ 
5.08/20. 0.678/79. 
515 30.979555 2.56 8 B+ /5.396 4.39/99. 1/2- 0.48793 ann.rad./ 
1.2662(5)/1.2 
925 94.99(26) 31.9720710 0- 
5 0.75(2) 32.9714588 3/2+ +0.64382 -0.068 
ES 4.25(24) 33.9678669 0+ 
355 34.9690322 872d В- /0.1672 0.1674/100. 3/24 +1.00 +0.047 
365 0.01(1) 35.9670808 0+ 
75 36.9711256 5.05 m В- /4.8653 1.64/94. 7/2- 0.9083(4)/0.06 
4.75/5.6 3.1033(2)/94.2 
85 37.97116 2.84 h В- /2.94 1.00/ 0+ 0.1962(4)/0.2 
1.9421(3)/84. 
995 38.97513 11.58 В- /6.64. 1.301/52. 
1.697/44. 
385 39.9755 9.5 В- /4.7 0+ 
AS 40.9796 ~ 2.65 В- /8.7 
В-, n 
#5 41.9810 ~ 0.56 5 p- /7.8 0+ 
B-,n 1<4. 
ЕС 42.9872 0.265 p-/12. 
B-, n /~40 
®5 43.9902 0.10 5 p-/9. 0+ 
B-,n /18. 
555 44.997 68. ms p-/14. 
B-,n /54. 
565 46.001 0.05 8 0- 
25 47.009 > 0.2 us 
55 48.014 » 0.2 us 0+ 
55 49.024. < 0.2 us 
„Сі 35.453(2) 
"cl 28.029 
ge! 29.0141 < 0.02 us 
ше! 30.0048 < 0.03 us 
Бо: 30.99241 0.15 5 B+, р/11.98 0.986, 1.52/0.7 3/7 ann.rad./ 


Table of the Isotopes 11-59 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
Cl 31.98569 297. ms B+ /12.69 9.47/50. 1+ 1.11 ann.rad./ 
B+, a /0.05 2.2305/92 
B+, p /0.026 (1.55-4.77) 
РС 32.9774519 2.5115 B+ /5.583 4.51/98. 3/2+ +0.755 ann.rad./ 
0.8409/0.52 
1.966/0.45 
2.866/0.44. 
о! 322m B+/ 1.35/24. 3+ ann.rad./ 
2.47/28. 
ІТ./ 0.1457(8)/42. 
2.1276(5)/42. 
“CI 33.9737628 1.528 s B+ /5.4922 4.50/100. 0+ ann.rad./ 
Ke! 75.76(10) 34.96885268 3/2+ +0.82187 -0.0825 
396] 35.9683070 3.01 x 10° у В- /0.7086 0.7093/98. 0+ +1.28547 -0.018 
В+, ЕС/1.1421 0.115/0.002 ann.rad./ 
%СІ 24.24(10) 36.96590259 3/2+ +0.68412 -0.0649 
PC] 0.715 $ ІТ./ 5- 0.6714/100 
Cl 37.9680104 372m B- /4.9168 1.11/31. 2- 2.05 1.64216(1)/33.3 
27711. 2.16760(2)/44.8 
4.91/58. 
ке: 38.968008 556m В- /3.442 1.91/85. 3/24 0.25026(1)/47. 
2.18/8. 1.26720(5)/54. 
3.45/7. 0.986–1.517 
ше! 39.97042 1.38 т В- /7.48 2- 0.6431(3)/6. 
1.4608(1)/77. 
2.8402(2)/17. 
ӘСІ 40.9707 34. 5 р- /5.7 3.8/ (0.167—1.359) 
РО 41.9733 6.85 ۸-4 
га 42.9741 3.3 5 В- /8.0 
СІ 43.9783 ~ 0435 В-/12.3 
В-, n 1<8. 
ӨСІ 44.9803 0.405 В-/11. 
В-, n /24. 
СІ 45.984 0.23 5 B-/14.9 
B-,n / ~ 60 
CI 46.989 0.10s В-/15. 
В-, n 1<3. 
За 47.995 > 0.2 us 
ке 48.000 > 0.17 $ 
о! 50.008 
MC] 51.014 > 0.2 us 
Ат 39.948(1) 
Аг 30.0216 < 0.02 us 0+ 
VAr 31.0121 ~ 14.1 ms B+ /18.4 p/2.08/100. 5/2+ 
B+, р 155. 
В+, 2р 12.5 
B+, 3p /0.11 
З2Аү 31.997638 98. ms В+ /11.2 р/3.35, 0.6-5.55 0+ ann.rad./ 
B+, р /43. 
BAr 32.9899257 174. ms B+ /11.62 3.17,2.10 1/24 -0.72 ann.rad./ 
B+, p/ (1.32-5.72) 0.810(2)/48. 
MAT 33.9802712 0.844 s В+/6.061 5.0/95. 0+ ann.rad./ 
0.6658(1)/2.5 
3.1290(1)/1.3 
Аг 34.975258 1.77 $ В+/5.965 4.94/93. 3/2+ +0.633 -0.08 ann.rad./ 


1.2185(5)/1.22 
1.763(1)/0.25 


11-60 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
2.964(1)/0.2 

Ar 0.3365(30) 35.96754511 0+ 

Ar 36.9667763 35.04 ЕС/.813 3/2- 41.15 +0.076 

Ат 0.0632(5) 37.9627324 0+ 

Аг 38.964313 268. у В-/0.565 0.565/100. 7/2- -1.59 -0.12 

VAr 99.6003(30) 39.962383123 0+ 

"Ar 40.9645006 1.82 h p-/2.492 1.198/ 7/2- 1.29364(5)/99. 
1.6770(3)/0.05 

PAr 41.96305 33. у В-/0.60 0.60/100. 0+ 

"Ar 42.96564 5.4m В-/4.6 0.4791(2)/10. 
0.7380(1)/43. 
0.9752(1)/100. 
1.4400(3)/39. 

ZAF 43.964924 11.87 m В-/3.55 0+ 0.182-1.866 

БАТ 44.968040 21.55 p-/6.9 7/2- 0.0610/25. 
1.020/35. 
3.707/34. 

Ar 45.96809 845 В-/5.70 0+ 1.944/ 

“Ar 46.9722 1.23 s p- 0.36/100 
1.66/53 
1.74/41 
(2.02 - 4.01) 

ЗАР 47.9745 0.48 8 0- 

Аг 48.981 0.17 s В- п п// ~ 65. 

Ar 49.984 ~ 0.085 s p-,n n// ~ 35. 0+ 

Аг 50.992 > 0.2 us p- 

Аг 51.997 10 ms p- 0+ 

Ar 53.005 B- 

өк 39.0983(1) 

ЭК 32.022 

SK 33.0073 « 0.025 us 

“K 33.9984 < 0.04 us 

PK 34.98801 0.19 s B+ /11.88 3/2+ ann.rad./ 

B+, p/ /0.37 1.751/14. 
2.5698/26. 
2.9827/51. 
35K 35.98129 0.342 s B+ /12.81 5.3/42. 2+ +0.548 ann.rad./ 
9.9/44. 1.97044(5)/82. 
B+, p /0.048 2.20783(5)/30. 
2.43343(2)/32. 

2 36.9733759 1.23 $ В+ /6.149 5.13/ 3/2+ +0.2032 ann.rad./ 
2.7944(8)/2. 
3.602(2)/0.05 

MES 0.924 s B+ /6.742 5.02/100. 0+ ann.rad./ 

IK 37.9690812 7.63 m B+ /5.913 2.60/99.8 3+ +1.37 ann.rad./ 
2.1675(3)/99.8 
3.9356(5)/0.2 

УК 93.2581(44) 38.9637067 3/24 «0.39146 40.049 

ок 0.0117(1) 39.9639985 1.248 х 10°у  p-/13111 1.312/89. 4- -1.29810 -0.061 ann.rad./ 

B+, EC/1.505 1.50/10.7 1.4608/10.5 
aK 6.7302(44) 40.9618258 3/2+ +0.21487 +0.060 

еқ 41.9624028 12.36 h В- /3.525 1.97/19. 2- -1.1425 0.31260(2)/0.3 

3.523/81. 1.5246(3)/18.1 
еқ 42.96072 223h В- /1.82 0.465/8. 3/24 40.163 0.2211(2)/4. 
0.825/87. 0.3729(2)/88. 
1.24/3.5 0.3971(2)/11. 
1.814/1.3 0.6178(2)/81. 
“K 43.96156 22.1 m B- /5.66 5.66/34. 2- -0.856 0.36821/2.2 


Table of the Isotopes 11-61 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
1.15700(1)/58. 
2.15079(2)/22. 
SK 44.96070 17.8 m B- /4.20 1.1/23. 3/2+ +0.173 0.1743(5)/80. 
2.1/69. 1.2607(8)/7. 
4.0/8. 1.7056(6)/69. 
2.3542(5)/14. 
К 45.96198 18т B- /7.72 6.3/ 2 -1.05 1.347(1)/91. 
3.700(5)/28. 
“K 46.96168 17.5 s B- /6.64 4.1/99. Yat +1.93 0.56474(3)/15. 
6.0/1. 0.58575(3)/85. 
2.0131/100 
“Қ 47.96551 6.85 В- /12.09 5.0/ (2-) 0.67122(1)/4. 
0.6723(5)/20. 
0.78016(1)/32. 
3.83153(7)/80. 
юк 48.9675 1.26 s В- /11.0 2.025/ 
2.252/ 
ок 49.9728 0.4728 B- /14.2 
"K 50.976 0.365s p- / 
К 51.983 0.105 s p- 
К 52.987 30. ms p- 3/24 
5K 53.994 10. ms p- 
„Са 40.078(4) 
"Са 34.0141 < 0.035 us 0+ 
»Са 35.0049 25.7 ms B+, р/15.6 р/1.43/49 
1.9-8.8 
Са 35.99309 0.10s B+, (p)/10.99 2.52 0+ ann.rad./ 
B+, n/ 
V Ca 36.98587 0.18 8 B+ /11.64 3.103 3/24 ann.rad./ 
B+, n/ 1.369 
Са 37.976318 0.445 B+ /6.74 0+ ann.rad./ 
1.5677(5)/25. 
3.210(2)/1. 
»Са 38.970720 0.861 $ B+ /6.531 5.49/100. 3/2+ 1.02168 ann.rad./ 
Са 96.941(156) 39.9625910 0+ 
“Са 40.9622781 1.02 x 105 y EC/0.4214 7/2- -1.5948 -0.090 
“Са 0.647(23) 41.9586180 0- 
Са 0.135(10) 42.9587666 7/2- -1.3173 -0.055 
“Са 2.086(110) 43.9554818 0- 
“Са 44.9561866 16274 B- /0.257 0.257/100. 7/2- -1.327 +0.05 
“Са 0.0043) 45.953693 >04x10%y В-В- 0- 
“Са 46.954546 4.536 d B-/1.992 0.684/84. 7/2- -1.38 40.02 1.297/75 
1.98/16. (0.041-1.88) 
Са 0.187(21) 47.952534 4.3 x 10? y В-В- 0+ 
>71х10%у В- 
"Са 48.955674 8.72 т В- /5.262 0.89/7. 3/2- 3.0844(1)/90.7 
1.95/92. 4.0719(1)/8.12 
(0.143 - 4.738) 
“Ca 49.95752 14. s B- /4.97 3.12/ 0+ 0.2569/98. 
(0.0715—1.59) 
Са 50.9615 10.8 В- /7.3 (3/2-) 
“Ca 51.965 4.65 В- /8.0 0+ 
“Са 52.9701 0.095 В- /10.9 
Ca 53.974. > 0.3 us 0+ 
Ca 54.981 > 0.3 us 
Са 55.986 > 0.3 us 0+ 
5с 44.955912(6) 


11-62 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
Sc 36.0149 0.102 s 
56 37.0031 0.181 $ 
3856 37.9947 <03 us 
"256 38.98479 < 0.3 us р 
“Se 39.977967 0.182 s B+ /14.320 5.73/50. 4- ann.rad./ 
7.53/15. 0.752/41. 
8.76/15. 3.732/99.5 
9.58/20. (1.12-3.92) 
“бс 40.9692511 0.596 s B+ /6.4953 5.61/100. 7/2- +5.431 -0.156 ann.rad./ 
ВУ 61.65 3+ / 2.82/ 7+ ann.rad./ 
0.4375(5)/100. 
1.2270(5)/100. 
1.5245(5)/100. 
256 41.9655164 0.682 5 3+ /6.4259 5.32/100. 0+ ann.rad./ 
Se 42.961151 3.89 h B+, EC/2.221 0.82/22. 7/2- +4.62 -0.26 ann.rad./ 
1.22/78. 0.3729(1)/22. 
7956 582h LT./0.27 6+ +3.88 0.27124(1)/87. 
EC/3.926 (1.00-1.16) 
“SC 43.959403 3.93 h B+, ЕС/3.653 1.47/ 2+ +2.56 +0.10 ann.rad./ 
1.157/100 
556 100. 44.955912 7/2- +4.75649 -0.220 
“Se 18.7s LT./0.14253 1 0.14253(2)/62. 
56 45.955172 83.814 B- /2.367 0.357/100. 4+ +3.03 +0.12 0.8893/100 
1.121/100 
556 46.952408 3.349 а В- /0.600 0.439/69. 7/2- +5.34 -0.22 0.15938(1)/68. 
0.601/31. 
356 47.95223 43.7 h В- /3.99 0.655/ 6+ 0.9835/100 
1.03750(1)/97. 
1.3121/100 
956 48.950024 573m B- /2.006 2.00/99.9. 7/2- 1.7619(3)/0.05 
505с 49.95219 171m В- /6.89 3.05/76. (5+) 0.5235(1)/88. 
3.60/24. 1.1210(1)/100. 
1.5537(2)/100. 
"56 50.95360 1245 B- /6.51 4.4/ 7/2- 1.4373(4)/52. 
5.0/ 0.718-2.144 
5256 51.9567 8.2 5 В- /9.0 (3+) 
5556 52.9596 > 3. ms p- /8.1 
5amSc ~7 us DE (5+) 0.110/IT 
“Se 53.9633 0.27 s B- /11.6 0.100/50 
1.70/40 
0.50/40 
бе 54.968 0.103 $ В- /13 0.593(1)/40 
"Sc 0.06 s 1.161/21 
0.690/19 
5556 55.973 35. ms p- (1+) 1.129/48 
"SE 56.978 13. ms B- 
Se 57.984 12. ms B- 
„Ті 47.867(1) 
STi 38.0098 < 0.12 ps 0+ 
Ti 39.0016 30. ms В+ /15.4 
ши! 39.9905 54. ms В+ 17 p/2.16/29 0+ 
В+, p 3.73/23 
1.70/22 
0.242—5.74 
“Ті 40.9832 80. ms B+, р/12.93 p/4.73/107 3/24 ann.rad./ 
3.10/67 
3.75/39 


0.744—6.73 


Table of the Isotopes 11-63 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
еті 41.97303 0.20 $ В+ /7.000 6.0/ 0+ ann.rad./ 
0.6107(5)/56. 
“Ti 42.96852 0.50 s 3+ /6.87 5.80/ 7/2- 0.85 ann.rad./ 
“т 43.959690 60. у ЕС/0.268 0+ 0.06787/91 
0.07832/97 
STi 44.958126 3.078h В+/86/2.062 1.04 7/2- 0.095 0.015 ann.rad./ 
EC/14/ (0.36-1.66) 
STi 8.25(3) 45.952632 0+ 
“Ti 7.44(2) 46.951763 5/2- -0.78848 +0.30 
ATE 73.72(3) 47.947946 0+ 
ш 5.41(2) 48.947870 7/2- -1.10417 +0.24 
“Ti 5.18(2) 49.944791 0+ 
"Ti 50.946615 5.76 m B- /2471 1.50/92. 3/2- 0.3197(2)/93. 
2.13/ 0.6094—0.9291 
Ti 51.94690 1.7m В- /1.97 1.8/100. 0+ 0.0170(5)/100. 
0.1245/100 
Ti 52.9497 33.s В- /5.0 (2.2-3)/ 3/2- 0.1008(1)/20. 
0.1276(1)/45. 
0.2284(1)/39. 
1.6755(5)/45. 
(1.72-2.8)/ 
"Ti 53.9511 15s p- /4.3 0+ 
Ti 54.9553 13s B- /7.4 0.672/44. 
(0.32 - 1.83) 
“Ti 55.9582 0.20 s B- /7.0 0+ 
“Ti 56.9640 98. ms В- 11 
Seri 57.967 53. ms p- 0+ 0.114 
"и 58.973 30. ms p- 
Set 59.978 22.ms p- 0+ 
Тї 60.983 > 0.3 us 
aV 50.9415(1) 
у 40.0111 
чу 40.9998 
сү 41.9912 « 0.055 us 
у 42.9807 > 0.8 $ В+ /11.3 
“ү 43.9741 0.09 5 B+, «/13.7 ann.rad./ 
ey 44.96578 0.54 5 В+ /7.13 7/2- 
SV 45.960201 0.4223 s B+ /7.051 6.03/100. 0+ ann.rad./ 
У 46.954909 32.6 m B+, EC/2.928 1.90/99.+ 3/2- ann.rad./ 
1.7949(8)/0.19 
(0.2-2.16) 
ву 47.952254 15.98d B+ /4.012 0.698/50. 4+ 2.01 ann.rad./ 
0.9835/100 
(1.3-2.4) 
гү 48.948516 337.4 EC/0.602 7/2- 4.47 
юү 0.250(4) 49.947159 14 х 10у ЕС [82.7 6+ +3.34569 +0.21 
p- /17.3 
хү 99.750(4) 50.943960 7/2- 45.148706 -0.04 
У 51.944776 3.76 т p- /3.976 2.47/ 34 1.4341(1)/100. 
зү 52.944338 1.56 т В- /3.436 2.521 7/2- 1.0060(5)/90. 
1.2891(3)/10. 
sy 0.9 us LT (5+) 0.108/IT 
"V 53.94644 49.8 s B- /7.04 1.00/5. 3+ 0.8348/97. 
2.00/12. 0.9887/80. 
2.95/45. 2.259/46. 
5.20/11. (0.56-3.38) 
PV 54.9472 6.58 p- /6.0 6.0/ (7/2-) 0.5177/73. 


(0.224-1.21) 


11-64 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
жү 55.9505 0.22 5 В- /9.1 1.01/30. 
0.688/26. 
(0.82 – 1.32) 
зү 56.9526 0.35 $ В- /8.1 0.268/52. 
0.692/20. 
(0.25 – 1.31) 
BY’ 57.9567 0.19 s В- /11.6 0.880/62 
1.056/28 
2.217/13 
(1.04 – 1.57) 
зү 58.9602 97. ms 9م‎ 0.90/80. 
бшу 0.125 
өү 59.9650 0.07 8 В- /14. 0.102-0.208 
shy 60.9685 47. ms (0.071-1.144) 
ev 61.9738 34. ms 
ud 62.978 17.ms 
у 63.983 > 0.3 us 
Ке 51.9961(6) 
“Сор 42.0064 13. ms B+, p p/1.90/29 0+ 
p/1.50-3.7 
СЕ 42.9977 21. ms B+, р p/3.83/18 
р/4.29/15 
р/1.01-4.59 
"CE 43.98555 53. ms B+, (p)/10.3 р/0.95-3.1 0- 
®Cr 44.9796 0.055 B+, р/12.5 7/2- ann.rad./ 
“CE 45.96836 0.38 B+ /7.60 0+ ann.rad./ 
“GE 46.96290 0.515 B: /7.45 3/2- ann.rad./ 
"Ср 47.95403 216ћ ЕС/1.66 0+ ann.rad./ 
0.116(2)/95. 
0.305(10)/100. 
Ст 48.951336 42.3 т B+, EC/2.631 1.39/ 5/2- 0.476 ann.rad./ 
1.45/ 0.09064(1)/51. 
1.54/ 0.15293(1)/27. 
(0.062-1.6) 
Cr 4.345(13) 49.946044 »13x105y B+EC 0+ 
Cr 50.944767 27704 ЕС/0.7527 7/2- -0.934 0.3201/10.2 
Беч 83.789(18) 51.940508 0+ 
Беч 9.501(17) 52.940649 3/2- -0.47454 0.15 
Cr 2.365(7) 53.938880 0+ 
55Cr 54.940840 3.497 m В- /2.603 2.5/ 3/2- 1.5282(2)/0.04 
(0.13-2.37) 
Ст 55.940653 59m В- /1.62 1.50/100. 0+ 0.026(2)/100. 
0.083(3)/100. 
Cr 56.943613 21.5 В- /5.1 3.3/ 3/2- 0.0834 0.850/8. 
3.5/ (0.083-2.62) 
Ст 57.9444 7.05 В- /4.0 0+ (0.131–0.683) 
somCy 0.10 ms LT. (9/2+) 0.208/IT 
0.193 
0.102 
°Cr 58.9486 1.0s B- /7.7 1.236 
Cr 59.9500 0.68 В- /6.0 0- 
ӨСү 60.9547 0.26 5 B- /8.8 0.354—1.860 
“Cr 61.9566 0.19 s В- /7.3 0+ (0.156-1.215) 
Ст 62.9619 0.129 8 B- (0.250-3.454) 
“Cr 63.9644 0.043 5 B- 0+ 0.188 
Cr 64.9702 0.027 s B- 0.272, 1.368 
Cr 65.973 0.01 $ p- 0+ 
“(т 66.980 > 0.3 us 


Table of the Isotopes 11-65 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
„Мп 54.938045(5) 
“Мп 44.0069 < 0.105 us 
Mn 44.9945 < 0.07 us 
“Mn 45.9867 34. ms B+ /17.1 
B+, р 11 ~ 58 
"Mn 46.9761 ~ 015 B+ /12.3 
Ма 47.9685 0.15 8 B+ /13.5 5.79/58. 4+ 
4.43/10. 
“Мп 48.95962 0.385 B+ /7.72 6.69/ 5/2- ann.rad./ 
бой МП 174 m B+ /7.887 3.54/ 54 ann.rad./ 
1.0980/94. 
0.783/91. 
(0.66–3.11) 
5°Мп 49.954238 0.2835 3+ /7.6330 6.61/ 0+ ann.rad./ 
“Мп 50.948211 462 т B+, EC/3.208 2.2/ 5/2- 3.568 0.4 ann.rad./ 
0.7491(1)/0.26 
(1.148-1.164) 
9"Mn 211m B+ /98/5.09 2.631/ 2+ 0.0076 ann.rad./ 
LT./2/0.378 0.3778 (LT.) 
1.43406(1)/98. 
(0.7-4.8) 
Ми 51.945566 5.591 d В+ /4.712 0.575/ 6+ +3.063 +0.5 ann.rad./ 
EC/ 0.74421(1)/90. 
1.4341/100 
Mn 52.941290 3.7 x 106 у ЕС/0.5970 7/2- 5.024 
"Mn 53.940359 312.1d EC/1.377 3+ +3.282 +0.33 0.8340/100 
6.7 x 105 y В+ //1.3 x 107 
Мп 100. 54.938045 5/2- +3.4687 +0.32 
*Mn 55.938905 2.5791 В- /3.6954 0.718/18. 3+ +3.2266 0.84675/98.9 
1.028/34. 1.81072(4)/26.3 
2.113/13.8 
(1.04 – 3.37) 
"Mn 56.938285 145m B- /2.691 5/2- 
Мп 57.93998 65 5 В- /6.25 3.8/ 3+ 0.45916(2)/20. 
5.1/ 0.81076(1)/82. 
1.32309(5)/53. 
Мп 58.94044 465 В- /5.19 4.5/ 5/2- 0.726/ 
0.473/ 
0.287—2.35 
бо Ма 177 $ p- /IT 5.7/ 3+ 0.824/ 
*Mn 59.9429 50. 5 p- /8.6 0+ 1.969/ 
“Мп 60.9447 0.67 s В- /7.4 (5/2)- 
eMn 61.9484 0.67 s В- /10.4 (3+) 0.877/ 
0.942-1.299 
Ми 62.9502 0.28 5 В- /8.8 0.356,0.450 
9mMn » 0.1 ms 0.135/IT 
*Mn 63.9543 87 ms В- /11.8 0.746 
*Mn 64.9563 0.092 s p- /10. 0.366 
*Mn 65.9611 64 ms 0.471 
“Ма 66.9641 45 ms 
Ми 67.969 ~ 28 ms 
Ми 68.973 14 ms 
Ғе 55.845(2) 
“Ге 45.0146 1.8 ms 2p /1.14 p// ~ 59. 
“Fe 46.0008 11. ms B+ /13.1 p// ~ 36. 0+ 
“Ге 46.9929 21.7 ms В+ /15.6 р//87. 


11-66 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
“Fe 47.9805 ~ 44. ms В+ /11.2 0+ 
зоре 48.9736 70. ms В+ /13.0 (7/2-) ann.rad./ 
S'Fe 49.9630 0.15s 3+ /8.2 0+ 0.651 
51Fe 50.95682 0.31 $ В+ /8.02 (5/2-) ann.rad./ 
S2mEe 46.s B+ /4.4 (12+) ann.rad./ 
(0.622-2.286)/ 
?Fe 51.94811 828ћ B+ /57/2.37 0.804/ 0+ ann.rad./ 
EC/43/ 0.16868(1)/99. 
11. 0.377 (LT.)/ 
smpe 2.6 m LT./3.0407 19/2- 0.7011(1)/99. 
1.0115(1)/87. 
1.3281(1)/87. 
2.3396(1)/13. 
53Fe 52.945308 851m B+ /3.743 2.40/42. 7/2- ann.rad./ 
2.80/57. 0.3779(1)/42. 
(1.2-3.2) 
“Ғе 5.845(35) 53.939611 >3.1х 102у EC-EC 0+ 
55Fe 54.938293 2.73 y EC/0.2314 3/2- Mn x-ray 
“Fe 91.754(36) 55.934938 0+ 
“Ғе 2.119(10) 56.935394 %- +0.0906 0.16 
58Fe 0.282(4) 57.933276 0+ 
°Fe 58.934876 44.51 d В-/1.565 0.273/48. 3/2- -0.336 1.099/57 
0.475/51. 1.292/43. 
(0.14—1.48) 
боре 59.934072 15 x 10 у B- /0.237 0.184/100. 0+ 0.0586/100 
баре 0.25 us LT. (9/24) 0.654/IT 
0.207 
бре 60.93675 6.0 ш В- /3.98 2.5/13. 1.205/44. 
2.63/54. 1.028/43. 
2.80/31. (0.12-3.37) 
62Ре 61.93677 68.8 В- /2.53 2.5/100. 0+ 0.5061(1)/100. 
SFe 62.9404 6.5 В- /6.3 5/2- 0.995/ 
(1.365-1.427) 
«Ге 63.9412 20s В- /4.9 0+ 
бре 0.4 us LT. (5/2-) 0.364/IT 
S Fe 64.9454 1.3 $ В- /7.9 
«Ге 65.9468 0.445 В- /5.7 0+ 0.471–1.425 
сттре ~ 0.04 ms LT. (5/2-) 0.367/IT 
буре 66.9510 0.485 В- /8.8 0.189 
68Ре 67.954. 0.195 B- / ~ 7.6 0+ 
Fe 68.959 0.115 
“Fe 69.961 0.10 s 0+ 
Ле 70.967 > 0.3 us 
Fe 71.970 > 0.3 us 0+ 
„Со 58.933195 (5) 
“Со 47.0115 
Со 48.0018 
“Со 48.9897 « 0.035 us 
“Co 49.9815 44. ms B+ /17.0 2.03-2.79 
“Со 50.9707 > 0 us В+ /12.8 
Со 51.9636 0.125 B+ /14.0 0.849—1.942 
"Со 0.25 5 B+, р/ 19/2- ann.rad./ 
Со 52.95422 0.245 3+ /8.30 7/2- ann.rad./ 
Со 146 т В+ /8.44 4.25/100. 74 ann.rad./ 
0.411(1)/99. 
1.130(1)/100. 
1.408(1)/100. 
“Со 53.948460 0.1932 5 B+ /8.2430 7.34/100. 0+ ann.rad./ 


Table of the Isotopes 11-67 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
Со 54.941999 17.53h В+ /3.4513 0.53/ 7/2- 44.822 ann.rad./ 
EC/ 1.03/ 0.9312/75. 
1.50/ 0.4772/20. 
(0.092-3.11) 
Co 55.939839 7734 В+/4.566 1.459/18. 4+ 3.85 +0.25 ann.rad./ 
EC/ 0.8468/99.9 
1.2383/68. 
(0.26-3.61) 
"Co 56.936291 271.8d EC/0.8361 7/2- +4.72 +0.5 0.12206/86 
(0.014–0.706) 
"Со 913 LT 5+ 0.02489/0.035 
Со 57.935753 70.88 а В+ /2.307 2+ +4.04 +0.22 ann.rad./ 
EC/ 0.81076/99 
Со 100. 58.933195 7/2- +4.63 +0.41 
65 10.47 т 17./99.8/0.059 2+ +440 +0.3 0.0586/2.0 
B- /0.2/1.56 
“СО 59.933817 5271) B- /2.824 0.315/99.7 5+ +3.799 +0.44 1.1732/100 
1.3325/100 
“Со 60.932476 1.650 ћ В- /1.322 1.22/95. 7/2- 0.0674/86. 
0.842–0.909 
бо 13.9 т В- / 0.88/25. 5+ 1.1635(3)/70. 
2.88/75. 1.1730(3)/98. 
2.0039(3)/19. 
Со 61.93405 150m B- /5.32 1.03/10. 2+ 1.1292(3)/13. 
1.76/5. 1.1730(3)/83. 
2.9/20. 1.9851(1)/3. 
4.05/60. 2.3020(1)/19. 
“Co 62.93361 27.5 8 В- /3.67 3.6/ 7/2- 0.08713(1)/49. 
0.9817(3)/2.6 
0.156-2.17 
“Со 63.93581 0.30 8 В- 7731 7.0/ 1+ 
Со 64.93648 1.145 В- /5.96 (7/2)- 
бө 0 > 0.1 ms LT. (8-) 0.252/IT 
0.214 
0.175 
66 Со 1.2 us LT. (5+) 0.175/IT 
“Со 65.9398 0.25 8 В- /10.0 (1.245-1.425) 
"Co 66.9409 0.43 s p- /8.4 0.694. 
Co 67.9449 0.19 s В- /11.7 
Со 68.9463 0.20 5 В- /9.3 
"Со 69.951 0.12 5 В- 13. 1.26/102 
0.97/100 
(0.45 – 0.92) 
"Со 70.953 97. ms p- 0.566/100 
B-n [> 3 (0.25 - 0.77) 
2Со 71.958 60. ms B- 1.096/100 
В-,п /1>6 0.845 
(0.455 – 1.197) 
ЗСо 72.960 41. ms B- 0.524/100 
В-,п /1>9 (0.24 – 0.76) 
"Со 73.965 30. ms p- 0.739 
р-п // > 26 1.024 
>Со 74.968 > 0.3 us 
тэй 58.6934(2) 
“Ni 48.020 ~ 2.1 ms 2p р// ~ 25 0+ 
м 49.0097 12. ms 
Ni 49.9959 12. ms B+, р р//70. 0+ 
“Ni 50.9877 > 0.2 us В+ /16.0 


11-68 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
ом 51.9757 38. ms В+ /11.7 0+ 
53 52.9685 0.05 5 B+, p/13.3 7/2- ann.rad./ 
“Ni 53.95791 0.10 s B+ /8.80 0+ 0.937 
*Ni 54.95133 0.20 s B+ /8.70 7.66/ 7/2- ann.rad./ 
“Ni 55.94213 6.08 d EC/2.14 0+ 0.15838/99 
В+ /<10% 0.81185(3)/87. 
0.2695—0.7500 
УМ 56.939794. 356h B+ /3.264 0.712/10. 3/2- -0.798 ann.rad./ 
EC/ 0.849/76. 1.3776/78. 
(0.127-3.177) 
м 68.0769(89) 57.935343 >4 x 10! y EC-EC 0+ 
м 58.934347 = 7.6 х10*у ЕС/ 3/2- 
Ni 26.2231(77) | 59.930786 0+ 
“Ni 1.1399(6) 60.931056 3/2- -0.75002 +0.16 
eNi 3.6345(17) 61.928345 0+ 
eNi 62.929669 100. y B- /0.066945 0.065/ %- 
“Ni 0.9256(9) 63.927966 0+ 
9Ni 64.930084 2517h В- /2.137 0.65/30. 5/2- 0.69 0.36627(3)/5. 
1.020/11. 1.11553(4)/16. 
2.140/58. 1.48184(5)/23. 
бе 65.929139 546ћ В- /0.23 0+ 
Барын 13.3 ив LT. 9/24 0.313/IT 
0.694. 
“Ni 66.931569 21.s В- /3.56 3.8/ %- +0.601 1.0722/100. 
1.6539/100. 
(0.10–1.98) 
Simo NIE 0.34 us 0.511 
Sim NIE 0.86 ms LT. (5-) 0.814/IT 
2.033 
Ni 67.931869 29.5 p- /2.06 0+ 
Som NIE 0.44 us LT. (17/2) 0.148/IT 
0.593 
1.959 
S Ni 3.5 8 
ӨМ 68.935610 11.8 В- /5.4 0.6807(3)/100. 
(0.207—1.213) 
Шарын 0.21 ив LT. (8+) 0.183/IT 
0.448 
0.970 
1.259 
TNI 69.9365 6.05 В- /3.5 0+ 
Ni 70.9407 2.56 5 В- /6.9 
РА 71.9421 168 В- /5.2 0+ 
Ni 72.9465 0.84s p- /9. 
“Ni 73.9481 0.9 5 В- /7. 0+ 
РМ 74.9529 0.34 5 
7°Ni 75.955 0.24 s 0+ 
7Ni 76.961 0.13 5 
м 77.963 ~ 0.11$ 0+ 
„СЧ 63.546(3) 
Си 51.9972 
“Cu 52.9856 < 0.3 us 
“Си 53.9767 < 0.075 us 
Си 54.9661 > 0.2 us В+ /13.2 
Си 55.9586 93. ms В+ /15.3 0.511/233 
2.700/100 
0.9507-3.287 
"Cu 56.94921 196. ms 3+ /8.77 3/2- 0.77–3.01 


Table of the Isotopes 11-69 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
Си 57.944539 3.215 B+ /8.563 4.5/15. 1+ ann.rad./ 

EC/ 7.439/83. 0.0403(4)/5. 
1.4483(2)/11. 
1.4546(2)/16. 

Си 58.939498 1.36 т В+ /4.800 1.9/ 3/2- + 1.89 ann.rad./ 
3.75/ 0.3393(1)/8. 
0.8780(1)/12. 
1.3015(1)/15. 
(0.4–2.6) 
Си 59.937365 237m B+ /6.127 2.00/69. 24 41.219 ann.rad./ 
EC/ 3.00/18. 1.3325/88. 
3.92/6. 1.7915/45. 
(0.12—5.048) 
S Cu 60.933458 3.35h B+ /2.237 0.56/3. 3/2- +2.14 ann.rad./ 
0.94/5. 0.2830/13. 
1.15/2. 0.6560/11. 
1.220/51. (0.067-2.123) 
Scu 61.932584 9.67 m B+ /98/3.948 2.93/98. 1+ -0.380 ann.rad./ 
EC/ 1.17302(1)/0.6 
(0.87-3.37) 
Scu 69.15(15) 62.929598 3/2- 42.2233 -0.211 
“Cu 63.929764 12701ћ B- /38/0.579 0.578/ 1+ -0.217 ann.rad./ 
В+ /19/1.6751 0.65/ 1.3459(3)/0.6 
ЕС/41/ 
шеп 30.85(15) 64.927790 3/2- +2.3817 -0.195 
Cu 65.928869 5.09 m p- /2.642 1.65/6. 1+ -0.282 0.8330(1)/0.22 
2.7/94. 1.0392(2)/9.2 
"Cu 66.927730 2.580 d В- /0.58 0.395/56. 3/2- + 2.54 0.09125(1)/7. 
0.484/23. 0.09325(1)/17. 
0.577/20. 0.18453(1)/47. 
Sim 379m LT./86/ 6- +1.24 0.0843(5)/70. 

B- /14/1.8 0.1112(5)/18. 
0.5259(5)/74. 
(0.64—1.34) 

Cu 67.929611 31.8 В- /4.46 3.5/40. 1+ +2.48 1.0774(5)/58. 

4.6/31. 1.2613(5)/17. 

(0.15-2.34) 

$mCu 0.36 us LT: (13/2+) 0.075/IT 
0.190/IT 
0.680 
1.871 

ecu 68.929429 28m p- /2.68 2.48/80. 3/2- 42.84 0.5307(3)/3. 
0.8340(5)/6. 
1.0065(8)/10. 

жеи 6.68 p/93 0.8849/100 
1.072/19 

IT/7 0.141/ IT 

жи 33.5 В- /52 2.52/10. 5- +1.9 0.8848(2)/100. 

IT/48 0.9017(2)/90. 
1.2517(5)/60. 
(0.39-3.06) 

"Си 69.932392 44.5 5 p- /6.60 5.42/54. 1+ +1.5 0.8848(2)/100. 
6.09/46. 0.9017/99.7 
(0.438 - 3.062) 
md 0.28 us LT. (19/2) 0.133/IT 
0.494. 
0.939 
1.189 
"Си 70.932677 20. 8 p- /4.56 3/2- 0.490/ 
Pec 1.76 us DT. (4-) 0.051/IT 


11-70 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
0.082 
0.138 
Cu 71.935820 6.65 p- /8.2 (1+) 0.652/ 
ЗСи 72.936675 4.28 p- /6.3 5.8/43 0.450/100 
6.25/42 0.307-1.559 
"Си 73.93988 1.595 p- /9.9 
Си 74.942. 12s p- /7.9 
Си 12s 
76 75.94528 0.64 5 В- 11. 
"Си 76.9479 0.46 5 В- / ~ 10. 
Cu 77.9520 0.33 s B- /12. 
Си 78.9546 0.195 p- /11. 
Си 79.961 > 0.3 us 
3020 69.409(4) 
“Zn 53.9930 ~ 3.2 ms 2p p//87 0+ 
5272 54.9840 > 1.6 us 
Zm 55.9724 0.04s 0+ 
РАН 56.9648 0.04.5 B+, р/14.6 (7/2-) ann.rad./ 
Zn 57.95459 0.09 s B+ 0+ 
5Zn 58.94926 183. ms B+, p/9.09 8.1/ 3/2- ann.rad./ 
(0.491–0.914) 
уп 59.94183 240m B+ /97/4.16 0+ ann.rad./ 
EC/3/ 0.669/47. 
(0.062—0.947) 
Яа 60.93951 1485 т В+ /5.64 4.38/68. 3/2- ann.rad./ 
0.4748/17. 
(0.15-3.52) 
ezn 61.93433 9.22 h B+ /3/1.63 0.66/7. 0+ ann.rad./ 
EC/93/ 0.0408/25 
0.5967/26. 
(0.20–1.526)/ 
ezn. 62.933212 38.5 m B+ /93/3.367 1.02/ 3/2- -0.28164 +0.29 ann.rad./ 
EC/7/ 1.40/ 0.66962(5)/8.4 
1.71/ 0.96206(5)/6.6 
2.36/84. (0.24-3.1) 
“Zn 48.268(321) 63.929142 >4.3 х 10y EC-B+ 0+ 
ez 64.929241 244.0 4 В+ /98/1.3514 57 5/2- +0.7690 -0.023 ann.rad./ 
EC/1.5/ 1.1155/49.8 
Zn 27.975(77) 65.926033 0+ 
ШАН 4.102(21) 66.927127 5/2- +0.8755 +0.15 
уп 19.024(123) 67.924844 0+ 
emn 1376ћ LT./994./0.439 9/2+ 0.4390(2)/95. 
e Zn 68.926550 56.m p- /0.906 0.905/99.9 %- 0.318/ 
TZ 0.631(9) 69.925319 >13х10%у B-f- 0+ 
121 3.97 ћ В- / 1.45/ 9/2+ 0.3864/93. 
0.4874/62. 
0.6203/57. 
(0.099-2.489) 
"7n 70.92772 24m В- /2.81 %- 0.5116(1)/30. 
0.9103(1)/7.5 
(0.12—2.29) 
77n 71.92686 465h p- /0.46 0.25/14. 0+ 0.0164(3)/8. 
0.30/86. 0.1447(1)/83. 
0.1915(2)/9.4 
Таш үу 6.8 LT./0.196 (7/24) 0.042 
УЛ 72.92978 24.5 p- /4.29 4.7/ (1/2-) 0.216(1)/100. 
0.496-0.911 
"Zn 73.92946 1.60 m В- /2.3 2.1/ 0+ 0.0565/ 


Table of the Isotopes 11-71 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
0.1401/ 
(0.05—0.35) 
Zn 74.9329 10.2 s В- /6.0 0.229/ 
“Zm 75.9333 5.7s В- /4.2 3.6/ 0+ 0.119/ 
Тай 1.08 В- / (1/2-) 0.772 
"л 76.9370 21s В- /7.3 4.8/ 0.189/ 
ZZ m > 0.03 ms 1.070 
BZN: 77.9384 15s В- /6.4 0+ 0.225/ 
ЦУЛ! 78.9427 1.08 В- /8.6 0.702/ 
Уп 79.9443 0.545 В- /7.3 0+ 0.713/ 
0.2248/ 
“Zn 80.9505 0.29 s B- /11.9 
27 п 81.9544 > 0.15 us 0+ 
Zn 82.9610 > 0.15 us 
„ба 69.723(1) 
“Ga 55.9949 
“Са 56.9829 
жер 57.9743 
Уба 58.9634 « 0.043 us 
Ga 59.9571 0.07 s B+ 1.004 
B+, p 1 ~ 1.6 3.848 
В+, а 11 ~ 0.02 1.555-2.559 
“Са 60.9495 0.175 B+ /9.0 3/2 0.088-1.362 
жер 61.94418 116.0 ms В+ /9.17 8.3/ 0+ ann.rad./ 
EC/ 0.954/0.0012 
9 Ga 62.939294 32.s В+ /5.5 4.5/ ann.rad./ 
EC/ 0.6271(2)/10. 
0.6370(2)/11. 
1.0652(4)/45. 
mGa 0.022 ms 0.0429 
“Са 63.936839 2.63 т В+ /7.165 2.79/ 0+ ann.rad./ 
6.05/ 0.80785(1)/14. 
0.99152(1)/43. 
1.38727(1)/12. 
3.3659(1)/13. 
оба 64.932735 152 т B+ /86/3.255 0.82/10. 3/2- ann.rad./ 
EC/ 1.39/19. 0.1151(2)/55. 
2.113/56. 0.1530(2)/96. 
2.237/15. 0.2069(2)/39. 
(0.06-2.4) 
жер! 65.931589 95h В+ /56/5.175 0.74/1. 0+ ann.rad./ 
EC/43/ 1.84/54. 1.03935(8)/38. 
4.153/51. 2.7523(1)/23. 
(0.28—5.01) 
Ga 66.928202 3.2614 ЕС/1.001 3/2- +1.8507 0.20 0.09332/37. 
0.18459/20. 
0.30024/17. 
(0.091–0.89) 
Ga 67.927980 1.130h B+ /90/2.921 1.83/ 1+ 0.01175 0.028 ann.rad./ 
EC/10/ 1.0774(1)/3. 
(0.57—2.33)/ 
оба 60.108(9) 68.925574 3/2- +2.01659 +0.17 
"ба 69.926022 21.1 m EC/0.2/0.655 1+ 0.1755(5)/0.15 
p- /99.8/1.656 1.65/99. 1.042(5)/0.48 
"ба 39.892(9) 70.924701 >24х10%у В- 3/2- +2.56227 +0.11 
"ба 71.926366 1410h В- /4.001 0.64/40. 3- -0.13224 +0.5 0.8340/95.53 
1.51/9. 2.202/26.9 
2.52/8. 0.630/26.2 


11-72 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
3.15/11. (0.113—3.678) 
ЗСа 72.925175 74.87 h p- /1.59 3/2- 0.05344(5)/10. 
0.29732(5)/47. 
(0.01—1.00)/ 
™™Ga 10. $ ІТ./ 1+ 0.0565(1)/75. 
“Са 73.926946 8.1 m В- /5.4 2.6/ 3- 0.5959/92. 
2.354/45. 
(0.23-3.99) 
Са 74.926500 2.10 m В- /3.39 3.3/ 3/2- 0.2529/ 
0.5746/ 
(0.12-2.10) 
“Са 75.928828 29.8 B- /7.0 3- 0.5629/66. 
0.5455/26. 
(0.34—4.25) 
7 Ga 76.929154 13.05 В- /5.3 5.2/ 0.469/ 
0.459/ 
"ба 77.931608 5.09 5 p- /8.2 3+ 0.619/77. 
1.187/20. 
Жер! 78.9329 2.85 5 p- /7.0 4.6/ 0.465/ 
Ga 79.9365 1.68 s В- /10.4 10./ 0.659/ 
Ga 80.9378 1.22 $ В- /8.3 5.1/ 0.217/ 
ва 81.9430 0.599 5 В- /12.6 1.348/ 
Ga 82.9470 0.308 s В- /~ 11.5 
“ба 83.9527 ~ 0.085 5 В- /14 
“ба 84.9570 > 0.3 us 
Ga 85.963 > 0.3 us 
PACTS 72.64(1) 
Зе 57.9910 0+ 
°Ge 58.9818 
Ge 59.9702 > 0.11 us 0+ 
“Се 60.9638 0.045 B+ /13.6 
9Ge 61.9547 0.135 0+ 
Ge 62.9496 0.15 5 p- /9.8 
“Се 63.94165 1.06 m В+ /4.4 3.0/ 0+ ann.rad./ 
EC/ 0.1282(2)/11. 
B+, p 0.4270(3)/37. 
0.6671(3)/17. 
Ge 64.9394 31.5 B+ /6.2 0.82/10. ann.rad./ 
EC/ 1.39/19. 0.0620/27. 
ЕС, р 2.113/56. 0.6497/33. 
2.237/15. 0.8091/21. 
B+, p //0.011 (0.19–3.28) 
“Ge 65.93384 2.26h B+ /27/2.10 0+ ann.rad./ 
EC/73/ 0.0438/29. 
0.3819/28. 
(0.022-1.77) 
"Ge 66.932734 19.0 m B+ /96/4.225 1.6/ Ус ann.rad./ 
ЕС/4/ 2.3/ 0.1670/84. 
3.15/ (0.25-3.73) 
Ge 67.92809 270.8 d EC/0.11 0+ Са К х-тау/39. 
бе 68.927965 1.63 d В+ /36/2.2273 0 5/2- 0.735 0.02 ann.rad./ 
EC/64/ 1.2/ 0.574/13. 
1.1068/36. 
(0.2-2.04) 
“Се 20.38(18) 69.924247 0+ 
ез 20.4 ms LT./0.0234 9/24 0.1749 
"Ge 70.924951 112d EC/0.229 %- +0.547 
“Се 27.31(26) 71.922076 0- 


Table of the Isotopes 11-73 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
ЗСе 7.76(8) 72.923459 >18х10%у ß- 9/2+ -0.879467 -017 
"Ge 36.72(15) 73.921178 0+ 
ет 48.5 ІТ./ 7/2+ 0.13968(3)/39. 
Се 74.922859 1.380h В- /1.177 1.19/ %- +0.510 0.26461(5)/11. 
0.41931(5)/0.2 
“Се 7.83(7) 75.921403 1.6 х 107 у B-B- 0+ 
7"Ge 53.s LT./20/ %- 1.605/0.22 
В- /80/2.861 2.9/ 1.676/0.16 
0.195-1.482 
“Се 76.923549 1125ћ B- /2.702 0.71/23. 7/2+ 0.2110/29. 
1.38/35. 0.2155/27. 
2.19/42. 0.2644/51. 
(0.15-2.35) 
Се 77.922853 145Һ ۸-5 0.70/ 0+ 0.2773(5)/96. 
0.2939(5)/4. 
Ре 39.5 p- ЛТ 7/2+ 
Се 78.9254 19.15 p- /4.2 4.0/20. %- 0.1096/21. 
4.3/80. (0.10—2.59) 
0.5427(4)/15. 
8 Ge 79.92537 29.5 s В- /2.67 2.4/ 0+ 0.1104(4)/6. 
0.2656(4)/25. 
ёле ~7.65 p- / 3.75/ + 0.3362(4)/ 
0.7935(4)/ 
Се 80.9288 = 7.65 В- /6.2 3.44/ 9/2+ 0.1976(4)/21. 
0.3362(4)/100. 
Ge 81.9296 465 B- /4.7 1.093/80 0+ 1.093/ 
Се 82.9346 19s p- /8.9 
“Се 83.9375 0.98 5 B- /7.7 0+ 
Ge 84.9430 0.54 s p- /10. 
“Ge 85.9465 > 0.3 us 0+ 
Ge 86.9525 > 0.3 us 
Ge 87.957 > 0.3 us 0+ 
9Ge 88.964 > 0.3 us 
NC 74.92160(2) 
As 59.993 
“As 60.981 
SAs 61.9732 
As 62.9637 < 0.043 us 
“As 63.9576 0.02 s 
SAS 64.9496 0.13 s B+ /9.4 
Gomi? A's 8. us 
661 Ад 1.1 us 
“As 65.945 95.8 ms B+ /9.55 
“As 66.9392 42.8 B+ 0 5.0/ 5/2- 0.121/ 
EC/ 0.123/ 
0.244/ 
SAs 67.93677 2.53 m B+ /8.1 3+ ann.rad./ 
0.652/32. 
0.762/33. 
1.016/77. 
(0.61-3.55) 
SAs 68.93227 152 mi 3+ /98/4.01 2.95/ 5/2- + 1.623 ann.rad./ 
EC/2/ 0.0868(5)/1.5 
0.1458(3)/2.4 
As 69.93092 52.6 т B+ /84/6.22 1.44/ 4- +2.1061 +0.09 ann.rad./ 
EC/16/2.14 1.0395(7)/82. 
[2.89 (0.17—4.4)/ 
"As 70.927112 2724 В+ /32/2.013 5/2- +1.6735 -0.02 ann.rad./ 


11-74 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
EC/68/ 0.1749(2)/84. 
1.0957(2)/4.2 

As 71.926752 26.0 h B+ /77/4.356 0.669/5. 2- -2.1566 -0.08 ann.rad./ 

1.884/12. 0.83395(5)/80. 
2.498/62. 1.0507(1)/9.6 
3.339/19. (0.1-4.0) 

As 72.923825 80.3 d EC/0.341 3/2- 0.0133/0.1 
0.0534/10.5 
Se k x-ray/90. 

"As 73.923829 17.78 d B+ /31/2.562 0.94/26. 2- -1.597 ann.rad./ 

EC/37/ 1.53/3. 0.59588(1)/60. 
p- /1.353 0.71/16. 0.6084(1)/0.6 
1.35/16. 0.6348(1)/15. 

THAS 0.017 s 

TAS 100. 74.921597 3/2- +1.43947 +0.31 

7 As 75.922394 26.3 h B- /2.962 0.54/3. 2- -0.903 0.5591(1)/45. 

1.785/8. 0.65703(5)/6.2 
2.410/36. 1.21602(1)/3.4 
2.97/51. (0.3-2.67) 

7 Ав 76.920647 38.8 h В- /0.683 0.70/98. 3/2- +1.295 0.2391(2)/1.6 
0.2500(3)/0.4 
0.5208/0.43 

As 77.92183 1512h B- /4.21 3.00/12. 2- 0.6136(3)/54. 

3.70/17. 0.6954(3)/18. 
4.42/37. 1.3088(3)/10. 

TMAS 1.21 us ІНЕ 9/2+ 0.542/IT 
0.231 

?AS 78.92095 9.0 m p- /2.28 1.80/95. 3/2- 0.0955(5)/16. 
0.3645(5)/1.9 

As 79.92253 16.s B- /5.64 3.38/ 1+ 0.6662(2)/42. 
(2.5-3.0) 

81А5 80.92213 33. $ В- /3.856 3/2- 0.4676(2)/20. 
0.4911(2)/8. 

"А 13.7 $ B- / 3.6/ 5- 0.6544(1)/77. 
0.344/65. 
(0.561 – 1.894) 

PAs 81.9245 19.5 В- /7.4 7.2/80. (2-) 0.6544(1)/54. 
(0.755 - 3.667) 

SAs 82.9250 1345 В- /5.5 0.7345/100. 
1.1131/34. 
2.0767/28. 

тд 0.65 p- 

“Ав 83.9291 4.8 В-, n/7.2 1- 0.6671(2)/21. 
1.4439(5)/49. 
(0.325—5.150) 

SAs 84.9320 2.03 s В-, n/8.9 3/2- 0.667(1)/42. 
1.4551 (2)/100. 

As 85.9365 0.95 s В-, n/11.4 0.704/ 

"As 86.9399 0.49 s B-, n/10. 0.704/ 

88AS 87.9449 > 0.3 us 

Аз 88.9494 > 0.3 us 

%А5 89.956 > 0.3 us 

As 90.960 > 0.3 us 

As 91.967 > 0.3 us 

45e 78.96(3) 

“Se > 0.18 us 0+ 

Se 64.965 0.011 $ B+ /60/14. 


Table of the Isotopes 11-75 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
B+, p 3.55/ 
Se 65.9552 0.03 s 0+ 
75е 66.9501 0.13 $ В+ /10.2 ann.rad./ 
B+, (p)/ 0.352 
Se 67.94180 36. s B+ /4.7 0+ ann.rad./ 
(0.050–0.426) 
95е 68.93956 27.45 B+ /6.78 5.006/ ann.rad./ 
EC/ 0.0664(4)/27. 
B+, p // ~ 0.045 0.0982(4)/63. 
"Se 69.9334 411 т В+ /2.4 0+ ann.rad 
0.04951(5)/35. 
0.4262(2)/29. 
"$e 70.93224 47m В+ 4 3.4/36. 5/2- ann.rad 
EC/ 0.1472(3)/47. 
0.8309(3)/13. 
1.0960(3)/10. 
م256‎ 71.92711 854 EC/0.34 0+ 0.0460(2)/57. 
Э=бе 40. т L.T./73/0.0257 5 3/2- ann.rad. 
B+ /27/2.77 1.45/ 0.0257(2)/27. 
1.70/ 0.2538(1)/2.5 
?$e 72.92677 71h B+ /65/2.74 0.80/ 9/2+ 0.86 ann.rad 
EC/35/ 1.32/95. 0.0670(1)/72. 
1.68/1. 0.3609(1)/97. 
(0.6-1.5) 
"бе 0.89(4) 73.922476 0+ 
бе 74.922523 119784 EC/0.864 5/24 0.67 1.0 0.13600/55 
0.26465/58 
(0.024—0.821) 
76Se 9.37(29) 75.919214 0+ 
те 1745 11. 7/24 0.1619(2)/52. 
75е 7.63(16) 76.919914 %- +0.53506 
78Se 23.77(28) 77.917309 0+ 
Ттбе 3.92 т 11. 0.09573(3)/9.5 
75е 78.918499 2.9 х10%у В- /0.151 7/2+ -1.018 +0.8 
Se 49.61(41) 79.916521 0+ 
білбе 573 т LT./99/0.1031 7/24 0.1031(3)/9.7 
0.2602(2)/0.06 
0.2760/0.06 
Se 80.917993 18.5 m В- /1.585 1.6/98. %- 0.2759/0.85 
0.2901/0.75 
0.8283/0.32 
Se 8.73(22) 81.916699 -1х109у p-p- 0+ 
Зтбе 117 m p- /3.96 2.88/ %- 0.35666(6)/17. 
3.92/ 0.9879(1)/15. 
1.0305(1)/21. 
2.0514(2)/11. 
(0.19-3.1) 
85е 82.919118 22.3 т В- /3.668 0.93/ 9/2+ 0.22516(6)/33. 
1.51/ 0.35666(6)/69. 
0.51004(8)/45. 
(0.21-2.42) 
“бе 83.91846 3.3 т В- /1.83 1.41/100. 0+ 0.4088(5)/100. 
SSe 84.92225 32.8 В- /6.18 5.9/ 5/2+ 0.3450(1)/22. 
0.6094(1)/41. 
85е 85.92427 15.5 В- /5.10 0+ 2.0124(1)/24. 
2.4433(8)/100. 
2.6619(1)/49. 
Se 86.92852 545 В- /7.28 5/2+ 0.468(1)/100. 
n/ 1.4979(1)/23. 
8 Se 87.93142 15s В-, п/6.85 0+ 0.5346/ 


11-76 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
Se 88.9365 0.41 $ В-, n/9.0 
Se 89.9400 > 0.3 us 0+ 
ISe 90.9460 0.27 s В-, n/8. 
эбе 91.950 > 0.3 us 0+ 
9Se 92.956 > 0.3 us 
"бе 93.960 > 0.3 us 0+ 
„Вг 79.904(1) 
“Br 66.9648 
“Br 67.9585 < 1.5 us 
Br 68.9501 < 0.024 us B+ /9.6 
J Br 2.25 9+ 
“Br 69.9446 ~ 0.08 s В+ /10.0 /0.75 
nBr 70.939 21.s B+ /6.9 
?Вг 71.9366 131m В+ /8.7 3 ~ 0.55 0.4547-1.3167 
Вг 72.93169 3.4m B+ /4.7 3.7/ 3/2- ann.rad 
0.065-0.700 
ру 46. ш В+ / 4.5/ 4- 1.82 ann.rad 
0.6348 
0.7285 
(0.2-4.38) 
“Вг 73.92989 254m B+ /6.91 ann.rad 
0.6341 
0.6348 
(0.2-4.7) 
»Вг 74.92578 1.62 h В+ /76/3.03 3/2- +0.75 ann.rad 
0.28650 
(0.1-1.56) 
и 145 LT./5.05 4+ 0.104548 
0.05711 
Br 75.92454 16.0h B+ /57/4.96 1.9/ ЇР 0.54821 0.270 ann.rad 
3.68/ 0.55911 
1.85368 
(0.4—4.6) 
Тар 4.3m ІТ./0.1059 9/2+ 0.1059 
"Вг 76.921379 2.376 d EC/99/1.365 3/2- 0.973 40.53 ann.rad. 
0.23898 
0.52069 
(0.08-1.2) 
78Br 77.921146 645m 3+ /92/3.574 1.2/ 1+ 0.13 ann.rad. 
EC/8/ 2.5/ 0.61363 
(0.7-3.0) 
Рибе 4.86 5 LT./0.207 9/24 0.2072 
Br 50.69(7) 78.918337 3/2- +2.106400 +0.331 
ор 442h І.Т./0.04885 5- “1.3177 40.75 Br k x-ray 
0.03705/39.1 
0.04885/0.3 
Spr 79.918529 17.66m В- /92/2.004 1.38 В-/7.6 1+ 0.5140 0.196 ann.rad. 
EC/5.7/1.8706 1.99 B-/82 0.6169/6.7 
В+ /2.6/ 0.85 В+ /2.8 (0.64—1.45) 
Эг 49.31(7) 80.916291 3/2- +2.270562 6 
ич р біт 1.Т./98/0.046 2- 0.046/0.24 
p- /2 /3.139 (0.62—2.66) 
Br 81.916804 14714 В- /3.093 0.444) 5- +1.6270 0.751 0.5544/71 
0.61905/43 
0.77649/84. 
(0.013-1.96) 
Br 82.915180 2.40 h В- /0.972 0.395/1 3/2- 0.52964 
0.925/99 (0.12-0.68) 


Table of the Isotopes 11-77 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
Вар 6.0 ш В- /4.97 2.2/100 (6-) 0.4240/100 
0.8817/98 
1.4637/101 
“Вг 83.91648 31.8 m В- /4.65 2.70/11 2- 2 0.8816/41 
3.81/20 1.8976/13 
4.63/34 (0.23-4.12) 
Br 84.91561 2.87 m B- /2.87 2.57 3/2- 0.80241/2.56 
0.92463/1.6 
(0.09-2.4) 
Br 85.91880 55.55 B- /7.63 8.3 (2-) 1.56460/64 
7.4 2.75106/21 
(0.5—6.8) 
УВ 86.92071 55.65 B- /6.85 6.1/ 3/2- 1.41983 
n/ 1.4762 
(0.2-6.1) 
ВЕ 5.1 us 
Вг 87.92407 16.3 5 В- /8.96 IE 0.7649 
n/ 0.7753 
0.8021 
(0.1—6.99) 
Br 88.92640 4.35 s B- /8.16 3/2- 0.7753 
n/ 1.0978 
Br 89.9306 1.915 В- /10.4 8.3/ ЈЕ 0.6555 
n/ 9.8/ 0.7071 
1.3626 
Вг 90.9340 0.545 В- /90 /9.80 0.263 
В- n/10 / 0.803 
?pr 91.93926 0.315 B- /12.20 0.740 
В- n/ 
Br 92.9431 0.10s В- /11 0.117 
В- п 11 (0.237—3.606) 
“Вг 93.9487 0.07 8 B- n/ 
эВ; 94.9529 > 0.3 us 
%Вг 95.959 > 0.3 us 
Br 96.963 > 0.3 us 
„Кг 83.798(2) 
Kr 68.9652 0.03 s B+, (p) 4.07/ 
Kr 69.9553 0.06 s 0+ 
"Ky 70.950 100. ms 3+, EC/10.1 (0.198—0.207) 
Кг 71.94209 17.15 B+ /5.0 0+ ann.rad 
EC/ 0.3099/15.3 
0.4150/12.8 
(0.305 — 3.305) 
Кг 72.93929 28.8 В+ /6.7 5/2- ann.rad. 
EC/ 0.1781/66 
B+, p/ 10.25 (0.06—0.86) 
"Kr 73.933084 115m B+ /3.1 0+ ann.rad. 
EC/ 0.08970/31 
0.2030/20 
(0.010-1.06) 
Kr 74.93095 43m 3+ /4.90 3.2/ 5/24 -0.531 +11 ann.rad. 
EC/ 0.1325/68 
0.1547/21 
(0.02-1.7) 
Kr 75.925910 14.8h EC/1.31 0+ Br k x-ray 
0.270/21 
0.3158/39 


(0.03-1.07) 


11-78 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
7Кг 76.924670 1.24 h 3+ /80/3.06 5/2+ -0.583 +0.9 ann.rad. 
EC/20/ 1.55/ 0.1297/80 
1.70/ 0.1465/38 
1.87/ (0.02-2.3) 
Кт 0.355(3) 77.920365 »23x10^y  EC-EC 0+ 
Рика 53. 5 LT./0.1299 7/2+ -0.786 +0.40 Кг х-гау 
Кг 78.920082 1.455 d В+ /7 11.626 %- +0.536 ann.rad. 
EC/93 / 0.2613/13 
0.39756/19 
0.6061/8 
(0.04—1.3) 
Kr 2.286(10) 79.916379 0+ 
Біз Қ 1315 17./0.1904 %- +0.586 0.1904 
"Kr 80.916592 2.1 x 10° y EC/0.2807 7/2+ -0.908 +0.63 Вг К х-гау 
0.2760 
“Kr 11.593(31) 81.913484 0+ 
sam] 1.86 h LT./0.0416 %- +0.591 Kr k x-ray 
0.00940 
0.03216 
Кг 11.500(19) 82.914136 9/2+ -0.970699 40.259 
"Kr 56.987(15) 83.911507 0+ 
SmKr 4.48 h B- /79 / 0.83/79 %- + 0.633 0.30487 
L.T./21 /0.305 0.15118 
Кг 84.912527 10.73у В- /0.687 0.15/0.4 9/2+ 1.005 +0.43 0.51399 
“Kr 17.279(41) 85.9106107 0+ 
“Қт 86.9133549 127ћ В- /3.887 1.33/8 5/24 -1.023 -0.30 0.40258/49.6 
3.49/43 2.5548/9.2 
3.89/30 (0.13-3.31) 
HKT 87.91445 2.84 h В- /2.91 0+ 0.19632/26. 
2.392/34.6 
(0.03—2.8) 
Кг 88.9176 3.15 m В- /4.99 3.8/ 5/2+ -0.330 +0.16 0.19746 
4.6/ 0.2209/19.9 
4.9/ 0.5858/16.4 
1.4728/6.8 
(0.2-4.7) 
Kr 89.91952 32.3 s B- /4.39 2.6/77 0+ 0.12182/32.9 
2.8/6 0.5395/28.6 
1.1187/36.2 
(0.1-4.2) 
Kr 90.9235 8.65 В- /6.4 4.33/ 5/2+ -0.583 +0.30 0.10878/43.5 
4.59/ 0.50658/19. 
(0.2-4.4) 
Kr 91.92616 1.84 5 B- /5.99 0+ 0.1424/66. 
п/ (0.14—3.7) 
Kr 92.9313 1.29 s В- /8.6 7.1/ Yet -0.413 0.1820 
n/ 0.2534/42. 
0.32309/24.6 
(0.057—4.03) 
"Кг 93.9344 0.215 p- /7.3 0+ 0.2196/67 
п п//1.0 0.6293/100. 
(0.098—0.985) 
Kr 94.9398 0.105 В- /9.7 п//2.9 -0.410 
Kr 95.9431 ~ 80 ms В- ‚п п//3.7 0+ 
"Kr 96.9486 0.06 s 3-,п п//7. 
Kr 97.952 0.05 s В- m n//7. 0+ 
Kr 98.958 0.04 s 3-,п n// ~ 11. 
Кг 99.9611 > 0.34 us 0+ 


Table of the Isotopes 11-79 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
,Rb 85.4678(3) 
"Rb 70.9653 
?Rb 71.9591 < 1.5 us 
Rb 72.9506 < 0.03 us 
™Rb 73.944265 64.8 ms В+ /10.4 0.456/0.0025 
(0.053 – 4.244) 
Rb 74.93857 19.s B+ /7.02 2.31/ ann.rad 
0.179 
“Rb 75.935072 39.s B+ /8.50 47 1- -0.372623 +04 ann.rad 
0.4240/92. 
(0.064—1.68) 
7ВЬ 76.93041 3.8 m В+ /5.34 3.86/ 3/2- 40.654468 — 40.70 ann.rad 
0.0665/59 
(0.04-2.82) 
ар} 5.7 т LT./0.1034 4- 42.549 40.81 ann.rad 
В+ / 3.4. 0.4553/81. 
ЕС/ (0.103—4.01) 
?5Rb 77.92814 177m В+ /7.22 0+ ann.rad 
EC/ 0.4553/63. 
(0.42—5.57) 
7 Rb 78.92399 23.m B+ /84/3.65 5/24 40.3358 -0.10 ann.rad. 
EC/16 / 0.68812/23. 
(0.017—3.02) 
Rb 79.92252 34. 5 B+ /5.72 4,1/22 1+ -0.0836 +0.35 ann.rad. 
4.7/74 0.6167/25. 
simRb 30.5 m LT./0.85 1.4 9/24 45.598 -0.74 ann.rad. 
B+, EC/ (0.085-1.9) 
“Rb 80.91900 4.57 h B+ /27/2.24 1.05/ 3/2- +2.060 +0.40 ann.rad./ 
EC/73 0.19030/64. 
(0.05-1.9) 
ERD 647h В+/26/ 0.80/ 5- +1.5100 +1.0 ann.rad./ 
ЕС/74/ 0.5544/63. 
0.7765/85. 
(0.092-2.3) 
Rb 81.918209 1.258 m B+/96/4.40 3.3/ 1+ 40.554508 +019 ann.rad./ 
ЕС/4/ 0.7665/13. 
(0.47-3.96) 
Rb 82.91511 86.2 d EC/0.91 5/2- 41.425 +0.20 Kr x-ray 
0.5205/46. 
(0.03-0.80) 
захд 20.3 ш І.Т./0.216 6- +0.2129 40.6 0.2163/34. 
0.2482/63. 
0.4645/32. 
“Rb 83.914385 3294 B+/22/2.681 0.780/11 2- -1.32412 -0.015 ann.rad./ 
EC/75 / 1.658/11 0.8817/68. 
B-/3/0.894 0.893/ (1.02-1.9) 
Rb 72.17(2) 84.91178974 5/2- +1.353 +0.23 
3e» Rb 1.018 m І.Т./0.5560 6- %1.815 +0.37 0.556/98. 
“Rb 85.9111674 18.65 d B-/1.775 1.774/8.8 2- -1.6920 +0.19 1.0768/8.8 
“Rb 27.83(2) 86.90918053 4.88 x 10" y ٣۳-3 0.273/100 3/2- +2.7512 +0.13 
šsRb 87.9113156 17.7 т В-/5.316 5.31 2- 0.508 0.8980/14.4. 
1.8360/22.8 
(0.34—4.85) 
Rb 88.91228 154 т В-/4.50 1.26/38 3/2- +2.304 +0.14 1.032/58. 
1.9/5 1.248/42. 
2.2/34 2.1960/13 
4.49/18 (0.12-4.09) 


11-80 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
зонд 43m В-/4.50 1.7/ 4- +1.616 +0.20 0.1069 (ТТ) 
6.5/ 0.8317/94 
(0.20—5.00) 
%Rb 89.91480 2.6 т В-/6.59 6.6 1 0.8317/28. 
(0.31—5.60) 
“КЬ 90.91654 58.0 5 В-/5.861 5.9 3/2- +2.182 +0.15 0.0936/34. 
(0.35-4.70) 
“Rb 91.91073 4.48 5 В-/8.11 8.1/94 1- 0.8148/8. 
(0.1-6.1) 
Rb 92.92204 5.85 5 В-/7.46 7.4/ 5/2- +1.410 +0.18 0.2134./4.8 
0/1 0.4326/12.5 
0.9861 /4.9 
(0.16–5.41) 
“Rb 93.92641 2715 B-/10.31 9.5/ 3 41.498 40.16 0.8369/87. 
n/10 1.5775/32. 
(0.12—6.35) 
SRb 94.92930 0.377 s p-/9.30 8.6/ 5/2- 41.334 +0.21 0.352/65. 
n/8 0.680/22. 
(0.20–2.27) 
зөнд 17 us 0.2999 
0.4612 
0.2400 
0.093-0.369 
%Rb 95.93427 0.199s B-/11.76 10.8/ 2+ +1.466 +0.25 0.815/76. 
n/13/ (0.20—5.42) 
Rb 96.93735 0.169 s B-/10.42 10.0 3/2+ +1.841 +0.58 0.167/100. 
n/27/ 0.585/79. 
0.599/56. 
1.258/52. 
(0.14-2.08) 
Rb 97.94179 0.107 s В-/12.34 0.144/ 
п/13 (0.07-3.68) 
?Rb 98.9454 59. ms В-/11.3 
10°Rb 99.9499 53. ms В- /13.5 0.129 
(0.058—4.483) 
юв 100.9532 0.03 5 В- /11.8 
Rb 101.9589 0.09 s B- 
NO 87.62(1) 
Bor 72.966 »25ms 
“Sr 73.9563 > 1.5 us 0+ 
бг 74.9499 88. ms В+,р р//5. 0.144/4.5 
785г 75.94177 7.95 В+ /6.1 0+ 
бү 76.93795 9.08 В+ /6.9 5.6 -0.35 +14 0.147 
B+, p //0.08 
"or 77.93218 2.7 m B+ /3.76 0+ (0.047–0.793) 
7961 78.92971 21m p^ /5.32 4.1 3/2- -0.474 +0.74 ann.rad./ 
0.039/28. 
0.105/22. 
(0.135—0.612) 
805г 79.92452 177 h В+ /1.87 0+ ann.rad./ 
0.174/10. 
0.589/39. 
(0.24—0.55) 
"Sr 80.92321 223m В+ /87/3.93 2.43/ 1/2- 40.544 ann.rad./ 
EC/13/ 2.68/ 0.148/31. 
0.1534/35 
(0.06–1.7) 
Ор 81.91840 25364 ЕС/0.18 0+ Rb x-ray 


Table of the Isotopes 11-81 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
gee 5.0 s LT./0.2591 %- +0.582 0.2591/87.5 
“Sr 82.91756 1.350d В+/24/2.28 0.465/ 7/2+ -0.898 +0.79 ann.rad./ 
EC/76/ 0.803/ 0.3816/12. 
1.227/ 0.3816 
0.7627/30. 
(0.094—2.15) 
“бг 0.56(1) 83.913425 0+ 
imer 1127h LT./87/0.2387 %- +0.601 0.2318/84. 
ЕС/13 (0.15-0.24) 
St 84.912933 64.85 d EC/1.065 9/2+ -1.001 +0.30 0.51399/99.3 
“Sr 9.86(1) 85.909260 0+ 
mST 2.81 h LT./0.3884 %- +0.63 0.3884(IT) 
“Sr 7.00(1) 86.908877 9/2+ -1.093 +0.34 
“Sr 82.58(1) 87.905612 0+ 
895г 88.907451 50.524 p-/1.497 1.492/100 5/24 -1.149 -0.3 0.9092 
Sr 89.907738 291) В-/0.546 0.546/100 0+ 
219г 90.910203 95h p-/2.70 0.61/7 5/24 -0.887 40.044 0.5556/61. 
1.09/33 0.7498/24. 
1.36/29 1.0243/33. 
2.66/26 (0.12-2.4) 
бү 91.911038 271ћ B-/1.91 0.55/96 0+ 1.3831/90. 
1.5/3 (0.24—1.1) 
9 Sr 92.91403 74m В-/4.08 2.2/10 5/2+ -0.794 +0.26 0.5903/ 
2.6/25 0.7104 
3.2/65 0.87573 
0.8883/ 
(0.17-3.97) 
“Sr 93.91536 1.25m В-/3.511 2.1/ 0+ 0.6219 
3.3/ 0.7043 
0.7241 
0.8064. 
1.4283 
Sr 94.91936 25.18 В-/6.08 Yat -0.5379 0.6859 
6.1/50 0.8269 
2.7173 
2.9332 
PESE 95.92170 1.06s В-/5.37 4.2/ 0+ 0.1222 
0.5305 
0.8094 
0.9318 
"Sr 96.92615 0.42 $ B-/7.47 5.3 (1/2+) -0.500 0.2164 
0.3071 
0.6522 
0.9538 
1.2580 
1.9050 
985г 97.92845 0.65 5 В-/5.83 5.1 0+ 0.0365 
0.1190 
0.4286 
0.4447 
0.5636 
бг 98.9332 0.275 В-/8.0 -0.26 0.8 
1057 99.9354 0.2015 В-/7.1 0+ 
Sr 100.9405 0.1155 p-/9.5 
1026г 101.9430 68. ms В-/8.8 0+ 
19857 102.9490 > 0.3 us 
Sr 103.952 > 0.3 us 0+ 


55 т 104.959 > 0.3 us 


11-82 


Elem. 
or Isot. 


Natural 


Abundance 


(Atom %) 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy 


(/MeV) (MeV/%) 


Particle Energy/ 
Intensity 


Nuclear 
Magnetic 
Mom. (nm) 


Spin 
(h/2 п) 


Elect. 
Quadr. 
Mom. (b) 


Table of the Isotopes 


y-Energy / 
Intensity 
(MeV/%) 


88.90585(2) 


75.9585 


> 0.2 us 


76.9497 


~ 57. ms 
5.85 


(5+) 


77.9436 


53 ms 


B+/10.5 


0.279/100 


0.504/90 
0.713/40 


78.9374 


15.s 


B+/7.1 


(0.152-1.106) 


S0my 


79.9343 


4.8 5 
30.8 


В+/7.0 5.5 


0.2285 
ann.rad./ 


5.0/ 


0.3858/100 


0.5951/42 
0.756-1.396 


ay 


80.9291 


1.21 т 


B+/5.5 37 


ann.rad./ 


4.2/ 


0.428 
0.469 


зү 


81.9268 


9.58 


B+/7.8 6.3/ 


1+ 


ann.rad./ 


0.5736 
0.6017 


0.7375 


83my 


2.85 m 


B+/95/4.6 2.9 
EC/5 | 


1/2- 


ann.rad./ 
0.2591 


0.4218 


зү 


82.92235 


В+/4.47 33 


9/2+ 


0.4945 
ann.rad./ 


EC/ 


0.0355 


0.4899 
0.8821 


(0.03-3.4) 


84 my 


4..6 $ 


B+/ 
EC/ 


1+ 


ann.rad./ 
0.7930 


зү 


83.9204 


40. т 


B+/6.4 1.64/47 


ann.rad./ 


EC/ 2.24/25 
2.64/21 


0.4628 
0.6606 


3.15/7 


0.7931 


0.9744. 
1.0398 


(0.2-3.3) 


85my 


49h 


В+/70/ 
EC/30/ 


9/24 6.2 


ann.rad./ 
0.2317 


0.5356 


2.1238 
(0.1-3.1) 


0.7673 


84.91643 


26h 


В+/55/3.26 1.54/ 


ЕС/45/ 


1/2- 


ann.rad./ 
0.2317 


0.5045 


0.9140 
(0.07-1.4) 


S6my 


48.m 


LT./99/ 


8+ 4.8 


ann.rad./ 


B+/ 
ЕС/ 


0.0102(IT) 
0.2080 


(0.09-1.1) 


86y 


85.91489 


14.74h 


B+/5.24 
EC/ 


4- <0.6 


ann.rad./ 
0.3070 


0.6277 


1.0766 
1.1531 


Table of the Isotopes 11-83 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Мот. (nm) Mom. (b) (MeV/%) 


1.9207 


(0.1-3.8) 
smy 13. h LT./98/ 9/24 6.1 0.3807 


В+/0.7/ 1.15/0.7 


EC/ 
24 86.910876 3.35 d EC/99+/1.862 0.78/ 1/2- 0.3880 


0.4870 


sy 87.909501 106.6 d EC/99+/3.623 0.76/ 4- ann.rad./ 
В+/0.2/ 0.89802 


1.83601 


2.73404 
3.2190 


smy 15.7 s L.T./0.909 9/2+ 0.9092(IT) 


vy 100. 88.905848 1/2- -0.13742 
%шү 324h LT./99+/ 0.68204 7+ 51 0.2025 


В-/0.002/ 0.4794. 


0.6820 
зү 89.907152 2.67 4 p-/2.282 2.28/ 2- -1.630 -0.155 


эү 497 т ІТ./0.555 9/2+ 5.96 0.5556(IT) 


жү 90.907305 58.5 d В-/1.544 1.545/ 1/2- 0.1641 1.208 
зү 91.90895 3.54 В В-/3.63 3.64/ 2- 0.4485 


0.5611 


0.9345 
1.4054 


(0.4—3.3) 


93шү 0.82 s LT./0.759 9/24 0.1686(IT) 
0.5902 


"Y. 92.90958 10.2h p-/2.87 2.88/90 1/2- 0.2669 


0.9471 
1.9178 


ү 14 us 0.4322 


0.7699 
1.2024 


У 93.91160 187m В-/4.919 4.92/ 2- 0.3816 


0.9188 
1.1389 


(0.3—4.1) 


зү 94.91282 103m p-/4.42 1/2- 0.4324 
0.9542 


2.1760 


3.5770 
жү 9.65 p-/ (34) 0.1467 


0.6174 


0.9150 
1.1071 


1.7507 


жү 95.91589 6.25 p- /7.09 7.12/ 0- 1.594 
my 1.215 В- /7.4 4.8/ 9/2+ 0.1614 


6.0/ 0.9700 


1.1030 
тү 96.91813 3.76 5 В- /6.69 6.7 1/22 0.2969 


1.9960 


3.2876 
3.4013 


элү 21s p- /9.8 5.5/ (4-) 0.2415 


0.6205 
0.6473 


1.2228 


1.8016 
жү 97.92220 0.59 5 В- /8.83 87/ 1+ 0.2131 


11-84 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
1.2228 
1.5907 
2.9413 
4.4501 
өтү 0.011 ms 
зү 98.92464 1475s В- /7.57 1/2- 0.1218/43.8 
n 12.5/ 0.5362 
0.7242 
1.0130 
тоошү 0.94 s B^ n/ 34 
шү 99.9278 0.735 В-, n/9.3 n/1.8/ 1+ 
wy 100.9303 0.43 s В-, n/8.6 n/1.5/ (5/24) 
102ү 101.9336 0.36 5 В-, n/9.9 п/4.0/ 
зү 102.9367 0.235 = m. n/8.3/ 
шү 103.9411 0.185 
19у 104.9449 > 0.15 us 
у 105.950 > 0.15 us 
wy 106.9414 > 0.15 us 
өү 107.959 > 0.15 us 
EZ: 91.224(2) 
SE 77.9552 » 0.2 us 04 
TZt 78.9492 0.06 s 
ZF 79.940 ~ 4.5 5 В+ /8.0 0+ 0.290 
0.538 
Zr 80.9372 535 3+ /7.2 6.1 (3/2-) 
SE 81.9311 32.s В+ /4.0 3. 0+ ann.rad./ 
837 р 7.5 В+ /7.0 (7/2+) ann.rad./ 
837r 82.9287 44. $ В+ /5.9 4.8 (1/2-) ann.rad./ 
EC 0.0556 
0.1050 
0.2560 
0.474 
1.525 
“Zr 83.9233 26. m B+ /2.7 0+ ann.rad./ 
EC/ 0.0449 
0.1125 
0.3729 
0.667 
Баре 10.95 LT./0.2922 %- ann.rad./ 
B+, EC/ 0.2922(IT) 
0.4165 
557г 84.9215 79m p /4.7 341 712+ ann.rad./ 
EC/ 0.2663 
0.4163 
0.4543 
Zr 85.91647 16.5h EC/1.47 0+ 0.0280 
0.243 
0.612 
т 14.08 LT./0.3362 %- + 0.64 0.1352(IT) 
0.2010 
Zt 86.91482 173ћ B+ /3.67 2.26 9/2+ - 0.895 + 0.42 ann.rad./ 
EC/ 0.3811 
1.228 
8817 т 14 us (84) 0.077 
8371 87.91023 8344 ЕС/0.67 0- 0.3929 
ИЕ 4.18 m LT./94/0.5877 %- + 0.80 ann.rad./ 
В+ /1.5/ 0.5877 (IT) 
ЕС/4,7/ 1.507 


Table of the Isotopes 11-85 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
SZE 88.908889 3.27 а В+ /23/2.832 0.9/ 9/2+ -1.05 + 0.28 ann.rad./ 
ЕС/77/ 0.9092 
20727 0.809 s ІТ./ 5- 6.3 0.1326 
2.1862 
2.3189(IT) 
M7 51.45(40) 89.904704 0+ 
ИЕ 11.22(5) 90.905646 5/2+ -1.30362 -0.18 
“рт 17.15(8) 91.905041 0+ 
БА 92.906476 1.5 x 10%у В- /0.091 5/24 0.0304 
УЕ 17.38(28) 93.906315 >107 у B-B- 0+ 
%Zr 94.908043 64.02 d В- /1.125 0.366/55 5/2+ 1.13 40.29 0.7242 
0.400/44 0.7567 
УЕ 2.80(9) 95.908273 3 х10”у В-В- 0+ 
»17x105y f- 
Zr 96.910953 1675h B- /2.658 1.91/ %- - 0.937 0.7434 
PZE 97.91274 30.7 s B- /2.26 2.2/100 0+ 
Zr 98.91651 225 В- /4.56 3.9/ %+ - 0.930 0.4692/55.2 
3.5/ 0.5459/48 
0.028-1.321 
9 99.91776 7.18 В- /3.34 0+ 0.4006 
0.5043 
kd: 100.92114 215 В- /5.49 6.2/ 3/2- - 0.27 + 0.81 0.1194 
0.2057 
0.2089 
Zr 101.92298 2.98 В- /4.61 0+ 
Zr 102.9266 13s p- /7.0 
тор 103.9288 12s p- /5.9 0+ 
1р 104.9331 ~ 1.5 В- /8.5 
167 105.9359 > 0.24 us 0+ 
1977 106.9408 > 0.24 us 
DEZ 107.944 > 0.15 us 0+ 
тор 108.9492 » 0.15 us 
197 109.953 > 0.15 us 04 
mo 92.90638(2) 
8SINb 80.949 «0.08 us 
еМ 81.9431 50 ms В+ 11. 
Nb 82.9367 418 В+ /7.5 
“Nb 83.9336 10. 5 B+, ЕС/9.6 (3+) 0.540 
(0.456-1.427) 
зэв 3.8 0.069 
®МЬ 84.9279 21.5 B+ /6.0 
smNb 56.s B+ 
Nb 85.9250 1.46 m B+ /8.0 ann.rad./ 
0.751 
1.003 
8 3.7 т В+ / 1/2- ann.rad./ 
EC/ 0.1352 
0.2010 
87Nb 86.92036 2.6m B+ /5.2/ (9/2+) ann.rad./ 
EC/ 0.2010 
0.4706 
0.6165 
1.0665 
1.8842 
ssmNb 77 m 3+ / 4- ann.rad./ 
EC/ 0.2625 
0.3996 


1.0569 


11-86 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/Меу) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
1.0825 
Шы» 87.9183 143m В+ /7.6 3.2/ 8+ ann.rad./ 
EC/ 1.0570 
1.0828 
(0.07—2.5) 
мі») 2.0 h B+ / 3.3/ 9/2+ 0.5880/10(D) 
EC/ (0.17—4.0) 
9МЬ 88.91342 110Һ В+ /74/4.29 2.8/ 1/2- 46.216 ann.rad./ 
EC/26 / 0.5074 
0.5880 
0.7696 
1.2775 
зох 18.88 І.Т./0.1246 4- 0.002. 
0.1225 
Nb 89.911265 14.6 h В/53 /6.111 0.86/5 84 4.961 ann.rad./ 
EC/47 / 1.5/92 0.1412 
1.1292 
2.1862 
2.3189 
(0.1-3.3) 
9ImNDb 62.d LT/97 / 1/22 0.1045(ТТ) 
EC/3 / 1.2050 
"Nb 90.906996 7 x 10?y EC/1.253 9/24 Mo k x-ray 
92=МЬ 10.13 d ЕС/99-/ 2- 6.114 0.9126 
0.9345 
1.8475 
“Nb 91.907194 3.7 x 107 у EC/2.006 7+ 0.5611 
0.9345 
سیا‎ 16.1y LT./0.0304 1/2- Nb x-ray 
0.0304 
Nb 100. 92.906378 9/2+ +6.1705 -0.32 
%mNb 6.26 m ІТ./99+ 12.086 3+ МЬ Кх-гау 
В- /0.5/ 0.0409 
0.87109 
9Nb 93.907284 2.4 x 104у B- /2.045 0.47/ 64 0.70263 
0.87109 
ээр 3.614 LT./97.5/ 0.2357 1/2- 0.2040 
В- /2.5 / 0.2356 
°Nb 94.906836 34.97 d В- /0.926 0.160/ 9/2+ 6.141 0.76578 
шкі» 95.908101 23.4h В- /3.187 0.5/10 64 4.976 0.7782 
0.75/90 0.2191—- 1.498 
ШЕК» 58.1 $ LT./0.7434 0.734/98 1/25 0.7434 
"Nb 96.908099 123h В- /1.934 1.27/98 9/24 6.15 0.4809 
0.6579 
шкі» 51.m B- /4.67 54 0.7874 
0.1726-1.89 
Nb 97.91033 2.98 B- /4.59 4.6/ 1+ 0.6451 
0.7874 
1.0243 
эм 2.6 т p- / 3.2/ 1/2- 0.0978/100 
(0.138-3.010) 
?Nb 98.91162 15.05 В- /3.64 3.5/100 9/2+ 0.0977 
0.1378/3.1 
10% М} 0.013 ms 
100 3.0 $ В- /6.74 5.8 Nb k x-ray 
0.159 
0.6364 
1.0637 
10°Nb 99.91418 155 В- /6.25 6.2/ 0.5354 


5.3/ 0.6001—1.566 


Table of the Isotopes 11-87 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Мот. (nm) Mom. (b) (MeV/%) 
оь 100.91525 7.18 В- /4.57 4.3/ 0.1105-0.810 
шин) 4.3 8 В- / 
М 101.91804 13s В- /7.21 7.2/ 0.2960-2.184 
юм 102.9191 155 В- /5.53 5.3/ 5/2+ 
М 0.9 5 В-, n/ п/0.06 
Nb 103.9225 4.8 5 В-, n/8.1 n/0.05 
ү 104.9239 3.0 $ В-, n/6.5 n/1.7 
М 105.9280 10s В-, n/9.3 n/4.5 
"Nb 106.9303 0.30 s B-, n/7.9 n/6.0 
юм 107.9348 0.19 8 Р, п/ n/6.2 (0.193-0.590) 
ү 108.9376 0.19 s В, n/ п/31 
по 109.9424. 0.175 В, n/ n/40 
‘Nb 110.9457 > 0.15 us 
12Nb 111.951 > 0.15 us 
13Nb 112.955 > 0.15 us 
„Мо 95.94(2) 
Мо 82.9487 ~ 6. ms 
“Мо 83.9401 = 3.75 B+ /6. 0+ 
“Мо 84.9366 3.25 В+/8.1 + 
“Мо 85.9307 19.8 В+ /4.8 0+ 
“Мо 86.9273 14.8 ЕС, B+/6.5 (0.752-1.004) 
8Мо 87.92195 80m В+ /3.4 0+ +0.5 ann.rad./ 
EC 0.0800 
0.1399 
0.1707 
"Мо 0.19 5 І.Т./0.118 %- 0.118(ТТ) 
0.268 
Мо 88.91948 2.2 т В+ /5.58 9/2+ ann.rad./ 
EC/ 0.659 
0.803 
1.155 
1.272 
%mMo 1.2 us 0.063 
Mo 89.91394 57h B+ /25/2.489 1.085/ 0+ ann.rad./ 
EC/75 / 0.04274 
0.12237 
0.25734 
?mMo 1.08m LT./50/0.653 %- ann.rad./ 
B+, ЕС/50 / 2.5/ 0.6529 
2.8/ 1.2081 
4.0/ 1.5080 
2.2407 
“Мо 90.91175 15.5 ш B+ /94/4.43 3.44/94 9/2- ann.rad./ 
EC/6/ 1.6373 
2.6321 
3.0286 
(0.1–4.2) 
“Mo 14.77(31) 91.906811 > 8 х 107 у B+-EC 0+ 
За Мо 69h LT./99+ /2.425 21/24 4921 0.26306(IT) 
0.68461 
147711 
Mo 92.906813 3.5 x 10°y EC/0.405 5/24 0.0304 
“Мо 9.23(10) 93.905088 0+ 
Мо 15.90(9) 94.905842 5/2+ -0.9142 -0.02 
Мо 16.68(1) 95.904680 0+ 
“Мо 9.56(5) 96.906022 5/2+ -0.9335 +0.26 
Мо 24.19(26) 97.905408 0+ 
Мо 98.907712 2.7476 а В- /1.357 0.45/14 + 0.375 0.144048 


11-88 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/Меу) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
0.84/2 0.18109 
1.21/84 0.36644 
0.73947 
"Mo 967(20) 99.90748 -1х109у مه‎ 0+ 
Мо 100.91035 14.6 т p- /2.82 2.23/ 1/2+ 0.0063 
0.7/ 0.19193 
0.5909 
(0.0809-2.405) 
Мо 101.91030 113m В- /1.01 1.2/ 0+ 0.1493/89. 
0.2116/100. 
0.2243/32. 
Мо 102.9132 1.13 т В- /3.8 3/2+ 0.1028(2)/ 
0.1440(2) 
0.2511(2) 
ч Mo 103.9138 1.00m В- /2.16 0+ 0.0686(1)/100. 
0.4239(4)/21. 
15Мо 104.9170 36. 5 B- /4.95 3/2+ 0.0642/ 
0.0856/ 
0.2495/ 
юёМо 105.91814 8.45 В- /3.52 0+ 0.1894(2)/22. 
0.3644(2)/6. 
0.3723(2)/12. 
Мо 106.9217 35s В- /6.2 
Мо 107.9235 1.18 В- /5.1 0+ (0.028—0.636) 
Мо 108.9278 0.58 В- /7.2 
поМо 109.9297 0.275 В- /5.7 0+ Те К х-гау 
0.142 
(0.039–0.599) 
Мо 110.9344 » 0.15 us 
Мо 111.937 > 0.15 us 0- 
13Мо 112.942 » 0.15 us 
Mo 113.945 > 0.15 us 0+ 
15Мо 114.950 > 0.15 us 
пеМо > 0.15 us 04 
"Мо > 0.15 us 
m 
"Те 84.9488 « 0.1 ms 
se Te 85.9429 0.05 8 В+ /11.9 
"Те 86.9365 245 B+ /8.6 
Te 87.9327 5.8 $ В+ /10.1 
С 13.8 
Те 88.9272 13.5 В+ /7.5 
Som Tic 49.25 p* 5.3/ 64 ann.rad./ 
0.9479/ 
1.0542/ 
оте 89.9236 8.35 B+ /8.9 7.0/15 1+ ann.rad./ 
7.9/95. 0.9479/ 
пите 3.3 т В+ Yat ann.rad./170. 
EC 0.8110(5)/5. 
1.6052(1)/7.8 
1.6339(1)/9.1 
1.9023(1)/6. 
2.4509(1)/13.5 
aTe 90.9184 3.14 m В+ /6.2 5.2 9/2+ ann.rad./200. 
"Te 91.91526 44m 3+ /7.87 4.1 84 ann.rad./200. 
EC 0.0850/ 
0.1475 


0.3293 


Table of the Isotopes 


Elem. 
or Isot. 


Natural 


Abundance 


(Atom 90) 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 


Energy 
(/MeV) 


Particle Energy/ 
Intensity 


(MeV/%) 


Spin Nuclear Elect. 
(h/2 п) Magnetic Quadr. 
Mom. (nm) Mom. (b) 


11-89 


y-Energy / 
Intensity 
(MeV/%) 


0.7731 


93mTc 


43.m 


LT./13 


1.5096 
0.3924(IT) 


EC/20 


0.9437 


эзТс 


92.910249 


273ћ 


В+ /13/3.201 


0.81 


9/2+ 6.26 


2.6445 
ann.rad./ 


EC/87/ 


1.3629 


14771 
1.5203 


(0.1-3.0) 


94mTc 


52.m 


В+ /72/4.33 
EC/28/ 


24 


ann.rad./ 
0.8710 


1.8686 


%Tc 


93.909657 


4.88 h 


B+ /11/4256 
EC/89/ 


7+ 5.08 


ann.rad./ 
0.4491 


0.7026 


0.8496 
0.8710 


ттс 


ІТ./4/ 


1/2- 


ann.rad./ 


В+ /0.3 
EC/96 


0.5/ 
0.7/ 


0.0389(IT) 
0.2041 


0.5821 


0.5821 
0.8351 


9»Tc 


94.90766 


20.0h 


EC/100/1.691 


9/24 5.89 


0.7657 


96mTc 


52.m 


LT./90/ 


4+ 


1.0738 
0.0342(IT) 


B+, ЕС/2/ 


0.7782 


% Tc 


95.90787 


43d 


EC/2.973 


7+ +5.04 


1.2002 
Мо k x-ray 


0.7782 


0.8125 
0.8498 


1.12168 


97mTc 


91.d 


1.1./0.0965 
ЕС 


[3.9 


1/2- 


Tc k x-ray 
0.0965 


Te 


96.906365 


4.2 x 106 у 


EC/100/0.320 


9/2+ 


Mo k x-ray 


98Тс 


97.907216 


~ 6.6 x 106 у 


В- /1.80 


0.40/100 


6+ 


0.65241 
0.74535 


Уто 


6.01ћ 


LT./100/0.142 


1/2- 


Tc k x-ray 


0.14049 
0.14261 


99Tc 


98.906255 


2.13 x 10° y 


В- /0.294 


0.293/100 


9/2+ +5.6847 -0.129 


100Тс 


99.907658 


15.88 


В- /3.202 
ЕС /1.8(10)?/ 


22/ 
2.9/ 


1+ 


0.5396 
0.5908 


3.3 


(0.3 79-2.30) 


тс 


100.90732 


14.2 т 


В- 71.61 


1.32/ 


9/2+ 


0.1272 
0.1841 


0.3068 


0.5451 
(0.073-0.969) 


10201 Тс 


4.4. т 


LT./2/4.8 


1.8/ 


0.4184 


B- /98/ 


0.4752 
0.6281 


0.6302 


1.0464 
1.1033 


1.6163 


1021с 


101.90922 


5.35 


В- /4.53 


34/ 


1+ 


2.2447 
0.4686 


11-90 Table of the Isotopes 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
42 0.4751 
2.2/ 1.1055 
1с 102.90918 54. 5 p- /2.66 2.0/ 5/24 0.1361 
2.2/ 0.1743 
0.2104 
0.3464 
0.5629 
(0.13—1.0) 
Te 0.005 ms 
ae Ko 103.91145 18.2m B- /5.60 5.3/ (3+) 0.3483 
0.3580 
0.5305 
0.5351 
0.8844 
0.8931 
1.6768 
(0.3-3.7) 
оте 104.9117 76т В- /3.6 3.4/ 5/2+ 0.1079 
0.1432 
0.3215 
STC 105.91436 36. 5 В- /6.55 2+ 0.2703 
0.5222 
1.9694 
2.2393 
2.7893 
"Te 106.9151 2125 В- /4.8 0.1027 
0.1063 
0.1770 
0.4587 
тс 107.9185 5.18 B- /7.72 (3) 0.2422 
0.4656 
0.7078 
0.7326 
1.5835 
Te 108.9200 14s p- /6.3 p/0.08 
порс 109.9238 0.83 5 В- /8.8 р/0.04 0.2407 
Те 110.9257 0.305 B- .n/7.0 n/0.85 0.150/92.7 
0.063-1.435 
eTe 111.9292 0.26 s В, п n/2.6 
eTe 112.9316 0.155 В-, n/8. /24 0.0985/100 
0.0658-1.520 
перс 113.936 0.15 5 В-, п 3 
а 114.939 > 0.15 us 
ноте 115.943 > 0.15 us 
HT 116.946 > 0.15 us 
пате 117.951 > 0.15 us 
„Ru 101.07(2) 
Ru 86.949 > 1.5 us 
Ru 87.9403 12s 0* 
Ви 88.9361 145 B+ .p/8. 
Ru 89.9299 12.s В+ /5.9 0* ann.rad./ 
0.155-1.551 
Ru 90.9263 7.98 +, ЕС/7.4 9/2+ ann.rad./ 
(0.205-1.998) 
шиг 91.9201 37m В+ /53/4.5 04 ann.rad./ 
ЕС/47/ 0.1346 
0.2138 


0.2593 


Table of the Isotopes 11-91 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
"Зац 10.8 $ ІТ./21/ 1/2- ann.rad./ 
3+, EC/79/ 5.3/ 0.7344 
1.1112 
1.3962 
2.0931 
Ru 92.9171 10 т В+ /6.3 9/2+ ann.rad./ 
EC/ 0.6807 
1.4349 
(0.5—4.2)weak 
?Ru 93.91136 52.m EC/100/1.59 0+ 0.3672 
0.5247 
0.8922 
Ru 94.91041 1.64 ћ ЕС/85/2.57 1.20/ 5/2+ 0.86 ann.rad./ 
В+ /15/ 0.91/ 0.3364 
0.6268 
0.036-2.424 
“Ru 5.54(14) 95.90760 > 3.1х 106у В+В+ 0+ 
“Ru 96.90756 2.89 d EC/1.12 5/2+ -0.78 Те k x-ray 
0.2157 
0.3245 
0.4606 
Ru 1.87(3) 97.90529 0+ 
?Ru 12.76(14) 98.905939 5/24 -0.6413 +0.079 
Ви 12.60(7) 99.904220 0+ 
Ru 17.06(2) 100.905582 5/2+ -0.7188 +0.46 
Ru 31.55(14) 101.904349 0+ 
зц 102.906324 39.27 d p- /0.763 0.223 3/24 0.206 +0.62 0.05329 
0.29498 
0.4438 
0.49708 
0.55704 
0.61033 
(0.04—1.6) 
Ru 18.62(27) 103.905433 0+ 
Ru 104.907753 4.44 h В- /1.917 141/22 3/24 -0.3 0.12968 
1.134/13 0.1491 
1.187/49 0.2629 
0.31664 
0.46943 
0.67634 
0.72420 
(0.1-1.8) 
Ru 105.90733 1.020 y B- /0.0394 0.0394/100 0+ 
Ru 106.9099 3.8 m В- /2.9 2.1/ 0.1939 
3.2/ 0.3741 
0.4625 
0.8488 
шиг 107.9102 45m В- /14 1.2/ 0* 0.0923 
0.1651 
0.4339 
0.4975 
0.6189 
Rü 108.9132 34.5 8 В- /4.2 0.1164 
0.3584 
ноћу 109.9141 15.s В- /2.81 0+ 0.1121 
0.3737 
0.4397 
0.7967 
пи 110.9177 155 В- /5.5 
Ru 111.9190 4,55 В- /4.5 0+ 


11-92 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
BARU 0.6 s 
15 Ц 112.9225 0.80 $ В- /7. 0.2632 
0.048-2.418 
™Ru 113.9243 0.57 s В- /6.1 0+ 0.127/24 
(0.053—0.180) 
M5Ru 114.9287 ~ 0.745 B- /8. 
пец 115.931 > 0.15 us 04 
Ru 116.936 > 0.15 us 
пвц 117.938 > 0.15 us 0+ 
19 ц 118.943 > 0.15 us 
оц 119.945 > 0.15 us 0+ 
„Rh 102.90550(2) 
Rh 88.9488 > 0.15 us 
"ВА ~ 12. ms 
шиг 89.9429 1.08 
9ImRh 15s IT 0.387 
“Rh 90.9366 15s (0.438-0.973) 
ээр 0.58 0.866 
шиг 91.9320 475 В+ /11.1 (0.163-0.991) 
эһ 92.9257 12.s B+ /8.1 (0.138-1.493) 
жт 25.85 3+ / 8+ ann.rad./ 
0.1264 
0.3117 
0.7562 
1.0752 
1.4307 
“Rh 93.9217 1.18 m В+ /9.6 6.4/ 3+ ann.rad./ 
0.1461 
0.3117 
0.7562 
1.4307 
шиг 196 т LT./88/ Yat ann.rad./ 
B+, EC/12/ 0.5433(IT) 
0.7837 
Rh 94.9159 5.0 m В+ /5.1 3.2 9/2+ ann.rad./ 
0.2293 
0.4103 
0.6610 
0.9416 
1.3520 
(0.2-3.8) 
жа 151 т LT./60/0.052 2+ ann.rad./ 
B+, EC/40/ 4.70/ Tc,Ru x-rays 
0.8326 
1.0985 
1.6921 
(0.4—3.3) 
шиг 95.91446 9.6 т В+/6.45 3.3/ 5+ ann.rad./ 
EC/ 0.4299 
0.6315 
0.6853 
0.7418 
0.8326 
(0.2-3.4) 
Ма! 46. ш ІТ./5 / 2.6/ 1/2- ann.rad./ 
B+, EC/95/ 0.1886 
0.4215 


2.2452 


Table of the Isotopes 


Elem. 
or Isot. 


Atomic Mass or 
Weight 


Natural 
Abundance 
(Atom 90) 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 


Energy 
(/MeV) 


Particle Energy/ 
Intensity 


(MeV/%) 


Nuclear Elect. 
Magnetic Quadr. 
Mom. (nm) Mom. (b) 


Spin 
(h/2 п) 


11-93 


y-Energy / 
Intensity 
(MeV/%) 


Rh 


96.91134 


31.0 m 


В+ /3.52 


2.1/ 


9/2+ 


ann.rad./ 


0.1886 
0.3892 


0.4515 


0.8398 
0.8788 


(0.2-3.5) 


98mph 


35 т 


+ / 


54 


ann.rad./ 
0.6154 


0.6524 


шил 


97.91071 


8.7 ш 


В+ /90/5.06 


34/ 


2+ 


0.7452 
ann.rad./ 


0.6524 


99mph 


47h 


В+ /8/ 


74! 


9/2+ 5.67 


0.7623 
ann.rad./ 


EC/92/ 


0.2766/ 


0.3408 
0.6178 


1.2612 


IRh 


98.90813 


16.4 


В+/4/2.10 
ЕС/97/ 


0.54/ 
0.68/ 


1/2- 


ann.rad./ 
0.0894/ 


0.3530 


0.5277 
(0.1-2.0) 


100mph 


4.7m 


LT./99/ 


54 


ann.rad./ 


B+ /0.4/ 


0.0748/ 
0.2647(IT) 


10Rh 


99.90812 


20.8 В 


В+ /3.63 


2.62/ 


0.4462 


ЕС/ 


2.07/ 


0.5396 
0.5882 


0.8225 


1.5534 
2.3761 


1011 р | 


4.35 а 


ЕС/92/ 


9/2+ +5.51 


Rh k x-ray 


LT./8/0.1573 


0.1272/ 
0.3069 


0.5451 


р 


100.90616 


33y 


EC/0.54 


1/2- 


Ru k x-ray 
0.1272 


0.1980 


102112 


3.74у 


EC/2.323 


6* 4.04 


0.3252 
0.4751 


IT/0.0419 


0.6313 


> 1.2 x 10%у 


/<0.00025 


0.6975 
0.7668 


1.0466 


102Rh 


101.906843 


207. 4 


0.5 


1.1032 
ann.rad./ 


0.4686 


0.4751 
0.5566 


0.6280 


1.1032 
(0.4—1.6) 


108mph 


56.12 m 


IT 


7/24 4.54 


103Rh 
104mph 


100. 102.905504 


4.36 m 


ІТ./99+ / 


1/2- 
54 


-0.0884 


Rhk x-ray 


B 


1.3/ 


0.0514 


0.0971 
0.5558 


11-94 Table of the Isotopes 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 


Rh 103.906656 42.3 s B-/99+/2.441 1.88/2 1+ 0.3581 


EC/0.4/1.141 2.44/98 0.5558 
1.2370 


(0.35-1.8) 


105mRh 43.5 LT./1.296 1/2- Rh k x-ray 
0.1296 


RH 104.905694 354h В- /0.567 0.247/30 7/24 +445 0.2801 


0.567/70 0.3061 
0.3189 


Jose 2.18 h 8- 0.92/ 6+ 0.2217 


0.4510 
0.5119 


0.6162 


0.7173 
0.7484 


1.0458 


1.5277 
зоо 105.90729 29.95 В- /3.54 2.4/2 1+ +2.58 0.51186/ 


3.0/12 0.61612 


3.54/79 0.62187 
(0.05-3.04) 


шил 106.90675 217 т В- /1.51 1.20/65 7/2+ 0.2776 


1.5/17 0.3028 
0.3925 


108mRh 6.0m B- / 1.57/ 0.4339 


0.4973 
0.6189 


Sh 107.9087 17.s B- /4.5 1+ 0.4046 


0.4339 
0.4973 


0.5811 


0.6146 
0.9014 


0.9471 


10Rh 108.90874 1.34 m B- /2.59 2.25/ 7/24 0.1134 
0.1780 


0.2914 


0.3254 
0.3268 


0.4261 


(0.11.6) 
HomRh 29.5 8-/ 6/ 0.3737 


0.4397 


0.7967 
Rh 109.91114 31s В- /5.4 5.5/ 1+ 0.3737 


0.4400 


0.5463 
0.6877 


0.8381 


0.9045 


Rh 110.91159 11.8 0.275 


ps 
ч 


мэнд 6.88 


Rh 111.9144 3.58 
Rh 112.91553 0.9 5 


1+ 0.3489 
0.1285 


> SN 
ој 


па 19s (0.103-1.923) 


"Rhi 113.9188 18s 
тр 114.9203 0.99 5 


1+ (0.276-0.783) 


1 
Ei | SN 
о пм 


пе} 0.9 5 


0.3405 


хоо | Оо [v | Оо |тоо |» Оо [9 19 
1 
s< | | жы] غه‎ х s e مه‎ 


пећ 115.9241 0.75 


Оо 
о 


1+ 0.340 
0.398-1.665 


Table of the Isotopes 11-95 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
Rh 116.9260 0.44 s В- /7. 0.0346 
0.1317 
шиг 117.9301 ~ 0.30 ms 0.379 
0.575 
0.370-1.037 
ши! 118.932 0.17 s 
шиг 119.936 0.12 5 
ши! 120.939 > 0.15 us 
Rh 121.943 
«РЯ 106.42(1) 
"Ра 90.949 > 1.5 $ 
эра 91.9404 10s 0+ 
эра 92.9359 12s B+, p 9/2+ 0.240/81 
0.382-0.864 
эра 93.9288 9.5 ЕС, В+ /~ 6.6 0+ 0.5582 
(0.0546–0.798) 
"ара 94.92684 13.4 $ ЕС, В+ /10.2 21/2+ 
эра 94.9247 
%ра 95.9182 2.03 т ЕС, В+ /3.5 1.15/ 0+ 0.1248 
0.4995 
97pd 96.9165 3.1m B+, ЕС/4.8 357 5/2+ ann.rad./ 
0.2653 
0.4752 
0.7927 
(0.2-3.4) 
эра 97.91272 177 т В+ 7 0+ ann.rad./ 
EC/ 0.0677 
0.1125 
0.6630 
0.8379 
эрд 98.91177 214m 3+ /49/3.37 2.18/ 5/24 ann.rad./ 
EC/51/ 0.1360 
0.2636 
0.6734 
(0.2-2.85) 
ора 99.90851 3.7 d EC/0.36 0+ 0.03271 
0.0748 
0.0840 
юра 100.90829 84h В+ /5/1.980 0.776/ 5/24 -0.66 ann.rad./ 
EC/95/ 0.0244 
0.2963 
0.5904 
юрда 1.02(1) 101.905609 0+ 
103Pd 102.906087 16.99 d EC/0.543 5/2+ Rh k x-ray 
0.03975 
0.3575 
0.4971 
юра 11.14(8) 103.904036 0+ 
pd 22.33(8) 104.905085 5/24 -0.642 +0.66 
мера 27.33(3) 105.903486 0+ 
золард| 20.9 8 LT./0.2149 11/2- Pd k x-ray 
0.2149(IT) 
"Pd 106.905133 6.5 x 106y В- /0.033 0.03/ 5/24 
ра 26.46(9) 107.903893 0+ 
јетра 4.75 т L.T./0.1889 11/2- Pd x-ray 
0.1889(IT) 
тера 108.905950 135ћ В- /1.116 1.028 5/24 0.0880 


(0.08-1.0) 


11-96 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/Меу) (MeV/%) Мот. (nm) Mom. (b) (MeV/%) 
пора 11.72(9) 109.905153 0+ 
Hispd 55h 1.Т./73/0.172 11/2- 0.0704 
B- /27/ 0.35 0.1722 
0.77 0.3912 
(0.1-1.97) 
пра 110.90767 23.4 т B- /2.19 2.2195 5/2+ 0.0598 
0.2454 
0.5800 
0.6504 
1.3885 
1.4590 
wpd 111.90731 21.04 h p- /0.29 0.28/ 04 0.018 
Haspd 148m B- / 5/2+ 0.0959 
"ipd 112.91015 1.64 m p- /3.34 0.0958 
0.4824 
0.6436 
0.7394 
зара 113.91036 2.48 т В- /1.45 0+ 0.1266 
0.2320 
0.5582 
0.5760 
"ра 50. 5 (9/2-) 0.089 
пра 114.9137 25.5 В- /4.58 (3/2+) 0.1255 
0.2554 
0.3428 
пера 115.9142 12.7 5 В- /2.61 0+ 0.1015 
0.1147 
0.1778 
пара 19. ms (9/2-) 0.203 
пра 116.9178 445 В- /5.7 (3/2+) 0.2473 
0.077–0.403 
пара 117.9190 245 В- /4.1 0+ 0.1254 
0.028—0.596 
мөрд 118.9231 0.98 В- /6.5 0.2566 
0.070—0.326 
юра 119.9247 0.5 5 В- /5.0 0+ 0.1581 
0.053-0.595 
тра 120.9289 > 0.24 us 
юрда 121.9306 > 0.24 us 0+ 
эрд 122.935 > 0.15 us 
гара 123.9369 0+ 
А8 107.8682(2) 
Ag 92.950 
im Ag 0.41 5 В+ p/0.79/1.9 (0.096-1.092) 
B+,p/27. p/1.01/2.2 
“Ag 93.9428 0.60 s B+ (0.659-0.905) 
B+,p/20. 
Ag 94.9355 2.05 В+, р/ (0.089—2.940) 
mAg 445 p* 84 
B+, p /8. 
%Ag 95.9307 7.5 B+ /11.6 2+ ann.rad./ 
EC/ 0.1248 
B+, p /18. 0.4995 
(0.1066—1.416) 
Ag 96.9240 19.5 B+ /7.0 ann.rad./ 
EC/ 0.6862 
1.2941 


(0.352-3.294) 


Table of the Isotopes 11-97 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
%Ag 97.9216 47.6s В+ /8.4 5+ ann.rad./ 
EC/ /36. 0.5711 
B+, p 10.11 0.6786 
0.8631 
(0.153-1.185) 
mAg 11.8 LT./100/ %- Agk x-ray 
0.1636(IT) 
0.3426 
9Ag 98.9176 2.07m В+ /87 5.4 9/2+ ann.rad./ 
EC/13/ 0.2199 
0.2645 
0.8056 
0.8323 
(0.2-3.5) 
отд 23m В+ / 24 ann.rad./ 
EC/ 0.6657 
1.6941 
100A 5 99.9161 2.0 m В+/7.1 4.7/ 5+ ann.rad./ 
EC/ 0.2807 
0.4503 
0.6657 
0.7508 
0.7732 
lolmAg 315 LT./0.23 %- Agk x-ray 
0.0981 
0.176(IT) 
WlAg 100.9128 111 т + /69/4.2 27! 9/2+ 5.7 ann.rad./ 
EC/31/ 0.2610 
2.18/ 0.2747 
2.73/ 0.3269 
3.38/ 0.4392 
0.6673 
1.1739 
(0.2–3.1) 
mA 78т 3+ /38/ 34 2+ +414 ann.rad./ 
EC/13/ 0.5567 
LT./49/ 0.9777 
1.8347 
2.0545 
2.1594 
3.2386 
102Ао 101.91169 13.0 т B+ /78/5.92 2.26/ 5+ 4.6 ann.rad./ 
EC/22/ 0.5564 
0.7193 
0.163-2.242 
103m g 5.78 LT./0.134 1/2- Ag k x-ray 
0.1344 
Ag 102.90897 1.10h B+ /28/2.69 1.7 7/2+ +4.47 ann.rad./ 
EC/72/ 1.3 0.1187 
0.1482 
А 33. m В+ /64/ 2.71/ 2+ +3.7 ann.rad./ 
EC/36/ 0.5558 
I.T./0.07/ 0.7657 
(0.5-3.4) 
Ag 103.90863 69. m B+ /16/4.28 0.99/ 5+ 3.92 ann.rad./ 
EC/84/ 0.5558 
0.9259 
0.9416 
(0.18-2.27) 
105m A о 7.2m 1.1./98/0.0255 712+ +441 Ag x-ray 


11-98 Table of the Isotopes 


Half-life/ 
Resonance 


Elect. 
Quadr. 


Nuclear 
Magnetic 


Atomic Mass or 
Weight 


Natural 
Abundance 


Elem. 
or Isot. 


Decay Mode/ 
Energy 


Particle Energy/ Spin 
Intensity (h/2 п) 


у-Епегоу / 
Intensity 


(Atom 90) 


Width (MeV) 


(/MeV) 


(MeV/%) 


Mom. (nm) Mom. (b) 


(MeV/%) 


ЕС/2 / 


0.3063 


0.3192 
(0.1—1.0) 


Ag 


104.90653 


4134 


ЕС/1.35 


1/2- 


0.1014 


0.0640 


0.2804 
0.3445 


0.4434 


106m A g 


84d 


EC/ 


64 


3.71 +11 


Pd k x-ray 
0.4510 


0.5118 


0.7173 
1.0458 


106Ав 


105.90667 


24.0 m 


В+ /59/2.965 


11.96 


1+ 


+2.85 


ann.rad./ 


1074 Д g 


44.28 


ЕС/41 / 
ІТ./0.093 


712+ 


+4.40 1.0 


0.5119 
Ag x-ray 


0.0931 


17Ав 
108m A g 


51.839(8) 


106.905097 


418. y 


EC/92/ 


1/2- 
6+ 


-0.11357 
3.580 +13 


Ag К x-ray 


ІТ./8 /0.079 


Pd k x-ray 


0.43392 
0.61427 


0.72290 


108 Ag 


107.905956 


2.39 m 


В- /97/1.65 
EC/2/ 


1,02/1.7 
1.65/96 


1+ 


“2.6884 


ann.rad./ 
0.43392 


B- /1/1.92 


0.88/0.3 


0.61885 


108m A g 


39.8s 


LT./0.088 


712- 


+440 +1.0 


0.63298 
Ag К x-ray 


0.0880 


19 Ag 
Под 


48.161(8) 


108.904752 


249.84 


В- /99/ 


0.087 


1/2- 
6+ 


-0.13069 
+3.60 +14 


0.65774 


LT./1 /0.1164 


0.530 


0.76393 


0.88467 
0.93748 


1.38427 


Ag 


109.906107 


24.6 s 


B- /2.892 


2.22/5 


1+ 


+2.7271 0.2 


(0.447-1.56) 
0.65774 


2.89/95 


0.8154 


итде 


1.08m 


11/99/0.0598 


712- 


1.1257 
Agk x-ray 


8-/1/ 


0.0598 


Да 


110.905294 


7.47 а 


В- /1.037 


1.035/ 


-0.146 


0.2454. 
0.2454. 


0.3421 


М2Ар 


111.90701 


3.13h 


В- /3.96 


3.94/ 
34 


0.0547 


0.6067 
0.6174 


1.3877 


HimAg 


1.14 m 


LT./80 /0.043 


712- 


(0.4—2.9) 
0.1422 


В- /20 / 


1.5 


0.2983 


0.3161 
0.3923 


МЗАр 


112.90657 


В- /2.02 


2.01/ 


1/2- 


0.159 


0.2588 


Ао 


113.90880 


В- /5.08 


4.9/ 


1+ 


0.2986 
0.5582 


0.5760 


ыд 


18.7 5 


В- / 


712+ 


1.9946 
0.1134 


0.1315 


0.2288 
0.3887 


Table of the Isotopes 11-99 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
Ар 114.90876 20. ш В- /3.10 1/2- 0.1316 
0.2128 
0.2291 
0.4727 
(0.13-2.49) 
Hem A g 20.5 В-1Т/7 IT/0.0479 
HemAg 9.8s p-/92 / 3.2/ 5+ 0.5134 
2.9 0.7055 
LT./8 IT/.0809 0.255-2.838 
п6Ар 115.91136 2.68 т В- /6.16 5.3 2- 0.5134 
0.6993 
2.4779 
nm Ag 5.3 $ p- / 3.2/ 712+ 0.1354 
0.2981 
0.3868 
0.1571 
Ag 116.91168 122m B- /4.18 23 1/2- 0.1354 
0.3377 
азд с 2.8 5 В- /59/ 0.1277 
LT./41 /0.1277 0.4878 
0.6771 
0.7709 
(0.190-2.778) 
МӨАӨ 117.9146 4.0 8 В- /7.1 0.4878 
0.6771 
3.2259 
Ag 118.9157 218 В- /5.35 712+ 0.0674 
0.3662 
0.3991 
0.6264 
20m A g 0.40 s В- /63. 0.2030 
ІТ./37. 0.5059 
0.6978 
0.8300 
(0.115-1.644) 
ода 119.9188 1.235 В- /8.2 0.5059 
В-,п п//<0.0030% 0.6978 
0.8171 
(0.442-3.044) 
Ар 120.9199 0.78 5 В- /6.4 0.1150 
0.3148 
0.3537 
0.3696 
0.5007 
1.5105 
(0.11-2.5) 
122m A g 1.5 p- / 
Ag 121.9235 0.44 s p- /9.2 
Ag 122.9249 0.315 В- /7.4 
Ар 123.9286 0.22 5 В- /10.1 
эде 124.9304 0.175 p- 
1% Ag 125.9345 0.115 p- 
27 ۸ 126.9368 0.115 p- 
28 127.9412 58 ms p- 
129m Ag 0.16 $ 
Ав 128.9437 ~ 46. ms В-, n 
ода 129.9505 ~ 35 ms 
Cd 112.411(8) 


48 


11-100 Table of the Isotopes 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Мот. (nm) Mom. (b) (MeV/%) 
Cd 94.950 
»са 95.9398 0+ 
"Cd 96.9349 3.5 B+, (p) 
"Са 97.9274 9.25 В+ /5.4 0+ 
(р) 10.025 
Са 98.9250 16. $ B+, EC/6.9 ann.rad./ 
са 99.9203 1.1 т B+, EC/3.9 0+ ann.rad./ 
(0.090—1.043) 
Cd 100.9187 12m В+ /83/5.5 4.5 5/24 In k x-ray 
EC/17/ 0.0985 
1.7225 
0.31-2.84) 
мяса 101.91446 5.8 т В+ /27/2.59 0+ ann.rad./ 
EC/73 0.0974 
0.4810 
1.0366 
1.3598 
мса 102.91342 75m 3+ /33/4.14 5/24 -0.81 -0.8 ann.rad./ 
EC/67/ Ag k x-ray 
1.0799 
1.4487 
1.4618 
(0.1-2.8) 
Cd 103.90985 58.m EC/1.14 0+ Ар К x-ray 
0.0835 
0.7093 
Cd 104.90947 55.5 т 3+ /26/2.739 1.69/ 5/2+ -0.7393 +0.43 Ag К x-ray 
EC/74/ 0.3469 
0.6072 
0.9618 
1.3025 
(0.25-2.4) 
са 1.25(6) 105.90646 >5.8 х107у ЕС, EC 0+ 
wed 106.90662 6.52 h EC/99+/1.417 5/2+ -0.615055 +0.68 Ag k x-ray 
B+/ 0.0931 
0.8289 
са 0.89(3) 107.90418 >41х107у ЕСЕС 0+ 
Са 108.904982 462.0 d ЕС/0.214 5/2+ -0.827846 | 40.69 Ag k x-ray 
0.08804 
"ed 12.49(18) 109.903002 0+ 
аса 48.5 m ІЛЕ/ 11/2- Cd k x-ray 
0.1508(IT) 
0.2454 
med 12.80(12) 110.904178 1/24 -0.594886 
Cd 24.13(21) 111.902758 0+ 
maca 14.1 y В- /99.9/0.59 0.59/99.9 11/2- -1.087 -0.71 0.2637 
са 12.22(12) 112.904402 8.2 x 10%у p- 1/24 -0.622301 
мса 28.73(42) 113.903359 »6.0х 107у ф-р- 0+ 
мэн 44.6 4 p- /1.629 0.68/1.6 11/2- -1.042 -0.54 0.48450 
1.62/97 0.93381 
1.29064 
Са 114.905431 2.228 d В- /1.446 0.593/42 1/2+ -0.648426 0.23141 
1.11/58 0.26085 
0.33624 
0.49227 
0.52780 
са 7.49(18) 115.904756 3.8 x 10? y pe 0+ 
mcd 34h p- /2.66 0.72/ 11/2- 0.1586 
0.5529 


0.37-2.42 


Table of the Isotopes 11-101 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
Са 116.907219 2.49 h В- /2.52 0.67/51 1/2+ 0.2209 
2.2/10 0.2733 
0.3445 
1.3033 
ned 117.90692 50.3 т p- /0.52 0+ 
"Са 220m 8- 11/2- 0.1056 
0.7208 
1.0250 
2.0213 
са 118.9099 2.69 т В- /3.8 ~ 3.5/ 1/2+ 0.1340 
0.2929 
0.3429 
"са 119.90985 50.8 5 В- /1.76 1.5/ 0+ 
юса 8.5 8-/ 11/2- 0.1008 
0.9878 
1.0209 
1.1815 
2.0594. 
"Cd 120.9130 13.55 В- /4.9 (3/24) 0.2102 
0.3242 
0.3492 
1.0403 
Са 121.91333 53s p- /3.0 0+ 
Lcd 19s В- / 
оса 122.91700 2.09 5 B- /6.12 34 
Яса 123.9177 1.245 В- /4.17 0+ 0.0365 
0.0628 
0.1799 
se Cd 0.66 s В- / 
Cd 124.9213 0.68 s ۸-6 3/2+ 
56а 125.9224 0.52 5 В- /5.49 0+ 0.2601 
med 126.9264 0.45 p- /8.5 3/24 
Cd 127.9278 0.28 s B- /7.1 0+ 0.247 
"Cd 128.9322 0.24 s В- /5.9 0.281 
med 129.9339 0.162 8 В- / 0+ 
В-, п /- 3.5 
Са 130.9407 68 ms 
med 131.9456 0.10 5 В-, n/ /60 0+ 
са 0.06 5 
тий 114.818(3) 
"In 96.950 
ba be ~ 0.03 s 
In 97.9421 l.s 
”In 98.9342 ~ 3.85 B+ /8.9 
Win 99.9311 5.95 B+, (p)/10.5 (0.297-1.365) 
win 100.9263 15.s В+ /7.3 
ши!!! 101.9241 23.8 ЕС/8.9 (5) 0.1566 
0.7767 
(0.397–0.923) 
а, 34.8 
ши 102.91991 11т +, ЕС/6.05 4.2 9/24 ann.rad./ 
EC 145 0.1879 
(0.157—3.98) 
10 16.8 IT/0.0935 
ший 103.9183 1.84 m B+, ЕС/7.9 4,8 5+ +4.44 +0.7 ann.rad./ 
0.6580 
0.8341 


0.8781 


11-102 


Elem. 
or Isot. 


Natural 
Abundance 
(Atom 90) 


Weight 


Atomic Mass or 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy 
(/MeV) 


Particle Energy/ 
Intensity 
(MeV/%) 


Spin 
(h/2 п) 


Мисјеаг 
Magnetic 
Mom. (nm) 


Table of the Isotopes 


Elect. 
Quadr. 
Mom. (b) 


y-Energy / 
Intensity 
(MeV/%) 


105 1| үү 


43.5 


LT. 


In k x-ray 


105|үү 


104.91467 


5.1m 


B+, EC/4.85 


3.7 


+5.675 


0.6740 
+0.83 0.1310 


0.2600 


l06m[n 


53 т 


В+ /85/ 


4.90 


34 


0.6038 
ann.rad./ 


EC/15/ 


0.6326 


0.8611 
1.7164 


106 1 


105.91347 


6.2 т 


В+ /65/6.52 


2.6 


7+ 


+4.92 


+0.97 ann.rad./ 


EC/35/ 


0.2259 
0.6327 


0.8611 


0.9978 
1.0091 


107% үү 


51.5 


LT./0.6786 


In k x-ray 


1071 


106.91030 


32.4 т 


В+ /35/3.43 


2.20/ 


+5.59 


0.6785 
+0.81 ann.rad./ 


E.C/65/ 


Cd k x-ray 


0.2050 
0.3209 


0.5055 


108 үү 


57. m 


В+ /53/ 


1.3 


6+ 


+4.94 


(0.2—2.99) 
+0.47 ann.rad./ 


ЕС/47/ 


Cd k x-ray 


0.6329 
1.9863 


3.4522 


108 1 


107.90970 


40. т 


В+ /33/5.15 
ЕС/67/ 


3.49/ 


3+ 


+4.56 


+1.01 ann.rad./ 
Cd k x-ray 


0.2429 


0.6331 
0.8756 


109m] yh 


13m 


ІТ./0.650 


In k x-ray 


109m 


108.90715 


4.17 h 


B+ /8/2.02 


0.79/ 


+5.54 


0.6498 
+0.84 ann.rad./ 


EC/92/ 


Cd k x-ray 


0.2035 
0.6235 


ll0m]n 


49h 


EC/ 


7+ 


+4.72 


+1.00 Са К х-тау 


0.6577 
0.8847 


0.9375 


по 


109.90717 


115ћ 


В+ /62/3.88 


2.22/ 


2+ 


+4.37 


(0.1—1.98) 
+0.35 ann.rad./ 


EC/38/ 


Cd k x-ray 


0.6577 
(0.6–3.6) 


lllm]n 


7.7 т 


ІТ./0.537 


+5.53 


In k x-ray 


п 


110.905103 


2.8049 а 


ЕС/0.866 


+5.50 


0.537 
+0.80 Cd k x-ray 


0.1712 


12” 


20.8 т 


ІТ./0.155 


4+ 


0.2453 
In k x-ray 


0.1555 


12In 


111.90553 


144m 


B+ /22/2.586 
EC/34/ 


1+ 


+2.82 


+0.09 ann.rad./ 
Cd k x-ray 


В- /0.663 


0.6171 


ll3m]n 


1.658h 


LT./0.3917 


-0.210 


Ink x-ray 
0.3917 


Table of the Isotopes 11-103 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
Би!!! 4.29(5) 112.904058 9/2+ +5.529 +0.80 
mnn 49.51d LT./97/0.190 5+ +4.65 +0.74 In k x-ray 
EC/3 / 0.19027 
an 113.904914 1.198 m В- /97/1.989 1.984/ 1+ +2.82 Са К х-тау 
ЕС/3/1.453 0.5584 
0.5727 
1.2998 
ил!!! 4.486 h LT./95/0.336 %- -0.255 In k x-ray 
В- /5 /0.83 0.3362 
0.4974 
Tem 95.71(5) 114.903878 4.4 x 10“ y p- /0.495 9/24 45.541 +0.81 
З15а21үү 2.16 $ LT./0.162 8- +3.22 +0.31 In k x-ray 
EC /0.023 0.1624 
1165111), 54.1 m В- / 1.0 5+ +443 +0.80 0.13792 
0.41688/27 
1.09723/58.5 
1.29349/85 
Hein 115.905260 14.1 $ В- /3.274 3.3/99 1+ 2.788 0.11 0.46313 
1.2526 
1.29349 
Hag 194h B- /53/1.769 1.77/ %- -0.2517 In k x-ray 
LT./47 / 0.15855 
0.31531 
0.55294 
ни!!! 116.90451 44. m В- /1.455 0.74/ 9/2+ 45.52 +0.83 0.15855 
0.3966 
0.55294 
118m2] h 8.5 $ LT./98/ (8-) +3.32 +0.44 In k x-ray 
В- /2/ 0.1382 
Hamiin 4.40 m В- / 1.3 5+ +4.23 +0.80 0.2086 
2.0 0.6833 
1.2295 
Hsin 117.90635 5.0 $ В- /&42 4.2/ 1+ 0.5282 
1.1734 
1.2295 
2.0432 
Мәз 179 m В- /97/ 2.7/ %- -0.32 0.3114 
LT./3/0.311 0.7631 
Win 118.90585 23m p- /2.36 1.6/ 9/24 +5.52 +0.85 0.0239 
0.6495 
0.7631 
1.2149 
asm, 47 $ В- /6.1 8- +3.692 +0.53 1.171 
1.023 
уау, 46. 5 В- /5.8 2.21 5+ +4.30 +0.81 1.171 
1.023 
Pon 119.90796 3.1s В- /5.37 5.6/ (1+) 0.4146 
3.1/ 0.5924 
0.8637 
1.0232 
14714 
(0.4-2.7) 
шаш!!! 3.8 т В- /99/ 3.7/ 1/2- -0.36 0.0601 
LT./1/0.313 0.3136 
0.9256 
1.0412 
1.1022 
1.1204 
Pn 120.90785 23.s p- /3.36 2.5 9/24 +5.50 +0.81 0.2620 


0.6573 


11-104 Table of the Isotopes 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 


0.9256 


amy 10.5 p-/ ДАІ 8- +3.78 +0.59 1.0014 
1.1403 


Un 121.91028 15s В- /6.37 5.3/ (14) 0.2391 


1.0014 
1.1403 


1.164 


1.1903 
БЕТТІҢ 27.5 8-/ 4.6/ (1/2: -040 0.1258 


1.170 


3.234 
P3In 122.91044 6.05 В- /4.39 3.3/ (9/2+) +5.49 +0.76 0.6188 


1.0197 


1.1305 
ЕЛЕР 345 В 8- +3.89 +0.66 0.1029 


0.9699 


1.0729 
1.1316 


Ап 123.91318 3.18 $ В- /7.36 5/ 3+ +4.04 +0.61 0.7070 


0.9978 
1.1316 


3.2142 


(0.3—4.6) 
Bsnn 12.2 $ 


zi 5.5/ 1/2- -0.43 0.1876 
/ 


12511 124.91360 2.335 5.42 4.1/ 9/24 +5.50 +0.71 0.4260 


1.0318 
1.3350 


“о 1.535 4.9/ 34 +4.03 +0.49 0.9086 


0.9696 
1.1411 


In 125.91646 1.63 s B- /8.21 4.2/ 8- 14.06 0.1118 


0.9086 
1.1411 


Un 3735 2 ل0‎ (1/2-) 02523 


3.074 
Un 126.91735 1.145 В- /6.51 4.9/ (9/2+) +5.52 +0.59 0.4680 


0.6461 


0.8051 
1.5977 


Ізет 0.7 8 p- / 5.4/ (8-) 1.8670 


1.9739 
(0.1205-2.12) 


ши!!! 127.92017 0.80 $ В- /8.98 5.0/ 3+ 0.9352 


1.1688 
3.5198 


4.2970 


ап 1.23 5 В- /98/ ~ 7.5/ 1/2- 0.3153 
n/2/ 0.9067 


1.2220 


In 128.9217 0.63 s B- /7.66 5.5/ 9/2+ 0.2853 
0.7693 


1.8650 


2.1180 
130m2In 0.53 s В- / 8.8/ 5+ 0.0892 


0.7744 


1.2212 
130mlIn 0.51 $ В- / 6.1/ 10- 0.0892 


0.1298 


0.7744 
1.2212 


Table of the Isotopes 11-105 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
1.9052 
10] 129.92497 0.29 $ В- /10.25 10.0/ Їл 
Dim? 0.3s В- / (21/24) 
Вт 0.35 $ p- / (1/2-) 
Bi 130.92685 0285s p- /9.18 6.4/ (9/2+) 0.3328 
2.433 
In 131.9330 ~ 0.206 s В- /13.6 6.0/ (7-) 0.1320 
8.8/ 0.2992 
0.3747 
4.0406 
Wm 132.9378 0.165s В-, (п) 
ши!!! 133.9442 0.145 (0.354—2.005) 
In 134.9493 0.09 s 
„Sn 118.710(7) 
Sn 98.949 
1905. 99.939 10s В+ /7.3 34/ 0+ 
1015р 100.9361 3.8 В+ /9. 
1250 101.9303 3.8 5 В+ /5.8 0+ 
1551 102.9281 7.8 В+ /7.7 1.3558 
B+,p 32م‎ (0.351-2.813) 
ЕС 120. 
бп 103.9231 21.5 В+, ЕС/4.5 0+ 
55 п 104.9214 28.s В+ /6.3 In-x-ray 
(0.2879-3.819) 
166 105.91688 20m B+ /20/3.18 04 ann.rad./ 
EC/80/ In k x-ray 
0.3865 
0.4772 
107бүү 106.9156 2.92 т ЕС/5.0 1.2/ 0.4218 
B+ / 0.6105 
0.6785 
1.0013 
1.1290 
1.542 
1085р 107.91193 10.3 т В+ /1/2.09 0.36/ 0+ In k x-ray 
EC/99/ 0.2724 
0.3965 
(0.105-1.68) 
Mon 108.91128 180m 3+ /9/3.85 1.52/ 7/24 -1.08 10.3 ann.rad./ 
EC/91/ In k x-ray 
0.6498 
1.0992 
nsn 109.90784 417h EC/0.64 04 In k x-ray 
0.283 
1185р 110.90773 35. т В+ /31/2.45 1.5/ 712+ +0.61 +0.2 In k x-ray 
EC/69/ 0.7620 
1.1530 
1.9147 
125 0.97(1) 111.904818 0+ 
vesn 214m 17./92/0.077 7/2+ Sn К x-ray 
EC/8/ In x-ray 
0.0774 
135 п 112.905171 1514 ЕС/1.036 Ъ+ -0.879 In k x-ray 
0.25511 
0.39169 
"$n 0.66(1) 113.902779 0+ 
1555 0.34(1) 114.903342 Yat -0.9188 
16б 14.54(9) 115.901741 0+ 


11-106 Table of the Isotopes 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
П 14.0 d І.Т./0.3146 11/2- -1.396 -0.4 Sn К x-ray 
0.15856 
"$n 7.68(7) 116.902952 Yo -1.0010 
185 п 24.22(9) 117.901603 0+ 
Пт 293. а І.Т./0.0896 11/2- -14 0.21 Sn k x-ray 
0.02387 
Sn 8.59(4) 118.903308 Ve -1.0473 
PSn 32.58(9) 119.902195 0+ 
21р 44. у LT./78/0.006 11/2- -1.388 -0.14 Sn k x-ray 
p- /22/ 0.354/ 0.03715 
1215р 120.904236 1.1284 В- /0.388 0.383/100 3/2+ 0.698 -0.02 
Pon 4.63(3) 121.903439 0+ 
3р 401 т В- /1.428 1.26/99 3/2+ 0.1603 
0.3814 
36, 122.905721 129.24 В- /1.404 1.42/99.4 11/2- -1.370 +0.03 0.1603 
1.0302 
1.0886 
25р 5.79(5) 123.905274 >22х10%у рр 0+ 
5% 9.51 т В- /2.387 2.03/98 3/2+ +0.764 +0.8 0.3321 
1.4040 
$n 124.907784. 9.63 d B- /2.364 2.35/82 11/2- -1.35 +0.1 1.0671 
(0.2—2.3) 
26Sn 125.90765 2.34 x 10°y В- /0.38 0.25/100 0+ 0.0643 
0.0876 
0.4148 
0.6663 
0.6950 
sen 4.15 m В- /3.21 2.721 3/2+ +0.757 +0.60 0.4909 
1.3480 
1.5640 
"Sn 126.91036 2.12 h B- /3.20 2.42/ 11/2- -1.33 +0.3 0.8231 
3.2/ 1.0956 
(0.120—2.84) 
8 6.5 5 IT/0.091 (7-) 
2865р 127.91054 59.1 m В- /1.27 0.48/ 0+ 0.4823 
0.63/ 0.5573 
0.6805 
Пэ 6.9 т p- / 11/2- -1.30 -0.2 1161 
бр 128.91348 2Ат p- /4.0 3/24 40.754 +0.05 0.6456 
1096, 17 т 8-١ (7-) -0.381 -0.4 0.1449 
0.8992 
msn 129.91397 37m В- /2.15 1.10/ 0+ 0.0700 
0.1925 
0.7798 
Bim$n 1.02 m В- / 3.4/ 11/2- -1.28 +0.02 0.3043 
0.4500 
0.7985 
1.2260 
(0.08—3.21) 
бр 130.91700 39.5 p- /4.69 3.8/ 3/24 10.747 -0.04 see ?!"Sn 
msn 131.91782 40.s В- /3.12 1.8/ 0+ 0.0855 
0.2467 
0.3402 
0.8985 
$n 132.92383 1445 В- /7.8 7.5/ 7/2- 
Sn 133.9283 1.045 В- /6.8 0+ (0.053-2.417) 
$n 134.9347 0.53 s B- (0.053-0.830) 
В-,п 121. 0.733-1.855 
1365 135.9393 0.255 В-, п 130. 0+ 
бп 136.946 0.195 B- п /~ 58 


Table of the Isotopes 11-107 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
EM 015 5 0+ 
„Sb 121.760(1) 
103Sb 102.9397 > 1.5 us 
195} 103.9365 0.5 5 
"ssp 104.9315 115 Вер р//<0.1 
1%5р 105.9288 0.68 3+ /10.5 
1755 106.9242 4.0 8 3+ /7.9 1.280 
0.1515 
0.6666 
0.553-2.046 
108Sb 107.9222 7.05 В+ /9.5 (0.151-1.280) 
1955 108.91813 17.3 5 B+ /6.38 4.42/ 5/2+ 0.925 
ЕС/ 4.67/ 1.062 
4.33/ 0.261–2.127 
SG 109.9168 24. s B+ /9.0 6.8/ 3+ ann.rad./ 
EC/ 0.6365 
0.9847 
1.2117 
1.2433 
"Sb 110.91316 125m 3+ /87/4.47 3.3/ 5/24 ann.rad./ 
EC/13 / 0.1002 
0.1545 
0.4891 
1.0326 
поь 111.91240 5145 B+ /90/7.06 4.75/ 3+ ann.rad./ 
EC/10/ 0.6700 
0.9909 
1.2571 
Usb 112.90937 67m В+ /65/3.91 2.42/ 5/2+ ann.rad./ 
(0.3-3.6) 
EC/35/ Sn k x-ray 
0.3324 
0.4980 
паь 113.90927 3.49 т В+ /78/5.9 3.4/ 3+ 1.7 ann.rad./ 
EC/22/ Sn К x-ray 
0.8876 
1.2999 
Sb: 114.90660 32.1m B+ /67/3.03 1.51/ 5/2+ +3.46 -0.4 ann.rad./ 
EC/33/ Sn k x-ray 
0.4973 
Hensp 1.00 h 3+ /78/ 1.16/ 8- 2.6 ann.rad./ 
EC/22/ Sn k x-ray 
0.4073 
0.54.29 
0.9725 
1.2935 
(0.0998-1.501) 
Sb 115.90679 16.m B+ /50/4.707 1.3/ 3+ 2.72 ann.rad./ 
EC/50/ 2.3/ Sn k x-ray 
0.93180 
1.29354 
(0.138—3.903) 
"sb 116.90484 2.80h В+ /2/1.76 0.57/ 5/2+ +3.4 Sn К x-ray 
EC/98/ 0.1586 
пар 5.00 В ЕС/99/ 8- 2.3 Sn К x-ray 
0.25368 
1.05069 


1.22964 


11-108 


Atomic Mass or 
Weight 


Natural 
Abundance 
(Atom 90) 


Elem. 
or Isot. 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy 
(/MeV) 


Particle Energy/ 
Intensity 
(MeV/%) 


Table of the Isotopes 


Nuclear Elect. 
Magnetic Quadr. 
Mom. (nm) Mom. (b) 


Spin 
(h/2 п) 


y-Energy / 
Intensity 
(MeV/%) 


usb 117.905529 


36 т 


В+ /74/3.657 


2.65/ 


1+ 2.5 ann.rad./ 


EC/26/ 


Sn k x-ray 
1.22964 


п} 118.90394 


38.1 h 


ЕС/0.59 


+3.45 -0.4 Sn К x-ray 


120mgb 


5.76 d 


EC/ 


0.0239 


8- 2.34 Sn k x-ray 


0.0898 


0.19730 
1.02301 


1.17121 


12055 119.90507 


15.89 т 


В+ /41/2.68 
ЕС/59/ 


1.72/ 


1+ +2.3 ann.rad./ 


Sn k x-ray 


0.7038 


21Sb 57.21(5) 120.903816 


1.17121 
+3.363 


122mgb 


4.19 m 


ІТ./0.162 


8- Sb x-ray 


0.0614 
0.0761 


Sb 121.905174 


2.72 4 


В- /98/1.979 


1.414/65 


2- -1.90 +0.9 0.56409 


В+ /2/1.620 


1.980/26 


0.69277 
1.14050 


1.2569 


1235, 
124m2$h 


42.79(5) 122.904214 


20.3 m 


ІТ./0.035 


7124 +2.550 


124m1 Sb 


1.6m 


LT./80/ 


1.2/ 


5+ 0.4984 


В- /20/ 


17/ 


0.6027 
0.6458 


1.1010 


Sb 123.905936 


60.20 d 


В- /2.905 


0.61/52 
2.301/23 


11.9 0.60271/97.8 


0.64583/7.4 


0.72277/10.5 


1.69094/48.2 
(0.0274-2.808) 


155Ь 124.905254 


2.758 у 


В- /0.767 


0.13/30 


7/2+ +2.63 0.0355 


0.302/45 
0.62/13 


0.17632 
0.38044 


0.42786 


0.46336 
0.60060 


0.63595 


12625, 


11.8 


ТЯ 


3- L x-ray 
0.0227 


126m1Sb 


19.0 m 


В- /86 / 


1.9 


5+ 0.4148 


LT./14 / 


0.6663 
0.6950 


Жыр 125.90725 


12.4 а 


В- /3.67 


1.9 


0.2786 


0.4148/83.3 
0.6663/99.7 


0.6950/99 


Usb 126.90692 


3.84d 


B- 1.581 


0.89/ 


0.7205 


7/24 2.70 0.2524 


1.10/ 


0.2908 


1.50/ 


0.4121 
0.4370 


0.6857 


128mSb 


10.1m 


B- /96/ 


2.6/ 


0.7837 
5+ 0.3140 


LT./4/ 


0.5941 


0.7432 
0.7539 


Table of the Isotopes 11-109 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
Sb 127.90917 9.1 В В- /4.38 2.3/ 8- 1.3 0.2148 
0.3141 
0.5265 
0.7433 
0.7540 
зр 17.7 т B- / 0.4338 
0.6578 
0.7598 
Usb 128.90915 4.40 h p- /2.38 0.65/ 7/2- 2.82 0.0278 
0.1808 
0.3594 
0.4596 
0.5447 
0.8128 
0.9146 
1.0301 
бр; 65m 8-6 2.12/ 0.1023 
0.7934 
0.8394 
12 129.91166 38.4 тп p- /4.96 2.9/ 8- 0.1823 
0.3309 
0.4680 
0.7394 
0.8394 
Ыр 130.91198 23.0m p- /3.20 1.31/ 712+ 0.6423 
3.0/ 0.6579 
0.9331 
0.9434. 
эб; 2.8 m В- / 3.9/ 4+ 0.1034 
0.3538 
0.6968 
0.9739 
0.9896 
Sb. 131.91447 4.2 m B- /5.49 8- 0.1034 
0.1506 
0.6968 
0.9739 
1335]; 132.91525 25m p- /4.00 1.20/ 712+ 3.00 0.4235 
0.6318 
0.8165 
1.0764 
кб 10.45 8- 61 7- 
Sb 133.92038 0.8s В- /8.4 84 0- 0.1152 
0.2970 
0.7063 
1.2791 
155} 134.9252 1.715 В- /8.12 712+ 1.127 
1.279 
Sb 135.9304 0.82 s В- /9.3 
2755 136.9353 > 0.15 us 
1855 137.9408 > 0.15 us 
"Sb 138.9460 » 0.15 us 
„Те 127.60(3) 
Te 104.9436 
1%Те 105.9375 0.07 ms а/4.3 /100 0+ 
107Те 106.9350 3.1 ms о! 70/ 3.86(1)/ (0.090-0.721) 
B+, EC/10.1 
108Те 107.9294. 215 а /68 / 3.314(4)/ 0+ 


11-110 Table of the Isotopes 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
B+, EC/32 /6.8 
Те 108.9274 4.65 3+ ЕС/96 /8.7 0.7523 
a/4 / 3.107(4)/ 0.287-2.045 
пете 109.9224 19.8 +, ЕС/4.5 0+ ann.rad./ 
0.2191 
0.6059 
11Te 110.9211 19.3 $ B+, EC/8.0 (7/2+) ann.rad./ 
0.267 
0.322 
0.341 
12Te 111.9170 20m +, EC/4.3 04 ann.rad./ 
0.2962 
0.3727 
0.4187 
изТе 112.9159 178 + /85/5.7 4.5/ (7/24) ann.rad./ 
EC/15/ Sb k x-ray 
0.8144 
1.0181 
1.1812 
14Te 113.91209 15.m В+ /40/3.2 04 ann.rad./ 
EC/60/ Sb k x-ray 
0.0838 
0.0903 
ит Те 6.7 т В+ /45/ (1/2+) ann.rad./ 
EC/55/ Sb k x-ray 
0.7236 
0.7704 
1156 114.91190 5.8 т В+ /45/4.6 27! 712+ ann.rad./ 
EC/55/ Sb k x-ray 
0.7236 
1.3268 
1.3806 
(0.22-2.7) 
пете 115.90846 249h EC/1.5 0+ Sb k x-ray 
0.0937 
17Те 116.90865 1.03 h ЕС/75/3.54 1.78/ ул ann.rad./ 
В+ /25/ Sb k x-ray 
0.9197 
1.7164 
2.3000 
Mee 117.90583 6.00 d EC/0.28 0+ Sb k x-ray 
эе 4.69 d ЕС/ 11/2- 0.89 Sb k x-ray 
0.15360 
0.2705 
1.21271 
19Те 118.90640 16.0 h В+ /2/2.293 0.627/ + 0.25 ann.rad. 
EC/98/ Sb k x-ray 
0.6440 
0.6998 
Те 0.09(1) 119.90402 0+ 
121mTe ~ 154. 4 LT. (89%) 11/2- 0.90 Те К х-гау 
ЕС (11%) 0.2122 
12116 120.90494 16.8d EC/1.04 Yat Sb k x-ray 
0.5076 
0.5731 
12Te 2.55(12) 121.903044 0+ 
1230 16 119.74 LT./0.247 11/2- -0.93 Te k x-ray 
0.1590/84.1 
V? Te 0.89(3) 122.904270 »92х109у 5717 Yat -0.73695 


ший: 4.74(14) 123.902818 0+ 


Table of the Isotopes 11-111 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
тте 58.4 LT./0.145 11/2- -0.99 -0.06 Те К x-ray 
0.0355 
15те 7.07(15) 124.904431 Yat -0.8885 
Te 18.84(25) 125.903312 0+ 
127016, 109.4 LT./98/0.088 11/2- -1.04 Те k x-ray 
В- /2/0.77 0.0883 
127Те 126.905226 94h B- /0.698 0.696/ 3/24 0.64 0.3603 
Ps Те 31.74(8) 127.904463 2.2 x 10" y В-В- 0+ 
129816 33.64 LT./63/0.105 11/2- -1.09 Те k x-ray 
В- /37/ 1.60/ 0.45984 
0.6959 
12 Те 128.906598 116h B- /1.498 0.99/9 3/24 0.70 0.06 0.0278 
1.45/89 0.45984 
0.48728 
130Te 34.08(62) 129.906224 8х 10” y B-B- 0+ 
те 1354 B- /78/2.4 0.42/ 11/2- -1.04 0.0811 
LT./22/0.18 0.1021 
0.14973 
0.77369 
0.79375 
0.85225 
31Te 130.908524 25.0m В- /2.233 1.35/12 3/2+ 0.70 0.14973 
1.69/22 0.45327 
2.14/60 0.49269 
132Те 131.90855 3.26 d В- /0.51 0.215 0+ 0.049725 
0.11198 
0.22830 
те 554m В- /82/ 2.4/30 11/2- Te k x-ray 
LT./18/0.334 0.0949 
0.1689 
0.3121 
0.3341 
133Те 132.91096 12.4 т В- /2.94 2.25/25 3/2+ 0.3121 
2.65 0.4079 
1.3334 
“Te 133.91137 42.m В- /1.51 0.6/ 0+ 0.7672/29 
0.7/ 0.0794—0.9255 
135Te 134.9165 19.0s В- /6.0 5.4/ 0.267 
6.0 0.603 
0.870 
136Te 135.92010 17.5 s В- /5.1 2.5/ 0+ 2.0779/25 
0.0873-3.235 
137Те 136.9253 2.5 5 В- /98 /6.9 6.8 7/2- 0.2436 
n/2/ 
138 Те 137.9292 14s В- /6.4 0+ 
Те 138.9347 > 0.15 us 
мете 139.9389 > 0.15 us 0+ 
“Te 140.9447 > 0.15 us 
ee 141.949 > 0.15 us 0+ 
„1 126.90447 (3) 
1081 107.9435 0.04 $ 0/91 /4.. 3.95 
1091 108.9382 0.11 ms р 0.593/100 
0.717/63 
0.496—1.057 
ш! 109.9352 0.655 B+, ЕС/83/11.4 ann.rad./ 
a/17/~ 3.6 3.457(10)/ 
p/11/ 
m 110.9303 25s B+, E.C./8.5 ann.rad./ 


11-112 


Atomic Mass or 
Weight 


Natural 
Abundance 
(Atom 90) 


Elem. 
or Isot. 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy 
(/MeV) 


Particle Energy/ 
Intensity 
(MeV/%) 


Spin 
(h/2 п) 


Table of the Isotopes 


Nuclear Elect. 
Magnetic Quadr. 
Mom. (nm) Mom. (b) 


y-Energy / 
Intensity 
(MeV/%) 


0.2665 


0.3215 
0.3412 


ET 111.9280 


3.4 $ 


В+, EC/10.2 


ann.rad./ 


0.6889 
0.7869 


ү 112.9236 


5.95 


B+, ЕС/7.6 


ann.rad./ 


0.4625/100 
0.6224/74 


0.0550-1.422 


113.9219 اه 


2.18 


B+, ЕС/8.7 


ann.rad./ 
0.6826 


0.7088 


He 114.9181 


13m 


B+, ЕС/6.7 


5/24 


ann.rad./ 
0.275 


0.284 


0.460 
0.709 


ме 115.9168 


295 


B+ /97/7.8 


6.7/ 


1+ 


ann.rad./ 


EC/3/ 


0.5402 
0.6789 


р 116.91365 


2.22 т 


B+, ЕС/4.7 


3.2/ 


(5/24) 


3.1 


ann.rad./ 


0.2744 
0.3259 


Ивтј 


85 т 


B+, ЕС/ 


4.9/ 


42 


ann.rad./ 


LT. 


0.104 
0.5998 


0.6052 


ney 117.91307 


14. т 


B+, EC/7.0 


2.0 


0.6138 
ann.rad./ 


0.5448 


0.6052 
1.3384 


a! 118.91007 


1918 


В+ /54/3.5 


2.4/ 


(5/2+) 


+2.9 


ann.rad./ 


EC/46/ 


Te k x-ray 
0.2575 


1200 


53. т 


B+ /80/ 


3.8 


4.2 


ann.rad. 


EC/20/ 


Te k x-ray 
0.4257 


0.5604 


0.6147 
1.3459 


1201 119.91005 


135h 


В+ /56/5.62 


4.03 


1.23 


ann.rad./ 


EC/ 


4.60 


Te k x-ray 
0.5604 


0.6411 


1.5230 
(0.111-3.1) 


BAT 120.90737 


2.12 В 


В+ /13/2.27 


1.2/ 


5/2+ 


2.3 


ann.rad./ 


EC/87/ 


Te k x-ray 
0.2122 


(0.14-1.1) 


1221 121.90759 


3.6 т 


В+ /4.234 
ЕС/ 


3.1/ 


1+ 


+0.94 


ann.rad./ 
Te k x-ray 


0.5641 


18 122.905589 


13.2 h 


ЕС/1.242 


5/2+ 


2.82 


Те К х-тау 
0.1590 


МАТ 123.906210 


4.18 d 


B+ /23/3.160 


1.54/ 


1.44 


ann.rad./ 


ЕС/77/ 


2.14/ 
0.75/ 


Те К х-тау 
0.6027/62.9 


Table of the Isotopes 


Elem. 
or Isot. 


Natural 


Abundance 


(Atom 90) 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy 
(/MeV) 


Particle Energy/ 
Intensity 
(MeV/%) 


Spin Nuclear Elect. 
(h/2 п) Magnetic Quadr. 
Mom. (nm) Mom. (b) 


11-113 


y-Energy / 
Intensity 
(MeV/%) 


0.7228/10.3 


1.6910/11.2 
(0.31-1.73) 


1251 


124.904630 


594 d 


ЕС/0.1861 


5/2+ 2.82 -0.89 


Те К х-тау 


1261 


125.905624 


13.0d 


EC/ 


0.0355 
ann.rad./ 


B+ /2.155 


1.13/ 


Te k x-ray 


B- /1.258/47 


0.87/ 
1.25/ 


0.3887 
0.6622 


127] 


100. 


126.904473 


5/2+ +2.8133 -0.79 


1281 


127.905809 


25.00 т 


В- /2.118 
EC/1.251 


2.13/ 


Te k x-ray 
0.44287 


0.52658 


129] 


128.904988 


1.7 x 107 y 


B- /0.194 


0.15/ 


7/2+ +2.621 -0.55 


Xe k x-ray 
0.0396 


130m[ 


9.0m 


LT./83/0.048 


Ik x-ray 


1301 


129.906674 


12.36 В 


В- /17/ 
В- /2.949 


1.04/ 


5+ 3.35 


0.5361 
0.4180 


0.62 


0.5361 


0.6685 
0.7395 


131] 


130.906125 


80214 


B- /0.971 


0.606/ 


7/24 +2742 -0.40 


0.08017 


0.28431 
0.36446 


0.63699 


132m[ 


132] 


131.90800 


139 h 
2.28 В 


IT 
B- /14/3.58 


0.80/ 


4+ 3.09 0.09 


Ikx-ray 


LT./86/ 


1.03/ 


0.0980 


1.2/ 
1.6/ 


0.5059 
0.52264 


2.16/ 


0.63019 


0.6506 
0.66768 


0.77260 


133m[ 


9.5 


LT./1.63 


19/2- 


0.95457 
І Кх-гау 


0.0730 


0.6474 
0.9126 


1331 


132.907797 


20.8 h 


B- /1.77 


1.24/85 


7/2+ +2.86 -0.27 


0.51056 


0.52989 
0.87537 


134m] 


37m 


LT./98/0.316 


Ik x-ray 


В- /2/ 


0.0444 
0.2719 


1341 


133.90974 


52.6 т 


В- /4.05 


1.2/ 


4+ 


0.1354 


0.84702 
0.88409 


1351 


134.91005 


6.57 В 


В- /2.63 


0.9/ 


7/24 2.94 


0.2884 


1.3/ 


0.41768 
0.52658 


1.13156 


136m] 


47.8 


p- / 


4.7/ 


1.26046 
0.1973 


5.2/ 


0.3468 


0.3701 
0.3814 


1.3130 


1361 


135.91465 


1.39 т 


В- /6.93 


4.3/ 


(0.16–2.36) 
0.3447 


11-114 Table of the Isotopes 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/Меу) (MeV/%) Мот. (nm) Mom. (b) (MeV/%) 


5.6/ 1.3130 


1.3211 
2.2896 


(0.3-6.1) 


137 136.91787 24.55 В- /5.88 5.0/ (7/2+) 0.6010 
1.2180 


1.2201 


1.3026 
1.5343 


(0.25—4.4) 


1881 137.9224 6.58 B- /7.8 6.9/ 2- 0.4836 
74/ 0.5888 


0.8752 


(0.4—5.3) 
139] 138.92610 2.30 5 В- /6.81 0.192 


п/ 0.198 


0.273 
0.382 


0.386 


0.468 
0.683 


1.313 


1401 139.9310 0.86 8 В- /8.8 (3) 0.372 
п/ 0.377 


0.457 


HAT 140.9350 0.455 B- /7.8 
Ma 141.9402 ~ 0.25 p- 


цас! 142.9446 > 0.15 us 


TT 143.9500 » 0.15 us 
Xe 131.293(6) 


10Xe 109.9443 0.115 В+ /9.2 0+ 


а [~ 64 


Хе 0.9 s ЕС, В+ 
HXe 110.9416 0758 EC, B+ /10.6 


a/ 3.58(1)/ 


12Хе 111.9356 3.8 ЕС, B+ /7.2 а/0.8/ 0+ 
13Xe 112.9333 2.85 ЕС, В+ /9.1 


Хе 113.92798 10.0 $ +, ЕС/5.9 0+ ann.rad./ 


0.1031 
0.1616 


0.3085 


0.6826 
0.7088 


H5Xe 114.92629 18.s B+, EC/7.6 (5/24) ann.rad./ 


Хе 115.92158 56.8 B+, ЕС/4.3 3.3 04 ann.rad./ 
0.1042 


0.1916 


0.2477 
0.3107 


0.4127 


17Хе 116.92036 1.02 т В+, ЕС/6.5 (5/2+) -0.594 +1.16 ann.rad./ 
0.2214 


0.5190 


0.6389 
0.6613 


H8Xe 117.91618 ~ 4. т B+, ЕС/З. 271 0+ ann.rad./ 


0.0535 
0.0600 


Table of the Isotopes 11-115 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/Меу) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
0.1199 
19Хе 118.91541 5.8 т В+, ЕС/5.0 3.5/ 7/24 -0.654 +1.31 0.0873 
0.1000 
0.2318 
0.4615 
120Xe 119.91178 40.m B+, EC/97/1.96 0+ Ik x-ray 
B+ /3/ 0.0251 
0.0726 
0.1781 
(0.1—1.03) 
113 е 120.91146 39. т B+ /44/3.73 2.8/ 5/2+ -0.701 +1.33 ann.rad./ 
EC/56/ Ik x-ray 
0.1328 
0.2527 
0.4452 
(0.1-3.1) 
12Xe 121.90837 20.1 h EC/0.9 0+ Ik x-ray 
0.3501 
123Xe 122.90848 2.00 h B+ /23/2.68 1.51/ + -0.150 ann.rad./ 
EC/77/ Ik x-ray 
0.1489 
0.1781 
(0.1-2.1) 
124)! 0.0952(3) 123.905893 > 107 у p-p- 0+ 
Хе 57.8 LT./0.252 (9/2-) -0.745 +0.42 Хе k x-ray 
0.1111 
0.141 
U5Xe 124.906395 171h EC/1.653 0.47/ ил -0.269 Ik x-ray 
0.1884. 
0.2434 
Хе 0.0890(2) 125.90427 0+ 
Хе 115 т LT./0.297 (9/2-) -0.884 4.0.69 Xe k x-ray 
0.1246 
0.1725 
127Хе 126.905184 36.34 d EC/0.662 Yat -0.504 Ik x-ray 
0.1721 
0.2029 
0.3750 
128Xe 1.9102(8) 127.903531 0+ 
жле 8.89 d LT./0.236 11/2- -0.891 +0.64 Хе k x-ray 
0.0396 
0.1966 
Хе 26.4006(82) 128.904779 Yat -0.7780 
130Xe 4.0710(13) 129.903508 0+ 
13lmXe 11.9d LT./0.164 11/2- -0.9940 +0.73 Хе k x-ray 
0.16398 
Хе 21.2324(30) 130.905082 3/2+ +0.69186 -0.12 
Хе 26.9086(33) 131.904153 0+ 
һе 2194 LT./0.233 11/2- -1.082 +0.77 Xe k x-ray 
0.23325 
133Xe 132.905911 5.243 d B- /0.427 0.346/99 3/2+ +0.813 +0.14 Cs k x-ray 
0.080998 
0.1606 
Хе 10.4357(21) 133.905394 »11х109у B-f- 0+ 
135mXe 153m LT./ 11/2- 1.103 +0.62 Хе k x-ray 
0.52658 
135Xe 134.907227 9.10 h B-/1.15 0.91/ 3/2+ 0.903 +0.21 0.24975 
0.60807 
136Xe 8.8573(44) 135.90722 >2.4x107y В-В- 0+ 
137Хе 136.91156 3.82 т В- /4.17 4.1/ 7125 -0.970 -0.49 0.45549 


11-116 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
3.6/ 0.8489 
0.9822 
1.2732 
1.7834 
2.8498 
Хе 137.91395 14.1 т В- /2.77 0.8/ 0+ 0.1538 
2.47 0.2426 
0.2583 
0.4345 
1.76826 
2.0158 
Хе 138.91879 39.7 s B- /5.06 4.5/ -0.304 +0.40 0.1750 
5.0/ 0.2186 
0.2965 
(0.1–3.37) 
Xe 139.9216 13.6 $ В- /4.1 2.6 0+ 0.0801 
0.6220 
0.8055 
1.4137 
(0.04—2.3) 
Хе 140.9266 1728 В- /6.2 6.2/ 5/2+ +0.010 -0.58 0.1187 
0.9095 
(0.05-2.55) 
Xe 141.9297 1.22 s В- /5.0 3.7/ 0+ 0.0338 
4.2/ 0.0729 
0.2038 
0.3091 
0.4145 
0.5382 
0.5718 
0.6181 
0.6448 
143 ع‎ 0.965 p 
WXe 142.9351 0.30s В- /7.3 -0.460 +0.93 
“Xe 143.9385 12s В- /6.1 0+ 
Xe 144.9441 0.9 5 B-, (п) 
146! 145.9478 > 0.15 us 04 
"Хе 146.9536 > 0.15 us 
„CS 132.9054519(2) 
1265 111.9503 0.5 ms Р 0.81 
Cs 112.9445 17. us p 0.96 
PAS 113.9414 0.58 8 B+, EC/11.8 1+ ann.rad./ 
0.6826 
0.7088 
157 114.9359 ~ 1458 +, ЕС/8.4 ann.rad./ 
16275 075 p, ЕС/ ann.rad./ 
0.3935 
1676 115.9334 3.85 B+, EC/10.8 ann.rad./ 
0.3935 
0.5243 
0.6151 
0.6223 
1175 6.58 B+, ЕС/ 
ICs 116.9287 ~ 845 +, ЕС/7.5 ann.rad./ 
ы ФГ; 17.8 3+, ЕС/ 5. 
ШКС 117.92656 14.8 8+, ЕС/9. 2 +3.88 +14 ann.rad./ 
0.3372 


0.4727 


Table of the Isotopes 


Elem. Natural 
ог Isot. Abundance 
(Atom %) 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy 
(/MeV) 


Particle Energy/ 
Intensity 
(MeV/%) 


Spin 
(h/2 п) 


Nuclear Elect. 
Magnetic Quadr. 
Mom. (nm) Mom. (b) 


11-117 


y-Energy / 
Intensity 
(MeV/%) 


0.5865 


119mCg 


29,5 


3/2 


+0.84 +0.9 


0.5906 


119Cg 


118.92238 


43.5 


B+, EC/6.3 


9/2+ 


+5.5 +2.8 


ann.rad./ 


0.169 
0.176 


0.224 


120mCg 


60. 5 


B+, ЕС/ 


0.257 


120С 5 


119.92068 


64.5 


B+, EC/7.92 


2+ 


+3.87 +145 


ann.rad./ 


0.3224 
0.4735 


0.5534 


121mCs 


2.0 т 


LT./60/ 


(9/24) 


+5.41 +2.7 


(0.3—3.28) 
ann.rad./ 


В+ /40/ 4.4 


0.1794 


121Cs 


120.91723 


2.3 т 


В+, ЕС/5.40 4.38/ 


3/2+ 


+0.77 +0.84 


0.1961 
ann.rad./ 


0.1537 


122m2Cs 


44 m 


B+, EC 


+4.77 +3.3 


(0.08—0.56) 
ann.rad./ 


122m1Cs 


0.36 5 


IT 


0.3311 


0.4971 
0.6385 


(0.27–2.22) 


122Cg 


121.91611 


21,5 


B+, EC/7.1 5.8/ 


(1+) 


-0.133 -0.19 


ann.rad./ 
0.3311 


0.5120 


123mCs 


1.6$ 


LT 


11/2- 


0.8179 
Cs k x-ray 


0.0946 


123Cg 


122.91300 


5.87 m 


B+ /75/4.20 3.0/ 
EC/25/ 


1/2+ 


+1.38 


ann.rad./ 
Хе k x-ray 


0.0974 


124mC S 


635 


IT 


7+ 


0.5964 


124Cg 


123.91226 


30.5 


B+ /9 /5.92 - 5. 


1+ 


+0.673 -0.74 


ann.rad./ 


EC/8 / 


Хе k x-ray 
0.3539 


0.4925 


125Cg 


124.90973 


45.m 


B+ /40/3.09 2.06/ 


1/24 


+141 


0.9418 
ann.rad./ 


EC/60/ 


Хе k x-ray 


0.112 
0.526 


1675 


125.90945 


1.64 пп. 


B+ /81/4.83 34 


1+ 


+0.78 -0.68 


ann.rad./ 


EC/19/ 37! 


Хе k x-ray 
0.3886 


0.4912 


1ZCs 


126.90742 


62h 


B+ /96/2.08 0.65/ 


1/24 


+146 


0.9252 
Хе k x-ray 


ЕС/4/ 1.06 


0.1247 


128Cg 


127.90775 


3.62 m 


B+ /68/3.930 2.44/ 


1+ 


+0.97 -0.57 


0.4119 
ann.rad./ 


EC/32 / 2.88/ 


Xe k x-ray 


12Cs 


128.90606 


1.336d 


EC/1.195 


1/24 


+1.49 


0.4429 
Xe k x-ray 


0.3719 


130mCg 


3.5m 


IT, B+, EC 


+0.629 +145 


0.4115 


11-118 


Elem. 
or Isot. 


Natural 
Abundance 
(Atom 90) 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy 
(/MeV) 


Particle Energy/ 
Intensity 
(MeV/%) 


Spin 
(h/2 п) 


Nuclear 
Magnetic 
Mom. (nm) 


Table of the Isotopes 


Elect. 
Quadr. 


Mom. (b) 


y-Energy / 
Intensity 
(MeV/%) 


130Cg 


129.90671 


29.21 m 


В+ /55/2.98 


1.98/ 


+146 


-0.06 


ann.rad./ 


ЕС/43/ 
B- /1.6/0.37 


0.44/1.6 


Хе k x-ray 
0.5361 


131Cg 


130.90546 


9.69 d 


EC/0.352 


+3.54 


-0.58 


Xe k x-ray 


12Cs 


131.906434 


648d 


EC/98/ 
В+ /0.3/2.120 


+2.22 


+0.51 


Xe k x-ray 
0.4646 


B- / /1.280 


0.6302 


133Cg 


100. 


132.90545193 


7/2+ 


+2.582 


-0.00355 


0.66769 


134mCg 


291h 


ІТ./0.139 


+1.098 


+1.0 


Cs k x-ray 


134Cg 


133.90671848 


2.065 y 


B- /2.059 


0.089/27 


+2.994 


+0.39 


0.12749 
0.56327 


0.658/70 


0.56935 


ЕС/1.22 


0.60473 
0.79584 


135mCs 


53. т 


LT./1.627 


+2.18 


+0.9 


0.7869 


135Cg 


134.905977 


2.3 x 10° у 


B- /0.269 


0.205/100 


+2.732 


+0.05 


0.8402 


136mCg 


19.8 


ІТ./ 


+1.32 


+0.7 


1367s 


135.907312 


13.16d 


В- /2.548 


0.341/ 


+3.71 


+0.2 


0.06691 
0.34057 


0.81850 


137Cg 


136.907089 


302y 


B- /1.176 


0.514/95 


712- 


12.84 


40.05 


1.04807 
Ва К х-тау 


0.66164 


138mCs 


29m 


LT./75 
0-057 


10.080 
3.3 


+171 


-0.40 


Cs k x-ray 
0.0799 


0.1917 


0.4628 
1.43579 


138Cs 


137.91102 


322m 


B- /5.37 


2.9/ 


30.700 


+0.12 


0.1381 


0.46269 
1.00969 


1.43579 


139Cg 


138.913364 


9.3m 


B- /4.213 


4.21 


7/2+ 


12.70 


-0.07 


2.21788 
0.6272 


1.2832 


140Cg 


139.91728 


1.06 m 


B- /6.22 


5.7/ 


+0.13390 


-0.11 


(0.4—3.66) 
0.5283 


6.21/ 


0.6023 


0.9084 
(0.41-3.94) 


“Cs 


140.92005 


24.9 s 


B- /5.26 


5.20/ 


7/2+ 


+2.44 


Ba k x-ray 


0.0485 
0.5616 


0.5887 


1.1940 
(0.05-3.33) 


Сс 


141.92430 


1.8 $ 


В- /7.31 


6.9/ 


0.3596 


7.28 


0.9668 
1.1759 


1.3265 


зс 


142.92735 


1.78 5 


В- /6.24 


6.1 


(3/2+) 


+0.87 


+0.47 


0.1955 
0.2324 


0.3064 


масс 


143.93208 


1.015 


В- /8.47 


8.46/ 


-0.546 


+0.30 


(0.17-1.98) 
0.1993 


7.9/ 


0.5598 


0.6392 
0.7587 


Table of the Isotopes 11-119 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
1905 144.93553 0.59 5 В- /7.89 74/ 3/2+ +0.784 +0.6 0.1126 
79 0.1755 
0.1990 
меса 145.9403 0.322 5 B-, (n)/9.38 ~ 9.0 2- -0.515 +0.22 
MCs 146.9442 0.227 5 В-, (n)/9.3 (0.024-2.2798) 
IBCs. 147.9492 0.15 s B-, (n)/10.5 
Cs 148.9529 > 50 ms 
19005 149.9582 > 50 ms 
ICs 150.9622 >50 ms 
„Ва 137.327(7) 
™Ba 113.9507 0.43 s B+, (p) p/20 0+ 
а 10.9 
п5Ва 114.947 0.45 s В+, (p) p/«15 
пева 115.9414 135 В+, (р) p/3 0+ 
Ba 116.9385 18s B+, (p), ЕС/8.4 6 (3/2-) (0.0457-0.364) 
пВа 117.9330 5.25 B+, 0+ (0.040–0.156) 
"Ва 118.9307 5.45 В+, EC/8. 
Ва 119.9260 24.5 B+, ЕС/5.0 0+ ann.rad./ 
0.140 
(0.075-0.146) 
Ва 120.9241 30. s B+, EC/6.8 5/2+ +0.660 +1.8 ann.rad./ 
122Ва 121.91990 2.0 m B+, EC/3.8 0+ ann.rad./ 
123Ва 122.91878 27m B+, ЕС/5.5 -0.68 +1.5 ann.rad./ 
0.0306 
0.0927 
0.1161 
0.1235 
цайг?! 123.91509 12. т +, ЕС/2.65 0+ ann.rad./ 
0.1695 
0.1888 
1.2160 
125тВа 8. т B+, ЕС/ 4.5 0.174 
125Ва 124.9145 35m B+, EC/4.6 3.4 %+ +0.18 ann.rad./ 
0.0550 
0.0776 
0.0854 
0.1409 
Ва 125.91125 1.65 В В+ /2/1.67 0+ Cs Кх-гау 
ЕС/98 / 0.2179 
0.2336 
0.2576 
127 Ва. 195 IT 7/2- -0.723 1.6 
2'Ва 126.91109 12.9 т В+ /54/3.5 1/2+ +0.083 ann.rad./ 
EC/46/ Cs k x-ray 
0.1148 
0.1808 
(0.07—2.5) 
Ва 127.90832 243d EC/0.52 0+ Cs k x-ray 
0.27344 
Ва 217h EC/98/ 712+ +0.93 +1.6 Cs Кх-гау 
В+ /2/ 0.1769 
0.1823 
0.2023 
1.4593 
Ва 128.90868 22h B+ /20/2.43 1.42/ 1/24 -0.40 ann.rad./ 
EC/80/ Cs k x-ray 
0.1291 


0.2143 


11-120 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
0.2208 
зова 9.5 ms ІТ./2.475 1100. 8- -0.04 +2.8 0.080–0.802 
130Ba 0.106(1) 129.906321 2.2 x 10?! y B+B+ 0+ 
BimBa 14.6 m LT./0.187 9/2- -0.87 41.5 Ва k x-ray 
0.1085 
Ва 130.906941 174 EC/1.37 1/24 0.7081 Cs k x-ray 
0.12381/28.4 
0.21608/21.3 
0.49636/42.9 
(0.0549- 1.171) 
12Ba 0.101(1) 131.905061 1.3 х 1021 у EC EC 0+ 
Јава 1.621 d LT./0.288 11/2- -0.91 +0.9 Ba k x-ray 
0.2761 
133Ва 132.906008 10.53 y EC/0.517 1/24 0.7717 Cs k x-ray 
0.08099 
0.35600 
Ва 2.417(18) 133.904508 0+ 
1358 Ва, 1204 L.T./0.2682 11/2- -1.00 +1.0 Ва К х-гау 
0.2682 
Ва 6.592(12) 134.9056886 3/2+ +0.838 10.16 
136" Ва, 0.308 $ LT./2.0305 Z= Ba k x-ray 
0.8185 
1.0481 
"Ва 7.854(24) 135.9045759 0+ 
137"Ва 2.552 т LT./0.6617 11/2- -0.99 “0.8 Ва k x-ray 
0.66164 
Ba 11.232(24) 136.9058274 3/24 10.9374 10.245 
"Ва 71.698(42) 137.9052472 0+ 
Ва 138.9088412 1.396 Һ В- /2.317 2.14/27 7/2- “0:97 -0.57 0.16585 
2.27/72 1.2544 
1.42033 
Ba 139.91060 12.75d В- /1.05 0.48 0+ 0.16268 
1.0/ 0.30485 
1.02/ 0.53727 
“Ba 140.91441 18.3 m p- /3.22 2.59/ 3/2- -0.34 +0.45 0.1903 
2.73/ 0.2770 
0.3042 
(0.1-2.5) 
12Ba 141.91645 10.7 m B- /2.212 1.0/ 0+ 0.23152 
1.10/ 0.25512 
0.3090 
1.2040 
"Ва 142.92063 14.3 5 B- /4.24 4.2/ 5/2+ +0.44 -0.88 0.1786 
0.21148 
0.7988 
(0.17-2.4) 
Ba 143.92295 114s В- /3.1 2.4/ 0+ Та К х-тау 
2.9/ 0.10386 
0.1566 
0.1728 
0.3882 
0.43048 
145Ва 144.9276 4.0 8 В- /4.9 4.9/ (5/2-) -0.28 41.22 La К x-ray 
0.0918 
0.09709 
“Ba 145.9302 2.20 8 В- /4.12 3.9/ 0+ 0.0644 
0.2513 
0.3270 
0.3329 


0.3622 


Table of the Isotopes 11-121 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Мот. (nm) Mom. (b) (MeV/%) 
“Ва 146.9349 0.892 5 В- /5.75 5.5/ 
"Ва 147.9377 0.64 5 В-, n/5.11 0+ 
Ва 148.9426 0.36 $ В-, (n)/7.3 
150Ba 149.9457 0.3 s 0+ 
Ва 150.9508 > 0.15 us 
152Ba 151.9543 0+ 
Ва 151.960 
„ја 138.90547 (7) 
Та 116.9501 23 ms р 0.806/ 3/2+ 
Hispa 117.9467 
La 118.9410 
La 119.9381 2.85 EC, B+ /11. 
та 120.9330 535 
La 121.9307 9.5 EC, B+/~ 9.7 
та 122.9262 17.8 ЕС/7. 
ши! 123.9246 30.8 ЕС/ ~ 8.8 (7+) 
зе а 0.39 5 
1251 а 124.92082 1.2 т B+, EC/5.6 11/2- ann.rad./ 
0.0436 
0.0676 
ши! «50.8 
126] а 125.9195 54.5 B+, ЕС/7.6 ann.rad./ 
0.256 
0.455 
0.117-3.853 
Га 126.91638 3.8 ш B+, ЕС/4.7 3/2+ ann.rad./ 
0.025 
0.0562 
1281 а 127.9156 5.0 ш + /80/6.7 (5-) ann.rad./ 
EC/20/ Ba k x-ray 
0.2841/87 
0.4793/54 
(0.315-2.212) 
ера 0.56 5 IT (11/2-) 
La 128.91269 11.6m B+ /58/3.72 2.42/ 3/24 ann.rad./ 
EC/42/ Ba k x-ray 
0.1105 
0.2786 
(0.1-1.8) 
Bora 129.91237 87m В+ /78/5.6 3+ ann.rad./ 
EC/22/ Ba k x-ray 
0.3573/81 
0.5506/27 
(0.1965—- 1.989) 
111 а 130.91007 59. т В+ /76/3.0 1.42/ 3/2+ ann.rad./ 
EC/24/ 1.94/ Ba k x-ray 
0.1085 
0.3658 
0.5263 
юра 24. m LT./76/ 6- Lak x-ray 
+, EC/24/ 0.1352 
0.4645 
pa 131.91010 48h + /40/4.71 2.6/ 2- ann.rad./ 
EC/60/ 3.2 Ва К х-гау 
3.7/ 0.4645 
0.5671 
та 132.90822 391h B+ /4/2.2 1.2/ 5/2+ Ba k x-ray 
EC/96/ 0.2788 


11-122 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
0.2901 
0.3024 
La 133.90851 6.5m B+ /63/3.71 2.67/ 1+ ann.rad./ 
EC/37/ Ва k x-ray 
0.6047 
(0.5-1.9) 
La 134.90698 19.5h EC/1.20 5/2+ Ва k x-ray 
0.4805 
136] а 135.9076 9.87 m В+ /36/2.9 1.8/ 1+ ann.rad./ 
EC/64/ Ba k x-ray 
0.8185 
La 136.90649 6x10*y ЕС/0.60 7/2+ +2.70 +0.2 0.2836 
1381 ад 0.0888(6) 137.907112 1.06 x 10" y 5+ +3.7136 +0.4 1.4358/65 
0.7887/35 
Та 99.9112(6) 138.906353 7/2+ +2.7830 +0.20 
La 139.909478 1.678 d B- /3.762 1.35 3- +0.73 +0.09 
1.24/ 
1.67/ 
Та 140.910962 3.90 h B- /2.502 2.43/ 7/2+ 
12La 141.91408 1.54 h B- /4.505 211/ 2- 
2.98/ 
4.52/ 
ший! 142.91606 141 т B- /3.43 3.3/ 7/2- 
“La 143.91960 40.7 s B- /5.5 4.1/ 
та 144.9216 24.5 В- /4.1 4.1/ 3/24 
мета 10.0 s B- /6.7 5.5/ (6) 
Pera 145.9258 6.38 B- /6.6 6.2/ (2-) 
“La 146.9282 4.02 s В- /5.0 4.6/ 
1814 147.9322 1.18 B- /7.26 2- 
La 148.9347 1.105 В- /5.5 0.1335 
0.009-1.709 
1501 а 149.9388 0.51 $ х-гау 
(0.097-0.209) 
51а 150.9417 > 0.15 us 
19214 151.9462 > 0.15 us 
мара 152.950 > 0.15 us 
La 153.955 
1518 154.958 
„Се 140.116(1) 
Се 118.953 
Се 119.947 0+ 
2106 120.943 1158 B+, p 
12Ce 121.9379 0+ 
123Се 122.9354 3.8 5 B+, ЕС/- 8.6 ann.rad./ 
124Ce 123.9304. 6.8 EC/~ 5.6 0+ 
125Се 124.9284 9.68 B+, ЕС/7. 712- ann.rad./ 
0.1346 
0.1666 
0.056–1.329 
125Се 125.92397 50.8 ЕС/4, 0- 
127Се 126.9227 29.8 B+, EC/6.1 ann.rad./ 
(0.058-1.961) 
125Се 127.91891 4.1m B+, ЕС/3.2 0+ ann.rad./ 
(0.023-0.880) 
Се 128.91810 35 т B+, EC/5.6 ann.rad./ 
(0.0675-1.015) 
130Се 129.91474 26. т +, ЕС/2.2 0+ ann.rad./ 


Lak x-ray 


Table of the Isotopes 


Elem. Natural 
ог Isot. Abundance 
(Atom %) 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 


Width (MeV) 


Decay Mode/ 
Energy 
(/MeV) 


Particle Energy/ 
Intensity 
(MeV/%) 


Spin 
(h/2 п) 


Nuclear Elect. 
Magnetic Quadr. 
Mom. (nm) Mom. (b) 


11-123 


y-Energy / 
Intensity 
(MeV/%) 


0.047—1.431 


131mCe 


5.m 


B+ EC 


ann.rad./ 
0.2304 


0.3955 


131Ce 


130.91442 


10.m 


B+, EC/4.0 2.8/ 


0.4213 
ann.rad. 


0.119 


0.169 
0.414 


132mCe 


9.4 ms 


IT/2.340 


0.3255 


132Ce 


131.91146 


EC/1.3 


04 


0.10–0.955 
Та К х-тау 


0.1554 


133mCe 


16h 


B+, EC/ 


Yat 


0.1821 
ann.rad. 


0.0769 


0.0973 
0.5577 


133Ce 


132.91152 


5.4h 


B+/8/2.9 13/ 


9/2- 


ann.rad. 


EC/92/ 


0.0584 
0.1308 


0.4722 


134Ce 


133.90892 


3.16d 


EC/0.5 


0+ 


0.5104 
Та К х-тау 


0.1304 


0.1623 
0.6047 


135mCe 


20.s 


ІТ./0.446 


11/2- 


Се k x-ray 


0.0826 
0.1497 


0.2134 


Се 


134.90915 


17.7 h 


B+/1 /2.026 0.8/ 
ЕС/99 / 


1/2+ 


Га К х-гау 
0.0345 


0.2656 


0.3001 
0.6068 


Ce 0.185(2) 


135.90717 


> 0.7 x 7 


ЕСЕС 


0+ 


137mCe 


1.43 а 


LT./99 [0.254 
ЕС/0.8 / 


11/2- 


1.0 


Се К x-ray 
0.1693 


0.2543 


137 Се 


136.90781 


90h 


В+/1.222 


3/2+ 


0.96 


Та К х-гау 
0.44772 


"Се 0.251(2) 


137.90599 


> 0.9 x 7 


EC EC 


04 


133mCe 


56.4 $ 


ІТ./0.7542 


11/2- 


Се k x-ray 
0.7542 


19Се 


138.90665 


137.64 


ЕС/0.28 


3/2+ 


1.06 


Та К x-ray 


моСе 88.450(51) 
11 Се 


139.905439 
140.908276 


32.50 d 


B-/0.581 


0.436/69 


0+ 
7[2- 


1.1 


0.16585 
Pr k x-ray 


0.581/31 


0.14544/48.0 


10Се 11.114(51) 
143! 


141.909244 
142.912386 


> 1.6 x 107 у 
1384 


8-8- 
B-/1.462 1.404/ 


0+ 
3/2- 


0.43 


Рг К х-тау 


1.110/47 


0.0574 


Се 


143.913647 


284.6 d 


В-/0.319 


0.185/20 


0+ 


0.2933 
Pr К x-ray 


0.318/ 


0.0801 


145Се 


144.91723 


3.00 т 


B-/2.54 1.7/24 


3/2- 


0.1335 
Рг К х-тау 


13 


0.0627 


146 Ce 


145.9188 


135m 


В-/1.04 0.7/90 


0+ 


0.7245 
Pr К x-ray 


11-124 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
0.0986 
0.2182 
0.3167 
0.0930 
17Се 146.92267 56.8 p-/3.29 3.3/ 0.2687 
Се 147.92443 56. 5 В-/2.1 1.66/ 0+ 0.0904 
0.0985 
0.1212 
0.2918 
"nce 148.9284 5.25 p-/4.2 0.0577 
0.0864 
0.3800 
0.1099 
150Ce 149.93041 445 p-/3.0 0+ 0.0526 
Се 150.9340 10s p-/5.3 Pr k x-ray 
152Се 151.9365 145 В-/4.4 0+ 0.098 
0.115 
1536 152.9406 > 0.15 us 
Се 153.9434 > 0.15 us 0+ 
ce 154.948 > 0.15 us 
156Се 155.951 0- 
157Се 156.956 
„Рт 140.90765(2) 
11р; 120.955 0.015 р р/0.882 
12р; 121.9518 
карр 122.946 
тарг 123.943 12s B+, EC/12. ann.rad./ 
15р; 124.9378 ~ 3.3 $ B+ ann.rad./ 
0.1358 
мер, 125.9353 31s B+, ЕС/~ 10.4 ann.rad./ 
(0.170-0.985) 
рг 126.9308 428 В+ /~ 7.5 ann.rad./ 
(0.028—0.8949) 
128рү 127.92879 3.08 B+, ЕС/- 9.3 ann.rad./ 
0.207/100 
0.400-1.373 
тәр, 128.92510 825 B+, EC/5.8 ann.rad./ 
(0.0395-1.865) 
зору 129.9236 40. $ B+, EC/8.1 ann.rad./ 
Bimpy 5.75 (0.06—0.16) 
ре 130.9203 17 т B+, EC/5.3 ~ 5.5 ann.rad./ 
(0.059-0.980) 
I3pr 131.9193 1.6 т B+, EC/7.1 ann.rad./ 
0.325 
0.496 
0.533 
apr 1.18 11/0.192 0.1305 
0.0617 
I3pr 132.91633 65m В+, EC/4.3 5/2 ann.rad./ 
0.074 
0.1343 
0.2419 
0.3156 
0.3308 
0.4650 
Зарр ~ 11. т B+, EC/ ann.rad./ 
0.294 


0.460 


Table of the Isotopes 


Elem. 
or Isot. 


Natural 


Abundance 


(Atom 90) 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy 
(/MeV) 


Particle Energy/ 
Intensity 
(MeV/%) 


Nuclear Elect. 
Magnetic Quadr. 
Mom. (nm) Mom. (b) 


Spin 
(h/2 п) 


11-125 


y-Energy / 
Intensity 
(MeV/%) 


0.495 


1з4рү 


133.91571 


17. т 


B+, EC/6.2 


2+ 


0.632 
ann.rad./ 


0.294 


135pr 


134.91311 


24.m 


B+, EC/3.7 


2.5/ 


3/24 


0.495 
ann.rad./ 


0.0826 


0.2135 
0.2961 


0.5832 


136pr 


135.91269 


131 т 


В+ /57 /5.13 
ЕС/43 


2.98/ 


2- 


ann.rad./ 
Ce k x-ray 


0.5398 


137pr 


136.91071 


128h 


В+ /26 /2.70 


1.68/ 


5/2+ 


0.5522 
ann.rad./ 


EC/74 / 


Се К x-ray 


0.4339 
0.5140 


0.8367 


138mpr 


В+ /24 | 


1.65/ 


(0.16-1.8) 
ann.rad./ 


EC/76 / 


Се k x-ray 


0.3027 
0.7887 


1.0378 


138рү 


137.91075 


1.45 т 


В+ /75 /4.44 


3.42/ 


1+ 


(0.07-2.0) 
ann.rad./ 


EC/25 / 


Се К x-ray 


139pr 


138.90894 


441h 


В+ /8 9 


1.09/ 


5/2+ 


0.7887 
ann.rad./ 


EC/92 / 


Се k x-ray 


0.2551 
1.3473 


1.6307 


морг 


139.90908 


3.39 т 


В+ /51 /3.39 
ЕС/49 / 


2.37/ 


1+ 


ann.rad./ 
Се К x-ray 


0.3069 


мрг 


100. 


140.907653 


+4.275 -0.08 


1.5965 


142арү 


14.6 т 


LT./0.004 


c.e. 


5= 2.2 


l2pr 


141.910045 


19.12h 


В- /2.162 
EC/0.744 


0.58/4 
2.16/96 


2- 10.234 30.030 


0.5088 
1.57580 


мзрр 


142.910817 


13.574 


B- /0.934 


0.933/ 


+2.70 +0.8 


0.7420 


144мрү 


7.2 т 


IT/99+/0.059 
B- / 


Pr k x-ray 
0.0590 


0.6965 


марг 


143.913305 


17.28 т 


В- /2.998 


0.807/1 


0.8142 
0.69649 


2.30/ 


1.48912 


145рү 


144.91451 


5.98h 


В- /1.81 


2.996/98 
1.80/97 


7/2+ 


2.18562 
0.0725 


0.6758 


146рү 


145.9176 


242 m 


В- /4.2 


2.2/30 


0.7483 
0.4539/48 


3710 


1.5247 


147рү 


146.91900 


134 т 


В- /2.69 


4.2/40 
1.5/ 


3/24 


0.3146/24. 


2.1/ 


0.5779/16 


148mpr 


2.0m 


p- / 


4.0/ 


0.6413/19. 
0.3016 


11-126 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
3.8/ 0.4506 
0.6975 
заврү 147.92213 227m В- /4.9 4.8/ l 0.3017 
4.5/ 
19р; 148.9237 23 т В- /3.40 3.0 (5/2+) 0.1085 
0.1385 
0.1651 
10р; 149.92667 6.25 В- /5.7 12 0.1302 
~ 5.5 0.8044 
0.8527 
рү 150.92832 22.48 В- /4.2 
12р; 151.9315 3.25 В- /6.7 4 0.0726 
0.164 
0.285 
18р; 152.9338 4.3 5 В- /5.5 
ир; 153.9375 2.3 5 В- /7.9 
15р; 154.9401 > 0.3 us 
156рү 155.9443 » 0.3 us 
57р 156.9474 
18р; 157.952 
19р; 158.956 
„ма 144.242(3) 
ма 123.952 0+ 
ома 124.9489 0.65 B+, p 
ма 125.9432 0+ 
Ума 126.9405 18s B+, EC/9. (5/2) ann.rad./ 
огу 127.9354 4.5 B+, EC/6. ann.rad./ 
тома 128.9332 4.9 5 B+, EC/8. 5/2(-) ann.rad./ 
(0.091-0.875) 
ома 129.92851 28.5 B+, EC/5. 0+ ann.rad./ 
BINd 130.92725 0.5m B+, EC/6.6 ann.rad./ 
(0.09–0.36) 
ма 131.92332 15 т B+, EC/3.7 0+ ann.rad./ 
(0.099-0.567) 
ма 132.92235 12m B+, ЕС/5.6 ann.rad./ 
(0.06–0.37) 
ама 133.91879 ~ 85 т B+ /17 /2.8 0+ ann.rad./ 
EC/83 / Prk x-ray 
0.1631/58 
(0.09-1.00) 
пази а 55m В+ / 
ма 134.91818 12. т + /65 /4.8 9/2- -0.78 +2.0 ann.rad./ 
EC/35 / Prk x-ray 
0.0415/23. 
0.204/51. 
(0.11-1.8) 
ма 135.91498 50.6 m ЕС/94 /2.21 1.04/ 0+ Рг Кх-гау 
B+ /6 / 0.0401/21. 
0.1091/35. 
(0.10—0.97) 
та 1.6 $ LT./0.5196 11/2- Nd k x-ray 
0.1084 
0.1775 
0.2337 
ма 136.91457 38. т + /40 /3.69 1.7/20 1/2+ -0.63 ann.rad./ 
EC/60 / 2.40/20 Prk x-ray 
0.0755 


0.5806 


Table of the Isotopes 11-127 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (0/2 п) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
ма 137.91195 518 EC/1.1 0+ Prk x-ray 
0.1995 
0.3258 
та 55h ІТ./12 /0.231 1.17/ 11/2- Nd k x-ray 
3+ /88 / Prk x-ray 
0.1139/34. 
0.7382/30. 
ма 138.91198 30. m B+ /25 /2.79 1.77/ 3/24 0.91 10.3 ann.rad./ 
EC/75 / Prk x-ray 
0.4050 
мома 139.90955 3.37 d EC /0.22 0+ Prk x-ray 
ма 1.04 т 11/99+/0.756 11/2- Nd k x-ray 
0.7565 
“Nd 140.909610 2.49 h EC/98 /1.823 0.802/ 3/2+ 1.01 +0.3 Рг К х-тау 
B+ /2/ (0.15-1.7) 
мама 27.153(39) 141.907723 0+ 
1BNd 12.173(27) 142.909814 7/2- -1.07 -0.60 
мама 23.798(18) 143.910087 2.1 x 105 у a 1.83 0+ 
“Nd 8.293(12) 144.912574 7/2- -0.66 -0.31 
“Nd 17.189(33) 145.913117 0+ 
ма 146.916100 10.98 а В- /0.896 0.805/ 5/2- 0.58 0.9 Pr К x-ray 
0.53102 
0.09111-0.686 
мама 5.756(21) 147.916893 0+ 
ома 148.920149 173ћ В- /1.691 1.03/25 5/2- 0.35 1.3 Prk x-ray 
1.13/26 0.1143/19. 
1.42/ 0.2113/27. 
(0.026-1.6) 
юма 5.638(29) 149.920891 14 х 107 у p-p- 0+ 
ма 150.923829 12.4 т B- /2.442 1.2/ (3/2+) Рт К х-гау 
0.1168 
0.2557 
1.1806 
(0.10-1.9)т 
ма 151.92468 114m В- 11 0+ 0.2785/29. 
0.2501/18. 
(0.016—0.66) 
5зма 152.92770 28.9 8 В- /3.6 0.418 
Nd 153.9295 25.95 В- /2.8 0+ 0.1519 
0.7998 
ма 154.9329 8.95 В- /5.0 0.1807 
5ма 155.9350 5.58 В- /4.1 0+ 0.0848 
ума 156.9390 > 0.3 us 
ISSN 157.9416 » 0.3 us 0+ 
ма 158.946 
ома 159.949 0+ 
яма 160.954 
„Рт 
128р 127.9484 1.0 5 B+, p ann.rad. 
рт 128.9432 ~ 245 
орт 129.9405 2.5 5 В+, ЕС/11. 0.1589 
0.326-1.062 
рт 130.9359 ~ 6.35 B+ 0.185 
0.220 
0.146 
рт 131.9338 6.5 B+, EC/10. ann.rad./ 
3pm 132.92978 12.s B+, ЕС/~ 7.0 ann.rad./ 
ар 133.9284 24.s B+, ЕС/~ 8.9 (5+) ann.rad./ 


11-128 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/Меу) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
0.294 
0.495 
рт 134.9249 0.8 m B+, EC/6.0 11/2- (0.13-0.47) 
136Dm 135.9236 1.8m В+ /89 9 (34) ann.rad./ 
ЕС/11 / Nd k x-ray 
0.3735 
0.6027 
гр 136.92048 24 т B+, ЕС/5.6 (11/2-) ann.rad./ 
0.1086 
0.1775 
emp ni 3.2m В+ /50 /~ 7.0 3.9/ 3+ 3. ann.rad./ 
EC/50 / Nd k x-ray 
0.5209 
0.7290 
врт 137.91955 10.5 3+ /6.9 6.1/ 1+ ann.rad./ 
1896 Dry 0.18s IT/ (11/2-) 0.1887 
рт 138.91680 4.14 m B+ /68 2 3.52/ (5/24) ann.rad./ 
EC/32 / Nd k x-ray 
0.4028 
(0.27-2.4) 
Мор 5.87 m В+ /70 / 3.2 ДУА ann.rad./ 
EC/30 / Nd k x-ray 
0.4199 
0.7738 
1.0283 
“Pm 139.91604 9.25 + /89 /6.09 5.07/74 1+ ann.rad./ 
ЕС/11 / Nd k x-ray 
0.7738 
1.4898 
“Piri 140.91356 20.9 m 3+ /52 /3.72 2.71 5/2+ ann.rad./ 
ЕС/48 / Nd k x-ray 
0.8862 
1.2233 
em Dry 67 us (0.208-0.882) 
Pm 141.91287 40.5 $ В+ /86 /4.87 3.8/ 1+ ann.rad./ 
EC/20 / Nd k x-ray 
0.6414 
1.5758 
Piri 142.910933 265. d EC/1.041 5/2+ 3.8 Nd k x-ray 
В+ /« 6 x 10°/ 0.7420 
арт 143.912591 360. d EC/2.332 5- 1.7 Nd k x-ray 
B+ /7 x 109 0.6180 
0.6965 
рт 144.912749 177 у ЕС/0.163 5/2+ +3.8 +0.2 Nd k x-ray 
0.0723 
“Pm 145.914696 5.53 y EC/63 /1.472 3- Nd k x-ray 
В- /37 /1.542 0.795/ 0.4538 
0.7362 
0.7474 
“Pm 146.915139 2.623 y B- /0.224 0.224/ 7/24 12.6 40.7 0.1213 
0.1974 
ару 4134 В- /95 /2.6 0.4/60 6- 1.8 0.5503/94. 
11/57 0.5/17 0.6300/89. 
0.7/21 0.7257/33 
мару 147.91748 5.37 а В- /2.47 1.02/ 1 +2.0 +0.2 0.5503 
2.47/ 0.9149 
1.4651 
©рт 148.918334 22124 В- /1.071 0.78/9 7/2+ 3.3 0.2859 
1.072/90 0.5909 


0.8594 


Table of the Isotopes 11-129 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
ipm 149.92098 2.68h В- /3.45 1.6/ (1-) 0.3339/69. 
2.3/ 1.1658/16. 
1.8/ 1.3245/17. 
(0.25-2.9) 
рт 150.92121 11834 В- /1.187 0.84/ 5/2+ +1.8 1.9 0.1677/8 
0.2751/7 
0.3401/22 
152002 рта 15. т В-, LT./ (>6) (0.14—1.4) 
ја yi 75m В- / (4-) 0.1218 
0.2447 
0.3404 
1.0971 
1.4375 
јр 151.92350 4.1m B- /3.5 3.5/20 1+ 0.1218 
3.50/60 (0.12-2.1) 
153Pm 152.92412 5.4m В- /1.90 1.7/ (5/2-) 0.0910 
0.1198 
0.1273 
таар ту 2.7 т В- / 2.0/ 0.0820 
0.1848 
1.4403 
март 153.92646 17 т В- /4.1 1.9/ 0.0820 
0.8396 
1.3940 
2.0589 
(0.08-2.8) 
Pm 154.92810 48. 5 В- /3.2 (5/2-) (0.05-0.78) 
156Pm 155.93106 26.7 s В- /5.16 
рт 156.9330 10.9 5 B- /4.6 
5pm 157.9366 5.5 В- /6.3 
Pm 158.9390 15s (0.072-0.261) 
јер 159.9430 
ја рт 160.9459 
1@pm 161.950 
јер 162.954 
«osm 150.36(2) 
1296 шт 128.954 ~ 0.555 B+, p 
1305 т 129.9489 0+ 
131 т 130.9461 128 B+, EC/ ann.rad./ 
mm 131.9407 4.0 5 B+ 0+ 
1335 т 132.9387 2.95 B+, ЕС/~ 8.4 5/2+ ann.rad./ 
0.3696 
0.0845 
аб тп 133.9340 11.5 B+, ЕС/5. 0+ ann.rad./ 
358m 134.9325 10.s B+, EC/7. 7/2- ann.rad./ 
1366 135.92828 42.5 B+, ЕС/4.5 0+ ann.rad./ 
1375 т 136.92697 45. $ B+, EC/6.1 ann.rad./ 
1385 тп 137.92324 3.0 m B+, EC/3.9 0+ ann.rad./ 
0.0536 
0.0747 
13906 үү 10.8 Т.Т./94 /0.457 (11/2-) 11 Sm k x-ray 
8+/6/ 47 0.1118 
0.1553 
0.1901 
0.2673 
Sm 138.92230 2.6 т В+ /75 /5.5 4.1/ Yat -0.53 Pm k x-ray 
EC/25 / 0.3678 


0.4028 


11-130 Table of the Isotopes 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
(0.27-2.4) 
Моб 139.91900 14.8 m B+, EC/3.4 1.9/ 0+ ann.rad./ 
Pmk x-ray 
0.1396 
0.2255 
(0.07—1.7) 
16 22.6 т В+ /32 / 1.6/ 11/2- -0.83 +1.6 ann.rad./ 
EC/68 / 2.19/ Pm k x-ray 
LT./0.3 /0.1758 0.1966 
0.4318 
0.7774 
“Sm 140.91848 10.2 т В+ /52 /4.54 3.2/ %+ -0.74 ann.rad./ 
ЕС/48 / Pm k x-ray 
0.4382 
“som 141.91520 1.208 h В+ /6 /2.10 1.0/ 0+ ann.rad./ 
EC/94 / Pm k x-ray 
шил! 1.10 т 11/99/0.7540 11/2- Sm k x-ray 
0.7540 
85m 142.914628 8.83 m B+ /46 /3.443 2.47/ 3/2+ +1.01 +0.4 ann.rad./ 
EC/54 / Pm k x-ray 
1.0565 
mom 3.083(20) 143.911999 0+ 
“$m 144.913410 340. d EC/0.617 7/2- -142 -0.60 Pm k x-ray 
0.0613 
0.4924 
“66 145.913041 1.03 х10у له‎ 2.50/ 0+ 
“Sm 15.017(75) 146.914898 1.06x10"y له‎ 2.23/ 7/2- -0.815 -0.26 
МЕ т 11.254(51) 147.914823 7 х 105у а/ 1.96/ 0+ 
“Sm 13.830(56) 148.917185 105 у а/ 7/2- -0.672 +0.075 
15051 7.351(36) 149.917276 0+ 
1515 150.919932 90. у B- /0.0768 0.076/ 5/2- -0.363 +0.7 0.02154 
125 26.735(48) 151.919732 0+ 
$m 152.922097 1.9294 p- /0.808 0.64/ 3/24 -0.0216 +13 Eu k x-ray 
0.69/ 0.0697/4.7 
0.10318/29 
0.075-0.714 
14 тш 22.730(78) 153.922209 0- 
1555 т 154.924640 222m В- /1.627 1.52 3/2- 11 Eu k x-ray 
0.1043/75. 
Sm 155.92553 9.4h B- /0.72 0.43/ 0+ 0.0872 
0.71/ 0.1657 
0.2038 
$m 156.92836 80 т В- /2.7 2.4 3/2- Eu k x-ray 
0.1964 
0.1978 
0.3942 
585 157.9300 55m В- /2.0 0+ 0.1894/100. 
0.3636/82. 
Sm 158.9332 113s В- /3.8 0.1898 
$m 159.9351 9.65 В- /3.6 0+ 0.110 
1615 160.9388 ~ 4.8 5 0.264 
25m 161.941 245 0+ (0.036-0.741) 
168Srn 162.945 
Sm 163.948 0+ 
1655 т 164.953 
,,Eu 151.964(1) 
EQ 129.964. 0.9 ms Р 1.027/ 


Em 130.9578 - 26. ms B+ p p/0.95 


Table of the Isotopes 11-131 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
Fu 131.9544. 
Ец 132.9492 
Ец 133.9465 0.5 $ ЕС, В+ ann.rad./ 
із ЕЦ 134.9418 15s ЕС, B+ /~ 8.7 ann.rad./ 
60 EQ ~ 3.25 7+ 0.255 
Ец 135.9396 ~ 3.95 ЕС, В+ /10. 1+ ann.rad./ 
STE 136.9356 11.8 EC/~ 7.5 11/2- ann.rad./ 
Ец 137.93371 12.8 ЕС, B+ /~ 9.2 7+ 5 ann.rad./ 
НЭГ 138.92979 18.8 EC, B+ /6.7 6 ann.rad./ 
MomEy 0.125 8 EC, B+ ann.rad./ 
МО 139.9281 1.51 $ ЕС, В+ /8.4 1- ann.rad./ 
мар 3.0 5 3+ /58 / 11/2- ann.rad./ 
EC/9 / Eu k x-ray 
LT./33 /0.0964 (0.09–1.6) 
“Eu 140.92493 40. s B+ /81 /5.6 5/2+ +3.49 +0.85 ann.rad./ 
EC/15 / Sm k x-ray 
0.3845 
0.3940 
Mp 122m 3+ /83 / 4.8/ 8- 42.98 +14 ann.rad./ 
EC/17 / Sm k x-ray 
0.5566 
0.7680 
1.0233 
Eu 141.92343 245 В- /94/7.4 7.0/ 1+ +1.54 +0.12 ann.rad./ 
EC/6 / 0.7680 
IBEW 142.92030 2.62 т В+ /72/5.17 4.1/ 5/2+ +3.67 +0.51 ann.rad./ 
EC/28/ 5.1/ Sm k x-ray 
0.1107/7 
1.5368/3. 
1.9127/2; 
Eu 143.91882 10.2 5 + /86 /6.33 5.31/ 1+ +1.89 +0.10 ann.rad./ 
EC/13 / Sm k x-ray 
1.6601 
“Eu 144.916265 5.93 4 В+ /2 /2.660 0.79/ 5/2+ +4.00 +0.29 ann.rad./ 
EC/98 /1.71 Sm k x-ray 
0.6535 
0.8937 
1.6587 
PeEu 145.91721 4.57 d В+ /5 /3.88 1.47/ 4- +142 -0.18 ann.rad./ 
EC/95 / Sm k x-ray 
0.6336 
0.6341 
0.7470 
(0.27-2.64) 
ndr 146.916746 244 d EC/99. /1.722 5/24 +3.72 +0.53 Sm k x-ray 
В+ /0.4 / 0.12113/20.6 
0.19725/24.0 
(0.601-1.077) 
"Ец 147.91809 54.5 d EC/3.11 0.92 5- 12.34 40.35 Sm k x-ray 
0.5503/99. 
0.6299/71. 
(0.067-2.17) 
"Ец 148.917931 93.1 d EC/0.692 5/2+ +3.57 +0.75 Sm k x-ray 
0.2770/4.1 
0.3275/4.8 
Eu 149.91970 36. у EC/2.26 5- +2.71 +1.13 Sm k x-ray 
0.3340 
0.4394 
0.5843 


(0.25—1.8) 


11-132 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/Меу) (MeV/%) Мот. (nm) Mom. (b) (MeV/%) 
Е, 128 h В- /92 / 1.013/ 0- Sm К x-ray 
В+ /0.4 / 1.24/ 0.3339 
EC/8 / 0.4065 
Ец 47.81(6) 150.919850 5/2+ +3.472 +0.90 
15202 Бү, 1.60 ћ LT./0.1478 8- Eu k x-ray 
0.0898 
mpu 9.30 h 6-27 1.85/ 0- Sm k x-ray 
EC/28 / 0.89/ 0.12178 
0.84153 
0.96334 
Eu 151.921745 135 у EC/72 11.874. 0.69/ 3- -1.941 %2.71 Sm k x-ray 
В- /28 /1.818 147/ Gd k x-ray 
0.12178 
0.34427 
1.40802 
(0.252-1.528) 
Eu 52.19(6) 152.921230 5/2+ +1.533 +2.41 
шр 46.1 m LT./~ 0.16 8- Eu k x-ray 
0.0682 
0.1009 
"Eu 153.922979 8.59 y В- /99.9/1.969 9 3- -2.01 42.8 Gd k x-ray 
EC/0.02/0.717 0.58/38 0.12299/40. 
0.84/17 0.72331/20. 
0.98/4 1.2745/36 
1.87/11 (0.059-1.90) 
Ец 154.922893 4.76 y p- /0.252 0.15/ 5/24 41.52 +24 Gd k x-ray 
0.0865/30 
0.1053/20 
Ец 155.92475 15.24 B- /2.451 0.30/11 1+ “141 0.08899/9. 
0.49/30 0.64623/7. 
12/12 0.723441/6. 
2.45/31 0.8118/10. 
Eu 156.92542 1513h p- /1.36 0.98/ (5/24) 41.50 +2.6 Gd k x-ray 
1.30/41 0.0639/100. 
0.3705/48. 
0.4107/76. 
Ец 157.9279 45.9 т В- /3.5 2.51 (1-) +144 +0.7 0.0795 
0.8976 
0.9442 
0.9771 
Ец 158.92909 18.1 т В- /2.51 2.4 (5/2+) +1.38 +2.7 0.0678 
2.57/ 0.0786 
0.0957 
Би. 159.9320 38.5 В- /4.1 27! (0-) 0.0753 
4.1/ 0.1735 
0.4131 
0.5155 
0.8217 
0.9110 
0.9246 
“Eu 160.9337 27.s В- /3.7 0.0719 
ТОР 161.9370 11.8 В- /5.6 
Eu 162.9392 
Eu 163.943 
Eu 164.946 
Eu 165.950 
nd i 166.953 
Gd 157.25(3) 


Table of the Isotopes 11-133 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/Меу) (MeV/%) Мот. (nm) Mom. (b) (MeV/%) 
аа 134.953 1.18 В+ (0.163-0.360) 
BeGq 135.9473 0+ 
Gd 136.9450 7.5 ЕС, B+ /~ 8.8 ann.rad./ 
за 137.9401 “4768 ЕС, B+ 0+ 0.0647 
"аа ~ 4.8 5 0.1216 
Gd 138.9382 5.5 EC, B+ /~ 7.7 0.104–0.323 
Gd 139.93367 16.s ЕС/4.8 0+ 0.1748 
шебі 25.8 ЕС, B+ / 11/2- ann.rad./ 
шаа 140.93213 21.5 В+ /7.3 Yat ann.rad./ 
таа 141.92812 1.17 т ЕС, В+ /4.2 0+ ann.rad./ 
"mgd 1.84 m В+ /67 / 11/2- ann.rad./ 
EC/33 / Eu k x-ray 
LT./ 0.1176 
0.2719 
0.5880 
0.6681 
0.7999 
заа 142.9268 39. s В+ /82 /6.0 1/2+ ann.rad./ 
EC/18 / Eu k x-ray 
0.2048 
0.2588 
са 143.92296 45m В+ /45 3 3.3/ 0+ ann.rad./ 
EC/55 / Eu k x-ray 
0.3332 
мода 1.44 m LT./95 /0.749 11/2- -1.0 0.0273 
В+/4/57 0.3295 
0.3866 
0.7214 
Gd 144.92171 234 т B+ /33 /5.05 2.5/ 1/2+ -0.74 ann.rad./ 
EC/67 / Eu k x-ray 
1.7579 
1.8806 
(0.32-3.69) 
ба 145.918311 авза EC/99.9 /1.03 0.35/ 0+ Eu k x-ray 
В+ /0.2 0.1147 
0.1155 
0.1546 
са 146.919094 1.588d EC/99.8/2.188 37 7/2- 1.0 Eu k x-ray 
EC/0.2 / 0.2293 
0.3699 
0.3960 
0.9289 
(0.1-1.8) 
мса 147.918115 71.у a/3.27 3.1828/ 0+ 
ба 148.919341 оза ЕС/1.32 7/2- 0.9 Eu k x-ray 
0.1496 
0.2985 
0.3465 
Gd 149.91866 1.8 x 10°y a/2.80 2.73/ 0+ 
эса 150.920348 124.d EC/0.464 7/2- 0.8 Eu k x-ray 
0.1536 
0.2432 
юса 0.20(1) 151.919791 0+ 
5заа 152.921750 240. а ЕС/0.485 3/2- 0.4 Eu k x-ray 
0.09743 
0.10318 
ше! 2.18(3) 153.920867 0+ 
15Gd 14.80(12) 154.922622 3/2= -0.259 +1.30 
Са 20.47(9) 155.922123 0+ 
57аа 15.65(2) 156.923960 3/2- -0.340 +1.36 


11-134 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/Меу) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
оваа 24.84(7) 157.924104 0+ 
Gd 158.926389 18.6h В- 0.971 0.971/58 3/2- -0.44 Tb k x-ray 
0.913/29 0.36351 
0.607/12 0.058-0.855 
юса 21.86(19) 159.927054 >19х10%у B-P- 0+ 
юса 160.929669 3.66 т В- /1.956 1.56/85 5/2- ТЬ Кх-гау 
0.1023 
0.3149 
0.3609 
юса 161.930985 8.4m B- /1.39 1.0/ 0+ 0.4030 
0.4421 
63а 162.9340 1.13 т В- /3.1 0.2868 
0.214 
1.685 
юса 163.9359 45.5 B- /2.3 0+ 
504 164.9394 10s p- 
604 165.942 ~ 4.8 5 0+ (0.040-1.015) 
аа 166.946 
168Gd 167.948 0+ 
тоа 168.953 
НЬ 158.92535(2) 
135ТЬ 0.9 ms p р/1.179 
BETH 137.9532 
Tb 138.9483 1.68 0.109 
0.120 
10 139.946 245 В+, ЕС/11 0.329 
0.355-0.740 
“Tp 140.9415 35s B+, ЕС/~ 8.3 
112: 1) 25 us 
Meth 0.30 8 B+, EC/ 4- 
ший» 141.9387 0.60 8 В-, ЕС/10. 0- 
ть 142.9351 12.5 В+, EC/7.4 11/2- 
шиш!» 4.18 IT 5- 
144 143.93305 < 1.55 B+, EC/8.4 1+ 
145۶11 30.5 B+, ЕС/~ 6.6 11/2- ann.rad./ 
0.2577 
0.5370 
0.9876 
Tb 144.9293 B+, EC/6.5 ولا‎ 
Тат 23.5 В+ /76 / (5-) ann.rad./ 
EC/24 / Gd k x-ray 
1.0789 
1.5795 
“Tb 145.92725 “8.8 3+ /8.1 1+ 
Web 18m В+ /35 / 11/2- ann.rad./ 
EC/65 / Gd k x-ray 
1.3977 
1.7978 
ший 146.92405 16ћ В+ /42 /4.61 5/2+ +1.70 ann.rad./ 
EC/58 / Gd k x-ray 
0.6944 
1.1522 
(0.120–3.318) 
малуу 23m В+ /25 / 9+ ann.rad./ 
EC/75 / Gd k x-ray 
0.3945 
0.6319 


0.7845 


Table of the Isotopes 


Atomic Mass or 
Weight 


Natural 
Abundance 
(Atom %) 


Elem. 
or Isot. 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy 
(/MeV) 


Particle Energy/ 
Intensity 
(MeV/%) 


Spin 
(h/2 п) 


Nuclear 
Magnetic 
Mom. (nm) Mom. (b) 


Elect. 
Quadr. 


11-135 


y-Energy / 
Intensity 
(MeV/%) 


0.8824 


1451 147.92427 


1.00 h B+, EC/5.69 


2- 


51,758 


-0.3 


ann.rad./ 
Gd k x-ray 


0.4888 


0.7845 
(0.14-3.8) 


149mTb 


4.16 m EC/88 / 


11/2- 


ann.rad./ 


В+ /12 / 


Gd k x-ray 
0.1650 


0.7960 


Tb 148.923246 


4.13 В В+ /4 /3.636 


a/16/ 


1.8/ 
3.97/ 


at 


+1.35 


Gd k x-ray 
0.1650 


0.3522 


0.3886 
(0.1-3.2) 


150mT 


6.0 т B+ /17 / 


ann.rad./ 


EC/83 / 


Gd k x-ray 
0.4384 


0.6380 


0.6504. 
0.8275 


TD 149.92366 


33h B+, EC/4.66 


-0.90 


ann.rad./ 


0.4963 
0.6380 


(0.3—4.29) 


15 Гр 


25.8 ІТ./95 / 
В+, ЕС/7 / 


11/2- 


0.0229 
0.0495 


0.3797 


ELT 150.923103 


17.61ћ B+/1 /2.565 


0.70/ 


1/2+ 


+0.92 


0.8305 
Gd k x-ray 


EC/99 / 


0.1083 


0.2517 
0.2870 


(0.1-1.8) 


152mTþ 


4.3 m LT./79 /0.5018 


EC/21 /4.35 


(8+) 


Tb k x-ray 
Gd k x-ray 


0.2833 


0.3443 
0.4111 


ший!» 151.92407 


17.5 В B+ /20 /3.99 


2.5/ 


-0.58 


+0.3 


ann.rad./ 


EC/80 / 


2.8/ 


Gd k x-ray 
0.3443 


(0.2-2.88) 


ть 152.923435 


2.34 d EC/1.570 


5/2+ 


+3.44 


+1.1 


Gd k x-ray 
0.2119 


(0.05—1.1) 


1542 Г} 


231 h ЕС/98 / 


ІТ./2 / 


0.9 


Gd k x-ray 
0.1231 


0.2479 


0.3467 
1.4199 


154m1T h 


9.h В+ /78 / 


(3-) 


1.7 


+3. 


Gd k x-ray 


LT./22 / 


0.1231 
0.2479 


0.5401 


Th 153.92468 


21.5 h EC/99 /3.56 


1.86/ 


(0.12-2.57) 
Gd k x-ray 


B+/1/ 


2.45 


0.1231 


1.2744 
2.1872 


11-136 Table of the Isotopes 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 


(0.12-3.14) 


БОТЬ 154.92351 5.3 4 ЕС/0.82 3/2+ +2.01 +141 Gd k x-ray 
0.08654 


0.10530 


156m2Tþ 1.02 d ІЛУ (7-) Tb k x-ray 
0.0496 


15601 Tb 53h LT./0.0884 (0+) Tb k x-ray 


0.0884 
15ТЬ 155.924747 5.3d EC/2.444 3- ~ 1.7 +2. Gd k x-ray 


0.08896 


0.19921 
0.53435 


1.22245 


ТЬ 156.924025 1.1 x 10у ЕС/0.0601 3/2+ +2.01 +14 Gd k x-ray 
0.0545 


ету 10.55 ІТ./0.11 0- Gd k x-ray 


0.0110 
ет 157.925413 1.8 х 10? y ЕС/80 /1.220 3- +176 +27 Gd k x-ray 


B- /20 /0.937 0.0795 


0.9442 
0.9621 


ний!) 100. 158.925347 3/2+ +2.014 +143 


10Tb 159.927168 72.3 d В- /1.835 0.57/47 З= +179 3.8 Dy k x-ray 
0.86/27 0.08678 


0.29857 


0.87936 
0.96615 


111 160.927570 6914 В- /0.593 0.46/23 3/2+ 2.2 +1.2 Dy k x-ray 


0.52/66 0.02565 
0.6/10 0.04892 


0.07458 


ють 161.92949 7.6 m В- /2.51 14 (1/2-) Dy К x-ray 
0.2600 


0.8075 


0.8882 
18Tb 162.930648 195m В- /1.785 0.80/ 3/24 Dy k x-ray 


0.3511 


0.3897 
0.4945 


зр 163.9334 3.0 m В- /3.9 17/ (5+) Dy k x-ray 


0.1689 
0.2157 


0.6110 


0.6885 
0.7548 


Th 164.9349 2.1m В- /3.0 3/24 0.5389 


1.1785 
1.2920 


1.6648 


166 pb 165.9380 26s В-/ 
Tb 166.9401 19s 0.057 


0.070 


т 167.944 85 0.075-0.227 
15>ТБ 168.946 


Th 169.950 


ТБ 170.953 
ру 162.500(1) 


ру 138.960 0.6 $ В+, р 


Table of the Isotopes 11-137 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/MeV) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
мру 139.954 0+ 
мру 140.9514 095 EC, B+ /9. 
"Dy 141.9464 235 EC, В+ /7.1 0+ 
ру 142.9438 3.95 EC, B+ /~ 8.8 
тру 143.93925 91s ЕС, В+ /~ 6.2 0+ 
ру 144.9365 14,5 ЕС, В+ 11/2- 
“ру 0.15 $ ІТ. 10+ 
мру 145.93285 30. 5 ЕС, В+ /5.2 0+ 
47 "Пу 56. $ LT./40 / (11/2-) -0.66 +0.7 Dy k x-ray 
В+, EC/60 / 0.072 
0.6787 
"ру 146.93109 75.8 EC, В+ /6.37 Yat -0.92 ann.rad./ 
0.1007 
0.2534 
0.3653 
мру 147.92715 3.1 т В+ /4 8 1.2/ 0+ ann.rad./ 
EC/96 / Tb k x-ray 
0.6202 
ру 148.92731 4.2m B+, EC/3.81 (7/2-) -0.12 -0.62 ann.rad./ 
0.1008 
0.1063 
0.2534 
0.6536 
0.7894 
1.7765 
1.8062 
Dy 149.925585 7.18 m B+, EC/67 /1.79 0+ Tb k x-ray 
0/33 / 4.233/ 0.3967 
у 150.926185 17. т В+ /5 /2.871 7/2- -0.95 -0.30 Tb k x-ray 
EC/89 / 0.1764 
a /6 / 4.067/ 0.3030 
0.3861 
0.5463 
(0.16–2.09) 
ору 151.92472 2.37 h ЕС/0.60 0+ Tb k x-ray 
a/ 3.63/ 0.2569 
ру 152.925765 63h В+ /1/2171 0.89/ (7/2-) -0.78 ~-0.15 Tb k x-ray 
EC/99 / 0.0807 
a /0.01 / 3.46/ 0.0997 
0.2137 
(0.08-1.66) 
мру 153.92442 3. х 10 у a/2.95 2.87/ 0+ 
ру 154.92575 99h B+ /2 /2.095 0.845/ 3/2- -0.385 +1.04 Tb k x-ray 
EC/98 / 0.0655 
0.2269 
међу 0.056(3) 155.92428 0+ 
57ру 156.92547 81h EC/1.34 3/2- -0.301 +1.30 Tb k x-ray 
(0.0609-1.319) 
ру 0.095(3) 157.924409 0+ 
ру 158.925739 144. d ЕС/0.366 3/2- -0.354 +1.37 Tb k x-ray 
0.3262 
5ру 2.329(18) 159.925198 0+ 
зару 18.889(42) 160.926933 5/2+ -0.480 +2.51 
ору 25.475(36) 161.926798 0+ 
Dy 24.896(42) 162.928731 5/2- +0.673 +2.65 
“ру 28.260(54) 163.929175 0+ 
јез ју 126m LT./98 /0.108 1/2- Dy k x-ray 
8-27 0.1082. 
0.5155 
1%ру 164.931703 233h p- /1.286 1.29/ 7/24 -0.52 13.5 Ho k x-ray 


11-138 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/Меу) (MeV/%) Мот. (nm) Mom. (b) (MeV/%) 
0.09468/3.8 
sy 165.932807 3.400 d B- /0.486 0.40/ 0+ Ho k x-ray 
0.0282 
0.0825 
167ру 166.9357 6.2 т B- /- 2.35 1.78 (1/2-) Но К x-ray 
0.2593 
0.3103 
0.5697 
(0.06-1.4) 
168 Dy; 167.9371 85m В- /1.6 0+ Но К х-гау 
0.1925 
0.4867 
ру 168.9403 ~ 39.5 B- /32 
ру 169.9424 0+ 
тру 170.9462 
Dy 171.9488 0+ 
Dy 172.953 
„Но 164.93032(2) 
“OH 139.969 6 ms 9م ام‎ 
HimHo 8 us p/ p/1.23 
Но 140.963 4.2 ms B+, p p/1.71 
wHo 141.960 045 EC/B+, p 0.307 
Но 142.9546 > 0.2 us 
“Но 143.9515 0.75 B+, EC/12 
Но 144.9472 245 B+ 
M6Ho 145.9446 3.35 B+, EC/10.7 (10+) ann.rad./ 
НО 146.94006 5.85 B+, ЕС/8.2 11/2- ann.rad./ 
148mH o 9.s B+, EC/ 4- ann.rad./ 
ману 147.9377 2.8 B+, EC/9.4 1+ ann.rad./ 
0.6615 
1.6883 
мно 21,6 B+, ЕС/ 11/2- ann.rad./ 
1.0733 
1.0911 
Но 148.93378 > 30.8 B+, EC/6.01 1/2+ 
150mH 25.s B+, ЕС/ (9+) ann.rad./ 
0.3939 
0.5511 
0.6534 
0.8034 
150Но 149.93350 13m B+, EC/6.6 ann.rad./ 
0.5913 
0.6534 
0.8034 
Но 47.8 B+, ЕС/87 / ann.rad./ 
а/13 4.605/ 0.2102 
0.4889 
0.6948 
0.7762 
Но 150.93169 35.2 8 +, ЕС/80/5.13 ann.rad./ 
0/20 / 4.519/ 0.3522 
0.5274 
0.9676 
1.0471 
ІҢ o 50.5 +, ЕС/90/ (9+) +5.9 -1. ann.rad./ 
«/10/ 4.453/ 0.4929 
0.6138 


0.6474 


Table of the Isotopes 


Elem. 


or Isot. 


Natural 


Abundance 


(Atom %) 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy 
(/MeV) 


Particle Energy/ Spin 
Intensity (h/2 п) 


(MeV/%) 


Nuclear 
Magnetic 
Mom. (nm) Mom. (b) 


Elect. 
Quadr. 


11-139 


y-Energy / 
Intensity 
(MeV/%) 


0.6835 


152Но 


151.93171 


2.4m 


B+, EC/88/6.47 
a/12/ 


(3+) 
4.387/ 


-1.02 


10.1 


ann.rad./ 
0.6140 


0.6476 


153mH o 


9.3 m 


B+, ЕС/99+/4.12 
له‎ 


5/2 
4.01/ 


+1.19 


ann.rad./ 
0.0905 


0.1089 


0.1618 
0.2302 


0.2707 


0.3659 
0.4565 


153Но 


152.93020 


2.0 т 


В+, ЕС/99+/4.13 


11/2- 


+6.8 


= 


ann.rad./ 


a/ 


3.91/ 


0.2958 
0.3346 


0.4381 


154 [о 


3.3 т 


B+, EC/ 


(8+) 


5.7 


-1.0 


0.6383 
ann.rad./ 


0.3346 


0.4124 
0.4771 


154Но 


153.93060 


12. т 


В+, EC/5.75 


-0.64 


+0.2 


ann.rad./ 


Dy k x-ray 
0.3346 


0.5700 


155Но 


154.92910 


48. ш 


В+/6/3.10 


(5/2+) 


+3.51 


+1.5 


0.8734 
ann.rad./ 


EC/94 / 


Dy k x-ray 


0.0474 
0.1363 


0.3254 


156mH o 


5.8 m 


I.T./0.0352 


+2.99 


+2.3 


(0.06-2.24) 
ann.rad./ 


B+ /25 / 


1.8/ 


Dy k x-ray 


EC/75 / 


2.9/ 


0.1378 
0.2666 


(0.28-2.9) 


156 Ң о 


155.92984 


56. т 


B+, ЕС/4.4 


ann.rad./ 
0.1378 


0.2665 


157Но 


156.92826 


12.6 т 


B+/5/2.54 
EC/95/ 


1.18/ 7/2= 


+4.35 


+3.0 


ann.rad./ 
Dy k x-ray 


0.2800 


1582 о 


28. т 


LT./44/ 


1244 


+1.6 


0.3411 
ann.rad./ 


EC/56/ 


Dy k x-ray 


0.0989 
0.2182 


1588ЧНо 


21.m 


В+, ЕС/ 


(9+) 


ann.rad./ 


0.0981 
0.1664 


0.2182 


0.3205 
0.4062 


0.9774 


1.0532 
0.4846 


158Ho 


157.92894 


113m 


В+/8/4.24 


1.30/ 5+ 


13.77 


+41 


ann.rad./ 


EC/92/ 


Dy k x-ray 
0.0989 


11-140 


Elem. 
or Isot. 


Natural 
Abundance 
(Atom 90) 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy 
(/MeV) 


Particle Energy/ 
Intensity 
(MeV/%) 


Spin 
(h/2 п) 


Nuclear 
Magnetic 
Mom. (nm) 


Table of the Isotopes 


Elect. 
Quadr. 
Mom. (b) 


y-Energy / 
Intensity 
(MeV/%) 


0.2182 


159 o 


8.35 


IT/0.206 


1/24 


0.9488 
Ho k x-ray 


0.1660 


159Ho 


158.927712 


33.0m 


EC/1.838 


1127 


+4.28 


+3.2 


0.2059 
Dy k x-ray 


0.1210 


0.1320 
0.2529 


0.3096 


1602 о 


3.5 


1+ 


(0.06–1.2) 


1608Н o 


50h 


IT/67/0.060 


12.52 


11.8 


0.0868 


EC/33/3.35 


0.1970 
0.6464 


0.7281 


0.8791 
0.9619 


0.9658 


оно 


159.92873 


25.6 т 


B+, EC/3.29 


0.57/ 


+3.71 


+4.0 


See Ho[166m] 
0.7282 


0.8794 


lelm}{o 


6.8 $ 


IT/0.211 


Ho k x-ray 
0.2112 


Но 


160.927855 


2.48 h 


ЕС/0.859 


7/2- 


+425 


+3.2 


Dy k x-ray 


0.0256 
0.0592 


0.0774 


162 o 


112h 


IT/61/ 


+3.60 


+4. 


0.1031 
Dy k x-ray 


EC/39/ 


Ho k x-ray 


0.0807 
0.1850 


0.2828 


0.9372 
1.2200 


12 Ho 


161.929096 


15.m 


EC/96 /0.295 


1+ 


Dy k x-ray 


В+ /4/ 


0.0807 
1.3196 


1.3728 


163mH o 


1.09 s 


LT./0.298 


Ho k x-ray 
0.2798 


16H 


162.928734 


4.57 x 103 у 


EC/0.00258 


+423 


+3.6 


Dy M x-rays 


۰ اوس 


38. т 


ІТ./0.140 


Но Кх-гау 
0.0373 


0.0566 


14 о 


163.930234 


29.m 


EC/58 /0.987 


1+ 


0.0940 
Dy k x-ray 


B- /42 /0.963 


0.0734 


165 о 


100. 


164.930322 


7122 


0.0914 


166m} o 


1.2 x 10° y 


p- / 


Er k x-ray 


0.18407 
0.71169 


0.81031 


16Но 


165.932284 


11174 


В- /1.855 


1.776/48 
1.855/51 


Er К x-ray 
0.08057 


1.37943 


167 [0 


166.93313 


31h 


В- /1.007 


0.31/43 
0.61/21 


(7/2-) 


Er k x-ray 
0.0793 


Table of the Isotopes 11-141 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (/Меу) (MeV/%) Mom.(nm) Mom. (b) (MeV/%) 
0.96/15 0.0835 
0.97/15 0.2379 
0.3213 
0.3465 
smo 2.2 m LT./ 
168Но 167.93552 3.0 т В- /2.91 2.0/ 3+ Ег К х-гау 
0.7413 
0.8159 
0.8211 
(0.08-2.34) 
Ho 168.93687 4.7 та В- /2.12 1.2/ (7/2-) 
2.0/ 0.1496 
0.7610 
0.7784 
0.7884 
0.8529 
Но 43. 5 B- / 1+ 0.0787 
0.8123 
1.8940 
1.9726 
Но 169.93962 28m p- /3.87 64 Er k x-ray 
0.1816 
0.2582 
0.8902 
0.9321 
0.9414 
1.1387 
Ho 170.941 53s B- / 
Но 171.9448 25.5 B- / Er k x-ray 
(0.077-1.186) 
"Ho 172.9473 
“Но 173.951 
Но 174.954 
„Ег 167.259(3) 
HEr 143.9604 > 0.2 us 04 
Е; 144.9574 0.95 B+ 
MEE 145.9520 “178 B+ 0+ 
ME; 146.9495 2.5 5 Е.С, В+ /- 9.1 
Е; 147.9446 4.5 5 В+, EC/6.8 0+ 
ЕЕ 10.8 IT 11/2- 
Е; 148.94231 10.7 8 ЕСВ+ /8.1 Yat 
Er 149.93791 18.8 В+ /36 /4.11 04 ann.rad./ 
EC/64 / Ho k x-ray 
0.4758 
мер 150.93745 23.8 B+, ЕС/5.2, 712- ann.rad./ 
ру 151.93505 10.2 5 B+, ЕС/10/3.11 0+ ann.rad./ 
وه‎ 4.804/ 
153ЕЁ 152.935063 37.1 $ а/ 4.674 -0.934 -0.42 0.351 
В+, EC/47/4.56 57 (0.0945-1.700) 
IE 153.93278 3.7 т B+, EC/99+/2.03 0+ ann.rad./ 
©/0.5/ 4.166/ 
ЈЕР 154.93321 53m B+, EC/47/3.84 (7/2-) -0.669 -0.27 ann.rad./ 
EC/53 / Ho k x-ray 
0.1101 
0.2415 
156Ет 155.93107 20. m B+, ЕС/1.7 0+ ann.rad./ 
0.0298 
0.0352 
0.0522 


0.1336 


11-142 Table of the Isotopes 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
TEE 156.93192 25.m B+, EC/3.5 3/2- -0.412 +0.92 ann.rad./ 
0.117 
0.385 
1.320 
1.660 
1.820 
2.000 
158Бү 157.92989 22h EC/99.5 /1.78 0.74/ 0+ Но Кх-гау 
В+ /0.5 / 0.0719 
0.2486 
0.3868 
Er 158.930684 36.m B+ /7 12.769 3/2- -0.304 +1.17 ann.rad./ 
EC/93 / Ho k x-ray 
0.6245 
0.6493 
(0.07-2.5) 
ЈЕ 159.92908 1.1914 ЕС/0.33 0+ Но Кх-гау 
(0.05—0.96) 
"LEE 160.93000 3.21h EC/2.00 3/2- -0.37 +1.36 Ho К x-ray 
0.8265 
(0.07—1.74) 
Er 0.139(5) 161.928778 0+ 
Өрү 162.93003 125ћ EC/1.210 5/2- 40.557 42.55 Ho k x-ray 
0.4361 
0.4399 
1.1135 
IMP; 1.601(3) 163.929200 0+ 
SET 164.930726 10.36 h ЕС/0.376 5/2- +0.643 %2.71 Ho k x-ray 
166г 33.503(36) 165.930293 0+ 
15р; 2.27 $ LT./0.208 %- Er k x-ray 
0.2078 
Ie Ep 22.869(9) 166.932048 7/24 -0.5639 +3.57 
Er 26.978(18) 167.932370 0+ 
БГ 168.934590 9.40 4 В- /0.351 0.35/~ 100 %- +0.485 Tm К x-ray 
0.1098 
0.1182 
"HEr 14.910(36) 169.935464 0+ 
ЛЕГ 170.938030 7.52h В- /1.491 5/2- 0.66 2.9 Tm k x-ray 
0.11160 
0.29591 
0.30832 
(0.08—1.4) 
WEE 171.939356 2.05d В-/0.891 0.28/48 0+ Tm К x-ray 
0.36/46 0.0597 
0.4073 
0.6101 
1732 172.9424 14m p- /2.6 (7/2-) Tm k x-ray 
0.1928 
0.1992 
0.8952 
Ер 173.9442 3.1m В- /1.8 0+ Tm К x-ray 
(0.100—0.152) 
156г 174.9478 12m p- (0.0765—1.168) 
WE 175.9501 0+ 
"ПЕР 176.954. 
sIm 168.93421(2) 
“Tm ~ 19 us Р 1.70, 1.43 


149 Гүр 144.9701 3.1 us p// ~ 10 1.73/91 


Table of the Isotopes 11-143 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
1.4/9 
мез Тт 0.1988 B+, p p/1.118/100 
1.01/ 
0.89/8 
“Tm 145.9664. 0.08 s В+/14. р/1.19/100 
р 1.01/28 
0.94/22 
Mint, 0.4 ms B+, p p/1.115 
“Tm 146.9610 0.56 s ЕС, В+/85 ~ 10.7 
p/15/ 1.052/ 
148mT'm 147.9578 0.7 s B+, EC/12. ann.rad./ 
мт 
Tm 148.9527 0.95 B+, ЕС/~ 9.2 11/2- 
Tm 149.9500 2.35 В+, ЕС/~ 11.5 6- (0.1007-2.177) 
Tm 150.94548 4.8 B+, EC/7.5 ann.rad./ 
туу 8.5 B+, ЕС/ 9+ 
152Tm 151.9444 5,8 B+, EC/8.8 ann.rad./ 
153Тра 152.94201 1.68 B+, ЕС/10 /6.46 ann.rad./ 
a/90 / 5.109/ 
BA 324 B+, ЕС/15 / «/5.031/100 ann.rad./ 
اه‎ 4.84/0.24 0.4605-0.7960 
Tm 153.94157 8.1s В+, ЕС/56 /74 0 ann.rad./ 
0/44. / 4.83/0.45 
Tm 154.93920 30.5 В+, ЕС/5.58 0.0315 
a/ 4.46/ 0.0638 
0.0881 
0.2268 
0.5320 
0.6067 
ТИ 19.8 а/ 4.46/ 
156Tm 155.93898 1.40 m B+, ЕС/7.6 2- +0.40 -0.5 ann.rad./ 
a/ 4.23/ 0.3446 
0.4529 
0.5860 
БРЕ 156.93697 3.6m +, ЕС/4.5 2.6 % +0.48 ann.rad./ 
اه‎ 3.97/ 0.1104 
0.3484 
0.3855 
0.4550 
)0.1-1.58( 
158Tm 157.93698 4.0 т B+, EC/74 /6.5 (2-) +0.04 +0.7 ann.rad./ 
EC/26 / Er k x-ray 
0.1921 
0.3351 
0.6280 
1.1498 
(0.18-2.81) 
°Tm 158.93498 9.1 т В+/23 /3.9 5/2+ +3.42 +1.9 ann.rad./ 
EC/77 | Er k x-ray 
0.0591 
0.0848 
0.2713 
(0.05-1.27) 
16007Гүү 1.24 т IT (5) 
160Тт 159.93526 9.4m В+/15 /5.9 1- +0.16 +0.58 ann.rad./ 
EC/85 / Er k x-ray 
0.1264. 
0.2642 
0.7285 


0.8544 


11-144 


Elem. 
or Isot. 


Natural 
Abundance 
(Atom 96) 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy (/MeV) 


Particle Energy/ 
Intensity 
(MeV /%) 


Spin 
(h/2 п) 


Nuclear 
Magnetic 
Mom. (nm) Mom. (b) 


Table of the Isotopes 


Elect. 
Quadr. 


y-Energy / 
Intensity 
(MeV/%) 


0.8614 


161 


160.93355 


31. т 


B+, EC/3.2 


7/2+ 


+240 


1.3685 


+2.9 ann.rad./ 


Er k x-ray 


0.0595 
0.0844. 


1.6481 


162m T үүү 


24.5 


LT./90 / 


54 


(0.04-2.15) 
Тіп k x-ray 


B+, ЕС/10 / 


Er k x-ray 


0.0669 
0.8115 


0.9003 


162Tm 


161.93400 


21.7 m 


В+ /8 /4.81 
EC/92 / 


1- 


+0.07 


+0.69 ann.rad./ 


Er k x-ray 


0.1020 


0.7987 
(0.1—3.75) 


168 Tm 


162.93265 


181Һ 


ЕС/98 /2.439 


Yat 


-0.082 


Er k x-ray 


В+ /1/ 


0.0692 
0.1043 


0.2414 


164mT 1) 


5.1m 


LT./80 / 
B+, ЕС/20 / 


0.0914. 
0.1394. 


0.2081 


0.2405 
0.3149 


164T mM 


163.93356 


2.0m 


B+ /36 /3.96 2.94/ 


1+ 


+2.38 


+0.71 ann.rad./ 


EC/64 / 


Er k x-ray 
0.0914 


165Tm 


164.932435 


1.253 d 


ЕС/1.593 


Yat 


-0.139 


Er k x-ray 


0.0472 
0.0544. 


0.29728 


166Tm 


165.93355 


7.70h 


EC/98 /3.04 


2+ 


+0.092 


0.80636 


+2.14 Ег К х-гау 


B+ /2/ 


0.0806 


0.1844. 
0.7789 


1.2734 


167Tm 


166.932852 


9.24d 


EC/0.748 


Yet 


-0.197 


2.0524 
Ег k x-ray 


0.0571 


168'ТГүүү 


167.934173 


93.1d 


EC/1.679 


34 


+0.23 


0.20778 


+3.2 Er k x-ray 


0.19825 


0.4475 
0.81595 


169'Ттүү 


100 168.934213 


-0.232 


-12 


170" гүү 


169.935801 


128.6 d 


B- /99.8/0.968 0.883/24 


+0.247 


+0.74 Yb k x-ray 


EC/0.2 /0.314 


0.968/76 


0.08425 


171 гүү 


170.936429 


1.92у 


В- /0.096 


0.03/2 


+ -0.230 


0.06674 


12Tm 


171.93840 


2.654 


В- /1.88 


0.096/98 
1.79/36 


Yb k x-ray 


1.88/29 


0.07879 


1.38722 
1.46601 


1.52982 


173" үү 


172.939604 


B- 1.298 


0.80/21 


Yat 


1.60861 
Yb k x-ray 


Table of the Isotopes 11-145 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 
0.86/71 0.3988 
0.4613 
arm 2.29s 
174Tm 173.94217 5.4m В- /3.08 0.70/14 (4-) Yb k x-ray 
1.20/83 0.07664 
0.17669 
0.27332 
0.3666 
0.99205 
(0.08-1.6) 
175Tm 174.94384 15.2 m В- /2.39 0.9/36 (1/2-) Yb k x-ray 
1.9/23 0.36396 
0.51487 
0.94125 
0.98247 
176Түп 175.9470 19т В-/4.2 2.0/ (4+) Yb k x-ray 
1.2/ 0.1898 
0.3819 
1.0691 
Tm 176.9490 1.4m p- 
Tm 177.9526 
Tm 178.955 
„Yb 173.04(3) 
Mey 147.967 0+ 
yb 148.964 0.75 B+, p р/2.5-6.4/ 0.647 
шоүр 149.9584 » 0.2 us 0+ 
зү; 150.9554 1.68 В+ /8.5 
152УЪ 151.9503 3.2 5 B+ EC/5.5 0+ 
шүр 152.9495 4.8 B+ EC/6.7 
үр 153.94639 0.40 8 B+ EC/7 /4.49 0+ ann.rad./ 
0/93 / 5.32/ 
по 154.9458 17s B+, EC/16 /6.0 -0.8 -1. ann.rad./ 
0/84 / 5.19/ 
ү} 155.94282 26. 5 B+, ЕС/21/3.57 0+ ann.rad./ 
0/79 / 4.69/ 
ү} 156.94263 39. 5 B+, ЕС/99+/5.5 -0.64 ann.rad./ 
©/0.5/ 4.69/ 0.231 
(0.035-0.670) 
ү} 157.93987 15 т B+, EC/1.9 0+ ann.rad./ 
0.0741 
0.2526 
Yb 158.94005 1.4m ЕС, В+/5.1 -0.37 -.022 Tm К x-ray 
0.1661 
0.1772 
0.3297 
0.3903 
шүр 159.93755 4.8 ш +, ЕС/2.0 0+ ann.rad./ 
0.1404 
0.1737 
0.2158 
гү]; 160.93790 4.2m 3+, EC/3.9 3/2- -0.33 +1.03 ann.rad./ 
Tm k x-ray 
0.0782 
0.5999 
0.6315 
твгүр, 161.93577 18.9 ш +, ЕС/1.7 0+ ann.rad./ 
Tm k x-ray 


0.1188 


11-146 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (MeV /%) Mom. (nm) Mom. (b) (MeV /%) 
0.1635 
yb 162.93633 11.1 т В+ /26 4 14/ 3/2- -0.37 +1.24 ann.rad./ 
Tm k x-ray 
0.0636 
0.8603 
(0.06 –1.9) 
YD 163.93449 1.26 h EC/1.0 0+ Tm k x-ray 
0.0914 
0.6752 
yp 164.93528 9.9m 3+ /10 /2.76 1.58/ (5/2-) +0.48 +2.48 ann.rad./ 
ЕС/90 / Tm k x-ray 
0.0801 
1.0903 
Yb 165.93388 2.363 d ЕС/0.30 0+ Tm К x-ray 
0.0828 
0.1844 
0.7789 
1.2734 
2.0524 
үр 166.934950 17.5 т В+ /0.5 /1.954 0.639/ 5/2- +0.62 +2.70 Tm К x-ray 
EC/99.5 / 0.06296 
0.10616 
0.11337 
0.17633 
168Yb 0.13(1) 167.933897 0+ 
152 46. $ І.Т./0.0242 1/2- Yb L x-ray 
0.0242 
РУБ 168.935190 32.02 4 ЕС/0.909 7/2+ -0.63 +3.5 0.1979/35.9 
0.3078/10.05 
0.0207-0.2611 
Уб 3.04(15) 169.934762 0+ 
Yp 14.28(57) 170.936326 1/2- +0.49367 
"yp 21.83(67) 171.936382 0+ 
зүр 16.13(27) 172.938211 5/2- -0.67989 +2.80 
кай 31.83(92) 173.938862 0+ 
зүр 174.941277 4194 В- /0.470 0.466/73 7/2- 0.77 Lu k x-ray 
0.071/21 0.3963/13 
0.353/6.2 (0.114—0.28) 
176 үү, 11.48 LT./1.051 (8-) Yb k x-ray 
0.0961 
0.1901 
0.2929 
0.3897 
Yb 12.76(41) 175.942572 10% у p-p- 0+ 
17ү} 6.41 $ І.Т./0.3315 1/2- Yb k x-ray 
0.1131 
0.2084 
Yp 176.945261 1.9h p- /1.399 140 9/24 Lu k x-ray 
0.1504 
Yb 177.94665 1.23 h p- /0.65 0.25/ 0+ 0.1415 
0.3246 
0.3516 
0.3815 
0.6125 
"РУБ 178.9502 8.m 8-٨4 
240] 179.9523 2. т p- 0+ 0.1028—0.4423 
шүр 180.9562 
Lu 174.967(1) 


Table of the Isotopes 11-147 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
150m] ц 0.045 ms p/1.29 
Top 149.973 43. ms p 
15а 16 us p/1.31 
ший 150.9676 0.08 8 р/1.231 
ший! 151.9641 0.7 $ 
153 i 152.9588 0.95 
Bia 153.9575 1.0s B+, EC/10.8 
шиш 2.6 тв a/7.41 
шин! 154.95432 0.07 8 ЕС/8.0 
о/ 5.66/90 
15601 ц 0.205 о/ 5:54] 
156] ү 155.9530 ~ 0.55 B+, ЕС/9.5 ann.rad./ 
a/ 5.45/ 
шиш ~ 9.65 а 4.925/ 
шд 156.95010 4.8 8 B+, ЕС/94 /6.93 ann.rad./ 
a/ 5.00/ 
1587 157.94931 10.48 B+, EC/99 /8.0 ann.rad./ 
о/ 4.67/ 0.3682 
0.4770 
9] 158.94663 12.38 B+, EC/6.0 ann.rad./ 
0.1505 
0.1875 
0.3693 
160] д 159.9460 36.15 +, ЕС/7.3 ann.rad./ 
0.2434 
0.3957 
0.5773 
161] д 160.94357 12m +, EC/5.3 ann.rad./ 
0.0437 
0.0671 
0.1003 
0.1108 
0.1562 
0.2562 
шиш ~ 15 т ЕС/ 4- 
192] u 161.9433 1.37 m B+, EC/6.9 1- ann.rad./ 
0.1666 
0.6314 
ЗЭ 162.94118 4.1 т 8+, ЕС/4.6 ann.rad./ 
0.0539 
0.0581 
0.1504 
0.1631 
0.3717 
IT 163.94134 3.14m +, EC/6.3 1.6/ 0.1238 
3.8/ 0.2621 
0.7404 
0.8639 
0.8804 
15711 164.93941 10.7m +, EC/3.9 2.06/ 1/24 ann.rad./ 
0.1206 
0.1324 
0.1742 
0.2036 
(0.04—2.0) 
166m2] дү 21т В+ /35 / (0-) ann.rad./ 
EC/65 / Yb k x-ray 
1.0673 
1.2566 


2.0986 


11-148 


Elem. 
or Isot. 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy (/MeV) 


Particle Energy/ 
Intensity 
(MeV /%) 


Spin 
(h/2 п) 


Мисјеаг 
Magnetic 
Mom. (nm) Mom. (b) 


Table of the Isotopes 


Elect. y-Energy / 
Quadr. Intensity 
(MeV/%) 


1661] дү 


1.4 т 


B+, EC/58 / 


(3-) 


ann.rad./ 


LT./42 /0.0344 


0.1024 
0.2281 


0.2861 


0.8119 
0.8301 


166] u 


165.93986 


2.8 т 


В+ /25 /5.5 


ann.rad./ 


EC/75 / 


Yb k x-ray 
0.1024 


0.2281 


0.3375 
0.3679 


167] 4 


166.93827 


52. т 


В+ /2 /3.1 2.1/ 


7/2+ 


Yb k x-ray 


EC/98 / 


0.0297 
0.2392 


(0.03-2.0) 


168m] uq 


6.7 т 


В+ /12 / 
EC/88 / 


34 


ann.rad./ 
Yb k x-ray 


ІТ/<0.8 


0.1988/190 


0.8960/100 
0.9792/128 


0.018-2.65 


168] u 


167.93874 


5.5 т 


В+ /6 /4.5 12/ 
ЕС/94 / 


ann.rad./ 
Yb k x-ray 


0.1114 


0.1124 
0.2286 


0.3483 


16901 uq 


2.7 m 


LT./0.0290 


1.4836 
Lu L x-ray 


0.0290 


16914 


168.93765 


14194 


EC/2.293 1.271/ 


3.5 Yb k x-ray 
0.19121 


0.9606 


1700 дү 


0.7 $ 


1.1./0.0929 


(0.08-2.1) 
LuL x-ray 


0.04449 


170111 


169.93848 


2.014 


ЕС/3.46 2.44/ 


0- 


0.0484. 
Yb k x-ray 


0.58711 


0.5908 
1.28029 


(0.1-3.38) 


impu 


1.31 т 


ІТ./0.0711 


Lu k x-ray 
0.07119 


Ty 


170.937913 


8.24 d 


EC/1.479 0.362/ 


2.30 


3.42 Yb k x-ray 


0.01939 
0.66744. 


(0.02-1.3) 


Ут] дү 


3.7m 


І.Т./0.0419 


Lu L x-rays 
0.04186 


172] д 


171.939086 


6.64 а 


ЕС/2.519 


2.90 


3.80 Yb К x-ray 


0.18156 
1.09367 


(0.07-2.2) 


173] д 


172.938931 


137 у 


ЕС/0.671 


7/2+ 


2.28 


3.63 Yb k x-ray 
0.07860 


0.27198 


17801 үү 


142. d 


IT/99.3/ 0.17086 
EC/0.7 / 


Luk x-ray 
0.067055 


Table of the Isotopes 11-149 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 
а 173.940338 3.3y EC/1.374 1- 1.9 Yb k x-ray 
0.07664. 
1.2419 
БОЕН 97.41(2) 174.940772 7/24 12.2327 +3.49 
175801) 3.66 h В- /1.315 1.229/ 1- +0.318 -1.47 Hf k x-ray 
1.317/ 0.088372 
11 2.59(2) 175.942686 3.73 x 10? y В- /1.192 75 +3.169 +4.92 НЕК х-гау 
В+/ < 0.9 0.20187 
0.30691 
mah 6.m p- 39/2- 0.089 
17701) 160.7 4 11/22/0.9702 23/2- 2.33 54 Lu k x-ray 
B- /78 Hf k x-ray 
0.11295 
0.20836 
0.37850 
0.41853 
Lu 176.943758 6.65d B- /0.498 0.497/ 7/2+ +2.239 +3.39 0.11295 
0.20836 
Биш! 23.1 m B- / (9-) 0.2166 
0.3317 
18и 177.945955 28.5 т В-/2.099 2.03/ 1+ НЕК х-гау 
0.0932 
1.3099 
1.3408 
(0.09-1.7) 
PLU 178.94733 4.6h В- /1.405 1.35/ 7/2+ 0.2143 
0.3377 
ТӨГ 179.9499 5.7 т В- /3.1 1.49/ 0.40795/50. 
(0.07-1.9) 
у 180.9520 3.5 т В- /2.5 (7/2+) 0.0458 
0.2059 
0.5749 
D 181.9550 2.0m В- /~ 4.1 0.0978 
0.7208 
0.8182 
1811 182.9576 58.8 В- / 712+ 
Tu 183.9609 20s B- 
„НЕ 178.49(2) 
зң 152.971 > 0.2 us 
Hf 153.965 2.5 ЕС, B+/~ 6.7 0+ 
НЕ 154.9634 0.9s EC, B+/8. 
156 НЕ 155.9594 25.ms а/ 0+ 
WHE 156.9584. 0.115 а/ 
SH 157.95480 2.95 ЕС/54 /5.1 0+ 
له‎ 5.27/ 
НЕ 158.95400 5.68 +, ЕС/88 /6.9 ann.rad./ 
2/12 / 5.09/ 
BOE 159.95068 ~ 12.5 В+, ЕС/97 /4.9 0+ ann.rad./ 
a/4.78 
le Hf 160.95028 17.s a/ 4.60/ 
12Hf 161.94721 38.s +, EC/3.7 0+ ann.rad./ 
0.1739 
0.1963 
0.4101 
163Hf 162.94709 40.s +, EC/5.5 ann.rad./ 
0.0454 
0.0621 


0.0710 


11-150 Table of the Isotopes 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (MeV /%) Mom. (nm) Mom. (b) (MeV /%) 


0.6882 


@ң{ 163.94438 2.8m EC, B+/3.0 0+ 
НЕ 164.94457 132 т EC/4.6 11/2- 


166Hf 165.94218 6.8m EC/93 /2.3 0+ апп.гад./ 


В+ /7 / Та К х-гау 
0.0788 


167Hf 166.94260 2.0m B+ /40 /4.0 (5/2-) ann.rad./ 


EC/60 / Lu k x-ray 
0.1754 


0.3152 


254 167.94057 25.9 т В+, ЕС/1.8 0+ ann.rad./ 
(0.0144—1.311) 


тон 168.94126 3.25 m EC/85 /3.3 (5/2-) ann.rad./ 


В+ /15/ Lu k x-ray 
0.3695 


0.4929 


НЕ 169.93961 16.0h EC/1.1 0+ Lu К x-ray 
0.0985 


0.1202 


0.1647 
0.5729 


0.6207 


impf 30.s (1/2-) 40.53 
MHF 170.94049 12.2h ЕС, В+ /2.4 7/24 -0.67 +346 ann.rad./ 


Luk x-ray 


0.1221 
0.6620 


1.0714 


эңе 171.93945 1.87 y EC/0.35 0+ Lu К x-ray 
0.02399 


0.12582 


(0.0818-0.123) 
зң 172.94051 23.6h ЕС/1.6 %- Lu k x-ray 


0.12367 


0.13963 
0.29697 


0.31124 


(0.1-2.1) 
аң 0.16(1) 173.940046 2.0 x 109 у 0+ 


МӘНІ 174.941509 71.d ЕС/0.686 5/2- -0.60 +2.7 Та К х-тау 


0.08936 
0.34340 


НЕ 5.26(7) 175.941409 0+ 


17m2H f 51.4 т LT./2.740 37/2- НЕК x-ray 
0.2140 


0.2951 


0.3115 
0.3267 


та Hf 115 LT/ 23/24 Hf k x-ray 


0.20836 
0.22847 


0.37851 


VH 18.60(9) 176.943221 7/2- +0.7935 +0.337 
Tem2r f. 31.7 11 16+ +8.16 +6.00 НЕК х-гау 


0.32555 


0.42635 
0.089—0.574 


унн 4.05 LT./ 8- Hf k x-ray 


0.21342 
0.32555 


Table of the Isotopes 11-151 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 
0.42635 
ҮН 27.28(7) 177.943699 0- 
сан 25.14 LT./1.1057 25/2- 7.4 НЕК x-ray 
0.1227 
0.1461 
0.3626 
0.4537 
эю 18.75 LT./0.375 %- НЕК х-гау 
0.1607 
0.2141 
эңе 13.62(2) 178.945816 9/2+ -0.641 +3.79 
жоюн 5.52h І.Т./1.1416 8- +9. +4.6 НЕК х-гау 
0.2152 
0.3323 
0.4432 
оң 35.08(16) 179.946550 0+ 
жшн 1.5 ms 11.738 25/2- 
НЕ 180.949101 42.44 В- /1.027 0.408/ 1/2- Та К х-тау 
0.13294/54 
0.48200/100 
0.3459/20 
менү 62. т В- /54 /1.60 0.49/43 8- НЕК х-гау 
IT/46 11.173 0.95/10 0.0509 
0.2244 
0.3441 
0.4558 
0.5066 
0.9428 
ТОН 181.95055 8.9 x 19 у p- /0.37 0+ Ta k x-ray 
0.2704/79 
(0.098-0.270) 
ЗӨН 182.95353 1.07 h В- /2.01 1.18/68 3/2- Та К x-ray 
1.54/25 0.0732 
0.4591 
0.7837 
“НЕ 183.95545 4.1 В В- /1.34 0.74/38 0+ Та К х-гау 
0.85/16 0.0414 
1.10/46 0.1391 
0.3449 
шон 184.9588 ~ 3.5 т B- / 0.165 
ңү 185.9609 ~ 2.6 т 0+ 0.738 
WHE 186.9646 > 0.3 us 
188Hf 187.967 > 0.3 us 0+ 
„Та 180.94788(2) 
155Та 154.975 12 us p/1.77 
155Та 155.9723 0.118 В+ /- 11.6 
p/ 1.02/~ 100 
157Та 156.9682 10 ms а/ 6.117 
р/ 0.927/3.4 
TET 157.9667 37. ms а/ 6.05/100 
5.97/100 
Ta. 158.96302 0.65 B+, ЕС/20 /8.5 — 4 ann.rad./ 
a/80 / 5.60/55 
кота 159.9615 14s 8+, EC/10.1 ann.rad./ 
а 5.41/ 
161Та 160.9584 3.16s +, EC/7.5 ann.rad./ 
а/ 5.15 
162 Ta 161.9573 4.5 ЕС/8.6 


11-152 


Elem. 
or Isot. 


Natural 


Abundance 


(Atom 96) 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy (/MeV) 


Particle Energy/ Spin 
Intensity (1/2 п) 
(MeV/%) 


Nuclear 
Magnetic 
Mom. (nm) Mom. (b) 


Table of the Isotopes 


Elect. 
Quadr. 


y-Energy / 
Intensity 
(MeV/%) 


163 Ta 


162.95433 


10.6s 


EC/6.8 


lé"[a 


163.95353 


14.25 


В+ /8.5 
а/ 


34 
4.62/ 


ann.rad./ 
0.2110 


0.3768 


165Та 
166Та 


164.95077 
165.95051 


31.8 
34.5 


ЕСВ+/5.9 
В+ /82 17.7 


ann.rad./ 


EC/18 / 


Hf k x-ray 


0.1587 
0.3117 


0.8101 


167Та 
l68Ta 


166.94809 
167.94805 


1.4m 
2.4m 


В+, EC/5.6 
B+ /77 16:7 


34 


ann.rad./ 
ann.rad./ 


EC/23 / 


Hf k x-ray 


0.1239 
0.2615 


0.7502 


16?'Ta 


168.94601 


4.9m 


B+, ЕС/4.4 


ann.rad./ 
0.0288 


0.1535 


170Ta 


169.94618 


6.8m 


В +/70 /6.0 


(3+) 


0.1924 
ann.rad./ 


EC/35 / 


Hf k x-ray 


0.1008 
0.2212 


171Та 


170.94448 


23.3 т 


B+, EC/3.7 


(5/2-) 


0.0496 


0.5018 
0.5064 


(0.05-1.02) 


Та 


171.94490 


36.8 т 


В+ /25 /4.9 
EC/75 / 


(3-) 


ann.rad./ 
Hf k x-ray 


0.21396 


1.10923 
(0.09 -3.8) 


173Та, 


172.94375 


3.68 


B+ /24 13.7 


(5/2-) 


1.70 


-19 


ann.rad./ 


EC/76 / 


Hf k x-ray 
0.06972 


0.17219 


174Ta 


173.94445 


1.12 h 


B+ /27 /3.8 


(0.06 —2.7) 
ann.rad./ 


EC/73 / 


Hf k x-ray 


0.09089 
0.20638 


(0.09-3.64) 


175Та 


174.94374 


10.5h 


EC/2.0 


+37 


НЕК х-гау 
0.2077 


0.2671 


176Та 


175.94486 


EC/3.1 


0.3487 
Hf k x-ray 


0.08837 


177Та 


176.944472 


2.356 а 


ЕС/1.166 


1.15735 
НЕК х-гау 


0.11295 


17801 Га, 


24h 


EC/ 


(0.07-1.06) 
НЕК x-ray 


0.08886 


0.21342 
0.32555 


0.42635 


178Та 


177.94578 


9.29 ш 


ЕС/99 /19 
В+ /1/ 


1+ 


+2.74 


+0.65 


ann.rad./ 
Hf k x-ray 


Table of the Isotopes 11-153 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 
0.09316 
179 Та 178.945930 18у ЕС/0.110 7/2+ 2.29 3.37 Hf k x-ray 
18007 Га 0.0120(2) »12 х 105у (9-) 4.82 
0а 179.947465 8.15h EC/87 /0.854 1+ НЕК x-ray 
В- /13 /0.708 0.61/3 W k x-ray 
0.71/10 0.09333 
0.10340 
эта 99.9880(2) 180.947996 7/24 +2.370 +3.3 
жета 15.8m LT./0.5198 10- Та k x-ray 
0.14678 
0.17157 
182 Ta 181.950152 114.43 d В- /1.814 0.25/30 3- +3.02 +2.6 W k x-ray 
0.44/20 1.12127/100 
0.52/40 1.22138/79 
0.085—1.289 
ТУЛА 182.951373 5.14 В- /1.070 0.45/5 7/24 +2.36 W k x-ray 
0.62/91 0.0847 
0.0991 
0.1079 
0.2461 
0.3540 
18 Та 183.95401 87h B- /2.87 1.11/15 (5-) W k x-ray 
1.17/81 0.2528/44. 
0.4140/74. 
(0.09-1.4) 
185 Та 184.95556 49. т В- /1.99 1.21/5 (7/2+) W k x-ray 
1.77/81 0.0697 
0.1739 
0.1776 
186 Та, 185.9586 10.5 ш p- /3.9 2.2/ (3-) W k x-ray 
0.1979 
0.2149 
0.5106 
(0.09—1.5) 
187 Та 186.9605 > 0.3 us 
188 Та 187.9637 5 us 0.292 
ши! 188.9658 > 0.3 us 
„м 183.84(1) 
158 WT 0.14 ms a 8.28(3)/ 
158\Х/ 157.975 1.3 ms а/ 6.433/96 0+ 
ша 158.9729 7. ms а/ 
160\X/ 159.9685 0.08 s а/ 5.92/ 0+ 
ley 160.9674 0.41s B+, EC/18 /8.1 
а/82 / 5.78/ 
162\X/ 161.9635 1.39 s В+, ЕС/54 /5.8 0+ 
له‎ 5.54/ 
1вз\уу 162.9625 2.85 B+, ЕС/59 /7.5 
له‎ 5.38/ 
цал 163.95895 6.8 B+, EC/97 /5.0 0- ann.rad./ 
a/3 / 5.15/ 
165 WX] 164.95828 5.15 B+, ЕС/99 /7.0 ann.rad./ 
©/1 / 4.91/ 
1667 165.95503 16.5 B+, ЕС/99 /4.2 0+ ann.rad./ 
а/1/ 4.74/ 
167\Х/ 166.95482 20.5 ЕС/5.6 
1вв\уу 167.95181 53.s EC/3.8 04 ann.rad./ 
a/105/ 4.40(1) Ta k x-ray 


0.1755 


11-154 


Natural 
Abundance 
(Atom 96) 


Elem. 
or Isot. 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy (/MeV) 


Particle Energy/ 
Intensity 
(MeV /%) 


Spin 


(h/2 п) 


Table of the Isotopes 


Nuclear Elect. 
Magnetic Quadr. 
Mom. (nm) Mom. (b) 


y-Energy / 
Intensity 
(MeV/%) 


(0.037-0.573) 


169] 


168.95178 


1.3 т 


ЕС/5.4. 


ann.rad./ 
Та К x-ray 


0.123 


169.94923 


2.4m 


ЕС/2.2 


0+ 


(0.097—0.699) 
ann.rad./ 


Ta k x-ray 


0.3162 
(0.060—0.144) 


11 


170.94945 


2.4 т 


ЕС/4.6 


ann.rad./ 


Ta k x-ray 
0.1842 


(0.052—0.479) 


1725)/ 


171.94729 


6.6m 


B+, EC/2.5 


04 


ann.rad./ 
Та k x-ray 


0.0389 


17Зүүү 


172.94769 


6.3 т 


ЕС/4.0 


(0.034—0.674) 
ann.rad./ 


Ta k x-ray 


0.4576 
(0.035-0.623) 


1⁄4 


173.94608 


35.m 


EC/1.9 


0+ 


апп.гад./ 


Та k x-ray 
0.3287 


0.4288 


1757 


174.94672 


35.m 


ЕС/2.9 


(0.056—0.429) 
(0.015-0.27) 


16٧ 


175.94563 


25h 


В+, EC/0.8 


0.03358 


0.06129 
0.09487 


0.10020 


17 


176.94664 


2.21Һ 


ЕС/2.0 


(1/2-) 


Та k x-ray 
0.15505 


0.18569 


17٧ 


177.94588 


2164 


ЕС/0.091 


0+ 


0.42694 
Та К х-тау 


179mXX/ 


6.4 т 


11/99.7/0.222 


(1/2-) 


W k x-ray 


1 


178.94707 


38. т 


EC/0.3/ 
EC/1.06 


(7/2-) 


0.2220 
Ta k x-ray 


0.0307 


180XX/ 
181 


0.12(1) 


179.946704 
180.948197 


1.8 x 105 y 
12114 


a/ 
EC/0.188 


0+ 
9/2+ 


Та k x-ray 


0.13617 


1827 26.50(16) 


181.948204 


> 7.7 х 107 у 


a/ 


0+ 


0.15221 


183m7 


5.15s 


LT./ 


(11/2+) 


W k x-ray 


0.0465 
0.0526 


0.0991 


1837 14.31 (4) 


182.950223 


> 4.1 x 102! y 


a/ 


%- 


+0.1177848 


0.1605 


IA 30.64(2) 


183.950931 


»89x10?y 


a/ 


0+ 


185mXX/ 


1.6m 


LT./0.1974 


11/2+ 


W k x-ray 
0.0659 


0.1315 


185] 


184.953419 


74.8d 


В- /0.433 0.433/99.9 


3/2- 


0.1737 
0.12536 


1867 28.43(19) 


185.954364 


> 8.2 x 107 y 


a/ 


O+ 


187m\X/ 
187] 


186.957161 


1.6 us 
23.9h 


IT 0.411 
В- /1.311 0.624/66 


11/2+ 
3/2- 


0.62 


(0.014-0.287) 
Re k x-ray 


Table of the Isotopes 11-155 

Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (Меу /%) Mom.(nm) Mom. (b) (MeV/%) 

1.315/16 0.68572/33 

0.081-1.18 0.134-0.773 
тву 187.958489 69.78 d В- /0.349 0.349/99 0+ 0.0636 

0.2271 
0.2907 
ша 188.9619 9.7m В- /2.5 1.4/ (3/2-) 0.2604. 

2:5/ (0.1262-1.466) 
dn AW ~ 0.06 ms (0.0585-0.694) 
NW 189.9632 30.m В- /1.3 0.95/ 0+ Ве К х-гау 

0.1576 
0.1621 
а 190.9666 > 0.3 us 
төгүү/ 191.968 > 0.3 us 0+ 
„Ке 186.207(1) 
Re 159.9821 0.7 ms р/ 1.261(6)/91 
а/ 6.54/ 
161Re 160.9776 14 ms a/ 6.24 
Р 1.85 
162 Ве 161.9760 0.10 $ اه‎ 6.12/94 

6.09/94 

163 Де 162.97208 0.26 8 B+, ЕС/9.0 a/5.87/32 

a/ 5.92/66 
“Де 163.9703 0.98 В-, ЕС/10.7 

а/ 5.78/ 
1651 Ве ~ 2.37 $ اه‎ 5.502/ 
165Re 164.96709 2.65 В+, ЕС/87 /81 

а/ 5.49/ < 5. 
166Re 165.9658 2.55 B+, EC/9.4 

а/ 5.50/ 
167mRe 6.2 $ а, ЕС/ 
167Ве 166.9626 3.45 В+, ЕС/7.4 

a/ 5.015/ 
168Re 167.96157 445 B+, EC/9.1 

0.1117 /4.833 اه 
Ве 8.18 о 4.70/‏ "169 

4.87/ 
16е 168.95879 16. 5 
Re 169.95822 9.25 B+, EC/9.0 0.1560 

0.3055 
0.4125 
"Ве 170.95572 15.2 5 ЕС/~ 5.7 
1720 е 55.8 B+, EC/ (2) ann.rad./ 
0.1234 
0.2537 
0.3504 
бе 171.9554 15.s +, EC/7.3 ann.rad./ 
0.1234 
0.2537 
Re 172.95324 2.0 т ЕС/- 3.9 ann.rad./ 
406 173.95312 2.4m +, ЕС/5.6 ann.rad./ 
0.1119 
0.2430 
бе 174.95138 5.8m B+, EC/4.3 ann.rad./ 
176Re 175.95162 5.3m B+, EC/5.6 (34) ann.rad./ 
0.1089 
0.2406 
Re 176.95033 14.m EC/78 /3.4 (5/2-) ann.rad./ 
В+ /22 / W Кх-гау 


11-156 


Elem. 
or Isot. 


Natural 
Abundance 
(Atom 96) 


Atomic Mass or 


Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy (/MeV) 


Particle Energy/ 
Intensity 
(MeV /%) 


Spin 
(h/2 п) 


Мисјеаг 
Magnetic 
Mom. (nm) Mom. (b) 


Table of the Isotopes 


Elect. 
Quadr. 


y-Energy / 
Intensity 
(MeV/%) 


0.0797 


0.0843 
0.1968 


178Re 


177.95099 


13.2 т 


B+ /11 /47 


3.3/ 


(3+) 


ann.rad./ 


EC/89 / 


W k x-ray 
0.1059 


0.2373 


179] е 


0.47 ms 


0.9391 


179 е 


178.94999 


19.7 т 


ЕС/99 /2.71 


0.95/ 


(5/2+) 


2.8 


W Кх-гау 


8+/1/ 


0.1199 
0.2900 


0.4154 


0.4302 
1.6803 


180Re 


179.95079 


2.45 т 


EC/92 /3.80 


1.76/ 


1.6 


ann.rad./ 


B+ /8/ 


W k x-ray 
0.1036 


0.9028 


18 Re 


180.95007 


20.h 


ЕС /1.74 


5/24 


(0.07-2.2) 
W k x-ray 


0.3607 


0.3655 
0.6390 


182mRe 


12.7h 


EC/ 


0.55/ 


2+ 


3.3 


+1.8 


W Кх-гау 


1.74/ 


0.0677 
1.1214 


1.2215 


ере 


181.9512 


2.67 d 


EC/2.8 


2.8 


+4.1 


(0.06-2.2) 
W k x-ray 


0.0678 


0.2293 
1.1213 


1.2214 


183Re 


182.95082 


70.4 


ЕС/0.56 


(5/2+) 


+3.17 


+2.3 


W k x-ray 
0.16232 


184mpe 


165.d 


LT./75 /0.188 


8+ 


+2.9 


Ке К x-ray 


EC/25 / 


0.1047 
0.2165 


0.92093 


188 в 


183.952521 


38.4 


ЕС/1.48 


+2.53 


+2.8 


(0.10–1.1) 
W k x-ray 


0.79207 


0.90328 
(0.1-1.4) 


185Re 


37.40(2) 


184.952955 


5/2+ 


+3.1871 


+2.18 


186mpe 


2.0 x 10° y 


ІТ./0.150 


Ке k x-ray 
0.0590 


186Re 


185.954986 


37184 


B- /92 /1.070 


0.973/21 


11.739 


40.62 


W Кх-гау 


ЕС/8 /0.582 


1.07/71 


0.1227/0.6 
0.1372/9.5 


(0.63-0.77) 


187Re 
188mR e 


62.60(2) 


186.955753 


4.2 x 10? y 
18.6m 


B- /0.00266 
LT./0.172 


0.0025/ 


+3.2197 


+2.07 


Ке К x-ray 


0.0925 


188Re 


187.958114 


17.00 h 


B- /2.120 


1.962/20 


+1.788 


+0.57 


0.1059 
Os k x-ray 


2.118/79 


0.15502 


189Re 


188.95923 


24.h 


В- /1.01 


1.01/ 


(5/2+) 


0.309-2.022 
0.1471 


Table of the Isotopes 11-157 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2 п) Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
0.2167 
0.2194 
0.2451 
190mRe 3.0h В- /51/ (6-) Ве К х-гау 
ІТ./49 / 0.1191 
0.2238 
0.6731 
(0.1-1.79) 
19Re 189.9618 3.0m В- /3.2 1.8/ (2-) Os k x-ray 
0.1867 
0.5580 
0.6051 
PIRe 190.96313 9.7 т В- /2.05 1.8/ 
12mRe ~ 0.12 ms (0.0606-0.146) 
ђе 191.9660 16.8 В- /4.2 ~ 2.5/ (0.2-0.75) 
193mRe ~ 0.08 ms (0.061-0.146) 
13 е 192.9675 > 0.3 us 
Re 193.9704 > 0.3 us 
„Оз 190.23(3) 
1220s 161.984 1.8 ms a/ 6.60 0+ 
1630s 162.9827 5.5 ms a/ 6.51 
1640s 163.9780 0.04. s а 0+ 
1905 164.9768 0.075 а 
16605 165.97269 0.185 B+, EC/28 /6.3 6.27/ 0+ ann. rad./ 
0/72 | 5.98/ 
1670) 166.9716 0.7 $ B+, EC/76 /8.2 ann.rad./ 
a/24 / 5.844 
16805 167.96780 226 B+, ЕС/51 /5.7 0+ ann. rad./ 
9ه‎ / 
1690s 168.96702 3.3s B+, EC/89 /7.7 0 ann.rad./ 
013 / 5.51/12 
5.54/8 
1700) 169.96358 7.15 B+, EC/5.0 0+ ann.rad./ 
a/ 5.40/ (0.162-0.216) 
7108 170.96319 8.45 B+, EC/98 /7.1 а/5.24/93.5 ann.rad./ 
а/19 / 5.17/6.5 0.190-0.705 
7208 171.96002 19.5 B+, ЕС/99 /4.5 0+ ann.rad./ 
اه‎ 5.10/ (0.063-1.120) 
7308 172.95981 16. 5 B+, EC/6.3 ann.rad./ 
a/0.4 / 4.94/ 0.142-0.299 
7408 173.95706 44.5 +, ЕС/З.9 0+ 0.118 
a/0.02 / 4.76/ 0.138 / 0.001 
0.158 
0.325 
1508 174.95695 1.4 т +, ЕС/5.3 0.125 
0.181 
0.248 
17605 175.95481 3.6 т +, ЕС/3.2 0+ 0.8155 
0.7758 
0.8573 
1.2093 
1.2909 
1705 176.95497 2.8 т В+, ЕС/4.5 (1/2-) 0.0848 
0.1958 
0.3002 
1.2686 
1780) 177.95325 5.0m B+, EC/2.3 0+ ann.rad./ 


0.5946 


11-158 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
0.6850 
0.9687 
1.3311 
1908 178.95382 7. т B+, ЕС/3.7 ann.rad./ 
0.0654 
0.2186 
0.5938 
1800s 179.95238 21.5 т В+, EC/1.5 0+ Ке К х-тау 
0.0202-0.7174 
1810) 1.75 Һ ЕС/ (1/2-) ann.rad./ 
0.0489 
18106 180.95324 2.7 т ЕС/2.9 (7/2-) ann.rad./ 
0.11794 
0.23868 
0.8267 
(0.07—2.64) 
19205 181.95211 215h ЕС/0.9 0+ Ке k x-ray 
0.1802 
0.5100 
1835 9.9h EC/84 / %- Os k x-ray 
LT./16 / Re k x-ray 
1.1020 
1.1080 
1805 182.95313 13.h EC/2.1 9/24 -0.79 +3.1 Ве К х-гау 
0.1144 
0.3818 
1506 0.02(1) 183.952489 0+ 
1508 184.954042 93.6 а ЕС/1.013 %- Ке К x-ray 
0.6461 
0.8748 
0.8805 
18605 1.59(3) 185.953838 2.x105y о! ~ 2.75/ 0+ 
18705 1.96(2) 186.955750 %- +0.0646519 
Ber 13.24(8) 187.955838 0+ 
зөнд 5.8h І.Т./0.0308 9/2- Os L x-ray 
0.0308 
18905 16.15(5) 188.958148 3/2+ +0.65993 +0.86 
190% 5 9.9 т 17./1.705 10- -0.6 Os k x-ray 
0.1867 
0.3611 
0.5026 
0.6161 
Os 26.26(2) 189.958447 0+ 
191mOs 13.1 h LT./0.0744 3/2- Os k x-ray 
0.0744 
11085 190.960930 1544 В- /0.314 0.140/100 9/2- 12.5 Irk x-ray 
0.1294 
1924 95 6.08 LT./2.0154 (10-) Os k x-ray 
0.2058/65.9 
0.5692/70 
(0.201-1.000) 
Os 40.78(19) 191.961481 0+ 
1930s 192.964152 30.5 В В- /1.141 1.04/20 3/2- +0.730 +0.47 Ir k x-ray 
0.1389 
0.4605 
1405 193.965182 6.0y В- /0.097 0.054/33 0+ Ir L x-ray 
0.096/67 0.0429 
Os 194.968 6.5m B- /2.0 2.0/ 
Os 195.96964 34.9 m В- /1.16 0.84/ 0+ 0.1262/5 


0.4079/5.9 


Table of the Isotopes 11-159 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (MeV /%) Mom. (nm) Mom. (b) (MeV /%) 
1705 2.8 т p- 0.2239 
(0.0412-0.406) 
ТЕ 192.217(3) 
Hijr 163.9922 0.06 ms Р 178 
© 164.9875 0.3 ms p/87 171 
2/13 6.72 
emip 14.3 ms а/98.2 6.545 
p/1.8 1.32 
1661р 165.9858 0.010 8 3ه‎ 6.56 
р/6.9 1.15 
157, 26. ms 0/48, B+ 6.39/90 
p/32 1.25/0.42 
2671р 166.98167 32. ms 0/80, B+ 6.35/48 
p/0.4 1.06/39.3 
[р 167.9799 0.165 0/82 
шин! 280. ms а/ 6.12/59 
УУ ТЕ 168.97630 353. пл5 а/ 5.99/42 
Nep 169.9750 0.43 5 а/ 6.03/ 
Те 170.97163 13s а/ 5.91/ 
1218 171.9705 2.15 а/ 5.811/ 0.228 
(0.379–0.475) 
зү 172.96750 3.0 5 а/ 5.665/ 0.0493 
(0.092-0.296) 
walr 173.96686 4.8 а/ 5.478/ 0.1587 
(0.276-1.33) 
э 174.96411 ~ 4.55 а/ 5.393/ 0.1056 
[р 175.96365 8.5 EC, B+/80 0.260 
а/3.2/ 5.118/ (0.135-0.415) 
VADE 176.96130 30.s EC, B+/5.7 0.184 
а/0.06/ 5.011/ (0.062—0.194) 
ely 177.96108 12.s B+, EC/6.3 
0.1320 
0.2667 
0.3633 
Эг 178.95912 4.m ЕС/4.9 0.0975 
(0.045-0.220) 
Tr 179.95923 15m EC/6.4 0.2765 
((0.132-1.106) 
18Цү 180.95763 4.9 т В+, ЕС/4.1 (7/2+) ann.rad./ 
0.1076 
(0.0196—- 1.715) 
Toe 181.95808 15.m В+ /44 /5.6 ann.rad./ 
EC/56 / Os k x-ray 
0.1273 
0.2370 
183 182.95685 57.1 +, ЕС/З.5 ann.rad./ 
0.0877 
0.2285 
0.2824 
Бе 183.95748 3.0h В+ /12 /4.6 2.3/ 5- 0.70 +2.41 ann.rad./ 
EC/88 / 2.9/ Os k x-ray 
0.11968 
0.2640 
0.3904 
lr 184.95670 14. h В+ /3 /2.4 (5/2-) 2.60 -2.1 ann.rad./ 
EC/97 / Os k x-ray 
0.2543 


1.8288 


11-160 Table of the Isotopes 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 


1860]y 17ћ ЕС / (2-) 0.64 11.46 Os k x-ray 


0.1371 
0.7675 


18р 185.95795 15.7 h ЕС/98 /3.83 (5+) 3:9 -2.55 Os k x-ray 


В+ /2/ 0.1372 
0.2968 


0.4348 


(0.13-3.0) 


187] 186.95736 10.5 В ЕС/1.50 3/2+ +0.94 Os k x-ray 


0.0743 


0.4009 
0.4271 


0.6109 


0.9128 


138ү 187.95885 1.724 3+ /2.81 1.13/ (2-) 0.30 +0.48 Os k х-тау 


EC/99+ / 1.64/ 0.1550 


0.4780 
0.6330 


2.2146 


1891р 188.95872 13.24 ЕС/0.53 3/2+ 0.13 +0.88 Os k x-ray 


0.2449 


om T 3.09 h B+, EC/95 / (11-) 0.376 


ІТ./5 / 
юр 112ћ LT. /0.0263 7+ Ir L x-ray 


1901ү 189.960546 11.84 ЕС/2.0 (4+) 0.04 +2.8 Os k x-ray 


0.1867 
0.4072 


0.5186 


0.5580 
0.6051 


(0.2-1.4) 


11а 4.93 $ LT./0.1714 11/2- +0.603 Ir k x-ray 
0.1294. 


Mr 37.3(2) 190.960594 3/24 10.151 +0.82 


192ш21ү 241.у І.Т./0.161 (9+) Ir k x-ray 
192ml]p 1.44 m LT./0.0580 (1+) Ir L x-ray 


0.0580 


0.3165 


per 191.962605 73.83 d В- /1.460 (4-) 11.92 +2.15 РЕК x-ray 


0.31649/83. 


0.46806/48. 
و‎ 10.53 d І.Т./0.0802 11/2- Ir L x-ray 


0.0803 


19 62.7(2) 192.962926 3/2+ +0.164 +0.75 
Е 170.4 B- / 11 РЕК х-гау 


0.3284 


0.4829 
0.5624 


pnr 193.965078 19.3h p-/2.247 1.92/9 1- +0.39 +0.34 0.2935 


2.25/86 0.3284 
0.6451 


(0.1-2.2) 


195m] p 3.9h 8- / 0.41/ (11/2-) Pt k x-ray 
0.97/ 0.3199/9.6 


0.3649/9.5 


0.4329/9.6 
0.6849/9.6 


Tr 194.965980 2.8h В- /1.120 1.0/80 (3/24) Ptk x-ray 


1.11/13 0.0989/9.7 
жү 140ћ p-/ 1.16/ Pt k x-ray 


Table of the Isotopes 11-161 
Elem. Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear y-Energy / 
or Isot. Weight Resonance Energy (/MeV) Intensity (0/2 п) | Magnetic Intensity 
Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
0.3557 
0.3935 
0.4471 
0.5214 
0.6473 
ise 195.96840 52.s В- /3.21 2.1/15 0- 0.3329 
3.2/80 0.3557 
0.7796 
197г 8.9 т B- / (11/2-) 0.3465 
11 see Ir[197] 
rir 196.96965 5.8 m p- /2.16 1.5/ (3/2+) 0.0531 
2.0/ 0.1351 
0.4306 
0.4697 
sfr 197.9723 8.5 В- /4.1 0.4074 
0.5070 
ши! 198.97380 
„Pt 195.084(9) 
pt 165.995 0.3 ms а/ ZA 0+ 
Pt 166.930 0.9 ms а/ 6.98/ 
бере 167.9882 2.1 ms а 6.82 0+ 0.582/69 
0.594/69 
0.725/62 
тор 168.9867 7.0 ms 6.69 
тор 169.98250 14.0 ms 6.55 0+ 0.509/100 
0.662/86 
0.214–0.726 
"Pt 170.9812 0.05s а 6.45 0.4450 
(0.1564-1.208) 
зар 171.97735 0.10s а/ 6.31/94 0+ 
1P 172.9764 0.36 s B+, EC/8.2 6.23 
a/ 6.20/ 
тере 173.97282 0.895 B+, EC/17 /5.6 0+ 
0/83 / 6.040/ 
МӘРЕ 174.97242 2.55 B+, EC/65 /7.6 0.0774 
0/35 / 5.831/5 0.1354 
5.96/54 0.2128 
6.038/ 
176Pt 175.96895 6.3 s B+, EC/60 /5.1 0+ ann.rad./ 
а/40 / 5.528/0.6 0.2277 
5.750/41 
wP 176.96847 11.8 ЕС/91 /6.8 5.53/ 0.0908 
وه‎ / 5.485/3 
5.525/6 
пары 177.96565 21.8 ЕС/93 /4.5 0+ 
a/7 / 5.286/0.2 
5.442/7 
Pt 178.96536 33.8 B+, ЕС/5.7 +0.43 
а/ 5.16/ 
орг 179.96303 52.8 B+, EC/99.7 /3.7 0+ 
а/0.3 / 5.140/ 
IPE 180.96310 51.8 В+, EC/5.2 40.48 
торы 181.96117 2.7 т B+, EC/2.9 0+ ann.rad./ 
0.1360 
0.1460 
0.2100 
183mpt 43.5 B+, ЕС/ (7/2-) 40.78 ann.rad./ 
LT 0.3132/26 


11-162 


Elem. 
or Isot. 


Natural 
Abundance 
(Atom 96) 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 
Energy (/MeV) 


Particle Energy/ 
Intensity 
(MeV /%) 


Spin 
(h/2 п) 


Table of the Isotopes 


Nuclear Elect. 
Magnetic Quadr. 
Mom. (nm) Mom. (b) 


y-Energy / 
Intensity 
(MeV/%) 


0.3164/59 


0.6296/100 
0.058-1.75 


183pt 


182.96160 


B+, EC/4.6 


40.50 


ann.rad./ 


0.119/100 
0.307/93 


0.260/90 


184Pt 


183.95992 


17.3 m 


B+, EC/2.3 


0+ 


0.058—1.377 
ann.rad./ 


0.1549 


0.1919 
0.5484 


185mpt 


33.m 


В+, ЕС/ 


40.5 


185pt 


184.96062 


118h 


B+, EC/3.8 


-0.75 +3.7 


ann.rad./ 
0.1353 


0.1974 


0.2296 
0.2551 


186Dt 


185.95935 


20h 


В+, EC/1.38 


0+ 


ann.rad./ 


0.6115 
0.6892 


187pt 


186.96059 


2.35h 


B+, EC/3.1 


3/2- 


-0.41 “LL 


ann.rad./ 


Ir k x-ray 
0.1064 


0.1100 


0.2015 
0.2849 


0.7092 


188pt 


187.95940 


10.2d 


EC/0.51 


0+ 


Ir k x-ray 
0.1876 


0.1951 


189pt 


188.96083 


10.9h 


В+, EC/1.97 


3/2- 


-0.43 -1.2 


Irk x-ray 
0.0943 


0.6076 


0.7214 
(0.09-1.47) 


190pt 


0.014(1) 


189.95993 


4.5 x 10" y 


04 


191 Pt 


190.961677 


2.86d 


EC/1.02 


(3/2-) 


-0.50 -0.9 


Irk x-ray 
0.3599 


0.4094 


192pt 


0.782(7) 


191.961038 


04 


0.5389 


193mpt 


4.33d 


ІТ./0.1498 


13/2+ 


-0.75 


РЕК x-ray 


193pt 


192.962988 


60. у 


ЕС/0.0566 


(1/2-) 


40.60 


0.1355 
Ir k x-rays 


194pt 


32.967(99) 


193.962680 


04 


195mpt 


4.01d 


1.Т./0.2952 


13/2+ 


-0.61 +14 


РЕК х-гау 
0.0989 


195р{ 


33.832(10) 


194.964791 


1/2- 


+0.6095 


196pt 
197mpt 


25.242(41) 


195.964952 


1.590 h 


LT./97 / 


04 
13/24 


Pt k x-ray 


0-7 


0.0530 


197pt 


196.967340 


19.9h 


B- /0.719 


1/2- 


0.51 


0.3465 
Auk x-ray 


0.1914 


198pt 


7.163(55) 


197.967893 


04 


0.2688 


199mpt 


13.6s 


LT./0.424 


13/2+ 


Pt k x-ray 


199pt 


198.970593 


30.8m 


B- /1.70 


0.90/18 


(5/2-) 


0.3919 
0.3170/3.88 


Table of the Isotopes 11-163 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 
1.14/14 0.49375/4.47 
0.5430/11.7 
)0.055-1.293( 
юр 199.971441 12.5 В B- /- 0.66 0+ Auk x-ray 
0.13590 
0.22747 
0.24371 
Apt 200.97451 2.5 т В- /2.66 (5/2-) 0.070 
0.152 
0.222 
1.760 
apt 0.3 ms (0.535-0.719) 
"PE 201.9757 1.8d 0+ 0.440 
„АЧ 196.966569(4) 
om Ay 0.62 ms p/58 1.74/ 
2ه‎ 7.11/ 
Au 169.9961 0.30 ms p/89 1.46/ 
а/11 7.00/ 
VAM 1.09 ms а/66 6.995 
p/34 1.694 
Ац 170.99188 0.022 ms р/100 1.437 
Au 171.9900 4 ms a/7.02 6.86 
173 AY 15 ms a/92 6.732 
Au 172.98624 0.02 5 4ه‎ 6.672 
“Ац 173.9848 0.145 а 6.54. 
Au 174.98127 0.15 5 а 
176Au 175.9801 0.98 В+, EC/10.5 
а/ 6.260/80 
6.290/20 
17 Au 176.97687 1.2s а/ 6.115/ 
6.150/ 
Au 177.9760 2.68 а/ 5.920/ 
Au 178.97321 7.58 а/ 5.85/ 
Au 179.97252 8.1s EC/8.6 5.65 0.1522 
а/ 5.61 0.2564 
5.50 0.5242 
0.6765 
0.8084 
0.8597 
Au 180.97008 11.45 ЕС/97.5/6.3 5.482/ 
а/2.7/ 
182 Au 181.96962 21.s +, EC/6.9 ann.rad./ 
а/0.13/ 0.1549 
0.2649 
(0.13—1.4) 
18 Au 182.96759 42.8 ЕС/5.5 +1.97 0.1630 
а/0.8/ 0.2730 
0.3625 
ТАН 48 5 LT; (2+) +1.44 +1.9 0.069(ТТ) 
Au 183.96745 21.s ЕС, В+/7.1 (5+) +2.07 447 
а/0.013/ 
185m A ц 6.8 т B+, ЕС/ 
І.Т./0.145 
185 AY 184.96579 4.3m B+, ЕС/4.71 (5/2-) +2.17 -1.1 ann.rad./ 
a/0.26/ 
186m A ц <2.m B+, EC/ 0.1915 
186 Au 185.96595 10.7 m B+, EC/6.0 3- -1.26 49,1 ann.rad./ 


11-164 


Elem. 
or Isot. 


Natural 
Abundance 
(Atom 96) 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ Particle Energy/ 
Energy (/MeV) Intensity 
(MeV /%) 


Spin 
(h/2 п) 


Table of the Isotopes 


Nuclear Elect. y-Energy / 
Magnetic Quadr. Intensity 
Mom. (nm) Mom. (b) (MeV/%) 


a/8(10)*/ 


0.1915 


187m Ад 


2.35 


IT 


9/2- 


0.2988 


187 Au 


186.96457 


8.3 m 


B+, EC/3.60 


1/2+ 


+0.54 ann.rad./ 


0.9152 
1.2668 


1.3321 


188 Au 


187.96532 


8.8 т 


В+, ЕС/5.3 


1.4081 
-0.07 ann.rad./ 


0.2660 


0.3404 
0.6061 


189m Au 


4.6m 


B+, EC/ 


11/2- 


+6.19 0.1667 


189 Au 


188.96395 


287 т 


ЕС/96 /3.2 
В+ /4/ 


1/2+ 


+0.49 ann.rad./ 
Pt k x-ray 


0.4478 


0.7133 
0.8128 


190 Au 


189.96470 


43. т 


B+ /2 /4.44 


-0.07 ann.rad./ 


EC/98 / 


РЕК x-ray 
0.2958 


0.3018 


19131 


0.95 


1.Т./0.2663 


(11/2-) 


0.5977 
6.6 Auk x-ray 


0.2414 


191 Au 


190.96370 


EC/1.83 


3/2+ 


0.2526 
+0.137 +0.72 Pt k x-ray 


0.5864/16 


192 Au 


191.96481 


В+ /5 /3.52 2.19/ 


(0.088—1.30) 
-0.011 -0.23 ann.rad./ 


EC/95 / 2.49/ 


РЕК x-ray 


0.2959 
0.3165 


193m Ay 


І.Т./0.2901 


6.2 41.98 Auk x-ray 


193 Au 


192.96415 


ЕС/1.07 


0.2580 
+0.140 +0.66 Pt k x-ray 


0.1862 


IMAY 


193.96537 


1.64d 


В+ /3 /2.49 1.49/ 


0.2556 
40.076 -0.24 ann.rad./ 


EC/97 / 


Ptk x-ray 


0.2935 
0.3284/61 


195m Au 


30.5 $ 


LT./0.3186 


6.2 +1.9 Auk x-ray 


195Au 


194.965035 


186.10 d 


ЕС/0.227 


0.2617 
+0.149 +0.61 Pt k x-ray 


196m2 Au 


9.7h 


І.Т./0.5954 


5.7 Au К x-ray 


0.1478 
0.1883 


196mlAu 


8.1s 


І.Т./0.0846 


0.0847 


1% Au 
19m Au 


195.966570 


6.17d 
7.8 s 


EC/92 /1.506 
І.Т./0.4094 


+0.591 0.81 РЕК х-гау 
+6.0 +1.7 Ац К х-гау 


В- /8 /0.686 


0.1302 


19 Au 


100. 


196.966569 


3/2+ 


0.2790 
+0.14575 +0.55 


198m Au 


2.30 d 


LT./0.812 


(12-) 


Auk x-ray 


0.0972 
0.1803 


0.2419 


198 Au 


197.968242 


2.695 d 


В- /1.372 0.290/1 
0.961/99 


+0.5934 +0.64 Hg k x-ray 
0.411794 


Table of the Isotopes 11-165 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (MeV /%) Mom. (nm) Mom. (b) (MeV /%) 
Au 198.968765 3.14d В- /0.453 0.25/22 3/2+ +0.2715 +0.51 Hg k x-ray 
0.292/72 0.15837 
0.462/6 0.20820 
2007 Aui 18.7h B- /84 /1.0 0.56/ 12- 5.9 Auk x-ray 
LT./16 / 0.2559/71 
0.3680/77 
0.4978/73 
0.5793/72 
0.084—0.904) 
20 Au 199.97073 48.4 т В- /2.24 0.7/15 1- 0.3679/19 
22/77 1.2254/10.6 
(0.077—1.570) 
%1 Au 200.971657 26. m B- /1.28 1.27/82 3/2+ (0.027–0.732) 
202 Au 201.9738 29.$ p- /3.0 (1-) 0.4396 
Au 202.975155 1.0 т В- /2.14 ~ 1.9/ 3/2+ (0.04–0.37) 
Au 203.9777 40. s В- /4.5 (2-) 0.4366 
1.5113 
Au 204.9799 31.s B- / (0.38-1.33) 
«НЕ 200.59(2) 
Нр 171.0038 0.06 ms а 7.49 
12H» 171.9988 0.3 ms a 7.36 0+ 
U3Hg 172.9972 0.8 ms a 7.20 
Hg 173.99286 1.9 ms a 7.07 0+ 
На 174.9914 0.025 а 
На 175.98736 21 ms а 6.74/94 0+ 
анс 1.5 us ІТ 0.246 
На 176.9863 0.13 5 а 6.58 
На 177.98248 0.26 5 EC/50 /6.1 0+ 
а/50 / 6.43/ 
Не 178.98183 1.05 $ ЕС/8.0 
а/ 6.29/ 
Нр 179.97827 2.65 ЕС/5.5 0+ 0.1250 
а/ 6.12/33 0.3005 
5.69/.03 0.3812 
Н 180.97782 3.65 B+ EC/76 / ~ 7.3 (1/2-) 40.507 0.0663 
а/24. / 0.0811 
0.0924 
0.1474 
0.1587 
0.2142 
0.2398 
На 181.97469 10.8s B+, EC/85/5.0 0+ 0.129/122 
a/15/ 5.87/8.6 0.2176/66 
5.45/0.03 0.0256–0.543 
Не 182.97445 9. s В+, ЕС/77/6.3 %- +0.524 0.0714 
а/ 5.83/ 0.0874 
5.91/ 0.1538 
Hg 183.97171 30.9 5 B+, EC/99/4.1 0+ 0.1565/102 
а/1/ 5.54/1.3 0.2367/100 
5.07/0.002 0.2384/18 
(0.018-0.4227) 
жане 21.5 B+, ЕС, IT, а/ 5.37/ 13/2« -1.02 +0.2 0.211 
0.292 
На 184.97190 51.8 3+, ЕС/95/5.8 %- +0.509 0.02—0.55 
série 185.96936 1.4 т B+, EC/3.3 0+ 0.1119 
а 5.09/0.02 0.2518 
ЈН 17m 3+, EC/ 13/2« -1.04 40.5 see Hg187 
На 186.96981 2.4 т В+, ЕС/4.9 3/2- -0.594 -0.8 0.1034/32 


11-166 


Elem. 
or Isot. 


Natural Atomic Mass or 
Abundance Weight 


(Atom 96) 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 


Energy (/MeV) 


Particle Energy/ 
Intensity 


(MeV /%) 


Spin 
(h/2 п) 


Table of the Isotopes 


Nuclear Elect. 
Magnetic Quadr. 
Mom. (nm) Mom. (b) 


y-Energy / 
Intensity 
(MeV/%) 


0.2334/100 


0.2403/33 
0.27151/31 


0.3763/38 


0.5254/30 
0.10–2.18 


188Hg 


187.96758 


3.2m 


B+, EC/2.3 


0+ 


0.0988 


0 


4.61 


0.1148 
0.1424 


0.1900 


эте 


8.6m 


EC/ 


13/24 


-1.06 40.7 


0.0780 
0.3210 


0.4345 


0.5655 
(0.08-2.170) 


Не 


188.96819 


7.6 т 


EC/4.2 


3/2- 


-0.6086 -0.8 


0.2005 


0.2038 
0.2386 


0.2485 


ОН 


189.96632 


20.0m 


EC/1.5 


04 


0.1296 
0.1426 


та 


51. т 


B+ /6 / 


13/24 


-1.07 10.6 


ann.rad./ 


EC/94 / 


Auk x-ray 
0.2741 


0.4203 


0.5787 
(0.07-1.9) 


На 


190.96716 


50.m 


B+, EC/3.2 


(3/2-) 


-0.62 -0.8 


0.1963 


0.2247 
0.2524 


12Hg 


191.96563 


5.0h 


EC/~ 0.5 


0+ 


Au К x-ray 


0.1572 
0.2748 


0.3065 


ззнН а 


11.8 В 


B+, EC/91 / 
Т.Т./д /0.2901 


13/2+ 


-1.05843 +0.92 


Hg k x-ray 
0.1866 


0.2580 


0.4076 
0.5733 


0.9324 


Нр 


192.96667 


ЕС, В+/2.34 


3/2- 


-0.6276 -0.7 


(0.1-1.96) 
0.1866 


0.2580 


“Не 


193.96544 


EC/0.04 


04 


0.8611 
Au L x-rays 


юте 


І.Т./(54)/0.3186 


13/2+ 


-1.04465 +11 


Hg k x-ray 


EC/(46)/ 


Auk x-ray 
0.2617 


0.5603 


На 


194.96672 


10.5h 


EC/1.51 


1/2- 


10.541475 


0.7798 
Auk x-ray 


0.0614 


1%Ңе 


0.15(1) 195.965833 


22.5 х 105у 


0- 


0.7798 


эе е 


238ћ 


І.Т./(93)/0.2989 


13/2+ 


-1.02768 +12 


Hg k x-ray 


Auk x-ray 
0.13398 


Hg 


196.967213 


2.69 d 


EC/0.600 


1/2- 


+0.527374 


Au k x-ray 


18Hg 


9.97(20) 197.9667690 


0+ 


0.07735 


Table of the Isotopes 11-167 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (MeV /%) Mom. (nm) Mom. (b) (MeV /%) 
та 42.7 m LT./0.532 13/2+ -1.014703 +12 Hg k x-ray 
0.15841 
На 16.87(22) 198.9682799 1/2- +0.505885 
Hg 23.10(19) 199.9683260 0+ 
На 13.18(9) 200.970302 3/2- -0.560226 +0.39 
Hg 29.86(26) 201.970643 0+ 
эңе 202.972873 46.614 B- /0.492 0.213/100 5/2- 40.8489 40.34 111 x-ray 
0.279188 
Hg 6.87(15) 203.9734939 0+ 
Hg 204.976073 5.2m В- /1.531 1.33/4 1/2- +0.6010 0.20378 
(0.2-1.4) 
20% Hg 205.97751 8.2 m В- /1.31 0.935/34 0+ ТІК x-ray 
1.3/63 0.3052 
0.6502 
20712 206.9826 2.9 т В- /4.8 (9/2+) 
28Hg 207.9859 41. т p- 0+ 0.474. 
Нр 208.9910 365 p- 0.324 
зона 209.9945 > 0.3 us p- 0+ 
111 204.3833(2) 
VT] 176.0006 5 ms Р 1.26/~ 100 
шет 0.23 ms р/51 1.95 
а/49 7.48 
WAT] 176.99643 0.017 s 0/73 
p/27 
Wer] 177.9949 0.25 5 а/ 6.704 
6.785 
6.62 
6.859 
е] 1.7 ms а [7.21/80 
а /7.10/20 
эт] 178.99109 0.3s а 6.57/ 
ТІ 179.9899 15s а//8 6.28/30 
6.36/30 
6.21/18 
6.56/15 
6.47/7 
ве] 1.4ms a 6.58/100 
"SUE 180.98626 3.2 ms له‎ < 10 6.19/100 
eT] 181.9857 3.5 B+, EC/10.9 0.351 
(0.26–0.41) 
жш 53. ms а 6.33/80 9/2- 0.0618 
6.38/16 (0.046-0.0894) 
6.46/4 
"T 182.98219 5.s 3+, EC/7.7 Yo 0.208 
T] 183.98187 11.8 В+, ЕС/(98)/9.2 0.2868 
a/(2)/ 6.16/ 0.3399 
0.3667 
Tem] 1.8s LT./0.453 (9/2-) 0.1688 
а/5.97 6.01 0.2840 
ши! 184.9788 20. 8 EC/B+/6.6 
1861] 4.8 І.Т./0.374 0.3738 
ad! 185.9783 28.s B+, EC/7.5 0.3567 
0.4026 
0.4053 
ши! 15.68 LT./~ 0.33 (9/24) 43.8 -2.4 0.2995 
Ap] 186.97591 50. 8 B+, EC/6.0 Ve 1.6 
188mT] 1.18m B+, EC/ (74) Hg k x-ray 


0.4129 


11-168 


Elem. 
or Isot. 


Natural 
Abundance 
(Atom 96) 


Atomic Mass or 
Weight 


Half-life/ 
Resonance 
Width (MeV) 


Decay Mode/ 


Energy (/MeV) 


Particle Energy/ 


Spin 
(h/2 п) 


Nuclear 
Magnetic 


Mom. (nm) Mom. (b) 


Table of the Isotopes 


Elect. 
Quadr. 


y-Energy / 
Intensity 
(MeV/%) 


0.5043 


18T] 


187.97601 


12m 


B+, EC/7.8 


40.48 


0.5921 


+0.13 see Tl[188m] 


0.4129 


189m [| 


1.4 т 


В+, ЕС/ 


+3.878 


-2.29 0.2156 


0.2284. 


0.3175 


189T] 


188.97359 


2.3m 


B+, EC/5.2 


(1/2+) 


0.4452 
0.3337 


0.4510 


0.5223 
0.9422 


190mT] 


3.7m 


B+, EC/ 


4.2/ 


(7+) 


+0.495 


+0.29 0.1968 


0.4164 
0.7311 


19T] 


189.97388 


2.6m 


B+, ЕС/7.0 


5.7/ 


(27) 


+0.25 


-0.33 0.4164 


0.6254 
0.6838 


1.0999 


191mT] 


5.2 m 


B+, EC/(98)/ 


(9/2+) 


+3.903 


-2.3 0.2157 
0.2647 


0.3256 


191Т| 


190.97179 


(1/2) 


1.59 


0.3359 


192111 


10.8 m 


В+, ЕС/ 


(7-) 


40.518 


0.46 0.1740 


0.4228 
0.6348 


0.7863 


192T] 


191.97223 


9.6m 


B+, EC/6.4 


+0.20 


0.7455 


-0.33 0.3975 


0.4228 


193mTT] 


2.1m 


ІТ./(75)/ 


(9/2-) 


+3.948 


0.6908 
-2.2 0.3650 


193T] 


192.9707 


22.m 


B+, EC/3.6 


(1/24) 


11.591 


0.2077 


0.3244 
0.3440 


0.6761 


1.0447 
1.5793 


194mT7] 


32.8m 


В+ /(20)/~ 0.30 


(7+) 


+0.540 


+0.61 ann.rad./ 


EC/(80)/ 


Hg k x-ray 
0.4282 


0.6363 


194Т| 


193.9712 


33.0 m 


B+, ЕС/5.3 


0.140 


0.7490 


-0.28 0.4279/75.2 


0.6452/10.8 


195011 


3.68 


LT./0.483 


9/2- 


(0.395-1.623) 
ТІК x-ray 


0.0990 


195T] 


194.96977 


1.16 h 


ЕС/97/2.8 


1/2+ 


+1.58 


0.3836 
ann.rad./ 


B+ /(3)/ 


Hg k x-ray 


0.2422 
0.5635 


0.8845 


1.3639 
(0.13-2.5) 


196mT] 


141ћ 


B+, ЕС/95/4.9 


(7+) 


0.55 


+0.76 0.0840 


0.4261 
0.6353 


Table of the Isotopes 11-169 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (Меу /%) Mom.(nm) Mom. (b) (MeV/%) 


0.6954 


(0.08—1.0) 
Peri 195.97048 1.84h В+ /(15)/4.4 2- 10.072 -0.18 ann.rad./ 


EC/(85)/ Hg k x-ray 


0.4257 
0.6105 


(0.03-2.4) 


этет] 0.54 $ ІТ/53/0.608 9/2- ТІК х-гау 


3+, ЕС/47/ 0.2262 


0.4118 


0.5872 
0.6367 


PT] 196.96958 2.83h В+ /(1)/2.18 1/2+ +1.58 Hg К x-ray 


EC/(99)/ 0.1522/8.2 
0.4258 


198m] 1.87h B+, EC/(53)/ 74 +0.64 Hg k x-ray 


IT/47/0.5347 ТІК x-ray 
0.4118 


0.5872 


0.6367 


198T] 197.9405 5.3h ЕС, В+ /(1)/3.5 14/ 2- Hg k x-ray 


2.17 0.4118 


2.4/ 0.6367 
0.6759 


(0.23-2.8) 


19271 198.96988 74h EC/1.4 1/2- +1.60 Hg k x-ray 
0.2082 


0.2473 


0.4555 


20T] 199.97096 1.087 d EC/2.46 1.07/ 2- 0.04 Hg k x-ray 


1.44/ 0.36799 


1.2057 
)0.11-2.3( 


20111 200.97082 3.038 4 ЕС/0.48 1/2- +1.605 Hg k x-ray 


0.13528 
0.16740/10.0 


202] 201.97211 12.47 d EC/1.36 2- 0.06 Hg k x-ray 


0.43957 
23T] 29.524(14) 202.972344 1/2+ +1.622258 


2T] 203.973864 3.78 y В- /97/0.7637 7 2- 0.09 Hg К x-ray 


EC/(3)/0.347 
хт] 70.476(14) 204.974428 1/2+ +1.638215 


бше] 3.76 m LT./2.644 12- ТІК x-ray 


0.2166 
0.2661 


0.4534 


0.6866 
1.0219 


206] 205.976110 4.20 m В- /1.533 1.53/99.9 0- РЬ К х-гау 


0.80313 
оле] 1.35 LT./1.350 11/2- ТІК x-ray 


0.3501 


1.0000 
207] 206.97742 4.77 т В- /1.423 1.43/99.8 1/2+ +1.88 0.89723 


ет] 207.982019 3.053 т В- /5.001 1.28/23 (5+) +0.29 РЬ k x-ray 


1.52/22 0.27728 
1.796/51 0.51061 


0.58302 


2.61448 


20°T | 208.98536 2.16 т В-/3.98 1.8 /100 (1/2+) РЬ К х-гау 


11-170 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (nm) Mom. (b) (MeV/%) 
1.5670/100 
0.4651/95 
(0.12-1.33) 
21011 209.99007 1.30 т В- /5.48 1.3/25 (5+) РЬ К х-гау 
1.9/56 0.081 
0.2981 
0.79788 
ST) 210.9935 > 0.3 us p- 
шй! 211;9982 > 03 us p- 
| Pb 207.2(1) 
"pb 178.00383 ~ 0.2 ms 0+ 
Pb 179.0022 
opp 179.99792 5 ms а/ 7.25 0+ 
зар 180.9966 0.05 8 а/ 7.07 
зорь 181.99267 55 ms 6.90 0- 
зээр 0.42 8 6.70/82.7 13/2« 
6.86/1.9 
зэр 182.99187 0.54 5 а/ 6.57/4.3 (3/2-) 
6.78/11.0 
зар 183.98814 0.48 5 о! ~ 80 6.63/ 0+ 
арр 4.38 а 6.41/100 13/2« 512 
зорь 184.98761 6.38 а/ 6.29/56 3/2- 11 0.205 
6.49/44 0.269 
6.55/<1.4 
шерь 185.98424 5.8 8+, ЕС/95/5.5 0+ 
а/(5)/ 6.32/ 
6.34/<100 
6.01/<0.2 
рр 15.25 В+, ЕС/ 5.99/ (1/2-) 0.0674 
0/12 6.19/ 0.2080 
0.2755 
0.2995 
0.4487 
0.7477 
рь 186.98392 18.3 5 EC/7.2 13/2« 0.1930 
а/7 6.08/ 0.3314 
0.3435 
0.3934 
мєр 187.98087 23.8 ЕС/(78)/4.8 0+ 0.1850 
а/(22)/ 5.98/<10 0.7582 
5.61/«0.1 
мөр 188.98081 51.8 EC/6.1 
а/ 5.58/ 
190pb 189.97808 12m В+ (13)/4.1 0+ ann.rad./ 
EC/(86)/ ТИК x-ray 
a/(0.9)/ 5.58/ 0.1415 
0.1512 
0.9422 
191mpp 2.2 т B+, EC/ 13/2+ “1,17 +0.085 ann.rad./ 
0.3871 
0.6135 
0.7122 
зэтрр, 190.97827 13m +, EC/5.5 ann.rad./ 
0.9368 
12Db 191.97579 3.5m B+, EC/~ 3.4 0+ ann.rad./ 
а/.006/ 5.11 0.1675 
0.6082 


1.1954 


Table of the Isotopes 11-171 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (MeV /%) Mom. (nm) Mom. (b) (MeV/%) 
122715 5.8m B+, EC/ 13/24 -1,15 +0.19 ann.rad./ 
0.3650 
0.3922 
APD 192.97617 ~2.m ЕС/5.2 3/2 (-) 
зар, 193.97401 10. т B+, ЕС/2.7 0+ ann.rad./ 
a 4.64 0.2036 
195mPh 15.m B+ /(8)/ 13/2+ -1.132 +0.30 ann.rad./ 
EC/(92)/ TI k x-ray 
0.3836 
0.3942 
0.8784 
5р} 194.97454 ~ 15. т В+, ЕС/5.8 ann.rad./ 
0.3836 
0.3937 
0.7776 
тєр, 195.97277 37. m B+, EC/2.1 0+ ТІК x-ray 
0.2531 
0.5021 
pb 43.m EC/79/ 13/2+ -1.104 +0.38 ТІК x-ray 
В+ /2/ 0.3079 
IT/19/0.3193 0.3877 
0.7743 
(0.2—2.2) 
Ph 196.97343 ~8.m EC/97/3.6 (3/2-) -1.075 -0.08 ТІК x-ray 
B+ /3/ 0.3755 
0.3858 
0.7611 
PD 197.97203 2.4h EC/1.4 0+ ТІК x-ray 
0.1734 
0.2903 
0.3654 
эю] 12.2 m 11/93/0.4248 13/2+ Pb k x-ray 
3+, EC/(7)/ 0.4255 
рь 198.97292 15ћ EC/(99)/2.9 5/2- -1.074 40.08 ТІК x-ray 
В+ /(1)/ 0.3534 
0.7202 
1.1350 
(0.22-2.4) 
зоорь, 199.97183 21.5h EC/0.81 0+ ТІК x-ray 
0.14763 
зар, 1.02 m LT./0.6291 13/24 Pb k x-ray 
0.6288 
зар, 200.97289 9.33h EC/1.90 5/2- 10.675 -0.009 ТІК x-ray 
0.33120 
0.36131 
(0.11-1.8) 
юр; 3.53h IT/90/2.170 9- -0.228 40.58 Pb k x-ray 
В+ /10/ ТІК x-ray 
0.42219 
0.78700 
0.96271 
22Pb 201.97216 5.3 x 10* y ЕС/0.05 0+ TIL x-ray 
Хетрђ 6.25 LT./0.8252 13/2+ Pb k x-ray 
0.8203 
0.8252 
205 202.97339 2.163 d EC/0.98 5/2- +0.686 +0.10 ТІК x-ray 
0.279188 
жир; 1.13 В LT./2.185 9- Pb k x-ray 
0.37481 


0.89922 


11-172 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (MeV /%) Mom. (nm) Mom. (b) (MeV /%) 
0.91175 
зирь 1,441) 203.973044 0+ 
25Ph 204.974482 151x10'y EC/0.0512 5/2- +0.712 +0.23 TIL x-ray 
херь 24.1(1) 205.974465 0+ 
юар}; 0.805 LT./1.632 13/24 Pb k x-ray 
0.56915 
1.06310 
A" pb 22.1(1) 206.975897 1/2- +0.59258 
гр 52.4(1) 207.976652 >2х 1097) sf 0+ 
2°Pb 208.981090 3.25h p- /0.644. 0.645/100 9/24 -1.474 -0.3 
зорь 209.984189 22.6у В- /0.0635 0.017/81 0+ 
0.061/19 
a 3.72 
гирь 210.988737 36.1 т В- /1.37 0.57/5 (9/2+) -1.404 +0.09 0.40486 
1.36/92 0.42700 
0.83186 
(0.09-1.27) 
зар 211.991898 10.64 h p- /0.574 0.28/83 0+ Bi k x-ray 
0.57/12 0.23858 
2131 212.99658 10.2 т В- /2.1 
зирь 213.999805 26.9 ш В- /1.0 0.67/48 0+ Bi k x-ray 
0.73/42 0.24192 
0.29509 
0.35187 
шерь 215.0048 36 5 
өрі 208.98040(1) 
ерү 0.007 5 а (7.22-7.85) 0.449 
Bi 184.0011 13. ms a 0.124 
нәрі 184.9976 60. us p/90 1.55 
0ه‎ 8.03 
نت‎ 15. ms а 7.07-7.23 (0.087-0.520) 
p/«0.5 
кері 185.9966 9.8 ms а 7.26 0.1085 
7.37 
лаві ~ 8. ms 2ه‎ 
Ві 186.99316 32. ms 0/7 7.00/88.3 
7.61/8.0 
7.37/3.7 
шері 187.99227 0.271 5 а 6.81 (0.071-0.320) 
18964 7.0 ms а 7.30 
кәрі 188.9892 0.68 5 а 
юр 5.78 а/90 6.43 (0.105-0.314) 
(6.23-6.72) 
Ві 189.9883 ~ 5.95 B+, ЕС/(30)/8.7 a/6.45 (0.089-0.374) 
ه‎ 70 )6.39-6.82( 
тері 0.12 ms а/ 6.87/100 
Bi 190.98579 12.45 3+, ЕС/(60)/7.3 
а/(40)/ 6.31 
12Bi 191.98546 40. s B+, EC/(80)/9.0 
а/(20)/ 6.06/ 
HORE 3.25 B+, EC/ 1/2+ 
а/ 6.48/ 
193Bj 192.98296 1.11 m B+, EC/40/7.1 9/2+ 
а/(60)/ 5.91/ 
Bi 193.98283 1.8 т В+, EC/99.9/8.2 (10-) 0.1661 
а/0.1/ 0.1740 
0.2802 


0.421 


Table of the Isotopes 11-173 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (Меу /%) Mom.(nm) Mom. (b) (MeV/%) 


0.5754 


0.9650 
195081 1.45 m В+, ЕС/(94)/ 


а/(6)/ 6.11/ 


Bi 194.98065 2.9m B+, EC/99.8/5.8 3/2- 
а/(0.2) 5.45/ 


Bi 195.98067 5.m EC/~ 7.4 0.1376 


0.3720 
0.6880 


1.0486 


Bi 196.97886 5.m B+, EC/5.2 1/2+ 
завиар 7.7 8 І.Т./0.2485 (10-) 0.2485 


Bi 197.97921 11.8 m B+, EC/6.6 (7+) 0.0900 


0.1976 
0.5624 


1.0635 


199mBj 24.7m B+, EC/ ann.rad./ 
об 198.97767 27. т B+, EC/4.3 9/2- 4.6 0.7203 


0.8374 


0.8417 
0.9460 


1.0528 


1.3056 
(0.12—3.2) 


200681 31.m B+, EC/ (2+) 0.2453 


0.4198 
0.4624 


1.0265 


20081 199.97813 36. т ЕС/(90)/5.9 7+ ann.rad./ 
В+ /(10)/ Pb k x-ray 


0.4198 


0.4623 
1.0265 


21mBj 59.1 т LT./0.846 (1/2+) Bi k x-ray 


В+, EC/ 0.8464 
201Bi 200.97701 18h EC/3.84 9/2- 4.8 Pb k x-ray 


0.6288 


0.9357 
1.0138 


(0.13-2.4) 


2021 201.97774 1.72 В В+ /(3)/5.16 5+ +426 -0.72 ann.rad./ 
EC/(97)/ Pb k x-ray 


0.57860 


0.92734 
(0.08-3.5) 


ОВ: 202.97688 11.8 В ЕС/99.8/3.25 9/2- +4.02 -0.69 Pb К x-ray 


3+ /(0.2)/ 1.35/ 0.1865 
0.8203 


0.8969 


1.8475 
(0.1-2.9) 


ни! 203.97781 1L2h EC/4.44 6+ +4.32 -0.43 Pb k x-ray 


0.37481 
0.89922 


0.98409 


2%5В{ 204.97739 15.314 EC/2.71 9/2- +4.07 -0.59 Pb k x-ray 
0.70347 


1.76435 


Ві 205.97850 6.243 а ЕС/3.76 6+ +4.36 -0.39 Pb К x-ray 
0.51619 


11-174 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
0.80313 
0.88100 
"Bi 206.978471 31.55 y EC/2.399 9/2- 4.08 -0.6 Pb К x-ray 
0.56915 
1.06310 
208 207.979742 3.68 x 19. у ЕС/2.880 5+ 4.63 -0.64 Pb k x-ray 
2.61435 
Ві 100. 208.980399 1.9 x 10? y а 3.13 9/2- +4111 -0.37 
210mBi 3.0 x 105 у a/ 4.420(3)/0.29 9- 42.73 -0.47 ТІК x-ray 
4.569(3)/3.9 0.2661 
4.584(3)/1.4 0.3052 
4.908(4)/39 0.6502 
4.946(3)/55 
2101 209.984120 5.014 p- /1.163 1.16/99 1- -0.0445 +0.136 0.2661 
0.3.52 
Б] 210.98727 2.14 т а/(99.7)/ 6.279/16 9/2- ТІК x-ray 
p- /(0.3)/0.58 6.623/84 0.3501 
212m2p; 7.m 8-/ (159) 
ӨВ: 25.0 т а/(93)/ 6.300/40 (9-) 0.120 
В- /(7)/ 6.340/53 0.233 
0.275 
0.404 
0.727 
22 211.991286 1.009 ћ В- /(64)/2.254 (1-) +0.32 +0.1 111 x-ray 
a/(36)/ 6.051/25 Po k x-ray 
6.090/9.6 0.2881 
0.72725 
0.78551 
1.62066 
Bi 212.994385 45.6m B- /(98)/1.43 1.02/31 9/2- +3.72 -0.60 Po k x-ray 
a/(2)/ 1.42/66 0.4404 
5.549/0.16 )0.15-1.328( 
5.869/2.0 
1.10006 
дй! 213.99871 19.7 т p- /3.27 0.60931 
1.12027 
1.76449 
(0.19-3.2) 
зар 37.5 В (0.158-0.498) 
ний!) 215.00177 7.7m B- /2.3 0.2937/35.2 
(0.271–1.399) 
“SBi 216.00631 2.3 т В-/4.0 0.5498 
0.4192 
2 Bi 217.0095 985 В/ 0.2646/100 
(0.254-1.017) 
шер 218.0143 33. $ p- 0.5097/134 
0.3857/100 
(0.174-0.703) 
мро 
ивро 187.99942, 0.27 тл5 а 7.91/80 0+ 
7.320 
Ро 188.99848 5 ms а 7.532/8 
7.259/80 
7.309/12 
оро 189.99510 2.4 ms а/ 7.53/96.4 0+ 
7.01/3.3 
злиро 93. ms а 7.376/50 


6.888/46 


Table of the Isotopes 11-175 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
роб 190.99457 22 ms a/ 7.334/77 
6.97/8 
Po 191.99134 32. ms а/8.5 7.17/98.6 0+ 
6.59/1.4 
13аро ~ 0.07 5 а/ 7.00 
Po 192.99103 0.45s a/ 6.95 
Ро 193.98819 0.2 5 а/ 6.84/93 0+ 
6.19/0.22 
зөввро, ~ 2.85 а/ 6.70/ 
Ро 194.98811 ~ 3.95 а/ 6.62/ 
роб 195.98554. 5.s а/(95)/ 6.53/94 0+ 
В+, ЕС/(5)/-4.6 5.77/0.02 
ро 25.85 а/(84)/ 6.385(3)/55 13/2« 
B+, EC/(16)/ 
Po 196.98566 53.s а/(44)/ 6.282(4)/76 (3/2-) 
3+, EC/(56)/6.2 
евро 197.98339 1.76m а/(70)/ 6.18/57 0+ 
В+, EC/(30)/4.0  5.27/7.6 x 10% 
19mDo 4.2 m B+, EC/(51)/ 13/2+ 0.99 ann.rad./ 
а/(39)/ 6.059/24 0.2745 
0.4998 
1.0020 
199po 198.98367 52m B+, EC/(88)/7. (3/2-) Bi k x-ray 
а/(12)/ 5.952/7.5 0.1877 
0.3616 
1.0214 
1.0344 
°0°Po 199.981780 11.5 т В+, EC/85/3.4 0+ 0.14748 
а/(15)/ 5.863/11.1 0.32792 
0.6176 
0.6709 
201mpo 8.9 т В+, ЕС/(57)/ 13/2+ 1.00 Bi К x-ray 
IT/40/0.418 Po k x-ray 
oJ (3)/ 5.786/- 3. 0.2726 
0.4123 
0.4179 
0.9670 
про 200.98226 153 т B+, EC/98/4.9 3/2- 0.94 Bi k x-ray 
a/(2)/ 5.683(3)/1.1 0.2056 
0.2250 
0.8483 
0.9048 
202Po 201.98076 45. m +, ЕС/98/2.8 0+ 0.0410 
а/(2)/ 5.588/1.9 0.1656 
0.3158 
0.6884 
203mDo 12m 1۸ 4 13/24 Bi k x-ray 
p-EC/(4)/ Po k x-ray 
0.6414 
23Ро 202.98142 35. т В+, EC/4.2 5/2- +0.74 0.17516 
0.21477 
0.89350 
0.90863 
1.09095 
“Ро 203.98032 3.53 В EC/2.34 0+ Bi k x-ray 
а 5.377/0.66 0.2702 
0.8844 
1.0162 
(0.11–1.9) 
205ро 204.98120 1.7 В В+, ЕС/3.53 5/2- +0.76 +0.17 ВЕК х-гау 


11-176 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (MeV /%) Mom. (nm) Mom. (b) (MeV/%) 
0.83681 
0.84983 
0.87241 
1.00124 
(0.12-2.7) 
206ро 205.98048 8.84 ЕС/(95)/1.85 0+ Bi k x-ray 
а/(5)/ 5.223/5.5 0.28644. 
0.31156 
0.51134 
0.80737 
1.03228 
(0.11–1.5) 
юар 2.85 LT./1.383 19/2- Ро k x-ray 
0.2682 
0.30074 
0.81448 
207ро 206.98159 5.80h EC, B+/2.91 5/2- 40.79 40.28 Bi k x-ray 
0.74263 
0.91176 
0.99225 
208ро 207.981246 2.898 у а/5.213 4.233/0.0002 0+ 
5.1158/100 
юре 208.982430 102. у а/4.976 4.624/0.56 1/2- ~ +0.77 0.26049 
4.879/99.2 0.8964 
20ро 209.982874 138.4 а а/5.407 4.516/0.001 0+ 0.80313 
5.304/100 
зишро 25.2 $ а/ 7.273/91 25/2+ Pb k x-ray 
7.994/1.7 0.32808 
8.316/0.25 0.56915 
8.875/7.0 0.89723 
1.06310 
гиро 210.986653 0.516 8 а/7.594. 6.570/0.54. 9/2+ 0.56915 
6.892/0.55 0.89723 
7.450/98.9 
“юр 45.8 а/ 8.514/2.0 16+ 
9.086/1.0 
11.650/97 
22ро 211.988868 0.298 us а/8.953 8.784/100 0+ 
23ро 212.992857 3.7 us а/8.537 7.614/0.003 9/2+ 
8.375/100 
аро 213.995201 163.7 us а/7.833 6.904/0.01 0- 0.7995 
7.686/99.99 0.298 
25Ро 214.999420 1.780 ms 97.526 6.950/0.02 (9/2+) 
6.957/0.03 
7.386/100 
26ро 216.001915 0.145 5 а/6.906 5.895/0.002 0+ 
6.778/99.99 
27ро 217.00634 1.53s а/6.662. 6.539/ 
218Po 218.008973 3.04 m а/6.114 6.003/99.999 0+ 
5.181/0.11 
Ро 219.0137 ~ 2 т 
220Po 220.0166 > 0.3 us 0+ 
ES 
ТӨНЗАР 2.1 ms а 7.65/98 
7.72/2 
LAL ~ 1.7 ms a 7.55/100 
199% Ар 21 ms а 7.33/98 


7.42/2 


Table of the Isotopes 11-177 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
At 192.9998 28 ms a/ 7.24/100 
At 193.9987 40 ms а/ 
ВА 147 ms а 7.07-7.22 
ДЕ 194.99627 0.335 а/ 6.95 
дү 8 us 0.158 
ДЕ 195.9958 0.39 5 а/ 7.05/ 
197m At 2.08 а 6.707 (1/2+) 
РУДЕ 196.99319 0.39 5 B+, EC/7.8 (9/2-) 
а/ 6.960/ 
еду 1.0s B+, EC/(75)/ 
а/(25)/ 6.856/86 
18At 197.99284 4,15 а/ 6.755/94 
ДЕ 198.99053 6.95 B+, EC/8/5.6 9/2- 
а/(92)/ 6.643/ 
Шш At 47.5 а 6.411/ 
SA 3.5 5 B+, EC/(80) 10- 
о/(20)/ 6.538/12 
АЕ 199.99035 43. 5 В+, ЕС/65/~ 8.0 5+ 
а/(35)/ 6.412/44 
6.465/57 
QUAL 200.98842 1.48m B+, EC/29/5.9 9/2- 
a/(71)/6.474 6.344/ 
202m At 0.46 s LT./0.391 
202 At 201.98863 3.02m B+, EC/88/7.2 54 ann.rad./ 
а/(12)/ 6.135/7.7 0.4413 
6.225/4.3 0.5697 
0.6753 
208 At 202.98694 7.4m B+, EC/69/5.1 9/2- 0.1458 
a/(31)/6.210 6.088/ 0.2459 
0.6414 
1.0020 
1.0340 
205 At 203.98725 9.1m B+, ЕС/95/6.5 (5+) Ро К x-ray 
a/(5)/ 5.951/ 0.3271 
0.4254 
0.5156 
0.6837 
205 At 204.98607 26.m +, EC/90/4.54 (9/2-) Po k x-ray 
а/(10)/6.020 5.902/ 0.1543 
0.6696 
0.7194 
26A t 205.98667 29.4m 3+, EC/99/5.72 5+ Ро К x-ray 
а/(1)/5.881 5.703/ 0.20186 
0.39561 
0.47716 
0.70071 
207 At 206.98578 181h +, EC/90/3.91 9/2- Po k x-ray 
а/(10)/5.873 5.758/ 0.16801 
0.58842 
0.81448 
208 A t 207.98650 1.68h 8+, EC/99/4.97 (6+) Ро К х-тау 
a/(1)/5.752 5.626/0.01 0.1770 
5.641/0.53 0.2060 
0.6601 
0.6852 
0.8450 
1.0281 
209 At 208.98617 5.4h B+, EC/96/3.49 (6+) Ро К х-гау 
а/(4)/5.757 5.647/4.1 0.10422 


0.54503 


11-178 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
0.78189 
0.79020 
(0.1-2.6) 
“SAL 209.98715 81h EC/99.8/3.98 54 Po k x-ray 
а/(0.2)/5.632 5.361/0.05 0.24535 
5.442/0.05 0.52758 
1.18143 
1.43678 
1.48335 
(0.04—2.4) 
21At 210.987496 7.21 h ЕС/(58)/0.787 9/2- Po k x-ray 
а/(42)/5.980 5.211/0.004 0.66956 
5.868/42 0.6870 
0.74263 
MAE 0.119 s а/ 7.837/65 (9-) 
7.897/33 
"дї 211.99075 0.314 5 а/7.828 7.058/0.4 (1-) 
7.088/0.6 
7.618/15 
7.681/84 
AAt 212.992937 0.11 us 99.254. 9.080/ 9/2- 
SAT 0.76 us а/8.762. (9-) 
МАҚ 213.996372 0.56 us а/8.987 8.819/100 (1-) 
"дү 214.99865 0.10 ms а/8.178 7.626/0.045 (9/2-) 0.40486 
8.023/99.9 
у: 216.002423 0.30 ms а/7.947 7.595/0.2 (1-) 
7.697/2.1 
7.800/97 
At 217.004719 32. ms a/7.202 6.812/0.06 (9/2-) 0.2595 
7.067199.9 0.3345 
0.5940 
АВАГ 218.00869 1.68 а/6.883 6.654/6 
6.695/90 
6.748/4 
эд 219.011162 50. $ а/6.390 6.275/ 
АЕ 220.0154 3.71m В- /3.7 (0.24-0.70) 
HAt 221.0181 2.3 т B 
At 222.0223 0.9 m р 
здү 223.0252 50.5 р 
«Еп 
pese 5 ms 7.56 
Rn 195.00544. 6 ms а 7.54 
Rn 196.00212 4. ms а/ 7.46 0+ 
Bae 0.02 8 а 7.36 
Rn 197.0016 0.07 s a/ 7.26 
об 197.99868 64. ms а 7.205 0+ 
19mRn 0.32s а 7.060 (13/2+) 
Rn 198.9984. 0.625 а/ 6.989 3/2- 
о 199.99570 1.065 а/(98)/ 6.901/ 0+ 0.4329 
ЕС/(2)/5. 0.5043 
201mRn 3.8s EC/(10)/ 13/2+ 
а/(90)/ 6.773/ 
оп 200.9956 7.08 а/(80)/ 6.725/ (3/2-) 
ЕС/(20)/ «/6.778 
202 пу 201.99326 9.9 8 а/(12)/ 6.641/ 0+ 0.5695 
ЕС/(88)/ 0.2876—0.6255 
жю 28.s а/ 6.551 13/2« -0.96 +13 


Table of the Isotopes 11-179 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
Rn 202.99339 45.s а/(66)/6.629 6.499/ 3/2- 
EC/(34)/ 7.4 
ший! 203.99143 1.24 m а/(68)/ 6.420/ 0+ 
EC/(32)/3.8 
Rn 204.99172 2.8 m a/(23)/6.390 6.123(3)/0.02 (5/2-) +0.80 +0.06 0.2652 
EC/(77)/5.2 6.262(3)/23 0.3553 
0.4648 
0.6205 
0.6753 
0.7300 
Rn 205.99021 5.7m a/(68)/6.384 6.258(3)/ 0+ 0.06170 
ЕС/(32)/3.3 0.0968 
0.3245 
0.3862 
0.4822 
0.4973 
0.7728 
Rn 206.99073 9.3 m B+, EC/77/4.6 5/2- +0.82 +0.22 АЕК x-ray 
a/(23)/6.252 5.995(4)/0.02 0.32947 
6.068(3)/0.15 0.34455 
6.126(3)/22.8 0.36767 
0.40267 
0.74723 
(0.18—1.4) 
Rn 207.98964. 24.3m а/(60)/6.260 5.469(2)/0.003 0+ 
ЕС/(40)/2.85 6.140(2)/60 
Rn 208.99042 29. m B+ /(83)/3.93 2.16/2.3 5/2- +0.8388 +0.31 At k x-ray 
a/(17)/ 5.887(3)/0.04 0.27933 
5.898(3)/0.02 0.33753 
6.039(2)/16.9 0.40841 
0.68942 
0.74594 
(0.18—3.2) 
ши! 209.98970 2.4 В а/(96)/6.157 5.351(2)/0.005 0+ At k x-ray 
EC/(4)/2.37 6.039(2)/96 0.19625 
0.45824 
0.57104 
0.64868 
(0.14-1.7) 
"Rn. 210.99060 14.6h +, EC/74/2.89 1/2- +0.60 At k x-ray 
a/(26)/5.964 5.619(1)/0.7 0.16877 
5.784(1)/16.4 0.25022 
5.851(1)/8.8 0.37049 
0.67412 
0.67839 
1.36298 
(0.11-2.7) 
Rn 211.990704 24. m а/6.385 5.587(4)/0.05 0+ 
6.260(4)/99.95 
ARN 212.99388 19. ms а/8.243 7.552(8)/1.0 9/2+ 0.540 
8.087(8)/98.2 
7.254/0.8 
зар 213.99536 0.27 us 99.209 9.037(9)/ 0+ 
ний! 214.99875 2.3 us а/8.840 8.674(8)/ (9/2+) 
ме 216.00027 45. us а 0+ 
"Rn 217.003928 0.6 ms а/7.885 7.500/0.1 9/2+ 
7.742(4)/100 
ы 218.005601 35. ms а/7.267 6.534(1)/0.16 0+ 0.6093 
7.133(1)/99.8 0.6653 
Rn 219.009480 3.96 8 а/6.946(1) 6.3130(5)/0.05 (5/2+) -0.44 +0.93 Po k x-ray 


11-180 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 
6.425(3)/7.5 0.13057 
6.5309(4)/0.12 0.27113 
6.5531(3)/12.2 0.40170 
6.8193(3)/81 (0.1—1.05) 
Rn 220.011394 55.6 s а/6.404. 5.7486(5)/0.07 0- 
6.2883(1)/99.9 
21 221.01554 25.m а/(22)/6.148 5.778(3)/1.8 7/24 -0.020 -0.38 Fr L x-ray 
В- /(78)/1.2 5.788(3)/2.2 0.07384 
6.037(3)/18 0.08323 
0.0610 
0.18639 
22Rn 222.017578 3.823 d 95.590 4.987(1)/0.08 0+ 0.510 
5.4897(3)/99.9 
Эп 223.0218 23. т В- / -0.78 +0.80 
Rn 224.0241 1.8h В- / 0+ 0.1085 
0.2601 
0.2655 
Rn 225.0284 45m В- / 7/2- -0.70 +0.84 
Rn 226.0309 7.4m В- / 0+ 
Rn 227.0354 2.s p- / 
Rn 228.0380 65. 5 В- / 0+ 
а; 
ЭЕ 199.00726 125 7.66 
ЗО, 200.0066 49 ms а 7.47 
оар ~ 0.02 5 а/ 7.454 
TEE 201.0039 ~ 60 ms а/ 7.36/ (9/2-) 
ар 0.295 а 7.236/ 
Бр 202.00337 0.30 5 а/7.590 7.24/100 
ЭЗЕР 203.00093 0.545 а/7.280 7.132(5)/ (9/2-) 
р; 0.8 5 а 7.01 
20501Рү 2.5 а 6.97 
ЕР 204.00065 1.85 а/ 7.03/96 
6.97/90 
7.01/74 
PEE 204.99859 3.95 а/7.050 6.914(5)/ (9/2-) 
ар 0.75 а/ 6.93 0.531(IT) 
25 Ер 205.99867 16.05 а/7.416 6.792(5)/84 
ED 206.99695 14.8s а/6.900 6.766(5)/ 9/2- 43.9 -0.16 
Ер 207.99714 59.15 а/(77)/6.770 6.636(5)/ 7+ -4.8 +0.004 
EC/(23)/6.99 
GED 208.99595 50.0 5 а/(89)/5.1 6.646(3)/ 9/2- +3.9 -0.24 0.7978 
ЕС/(11)/5.16 (0.1103—1.384) 
20р; 209.99641 3.2 т а/6.670/71 6.543(5)/99.87 6+ +44 +0.19 0.2030 
ЕС/6.26 (5.90-6.42) 0.6438 
0.8175 
0.9008 
SEE 210.99554 3.10m а/6.660/87 6.534(5)/99.94 9/2- +4.0 -0.19 0.220 
ЕС/4.61 (5.87-6.20) 0.2799 
0.5389 
0.9169 
ЭЕ 211.99620 20. т ЕС/(57)/5.12 6.261(1)/16 (5+) 44.6 -0.10 Rn x-ray 
а/(43)/6.529 6.335(1)/4 0.08107 
6.335(1)/4 0.08378 
6.343(1)/1.3 0.2277 
6.383(1)/10 1.1856 
6.406(1)/9.5 1.2748 
6.08—6.18 0.014—1.178 
эрү 212.99619 34.65 а/6.905 8.476(4)/51 9/2- +4.0 -0.14 (0.408-0.577) 


Table of the Isotopes 11-181 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 
арг 3.4 ms а/ 8.547(4)/46 9- 
6.775-8.046 
Tr 213.99897 5.0 ms а/8.587 7.409(3)/0.3 (1-) (0.073-0.966) 
7.605(8)/1.0 
7.940(3)/1.0 
8.355(3)/4.7 
8.427(3)/93 
56р 215.00034 0.12 us а/9.537 9.360(8)/ (9/2-) 
перу 216.00320 0.70 us а/9.175 9.005(10)/95 (0.045-0.160) 
Ег 217.00463 0.016 ms а/8.471 8.315(8)/ (9/2-) 
28р; 22. ms а 
эрү 218.007578 1. ms а/8.014 7.384(10)/0.5 (1-) 
7.542(15)/1.0 
7.572(10)/5 
7.732(10)/0.5 
7.867(2)/93 
РЕ 219.00925 21. ms а/8.132 6.802(2)/0.25 (9/2-) 
6.967(2)/0.6 
7.146(2)/0.25 
7.313(2)/99 
TUER 220.012327 27.4s а/6.800 6.582(1)/10 1+ -0.67 +0.47 0.0450 
6.630(2)/6 0.061 
6.641(1)/12 0.1060 
6.686(1)/61 0.1539 
6.39—6.58 0.1617 
TIER 221.014255 4.8m а/6.457 5.9393(7)/0.17 (5/2-) +1.58 -1.0 At k x-ray 
5.9797(7)/0.49 0.0995 
6.0751(7)/0.15 0.21798 
6.1270(7)/ 0.4091 
6.2433(3)/1.3 
6.3410(7)/83.4 
TER 222.01755 14.3 m p- /2.03 1.78/ 2- +0.63 +0.51 
a/5.850 
EE 223.019736 22.0m p- /1.149 а/5.291 (3/2+) +1.17 +1.17 0.1509 
a//0.006 5.314 0.0589 
5.403 0.1453 
PARE 224.02325 3.0 т В- /2.82 1- +0.40 +0.517 0.13150 
0.21575 
0.8367 
(0.1-2.21) 
Fr 225.02557 3.9m В- /1.87 3/2 +1.07 +13 
SER 226.0294 49. 5 В- /3.6 1 40.071 -1.35 0.18606 
0.25373 
TUER 227.0318 2.48m В- /2.5 1/2 +1.50 
Fr 228.0357 39.s В- /~ 3.5 2- -0.76 +24 
Er 229.03845 50.s В- / 
ЕЕ 230.0425 19.8 В- / (3) 
TEE 231.0454 17.s p- / 
ЗУБЕ 232.050 5.5 В- / (0.0545-0.721) 
s | Ra 
“Ra ~ 1.6 ms а 7.91/ 
Ra 202.0099 ~ 0.02 ms а 7.74 0+ 
ama 24 ms a 7.61 
Ra 203.0093 ~ 31 ms а 7.59 
Ra 204.0065 0.06 s а 7.48 0+ 
па ~ 0.175 
Ra 205.0063 0.22 s а 7.34 
26 а 206.00383 0.48 а/7.416 7.272(5)/ 0+ 


11-182 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 
"Ra 207.0038 13s а/7.270 7.133(5)/ 
Ra 208.00184 148 а/7.273 7.133(5)/ 0- 
Ra 209.00199 4.65 а/7.150 (6.50-7.14) 5/2- +0.87 +0.40 (0.387-0.634 
лога 2.4 us (0.0967-0.775) 
Ra 210.00050 3.75 а/7.610 7.020(5)/ 0+ 574.9 
зил  а 3.9 ив (0.396-0.802 
Ra 211.00090 13.8 а/7.046 6.907/99. (5/2-) +0.878 +0.48 
EC/5.0 (6.26-6.79) (0.120-0.665 
жш а 8.3 us (0.440-0.824 
зора 211.99979 13.0 5 а/7.033 6.901(2)/ 0- 
213mRa 2.1 ms IT 
(0.160-1.061 
233 а 213.00038 27 т ЕС/(20)/3.88 (1/2-) 40.613 0.1024 
а/(80)/6.860 6.521(3)/4.8 0.11010 
6.622(3)/39 0.2125 
6.730(3)/36 
шин! > 0.015 ms (0.181-1.382) 
ма 214.00011 2.465 а/7.272 7.14/99.8/ 0+ 0.642 
6.51/0.2 
215mRa 7.6 us (0.196-1.048) 
H5 Ra 215.00272 1.64 ms а/8.864 7.883(6)/2.8 (9/2+) 0.773/100 
8.171(3)/1.4 0.852/74 
8.700(3)/95.9 0.055—- 1.048 
мера 216.00353 0.18 us а/9.526 9.349(8)/ 0+ 
Ra 217.00632 1.6 us a/9.161 8.992(8)/ 9/2- 
Ка 218.00714 26. us а/8.547 8.390(8)/ 0+ 
Ra 219.01009 0.010 s a/8.132 7.680(10)/65 
7.982(9)/35 
20а 220.01103 18. ms а/7.593 7.39/5 0+ 0.465 
7.45/95 
ARa 221.013917 29.8 а/6.879 6.254(10)/0.7 5/2+ -0.180 +1.9 
6.578(5)/3 
6.585(3)/8 
6.608(3)/35 
6.669(3)/21 
6.758(3)/31 
22Ra 222.015375 36.2 5 95.590 6.237(2)/3.0 0+ 0.324 
6.556(2)/97 0.1448-0.8402 
Ra 223.018502 11434 а/5.979 5.287(1)/0.15 (3/2+) +0.271 +1.25 Rn k x-ray 
5.338(1)/0.13 0.12231 
5.365(1)/0.13 0.14418 
5.433(5)/2.3 0.15418 
5.502(1)/1.0 0.15859 
5.540(1)/9.2 0.26939 
5.607(3)/24 0.32388 
5.716(3)/52 0.33328 
5.747(1)/9 0.44494 
5.857(1)/0.32 (0.10–0.7) 
5.872(1)/0.85 
“Ка 224.020212 3.66 d 95.789 5.034(10)/0.003 0+ Rn k x-ray 
5.047(1)/0.007 0.2407 
5.164(5)/0.007 0.4093 
5.449(2)/4.9 0.6501 
5.685(2)/95 
Ra 225.023612 14.9 d p- /0.36 0.32/100 (3/24) -0.734 Ackx-ray 
a 5.01 x 10? 0.0434 
4.98 x 10% 
26Ra 226.025410 1599. y а/4.870 4.194(1)/0.001 0+ Rn k x-ray 
> 4х 10y sf/4 x 1075 4.343(1)/0.006 0.1861/3.64 
4.601(1)/6.16 0.2624 


Table of the Isotopes 11-183 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2 т) Intensity 
(Atom %) Width (MeV) (MeV /%) Mom. (nm) Mom. (b) (MeV /%) 
4.784(1)/93.8 0.053-2.448 
27а 227.029178 42. т В- /1.325 1.03/ (3/2+) Ас L x-ray 
1.30/ Ac k x-ray 
0.02739 
25Ra 228.031070 5.76y B- /0.046 0.039/50 0+ 0.0135 
0.014/30 (0.006—0.0306) 
0.026/20 
Ra 229.03496 4.0 m B- /1.76 1.76/ (3/2+) 0.0145-0.1715 
зора 230.03706 15ћ В- /1.0 0.7/ 0+ 0.0631 
0.0720 
0.2028 
0.4698 
0.4787 
BIRa 231.0412 17m p- 
Ra 232.0436 4.m p- 0+ 
233Ва 233.0481 30. 5 p- 
Ra 234.051 ~ 30.5 B-/ 0+ 
«АС 
206836 0.04 s а 7.79 
де 206.0145 ~ 26 ms а 7.75 
%7Ас 207.0120 27 ms а/ 7.69 
208m A c ~ 25.ms а/ 7:72 
ВАС 208.0116 ~ 0.15 а/ 7.62 
29Ас 209.00949 ~ 0.105 а/ 7.58 
WAG 210.0094 0.34 s а/7.610 7.462(8)/ 
ТАС 211.0077 0.20 5 а/7.620 7.480(8)/ 
AG 212.0078 0.98 а/7.520 7.379(8)/ 
зде 213.0066 0.735 а/7.500 7.364(8)/ (9/2-) 
МАС 214.00690 8.25 а/(86)/7.350 7.215/54 (5+) (0.0626-0.754) 
EC/(14)/6.34 7.081/42 
(6.48-7.15) 
PAG 215.00645 0.175 а/7.750 7.60/99.57 (9/2-) 0.399 
7.21/0.46 0.582 
7.03/0.20 0.654. 
6.96/0.14 
неде 0.44 ms а/ 8.198(8)/1.7 (9-) (0.0826-1.375) 
8.283(8)/2.5 
9.028(5)/49 
9.106(5)/46 
H6AC 216.00872 44. ms 99.241 8.990(2)/10 (1-) 
9.070(8)/90 
AMA с 0.7 us а/ 10.540/100 
27Ас 217.00935 0.07 us а/9.832 9.650(10)/100 9/2- 
“SAG 218.01164 1.1 us а/9.380 9.205(15)/ 
WAG 219.01242 0.012 ms а/8.830 8.664(10)/ (9/2-) 
АС 220.01476 26. ms а/8.350 7.610(20)/23 
4.680(20)/21 
7.790(10)/13 
7.850(10)/24 
7.985(10)/4 
8.005(10)/5 
8.060(10)/6 
8.195(10)/3 
mAg 221.01559 52. ms а/7.790 7.170(10)/2 
7.375(10)/10 
7.440(15)/20 
7.645(10)/70 
Ас 63.8 а/(>89)/ 6.710(20)/7 


11-184 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (MeV /%) Mom. (nm) Mom. (b) (MeV /%) 
ЕС/(1)/ 6.750(20)/13 
LT./(<10)/ 6.810(20)/24 
6.840(20)/9 
6.890(20)/13 
6.970(20)/7 
7.000(20)/13 
AC 222.01784 5.s а/7.141 6.967(10)/6 1 
7.013(2)/94 
223Ас 223.01914 2.1m a/(99)/6.783 6.131(2)/0.12 (5/2-) 0.0725 
EC/(1)/0.59 6.177(2)/0.94 0.0839 
6.293(1)/0.47 0.0927 
6.326(1)/0.3 0.0990 
6.332(2)/0.14 0.1917 
6.360(1)/0.22 0.2158 
6.397(1)/0.13 0.3588 
6.448(1)/0.2 0.4768 
6.473(1)/3.1 
6.523(2)/0.6 
6.528(1)/3.1 
6.563(1)/13.6 
6.582(3)/0.3 
6.646(1)/44 
6.661(1)/31 
“дс 224.021723 27ћ ЕС/(90)/1.403 5.841(1)/0.5 0- Ка L x-ray 
a/(10)/6.323 5.860(1)/0.75 Ка К x-ray 
5.875(1)/1.7 0.08426 
5.941(1)/4.4 0.13150 
6.000(1)/6.7 0.1571 
6.013(1)/1.4 0.21575 
6.056(1)/22 0.2619 
6.138(1)/26 (0.03-0.3) 
6.154(1)/1.0 
6.204(1)/12 
6.210(1)/20 
RAG 225.023230 10.04 а/5.935 5.286(1)/0.2 3/2 Fr k x-ray 
5.444(3)/0.1 0.06296/0.48 
5.554(1)/0.1 0.09982/1.36 
5.608(1)/1.1 0.1084 
5.636(1)/4.5 0.1116 
5.681(1)/1.4 0.1451 
5.722(1)/2.9 0.150.02/0.691 
5.731(1)/10 0.15724 
5.791(1)/9 0.18795/0.54 
5.793(1)/18 0.0075-0.8085 
226А с 226.026098 1.2244 ЕС/(17)/0.640 (1-) Ra k x-ray 
В- /(83)/1.116 Th k x-ray 
а/(0.006)/5.51 5.399(5)/0.006 0.07218 
0.15816 
0.23034 
27 AC 227.027752 21.77 y B- /98.6/0.045 ء‎ 4 )3/2-( +1.1 +17 0.0838/23. 
а/(1.4)/5.043 4.869(1)/0.09 0.0811/14. 
4.938(1)/0.52 0.2696/13. 
4.951(1)/0.65 (0.044—1.27) 
ВАС 228.031021 6.15 В В- /2.127 1.11/32 (34) Th L x-ray 
1.85/12 Th k x-ray 
2.18/11 0.12903 
0.33842 
0.91116 
0.96897 


(0.2-1.96) 


Table of the Isotopes 11-185 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 
WAG 229.03302 1.04 h p- /1.10 1.1/ (3/2+) 0.09335/2.43 
0.16451/2.61 
0.56916/2.24 
0.0111-0.898 
Ас 230.0363 2.03 m В- /2.7 14/ 1+ Th k x-ray 
B-, sf /0.000119 0.45497 
0.50820 
(0.12-2.5) 
RIAC 231.0386 7.5m 8-٨1 2.1/100 (1/2+) 0.14379 
0.18574 
0.22140 
0.28250 
0.3070 
22Ас 232.0420 2.0т В- /3.7 (2) 
233 Ас 233.0446 2.4 т В- / (1/24) 
"Аб 234.0484. 40. 5 В- / (1+) 
о ГВ 232.03806(2) 
Th 209.0177 ~ 0.01 5 а 8.08 
aTh 210.0158 ~9 ms 7.90 0+ 
Т 211.0149 0.045 а 7.79 
зат 212.01298 ~ 30. ms а/ 7.80/ 0+ 
48TH 213.0130 0.145 а/7.840 7.692(10)/ 
ST 214.01150 0.10s 97.825 7.677(10)/ 0+ 
2 Th 215.01173 12s а/7.660 7.33(10)/8 (1/2-) 0.134 
7.395(8)/52 0.192 
7.524(8)/40 (0.069-0.295) 
вару 0.14 ms а 9.93/74 (0.0905-1.478) 
8.00, 9.31 
Моћ 216.01106 27. ms а/8.071 7.92/99.46 0+ 0.628 
7.30/0.54 
aTh 217.01311 0.25 ms а/9.424 9.27/94.6 (0.546-0.822) 
8.46/3.8 
8.73/1.6 
зат 218.01328 0.11 us 99.847 9.665(10)/ 0+ 
aTh 219.01554 1.05 us 99.510 9.340(20)/ 
Th 220.01575 10. us a/8.953 8.790(20)/ 0+ 
Th 221.01818 2. ms а/8.628 7.732/7 
8.142/72 
8.469/21 
ФТЬ 222.01847 2.24 ms a/8.129 7.980/97.7 0+ 
7.599/2.3 
Th 223.02081 0.60 5 а/7.454. 7.29(1)/41(5) 
7.32(1)/29(5) 
7.350(15)/20(5) 
7.390(15)/10(4) 
ТЫ 224.02147 1.05 5 97.305 6.768(5)/1.2 0+ 
6.997(5)/19 
7.170(5)/7 
эт 225.023951 8.72 т ЕС/(10)/0.68 (3/24) 
а/(90)/6.920 6.441(2)/15 
6.479(2)/43 
6.501(3)/14 
6.627(3)/3 
6.650(5)/3 
6.700(5)/2 
6.743(3)/7 
6.796(2)/9 
?STh 226.024903 30.83 m а/6.454. 6.026(1)/0.2 0+ Ка К x-ray 


11-186 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 
6.041(1)/0.19 0.1112 
6.098(1)/1.3 0.2421 
6.2283(4)/23 0.1310 
6.3375(4)/75 0.1733-0.9295 
ТН 227.027704 18.72 4 а/6.146 (3/2+) Ка L x-ray 
Rakx-ray 
0.05014 
0.23597 
0.25624 
(0.02-1.0) 
Th 228.028741 1.913 y a/5.520 5.1770(2)/0.18 0+ 
5.2114(1)/0.4 
5.3405(1)/26.7 
5.4233(1)/73 
шидийг 13.9Һ а 4.83-5.08 
Th 229.031762 7.9 x 10° y 95.168 4.814/9.3 5/24 +0.46 +4. 0.1935/4.3 
4.845(5)/56 0.21089/277 
4.9008(5)/10.2 0.13697/1.21 
4.689—5.077 0.0111–0.6036 
тр 230.033134 7.54 х 109у 1 4.4383(6)/0.03 0+ 0.0677/0.46 
4.4798(6)/0.12 0.1439/0.078 
>2х10%у sf/< 4 x 1072 4.6211(6)/23.4 
4.6876(6)/76.3 
ТЫ 231.036304 1.063 d p- /0.390 0.138/22 5/24 Pa L x-ray 
0.218/20 Pa k x-ray 
0.305/52 0.02564 
0.084203/ 
(0.02-0.3) 
Th 100. 232.038055 1.40 x 109 у 1 3.830(10)/0.2 0+ 0.0590 
12 x 107 у sf/1.1 x 10? 3.952(5)/23 0.124 
4.010(5)/77 
79 Th 233.041582 22.3m В-/1.245 1.245/ + Ра L x-ray 
Ра k x-ray 
0.02938 
0.08653 
0.45930 
(0.02-1.2) 
S Th 234.043601 24.10 d p- /0.273 0.102/20 0+ Ра L x-ray 
0.198/72 0.06329/4.1 
0.09235/2.4 
0.09278/2.4 
Th 235.04751 7.2 т В- /1.9 0.4162 
0.6594 
0.7272 
0.747 
0.9318 
- ١ 236.0499 375m B-/- 1.0 0+ Ра k x-ray 
0.1107 
aTh 237.0539 5.0m B- 
aTh 238.0565 9.4 т 0+ 0.0890 
„Ра 231.03588(2) 
шора 212.0232 ~ 5 ms а 8.27 
азра 213.0211 7 ms а 8.24 
зара 214.0209 17 ms а 812 
215ра 215.0192 15. ms а 8.08/100 
мера 216.0191 0.195 а/ 7.95/51 0.134 
7.82/45 


2/4 


Table of the Isotopes 11-187 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 90) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
"ра 1.08 ms а/ 10.16/72 0.4504—0.8208 
8.306/11 
9.55/6 
9.69/2 
2 pa 217.0183 3.8 ms а/8.490 8.337/99 0.0466-0.634 
7.873/0.4 
7.728/0.3 
7.710/0.3 
шара 218.02004 0.12 ms а/ 9.54/31 0.092 
9.61/69 
зора 219.0199 0.05 us а 
зора 220.0219 0.8 us a 
Pa 221.0219 6. us а 9.08(3) 
шора 222.0237 ~ 4.3 ms а/8.700 8.180/50 
8.330/20 
8.540/30 
223ра 223.0240 ~ 6.5 ms а/8.340 8.006(10)/55 
8.196(10)/45 
шара 224.02563 0.84 5 а/7.630 7.555(10)/75(3) 0.1945 
7.46(1)/25(3) (0.028—0.412) 
25ра 225.0261 188 а/7.380 7.195(10)/30 
7.245(10)/70 
226ра 226.02795 1.8 т а/(74)/6.987 6.728(10)/0.7 
ЕС/(26)/2.83 6.823(10)/35 
6.863(10)/39 
27ра 227.02881 38.3 т а/(85)/6.582 6.357(4)/7 (5/2-) 0.0649 
ЕС/(15)/1.02 6.376(10)/2.2 0.0669 
6.401(4)/8 0.1100 
6.416(4)/13 
6.423(10)/10 
6.465(4)/43 
тара 228.031051 22.h EC/(98)/2.111 (34) 43.5 Th k x-ray 
а/(2) 5.779/0.23 0.409/100 
5.805/0.15 0.4631/222 
6.078/0.4 0.91116/242 
6.105/0.25 0.96464/120 
6.118/0.22 0.96897/149 
0.058—1.96 
эра 229.032097 154 ЕС/(99.8)/0.32 (5/2+) 0.04244 
а/(0.2)/5.836 5.536(2)/0.02 (0.024-0.18) 
5.579(2)/0.09 
5.668 (2)/0.05 
зора 230.034541 17.4d EC/(90)/1.310 17 (2-) 2.0 Th L x-ray 
В-/(10)/0.563 Th Кх-гау 
0.4437 
0.45477 
0.89876 
0.91856 
0.95199 
(0.053—1.07) 
21ра 231.035884 3.25 х 10*у 48 4.6781(5)/1.5 3/2- 2.01 -17 AcL x-ray 
4.7102(5)/1.0 Ack x-ray 
>2х107у sf/< 1.6 х 1075 4.7343(5)/8.4 0.01899 
4.8513(5)/1.4 0.027396 
4.9339(5)/3 0.03823 
4.9505(5)/22.8 0.04639 
4.9858(5)/1.4 0.25586 
5.0131(5)/25.4 0.26029 
5.0292(5)/20 0.28367 
5.0318(5)/2.5 0.30007 


11-188 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
5.0587(5)/11 0.30264 
0.33007 
(0.02-0.61) 
шора 232.03859 1314 p- /1.34 (2-) Uk x-ray 
0.10900 
0.15009 
0.89439 
0.96934 
(0.10–1.17) 
ыра 233.040247 27.04 В-/0.571 0.15/40 3/2- +4.0 U L x-ray 
0.256/60 U k x-ray 
0.30017 
0.31201/38.4 
(0.0286-0.456) 
234mpa 117 т В- /99.9/2.29 (0-) U k х-тау 
IT/0.13/ 0.25818/0.07 
0.76641/0.32 
1.0009/0.86 
(0.06–1.96) 
Ра 234.043308 6.69 h B- /2.197 0.51/ (4+) UL x-ray 
Uk x-ray 
0.1312/0.03 
0.5695/0.02 
0.9256/0.02 
(0.02-1.99) 
шора 235.04544 24.4m B- /1.41 1.4/97 (3/2-) 0.0308-0.65893 
236ра 236.0487 9.1 т В- /2.9 1.1/40 (1-) U k x-ray 
2.0/50 0.64235 
3.1/10 0.68759 
1.7630 
(0.04-2.18) 
237ра 237.0512 8.7 т В- /2.3 1.1/60 (1/2+) 0.4986 
1.6/30 0.5293 
2.3/10 0.5407 
0.8536 
0.8650 
(0.04—1.4) 
238ра 238.0545 2.3 т В- /3.5 1.2/ (3-) 0.10350 
1.7/ 0.1785 
0.4484 
0.6350 
0.6800 
1.01446 
(0.04—2.5) 
зээрд 239.0573 18h 
zu 238.02891(3) 
2170] 217.0244 ~ 0.2 ms а 8.02 
2181) ~ 0.56 ms а 10.68 
2181) 218.02354 0.5 ms а 8.61 0+ 
2191] 219.0249 ~ 0.08 ms а 9.68(4)/ 
2 222.0261 ~ Lus а 0+ 
223) 223.0277 0.02 8 а/ 8.78(4)/ 
Зэ) 224.02761 ~ 1. ms а/ 8.46/100 0+ 
2231) 225.02939 84. ms а/ 7.87/83 
7.82/15 
7.63/2 
2281) 226.02934 0.26s а/7.560 7.56/86 0+ 


7.38/14 


Table of the Isotopes 11-189 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (MeV /%) Mom. (nm) Mom. (b) (MeV /%) 
211 227.03116 11ш а/7.200 6.870/ 
280 228.03137 9.1m а/6.803 6.404(6)/0.6 0+ 0.095 
6.440(5)/0.7 0.152 
6.589(5)/29 0.187 
6.681(6)/70 0.246 
э 229.03351 58. m EC/(80)/1.31 6.223/3 (3/24) 
а/(20)/6.473 6.297(3)/11 
6.332(3)/20 
6.360(3)/64 
230) 230.033940 20.8 d а/5.992. 5.5866(3)/0.01 0+ Th L x-ray 
>4x 107 sf/« 1079 5.6624(3)/0.26 0.07218 
5.6663(3)/0.38 0.15421 
5.8178(3)/32 0.23034 
5.8887(3)/67 (0.081—0.8565) 
TU 231.036294 4.2d EC/0.36 (5/2-) Pa L x-ray 
a/(10?) 5.46/1.6 x 10? Pa k x-ray 
5.47/1.4 x 10? 0.02564 
5.40/1. x 10? 0.08420 
з 232.037156 70.у 95.414 4.9979(1)/0.003 0+ 
2.6 x 109 y sf/2.7 х 10? 5.1367(1)/0.3 
5.2635(1)/31 
5.3203(1)/69 
231) 233.039635 1.592 х 19: у о/4909 4.7830(8)/13.2 5/2+ +0.59 3.66 Th L x-ray 
>27х107у sf/6x10" 4.8247(8)/84.4 0.04244 
4.510—4.804 0.09714 
(0.0252- 1.119) 
TAU 0.0054(5) 234.040952 2.455 x 10°y о/4.856 4.604(1)/0.24 0+ 0.05323/0.156 
1.5 x 7 sf/1.6 x 10? 4.7231(1)/27.5 0.12091 
4.776(1)/72.5 
аш! 26. ш IT/0.0007 1/24 
2231) 0.7204(6) 235.043930 7.08x10*y о/4.6793 4.1525(9)/0.9 7/2- -0.38 4.9 Th L x-ray 
1.0 x 10? y sf/7 x 10? 4.2157(9)/6. Th k x-ray 
4.3237(9)/4.6 0.10917 
4.3641(9)/19. 0.14378 
4.370(4)/6 0.16338 
4.3952(9)/57. 0.18574 
4.4144(9)/2.1 0.20213 
4.5025(9)/1.7 0.20533 
4.5558(9)/4.2 0.22140 
4.5970(9)/4.8 (0.03-0.79) 
880] 236.045568 2.342 х 107у о(0/4.569 4.332(8)/0.26 0+ Th L x-ray 
2.5 x 109 y sf/9 x 10? 4.445(5)/26 0.04946/100 
4.494(3)/74 0.11279/24.1 
0.17115/0.080 
TU 237.048730 6754 В- /0.519 0.24/ 1/24 Np L x-ray 
0.25/ Np k x-ray 
0.05953 
0.20801 
228) 99.2742(10) 8 447x10 y a 4.0395/0.23 0+ Th L x-ray 
8.2 x 105) sf/5 x 7 4.147(5)/23 0.04955/.06 
4.196(5)/77 0.1135/.01 
ERU 239.054293 23.5m p- /1.265 12/ 5/2+ (0.522—0.681) 
1.3/ 
заа) 240.05659 14.1h B- /0.39 0.36/ 0+ Np L x-ray 
0.04410 
0.05558 
0.06760 
2221) 242.0629 16.8 ш B- /~ 1.2 0+ 


11-190 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 
s NP 
?5Np 225.0339 > 2 us 
26Np 226.0352 0.03s а/ 8.04(2)/ 
Мр 227.0350 0.515 а/ 7.65(2)/ 
7.68(1)/ 
25Np 228.0362 61.s EC/60(7)/ 
а/40(7)/, sf 
2° Np 229.0363 4.0m а/7.010 6.890(20) 
20Np 230.0378 4.6 т EC/97 /3.6 
3ه‎ 6.660(20) 
Мр 231.03825 48.8 т EC/98 /1.8 5/2 0.2629 
a/2 /6.368 6.280/2 0.3475 
0.3703 
Мр 232.0401 14.7 m ЕС/99 /2.7 (4-) U L x-ray 
U k x-ray 
0.3268 
0.81925 
0.86683 
25Np 233.04074 362m EC/1.2 (5/24) UL x-ray 
Uk x-ray 
0.29887 
0.31201 
“Np 234.04290 4.4d 8+, EC/1.81 0.79/ (0+) U L x-ray 
U k x-ray 
1.5272 
1.5587 
1.6022 
Мр 235.044063 1.085 у EC/99.9 /0.124 5/2+ Uk x-ray 
а/0.001/5.191 
ЗК 22.5 В ЕС/52 / (1-) UL x-ray 
В- /48 / Pu L x-ray 
Uk x-ray 
0.64235 
0.68759 
Np 236.04657 1.55 х 10°у ЕС/91 /0.94 (6-) UL x-ray 
В- / 9 ОК x-ray 
0.10423 
0.16031 
Мр 237.048173 2.14 х 10°y о/4957 4.6395(5)/6.5 5/24 +3.14 +3.89 Pa L x-ray 
1x105y sf/2.1 x 10719 4.766(5)/9.7 Pa k x-ray 
4.7715(5)/22.7 0.029378/15 
4.7884(5)/47.8 0.08653/12 
4.558-4.873 (0.03-0.28) 
зүр 238.050946 2.1174 В- /1.292 1.2 2+ Pu L x-ray 
Pukx-ray 
0.98447/25.2 
1.02855/18.3 
(.044—1.026) 
Мр 239.052939 2.355 d B- /0.722 0.341/30 5/2+ Pu L x-ray 
0.438/48 Pu k x-ray 
0.10613 
0.228186/11 
0.27760/15 
(0.04–0.50) 
20р 7.22 m В- /99.9 / 2.18/ (1+) 0.25143 
IT/0.1 / 0.26333 
0.55454 


0.59735 


Table of the Isotopes 11-191 


Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (#/2 п) Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
Np 240.05616 1.032 h B- /2.20 0.89/ 5+ 0.1471/ 
0.5664 
0.6008 
гах р 241.0583 13.9 т В- /1.3 1.3/ 5/2+ 0.1330/ 
0.1740 
0.280 
22р 2.2 т B- / (1+) 0.15910 
0.2651/ 
0.78570 
0.9448 / 
гох р 242.0616 5.5 т В- /2.7 27! 6+ 0.6209 
0.73620 
0.78074 
1.47340 
(0.04-2.37) 
Мр 243.06428 19m 
“Np 244.0679 2.3 т 
„Ри 
28рц 228.03874 ~ 1.15 а/ 7.81(2)/ 0+ 
29рц 229.0402 ~ 15 т а/ 7.46/ 
Pu 230.03965 1.7m а/ 7.06/81 0+ 
7.00/19 
Ри 231.04110 8.6 m ЕС/90 
0ه‎ 6.72 
шара 232.04119 34. т ЕС/>80/1.1 0+ 
а/<20/6.716 6.542(10)/38 
6.600(10)/62 
Pu 233.04300 20.9 m EC(99.9)/1.9 0.1503 
a/0.1 /6.416 6.300(20)/0.1 0.1804 
0.2353 
0.5002 
0.5346/ 
1.0352/ 
Pu 234.04332 8.8 h EC/94 /0.39 0+ 
а/6 /6.310 6.035(3)/0.024 
6.149(3)/1.9 
6.200(3)/4. 
Ри 235.04529 25.3 т ЕС/99+ /1.2 (5/2+) 
а/0.003/5.957 5.850(20)/0.003 
236mP iy 1.2 us 
Bepu 236.046058 2.87 у а/5.867 5.611/0.21 0+ 0.0476/0.07 
1.5 x 19 у sf/1.9 x 107 5.7210/30.5 0.109/0.02 
5.7677(1)/69.3 (0.17-0.97) 
"Ри 237.048410 45.7 4 ЕС/99.9 /0.220 7/2- Np L x-ray 
/ه‎ 0.003 7 5.334(4)/0.0015 Np k x-ray 
5.356(4)/0.0006 0.026344 
5.650(4)/0.0007 0.03319 
0.05954 
(0.03-0.5) 
Pu 238.049560 87.7 y 95.593 5.3583(1)/0.10 0+ U k x-ray 
4.75 х 10%у 5/1.8 x 107 5.465(1)/28.3 0.04347 
5.4992(1)/71.6 (0.04–1.1) 
Ри 239.052163 2.410 x 10*у 4 5.055/0.047 1/2+ +0.203 U k x-ray 
8. x 105 y sf/3 x 10? 5.076/0.078 0.05162 
5.106/11.9 0.05682 
5.144/17.1 0.12928 
5.157/70.8 0.37502 


(4.74 —5.03) 0.41369 


11-192 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
зарц 240.053814 6.56 x 103 у 05.255 5.0212(1)/0.07 0+ U L x-ray 
1.14x10"y 557 x 109 5.1237(1)/26.4 0.04524 
5.1681(1)/73.5 0.10423 
(0.04—0.97) 
эру 241.056852 14.3 у В-/99+/0.0208 4.853/3 x 10“ 5/24 -0.683 +6. 0.14854 
©/0.002 /5.139 4.897/0.002 0.1600 
«6x 10'5y sf/» 2.4 x 10: 
зоры 242.058743 3.75 x 10° y a/ 4.983 4.7546(7)/0.098 0+ UL x-ray 
6.77 x 10?y — sf/5.5 x 10% 4.8564(7)/22.4 0.04491 
4.9006(7)/78 0.10350 
29Pu 243.062003 4.956h В- /0.582 0.49/21 7/24 AmL x-ray 
0.58/60 0.0417 
0.0839 
зарц 244.064204 8.00 x 107 y ©/99.9/4.665 4.546(1)/19.4. 0+ UL x-ray 
6.6 x 10? y sf/0.12 4.589(1)/80.5 0.0439 
зарц 245.06775 10.5 Һ В- /1.21 0.93/57 (9/2-) Am L x-ray 
1.21/11 Am k x-ray 
0.2804 / 
0.30832 
0.32752 
0.56014 
(0.03-1.2) 
“еру 246.07021 10.85 а В- /0.40 0.150/85 0+ AmL x-ray 
0.35/10 Am k x-ray 
0.04379 
0.22371 
Pu 247.0741 23d 
Ат 
232 Ар 232.0466 0.9m EC/~ 5.0 
233 Ат 233.0464. ~ 3.2m a 6.78 
2 Ат 234.0478 2.3 т ЕС/4.2 
235 Ат 235.0480 10.3 т ЕС Ри Кх-гау 
a 6.46/0.4 0.291/100 
(0.170-0.828) 
236m Am 2.9m = (0.583-0.713) 
236Аш 236.0496 3.6 ш ЕС Я (0.158-1.038) 
237 Ат 237.0500 122ћ EC/99.98 /1.7 (5/2-) Pu k x-ray 
له‎ 0.02 0 6.042(5)/0.02 0.14559 
0.28026 
0.43845 
238 Ат 238.05198 1.63ћ EC/2.26 1+ Ри L x-ray 
а/0.0001 /6.04 1 Pu k x-ray 
0.91870 
0.96278 
Ат 239.053025 11.9h EC/99.99/0.803 5/2- Ри L x-ray 
а/0.01/5.924. 5.734(2)/0.001 Pu k x-ray 
5.776(2)/0.008 0.18172 
0.22818 
0.27760 
Am 240.05530 2.12d EC/1.38 (3-) Pu L x-ray 
a/5.592 5.378(1)/16 x 10% Pu k x-ray 
0.88878 
0.98764 
(0.1-1.3) 
Ат 241.056829 4327 у 05.637 5.2443(1)/0.002 5/2- +1.58 +3.1 Np L x-ray 
12 х 104 y sf/3.6 x 1079 5.3221(1)/0.015 0.02634 /.024 
5.3884(1)/1.4 0.03319/.00126 
5.4431(1)/12.8 0.05954/0.359 


Table of the Isotopes 11-193 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 
5.4857(1)/85.2 (0.03-1.128) 
5.5116(1)/0.20 
5.5442(1)/0.34 
242m Am 141. у IT/99.5/0.048 5- +1.0 +6.5 Am L x-ray 
а/0.5/5.62 5.141(4)/0.026 0.04863 
> 3 х 105) sf/« 4.7 x 10? 5.2070(2)/0.4 0.08648 
0.10944 
0.16304 
242 Ар 242.059549 16.02 ћ В- /83 /0.665 0.63/46 1- +0.388 -2.4 Pu L x-ray 
EC/17 /0.750 0.67/37 Cm L x-ray 
Pu k x-ray 
0.0422 
0.04453 
?BAm 243.061381 7.87x10?y 8 5.1798(5)/1.1 5/2- +15 +2.9 0.04354 
2. x 104^ у sf/3.7 x 10? 5.2343(5)/11 0.07467 
5.2766(5)/88 0.08657 
5.394(5)/0.12 0.11770 
5.3500(5)/0.16 0.14197 
заав Am ~ 26. т В- /1.498 (1-) 0.0429 
"Am 244.064285 10.1h p- /1.428 Am L x-ray 
Cm К x-ray 
0.7460 
0.9000 
“Am 245.066452 2.05 h p- /0.894 0.65/19 (5/2+) Cm L x-ray 
0.90/77 Cm k x-ray 
0.25299 
246m Am, 25.0 m B- / 1.3/79. 2- Cm L x-ray 
1.60/14 Cm k x-ray 
2.1/7 0.27002 
0.79881 
1.06201 
1.07885 
(0.04-2.29) 
246 Am 246.06978 39. т В- /2.38 1.2/ (7-) Cm L x-ray 
Cm k x-ray 
0.1529 
0.2046 
0.6786 
247 Am 247.0721 22. т В- /1.7 Cm L x-ray 
Cm k x-ray 
0.2267 / 
0.2853 / 
«Ст 
Ст 233.0508 а/ 7.34/ 
Ст 234.05016 ~ 51.5 а 7.24/ 0+ 
Ст 235.0514 
Ст 236.0514 EC/1.7 0+ 
"Ст 237.0529 ЕС/2.5 
Ст 238.05303 2.4h EC/>90 /0.97 0+ 
а/-10 /6.632 6.520(50)/<10 
Ст 239.0550 ~ 31 EC/1.7 
0.0407 
0.1466 
0.1874 
Cm 240.055530 27.d а/6.397 5.989/0.014 0+ 
6.147/0.05 
1.9 x 105 у sf/3.9 x 10% 6.2478(6) /28.8 


6.2906(6) /70.6 


11-194 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
Ст 241.057653 32.8d EC/99 /0.768 1/24 Am k x-ray 
а/1 /6.184 5.8842(4)/0.12 0.13241 
5.9291(4)/0.18 0.16505 
5.9389(4)/0.69 0.18028 
0.43063 
0.47181 
"Cm 242.058836 162.8 d а/6.216 5.9694(1)/0.035 0+ Ри L x-ray 
6.069(1)/25 0.04408 
7.0 x 10° y sf/6.4 x 10% 6.1129(1)/74 0.10189 
(0.04–1.2) 
Ст 243.061389 291) а/6.167 5.6815(5) /0.2 5/2+ 0.41 Ри L x-ray 
5.6856(5)/1.6 Pu k x-ray 
5.5 x 10! y sf/5.3 x 10? 5.7420(5)/10.6 0.10612 
5.7859(5)/73.3 0.20975 
5.9922(5)/6.5 0.22819 
6.0103(5)/1.0 0.27760 
6.0589(5)/5 0.28546 
6.0666(5)/1.5 0.33431 
(0.04—0.7) 
"Cm 244.062753 18.1y а/5.902. 5.6656/0.02 0+ Pu L x-ray 
5.7528/23 0.04282 
1.32 х 107у 514 x 10“ 5.8050/77 0.09885 
5.515/0.004 0.15262 
Ст 245.065491 848x10 y 23 5.235(10)/0.3 7/2+ 0.5 Pu L x-ray 
5.3038(10)/5.0 Pu k x-ray 
14 x 1022 y sf/6.1 x 107 5.3620(7)/93 0.04195 
5.4927(11)/0.8 0.13299 
5.5331(11)/0.6 0.13606 
0.17494 
Ст 246.067224 4.76 х 10°y 6 5.343(3)/21 0+ Ри L x-ray 
1.8 x 107 у sf/0.026 5.386(3)/79 0.04453 
"Cm 247.070354 1.56 х 107у а/5.352 4.818(4)/4.7 9/2- 0.37 Pu k x-ray 
4.8690(20)/71 0.2792 
4.941(4)/1.6 0.2886 
4.9820(20)/2.0 0.3471 
5.1436(20)/1.2 0.4035 
5.2104(20)/5.7 
5.2659(20)/13.8 
“Cm 248.072349 3.48 х 105y a/99.92 /5.162 7 0+ 
5.0349(2)/16.5 
4.15 x 106у sf/8.38 5.0784(2)/(75)/1 
"Cm 249.075953 64.15 m p- /0.900 0.9/ 1/24 Bk k x-ray 
0.56039/0.84 
0.63431/1.5 
(0.085-0.653) 
Cin: 250.07836 ~ 9.7 х 10%у  sf/85.8 0+ 
a/5.27 
Ст 251.08229 16.8 т p- /1.42 0.90/16 (1/24) 0.3896 / 
0.5299 
0.5425 
Ст 252.0849 «2d 0+ 
„ВК 
BSBK 238.0583 2.4т ЕС/5.0 
Bk 239.0583 
Bk 240.0598 ~ 4.8 т 
“Bk 241.0602 4.6 m ЕС (0.152-0.262) 
в 242.0620 7.0m EC/3.0 
Bk 243.063008 4.5 В ЕС/99.8 /1.508 23 (3/2-) 0.1466 


Table of the Isotopes 11-195 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
a/0.15 /6.871 6.5738(2)/0.04 0.1874 
6.7180(22)/0.02 0.755 
6.7581(20)/0.02 0.840 
0.946 
Bk 244.06518 4.4. В ЕС/99.99 /2.26 (4-) 0.1445 
/ه‎ 0.01 8 6.625(4)/0.003 0.1876 
6.667(4)/0.003 0.2176 
0.9815 
0.9215/ 
ВК 245.066362 4.94 d EC/99.9 /0.810 3/2- Cm L x-ray 
a/0.1 /6.453 5.8851(5)/0.03 Cmk x-ray 
6.1176(9)/0.01 0.25299 
6.1467(5)/0.02 0.3809 
6.3087(5)/0.014 0.3851 
6.3492(5)/0.018 
Bk 246.0687 1.80d EC/1.35 (2-) Cm L x-ray 
Cm k x-ray 
0.79881 
1.08142 
ВК 247.07031 14 x 107 у а/5.889 5.465(5)/1.5 (3/2-) 0.04175 
5.501(5)/7 0.0839 
5.532(5)/45 0.268 
5.6535(20)/5.5 
5.678(2)/13 
5.712(2)/17 
5.753(2)/4.3 
5.794(2)/5.5 
HSBK 248.07310 237ћ В- /70 /0.87 0.86/ (1-) Ст L x-ray 
EC/30 /0.72 Cf L x-ray 
Cm k x-ray 
СЕК x-ray 
0.5507 
Bk 249.074987 320. d B- /0.125 0.125/100 7/2+ 2.0 0.327/10° 
а/0.001 /5.525 5.390(1)/0.0002 0.308/10% 
1.8 x 10° у sf/4.9 x 10* 5.4174(6)/0.001 
Bk 250.078317 3.217 h B- /1.780 0.74/ 2- Cf L x-ray 
Cf k x-ray 
0.98912 
1.03184 
(0.04—1.6) 
= 251.08076 56. m В- /1.09 (3/2-) 0.02481 
0.1528 
0.1776 
Bk 252.0843 1.8 m 
s СЁ 
TWO 237.062 2.18 а, 0 
РУСЕ 238.0614 21 ms sf/~ 100 0+ 
о! ~ 0.2 
CE 239.0624 ~ 0.7m a 
СЕ 240.0623 1.1 т а/7.719 7.590(10)/ 0+ 
5{/ ~ 2.1 
ОЈ 241.0637 4.m EC/3.3 
а/7.60 7.335(5)/ 
О 242.06370 3.5 т 97.509 7.351(6)/20 0+ 
sf/«0.014 7.385(4)/80 
"ЗЕ 243.0654 11. т ЕС/86 /2.2 7.060(6)/20 (1/2+) 
0/14 /7.40 7.170/4 
АСЕ 244.066001 20. т а/7.328 7.168(5)/25 0+ 


11-196 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 
7.210(5)/75 
“Cf 245.068049 44.m 0/36 /7.255 7.14/91.7 Cm K x-ray 
EC/64 /1.569 6.983/0.31 0.5709 
7.09/7 0.6014 
7.065/0.68 0.6163 
МӨС 246.068805 1494 а/6.869 6.6156(10)/0.18 0+ Cm L x-ray 
6.7086(7)/21.8 0.04221 
1.8 x 10° у sf/2.3 x 10* 6.7501(7)/78.0 0.0945 
0.147 
MGE 247.07100 3.11h EC/99.96 /0.65 7/2+ Bk k x-ray 
а/0.04 /6.55 6.301(5)/ 0.2941 
0.4778 
C£ 248.07219 334. d а/6.369 6.220(5)/17 0+ 
3.2 x 105у sf/0.0029 6.262(5)/83 
CE 249.074854 351. у а/6.295 5.758/3.7 9/2- Ст L x-ray 
5.812/85.7 Cmk x-ray 
8. x 10^ y sf/4.4 x 107 5.8488(2)/1.0 0.25299/2.5 
5.9029(2)/2.8 0.33351/13.6 
5.9451(2)/4.0 0.38832/63.6 
6.1401(2)/1.1 (0.0376— 1.103) 
6.1940(2)/2.2 
СЕ 250.076406 131 у a/6.129 5.8913(4)/0.3 0+ Cm L x-ray 
1.7 x 10*у sf/0.077 5.9889(4)/15 0.04285 
6.0310(4)/84.5 
ТЭС 26.3 us 
Cf 251.079587 9.0 x 10? у а/6.172 5.56448(7)/1.5 1/2+ 0.109/19.8 
5.632(1)/4.5 0.1775/17.3 
5.648(1)/3.5 (0.0385-0.354) 
5.6773(6)/35 
5.762(3)/3.8 
5.7937(7)/2.0 
5.8124(8)/4.2 
5.8514(6)/27 
6.0140(7)/11.6 
6.0744(7)/2.7 
Cf 252.081626 2.65 у а/96.9 /6.217 5.7977(1)/0.23 0+ Cm L x-ray 
86. у sf/3.1/ 6.0756(4)/15.2 0.04339 
6.1184(4)/81.6 0.1002 
СЕ 253.08513 17.8 d В- /99.7 /0.29 0.27/100 (7/2+) 
а/0.3 /6.126 5.921(5)/0.02 
ас 254.08732 60.5 d sf/99.7/ 0+ 
a/0.3/5.930 5.792(5)/0.05 
5.834(5)/0.26 
Cf 255.0911 1.4h В- /0.7 
CF 256.0934 12. m sf 0+ 
тэ 
“Es 241.0685 ~ 85 а 811 
Орд 242.0698 168 а 7.92 
Es 243.0696 21.s а/»30 / 7.89/>30 
EC/<70 /4.0 
24 5 244.0709 37.8 ЕС/76 /4.6 
a/4 / 7.57/4 
“Es 245.0713 13m а/40 /7.858 7.74 
EC/60 /3.1 
"SES 246.0729 7.7m EC/90 /3.9 
a/10 / 7.35 
“Es 247.07366 4.8 m EC/93 /2.48 
a/7 / 7.32 


Table of the Isotopes 11-197 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
orlsot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 
HSES 248.0755 26.m EC/99.7 /3.1 
«/0.3 / 6.87 
WES 249.07641 1.70h EC/99.4 /1.45 (7/24) 0.3795 
له‎ 6.77 0.8132 
250mEg 22h EC/ (1-) СЕТ, x-ray 
p^ Cfk x-ray 
0.9891 
1.0319 
250Es 250.0786 8.6h EC/2.1 (6+) СЕТ, х-тау 
СЕК x-ray 
0.30339 
0.34948 
0.82883 
2165 251.07999 1384 EC/99.5 /0.38 (3/2-) 
a/0.5 / 6.462/0.05 
6.492/0.4 
SEs 252.08298 1.29y 0/76 / 6.632/61.0 (5-) 
EC/24 /1.26 6.562/10.3 
на! 253.084825 20.47 4 а/ 6.633/89.8 7/24 +410 7. 0.04180/5.6 
6.3 x 10° y sf/8.9 x 10° 6.5916/6.6 0.3892/2.7 
(0.0309-1.106) 
254mF's 1.64d p- /99.6 / 0.475 24 2.9 3.7 Fm L x-ray 
له‎ 0.3 7 6.382 2+ Fm k x-ray 
>10.у sf/0.045 0.6488 
0.6938 
PES 254.088022 276.d а/ 6.429 (7-) 0.064 
> 2.5 х 107у  sf/«3x10* 
2555 255.09027 40.4 B- /92 /0.29 (7/24) 
a/8 / 6.26 
2.6 x 10? y sf/0.0042 6.300 
2555 7.6h В- / (84) 0.218 
0.232 
0.862 
25525 256.0936 25. т B-/1.7 (1+) 
2572$ 257.0960 77а В- 
ma 
зас уу 242.0734. 0.8 ms sf/» 96 0+ 
28Fm 243.0744 0.25 а/ 8.55 
5{/< 0.4 
ы Ер 244.0741 3.3 ms sf/» 97 0+ 
ЕТ 245.0754 4.5 а/ 8.15/ 
sf/«0.1 
рт 246.07530 1.25 a/85/ 824/ 0+ 
sf/15/ 
пру 4.3 5 а/ 8.17/ 
VER 247.0769 29.s a/8.20 7.87/70 
EC/2.9 7.93/30 
HSEm 248.07720 33.s а/99.9 /8.001 7.83/20 0+ 
sf/0.1/ 7.87/80 
M Em 249.0790 16т ЕС/2.4 (7/24) 
а/ 7.57 
2504 гүү 1.8 $ IT/ 
sf/«8 x 10? 
250Fm 250.07952 30. m а/ 7.43/ 0+ 
EC/0.8 
sf/0.007 
ЗЭ 251.08158 53h EC/98 /1.47 (9/2-) 
a/2/ 6.833 


11-198 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom. (b) (MeV/%) 
Fm 252.08247 1.058 d а/7.154. 6.998/15 0- 
sf/0.0023 7.039/85 
253 Ра 253.085185 3.0d EC/88/0.333 6.676/ + Еѕ Кх-гау 
а/12 / 6.943/ 0.2719 
Em 254.086854 3.240 h a/ 7.150 0+ 
sf/0.059 7.192 
>° Em 255.089962 20.1h а/ 6.9635(5)/5.0 7/24 0.08148/1. 
1.0 x 10* y sf/2.3 x 10° 7.0225(5)/93.4 (0.041-0.900) 
25 ір 256.09177 2.63ћ sf/91 0+ 
а/19 6.92/ 
гр 257.09511 100.5 d а/99.79 6.519 (9/2-) 0.1794 
sf/0.21 0.2410 
258Fm 258.0971 0.37 ms sf/ 0+ 
Рт 259.1006 15s sf/ 
260 260.103 ~ 4 15 sf/ 0+ 
Md 
Ма ~ 045 а 8.64, 8.68 
“Md 245.0808 0.9 ms sf 
чома 246.0819 1.05 а 874 
8.50—8.56 
туд ~ 0.25 sf/ 
ма 247.0816 3.5 а 8.43 
зама 248.0828 7.8 ЕС/80 /5.3 8.32/15 
а/20 / 8.36/5 
81/ «0.05 
ома 249.0830 24. 5 ЕС>/<80 /3.7 
له‎ 20 6 8.030(20)/ 
ома 250.0844 50.5 EC/94 /4.6 7.7514 
а/6 /8.25 7.83/2 
эма 251.0848 4.0m ЕС/>94 /3.1 
ه١‎ 7.55/ 
ма 252.0866 2. т ЕС/>50 /3.9 
а/<50 / 7.73/ 
зама 253.0873 ~6m EC/2.0 
за Ма 30. m ЕС/ 
Md 254.0897 10. m EC/2.7 
25 Md 255.09108 27.m EC/92 /1.04 а/7.33/93 (7/2-) 0.121/100 
a/8 / 7.27/5 0.115/65 
5{/< 0.15 7751 0.136/35 
7.1/1 0.141-0.453 
ома 256.0941 1.30h EC/89 /2.13 7.21/71 Fm k x-ray 
а/11 / 7.14/22 0.121/409 
5{/< 2.6 7.68/2.5 0.115/266 
7.25/2.5 0.136/143 
7.64/2.1 0.634/119 
0.141-1.37 
"ма 257.095541 55h EC/85 /0.41 7.074 (7/2-) Fm k x-ray 
a/15, sf/« 1 7.014 (0.181–0.389) 
258 Md 57.1 ЕС/ (1-) Fm k x-ray 
sf/« 30 
зама 258.098431 5154 а/7.40 6.718(2)/ (8-) 0.3678 
sf/« 0.003 6.763(4)/ 0.057-0.448 
ма 259.1005 1.64h sf/>98.7 7/2+ 
a/<1.3 
ома 260.1037 ~ 27.8 d sf/ 73—100 
m 
Мо 248.0866 < 1.0 us sf 0+ 


Table of the Isotopes 11-199 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог Isot. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) Magnetic Quadr. Intensity 
(Atom %) Width (MeV) (MeV /%) Mom. (nm) Mom. (b) (MeV /%) 
Мо 249.0878 0.05 ms sf 
a/ « 20 
20No 250.0875 6. us sf/ 0+ 
له‎ < 10 
жие 0.95 а 8.67 
Мо 251.0890 0.785 а/91 8.62/96 
sf/0.26 8.58/4 
Мо 252.08898 2.445 а/75/8.551 8.42 0+ 
sf/24/ 8.37 
EC, B+/<1.6 
23 Мо 253.0907 1.7m а/ 8.00 (9/2-) 0.222/100 
EC/3.2 (0.151-0.280) 
а Мо 0.285 LT/ 
sf/« .2 
24Мо 254.09096 49.5 а/ 8.09 0+ 0.102 
EC/1.1 0.152 
sf/0.17 
Оо 255.09324 3.1m 7ه‎ 8.12/ + 0.187 
ЕС/38/2.01 7.93 
8.08 
256No 256.09428 2.95 а/ 8.43 0+ 
sf/0.5 
257Мо 257.09688 24.5 $ а/ 8.222/83 (7/24) 0.0770 
sf/«1.5 8.27 0.1018 
8.323/17 0.1241 
28 Мо 258.0982 ~ 1.2 ms sf/ 0+ 
2Мо 259.1010 58. m 0/78 17.794. 7.52 (9/2+) 
ЕС/22/0.5 7.55 
5{/<9.7 
о Мо 260.1026 0.115 sf/ 0+ 
262Мо 262.1073 ~ 8.ms sf/ 0+ 
10311 
PE 251.0944. 39m sf 
жр 252.0954 ~ 0.365 a 9.02/73 
sf/<1 8.97/27 
259mT р ~ 0.575 а 879 
5{/1.3 
LE 253.0952 1.55 а/ 8.72 
sf/8 
Lg 254.0965 13.s а/ 8.45 
ЕС/5.2 
sf/«0.1 
25] ү 255.09669 22.5 а/ 8.37/60 
EC/3.2 8.43/40 
sf/« 0.1 
PL 256.0986 27.5 اه‎ 2.7 4 8.43/ 
ЕС/4.2 8.39 
5 /< 0.03 
Бе 257.0996 0.65 5 а/ 8.80 7/2+ 
EC/2.5 
sf/« 0.03 
жагу 258.1018 3.9s а/ 8.60/46 
EC/3.4 8.62/25 
sf/« 5 8.56/20 
8.65/9 
SLE 259.1029 6.1s 0ه‎ 8.44(1) 
sf/20 
2901. 260.1055 3. т а/ 8.03 


11-200 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Mom.(nm) Mom.(b) (MeV/%) 
SLE 261.1069 40. m sf 
252117 262.1096 3.6h EC/2. 
sf/<10 
m 
Rf 253.1007 ~ 48. us sf 
a/<10 
Rf 254.1002 23. us sf/>98.5 0+ 
а/<1.5 
25Rf 255.1013 1.6s а 8.72/<0.05 0.203 
sf/52 8.77/94 0.142 
8.67/«0.05 
8.58/«0.05 
8.92/«0.05 
و‎ 256.10117 6.2 ms sf/99.68 0+ 
а/0.32 8.81 
Rf 257.1030 4.78 а/9.22 8.77 0.117 
ЕС/11 9.01 
sf/«1.4 8.95 
8.62 
25Rf 258.1035 12. ms 54/87 0+ 
а/13 
Rf 259.1056 3.4s а/9.09/93 8.77(2)/ 
8/7 8.86/ 
зоо 260.1064 20. ms sf/ 0+ 
арр 1.3 т а 8.28 
үр 261.10877 5.5 /ه‎ 60, 0 8.52/ 
зоб 262.1099 2.18 sf/>99.2 0+ 
R£ 263.1126 10.m sf, w 
ЗӨВ 265.1167 ~13h a 
257 ВЕ 267.122 = 0.14 sf 
о ОЬ 
Db 255.1074 = 1.55 а, 
5 ~ 20 
2b 256.1081 1.68 ه‎ 44 9.02/67 
ЕС/35 8.89/11 
sf/0.05 9.08/11 
9.12/11 
рр 0.8 5 а 9.16 
sf/«13 
"Db 257.1077 15s а/ 8.97/33 
sf/«6 9.07/38 
9.12/5.5 
8.94/9 
9.02/9 
8.89/5.5 
> Db 258.1092 4,25 а/ 9.30/ 
EC/5.3 9.17/ 
sf/«33 9.08/ 
> Db 259.1096 ~ 0.515 sf/ 
а/ 9.47/ 
وه‎ 0.3m 
о Dp 260.1113 15s а/ 9.05/ 
sf/«9.6 9.08/ 
9.13/ 
ГЬ 261.1121 188 а/ 8.93/ 
sf/«18 
262Db 262.1141 0.5 т sf/«33 


Table of the Isotopes 11-201 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (MeV /%) Мот. (пт) Mom. (b) (MeV/%) 
а/ 8.45/ 
8.53/ 
8.67/ 
Db 263.1150 ~ 0.45 т 8/57 8.36/ 
а/41 8.41/ 
ЕС/З 
рь 267.1224 12ћ sf 
рь 268.125 1.24 sf, EC 
10698 
2850 258.1132 ~ 2.9 ms sf 0+ 
a/<20 
2986 259.1145 0.58 а/ 9.62 
sf/«20 9.35 
9.03 
25٤ 260.11442 4. ms 0ه‎ 9.76 0+ 
sf/50 9.72 
9.81 
26156 261.1161 0.3s а, sf/«10 9.56 
26259 262.1164 0.007 5 sf 0+ 
а/<22 
Байг 0.38 а 92 
2252 263.1183 0.85 а 9.06 
sf/«30 9.25 
250 265.1211 8.5 а/>65 8.84/46 
sf/«35 8.76/23 
8.94/23 
8.69/8 
26652 266.1221 = 21.5 а/ 8.77/66 0+ 
sf/«82 8.52/33 
2150 271.133 ~ 0.04 В a/50 8.53 
sf/50 
107Вћ 
Вр 260.122 а 
Bh 261.1217 12. ms a/, sf <10 10.40 
10.10 
10.03 
Вр 8. ms а/ 10.37 
sf/«12 10.24 
? Bh 262.1229 0.10s а/ 10.06 
sf/«12 9.91 
9.74 
**Bh 264.1246 1.0s а/ 9.3 — 9.8 
sf/ 
Bh 265.1252 0.98 а 9.24 
жер 266.1269 ~ 25 а 9.08 
?87Bh 267.1277 = 17$ а 8.83 
m 
253Н$ 263.1286 а/ 
Hs 264.12839 ~ 0.08 ms ,له‎ sf/~ 50 11.0 0+ 
265mHs ~ 0.75 ms a 10.57/63 
10.73 
10.52 
10.34 
265Hs 265.1301 2.0 ms а/ 10.30/90 
sf/<1 10.43 


10.37 


11-202 Table of the Isotopes 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2n) | Magnetic Quadr. Intensity 
(Atom 96) Width (MeV) (Меу /%) Мот. (пт) Mom. (b) (MeV/%) 
10.25 
266Hg 266.1301 ~ 2.3 ms а 10.2 0+ 
2675 ~ 0.8 $ 
%Нѕ 267.1318 0.05 5 а/>88 9.88 
9.83 
9.75 
29Hs 269.1341 ~ 14s а 9.23 
9.18 
Hs 270.1347 ~ 3.65 a 9.16 0+ 
25Ң5 275.146 ~ 0.155 93 
77Hs 277.150 ~llm sf 
1, Mt 
2667٤ ~ 1.2 ms а 10.46-10.81 
266 МЕ 266.1373 ~ 0.7 ms а 10.48—11.31 
257 МЕ 267.137 19 ms а 
268 МЕ 268.1387 ~ 0.03 5 а/>68 10.3 - 10.8 
МЕ 270.141 5 ms а 10.0 
МЕ 275.149 0.015 а 10.3 
27 МЕ 276.151 = 0.75 а 9.7 
m 
2р5 267.1443 ~ 3 us а/»32 116 
Ts 269.1451 0.17 ms a/>75 111 
27085 ~ 6 ms а 10.95 
1115 
12.15 
2750$ 270.1447 0.1 ms а 11.03 0+ 
21р 0.07 8 а 9.9 
2705 271.1461 1.6 ms а 10.8 
27) 5 0.076 ms а 11.8 
27305 273.1489 118 ms а/ 9.73 
2705 279.159 0.18 5 sf/90 
а/10 9.7 
280Dg 280.160 “7.68 sf/ 0+ 
2105 281.162 10. $ sf 
282Ds 0.5 ms sf 
m 
Rg 272.1536 ~2ms а/>68 10.82 
Rg 274.156 ~ 65 ms а 112 
Rg 279.162 ~ 0.175 а 104 
ORG 280.164 ~ 3.65 а ~ 9.75 
12112 
277112 277.1639 ~ 0.24 ms а 1145 
11.65 
283112 283.172 ~ 4.5 sf/« 10 
a/~ 100 9.5 
24112 284.172 0.105 sf 
29112 285.174 ~ 34.8 а 9.16 
15113 
208113 0.24 ms 117 
283113 283.176 ~ 0.15 10.1 
24113 284.178 ~ 0.55 а 10.0 


Table of the Isotopes 11-203 
Elem. Natural Atomic Mass or Half-life/ Decay Mode/ Particle Energy/ Spin Nuclear Elect. y-Energy / 
ог 1506. Abundance Weight Resonance Energy (/MeV) Intensity (h/2 п) Magnetic Quadr. Intensity 

(Atom 96) Width (MeV) (МеУ/%) Мот. (пт) Mom. (b) (MeV/%) 

14114 

286114, 286.184 0.165 a/40 10.2 

sf/60 

287114, 287.186 0.58 а 10.0 

288114 288.186 0.8s а 9.95 

289114, 289.187 ~ 2.75 а 9.82 

115115 

287115 287.191 ~ 0.03 5 а 10.6 

288115 288.192 ~ 0.09 s 10.5 

16116 

290116 290.199 ~ 15 ms а 10.9 

291116 291.200 ~ 6. ms а ~ 10.74 

292116 292.200 ~ 18. ms а ~ 10.66 

23116 ~ 0.05 $ а 10.5 

1118 

294118 ~ 2.0 газ а 117 


NEUTRON SCATTERING AND ABSORPTION PROPERTIES 


Norman E. Holden 


This table presents an evaluated set of values for experimental 
quantities that characterize the properties for scattering and 
absorption of neutrons. The neutron cross section is given for 
room temperature neutrons, 20.43°С, corresponding to a thermal 
neutron energy of 0.0253 electron volts (eV) or a neutron velocity 
of 2200 meters/second. The neutron resonance integral is defined 
over the energy range from 0.5 eV to 0.1x106 eV, or 0.1 MeV. 


Bound neutron scattering lengths and neutron cross sections 
averaged over a Maxwellian spectrum at 30 keV for astrophysical 
applications are also presented. A list of the major references used 
is given below. The literature cutoff date is January 2003. Uncer- 
tainties are given in parentheses. Parentheses with two or more 
numbers indicate values to the excited state(s) and to the ground 
state of the product nucleus. 


Table Layout 


Column 
Number Column Title 
1 Isotope/Element 


Description 


For elements, atomic number and chemical symbol are listed. For nuclides, mass number 


and chemical symbol are listed. Isomers are indicated by the addition of m, m1, or m2. 


Isotopic Abundance in atom percent 


Half-life in decimal notation. Us = microsecond; ms = millisecond; s = second; m = minute; 


Cross sections for neutron capture reactions in units of barns (1072* cm?) ог millibarns 
(mb). Proton, alpha production and fission reactions are designated by б, бо) Op 


respectively. Separate values are listed for isomeric production. 


Resonance integrals for neutron capture reactions in barns (10-24 cm?) ог millibarns (mb). 


Proton, alpha production and fission reactions are designated by КЛ. КЛ, R.L, 


respectively. Separate values are listed for isomeric production. 


Bound coherent scattering lengths for neutron scattering reactions in units of femtometers 


Astrophysical Cross Sections, averaged over a stellar neutron maxwellian spectrum 


3 Half-life 
ћ = hour; d = day; у = year. 
4 Thermal Neutron Cross 
Sections 
5 Neutron Resonance Integrals 
6 Neutron Scattering Lengths 
(fm), which is equal to fermis (10:13 cm). 
7 Maxwellian Averaged Cross 
Section 


characterized by a thermal energy of 30 keV, expressed in barns (10-24 cm’), millibarns 


(mb) or microbarns (ub). 


General Nuclear Data References 


The following references represent the major sources of the 
nuclear data presented: 


Mughabghab, S.F., Divadeenam, M., Holden, N.E.; Neutron Cross Sec- 
tions, Vol. 1 Neutron Resonance Parameters and Thermal Cross Sec- 
tions, Part A, Z = 1-60. Academic Press Inc., New York, New York 
(1981); Mughabghab, S.F; Part B, Z = 61-100. Academic Press Inc., 
Orlando, Florida (1984). 

Holden, М.Е; Fifty Years with Nuclear Fission Conference, Wash., D.C., 
Gaithersburg, Md. April 26-29, 1989, p. 946. American Nuclear Soci- 
ety, LaGrange Park, Illinois (1989). 


Tuli, J.K.; Nuclear Wallet Cards, Brookhaven National Laboratory (Jan. 
2000). 

Holden, N.E.; Half-lives of Selected Nuclides, Pure & Applied Chemistry 
62, 941 (1990). 

Holden, N.E., Hoffman, D.C.; Spontaneous Fission Half-lives for Ground 
State Nuclides, Pure & Applied Chemistry 72, 1525 (2000). 

Koester, L., Rauch, H., Seymann, E.; Neutron Scattering Lengths: A Survey 
of Experimental Data and Methods, Atomic Data Nuclear Data 
Tables 49, 65 (1991). 

Sears, V.E; Neutron Scattering Lengths and Cross Sections, Neutron News 
3, (3), 26 (1992). 

Bao, Z.Y., Beer, H., Kappeler, F., Voss, F., Wisshak, K., Raucher T.; Neutron 
Cross Sections for Nucleo-synthesis Studies, Atomic Data Nuclear 
Data Tables 76, 70 (2000). 


Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Соћ. Scat. 6 (30 keV) Maxw. 
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns) 
ІН 0.332(2) 0.149(1) -3.739(1) 
ІН 99.9885(70) 22.8x10? у 0.332(2) 0.149(1) - 3.741(1) 0.25(2) mb' 
?H 0.0115(70) 0.51(1)mb 0.23(2) mb 6.671(4) 2.1(4) ub 
3H 12.33 y < 6. ub 4.79(3) 
„Не < 0.05 3.26(3) 
ЗНе 0.000134(3) б, = 5.33(1)x10? RI, = 2.39(1)x10? 5.74(7) 
0.05(1) mb 8.1) ць" 
“Не 99.999867(3) 3.26(3) 
з 71.(2) 32.(1) - 1.90(2) 
SLi 7.59(4) 6, = 9.4(1)x10? RI, = 422.(4) 2.0(1) ©, = 1. 


*Extrapolated value. 


11-185 


11-186 


Neutron Scattering and Absorption Properties 


Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. 6 (30 keV) Maxw. 
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns) 
39.(5) mb 17.(2) mb 0.06(1) mb* 
ЛА 92.41(4) 45.(5) mb 20.(2) mb - 2.22(2) 42.(3) ub 
SLi 0.84 s < = 5.5 ub 
„Ве 8.8(4) mb 3.9(2) mb 7.79(1) 
ТВе 53.28 d б, = 3.9(1)х10* RI, = 1.75(5)x10* 9, = 16(4) 
ба = 0.1 
?Be 100. 8.8(4) mb 3.9(2) mb 7.79(1) 
Be 1.52x106 у <1. mb 
;B 7.6(1)х102 3.4(1)х102 5.30(4) 
log 19.9(7) б, = 384(1)x10? RI, = 17.3(1)x102 - 0.1(3) 
0.3(1 0.13(4) 
6, - 7.(1) mb 
6, = 8.(2) mb 
пв 80.1(7) 5.(3) mb 2.(1) mb 6.65(4 
Ke 3.5(1) mb 1.6(1) mb 6.646(1) 
PG 98.93(8) 3.5(1) mb 1.6(1) mb 6.651(2) 16.(1) ub° 
BC 1.07(8) 1.4(1) mb 1.7(2) mb 6.19(9 0.021(4) mb 
"G 5715. y <1.4 ub 3.(1) ub* 
N 2.00(6 0.90(3 9.36(2 
“N 99.636(20) 6, = 1.93(5) RI, = 0.87(3) 9.37(2 9,7 1.8(2) mb' 
0.080(1) 0.034(1) 0.04(1) mb 
BN 0.364(20) 0.04(1) mb 0.11(3) mb 6.44(3 6.(1) ub* 
40 0.29(1) mb 0.40(4) mb 5.805(4) 
60 99.757(16) 0.19(1) mb 0.36(4) mb 5.805(5) 34.(4) ub 
UO 0.038(1) б, = 0.257(10) 0.11(1 5.8(2) Oa = 3.9(5) mb' 
0.54(7) mb 0.39(5) mb 
180 0.205(14) 0.16(1) mb 0.81(4) mb 5.84(7) 9.(1) ub* 
oF 9.5(1) mb 21.(3) mb 5.65(1) 6.(1) mb 
IE 100. 9.5(1) mb 21.(3) mb 5.65(1) 6.(1) mb 
ломе 42.(5) mb 19.(3) mb 4.566(6) 
20е 90.48(3) 39.(5) mb 18.(3) mb 4.631(6) 0.12(1) mb 
2INe 0.27(1) 0.7(1) 0.31(5) 6.7(2) ~ 1.5 mb 
6, = 0.18(9) mb 
2Ne 9.25(3) 51.(5) mb 23.(3) mb 3.87(1) 58.(4) ub* 
11Na 0.53(2) 0.32(2) 3.63(2) 2.1(2) mb 
2 Ма 2.605 у б, = 2.8(3)x10* RI,< 2.x10° 
6, = 2.6(4)x10? RI, = 1.2(2) x 10? 
23Na 100. Om = 0.43(3) ВТ, = 0.30(6) 3.63(2) 2.1(2) mb 
Ме 66.(6) mb 38.(5) тЬ 5.375(4) 
"Mg 78.99(4) 0.053(6 32.(4) mb 5.7(2) 3.3(4) mb 
Ма 10.000) 0.200) 98.(15) mb 3.6(2) 6.4(4) mb 
Ма 11.01(3) 0.038(1 25.(2) mb 4.9(2) 0.13(1) mb* 
UMg 9.45 m 0.07(2) 0.03(1 
БА 0.230(2 0.17(1 345(1 
26A] 7.1x105 y 6, = 1.97(10) 0.14(2) 
6, = 0.34(1) 
VA] 100. 0.230(2 0.17(1 345(1 2.9(3) mb 
1491 0.166(9 0.12(2 4.15(1 
2851 92.223(19) 0170) 0.11(2 4111 2.9(3) mb 
251 4.685(8) 0.12(1) 0.08(2 4.7(1) 7.9(9) mb 
3051 3.092 (11) 0.107(3 0.62(6 4.61(1 3.2(3) mb* 
3151 2.62h 73.(6) mb 33.(3) mb 
3251 1.6x10? y « 0.5 
15р 0.17(1) 0.08(1 5.13(1 
зір 100. 0.17(1) 0.08(1 5.13(1 1.7(1) mb 
169 0.54(2) 0.24(2 2.847(1) 
325 94.93(31) 0.55(5) 0.25(2 2.804(2) 4.1(2) mb 
С, < 0.5 mb 


*Extrapolated value. 


Neutron Scattering and Absorption Properties 11-187 


Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. 6 (30 keV) Maxw. 
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns) 
3$ 0.76(2) 0.46(3) 0.21(2) 4.7(2) 7.4(15) mb 
6, - 0.12(1) RI, = 0.05(1) 6, = 0.18(1) 
6, = 2. mb 
345 4.29(28) 0.25(1) 0.13 3.48(3) 0.23(1) mb 
365 0.02(1) 0.24(2) 0.26(3) 0.17(1) mb* 
Cl 33.6(3) 15.(2) 9.58(1) 
ЗС] 75.78(4) 43.7(4) 20.(2) 11.7(1) 9.4(3) mb 
с, = 0.44 (1) RI, = 0.2 ©, = 1.7(2) mb* 
6,7 0.08 mb 
36C] 3.01х10° y 6, = 46.(2) mb RI, = 0.02 6, = 91.(8) mb 
<10. 
6, = 0.59(7) mb 6, = 0.9(2) mb 
PCI 24.22(4) (0.05 + 0.38) (0.04+0.26) 310) 2.0(2) mb 
АГ 0.66(3) 0.42(5) 1.91(1) 
36Ar 0.3365(30) 5.(1) 2.(1) 24.9(1) 
б, = 5.4(3) mb 
6, < 1.5 mb 
37Аг 35.0 d 6, = 1.08(8)х103 ВГ, = 900. o, = 13 
б, = 37.(4) RI, = 31. 0, 0.04 
38Ar 0.0632(5) 0.8(2) 0.4(1) 3.5(35) 
9Ar 268. y 6.(2)ж10? 
6, «0.29 
Ат 99.6003(30) 0.64(3) 0.41(5) 1.830) 2.5(3) mb 
“Аг 182Һ 0.5(1) 0.2(1 
19K 2.1(1) 1.0(1 3.67(2) 
39K 93.2581(44) 2.1 (2) 0.9(1 3.74(2) 11.8(4) mb 
С, = 4.3(5) mb 
6, < 0.05 mb 
40K 0.0117(1) 1.26x10? y 30.(8) 13.(4 o, = 7.(1) mb 
б, = 4.4(4) 2.0(2 ба = 40.(6) mb 
6, = 0.42(8) 
ак 6.7302(44) 1.46(3) 1.4(2 2.69(8) 22.(1) mb 
жСа 0.43(2) 0.23(2) 4.70(2) 
40Са 96.941(156) 0.41(3) 0.22(4) 4.80(2) 6.7(7) mb 
6, 7 0.13(4) mb 
“Са 1.02х105 у = 4. 
6, = 0.18(3) 
وان‎ 7.(2) mb 
Ca 0.647(23) 0.65(10) 0.39(4) 3.4(1) 16.(2) mb 
Са 0.135(10) 6.(1) 3.9(2 - 1.56(9) 51.(6) mb 
“Са 2.086(110) 0.8(2) 0.56(1) 1.42(6) 9.(1) mb 
“Са 162.7 4 8515, 
“Ca 0.004(3) >&х10> y 0.70(3) 0.9(1 3.6(2) 5.3(5) mb* 
“Са 0.187(21) 4.3x10?? y 1.0(1) 0.5(1 0.39(9) 0.8(1) mb* 
319€ 27.2(2) 12.(1 12.3(1) 
Sc 100. (10.+17.) (5.6+6.4) 12.3(1) 69.(5) mb 
4Sc 83.81 d 8.(1) 3.6(5 
»Ті 6.1(1 2.8(2 - 3.438(2) 
“Ті 60у 110 
6,<0.2 
ет 8.25(3) 0.6(2 0.41 4.93(6) 27.(3) mb 
“Ti 7.44(2) 1.6(2 1.6(2 3.63(1) 64.(8) mb 
48Тү 73.72(3) 7.9(9 3.62 - 6.09(2) 32.(5) mb 
Ti 5.41(2) 1.9(5 120 1.04(5) 22.(2) mb 
Ti 5.18(2) 0.179(3) 0.12(2) 6.18(8) 3.6(4) mb 
93V 5.0(2 2.8(1 - 0.382(1) 
5oy 0.250(4) 1.4x10" y 21.(4 50.(20) 7.6(6) 
б, = 0.7(4) mb 


*Extrapolated value. 


11-188 


Neutron Scattering and Absorption Properties 


Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw. 
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns) 
тү 99.750(4) 4.9(1) 2.7(2) - 0.402(2) 38.(4) mb 
a CE 3.0(2) 1.7(1) 3.635(7) 
Cr 4.345(13) »18х107 y 15.(1) 8.(1) - 4.5(1) 0.05(1) 
51Cr 27.70d « 10. 
“(Ст 83.789(18) 0.8(1) 0.6(2) 4.91(2 8.8(4) mb 
Cr 9.501(17) 18.(2) 9.(1) - 42(1) 0.06(1) 
Сг 2.365(7) 0.36(4) 0.25(5) 4.6(1) 7.(2) mb 
жМп 13.3(1) 14.0(3) - 3.75(2 
53Mn 377x108 y 70.(10) 32.(5) 
5Mn 312.1 d < 10. 
5 Мп 100. 13.3(1) 14.0(3) - 3.75(2 40.(3) mb 
mi 2.7(1 1.4(2) 9.45(2 
94 Fe 5.845(35) 2.3(2 1.3(2) 4.2(1) 29.(2) mb 
6, = 10. ub RI, - 1.1(1) mb 
55Ре 273 у 13.(2 6.(1) 
ба = 0.01 
56Fe 91.754(36) 2.8(3 1.4(2) 9.93(3) 11.7(5) mb 
57Ее 2.119(10) 1.4(2 0.8(4) 2.3(1) 40.(4) mb 
58Ре 0.282(4) 1.3 (1 1.3(2) 15.(7) 12.(1) mb 
99Fe 44.51 d 13.(3 6.(1) 
27Со 37.19(8) 74.(2) 2.49(2) 
58mCo 91h 1.4(1)x105 2.5(10)x10° 
58Co 70.88 d 1.9(2)х103 7.(1)х10° 
Co 100. (20.7+16.5) (39.+35.) 2.49(2) 38.(4) mb 
ботСо 10.47 ш 58.(3 230.(50) 
Co 5.271 y 2.0(2 4.3(10) 
m 4.5(2 2.3(2) 10.3(1) 
58Ni 68.0769(89) >4x10” у 4.6(4 2.3(2) 14.4(1) 41.(2) mb 
б, < 0.03 mb 
5Ni = 7.6x10* у Os = 92.4) RI, = 1.4(1)х102 
6, = 14.(2) 
б, = 2.(1) 
ON 26.2231(77) 2.9(3 1.5(2 2.8(1) 25.(1) mb 
SIN 1.1399(6) 2.5(5 1.5(4 7.60(6) 82.(8) mb 
6, = 0.03 mb 
eNi 3.6345(17) 15.(1 6.8(3 - 8.7(2) 13.(4) mb 
ӨМ 100. у 20.(5 9.(2) 
“Ni 0.9256(9 1.6(1 1.2(2 - 0.37(7) 9.(1) mb 
о 2517h 22.(2 10.(1 
Са 3.8(1 4.1(4 7.718(4) 
Си 69.15(15 4.5(2 5.(1) 6.43(15) 0.09(1) 
“Си 12.701 h ~ 270. 
Си 30.85(15 2.17(3) 2.201 10.61(19) 41.(5) mb 
Cu 5.09 m 1.4(1)х102 60.(20) 
ҚУАН 110 2.8(4 5.680(5) 
“Zn 48.27 (32 >2.3x10!8 y 0.74(5) 1.4(3 5.23(4) 59.(5) mb 
6, < 12. ub 
С, = 11.(3) ub 
Zn 243.8 d 66.(8) 30.(4 
6, = 2.0(2) 
67, 27.977(77) 0.9(3) 1.8(2 5.98(5) 35.(3) mb 
б, < 0.02 mb 
677л 4.102(21) 6.9(1.4) 25.(5 7.58(8) 0.15(2) 
6, = 0.4 mb 
87n 19.02(12) (0.072 + 0.8) (0.2 + 2.9) 6.04(3) 19.(2) mb 
б, «0.02 mb ба = 3.(1) mb 
Zn 0.631(9) (8.1+83.) mb 0.9(2) 0.02(1) 
4Ga 2.9(1) 22.(3) 7.288(2) 


*Extrapolated value. 


Neutron Scattering and Absorption Properties 11-189 


Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw. 
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns) 
ШЕРІ 60.108(9) 1.68(7) 16.(2) 7.88(4) 0.14(1) 
"Са 39.892(9) >2.4х10% y 42 31.)3( 6.40(3) 0.12(1) 

б, = 0.15(5) 
„се 2.2(1 6.(2) 8.19(2) 
Ge 270.8 d 1.0(5 
Ge 20.370(89) (0.3 + 2.7) 2.3(1) 10.0(1) 88.(5) mb 
ез 27.380(60) 0.9(2 0.8(3) 8.5(1) 0.07(2) 
се 7.759(78) >1.8х102 у 15.(1 66.(20) 5.02(4) 0.3(1) 
"Ge 36.656(80) (0.14 + 0.28) (0.4+0.5) 7.6(1) 53.(7) mb 
Ge 7.835(81) 1.6x10?! y (0.09 + 0.06) (1.340.6) 8.2(15) 0.03(2) 
33 ÀS 4.0(4 61.(5) 6.58(1) 
As 100. 4.0(4 61.(5) 6.58(1) 0.57(4) 
345€ 12.(1 14.(3) 7.970(9) 
74бе 0.89(4) 50.(2 520(50) 0.8(3) 0.2(1) 
бе 119.78 d 3.3(10)x10? 
765е 9.37(29) (22. 4 63.) (9.+31.) 12.2(1) 0.16(1) 
7$e 7.63(16) 42.(4 30.(5) 8.25(8 0.3(1) 
б, = 0.97(3) ub 
785е 23.77(28) Om = 0.38(2) RI, = 4.3(4) 824(9 0.1 
80Se 49.61(41) (0.05+0.54) (0.15+0.85) 7.48(3 42.(3) mb 
82Se 8.73(22 ~ 1x10? у (39.+ 5.2) mb 39.(4) mb 6.34(8 0.04(2) 
35Br 6.8(2) 92.(8) 6.79(2 
76Br 160h 224.(42) 
Br 50.69(7 (2.5+8.3) (36.+96.) 6.79(7 0.63(4) 
6,, = 0.08(1) 
8!Br 49.31(7 (2.4+0.24) 51.(5) 6.78(7 0.31(2) 
з6 КЕ 24.(1) 39.(6) 7.81(2 
Kr 0.353(3 22.3x10? у (0.17+6.) 20.(1) (0.11+0.19) 
80Kr 2.286(10) (4.6+7.) 57.(6) (0.09+0.18) 
Ку 11.593(3) (14.+7.) 130.(13) 90.(6) mb 
83Kr 11.500(19) 183.(30) 183.(20) 0.24(2) 
“Кг 56.987(15) (Omt 6j) 200111 2.4(3) (16.+33.) mb 
б, = 0.09 
85Kr 10.73 y 1.7(2) 1.8(10) 0.07(2) 
86Kr 17.279(41) 3.(2) mb ~ 1. mb 8.1(3) 3.2(4) mb 
37Rb 0.39(4) 6.(3) 7.08(2) 
“Rb 32.9 d 6, = 12.(2) 
85Rb 72.17(2) (0.06+0.38) (0.7+7.) 7.0(1) 0.24(1) 
86Rb 18.65 а <20. 
sRb 27.83(2) 4.88х10' y 0.10(1) 2.3(4) 7.3 (1) 16.(1) mb 
88Rb 17.7m 1.2(3 0.5(1) 
aSr 1.2(1 10.(1) 7.02(2 
“Si 0.56(1) (0.6+0.2) (9.+1.) 0.4(1) 
86Sr 9.86(1) Om = 0.81(4) RI, = 4.(1) 5.68(5 (48.+22.) mb 
87Sr 7.00(1) 16.(3 118.(30) 7.41(7 97.(5) mb 
88Sr 82.58(1) 5.8(4) mb 0.07(3) 7.16(6 6.0(2) mb 
895г 50.52 d 0.42(4) 0.2 
Sr 29.1 y 10.(1) mb 0.10(2) 
391) 1.25(5) 1.01 7.75(2 
sy 100. (0.001+1.25) (0.006+1.0) 7.75(2 19.(1) mb 
Эбү: 2.67 4 «6.5 
ay 58.5 d 1.4(3) 0.6(1 
Zt 0.19(1) 0.95(9) 7.16(3 
б, «0.1 mb 
907r 51.45(40) ~ 0.014 0.2(1 6.4(1) 21.(2) mb 
9171 11.22(5) 1.2(3) 5.(2) 8.801) 60.(8) mb 
Zr 17.15(8) 0.2(1) 0.6(2 7.5(2) 33.(4) mb 
937r 1.5х10 y «4. 16.(5 0.10(1) 


*Extrapolated value. 


11-190 Neutron Scattering and Absorption Properties 
Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw. 
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns) 
“Zr 17.38(28) >107 у 0.049(6) 0.25(3) 8.3(2) 26.(1) mb 
967r 2.80(9) 2127x105 у 0.020(3) 5.0(5) 5.5(1) 11.(1) mb 
а Nb 1.11(1) 8.5(6) 7.14(3) 
б, «0.1 mb 
% ND 100. 11 (6.3+2.2) 7.14(3) 266.(5) тЬ 
б, = 0.86 
“Nb 2.4x10* y (Omt 0) = 15.(1) 126.(13) 
б, = 0.6(1) 
Nb 34.97 d <7. <200. 
Мо 2.5(1) 26.(5) 6.72(2 
б, «0.1 mb 
9?Mo 14.77(31) 23x10" y 0.06 = 0.8 6.93(8 0.07(1 
Om = 0.2 ub 
“Мо 9.226(99) 0.02 ~ 0.8 6.82(7 0.10(2 
Мо 15.900(85) 13.4(3) 109.(5) 6.93(6 0.29(1 
б, = 30.(4) ub 
Мо 16.674(12) 0.5 17.(3 6.22(6 0.111 
Mo 9.560(50) 2.5(2) 14.(3 7.26(8 0.34(1 
б, = 0.4(2) ub 
ЗМо 24.20(25) 01401) 7.2(7 6.60(7 0.10(1 
100Мо 9.67(20) & 1x10? y 0.19(1) 3.6(3 6.75(7 0.11(1 
aTe 
98Тс = 6.6х106 у Om = 0.9(2) 
99Тс 2.13х105 y 23.(2) 4.0(4)x10? 6.8(3) 0.93(5 
4, Ru 2.6 (1) 48.(5 7.03(3) 
96Ru 5.54(14) >3.1х10'% y 0.23(4) 7.(2) 0.21(1 
98Ru 1.87(3) «8 0.3(1) 
99Ru 12.76(14) 4.(1) 195.(20) 1.2(3) 
то 12.60(7) 5.8(6) 11.(2) 0.21(1 
то ц 17.06(2) 5.(1) 1.1(3)х102 1.00(4 
6, «0.15 ub 
то 31.55(14) 1.2(1) 4.3(5) 0.15(1 
03Ви 39.27 а <20. = 30. 
Шин 18.62(27) 0.49(2 6.(2) 0.15(1 
105Ru 4.44 h 0.29(3 0.13(1) 
106Ru 1.020 y 0.15(4 2.0(6) 
asRh 145.(2 1.2(1)х103 5.88(4) 
шин 100. (11.+ 134.) (0.08+1.1)х10° 5.88(4) 0.81(1) 
Тот р 4.36 m 800.(100) 
шин 42.3 8 40.(30 
105Rh 35.4h 1.1(3)x10* 1.7(4)х10* 
ара 7.1) 82.(8) 5.91(6) 
лорд 1.02(1) 3.2(10 10.(2) 0.3(1) 
терд 11.14(8) 16.(2) 0.29(3 
105pd 22.33(8) 22.(2) 60.(20) 5.5(3) 1.20(6 
6, = 0.5(2) ub 
төра 27.33(3) (0.013--0.28) (0.2--5.5) 6.4(4) 0.25(3 
107Pd 6.5x10° y 1.8(2) 108.(4) 1.34(6 
108Pq 26.46(9) (0.19+8.5) (2.+240.) 4.1(3) 0.20(2 
пора 11.7209) (0.033+0.7) (0.7+8.) 0.15(2 
Ag 62.(1) 767.(60) 5.922(7) 
107Ag 51.839(8) (1.+35.) (3.+105.) 7.56(1) 0.80(3 
109Ag 48.161(8) (4.1 + 87.) (0.7--14.1)x10? 4.17(1) 0.79(3 
10m A g 249.8 d 82.(11) 20.(4) 
هنل‎ 747 а 3.(2) 105.(20) 
аСа 2.52(5)х103 73.(8) 4,87(5) 
106Cd 1.25(6) 22.6x10" y 0.20(3) 4.(1) 0.30(2) 
овса 0.89(3) »4.1х107 y 1. 14.(3) 5.4(1) 0.20(1) 


*Extrapolated value. 


Neutron Scattering and Absorption Properties 


11-191 


Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. 6 (30 keV) Maxw. 
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns) 
Са 462.04 = 180. 6.7(12)x10? 

б, «0.05 
поса 12.49(18) (0.06+11.) (6.+34.) 5.9(1) (0.01+0.22) 
mca 12.80(12) 3.5(20) 51.(6) 6.5(1) 0.75(1) 
са 24.13(21) (0.012+2.2) 15. 6.4(1) 0.19(1) 
H3Cd 12.22(12) 7.7x104 y 2.06(4)х10* 390.(40) 8.0(2) 0.67(1) 
б, «1. ub 
маса 28.73(42) (0.04+0.29) 16.(7) 750) (0.01+0.12) 
H6Cq 7.49(18) 3.8x10? y (26.+52.) mb 1.2 6.3(1) (12.+47.) mb 
өш 197.(4) 3.3(2)x10? 4.07(2) 
In 4.29(5 (3.1+5.0+3.9) (220.+90.) 5.39(6) (0.48+0.31) 
ll5[n 95.71(5) 44х10%у (88.+73.+44.) (1.5+1.2+0.7)х10° 4.01(2) (0.69+0.02) 
505. 0.61(3) 8.(2) 6.225(2) 
1251 0.97(1 (0.15--0.40) (8.+19.) 0.211 
Шилэн! 115.14 = 9, 210.(50) 
Sh 0.66(1 ~ 0.12 5.(1) 6.2(3) 134.(3) mb 
H5$n 0.34(1 ба = 0.06 mb 29.(6) 0.34(1 
H6Sn 14.54(9) (0.006--0.14) (0.5+11.) 5.93(5 91.(2) mb 
17бй 7.68(7 1.1(1) 16.(5) 6.48(5 319.(7) mb 
H$$n 24.22(9) б, = 4. mb 4.7(5) 6.07(5 62.(1) mb 
H?$n 8.59(4 2.(1) 2.9(5) 6.12(5 0.18(1 
1205р 32.58(9) (0.001+0.13) 1.2(3) 6.49(5 (0.5+36.) тЬ 
1226 пу 4.63(3 (0.15-0.001) 0.81(4) 5.74(5 (18.+4.) mb 
ISH; 5.79(5 >2.2х10% y (0.13+0.004) (8.0+0.08) 5.97(5 12.(2) mb 
5186 5.2(2) 169.(20) 5.57(3 
121Sb 57.21(5) (0.4+5.8) (13.+192.) 5.71(6 0.53(2) 
135 42,79(5) (0.02+0.04+4.0) (1.+119.) 5.38(7 0.30(1) 
124Sb 60.20 d 17.(3) ~ 8. 
52 Те 4.2(1) 47.(3) 5.80(3 
120Те 0.09(1) (1.+5.) = 5.3(5) 0.4(1) 
122Те 2.55(12) (0.4+3.) (5.+75.) 3.8(2) 295.(3) mb 
123Те 0.89(3) >5.3х10% y 370.(40) 4.5(3)x10? 0.05 0.83(1) 
с, = 0.05 mb 
Те 4.74(14) (1.+6.) (1.4+4.) 8.0(1) 155.(2) mb 
125Те 7.07(15) 1.1(2) 21.(4) 5.02(8) 431.(4) mb 
126Те 18.84(25) (0.12+0.8) (0.6+7.4) 5.56(7) (28.+53.) mb 
128Те 31.74(8) 2.2x10?* y (0.034-0.2) (0.24-1.6) 5.89(7) (3.+41.) mb 
130Te 34.08(62) 8.x10? у (0.01+0.19) (0.03+0.3) 6.02(7) (4.+11.) mb 
531 6.2(1 1.5(1)х10° 5.28(2) 
1251 59.4 d 900.(100) 1.4(2)x10* 
17] 100. 6.2(1 1.5(1)х10° 5.28(2) 0.64(3) 
1287 25.00 m 22.(4 = 10. 
129] 17х107у (20.7+10.3) 36.(4) 0.44(2) 
130] 12.36Һ 18.(3 ~ 8. 
1311 8.0214 = 0.7 8.(4) 
Хе 25.(1 263.(50) 4.92(3) 
Хе 0.0953(27) >10 у (28.+137.) (0.6+3.0)ж103 (0.13+0.51) 
Хе 17.1 h 6, < 0.03 
126Хе 0.0890(14) (0.45+3.) (8.+52.) (0.04+0.32) 
27Xe 36.34 d 6, € 0.01 
128Хе 1.910(22) б, = 0.48 RI, = 38.(10) 0.26(1) 
Хе 26.40(18) 22.(5) 250.(50) 0.62(2) 
130Хе 4.071(53) Om = 0.45 ВГ, = 16.(4) 0.132(3) 
Хе 21.233(62) 90.(10) 9.(1)x10? 0.45(8) 
132Хе 26.9087(680) (0.05--0.4) (0.9--3.7) (5.+60.) mb 
133Хе 5.243 4 190.(90) 
134Xe 10.436(29) >1.1х10% y (0.003 + 0.26) 0.40(4) 20.(2) mb 
135Хе 910 h 2.65(11)x10° 7.6(5)x10? 


*Extrapolated value. 


*Extrapolated value. 


11-192 Neutron Scattering and Absorption Properties 
Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. 6 (30 keV) Maxw. 
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns) 
136Хе 8.858(33) 28x10? у 0.26(2) 0.7(2) 0.9(1) mb 
ss Cs 30.4(8) 422.(50) 5.42(2) 
198 6.48 d 6, < 0.15 
133Cs 100. (2.7+27.3) (32.+360.) 5.42(2) (0.04+0.47) 
Cs 2.065 y 140.(10) 54.(9) 
108 2.3х10 y 8.3(3) 38.(3) 
175 30.2 у (0.20+0.07) 0.36(7) 
s Ba 1.3(2) 10.(2) 5.07(3) 
130Ва 0.106(1) 2.2х10 у (1.+8.) (25.+200.) - 3.6(6) 0.76(11) 
Ва 01011) 1.3x10?! y (0.84+9.7) (4.7+24.) 7.8(3) 0.6(1) 
133Ва 10.53 у 4. (1) 85.(30) 
134Ва 2.417(18) (0.1+1.3) (5.6+18.) 5.7(1) 0.18(1) 
135Ва 6.592(12) (0.014+5.8) (0.47+131.) 4.7(1) 0.46(2) 
136Ва 7.854(24) (0.010+0.44) (0.1+1.5) 4.91(8 61.(2) mb 
137Ва 11.232(24) 5.(1) 4.(1) 6.8(1) 76.(3) mb 
138Ва 71.698(42) 0.41(2) 0.4(1) 4,84(8 4.0(2) mb 
цаг?! 1.396 h 5.(1) 2.2(5) 
моВа 12.75 4 1.6(3) 14.1) 
БАЙЛ 9.2(2) 12.(1) 824(4 
мара 0.090(1) 1.06х10!! у 57.(6) 4.1(9)x10? 
пора 99.910(1) 9.2(2) 12.(1) 8.24(4 38.(3) mb 
моја 1.678 d 2.7(3) 69.(4) 
s Се 0.64(4 0.71(6) 4,84(2. 
136Се 0.185(2) (1.0+6.5) 58.(12) 5.80(9 (0.028+0.3) 
138Се 0.251(2) (0.025+1.0) (1.5+5.2) 6.70(9 179.(5) mb 
140Се 88.450(51) 0.58(4 0.50(5) 4.84(9 11.0(4) mb 
Се 32.50 d 29.(3 13.(2 
12. 11.114)51( »1.6х107 y 0.97(3 1.3(3 4,75(9 28.(1) mb 
M3Ce 138d 6.1(7 2.7(3 
Ce 284.6 d 1.0(1 2.6(3 
59рг 11.5(4 14.(3 4.58(5 
141Pr 100. (4.+7.5) 14.(3 4.58(5 111.(2) mb 
мору 19.12 h 20.(3 9.(1) 
M3pr 13.57 d 90.(10 190.(25) 
«ха 51.2 49.(5 7.69(5 
Nd 27.2(5) 19.(1 34.(11) 7.7(3 35.(1) mb 
H3Nd 12.2(2) 330.(10) 128.(30) 0.24(1) 
С, = 17. mb 
мама 23.8(3) 2.1х105 y 3.6(3 3.9(5) 2.8(3 81.(2) mb 
мама 8.3(1) 47.(6 260.(40) 0.42(1) 
С, = 12. ub 
Mend 17.2(3) 1.5(2 3.0(4) 8.7(2 91.(1) mb 
има 10.98 4 440.(150) 200. 
M8Nd 5.7(1) 2.4(1 13.(2) 7(3 147.(2) mb 
ома 5.6(2) ~ 1x10? y 1.0(1 14.(2) 302 0.16(1) 
ерт 
мерт 5.53 у 8.4(1.7)x10? 
мтр 2.623 у (84.+96.) (1000.+1280.) 12.6(4 2.(1) 
l8mpm 41.3 d 10600.(800) 
M8Pm 5.37 d ~ 105 2.6(2.4)x10? 
мөр 2212 d 1400.(200) 
51р 1.183 d ~ 150. 
өз 5.6(1)x10? 1.4(2)x10? 
1445г 3.07(7) 1.6(1) 2.4(3) 92.(6) mb 
1455m 340. d 280.(20) 600.(90) 
1475m 14.99(18) 1.06х10!! у 56.(4), б, = 0.6 mb 710.(50) 14.(3) 0.97(1) 
14885m 11.24(10) 7x10" y 2.4(6) 27.(14) 241.(2) mb 
мобт 13.82(7) 10: y 4.01(6)x10*, o, = 31. mb 3.1(5)x10? 1.82(2) 


Neutron Scattering and Absorption Properties 


11-193 


Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw. 
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns) 
1508 тш 7.38(1) 102.(5) 290.(30) 14.(3) 422.(4) mb 
1515m 90. y 1.52(3)x10* 3520.(60) 2.1) 
1525m 26.75(16) 206.(15) 3.0(3)x10? - 5.0(6) 473.(4) mb 
1535m 1.929 d 420.(180) 
1545m 22.75(29) 7.5(3) 32.(6) 9.(1) 0.21 (1) 
ЕЦ 4570.(100) 3.8(5)х 103 5.3(3) 
шин 47.81(6) (4.+3150.+6000.) (2.+4.)ж103 (1.6+2.2) 

с, = 8.7(3) ub 
152 Ра 9.30 h 6.8(15)x10* « 105 
WEN 13.5 y 1.1(2)х10* 1.6(2)х103 5.(2) 
I533Eu 52.19(6) 300.(20), o, «1. ub 1.8(4)х103 8.2(1) 2.8(1) 
шин 8.59 y 1.5(3)х103 1.6(2)х103 4.4(7) 
155ү 4.76 y 3.9(2)x10? 1.6(2)х10* 1.3(1) 
«Gd 48.8(6)x10? 400.(10) 9.5(2) 
маса 75. у 1.40(14)x10* 
12d 0.20(1) 11х10%у 700.(200), o, «7. mb 700.(200) 1.05(2 
заа 240. d 2.(1)x10*, с, = 0.03 
ада 2.18(3) (0.035+60.) 230.(50) 1.03(1 
155Gd 14.80(12) 61.(1)x10?, с, = .08 mb 1540.(100) 2.65(3 
156Gd 20.47 (9) = 2.0 104.(15) 6.3(4) 615.(5) mb 
157Gd 15.65(2) 2.54(3)x105, o, «0.05 800.(100) 1.37(2 
155Gd 24.84(7) 2.3(3) 73.(7) 9.(2) 324.(3) mb 
ода 21.86(19) >19х109 у 1.5(7) 6.(1) 9.15(5) 0.15(2 
161Gd 3.66 m 2.0(6)x10* 
c; Ib 23.2(5) 420.(50) 7.34(2) 
ть 100. 23.2(5) 420.(50) 7.34(2) 1.6(2) 
16711 72.3 d 570.(110) 
вру 9.5(2)x10? 1.5(2)x10? 16.9(3 
15ру 0.056(3) 33.(3), o, < 9. mb 1000.(100) 1.6(2) 
158Dy 0.095(3) 43.(6), o, < 6. mb 120.(10) 6.1(5 0.8(2) 
159Dy 144. d 8.(2)х10° 
6ру 2.39(18) 60.(10), o, < 0.3 mb 1100.(200) 6.7(4 0.89(1) 
lelDy 18.889(42) 600.(50), o, « 1. ub 1100.(100) 10.3(4 1.96(2) 
162Dy 25.475(36) 170.(20) 2755.(300) - 1.4(5 446.(4) mb 
168Dy 24.896(42) 120.(10), o, « 20. ub 1600.(400) 5.0(4 11101) 
ру 28.260(54) (1.7+1.0)х103 (4.42.)x10? 49.4(2 212.(3) mb 
سه‎ уу 126 т 2.0(6)x10? 
165Dy 2.33 h 3.5(3)x10? 2.2(3)x10* 
«Ho 61.(2 670.(40) 8.01(8) 
163Ho 4.57x10? y (0.41.7) 
165Ho 100. (3.1+58.), o, « 20. ub (?+670.) 8.01(8) (0.8+0.5) 
166 Но 1.2x10? у 3.1(8)x10? 10.(3)x10? 
Er 1.5(2)x10? 730.(10) 7.79(2) 
162Fr 0.139(5) 19.(3), с, < 11. mb 480.(50) 8.8(2) 1.6(1) 
164Er 1.601 (3) 13.(3), 6, < 1.2 mb 105.(10) 8.2(2) 1.08(5 
166Er 33.503(36) (3.+14.), б, < 70. ub 96.(12) 10.6(2) 0.56(6 
167 Ер 22.869(9) 6.5(8)x10?, б, = 3. ub 2970.(70) 3.0(3) 14(2) 
168Ep 26.978(18) 2.3(3), б, = 0.09 mb 37.(5 7.4(4) 0.34(4 
170 7 14.910)36( 8.)2( 2.4 9.6(5) 0.171 
IAEp 7.52h 370.(40) 170.(20) 
P 108.(4) 1.5(2)х103 7.07(3) 
1Tm 100 (8.+100.) 1.5(2)x10? 7.07(3) 1.13(6 
ут 128.6 d 100.(20) 460.(50) 
Tm 192 у ~ 160. 118.(6) 
zoYb 52.(10) 1.7(2)х10° 12.43(3) 
168ү} 0.13(1) 2.4(2)ж103, б, < 0.1 mb 2.0(5)x10* -4.07(2) 0.7(4) 
169Yp 32.02d 3.6(3)x10? 5200.(500) 
бү]; 3.04(15) 12.(2), o, < 10. ub 320.(30) 6.8(1) 0.77(1) 


*Extrapolated value. 


11-194 Neutron Scattering and Absorption Properties 
Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw. 

Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns) 
тур 14.28(57) 53.(5), o, < 1.5 ub 315.(30) 9.7(1 1.21(1 
12Yb 21.83(67) = 1.3, o, < 1. ub 25.(3) 94(1 0.34(1 
17зүр, 16.13(27) 16.(2), o, < 1. ub 380.(30) 9.56(7) 0.75(1 
174Yþ 31.83(92) (46.+17.), o, < 0.02 mb (13.+16.) 193(1 151.(2) mb 
176ү], 12.76(41) 3.1(2), o, < 1. ub 8.(2) 8.7(1 116.(2) mb 
7,Lu 78.(7 8.3(7)x10? 7.21(3) 

Tuy 97.41(2) (16.+8.) (550.+270.) 7.24(3) (1.04+0.11) 
176] ду 2.59(2) 3.73x10!0 y (2.+2100.) (3.+930.) 6.1(2 1.53(7 

mT дү 160.7 d 3.2(3 1.4(2) 

Ум 6.65 d 1000.(300) 

»НЁ 106.(3) 19.7(5)x10? 7.8(1 

ЭН 0.16(1) 2.0х10> y 600.(50) 400.(50) 11.1) 0.8(2) 

176Ң{ 5.26(7) 23.(4) 700.(100) 6.6(2 0.46(2) 
WHE 18.60(9) (1.+375.), б, < 20. ub 7170.(200) 1.5(1) 
а Не 31. у быз = 45.(5) КІ,» = 8(1)х10° 

УНЕ 27.28(7) (54.+32.) (0.9+1.0)х103 5.9(2 0.31(1) 
179Hf 13.62(2) (0.43+46.) (6.8+620.) 7.5(2 (0.01+0.95) 
180Hf 35.08(16) 13.0(5), с, < 13. ub 32.(1) 13.2(3 179.(5) mb 
НЕ 42.4 d 30.(25) 

„Та 20.(1) 650(20.) 6.91(7 

1/9 Ta. 1.8 y 9.3(6)x102 1.22(7)x10? 

180%Та ^ 0.012(2) > 1.2x10" у ~ 560. 1350.(100) 

IS Ta 99.988(2) (0.012 + 20.), с, «1. ub (0.4+650.) 6.91(7 0.77 (2, 
187Та 114.43 4 8200.(600) 900.(90 

aW 18.(1) 3.6(3)х102 4.86(2 

1807 0.12(1) 7.4х10% y = 4. 210.(30 0.54(6 
1827 26.50(16) 8.3х10 y 20.(1) 600.(90 6.97 (4 274.(8) mb 
1837 14.31 (4) 1.9х10 y 10.5(3) 340.(50 6.53(4. 0.52(2 
ауу 30.64(2) 4.0х10'% y (0.002 + 2.0) 15.02) 7.48(6 0.22(1 
1857 74.8 d = 3.3 300.(50 

1867 28.43(19) 6.5х10% y 37.(2 510.(50 - 0.72(4 176.(5) mb 
1877 23.9 h 70.(10) 2760.(550) 

1887 69.78 h 12.(1 

„Ке 90.(4 8.4(2)х 102 9.2(3) 

185 е 37.40(2) (0.33+110.) 1700.(50) 9.0(3) 1.54(6 
187Re 62.60(2) 4.2x10?? y (2.+72.) (9.+310.) 9.3(3) 1.16(6 

760$ 17.(1 1.5(1)x10? 10.7(2) 

1840s 0.02(1) »5.6х108 y 3.3(3)х10°, o, «10. mb 1.4(1)x10? 0.4(2) 
1860) 1.59(3) 2.х10>° у ~ 80., o, < 0.1 mb 3.8(9)x10? 12(2) 0.42(2 
1870s 1.96(2) 2.(1)x10?, б, < 0.1 mb 5.0(7)x10? 0.90(3 
1880) 13.24(8) = 5., ба < 30. ub 1.5(2)x10? 7.6(3) 0.40(2 
189g 16.15(5) (0.000264-40.),0,«10. ub (0.013+670.) 10.7(3) 1.17(5 
1900s 26.26(2) (9.+4.), o, < 20. ub (22.+8.) 11.0(3) 0.30(5 
19108 15.4 d 3.8(6)х10? 1.7(3)х102 

1920s 40.78(19) 3.(1), o, < 10. ub 7.(1) 11.5(4) 0.31(5 
2808 30.5 В 2.5(5)x10? 1.1(2)x10? 

E 4.2(1)x10? 2.8(4)x10? 10.6(3) 

191ү 37.3(2) (0.14+660.+260.) (1.0+4.2)х103 1.35(4) 
1921ү 73.83 4 1.4(3)х103 4.8(7)x10? 

93 62.7(2) (0.04+6.+109.) 1.4(2)x10? 0.99(7) 
т 19.3 h 1.6(3)x10? 7.(2)x102 

рё 10.(1 1.3(1)х10° 9.60(1) 

190pt 0.014(1) 4.5x10! y 1.5(1)х10?, с, < 8. mb 70.(10) 9.(1) 0.7(2) 

192р+ 0.782(7) (2.0-6.), o, < 0.2 mb 115.(20) 9.9(5) 0.6(1) 

194pt 32.967(99) (0.1+1.1), с, < 5. ub (4.+2 10.55(8) (0.03+0.34) 
195pt 33.832(10) 28.(1), с, < 5. ub 365.(50) 8.8(1) 0.9(2) 

196pt 25.242(41) (0.045+0.55) 7.(2) 9.89(8) (0.01+0.19) 
198pt 7.163(55) (0.3+3.1) (5.+53.) 7.8(1) (3.+79.) mb 


*Extrapolated value. 


Neutron Scattering and Absorption Properties 


11-195 


Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. 6 (30 keV) Maxw. 
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns) 
199pt 30.8 m = 15, = 7. 

Ай 98.7(1) 1.55(3)х103 7.63(6) 
197 Au 100. 0,4, = 98.7(1) RI vig = 1.55(3)x10? 7.63(6) 582.(9) mb 
Om ~ 8.(2) mb ВГ, = 0.06(2) 
I98Au 2.695 d 26.5(15)x10? = 42105 
19Au 3.14 d z 30. 
so Hg 3.7(1)»x10? 87.(5) 12.69(2) 
19$Hg 0.15(1) 22.5x10 у (105.+3000.) (53.+410.) 30.(1) 04(2) 
198Hg 9.97(8) (0.017+2.) (1.7+70.) 0.17(2) 
19Нє 16.87(10) 2.1(2)x10? 435(20) 16.9(4) 0.37(2) 
200H g 23.10(16) ~ 2.1(5 0.12(1) 
201Hg 13.18(8) ~ 8. 30.(3 0.26(1) 
2?Hg 29.86(20) 4.9(5 4.5(2 11.(1) 74.(6) mb 
ңе 6.87(4) 0.4(1 0.82 42.(4) mb 
sill 3.3(1 12.5(8 8.776(5) 
203 p] 29.524(14) 11.(1), б, < 0.3 mb 41.(2 7.0(2) 124.(8) mb 
ют] 3.78 у 22.(2 90.(20 0.14(5) 
205Т1 70.476(14) 0.11(2) 0.6(2 9.52(7) 54.(4) mb 
s Pb 0.172(2) 0.14(4 9.402(2) 
тары 1.4(1) 0.68(7) 2.0(2 10.9(1) 90.(6) mb 
205Pb 1.51x107 у 227 m. 0.06(1) 
206pp 24.1(1) 0.027(1) 0.10(1 9.23(5) 16.(1) mb 
207Pb 22.1(1) 0.61(3) 0.38(1 9.28 (2) 10.(1) mb 
208Pb 52.4(1) 22x10? у 0.23(1) mb, o, « 8. ub 2.0(2) mb 9.50(3) 0.36(4) mb 
210pp 22.6 y « 0.5 
mI 0.034(1) 0.19(2 8.532(2) 
209Bj 100. (11.+23.) mb,o,<0.3 ub 0.19(2 8.532(2) 2.7(5) mb 
210mpj 3.0x10° у 54.(4) mb 0.20(3 
«Ро 
20ро 138.4 d 6,,<0.5 mb, 6, < 2. mb 
б,<30. mb, o< 0.1 
gsAt 
gon 
20Rn 55.6 $ <0.2 
22Rn 3.823 d 0.74(5) 
ssRa 
?3Ra 11.43d 1.3(2)x10?, бе 0.7 
224Ra 3.66 d 12.0(5) 
226Ва 1599. у = 13, бк 7. ub 280.(50) 10.(1) 
28Ra 5.76 y 36.(5), бұ< 2. 
goAc 
227Ас 2177 у 8.8(7)x10?, ox 0.35 mb 1.5(4)x10? 
oo ГВ 7.4 85.(3 10.31(3) 
27Th 18.72 d Oç 2.0(2)x10? 
2S8Th 1.913 y 1.2(2)x10?, 6,<0.3 1014.(400) 
29Th 7.9x10? y ~ 60. 1.0(2)х103 
Oç- 30.(3) RI, = 466.(75) 
зот 7.54x10* у 23.4(5) 1.0(1)х103 
бұ< 0.5 mb 
Th 100. 1.40х10 y 7.37(4) 85.(3 10.31(3) 
Oç- 3.(1) ub 
6, < 1. ub 
Th 223m 1.5(1)x10? 4.(1)x10? 
сү. 15.(2) 
234Th 24.10 d 1.8(5) 
б;< 0.01 


*Extrapolated value. 


11-196 


Neutron Scattering and Absorption Properties 


Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. 6 (30 keV) Maxw. 
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns) 
«Ра 
230ра 1744 1.5(3)x10? 
21ра 3.25х10* у 2.0(1)x10? 750.(80) 9.1(3) 

Oç- 20.(1) mb RI, = 0.05(1) 
шора 1314 4.6(10)x10? 300.(70) 
Oç- 1.5(5)x10? RI, = 1.0(1)x10? 
?3pa 27.0 d 39.(2) (460.+440.) 
On 20.(4) 
o, - 19.(3) 
б;< 0.1 
929 3.4(3); o; = 4.2(1) 280.(20), RI, = 2.0 8.417(5) 
2300] 20.8 d бу = 25. 
231) 42.4 бу = 250. 
232] 70. у 73.(2 280.(15) 
6; 74.(8) RI, = 350.(30) 
2330] 1.592x105 y 47.2 137.)6( 10.1)2( 
Oç- 5.3(1)х10° RI, = 760.(17) 
Сс, < 0.2 mb 
254) 0.0054(5) 2.455x105 y 96.(2 660.(70) 12.(4) 
с,.0.07(2) RI, = 6.5 
235] 0.7204(6) 7.04х10 у 95.(5 144.(6) 10.47(4) 
Oç- 586.(2) RI, = 275(5) 
с, < 0.1 mb 
236] 2.342х107 у 5.1(3 360.(15) 
бүс 13 mb RI, = 4.38(50) 
2271 6.75 4 ~ 10? 1200.(200) 
o,< 0.35 
238] 99.2742(10) 4.47х10° y 2.7(1) 277.(3) 8.402(5) 
бү» 3. ub 1.54(15) mb 
С, = 1.4(5) ub 
239() 23.5 т 22.(2) 
o,_15.(3) 
s Np 
234Np 4.4 d Oç- 9.(3)x102 
235Np 1.085 y 1.6(1)x10? 
ет Мр 225ћ Oç- 2.7(2)x10? 7.(4)x102 
236Np 1.55х10° у Oç- 3.0(2)x10? 1.35(30)x10? 
237Мр 2.14х10 у 1.7(1)х10° 6.5(3)x10? 10.6(1) 
Oç 20.(1) mb RI, = 4.7 
238Мр 2.117 d сү. 2.6(3)x10? 1.4(3)x10? 
239Np 2.355 d (32.+19.) 
бүс 1. 
а?а 
236pu 2.87 у o, _ 1.6(3)x10? 1000.(60) 
237Pu 45.7 d 6,.2.3(3)x10? 
238рц 87.7 у 5.1(2)x10? 1.6(2)x10? 14.1(5) 
0; 17.(1) RI, = 26.2) 
2399 pu 2.410 x 10* y 2.7(1)х10? 2.0(2)х10? 774) 
бу = 752.(3) 3.0(1)х102 
с, < 0.3 mb 
Mopu 6.56x10? y 2.9(1)x10? 8.4(3)x10? 3.5(1) 
б,= 59. mb RI, = 3.2 
зарц 144 у 3.7(1)x10?, o, «0.2 mb 1.6(1)x10? 
бе = 1.01(1)x10? 5.7(4)х102 
22Py 3.75 x 10° y 19.(1 1.1(1)x10? 8.1(1) 
с,<0.2 RI, = 0.23 
зарц 4.956 h «100. 


*Extrapolated value. 


6, = 2.0(2)х102 


Neutron Scattering and Absorption Properties 


11-197 


Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. 6 (30 keV) Maxw. 
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns) 
24рц 8.00x107 y 1.7(1) 41.(3) 
245Рц 10.5 В 1.5(3)х102 220.(40) 

Ат 
АТ 432.7у (0.6-6.4)х102 (1.+14.)ж10? 
С; = 3.15(10) 14.(1) 
242т А m 141. у 1.7(4)x10? ~ 200. 
o; = 5.9(3)х10° RI, = 1.8(1)x10? 
Ат 16.02 ћ 6, = 2.1(2)x10? RI, = < 300. 
3.3(5)x10? = 1.5x10? 
248 Ат 7.37x10? y (75.+5.) (17.1+1.0)х 102 8.3(2) 
С; = 79.(2) mb RI, = 0.056 
244m А түү = 26. т 6; = 1.6(3)х103 
2 Ат 10.1 h Oç = 2.2(3)х103 
s Cm 
22Cm 162.8 d = 20. 120.(50 
бу = 5. 
Ст 29.1 y 1.3(1)х10° 214.(20 
Oç = 6.2(2)х10° RI, = 1.6(1)х10° 
24 Ста 181 у 15.(1) 640.(50 9.5(3) 
С; = 1.100) RI, = 10.8(8) 
Ст 8.48х10 у 3.5(2)х 102 110.(10 
Oç = 2.1(1)х103 КІ, = 72 
Ст 4/6103 y 1.2(2) 120.(10 9.3(2) 
6; = 0.16(7) 13.(2) 
Ст 1.56х107 у 60.(30) 5.(1)x10? 
o, = 82.(5) 7.3(7)х10° 
248Ст 3.48x105 y 2.6(3) 270.(30) 7.7(2) 
6, = 0.36(7) 13.(2) 
еСт 64.15 m = 1.6 
250€ mi = 97x10? y « 80. 
о7ВК 
циг!! 320. d 7.(1)х102 9.(1)x10? 
Oç = 0.1 
250Bk 3.217h Oç = 1.0(2)x10? 
СЕ 
СЕ 351. у 5.0(3)х102 7.7(4)х102 
6; = 1.7(1)х108 RI, = 5 
25076 13.1 у 2.0(2)x10? 12.(2)x10? 
С; = 110.(90) RI, = 160.(40) 
DICE 9.0x10? y 2.9(2)x10? 1.6(1)x10? 
С; = 4.5(5)x10? RI, = 5.5(3)x10? 
CE 2.65 y 20.02 43.(3) 
С; = 32.(4) КІ, = 1.1(3)x102 
сү 17.8 d 18.2 8.(1) 
6, - 1.3(2)x10? 
АСЕ 60.5 4 4.5(10) 2: 
ggEs 
253Eg 20.47 d (180.+5.8) (37.5+1.1)x10? 
254mF 5 1.64 d Oç = 1.8(1)х103 
2545 276. d 28.(3) 18.(2) 
o, = 1.8(2)x10? RI, = ۰7 
255Е 40. а ~ 55. 
joo Fm 
255Fm 20.1 h 26.(3) 14.(2) 
с; = 3.3(2)x105 
2357Fm 100.5 d 6, = 3.0(2)х103 


*Extrapolated value. 


COSMIC RADIATION 
A.G. Gregory and R.W. Clay 


The Nature of Cosmic Rays 

Primary cosmic radiation, in the form of high energy nuclear 
particles, electrons and photons from outside the solar system and 
from the Sun, continually bombards our atmosphere. Secondary 
radiation, resulting from the interaction of the primary cosmic 
rays with atmospheric gas, is present at sea-level and throughout 
the atmosphere. 

The secondary radiation is collimated by absorption and scat- 
tering in the atmosphere and consists of a number of components 
associated with different particle species. High energy primary 
particles can produce large numbers of secondary particles form- 
ing an extensive air shower. Thus, a number of particles may then 
be detected simultaneously at sea-level. 

Primary particle energies accessible in the vicinity of the earth 
range from ~10* eV to ~10” eV. At the lower energies, the limit 
is determined by the inability of charged particles to traverse the 
heliosphere to us through the outward-moving solar wind. The 
upper energy limit is set by the practicality of building detectors 
to record particles with the extremely low fluxes found at those 
energies (J.G. Wilson, 1976; O.C. Allkofer, 1975a). 


Primary Cosmic Rays 


Primary Particle Energy Spectrum 

Figure 1 shows the spectrum of primary particle energies. This 
includes all particle species. In differential form it is roughly a 
power law of intensity versus energy with an index of ~ —3. There 
appears to be a knee (a steepening) at a little above 109 eV and an 
ankle (a flattening) above —10!? eV. Figure 2 emphasizes the fea- 
tures in the spectrum at the highest energies through multiply- 
ing the flux with a strongly rising power law of energy. This figure 
should be used with caution as errors for the two axes are not now 
independent. 

Data on the high energy cosmic ray spectrum are uncertain 
largely because of limited event statistics due to the very low flux 
which might best be measured in particles per square kilometer 
per century. The highest energy event recorded to 1995 had an 
energy of 3 x 10? eV (D.J. Bird et al., 1993). 

It is expected that the highest energy cosmic rays will interact 
with the 2.7 K cosmic microwave background through photopro- 
duction or photodisintegration. These interactions will apprecia- 
bly reduce the observed flux of cosmic rays with energies above 5 
x 10? eV if they travel further than ~150 million light years. This 
process is known as the Greisen-Zatsepin-Kuz'min (GZK) cut off 
(P. Sokolsky, 1989). 

At energies below ~10' eV, solar system magnetic fields and 
plasma can modulate the primary component and Figure 3 shows 
the extent of this modulation between solar maximum and mini- 
mum (E. Juliusson, 1975; J. Linsley, 1981). 


Primary Particle Energy Density 

If the above spectrum is corrected for solar effects, the energy 
density above a particle energy of 10? eV outside the solar system is 
found to be ~5 x 107 eV m °. As the threshold energy is increased, 
the energy density decreases rapidly, being 2 x 10* eV m? above 
10” eV and 10? eV m? above 107 eV. The energy density at lower 
energies outside the heliosphere is unknown but may be substan- 
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tially greater if the particle rest mass energy is included together 
with the kinetic energy (A. W. Wolfendale, 1979). 


Primary Particle Isotropy 

This is measured as an anisotropy (1, = Тју а + 1) X 
100%, where 1, the intensity (m 7818 77), is usually measured with 
an angular resolution of a few degrees. 

The measured anisotropy is small and energy dependent. It is 
roughly constant in amplitude at between 0.05 and 0.1% (with a 
phase of 0 to 6 hours in right ascension) for energies between 10" 
eV and 10" eV and appears to increase at higher energies roughly 
as 0.4 x (Energy(eV)/10!9)^596 up to —10!* eV. The latter rise may 
well be an artifact of the progressively more limited statistics as 
the flux drops rapidly with energy. It appears possible that a real 
anisotropy has been observed at the highest energies (above a few 
times 10? eV) with a directional preference for the supergalactic 
plane (this plane reflects the directions of galaxies within about 
100 million light years) (A.W. Wolfendale, 1979; R.W. Clay, 1987; 
T. Stanev et al., 1995). 


Primary Particle Composition 

The composition of low energy cosmic rays is close to universal 
nuclear abundances except where propagation effects are present. 
For example, Li, Be, and B which are spallation products, are over- 
abundant by about six orders of magnitude. 


Composition at 10!! eV per nucleus 
Charge 1 2 (3-5 (6-8) (10-14) (16-24) (26-28) 230 
% Composition 50 25 1 12 7 4 4 0.1 
(1096 uncertainty) 


Measurements at higher energies indicate that there is an in- 
crease in the relative abundances of nuclei with charge greater 
than 6 at energies above 50 TeV/nucleus (K. Asakimori et al., 1993) 
(1 TeV = 10” eV). 

Cosmic ray composition at low energies is often quoted at a 
fixed energy per nucleon. When presented in this way, protons 
constitute roughly 90% of the flux, helium nuclei about 1096 and 
the remainder sum to a total of about 196. 

Certain radioactive isotopic ratios show lifetime effects. The ra- 
tio of Be'?/B? abundances is used to measure an "age" of cosmic 
rays since Be" is unstable with a half life of about 1.6 x 10° years. 
A ratio of 0.6 is expected in the absence of Ве! decay and a ratio 
of about 0.2 is found experimentally (E. Juliusson, 1975; P. Meyer, 
1981). 

At higher energies, composition determinations are indirect 
and are rather contradictory and controversial. Experiments aim 
to differentiate between broad composition models. The measure- 
ment technique is based on studies of cosmic ray shower develop- 
ment. А rather direct technique for such studies 15 to use fluores- 
cence observations of the shower development to determine the 
atmospheric depth of maximum development of the shower. Such 
observations suggest a heavy composition (large atomic number) 
at energies ^10" eV which changes with increasing energy to а 
light composition (perhaps protonic) above —10!° eV (T. K. Gaisser 
et al., 1993). 
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10:2Г FIGURE 1. The energy spectrum of cosmic ray particles. This spec- 
trum is of a differential form and can be converted to an integral spec- 
trum by integration over all energies above a required threshold (E). 
Insofar as the spectrum approximates a power law of index –3, a simple 
conversion to the integral at an energy E/1.8 is obtained by multiplying 
the differential flux by the energy and dividing by 0.62. 

1020 


Differential flux (m?s tsr tey!) 


10736 | l l | 1 1 1 
13 14 15 16 17 18 19 20 
log (primary energy (eV)) 
FIGURE 2. Energy spectrum at the highest energies. This spectrum 
54 (after Yoshida et al., 1995) has the differential spectrum multiplied by 
10° F | energy cubed. It is from a compilation of a number of measurements 
т ЈЕ .| and indicates the good general agreement at the lower energies and a 
d spread due to inadequate statistics at the highest energies. 
= 
2 - - 
к 
Е L - 
d 
ај L : 
= 
108 |- 1 
1 1 1 
17 18 19 20 
log (energy (eV)) 
104 FIGURE 3. Energy spectrum of particles at lower energies. (a) Solar 


minimum proton energy spectrum. (b) Solar maximum proton energy 
spectrum. (c) Gamma-ray energy spectrum. (d) Local interstellar electron 
spectrum. 
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Primary Electrons 

Primary electrons constitute about 1% of the cosmic ray beam. 
The positron to negative electron ratio is about 10% (J. M. Clem 
et al., 1995). 


Antimatter in the Primary Beam 

The ratio of antiprotons to protons in the primary cosmic ray 
beam (at about 400 MeV) is about 107. At about 10 GeV the ratio 
is about 10-3. At the highest measured energies (10 TeV), the upper 
limit to the ratio is about 2096 (S. Orito et al., 1995; M. Amenomori 
et al., 1995). 


Primary Gamma-Rays 

The flux of primary gamma-rays is low at high energies. At 1 
GeV the ratio of gamma-rays to protons is about 10 5. The arrival 
directions of these gamma-rays are strongly concentrated in the 
plane of the Milky Way although there is a diffuse, near isotropic 
background flux and some point sources have been detected. 

Since the absorption cross section for gamma-rays above 100 
MeV is approximately 20 mbarn/electron, less than 10% of gam- 
ma-rays reach mountain altitudes (A. W. Wolfendale, 1979; P. F. 
Michelson, 1994). 


Sea Level Cosmic Radiation 

The sea level cosmic ray dose is 300 millirad.yr^ and the sea 
level ionization is 2.2 x 106 ion pairs m 38". The sea level flux 
has a soft component, which can be absorbed in about 100 mm 
of lead (about 100 g-cm~ of absorber) and a more penetrating 
(largely muon) hard component. The sea level radiation is largely 
produced in the atmosphere and is a secondary component from 
interactions of the primary particles. The steep primary energy 
spectrum means that most secondaries at sea level are from rather 
low energy primaries. Thus the secondary flux is dependent on the 
solar cycle and the geomagnetic latitude of the observer. 


Absolute Flux of the Hard Component 


Vertical Integral Intensity I(0) 100 کو و حم‎ 
Angular dependence 1(0) ~ (0) cos?(8) 
Integrated Intensity ~200 دوو‎ 

(O.C. Allkofer, 1975b). 


Flux of the Soft Component 
In free air, the soft component comprises about one third of the 
total cosmic ray flux. 


Latitude Effect 

The geomagnetic field influences the trajectories of lower ener- 
gy cosmic rays approaching the Earth. As a result, the background 
flux is reduced by about 796 at the geomagnetic equator. The ef- 
fect decreases towards the poles and is negligible at latitudes above 
about 40°. 


Flux of Protons 

The proton component is strongly attenuated by the atmosphere 
with an attenuation length (reduction by a factor of e) of about 120 
g:cm 2, It constitutes about 1% of the total vertical sea level flux. 


Absorption 
The soft component is absorbed in about 100 g:cm 2 of matter. 
The hard component is absorbed much more slowly: 


Absorption in lead, 6% per 100 g.cm 2 
Absorption in rock, 8.5% per 100 g.cm 2 
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Absorption in water, 10% per 100 g.cm 2 
(Absorption for depths less than 100 g-pd cm” is given by К. 
Greisen, 1943.) 


Altitude Dependence 

The cosmic ray background in the atmosphere has a maximum 
intensity of about 15 times that at sea level at a depth of about 150 
g:cm^? (15 km altitude). At maximum intensity, the soft and hard 
components contribute roughly equally but the hard component is 
then attenuated more slowly (S. Hayakawa, 1969). 


Cosmic Ray Showers 

High energy cosmic rays produce particle cascades in the at- 
mosphere which can be detected at sea level provided that their 
energy exceeds about 100 GeV (such low energy cascades may be 
detected by using the most sensitive atmospheric Cerenkov de- 
tectors). The primary particle progressively loses energy which is 
transferred through the production of successive generations of 
secondary particles to a cascade of hadrons, an electromagnetic 
shower component (both positively and negatively charged elec- 
trons and gamma-rays) and muons. The secondary particles are 
relativistic and all travel effectively at the speed of light. As a result, 
they reach sea level at approximately the same time but, due to 
Coulomb scattering (for the electrons) and production angles (for 
the pions producing the muons), are spread laterally into a disk- 
like shower front with a characteristic lateral width of several tens 
of meters and thickness (near the central shower core) of 2 to 3 m. 
The number of particles at sea level is roughly proportional to the 
primary particle energy: 


Number of particles at sea level ~10- x energy (eV). 


At altitudes below a few kilometers, the number of particles in a 
shower attenuates with an attenuation length of about 200 g-cm 2. 


i.e., particle number = original number x exp(- (depth 
increase)/200) 


The above applies to an individual shower. The rate of observa- 
tion of showers of a given size (particle number at the detector) at 
different depths of absorber attenuates with an absorption length 
of about 100 г-ст 2 (J.G. Wilson, 1976). 


Atmospheric Background Light from Cosmic Rays 

Cosmic ray particles produce Cerenkov light in the atmosphere 
and produce fluorescent light through the excitation of atmo- 
spheric molecules. 


Cerenkov Light 

High energy charged particles will cause the emission of 
Cerenkov light in air if their energies are above about 30 MeV 
(electrons). This threshold is pressure (and hence altitude) depen- 
dent. A typical Cerenkov light pulse (at sea level, 100 m from the 
central shower core) has a time spread of a few nanoseconds. Over 
this time, the photon flux between 430 and 530 nm would be ~10* 
та 287! for a primary particle energy of 1075 eV. For comparison, the 
night sky background flux is ~6 x 10" photons m نک وا و‎ in the 
same wavelength band (J.V. Jelley, 1967). 


Fluorescence Light 

Cosmic ray particles in the atmosphere excite atmospheric 
molecules which then emit fluorescence light. This is weak com- 
pared to the highly collimated Cerenkov component when viewed 
in the direction of the incident cosmic ray particle but is emitted 
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isotropically. Typical pulse widths are longer than 50 ns and may 
be up to several microseconds for the total pulse from distant large 
showers (R.M. Baltrusaitis et al., 1985). 


Effects of Cosmic Rays 


Cerenkov Effects in Transparent Media 
Background cosmic ray particles will produce Cerenkov light in 
transparent material with a photon yield between wavelengths Х, 
and À 
2 


№ 
-(2л:/137)ви (0. f" АХ / X? photons(unit length)! 


where 0, (the Cerenkov angle) = сов”! (1/refractive index). 

This background light is known to affect light detectors, e.g., 
photomultipliers, and can be a major source of background noise 
(R.W. Clay and A.G. Gregory, 1977). 


Effects on Electronic Components 

If background cosmic ray particles pass through electronic 
components, they may deposit sufficient energy to affect the state 
of, e.g., a transistor flip-flop. This effect may be significant where 
reliability is of great importance or the background flux is high. 
For instance, it has been estimated that, in communication satel- 
lite operation, an error rate of about 2 x 10 per transistor per 
year may be found. Permanent damage may also result. A signifi- 
cant error rate may be found even at sea level in large electronic 
memories. This error rate is dependent on the sensitivity of the 
component devices to the deposition of electrons in their sensitive 
volumes (J.F. Ziegler, 1981). 


Biophysical Significance 

When cosmic rays interact with living tissue, they produce ra- 
diation damage. The amount of the damage depends on the total 
dose of radiation. At sea level, this dose is small compared with 
doses from other sources but both the quantity and quality of the 
radiation change rapidly with altitude. Approximate dose rates un- 
der various conditions are: 


Dose rates (mrem-yr `!) 

Sea level cosmic rays, 30 

Cosmic rays at 10 km (subsonic jets), 2000 

Cosmic rays at 18 km (supersonic transports), 10,000 
(c.£, mean total sea level dose, 300) 


Astronauts would be subject to radiation from galactic (0.05 
rads per day) and solar (a few hundred rads per solar flare) cosmic 
rays as well as large fluxes of low energy radiation when passing 
through the Van Allen belts (about 0.3 rads per traverse). 

Both astronauts and SST travellers would be subject to a small 
flux of low energy heavy nuclei stopping in the body. Such par- 
ticles are capable of destroying cell nuclei and could be particularly 
harmful in the early stages of the development of an embryo. The 
rates of heavy nuclei stopping in tissue in supersonic transports 
and spacecraft are approximately as follows: 


Stopping nuclei ((cm? tissue) ! hr!) 

Supersonic transport (16 km), 0.0005 

Supersonic transport (20 km), 0.005 

Spacecraft, 0.15 

(O. C. Allkofer, 1975a; O. C. Allkofer et al., 1974). 
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Carbon Dating 

Radiocarbon is produced in the atmosphere due to the action of 
cosmic ray slow neutrons. Solar cycle modulation of the very low 
energy cosmic rays causes an anticorrelation of the atmospheric 
ЯС activity with sunspot number with a mean amplitude of about 
0.596. In the long term, modulation of cosmic rays by a varying 
magnetic field may be important (A.A. Burchuladze et al., 1979). 


Practical Uses of Cosmic Rays 

There are few direct practical uses of cosmic rays. Their at- 
tenuation in water and snow have, however, enabled automatic 
monitors of water and snow depth to be constructed. A search for 
hidden cavities in pyramids has been carried out using a muon 
“telescope”. 


Other Effects 

Stellar X-rays have been observed to affect the transmission 
times of radio signals between distant stations by altering the depth 
of the ionospheric reflecting layer. It has also been suggested that 
variations in ionization of the atmosphere due to solar modulation 
may have observable effects on climatic conditions. 
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TECHNIQUES FOR MATERIALS CHARACTERIZATION 
Experimental Techniques Used to Determine the Composition, Structure, and Energy States 


of Solids a 


nd Liquids 


Н.Р.К. Frederikse 


The many experimental methods, originally designed to study 
the chemical and physical behavior of solids and liquids, have 
grown into a new field known as Materials Characterization (or 
Materials Analysis). During the past 30 years a host of techniques 
aimed at the study of surfaces and thin films has been added to the 
many tools for the analysis of bulk samples. The field has benefit- 
ted particularly from the development of computers and micro- 
processors, which have vastly increased the speed and accuracy of 
the measuring devices and the recording of their output. Materials 
characterization was and is a very important tool in the search for 
new physical and chemical phenomena. It plays an essential role 
in new applications of solids and liquids in industry, communica- 
tions, and medicine. Many of its techniques are used in quality 
control, in safety regulations, and in the fight against pollution. 

In most Materials Characterization experiments the sample is 
subjected to some kind of radiation: electromagnetic, acoustic, 
thermal, or particles (electrons, ions, neutrons, etc.). The surface 


analysis techniques usually require a high vacuum. As a result of 
interactions between the solid (or liquid) and the incoming radia- 
tion a beam of a similar (or a different) nature will emerge from the 
sample. Measurement of the physical and/or chemical attributes 
of this emerging radiation will yield qualitative, and often quan- 
titative, information about the composition and the properties of 
the material being probed. 

The modern tendency of describing practically everything in 
this world by a combination of a few letters (acronyms) has also 
penetrated the field of Materials Characterization. The table be- 
low gives the meaning of the acronym for every technique listed, 
the form and size of the required sample (bulk, surface, film, liq- 
uid, powder, etc.), the nature of the incoming and of the emerging 
radiation, the depth and the lateral spatial resolution that can be 
probed, and the information obtained from the experiment. The 
last column lists one or two major references to the technique de- 
scribed. 


Lateral 
Technique Sample In Out Depth resolution Information obtained Ref. 

Optical and Mass Spectroscopies for Chemical Analysis 

1. AAS Atomize (flame, electro, — Light e.g., glow Absorption spectrum = = Concentration of atomic species 2 
Atomic Absorption Spectroscopy thermal, etc.) discharge (quantitative, using standards) 

2: ICP-AES Atomize (flame, electro, - Emission spectrum - - Concentration of atomic species 3 
Induct. Coupled Plasma — Atomic thermal, ICP, etc.) (quantitative, using standards) 
Emission Spectroscopy 

3. Dynamic SIMS Surface оп beam (1—20 keV) Secondary ions; 2пт-1 рт 0.50 nm Elemental and isotopic analysis; 4 
Dynamic Secondary lon Mass analysis with mass (or deeper: depth profile (all elements); 

Spectroscopy spectrometer ion milling) detection limits: ppb-ppm 

4. Static SIMS Surface on beam (0.5-20 Secondary ions, 0.1-0.5nm 6 Elemental analysis of surface 4 

Static Secondary lon Mass keV) analysis with mass layers; molecular analysis; 
Spectroscopy spectrometer detection limits: ppb-ppm 

5.  SNMS Surface, bulk Plasma discharge; Sputtered atoms ionized 0.1-05nm 1cm Elemental analysis 7 > 3; depth 46 

Sputtered Neutral Mass noble gases: 0.5-20 ру atoms or electrons; (or deeper: profile; detection limit: ppm 
Spectroscopy keV hen mass analyzed ion milling) 

6. SALI Surface e-beam, ion-beam, ог. Sputtered atoms ionized 0.1-0.5 пт 60пт Surface analysis; depth profiling 7 
Surface Analysis by Laser aser for sputtering by laser; then mass up to 3 um in 

onization analyzed milling mode 

7. LIMS Surface, bulk u.v. laser (ns pulses) ^ lonized species; 50-150nm . 5yum-1 mm Elemental (micro)analysis; 8 
Laser lonization Mass Spectroscopy analyzed with mass detection limits: 1-100 ppm 

spectrometer 

8. SSMS Sample in the form of two High voltage R.F. ons —analyzed in mass 1-5 um - Survey of trace elements; 9 
Spark Source Mass Spectroscopy electrodes spark produces ions ^ spectrometer detection limit: 0.01—0.05 ppm 

9.  GDMS Sample forms the Sputtered atoms ons — analyzed in mass 0.1-100pm 3-4 mm (Bulk) trace element analysis; 9,10 
Glow Discharge Mass Spectroscopy cathode for a D.C. glow ionized in plasma spectrometer detection limit: sub-ppb 

discharge 

10. ІСРМ5 Liquid-dissolved sample lons produced in ons — analyzed in = = High sensitivity analysis oftrace 11 
nduct. Coupled Plasma Mass carried by gas stream into argon plasma quadrupole mass elements 
Spectroscopy R.F. induction coil spectrometer 

Photons — Absorption, Reflection and Electron Emission 

11. IRS Thin crystal, glass, liquid Т.А. light (W-filament, І.А. spectrum = = Electronic transitions (mainly т 1241344 
nfrared Spectroscopy globar, Hg-arc) semiconductors and 

superconductors); vibrational 
modes (in crystals and 
molecules) 

12. FTIR Solid, liquid; White light (all Fourier Transform of - - Spectra obtained at higher 15 
Fourier Transform 1.8. Spectroscopy transmission ог frequencies) spectrum speed and resolution 

reflection (interferometer) 

13. ATR Surface or thin crystal - - um's = Atomic or molecular spectra of 16 
Attenuated Total Reflection surfaces and films 

14 (u)-RS Solid, liquid (1 um-1 Laser beam, e.g., Ar- — Raman spectra 0.5 um 0.5 um Molecular and crystal vibrations 7 
Micro-) Raman Spectroscopy cm) line, YAG-line 
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Lateral 
Technique Sample In Out Depth resolution Information obtained Ref. 

15. CARS Solid, liquid (50 um-3 Pump beam (о,)+ Anti-Stokes spectrum - - High resolution Raman spectra 14 
Coherent Anti-Stokes Raman cm) probe beam (о»,) 

Spectroscopy 

16. Ellipsometry Transparent films, Polarized light Change in polarization 0.05 nm-5 25 ит (orsample ^ Refractive index and absorption 18,19 

crystals, adsorbed layers um thickness) 

17. UPS Surfaces, adsorbed им. light, 10-100 eV; Electrons 02-10 nm 01—10 nm Energies of electronic states of 20,21 
Ultraviolet Photo-electron layers 200 eV (synchrotron) surfaces and free molecules 
Spectroscopy 

18. PSD Surfaces with adsorbed Far u.v. light E » 10 lons — analyzed with 0.1-2 пт = Structure and desorption 22 
Photon Stimulated Desorption Species eV mass spectrometer kinetics of adsorbed atoms and 

molecules 

X-Rays 

19. XRD Single crystals, powders X-rays: А =0.05-0.2 — Diffracted X-ray beam 1-1000um ^ 0.1—10 mm Identification of crystallographic 4 
X-Ray Diffraction films nm (6—17 keV) structures; all elements (low Z 

difficult) 

20. XRF/EDS Thin films, single layer Prim. X-ray beam À Fluorescent X-rays 1-100 um 10 mm Elemental analysis; all elements 2526 
X-Ray Fluorescence/Energy = 0.02-0.1 nm 12-80 except Н, Не, Li — (EDS also 
Dispersive Spectroscopy keV used in XRD, SEM, TEM and 

EPMA) 

21. EXAFS Films, foils High intensity Х-гауѕ Spectrum near nm-pm = Local atomic structure: order/ 27 
Extended X-Ray Absorption Fine (synchrotron) absorption edge disorder in vicinity of absorbing 
Structure atom 

22. ХР5/Е5СА Surfaces, thin films («20 ^ Soft X-rays (1-20 Core electrons; valence 05-10 nm 5 пт-50 um (Quantitative) identification of 28,29 
X-Ray Photo-electron Spectroscopy/ atomic layers) keV) electrons all elements in surface layer or 
Electron Spect. for Chemical film 
Analysis 

Electrons 

28. CL Insulators, Electrons 5—50 keV Photons 0.1—5 eV 1 nm-2 рп Тог2 рт Energy levels of impurities and 30 
Cathode Luminescence semiconductors point defects 

24. APS Surface («20 atomic Electrons (energy X-rays to pinpoint = = Identification of surface species 21, see 
Appearance Potential Spectroscopy ^ layers) Scan) 50-2000 еу electron energy also C 

hreshold 

25. AES Thin films, surfaces Electrons 3-10 keV — Auger electrons 20— 0.3-3 nm «30 nm Elemental composition of 28,29 
Auger Electron Spectroscopy 2000 eV Surface (except H, He); 

detection limit 01—1% 

26. EELS Very thin samples («200 Electrons (100—400 Retarded) electrons; «200 nm 1-100 nm Local elemental concentration; 31 
Electron Energy Loss Spectroscopy nm) keV) minus 1—1000 eV electronic structure, chem. 

bonding; interatomic distances 

27. EXELFS Thin films Electrons (100—400 Electrons energies 0-30 <200 nm 1-100 nm Density of states of valence 27,32 
Extended Electron Energy Loss Fine keV) eV above edge electrons (above Fermi level) 

Structure 

28. ESD Adsorbed species Electrons E» 10eV lons — analyzed with = = Structure and desorption 22 
Electron Stimulated Desorption mass spectrometer properties of adsorbed atoms 

and molecules 

29. ESDIAD (See ESD) (See ESD) Directional dependence — - Geometries of adsorbed species 22 
ESD-lon Angular Distribution of emitted ions (atoms or molecules) 

30. EPMA Solid conductors and Electrons 5—30 keV Characteristic X-ray 100 nm-5 1 ут Elemental analysis, Z< 4, major, 4 
Electron Probe (X-Ray) Micro insulators «1 cm thick 0.1-15 keV ym minor and trace amounts 
Analysis 

31. LEED Surface ono-energetic Diffracted electrons 0.4-2 nm «5 um Crystallographic structure of 35 
Low Energy Electron Diffraction electron beam 10— surface; resolution: 0.01 nm 

1000 eV 

32. RHEED Surface Electron beam at Reflected electrons 0.2-10 nm «5 um Surface symmetry 36,37 
Reflection High Energy Electron grazing angle 5—50 
Diffraction keV 

33. SEM Bulk, films (conducting) ^ High energy electrons Secondary and 1пт-5 ут 1-20 пт Surface image, defect structure; 33,34 
Scanning Electron Microscopy usually -30 keV backscattered electrons resolution 5—15 nm; 

magnification 300,000x 
34. (S)TEM Thin specimen — «200 High energy electrons Transmitted and (Sample 2-20 nm (Defect) structure of cryst. 33 
Scanning) Transmission Electron nm typically 300 keV diffracted electrons thickness) solids; microchemistry; high 
icroscopy resol.: 0.2 nm 

35. FE Metals, alloys (sharp = Electron emission (with =0.5 nm 10-100 nm Surface image, crystallographic 34 
Field Emission Microscopy point) appl. electric field — 50 structure 

kV) 

36. S Polished or cleaved Tunneling current controls distance between 1-5 nm 2-10 nm Atomic-scale relief map of 39 
Scanning Tunneling Microscopy surface (conducting) sample and very sharp tip surface; resolution: vert. 0.002 

nm, hor. 0.2 nm 

37. SP Very flat surface Any field: e.g. mechan. vibration recorded with 1-100 nm 1-100 nm Surface-magnetic field, surface- 39a 
Scanned Probe Microscopy laser probe; same with magnetic, electric or thermal conductivity, etc. 

thermal field 

38. АҒ Very flat surface Similar to STM; force measured with cantilever 0.5-5 nm 0.2-130 nm Surface topography with atomic 40 
Atomic Force Microscopy spring resolution; interatomic force 
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Technique 
lons and Neutrons 
39. 155 (or LEIS) 
on Scattering Spectroscopy (Low 
Energy lon Scattering) 
40. FIM 
Field lon Microscopy 
41. RBS 
Rutherford Back Scattering 
42. RA 
uclear Reaction Analysis 
43. РІХЕ 
Particle Induced X-ray Emission 
44. 6 
on Neutralization Spectroscopy 
45. АА 
eutron Activation Analysis 
46. (P)D 
eutron (Powder) Diffraction 
47. 5АМ5 
Small Angle Neutron Scattering 
Acoustic 
48. SLAM 
Scanning Laser Acoustic Microscopy 
Thermal 
49. DTA 
Differential Thermal Analysis 
50. DSC 
Differential Scanning Calorimetry 
51. TGA 
Thermo Gravimetric Analysis 
Resonance 
52. ЕРА (ESR) 
Electron Paramagnetic (Spin) 
Resonance 
53. 1 
Electron Cyclotron Resonance 
54. össbauer Effect 
55. ММА (MRI) 
Nuclear Magnetic Resonance 
(Magnetic Resonance Imaging) 
56. ENDOR 
Electron Nuclear Double Resonance 
57. МОВ 
Nuclear Quadrupole Resonance 
Other 
58. ВЕТ 


Brunauer-Emmett-Teller 


Sample 


Surface 


Surface: metals, alloys; 
very sharp tip 
Solids, thin films 


Solids, thin films 


Thin films, surface layers 


Surface 


Bulk, >0.5 g 


Crystalline solids 


Inhomogeneous solids; 


powders; porous samples 


Bulk, film 


Specimen and reference 
sample 


Specimen and ref. sample 


Bulk, 1-100 g 


Paramagnetic solids or 
liquids 


Semiconductors, metals; 
free electrons (low 
temperature) 


Source and absorber 


Solids, liquids 


Solids, liquids 


Solids 


(Large) surface area 1-20 


m/g 


on beam Не” or Ме“ 
<3 keV 


He gas above 
sample) 
ono-energetic ions 
H: or Не”) 0.5-3 
eV 

ono-energetic ions 
Li, Be, B, etc.) 200 
Кеу-6 MeV 

High energy ions (H: 
or Не”) 


He-ions («5 eV) 


Thermal neutrons 


Thermal neutrons E 
«0.0025 eV 

Thermal neutrons 2 0 
= 10—10“ 


Acoustic wave 
produced by laser 1 
MHz-1 GHz 


Uniform heating 


Controlled heating 


Controlled heating 


icrowave radiation 
in magnetic field 3— 
300 GHz; 1—100 kG 


icrowave radiation 
in magnetic field 10— 
30 GHz; 5-10 kG 
ono-energetic y- 
rays: 5-100 keV 


R.F. radiation + 
magnetic field; e.g. for 
protons: 60 MHz, 14 
kG 
R.F. + microwave 
radiation in magn. 
ield. 

R.F. radiation 0.5— 
1000 MHz 


Adsorbed gas (е.0., N, at 


Out 


Sputtered ions (energy 
analysis) 


He ions + high electric 


field produce image 
Backscattered ions 


Protons, deuterons ?He, 
a-particles, y-rays 


Characteristic X-rays 


Electrons 
Characteristic y-rays, 
(«1 MeV) 

Diffracted neutrons 


Scattered neutrons 


Reflected acoustic wave 


emperature difference 


easure heat required 
or equal temperature 


Weight as function of 
emperature (and time) 


icrowave absorption 
at resonance) 


icrowave absorption 
at resonance) 
üssbauer spectrum 


Doppler shifted (lines) 


В.Е absorption 


icrowave absorption 


В.Е absorption 


ом temp.) as function 


of pressure (monolayer coverage) 


Depth 


0.1-0.5 nm 


=0.1 nm 


10 nm-1 um 


0.1—5 um 


«10 um 


Bulk 


1-25 mm 


ym-cm 


Bulk 


Bulk 


Bulk 


Bulk 


Bulk 


50m 


«icm 


Lateral 
resolution 


1-100 um 


0.1-2 nm 


1mm 


10 um-10 mm 


1 um-2 mm 


0.1-20 mm 


1 ст 


1 ст 


Information obtained 


Elemental analysis (better for 
low Z) detection limits: 0.01— 
196 
Atomic structure of surface 


Element identification (Li to U) 
detection limit: 0.01—196 


Element identification (all) 
detection limit: 1012—1072 


race impurities: Z>3 detection 
imit: 0.1—100 ppm (depending 
on sample thickness) 

Energies of valence electrons 


race concentrations (of 
isotopes) of elements: trans. 
metals, Pt-group; detection 
imit: 105—10'* atoms/cm? 
Crystallographic structure; 
porosity, particle size 

Average size of 
inhomogeneities; range: 1 nm- 
1mm 


Defect structure; thickness 
measurement 


Phase transitions, crystallization 


Phase transitions, 
crystallization; activation 
energies 

Decomposition, non- 
stoichiometry, kinetics of 
reaction 


Local environment of 
paramagnetic ion; concentration 
of paramagnetic, species; 
detection limit: 10" spins/cmš 
Electronic energy bands, 
effective masses 


Interaction between nucleus and 
its environment (local electric, 
magnetic fields; bonds; valency; 
diffusion, etc.) 

Quant. analysis; local magnetic 
environment; diffusion; imaging 


Hyperfine interaction — local 
atomic structure 


Asymmetry of the charge 
distribution at the nucleus 


Surface area measurement 
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SYMMETRY OF CRYSTALS 


L. I. Berger 


The ability of a body to coincide with itself in its different posi- 
tions regarding a coordinate system is called its symmetry. This 
property reveals itself in iteration of the parts of the body in space. 
The iteration may be done by reflection in mirror planes, rota- 
tion about certain axes, inversions and translations. These actions 
are called the symmetry operations. The planes, axes, points, etc., 
are known as symmetry elements. Essentially, mirror reflection is 
the only truly primitive symmetry operation. All other operations 
may be done by a sequence of reflections in certain mirror planes. 
Hence, the mirror plane is the only true basic symmetry element. 
But for clarity, it is convenient to use the other symmetry opera- 
tions, and accordingly, the other aforementioned symmetry ele- 
ments. The symmetry elements and operations are presented in 
Table 1. 

The entire set of symmetry elements of a body is called its sym- 
metry class. There are thirty-two symmetry classes that describe 
all crystals which have ever been noted in mineralogy or been syn- 
thesized (more than 150,000). The denominations and symbols of 
the symmetry classes are presented in Table 2. 

There are several known approaches to classification of individ- 
ual crystals in accordance with their symmetry and crystallochem- 
istry. The particles which form a crystal are distributed in certain 
points in space. These points are separated by certain distances 
(translations) equal to each other in any chosen direction in the 
crystal. Crystal lattice is a diagram that describes the location of 
particles (individual or groups) in a crystal. The lattice parameters 


are three non-coplanar translations that form the crystal lattice. 
Three basic translations form the unit cell of a crystal. August 
Bravais (1848) has shown that all possible crystal lattice structures 
belong to one or another of fourteen lattice types (Bravais lattices). 
The Bravais lattices, both primitive and non-primitive, are the 
contents of Table 3. 

Among the three-dimensional figures, there is a group of poly- 
hedrons that are called regular, which have all faces of the same 
shape and all edges of the same size (regular polygons). It has been 
shown that there are only five regular polyhedrons. Because of 
their importance in crystallography and solid state physics, a brief 
description of these polyhedrons is included in Table 4. 

The systematic description of crystal structures is presented 
primarily in the well known Structurbericht. The classification of 
crystals by the Structurbericht does not reflect their crystal class, 
the Bravais lattice, but is based on the crystallochemical type. This 
makes it inconvenient to use the Structurbericht categories for 
comparison of some individual crystals. Thus, there have been 
several attempts to provide a more convenient classification of 
crystals. Table 5 presents a compilation of different classifications 
which allows the reader to correlate the Structurbericht type with 
the international and Schoenflies point and space groups and with 
Pearson's symbols, based on the Bravais lattice and chemical com- 
position of the class prototype. The information included in Table 
5 has been chosen as an introduction to a more detailed crystal- 
lophysical and crystallochemical description of solids. 


TABLE 1. Symmetry Operations and Elements 


Symmetry element 
Symbol 

International Presentation on the stereographic projection 
Symmetry operation Name (Hermann-Mauguin) Schoenflies Parallel Perpendicular 
Reflection in a plane Plane m С. О | / — 
Rotation by angle а = 360°/n Jus п=1,2,3,4ог6 C 
about an axis n 

п=2 С, IH i 

n=3 С, А А А 

n-4 6 BH ШІ 

п=6 С, %-% e 
Rotation about an axis and Inversion т 
inversion іп a symmetry (improper) n-3,46 C. 
center lying on the axis axis 

n-3 С, А-А А 

5-4 с Ф—Ф + 
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Symmetry operation 


Inversion in a point 


Parallel translation 


Reflection in a plane and 
translation parallel to the 
plane 


TABLE 1. Symmetry Operations and Elements 


Symmetry of Crystals 


Presentation on the stereographic projection 


Symmetry element 
Symbol 
International 
Name (Hermann-Mauguin) Schoenflies Parallel 
Center 1 C, o 
Translation 


vector à b, c 


О 


Rotation about an axis and 
translation parallel to the axis 


Rotation about an axis and 


reflection in a plane perpen- 


dicular to the axis 


Glide-plane a, b, c, n, d 
Screw axis n. 
(т = 1,2,..,n — 1) 
Rotatory- ñ : 


reflection axis 


TABLE 2. The Thirty-Two Symmetry Classes 
Class name? 


Perpendicular 


А 
x 


Primitive Central Planal Axial Plane-axial Inversion primitive Inversion-planal 
Crystal and its symbol - International (Int) and Schoenflies (Sch) 
symbol Int Sch Int Sch Int Sch Int Sch Int Sch Int Sch Int Sch 
Triclinic 1 с 1 с 
Monoclinic m С, 2 C, 2/т C, 
Ortho- mm2 C, 222 D, mmm р, 
rhombic 
Trigonal 3 C 3 С, 3m с, 32 D, 3m Сы 
Tetragonal 4 C, 4т C, 4mm C, 422 D, 4/mmm OD, 4 5, 42m D, 
Hexagonal 6 C, 6m C, 6mm ©. 622 D, 6/mmm Б, 6 не 6m2 D, 
Cubic 23 T m3 T, 43m T, 432 0 m3m 0 
è Per Fedorov Institute of Crystallography, USSR Academy of Sciences, nomenclature. 
TABLE 3. The Fourteen Possible Space Lattices (Bravais Lattices) 
No. of No. of Description of 
different identi- Characteristic characteristic 
Metric lattices Lattice type? points parameters parameters Symmetry of 
Crystal category of in the (marked by +) per unit (marked by «) acX, bcY, ecZ the lattice 
system the system system P C l| F R cell a bca Ву а=(ћ,с), B=(a,c), y=(a,b) Int Sch 
riclinic rimetric 1 * 1 + + + + + + asbec,aspey 1 C 
onoclinic rimetric 2 + + Тог2 ds ETE * атр + с а = у = 90° «p 2/m C, 
Orthorhombic rimetric 4 d- oon us ЛЕ 1,2074 + ++ а»ђ» с а= В = у= 90° ттт D, 
rigonal Dimetric 1 * 1 * * a-b-c, 120° > о = B = у 90° 3m р, 
(rhombohedral) 
etragonal Dimetric 2 * * lor + + a=b#c,a=B=y=90° 4/ттт D, 
Hexagonal Dimetric 1 * 1 * * a=b #c, ®= В = 90°, у = 120° 6/mmm В, 
sometric onometric 3 + + + 1,2 or 4 + a=b=C,a=B=y=90° m3m 0, 
(cubic) 


а Designations of the space-lattice types: P — primitive, C — side-centered (base-centered), I - body-centered, F – face-centered, R – rhombohedral. 
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TABLE 4. The Five Possible Regular Polyhedrons 


Symmetry (Schoenflies) Number оЁ 
Polyhedron Class Elements Form of faces Faces (F) Edges (E) Vertices (V) 
Tetrahedron T 4C. 3C, Equilateral 4 6 4 
triangle 
Cube (hexahedron) О 3САС,6С, Square 6 12 8 
Octahedron 0 3САС,6С, Equilateral 8 12 
triangle 
Pentagonal dodecahedron J 6С,10С,15С, Regular pentagon 12 30 20 
Icosahedron J 6С,10С,15С, Equilateral 20 30 12 
triangle 


а Per formula by Leonhard Euler: Е + V -E- 2 


TABLE 5. Classification of Crystals 


Standard ASTM 
Strukturbericht Structure Symmetry group Pearson E157-82a 
symbol name International Schoenflies symbol symbol 

1 2 3 4 5 6 
Al Cu Fm3m О" cF4 F 
A2 w Im3m о”, cI2 B 
A3 Mg P6,/mmc р“ hP2 H 
A4 C Fd3m O7, cF8 F 
A5 Sn If /amd D? 04 U 
A6 In I4/mmm D", t2 U 
A7 As ЕЗт р5 hR2 R 
А8 бе P3,21 or РЗ,21 D*, (D°) hP3 H 
A10 Hg ЕЗт Роа hR1 R 
All Ga Cmca D, oC8 Q 
A12 a-Mn 143m T с158 B 
A13 B-Mn P4.32 О” сР20 С 
А15 OW, Pm3n ОЗ, cP8 C 
A20 a-U Cmcm D", oC4 Q 
81 CINa Fm3m О", cF8 F 
B2 CICs Pm3m О, cP2 С 
ВЗ 57п F43m T. cF8 Е 
B4 SZn P6,mc e hP4 H 
B8, AsNi P6,/mmc Dr. hP4. H 
B8, InNi, P6,/mmc р“ hP6 H 
B9 HgS P3,21 or P321 Dt, ог D°, hP6 H 
B10 ОРЬ P4/nmm D. гра Т 
В11 y-CuTi P4/nmm D. tP4 T 
B13 NiS R3m р5 hR6 R 
В16 GeS Pnma D: oP8 0 
B17 Р:5 P4,/mmc D^. tP4 T 
B18 CuS P6,/mmc р“ ҺР12 н 
B19 AuCd Pmma D^, oP4 0 
B20 FeSi P233 TA cP8 C 
B27 BFe Pnma ре, oP8 О 
B31 MnP Pnma D: oP8 0 
B32 Мат Fd3m O7, cF16 F 
B34 Pds РА | Єз tP16 T 
B35 CoSn P6/mmm D'on hP6 H 
B37 SeTl I4/mcm D, 016 U 
B, CdSb Pbca D», oP16 0 
В, (833) €-BCr Cmcm D", oC8 Q 
B, BMo 14,/amd D? 04 U 
B, Cw P6m2 D hP2 H 
B, y CMo P6,/mmc р“ ҺР8 н 

(AsTi) 

0 СаЕ, Fm3m 05 cF12 F 
сі, AgAsMg F43m Т2; cF12 F 
C2 FeS Pa3 TS cP12 6 
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Strukturbericht 
symbol 
1 
C3 
СА 
Сб 


Structure 
name 
2 
Cu,O 
O,Ti 
са, 
Mos, 
С,Са 
Mosi, 
CaSi, 
MgZn, 
Cu,Mg 
AuBe, 
AL Cu 
FeS, 
CdCl, 
Fe,P 
CLPb 
AIB, 
Bi,STe, 
AuTe, 
MgNi, 
Cu,Sb 
CrSi, 
SiS, 
GeS, 
AuTe, 
Si,Zr 
Si,Ti 
Si,Th 
CoGe, 
As,Co 
BiF, 
О,Ке 
СЕе, 
AsNa, 
Ni,Sn 
ALNi 
Cu,P 
Cu,P 
Al,Zr 
Ni, Ti 
SiU, 
Ni,P 
Al Ba 
MoNi, 
ALU 
PtSn, 
B,Th 
BMn, 
B Ca 
NaZn,, 
Mn,,Th 
MnU, 
CaCu, 
в, 
Al.Mn 
а-А,О, 
La O, 
Мп,О 


2-3 


TABLE 5. Classification of Crystals 


Symmetry group 
International Schoenflies 
3 4 
Pn3m оқ 
P4./mnm D^. 
P3m1 D^, 
P6,/mmc р“ 
14/mmm D", 
14/mmm D", 
R3m DS, 
P6,/mmc р 
Fd3m O7, 
F43m ог 223 T2 or Т? 
I4/mcm D^. 
Pnnm D, 
R3m Ра 
P26m D, 
Pnma ре, 
P6/mmm р! 
ЕЗт Роа 
C2/m (P2/m) C, (CS) 
P6,/mmc р“ 
P4/nmm D’,, 
P6,22 р, 
Ibam D% 
Fdd2 e 
Pma2 C 
Cmcm D", 
Fddd D^, 
14,/amd D? 
Aba2 C. 
Im3 È 
Fm3m О", 
Pm3m О, 
Pnma D^, 
P6,/mmc р“ 
P6,/mmc р“ 
Рпта р 
P3cl р, 
14/mmm D", 
14/mmm D", 
P6,/mmc р“ 
4/ mcm Di 
14 s, 
14/mmm D", 
14/m С» 
Imma D? 
Aba2 Cu. 
P4/mbm D^. 
Fddd D^, 
Pm3m O!, 
Fm3m О", 
I4/mmm D", 
14/mcm D, 
P6/mmm D'en 
Fm3m O^, 
Cmcm D", 
R3c р, 
РЗті р? 
Ia3 T, 


Pearson 
symbol* 


Symmetry of Crystals 


Standard ASTM 
E157-82a 
symbol 


wonwomuccamüuenuomucdcadidcdidmcaidcmmomrmmumonomuwocmvoououmndrizmuemommocGcmnmuimuxciccammuidao 
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TABLE 5. Classification of Crystals 


Standard ASTM 
Strukturbericht Structure Symmetry group Pearson E157-82a 
symbol name International Schoenflies symbol symbol” 

1 2 3 4 5 6 
D5, S,Sb, Pnma р, oP20 0 
D5, P,Zn, P4,/mmc D°, tP40 T 
25, CC, Pnma ре, oP20 0 
15 АМ, P3ml D^ hP5 H 
D5, Si,U, P4/mbm D^, tP10 T 
D5, C,Pu, 143d Те; с140 В 
D7, ALC, ЕЗт Роа hR7 R 
D7, Р ТВ, 1434 155 с128 B 
D7, B,Ta, Immm 1 0114 P 
D8, Fe,Zn,, Im3m о”, с152 B 
D8, Cu,Zn, 143m T^ с152 B 
D8, Al,Cu, P43m ТІ, cP52 C 
р8, C,Cr23 Fm3m О", сЕ116 Е 
D8, Fe W, ЕЗт р, hR13 R 
D8, Cu,,Si, 143m 13, с176 B 
D8, Mn,Si, P6,/mcm D^. hP16 H 
D8, Со,5, Fm3m O^, cF68 F 
D8,, Al,Cr, R3m ©. hR26 R 
р8, Al,Co, P6,/mcm D^. hP28 H 
D8, Mn,,Th, Fm3m 0 сЕ116 Е 
р8, o-phase of p4,/mnm D". tP30 т 

Cr-Fe 

D8, (ALZn),,Mg,, Im3 17 с1162 B 
р8, Се, Im3m о”, с140 B 
D8, B.W, P6,/mmc р“ hP14 H 
D8, В,Мо, ЕЗт р, hR7 R 
D8, В,Сг, I4/mcm 15 032 U 
28, Si, W, I4/mcm D, 032 U 
D10, C,Cr, P31c Се ҺР80 н 
р10, Fe Th; P6,mc e. hP20 H 
ЕО, CIFPb P4/nmm D. tP6 T 
EL CuFeS, 1424 БЕ, 116 U 
E2, CaO,Ti Pm3m О, cP5 С 
Е2, S,Sn, Pnma р, оР20 0 
3 ALCdS, 14 52, 014 U 
E9, SiFe W, Fd3m O7, cF112 F 
ЕЭ, ALCu,Fe P4/mnc D°, tP40 T 
E9, AILi,N, Ia3 T^ cI96 B 
F0, NiSSb P233 17 cP12 C 
Е5, СтМа5, R3m ог R32 1 or D’, hR4 R 
F5, CuS,Sb Pnma р! оР16 О 
H1, Al MgO, Fd3m O7, cF56 F 
H2, Cu,S,V P43m T cP8 С 
H2, AsCu,S, Pmn2, 1624 ор16 О 
L1, AuCu P4/mmm р, tP4 T 
L1, AlCu, Pm3m O!, ср4 С 
12, AlCu,Mn Fm3m 0 сЕ16 Е 
12, 55,11, Im3m о”, с154 B 
L2, H,Th I4/mmm D", 06 U 
13 Fe,N P6,/mmc р“ ҺРЗ н 
16, CuTi, P4/mmm ПІ, tP4 T 


E The first letter denotes the crystal system: triclinic (a), monoclinic (m), orthorhombic (o), tetragonal (t), hexagonal (h) and cubic (c). Trigonal (rhombohedral) 
system is denoted by combination hR. The second letter of Pearson's symbol denotes lattice type: primitive (P), edge-(base-) centered (C), body-centered (I) or 
face-centered (F). The following number denotes number of atoms in the crystal unit cell. 


Standard ASTM E157-82a has the Bravais lattices designations as following: C — primitive cubic; B – body-centered cubic; F — face-centered cubic; T — primitive 
tetragonal; U – body-centered tetragonal; К – rhombohedral; H – hexagonal; О – primitive orthorhombic; P – body-centered orthorhombic; О – base-centered 
orthorhombic; S – face-centered orthorhombic; M – primitive monoclinic; N — centered monoclinic; A – triclinic. 
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Ionic radii аге a useful tool for predicting and visualizing crystal 
structures. This table lists a set of ionic radii R, in À units for the 


IONIC RADII IN CRYSTALS 


most common coordination numbers CN of positive and negative 
ions. The values are based on experimental crystal structure deter- 


minations, supplemented by empirical relationships, and theoret- 
ical calculations. The notation sq after the coordination number 


indicates a square configuration, while py indicates pyramidal. 


Ion 
Anions 
Fl 
СГ! 

Вг! 
Г! 
OH! 


О? 

62 

Se? 

Te? 
Cations 
Ac? 
Ag" 


Ав? 


АГЗ 


Am? 
Ат" 


As? 
As*5 


Aud 
Au? 


CN 


ON с 0 0 0 МЮ O. - 000 009 


бо С\ > с 


ны 
n 
A 


олай алт ао دود دد دد‎ 


= 
~ 


о 
و‎ ON вс "0000000000 & 


- 


КЈА 


1.33 
1.81 
1.96 
2.20 
1.35 
1.37 
1.21 
1.40 
1.42 
1.84 
1.98 
2.21 


1.12 
1.00 
1.15 
1.28 
0.79 
0.94 
0.39 
0.48 
0.54 
0.98 
1.09 
0.85 
0.95 
0.58 
0.34 
0.46 
1.37 
0.64 
0.85 
1.35 
1.42 
1.61 
0.27 
0.45 
0.96 
1.03 
1.17 
0.76 
0.96 
0.83 
0.93 
0.31 
0.25 
0.39 
0.15 
0.16 
1.00 


Ion CN 
8 
10 
12 
Cd? 4 
6 
8 
12 
Ce? 6 
8 
10 
12 
Се" 6 
8 
10 
12 
Cf? 6 
СЕ“ 6 
8 
сте Зру 
CI? 4 
Ст? 6 
Ст" 6 
8 
Co? 4 
6 
8 
Co? 6 
Cr? 6 
Cr? 6 
Ст“ 4 
6 
Cr 4 
6 
Cs*! 6 
8 
10 
12 
Саз 2 
4 
6 
Cu? 4sq 
6 
Dy? 6 
8 
Dy? 6 
8 
Er? 6 
8 
Eu? 6 
8 
10 


КЈА 
112 
1.23 
1.34 
0.78 
0.95 
1.10 
1.31 
1.01 
1.14 
1.25 
1.34 
0.87 
0.97 
1.07 
1.14 
0.95 
0.82 
0.92 
0.12 
0.08 
0.97 
0.85 
0.95 
0.56 
0.65 
0.90 
0.55 
0.73 
0.62 
0.41 
0.55 
0.26 
0.44 
1.67 
1.74 
1.81 
1.88 
0.46 
0.60 
0.77 
0.57 
0.73 
1.07 
1.19 
0.91 
1.03 
0.89 
1.00 
1.17 
1.25 
1.35 
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The advice of Howard T. Evans and Marvin J. Weber in prepar- 
ing this table is appreciated. 


КЈА 
0.95 
1.07 
0.08 
0.63 
0.61 
0.92 
0.49 
0.55 
0.78 
1.80 
0.47 
0.62 
0.94 
1.05 
0.73 
0.39 
0.53 
0.58 
0.71 
0.83 
1.19 
0.69 
0.96 
1.02 
114 
044. 
0.95 
0.42. 
0.53 
0.62. 
0.80 
0.68 
0.63 
0.57 
1.37 
1.38 
1.51 
1.64 
1.03 
116 
127 
1.36 
0.59 
0.76 
0.92 
0.86 
0.97 
0.57 
0.72 
0.89 
0.66 
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12-12 
Ionic Radii in Crystals 
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POLARIZABILITIES OF ATOMS AND IONS IN SOLIDS 


H. P. R. Frederikse 


The polarization of a solid dielectric medium, P, is defined as 
the dipole moment per unit volume averaged over the volume of 
a crystal cell. A component of P can be expanded as a function of 
the electric field E: 


р = Уа +) В, ЕЕ, 
7 x 


For relatively small electric fields in isotropic substances P - x E, 
where x, is the electric susceptibility. If the medium is made up of 
N atoms (or ions) per unit volume, the polarization is P = Мр, 
where р „15 the average dipole moment per atom. The polarizabil- 
ity а can be defined as р = «Е,, where E, is the local field at the 
position of the atom. Using the Lorentz method to calculate the 
local field one finds: 


Р-Мо(Е-4тР)-х,Е 


Together with the definition of the dielectric constant (relative 
permittivity), = = 1+ 41%, this leads to: 


3 E] 
а= = | 
АтМ (= + 2 


This expression is known as the Clausius-Mossotti equation. 
The total polarization associated with atoms, ions, or molecules 
is due to three different sources: 


1. Electronic polarization arises because the center of the lo- 
cal electronic charge cloud around the nucleus is displaced 
under the action of the field: P, = Na E, where a, is the 
electronic polarizability. 


Real part of 
polarizability 


Orientation 


Electronic 


2. Ionic polarization occurs in ionic materials because the 
electric field displaces cations and anions in opposite di- 
rections: P, = Na E, where а, is the ionic polarizability. 

3. Orientational polarization can occur in substances com- 
posed of molecules that have permanent electric dipoles. 
The alignment of these dipoles depends on temperature 
and leads to an orientational polarizability per molecule: 
а, = p’/3kT, where p is the permanent dipole moment per 
molecule, К is the Boltzmann constant, and Т 15 the tem- 
perature. 


Because of the different nature of these three polarization pro- 
cesses the response of a dielectric solid to an applied electric field 
will strongly depend on the frequency of the field. The resonance 
of the electronic excitation in insulators (dielectrics) takes place in 
the ultraviolet part of the spectrum; the characteristic frequency 
of the lattice vibrations is located in the infrared, while the orien- 
tation of dipoles requires fields of much lower frequencies (below 
1019 Hz). This response to electric fields of different frequencies 
is shown in Figure 1. Values of the electronic polarizabilities for 
selected atoms and ions are given in Table 1. 
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Frequency 


FIGURE 1. Schematic graph of the frequency dependence of the different contributions to polarizability. 
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12-14 Polarizabilities of Atoms and [015 in Solids 


TABLE 1. Electronic Polarizabilities in Units of 1072 cm? 


He 

0.201 
Li* Be? B? С“ О” Ес Ме 
0.029 0.008 0.003 0.0013 3.88 1.04. 0.39 
Ма" Mg” АР" Si+ $2 СГ Аг 
0.179 0.094. 0.052 0.0165 10.2 3.66 1.62 
K* Са» Sc* те Se? Br Кг 
0.83 0.47 0.286 0.185 10.5 4.77 2.46 
Rb* Sr” у» Zr” Te? E Xe 
1.40 0.86 0.55 0.37 14.0 7.1 3.99 
Cs* Ва” Та» Се“ 
2.42 1.55 1.04 0.73 


Data from Pauling, L., Proc. R. Soc. London, A114, 181, 1927. See also Jaswal, S.S. and Sharma, Т.Р, J. Phys. Chem. Solids, 34, 509, 1973. 
Values are appropriate for cgs units. To convert to SI, use the relation a(SI)/C m2V-! = 1.11265.10-!% a(cgs)/cm? 


CRYSTAL STRUCTURES AND LATTICE PARAMETERS 
OF ALLOTROPES OF THE ELEMENTS 


H. W. King 


The crystal structures of the allotropic forms of the elements 
are presented in terms of the Pearson symbol, the Strukturbericht 
designation, and the prototype of the structure. The temperatures 
of the phase transformations are listed in degrees Celsius and 
the pressures are in the Gpa. A consistent nomenclature is used, 
whereby all allotropes are labeled by Greek letters. The lattice pa- 
rameters of the units cells are given in nanometers (nm) and are 
considered to be accurate to £2 in the last reported digit. 

This compilation is restricted to changes in crystal structures 
that occur as a result of a change in temperature or pressure. Low- 


temperature structures are included for the diatomic and rare 
gases, which show many similarities with respect to the metallic 
elements. The elements identified with an asterisk (*) have poly- 
morphic structures based on different molecular configurations. 
The crystal data given for these elements refer to the most stable 
structure at room temperature. 

Reprinted with the permission of ASM International from 
Т.В. Massalski, Ed., Binary Alloy Phase Diagrams, ASM 
International, Metals Park, Ohio, 1986; certain data on rare earth 
elements were provided by K.A. Gschneidner. 


Temper- Struktur- Lattice parameters, nm Comment, 
ature, Pressure, Pearson Space bericht с/а or 
Element °C GPa symbol group designation Prototype 4 b 6 a orf 
Ас 25 atm cF4 Fm3m Al Cu 0.5311 
Ag 25 atm cF4 Fm3m A1 Cu 0.40857 
«AI 25 atm cF4 Fm3m A1 Cu 0.40496 d я 
ВА 25 >20.5 hP2 P6, /mmc A3 Mg 0.2693 0.4398 1.6331 
«Ат 25 айп 4 Рб./ттс АЗ? aLa 0.34681 1.1241 2*1.621 
«Ат >769 atm cF4 Fm3m A1 Cu 0.4894 
BAm 21074 atm cI2 Im3m A2 w ? s ET 
yAm 25 >15 oC4 Cmcm A20 aU 0.3063 0.5968 0.5169 
«Ar «-189.35 atm cF4 Fm3m A1 Cu 0.5316 sis is 
(ВАг) <-189.40 айп hP2 P6, /mmc A3 Mg 0.3760 0.6141 1.633 
«As 25 atm hR2 R3m A7 «As 0.41319 ۶ ۳٣ а = 54.129 
eAs >448 atm оса Стса ха P(black) 0.362 1.085 0.448 
Au 25 atm cF4 Fm3m A1 Cu 0.40782 -— 
ВВ 25 айп hR105 R3m Үй 6م‎ 1.017 a = 65.129 
«Ва 25 atm دل‎ Im3m A2 w 0.50227 ee ХЭ 
ВВа 25 »5.33 hP2 P6, /mmc A3 Mg 0.3901 0.6154 1.5775 
yBa 25 >23 ? ? 22 ЭР P os ы 
«Ве 25 айп hP2 P6,/mmc A3 Mg 0.22859 0.35845 1.5681 
ВВе >1270 айп cI2 Im3m A2 w 0.25515 
yBe 25 >9.3 ? К, es T 5: Ја 
aBi 25 atm hR2 r3m А7 «As 0.47460 es ee а = 57.23° 
ВВ 25 >2.6 mC4 C2/m ВВ 0.6674 0.6117 0.3304 В = 110.33» 
yBi 25 >3.0 mP3 ? 0.605 0.42 0.465 В = 85.33» 
oBi 25 >4.3 2 2 
eBi 25 >6.5 ? ? 2 vis 93 
CBi 25 29.0 с12 Im3m A2 w 0.3800 hi % 
«ВК 25 айп 1122 P6,/mmc ۸437 aLa 0.3416 1.1069 2*1.620 
BBk >977 atm cF4 Fm3m A1 Cu 0.4997 a 84 
Вг <7.25 atm oC8 Cmca ise CI 0.668 0.449 0.874 M 
C 25 atm hP4 P6,/mmc A9 C(graphite) 0.24612 0.6709 2.7258 
(graphite) 
C 25 >60 cF8 Fd3m A4 C(diamond) 0.35669 
(diamond) 
C (hd) 25 HP hP4 P6,/mmc 5% C (hd) 0.2522 0.4119 1.633 
aCa 25 atm cF4 Fm3m A1 Cu 0.55884 
BCa >443 atm دل‎ Im3m A2 У 0.4480 
уСа 25 >15 7 " s 3 E ae bes 
Cd 25 atm hP2 P6,/mmc A3 Mg 0.29793 0.56196 1.8862 
«Се <-177 atm cF4 Fm3m A1 Cu 0.485 vee e 
BCe 25 atm hP4 Р6,/ттс АЗ? aLa 0.36810 1.1857 2*1.611 
yCe 25 atm cF4 Fm3m А1 Си 0.51610 
8-Се >726 айт с12 Im3m A2 w 0.412 s m 
a’Ce 25 >54 oC4 Cmcm A20 aU 0.3049 0.5998 0.5215 
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Temper- Struktur- Lattice parameters, nm Comment, 
ature, Pressure, Pearson Space bericht с/а or 
Element "C GPa symbol group designation Prototype 4 b € aorp 
aCf 25 atm hP4 P6,/mmc АЗ' aLa 0.339 59 1.1015 2*1.625 
ВСЁ >590 айп cF4 Fm3m Al Cu 2. 27 s 
CI «-102 atm oC8 Стса 29 а 0.624. 0.448 0.826 51: 
аСт 25 atm hP4 P6,/mmc АЗ' aLa 0.3496 59 1.1331 2*1.621 
ВСт >1277 айп cF4 Fm3m Al Cu 0.4382 5 a 
еСо 25 atm hP2 P6. /mmc A3 Mg 0.25071 за 0.40686 1.6228 
«Со >422 айп cF4 Fm3m ۸1 Си 0.35447 
«Сг 25 айп دل‎ Im3m A2 w 0.28848 zm 8: s 
a’Cr 25 HP 12 14/ттт ۹ a’Cr 0.2882 2 0.2887 1.002 
aCs 25 atm دل‎ Im3m A2 w 0.6141 
BCs 25 >2.37 cF4 Fm3m Al Cu 0.6465 
B’Cs 25 >4.22 cF4 Fm3m Al Cu 0.5800 
yCs 25 >4.27 ? 35 25 «is -— 
Cu 25 atm cF4 Fm3m Al Cu 0.36146 ET e 
«Фу <-187 айт оса Cmcm S e Dy 0.3595 0.6184 0.5678 8 
ару 25 айп hP2 P6,/mmc A3 Mg 0.35915 50 0.56501 1.5732 
BDy 21381 atm دل‎ Im3m A2 w 0.403 5% 55 E 
yDy 25 27.5 hR3 R3m P aSm 0.3436 за 2.483 4.5*1.606 
Er 25 atm hP2 P6,/mmc A3 Mg 0.35592 50 0.55850 1.5692 
«Es 25 atm hP4 Рб, /mmc A3' aLa 7 
BEs 2 atm cF4 Fm3m Al Cu 2 
Eu 25 atm دل‎ Im3m A2 w 0.45827 Та 2% eM 
aF <-227.6 айп тС8 С2/с ы «Е 0.550 0.338 0.728 В = 102.17° 
ВЕ <-219.67 айп сР16 Pm3n D. yO 0.667 
aFe 25 atm دل‎ Im3m A2 w 0.28665 
yFe >912 atm cF4 Fm3m Al Cu 0.36467 
oFe >1394 atm دل‎ Im3m A2 w 0.29315 2% 22 41 
«Ғе 25 >13 hP2 P6,/mmc A3 Mg 0.2468 2% 0.396 1.603 
оса 25 айт oC8 Стса А11 «Са 0.45186 0.76570 0.45258 A 
рса 25 >12 12 14/ттт А6 In 0.2808 243 0.4458 1.588 
уба -53 >3.0 oC40 Cmcm 28 уба 1.0593 1.3523 0.5203 Ээ 
aGd 25 atm hP2 Рб, /mmc A3 Mg 0.36336 27 0.57810 0 
рса >1235 айп cl2 Im3m A2 № 0.406 2: ы 339 
уса 25 >3.0 hR3 R3m 3 aSm 0.361 50 2.603 4*1.60 
«Се 25 айп cF8 Fd3m A4 С (diamond) 0.56574 ٢ 30 23 
BGe 25 >12 На 14 /amd А5 BSn 0.4884 ya 0.2692 0.551 
yGe 25 >12—atm tP12 P422 29 обе 0.593 ox 0.698 1.18 
oGe LT >12 с116 Im3m Ж уза 0.692 
ан <-271.9 айп cF4 Fm3m Al Cu 0.5338 T — -— 
pH «-259.34 atm hP2 P6,/mmc A3 Mg 0.3776 59 0.6162 1.632 
аНе «-268.94 atm hP2 P6,/mmc A3 Mg 0.3555 bas 0.5798 1.631 
ВНе >-258 0.125 cF4 Fm3m 41 Си 0.4240 
уНе <-271.47 0.03 с12 Im3m A2 У 0.4110 59 МУ 55 
aHf 25 atm hP2 P6,/mmc A3 Mg 0.31946 2% 0.50510 1.5811 
ВНЕ >1995 айп с12 Im3m A2 w 0.3610 тө PA " 
aHg «-38.84 atm hR1 R3m А10 aHg 0.3005 59 22 а = 70.53° 
BHg <-194 HP t2 14/ттт и ВН 0.3995 s 0.2825 0.707 
yHg «-194 см. КЕ] ? «i 5% ds k t i 
aHo 25 atm hP2 P6,/mmc A3 Mg 0.35778 in 0.56178 1.5702 
BHo 25 >7.5 hR3 R3m P aSm 0.334 2% 2.45 4.5*1.63 
I 25 atm oC8 Стса se CI 0.72697 0.47903 0.97942 ١ 
In 25 atm t2 14/ттт А6 In 0.3253 50 0.49470 1.5210 
Ir 25 atm cF4 Fm3m Al Cu 0.38392 
K 25 atm с12 Im3m A2 w 0.5321 
Kr <-157.39 atm cF4 Fm3m Al Cu 0.5810 за a эх 
aLa 25 atm hP4 P6,/mmc АЗ' aLa 0.37740 P 1.2171 2*1.6125 
BLa 2310 atm сЕ4 Fm3m 41 Са 0.5303 
yLa 2865 atm دل‎ Im3m A2 w 0.426 
BË Та 25 >2.0 cF4 Fm3m Al Cu 0.517 


aLi «-193 atm hP2 P6,/mmc АЗ Ма 0.3111 ја 0.5093 1.637 


Crystal Structures and Lattice Parameters of Allotropes of the Elements 


Element 
BLi 
yLi 
Lu 
Mg 

«Мп 


po 
yO 
Os 
P (black) 
aPa 
ВРа 
«РЬ 
РЬ 
Ра 
«Рт 
BPm 
aPo 
BPo 
aPr 
ВРг 
yPr 


Тетрег- 
ature, 
"C 
25 
«-201 
25 
25 
25 
>710 
>1079 
>1143 
25 
<-237.6 
<-210.00 
<-253 
<-233 
25 
25 
25 
>863 
25 
<-243.59 
25 
25 
>280 
>576 
«-243.3 
«-229.6 
«-218.79 
25 
25 
25 
>1170 
25 
25 
25 
25 
>890 
25 
>54 
25 
>795 
25 
25 
25 
>125 
>215 
>320 
>463 
>483 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 


Pressure, 
GPa 
atm 
см. 
айп 
айп 
айп 
айп 
айп 
айп 
айп 
айп 
айп 
>3.3 
atm 
atm 
atm 
atm 
atm 
>5.0 
atm 
atm 
atm 
atm 
atm 
atm 
atm 
atm 
atm 
atm 
atm 
atm 
atm 
>10.3 
atm 
atm 
atm 
atm 
atm 
atm 
atm 
>4.0 
айп 
айп 
айп 
айп 
айп 
айп 
айп 
айп 
айп 
>1.08 
>2.05 
айп 
айп 
айп 
айп 
айп 
>5.0 
>7.5 
>14.0 
atm 


Pearson 
symbol 
cI2 
cF4 
АР2 
АР2 
с158 
сР20 
cF4 
دل‎ 
دل‎ 
cP8 
ЛРА 
tP4 
hP2 
دل‎ 
دل‎ 
ЛРА 
دل‎ 
cF4 
cF4 
cF4 
oP8 
tP4 
دل‎ 
mC4 
hR2 
cP16 
hP2 
oC8 
12 
دل‎ 
cF4 
hP2 
cF4 
йР4 
دل‎ 
cP1 
hR1 
ЛРА 
دل‎ 
cF4 
cF4 
mP16 
m134 
oF8 
cF4 
12 


Space 
group 
Im3m 
Fm3m 
P6, /mmc 
P6,/mmc 
143m 
Р4 32 
Fm3m 
Im3m 
Im3m 
Pa3 
P6,/mmc 
РА, /mnm 
P6,/mmc 
Im3m 
Im3m 
P6,/mmc 
Im3m 
Fm3m 
Fm3m 
Fm3m 
Pnma 
P422 
Im3m 
C2m 
R3m 
Pm3n 
P6, /mmc 
Cmca 
14/mmm 
Im3m 
Fm3m 
P6,/mmc 
Fm3m 
P6,/mmc 
Im3m 
Pm3m 
R3m 
P6,/mmc 
Im3m 
Fm3m 
Fm3m 
P2 /m 
12/т 
Fddd 
Fm3m 
І4/ттт 
Im3m 
Im3m 
1т3т 


Struktur- 
bericht 
designation 


A2 
A1 
A3 
A3 
A12 
A13 


Prototype 


yO 
Mg 

P (black) 
aPa 


Lattice parameters, nm 


a 


0.35093 
0.4388 
0.35052 
0.32094 
0.89126 
0.63152 
0.3860 
0.3080 
0.31470 
0.5661 
0.4050 
0.3957 
0.3767 
0.42906 
0.33004 
0.36582 
0.413 
0.480 
0.4462 
0.35240 
0.6663 
0.4883 
0.352 
0.5403 
0.4210 
0.683 
0.27341 
0.33136 
0.3921 
0.381 
0.49502 
0.3265 
0.38903 
0.365 
(0.410) 
0.3366 
0.3373 
0.36721 
0.413 
0.488 
0.39236 
0.6183 
0.9284 
0.31587 
0.46371 
0.33261 
0.36343 
0.5148 
0.5705 


0.27609 
0.38032 
0.27058 
1.0464 
0.45067 
0.2992 
0.3376 
0.556 
0.33088 


b 


0.4723 


0.3429 


1.0478 


0.4822 
1.0463 
0.57682 


1.28660 


0.404 


c 


0.55494 
0.52107 


0.6604 
0.5109 
0.6154 


1.17966 


0.4887 
0.3389 


0.5086 
0.43918 
0.43763 
0.3235 
0.5387 


1.165 


1.18326 


1.0963 
0.7859 
1.0162 


0.44630 


0.4458 


0.42816 
2.44860 


0.5341 
0.422 
0.52680 
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Comment, 
с/а ог 
a orf 


1.5832 
1.6236 


1.631 
1.291 
1.634 


2*1.6124 


0.694 


В = 132.53° 
a = 46.279 


1.6063 


0.825 


1.650 
2*1.60 


a = 98.08? 
2*1.6111 


B = 101.97» 
В = 92.13° 


1.3418 


1.6145 
1.5824 
a= 571 19. 
1.582 


B = 86.0° 
1.5921 
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Temper- Struktur- Lattice parameters, nm Comment, 
ature, Pressure, Pearson Space bericht c/a or 
Element "C GPa symbol group designation Prototype a b € aorp 
BSc >1337 atm с12 Im3m A2 У (0.373) "is 5 
ySe 25 atm hP3 P321 A8 ySe 0.43659 ET 0.49537 1.1346 
aSi 25 atm cF8 Fd3m A4 C(diamond) 0.54306 2 d ze 
35 25 >9.5 ИА 14 /ата A5 BSn 0.4686 К» 0.2585 0.552 
ySi 25 216.0 с116 Im3m : уз 0.6636 №: de m 
oSi 25 »16—atm hP4 P6,/mmc АЗ? aLa 0.380 m 0.628 1.653 
aSm 25 atm hR3 R3m Е aSm 0.36290 a 2.6207 4*1.6048 
BSm >734 atm hP2 P6,/mmc A3 Mg 0.36630 С 0.58448 1.5956 
y'Sm 2922 atm с12 Im3m A2 w (0.410) 5% 6; ЭЭ 
oSm 25 >4.0 hP4 P6,/mmc АЗ” aLa 0.3618 12 1.166 2*1.611 
aSn «13 atm cF8 Fd3m A4 C(diamond) 0.64892 22 ЯЫ ЭР 
BSn 25 atm 4 14 /ата А5 BSn 0.58318 Хо 0.31818 0.5456 
ySn 25 29.0 12 ? n ySn 0.370 p 0.337 0.91 
aSr 25 atm сЕ4 Fm3m A1 Cu 0.6084 
35г >547 айп с12 Im3m A2 № 0.487 
B’Sr 25 >3.5 с12 Im3m A2 w 0.4437 
Ta 25 atm с12 Im3m A2 w 0.33030 Js D 
a’Tb <-53 atm оса Cmcm 22 «Фу 0.3605 0.6244 0.5706 23 
aTb 25 atm hP2 P6, /mmc A3 Mg 0.36055 г: 0.56966 1.5800 
ВТЬ »1289 айп с12 Im3m A2 w (0.407) йн ин ын 
yTb 25 26.0 hR3 R3m s aSm 0.341 ES 2.45 4*1.60 
Tc 25 atm hP2 P6,/mmc A3 Mg 0.2738 oe 0.4393 1.604 
«Те 25 айп hP3 P321 А8 ySe 0.44566 44 0.59264 1.3298 
ВТе 25 >2.0 hR2 R3m A7 aAs 0.469 € ee a = 53.30° 
yTe 25 >7.0 hR1 R3m а ВРо 0.3002 E s а = 103.3* 
aTh 25 atm cF4 Fm3m Al Cu 0.50842 
BTh >1360 atm ci2 Im3m A2 w 0.411 = - 55 
aTi 25 atm hP2 P6,/mmc A3 Mg 0.29506 T 0.46835 1.59873 
pri >882 айп сі2 Im3m A2 w 0.33065 E 22 23 
oTi 25 HPatm hP3 P6/mmm 25 oTi 0.4625 =: 0.2813 0.6082 
«Т1 25 айп hP2 P6,/mmc A3 Mg 0.34566 эн 0.55248 1.5983 
BTI >230 atm с12 Im3m A2 № 0.3879 
уп 25 HP сЕ4 Fm3m A1 Cu ? 4% Hi 59 
Та 25 айп hP2 P6, /mmc A3 Mg 0.35375 m 0.55540 1.5700 
aU 25 atm оса Cmcm A20 aU 0.28537 0.58695 8 22 
pu 2668 atm tP30 P4. /mnm A, pu 1.0759 553 0.5656 0.526 
yU 2776 atm دل‎ Im3m A2 У 0.3524 
У 25 айп с12 Im3m A2 w 0.30240 
w 25 atm с12 Im3m A2 w 0.31652 
Xe <-111.76 atm cF4 Fm3m A1 Cu 0.6350 2 eg 21 
له‎ 25 айп hP2 P6,/mmc A3 Mg 0.36482 0 0.57318 1 
ВУ >1478 айп с12 Im3m A2 w (0.410) м 3 2 
aYb «-3 atm hP2 P6,/mmc A3 Mg 0.38799 ٢ 0.63859 1.6459 
BYb 25 atm сЕ4 Fm3m A1 Cu 0.54848 
yYb >795 atm دل‎ Im3m A2 w 0.444 = pss م3‎ 
Zn 25 atm hP2 P6,/mmc A3 Mg 0.26650 За 0.49470 1.8563 
aZr 25 atm hP2 P6,/mmc A3 Mg 0.32316 4% 0.51475 1.5929 
BZr >863 айп دل‎ Im3m A2 w 0.36090 


@Zr 25 HP-atm hP2 P6/mmm i oTi 0.5036 25 0.3109 0.617 


LATTICE ENERGIES 


H. D. B. Jenkins and H. K. Roobottom 


THERMOCHEMICAL CYCLE AND CALCULATED 
VALUES 


Table 1 contains calculated values of the lattice energies (total 
lattice potential energies), لا‎ or of crystalline salts, M X,. Upor is 
expressed in units of kilojoules per mole, kJ mol-1. M and X can be 
either simple or complex ions. Substances are arranged by chemi- 
cal class. 

Also listed in the table is the lattice energy, 17”, obtained 
from the application of the Born - Fajans - Haber cycle (BHFC) 
described below, using the "Standard Thermochemical Properties 
of Chemical Substances" table in Section 5 of this Handbook, 
References 1 through 4, and certain other data which are given in 
Table 3 below. 


The lattice enthalpy, AH , is given by the cycle: 


АН, 
MgXp(c) > aMt(g)+ Хр) 
ћ А 
АНОМ Хр, c) aA sHO(MPt, в) + 
bA, g) 
aM(ss) + bX(ss) 


where (ss) is the standard state of the element concerned. 
The lattice enthalpy, AH,, is obtained using the equation: 


AH, =aA,H°(M"*, g) + bA,H°(X*, g) - A,H*(M,X,, c) 


and is futher related to the total lattice potential energy, U 


POT by 
the relationship: 


AH, =U + 


eE 


where и, and n, equal 3 for monatomic ions, 5 for linear poly- 
atomic ions and 6 for polyatomic non-linear ions. 


METHOD OF ESTIMATION OF VALUES NOT 
TABULATED 


In cases where the lattice energy is not tabulated and we want to 
furnish an estimate, then the Kapustinskii equation? can be used to 
obtain a value (in kJ mol"): 


0.0345 


12142 2,7 
= 1 
(rn) 


(r, +ђ) 


POT 


where z, and z, are the moduli of the charges on the v ions in the 
lattice and r, and r, (in nm) are the thermochemical radii given 
in Table 2. The ғ, for metal ions is taken to be the Goldschmidt‘ 
radius. 

To cite an example, if we wish to estimate the lattice energy of 
the salt [NH*,][HF~,] using the above procedure, we see that Table 
2 gives the thermochemical radius (r, ) for NH*, to be 0.136 nm 
and that for НЕ, (r, ) to be 0.172 nm. The lattice potential energy 
is then estimated to be 700 kJ mol! compared with the calculated 
value of 705 К] mol" and the Born - Fajans - Haber cycle value of 
658 kJ тог, 
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Substance 


Acetates 
Li(CH,COO) 
Na(CH,COO) 
K(CH,COO) 
Rb(CH,COO) 
Cs(CH,COO) 


Acetylides 


RbN 
CsN. 
AgN 
TIN, 
Ca(N,), 
Sr(N,), 
Ba(N,), 
Mn(N,), 
Cu(N,), 
Zn(N,), 
Cd(N,), 
Pb(N,), 


3 


Bihalide Salts 
LiHF, 
МаНЕ, 
КНЕ, 
КЬНЕ, 
CsHF, 
МН,НЕ, 
CsHCI, 
Me,NHCI, 
Et,NHCI, 
Bu,NHCI, 


Bicarbonates 
NaHCO, 
KHCO, 
RbHCO, 
CsHCO, 
NH,HCO, 


Borides 


Calc. И 


POT 


Table 1. Lattice Energies (kJ mol -!) 


u 


POT 


BHFC 


Substance 


Borohydrides 
LiBH, 

NaBH, 

KBH, 

RbBH, 
CsBH, 


Borohalides 
LiBF, 
МаВЕ, 

КВЕ, 

RbBF, 
CsBF, 
NH,BF, 
KBCI, 
RbBCI, 
CsBCI, 


Carbonates 
Li,CO, 
Ма,СО, 
К,СО, 
Rb,CO, 
Cs,CO, 
MgCO, 
CaCO, 
SrCO, 
BaCO, 
MnCO, 
FeCO, 
CoCO, 
CuCO, 
ZnCO, 
CdCO, 
SnCO, 
PbCO, 


Cyanates 
LiNCO 
NaNCO 
KNCO 
RbNCO 
CsNCO 
NH,NCO 


Cyanides 
LiCN 
NaCN 
KCN 

RbCN 
CsCN 
Ca(CN), 
Sr(CN), 
Ba(CN), 
NH,CN 
AgCN 


Lattice 


Calc. Цог Цог 
7489 = 
7489 = 
7489 = 
5146 = 
7489 = 
10167 = 
778 = 
703 694 
655 638 
648 5, 
628 = 
699 749 
657 674 
611 616 
577 590 
556 565 
582 = 
506 497 
489 486 
473 = 
2523 2254. 
2301 2016 
2084. 1846 
2000 1783 
1920 1722 
3138 3122 
2804. 2811 
2720 2688 
2615 2554. 
3046 3092 
3121 3169 
3443 3235 
3494 = 
3121 3273 
2929 3052 
2904 = 
2728 2750 
849 = 
807 816 
726 734 
692 = 
661 = 
724. = 
874. 
766 759 
692 686 
638 = 
601 = 
2268 2240 
2138 = 
2001 2009 
617 691 
(741) 935 


Energies 


Lattice Energies 


Substance 
Zn(CN), 
Cd(CN), 
Formates 
Li(HCO,) 
Na(HCO,) 
K(HCO,) 
Rb(HCO,) 
Cs(HCO,) 
NH,(HCO,) 


Germanates 
Mg,GeO, 
Ca,GeO, 
Sr,GeO, 
Ba,GeO, 


Halates 
LiBrO, 
NaBrO, 
KBrO, 
RbBrO, 
CsBrO, 
NaClo, 
као, 
RbCIO, 
CsCIO, 
шо, 
Мао. 
KIO, 
RbIO, 
CsIO, 


Halides 
LiF 
LiCl 
LiBr 
Lil 
NaF 
NaCl 
NaBr 
Nal 
KF 
KCl 
KBr 
KI 
RbF 
RbCl 
RbBr 
RbI 
CsF 
CsCl 
CsBr 
CsI 
FrF 
Ка 
FrBr 
FrI 
CuCl 
CuBr 
Cul 
AgF 
AgCl 
AgBr 


Calc. Upor Uor 
2809 2817 
2583 2591 
865 - 
791 804 
713 722 
685 - 
651 - 
715 - 
7991 - 
7301 7306 
6987 - 
6653 6643 
883 880 
803 791 
740 722 
720 705 
694 681 
770 785 
711 721 
690 703 
- 679 
975 974 
883 876 
820 780 
791 - 
761 - 
1030 1049 
834 864 
788 820 
730 764 
910 930 
769 790 
732 754 
682 705 
808 829 
701 720 
671 691 
632 650 
774 795 
680 695 
651 668 
617 632 
744 759 
657 670 
632 647 
600 613 
715 - 
632 - 
611 - 
582 - 
992 996 
969 978 
948 966 
953 974 
910 918 
897 905 


ВНЕС 


Substance 
Agl 
AuCl 
AuBr 
Aul 
InCl 
InBr 

InI 

TIF 
TICI 
TIBr 

TII 
Me,NCI 
Me,NBr 
Me,NI 
PH,Br 
PHI 
BeF, 
Весі, 
BeBr, 
Bel, 
МБЕ, 
MgCl, 
MgBr, 
Mgl, 


12-21 


12-22 Lattice Energies 


Substance Calc. Прот Ure Substance Calc. Прот Ur 
FeCl, 2569 2641 CrCl, 5518 5529 
FeBr, 2515 2577 CrBr, 5355 - 
Fel, 2439 2491 Cri, 5275 5294 
СОЕ, 3004 3042 МОЕ, 6459 _ 
Сос, 2707 2706 Мос, 5246 5253 
CoBr, 2640 2643 MoBr, 5156 - 
Col, 2569 2561 Mol, 5073 - 
NiF, 3098 3089 MnF, 6017 - 
КІСІ, 2753 2786 MnCl, 5544 - 
NiBr, 2729 2721 MnBr, 5448 - 
Nil, 2607 2637 Мы, 5330 - 
PdCl, 2778 2818 тест, 5270 - 
РаВг, 2741 2751 TcBr, 5215 - 
PdI, 2748 2760 Tcl, 5188 - 
CuF, 3046 3102 FeF, 5870 - 
CuCl, 2774 2824 FeCl, 5364 5436 
CuBr, 2715 2774 FeBr, 5333 5347 
Cul, 2640 - Fel, 5117 5 
AgF, 2942 2967 RuCl, 5245 5257 
ZnF, 3021 3053 RuBr, 5223 5232 
ZnCl, 2703 2748 Rul, 5222 5235 
ZnBr, 2648 2689 CoF, 5991 - 
Znl, 2581 2619 RhCl, 5641 5665 
CdF, 2809 2830 IrF, (6112) - 
CdCl, 2552 2565 IrBr, (4794) - 
CdBr, 2507 2517 NiF, (6111) - 
са, 2441 2455 АчЕ, (5777) = 
HgF, 2757 = AuCl, (4605) E 
несі, 2657 2664 ZnCl, 5832 = 
HgBr, 2628 2639 ZnBr, 5732 _ 
На, 2628 2624 Znl, 5636 - 
SnF, 2551 - АЕ, 5924 6252 
5пС1, 2297 2310 AICI, 5376 5513 
SnBr, 2251 2256 AIBr, 5247 5360 
5ш, 2193 2206 АП, 5070 5227 
РЬЕ, 2535 2543 GaF, 5829 6238 
РЬСІ, 2270 2282 GaCl, 5217 5665 
PbBr, 2219 2230 GaBr, 4966 5569 
PbI, 2163 2177 Gal, 4611 5496 
ScF, 5492 5540 InCl, 4736 5183 
ScCl, 4874 4901 InBr, 4535 5117 
ScBr, 4729 4761 Inl, 4234 5001 
Scl, 4640 - TIF, 5493 2 
YF, 4983 - ТІСІ, 5258 5278 
ҮСІ, 4506 4524 ТІВг, 5171 - 
ҮІ, 4240 4258 ТІ, 5088 - 
ТІР, 5644 - AsBr, 5497 5365 
ТІСІ, 5134 5153 Asl, 4824 5295 
TiBr, 5012 5023 SbF, 5295 5324 
Til, 4845 - SbCI, 5032 4857 
Тісі, - 4791 SbBr, 4954 4776 
ZrBr, - 4758 SbI, 4867 4692 
Zrl, - 4591 BiCl, 4689 4707 
VE, 5895 - Bil, 3774 = 
VCI, 5322 5329 LaF, 4682 - 
VBr, 5214 5224 LaCl, 4263 4242 
VI, 5121 5136 LaBr, 4209 _ 
МЬСІ, 5062 - Lal, 3916 3986 
NbBr, 4980 - Сес, 4394 4348 
МЫ, 4860 5 Cel, - 4061 
СТЕ, 6033 6065 РЕСІ, 4322 4387 


Lattice Energies 12-23 


Substance Calc. Ит u, се Substance Calc. от u, PL 
Pri, z 4101 RbH 686 684 
NdCl, 4343 4415 CsH 648 653 
SmCl, 4376 4450 VH 1184 (1344) 
EuCl, 4393 4490 NbH 1163 (1633) 
GdCl, 4406 4495 PdH 979 1368 
русі, 4481 4529 Сан 828 1254 
HoCl, 4501 4572 TiH 996 1407 
ErCl, 4527 4591 ZrH 916 1590 
TmCl, 4548 4608 HfH 904 = 
Tml, E 4340 LaH 828 = 
ҮЬСІ, = 4651 TaH 1021 = 
AcCl, 4096 = CrH 1050 - 
UCL, 4243 = NiH 929 = 
NpCl, 4268 - PtH 937 = 
PuCl, 4289 z AgH 941 = 
PuBr, (3959) = AuH 1033 1108 
AmCl, 4293 i TIH 745 5 
ТЕ, 10012 9908 бен 950 = 
та, 9431 = PbH 778 = 
TiBr, 9288 9059 BeH, 3205 3306 
Til, 9108 8918 MgH, 2791 2718 
ХЕ, 8853 8971 сан, 2410 2406 
ZrCl, 8021 8144 SrH, 2250 2265 
ZrBr, 7661 7984 BaH, 2121 2133 
Zrl, 7155 7801 ScH, 2711 2744 
МОЕ, 8795 - YH, (2598) 2733 
Мос], 8556 9603 Тан, 2380 2522 
MoBr, 8510 9500 CeH, 2414 2509 
Mol, 8427 5 РЕН, 2448 2405 
SnCl, 8355 8930 NdH, 2464. 2394 
SnBr, 7970 8852 PmH, 2519 Е 
РЬЕ, 9519 Е SmH, 2510 2389 
CrE CI 5795 - GdH, 2494 2651 
CrE,Br 5753 = AcH, 2372 še 
СҮЕД 5669 - ТАН, 2711 2738 
CrCLBr 5448 = PuH, 2519 = 
CrCLI 5381 5429 AmH, 2544 = 
CrBrJ 5330 5370 TiH, 2866 2864 
CuFCl 2891 = Z1H, 2711 2999 
CuFBr 2853 = CuH, 2941 Е 
Сан 2803 - ZnH, 2870 = 
CuCIBr 2753 - HgH, 2707 Š 
CuCII 2694 = АН, 5924 5969 
CuBrl 2669 - FeH, 5724 E 
ЕеР,С1 5711 z ScH, 5439 = 
FeF,Br 5653 = ҮН, 5063 4910 
Бер] 5569 - LaH, 4895 4493 
FeCl Br 5339 = ЕеН, 5724 z 
FeCLI 5272 = Сан, 5690 E 
FeBr,I 5209 - InH, 5092 = 
LilO F, 845 - ТІН, 5092 = 
Бақ 00 Б Hydroselenides 
MOF; 693 8 NaHSe 703 732 
шин, ин 1 KHSe 644 712 
СаО 525 1 RbHSe 623 689 
NHJO;F, 2 " CsHse 598 669 
АМО, 736 685 

р Hydrosulphides 
Hydrides LiHS 768 862. 
LiH 28 21% NaHS 723 771 
Ман. oe 307 RbHS 655 682 
KH 711 713 


12-24 Lattice Energies 


Substance Calc. Ит о“ Substance Calc. Шот Ue 
CsHS 628 657 CsNO, 648 650 
NH,HS 661 718 AgNO, 820 832 
Ca(HS), 2184 (2171) TINO, 690 707 
Sr(HS), 2063 u Mg(NO)), 2481 2521 
Ba(HS), 1979 (1956) Ca(NO,), 2268 2247 
hands Sr(NO,), 2176 2151 
г T res Ba(NO,), 2062 2035 
SoH Ес 29 Mn(NO)), 2318 2478 
KOH 789 796 Fe(NO,), D (2580) 
КОН ын i Co(NO)), 2560 2647 
Свон 721 732 NKNOJ, ш 2723 
22 гэг. 2 
МЕН); 280 2328 само), 2238 2462 
Ca(OH), 2906 2625 за (МОЈ. 2155 2254. 
иа KR шон Pb(NO,), 2067 2208 
Ba(OH), 2142 2330 ولو‎ 
Ti(OH), - 2953 Nitrides 
Mn(OH), 2909 3008 ScN 7547 7506 
Fe(OH), 2653 3044 LaN 6876 6793 
Co(OH), 2786 3109 TiN 8130 8033 
Ni(OH), 2832 3186 ZiN 7633 7723 
Pd(OH), - 3189 VN 8283 8233 
Cu(OH), 2870 3229 NbN 7939 8022 
CuOH 1006 = CrN 8269 8358 
AgOH 918 845 хос, 
AVOM 1039 - NaNO, 774 772 
TON 709 5/2 KNO, 699 687 
Zn(OH), 2795 3151 RbNO, A е 
са(он), 2607 2909 NO эв 2 
Hg(OH), 2669 Ж 2 
Sn(OH), 2489 2721 Oxides 
Pb(OH), 2376 - Li,O 2799 2814. 
Sc(OH), 5063 5602 Na,O 2481 2478 
Y(OH), 4707 = K,O 2238 2232 
La(OH), 4443 - Rb,O 2163 2161 
Cr(OH), 5556 6299 Св,О 2131 2063 
Mn(OH), 6213 - Cu,O 3273 3189 
АКОН), 5627 - АБО 3002 2910 
Ga(OH), 5732 6368 то 2659 2575 
In(OH), 5280 = LiO, (878) (872) 
Т(ОН), 5314 2 NaO, 799 821 
Ti(OH), 9456 = ко, 741 751 
Zr(OH), 8619 2 RbO, 706 72 
Mn(OH), 10933 - CsO 679 696 
Sn(OH), 9188 9879 Li,O, 2592 2557 

| Na,O, 2309 22717 
2 ко, 2114 2064 
кын 2 N Rb,O, 2025 1994 
SNE зам E Св,О, 1948 1512 
пан ши š MgO, 3356 3526 
Metavanadates CaO, 3144 3132 
Li,VO, 3945 5 570, 3037 2977 
ма. МО, 3766 = KO, 697 707 
KVO, 3376 - BeO 4514 4443 
КЬ УО, 3243 Е MgO 3795 3791 
Cs,VO, 3137 = CaO 3414 3401 
EP SrO 3217 3223 
LiNO, 848 ВЭЭ о у оп 
NaNO, 755 763 с 23 pr 
KNO, 685 694 

MnO 3724 3745 


RbNO, 662 671 


Lattice Energies 


Substance 
FeO 

CoO 

NiO 

PdO 

CuO 

ZnO 

CdO 

HgO 


Perchlorates 
LiClO, 
NaClO, 
KCIO, 
RbCIO, 
CsClO, 
NH,CIO, 


Calc. И 


3795 
3837 
3908 
3736 
4135 
4142 
3806 
3907 
3919 
3652 
3520 

13557 
12705 
12452 
12661 
12703 
12736 
12811 
12878 
12945 
12996 
13071 
13138 
13180 
13263 
13322 
13380 
13665 
12573 
15096 
15276 
15146 
14309 
15916 
15590 
13928 

(14841) 

9627 
10397 
10573 
10644 
10707 
10786 
10799 
10832 
12150 
11188 
11648 
12970 
13125 
12828 
11807 
11217 


709 
643 
599 
564 
636 
583 


Џ ВНЕС 


Substance 
Ca(CIO)), 
Sr(CIO)), 

Ва(СО,), 


Permanganates 
NaMnO, 
KMnO, 
RbMnO, 
CsMnO, 
Са(МпО,), 
Sr(MnO)), 
Ва(Мпо), 


Phosphates 
Mg (PO), 
Ca (PO), 
Sr (РО), 
Ва(РО), 
MnPO, 
FePO, 
BPO, 
AIPO, 
GaPO, 


Selenides 
Li,Se 
Na,Se 
K,Se 
Rb, Se 
Cs,Se 
Ав,5е 
ТІ,бе 
BeSe 
MgSe 
CaSe 
SrSe 
BaSe 
MnSe 


Selenites 
Li,SeO, 
Na,SeO, 
K,SeO, 
Rb,SeO, 
Св,5е0, 
ТІ,беО, 
Ав,5еО, 
BeSeO, 
MgSeO, 
CaSeO, 
SrSeO, 
BaSeO, 


Selenates 
Li,SeO, 
Na,SeO, 
К,зео, 
Rb,SeO, 
Cs,SeO, 
Cu,SeO, 
د‎ 
TLSeO, 
Hg,SeO, 
BeSeO, 


Calc. Ит 
1958 
1862 
1795 


661 
607 
586 
565 
1937 
1845 
1778 


11632 
10602 
10125 
9652 
7397 
7251 
8201 
7427 
7381 


2364 
2130 
1933 
1837 
1745 
2686 
2209 
3431 
3071 
2858 
2736 
2611 
3176 


2171 
1950 
1774 
1715 
1640 
1879 
2113 
3322 
3012 
2732 
2586 
2460 


2054 
1879 
1732 
1686 
1615 
2201 
2033 
1766 
2163 
3448 


Џ ВНЕС 
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12-26 Lattice Energies 


Substance Calc. Ит لا‎ Substance Calc. Uor |E Рао 
MgSeO, 2895 - Cs, РАС, 1426 - 
CaSeO, 2632 - Rb,PbCI, 1343 1343 
51520, 2489 = Cs, PbCI, 1344 - 
Sulphides (NH),PbCI, 1355 - 
a m dies K PtCl, 1468 1471 
Na,S 2192 2203 ЕЛЕСІ; T 3 
KS 1979 (2052) Сэ iom 2 
Rb,S 1929 1949 нус, He 1 
Cs,S 1892 1850 ТЕРІСІ, нх 7 
(NH)S Sid 0026) Ag,PtCl, 1773 1881 
Gas Бин Баре BaPtCl, 2047 2070 
Ags 522 хан K,PtBr, 1423 1392 
nw d DOOR 2 Ag,PtBr, 1791 2276 
TLS 2298 2258 KP, 72-2 = 
K ReCl, 1416 1442 
Sulphates Rb,ReCI, 1414 - 
11,50, 2229 2142 Cs,ReCl, 1398 = 
Na,SO, 1827 1938 K ReBr, 1375 1375 
K,SO, 1700 1796 KSiF, 1670 1765 
Rb,SO, 1636 1748 Rb,SiF, 1639 1673 
Cs,SO, 1596 1658 Cs,SiF, 1604 1498 
(NH,),SO, 1766 1777 TLSiF, 1675 - 
يی‎ 2276 2166 K,SnCl, 1363 1390 
Ag,SO, 2104 1989 Rb,SnCl, 1361 1363 
TLSO, 1828 1722 Cs,SnCl, 1358 E 
Hg SO, - 2127 TLSnCI, 1437 - 
Са5о, 2489 2480 (NH,),SnCl, 1370 1344 
SrSO, 2577 2484 Rb,SnBr, 1309 - 
BaSO, 2469 2374 Cs,SnBr, 1306 - 
MnSO, 2920 2825 Rb,Snl, 1226 - 
Ternary Salts Cs,SnBr, 1243 = 
Cs,CuCl, ТО, : кесі, 1318 1320 
Rb,ZnCl, 1529 - Rb; Teci, 1921 ü 
Cs,ZnCl, 1492 > Cs TeC 12 ü 
Rb,ZnBr, 1498 = TL Tech 1332 Я 
Cs,ZnBr, 1454 - (NH), ele 121% š 
Cs Znl, 1386 _ K RuCl, 1451 - 
CsGaCl, 494 = Rb,CoF, 1688 5 
NaAICI, 556 - Ca CoR, 1632 ü 
CsAICI, 486 = RNIF ТІСІ Ы 
NaFeCl, 492 - EN, 1688 ‘i 
Rb,CoCl, 1447 - d der 1337 3 
Cs,CoCl, 1391 - سب په‎ она = 
крс, 1574 1550 СЧ, 1997 - 
Cs GeF, 1138 š (NH,),SeCl, 1420 = 
(NH, бег, 185 _ (NH,),PoCl, 1338 - 
Cs, GeCI, 1404 1419 Ce Pobi, са - 
K,HfCI, 1345 1461 ССР 1603 2 
киа, 1442 1440 Rb MAE, 1648 = 
Na,MoCl, 1526 1504 Ca NIE 1920 - 
K,MoCI, 1418 1412 КМС, Бан : 
Rb,MoCl, 1399 1399 ПРАВИ, хэ ? 
Cs, MoCI, 1347 1347 (NH) „MnCl, 1464 - 
K,NbCI, 1375 1398 сетер 1806 3 
Rb,NbCI, 1371 1385 Cs Tel, 1289 а 
Cs, NbCI, 1381 1344 DC I 2520 
K,OsCIl, 1447 1447 Rb TiS, Eus КО 
сова), 1408 а супа, 1402 1384 
К,ОѕВг, 1396 л тїс, 1560 1553 
крас, 1481 1493 Кр; 1373 1972 
Rb,PdCl, 1448 И Rb, TiBr, 1341 1331 


Lattice Energies 


Substance 
Cs, TiBr, 
Na,UBr, 
K,UBr, 
Rb,UBr, 
Cs,UBr, 
K,WCl, 
Rb,WCI. 
Cs, WCL 
K,WBr, 
Rb,WBr, 
Cs, WBr, 
K,ZrCl, 
Rb,ZrCl, 
Cs,ZrCl, 


Tellurides 
Li,Te 
Na,Te 
К,Те 
Rb,Te 
Cs, Te 
Cu,Te 
Ag,Te 
ТІ,Те 
ВеТе 
МеТе 
CaTe 


Ion 


Singly Charged Anions 
AgF, 
AIBr, 
AICL, 


Calc. Прот 
1339 
1504 
1484 
1473 
1459 
1398 
1397 
1392 
1408 
1361 
1362 
1339 
1341 
1339 


2212 
1997 
1830 
1837 
1745 
2706 
2607 
2084 
3319 
2878 
2721 


TABLE 2. Thermochemical Radii (nm) 


Radius 
0.231 + 0.019 
0.321 + 0.023 
0.317 + 0.019 
0.214 + 0.023 
0.226 + 0.019 
0.374 + 0.019 
0.243 + 0.019 
0.211 + 0.019 
0.266 + 0.019 
0.288 + 0.019 
0.240 + 0.019 
0.235 + 0.038 
0.229 + 0.019 
0.205 + 0.019 
0.205 + 0.019 
0.190 + 0.019 
0.231 + 0.019 
0.214 + 0.019 
0.230 + 0.049 
0.194 + 0.019 
0.168 + 0.019 
0.195 + 0.019 
0.208 + 0.019 
0.225 + 0.019 
0.260 + 0.049 
0.187 + 0.023 
0.276 + 0.019 
0.315 + 0.019 
0.126 + 0.019 
0.317 + 0.019 


12-27 

Substance Calc. от Us 
Thiocyanates 
LiCNS 764 (765) 
NaCNS 682 682 
KCNS 623 616 
RbCNS 623 619 
CsCNS 623 568 
МН4СМ5 605 611 
Ca(CNS)2 2184 2118 
Sr(CNS)2 2063 1957 
Ba(CNS)2 1979 1852 
Mn(CNS)2 2280 2351 
Zn(CNS)2 2335 2560 
Cd(CNS)2 2201 2374 
Hg(CNS)2 2146 2492 
Sn(CNS)2 2117 2142 
Pb(CNS)2 2058 - 
Vanadates 
LiVO3 810 - 
NaVO3 761 - 
KVO3 686 - 
RbVO3 657 - 
CsVO3 628 - 

Ion Radius 
GaCl, 0.328 + 0.019 
H 0.148 + 0.019 
H,AsO, 0.227 + 0.019 
нро; 0.213 + 0.019 
HCO, 0.200 + 0.019 
HCO, 0.207 + 0.019 
HF, 0.172 + 0.019 
HSO, 0.221 + 0.019 
r 0.211 + 0.019 
LBr 0.261 + 0.019 
L 0.272 + 0.019 
L 0.300 + 0.019 
IBr, 0.251 + 0.019 
ІСІ, 0.235 + 0.019 
ІСІ, 0.307 + 0.019 
ОР, 0.233 0.019 
IO, 0.218 + 0.019 
IO; 0.231 + 0.019 
IF. 0.242 + 0.019 
MnO, 0.220 + 0.019 
МОЕ 0.241 + 0.019 
MoOF,- 0.241 + 0.019 
Ny 0.180 + 0.019 
NCO: 0.193 + 0.019 
NbCI. 0.338 + 0.049 
NbF, 0.254 + 0.019 
Nb,F,. 0.311 + 0.038 
МО; 0.194 0.019 
МН; 0.168 0.019 
NH,CH,COO: 0.252 + 0.019 
NO, 0.187 + 0.019 


2 


12-28 


Ton 


Doubly Charged Anions 
АтЕ 2 
Bi Br >: 
Bi CL? 
CdCl,” 
CeCI- 
Сер“ 
со» 
CoCl,” 
CoF > 
CoF > 
Cr,O > 
CrF > 
Сто 
CuCl,” 
Сар 
сесі” 
GeF > 
НЕ 
Нађ“ 
та 
MnCl,” 
MnF,” 
МаЕ 2 
MoBr,~ 


Radius 
0.200 + 0.019 
0.165 + 0.019 
0.199 + 0.034 
0.152 + 0.019 
0.252 + 0.020 
0.249 + 0.019 
0.252 + 0.019 
0.242 + 0.019 
0.204 + 0.019 
0.247 + 0.019 
0.239 + 0.019 
0.240 + 0.019 
0.227 + 0.019 
0.242 + 0.019 
0.305 + 0.019 
0.209 + 0.019 
0.320 + 0.019 
0.252 + 0.019 
0.312 + 0.038 
0.374 + 0.038 
0.258 + 0.038 
0.230 + 0.019 
0.195 + 0.019 
0.191 + 0.019 
0.214 + 0.019 
0.231 + 0.038 
0.252 + 0.038 
0.352 + 0.019 
0.250 + 0.019 
0.192 + 0.019 
0.301 + 0.019 
0.235 + 0.019 
0.201 + 0.019 
0.337 + 0.019 
0.246 + 0.019 
0.241 + 0.019 
0.255 + 0.019 
0.392 + 0.055 
0.501 + 0.073 
0.307 + 0.019 
0.352 + 0.019 
0.249 + 0.019 
0.189 + 0.019 
0.306 + 0.019 
0.209 + 0.019 
0.256 + 0.019 
0.292 + 0.019 
0.253 + 0.019 
0.229 + 0.019 
0.304 + 0.019 
0.213 + 0.019 
0.335 + 0.019 
0.244 + 0.019 
0.248 t 0.019 
0.377 t 0.019 
0.332 + 0.019 
0.314 + 0.031 
0.219 t 0.019 
0.241 t 0.019 
0.364 t 0.019 


MoCl > 
MoF > 
MoO,” 
МЬСІ2 
МН” 
МСМ) 
МЕ 2 
МЕ > 
О” 

о» 
OsBr > 
کي‎ 
ОБЕ“ 
PbCl? 
РБС > 
PbEZ 
PdBr > 
PdCl? 
PdCl? 
PdF > 
РоВг > 
Pol > 
Pt(NO,),Cl,” 
Pt(NO,),Cl,” 
Pt(OH),” 
РЕ5СК) 2 
PtBr > 
РЕВГ 2 
РЕС 
PtC1 > 
РЕ,” 
Рас 
ReBr > 
ReCl^ 
Кер > 
Кер > 
ReH,” 
Rel, 
RhF 2 
RuCl? 
RuF > 

5 

5,0, 
SO, 
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Ton 


Lattice Energies 


Radius 
0.338 + 0.019 
0.274 + 0.019 
0.231 + 0.019 
0.343 + 0.019 
0.128 + 0.019 
0.322 + 0.019 
0.211 + 0.019 
0.249 + 0.019 
0.141 + 0.019 
0.167 + 0.019 
0.365 + 0.019 
0.336 + 0.019 
0.276 + 0.019 
0.279 + 0.019 
0.347 + 0.019 
0.268 + 0.019 
0.354 + 0.019 
0.313 + 0.019 
0.333 + 0.019 
0.252 + 0.019 
0.380 + 0.019 
0.428 + 0.019 
0.364 + 0.019 
0.383 + 0.019 
0.333 + 0.019 
0.451 + 0.019 
0.324 + 0.019 
0.363 + 0.019 
0.307 + 0.019 
0.333 + 0.019 
0.245 + 0.019 
0.349 + 0.019 
0.371 + 0.019 
0.337 + 0.019 
0.256 + 0.019 
0.276 + 0.019 
0.257 + 0.019 
0.421 + 0.026 
0.240 + 0.019 
0.336 + 0.019 
0.248 + 0.019 
0.189 + 0.019 
0.251 + 0.019 
0.262 + 0.019 
0.270 + 0.019 
0.283 + 0.019 
0.275 + 0.019 
0.291 + 0.019 
0.302 + 0.019 
0.325 + 0.019 
0.382 + 0.019 
0.276 + 0.019 
0.181 + 0.019 
0.363 + 0.019 
0.336 + 0.019 
0.229 + 0.019 
0.248 + 0.019 
0.195 + 0.019 
0.218 + 0.019 
0.279 + 0.020 
0.374 + 0.019 


Lattice Energies 


Ton 
50012 
SnF > 
SnI? 
SO, 
SO,” 
ТеВг > 
Тест 
TcF 2 
TcH,> 
Tel,” 
Те” 
ТеВг > 
тест 
Tel > 
TeO > 
Th(NO,),” 
ТАСТ > 
ТЕ > 
TiBr2- 


Multi-Charged Anions 
AIH 
АѕО 
Сав: 
Сас 
Сер“ 
CeF* 
Со(СМ) > 
Со(МО,) S 
CoCl,* 
СОЕ“ 
Cr(CN) > 
ووي‎ 
Cu(CN),* 
Fe(CN) 
FeF > 
НЕ» 
Е, 
Ir(CN),* 
Ir(NO,) > 
Mn(CN),* 
Mn(CN),> 
MnCl,“ 
N* 
Ni(NO,) > 


Radius 
0.345 + 0.019 
0.265 + 0.019 
0.427 + 0.019 
0.204 + 0.019 
0.218 + 0.019 
0.363 + 0.019 
0.337 + 0.019 
0.244 + 0.019 
0.260 + 0.019 
0.419 + 0.019 
0.220 + 0.019 
0.383 + 0.019 
0.353 + 0.019 
0.430 + 0.019 
0.238 + 0.019 
0.424 + 0.019 
0.360 + 0.019 
0.263 + 0.019 
0.356 + 0.019 
0.335 + 0.019 
0.252 + 0.019 
0.354 + 0.019 
0.256 + 0.019 
0.204 + 0.019 
0.363 + 0.019 
0.339 + 0.019 
0.237 + 0.019 
0.334 + 0.019 
0.335 + 0.019 
0.306 + 0.019 
0.219 + 0.019 
0.384 + 0.019 
0.334 + 0.019 
0.306 + 0.019 
0.348 + 0.019 
0.258 + 0.019 
0.256 + 0.042 
0.237 + 0.042 
0.374 + 0.038 
0.352 + 0.038 
0.278 + 0.038 
0.282 + 0.038 
0.349 + 0.038 
0.343 + 0.038 
0.320 + 0.038 
0.258 + 0.042 
0.351 + 0.038 
0.254 + 0.042 
0.312 + 0.038 
0.347 + 0.038 
0.298 + 0.042 
0.277 + 0.042 
0.268 + 0.038 
0.347 + 0.038 
0.338 + 0.038 
0.350 + 0.038 
0.401 + 0.042 
0.349 + 0.038 
0.180 + 0.042 
0.342 + 0.038 


Ion 


p* 

РаҒ > 
РО 

یا 
КАКО)“‏ 
Rh(SCN) >‏ 
TaF,*‏ 
ТБЕ‏ 
Tc(CN) г‏ 
ThE‏ 
TiBr?-‏ 
TIE?‏ 
ОЕ‏ 

ҮЕР 
ҮЕС 


Singly Charged Cations 


N(CH,),* 
мину 

М HQ 
NH(C,H,),* 
NH,C,H,* 
NH,C,H,* 
NH,CH,* 
NH,OH* 
NH, 
NH,C,H,OH* 
As,S,* 
As,Se,* 
AsCl,* 

Br,* 


BrCICNH,* 
BrF,* 

BrE, 
CF, 

CF 
CI(SNSCN), 
CLC-NH, 
ДЕ 

CL 

CIF, 

СО, 
GaBr, 

Lt 

L: 

L* 

IBr,* 

ІСІ, 

IF. 
N(S.N,),* 
N(SCI), 
N(SeCI),* 
N(SF,),* 
МЕ 

NO: 

NO,* 
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Radius 
0.383 + 0.038 
0.250 + 0.042 
0.288 + 0.038 
0.224 + 0.042 
0.299 t 0.042 
0.230 + 0.042 
0.281 + 0.038 
0.345 + 0.038 
0.428 + 0.042 
0.284 + 0.042 
0.290 t 0.038 
0.410 + 0.042 
0.282 + 0.042 
0.315 t 0.038 
0.271 + 0.038 
0.285 + 0.042 
0.275 + 0.038 
0.273 + 0.038 
0.234 t 0.019 
0.158 t 0.019 
0.158 t 0.029 
0.274 t 0.019 
0.193 t 0.019 
0.225 t 0.019 
0.177 t 0.019 
0.147 + 0.019 
0.136 t 0.019 
0.203 t 0.019 
0.244 + 0.027 
0.253 + 0.027 
0.221 + 0.027 
0.155 + 0.027 
0.204 + 0.027 
0.238 + 0.027 
0.229 + 0.027 
0.175 + 0.027 
0.183 + 0.027 
0.172 + 0.027 
0.265 + 0.027 
0.228 + 0.027 
0.347 + 0.027 
0.173 + 0.027 
0.165 + 0.027 
0.182 + 0.027 
0.147 + 0.027 
0.118 + 0.027 
0.317 + 0.038 
0.185 + 0.027 
0.225 + 0.027 
0.263 + 0.027 
0.196 + 0.027 
0.175 + 0.036 
0.209 + 0.027 
0.258 + 0.027 
0.186 + 0.027 
0.246 + 0.027 
0.214 + 0.027 
0.156 + 0.027 
0.145 + 0.027 
0.153 + 0.027 
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Топ 
о; 
О.(5ССЕ.С 
ОМСН,СЕ/ 
ОБОРЕ 
Р(СН,),СГ 
P(CHJ,D* 
PC]; 
ReOF- 
5(СН,),СГ 
S(N(CH,),), 
S,(CH,),Cl* 
S,(CH,),CN* 
5(СН 
5,Вг,* 
S,N* 
S,N,C,H,* 
S,NC,(PhCH,),* 
S,NC,H,* 
S,NC,H,* 
S, (CH), 
S,Br,* 


Sb(NPPh,),* 
SBr,* 
5СН,О/ 
5СН,(СНЫ2 
5СНРСН,С 
SCI(C,H),* 
SCLCFE, 
SCI,CH,* 
SCl,* 

Se,Br,* 

бе СІ; 

Se,N,* 
Se,NC,,* 

SeT 

SeBr,* 

SeCl,* 

SeF,* 

Sel,* 

беМ,СГ 
земсС1“ 
(ЅеММе,),* 
SeS,N,* 
SF(C.E),* 

5Е СЕ, 
SF,N(CH,),* 
SE, 
SFS(C(CF.),),* 
SH,C,H,* 

SN* 
SNCI,(CH,CN) 


Radius 
0.140 + 0.027 
0.275 + 0.027 
0.200 + 0.027 
0.246 + 0.038 
0.197 + 0.027 
0.196 + 0.027 
0.235 + 0.027 
0.245 + 0.038 
0.207 + 0.027 
0.439 + 0.027 
0.265 + 0.027 
0.223 + 0.027 
0.233 + 0.027 
0.267 + 0.027 
0.159 + 0.034 
0.211 + 0.027 
0.310 + 0.027 
0.218 + 0.027 
0.225 + 0.027 
0.239 + 0.027 
0.245 + 0.027 
0.199 + 0.027 
0.261 + 0.027 
0.263 + 0.027 
0.233 + 0.027 
0.201 + 0.027 
0.232 + 0.027 
0.231 + 0.027 
0.316 + 0.027 
0.178 + 0.027 
0.257 + 0.027 
0.262 + 0.027 
0.518 + 0.027 
0.220 + 0.027 
0.183 + 0.027 
0.248 + 0.027 
0.205 + 0.027 
0.207 + 0.027 
0.207 + 0.027 
0.204 + 0.027 
0.185 + 0.027 
0.253 + 0.027 
0.245 + 0.027 
0.288 + 0.042 
0.163 + 0.027 
0.260 + 0.027 
0.182 + 0.027 
0.192 + 0.027 
0.179 + 0.027 
0.238 + 0.027 
0.196 + 0.027 
0.157 + 0.027 
0.406 + 0.027 
0.282 + 0.042 
0.294 + 0.027 
0.198 + 0.027 
0.210 + 0.027 
0.172 + 0.027 
0.275 + 0.027 
0.210 + 0.027 
0.158 + 0.027 
0.290 + 0.038 


Ton 
(5МРМе,) 
SNSC(CH,)N* 
SNSC(CN)CH* 
SNSC(Ph)N* 
SNSC(Ph)NS,N,* 
SNSC(PhCH,)N* 
(Te(N(SiMe,).),* 
Te(N,),* 
Te,Nb,OTe,I.* 
TeBr,* 
тест“ 
TeCl,(15-crown-5)* 
Tel,* 


Doubly Charged Cations 


Со,5 (СО) = 
FeW(Se),(CO)' 
12 


Mo(Te,)(CO),”* 


19 
S,(S(CH,),).”* 
512 
S,NCCNS,”* 
5,5е?* 

SN, 

52 


(SNP(C,H,),),* 
ТаВг; 
Te(trtu),”* 
Те(іш) 27 
Te,(esu),Br,?* 
Te (esu),C12: 
Те,(еви) 127 
Те,Ѕе,* 
Te,Se/* 
Te,Se,”* 

Te S> 

Те,Ѕе?* 

Те“ 

Те 
W(CO),(h3-Te)?* 
W.(CO),Se?* 


Multi-Charged Cations 


3+ 
L, 


Te (su) 


Ligand abbreviations: su = selenourea; esu = ethyleneselenourea; tu = thiourea; ph = phenyl. 


Lattice Energies 


Radius 
0.308 + 0.027 
0.225 + 0.027 
0.209 + 0.027 
0.251 + 0.027 
0.327 + 0.027 
0.264 + 0.027 
0.371 + 0.027 
0.226 + 0.027 
0.407 + 0.027 
0.235 + 0.027 
0.216 + 0.027 
0.282 + 0.027 
0.243 + 0.027 
0.266 + 0.027 
0.221 + 0.027 
0.174 + 0.027 
0.183 + 0.027 
0.186 + 0.027 
0.186 + 0.027 
0.263 + 0.035 
0.260 + 0.035 
0.207 + 0.035 
0.234 + 0.035 
0.292 + 0.035 
0.230 + 0.035 
0.231 + 0.035 
0.184 + 0.035 
0.220 + 0.035 
0.326 + 0.035 
0.186 + 0.035 
0.232 + 0.035 
0.182 + 0.035 
0.253 + 0.035 
0.236 + 0.035 
0.296 + 0.035 
0.218 + 0.035 
0.182 + 0.035 
0.152 + 0.035 
0.224 + 0.035 
0.186 + 0.035 
0.182 + 0.035 
0.312 + 0.035 
0.351 + 0.049 
0.328 + 0.035 
0.296 + 0.035 
0.356 + 0.035 
0.361 + 0.035 
0.342 + 0.035 
0.192 + 0.035 
0.222 + 0.035 
0.252 + 0.035 
0.217 + 0.035 
0.193 + 0.035 
0.169 + 0.035 
0.187 + 0.035 
0.234 + 0.035 
0.290 + 0.035 
0.442 + 0.051 
0.453 + 0.034 


Lattice Energies 


TABLE 3. Ancillary Thermochemical Data 


Species 
А$О > 
BrO, 
CIO, 


(kJ mol) 


State 


ga 


о ga ga da да да да ga да о 04 да ga GQ 0а о да да да да 


АН” 
(289) 
-145 
-344 

66 
-321 
(-448) 
-774 

-1640 
-693 
-208 
-785 

(-745) 

-1224 

-564 

553 
-749 

291 
-774 
-689 
-919 
-778 
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THE MADELUNG CONSTANT AND CRYSTAL LATTICE ENERGY 


If U is the crystal lattice energy and М is the Madelung constant, then? 


u- NMz ze 0-1 
Substance Ion type Crystal form? M 

Sodium chloride, NaCl МАХ ЕСС 1.74756 
Cesium chloride, CsCl МАХ ВСС 1.76267 
Calcium chloride, СаС1, M'",2X- Cubic 2.365 
Calcium fluoride (fluorite), CaF, М", 2X- Cubic 2.51939 
Cadmium chloride, CdCl, M**, 2X- Hexagonal 2.244* 
Cadmium iodide (o), С, М*, 2X- Hexagonal 2.355° 
Magnesium fluoride, MgF, мч, 2X- Tetragonal 2.381° 
Cuprous oxide (cuprite), Cu,O 2М%Х- Cubic 2.22124 
Zinc oxide, ZnO МАХ" Hexagonal 1.4985* 
Sphalerite (zinc blende), ZnS М", X- ЕСС 1.63806 
Wurtzite, ZnS M*,X-- Hexagonal 1.64132* 
Titanium dioxide (anatase), TiO, М“,2Х-- Tetragonal 2.400* 
Titanium dioxide (rutile), TiO, Мм“, 2Х-- Tetragonal 2.408* 
B-Quartz, SiO, M*5,2X-- Hexagonal 2.2197* 
Corundum, ALO, 2М%,3Х- Rhombohedral 4.1719 


а Nis Avogadro's number, z, and z are the integral charges on the ions (in units of e), and e is the charge on the electron in electrostatic 
units (e = 4.803 x 1079 esu). r is the shortest distance between cation-anion pairs in centimeters. Then U is in ergs (1 erg = 107 J). 


b FCC - face centered cubic; BCC - body centered cubic. 


* For tetragonal and hexagonal crystals the value of M depends on the details of the lattice parameters. 


The Born Exponent, и is: 


Iontype n 
He, Li* 5 
Ne, Ма, F- 7 
Ar, К*, Cut, СГ 9 
Kr, Rb*, Agt, Вгг 10 
Хе, Св, Au Г 12 


For a crystal with a mixed-ion type, an average of the values of n in this table is to be used (6 for LiF, for example). 
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ELASTIC CONSTANTS OF SINGLE CRYSTALS 


H. P. R. Frederikse 


This table gives selected values of elastic constants for single General References 
crystals. The values believed most reliable were selected from the 
original literature. The substances are arranged by crystal system 1. Simmons, G., and Wang, H., Single Crystal Elastic Constants and 
and, within each system, alphabetically by name. A reference to Calculated Aggregate Properties: A Handbook, Second Edition, The 
the original literature is given for each value; a useful compilation МЇТ Press, Cambridge, MAIN, : | 

f published values f be found in Веб 2. Gray, D. E, Ed., American Institute of Physics Handbook, Third 

ia ished values from many sources may be found in Reference Edition, McGraw-Hill, New York, 1972. 

elow. 

Data are given for the single-crystal density and for the elas- 
tic constants ې‎ in units of 10" N/m’, which is equivalent to 10° 


dyn/cm’. 
CUBIC CRYSTALS 

Name Formula p/g cm? T/K Ref. C, Са С, 
Aluminum Al 2.6970 298 1 1.0675 0.6041 0.2834 
Aluminum antimonide AISb 4.3600 300 2 0.8939 0.4427 0.4155 
Ammonium bromide NH,Br 2.4314 300 3 0.3414 0.0782 0.0722 
Ammonium chloride NH,CI 1.5279 290 4 0.3814 0.0866 0.0903 
Argon Ar 1.7710 4.2 5 0.0529 0.0135 0.0159 
Barium fluoride BaF, 4.8860 298 6 0.9199 0.4157 0.2568 
Barium nitrate Ва(МО,), 3.2560 293 7 0.2925 0.2065 0.1277 
Calcium fluoride CaF, 3.810 298 8 1.6420 0.4398 0.8406 
Calcium telluride CaTe 5.8544 298 9 0.5351 0.3681 0.1994 
Cesium Cs 1.9800 78 10 0.0247 0.0206 0.0148 
Cesium bromide CsBr 4.4560 298 11 0.3063 0.0807 0.0750 
Cesium chloride CsCl 3.9880 298 11 0.3644 0.0882 0.0804 
Cesium iodide CsI 4.5250 298 11 0.2446 0.0661 0.0629 
Chromite FeCr,O, 4.4500 RT 12 3.2250 1.4370 1.1670 
Chromium Cr 7.20 298 13 3.398 0.586 0.990 
Cobalt oxide CoO 6.44. 298 14 2.6123 1.4699 0.8300 
Cobalt zinc ferrite CoZnFeO, 5.43 303 12 2.660 1.530 0.780 
Copper Cu 8.932 298 15 1.683 1.221 0.757 
Gallium antimonide GaSb 5.6137 298 16 0.8839 0.4033 0.4316 
Gallium arsenide GaAs 5.3169 298 17 1.1877 0.5372 0.5944 
Gallium phosphide GaP 4.1297 300 18 1.4120 0.6253 0.7047 
Garnet (yttrium-iron) Y,Fe,(FeO,), 5.17 298 19 2.680 1.106 0.766 
Germanium Ge 5.313 298 20 1.2835 0.4823 0.6666 
Gold Au 19.283 296.5 21 1.9244 1.6298 0.4200 
Indium antimonide InSb 5.7890 298 22 0.6720 0.3670 0.3020 
Indium arsenide InAs 5.6720 293 23 0.8329 0.4526 0.3959 
Indium phosphide InP 4.78 RT 24 1.0220 0.5760 0.4600 
Iridium Ir 22.52 300 25 5.80 242 2.56 
Iron Fe 7.8672 298 26 2.26 1.40 1.16 
Lead Pb 11.34 296 27 0.4966 0.4231 0.1498 
Lead fluoride PbF, 7.79 300 28 0.8880 0.4720 0.2454 
Lead nitrate РЬ(МО,), 4,547 293 29 0.3729 0.2765 0.1347 
Lead telluride PbTe 8.2379 303.2 30 1.0795 0.0764 0.1343 
Lithium Li 0.5326 298 31 0.1350 0.1144 0.0878 
Lithium bromide LiBr 3.47 RT 32 0.3940 0.1880 0.1910 
Lithium chloride LiCl 2.068 295 33 0.4927 0.2310 0.2495 
Lithium fluoride LiF 2.638 RT 34 1.1397 0.4767 0.6364 
Lithium iodide Lil 4.061 RT 32 0.2850 0.1400 0.1350 
Magnesium oxide MgO 3.579 298 20 2.9708 0.9536 1.5613 
Magnetite Fe,O, 5.18 RT 32 2.730 1.060 0.971 
Manganese oxide MnO 5.39 298 35 2.23 1.20 0.79 
Mercury telluride HgTe 8.079 290 36 0.548 0.381 0.204 
Molybdenum Mo 10.2284 273 37 4.637 1.578 1.092 
Nickel Ni 8.91 298 15 2.481 1.549 1.242 
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12-34 Elastic Constants of Single Crystals 


CUBIC CRYSTALS 
Name Formula p/g cm? T/K Ref. С, C, C, 
Niobium Nb 8.578 300 38 2.4650 1.3450 0.2873 
Palladium Pd 12.038 300 39 2.2710 1.7604 0.7173 
Platinum Pt 21.50 300 40 3.4670 2.5070 0.7650 
Potassium K 0.851 295 41 0.0370 0.0314 0.0188 
Potassium bromide KBr 2.740 298 11 0.3468 0.0580 0.0507 
Potassium chloride KCl 1.984 298 11 0.4069 0.0711 0.0631 
Potassium cyanide KCN 1.553 RT 32 0.1940 0.1180 0.0150 
Potassium fluoride KF 2.480 295 33 0.6490 0.1520 0.1232 
Potassium iodide KI 3.128 300 42 0.2710 0.0450 0.0364 
Pyrite FeS, 5.016 RT 43 3.818 0.310 1.094 
Rubidium Rb 1.58 170 44 0.0296 0.0250 0.0171 
Rubidium bromide RbBr 3.350 300 45 0.3152 0.0500 0.0380 
Rubidium chloride RbCI 2.797 300 45 0.3624 0.0612 0.0468 
Rubidium iodide RbI 3.551 300 45 0.2556 0.0382 0.0278 
Silicon Si 2.331 298 46 1.6578 0.6394 0.7962 
Silver Ag 10.50 300 47 1,2399 0.9367 0.4612 
Silver bromide AgBr 5.585 300 48 0.5920 0.3640 0.0616 
Sodium Na 0.971 299 49 0.0739 0.0622 0.0419 
Sodium bromate NaBrO, 3.339 RT 32 0.5450 0.1910 0.1500 
Sodium bromide NaBr 3.202 300 33 0.3970 0.1001 0.0998 
Sodium chlorate NaClO, 2.485 RT 50 0.4920 0.1420 0.1160 
Sodium chloride NaCl 2.163 298 11 0.4947 0.1288 0.1287 
Sodium fluoride NaF 2.804 300 51 0.9700 0.2380 0.2822 
Sodium iodide Nal 3.6689 300 52 0.3007 0.0912 0.0733 
Spinel MgALO, 3.6193 298 53 2.9857 1.5372 1.5758 
Strontium fluoride SrF, 4.277 300 54 1.2350 0.4305 0.3128 
Strontium nitrate Sr(NO,), 2.989 293 29 0.4255 0.2921 0.1590 
Strontium oxide SrO 4.99 300 55 1.601 0.435 0.590 
Strontium titanate SrTiO, 5.123 RT 56 3.4817 1.0064 4.5455 
Tantalum Ta 16.626 298 57 2.6023 1.5446 0.8255 
Tantalum carbide TaC 14.65 RT 58 5.05 0.73 0.79 
Thallium bromide TIBr 7.4529 298 59 0.3760 0.1458 0.0757 
Thorium Th 11.694 300 60 0.7530 0.4890 0.4780 
Thorium oxide ThO, 9,991 298 61 3.670 1.060 0.797 
Tin telluride SnTe 6.445 300 62 1.1250 0.0750 0.1172 
Titanium carbide TiC 4.940 RT 107 5.00 1.13 1.75 
Tungsten W 19.257 297 64 5.2239 2.0437 1.6083 
Uranium carbide UC 13.63 300 65 3.200 0.850 0.647 
Uranium dioxide UO, 10.97 298 66 3.960 1.210 0.641 
Vanadium У 6.022 300 67 2.287 1.190 0.432 
Zinc selenide ZnSe 5.262 298 68 0.8096 0.4881 0.4405 
Zinc sulfide ZnS 4.088 298 68 1.0462 0.6534 0.4613 
Zinc telluride ZnTe 5.636 298 68 0.7134 0.4078 0.3115 


Zirconium carbide ZrC 6.606 298 63 4.720 0.987 1.593 


Elastic Constants of Single Crystals 


Name 


Ammonium dihydrogen 
arsenate (ADA) 

Ammonium dihydrogen 

phosphate (ADP) 

Barium titanate 

Calcium molybdate 

ndium 

Magnesium fluoride 

ickel sulfate hexahydrate 

Potassium dihydrogen 

arsenate (KDA) 

Potassium dihydrogen 

phosphate (KDP) 

Rubidium dihydrogen 

phosphate (RDP) 

Rutile 

Tellurium oxide 

Tin (white) 

Zircon 


Name 


Acenaphthene 
Ammonium sulfate 
Aragonite 

Barite 

Benzene 
Benzophenone 
Bronzite 

Calcium sulfate 
Celestite 

Cesium sulfate 
Fosterite 

odic acid 

Lithium ammonium tartrate 


Magnesium sulfate 
heptahydrate 


atrolite 

ickel sulfate heptahydrate 
Olivine 

Potassium pentaborate 
Potassium sulfate 

Rochelle salt 

Rubidium sulfate 

Sodium ammonium tartrate 
Sodium tartrate 

Strontium formate dihydrate 
Sulfur 

Thallium sulfate 

Topaz 

Uranium (alpha) 

Zinc sulfate heptahydrate 


Formula 
H,H,AsO, 


HHPO, 


BaTiO, 
СаМо0, 
п 
gF, 

150, 64,0 
КН,А50, 


KH,PO, 
RDH,PO, 


по, 
Тео, 
5п 
21900, 


Formula 


(C,H,),CO 
(MgFe)Si0, 
CaSO, 

5150, 

05,50, 

0,510, 

HIO, 
LiNH,C,H,0,-4H,0 
050, 7,0 


(Ма,А1)510, 
150,7Н,0 
(MgFe)Si0, 
КВ,0,4Н,0 

KS0, 
ак(С,Н,0,)4Н,0 
85,90, 
aNH,C,H,0,:4H,0 
aC, H,0,.2H,0 


1(CHO,),,2H,0 


S0, 
,SIO,(0HFF), 


C m در بت‎ о 


7150,7Ң,0 


TETRAGONAL CRYSTALS 
p/gcm? T/K Ref. Ch C, 
2.3110 298 69 0.6747 —0.106 
1.8030 293 69 0.6200 —0.050 
5.9988 298 70 2.7512 1.7897 
4.255 298 79 1.447 0.664 
7.300 ВТ 71 0.4450 0.3950 
3177 RT T2 1.237 0.732 
2.070 RT 73 0.3209 0.2315 
2.867 ВТ 12 0.530 —0.060 
2.388 ВТ 71 0.7140 —0.049 
2.800 298 74 0.5562 —0.064 
4.260 298 75 2.7143 1.7796 
5.99 RT 76 0.5320 0.4860 
7.29 288 TT 0.7529 0.6156 
470 RT 78 2.585 1.791 
ORTHORHOMBIC CRYSTALS 
p/gcm? T/K Ref. C, C C, 
1.220 293 80 0.1380 0.0210 0.0410 
1.774 293 81 0.3607 0.1651 0 
2.93 R 82 1.5958 0.3663 0.0197 
440 R 82 0.8041 0.4614 0.2691 
1.061 250 83 0.0614 0.0352 0.0401 
1.219 R 32 0.1070 0.0550 0.0169 
3.38 R 78 1876 0686 0.605 
2.962 R 84 0.9382 01650 01520 
3.96 R 12 1.044 0.773 0.605 
4.243 293 81 0.4490 01958 0.1815 
3.224 298 85 3.2848 0.6390 0 
4,630 R 73 0.3030 0.1194 0.1169 
1.71 R 12 0.3864 0.1655 0.0875 
1.68 R 86 0325 4 0.182 
2.25 В 78 0.716 0.261 0.297 
1.948 R 86 0.353 0.198 0.201 
3.324 R 87 3.240 0.590 0.790 
174 R 2 0.582 0.229 0.174 
2.665 293 81 0.5357 0.1999 0.2095 
1.79 R Т 0.255 0.141 0.116 
3.621 293 81 0.5029 0.1965 0.1999 
1.587 R 12 0.3685 0.2725 0.3083 
1.794 R 12 0.461 0.286 0.320 
2.25 R 12 0.4391 01037 -0149 
2.07 В 12 0.240 0.133 0.171 
6.776 293 81 0.4106 02573 8 
3.52 R 82 2.8136 1.2582 0.8464 
19.0453 293 88 21486 04622 6 
1.970 R 86 0.3320 01720 0 


1 


C 


0.1262 
0.2981 
0.8697 
0.7842 
0.0656 
0.1000 
1.578 

1.845 

1.061 

0.4283 
1.9980 
0.5448 
0.5393 
0.288 


0.632 
0.311 
1.980 
0.359 
0.5653 
0.381 
0.5098 
0.5092 
0.547 
0.3484 
0.205 
0.3885 
3.8495 
1.9983 
0.2930 


0.134 


C. 


0.0460 
0.1456 
0.1597 
0.2676 
0.0390 
0.0321 
0.561 

0.3173 
0.619 

0.1800 
0.7380 
0.0548 
0.2007 
0.182 


0.297 
0.201 
0.780 
0.231 
0.1990 
0.146 
0.1925 
0.3472 
0.352 
-0.014 
0.159 
0.2174 
0.8815 
1.0764 
0.1980 


0.5620 


0.4398 


4.8395 


01117 
0.3534 
0.8503 
1.0548 
0.0583 
0.0710 
2.085 

1.1180 
1.286 

0.3785 
2.3530 
0.4359 
0.3624 
0.315 


1.378 
0.335 
2.490 
0.255 
0.5523 
0.371 
0.4761 
0.5541 
0.665 
0.3746 
0.483 
0.4268 
2.9452 
2.6763 
0.3200 


C 


0.369 


0.120 


0.733 


0.0780 0 


0.0685 


0.0910 


0.5435 


0.0655 


0.1156 


0.1270 


0.1142 


1.2443 


0.2440 
0.2193 


12-35 


0.0639 
0.0610 


1.1312 
0.451 
0.1220 
0.978 
0.1779 
0.070 


0.0628 
0.0350 
1.9477 
0.5520 


0.2336 
1.113 


0.1424 


0.1407 
0.0870 


0.1724 


0.0751 
1.3089 
0.7454 
0.0830 
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Мате 

Aegirine 

Anthracene 

Cobalt sulfate 
heptahydrate 
Diopside 
Dipotassium tartrate 
Feldspar (microceine) 
Ferrous sulfate 
heptahydrate 
Lithium sulfate 
monohydrate 
Naphthalene 
Potassium tartrate 
Sodium thiosulfate 
Stilbene 

Triglycine sulfate (TGS) 


Name 
Aegirine 
Anthracene 
Cobalt sulfate 
heptahydrate 
Diopside 
Dipotassium 
tartrate 
Feldspar (microceine) 
Ferrous sulfate 
heptahydrate 
Lithium sulfate 
monohydrate 
Naphthalene 
Potassium tartrate 
Sodium thiosulfate 
Stilbene 
Triglycine sulfate (TGS) 


Formula 
(NaFe)Si,O, 
C, H,, 
Со5О,7Н,О 
(CaMg)Si,O, 
KHC,H,O 


4 476 


КАО, 
FeSO,7H,O 


LiSO,H,O 
C,H 


10 8 


K,C,H,O 


274 476 
Ма,5,О, 

(C H,CH), 
(МН,СН,СООН), 
н,50, 


р/в cm? 
3.50 
1.258 


1.948 
3.31 
1.97 
2.56 


1.898 


2.221 
1.127 
1.987 
1.7499 
1.60 
1.68 


Elastic Constants of Single Crystals 


MONOCLINIC CRYSTALS 

T/K Ref. C, C, C, Ce 

RT 89 1.858 0.685 0.707 0.098 

RT 90 0.0852 0.0672 0.0590 -0.0192 

RT 86 0.335 0.205 0.158 0.016 

RT 91 2.040 0.884 0.0883 -0.193 

RT 12 0.4294 0.1399 0.3129 -0.0105 

RT 92 0.664 0.438 0.259 –0.033 

RT 86 0.349 0.208 0.174 -0.020 

RT 32 0.5250 0.1715 0.1730 -0.0196 

ЕТ 93 0.0780 0.0445 0.0340 -0.006 

ЕТ 32 0.3110 0.1720 0.1690 0.0287 

RT 12 0.3323 0.1814 0.1875 0.0225 

RT 94 0.0930 0.0570 0.0670 -0.003 

RT 32 0.4550 0.1720 0.1980 -0.030 

C, C, C, C, С, 

2.344 0.214 0.692 0.077 0.510 
0.1522 -0.0187 0.0272 0.0138 0.0242 
0.371 –0.047 0.060 0.016 0.058 
2.380 -0.336 0.675 -0.113 0.588 
0.6816 0.0294 0.0961 -0.0044 0.1270 
1215 -0131 0.143 -0.015 0.238 
0.360 -0.014 0.064 0.001 0.056 
0.5400 -0.0254 0.1400 -0.0054 0.1565 
0.1190 0.0290 0.0330 -0.0050 0.0210 
0.5540 0.0710 0.0870 0.0072. 0.1040 
0.4590 -0.0678 0.0569 -0.0268 0.1070 
0.0790 -0.005 0.0325 0.0050 0.0640 
0.2630 -0.0500 0.0950 -0.0026 0.1110 


Elastic Constants of Single Crystals 


Name 

Apatite 

Beryl 

Beryllium 
Beryllium oxide 
Cadmium 


Cadmium 
selenide 


Cadmium sulfide 
Cobalt 
Dysprosium 
Erbium 
Gadolinium 
Hafnium 
Ice 
Indium 
Magnesium 
Rhenium 
Ruthenium 
Thallium 
Titanium 
Titanium 
diboride 
Yttrium 
Zinc 
Zinc oxide 
Zinc sulfide 


Zirconium 


Name 


Aluminum oxide 
Aluminum 
phosphate 
Antimony 
Bismuth 
Calcite 
Hematite 
Lithium niobate 
Lithium tantalate 
Quartz 
Selenium 
Sodium nitrate 
Tourmaline 


Formula 

Ca, (PO ),(OH,ECI) 
Be,ALSi.O,, 

Be 

BeO 

Cd 

CdSe 


CdS 

Co 

Dy 

Er 

Gd 

Hf 
H,O(solid) 
In 

Mg 


Formula 
ALO, 
AIPO, 


Sb 

Bi 
CaCO, 
Ее,О, 
LiNbO, 
LiTaO, 


p/g cm? 
3.218 
2.68 
1.8477 
3.01 
8.652 
5.655 


4.824 
8.836 
8.560 
9.064 
7.888 
12.727 
0.920 
7.2788 
1.7364 
21.024 
12.3615 
11.560 
4.5063 
4.95 


4.472 
7.134 
5.6760 
4.089 
6.505 


p/g cm? 
3.986 
2.556 


6.70 
9.80 
2.712 
5.240 
4.70 
7.45 
2.6485 
4.838 
2.27 
3.05 


HEXAGONAL CRYSTALS 
T/K Ref. C, 
RT 12 1.667 
RT 12 2.800 
300 95 2.923 
RT 96 4.70 
300 97 1.1450 
298 68 0.7046 
298 98 0.8431 
298 99 3.071 
298 100 0.7466 
298 100 0.8634 
298 101 0.6667 
298 102 1.881 
250 103 0.1410 
300 104 0.4535 
298 105 0.5950 
298 100 6.1820 
298 100 5.6260 
300 106 0.4080 
298 102 1.6240 
RT 107 6.90 
300 108 0.7790 
295 109 1.6368 
298 110 2.0970 
298 96 1.2420 
298 102 1.434 
TRIGONAL CRYSTALS 
T/K Ref. Єз 
300 111 49735 
RT 73 1.0503 
295 112 10130 
295 112 0.6370 
300 113 6 
RT 82 24243 
RT 114 2.080 
RT 114 2330 
298 115 0.8680 
300 116 01870 
RT 12 0.8670 
RT 82 2.7066 


1.1220 
0.6927 


0.2920 
0.2470 
0.5464 
0.1542 
0.750 

0.800 

0.1191 
0.2620 
0.1600 
0.0872 
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ELECTRICAL RESISTIVITY OF PURE METALS 


The first part of this table gives the electrical resistivity, in units 
of 10-5 О. m, for 28 common metallic elements as a function of tem- 
perature. The data refer to polycrystalline samples. The number of 
significant figures indicates the accuracy ofthe values. However, at 
low temperatures (especially below 50 K) the electrical resistivity 
is extremely sensitive to sample purity. Thus the low-temperature 
values refer to samples of specified purity and treatment. The ref- 
erences should be consulted for further information on this point, 
as well as for values at additional temperatures. 

The second part of the table gives resistivity values in the neigh- 
borhood of room temperature for other metallic elements that 
have not been studied over an extended temperature range. 


100 
150 
200 
273 
293 
298 
300 
400 
500 
600 
700 
800 
900 


Aluminum 
0.000100 
0.000193 
0.000755 
0.0181 
0.0959 
0.245 
0.442 
1.006 
1.587 
2.417 
2.650 
2.709 
2.733 
3.87 
4.99 
6.13 
7.35 
8.70 

10.18 


Gold 
0.0220 
0.0226 
0.035 
0.141 
0.308 
0.481 
0.650 
1.061 
1.462 
2.051 
2.214 
2.255 
2.271 
3.107 
3.97 
4.87 
5.82 
6.81 
7.86 


0.081 
0.189 
0.94 
2.91 
4.86 
6.83 
8.85 
14.3 
20.2 
30.2 
33.2 
34.0 
34.3 
51.4 
72.4 
98.2 
130 
168 
216 


Hafnium 


1.00 
1.00 
1.11 
2.52 
4.53 
6.75 
9.12 
15.0 
21.0 
30.4 
33.1 
33.7 
34.0 
48.1 
63.1 
78.5 


Beryllium 
0.0332 
0.0332 
0.0336 
0.0367 
0.067 
0.075 
0.133 
0.510 
1.29 
3.02 
3.56 
3.70 
3.76 
6.76 
9.9 
13.2 
16.5 
20.0 
23.7 


Iron 
0.0225 
0.0238 
0.0287 
0.0758 
0.271 
0.693 
1.28 
3.15 
5.20 
8.57 
9.61 
9.87 
9.98 

16.1 
23.7 
32.9 
44.0 
57.1 


1 
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Electrical Resistivity in 1073 О m 


Barium Calcium 


0.045 
0.047 
0.060 
0.175 
0.40 
0.65 
0.91 
1.56 
2.19 
311 
3.36 
3.42 
345 
47 
6.0 
7.3 
8.7 
10.0 
114 


Lead 


4.9 

6.4 

9.9 
13.6 
19.2 
20.8 
211 
213 
29.6 
38.3 


Cesium 


0.0026 
0.243 
0.86 
1.99 
3.07 
4.16 
5.28 
8.43 
12.2 
18.7 
20.5 
20.8 
21.0 


Lithium 


0.007 
0.008 
0.012 
0.074 
0.345 
1.00 
1.73 
3.72 
5.71 
8.53 
9.28 
9.47 
9.55 
13.4 


Chromium 


1.6 

4.5 

7.7 
11.8 
12.5 
12.6 
127 
15.8 
201 
24.7 
29.5 
34.6 
39.9 


Magnesium 
0.0062 
0.0069 
0.0123 
0.074 
0.261 
0.557 
0.91 
1.84 
2.75 
4.05 
4.39 
4.48 
4.51 
6.19 
7.86 
9.52 

112 

12.8 

14.4 


Copper 
0.00200 
0.00202 
0.00280 
0.0239 
0.0971 
0.215 
0.348 
0.699 
1.046 
1.543 
1.678 
1.712 
1.725 
2.402 
3.090 
3.792 
4.514 
5.262 
6.041 


Manganese 
7.02 

18.9 

54 
116 
131 
132 
132 
136 
139 
143 
144 
144 
144 
147 
149 
151 
152 
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12-40 Electrical Resistivity of Pure Metals 


T/K Molybdenum Nickel Palladium Platinum Potassium Rubidium Silver 
1 0.00070 0.0032 0.0200 0.002 0.0008 0.0131 0.00100 
10 0.00089 0.0057 0.0242 0.0154 0.0160 0.109 0.00115 
20 0.00261 0.0140 0.0563 0.0484 0.117 0.444 0.0042 
40 0.0457 0.068 0.334 0.409 0.480 1.21 0.0539 
60 0.206 0.242 0.938 1.107 0.90 1.94 0.162 
80 0.482 0.545 1.75 1.922 1.34 2.65 0.289 
100 0.858 0.96 2.62 2.755 1.79 3.36 0.418 
150 1.99 2.21 4.80 4.76 2.99 5.27 0.726 
200 3.13 3.67 6.88 6.77 4.26 7.49 1.029 
273 4.85 6.16 9.78 9.6 6.49 1L5 1.467 
293 5.34 6.93 10.54 10.5 7.20 12.8 1.587 
298 5.47 7.12 10.73 10.7 7.39 13.1 1.617 
300 5.52 7.20 10.80 10.8 7.47 13.3 1.629 
400 8.02 11.8 1448 14.6 2.241 
500 10.6 17.7 17.94 18.3 2.87 
600 13.1 25.5 21.2 21.9 3.53 
700 15.8 32.1 24.2 254 4.21 
800 18.4 35.5 271 28.7 4.91 
900 212 38.6 29.4 32.0 5.64 
T/K Sodium Strontium Tantalum Tungsten Vanadium Zinc Zirconium 
1 0.0009 0.80 0.10 0.000016 0.0100 0.250 
10 0.0015 0.80 0.102 0.000137 0.0145 0.0112 0.253 
20 0.016 0.92 0.146 0.00196 0.039 0.0387 0.357 
40 0.172 1.70 0.751 0.0544 0.304 0.306 144 
60 0.447 2.68 1.65 0.266 1.11 0.715 3.75 
80 0.80 3.64 2.62 0.606 2.4 1.15 6.64 
100 1.16 4.58 3.64 1.02 4.01 1.60 9.79 
150 2.03 6.84 6.19 2.09 82 2.71 17.8 
200 2.89 9.04 8.66 3.18 12.4 3.83 26.3 
273 4.33 12.3 12.2 4.82 18.1 5.46 38.8 
293 4.77 13.2 13.1 5.28 19.7 5.90 42.1 
298 4.88 13.4 13.4 5.39 20.1 6.01 42.9 
300 4.93 13.5 13.5 544 20.2 6.06 433 
400 17.8 18.2 7.83 28.0 8.37 60.3 
500 22.2 22.9 10.3 34.8 10.82 76.5 
600 26.7 27.4 13.0 41.1 13.49 91.5 
700 31.2 31.8 157 47.2 104.2 
800 35.6 35.9 18.6 53.1 114.9 
900 40.1 21.5 58.7 123.1 
Electrical resistivity Electrical resistivity 
Element T/K 1030 т Element T/K 1030 т 
Antimony 273 39 Osmium 273 8.1 
Bismuth 273 107 Polonium 273 40 
Cadmium 273 6.8 Praseodymium 290—300 70.0 
Cerium (f, hex) 290—300 82.8 Promethium 290—300 75 est. 
Cerium (y, cub) 298 74.4 Protactinium 273 17.7 
Cobalt 273 5.6 Rhenium 273 17.2 
Dysprosium 290—300 92.6 Rhodium 273 4.3 
Erbium 290—300 86.0 Ruthenium 273 7.1 
Europium 290—300 90.0 Samarium 290—300 94.0 
Gadolinium 290—300 131 Scandium 290—300 56.2 
Gallium 273 13.6 Terbium 290—300 115 
Holmium 290—300 814 Thallium 273 15 
Indium 273 8.0 Thorium 273 14.7 
Iridium 273 4.7 Thulium 290—300 67.6 
Lanthanum 290—300 61.5 Tin 273 1L5 
Lutetium 290—300 58.2 Titanium 273 39 
Mercury 298 96.1 Uranium 273 28 
Neodymium 290—300 64.3 Ytterbium 290—300 25.0 
Niobium 273 15.2 Yttrium 290—300 59.6 


ELECTRICAL RESISTIVITY OF SELECTED ALLOYS 


These values were obtained by fitting all available measure- Values of the resistivity are given in units of 1073 О m. General 
ments to a theoretical formulation describing the temperature comments in the preceding table for pure metals also apply here 
and composition dependence of the electrical resistivity of metals. 
Some of the values listed here fall in regions of temperature and 
composition where no actual measurements exist. Details of the 
procedure may be found in the reference. 


Reference 


C. Y. Ho, et al., / Phys. Chem. Ref. Data, 12, 183-322, 1983. 


Aluminum-Copper 


100K 273K 293K 300K 350K 400 K 
Wt % AI 
99* 0.531 2.51 2.74 2.82 3.38 3.95 
95° 0.895 2.88 3.10 3.18 3.75 4.33 
90» 1.38 3.36 3.59 3.67 4.25 4.86 
85» 1.88 3.87 4.10 4.19 4.79 5.42 
80» 2.34 4.33 4.58 4.67 5.31 5.99 
70° 3.02 5.03 5.31 5.41 6.16 6.94. 
60° 3.49 5.56 5.88 5.99 6.77 7.63 
50> 4.00 6.22 6.55 6.67 7.55 8.52 
40° 7.57 7.96 8.10 9.12 10.2 
30° 11.2 11.8 12.0 13.5 15.2 
25! 16.3 17.2 17.6 19.8 222 
15^ 12.3 
108 871 10.8 11.0 111 117 12.3 
5° 7.92 9.43 9.61 9.68 10.2 10.7 
1^ 3.22 4.46 4.60 4.65 5.00 5.37 

Aluminum-Magnesium 

100K 273K 293K 300K 350K 400 K 
Wt % AI 
99° 0.958 2.96 3.18 3.26 3.82 4.39 
95° 3.01 5.05 5.28 5.36 5.93 6.51 
90* 5.42 7.52 7.76 7.85 8.43 9.02 
10^ 14.0 17.1 17.4 17.6 18.4 19.2 
Б» 9.93 13.1 13.4 13.5 14.3 15.2 
1 2.78 5.92 6.25 6.37 7.20 8.03 

Copper-Gold 

100K 273K 293 K 300 K 350 K 400 K 
Wt % Cu 
99° 0.520 1.73 1.86 1.91 2.24 2.58 
95° 1.21 2.41 2.54 2.59 2.92 3.26 
90° 2.11 3.29 4.42 3.46 3.79 4.12 
85* 3.01 4.20 4.33 4.38 4.71 5.05 
80* 3.95 5.15 5.28 5.32 5.65 5.99 
70* 5.91 7.12 7.25 7.30 7.64 7.99 
60° 8.04 9.18 9.13 9.36 9.70 10.05 
50° 9.88 11.07 11.20 11.25 11.60 11.94 
40° 11.44 12.70 12.85 12.90 13.27 13.65 
30° 12.43 13.77 13.93 13.99 14.38 1478 
25° 12.59 13.93 14.09 1414 14.54 14.94 
15° 11.38 12.75 12.91 12.96 13.36 13.77 
10° 9.33 10.70 10.86 10.91 11.31 1172 
Бе 5.91 7.25 7.41 7.46 7.87 8.28 
1° 2.00 3.40 3.57 3.62 4.03 4.45 
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Copper-Nickel 


100K 273K 293K 300K 350K 400 K 
Wt 96 Cu 
99* 1.45 2.71 2.85 2.91 3.27 3.62 
95* 6.19 7.60 7.71 7.82 8.22 8.62 
90* 12.08 13.69 13.89 13.96 14.40 14.81 
85* 18.01 19.63 19.83 19.90 20.32 20.70 
80* 23.89 25.46 25.66 25.72 26.12 26.44 
70! 35.73 36.67 36.72 36.76 36.85 36.89 
60! 45.76 45.43 45.38 43.35 45.20 45.01 
50! 50.22 50.19 50.05 50.01 49.73 49.50 
40* 36.77 47.42 47.73 47.82 48.28 48.49 
30! 26.73 40.19 41.79 42.34 44.51 45.40 
25° 22.22 33.46 35.11 35.69 39.67 42.81 
15° 13.49 22.00 23.35 23.85 27.60 31.38 
10% 9.28 16.65 17.82 18.26 21.51 25.19 
5° 5.20 11.49 12.50 12.90 15.69 18.78 
1° 1.81 7.23 8.08 8.37 10.63 13.18 

Copper-Palladium 

100K 273K 293K 300K 350K 400 K 
Wt % Cu 
99* 0.91 2.10 2.23 2.27 2.59 2.92 
95* 2.99 4.21 4.35 4.40 4.74 5.08 
90* 5.69 6.89 7.03 7.08 7.41 7.74 
85* 8.30 9.48 9.61 9.66 10.01 10.36 
80* 10.74 11.99 12.12 12.16 12.51 12.87 
70° 15.67 16.87 17.01 17.06 17.41 17.78 
60< 20.45 2173 21.87 21.92 22.30 22.69 
50< 26.07 27.62 27.79 27.86 28.25 28.64 
40% 33.53 35.31 35.51 35.57 36.03 36.47 
30< 45.03 46.50 46.66 46.71 4741 47.47 
25° 44.12 46.25 46.45 46.52 46.99 47.43 
15* 31.79 36.52 36.99 37.16 38.28 39.35 
10* 23.00 28.90 29.51 29.73 31.19 32.56 
5° 13.09 20.00 20.75 21.02 22.84 24.54 
1° 8.97 11.90 12.67 12.93 14.82 16.68 

Copper-Zinc 

100K 273K 293K 300K 350K 400 K 
Wt 96 Cu 
99^ 0.671 1.84 1.97 2.02 2.36 271 
95^ 1.54 2.78 2.92 2.97 3.33 3.69 
90^ 2.33 3.66 3.81 3.86 4.25 4.63 
85^ 2.93 4.37 4.54 4.60 5.02 5.44 
80^ 3.44 5.01 5.19 5.26 5.71 6.17 
70^ 4.08 5.87 6.08 6.15 6.67 7.19 

Gold-Palladium 

100K 273K 293K 300K 350K 400 K 
Wt 96 Au 
99* 1.31 2.69 2.86 2.91 3.32 3.73 
95* 3.88 5.21 5.35 5.41 5.79 6.17 
90! 6.70 8.01 8.17 8.22 8.56 8.93 
85^ 9.14 10.50 10.66 10.72 11.10 11.48 
80^ 11.23 12.75 12.93 12.99 13.45 13.93 
70° 16.44 18.23 18.46 18.54 19.10 19.67 
60^ 24.64 26.70 26.94 27.02 27.63 28.23 
50% 23.09 27.23 27.63 27.76 28.64 29.42 
40% 19.40 24.65 25.23 25.42 26.74 27.95 
30^ 14.94 20.82 21.49 21.72 23.35 24.92 
25^ 12.72 18.86 19.53 19.77 21.51 23.19 
15° 8.54 15.08 15.77 16.01 17.80 19.61 
10° 6.54 13.25 13.95 14.20 16.00 17.81 
Ба 4.58 11.49 12.21 12.46 14.26 16.07 


1 3.01 10.07 10.85 11.12 12.99 14.80 
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Gold-Silver 


100K 273K 293K 300K 350K 400 K 
Wt 96 Au 
99» 1.20 2.58 2.75 2.80 3.22 3.63 
95* 3.16 4.58 4.74 4.79 5.19 5.59 
90 5.16 6.57 6.73 6.78 7.19 7.58 
85) 6.75 8.14 8.30 8.36 8.75 9.15 
80) 7.96 9.34 9.50 9.55 9.94 10.33 
70) 9.36 10.70 10.86 10.91 11.29 11.68 
60) 9.61 10.92 11.07 11.12 11.50 11.87 
50) 8.96 10.23 10.37 10.42 10.78 11.14 
40) 7.69 8.92 9.06 9.11 9.46 9.81 
30° 6.15 7.34 7.47 7.52 7.85 8.19 
25* 5.29 6.46 6.59 6.63 6.96 7.30 
15* 3.42 4.55 4.67 4.72 5.03 5.34 
10* 2.44 3.54 3.66 3.71 4.00 4.31 
Бі 1.44 2.52 2.64 2.68 2.96 3.25 
1° 0.627 1.69 1.80 1.84 212 2.42. 

Iron-Nickel 

100K 273K 293K 300K 400 K 
Wt 96 Fe 
99* 3.32 10.9 12.0 12.4 18.7 
95* 10.0 18.7 19.9 20.2 26.8 
90* 14.5 24.2 25.5 25.9 33.2 
85* 17.5 27.8 29.2 29.7 37.3 
80* 19.3 30.1 31.6 32.2 40.0 
70» 20.9 32.3 33.9 34.4 42.4 
60° 28.6 53.8 57.1 58.2 73.9 
50% 12.3 28.4 30.6 31.4 43.7 
40% 7.73 19.6 21.6 22.5 34.0 
30° 5.97 15.3 17.1 17.7 27.4 
25^ 5.62 14.3 15.9 16.4 25.1 
15* 4.97 12.6 13.8 14.2 21.1 
10* 4.20 11.4 12.5 12.9 18.9 
95 3.34 9.66 10.6 10.9 16.1 
1^ 1.66 7.17 7.94 8.12 12.8 

Silver-Palladium 

100K 273K 293K 300K 350K 400 K 
Wt 96 Ag 
99» 0.839 1.891 2.007 2.049 2.35 2.66 
95» 2.528 3.58 3.70 3.74 4.04 4,34 
90» 4.72 5.82 5.94 5.98 6.28 6.59 
85* 6.82 7.92 8.04 8.08 8.38 8.68 
80* 8.91 10.01 10.13 10.17 10.47 10.78 
70* 13.43 14.53 14.65 14.69 14.99 15.30 
60: 19.4 20.9 21.1 21.2 21.6 22.0 
50“ 29.3 31.2 31.4 31.5 32.0 32.4 
40" 40.8 42.2 42.2 42.2 42.3 42.3 
30° 37.1 40.4 40.6 40.7 41.3 41.7 
25k 32.4 36.67 37.06 37.19 38.1 38.8 
15 21.0 27.08 26.68 27.89 29.3 30.6 
10: 14.95 21.69 22.39 22.63 24.3 25.9 
Б» 8.91 15.98 16.72 16.98 18.8 20.5 
18 3.97 11.06 11.82 12.08 13.92 15.70 


è Uncertainty in resistivity is + 2%. 

^ Uncertainty in resistivity is + 396. 

* Uncertainty in resistivity is + 596. 

4 Uncertainty in resistivity is + 7% below 300 K and + 5% at 300 and 400 K. 
* Uncertainty in resistivity is + 796. 

£ Uncertainty in resistivity is + 8%. 

* Uncertainty in resistivity is + 1096. 

^ Uncertainty in resistivity is 1296. 

i Uncertainty in resistivity is + 4%. 

1 Uncertainty in resistivity is + 1%. 

Uncertainty in resistivity is + 396 up to 300 K and + 496 above 300 K. 
? Uncertainty in resistivity is + 2% up to 300 К and + 496 above 300 К. 


This table lists the permittivity е, frequently called the dielec- 
tric constant, of a number of inorganic solids. When the mate- 
rial is not isotropic, the individual components of the permittivity 


H. P. R. Frederikse 


are given. A superscript S indicates a measurement made under 
constant strain (“clamped” dielectric constant). If the constraint 


is removed, the measurement yields £", the “unclamped” or free 
dielectric constant. 


1973. 


The temperature of the measurement is given when available; 
the symbol r.t. indicates a value at nominal room temperature. The 


Formula 


Ag, ASS, 


AgBr 

AgCN 

AgCl 
AgNO, 
AgNa(NO,), 
Ag,O 
(AIF),SiO, 


BN 
BaCO, 
Ba(COOH), 


BaCl, 

BaCl, - 2H,O 
BaF, 
Ba(NO.), 
Ва,МаМЬ,О,, 


Ba,Ti,Nb,O,, 


BaWO, 
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Name 


Silver thioarsenate (Proustite) 


Silver bromide 
Silver cyanide 

Silver chloride 
Silver nitrate 

Silver sodium nitrite 
Silver oxide 


Aluminum fluosilicate (topaz) 


Aluminum oxide (alumina) 


Aluminum phosphate 
Aluminum antimonide 
Arsenic trifluoride 
Boron nitride 

Barium carbonate 
Barium formate 


Barium chloride 

Barium chloride dihydrate 
Barium fluoride 

Barium nitrate 


Barium sodium niobate (“Bananas”) 


Barium oxide (baria) 
Barium peroxide 
Barium sulfide 
Barium sulfate 
Barium stannate 


Barium titanate 


Barium titanium niobate 


Barium tungstate 


Eijk 


єн =16.5,€), = 14.5 
£3 = 20.0, =18.0 


12.50 
5.6 

11.15 

9.0 

4.5 + 0.5 

8.8 

Е; = 662 

ги = 6.58 

£4, = 6.95 

Еп = €, = 9.34 
E = 11.54 

Ей =6.05 


11.21 
5.7 

7.1 

8.53 

£4,279 

€g, = 5.9 

€, = 7.5 

9.81 

9.00 

7.32 

4.95 

gh = 222,61 =235 


5, = 227,67, = 247 


£5, = 32,єз =51 


34 +1 
10.7 

19.23 

114 

18 

ej = 3600 

e; = 2300 

€33 = 150 

e$, =80 

Є = € = 190 

га = 220 

є = 5, = 35.5 +0.2 
£,2372t02 


PERMITTIVITY (DIELECTRIC CONSTANT) OF INORGANIC SOLIDS 


frequency ofthe measurement is given in the last column (i.r. indi- 
cates a measurement in the infrared). 
Substances are listed in alphabetical order by chemical formula. 


Reference 


T/K 
rt. 


rt. 
rt. 
rt. 
rt. 
293 
rt. 
rt. 
297 
297 
297 
298 
298 


rt. 
300 
rt. 
rt. 
291 
rt. 
rt. 
rt. 
rt. 
rt. 
292 
292 
296 


296 


296 


248, 333 
rt. 
rt. 

288 
298 
298 


298 
298 
298 


298 
298 
297.5 
297.5 


Young, К. F. and Frederikse, H. P. R., J. Phys. Chem. Ref. Data, 2, 313, 


v/Hz 
2x107 


2х 107 


105 


5х 10° 
9.4 x10? 


7x10? 
7x10? 
7x10? 
10?- 8 x10? 
10?- 8 x 10? 


10? 
ir. 


ir. 
2х 10° 
103 
103 
10? 


109 
5x10? - 10" 
2х 105 


10* 


60 x 107 
2x 109 
7.25 x 106 
108 

25 x 10° 
105 


2.5 x 108 
105 


2.5 x 108 


1.6x10? 
1.6 x 10° 


Formula 
BaZrO, 
Be,ALSi.O,, 


BeCO, 
BeO 
BiFeO, 


Bi,,GeO,, 
Bi(GeO,), 
Bi,O, 

Bi, Ti,O,, 


САМО 


6 14 276 


CH, لا‎ 47 


6 12 ۴6 


(CH,NH)AKSO,, - 


2H,O 
Ca,B O,, -5H,O 


CaCO, 


CaCeO, 
CaF, 
CaMoO, 


Ca(NO,), 
CaNb,O, 
Са,МЬ,О, 
Сао 

Са5 

CaSO, : 2H,O 


CaTiO, 
Сао, 


Са,Аѕ, 
CdBr, 
CdF, 
CdS 


CdSe 


Permittivity (Dielectric Constant) of Inorganic Solids 


Name 
Barium zirconate 


Beryllium aluminum silicate (Beryl) 


Beryllium carbonate 
Beryllium oxide (beryllia) 
Bismuth iron oxide 


Bismuth germanite 
Bismuth germanate 
Bismuth sesquioxide 
Bismuth titanate 
Diamond 

Type I 

Type Па 

Tartaric acid 


Ethylene diamine tartrate (EDT) 


Dextrose sodium bromide 


Methyl ammonium alum (MASD) 


Colemanite 


Calcium carbonate 


Calcium cerate 
Calcium fluoride 
Calcium molybdate 


Calcium nitrate 

Calcium niobate 

Calcium pyroniobate 
Calcium oxide 

Calcium sulfide 

Calcium sulfate dihydrate 


Calcium titanate 
Calcium tungstate 


Cadmium arsenide 
Cadmium bromide 
Cadmium fluoride 


Cadmium sulfide 


Cadmium selenide 


Eijk 

43 

£4, = 5.95 

Є = £j = 6.86 
9.7 

7.35 + 0.2 

40 +3 


e$ =38 


16 


є = Ey = 24.04 0.2 
га = 20.0 0.2 

6.54 

€ = 22.8 + 1.9 

~45 

11.8 € 0.3 

6.699 

є = 5.10 

E, = 5.24 

£,, = 10.30 

165 

€, = €, = 11.7 4 
£,29.5t0 

€,, = 18.5 

8.6 

8.33 +0.08 

Є = €, = 8.7 

га = 9.25 

£j, = Ey) = 8.37 

га = 9.00 

ci; =8.48 

£1, =9.48 

e$ —9.02,e1 =9.35 
=, —9.53,67, = 10.33 


єз =9.53, 51 =9.70 


T/K 
rt. 
297 
297 
291 
293 
300 


rt. 
293 

Lt 

rt. 


300 
300 
298 
298 
298 
293 


293 
293 
293 
r.t. 
197 


293 
293 
rt. 
rt. 
rt. 
rt. 
300 
297.5 
297.5 
292 


283 


v/Hz 


7x10? 
7x10? 
2х 107 
2х 106 
9.4 x 10? 


2 x 10° 
109 


109 
109 


109 


109 
109 
9.4 х 109 
9.4 x 109 
9.4 x 109 


5 x 10?-10! 
«10 

«10 

2х 10° 
(5-500) x 10? 
5 x 107 

2 x 10° 

7.25 x 106 


1.59 x 10? 
1.59 x 10? 


5x 10° 
105—107 
ir. 
ir. 
ir. 
ir. 
10* 
10* 
10* 
10* 
10* 


12-45 


12-46 


Formula 


CdTe 


Cd,Nb,O, 
CeO, 
СоМЬ,О, 


СоО 
CrO, 


CsAI(SO)), - 12H,O 
CsBr 

Cs,CO, 

CsCl 

CsH,AsO, 
CsH,PO, 
CsH,(SeO,), 


CsI 
CsNO, 


CsPbCI, 
CuBr 

CuCl 

CuO 

Cu,O 
CuSO, : 5H,O 
EuF, 
Eu,(MoO,), 
EuS 

FeO 

Fe,O, 

Ее О,-о 
Ее,О, 

GaAs 


GaP 
GaSb 
Gd (MoO,), 


Ge 


HNH,(CICH,COO), 
H,O 


HgCl 
Несі, 
HgS 


Name 


Cadmium telluride 


Cadmium pyroniobate 
Cerium oxide 
Cobalt niobate 


Cobalt oxide 


Chromic sesquioxide 


Cesium alum 

Cesium bromide 

Cesium carbonate 

Cesium chloride 

Cesium dihydrogen arsenate (CDA) 
Cesium dihydrogen phosphate (CDP) 
Cesium trihydrogen selenite 


Cesium iodide 
Cesium nitrate 


Cesium lead chloride 
Cuprous bromide 

Cuprous chloride 

Cupric oxide 

Cuprous oxide (Cuprite) 
Cupric sulfate pentahydrate 
Europium fluoride 
Europium molybdate 
Europium sulfide 

Ferrous oxide 

Ferric sesquioxide 

Ferric sesquioxide (hematite) 
Ferrosoferric oxide (magnetite) 
Gallium arsenide 


Gallium phosphide 
Gallium antimonide 
Gadolinium molybdate 
Germanium 


Germanium dioxide 
Iodic acid 


Hydrogen ammonium dichloroacetate 
Ice I (P = 0 kbar) 

Ice III (P = 3 kbar) 

Ice V (P = 5 kbar) 

Ice VI (P = 8 kbar) 

Mercurous chloride (Calumel) 
Mercuric chloride 


Mercurous sulfide (Cinnabar) 


Permittivity (Dielectric Constant) of Inorganic Solids 


Eijk 


Є3) = 10.2,єз = 10.65 
£, = 6 = 10.60 + 0.15 
Єзз = 7.05 + 0.05 
500-580 

7.0 

£,2184t11 

є, = 214+11 

Єз = 33.0 £07 

12.9 

Є = Є, = 13.3 

Єз = 119 


7.60 + 0.06 
6.60 

7.7 + 0.2 
9.5 

13.10 + 0.04 
14.2 

4.5 

12 

20 

13.13 
12.90 

11.1 

10.75 + 0.1 
15.69 

15.7 

ЕТ = 10 

g Š= 9.5 
16.0 + 0.3 
15.8 + 0.2 
ЕН = Egy = 744 
€, = 7.5 
E = 12.4 
га = 8.1 

= 5.9 


Е 102] т 


99 


Т/К 
298 


297 
297 
293 
rt. 
rt. 
rt. 
rt. 
298 
298.5 
298.5 
315( TX) 
rt. 
298 
291 
298 
273 
285 
273 
273 
273 
298 
rt. 
rt. 
300 
293 


298 
298 


243 
243 
243 
243 
rt. 
rt. 
rt. 
rt. 


v/Hz 
10* 
ir. 
ir. 
10? 
2 х 106 
(5—500) x 10? 
(5—500) x 10? 
(5—500) x 10? 
10?- 1019 
10? 
10? 
6x10! 
20-20 x 10? 
1.6 x 10? 
2x 10° 


9.5 x10? 
9.5 x 10? 
105 

105 

105 
1.6x10? 
5х 10° 
5х 10° 
105-6۴ 
5х 10° 
10° 

2x 10° 
105 


(1-300) x 10? 


5 x 10?-10* 
2x 109 
105-107 
6x10? 
105—107 


10? 

9.2 x 10? 
500-3 х 1019 
ir. 

103 

103 

10? 

105 


102 
102 
іг. 
іг. 


Permittivity (Dielectric Constant) of Inorganic Solids 


Formula 
HgSe 


InP 

InSb 

KAI(SO,), - 12H.O 
KBr 


KBrO, 
KCN 
ксо, 
K CH, : У 


` پر و 2-4 


но 


2 


ка 


као, 

као, 

K,CrO, 

KCr(SO,), -12H,O 
KD,AsO, 


крро, 
КЕ 
KH,AsO, 


KH,PO, 


K,HPO, 


KI 
KIO, 


(K,H)AL,(SIO)), 
(K, H)Mg,AI(SIO ), 


KNO, 
KNO, 
KNbO 
КРО, 
KSCN 
к,50, 
к,5,0, 
KS,0, 
K,S,0,-H,O 
KSO 


2 6 6 


К,зео, 


3 


KSr,Nb,O,, 
KTaNbO, 


KTaO, 
LaScO, 


Name 
Mercurous selenide 
Iodine 


Indium arsenide 


Indium phosphide 
Indium antimonide 
Potassium alum 
Potassium bromide 


Potassium bromate 
Potassium cyanide 
Potassium carbonate 
Dipotassium tartrate (DKT) 


Potassium chloride 


Potassium chlorate 
Potassium perchlorate 
Potassium chromate 
Potassium chrome alum 


Potassium dideuterium arsenate (KDDA) 


Potassium dideuterium phosphate (KDDP) 
Potassium fluoride 
Potassium dihydrogen arsenate (KDA) 


Potassium dihydrogen phosphate (KDP) 


Dipotassium monohydrogen 
orthophosphate 

Potassium iodide 

Potassium iodate 


Mica (muscovite) 
Mica (Canadian) 


Potassium nitrite 
Potassium nitrate 
Potassium niobate 
Potassium orthophosphate 
Potassium thiocyanate 
Potassium sulfate 
Potassium trithionate 
Potassium tetrathionate 
Potassium pentathionate 
Potassium hexathionate 


Potassium selenate 
Potassium strontium niobate 
Potassium tantalate niobate (KTN) 


Potassium tantalate 
Lanthanum scandate 


Eijk 

25.6 
£76 
£,73 

£4, = 40 
14.55 + 0.3 
15.15 
12.61 
17.88 

6.5 

4.88 

4.53 

7.3 

6.15 

4.96 

Є = 644 
£, = 5.80 
га = 6.49 
Єз = 0.005 
4.86 + 0.02 
4.50 


10 
£o = 40,70 
16.85 


Є = 5.9 

E. 4 

Є = €; = 1200 
£,, = 800 
34,000 

6,000 

242 

30 


T/K 
rt. 
rt. 
rt. 
rt. 
rt. 

4 
rt. 
4 
rt. 

300 
42 
rt. 
rt. 

291 
rt. 
rt. 
rt. 
rt. 
rt. 
42 
rt. 
rt. 
rt. 

100—240 

298 

298 

297 


298 
298 
298 
rt. 
rt. 
rt. 


rt. 
255 
293 
rt. 
rt. 
299 
298 
298 
305 
293 
rt. 
rt. 
rt. 
rt. 
293 
293 
293 
293 
rt. 
rt. 
298 
298 
273 
293 
298 
rt. 


v/Hz 


104-106 

5 x 104-107 
5 x 104-107 
5 x 104-107 
ir. 

ir. 

ir. 

ir. 

20-20 x 10° 


2 x 106 
2 x 106 
2х 105 


5 x 10? 


2x 109 
2 x 106 
6 x 107 
175 x 10? 


109 
2 x 106 


109 


2 x 109 


9.4 x 1079 
105 

105 

105 

2 x 106 
10?-3 x 10° 
102-109 
104 


2х 105 


2х 109 
2х 109 
2x 109 
1.8 х 106 
1.8 х 106 
1.8 х 106 
1.8 х 106 
109 

109 


104 
104 
2x105 


12-47 


12-48 


Formula 
LiBr 
Li,CO, 
LiCl 

LiD 

LiF 


LiGaO, 


LieH 


LH 
LiH,(SeO,), 


Lil 
LilO, 


LiNH,C,O,:H,O 


LiNa,CrO, - 6H,O 
LiNa,MoO, · 6H,O 


LiNbO, 


LiSO, НО 


LiTaO, 


LiTIC,O,-H,O 
Mg,B.O,,Cl 


МЕСО, 
MgNb,O, 


MgO 

(MgO) ALO, 
MgSO, 

MgSO, : 7H,O 
MgTiO, 
MgWO, 


MnNb,O, 


Name 

Lithium bromide 
Lithium carbonate 
Lithium chloride 
Lithium deuteride 
Lithium fluoride 


Lithium metagallate 


Lithium-6 hydride 
Lithium-7 hydride 
Lithium trihydrogen selenite 


Lithium iodide 
Lithium iodate 


Lithium ammonium tartrate (LAT) 


Lithium trisodium chromate 
Lithium trisodium molybdate 


Lithium niobate 


Lithium sulfate monohydrate 


Lithium tantalate 


Lithium thallium tartrate (LTT) 

Magnesium borate monochloride 
(boracite) 

Magnesium carbonate 


Magnesium niobate 


Magnesium oxide (Periclase) 
Spinel 

Magnesium sulfate 

Magnesium sulfate septahydrate 
Magnesium titanate 
Magnesium tungstate 


Manganese niobate 


Manganese oxide (Pyrolusite) 
Manganese dioxide 
Manganese sesquioxide 


Manganese tungstate 


Permittivity (Dielectric Constant) of Inorganic Solids 


Eijk 

12.1 

4.9 

11.05 
14.0 + 0.5 
9.00 


9.11 


єн -7.0,е1, = 6.0 


є =9.5 


gh —6.8,c5, = 5.8 


13.2 € 0.5 
12.9 + 0.5 
29 

€ = 13.0 
€, = 12.9 
£4, = 46 
11.03 

£j = £j = 65 
£4, = 554 

єр =7.2 

1, =8.0 

£5, = 6.9 

8.0 

€,, = 6.7 

£4, = 5.3 

Е = 6 = 82 
g, = 30 

€, = 5.6 

g€, = 10.3 

£4, = 6.5 

Єз = 0.07 

С = 6 = 53 
€,, = 46 


ЕС 
Е = €> = 41 
єз = 43 


d = لټ‎ uum 
£j ==>. =51 


eL =45 

€ = 20 
£,2141 

8.1 

£, = 16.4 +0.5 
є„ = 20.9 +0.5 
Єз = 324+ 0.5 
9.65 

8.6 

8.2 

5.46 

13.5 
£,2180t1 
£,2180t1 
£,2174t2 
€ = 16.1 + 0.5 
£,2307t1 
12.8 

~104 

8 


6,719313 


T/K 
rt. 
291 
rt. 
rt. 
298 
353 
rt. 


rt. 


rt. 


rt. 
rt. 
298 
rt. 
rt. 
rt. 
rt. 
294.5 
298 
298 


298 


298 


rt. 
rt. 
rt. 
298 
298 
298 
298 
298 
298 
rt. 
rt. 
rt. 


rt. 
rt. 


rt. 


80 
rt. 


291 
rt. 
rt. 
rt. 

298 
rt. 
rt. 
rt. 
rt. 
rt. 
rt. 
rt. 
rt. 
rt. 
rt. 

298 
rt. 
rt. 


v/Hz 
2 х 106 
2x10* 
2 х 106 
ir. 
10?-107 
10?-107 


10* 


2х 109 
109 


109 
109 
109 
109 
109 


109 
109 


5х 10° 


2х 105 
(5—500) x 10? 
(5—500) x 10? 
(5—500) x 10? 
102-108 


(5-500) x 10? 
(5—500) x 10? 
(5—500) x 10? 
(5—500) x 10? 
(5—500) x 10? 
6 x 1010 

10! 

6 x 1010 
(5—500) x 10? 


Permittivity (Dielectric Constant) of Inorganic Solids 


Formula 


N(CH,),HgBr, 
N(CH,),Hgl, 


N,(CH,), 
(ND,),BeF, 


(ND,),SO, 


(NH, · CH,COOH), · 


н,50, 


(NH, · CH,COOH), · 


H,SeO, 


(NH, · CH,COOH), - 


H,BeF, 


NH,AI(SO,), - 12H,O 


(NH,),BeF, 


NH,Br 
NH, 
(NH,),C,H,O 


2 676 


(NH,),Cd,(SO,), 
NH,Cl 


NH,HSO, 
NH,H,AsO, 


NH,H,PO, 


ND,D,PO, 


NH,NO, 
(NH,),SO, 


(NH,),UO,(C,O,) 
(NH,),UO,(C,O,), - 


3H,O 
NaBr 
NaBrO, 


NaCN 


NaCO, - 10H,O 
NaCl 


NaClo, 


NH,(CICH,COO) 
NH,Cr(SO,), 12,0 


Name 


Tetramethylammonium 
tribromomercurate (TTM) 

Tetramethylammonium triiodo mercurate 
(TTM) 

Hexamethylene tetramine (HMTA) 

Deuteroammonium fluoberyllate 


Deuteroammonium sulfate 


Triglycine sulfate (TGS) 


Triglycine selenate (TGSe) 


Triglycine fluorberyllate (TGFB) 
Ammonium alum 


Ammonium fluorberyllate 


Ammonium bromide 
Ammonium iodide 
Ammonium tartrate 


Ammonium cadmium sulfate 
Ammonium chloride 

Ammonium monochloroacetate 
Ammonium chrome alum 

Ammonium bisulfate 

Ammonium dihydrogen arsenate (ADA) 


Ammonium dihydrogen phosphate (ADP) 


Ammonium dideuterium phosphate 
(ADDP) 


Ammonium nitrate 
Ammonium sulfate 


Ammonium uranyl oxalate 
Ammonium uranyl oxalate trihydrate 


Sodium bromide 

Sodium bromate 

Sodium cyanide 

Sodium carbonate 

Sodium carbonate decahydrate 
Sodium chloride 


Sodium chlorate 


Eijk 

Ey = 143 £05 
са = 165 #11 
-10 


га = 6.0 
10.0 

6.9 

5 

6.5 

165 

5.1 

£j = 65 = 


ба = 22 


85 


£j = £j = 57.1 + 0.6 


са = 14.0403 


Є = Egy = 74, Е. = 24 


10.7 

є = Є = 
£4, 7 6.3 
£4, = 2, = 10.0 
£4, = 9.3 

8.03 

6.06 


8.0 


6.44 
Ей =5.70 


7.55 
8.75 

5.3 

5.9 

5.45 

eL =5.76 
5.28 


T/K 
rt. 
rt. 

233-373 


233-373 


rt. 
rt. 
rt. 
rt. 
rt. 
rt. 
rt. 


273 
273 
273 


293 


273 
rt. 
123 
123 
293 
293 
rt. 
rt. 
rt. 
rt. 
rt. 
rt. 
rt. 
rt. 
rt. 
273 
265 
298 
298 
294.5 
294 
300 


322 
123 
123 
293 
293 
rt. 
rt. 


298 
298 
293 
291 
rt. 
298 
42 
301 


rt. 


v/Hz 
(5—500) x 10? 
(5—500) x 10? 


10-۰ 


10° 
104 
104 


1.6 x 10° 


10* 
102 
105 
105 
105 
10» 
7х 105 


103 

103 

103 

10* 

7х 5 
2х 105 
175 х 10? 
5x10* 
9.5 x 10? 
10? 


105-35 x 10° 
100-36 x 10° 


(5—50) x 10? 
105 

105 

105 

105 

10*3.3 x 10? 
10*3.3 x 10? 


1.6x10? 
109 

109 

2х 10° 
6x10’ 
102-107 


108 
109 


12-49 


12-50 


Formula 
NaClO, 

NaF 
NaH,(SeO,), 
Мар, (5е0.), 
Май 
NaK(C,H,D.O 


4 2 2 6 


NaNO, 

NaSO, 

NaSO, - 10H,O 
Na,SO, : 5H,O 
Na,UO,(CO), 
NdAIO, 
NdScO, 

۷ 1 
NiNb,O, 


NiO 
NISO, - 6H,O 


МО 


4 


[P(CH,),]HgBr, 
PbBr, 

PbCO, 
Pb(C,H,O,), 
РЬСІ, 
Pb,CoWO, 
РЬЕ, 

PbHfO, 


РЫ, 


РЬ,МЕМЬ,О, 
РЬМоО, 


Pb(NO,), 
PbNb,O, 
PbO 
PbS 


PbSO, 
PbSe 
PbTa,O, 


PbTe 


)-4D,0 
NaK(C,H,O,) -4H,O 


NaNH,(C,H,O,) - 4H,O 


Name 

Sodium perchlorate 

Sodium fluoride 

Sodium trihydrogen selenite 

Sodium trideuterium selenite 

Sodium iodide 

Sodium potassium tartrate tetradeutrate 
(double deuterated Rochelle salt) 

Sodium potassium tartrate tetrahydrate 
(Rochelle salt) 

Sodium ammonium tartrate 
(Ammonium Rochelle salt) 


Sodium niobate 


Sodium nitrite 


Sodium nitrate 

Sodium sulfate 

Sodium sulfate decahydrate 
Sodium sulfate pentahydrate 
Sodium uranyl oxalate 
Neodymium aluminate 
Neodymium scandate 
Nickel iodine boracite 
Nickel niobate 


Nickel oxide 
Nickel sulfate hexahydrate 


Nickel tungstate 


Phosphorous (red) 

Phosphorous (yellow) 

Tetramethylphosphonium 
tribromomercurate (TTM) 

Lead bromide 

Lead carbonate 

Lead acetate 

Lead chloride 

Lead cobalt tungstate 

Lead fluoride 

Lead hafnate 


Lead iodide 
Lead magnesium niobate 
Lead molybdate 


Lead nitrate 
Lead niobate 


Lead oxide 
Lead sulfide (Galena) 


Lead sulfate 
Lead selenide 


Lead metatantalate 


Lead telluride 


Permittivity (Dielectric Constant) of Inorganic Solids 


Eijk 

5.76 

5.08 + 0.02 

£, = 75 

€, = 220 

7.28 + 0.03 

£, = 70 

g, = 8.9 

€ = 170 

€, = 9.1 

Є = 84 

€, = 9.2 

£4, = 9.5 

£4, = 670 +13 
Ey, = Ey = 7642 
€, 77.4 

€, = 5.5 

£4, = 5.0 

6.85 

7.90 

5.0 

7 

5.18 

17.5 

27 

6 = 14 

€, = 160 +0.5 
€, = 23.8 + 1.8 
га = 31.3 + 2.5 
11.9 

€ = 6.2 

£4, = 6.8 
£,7174t24 
g€, = 13.6 + 1.0 
£4, = 19.7 + 0.6 
4.1 

3.6 


20.8 
10,000 

є = 34.0 + 0.4 
E, = 40.6 + 0.2 
16.8 

c1, =180 

25.9 

190 

200 + 35 

143 

280 

Є = € = 300 
Є = 150 


33 — 


450 


T/K 
rt. 
rt. 

273 

273 
rt. 

273 

273 

273 

273 

298 

298 

298 
rt. 
rt. 
rt. 
rt. 
rt. 

292 
rt. 
rt. 

250-290 
rt. 
rt. 
rt. 

260 
rt. 
rt. 
rt. 

298 
rt. 
Lt 
rt. 
rt. 
rt. 
rt. 
rt. 

233-373 


293 
288 
290-295 
273 
rt. 
rt. 
300 
400 
293 
297 
297,5 
297.5 
rt. 
298 
rt. 
77 
rt. 
290— 295 
rt. 
rt. 
rt. 
rt. 


v/Hz 
10? 
5x10? 
2x10* 
2x10 


109 
108 
109 
109 


5х 10° 
5х 10° 
5х 10 
2х 10° 


300-10* 


(5—500) x10? 
(5—500) x 10? 
(5—500) x 10? 
105 


(5—500) x 10? 
(5—500) x 10? 
(5—500) x 10? 
10% 
10% 


(0.5—3) x 106 
10.8 

106 

(0.5—3) x 10° 


105 


(0.5—3) x 106 


1.6 + 10° 


1.6 + 103 
(0.5—3) x 106 


2 х 106 
ir. 

ir. 

106 

ir. 

10* 

10* 

ir. 


Permittivity (Dielectric Constant) of Inorganic Solids 


Formula 


PbTiO, 
PbWO, 


Pb(Zn, Nb 
PbZrO, 
RbAKSO), - 12H,O 
RbBr 

Rb,CO, 

RbCl 

RbCr(SO,), · 12H,O 
RbF 

RbHSO, 


о, 


2/3: 


RbH,AsO, 
RbH,PO, 
ВЫ 
RbInSO, 
RbNO, 


Se 


Si 
SiC 


Sm,(MoO,), 
SnO, 


SnSb 

SnTe 

Sr(COOH), - 2H,O 
SrCO, 

SrCl, 

SrCl, -6H,O 

SrF, 

SrMoO, 


Name 


Lead titanate 
Lead tungstate 


Lead zinc niobate 

Lead zirconate 
Rubidium alum 
Rubidium bromide 
Rubidium carbonate 
Rubidium chloride 
Rubidium chrome alum 
Rubidium fluoride 
Rubidium bisulfate 


Rubidium dihydrogen arsenate (RDA) 
Rubidium dihydrogen phosphate (КОР) 
Rubidium iodide 

Rubidium indium sulfate 

Rubidium nitrate 


Sulfur 


sublimed 
Thiourea 


Antimonous sesquioxide 
Antimonous sulfide (stibnite) 


Antimonous selenide 
Antimonous sulfide iodide 


Selenium (monocrystal) 


(amorphous) 
Silicon 
Silicon carbide 
cubic 
6H 


Silicon nitride 
Silicon monoxide 


Silicon dioxide 


Samarium molybdate 
Stannic dioxide 


Tin antimonide 

Tin telluride 

Strontium formate dihydrate 
Strontium carbonate 

Strontium chloride 

Strontium chloride hexahydrate 
Strontium fluoride 

Strontium molybdate 


27 T/K 
40 77 
430 4.2 
~200 rt. 
Є = €, = 23.6 + 0.3 297.5 
га = 31.0 + 0.4 297.5 
7 300 
200 400 
5.1 rt. 
4.83 300 
4.87 + 0.02 rt. 
4.91 + 0.02 rt. 
5.0 rt. 
5.91 ЕЕ 
Е, =7 rt. 
£,78 rt. 
©з = 10 rt. 
3.90 273 
6.15 285 
4.94 + 0.02 rt. 
6.85 rt. 
20—380 433-488 
30 488—538 
€ = 3.75 298 
g€, = 3.95 298 
£4, = 4.44 298 
3.69 298 
є =6,=3 77—300 
€, = 35 300 
12.8 rt. 
€, = 6 = 15 rt. 
£,, = 180 rt. 
~110 rt. 
2000 273 
E = 6, = 25 r.t. 
£4, = 5 x 10* 295 
£,7£5,711 300 
£,721 300 
6.0 298 
12.1 4.2 
9.72 rt. 
£j = € = 9.66 rt. 
га = 10.03 r.t. 
9.7 + 0.1 1.8 
4.2 (film) rt. 
5.8 rt 
£,7442 r.t. 
E = 4.41 r.t. 
Є, = 4.60 rt. 
12 298 
£,7£5,714t2 r.t. 
£4, = 9.0 +0.5 rt. 
147 r.t. 
1770 + 300 rt. 
6.1 rt. 
8.85 298 
9.19 r.t. 
8.52 r.t. 
6.50 300 
€, = €, = 31.7 + 0.2 297.5 


v/Hz 
10115 х 109 
10115 х 109 
103 
1.59 x 10? 
1.59 x 10? 
103, 300 x 10? 


102 


5x10? 
5x10 
102 

2x 109 
105 

105 

105 

9.5 x 10? 
9.5 x 10? 
5x10 


106 

106 

102-10? 
102-10? 
102-10? 
102-10? 

10? 

10? 

(1.5-2) x 10? 
10? 

10? 
(10-16.5) x 10? 
105 

103—105 
103—105 

24 x 10° 

24 x 10? 
102—101 
10’—10° 


ir. 
ir. 
ir. 
ir. 
103 
103 
9.4 x ام‎ 
9.4 x ام‎ 
9.4 x 107? 


104-1079 
104-1019 
104-106 
ir. 

103 

2x 10° 


5 x 10?-10! 
1.59 x 10? 
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Formula 


5г(МО,), 
Sr,Nb,O, 


Te 


ZnS 


Name 


Strontium nitrate 
Strontium niobate 


Strontium oxide 
Strontium sulfide 
Strontium sulfate 
Strontium titanate 


Strontium tungstate 


Tantalum pentoxide (tantala) 
© phase 


B phase 
Terbium molybdate 


Tellurium 


polycrystalline 
monocrystalline 
Thorium dioxide 


Titanium dioxide (rutile) 


Titanium sesquioxide 

Thallium bromide 

Thallous chloride 

Thallous iodide (orthorhombic) 


Thallous nitrate 
Thallous sulfate 
Uranium dioxide 
Tungsten trioxide 
Yttrium manganate 
Yttrium sesquioxide 
Ytterbium manganate 
Ytterbium sesquioxide 


Zinc monoxide 


Zinc sulfide 


Zinc selenide 
Zinc telluride 


Zinc tungstate 
Zirconium dioxide (zirconia) 


Permittivity (Dielectric Constant) of Inorganic Solids 


Eijk 

E = 41.7 £0.2 
5.33 

€, = 75 
= 46 

£4, = 43 

13.3 € 0.3 
11.3 

11.5 

332 

2080 

€, = Е, = 25.7 + 0.2 
£4, = 34.1 + 0.2 
£j, = £j = 30 
£4, = 65 

24 

11 

£j, = £j = 33 
£4, = 53 

ец = £5 т 33 
ба = 54 

27.5 

28.0 

18.9 + 0.4 
E = €> = 86 
©з = 170 

30 

30 

32.2 + 0.2 
20.7 + 0.2 
37.3 

16.5 

25.5 

24 

300 

20 

10 

20 

5.0 (film) 

e$, = 8.33 
c5, = 8.84 
Ей = 9.26 
c5, =11.0 
г = 9.26 

га = 8.2 
8.15 


єз = 8.08 +2% 
єз = 8.32 +2% 
61 = 8.14 +2% 


єп = 8.37 +2% 


єп = £h = 9.12 +2% 


gh => =1010 +2% 


є„ = 161 +0.5 
12.5 


T/K 
297.5 
292 
rt. 
rt. 
rt. 
273 
rt. 
rt. 
298 
78 
297.5 
297.5 


77 
77 
292 
298 


100-200 
100-200 


rt. 
rt. 
rt. 
rt. 
rt. 
300 
300 
77 
293 
293 
293 
193 
293 
293 
rt. 


rt. 
rt. 
rt. 
rt. 
rt. 
rt. 
rt. 
rt. 


rt. 
rt. 
rt. 


77 
298 
77 
298 
298 
r.t. 


rt. 
rt. 


v/Hz 
1.59 x 10? 
2x10* 
10? 
10? 
10? 
2 х 106 
7.25 х 106 
103 
103 
1.6 x 10? 
1.6 x 10? 
10? 
10? 
10? 
9.4 x 10? 
9.4 x 10? 
ir. 
ir. 
3х 10$ 
10^-109 
104-106 
6х10% 
103—107 
10?-10* 
10* 
107 
5 х 10 
5х 10° 
3x10* 
2x107 
106 
2x107 
10? 
ir. 
10* 
10* 
10* 
10* 
10* 


(5—500) x 10? 
2 х 106 


CURIE TEMPERATURE OF SELECTED FERROELECTRIC CRYSTALS 


H. P. R. Frederikse 


The following table lists the major ferroelectric crystals and 


their Curie temperatures, Т. 


Name or acronym 


Potassium dihydrogen phosphate group 


KDP 
KDA 
KDDP 
KDDA 
RDP 
RDA 
RDDP 
RDDA 
CDP 
CDA 
CDDA 


Rochelle salt group 
Rochelle salt 

Deuterated Rochelle salt 
Ammonium Rochelle salt 
LAT 


Triglycine sulfate group 
TGS 

TGSe 

TGFB 

AFB 

HADA 


Perovskites and related compounds 
Barium titanate 

Lead titanate 

Potassium niobate 
Potassium tantalate niobate 
Lithium niobate 

Lithium tantalate 

Barium titanium niobate 
Ba-Na niobate ("Bananas") 
Potassium iodate 

Lithium iodate 

Potassium nitrate 

Sodium nitrate 

Rubidium nitrate 


Miscellaneous compounds 
Cesium trihydrogen selenite 
Lithium trihydrogen selenite 
Potassium selenate 

Methyl ammonium alum (MASD) 
Ammonium cadmium sulfate 
Ammonium bisulfate 
Ammonium sulfate 
Ammonium nitrate 
Colemanite 

Cadmium pyroniobite 
Gadolinium molybdate 


Reference 


Young, K. F. and Frederikse, H. P. R., J. Phys. Chem. Ref. Data, 2, 313, 


1973. 


Formula 


KH,PO, 
KH,AsO, 
KD,PO, 
KD,AsO, 
RbH,PO, 
RbH,AsO, 
RbD,PO, 
RbD,AsO, 
CsH,PO, 
CsH,AsO, 
CsD,AsO, 


NaKC,H,O,4H,O 
макснро дно 


$ 2276 
NaNH,C,H,O,4H,O 
-H,O 


474 476 


LiNH,C,H,O 


474 476 


(NH,CH,COOH),H,SO, 
(NH,CH,COOH),H,SeO, 
(NH,CH,COOH),H,BeF, 
(ың) Век, 
HNH,(CICH,COO), 


BaTiO, 
PbTiO, 
KNbO, 

КТа, Nb u O, 
LiNBO, 
LiTaO, 

Ba Ti,Nb O, 
Ba,NaNb,O,, 
KIO, 

шо, 

KNO, 
NaNO, 
RbNO, 


CsH,(SeO,), 
LiH,(SeO,), 
K,SeO, 
CH,NH,AI(SO)),12H,O 
(NH,),Cd,(SO,), 
(NH,)HSO, 
(NH,),SO, 
NH,NO, 
СаВ,О(ОН),Н,О 
Cd,Nb,O, 
Gd,(MoO,), 


T/K 


123 
97 

213 
162 
146 
111 
218 
178 
159 
143 
212 


255-297 
251-308 
109 
106 


322 
295 
346 
176 
128 


406, 278, 193 
765 

712 

241, 220, 170 
1483 

891 

521 

833 

485, 343, 257—263, 83 
529 

397 

548 

437—487 


143 

Toz Tig 
93 

177 

95 

271 

224 

398, 357, 305, 255 
266 

185 

432 
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PROPERTIES OF ANTIFERROELECTRIC CRYSTALS 


H. P. R. Frederikse 


Some important antiferroelectric crystals are listed here with 
their Curie Temperatures ی7‎ The last column gives the constant 
T, which appears in the Curie-Weiss law describing the dielectric 
constant of these materials above the Curie Temperature: 


e-const./(T-T.) 


Name or acronym Formula T/K T/K 
ADP NH,H,PO, 148 

ADA NH,H,AsO, 216 

ADDP NH,D,PO, 242, 245 

ADDA NH,D,AsO, 299 

A DDP ND,D,PO, 243 

A,DDA ND,D,AsO, 304 

Sodium niobate NaNbO, 911, 793 

Lead hafnate PbHfO, 476 378 
Lead zirconate PbZrO, 503 475 
Lead metaniobate РЬМЬ,О, 843 530 
Lead metatantalate РЬТа,О, 543 533 
Tungsten trioxide WO, 1010 

Potassium strontium niobate KSr,Nb,O,, 427 413 
Sodium nitrite NaNO, 437 437 
Sodium trihydrogen selenite Ман (5е0,), 193 192 
Sodium trideuterium selenite Мар, (5е0.), 271 245 
Ammonium trihydrogen periodate (NH;),H.IO, 245 
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Туре 
Corning 0010 
Corning 0080 
Corning 0120 
Pyrex 1710 
Pyrex 3320 
Pyrex 7040 
Pyrex 7050 
Pyrex 7052 
Pyrex 7060 
Pyrex 7070 
Vycor 7230 
Pyrex 7720 
Pyrex 7740 
Pyrex 7750 
Pyrex 7760 
Vycor 7900 
Vycor 7910 
Vycor 7911 
Corning 8870 
G. E. Clear (silica glass) 
Quartz (fused) 


DIELECTRIC CONSTANTS OF GLASSES 


Dielectric constant at 100 MHz 
(20°С) 
6.32 
6.75 
6.65 
6.00 
4.71 
4.65 
4.77 
5.07 
4.70 
4.00 
3.83 
4.50 
5.00 
4.28 
4.50 
3.9 
3.8 
3.8 
9.5 
3.81 
3.75 (4.1 at 1 MHz) 


а Power factor x dielectric constant equals loss factor. 


Volume resistivity 
(In MO cm at 350°C ) 


10 
0.13 
100 
2,500 
80 

16 

25 


130 

1,600 

4,000 

5,000 
4,000—30,000 


Loss factor? 
0.015 
0.058 
0.012 
0.025 
0.019 
0.013 
0.017 
0.019 
0.018 
0.0048 
0.0061 
0.014 
0.040 
0.011 
0.0081 
0.0023 
0.00091 
0.00072 
0.0085 
0.00038 
0.0002 (1 MHz) 
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PROPERTIES OF SUPERCONDUCTORS 


L. I. Berger and B. W. Roberts 


The following tables include superconductive properties of 
selected elements, compounds, and alloys. Individual tables are 
given for thin films, elements at high pressures, superconductors 
with high critical magnetic fields, and high critical temperature 
superconductors. 

The historically first observed and most distinctive property 
of a superconductive body is the near total loss of resistance at 
a critical temperature (Т) that is characteristic of each material. 
Figure 1(a) below illustrates schematically two types of possible 
transitions The sharp vertical discontinuity in resistance is indica- 


tive of that found for a single crystal of a very pure element or one 
of a few well annealed alloy compositions. The broad transition, 
illustrated by broken lines, suggests the transition shape seen for 
materials that are not homogeneous and contain unusual strain 
distributions. Careful testing of the resistivity limit for supercon- 
ductors shows that it is less than 4 x 10-23 ohm cm, while the low- 
est resistivity observed in metals is of the order of 1073 ohm cm. If 
one compares the resistivity of a superconductive body to that of 
copper at room temperature, the superconductive body is at least 
10" times less resistive. 


m -4лМ 
4 H, д 
Superconducting n d ' 
х 
Ж |, У 
0 0 Ti 0 Н, H. H, Ha 
(b) |«- Mixed state -> | 


(с) 


FIGURE 1. Physical properties of superconductors. (а) Resistivity vs. temperature for a pure and perfect lattice (solid line); impure and/or imperfect 
lattice (broken line). (b) Magnetic-field temperature dependence for Type-I or “soft” superconductors. (c) Schematic magnetization curve for "hard" or 


Type-II superconductors. 


The temperature interval AT', over which the transition be- 
tween the normal and superconductive states takes place, may be 
of the order of as little as 2 x 107 K or several K in width, depend- 
ing on the material state. The narrow transition width was attained 
in 99.9999% pure gallium single crystals. 

А Type-I superconductor below Т, as exemplified by a pure 
metal, exhibits perfect diamagnetism and excludes a magnetic 
field up to some critical field H , whereupon it reverts to the nor- 
mal state as shown in the Н-Т diagram of Figure 1(Б). 

The magnetization of a typical high-field superconductor is 
shown in Figure 1(c). The discovery of the large current-carrying 
capability of Nb,Sn and other similar alloys has led to an extensive 
study of the physical properties of these alloys. In brief, a high- 
field superconductor, or Type-II superconductor, passes from the 
perfect diamagnetic state at low magnetic fields to a mixed state 
and finally to a sheathed state before attaining the normal resistive 
state of the metal. The magnetic field values separating the four 
stages are given as У, H „апа Н... The superconductive state be- 
low Н is perfectly diamagnetic, identical to the state of most pure 
metals of the “soft” ог Type-I superconductor. Between H , and 
H , a "mixed superconductive state" is found in which fluxons (а 
minimal unit of magnetic flux) create lines of normal flux in a su- 
perconductive matrix. The volume of the normal state is propor- 
tional to —41M in the “mixed state" region. Thus at Н,, the fluxon 
density has become so great as to drive the interior volume of the 
superconductive body completely normal. Between H „апа H , the 
superconductor has a sheath of current-carrying superconductive 
material at the body surface, and above H „ the normal state exists. 
With several types of careful measurement, it is possible to deter- 
mine H ,, H „and Н... Table 6 contains some of the available data 
on high-field superconductive materials. 
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High-field superconductive phenomena are also related to 
specimen dimension and configuration. For example, the Type-I 
superconductor, Hg, has entirely different magnetization behavior 
in high magnetic fields when contained in the very fine sets of fila- 
mentary tunnels found in an unprocessed Vycor glass. The great 
majority of superconductive materials аге Туре-П. The elements 
in very pure form and a very few precisely stoichiometric and well 
annealed compounds are Type I with the possible exceptions of 
vanadium and niobium. 


Metallurgical Aspects. The sensitivity of superconductive prop- 
erties to the material state is most pronounced and has been used 
in a reverse sense to study and specify the detailed state of alloys. 
The mechanical state, the homogeneity, and the presence of impu- 
rity atoms and other electron-scattering centers are all capable of 
controlling the critical temperature and the current-carrying capa- 
bilities in high-magnetic fields. Well annealed specimens tend to 
show sharper transitions than those that are strained or inhomo- 
geneous. This sensitivity to mechanical state underlines a general 
problem in the tabulation of properties for superconductive mate- 
rials. The occasional divergent values of the critical temperature 
and of the critical fields quoted for a Type-II superconductor may 
lie in the variation in sample preparation. Critical temperatures of 
materials studied early in the history of superconductivity must be 
evaluated in light of the probable metallurgical state of the mate- 
rial, as well as the availability of less pure starting elements. It has 
been noted that recent work has given extended consideration to 
the metallurgical aspects of sample preparation. 

Symbols in tables: T : Critical temperature; H : Critical magnet- 
ic field in the Т = 0 limit; Ө: Debye temperature; and y: Electronic 
specific heat. 


Properties of Superconductors 


Zr (о) 
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TABLE 1. Selective Properties of Superconductive Elements 


T (K) H (oersted) 0 (K) y(mJ mol К") 
1.175 + 0.002 104.9 + 0.3 420 1.35 
0.6 

1.0 

0.026 0.21 
0.517 + 0.002 28 +1 209 0.69 
1.083 + 0.001 58.3 + 0.2 325 0.60 
5.9, 6.2 560 

7 950, HF* 

7.85 815, НЕ 

0.128 12.7 2:21 
4.154 + 0.001 411 +2 87,71.9 1.81 
3.949 339 93 1.37 
3.408 + 0.001 2815 +2 109 1.672 
0.1125 + 0.001 16 + 0.05 425 3.19 
4.88 + 0.02 800 + 10 151 9.8 
6.00 + 0.1 1096, 1600 139 11.3 
0.1 + 0.03 350 + 50 

0.915 + 0.005 96 + 3 460 1.83 
9.25 + 0.02 2060 + 50, НЕ 276 7.80 
0.66 + 0.03 70 500 2.35 
1.4 

7.196 + 0.006 803+1 96 3.1 
1.697 + 0.006 200 + 5 4.5 2.35 
0.49 + 0.015 69 +2 580 2.8 
3.722 + 0.001 305 +2 195 1.78 
4.47 + 0.04 829 +6 258 6.15 
7.8 + 0.1 1410, HF 411 6.28 
1.38 + 0.02 1.60 + 3 165 4.32 
0.40 + 0.04 56 415 3.3 
2.38 + 0.02 178 +2 78.5 1.47 
0.2 

5.40 + 0.05 1408 383 9.82 
0.0154 + 0.0005 1.15 + 0.03 383 0.90 
0.85 + 0.01 54 € 0.3 310 0.66 
0.61 + 0.15 47 290 2:77. 
0.65, 0.95 


TABLE 2. Range of Critical Temperatures Observed for Superconductive Elements in Thin Films Condensed 


Element 

AI 

Be 

Bi 

Cd 
(Disordered) 
(Ordered) 

Ga 


T. Range (К) 
1.15-5.7 
5-9.75 
6.17-6.6 


0.79-0.91 
0.53-0.59 
2.5-8.5 
3.87—4.5 
2.2-5.6 
3.55-6.74 
3.3-8.0 


Usually at Low Temperatures 


Comments Element 
НЕ МЬ 
НЕ РЬ 
Ке 
$n 
Ta 
Tc 
HF Ti 
TI 
HF ۷ 
ү 
Zn 


* HF denotes high magnetic field superconductive properties. 


Т, Range (К) Comments 
2.0-10.1 
1.8-7.5 
1.7-7 
3.5-6 
«17-4.51 
4.6-7.7 
1.3 Мах 
2.33-2.96 
1.8-6.02 
«1.0-4.1 


0.77-1.9 


НЕ“ 
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TABLE 3. Elements Exhibiting Superconductivity Under or After Application of High Pressure 


12-58 
Element T. Range (К) Pressure (kbar) 
AI 1.98-0.075 0-62 
Ав 0.31-0.5 220-140 
0.2-0.25 140-100 
ВаП 1-1.8 55-85 
Ш 1.8-5 85-144 
IV 4.5-5.4 144—190 
Bill 3.9 25-27 
ІП 6.55-7.25 28-38 
IV 7.0, 8.7–6.0 43, 43—62 
У 6.7, 8.3 48—80 
VI 8.55 90, 92-101 
VII(2) 8.2 30 
Ce (a) 0.020-0.045 20-35 
Ce (a!) 19-13 45-125 
CsV 1.5 2125 
Ga II 6.38 >35 
17 7.5 235 then P 
removed 
Ge 5.35 115 
Lu 0.022-1.0 45—190 
P 5.8 170 


Element T, Range (K) Pressure (kbar) 
Pb II 3.55 160 
КеП 2.3 Мах. "Plastic" 

compression 
Sb (prepared 120 2.6–2.7 
kbar, held below 

77K) 
Sb II 3.55-3.40 85-150 
Se II 6.75, 6.95 130 
Si 6.7-7.1 120-130 
Sn II 5.2-4.85 125-160 
ІП 5.30 113 
ТеП 2.4-5.1 38-55 

41-42 53-62 
IV 4.72-4 63-80 
() 3.3-2.8 100-260 
ТІ (cubic form) 1.45 35 

(hexagonal form) 1.95 35 
U 2.4-0.4 10-85 
X 1.7-2.5 110-160 
Zr (omega form, metastable) 1-7 60—130 


TABLE 4. Superconductive Compounds and Alloys 


АП compositions are denoted on an atomic basis, i.e., АВ, AB,, 
or AB, for compounds, unless noted. Solid solutions or odd com- 
positions may be denoted as A B, ог A B. A series of three or 
more alloys is indicated as АВ, ог by actual indication of the 
atomic fraction range, such as A, „В, , The critical temperature 
of such a series of alloys is denoted by a range of values or possibly 
the maximum value. 

The selection of the critical temperature from a transition in the 
effective permeability, or the change in resistance, or possibly the 
incremental changes in frequency observed by certain techniques 
is not often obvious from the literature. Most authors choose the 


mid-point of such curves as the probable critical temperature of 
the idealized material, while others will choose the highest tem- 
perature at which a deviation from the normal state property is 
observed. In view of the previous discussion concerning the vari- 
ability of the superconductive properties as a function of purity 
and other metallurgical aspects, it is recommended that appropri- 
ate literature be checked to determine the most probable critical 
temperature or critical field of a given alloy. 

A very limited amount of data on critical fields, H , is available 
for these compounds and alloys; these values are given at the end 
of the table. 


A. Superconductors with T « 10 K 


Substance T,K Crystal structure type 
Ар Al 0.34 А12-с158 (Mn) 
Ag Al Zn, ү, 0.15 Cubic 

AgBi, 2.87-3.0 

0.85-0.90 کب و د Ag‏ 

АБЕ 0.0.066 

АБЕО, 0.3 Cubic 

Аб, 95885; 0 6.5-8 

Ag,Ge 0.85 Hex, с.р. 

A8, да! олоо 0.64 D8, 

Ав, ^24 C16 

Ag, Проте (п = 1.4 x 10”)* 1.2-1.89 81 

Ag, ,In,,Te (n = 1.07 x 10) 0,77-1.00 В1 

AgLa 0.94 B2-cP2 (CsCl) 
AgLa (9.5 kbar) 1.2 B2 

AgLu 0.33 B2-cP2 
AgMo,S, 9.1 hR15 (Mo,PbS,) 
Ag, ,Mo,Se, 5.9 Same 


Substance T,K Crystal structure type 
AgNO, 1.04 Cubic 

Ag Pb, . 7.2 max. 

Ag Sn 0.1 ht* 

Ag Sn, , 1.5-3.7 

Ag Sn, . (film) 2.0-3.8 

AgTe, 2.6 Cubic 

AgTh 22 С16-:12 (А Са) 
AgTh, 2.26 C16 

А os Tos, 2.67 

Ag, 11 2.32 

AgY 0.33 B2-cP2 (CsCl) 

Ag Zn,. 0.5-0.845 

AlAu, 0.4–0.7 Like A13 

ALAu 0.1 С1-сЕ12 (CaF,) 
А,СМо, 9.8-10.2 A13+trace 2nd. phase 
AlCaSi 5.8 

Al, Cross Уові 1 46 Cubic 

AlGe, 1.75 
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Substance 
Al,Ge,U 
AlLa, 

А La 
AlLu 

Al Mg, 
AIMo, 
AlMo Pd 
АМ 
ALNNb, 
ALNb 
AlOs 
ALOs 
А1РЬ (film) 
АБР 
Al,Re,, 
AISb 
لھ‎ Sc 
ALSi,U 
AITh, 
ALTh 
ALTi V 


"٢ل‏ د 
АЂУ‏ 
AlYb‏ 
AlZn,.‏ 
AlZr,‏ 
AsBiPb‏ 
AsBiPbSb‏ 
AsHfOs‏ 
AsHfRu‏ 


As, ,,InTe 


lay 


0.67 


Ав Па, 

AsNb, 

As, Ч Pd, 
AsNi, Ра 75 
AsOsZr 

AsPb 


AsPd, (low-temp. phase) 
AsPd, (high-temp. phase) 


Азра, 
As, Pd, 
AsRh 
AsRh 


14-1.6 


AsSn 


AsSn (п = 2.14 x 1022) 


As ,Sn , 


As,Sn, (n = 0.56 x 10”) 


AsV, 
Ац,Ва 
AuBe 
Au,Bi 
Ам Са 
AuGa, 
AuGa 
کت بد‎ 
Auln, 
Аш 
AuLu 
AuNb, 


0.60—0.08 


(n = 1.24 x10?) 
As, Те (n = 0.97 x 102) 


0.58 

2.1 

1.55 

1.3 

0.64 

0.39 

5.90 

1.2-7 

0.48—0.55 

3.35 

2.8 

1.02 

1.34 

0.1 

0.75 

2.05—3.62 

1.82 

0.35 

0.94 

0.5-0.845 

0.73 

9.0 

9.0 

32 

4.9 

0.85-1.15 

0.44—0.62 

0.6 

0.3 

1.39 

1.6 

8.0 

8.4 

0.60 

1.70 

0.46 

1.9 

0.58 

« 0.03-0.56 

4.10 

3.41—3.65 

3.5-3.6; 
1.21–1.17 

1.16–1.19 

0.20 

0.4–0.7 

2.64 

1.80 

0.34—0.38 

1.6 

1.2 

<0.32-1.63 

0.2 

0.4-0.6 

<0.35 

12 


Crystal structure type 
LI,-cP4 (Си Ач) 

DO,, 

C15 

C15-cF24 (Cu,Mg) 
F.C.C. 

A15 


B4 
A13 

tI8 (ALTi) 
B2 


С1 

А12 

84-04 (Sn) 
C15-cF24 (Cu,Mg) 
11 -cP4 (Си Au) 
C16-t12 (А Са) 
рО, 

Cubic 

Cubic 

С15-сЕ24 (Cu,Mg) 
11 -сР4 (Cu,Au) 


LI 


2 


C22-hP9 (Ее,Р) 
same 

87 

Bl 

с128 (Th,P,) 
L1,-tP32 

C2 

B8,-hP4 (NiAs) 
C22-hP9 (Fe,P) 


Hexagonal 
C22 
Complex 


B31 
Hexagonal 


ВІ 


Rhombohedral 
A15-cP8 (Cr,Si) 
D2, 

B20 

C15 

C15, 

C1-cF12 (CaF,) 
B31 

Complex 
С1-сЕ12 
Complex 

B2 

A2 


Substance 


AuPb, 

AuPb, (film) 
AuPb, 

AuPb, (film) 
Au,Pb 

AuSb, 

AuSn 

Au Sn, . (film) 
Au,Sn 

AuTa,, 
Au,Te, 

AuTh, 

AuTl 

Ачу, 
AuZn,. 
AuZn, 
AuZr, 
AuZr, 
В,Ва Pt, 
BCMo, 
BCMo, 
B,Cay ç 
В,Егіг, 
B,ErRh, 
B,ErRh, 
BHf 
B,Holr, 
B,HoRh, 
Вга 
B.Ir Th 
B,Ir,Tm 
B La 
B,LaRh, 
B,,Lu 
B,LuOs 
B,LuOs, 
B,LuRh, 
B,LuRu 
B,LuRu, 
BMo 


Pt, 


T,K 
3.15 
4.3 
4.40 
4.25 
1.18; 6-7 
0.58 
1.25 
2.0–3.8 
0.7—1.1 
0.55 
1.62 
3.08 
1.92 
0.74 
0.50—0.845 
1.21 
1.7-2.8 
0.92 
5.60 
5.4 
5.3-7.0 
1.57 
21 
4.3 
8.7 
31 
2.0 
1.4 
1.65 
2.09 
1.6 
5.7 
2.82 
0.48 
2.66 
4.62 
6.2 
9.86 
2.0 
0.5 
(extrapol.) 
4.74 
8.25 
5.3 
1.34 
2.22 
2.78 
2.80; 4.6 
8.38 
2.7 
4.3 
9.8 
5.4 
2.58 
7.2 
1.79 
2.85 
7.80 
1.4 
0.39 
4.0 


12-59 


Crystal structure type 


A3 

A15-cP8 (Cr,Si) 
Cubic 

C16 


A15 


Cubic 

A3 

A15 

hP12 (B,BaPt,) 
Orthorhombic 
Same 

hP12 

tP18 (B,CeCo,) 
оС108 (B,LuRh,) 
tP18 (В,СеСо,) 
Cubic 

tP18 

oC108 

hP6 (СаСи,) 
Same 

tP18 


hP6 


oP16 (B,LuRu) 
hP6 

oC108 

oP16 

tI72 (B,LuRu,) 


C16 

B, 
tP18 
оР16 
оР16 


hP12 (B,BaPt.) 


172 
tP18 
Same 
Same 
oC108 
D10, 
172 
hP6 
Same 
oP16 
172 


B 


f 


12-60 


Substance 
BTa 


2 
B,Th 
BW, 
B.Y 
Ву 
BZr 
B,,Zr 
BaBi, 

Ва,Мо,,5е,; 
Ва 0,57 Ті (n = 4.2 х10!” 
Ва ОМ 


014753 
Ba, ,O,W 
BaRh, 
Ве„Мо 
Ве МБ, 27, 
Ве, Ке 
Ве, Re, s 
ВеТс 
Be, W 
Be,W 
Ві,Са 
Bi, Са, бр Пола 

(weight fractions) 

BiCo 

Bi,Cs 

Bi Cu, ‚ (electrodeposited) 
BiCu 

Bi,Fe 


Bi 


(quenched) 


0.02-0.08 


murs 


Bi, 0511,55 
Ві, In,,, 


Bi In 


015-030 0.85-0.70 
Ві, ода 06-2 

Bi In, 

Biln, 

Bi,Ir 

Bi,Ir (quenched) 

Bik 

BiK 

BiLi 

Bi, „Ме 

Bi,Mo 

BiNa 

BiNb, 

BiNb, (high pressure and 
temperature) 

BiNi 

Bi,Ni 

BiNi, „ВВ, ; 

Bi, NiSb,. 

Bi, Pb, 

Bi, Pb, , (film) 

Ві, о олоРРооѕ-ово 

Bi,Pb 
BiPbSb 

Bi, РЬ, 191, 
fractions) 
Bi, Pb, Sn, 
віра, 

Bi, د‎ 

BiPd 


(weight 


0.19 


TK 
3.12 
0.74 

3.1 
6.5-7.1 
4.7 

3.4 

5.82 
5.69 
2.75 
<0.1-0.55 
19 
<1.25–2.2 
6.0 

2.51 

5.2 
9.5-9.75 
9.62 
521 
4.12 

41 

2.0 

82 


0.42—0.49 
4.75 

2.2 
1.33-1.40 
1.0 

3.86 

4.65 

5.05 
5.3-5.4 
4.0-41 
41 

5.65 
17-2.3 
3.0-3.96 
3.6 

3.58 

2.47 
0.7–~1.0 
3-7 
2.25 

4.5 


3.05 

4.25 

4.06 

3.0 

2.0 
7.26–9.14 
7.25—8.67 
7.35-8.4 
4.25 

8.9 


8.5 
8.5 
4.0 
3.7-4 
3.7 


Crystal structure type 
C16-t112 (АЈ Си) 


С16 


Cubic 


Tetragonal 
hP15 (Mo,PbS,) 


Tetragonal 
Hexagonal 
C15 

Cubic (Be, Re) 


Cubic 

Cubic (Be, Ке) 
Cubic 

Cubic (Be, Re) 
Tetragonal 


C15 


a-phase 
Same 
a- and B-phases 


B-phase 


C15 
L1,, a-phase 


L1, 
А15-сР8 (Cr,Si) 


A15 

B8, 
Orthorhombic 
B8,-hP4 (AsNi) 
Same 


H.C.P. to £-phase 
سی‎ 


Hexagonal, ordered 
Orthorhombic 


Substance 
Bi,Pd 
Bi,Pd 

Віра „РЕ, 
BiPdSe 
BiPdTe 
BiPt 

Bi, ,PtSb,, 
BiPtSe 
BiPtTe 
Bi,Pt 
Bi,Rb 
BiRe, 
BiRh 
Bi,Rh 
Bi,Rh 
BiRu 

Bi,Sn 

BiSn 


5 


СНЕ, ,,Ta,, о 
CK (excess K) 
СК 

С.Га 

C,Lu 
Содо-омМ9ово-озв 
С,МоКе 

C, Mo, Si, 
СМо Та, , 
СМо,5Та,; 
СМо Та, 5 
СМо Та, 
СМо,,; 
CMo,V,. 
CMo Zr, . 
C, S, Nb 
CNb, 
CNb,Ti, . 
CNb Zr, 


0.1-0.9 0.9-0.1 


Tasis 


Properties of Superconductors 


TK 
1.70 
4.25 
3.7 

1.0 

1.2 
1.21 
2.05; 1.5 
1.45 
1.15 
0.155 
4.25 
1.9-2.2 
2.06 
3.2 

2.7 

5.7 
3.6-3.8 
3.8 
3.85-4.18 
5.62 
0.75-1.0 
6.4 

44 
4.15 
2.25 
0.8-0.9 
1.51 
24-28 
7.1 

71 
0.020-0.135 
1.30 
37-41 
34 

5.5 

6.6 

6.1 

4.5 

4.8 

5.6 

7.0 

7.8 
5.0-9.0 
0.55 
0.39 
1.66 
3.33 
9-13 
3.8 

7.6 

7.5 

77 

8.5 

87 

8.9 
29-93 
9.8 

9.8 

9.1 
<42-88 
42-84 


Crystal structure type 


Monoclinic, a-phase 
Tetragonal, B-phase 
B8,-hP4 (NiAs) 

C2 


B8,-hP4 (NiAs) 
C2 

C2 

Hexagonal 

C15 


B8, 
Orthorhombic (NiB,) 
Hexagonal 


же 


т 


11 


Cubic, disordered 
L1, ordered (?) 


hP15 (Mo PbS) 
Same 
Hexagonal 
DO,,-oP 16 (Fe,C) 
Hexagonal 

Bl 

Bl 

Bl 

Bl 

Bl 

Bl 

Bl 

Bl 

Bl 

Bl 

Hexagonal 
Hexagonal 

16 (CaC,) 
Same 


В1-сЕ8 


8 


Properties of Superconductors 


Substance 
CRb (Au) 


C, ,,7 Та 


Сома 0987 
СТа (film) 
2 

CTa Ti, 
Cta, „М 


1-04 0-0.6 
Ста, هوه‎ 
СТс (excess С) 
СТі,; رل‎ оз 


CW 


CY 
Ca,Co,Sn,, 
Ca,Ge,,Rh, 
CaHg 
CaHg, 
Calr, 
Ca,Ir,Sn,, 


Ca О,5г, Ti (п = 3.7-11 x 


1 019) 
Ca,,O,W 
CaPb 
CaRh, 

CaRh, Sn, ; 
Сатћ, 

Са, з ,,Hg,; оз 
CdHg 

Cd 
Cd, 
CdSn 
Cd, Tl, 

Cd, Tl, 
CeCo, 

CeCo, Мі, 
CeCo, „К, зз 
Се Gd, Ru, 
Celr, 

Сету, 

Ce, oosLa 205 

Ce La, 

Ce Pr Ru, 

Ce Pt, 

CeRu, 
Се,Мо;5е, 
Се,Мо Те, 

Co Ре, Si, 
CoHf, 

CoLa, 
Co,La,Sn,, 
CoLu, 

Co LuSn, 

Co, о Mo, Ве, 
Со, о Nb,Rh 
Со Ni, Si, 

Со, ВВ, 551 


0572 


Co,Rh, Si 


1х7 2 
Co 50 4, 


Pb, s 


90075-005 10.9925-055 


0.98-0.90 


T,K 
0.023-0.151 
5.0 

2.00 

9.7 
2.04-9.7 
5.09 
3.26 

4.8 
8.5-10.5 
4.6-8.3 
3.85 
67-21 
10 

2.74 

5.2 

3.88 

5.9 

24 

16 

16 

6.15 

7.1 
<0.1–0.55 


1.4-3.4 
7.0 

6.40 

8.7 

2.0 
1.70-1.92 
1.77; 2.15 
3.24—3.36 
4.2 

3.65 

2.3 

2.54 

0.84 

0.46 

0.47 
3.2-5.2 
3.34 

1.82 

4.6 
1.3-6.3 
1.4-5.3 
0.7-1.55 
6.0 

5.7 

17 

1.4 (max.) 
0.56 

4.28 

2.8 

~0.35 

1.5 

2-10 
2.28-1.90 
1.4 (тах.) 
25 

3.65 (тах.) 
~0.35 


Crystal structure type 


Hexagonal 


hP2 (CW) 


3 


EC.C. 

16 (CaC,) 

cP40 (Pr,Rh,Sn,,) 
Same 

B2-cP2 (CsCl) 
hP8 (Ni,Sn) 

C15 

cP40 


Hexagonal 


C15 
cP40 
B2-cP2 


Tetragonal 
Tetragonal 


C15 
C15 
C15 
C15 


C15 


C15 

hR15 (Mo,PbS,) 
Same 

Cl 


Substance 
Co,Sc,Si,, 
CoSi, 
Co,Sn Yb 
Co, Th, 
Со, 
Со, 
CoTi, 
CoTi 


Cr, Ш 


0.65 0.35 


Cr, Ir 


07 03 


Cr, ов 
Cr Ir 
Cr, , МБ 


0-01 1-09 


Cr, OS, 
Cr,Os 
CrRe,. 

Cr, Re, 

Cr ов обо ол 
Cr,Rh 

Cr,Ru (annealed) 
Cr,Ru 

Cr Ru, 

Ru,‏ سا 
Cr Ti, .‏ 

Cr Ti, . 

Cr, Tis, Vos 
Сү, Ч, 


0.0175 ~ 0.9825 


Св, ОУ 

Cu, نل‎ s5 (film) 
Cu,,, دن‎ os; 
CuLa 
Cu,Mo,O,S, 
Cu,Mo,Se, 
Cupb,. 

CuS 

CuS, 

CuSSe 

CuSe, 

CuSeTe 


Си Sn, , 


Си Sn, , (film, made at 10K) 
Cu, Sn, , (film, made at 300K) 


CuTe, 
CuTh, 
Cu, оо 
CuY 
CuZn,. 
DyMo,S, 

Er Га, 
ЕгМо;5, 
ЕгМо;5е, 
Fe,Lu,Si, 

Ее Mo, Ке, 


0-0.04 


Fe Ni, Zr, 


у 


Т,К 

5.0 

1.40, 1.22 
2.5 

1.83 

2.8 (тах.) 
3.8 (тах.) 


2.02 
2.10 
0.34-1.65 
3.6 (тах.) 
4.2 (тах.) 


1.48-1.53 
1.5-2.0 
2.3-2.43 
1.6-2.0 
3.2-3.7 
3.6-7 
2.8-3.7 
«1.25-1.3 
3.49 
3.9-5.3 
0.33 
0.5-0.845 
2.1 
1.4-6.3 
2.2 

6.2 

6.1 

1-10 
“3.9 


12-61 


Crystal structure type 


tP38 (Co,Sc,Si,,) 
Cl 

cP40 

D10, 

Co in a-Ti 

Co in В-Ті 

E9, 

A2 

B2, distorted 


c 


A2 
Cubic 
A15-cP8 (Cr,Si) 


D8, 

A3 

А15-сР8 

А15 

р8, 

D8,-tP30 (CrFe) 
A3 

Cr in a-Ti 


Cr in В-Ті 


B-phase 
Hexagonal 


hR15 ) PbS) 
Same 


B18 
C18 
C18 
C18 
C18 


C18 

C16 

A2 

B2-cP2 (CsCl) 


hR15 
hR15 


hR15 
tP40 (Fe Sc, Si.) 


12-62 


Substance 

Fe,Re, 

Ее,5с,51, 

Ее,51,Тт 

Fe Si Y, 

Fe Th, 

Fe Ti, , 

Fei, 

Fe Ti, Vi, 

FeU, 

Zr,‏ د 

Ga, Ge, МЬ, 

Ga,Ge,U 

GaHf, 

GaLa, 

Ga,Lu 

Ga,Mo 

GaMo, 

GaN (black) 

са, 2%, 

GaPt 

GaSb (120kbar, 77K, 
annealed) 

GaSb (unannealed) 

Ga, |5п, , (quenched) 

Ga, |5п, , (annealed) 

GaTe 


Gd Ru,Th, . 
Ge, As, Y. 
Gelr 
GelrLa 

се Ir,Lu, 
Ge, Ir Y 


10 4 5 


села 


GeLaPt 

Ge,,Lu,Os, 
Ge, Lu,Rh, 
Ge,,Lu,Ru, 


GeTa, 
Ge,Te, (n = 1.06 x 10”) 
Ge Те, (п = 8.5-64 x 10%) 


T,K 
6.55 

4.52 

1.3 

2.4 

1.86 

3.2 (тпах.) 
3.7 (тах.) 
6.8 (тах.) 
3.86 

1.0 

7.3 

0.87 

0.21 

5.84 

2.3 

9.5 

0.76 

5.85 

2.9 

1.74 

4.24 


~5.9 
3.47—4.18 
2.6–3.85 
0.17 

3.55 

9.15 

1.38 

3.8 

< 1.0-5.5 
3.5 

5.6 
14-47 
3.6 (тах.) 
9.06 

4.7 

1.64 

2.60 

2.62 

1.49; 2.2 


0.96 

1.9 

1.35 

1.7 

1.3 

8.0 
1.55-1.80 
0.07-0.41 


Crystal structure type 
D8,-tP30 (FeCr) 

{240 

бате 

бате 

D10 

Fe in a-Ti 

Fe in B-Ti 


D2, 
A3 

А15 

B2-cP2 

С16-4112 (А Са) 


B2-cP2 


A15 
B4 
C1 
B20 
A5 


mC24 (GaTe) 
Tetragonal (Mn,Hg,) 


D8,-hP16 (Mn,Si,) 


hR15 
hR15 


C15 

tP38 (CO,Sc,Si,,) 
B31 

012 (LaPtSi) 
tP38 

tP38 


Orthorhombic, 
distorted 


(Mn,Hg,) 

912 

cP40 (Pr,Rh,Sn,,) 
tP38 

cP40 
А15 


А15 

B31 

Orthorhombic, related 
to InNi, 

B31-oP8 (MnP) 

c P40 

tP38 

cP40 


A15-cP8 (Cr,Si) 
Rhombohedral 
R1 


Substance 
GeV. 


8 
Ge,Y 
Се, 
Ge,Zr 
GeZr, 

Nb, ç‏ د 
Н.М,‏ 
HyosNBy 55‏ 
H, „Та, вв‏ 


Но Та, о 


НЕ 


لو 


0–0.55 1–0.45 


Ho, ,Mo,Se, 

In, ,4,Mg, ола 

Іп,Мо, Те, 

InNb, (high pressure and 
temp.) 


In, Nb,Zr, ; 

In, ,O,W 

Іа 095 оз Әө5-ө. 15 
ІП, оә1РРоо оо 
InPb 

InPd 


InSb (quenched from 170 
kbar into liquid N,) 

InSb 

(InSb),,. о10911,05-09 

(various heat treatments) 

(InSb), 0,90, 093 

In,Sn 


In Sn, 


Properties of Superconductors 


T,K 
6.01 

3.80 

24 

0.30 

0.4 

7.28 

7.38 

7.83 

2.81 

3.26 

3.62 

3.50 

0.05 

6.6 
8.3-9.5 

> 4.2 
2.69 

6.1 

9.9 

4.80 

5.86 
0.85-1.51 
4.4—6.5 
8.9–9.6 
3.14—4.55 
3.81 

1.20 

3.18 

3.27 

3.42 

17 

0.17 

4.0 

0.48 

1.62 

3.05 
4.14—7.26 
4.2 
2.30-4.19 
3.86 
1.3-6.3 
6.1 
3.395-3.363 
2.6 

4—8; 9.2 


6.4 

< 1.25-2.8 
3.6-5.05 
3.45-4.2 
6.65 

0.7 

4.8 


2.1 
3.8-5.1 


3.67-3.74 
~5.5 
3.4-7.3 


Crystal structure type 

A15 

C, 

oC12 (ZrSi,) 
L1,-tP32 (Тір) 
B.C.C. 

Same 

Same 

B.C.C. 

Same 

Same 

C37-cP12 (Со,5і) 
hP24 (Ni,Mn) 
B1 

A2 


C14 

C22-hP9 (Fe,P) 
Same 

C14 

A12 


A2 


C15 


Orthorhombic 


Hexagonal 

hP8 (Na,As) 

16 (MoSi,) 
D8,-hP16 (Mn,Si,) 
Hexagonal 


D10,-hR12 (Be Nb) 


hR15 (Mo PbS.) 
А15 


Hexagonal 


B2 
Like A5 


B4 


Properties of Superconductors 


Substance 


In, „_ Те (n = 0.83-1.71 x 


0.82-1 


1022) 


In, бо Ге 002 


In,Te, (n = 47 x 102) 


In TL, 


0.62 0.38 


In, . TI 


0.78–0.69 022-01 


In, ово озі өзе 
Ir,La 

Ir,La 

Ir,La, 

Га 

IrLaSi, 
IrLaSi, 

Ir,Lu 

Ir,Lu 
Ir,Lu,Si,, 
IrMo 

IrMo, 

IrMo, 

IrNb, 

Ir, Nb. 

Ir, Nb, 
IrNb 

Ir, Nb, s 
По Nb,Rh,,, 
Ir, Nb,Rh, ,. 
Ir لاي‎ „Ti 


0.287 0147 3 


Tio‏ يی یا 
Ir Os,.‏ 
Tr, Os,‏ 
IrOsY‏ 
IrSiY‏ 
IrSiZr‏ 
Ir,Sc‏ 

Ir, Sc 
Ir,Sc,Si,, 
Ir,Si,Th 
Irsi,Th 
IrSiTh 
Ir,Si,Y 
Ir,Si, Y 


4" 10 5 
Ir Si Y, 
IrSn, 
Ir,Sr 
Ir,Ta,, 
Ir, Te, 
IrTe, 
IrTh 
Ir,Th 
Ir,Th 
Ir,Th, 
Ir,Th 
IrTi, 


5 


Ir WM ог 
Ir,Y 
Ir, لا‎ 


0.69 “0.31 


Ir Y. 


0.70 0.30 


TK 
1.02-3.45 


3.5-3.7 
1.15-1.25 
2.7-3.374 
3.223 
2.760 
3.18-3.32 
2.98-3.3 
0.48 

2.32 

2.24 

2.13 

2.03 

2.7 

2.47 

2.89 

3.9 

«1.0 

9.6 

6.8 

1.9 

9.8 

2.32 

7.9 

4.6 

2.43 

2.38 

5.5 

2.30 
0.3-0.98 
2.4 

2.6 

2.70 

2.04 

2.07 

2.46 

8.46 

2.14 

1.75 

6.50 

2.60 

3.10 

2.83 
0.65—0.78 
5.70 

1.2 

-3 

1.18 

« 0.37 
6.50 

4.71 

1.52 

3.93 

5.40 

1.39 

3.82 

4.49 
2.18; 1.38 
1.98; 1.44 
2.16 


Crystal structure type 


81 


B1 
Rhombohedral 


Tetragonal 
EC.C. 
C15 


оС16 (CeNiSi,) 
10 (BaNiSn,) 
C15 

C15 

tP38 (Co,Sc,Si,,) 
A3 


oP 12 (IrTa) 
А15 


С15 

С37-оР12 (Co,Si) 
Same 

C15 

C15 

tP38 

910 

110 

012 (LaPtSi) 
#10 (Al4Ba) 
1РЗ8 

0140 

C1 

C15 

D8,-tP30 (FeCr) 


C15 


Substance 
Ir,Y, 

Ir,Y 

ПУ, 
Ir,Zr 

Ir, Zr, 
К,Мо,,5 


15719 


К ом 


0.27-0.31 7 3 


LaPtSi 
LaRh, 
LaRh, 

La Rh, 
LaRhSi, 

La Rh Si, 
LaRhSi, 
LaRh,Si, 
LaRu, 

La S, 
La,Se, 
LaSi, 
LaY,, 
LaZn 
Li,Mo,S, 
LiPb 

LuOs, 

Lu, Rh, 
LuRh, 
Lu,Rh,Si,, 
LuRu, 

Mg, ,Mo, S 
Mg2Nb 

Mg голт оз 
MgZn 
Мал, 
Мал, 
MnU, 
Мом 

Мо Ма,5, 
Мо М, 
Mo, МЫ, 
Mo,NdSa, 
Mo,Os 
Мо, Cs, 35 
Мо,Р 

Mo Pb, „Se, 
Mo, Ра 5 
MojPrSe, 
MoRe 
MoRe, 

Mo Re, , 
Mo, د‎ 
MoRh 
Mo,Rh, . 


8 


Se, 


T,K 
1.61 
3.50 
0.3-3.7 
4.10 
5.5 
3.32 
0.50 
1.5 

2.2 

3.4 
1.05 
7.1 
1.35 
6.5 
0.46 
0.54 
3.48 
2.60 
1.62 
2.58 
3.42 
4.45 

2.7 
3.90 
1.63 
6.5 

8.6 

2.3 
1.7-5.4 
1.04 
4.2 

7.2 
3.49 
1.27 
0.49 
3.95 
0.86 
3.5 

5.6 
2.75 
0.9 

2.3 (max.) 
1.1-3.0 
2.32 
5.0 

8.6 
0.016–9.2 
6.2 

8.2 

7.2 
5.65 
5.31 
6.75 
3.52 
9.2 

7.8 
9.25; 9.89 
1.2-12.2 
6.35 
1.97 
1.5-8.2 


12-63 


Crystal structure type 


D10,-hR13 (Be МБ) 


С15 

АЗ 

hR15 

Hexagonal 
Tetragonal 
Hexagonal, La type 
Same 

C15 

hR15 


C15 
C15 
C15 
t112 


D10, 
оС16 (CeNiSi,) 
0140 (Co,Si,U,) 
110 (BaNiSn,) 
110 (Al Ba) 


C15 


tP38 (Со,50,51,) 
C14 
hR15 


B2 

A3-oP4 (AuCd) 
Mn in -Ti 

Mn in -Ti 

D2, 

EC.C. 

hR15 


hR15 
hR15 


DO, 
hR15 

A3 

hR15 
D8,-tP30 
A12 


12-64 


Substance 


MoRu 

Mo, 6, Ruy 39 
Mo, „Ви, , 
Mo,Ru, 
Mo,Ru,Te, 
Мо,5, 
Мо,5,5с 
MojS,Sm, , 
Мо,5,ТЬ 
Мо,5,11 
Mo,S,Tm, , 
Mo,S,Y,, 
Mo S,Yb 
Мо S, Zn, 
Mo,Sb, 
Mo,Se, 
Mo,Se,Sm, , 
Mo;Se,Sn, , 
Мо,5е,ТЬ 
Мо,5е,ТІ 
MojSe,Tm, , 
Мо,5е,УЬ 
Мод 
MoSi,, 

Mo SiV, 
Mo, „Та Теа 
Mo,Te, 

Mo, 16 ома 
Mo, Ti, ов 
Мо „Ті, 
Мо, ll; 975 
Мо), 

Mo V, 
Mo,Zr 
NNb (film) 
N.O Ti, 
МОМ, 

М оме 

МТа (film) 
د‎ ов Ті 

М 032-099 V 
NZr 
N оов ов 
Ма 95-3503 7 
Ма "بو‎ 
МБО 
NbOs, 
Nb,Os 

N b, Ова 


Nb,Os Rh 


0.02-0.10 0.98-0.90 


Nb,Pd,,, i Rh, 


90 59 لل دوه 
Nb‏ 


02 Ptoss 
Nb,Pt, 

N БРЕ оз ов 
NbRe, 

N boss ois о ово 


NbRe 
NbReSi 


Rh, 


0.98-0.02 


T,K 
9.5-10.5 
7.18 

1.66 

7.0 

17 

1.85 

3.6 

2.9 

2.0 

87 

24 

3.0 

92 

3.6 

2.1 

6.3 

6.8 

6.8 

5.7 

4.0 

6.3 

6.2 

1.30 

1.34 
4.54-16.0 
17 

17 

4.18; 4.25 
2.95 

2.0 

1.8 
0.7-2.1 
0-3 
4.25-4.75 
6-9 
2.9-5.6 
5.8-8.2 
4-5 

4.84 
<1.17–5.8 
2.9-7.9 
9.8 
3.0-9.5 
0.56 

72 

1.25 

2.52 

1.05 

1.89; 1.78 
2.42-2.30 
18 

4.08 

1.60 
2.49-2.55 
421 

3.73 
2.52-9.6 
5.27 
2.43-9.70 
38 

541 


Crystal structure type 
A3 


A3 
D8,-tP30 
hR15 
hR15 
hR15 
hR15 
hR15 
hR15 
hR15 
hR15 
hR15 
hR15 


hR15 
hR15 
hR15 
hR15 
ҺР14 
hR15 
hR15 
A15 


A15 
hR15 
hR15 


Cubic 


C15 
81 
Cubic 
Cubic 
EC.C. 
81 

81 

ВІ 

ВІ 

ВІ 
Tetragonal 


A15 

L1,tP32 (Тір) 
С37-оР12 (Co,Si) 
D8, plus cubic 
A15 


A15 
D8,-tP30 (FeCr) 
А15 

D8,-tP30 

0136 (FeTiSi) 


Substance 

Nb,Rh 

N b, Rhy so 

N b, Rh, | 

N b,Rh,,, осо Чоо оло 
Nb Ru, , 

NbRuSi 


Nb,Sb 

N b,Sb, Sn, , 
NbSe, 

Nb, ,,,Se, 
Nb,Se, 
Nb,Si 
Nb,SiSnV, 
NbSn, 
МЬ,5п, 
NbSnTaV 
NbSnV, 
Nb,SnV 

Nb Ta, 

Nb, Te, 

Nb Ti, 

N Бе а 
Nb U 


х“1х 


ND, а, 


0.88 2 


МБ, „У, .Zr 


L5‏ یلا 

Ni, ,Th,,, 

NiZr, 

Ni, ,Zt,, 

ОБЬ, о 

О5п 

O,SrTi (п = 1.7-12.0 x 108) 
O,SrTi (n = 1018—1021) 
O,SrTi (n = 1079) 

О,5г, W 

OTi 

O,T] W 

OV Zr, 

OW, (film) 

OsPti 

OsPZr 

OsReY 

Ов,5с 

OsTa 

Os,Th, 

Os W,. 

OsW, 
Os,Y 
Os,Zr 
Os Zr, . 
PPb 


0.3 


PPd,, 5. 
P Pd. (high temperature) 
P Pd. (low temperature) 


PRh 


Properties of Superconductors 


T,K 
2.64 

4.21 

3.07 
2.42-2.44 
12-48 
2.65 
61-63 
5.0-5.5 


0.2 
6.8-18 
5.15-5.62 
2.2-7.0 
2.0 

1.5 

4.0 

2.60 

2.8 

6.2 

5.5 

9.8 
4.4—9.2 
1.8 
0.6–9.8 
9.8 

1.95 (тах.) 
5.7 

4.3 

1.98 
1.52 

1.5 

1.98 
3.81 
0.12-0.37 
0.05-0.47 
0.47 

2-4 

0.58 
2.0-2.14 
7.5 

3.35; 1.1 
12 

7.4 

2.0 

4.6 

1.95 

1.51 
0.9—4.1 
~3 

4.7 

3.0 
1.5-5.6 
7.8 

3.81 
<0.35-0.7 
1.0 

0.70 

1.22 

1.3 

1.22 
4.41 


Crystal structure type 
A15 

D8, plus other 
A3-oP4 (AuCd) 

A15 


oI36 
Hexagonal, NbSe, type 
Hexagonal, three-layer 
type 
L1 -tP32 (Ti,P) 
A15 
Hexagonal 
Same 
hP14 
L1, 
Orthorhombic 
0144 (Sn,Ti,) 
А15 
А15 
А15 
А2 
ҺР14 


А2 

C15-hP12 (MgZn,) 
D10, 

A3 

Hexagonal 

tP4 (PbO) 


Hexagonal 
Hexagonal 


A15 

C22-hP9 (Fe,P) 
Same 

C14 


D8,-tP30 (FeCr) 
D 0 
Rhombohedral 
Complex 


C1 
oP28 (СаҒе,О,) 
С37-оР12 (Со,5і) 


Properties of Superconductors 


Substance 

PRhZr 

PRuli 

PRuZr 

PW, 

Pb,Pd 

Pb,Pt 

Pb,Rh 

PbSb 

PbTe (plus 0.1 w/o Pb) 
PbTe (plus 0.1 w/o Te) 
PbTI, a 


Pd, Ru, Гоо 
Pd, ,5 (quenched) 
PdSb, 

PdSb 

PdSbSe 

PdSbTe 

Ра,5е 

Pd, „Se 

Pd, Se 

Pd Se, 

PdSi 

PdSn 

PdSn, 

Pd,Sn 

Pd,Sn 

Pd,SnTm 

Pd,SnY 

Pd,SnYb 

PdTe 

PdTe, 02-1.08 

PdTe, 

PdTe,, 

PdTe,, 

Pd, Те 

Pd Te 

PdTh, 

Pd, Zr, 

PtSb 
PtSi 
PtSn 
PtSn, 
Pt,Ta 
PtTa, 
PtTe 
PtTh 
Pt,Th 
РЕТЋ 
PtTi, 
Pty Оов 
PtV,, 
PtV. 


3 


7 


7 


T,K 
1.55 

1.3 

3.46 
2.26 
2.95 
2.80 
2.66 

6.6 

5.19 
5.24—5.27 
6.43 

6.73 

6.88 

6.98 
7.06 
7.20—3.68 
3.75-4.1 
4.60 
0.76 

1.65 

~9 

1.63 
1.25 

1.5 

1.0 

1.2 

0.42 
0.66 

2.3 

2.5 (тах.) 
0.93 

0.41 
3.34 
0.41 
0.47—0.64 
1.77 
4.92 
1.79 

2.3; 3.85 
2.56-1.88 
1.69 
1.89 
1.85 
4.07 
0.76 
0.85 

7.5 

2.1 

0.88 
0.37 
2.38 

1.5 

0.4 

0.59 
0.44 
0.98 
3.13 
0.58 
0.87 
1.36 
2.87-3.20 


Crystal structure type 


Same 

C22-hP9 (Fe,P) 
C37-0P12 

DO, 

C16 

Related to C16 


C16 


C2 
Tetragonal 
Like Pd,Te 


C37 

Вв, 

DO,-cF16 (BiF,) 
Same 

Same 


B31 

B8, 

C16-0C20 (Ра5п,) 
D8,-tP30 
A15-cP8 (Cr,Si) 
Orthorhombic 


Substance 


ReSiTa 
Re,Si,Y, 
Re,Ta, 

Re, 6418 56 
Re,Ta 

Ке, Ti, 

Re Ti. 

Ке Vor 
Re,V 

Re ,Voos 
Re Wu 
Re Ws 
Ке W, 
Ке му 
Ке,Ү 
Re,Zr 
Re,Zr 
Re,Zr 

Rh, S, 

ВВ у» 
Rh,Sc,Si,, 
Rh,Sc,Sn,, 
Rh Se, , 
RhSi,Th 
Rh, Sc, , Th 
Rh,Si,Y 
Rh,Si Y, 
Rh,Sn,,Sr, 
Rh Sn Th 
Rh SnTm 
Rh,Sn,.Y, 
Rh,Sr 

Rh, Тарб 
RhTe, 

Rh, Те 


0.67 0.33 


Rh Te, , 


Rh,Y, 

Rh, 22 (annealed) 
Rh, ,4Zr, 055 

Rh, Zr, 

Ки,5с 


Киз Та 


T,K 
1.26 
1.45 
0.4-2.7 
0.90 
1.57; 1.70 
0.82 

3.0 

4.2 

22 

4.4 

1.76 

1.4 

1.46 
6.78 
6.60 

6.6 (max.) 
4.52 
6.26 

6.8 

6.0 

5.12 

5.2 

9.0 

1.83 

5.9 

7.40 
7.40 

5.8 

0.88; 0.92 
8.54 

4.5 

6.0 (max.) 
1.76 
6.45 
3.11 
2.70 

4.3 

1.9 

2.3 

3.2 

6.2 

2.35 
1.51 
0.49 
1.51 (max.) 
0.36 
2.15 
1.07 
2.25-3.95 
0.96 
0.38 
~3.4 
0.65 
1.48 
1.07 
0.56 
0.32 

5.8 
2.1—10.8 
9.0 

1.67 
3.15 


12-65 


Crystal structure type 


A15 
А1 


АЗ 

C15-hP12 (MgZn,) 
A12-cI58 (Mg) 
0136 (FeTiSi) 

tP40 (Ее,5с,51,) 
D8,-tP30 (FeCr) 
A12 

А12-с158 (Mn) 
A12 


D8, 
D8,-tP30 


A3 


D8, 
D8,-tP30 
А12-с158 
С14 

С14 
А12-с158 
Same 


Cubic 


tP38 
cP40 


10 
012 
10 
ol40 
cP40 
cI2 (W) 
cP40 
cP40 
C15 


A3 


C15 
hP20 (Fe,Th.) 
H.C.P. 


C14 
0136 


12-66 


Substance 
Ru,Si,Th 
Ru,Si,Y 

Ru, Sn, Y 
Ru,Th 

RuTi 

Ru, 05 105 

Ru, Ti, 

Ru Ti, V, 

Ru,U | 

Ru sVoss 

Ru W 

Ru,Y 

Ru,Zr 

Ru,,Zr,, 

STh 

SbSn 

SbTa, 

SbTi, 

Sb,Ti, 

ЗБ от oos Voss os 
SbV, 

SeTh 

SiMo, 

Si, Th 

Si, Th 

SiV, Жи; 
Si, W, 

SiZr, 

Sn 
SnTa, 
SnTa, 
SnTaV, 
SnTa,V 


Sn,Te, (n = 10.5-20 х 10%) 


Sn,Th 

SnTi, 

Sn Tl. 

SnV, 

Vos-0943‏ 0057 د 
SnZr,‏ 

Тас оо, ll 975 

Tag 95 115% 

Та 05-075 095-025 
ЕТЕГІН 

Тс үу 


01-04 0.9-0.6 


Tc, М 


0.60 0.40 
Tc Zr 
TeY 
ТАТ, 

Th, |. Y 


0-0.55 © 1-045 
Ti, Vos 
Ti V 


x 1-x 


Ti, Ту. (annealed) 
Ti, Zr, (quenched) 


TLY 
У,2г 

У Тола 
W,Zr 
YZn 


* n denotes current carriers concentration in cm 3. 


0.174—0. 104 18926-0896 


T,K 
3.98 

3.51 

1.3 

3.56 

1.07 

2.5 

3.5 

6.6 (max.) 
0.15 

4.0 

7.5 

1.52 

1.84 

5.7 

0.5 
1.30-1.42 
0.72 

5.8 

5.2 
3.76–2.63 
0.80 

17 

1.4 

3.2 

2.4 

2.9 

2.8; 2.84 
0.5 

6.5-« 4.2 
8.35 

6.2 

2.8 

3.7 
0.07—0.22 
3.33 

5.80 
2.37-5.2 
3.8 
2.87--1.6 
0.92 

13 

2.9 
4.30-2.65 
12-44 
1.25-7.18 
7.52 

7.88 

9.7 

1.02 

0.87 
1.2-1.8 
6.14 
0.2-7.5 
1.23 

2.0 

1.52 

8.80 

5.9 

2.16 

0.33 


Crystal structure type 
hP12 

hP12 

cP40 

C15 

B2 


L1,-cP4 
B2 

A3 

C14 

C14 

A3 

B1-cF8 (NaCl) 
ВІ or distorted 
A15-cP8 (Cr,Si) 
Same 


A2 

А15 

B1-cF8 
А15-сР8 

C, a-phase 
C32, B-phase 
A15 


L1,-tP32 (Ti,P) 

A15 

A15, highly ordered 
A15, partially ordered 
A15 

A15 

81 

L1,-cP4 

A15-cP8 


A15 

A2 

A15-cP8 

Hexagonal 

Hexagonal 

A2 

A2 

Cubic 

а plus 
plus a 

A12 

В1-сЕ8 

L1,-cP4 


Cubic 


L1,-cP4 
C15 


C15 
B2-cP2 (CsCl) 


Properties of Superconductors 


B. Superconductors with Т. > 10K 


Substance 
А,СМо, 
А] ‚Се, МЬ 
Al کی‎ e №, 
АМЬ, 
АМЬ, 
АТА, , 
АТА, , 
А1 Nb М 


0.27 0.73-0.48 1-05 


A1 Nb V 


x 1-х 


Al, Si, V. 


01709 3 


B s C, Моо 
B,LuRh, 
B,LuRu 

ВЕЋУ 

B, Si, V, 

BaBi, ,O,Pb,, 
Ba,CaCu,O,T1, 
Ba,Cu,LaO, 
Ва,Си,О,Тт 
Ва,Сц,О,Ү 
(Ba,La),CuO, 
Bi,CaCu,O,Sr, 
Вг,Мо,5, 

Са 

СМо 

СМо, 

С Mo Nb, , 
СМо Ti, , 
CMo, Ti, y; 

C, ول‎ Ta 
СМЬ (whiskers) 
CNb 

Соз لگ‎ 
СМЬ Та, . 
CNb,, ,,W,, ол 
Cy Si, V, 

CTa 

Ста АЧ 


1-04 0-0.6 


Сов, зҮ 
CY, 

CW 
(Ca,La),CuO, 
Cu(La,Sr),O, 
Cu, MoS, 
Cr, ,SiV,, 
GaNb, 

Са Nb,Sn, , 

3 
саУ,|,; 
семь, 
GeNb, (quenched) 
Ge МЬ,5п, , 
Ge, ,Nb,Sn, , 
Ge, Si, У; 
GeV, 

InLa, 


ТК 
10.0 

12.6 

20.7 

18.0 

12.0 
«4.2-13.5 
12-17.5 
14.5-17.5 
4.4—13.5 
14.05 

11.8 

11.5 
1.1-11.0 
2.53-10.9 
1.5-11.0 
125 

11.7 

10 

11.3 

15.8 

13.2 

120 

80 

101 

90 

36 

110 

13.8 

11.0 

14.3 

12.2 
10.8-12.5 
10.2(max) 
10.2 
10.0-11.3 
7.5-10.5 
11.5 

6-11 
8.2-13.9 
12.5-11.6 
16.4 

10.3 
8.5-10.5 
17 

11.5 

10 

18 

39 

10.8 

11.3 

14.5 
14-18.37 
168 
6.3-14.45 
23.2 
6—17 
17.6–18.0 
11.3 

14.0 

11 

9.83; 10.4 


Crystal structure type 


A13 

A15 

A15 

A15 (Cr,Si) 
(FeCr) 

D$, 


A15 
A15 


A15  (CrSi) 


A15 
A15 
A15 
(B,CeCo,) 
(B,CeCo,) 
А15 


А15 — (КА) 


(Mo,PbS,) 
(C,Pu,) 

Bl (NaCl) 
о" 

Bl 

Bl 

Bl 

Bl 

Bl 

Bl 

А15 

Bl 

Bl 
(C,Pu,) 
(C,Pu,) 

Bl 
(K,NiF,) 
(Mo,PbS,) 

А15 

A15 (Cr,Si) 

А15 

А15 

А15 

А15 

А15 

А15 

А15 

А15 

LI, (AuCu,) 


Properties of Superconductors 12-67 
Substance TK Crystal structure type Substance TK Crystal structure type 
In, ,Nb,Sn, ,, 180-1819 А15 Neu ND, ТЇ 15-8 
InV, 139 A15 Ма ND, asus Zt 12.5-16.35 
Ir, бре 10 (FeCr) М№МЬ , 9.8-13.8 Bl 
LaMo Se, 114 (Mo PbS) N, Nb, То s 13.8 Bl 
LiO,Ti, 137 (A1,MgO)) NTa 12-14 Bl 
MgB, 39.0+0.5 C32 NZr 10.7 Bl 
MoN 12; 14.8 h* Nb,Pt 10.9 А15 
Мо,О8 127 А15 Nb, „ке, 10 (Mn) 
MojPb,,S, . 152 (Mo PbS) Nb, Si 19 А15 
Mo,Re 10.0; 15 А15 Nb,,SiV,., 128 А15 
Моје, . 12-22 Nb,Sn 18.05 A15 
Mo, е, 111 Nb, ,Sn,, 18.18; 185 А15 
Мо, Же), 14.0 Nb Sn, , (film) 2.6-18.5 o* 
Mo , Re, 05 10.6 Nb,Sn, 16.6 t 
MoRu 9.5—10.5 АЗ NbSnTa, 10.8 А15 
Mo,Ru 10.6 A15 Nb,SnTa 16.4 А15 
Mo,Se,T1 12.2 (Mo,PbS,) Nb, .SnTa,. 17.6 А15 
Mo,,SiV,, 117 А15 اظ‎ 178 А15 
Mn,Si 125 А15 Nb, SnTa,, . 6.0-18.0 
Mo,Te 15 А15 Nb,SnTa,.V,. 122 A15 
Мо, Tc,, 12.0 A15 МЬТс, 10.5 А12 
Mo Tc, , 10.8-15.8 МЬ, 27. 10.8 
МотТс, 15.8 Nb, Zr, ., 10.8 
NNb (whiskers) 10-14.5 PbTa, 17 A15 
NNb (diffusion wires) 16.10 RhTa, 10 A15 
N, sss Nb 14.9;173 ВІ RhZr, 108,13 C16 (А1,04) 
№ oss Nb 144-153 81 Rh, Z, oss 2.1-10.8 
ШЭНЭ 113-129 SiTi,,V,, 10.9 А15 
КАО, 13.5-17.0 81 SiV, 17.1 A15 
NNbO, 60-11 БА ДУЛ 132 А15 
TABLE 5. Critical Field Data 

Substance Н (oersteds) Substance H (oersteds) 

Ag,F 2.5 InSb 1100 

Ag, NO, 57 In Tl, 252-284 

ALCMo, 1700 In, Tl, 252 

BaBi, 740 Mg, Тр 220 

ВЕРЕ 10 Mo, Ті, <985 

Bi,Sr 530 NbSn, 620 

Ві ТІ, >400 PbTI, 756 

CdSn »266 PbTI, ,, 796 

Соб, 105 PbTI, ., 849 

Cr, Ti, Vos 1360 PbTI,... 880 

077227 2724-2592 РЕП а 864 
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TABLE 6. High Critical Magnetic-Field Superconductive Compounds and Alloys 


Substance T,K Н. КОе یلا‎ КОе Н» КОе Ty K 
А,СМо, 9.8–10.2 0.091 156 12 
AINb, 0.375 
Ва O,Sr, Ті <0.1-0.55 0.0039 тах. 

Bi, Cd, Pb, , Sn, ,, »24 3.06 
Bi Pb, 735-84 0.122 max. 30 max. 42 
Bi, Pb, 88 15 42 
Bi, swioP Poa вије“ 2.32 
Bi, Pb, 601 0.29 28 
Bi, „РБ, 0.46 0.73 
Bi, ..Pb, 350,16 »25 3.06 
Bi, p950, 007 0-0.032 37 
ВЕТ, 6.4 >5.6 3.35 
C,K (excess К) 0.55 0.160 (H Lc) 0.32 
0.730 (H|c) 0.32 
СК 0.39 0.025 (Н с) 0.32 
0.250 (Н|с) 0.32 
C, Мо, 12.5-13.5 0.087 98.5 12 
CNb 8—10 0.12 16.9 42 
CNb, Тар 10–13.6 019 141 12 
Ста 9-11.4 0.22 4.6 12 
Ca O,Sr, Ті «0.1-0.55 0002-0-4 
Cd, Не» 0.23 0.34 2.04 
(by weight) 
Cd „На, 0.28 0.31 2.16 
Ch Om Vu 5.6 0.071 84.4 0 
GaN 5.85 0.725 42 
Ga Nb, . >28 4.2 
GaSb (annealed) 4.24 2.64 3.5 
GaV, „ 5.3 73° 
GaV, s. 6.3-14.45 230-3004 0 
сау, 0.4 350° 0 
500% 
GaV,. 9.15 121° 0 
НЕМ, >52->102 12 
Hf Ta, 228-586 12 
Hg, РВ 0.235 23 
Hg, „РБ, 023 43 42 
Hg, Pb, ss 6.75 >13 2.93 
In, , Pb, 3.45 0.1 0.12 2.76 
In, Ы... 3.68 0.1 012 0.25 2.94 
In, Pb, 390 0.095 018 0.35 3.12 
In, Pb, ose 42 -10.17 0.55 2.65 
In, ас Pb, 0.155 37 42 
In, „РЬ, 28 5.5 42 
In Те 3.5-3.7 12° 0 
ің Thy 0.263 0.263 33 
In, о 0.257 0.257 325 
In, TI, z 0.242 0.39 321 
In. TL. 0.216 0.50 3.16 
LaN 1.35 0.45 0.76 
La,S, 6.5 015 >25 13 
La Se, 8.6 20.2 >25 1.25 
Мо, „Ве, 111 14-21 22-33 42 
18-28 37-43 13 
Mo, Re, aos 10.6 14-20 20-37 42 
19-26 26-37 13 
Mo, Tiss 75° 0 
Mo, „Ті, 4.18 0.028 98.7: 0 
36-38 3.0 
Могол 2.95 0.060 15 42 
Мо (9) 1.85-2.06 »25 


01-03 0.9-0.7 


Мо, د‎ 30 


Properties of Superconductors 


Substance T,K 
Nas wo ND 152 
NNb (wires) 16.1 
NNb.O,. 13.5-17.0 
NNb Zr, . 9.8-13.8 
МАБ, 71615 13.8 
Na, "بو‎ 
Na, Базы 
Nb 9.15 
Nb 


Nb (unstrained) 

Nb (strained) 

Nb (cold-drawn wire) 
Nb (film) 

NbSc 

Nb,Sn 


Nb 0. 119, 
Nb оз Та 
Nb Ta, Zr, 


0.65-0.73 0.02-0.10' 0.25 


Nb Ti, . 


Nb, „ЧУ 


0.222 7 0.778 


NbZr,. 


O,SrTi 0.43 
O,SrTi 0.33 
PbSb, |, (quenched) 

PbSb, „„(аппеајед) 

PbSb, , ,,, (quenched) 

PbSb (annealed) 


2.8 w/o 


Pb, 5п 


0.871 


Pb, ,..Sn, 


0.965 0.035 


Pb „ТІ 7.20—3.68 


1-0.26 0-0.74 


РЬТ1 6.73 


0.17 
Rey, o, 
Sb, Sn, 
SiV, 17.0 
Sn Te . 


Та (99.95%) 


0.129 


Ta, Nb, 
Ta s Ti 4.4-7.8 


0.65-0' 0.35-1 


Та Ti, 

Te 33 
Тем 5.75-7.88 
ті 

TE uM. 53 


0.75 025 
Ti 


V 4.7 


0.775 0.225 


Ті У 7.07 


0.615 0.385 
ТЇ, 516 وه‎ 720 
Tia М ака 749 
Ti, Voss 
Ti, „У, 


0.09 У 0.91 
Ti 


оов Vosa 


H ,kOe 


ср 


0.19 
0.28 


0.4—1.1 
1.1-1.8 
1.25-1.92 
2.48 


0.170 


0.084 


1.98 


0.0049* 
0.00195* 


0.45 
0.53 


0.55 
0.00043—0.00236 
0.425 

0.325 

0.275 

0.090 


0.25* 


0.029* 
0.024< 
0.050 
0.062 
0.078 


H ,kOe H 


> „„КОе 
>9.5 

153° 

132 

95 

53 

38 

4- >130 
>130 

6.0 

2.05 
2.020 
1710 
3-5.5 
3.40 6-91 
3.44 6.0-8.7 
410 210 
>25 

>30 

221 

70 

54 

34 

17 

0.154 

10 
>70->90 
148 тах. 
120 тах. 
23 

127 тах. 
94 тах. 
0.504< 
0.420< 
>1.5 

>0.7 

>2.3 

>0.7 

11 

0.56 
2—6.9° 
4.55 

»30 

0.12 

156° 
0.005—0.0775 
1.850 
1425 
1.175 
0.375 
З.55 
>14—138 
138 


2.7 


17.3 28.1 
143 164 
82 127 


14.15 


4.195 


3.7 


0.012—0.079 
13 
2.27 
2.66 
3.72 
42 
12 
1.2 
0 
4.2 
4.2 
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12-70 
Substance T,K H КОе 

Tisos V ېوو‎ 

У, 

№ 5.31 0.8 
0.75 
0.45 
0.30 

У 620054 225.9 0.238 
0.227 
0.185 
0.165 

W (film) 17-41 


25. 


26. 


27. 


* Temperature of critical field measurement. 
^ w/o denotes weight percent. 

* Extrapolated. 

4 Linear extrapolation. 

* Parabolic extrapolation 
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HIGH TEMPERATURE SUPERCONDUCTORS 
C. N. R. Rao and А. К. Raychaudhuri 


The following tables give properties of a number of high tem- 
perature superconductors. Table 1 lists the crystal structure (space 
group and lattice constants) and the critical transition tempera- 
ture Т, for the more important high temperature superconductors 
so far studied. Table 2 gives energy gap, critical current density, 
and penetration depth in the superconducting state. Table 3 gives 
electrical and thermal properties of some of these materials in the 
normal state. The tables were prepared in November 1992 and up- 
dated in November 1994. 
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TABLE 1. Structural Parameters and Approximate Т Values of High-Temperature Superconductors 


Material 
La,CuO, , 
Га, Sr (Ва СиО, 
Та,Са, Sr Cu,O, 
YBa,Cu,O, 
YBa,Cu,O, 
Y Ba,Cu.O;, 
Bi,Sr,CuO, 
Bi,CaSr,Cu,O, 
Bi,Ca,Sr,Cu,O,, 
Bi,Sr,(Ln, Ce,),Cu,O,, 
TI,Ba,CuO, 
Tl, CaBa,Cu,O, 
Т!,Са,Ва,Си,О,, 
Tl(BaLa)CuO, 
TlI(SrLa)CuO, 
(TI, Pb, )Sr,CuO, 
TlCaBa,Cu,O, 
(TI, Pb, )CaSr,Cu,O, 
TISr. Y, Ca, ,.Cu,O, 
TlCa,Ba,Cu,O, 
(TI, Pb, )Sr,Ca,Cu4O, 
ТІВа (Та, Се ),Cu,O, 
Pb,Sr,La, „Са, „СК О, 
Pb,(SrLa),Cu,O, 


(Pb,Cu)Sr,(La,Ca)Cu,O,, 
(Pb,Cu)(Sr,Eu)(Eu,Ce)Cu,O. 


Nd, Се CuO, 
Ca, Sr CuO, 
Sr, „Nd, CuO, 
Ва K, ,BiO, 
Rb,CsC,, 
NdBa,Cu,O, 
SmBaSrCu,O, 
EuBaSrCu,O, 
GdBaSrCu,O,, 
DyBaSrCu,O, 
HoBaSrCu,O, 


ErBaSrCu,O, (multiphase) 
TmBaSrCu,O, (multiphase) 


YBaSrCu,O, 
HgBa,CuO, 


HgBa,CaCu,O, (annealed in O.) 


HgBa,Ca,Cu,O, 
HgBa2Ca3Cu4010 
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Structure 

Bmab; а = 5.355, Р = 5.401, с = 1315 А 
I4/mmm; а = 3.779, с = 1323 А 
14/mmm; а = 3.825, с = 19.42 А 
Pmmm; а = 3.821, b = 3.885, с = 11.676 А 
Ammm; а = 3.84, b = 3.87, с = 27.24 А 
Ammm; а = 3.851, b = 3.869, с = 50.29 А 
Атаа; а = 5.362, b = 5.374, с = 24.622 А 
А аа; а = 5.409, b = 5.420, с = 30.93 А 
А аа; а = 5.39, b = 5.40, с = 37 А 
P4/mmm; a = 3.888, с = 17.28 А 
А аа; а = 5.468, b = 5.472, с = 23.238 А; 14/mmn; a = 3.866, с = 23.239 А 
14/mmm; а = 3.855, с = 29.318 А 
I4/mmm; а = 3.85, с = 35.9 А 
P4/mmm; а = 3.83, с = 9.55 А 
P4/mmm; a = 3.7, c = 9 А 
P4/mmm; а = 3.738, с = 9.01 А 
P4/mmm; а = 3.856, с = 12.754 А 
P4/mmm; а = 3.80, с = 12.05 А 
P4/mmm; а = 3.80, с = 12.10 А 
P4/mmm; а = 3.853, с = 15.913 А 
P4/mmm; а = 3.81, с = 15.23 А 
I4/mmm; а = 3.8, с = 29.5 А 
Cmmm; а = 5.435, b = 5.463, с = 15.817 А 
P22 2; а = 5.333, b = 5.421, с = 12.609 А 
P4/mmm; а = 3.820, с = 11.826 А 
14/mmm; а = 3.837, с = 29.01 А 
14/mmm; а = 3.95, с = 12.07 А 
P4/mmm; а = 3.902, с = 3.35 А 
P4/mmm; а = 3.942, с = 3.393 А 
Pm3m; а = 4.287 А 

а = 14493 А 
Pmmm; а = 3.878, b = 3.913, с = 11.753 
14/mmm; a = 3.854, с = 11.62 
14/mmm; а = 3.845, с = 11.59 
14/mmm;j а = 3.849, с = 11.53 
Pmmm; а = 3.802, b = 3.850, с = 11.56 
Pmmm; а = 3.794, b = 3.849, с = 11.55 
Pmmm; а = 3.787, b = 3.846, с = 11.54 
Pmmm; a = 3.784, b = 3.849, с = 11.55 
Pmmm; а = 3.803, b = 3.842, с = 11.54 
14/mmm; а = 3.878, с = 9.507 
14/mmm; а = 3.862, с = 12.705 
Pmmm; a = 3.85, с = 15.85 
Pmmm, а = 3.854, с = 19.008 


Т.К (maximum value) 
39 
35 
60 
93 
80 
93 
10 
92 
110 
25 
92 
119 
128 
40 
40 
40 
103 
90 
90 
110 
120 
40 
70 
32 
50 
25 
30 
110 
40 
31 
31 
58 
84 
88 
86 
90 
87 
82 
88 
84 
94 

127 
133 
126 


High Temperature Superconductors 


Л: Penetration depth in a-b plane 


Ку; Boltzmann constant 


Material 
Y Ba,Cu,O, 
Bi,Sr,CaCu,O, 
TI,Ba,CaCu,O, 


La, Sr CuO „Хх= 0.15 


Nd, Ce CuO, 


* Obtained from peak to peak value. 


t Obtained from fit to BCS-type relation. 


in plane: 
out of plane: 


Material 
YBa,Cu,O, 


YBa,Cu,O, 


Bi,Sr,CuO, 
Bi,Sr,CaCu,O, 
TIBa,CuO, 


Т!,Ва,Са,Си,О,, 
Та, Sr CuO „х=0.12 


Та, Sr CuO V, X = 0.20 


Nd, Се СиО, x = 0.17 
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TABLE 2. Superconducting Properties 
J, (0): Critical current density extrapolated to 0 K 
Energy gap (A) 
Form 2А Fal 2۸ k T. 105 х J, (0)/А cm? ۸/۸ 
Single Crystal 5-6 4-5 30 (film) 1400 
Single Crystal 8-9 5.5—6.5 2 2700 
Ceramic 6–7 4–6 10 (film, 80 K) 2000 
Ceramic 7-9 4—6 
Ceramic 8 4—5 0.2 (film) 
TABLE 3. Normal State Properties 
Resistivity in the a-b plane 
Resistivity along the c axis 
p, has positive temperature coefficient of resistivity 
p, has negative temperature coefficient of resistivity 
Hall density 
Thermal conductivity 
Along a-b plane 
Perpendicular to a-b plane 
Рь/нО ст p,/mO cm 10?! x n,/cm? k/(mW /ст К) at 300 K 
Form 300K 100K 300K ар /dT 300 K 100 K in plane out of plane 
Single 
crystal 110 35 5 +уе 11–16 4–6 120 
Film 200—300 60—100 5—9 2—3 
Single 
crystal 75 20 10 -үе 14 
Film 100-200 20—50 22 17 
Single 
crystal 300 150 5000 -үе 6 5 
Single 
crystal 150 50 21000 -уе 4 3 60 
Single 
crystal 300—400 50—75 200—300 +уе 31 2.5 
Ceramic жж жж ш2% 
Single +уе for 
crystal 900 350 200 Т>225 К 2.5 
Single +уе for 
crystal 400 200 80 Т >150 K 10 50 (for x = 0.04) 
Film 400 160 8.4 6.3 
Single 
crystal 500 275 53 17 
Film 140-180 35 32 11 250 (for x = 0.15) 


х= 0.15 


* At 200 К 
**p -0.4 то ст at 120 К 
зэв p ~1.5 то ст at 300 К 


ORGANIC SUPERCONDUCTORS 


1.171. 6 


Although the vast majority of organic compounds are insula- 
tors, a small number of organic solids show considerable electrical 
conductivity. Some of these materials appear to be superconduc- 
tors. The superconducting organics fall primarily into two groups: 
those containing fulvalenes (pentagonal rings containing sulfur 
or selenium) and those based on fullerenes, involving the nearly 
spherical cluster С. 

The transition temperatures Т. of the fulvalene derivatives are 
shown in Table 1. The abbreviations of the various molecular 
groups are listed in Table 2 and their chemical structures are de- 
picted in Figure 1. Most of the Т 5 are between 1 and 12 K. Several 
of the compounds only show superconductivity under pressure. 

The fullerenes are A,C,, compounds, where A represents a sin- 
gle or a combination of alkali atoms. Тһе C,, cluster is shown in 


Figure 2a, while Figure 2b illustrates how the alkali atoms fit into 
the A,C,, molecule to form the A15 crystallographic structure. 
Their superconducting transition temperatures range from 8 to 
31.3 K (see Table 3). 
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TABLE 1. Critical Pressure and Maximum Critical Temperature of Organic Superconductors 


Material P /kbar Т/К 
(ТМТ$Е),РЕ, 6.5 12 
(TMTSE),AsF, 9 13 
(TMTSF),SbF, 11 0.4 
(TMTSF),TaF, 12 14 
(TMTSF),CIO, 0 14 
(TMTSE),ReO, 95 13 
(TMTSE),FSO, 5 3 
(ET),(ReO,), 45 2 
8, (ЕТ), 0 14 
B, -(ET),I, 0 8.1 
yY-(ET)L. 0 2.5 
(ЕТ) L(I) s 0 2.5 
a-(ET),LL -doped 0 3.3 
а-(ЕТ),І, 0 8 
е—В-(ЕТ) 1 0 6 
0-(ET),L, 0 3.6 
к-(ЕТ)Д, 0 3.6 


* Converted form e-type to B-type by thermal treatment. 
^ For 7 kbar. 


Material Р Лаг T/K 
B-(ET),IBr, 0 2.8 
B-(ET), Aul, 0 4.8 
(ET) Hg, „Cl, 0 42 
(ET) На, „Br, 12 18 
(ЕТ). СНО), 16 2 
k-(ET),Cu(NCS), 0 10.4 
k-(d-ET),Cu(NCS), 0 114 
(DMET),Au(CN), 15 0.9 
(DMET),Aul, 5 0.6 
(DMET),AuBr, 0 19 
(DMET),AuCl, 0 0.9 
(DMET),I, 0 0.6 
(ОМЕТ) Вг, 0 0.7 
(MDT-TTF),Aul, 0 3.5 
TTF[Ni(dmit),], 2 1.6 
TTF[Pd(dmit),], 20 6.5 
(CH,),N[Ni(dmit),], 7 5 


From Ishigura, T. and Yamaji, K., Organic Superconductors, Springer-Verlag, Berlin, 1990. With permission. 


TABLE 2. List of Symbols and Abbreviations 


TTF tetrathiafulvalene 

TMTSF tetramethyltetraselenafulvalene 

BEDT-TTF or “ET” bis(ethylenedithio)tetrathiafulvalene 

MDT-TTF methylenedithiotetrathiafulvalene 

DMET [dimethyl(ethylenedithio)diselenadithiafulvalene] 

dmit 4,5-dimercapto-1,3-dithiole-2-thione 

Т. transition temperature to superconducting state 

Pp. minimum pressure required for superconducting transition 
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Н.С 1” "i CH, 
Н.С” ~Se Se^ СН, 
TMTSF 


Tetramethyltetraselenafulvalene 


25-58 ssi 
i J > < s 
تې‎ 55 Ан 


BEDT – ТТЕ or ET 
Bis(ethylenedithio)tetrathiafulvalene 


әле 


Methylenedithiotetrathiafulvalene 
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S S 
TTF 
Tetrathiafulvalene 
Me Se S S 
DMET 


Dimethyl(ethylenedithio)diselenadithiafulvalene 


n- 
/Sso- zs 2 >c S. 

5-0 || М || С=5 

\ N 


g-C- s 5 7 С~ 57 


M-Ni, Pd, Pt 
М(атй)2- 


Ligand is 4,5-dimercapto-1.3-dithiole-2-thione 


FIGURE 1. Structures of various donor molecules and acceptor species. 


» (010) 


FIGURE 2. (а) C, cluster placed in а fcc lattice. Each crystal axis crosses a double bond shared by two hexagons. (b) A hypothetical A,C,, with the A15 


structure. The structure can be seen to be an ordered defect structure of A.C. 
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Ма Rb, „Св, Се 
Na,CsC,, Мо. 1* 
Na,CsC,, Мо. 2° 
KC, 

КС 
Rb,KC,, Мо. 1° 
Rb,KC,, No. 2 
Rb.C, 


Rb,CsC,, 


TABLE 3. Unit Cell and Т for ЕСС-А, Co, 
Lattice parameter(s) (À) 
14.148(3 
14.132(2 
14.176(9 
14.253(3 
14.299(2 
14.336(1 
14.364(5 
14.436(2; 
14.493(2; 


* Samples labeled No. 1 and Мо. 2 have the same nominal composition. 
From Schluter, M et. al., The Fullerenes, Ed.: Krato, H.W., Fisher, J.E., and Cox, D.E., Pergamon Press, Oxford, 1993. With 


permission. 
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PROPERTIES OF SEMICONDUCTORS 


L.I. Berger 


The term semiconductor is applied to a material in which elec- 
tric current is carried by electrons or holes and whose electrical 
conductivity, when extremely pure, rises exponentially with tem- 
perature and may be increased from its low "intrinsic" value by 
many orders of magnitude by "doping" with electrically active 
impurities. 

Semiconductors are characterized by an energy gap in the 
allowed energies of electrons in the material which separates the 
normally filled energy levels of the valence band (where "miss- 
ing" electrons behave like positively charged current carriers 
"holes") and the conduction band (where electrons behave rather 
like a gas of free negatively charged carriers with an effective 
mass dependent on the material and the direction of the elec- 
trons' motion). This energy gap depends on the nature of the 
material and varies with direction in anisotropic crystals. It is 
slightly dependent on temperature and pressure, and this depen- 


dence is usually almost linear at normal temperatures and pres- 
sures. 

Data are presented in five tables. Table 1 lists the main crystal- 
lographic and semiconducting properties of a large number of 
semiconducting materials in three main categories: "Tetrahedral 
Semiconductors" in which every atom is tetrahedrally coordi- 
nated to four nearest neighbor atoms (or atomic sites) as for 
example in the diamond structure; "Octahedral Semiconductors" 
in which every atom is octahedrally coordinated to six nearest 
neighbor atoms—as for example the halite structure; and "Other 
Semiconductors? 

Table 2 gives electrical, magnetic, and optical properties, while 
Tables 3 and 4 give more details on the semiconducting proper- 
ties and band structure of the most common semiconductors. 
Table 5 lists semiconducting minerals with typical resistivity 
ranges. 


TABLE 1. Physico-Chemical Properties of Semiconductors (Listed by Crystal Structure) 


Microhard- 
ness, Specific Coefficient of Thermal 
Average Lattice Melting N/mm? heat, Debye thermal linear conductivity 
Molecular atomic parameters Density point (M-Mohs J/kg: K temp. expansion [mW/cm-K 
Substance weight weight (А, room temp.) (g/cm?) Scale) (300 K) (K) [10-° K= (300K)] (300K)] 
1.1. Adamantine Semiconductors 
1.1.1. Diamond Structure Elements (Strukturbericht symbol A4, Space Group ҒаЗт-О?) 
C (Diamond) 12.01 3.56683 3.513 «4713 10 (М) 471.5 2340 118 9900(1) 
(12.4 GPa) 23200(ПА) 
Transition 13600(IIB) 
to graphite 
» 980 
Si 28.09 5.43072 2.329 1687 11270 702 645 2.6 1240 
Ge 72.64 5.65754 5.323 1211.35 7644 321.9 374 5.8 640 
0-52 118.71 6.4912 5.769 505.1 213 230 5.4 (220 К) 
(Тт. 286.4) 
1.1.2. Sphalerite (Zinc Blende) Structure Compounds (Strukturbericht symbol B3 Space Group F 4 3m-T2) 
1-УП Compounds 
CuF 82.54 41.27 4.255 1181 
CuCl 98.99 49.49 5.4057 3.53 695 2.3 (M) 490 240 12.1 8.4 
CuBr 143.45 71.73 5.6905 4.98 770 2.5 (M) 381 207 15.4 12.5 
Cul 190.45 95.23 6.60427 5.63 878 192 276 181 192 16.8 
AgBr 187.77 93.89 6.473 >1570(Ті. 2.5 (M) 270 
410) 
Agl 234.77 117.39 6.502 5.67 1 2.5 (M) 232 134 -2.5 42 
П-УІ Compounds 
Ве5 41.08 20.54 4.865 2.36 dec. 
BeSe 87.97 43.99 5.139 4.315 
BeTe 136.61 68.31 5.626 5.090 
BePo (2318) (109) 5.838 7.3 
ZnO 81.39 40.69 4.63 5.675 2248 5.0 (M) 494 416 2.9 234 
ZnS 97.46 48.72 5.4093 4.079 2100 1780 472 530 6.36 251 
(Tr. 1295) 


12-77 


12-78 Properties of Semiconductors 


Microhard- 
ness, Specific Coefficient of Thermal 
Average Lattice Melting N/mm? heat, Debye  thermallinear conductivity 
Molecular atomic ‚ parameters Density point (M-Mohs J/kg-K temp. expansion [mW /cm-K 
Substance weight weight (А, room temp.) (g/cm?) (K) Scale) (300 K) (K) [1075 K-1 (300K)] (300K)] 
ZnSe 144.34 72.17 5.6676 5.42 1790 1350 339 400 72 140 
ZnTe 192.99 96.5 6.101 6.34 1568 900 264 223 8.19 108 
ZnPo (274) (137) 6.309 
CdS 144.48 72.24 5.832 4.826 1750 1250 330 219 4.7 200 
CdSe 191.37 95.68 6.05 5.674 1512 1300 255 181 3.8 90 
CdTe 240.01 120.00 6.477 5.86 1365 600 205 200 4.9 58.5 
CdPo (321) (161) 6.665 
HgS 232.66 116.33 5.8517 7.73 1820 3 (M) 210 
HgSe 279.55 139.78 6.084 8.25 1070 2.5 (M) 178 151 5.46 10 
HgTe 328.19 164.10 6.4623 8.17 943 300 164 242 4.6 20 
III-V Compounds 
BN 24.82 12.41 3.615 3.49 3239 10 (M) 793 «1900 200 
BP(L.T.) 41.78 20.87 4.538 2.9 1398 37000 =980 
(дес) 
BAs 85.73 42.87 4.777 «2300 19000 «625 
АР 57.95 28.98 5.451 2.42 «2100 5.5 (М) 588 920 
AlAs 101.90 50.95 5.6622 3.81 2013 5000 417 3.5 840 
AISb 148.74 74.37 6.1355 4.218 1330 4000 292 4.2 600 
GaP 100.70 50.35 5.4905 4.13 1750 9450 446 5.3 752 
GaAs 144.64 72.32 5.65315 5.316 1510 7500 344 5.4 560 
GaSb 191.48 95.74 6.0954 5.619 980 4480 320 265 6.1 270 
InP 145.79 72.90 5.86875 4.787 1330 4100 321 4.6 800 
InAs 189.74 94.87 6.05838 5.66 1215 3300 268 249 4.7 290 
InSb 236.58 118.29 6.47877 5.775 798 2200 144 202 4.7 160 
Other sphalerite structure compounds 
MnS 87.00 43.5 5.011 
MnSe 133.90 66.95 5.82 
B-SiC (3-C SiC) 40.10 20.1 4.348 3.21 3070 2.9 4.9 
Ga,Se; 376.32 75.26 5.429 4.92 1020 3160 8.9 50 
Ga;Te, 522.24 104.45 5.899 5.75 1063 2370 47 
In,Te,(H.T.) 608.44 121.7 6.173 5.8 940 1660 69 
MgGeP, 158.84 39.71 5.652 
ZnSnP, 246.00 61.5 5.65 1200 
ZnSnAs,(H.T.) 333.90 82.38 5.851 5.53 1050 76 
ZnSnSb, 427.56 106.89 6.281 5.67 870 2500 76 


1.1.3. Wurtzite (Zincite) Structure Compounds (Strukturbericht symbol B4, Space Group P 6,mc-C;,) 
I-VII Compounds 


CuCl 99.0 49.5 3.91 6.42 703 
CuBr 143.45 71.73 4.06 6.66 770 
Cul 190.45 95.23 4.31 7.09 
Agl 234.77 117.40 4.580 4 
II-VI Compounds 
BeO 25.01 12.51 2.698 4.380 2800 
Мате 151.9 76.0 4.54 7.39 3.85 =2800 
ZnO 81.37 40.69 324950 5.2069 5.66 2250 600 


ZnS 97.43 48.72 3.8140 62576 41 2100 460 
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Substance 
ZnIe 
CdS 
CdSe 
CdTe 


ВР(НТ.) 
AIN 
GaN 
InN 


MnS 
MnSe 
SiC 
MnTe 
ALS; 
А1,5е; 


Molecular atomic 


weight 
192.99 
144.48 
191.37 
240.01 


41.79 
40.99 
83.73 
128.83 


87.00 
133.90 
40.10 
182.54 
150.14 
290.84 


Microhard- 
ness, 
Average Lattice Melting N/mm? 

: parameters Density point (M-Mohs 
weight (А, room temp.) (g/cm?) (K) Scale) 
46.50 4.27 6.99 1568 
72.23 4.1348 67490 482 1748 
95.68 4.299 7.010 5.66 1512 

120.00 4.57 747 
Ш-У Compounds 
20.90 3.562 0 
20.50 3.11 4978 3.26 =2500 
41.87 3190 5189 0 1500 
64.42 3.533 5.693 6.88 1200 
Other wurtzite structure compounds 
43.5 3.985 645 3.248 
66.95 4.12 6.72 
20.1 3.076 5.048 
91.27 4.078 6.701 
30.03 3.579 5.829 2.55 1400 
58.17 3.890 6.30 3.91 1250 


Specific 
heat, 
J/kg-K 
(300 K) 


1.1.4. Chalcopyrite Structure Compounds (Strukturbericht symbol Е1 „ Space Group 14 2d-D'2) 
1-Ш-УІ, Compounds 


CuAls, 
CuAlSe, 
CuAlTe, 
CuGaS, 
CuGaSe, 
CuGaTe, 
Сиа, 
CulnSe, 
CulnTe, 
CuTIS, 
CuTISe;(L.T.) 
CuFeS, 
CuFeSe, 
CuLaS, 
AgAls, 
AgAlSe, 
AgAITe, 
AgGaS, 
AgGaSe, 
AgGaTe, 
AgInS,(L.T.) 
AglnSe, 
AglInTe, 
AgFeS, 


ZnSiP, 
ZnGeP, 
ZnSnP, 
CdSiP, 


154.65 
248.45 
345.73 
197.39 
291.19 
388.47 
242.49 
336.29 
433.57 
322.05 
425.85 
183.51 
277.31 
266.58 
198.97 
292.77 
390.05 
241.71 
335.51 
432.79 
286.87 
380.61 
477.89 
227.83 


155.40 
199.90 
246.00 
202.43 


38.66 
62.11 
86.43 
49.53 
72.80 
97.12 
60.62 
84.07 
108.39 
83.01 
106.46 
45.88 
69.33 
66.65 
49.74 
73.19 
97.51 
60.43 
83.88 
108.2 
71.70 
95.15 
119.47 
56.96 


38.85 
49.98 
61.5 

50.61 


5.323 
5.617 
5.976 
5.360 
5.618 
6.013 
5.528 
5.785 
6.179 
5.580 
5.844 
5.29 


5.65 

5.707 
5.968 
6.309 
5.755 
5.985 
6.301 
5.828 
6.102 
6.42 

5.66 


5.400 
5.465 


5.678 


10.44 
10.92 
11.80 
10.49 
11.01 
11.93 
11.08 
11.56 
12.365 
11.17 
11.65 
10.32 


10.86 
10.28 
10.77 
11.85 
10.28 
10.90 
11.96 
11.19 
11.69 
12.59 
10.30 


10.441 
10.771 


10.431 


4200 
3500 
2550 
2050 
400 


4400 
1800 
2250 
1850 


1100 
8100 
6500 


3.47 2500 
4.70 2260 
5.50 2550 
4.35 2300 
5.56 1970 
5.99 2400 
4.75 1400 
5.77 1600 
6.10 1660 
6.32 
711 900 
4.088 1135 
850 
3.94 
5.07 1220 
6.18 1000 
4.72 
5.84 1120 
6.05 990 
5.00 
5.81 1053 
6.12 965 
4.53 
II-IV-V, Compounds 
3.39 1640 
4.17 1295 
4.00 «1470 


10500 


Debye 
temp. 
(K) 


275 


195 


212 


282 


Coefficient of 
thermal linear 
expansion 
[10-6 K- (300K)] 


54 
6.9 


6.6 
74 


9.49, 0.69 
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Thermal 
conductivity 
[mW /cm-K 
(300K)] 


401 
316 


823 
656 
556 


42 
27 


37 
49 


10 


30 


180 
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Microhard- 
ness, Specific Coefficient of Thermal 
Average Lattice Melting N/mm? heat, Debye  thermallinear conductivity 
Molecular atomic parameters Density point (M-Mohs J/kg-K temp. expansion [mW /cm-K 
Substance weight weight (A, room temp.) (g/cm?) (К) Scale) (300 K) (K) [10-° K= (300K)] (300K)] 
CdGeP, 246.94 61.74 5.741 10.775 4.48 1049 5650 110 
CdSnP, 243.03 73.26 5.900 11.518 840 5000 195 140 
ZnSiAs, 242.20 60.55 5.61 10.88 4.70 1311 9200 
ZnGeAs, 287.80 71.95 5.672 11.153 5.32 1150 6800 263 110 
ZnSnAs, 333.90 83.48 5.8515 11.704 5.53 1048 4550 271 150 
CdSiAs, 290.34 72.58 5.884 10.882 >1120 6850 
CdGeAs, 334.83 83.71 5.9427 11.217 0 938 4700 48 
2 
CdSnAs, 380.93 95.23 6.0944 11.918 5.72 880 3450 40 
2. 


1.1.5. Other Ternary Semiconductors with Tetrahedral Coordination 


Т,-1У-УГ, Compounds 


Cu,SiS,(H.T.) 251.36 41.89 3.684 6004 3.81 1200 23 
CusSiS,(L.T.) 5.290 10.156 3.63 
Cu,SiTe; 537.98 89.66 5.93 5.47 
Cu,GeS,(H.T.) 295.88 49.31 5.317 4.45 1210 4550 510 254 7.2 12 
Cu,GeS,(L.T.) 5.327 5215 6 
Cu,GeSe, 436.56 72.76 5.589 5485 5.57 1030 3840 340 168 84 24 
Cu,GeTe, 582.51 97.09 5.958 5.935 5.92 2890 130 
Cu,SnS; 341.98 57.00 5.436 5.02 1110 2770 440 214 7.8 28 
CuSnSe; 482.66 80.44 5.687 5.94. 960 2510 310 148 8.9 35 
Cu,SnTe, 628.61 104.77 6.048 6.51 680 1970 144 
Ag,GeSe, 525.21 87.54 810 
Ag,SnSe, 571.31 95.22 
Ag,GeTe, 671.13 111.86 600 
Ag,SnTe, 717.23 119.54 
I,-V -VI,-Compounds 
Cu3PS, 349.85 40.73 7.44 6.19 
Cu4AsS, 393.79 49.22 6.43 6.14 4.37 931 3.2 30.2 
Cu,AsSe, 581.37 72.67 5.570 10.957 5.61 733 169 9.5 19 
Cu,SbS, 440.64 55.08 5.38 6 4.90 830 
Cu,SbSe, 628.22 78.53 5.654 11.256 6.0 700 131 12.4 14.6 
I-IV,-V, Compounds 
CuSi;P, 212.64 35.44 5.25 
CuGej;P, 301.65 50.28 5.375 4.318 1113 8500 429 8.21 37.6 
AgGe,P, 345.97 57.66 1015 6150 


1.1.6. “Defect Chalcopyrite” Structure Compounds (Strukturbericht symbol ЕЗ, Space Group I 4 -S2) 


ZnALSe, 435.18 62.17 5.503 10.90 4.37 
ZnAl,Te,(?) 629.74 84.96 5.904 12.05 4.95 
ZnGa,S,(?) 333.06 47.58 5.274 10.44 3.80 
ZnGa,Se,(?) 520.66 74.38 5.496 10.99 5.21 
ZnGa,Te,(?) 715.22 102.17 5.937 7 5.67 
ZnIn,Se, 610.86 87.27 5.711 11.42 5.44 1250 
ZnIn;Te, 805.42 115.06 6.122 4 5.83 1075 
CdALS, 294.61 42.09 5.564 10.32 3.06 
CdALSe, 482.21 68.89 5.747 10.68 4.54 


CdAl,Te,(?) 676.77 97.68 6.011 1 5.10 
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Microhard- 
ness, Specific Coefficient of Thermal 
Average Lattice Melting N/mm? heat, Debye  thermallinear conductivity 
Molecular atomic parameters Density point (M-Mohs J/kg-K temp. expansion [mW /cm-K 
Substance weight weight (A, room temp.) (g/cm?) (К) Scale) (300 K) (K) [10-6 K= (300K)] (300K)] 
Сада, 380.09 54.30 5.577 10.08 4.03 
CdGa;Se, 567.69 81.10 5.743 10.73 5.32 
CdGa;Te, 762.25 108.89 6.093 11.81 5.77 
CdIn,Te, 852.45 121.78 6.205 12.41 5.9 1060 
HgALS, 382.79 54.68 5.488 10.26 4.11 
HgALSe, 570.39 82.48 5.708 10.74 5.05 
HgAl,Te,(?) 764.48 109.28 6.004 12.11 5.81 
HgGa,S, 468.27 66.90 5.507 10.23 5.00 
HgGa,Se, 655.87 93.70 5.715 10.78 6.18 
HglIn,Se, 746.07 106.58 5.764 11.80 6.3 1100 
Hgln;Te,(?) 940.63 134.38 6.186 12.37 6.3 980 


1.1.7. Other Adamantine Compounds 


a-SiC 40.10 20.10 3.0817 15.12 3.21 3070 
Hg,Ga,Te, 2163.19 14421 6.235 

Hg,In,Te, 2253.39 15023 6.328 

Cdln,Se, 657.89 93.98 а = с = 5.823 


1.2. Octahedral Semiconductors 


1.2.1. Наше Structure Semiconductors (Strukturbericht symbol B1, Space Group Fm3m-O}%,) 


GeTe 200.21 100.10 5.98 6.14 

SnSe 197.67 98.83 6.020 1133 

SnTe 246.31 123.15 6.313 6.45 1080 (max) 91 
PbS 239.3 119.63 5.9362 7.61 1390 23 
PbSe 286.2 143.08 6.1243 8.15 1340 17 
PbTe 334.8 167.4 6.454 8.16 1180 23 


1.2.2. Selected Other Binary Halites 


BiSe 287.94 143.97 5.99 7.98 880 

BiTe 336.58 168.29 6.47 

EuSe 230.92 115.46 6.191 2300 2.4 
GdSe 236.21 118.11 5.771 2400 

МО 74.69 37.35 4.1684 6.6 2260 

CdO 128.41 64.21 4.6953 1700 7 
SrS 119.69 59.84 6.0199 3.643 3000 


1.3. Other Semiconductors 


1.3.1. Antifluorite Structure Compounds (Fm3m-O},) 


Mg,Si 76.70 25.57 6.338 1.88 1375 11.5 
Mg,Ge 121.22 40.4 6.380 3.08 1388 15.0 
Mg,Sn 167.32 55.77 6.765 3.53 1051 9.9 92 
Mg,Pb 225.81 85.27 6.836 5.1 823 10.0 


1.3.2. Tetradymite Structure Compounds (ЕЗт- 5.) 

Sb, Те; 626.3 125.26 4.25 30.3 6.44 895 

Bi,Se, 654.84 130.97 414 287 7.51 979 167 24 
Bi,Te, 800.76 160.15 4.38 5 7.73 858 155 16 30 
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Microhard- 
ness, Specific Coefficient of Thermal 
Average Lattice Melting N/mm? heat, Debye  thermallinear conductivity 
Molecular atomic parameters Density point (M-Mohs J/kg-K temp. expansion [mW /cm-K 
Substance weight weight (A, room temp.) (g/cm?) (К) Scale) (300 K) (K) [10-6 K= (300K)] (300K)] 
1.3.3. Skutterudite Structure Compounds (Im3-T}) 
CoP, 151.85 37.96 7.7073 >1270 
СоА8, 286.70 71.65 8.2060 6.73 1230 
CoSb, 424.18 106.05 9.0385 1123 307 50 
МА, 283.45 70.86 8.330 6.43 
КАР, 195.83 48.96 7.9951 >1470 
RhAs; 327.67 81.92 8.4427 21270 100 
RhSb, 468.16 117.04 9.2322 1170 
ПР, 285.14 71.29 8.0151 7.36 >1470 
IrAs, 416.98 104.25 8.4673 9.12 21470 90 
IrSb, 557.47 139.37 9.2533 9.35 1170 303 
1.3.4. Selected Multinary Compounds 
AgSbSe, 387.54 96.88 5.786 6.60 910 10.5 
AgSbTe, (or 484.82 1212 6.078 7.12 830 86 
AgyoSbo9Tes9) 
AgBiS,(H.T.) 380.97 95.24 5.648 
AgBiSe,(H.T.) 474.77 118.69 5.82 
AgBiTe,(H.T.) 572.05 143.01 6.155 
Cu,CdSnS, 486.43 60.80 5.586 10.83 
1.3.5. Some Elemental Semiconductors 
B 10.81 4.91 12.6 2.34 2348 9.5 (М) 1277 1370 8.3 600 
Se(gray) 78.96 4.36 4.95 1 493 350 292.6 (ЦО) 17.89 (ПС) 45.2 
(1С) 74.09 (1С) 13.1 
Te 127.60 4.45 5.91 623 723 196.5 16.8 (ЦС) 33.8 
(1С) 19.7 
TABLE 2. Basic Thermodynamic, Electrical, and Magnetic Properties of Semiconductors (Listed by Crystal Structure) 
Miniumum 
Heat of Atomic room Mobility (room temp.) 
formation Volume Static magnetic temperature (ста2/ У -5) Breakdown 
[kJ/mol compressibility dielectric susceptibility Index of energy gap Optical voltage 
Substance (300K)] (10-10 12/Х) constant (10-6 cgs)  refraction (eV) Electrons Holes transition kV/mm Remarks 
2.1. Adamantine Semiconductors 
2.1.1. Diamond Structure Elements (Strukturbericht symbol A4, Space Group Fd 37-07 
C 714.4 18 5.7 —5.88 2.419 5.4 1800 1400 i* 500 
(589 nm) 
Si 324 0.306 11.9 -3.9 3.49 112 1900 500 і 30 
(589 nm) 
Се 291 0.768 16 —0.12 3.99 0.67 3800 1820 1 
(589 пт) 
0-52 2.5 24 2.75 0.0; 0.8 2500 2400 
(589 nm) 
2.1.2. Sphalerite (Zinc Blende) Structure Compounds (Strukturbericht symbol B3 Space Group F 4 3m-T?) 
1-УП Compounds 
CuF 
CuCl 481 0.26 7.9 1.93 3.17 d Nantokite 
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Substance 
CuBr 

Cul 

AgBr 

Agl 


BeS 
BeSe 
Bele 
BePo 
ZnO 
ZnS 


ZnSe 
ZnIe 
ZnP 
CdS 
CdSe 
CdTe 
CdPo 
HgS 


HgSe 
HgTe 


BN 
BP(L.T.) 
BAs 
МР 
AlAs 
AISb 
GaP 
GaAs 
GaSb 
InP 
InAs 
InSb 


* 1 = indirect, d = direct, s = semimetal. 


MnS 
MnSe 


B-SiC 
Са; Те; 


Heat of 
formation 
[kJ/mol 
(300K)] 


481 
439 
486 
389 


477 


422 
376 


339 


247 
242 


815 


627 
585 
635 
535 
493 
560 
477 
447 


271 


In,Te,(H.T.) 198 


MgGeP, 
ZnSnP, 


ZnSnAs,(H. T.) 


ZnSnSb, 


Volume 


(1071 ?m?/N) 


0.26 
0.27 


0.41 


0.571 
0.110 
0.771 
0.457 
0.735 
0.549 
0.442 


Mobility (room temp.) 
(cm?/V-s) 
Electrons Holes 
4000 
30 
20 
180 5(400"С) 
540 28 
340 100 
1200 50 
250 
20000 “1.5 
25000 350 
500 70 
80 
1200 420 
200-400 550 
300 150 
8800 400 
4000 1400 
4600 150 
33000 460 
78000 750 


4000 
50 
50 


Miniumum 
Atomic room 
Static magnetic temperature 
compressibility dielectric susceptibility Index of energy gap 
constant (10-6 cgs) refraction (eV) 
7.9 2.12 2.91 
6.5 2.346 2.95 
12.4 2.253 2.50 
10 2.22 2.22 
II-VI Compounds 
4.17 
3.61 
1.45 
8.9 -9.9 2.356 3.54 
92 2.89 2.58 
10.4 3.56 2.26 
72 2.50 1.44 
2.85 
2.10 (0) 
—0.06 
III-V Compounds 
4.6 
=2.1 
«1.5 
2.45 
10.9 2.16 
11 3.2 1.60 
11.1 -13.8 32 2.24 
132 -162 3.30 1.35 
15.7 -142 3.8 0.67 
12.4 —22.8 3.1 1.27 
14.6 —27.7 3.5 0.36 
17.7 —32.9 3.96 0.163 
Other sphalerite structure compounds 
2.697 23 
-13.5 1.35 
-13.6 1.04 
24 
«0.7 
0.4 


2.1.3. Wurtzite (Zincite) Structure Compounds (Strukturbericht symbol B4, Space Group P 6, тс-С*,) 


CuCl 
CuBr 
Cul 
Agl 


BeO 
МеТе 
?лО 
ZnS 
ZnIe 


-350 
-206 
-163 


I-VII Compounds 


2.63 
II-VI Compounds 


32 
3.67 


180 


transition 


d 


d 
i 
d 


=. = 


Тағ نوم‎ бы {ы به‎ = “сс 
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Remarks 


Marshite 
Bromirite 
Miersite 


See 2.1.3. 
See also 
2.1.3. 


See 2.1.3. 
See 2.1.3. 


Metacinna- 
barite 

Tiemannite 

Coloradoite 


Borazone 
Ignites 470K 


See also 
2.1.3. 

See also 
2.1.3. 


Te?‏ اع 
Same‏ 
Same‏ 
Same‏ 


Iodargirite 
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Miniumum 
Heat of Atomic room Mobility (room temp.) 
formation Volume Static magnetic temperature (cm?/V-s) 
[kJ/mol compressibility dielectric susceptibility Index of energy gap 
Substance (300K)] (107?m?/N) constant (10-%с28) (eV) Electrons Holes 
CdS 8.45; 9.12 2.32 2.42 350 40 
CdSe 1.74 900 50 
CdTe 1.50 650 
III-V Compounds 
BP(H.T.) 
AIN 6.02 
GaN 3.34 
InN 2.0 
Other wurtzite structure compounds 
MnS 
MnSe 
SiC 2.654 
MnTe “1.0 
ALS, 426 4.1 
و‎ 367 3.1 


2.1.4 Chalcopyrite Structure Compounds (Strukturbericht symbol Е1 و‎ Space Group I 4 24-07, 
1-Ш-УГ, Compounds 


CuAls, 0.106 2.5 
CuAlSe, 2.67 
CuAITe, 0.88 
СиСа5, 0.106 2.38 
CuGaSe, 0.141 0.96, 1.63 
CuGaTe, 0.227 0.82, 1.0 
CulnS, 0.141 1.2 
CulnSe, 0.187 0.86, 0.92 
CulnTe, 0.278 0.95 
CuTIS, 
CuTlSe, 1.07 
(L.T.) 
CuFeS, 0.53 
CuFeSe, 0.16 
CuLaS, 
AgAls, 
AgAlSe, 0.7 
AgAITe, 0.56 
AgGaS, 0.150 1.66 
AgGaSe, 0.182 11 
AgGaTe, 0.280 1.9 
AglnS, 0.185 1.18 
(L.T.) 
AginSe, 0.238 0.96, 0.52 
AglInTe; 0.338 
AgFeS, 
II-IV-V, Compounds 
ZnSiP, 312 2.3 1000 
ZnGeP, 293 2.2 
ZnSnP, 275 1.45 
CdSiP, 0.103 2.2 1000 
CdGeP, 289 1.8 
CdSnP, 270 1.5 
ZnSiAs, 290 17 50 
ZnGeAs, 271 -144 0.85 
ZnSnAs, 252 -184 0.65 300 
CdSiAs, 0.143 1.6 
CdGeAs, 266 -23.4 0.53 70 25 


CdSnAs, 247 13.7 -21.5 0.26 22000 250 


Remarks 
Greenockide 
Cadmoselite 


Chalcopyrite 


Disorders at 
910K 


Disorders at 
903 K 
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Heat of Atomic 
formation Volume Static magnetic 
[kJ/mol compressibility dielectric susceptibility Index of 
Substance (300K)] (1079m?/N) constant (107 cgs) 


refraction 


2.1.5. Other Ternary Semiconductors with Tetrahedral Coordination 
IL-IV-VI, Compounds 


SiS;‏ يی 
(H.T.)‏ 
Cu, SiS,‏ 
(L.T.)‏ 
Cu,SiTe;‏ 
Cu,GeS,‏ 
(H.T.)‏ 
Cu;GeS,‏ 
(L.T.)‏ 
Cu;GeSe,‏ 
Cu;GeTe,‏ 
Cu,Sn$,‏ 
CuSnSe,‏ 
Cu,SnTe,‏ 
Ag,GeSe,‏ 
Ав,5п5е;‏ 
Ag,GeTe;‏ 
Ag,SnTe,‏ 


—18.7 


211.5 
190.2 


—21.3 
—23.4 
—18.2 
—21.0 
—28.4 
—29.6 
—29.5 
—31.4 
—31.0 


Сир, 

Cu,AsS, 269.6 -15.8 
Cu,AsSe, 161.3 -13.1 
CusSbS, -83 
Cu,SbSe, 1271 -20.5 


CuSi;P, 
CuGe;P, 0.12 
AgGe;P, 


Miniumum 
room 
temperature 


energy gap 
(eV) Electrons 


Mobility (room temp.) 
(cm?/V-s) 


Optical 


Holes transition 


360 
0.94 238 


0.91 405 
0.66 870 


0.91 (77K) 
0.81 
0.25 
0.08 


II;-V-VI, Compounds 


1.24 
0.88 
0.74 
0.31 


II-IV,-V, Compounds 


0.90 


2.1.6. “Defect Chalcopyrite" Structure Compounds (Strukturbericht symbol ЕЗ, Space Group I 4-52 


ZnAl,Se, 
ZnAl,Te,(?) 
ZnGa;S, 

0) 
ZnGa,Se,(?) 
ZnGay,Te,(?) 
ZnIn,Se, 206 
ZnIn;Te, 198 
CdALS, 
CdALSe, 
CdALTe,(?) 
CdGa,S, 256 
CdGa,Se, 216 
CdGa;Te, 
Cdln;Te, 195 
HgALS, 
HgAl,Se, 
HgAl,Te,(?) 
HgGa;S, 249 
HgGa,Se, 204 
HglIn;Se, 196 
Hgln,Te,(?) 188 


2.1.7. Other Adamantine Compounds 

a-SiC 10.2 -6.4 
Hg,Ga,Te, 

Hg;ln, Teg 


Cdln,Se, 


2.67 


1.82 35 


3.44. 60 
2.43 33 


(1.26 or 0.9) 4000 


2.84. 

1.95 400 
0.6 290 
0.86 200 
2.86 400 
0.7 2000 
1.55 
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Breakdown 
voltage 


kV/mm Remarks 


Wurtzite 
Tetragonal 


Cubic 
Cubic 


Tetragonal 


Same 
Same 
Cubic 
Cubic 
Cubic 


Enargite 


Famatinite 
Famatinite 


El 
El 


6H structure 

B3 with 
superlattice 

B3 with 
superlattice 
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Heat of Atomic 
formation Volume Static magnetic 
[kJ/mol compressibility dielectric susceptibility Index of 
Substance (300K)] (1079m?/N) constant (107 cgs) 


2.2. Octahedral Semiconductors 


refraction 
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2.2.1. Наше Structure Semiconductors (Strukturbericht symbol ВІ, Space Group Fm3m-O5) 


GeTe 

SnSe 

SnTe 

PbS 435 

PbSe 393 161 

PbTe 393 280 
360 


2.2.2. Selected Other Binary Halites 
BiSe 

BiTe 

EuSe 

GdSe 

NiO 

CdO 531 

SrS 


2.3. Other Semiconductors 


2.3.1. Antifluorite Structure Compounds (ЕтЗт-07,) 
Мв, 79.08 

Mg,Ge 

Mg,Sn 76.57 

Mg,Pb 52.72 


2.3.2. Tetradymite Structure Compounds (R3m-D*,) 
Sb;Te, 
Bi,Se, 
Ві,Те, 


2.3.3. Skutterudite Structure Compounds (Im3-T;) 
CoP; 

CoAs, 

CoSb, 

КАР; 

RhAs, 

RhSb, 

IrSb, 


2.3.4. Selected Multinary Compounds 
AgSbSe, 
AgSbTe, 
(orAg, Sb, 
Tes») 
AgBiS, 
(H.T.) 
AgBiSe, 
(H.T.) 
AgBiTe, 
(H.T.) 
Си,Са5п5, 


2.3.5. Some Elemental Semiconductors 

B 397.1 -6.7 

Se(gray) 6.6 -22.1 
(0.1 GHz) 

Те -39.5 


3.4 
25 


333 


Miniumum 

room Mobility (room temp.) 
temperature (cm?/V-s) Breakdown 

energy gap Optical voltage 

(eV) Electrons Holes transition kV/mm Remarks 
0.5 600 600 
0.37 1000 900 
0.26 1600 600 Altaite 
0.25 
0.4 
1.8 4 
2.0 or 3.7 100 
25 
4.1 
0.77 405 70 
0.74 520 110 
0.36 320 260 
0.1 
0.3 360 
0.35 600 
0.21 1140 680 R3m (166) 
0.43 
0.69 ~4000 
0.63 70 ~3000 

700 

0.85 ~3000 
0.80 ~7000 
1.18 1500 
0.58 
0.7, 0.27 
1.16 <2 
1.55 10 
1.5 5 P3,21(152) 
0.33 1700 1200 Same 
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Substance 


Si 

Ge 
a-Sn 
Te 


AlAs 
AISb 
GaP 
GaAs 
GaSb 
InP 
InAs 
InSb 


ZnO 
ZnS 
ZnSe 
ZnTe 
CdO 
CdS 
CdSe 
GdTe 
HgSe 
HgTe 


PbS 
PbSe 
PbTe 


ZnSb 
CdSb 
Ві,5; 
Bi,Se; 
Bi, Те; 
Mg,Si 
Mg,Ge 
Mg,Sn 
Mg;Sb; 
Zn3As; 
Са,Ав, 
GaSe 
Gale 
InSe 
Тібе 
CdSnAs, 
Ga,Te, 
a-In,Te, 
B-In,Te, 
Не Те; 
SnO, 


TABLE 3. Semiconducting Properties of Selected Materials 
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Hole mobility and 


Density ofstates Electron mobility and 
Minimumenergy dE,/dP х electron temperature Density ofstates 
gap (eV) dE,dT x  105eV.cm?/ effective mass dependence hole effective 
R.T. OK 10*еУ/°С kg ma, (То) на (cm2/V.s) -х Mass тар (т,) 
Elements 
1.107 1.153 -2.3 -2.0 11 1900 2.6 0.56 
0.67 0.744 —3.7 +7.3 0.55 3800 1.66 0.3 
0.08 0.094 —0.5 0.02 2500 1.65 0.3 
0.33 0.08 1100 0.19 
Ш-У Compounds 
2:2 2.3 1200 
16 17 -3.5 -1.6 0.09 200 1.5 0.4 
2.24 2.40 —5.4 -17 0.35 300 15 0.5 
1.35 1.53 —5.0 +9.4 0.068 9000 1.0 0.5 
0.67 0.78 —3.5 +12 0.050 5000 2.0 0.23 
1.27 1.41 -4.6 44.6 0.067 5000 2.0 
0.36 0.43 -2.8 +8 0.022 33,000 1.2. 0.41 
0.165 0.23 -2.8 +15 0.014 78,000 1.6 0.4 
II-VI Compounds 
3.2 -9.5 40.6 0.38 180 1.5 
3.54 —5.3 +5.7 180 
2.58 2.80 -72 +6 540 
2.26 +6 340 
2.5 +.1 -6 01 120 
2.4 -5 433 0.165 400 0.8 
1.74 1.85 -4.6 0.13 650 10 0.6 
144 1.56 —4.1 +8 0.14 1200 0.35 
0.30 0.030 20,000 2.0 
0.15 -1 0.017 25,000 0.5 
Halite Structure Compounds 
0.37 0.28 +4 0.16 800 0.1 
0.26 0.16 +4 0.3 1500 0.34 
0.25 0.19 +4 -7 0.21 1600 0.14 
Others 

0.50 0.56 0.15 10 
0.45 0.57 —5.4 0.15 300 
1.3 200 
0.27 600 
0.13 -0.95 0.58 1200 1.68 1.07 

0.77 —6.4 0.46 400 2.5 

0.74 -9 280 2 
0.21 0.33 -3.5 0.37 320 

0.32 20 
0.93 10 11 
0.55 0.046 100,000 0.88 
2.05 —3.8 
1.66 1.80 —3.6 14 
1.8 900 
0.57 —3.9 0.3 30 0.6 
0.23 0.05 25,000 1.7 
1.1 1.55 —4.8 
1.1 1.2 0.7 
1.0 
0.5 


temperature 
dependence 
u, (cm?/V-s) —х 
500 2.3 
1820 2.33 
2400 2.0 
560 
420 
500 1.8 
150 1.5 
500 2.1 
1400 0.9 
200 2.4 
460 2.3 
750 2.1 
5(400°С) 
28 
100 
50 
350 
1000 2.2 
1500 2.2 
750 2.2 
1.5 
2000 1.5 
1100 
675 
510 1.95 
70 
110 
260 
82 
10 
20 
20 1.5 
50 1.1 
5 
11,000 
78 
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4.1. Data on Valence Bands of Semiconductors (Room Temperature) 


Substance 


(Expressed as fraction of free electron mass) 


TABLE 4. Band Properties of Semiconductors 


Band curvature effective mass 


Heavy holes 


Light holes 


“Split-off” band holes 


4.1.1. Semiconductors with Valence Band Maximum at the Center of the Brillouin Zone (“Р”) 


Properties of Semiconductors 


Energy separation of 
"split-off" band (eV) 


Si 0.52 0.16 0.25 0.044 
Ge 0.34 0.043 0.08 0.3 
$n 0.3 
AlAs 
AISb 0.4 0.7 
GaP 0.13 
GaAs 0.8 0.12 0.20 0.34 
GaSb 0.23 0.06 0.7 
InP 0.21 
InAs 0.41 0.025 0.083 0.43 
InSb 0.4 0.015 0.85 
CdTe 0.35 
HgTe 0.5 
4.1.2. Semiconductors with Multiple Band Maxima 
Number of equivalent Band curvature effective masses Anistrophy 
Substance valleys and direction Longitudinal m, Transverse mr К = ту/ту 
PbSe 4"L" [111] 0.095 0.047 2.0 
PbTe 4"L" [111] 0.27 0.02 10 
Ві, Те; 6 0.207 ~0.045 4.5 


4.2. Data on Conduction Bands of Semiconductors (Room Temperature Data) 


4.2.1. Single Valley Semiconductors 


Measured (light) hole 
mobility (cm?/V.s) 


500 
1820 
2400 


550 
100 
400 
1400 
150 
460 
750 
50 
350 


Measured (light) hole 
mobility (cm?/V.s) 
1500 
750 
515 


Substance Energy gap (eV) Effective mass (т,) Mobility (cm?/V-s) Comments 

GaAs 1.35 0.067 8500 3(or 6?) equivalent [100] valleys 0.36 eV above this maximum with 
a mobility of ~50. 

InP 1.27 0.067 5000 3(or 6?) equivalent [100] valleys 0.4 eV above this minimum. 

InAs 0.36 0.022 33,000 Equivalent valleys ~1.0 eV above this minimum. 

InSb 0.165 0.014 78,000 

CdTe 1.44 0.11 1000 4(ог 8?) equivalent [111] valleys 0.51 eV above this minimum. 


4.2.2. Multivalley Semiconductors 


Number of 


Band curvature effective mass 


equivalent valleys Anisotropy 
Substance Energy gap and direction Longitudinal m, Transverse ту К = m/m 
51 1.107 6 in [100] "A" 0.00 0.192 47 
Се 0.67 4 in [111] at "L" 1.588 0.0815 19.5 
GaSb 0.67 as Ge (?) ~1.0 ~0.2 ~5 
PbSe 0.26 4 in [111] at "L" 0.085 0.05 1.7 
PbTe 0.25 4 in [111] at "L" 0.21 0.029 5.5 
Bi,Te, 0.13 6 ~0.05 
TABLE 5. Resistivity of Semiconducting Minerals 
Mineral р (ohm - m) Mineral р (ohm · m) 
Diamond (C) 27 Pentlandite, (Fe, Ni),S, 1to 11 x 10-5 


Sulfides 


Argentite, Ag,S 
Bismuthinite, Bi,S, 
Bornite, Fe,S, - nCu;S 
Chalcocite, Си,5 
Chalcopyrite, Ее,5. - Cu,S 
Covellite, CuS 
Galena, PbS 
Haverite, MnS, 
Marcasite, FeS, 
Metacinnabarite, HgS 
Millerite, NiS 
Molybdenite, MoS, 


1.5 to 2.0 x 10? 

3 to 570 

1.6 to 6000 x ۰ 
80 to 100 х 10-5 
150 to 9000 x 10-6 
0.30 to 83 x 107 
6.8 x 107 to 9.0 x 10? 
10 to 20 

1 to 150 x 1073 

2 x 1056 to 1 x 10? 
2 0 4 x 107 

0.12 to 7.5 


Pyrrhotite, Fe,S, 
Pyrite, FeS, 
Sphalerite, ZnS 


Antimony-sulfur compounds 


Berthierite, FeSb,S, 
Boulangerite, РЬ,5Б,5,, 
Cylindrite, Pb,Sn,Sb,S,, 
Franckeite, Pb;Sn3Sb,S,, 
Hauchecornite, Ni,(Bi, S 
Jamesonite, Pb,FeSb,S,, 
Tetrahedrite, Cu4SbS, 
Arsenic-sulfur compounds 
Arsenopyrite, FeAsS 


b),Su 


2 to 160 x 105 
1.2 to 600 x 10% 
2.7 x 10? to 1.2 x 10* 


0.0083 to 2.0 

2 x 10? to 4 x 10* 
2.5 to 60 

1.2 to 4 

1to 83 х 107 
0.020 to 0.15 
0.30 to 30,000 


20 to 300 x 10-5 


Properties of Semiconductors 


6.5 to 130 x 1073 
0.2 to 40 x 10? 
1 to 160 x 10-5 


Cobaltite, CoAsS 
Enargite, Cu4AsS, 
Gersdorfite, NiAsS 


Glaucodote, (Co, Fe)AsS 5 to 100 x 1076 
Antimonide 

Dyscrasite, Ag;Sb 0.12 to 1.2 x 1075 
Arsenides 

Allemonite, SbAs, 70 to 60,000 

Lollingite, Ғе Ав; 2 to 270 x 107 

Nicollite, NiAs 0.1 to 2 x 1076 

Skutterudite, CoAs, 1 to 400 x 10-5 

Smaltite, CoAs, 1 to 12 x 1076 


Tellurides 
Altaite, PbTe 
Calavarite, AuTe, 
Coloradoite, HgTe 


20 to 200 x 1079 
6 to 12 x 109 
4 to 100 x 107 
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DIFFUSION DATA FOR SEMICONDUCTORS 


B. L. Sharma 


The diffusion coefficient D in many semiconductors may beex- Abbreviations used in the table are 
pressed by an Arrhenius-type relation 
AES – Auger Electron Spectroscopy 
D = D, ехр(-0/КТ) DLTS – Deep Level Transient Spectroscopy 


: : ET 2 SEM - $ ing Electron Mi 
where D. is a frequency factor, Q is the activation energy for diffu- шин Мин 


sion, К is the Boltzmann constant, and T is the absolute tempera- 
ture. This table lists D. and Q for various diffusants in common 3 ОЛОО ОО ОО 


semiconductors. max 
(f) – Fast Diffusion Component 


SIMS - Secondary Ion Mass Spectrometry 
D(c) – Concentration Dependent Diffusion Coefficient 


(i) — Interstitial Diffusion Component 
(s) - Slow Diffusion Component 
(||) – Parallel to c Direction 


(4) – Perpendicular to c Direction 


Frequency factor, Activation energy, 
Semiconductor  Diffusant D, (cm?/s) Q(eV) Temperature range (°С) Method of measurement Ref. 
Si H бх 107 1.03 120-1207 Electrical and SIMS 1 
Li 2.5 x 10? 0.65 25-1350 Electrical 2 
Na 1.65 x 10? 0.72 530-800 Electrical and flame 3 
photometry 
K 1.1 x 3 0.76 740—800 Electrical and flame 
photometry 3 
Cu 4x102 1.0 800-1100 Radioactive 4 
4.7 x 10? 0.43 (i) 300—700 Radioactive 5 
Ag 2x10? 1.6 1100-1350 Radioactive 6 
Au 2.4 x 107 0.39 (i) 700—1300 Radioactive 7 
2.75 x 103 2.05 (s) 
Be (D ~ 107) - 1050 Electrical 8 
Ca (D ~ 6x 107") - 1100 Electrical and SIMS 1 
Zn 1х 107 14 980-1270 Electrical 
B 2.46 3.59 1100-1250 Electrical 10 
2.4 x 10! 3.87 840-1250 Electrical 11 
А1 1.38 341 1119–1390 Electrical 12 
1.8 3.2 1025-1175 Electrical 13 
Ga 3.74 x 107 3.39 1143-1393 Electrical 12 
6 x 10! 3.89 900—1050 Radioactive 14 
In 7.85 x 107 3.63 1180-1389 Electrical 12 
1.94 x 10! 3.86 1150-1242 Radioactive 15 
TI 1.37 37 1244—1338 Electrical 12 
1.65 x 10! 3.9 1105-1360 Electrical 16 
$c 8х 107 32 1100–1250 Radioactive 1 
Ce (р-3.9х10-5) = 1050 SIMS 1 
Pr 2.5 x 107 1.74 1100-1280 Electrical 1 
Pm 7.5 х 10? 1.2 (s) 730-1270 Radioactive 1 
4.2 x 10-2 0.13 (6) 
Ег 2x10? 2.9 1100-1250 Radioactive 1 
Tm 8 x 103 3.0 1100-1280 Radioactive 1 
Yb 2.8 x 105 0.95 947—1097 Neutron activation 1 
Ti 1.45 x 107 1.79 950—1200 DLTS 17 
C 3.3 x 107 2.92 1070—1400 Radioactive 18 
Si (self) 1.54 x 10? 4.65 855-1175 SIMS 19 
1.6 x 10? 4.77 1200-1400 Radioactive 20 
Ge 3.5 x 107 3.92 855-1000 Radioactive 21 
2.5 x 10? 4.97 1030-1302 Radioactive 21 
7.55 x 10? 5.08 1100-1300 SIMS 22 
$n 3.2 x 10! 4.25 1050-1294 Neutron activation 23 
N 2.7 x 10? 2.8 800-1200 Out Diffusion; SIMS 1 
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Diffusion Data for Semiconductors 


Semiconductor 


Ge 


Diffusant 
P 


As 


Si 
Ge (self) 


Frequency factor, 
D, (cm?/s) 
2.02 x 10! 
1.1 
7.4 x 1072 
6.0 x 10! 
6.55 x 102 
2.29 x 10! 
1.29 x 10! 
2.14 x 107 
1.03 x 10? 
1.08 
1x102 
(D ~ 2 x 1079) 
(D ~ 10-12) 
7 х 107 
1.4 x 107 
5.95 x 10? 
9.5 x 107! 
5x10 
6.9 x 107 
1.3 x 10? 
2x10? 
2х 103 
(р ~ 5 х 107 
– 5 x 10-5) 
(D ~ 1076-1079) 
2.95 x 107 
1.5 x 102 
(D ~ 2 х 1055) 
4.2 x 1072 
1.3 x 10? 
9.1 x 10? 
3.95 x 107 
1.9 x 10“ 
4 х 102 
4 х 1073 
4.4 х 1072 
4 х 107 
2.25 х 10: 
5 х 107 
(D ~ 8х 10°) 
5 


1.75 х 10° 
1.8 x 10? 
1.0 x 10? 
~1.6 x 10? 
14 х 10? 
3.4 x 10! 
1.8 x 10* 
3.3 x 10! 
1.7 x 10? 
2.4 x 107! 
2.48 x 10! 
7.8 

1.7 x 10? 
3.3 

2.1 

3.2 

1.0 x 10! 


Activation energy, 
Q(ev) 

3.87 

34 

33 

42 

3.44. 

4.1 

3.98 


Temperature range (°С) 
1100-1250 
900-1200 
1130-1405 
950-1350 
1167-1394 
900-1250 
1190-1398 
1190-1405 
1220-1380 
1190-1394 
1100-1250 
1000 

1100 
700-1250 
700-1160 
975-1200 
1050-1250 
900-1250 
900-1200 
30-1250 
700-1300 
800-1300 
1000-1280 


1000-1200 
702-1320 
800-1000 
1280 
950-1250 
350-800 
800-500 
700-850 
750-900 
600-700 
350-750 
700-900 
800-900 
600-900 
720-900 
900 
600-900 


760-915 
600-900 
554-905 
750-850 
554-916 
600-900 
554-919 
700-855 
800-930 
650-900 
549-891 
766-928 
600-900 
700-900 
700-855 
600-900 


Method of measurement 


Electrical 
Radioactive 
Electrical 
Radioactive 
Electrical 
Electrical 
Radioactive 
Electrical 
Electrical 
Electrical 
Radioactive 
DLTS 
DLTS 

SIMS 

SIMS 
Radioactive 
Electrical 
SIMS 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Electrical 


Electrical 

Nuclear Activation 
Electrical 
Electrical 
Electrical 
Electrical 
Electrical 
Radioactive 
Radioactive 


Radioactive 
Radioactive 
Radioactive 
Radioactive 
Electrical 
Electrical 
Radioactive and 
electrical 
Radioactive 
Electrical 
SIMS 
Electrical 
SIMS 
Electrical 
SIMS 
Radioactive 
Radioactive 
(y) resonance 
Radioactive 
Radioactive 
Radioactive 
Electrical 
Electrical 
Radioactive 
Radioactive and 
electrical 
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10 
24 
25 
26 
27 
28 
29 
27 


12-94 Diffusion Data for Semiconductors 


Frequency factor, Activation energy, 
Semiconductor Diffusant D, (cm?/s) Q(eV) Temperature range (C) Method of measurement Ref. 
Bi 3.3 2.57 650-850 - 63 
0 4 х 107 2.08 - Optical 64 
S (D ~ 107) = 920 = 65 
Se (D ~ 10-5) Е 920 = 65 
Те 5.6 2.43 750—900 Radioactive 66 
Fe 1.3 x 107 1.08 750-900 Radioactive 67 
Co 1.6 x 107 1.12 750-850 Radioactive 47 
Ni 8х 107 0.9 670–900 Electrical 68 
GaAs Li 5.3 x 107 1.0 250—500 Electrical and 
chemical 69 
Cu 3x102 0.53 100—500 Radioactive 69 
6 x 107 0.98 450—750 Ultrasonic 69 
1.5 x 10? 0.6 800-1000 Radioactive 69 
Ag 4 х 107^ 0.8 500-1150 Radioactive 69 
Au 1x10? 1.0 740-1025 Radioactive 69 
Be 7.3 x 107 12 800-990 Electrical 69 
Mg 4х 107 1.22 800-1200 Electrical 69 
Zn 1.5 x 10! 2.49 600—980 Radioactive 69 
2.5 x 107 3.0 750-1000 Radioactive 69 
Cd 1.3 x 10? 23 800-1100 Radioactive 69 
5 х 107 2.43 868—1149 Radioactive 69 
Hg (D ~ 5 х 107) - 1100 Radioactive 69 
Al (D ~ 4 x 1078-1074) 4.3 850-1100 AES 70 
Ga (self) 4x 107 2.6 1025—1100 Radioactive 69 
1x107 5.6 1125-1230 Radioactive 69 
In (D ~ 7 x 10-4) - 1000 Radioactive 69 
C (D ~ 1.04 x 10715) - 825 SIMS 69 
Si 1.1 x 107 2.5 850-1050 5ІМ5 69 
Се 1.6 x 105 2.06 650—850 SIMS 69 
$n бх 10: 2.5 1060-1200 Radioactive 69 
1 х 105 2 800-1000 Radioactive 69 
P (D ~ 1072—1079) 2.9 800-1150 Reflectance 
measurements 69 
As (self) 7 32 - Radioactive 69 
Cr 2.04 x 10-5 0.83 (f) 750—1000 SIMS 69 
17 (s) 700—900 
7.9 x 10? 2:2 800-0 Chemical analysis 69 
0 2 х 103 11 700—900 Mass spectroscopy 69 
5 1.85 x 1072 2.6 1000-1300 Radioactive 69 
1.1 x 10! 2.95 750—900 Electrical 69 
Se 3x10? 4.16 1025-1200 Radioactive 69 
Te 1.5 x 107 3.5 1000-1150 Radioactive 69 
Mn 6.5 x 107! 2.49 850-1100 Radioactive 69 
Fe 4.2 x 1072 1.8 850—1150 Radioactive 69 
2.2 x 10? 2.32 750—1050 Radioactive 69 
Co 5x10? 2.5 800-1000 Radioactive 69 
1.2 x 107 2.64 750—1050 Radioactive 69 
Tm 2.3 x 10:19 1.0 800-1000 Radioactive 69 
GaSb Li 2.3 х 107 1.9 (s) 527—657 Electrical and flame 
photometry 69 
12 x 107 0.7 (f) 277-657 
Си 4.7 x 10-3 0.9 470-650 Radioactive 69 
Zn (D~2x 108-1 x10) 2 510-600 Radioactive 69 
Cd 1.5 x 107 0.72 640—800 Electrical 69 
Са (self) 7 3.15 658-700 Radioactive 69 
In 1.2x 107 0.53 320-650 Radioactive 69 
$n 2.4 x 7 0.8 320-650 Radioactive 69 
1.3 x 105 11 500—650 Radioactive 69 
Sb (self) 3.4 x 10* 3.45 658-700 Radioactive 69 


Se (0 -2.4х10-3-137х105) - 400-500 Radioactive 69 


Diffusion Data for Semiconductors 


Semiconductor 


GaP 


InP 


InAs 


InSb 


Diffusant 


Te 
Fe 


In (self) 
$n 


P (self) 
Cr 


Hg 
In (self) 
Ge 
$n 
As (self) 
S 
Se 
Te 
Li 
Cu 


Frequency factor, 
D, (cm?/s) 
3.8 x 107 
5 x 107 
5x10? 
8 
20 


(D... 24 x 109 8.5 x 1075) 


5х 105 
1.0 


6.2 x 107 

3.2 x 10? 

2.1 x 10? 

1.1 x 10-5 

1.6 x 107 

2.8 x 10? 

3.8 x 103 

3.6 x 107 

1.32 x 105 

1.37 x 10^ 

1.6 x 103 

(D ~ 2x 10° 4 x 10°) 
1.8 

1.1 x 107 

(D ~7 x 10-8 2 x 1079) 
1x 10° 

(D ~ 3x 10°) 


7х 109 
3.6 x 107 
(D ~ 2 x 10°) 
Б] 

6.8 x 10° 
9х 107 
3.6 x 10? 
2.2 x 10? 
7.3 x 854 
5.8 x 10? 
1.98 x 107 
4.2 x 10? 
3.11 x 10? 
7.4 x 107* 
1.45 x 107? 
6 x 10° 
3.74 x 10-6 
1.49 x 107 
3 x 107 
6.78 

12.6 

3.43 х 107 
7 х 10 

9х 107 

3 x 105 
1х 107 

7 х 10" 
5х10: 


Activation energy, 
Q(eV) 
1.20 
1.9 (D 
2.3 (ID) 


2.5 (D 
2.4 (ID 


Temperature range (°С) 


320-650 
500-650 
500-650 
1000-1300 
1050-1250 
1100-1250 


900-1000 


700-1050 
700-1300 
900-1000 
900-1130 
1120-1305 
Т «950 
950-1130 
980-1180 
850-1100 
600—900 
500-900 
600-820 
600-900 
750-900 
700-900 
700-900 
700-900 
450-650 
830-990 
550 


900-1000 
600-900 
585-708 
550 
650-750 
600-950 
600-700 
600-950 
342-875 
525-890 
450-900 
600-900 
600-900 
600-900 
600-900 
650-900 
650-850 
740-900 
600-900 
600-900 
740-900 
600-900 
600-900 
600-900 
0-210 
200-500 
230-490 
440-510 
140-510 
362-508 


Method of measurement 


Radioactive 
Radioactive 


Radioactive 
Radioactive 
Diffusion (I) A face 
and (II) B face 
Atomic absorption 
analysis 
Electrical 
Radioactive 
Radioactive 
Radioactive; ESR 
Radioactive 
Radioactive; ESR 


Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Electrical 
Radioactive 
Radioactive 
Electrical 
Electrical 
Radioactive 
Etching and cathodo- 
luminescence 
Radioactive 
Radioactive 
Electrical 
Cathodoluminescence 
SIMS 
Radioactive 
SIMS 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Electrical 
Radioactive 
Electrical 
Radioactive 
Radioactive 
Radioactive 
Electrical 
Electrical 
Radioactive 
Electrical 
Electrical 
Electrical 
Electrical 
Radioactive 
Radioactive 
Radioactive 
Radioactive 
Radioactive 


69 
69 


69 
69 


69 
69 
69 
69 
69 
69 
69 


69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 


69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
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12-96 Diffusion Data for Semiconductors 


Frequency factor, Activation energy, 
Semiconductor 5 D, (cm?/s) Q(eV) Temperature range (C) Method of measurement Ref. 
- 1.5 355-455 5ІМ5 69 
са 1х10% 11 250-500 Radioactive 69 
1.3 x 4 12 360—500 Electrical 69 
Hg 4 х 1075 1.17 425—500 Radioactive 69 
In (self) 6x 107 1.45 400—500 Radioactive 69 
1.8 x 1015 43 475—517 Radioactive 69 
$n 5.5 x 10-8 0.75 390—512 Radioactive 69 
Pb (D ~ 2.7 x 10-5) - 500 Radioactive 71 
Sb (self) 5.35 x 107 1.91 400—500 Radioactive 69 
3.1 x 1015 43 475—517 Radioactive 69 
5 9х 107 14 360—500 Electrical 69 
Se 1.6 1.87 380—500 Electrical 69 
Te 1.7 x 107 0.57 300—500 Radioactive 69 
Fe 1x107 0.25 440—510 Radioactive 69 
Co 27x10 0.39 420—500 Radioactive 69 
AlAs Ga (D ~ 2x 1078- 10-5) 3.6 850-1100 AES 70 
Zn = (р~9х107) = 557 ЗЕМ 69 
AISb Cu 3.5 x 10? 0.36 150-500 Radioactive 69 
Zn 3.3 x 107 1.93 660—860 Radioactive 69 
Cd D(c) ~ 4 x 10-?— 3 x 1079 - 900 Radioactive 69 
Al (self) 2 1.88 570—620 Х-гау 69 
Sb (self) 1 17 570—620 Х-гау 69 
ZnS Cu 2.6 x 10? 0.79 470—750 Radioactive 69 
4.3 x 107 0.64 250-1200 Electroluminescence 69 
9.75 x 10? 1.04 400—800 Luminescence 69 
Au 1.75 x 107 1.16 500—800 Radioactive 69 
Zn (self) 3x 107 15 925<T<940 Radioactive 69 
1.5 x 10* 3.26 940-1-1030 
1 x 105 6.5 1030<7<1075 
са (D ~ 1079) - 1100 Luminescence 72 
Al 5.69 x 107 1.28 800-1000 Luminescence 69 
In 3 x 10! 22 750-1000 Radioactive 69 
S (self) 2.16 x 10* 3.15 600—800 Radioactive 69 
8х 105 2.2 740-1100 Radioactive 69 
Se (D ~ 5 x 1073) - 1070 X-ray microprobe 69 
Mn 2.3 x 10? 2.46 500—800 Radioactive 69 
ZnSe Li 2.66 x 107 0.49 950—980 Electrical 69 
Cu 1х 10 0.66 400—800 Luminescence 69 
1.7 x 105 0.56 200—570 Radioactive 69 
Ag 2.2 x 10? 1.18 400—800 Luminescence 69 
Zn (self) 9.8 3.0 760-1150 Radioactive 69 
Cd 6.39 x 107 1.87 700-950 Photoluminescence 69 
АЛ 2.3 x 107 18 800-1100 Luminescence 69 
Ga 1.81 x 10? 3.0 900-1100 Luminescence 69 
- 13 700—850 Electron probe 69 
In (D ~ 2 x 1075) = 940 5 69 
5 (D ~ 8 x 1073) - 1060 X-ray microprobe 69 
Зе (self) 1.3 x 10! 2.5 860-1020 Radioactive 69 
2.3 x 107 2.7 1000—1050 Radioactive 69 
Ni (D ~ 1.5 x 105% 1.7 x 1077) E 740-910 Luminescence 69 
ZnTe Li 2.9 x 107 1.22 (s) 400—700 Nuclear and chemical 
analysis 69 
1.7 x 107 0.78 (f) 
Zn (self) 2.34 2.56 760—860 Radioactive 69 
1.4 x 101 2.69 667—1077 Radioactive 69 
Al _ 2.0 700-1000 Electrical and optical 69 
In 4 1.96 1100-1300 Radioactive 69 
Te (self) 67 3.8 727-977 Radioactive 69 
CdS Li 3x 10° 0.68 610-960 Microhardness 69 


Na (D ~ Зх 107) - 800 Radioactive 69 


Diffusion Data for Semiconductors 


Semiconductor 
Cu 


Cd (self) 
Ga 
In 


P 
S (self) 


CdSe Ag 


Cd (self) 


P 
Se (self) 


CdTe Li 
Cu 


Ag 


Au 
Cd (self) 


In 


Se 


Те (self) 


Cl 
Fe 


Diffusant 


Frequency factor, 
D (cm?/s) 
1.5 x 10? 
1.2x 102 
8х 105 
2.5 x 10! 
2.4 x 107 
2x10? 
1.27 x 10° 
1.22 x 10% 
3.4 


6 x 10! 


1x10! 
6.5 x 10 
1.6 x 10? 


(D ~ 1.2 x 107) 
13 х 107 

(D ~ 3 x 1079 
(р ~ 5 x 10-2) 
6.75 x 103 

(D ~ 13x107) 
2 x107 

1.6 x 10? 

6.3 x 102 

4.12 x 10? 


(D ~ 5.3 x 10-— 6 x 1078) 
2.6 x 10? 


(D ~ 1.5 x 1079) 
3.7 x 10^ 
8.2 x 10? 


6.7 x 10! 
1.26 

3.26 x 10? 
1.58 x 10! 


8 x10? 
1.17 x 10? 
6.48 х 10" 


8.3 x 102 

(D ~ 1.2 x 1079) 
5.6 x 10° 

6.0 x 1079 

17 x 10+ 

8.54 x 107 


1.66 х 107 
7.1 x 102 
(D ~ 4 x 1073) 


Activation energy, 
Q(ev) 

0.76 

1.05 

0.72 

1.2 (s) 

0.8 (f) 

1.8 

0.86 (s) 

0.66 (f) 

2.0 


2.3 (|) 


2.03 (L) 
16 

2.05 

24 


0.53 
15 

125 (D 
2.18 (ID 


2.0 
2.07 

2.67 (1) 
2.44 (ID 


1.61 
2.21 (1) 
1.15 (ID 


22 


122 
0.29 
1.35 
1.42 (І) 


1.38 (Ш) 
16 
0.77 


Temperature range (°С) 


400—700 
300-700 
20-200 

300-500 


500-800 
720-1000 


700-1100 
667-967 
650-930 


800-1100 
800-900 
750-1050 
900 
700-1000 
800 

1000 
570-900 
960 
22-400 
700-1000 
600-900 
600-900 


900-1000 
700-1000 


300 
97-300 
290-350 
700-800 


600-1000 
700-1000 
650-900 


650-1000 
500-850 


700-925 
900 

850 
200-650 
650-900 
700-1000 
600-900 


500-800 
520-800 
900 


Method of measurement 


Radioactive 
Ultrasonic 
Electrical 
Radioactive 


Radioactive 
Radioactive 


Radioactive 

Optical and microprobe 

Radioactive, optical and 
microprobe 


Radioactive 

Radioactive 

Radioactive 

Radioactive 

Radioactive 

Electrical 

Radioactive 

Luminescence 

Photoluminescence 

Ultrasonic 

Radioactive 

Radioactive; 

(I) saturated Cd and 
(II) saturated Se 
pressure 

Radioactive 

Radioactive; saturated 
Se pressure 

Ion microprobe 

Radioactive 

Ion backscattering 

Electrical and photo- 
luminescence 

Radioactive 

Radioactive 

Radioactive; 

(I) saturated Cd and (II) 
saturated Te pressure 

Radioactive 

Radioactive; (I) saturated 

Cd and (II) saturated Te 
pressure 

Radioactive 

Radioactive 


Mass spectrometry 


Radioactive 
Radioactive; (I) 
saturated Cd 
and (II) saturated Te 
pressure 


Radioactive 
Radioactive 


69 
69 
69 
69 


69 
69 


69 
69 


69 


69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 


69 


69 
69 
69 
69 


69 
69 
69 
69 


69 


69 
69 
69 
69 
69 


69 


69 


69 
69 
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12-98 
Frequency factor, 
Semiconductor  Diffusant D, (cm?/s) 
HgSe Sb 6.3 x 10? 0.85 
Se (self) — - 
HgTe Ag 6 x 10+ 0.8 
Zn 5 х 107 0.6 
са 3.1 x 10“ 0.66 
Hg (self) 2 x 107 0.6 
In 6 х 10° 0.9 
Sn 1.72 x 1075 0.66 (s) 
1.8 x 102 0.80 (6) 
Te (self) 10-5 14 
Mn 1.5 x 107* 13 
PbS Cu 4.6 x 107* 0.36 
5x 103 0.31 
Pb (self) 8.6x 105 152 
S (self) |6.8x 1055 1.38 
Ni 1.78 x 10! 0.95 
PbSe Na 1.5 x 10! 1.74 (s) 
5.6 x 105 0.4 (f) 
Cu 2х 105 0.31 
Ag 7.4 x 107* 0.35 
Pb (self) 4.98 х 10-5 0.83 
Sb 3.4 x 107 2.0 
Se (self) 2.1 x 105 12 
а 1.6 x 5 0.45 
Ni (D ~ 1х 1079 = 
PbTe Na 17 x 107 191 
5п 3.1 x 107 1.56 
Pb (self) 2.9 х 105 0.6 
Sb 4.9 x 1072 1.54 
Te 2.7 х 107 0.75 
Cl (D > 2.3 x 
1079) = 
Ni (D> 1 x 10-5) - 
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PROPERTIES OF MAGNETIC MATERIALS 


H. P. R. Frederikse 


Quantity 


Magnetic field 
Magnetic induction 
Magnetization 


Spontaneous magnetization 
Saturation magnetization 


Magnetic flux 
Magnetic moment 
Coercive field 
Remanence 


Saturation magnetic polarization 
Magnetic susceptibility 


Magnetic permeability 


Magnetic permeability of free space 
Saturation magnetostriction 


Curie temperature 
Néel temperature 


Magnetic moment џ = үй/ = g u, J 


where 


Earth's magnetic field H = 56 А m“ = 07 Oe 
For iron: M, = 1.7-10 A m7}; B = 0.8-10° A m^! 


у = gyromagnetic ratio; J = angular momentum; g = spectroscopic splitting factor (~2) 


Glossary of Symbols 


Symbol 


© 


x‏ = چ = = و 


ul, = bohr magneton = 9.2741.10-%)/Т = 9.2741-10?' erg/G 


1 Ое = (1000/4л) Am-;1G = 10 T; 1 emu cm” = 10? A т^! 


1 maxwell = 107? Wb 


H, = 4n 107 H m^ 


Units 


SI 


Am! 

T (tesla) 
Am! 

Am! 

Am! 

Wb (weber) 
Am? 

Am! 

T 

T 


H m^! (henry/meter) 
Hm! 


K 
K 


emu 


Oe (oersted) 
G (gauss) 
emu ст? 
emu cm? 
emu cm? 
maxwell 
erg/G 

Oe 

G 

G 


K 
K 


Relation Between Magnetic Induction and Magnetic Field 


Pd 


(b) 


(a) 


(a) = Domain growth 
(b) = Field removal 
(c) = Hysteric curve on field 


12-100 


FIGURE 1. Typical curve representing the dependence of magnetic in- 
duction B on magnetic field H for a ferromagnetic material. When H is 
first applied, B follows curve a as the favorably oriented magnetic domains 
grow. This curve flattens as saturation is approached. When H is then re- 
duced, B follows curve b, but retains a finite value (the remanence В, at 
>н a : NP К 
Н = 0. In order to demagnetize the material, a negative field –Н, (where H, 
is called the coercive field or coercivity) must be applied. As H is further 
decreased and then increased to complete the cycle (curve c), a hysteresis 
loop is obtained. The area within this loop is a measure of the energy loss 
per cycle for a unit volume of the material. 
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FIGURE 2. Schematic curve illustrating the B vs. H dependence for hard 
and soft magnetic materials. Hard materials have a larger remanence and 
coercive field, and a correspondingly large hysteresis loss. 


Pu 


Hard 


Reference 


Ralls, K. M., Courtney, T. H., and Wulff, J., Introduction to Materials 
Science and Engineering, ]. Wiley & Sons, New York, 1976, p. 577, 582. 
With permission. 


Magnetic Susceptibility of the Elements 


— X _ 
10 femmor! 


100,000 7 Fe,Co,Ni 
теа 

10,000 
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Рагатавпе с 


Diamagnetic 
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FIGURE 3. Molar susceptibility of the elements at room temperature (cgs units of 10% cm?/mol). Values are not available for Z = 9, 61, and 84—89; Fe, 
Co, and Ni (Z = 26—28) are ferromagnetic. Data taken from the table "Magnetic Susceptibility of the Elements and Inorganic Compounds” in Section 4. 


Reference 


Gray, D. E., Ed., American Institute of Physics Handbook, Third Edition, McGraw Hill, New York, 1972, p. 5-224. With permission. 
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Ground State of Ions with Partly Filled d or f'Shells 


7 Element n S L J Gr. state Pac Pak Pos 
22 те 1 1/2 2 3/2 2”, 1.73 1.55 1.8 
23 үе 1 1/2 2 3/2 Р, 1.73 1.55 1.8 
23 уз 2 1 3 2 F; 2.83 1.63 2.8 
23 у» 3 3/2 3 3/2 AES; 3.87 0.77 3.8 
24 ст“ 3 3/2 3 3/2 АР, 3.87 0.77 37 
25 Мп“ 3 3/2 3 3/2 pon 3.87 0.77 4.0 
24 Ст“ 4. 2 2 0 °D, 4.90 0 4.9 
25 Ма 4 2 2 0 °D, 4.90 0 5.0 
25 Mn? 5 5/2 0 5/2 ы; 5.92 5.92 5.9 
26 Без 5 5/2 0 5/2 Sein 5.92 5.92 5.9 
26 Без 6 2 2 4 °D, 4.90 6.70 5.4 
27 Со» 7 3/2 3 9/2 iF. 3.87 6.54 48 
28 ме 8 1 3 4 ЗЕ; 2.83 5.59 3.2 
29 Си“ 9 1/2 2 5/2 2”, 1.73 3.55 1.9 

Pac 

58 Се» 1 1/2 3 5/2 F, 2.54 24 
59 Pr? 2 1 5 4 7H, 3.58 3.5 
60 Ма» 3 3/2 6 9/2 БЕЛ 3.62 3.5 
61 Pm? 4 2 6 4 "L, 2.68 
62 Sm* 5 5/2 5 5/2 HS. 0.84 L5 
63 Eu” 6 3 3 0 Е, 0.0 3.4 
64 Gd* 7 7/2 0 7/2 "S 7.94 8.0 
65 Tb? 8 3 3 6 ЈЕ: 9.72 9.5 
66 ру" 9 5/2 5 15/2 6Н, 10.63 10.6 
67 Но» 10 2 6 8 I, 10.60 10.4 
68 Ег? 11 3/2 6 15/2 i 9.59 9.5 
69 Tm? 12 1 5 6 ЗН, 7.57 7.3 
70 Yb** 13 1/2 3 7/2 AE 5 4.54 4.5 

а pa = 21566 + 1)]!? 

P pa = UU + ٢ 

© pa = 400 + 1р 

References 2. Kittel, C., Introduction to Solid State Physics, 6th Edition, J. Wiley & 


Sons, New York, 1986, pp. 405—406. 
1. Jiles, D., Magnetism and Magnetic Materials, Chapman & Hall, 3. Ashcroft, N. W. and Mermin, N. D., Solid State Physics, Holt, Rinehart, 
London, 1991, p. 243. and Winston, New York, 1976, p. 652. 
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Ferro- and Antiferromagnetic Elements 


M, is the saturation magnetization at T = 0 K 
ny is the number of Bohr magnetons per atom 


М /gauss Hy ТИК Түк 

Ее 22020 222 1043 
Co 18170 172 1388 
Ni 6410 0.62 627 
Cr 311 
Mn 100 
Ce 125 
ма 192 

78 
Sm 106 

13.8 
Eu 90.5 
Gd 24880 7 293 
Tb 9 220 

230.2 
Dy 10 87 

176 
Ho 10 20 

133 
Er 9 32 

80 
Tm 7 32 

56 

References 


1. Ashcroft, М. W., and Mermin, N. D., Solid State Physics, Holt, Rinehart, 
and Winston, New York, 1976, p.652. 


Т, is the Curie temperature 
Т, is the Néel temperature 


Comments 


c-Axis antiferromagnetic 

Basal plane modulation on hexagonal sites 

Cubic sites order (periodicity different from high-T phase) 
Ordering on hexagonal sites 

Cubic site order 

Spiral along cube axis 


Basal plane ferromagnet 

Basal plane spiral 

Basal plane ferromagnet 

Basal plane spiral 

Bunched cone structure 

Basal plane spiral 

c-Axis ferrimagnetic cone structure 
c-Axis modulated structure 

c-Axis ferrimagnetic cone structure 
c-Axis modulated structure 


2. Gschneidner, K. A., and Eyring, L., Handbook on the Physics and 
Chemistry of Rare Earths, North Holland Publishing Co., Amsterdam, 
1978. 


Selected Ferromagnetic Compounds 


M, is the saturation magnetization at T = 293 K 


Compound M /gauss T./K 
MnB 152 578 
MnAs 670 318 
MnBi 620 630 
MnSb 710 587 
Mn N 183 743 
MnSi 34 
CrTe 247 339 
CrBr, 270 37 
сп, 68 
сто, 515 386 
ЕЦО 1910" 77 
EuS 1184* 16.5 
сас, 550" 22 
ЕеВ 598 
Fe,B 1043 
ЕеВе, 75 
Fe,C 483 
FeP 215 
` ALT-0K 

References 


1. Kittel, C., Introduction to Solid State Physics, 6th Edition, J. Wiley & 
Sons, New York, 1986. 


Т. is the Curie temperature 


Crystal system 
orthorh(FeB) 
hex(FeB) 
hex(FeB) 
hex(FeB) 


cub(FeSi) 
hex(NiAs) 
hex(Bil,) 
hex(Bil,) 
tetr(TiO,) 
cub 

cub 

orthorh 
orthorh 

tetr (CuAL) 
cub(MgCu,) 
orthorh 
orthorh (MnP) 


2. Ashcroft, N. W.,and Mermin, N. D., Solid State Physics, Holt, Rinehart, 
and Winston, New York, 1976. 
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Magnetic Properties of High-Permeability Metals and Alloys (Soft) 


і, is the initial permeability 
H„ is the maximum permeability 
H is the coercive force 


J, is the saturation polarization 
Wis the hysteresis loss per cycle 
Т, is the Curie temperature 
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Material Composition (mass %) ш/ю шлы Н/Ат" МТ У Лт тк 
Iron Commercial 99Fe 200 6000 70 2.16 500 1043 
Iron Pure 99.9Fe 25000 350000 0.8 2.16 60 1043 
Silicon-iron 96Fe-4Si 500 7000 40 1.95 50-150 1008 
Silicon-iron (110) [001] 97Fe-3Si 9000 40000 12 2.01 35-140 1015 
Silicon-iron (100) «100» 97Fe-3Si 100000 6 2.01 1015 
Mild steel Fe-0.1C-0.1Si-0.4Mn 800 1100 200 

Hypernik 50Fe-50Ni 4000 70000 4 1.60 22 753 
Deltamax 1100) <100> 50Fe-50Ni 500 200000 16 1.55 773 
Isoperm (100) «100» 50Fe-50Ni 90 100 480 1.60 

78 Permalloy 78Ni-22Fe 4000 100000 4 1.05 50 651 
Supermalloy 79Ni-16Fe-5Mo 100000 1000000 0.15 0.79 2 673 
Mumetal 77Ni-16Fe-5Cu-2Cr 20000 100000 4 0.75 20 673 
Hyperco 64Fe-35Co-0.5Cr 650 10000 80 2.42 300 1243 
Permendur 50Ее-50Со 500 6000 160 2.46 1200 1253 
2V-Permendur 49Fe-49Co-2V 800 4000 160 2.45 600 1253 
Supermendur 49Fe-49Co-2V 60000 16 2.40 1150 1253 
25Perminvar 45Ni-30Fe-25Co 400 2000 100 1.55 

7Perminvar 70Ni-23Fe-7Co 850 4000 50 1.25 

Perminvar (magnet. annealed) 43Ni-34Fe-23Co 400000 2.4 1.50 

Alfenol (or Alperm) 84Fe-16Al 3000 55000 32 0.8 723 
Alfer 87Fe-13Al 700 3700 53 1.20 673 
Aluminum-Iron 96.5Ее-3.5 А] 500 19000 24 1.90 

Sendust 85Fe-10Si-5A] 36000 120000 1.6 0.89 753 


References 


Edition, McGraw Hill, New York, 1972, p. 5-224. 


1. McCurrie, К. A., Structure and Properties of Ferromagnetic Materials, 
Academic Press, London, 1994, p. 42. 


Applications of High-Permeability Materials 
Applications Requirements 
Power applications 


Distribution and power transformers 


High-quality motors and generators, stators and armatures, switched- 
mode power supplies 


Instrument transformers 


Audiofrequency transformers 
Pulse transformers High permeability 


Cores for inductor coils 


Low core losses, high permeability, high magnetic polarization 


2. Gray, D. E, Ed., American Institute of Physics Handbook, Third 


Low core losses, high permeability, high saturation magnetic polarization 


Audiofrequency 
Carrier frequency 


Radiofrequency 


Relays, switches 
Earth leakage circuit 


Magnetic shielding 


Low hysteresis, high permeability 
Very low hysteresis and eddy current loss 


High permeability at low fields 
Miscellaneous 


High permeability, low remanence, low coercivity 


Low core loss for AC applications 
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Applications of High-Permeability Materials 
Applications Requirements 
Magnetic recording heads High initial permeability, low or zero remanence 


Magnetic amplifiers 
Saturable reactors 
Saturable transformers 
Transformer cores 


Rectangular hysteresis loops, low hysteresis loss 


Magnetic shunts for temperature compensation in magnetic circuits Low Curie temperature, appropriate decrease in permeability with 
increase in temperature 


Electromagnets in indicating instruments, fire detection, quartz High permeability, high saturation magnetic polarization 
watches, electromechanical devices 


Magnetic yokes in permanent magnet devices, such as lifting and High permeability, high saturation magnetic polarization 
holding magnets, loudspeakers 


Reference 


McCurrie, В. A., Structure and Properties of Ferromagnetic Materials, Academic Press, London, 1994. With permission. 


Saturation Magnetostriction of Selected Materials 


The tabulated parameter А is related to the fractional change in length А/// 
by АП! = (3/2) (сов? - 1/3), where 0 is the angle of rotation. 


Material À x 10° 
Iron -7 
Ее - 3.2% 51 +9 
Nickel -33 
Cobalt –62 
45 Permalloy, 4596 Ni - 5596 Fe 427 
Permalloy, 8296 Ni - 1896 Fe 0 
Permendur, 49% Co - 4996 Fe - 2% V 470 
Alfer, 8796 Fe - 1396 Al 430 
Magnetite, Fe,O Я +40 
Cobalt ferrite, CoFe,O, -110 
SmFe, —1560 
TbFe, 41753 
ТЬ „Ру, Fe, а (Terfenol D) 42000 
Ре„Со В „51 (amorphous) +35 
Co, Fe,B.A,, (amorphous) 0 
Reference 


McCurrie, R.A., Structure and Properties of Ferromagnetic Materials, Academic Press, London, 1994, p. 91; additional data provided by A.E. Clark, 
Adelphi, MD. 


Properties of Various Permanent Magnetic Materials (Hard) 


B is the remanence (ВН) „a is the maximum energy product 

gH, is the flux coercivity T, is the Curie temperature 

;H, is the intrinsic coercivity T ax 15 the maximum operating temperature 
Composition B/T ,;H/10 Am! 4/10? Am“ (ВН) „Л m? TLC Т C 
Alnicol 20Ni;12A1;5Co 0.72 35 25 
Alnico2 17Ni;10AL12.5Co;6Cu 0.72 40—50 13-14 
Alnico3 24-30Ni;12-14A];0-3Cu 0.5-0.6 40-54 10 
Alnico4 21-28Ni;11-13A];3-5Co;2-4Cu 0.55-0.75 36-56 11-12 
Alnico5 14№8А1;24Со;3Си 1.25 53 54 40 850 520 
Alnico6 16Ni;8AI;24Co;3Cu;2Ti 1.05 75 52 
Alnico8 15Ni;7Al;35Co;4Cu;5Ti 0.83 1.6 160 45 
Alnico9 15Ni;7Al;35Co;4Cu;5Ti 1.10 1.45 1.45 75 850 520 


Alnico12 13.5Ni;8A1;24.5Co;2Nb 1.20 64 76.8 
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Composition В/Т ,H/10 А т!  H/I0 Am“ (ВН) „/К) m? T.C TC 

BaFe,,O,, (Ferroxdur) 0.4 1.6 192 29 450 400 

SrFe,O,, 0.4 2.95 33 30 450 400 

ТаСо, 0.91 164 567 

CeCo, 0.77 117 380 

PrCo, 1.20 286 620 

NdCo, 1.22 295 637 

SmCo, 1.00 79 696 196 700 250 

Sm(Co, Ее, Cu, јез 1.04 48 5 212 800 300 

Sm(Co, Fe, Cu, о)» 12 10 16 264 800 300 

Nd,Fe, B sintered 1.22 8.4 1120 280 300 100 

Fe;52Co;14V (Vicalloy II) 1.0 42 28 700 500 

Fe;24Cr;15Co;3Mo (anisotropic) 1.54 67 76 630 500 

Fe;28Cr;10.5Co (Chromindur 11 0.98 32 16 630 500 

Fe;23Cr;15Co;3V;2Ti 1.35 4 44 630 500 

Cu;20Ni;20Fe (Cunife) 0.55 4 12 410 350 

Cu;21Ni;29Fe (Cunico) 0.34 0.5 8 

Pt;23Co 0.64 4 76 480 350 

Mn;29.5Al;0.5C (anisotropic) 0.61 2.16 24 56 300 120 
References 2. Gray, D. E, Ed, American Institute of Physics Handbook, Third 


Edition, McGraw Hill, New York, 1972, p. 5-165. 
1. McCurrie, R. A., Structure and Properties of Ferromagnetic Materials, 3. Jiles, D., Magnetism and Magnetic Materials, Chapman & Hall, 
Academic Press, London, 1994, p. 204. London, 1991. 


Selected Ferrites 
J, is the saturation magnetic polarization 
T is the Curie temperature 


AH is the line width 
Material МТ TLC АНКА m^! Applications 
Spinels 
ү-Ее,О, 0.52 575 
Ее,О, 0.60 585 
NiFe,O, 0.34 575 350 Microwave devices 
MgFe,O, 0.14 440 70 
NiZnFe,O, 0.50 375 120 Transformer cores 
MnFe,O, 0.50 300 50 Microwave devices 
NiCoFe,O, 0.31 590 140 Microwave devices 
NiCoAIFe,O, 0.15 450 330 Microwave devices 
МАТ „Ре, „О, 0.12 430 67 Microwave devices 
NiAIFe О, 0.05 1860 32 Microwave devices 
Mg, ,Mn,,Fe,O, 0.25 290 56 Microwave devices 
Ni, Zn, Al Fe, О, 0.14 17 Microwave devices 
CuFe,O, 0.17 455 Electromechanical transducers 
CoFe,O, 0.53 520 
LiFe,O, 0.39 670 Microwave devices 
Garnets 
Y,Fe,O,, 0.178 280 55 Microwave devices 
Y;Fe,O,, (single crys.) 0.178 292 0.5 Microwave devices 
(Y,Al),Fe,O,, 0.12 250 80 Microwave devices 
(Ү,Са),Ре,О,, 0.06 250 150 Microwave devices 
Sm,Fe,O,, 0.170 305 Microwave devices 
Eu,Fe,O,, 0.116 293 Microwave devices 
GdFe,O,, 0.017 291 Microwave devices 
Hexagonal crystals 
BaFe,O,, 0.45 430 1.5 Permanent magnets 
Ва,Со,Ре, О, 0.34 470 12 Microwave devices 
Ва уп Ре „О, 0.28 130 25 Microwave devices 
Ba,Co, Zn, Fe, О 390 16 Microwave devices 
Ba,Ni,Fe,,O,, 0.16 500 8 Microwave devices 
SrFe,,O,, 0.4 450 Permanent magnets 


Reference 


McCurrie, R. A., Structure and Properties of Ferromagnetic Materials, Academic Press, London, 1994. 


Properties of Magnetic Materials 


Material 


Binary oxides 
MnO 

FeO 

CoO 

NiO 
а-Мп,О, 
CuO 

UO, 

Er,O, 

Gd O, 


Perovskites 
LaCrO, 
LaMnO, 
LaFeO, 
NdCrO, 
NdFeO, 
YbCrO, 
CaMnO, 
EuTiO, 
ҮСІО, 
ВіҒео, 
KCoF, 
KMnF, 
KFeF, 
KNiF, 
МаМпЕ, 
NaNiF, 
RbMnF, 
Spinels 
Со,0, 
NiCr,O, 


12-107 


Spinel Structure (АВ,О,) 
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Structure 
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FIGURE 4. Arrangement of metal ions in the two octants A and B, show- 
ing tetrahedrally (A) and octahedrally (B) coordinated sites. (Reprinted 
from McCurrie, R.A., Ferromagnetic Materials, Academic Press, London, 
1994. With permission.) 


Selected Antiferromagnetic Solids 


T. is the Néel temperature 


T/K Material Structure T/K 
ZnCr,O, cub 15 
?лЕе,О, сиђ 9 
122 GeFe,O, cub 10 
198 MgV,O, cub 45 
291 MnGa,O, cub 33 
525 
90 NiAs and related structures 
230 CrAs orth 300 
30.8 CrSb hex 705-723 
34 CrSe hex 300 
L6 MnTe hex 320-323 
NiS hex 263 
CrS monocl 460 
282 
100 Rutile and related structures 
750 CoF, tetr 38 
224 СТЕ, monocl 53 
760 FeF, tetr 79 
118 MnF, tetr 67 
110 NiF, tetr 83 
53 CrCl, orth 20 
141 MnO, tetr 84 
673 FeOF tetr 315 
125 Corundum and related structures 
88.3 Сг,О, rhomb 318 
115 a-Fe,O, rhomb 948 
275 FeTiO, rhomb 68 
60 MnTiO, rhomb 41 
149 Сопо, rhomb 38 
52 VF, and related structures 
40 CoF, rhomb 460 
65 CrF, rhomb 80 
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Material Structure TK References 

FeF, rhomb 294 1. Gray, D. E, Еа, American Institute of Physics Handbook, Third 
MnF, monocl 43 Edition, McGraw Hill, New York, 1972, p. 5-168 to 5-183. 

MoF, rhomb 185 2. Kittel, C., Introduction to Solid State Physics, 6th Edition, J. Wiley & 


Sons, New York, 1986. 


Miscellaneous 3. Ashcroft, N. W., and Mermin, N. D., Solid State Physics, Holt, Rinehart, 
КЕ, tetr 97 and Winston, New York, 1976, p. 697. 

Mnl, hex 3.4 

CoUO, orth 12 

CaMn,O, orth 225 

CrN cub* 273 

CeC, tetr 33 

FeSn hex 373 

Mn,P hex 103 


* Distorted. 


ELECTRON WORK FUNCTION OF THE ELEMENTS 


The electron work function Ф is a measure of the minimum en- 
ergy required to extract an electron from the surface of a solid. 
It is defined more precisely as the energy difference between the 
state in which an electron has been removed to a distance from the 
surface of a single crystal face that is large enough that the image 
force is negligible but small compared to the distance to any other 
face (typically about 107 cm) and the state in which the electron 
is in the bulk solid. In general, Ф differs for each face of a mono- 
crystalline sample. 

Since Ф is dependent on the cleanliness of the surface, measure- 
ments reported in the literature often cover a considerable range. 
This table contains selected values for the electron work function 
of the elements which may be regarded as typical values for a rea- 
sonably clean surface. The method of measurement is indicated 
for each value. The following abbreviations appear: 


Element Plane 0/6 Method Element Plane 
Ag 100 4.64 PE 210 
110 4.52 PE K polycr 
111 4.74 РЕ Та polycr 
Al 100 4.20 PE Li polycr 
110 4.06 PE Lu polycr 
111 4.26 PE Mg polycr 
As polycr (3.75) PE Mn polycr 
Au 100 5.47 РЕ Мо 100 
110 5.37 РЕ 110 
111 5.31 РЕ 111 
B polycr (4.45) TH 112 
Ba polycr 2.52 TH 114 
Be polycr 4.98 PE 332 
Bi polycr 4.34 PE Na polycr 
C polycr (5.0) CPD Nb 001 
Ca polycr 2.87 PE 110 
Cd polycr 4.08 CPD 111 
Ce polycr 2.9 PE 112 
Co polycr 5.0 PE 113 
Cr polycr 4.5 PE 116 
Cs polycr 1.95 PE 310 
Cu 100 5.10 FE Nd polycr 
110 4.48 PE Ni 100 
111 4.94 PE 110 
112 4.53 PE 111 
Eu polycr 2.5 РЕ О$ polycr 
Fe 100 4.67 PE Pb polycr 
111 4.81 PE Pd polycr 
Ga polycr 4.32 PE 111 
Gd polycr 2.90 CPD Pt polycr 
Ge polycr 5.0 CPD 110 
Hf polycr 3.9 PE 111 
Hg liquid 4475 РЕ 320 
In polycr 4.09 PE 331 
Ir 100 5.67 PE Rb polycr 
110 5.42 РЕ Ке polycr 
111 5.76 РЕ Rh polycr 
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TE - Thermionic emission 

PE – Photoelectric effect 

FE - Field emission 

CPD – Contact potential difference 
polycr – Polycrystalline sample 
amorp – Amorphous sample 


Values in parentheses are only approximate. 


References 


1. Hólzl J., and Schulte, F. K., Work Functions of Metals, іп Solid Surface 
Physics, Hóhler, G., Ed., Springer-Verlag, Berlin, 1979. 

2. Riviere, J. C., Work Function: Measurements and Results, in Solid 
State Surface Science, Vol.1, Green, M., Ed., Decker, New York, 1969. 

3. Michaelson, H. B., J. Appl. Phys., 48, 4729, 1977. 


Ф/еУ Method Element Plane Ф/еУ Method 
5.00 PE Ru polycr 4.71 PE 
2.29 PE Sb amorp 4.55 
3.5 PE 100 4.7 
2.93 FE Sc polycr 3.5 PE 

(3.3) CPD Se polycr 5.9 PE 
3.66 PE Si n 4.85 CPD 
ал РЕ p 100 (4.91) CPD 
4.53 PE р111 4.60 РЕ 
4.95 РЕ 5т polycr 27 РЕ 
4.55 РЕ 5п polycr 4.42 CPD 
4.36 PE Sr polycr (2.59) TH 
4.50 PE Ta polycr 4.25 TH 
4.55 PE 100 4.15 TH 
2.36 PE 110 4.80 TH 
4.02 TH 111 4.00 TH 
4.87 TH Tb polycr 3.0 PE 
4.36 TH Te polycr 4.95 PE 
4.63 TH Th polycr 3.4 TH 
4.29 TH Ti polycr 4.33 PE 
3.95 TH TI polycr (3.84) CPD 
4.18 TH U polycr 3.63 PE 
32 PE 100 3.73 PE 
5.22 PE 110 3.90 PE 
5.04 PE 113 3.67 PE 
5.35 PE У polycr 4.3 PE 
5.93 PE Ww polycr 4.55 CPD 
4.25 PE 100 4.63 FE 
5.22 PE 110 5.22 FE 
5.6 PE 111 4.45 FE 
5.64 PE 113 4.46 FE 
5.84 FE 116 4.32 TH 
5.93 FE Y polycr 3.1 PE 
5.22 FE Zn polycr 3.63 PE 
5.12 FE polycr (4.9) CPD 
2261 PE Zr polycr 4.05 PE 
4.72 TE 
4.98 PE 


SECONDARY ELECTRON EMISSION 


The secondary emission yield, or secondary emission ratio, 8, is 
the average number of secondary electrons emitted from a bom- 
barded material for every incident primary electron. It is a func- 
tion of the primary electron energy Е. The maximum yield ô 
corresponds to a primary electron energy E ma; (see figure). The 
two primary electron energies corresponding to a yield of unity 
are denoted the first and second crossovers (E, and E ). An insulat- 


ing target, or a conducting target that is electrically floating, will 
charge positively or negatively depending on the primary electron 
energy. For E, < E, < Ep 6 > 1 and the surface charges positively 
provided there is à collector present that is positive with respect 
to the target. For E < E, or E > Ep 6 < 1, and the surface charges 
у б р 1 р Шы; : 
negatively with respect to the potential of the source of primary 
electrons. 


LS 
Snax IEEE 1 
810- + š 
05-/ : | | 
E, Pmax Eq 
Primary Electron Energy (Ep) 

Element дах E | £V) Е (eV) E (eV) Hement ye E,.. У) Е (eV) Е (eV) 
Ag L5 800 200 >2000 05 85 Мопе Мопе 
Al 1.0 300 300 300 Mg 0.95 300 None None 
Au 14 800 150 >2000 Мо 1.25 375 150 1200 
В 12 150 50 600 Ма 0.82 300 Мопе Мопе 
Ва 0.8 400 Мопе Мопе Nb 12 375 150 1050 
Bi 12 550 None None Ni 1.3 550 150 »1500 
Be 05 200 None None Pb 11 500 250 1000 

C (diamond) 2.8 750 None 25000 Pd >13 >250 120 Мопе 
С (graphite) 10 300 300 300 Pt 18 700 350 3000 

C (soot) 0.45 500 None None Rb 0.9 350 None None 
Cd 11 450 200 700 Sb 13 600 250 2000 
Co 12 600 200 None Si 11 250 125 500 
Св 0.7 400 None None Sn 1.35 500 None None 
Cu 13 600 200 1500 Ta 13 600 250 >2000 
Ее 13 400 120 1400 Th 11 800 None None 
Ga 1.55 500 75 None Ti 0.9 280 None None 
Ge 1.15 500 150 900 TI 17 650 70 >1500 
Hg 13 600 350 51200 Ww 14 650 250 >1500 
K 0.7 200 None None Zr 11 350 Мопе Мопе 

Сотроцпа 5... Е (У ) Compound max E ах У) 

Alkali halides BeO 34 2000 

CsCl 6.5 CaO 2.2 500 
KBr (crystal) 14 1800 Си,О 1.2 400 
КСІ (crystal) 12 1600 MgO (crystal) 20-25 1500 
KCl (layer) 75 1200 МВО (layer) 3-15 400-1500 
KI (crystal) 10 1600 MoO, 1.2 
KI (layer) 5.6 SiO, (quartz) 2.1-4 400 
LiF (crystal) 8.5 500, 32 640 
LiF (layer) 5.6 700 Sulfides 
NaBr (crystal) 24 1800 Мо5, 11 
NaBr (layer) 6.3 PbS 1.2 500 
NaCl (crystal) 14 1200 WS, 1.0 
NaCl (layer) 6.8 600 ZnS 1.8 350 
NaF (crystal) 14 1200 Others 
NaF (layer) 5.7 BaF, (layer) 45 
Nal (crystal) 19 1300 CaF, (layer) 3.2 
Nal (layer) 5.5 Bis, 6 1000 
RbCI (layer) 5.8 BiCs 1.9 1000 
Oxides GeCs 7 700 
Ag,O 1.0 Rb,Sb 7.1 450 
АТО, (layer) 2-9 SbCs, 6 700 
BaO (layer) 2.3-4.8 400 Mica 2.4 350 
Glasses 2-3 300-450 
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OPTICAL PROPERTIES OF SELECTED ELEMENTS 


J. H. Weaver and H. P. R. Frederikse 


These tables list the index of refraction п, the extinction coeffi- 
cient k, and the normal incidence reflection R (ф = 0) as a function 
of photon energy E, which is expressed in electron volts (eV). To 
convert the energy in eV to wavelength in um, use À = 1.2398/Е. То 
compute the dielectric function £ = 2, + ie, from the complex index 
of refraction Ñ = и + ik, use e, = и? К? and e, = 2nk. 

The optical constants in these tables are abridged from three 
more extensive tabulations: 


• Optical Properties of Metals (OPM), Volumes I and II, 
Physics Data, Nr. 18-1 and 18-2, J. H. Weaver, C. Krafka, 
D. W. Lynch, and E. E. Koch, Fachinformationzentrum, 
Karlsruhe, Germany. 

• Handbook of Optical Constants (HOC), Vol. I, 1985, and 
Vol. II, 1991. E. D. Palik, Ed., Academic Press, Inc. 

• American Institute of Physics Handbook (AIPH), 3rd 
Edition, D. E. Gray, Ed., McGraw-Hill, New York, 1972. 


The first two of these major sources provide detailed compari- 
sons of all optical data available in the literature at the time of the 
compilation. For critical applications the reader should refer to the 
original work. References for individual metals and semiconduc- 
tors are listed at the end of the tables. Generally, tabulated values 


Energy Energy 

(еу) n k R(@ = 0) (eV) x 
Aluminium! 2.200 1.018 
0.040 98.595 203701 0.9923 2400 08% 
0050 74997 172.199 0.9915 2600. 096 
0.060 62.852 150.799 0.9906 2508 0.598 
0.070 53790 135.500 0.9899 3:000 0.523 
0.080 45784 123.734 0.9895 320051 v 860 
0.090 39.651 114102 0.9892 9-00 0.407 
0.100 34.464 105.600 0.9889 3:600 0.363 
0.25 — 24965 89250 0.9884 3:8005. ces 
0.150 18572 76960 0.9882 4000 0294 
0.175 14274 66.930 0.9879 129 0.267 
0.200 11733 59370 0.9873 (8006 سر‎ 
0.250 8.586 48.2355 0.9858 4:600 0.223 
0.300 6.759 40.960 0.9844 2:800 0.205 
0350 5.438 35599 0.9834 وه‎ 20490 
0.400 4.454 31485 0.9826 6:009 0.130 
0.500 302 25.581 0.9817 6:300 0.110 
0.60 2273 21403 0.9806 7.000 0095 
0.700 1770 18328 0.9794 7:300 0.082 
0.800 1444 15.955 0.9778 8.000 0072 
0.900 1264 14021 0.9749 8.500 0.063 
1.000 1212 12464 0.9697 22 0.056 
1.100 1201 11181 0.9630 2:900 0.049 
1.200 1360 10010 0.9521 10000 0044 
1.300 1468 8.949 0.9318 10.500 0.040 
1400 297 8212 Па: 11000 0.036 
1500 2745 8309 0.8678 11500 0033 
1600 265 8597 08794 120007 40033 
1.700 2.43 8573 0.8972. 12500 0034 
1.800 1741 8205 0.9069 13.000 0.038 
1.900 1488 7.821 0.9116 13500 0041 
2000 1304 7479 0.9148 11000 0918 
14200 0053 
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for the optical properties are accurate to better than 1096. Data 
in parentheses are extrapolated or interpolated values. For most 
elements the spectral range covered is from the far infrared (0.010 
or 0.10 eV) to the far ultraviolet (10, 30 or 300 eV). The intervals 
between successive energies in the tables are chosen in such a way 
that the major spectral features are preserved. 

Very small values of k are expressed in exponential notation, 
e.g., 1.23E-5 means 1.23 x 107. 

The following table is convenient for identifying the energy en- 
tries in these tables with the corresponding wavelengths: 


À E/eV À E/eV 

1mm 0.00124 6000À 2.066 

500 um 0.00248 5000À 2.480 

100 ит 0.01240 4000 А 3.100 

50 ит 0.02480 3000 А 4.133 

10 ит 0.12398 2000А 6.199 

5 иш 0.24797 1000 А 12.398 

lum 1.240 400 А 30.996 

Energy 
k К(ф = 0) (eV) n k К(ф = 0) 

6.846 0.9200 14.400 0.058 0.327 0.8102 
6.283 0.9228 14.600 0.067 0.273 0.7802 
5.800 0.9238 14.800 0.086 0.211 0.7202 
5.385 0.9242 15.000 0.125 0.153 0.6119 
5.024 0.9241 15.200 0.178 0.108 0.4903 
4.708 0.9243 15.400 0.234 0.184 0.3881 
4.426 0.9245 15.600 0.280 0.073 0.3182 
4.174 0.9246 15.800 0.318 0.065 0.2694 
3.946 0.9247 16.000 0.351 0.060 0.2326 
3.740 0.9248 16.200 0.380 0.055 0.2031 
3.552 0.9248 16.400 0.407 0.050 0.1789 
3.380 0.9249 16.750 0.448 0.045 0.1460 
3.222 0.9249 17.000 0.474 0.042 0.1278 
3.076 0.9249 17.250 0.498 0.040 0.1129 
2.942 0.9244 17.500 0.520 0.038 0.1005 
2.391 0.9257 17.750 0.540 0.036 0.0899 
2.173 0.9260 18.000 0.558 0.035 0.0809 
1.983 0.9262 18.500 0.591 0.032 0.0664 
1.814 0.9265 19.000 0.620 0.030 0.0554 
1.663 0.9269 19.500 0.646 0.028 0.0467 
1.527 0.9272 20.000 0.668 0.027 0.0398 
1.402 0.9277 20.500 0.689 0.025 0.0342 
1.286 0.9282 21.000 0.707 0.024 0.0296 
1.178 0.9286 21.500 0.724 0.023 0.0258 
1.076 0.9293 22.000 0.739 0.022 0.0226 
0.979 0.9298 22.500 0.753 0.021 0.0199 
0.883 0.9283 23.000 0.766 0.021 0.0177 
0.791 0.9224 23.500 0.778 0.020 0.0157 
0.700 0.9118 24.000 0.789 0.019 0.0140 
0.609 0.8960 24.500 0.799 0.018 0.0126 
0.517 0.8789 25.000 0.809 0.018 0.0113 
0.417 0.8486 25.500 0.817 0.017 0.0102 
0.373 0.8312 26.000 0.826 0.016 0.0092 
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Energy 

(eV) n 
27.000 0.840 
28.000 0.854 
29.000 0.865 
30.000 0.876 
35.000 0.915 
40.000 0.940 
45.000 0.957 
50.000 0.969 
55.000 0.979 
60.000 0.987 
65.000 0.995 
70.000 1.006 
72.500 1.025 
75.000 1.011 
77.500 1.008 
80.000 1.007 
85.000 1.007 
90.000 1.005 
95.000 0.999 
100.000 0.991 
110.000 0.994. 
120.000 0.991 
130.000 0.987 
140.000 0.989 
150.000 0.990 
160.000 0.989 
170.000 0.989 
180.000 0.990 
190.000 0.990 
200.000 0.991 
220.000 0.992 
240.000 0.993 
260.000 0.993 
280.000 0.994. 
300.000 0.995 
Carbon (diamond) 
0.06199 2.3741 
0.06888 2.3741 
0.07749 2.3745 
0.08856 2.3750 
0.1033 2.3757 
0.1240 2.3765 
0.1550 2.3772 
0.1907 
0.2066 2.3779 
0.22 
0.23 
0.24 
0.25 
0.26 
0.27 
0.28 
0.29 
0.30 
0.31 2.3787 
0.32 
0.33 
0.34 
0.35 


k 
0.015 
0.014 
0.014 
0.013 
0.010 
0.008 
0.007 
0.006 
0.005 
0.004 
0.004 
0.004 
0.004 
0.024 
0.025 
0.024 
0.028 
0.031 
0.036 
0.030 
0.025 
0.024 
0.021 
0.016 
0.015 
0.014 
0.011 
0.010 
0.009 
0.007 
0.006 
0.005 
0.004 
0.003 
0.002 


3.1 E-05 
5.7 E-05 
1.21E-04 
2.36E-04 
3.82 Е-04 
5.21E-04 
2.96E-04 
4.39E-04 
2.75E-04 
7.82Е-05 
1.32E-04 
1.30E-04 
1.11E-04 
2.99E-05 
1.89E-05 
2.11E-05 


К(ф - 0) 
0.0076 
0.0063 
0.0053 
0.0044 
0.0020 
0.0010 
0.0005 
0.0003 
0.0001 
0.0000 
0.0000 
0.0000 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0003 
0.0002 
0.0002 
0.0002 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 


0.166 
0.166 
0.166 
0.166 
0.166 
0.166 
0.166 


0.166 


0.167 


Energy 
(eV) 
0.36 
0.37 
0.38 
0.39 
0.40 
0.41 
0.4133 
0.42 
0.43 
0.44 
0.45 
0.46 
0.47 
0.48 
0.4959 
0.6199 
0.8266 
1.240 
1.378 
1.459 
1.550 
1.653 
1.771 
1.889 
1.926 
2.066 
2.105 
2.271 
2.480 
2.650 
2.845 
3.100 
3.434 
3.576 
3.961 
4.160 
4.511 
4.8187 
5.00 
5.30 
5.35 
5.40 
5.50 
5.55 
5.60 
5.80 
6.00 
6.10 
6.20 
6.30 
6.40 
6.50 
6.60 
6.70 
6.80 
6.90 
7.00 
7.10 
7.15 
7.20 


n 


2.3795 


2.3801 
2.3813 
2.3837 
2.3905 
2.3934 
2.3953 
2.3975 
2.4003 
2.4036 
2.4073 
2.4084 
2.4133 
2.4147 
2.4210 
2.4299 
2.4380 


2.4627 
2.4849 
2.4955 


2.5465 


2.6205 
2.6383 


2.740 
2.780 
2.826 
2.852 
2.879 
2.910 
2.944 
2.985 
3.031 
3.085 
3.146 
3.220 
3.322 
3.444 
3.464 
3.437 


k 
2.47E-05 
2.80E-05 
3.11E-05 
3.67E-05 
3.58E-05 
3.25E-05 


2.94E-05 
2.87E-05 
3.14E-05 
3.62E-05 
3.22E-05 
1.57E-05 
6.17E-06 


3.82E-07 


8.97E-07 


1.29E-06 
1.47E-06 


2.98E-06 
6.45E-06 
1.04E-05 
3.41E-05 
5.48E-04 
1.48E-03 
5.02E-03 
7.99E-03 
8.62Е-03 
9.30Е-03 
9.74E-03 
9.87E-03 
1.10E-02 
1.47E-02 
2.20E-02 
3.44E-02 
5.24E-02 
9.35E-02 
0.210 

0.307 

0.388 


Rip = 0) 


0.167 


0.167 
0.167 
0.167 
0.168 
0.169 
0.169 
0.169 
0.170 
0.170 
0.171 
0.171 
0.171 
0.172 
0.173 
0.174 
0.175 


0.178 
0.182 
0.183 


0.190 


0.200 
0.203 


0.216 
0.222 
0.228 
0.231 
0.235 
0.239 
0.243 
0.248 
0.254 
0.261 
0.268 
0.277 
0.289 
0.304 
0.308 
0.307 


Energy 
(eV) 

7.30 

7.40 

7.50 

7.60 

7.80 

8.00 

8.25 

8.50 

875 

9.00 

9.25 

9.50 

9.75 

10.00 
10.25 
10.50 
10.75 
11.00 
11.25 
11.50 
11.75 
12.00 
12.20 
12.40 
12.60 
12.80 
13.00 
13.50 
14.00 
14.50 
15.00 
15.50 
16.00 
16.50 
17.00 
17.50 
18.00 
18.50 
19.00 
19.50 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00 
26.00 
27.00 
28.00 
29.00 
30.00 


Cesium (evaporated) 


2.145 
2.271 
2.845 
3.064 
3.397 
3.966 
4.889 


n 
3.376 
3.335 
3.321 
3.306 
3.276 
3.251 
3.232 
3.228 
3.247 
3.272 
3.308 
3.348 
3.398 
3.453 
3.514 
3.565 
3.600 
3.582 
3.507 
3.346 
3.090 
2.736 
2.383 
1.983 
1.532 
1.312 
1.223 
1.129 
1.070 
1.018 
0.972 
0.917 
0.861 
0.805 
0.753 
0.707 
0.665 
0.626 
0.589 
0.557 
0.527 
0.487 
0.518 
0.597 
0.586 
0.562 
0.538 
0.516 
0.501 
0.494 
0.493 


0.264. 
0.278 
0.425 
0.540 
0.671 
0.827 
0.916 


k 
0.473 
0.515 
0.533 
0.592 
0.659 
0.712 
0.765 
0.806 
0.855 
0.910 
0.978 
1.055 
1.147 
1.258 
1.403 
1.581 
1.813 
2.078 
2.380 
2.693 
2.986 
3.228 
3.354 
3.382 
3.265 
2.953 
2.722 
2.379 
2.178 
2.034 
1.929 
1.845 
1.767 
1.692 
1.619 
1.546 
1.476 
1.408 
1.341 
1.273 
1.203 
1.052 
0.888 
0.850 
0.829 
0.787 
0.736 
0.679 
0.616 
0.552 
0.490 


1.123 
0.950 
0.438 
0.320 
0.233 
0.174 
0.143 


12-117 


R(9 = 0) 
0.303 
0.300 
0.299 
0.300 
0.300 
0.300 
0.301 
0.303 
0.308 
0.314 
0.322 
0.331 
0.342 
0.355 
0.371 
0.389 
0.411 
0.434 
0.460 
0.488 
0.518 
0.551 
0.580 
0.610 
0.641 
0.627 
0.604 
0.557 
0.526 
0.504 
0.489 
0.482 
0.477 
0.474 
0.471 
0.467 
0.463 
0.459 
0.455 
0.449 
0.442 
0.413 
0.330 
0.270 
0.268 
0.265 
0.260 
0.252 
0.239 
0.221 
0.201 


0.631 
0.561 
0.235 
0.127 
0.057 
0.018 
0.007 


12-118 Optical Properties of Selected Elements 


Energy Energy Energy 
(eV) n k К(ф = 0) (eV) n k К(ф = 0) (eV) n k К(ф = 0) 
| 11.00 1.05 0.69 0.103 220 2.07 3.70 0.642 
Chromium" 11.50 1.09 0.69 0.100 2.30 2.01 3.59 0.634 
0.06 21.19 4200 0.962 12.00 113 0.70 0.101 2.40 1.95 3.49 0.627 
0.10 1181 2976 0.955 12.50 115 0.73 0.108 2.50 1.88 3.40 0.622 
0.14 1531 26.36 0.936 13.00 115 0.77 0.119 2.60 1.81 3.32 0.618 
0.18 8.73 25.37 0.53 13.50 112 0.80 0.128 270 173 3.24 0.615 
0.22 5.30 20.62 0.954 14.00 109 0.82 0.135 2.80 1.66 3.13 0.607 
0.26 3.91 17.12 0.951 14.50 1.03 0.82 0.142 2.90 1.61 3.05 0.600 
0.30 3.15 14.28 0.243 15.00 100 0.82 0.143 3.00 1.55 2.96 0.594 
0.42 3.47 8.97 0.862 15.50 0.96 0.80 0.141 320 1.46 2.80 0.579 
0.54 3,92 7.06 0.788 1600 0.92 0.77 0.139 340 1.38 2.64 0.563 
0.66 3.96 595 0.736 16.50 0.31 0.75 0.134 3.60 131 2.48 0.544 
0.78 413 5.03 0.680 17.00 0.90 0.73 0.132 3.80 1.28 2.33 0.519 
0.90 443 460 0.650 17.50 0.88 0.72 0.130 4.00 1.26 2.20 0.495 
1.00 447 443 0.639 18.00 0.87 0.70 0.129 4.20 1.25 2.10 0.471 
112 4.53 431 0.631 18.50 0.84 0.69 0.130 4.40 1.24 2.01 0.452 
1.24 4.50 428 0.629 19.00 0.82 0.68 0.131 4.60 1.24 1.94 0.435 
1.36 442 4.30 0.631 20.00 0.77 0.64 0.130 4.80 1.23 1.88 0.423 
1.46 4.31 432 0.632 20.5 0.76 0.63 0.129 5.00 122 1.83 0.411 
1,77 3.84 437 0.639 210 0.74 0.58 0.121 520 121 1.79 0.403 
2.00 3.48 4.36 0.644 215 0.72 0.55 0.116 5.40 1.19 177 0.399 
2.20 3.18 441 0.656 22.0 0.71 0.52 0.112 5.60 116 1.75 0.400 
240 275 446 0.677 22.5 0.70 0.50 0.109 5.80 1.10 1.73 0.406 
2.60 2.22 4.36 0.698 23.0 0.69 0.48 0.105 6.00 1.03 1.68 0.407 
2.80 1.80 4.06 0.703 235 0.68 0.45 0.101 620 0.97 1.62 0.401 
3.00 1.54 371 0.695 24.0 0.68 0.43 0.096 640 0.94 1.53 0.386 
320 144 340 0.670 245 0.67 0.39 0.089 6.60 0.91 1.46 0.368 
340 1.39 324 0.657 25.0 0.68 0.36 0.080 6.80 0.91 1.38 0.345 
3.60 1.26 3,12 0.661 25.5 0.68 0.33 0.072 7.00 0.91 1.32 0.326 
3.80 112 2.95 0.660 26.0 0.70 0.31 0.063 7.00 0.91 1.26 0.305 
4.00 1,02 2.76 0.651 26.5 0.71 0.28 0.055 740 0.92 121 0.286 
420 0,94 2.58 0.639 270 0.72 0.26 0.048 7.60 0.93 1.17 0.269 
4.40 0.90 242 0.620 275 0.73 0.25 0.043 7.80 0.94 1.13 0.253 
450 0.89 235 0.607 28.0 0.75 0.23 0.037 8.00 0.95 1.09 0.239 
4.60 0.88 228 0.598 29.0 0.77 0.22 0.032 5 
4.70 0.86 221 0.586 30.0 0.78 0.21 0.030 Cobalt, single crystal, É L С 
4.80 0.86 213 0.572 0.10 5.83 32.36 0.979 
4.90 0.86 2.07 0.557 Cobalt, single crystal, Е | 6 0.15 4.24 21.37 0.965 
5.00 0.85 2.01 0.542 0.10 6.71 37.87 0.982 0.20 3.87 15.53 0.042. 
5.10 0.86 1.94 0.523 0.15 4.66 25.47 0.973 0.30 4.34 10.01 0.865 
5.20 0.87 1.87 0.503 0.20 3.55 18.78 0.962 0.40 4.66 7.89 0.785 
5.40 0.93 1.80 0.466 0.25 3.98 14.59 0.933 0.50 5,17 5,75 0.709 
5.60 0.95 174. 0.443 0.30 4.04 12.16 0.907 0.60 5.77 5.17 0.682 
5.80 0.97 1.74 0.437 0.40 424 9.13 0.847 0.70 6.15 5.20 0.685 
6.00 0.94 173 0.444 0.50 441 7.19 0.782 0.80 6.08 5.61 0.702 
6.20 0.89 1.69 0.446 0.60 4.91 6.13 0.729 0.90 5.57 5.93 0.715 
6.40 0.85 1.66 0.447 0.70 524 5.85 0.713 1.00 4.83 5.94 0.721 
6.60 0.80 1.59 0.444 0.80 5.17 5.89 0.716 1.10 4.31 5.60 0.711 
6.80 0.75 1.51 0.439 0.90 4.94 5.95 0.720 120 4.02 5.34 0.701 
7.00 0.74 1.45 0.425 1.00 446 5.86 0.722 1.30 3.78 5.16 0.694 
7.20 0.71 1.39 0.414 1.10 4.07 5.61 0.715 140 3.55 5.05 0.692 
7.40 0.69 133 0.404 1.20 3.81 5.36 0.706 1.50 3.26 4.93 0.692 
7.60 0.66 1.23 0.378 1.30 3.60 5.20 0.701 1.60 3.03 4.74 0.687 
7.80 0.67 115 0.347 1.40 3.37 5.09 0.701 170 2.83 4.60 0.684. 
8.00 0.68 1.07 0.315 1.50 3.10 4.96 0.701 1.80 2.61 4.45 0.683 
8.20 071 1.00 0.278 1.60 2.84 477 0.697 1.90 241 427 0.677 
8.50 0.74 0.92 0.235 1.70 2.66 4.57 0.690 2.00 2.25 4.09 0.670 
90 0.83 0.81 0.170 1.80 2.45 4.41 0.687 2.10 2.13 3.89 0.659 
9.50 0.92 0.74 0.132 1.90 231 418 0.675 220 2.04 372 0.646 
10.00 0.98 0.73 0.120 2.00 221 4.00 0.664 2.30 1.99 3.56 0.632 
10.50 1.01 0.72 0.112 2.10 213 3.85 0.654 2.40 1.95 3.44 0.620 


Optical Properties of Selected Elements 


Energy 
(eV) 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 


Copper* 
0.10 
0.50 
1.00 
1.50 
1.70 
1.75 
1.80 
1.85 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.60 
2.80 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 


n 
1.90 
1.86 
1.79 
1.72 
1.66 
1.60 
1.50 
1.42 
1.36 
1.33 
1.31 
1.28 
1.27 
1.26 
1.25 
1.24 
1.22 
1.21 
1.17 
1.11 
1.04 
0.98 
0.94 
0.92 
0.91 
0.91 
0.91 
0.92 
0.93 
0.94 


29.69 
1.71 
0.44 
0.26 
0.22 
0.21 
0.21 
0.22 
0.21 
0.27 
0.47 
0.83 
1.04 
1.12 
1.15 
1.17 
1.18 
1.23 
1.27 
1.31 
1.34 
1.34 
1.42 
1.49 
1.52 
1.53 
1.47 
1.38 
1.28 


k 
3.34 
3.26 
3.19 
3.11 
3.03 
2.94 
2.78 
2.62 
2.47 
2.33 
221 
2.12 
2.03 
1.95 
1.90 
1.84 
1.80 
178 
176 
174 
1.69 
1.62 
1.54 
146 
1.38 
1.32 
1.26 
1.21 
117 
113 


71.57 
17.63 
8.48 
5.26 
4.43 
4.25 
4.04 
3.85 
3.67 
324 
2.81 
2.60 
2.59 
2.60 
2.50 
2.36 
221 
2.07 
1.95 
1.87 
1.81 
1.72 
1.64 
1.64 
1.67 
1.71 
1.78 
1.80 
1.78 


R( = 0) 
0.611 
0.605 
0.602 
0.596 
0.591 
0.586 
0.571 
0.553 
0.533 
0.511 
0.488 
0.471 
0.452 
0.435 
0.423 
0.411 
0.403 
0.399 
0.400 
0.406 
0.407 
0.401 
0.386 
0.368 
0.345 
0.326 
0.305 
0.285 
0.269 
0.253 


0.980 
0.979 
0.976 
0.965 
0.958 
0.956 
0.952 
0.947 
0.943 
0.910 
0.814 
0.673 
0.618 
0.602 
0.577 
0.545 
0.509 
0.468 
0.434 
0.407 
0.387 
0.364 
0.336 
0.329 
0.334 
0.345 
0.366 
0.380 
0.389 


Energy 
(eV) 

5.60 

5.80 

6.00 

6.50 

7.00 

7.50 

8.00 

8.50 

9.00 

9.50 

10.00 
11.00 
12.00 
13.00 
14.00 
14.50 
15.00 
15.50 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00 
26.00 
27.00 
28.00 
29.00 
30.00 
31.00 
32.00 
33.00 
34.00 
35.00 
36.00 
37.00 
38.00 
39.00 
40.00 
41.00 
42.00 
43.00 
44.00 
45.00 
46.00 
47.00 
48.00 
49.00 
50.00 
51.00 
52.00 
53.00 
54.00 
55.00 
56.00 
57.00 


n 
1.18 
1.10 
1.04 
0.96 
0.97 
1.00 
1.03 
1.03 
1.03 
1.03 
1.04 
1.07 
1.09 
1.08 
1.06 
1.03 
1.01 
0.98 
0.95 
0.91 
0.89 
0.88 
0.88 
0.90 
0.92 
0.94 
0.96 
0.96 
0.92 
0.88 
0.86 
0.85 
0.86 
0.88 
0.89 
0.90 
0.91 
0.92 
0.92 
0.92 
0.93 
0.93 
0.93 
0.94 
0.94 
0.94 
0.95 
0.95 
0.95 
0.95 
0.95 
0.95 
0.95 
0.95 
0.95 
0.96 
0.96 
0.96 
0.96 
0.96 


174 
1.67 
1.59 
1.37 
1.20 
1.09 
1.03 
0.98 
0.92 
0.87 
0.82 
0.75 
0.73 
0.72 
0.72 
0.72 
0.71 
0.69 
0.67 
0.62 
0.56 
0.51 
0.45 
0.41 
0.38 
0.37 
0.37 
0.40 
0.40 
0.38 
0.35 
0.30 
0.26 
0.24 
0.22 
0.21 
0.20 
0.20 
0.19 
0.19 
0.18 
0.17 
0.17 
0.16 
0.16 
0.15 
0.15 
0.15 
0.15 
0.14 
0.14 
0.14 
0.13 
0.13 
0.13 
0.12 
0.12 
0.12 
0.11 
0.11 


k 


К(ф = 0) 
0.391 
0.389 
0.380 
0.329 
0.271 
0.230 
0.206 
0.189 
0.171 
0.154 
0.139 
0.118 
0.111 
0.109 
0.111 
0.111 
0.111 
0.109 
0.106 
0.097 
0.084 
0.071 
0.059 
0.048 
0.040 
0.035 
0.035 
0.040 
0.044 
0.043 
0.039 
0.032 
0.025 
0.020 
0.017 
0.015 
0.014 
0.013 
0.012 
0.011 
0.010 
0.009 
0.009 
0.008 
0.007 
0.007 
0.007 
0.006 
0.006 
0.006 
0.006 
0.005 
0.005 
0.005 
0.005 
0.004 
0.004 
0.004 
0.004 
0.004 


Energy 
(eV) n k 

58.00 0.96 0.11 
59.00 0.97 0.11 
60.00 0.97 0.11 
61.00 0.97 0.11 
62.00 0.97 0.11 
63.00 0.96 0.10 
64.00 0.96 0.10 
65.00 0.97 0.10 
66.00 0.97 0.10 
67.00 0.97 0.09 
68.00 0.97 0.09 
69.00 0.97 0.09 
70.00 0.97 0.09 
75.00 0.98 0.09 
80.00 0.98 0.09 
85.00 0.97 0.09 
90.00 0.96 0.08 
Gallium (liquid) 
1.425 2.40 9.20 
1.550 2.09 8.50 
1771 1.65 7.60 
2.066 1.25 6.60 
2.480 0.89 5.60 
3.100 0.59 4.50 
Germanium, single crystal? 
0.01240 (40065) 3.00E-03 
0.01364 4.0063 2.40E-03 
0.01488 (4.0060) 1.70Е-03 
0.01612 (4.0060) 1.55E-03 
0.01736 (40060) 1.50E-03 
0.01860 1.50E-03 
0.01984 1.60E-03 
0.02108 1.60E-03 
0.02232 1.55E-03 
0.02356 1.53E-03 
0.02480 1.50E-03 
0.02604 1.25E-03 
0.02728 8.50E-04 
0.02852 6.50E-04 
0.02976 7.00E-04 
0.03100 3.9827 8.50Е-04 
0.03224 1.55E-03 
0.03348 2.75Е-03 
0.03472 3.55E-03 
0.03596 (3.9900) 3.05E-03 
0.03720 2.75Е-03 
0.03844 2.70E-03 
0.03968 (3.9930) 2.90Е-03 
0.04092 2.95E-03 
0.04215 3.20E-03 
0.04339 6.30E-03 
0.04463 3.40E-03 
0.04587 (3.9955) 2.50Е-03 
0.04711 2.10Е-03 
0.04835 2.00Е-03 
0.04959 8.00E-04 
0.05083 1.40E-03 
0.05207 1.35Е-03 
0.05331 1.10Е-03 
0.05455 8.00E-04 


12-119 


Rp = 0) 
0.004 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 


0.900 
0.898 
0.898 
0.897 
0.898 
0.896 


0.361 
0.361 
0.361 
0.361 
0.361 


0.358 


0.359 


0.359 


0.360 


12-120 Optical Properties of Selected Elements 


Energy Energy Energy 
(eV) n k R(q = 0) (eV) n k R( - 0) (eV) n k К(ф = 0) 
0.05579 6.00E-04 3.7 3.958 2.863 0.517 2.20 0.24 2.54 0.880 
0.05703 9.0 E-04 3.8 3.936 2.986 0.527 2.40 0.50 1.86 0.647 
0.05827 6.5 Е-04 3.9 3.920 3.137 0.539 2.50 0.82 1.59 0.438 
0.05951 4.6 E-04 4.0 3.905 3.336 0.556 2.60 1.24 1.54 0.331 
0.06075 4.0 E-04 4.1 3.869 3.614 0.579 2.70 1.43 1.72 0.356 
0.06199 3.9992 398F-04 0.360 42 3.745 4.009 0.612 2.80 1.46 1.77 0.368 
0.06323 4.0 E-04 4.3 3.338 4.507 0.659 2.90 1.50 1.79 0.368 
0.06447 4.3 E-04 4.4 2.516 4.669 0.705 3.00 1.54 1.80 0.369 
0.06571 4.4 E-04 4.5 1.953 4.297 0.713 3.10 1.54 1.81 0.371 
0.06695 (4.0000) 4.3 E-04 0.360 4.6 1.720 3.960 0.702 3.20 1.54 1.80 0.368 
0.06819 3.1 E-04 4.7 1.586 3.709 0.690 3.30 1.55 1.78 0.362 
0.06943 3.3 E-04 4.8 1.498 3.509 0.677 3.40 1.56 1.76 0.356 
0.07067 3.8 E-04 4.9 1.435 3.342 0.664 3.50 1.58 1.73 0.349 
0.07191 3.3 E-04 5.0 1.394 3.197 0.650 3.60 1.62 1.73 0.346 
0.07315 2.5 E-04 5.1 1.370 3.073 0.636 3.70 1.64 1.75 0.351 
0.07439 1.9 Е-04 5.2 1.364 2.973 0.622 3.80 1.63 1.79 0.360 
0.07514 1.58E-04 5.3 1.371 2.897 0.609 3.90 1.59 1.81 0.366 
0.07749 4.0009 9.55E-05 0 5.4 1.383 2.854 0.600 4.00 1.55 1.81 0.369 
0.07999 4.0011 1.71E-04 0 5.5 1.380 2.842 0.598 4.10 1.51 1.79 0.368 
0.08266 4.0013 9.78Е-05 0.360 5.6 1.360 2.846 0.602 4.20 1.48 1.78 0.367 
0.08551 4.0015 5.77E-05 0.360 5.7 1.293 2.163 0.479 4.30 1.45 1.77 0.368 
0.08920 3.98E-05 5.8 1.209 2.873 0.632 4.40 141 1.76 0.370 
0.09460 4.59Е-05 5.9 1.108 2.813 0.641 4.50 1.35 1.74 0.370 
0.09840 3.51Е-05 6.0 1.30 2.34 0.517 4.60 1.30 1.69 0.364 
0.1 4.0063 3.70Е-05 0.361 6.5 1.10 2.05 0.489 4.70 1.27 1.64 0.354 
0.2 4.0108 0.361 7.0 1.00 1.80 0.448 4.80 1.25 1.59 0.344 
0.3 4.0246 0.362 7.5 1.60 4.90 1.23 1.54 0.332 
0.4 4.0429 0.364 8.0 0.92 1.40 0.348 5.00 1.22 1.49 0.319 
0.5 (4.074) 0.367 8.5 0.92 1.20 0.282 5.20 1.21 1.40 0.295 
0.6 (4.104) 6588-00 0.370 9.0 0.92 114 0.262 5.40 121 1.33 0.275 
0.7 4.180 127E-04 0.377 9.5 1.00 5.60 121 127 0.256 
0.8 4.275 5.67E-03 0.385 10.0 0.93 0.86 0.167 5.80 121 120 0.236 
0.9 4.285 7.45E-02 0.386 20.0 0.237 6.00 122 1.14 0.218 
1.0 4.325 8.09E-02 0.390 22.0 0.179 6.20 1.24 1.09 0.203 
11 4.385 0.103 0.395 24.0 0.144 6.40 1.25 1.05 0.190 
12 4.420 0.123 0.398 26.0 0.110 6.60 1.27 1.01 0.177 
13 4.495 0.167 0.405 28.0 0.0747 6.80 1.30 0.97 0.167 
14 4.560 0.190 0.411 30.0 0.1020 7.00 1.34 0.95 0.162 
15 4.635 0.298 0.418 32.0 0.0999 7.20 1.36 0.95 0.161 
1.6 4763 0.345 0.428 34.0 0.0856 7.40 1.38 0.96 0.164 
1.7 4.897 0.401 0.439 36.0 0.0740 7.60 1.38 0.98 0.169 
1.8 5.067 0.500 0.453 38.0 0.0651 7.80 1.35 0.99 0.171 
1.9 5.380 0.540 0.475 40.0 0.0604 8.00 1.31 0.96 0.165 
2.0 5.588 0.933 0.495 Gold, electropolished, Au (110)° 8.20 1.30 0.92 0.155 
2.1 5.748 1.634 0.523 0.10 817 82.83 0.995 8.40 1.30 0.89 0.147 
2.2 5.283 2.049 0.516 0.20 213 4173 0.995 8.60 1.31 0.88 0.144 
2.3 5.062 2.318 0.519 0.30 0.99 27.82 0.995 8.80 1.31 0.86 0.140 
24 4.610 2.455 0.508 0.40 0.59 20.83 0.995 9.00 1.30 0.83 0.133 
2.5 4.340 2.384 0.492 0.50 0.39 16,61 0.994 9.20 1.31 0.81 0.126 
2.6 4.180 2.309 0.480 0.60 028 13.78 0.994 9.40 1.33 0.78 0.122 
2.7 4.082 2.240 0.471 0.70 0.22 1175 0.994 9.60 1.36 0.78 0.121 
2.8 4.035 2.181 0.464 0.80 018 10.21 0.993 9.80 1.37 0.79 0.124 
2.9 4.037 2.140 0.461 0.90 0.15 9.01 0.993 10.00 1.37 0.80 0.126 
3.0 4.082 2.145 0.463 1.00 0.13 8.03 0.992 10.20 1.36 0.80 0.127 
3.1 4.141 2.215 0.471 1.20 0.10 6.54 0.991 10.40 1.35 0.80 0.125 
3.2 4.157 2.340 0.482 140 0.08 5.44 0.989 10.60 1.34 0.79 0.123 
3.3 4.128 2.469 0.490 1.60 0.08 456 0.986 10.80 1.34 0.77 0.120 
3.4 4.070 2.579 0.497 180 0.09 3,82 0.979 11.00 1.34 0.76 0.116 
3.5 4.020 2.667 0.502 2.00 0.13 316 0.953 11.20 1.34 0.74 0.113 
3.6 3.985 2.759 0.509 2.10 0.18 284 0.925 11.40 1.35 0.73 0.111 


Optical Properties of Selected Elements 


Energy 
(eV) 
11.60 
11.80 
12.00 
12.40 
12.80 
13.20 
13.60 
14.00 
14.40 
14.80 
15.20 
15.60 
16.00 
16.40 
16.80 
17.20 
17.60 
18.00 
18.40 
18.80 
19.20 
19.60 
20.00 
20.40 
20.80 
21.20 
21.60 
22.00 
22.40 
22.80 
23.20 
23.60 
24.00 
24.40 
24.80 
25.20 
25.60 
26.00 
26.40 
26.80 
27.20 
27.60 
28.00 
28.40 
28.80 
29.20 
29.60 
30.00 


n 
1.36 
1.38 
1.39 
1.44 
1.45 
1.42 
1.37 
1.33 
1.29 
1.26 
1.24 
1.22 
1.21 
1.20 
1.19 
1.19 
1.19 
1.19 
1.19 
1.20 
1.21 
1.21 
1.18 
1.14 
1.10 
1.05 
1.00 
0.94 
0.89 
0.85 
0.82 
0.80 
0.80 
0.80 
0.80 
0.82 
0.83 
0.84 
0.85 
0.85 
0.86 
0.86 
0.87 
0.88 
0.88 
0.88 
0.87 
0.86 


0.72 
0.71 
0.71 
0.73 
0.79 
0.84 
0.86 
0.86 
0.86 
0.84 
0.83 
0.81 
0.79 
0.78 
0.76 
0.75 
0.74 
0.74 
0.73 
0.74 
0.76 
0.80 
0.83 
0.85 
0.87 
0.88 
0.88 
0.86 
0.83 
0.79 
0.75 
0.70 
0.66 
0.62 
0.58 
0.56 
0.54 
0.52 
0.51 
0.50 
0.49 
0.49 
0.48 
0.48 
0.48 
0.48 
0.48 
0.48 


Hafnium, single crystal, E | 


0.52 
0.56 
0.60 
0.66 
0.70 
0.76 
0.80 
0.86 
0.90 
0.95 
1.00 


1.48 
1.84 
2.34 
3.21 
3.70 
4.31 
4.61 
4.71 
4.64 
4.54 
4.45 


4.11 
3.29 
2.62 
2.13 
2.03 
2.10 
2.31 
2.70 
2.85 
2.96 
3.00 


k 


é! 


К(ф = 0) 
0.109 
0.108 
0.109 
0.115 
0.127 
0.137 
0.140 
0.140 
0.139 
0.135 
0.132 
0.127 
0.123 
0.119 
0.116 
0.114 
0111 
0.109 
0.109 
0.110 
0.116 
0.125 
0.133 
0.141 
0.149 
0.156 
0.162 
0.164 
0.163 
0.157 
0.149 
0.138 
0.125 
0.113 
0.101 
0.090 
0.084 
0.079 
0.074 
0.071 
0.068 
0.065 
0.063 
0.062 
0.062 
0.062 
0.064 
0.064 


0.747 
0.615 
0.486 
0.428 
0.441 
0.476 
0.504 
0.533 
0.541 
0.545 
0.545 


Energy 
(eV) 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 


n 
4.28 
4.08 
3.87 
3.72 
3.60 
3.52 
3.52 
3.57 
3.63 
3.65 
3.64 
3.53 
3.34 
3.15 
2.99 
2.83 
2.68 
2.54 
2.40 
2.27 
2.14 
2.00 
1.87 
1.78 
1.71 
1.66 
1.63 
1.60 
1.56 
1.52 
1.48 
1.45 
1.43 
141 
1.39 
1.39 
1.39 
1.38 
1.38 
1.37 
1.36 
1.35 
1.35 
1.32 
1.28 
1.26 
1.26 
1.27 
1.28 
1.31 
1.33 
1.34 
1.36 
1.37 
1.40 
1.43 
1.45 
1.47 
148 
149 


3.08 
3.10 
3.04 
2.95 
2.85 
2.73 
2.61 
2.56 
2.59 
2.67 
2.81 
2.99 
3.09 
3.11 
3.13 
3.12 
3.10 
3.08 
3.04 
3.00 
2.95 
2.89 
2.79 
2.68 
2.58 
2.48 
2.40 
2.33 
2.27 
2.21 
2.14 
2.07 
2.01 
1.95 
1.89 
1.83 
1.79 
1.75 
1.71 
1.68 
1.61 
1.55 
1.51 
1.48 
1.41 
1.35 
1.28 
1.22 
1.16 
1.13 
1.10 
1.07 
1.05 
1.02 
1.01 
1.01 
1.01 
1.02 
1.04 
1.07 


k 


Rip = 0) 
0.547 
0.544 
0.536 
0.525 
0.514 
0.500 
0.488 
0.485 
0.489 
0.498 
0.511 
0.526 
0.534 
0.537 
0.540 
0.542 
0.542 
0.543 
0.544 
0.544 
0.544 
0.544 
0.538 
0.528 
0.517 
0.503 
0.491 
0.481 
0.473 
0.466 
0.455 
0.442 
0.431 
0.420 
0.407 
0.394 
0.382 
0.373 
0.364 
0.356 
0.341 
0.324 
0.314 
0.308 
0.295 
0.278 
0.258 
0.240 
0.224 
0.212 
0.204 
0.197 
0.191 
0.183 
0.179 
0.178 
0.180 
0.183 
0.186 
0.193 


Energy 
(eV) 

9.20 

9.40 

9.60 

9.80 

10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 
12.00 
12.40 
12.80 
13.20 
13.60 
14.00 
14.40 
14.80 
15.20 
15.60 
16.00 
16.40 
16.80 
17.20 
17.60 
18.00 
18.40 
18.80 
19.00 
19.60 
20.00 
20.60 
21.00 
21.60 
22.00 
22.60 
23.00 
23.60 
24.00 
24.60 


Hafnium, single crystal, É | ۱" 


0.52 
0.56 
0.60 
0.66 
0.70 
0.76 
0.80 
0.86 
0.90 
0.95 
1.00 
1.10 
1.20 
1.30 
1.40 


n 
1.50 
1.48 
1.46 
1.41 
1.36 
1.32 
1.28 
1.24 
1.20 
1.16 
1.13 
1.10 
1.07 
1.04 
1.02 
0.96 
0.92 
0.88 
0.84 
0.83 
0.83 
0.81 
0.79 
0.79 
0.83 
0.81 
0.79 
0.79 
0.80 
0.81 
0.84 
0.87 
0.89 
0.93 
0.94 
0.97 
0.99 
1.01 
1.03 
1.06 
1.07 
1.09 
1.09 
1.10 


2.25 
2.34 
2.84 
3.71 
4.26 
4.97 
5.41 
5.46 
5.22 
4.95 
4.76 
4.43 
4.07 
3.79 
3.61 


1.10 
1.14 
1.18 
1.21 
1.22 
1.22 
1.22 
1.21 
1.20 
1.19 
1.17 
1.16 
1.14 
1.12 
1.10 
1.06 
1.01 
0.96 
0.90 
0.83 
0.80 
0.76 
0.70 
0.64 
0.60 
0.60 
0.55 
0.50 
0.46 
0.42 
0.38 
0.34 
0.33 
0.32 
0.31 
0.30 
0.29 
0.28 
0.28 
0.28 
0.28 
0.29 
0.30 
0.31 


4.65 
3.66 
2.89 
2.35 
2.21 
2.33 
2.62 
3.36 
3.62 
3.72 
3.76 
3.80 
3.74 
3.55 
3.36 


k 


12-121 


Rp = 0) 
0.201 
0.211 
0.222 
0.230 
0.235 
0.238 
0.240 
0.241 
0.242 
0.242 
0.241 
0.241 
0.239 
0.238 
0.236 
0.232 
0.225 
0.218 
0.205 
0.186 
0.172 
0.167 
0.153 
0.132 
0.111 
0.114 
0.105 
0.089 
0.077 
0.064 
0.051 
0.040 
0.036 
0.030 
0.027 
0.023 
0.022 
0.020 
0.020 
0.020 
0.021 
0.022 
0.023 
0.024 


0.723 
0.623 
0.512 
0.469 
0.482 
0.521 
0.554 
0.593 
0.601 
0.602 
0.602 
0.601 
0.594 
0.578 
0.561 


12-122 Optical Properties of Selected Elements 


Energy Energy Energy 
(eV) n k К(ф = 0) (eV) n k R( - 0) (eV) n k К(ф = 0) 
1.50 3.55 3.13 0.540 10.00 1.32 121 0.230 1.60 2.68 5.08 0.728 
1.60 3.58 3.01 0.529 10.20 137 121 0.234 170 2.69 4.92 0.716 
1.70 3:68 2.98 0.526 10.40 123 120 0.235 1.80 2.64 4.81 0.710 
1.80 3.66 3.02 0.530 10.60 119 1.20 0.237 1.90 2,57 4.68 0.704. 
1.90 3.63 3.14 0.541 10.80 115 119 0.237 2.00 2.50 4.57 0.699 
2.00 3.51 326 0.551 11.00 112 117 0.237 2.10 2.40 448 0.697 
2.10 3.35 3.33 0.558 1120 1.08 116 0.237 220 2.29 4.38 0.695 
2.20 318 3.36 0.563 1140 1.05 1.14 0.236 2.30 2.18 4.26 0.692 
2.30 2.99 3.39 0.568 11.60 1.03 112 0.235 2.40 2.07 4.14 0.689 
2.40 2.78 3.35 0.569 11.80 1.00 1.10 0.233 2.50 1.98 4.00 0.682 
2.50 2.65 326 0.562. 12.00 0.97 1.08 0.231 2.60 1.91 3.86 0.673 
2.60 2.54 322 0.560 12.40 0.92 1.04 0.226 2.70 1.85 3.73 0.665 
2.70 2.42 3.17 0.559 12.80 0.88 0.99 0.219 2.80 1.81 3.61 0.655 
2.80 2.31 313 0.558 13.20 0.83 0.94 0211 2.90 177 3.51 0.646 
2.90 2.20 3.08 0.558 13.60 0.80 0.88 0.196 3.00 173 3.43 0.640 
3.00 2.08 3.05 0.561 14.00 0.79 0.81 0.177 320 1.62 3.26 0.629 
3.10 1.94 2.98 0.560 14.40 0.80 0.77 0.160 3.40 1.53 3.05 0.610 
3.20 1.83 2.88 0.555 14.80 077 0.73 0.154 3.60 1.52 2.81 0.573 
3.30 1.74 278 0.547 15.20 0.76 0.68 0.140 3.80 161 2.69 0.541 
3.40 1.68 2.69 0.538 15.60 0.76 0.61 0.119 4.00 1.64 2.68 0.535 
3.50 1.62 2.61 0.529 16.00 0.81 0.58 0.099 420 1.58 2.71 0.549 
3.60 1.57 252 0.519 16.40 0.78 0.57 0.102 440 145 2.68 0.561 
3.70 1.53 2.45 0.510 16.80 077 0.53 0.092 4.60 1.31 2.60 0.567 
3.80 1.49 2.38 0.501 17.20 077 0.48 0.077 4.80 118 2.49 0.570 
3.90 1.45 2.32 0.493 17.60 0.79 0.44 0.065 5.00 1.10 2.35 0.559 
4.00 141 2.25 0.484 18.00 0.80 0.39 0.053 5.20 1.04 222 0.543 
4.10 1.38 2.18 0.474 18.40 0.82 0.36 0.041 5.40 1.00 2.09 0.522 
4.20 1.35 2.11 0.462. 18.80 0.86 0.33 0.032 5.60 0.98 1.98 0.499 
430 1.33 2.05 0.451 19.00 0.88 0.32 0.030 5.80 0.96 1.86 0.474 
440 1.81 1.99 0.438 19.60 091 0.31 0.025 6.00 0.95 1.78 0.454 
4.50 1.30 1.93 0.427 20.00 0.93 0.30 0.023 6.20 0.94 1.68 0.427 
4.60 1.29 1.88 0.415 20.60 0.96 0.29 0.021 6.40 0.94 1.59 0.401 
4.70 1.28 1.82 0.402 21.00 0.97 0.29 0.020 6.60 0.94 1.50 0.375 
4.80 1.28 177 0.389 21.60 100 0.28 0.019 6.80 0.95 142 0.345 
4.90 1.27 173 0.379 22.00 101 0.28 0.019 7.00 0.97 1.34 0.318 
5.00 1.27 1.69 0.367 22.60 1.03 0.27 0.018 720 0.99 1.27 0.290 
5.20 1.27 1.62 0.349 23.00 1.05 0.28 0.019 7.40 1.02 1.20 0.262 
5.40 1.27 1.57 0.335 23.60 106 0.28 0.020 7.60 1.03 1.14 0.241 
5.60 1.26 1.52 0.322 24.00 1.07 0.29 0.021 7.80 1.08 1.06 0.208 
5.80 1.24 1.48 0.313 24.60 1.09 0.30 0.022 8.00 1.13 1.03 0.191 
6.00 1.21 1.42 0.302 8.20 1.18 1.00 0.179 
6.20 1.19 1.36 0.285 Iridium" 840 122 0.98 0.171 
6.40 1.18 1.29 0.265 0.10 2849 60.62 0.975 8.60 1.26 0.96 0.164 
6.60 1.19 1.22 0.244 0.15 15.32 5 0.973 8.80 1.29 0.95 0.160 
6.80 1.21 1.18 0.230 0.20 9.69 35,34 0.972 9.00 1.33 0.94 0.157 
7.00 1.22 114 0.217 0.25 6.86 28.84 0.969 920 1.36 0.95 0.159 
7.20 123 110 0.206 0.30 516 2425 0.967 940 1.39 0.95 0.161 
740 1.26 1.06 0.194 0.35 411 20.79 0.964 9.60 1.42 0.97 0.163 
7.60 1.28 1.04 0.187 0.40 3,42 18.06 0.260 9.80 1.44 0.99 0.169 
7.80 1.30 1.02 0.180 045 3.05 15.82 0.954 10.00 1.45 1.01 0.175 
8.00 1.33 100 0.174 0.50 2.98 14.06 0.944 10.20 1.45 1.04 0.182 
8.20 1.35 0.99 0.173 0.60 2.79 11.58 0.925 10.40 1.44 1.07 0.187 
8.40 1.38 0.99 0.173 0.70 2,98 9.78 0.895 10.60 143 1.09 0.193 
8.60 140 100 0.174 0.80 3.14 8.61 0.862 10.80 141 112 0.200 
8.80 1.42 1.02 0.178 0.90 3.19 7.88 0.840 11.00 1.38 118 0.206 
9.00 143 104 0.184 1.00 3.15 7.31 0.822 1120 1.34 1.14 0.208 
9.20 1.45 1.08 0.193 1.10 3.04 6.84 0.808 11.40 1.31 1.13 0.208 
9.40 1.43 1.12 0.204 1.20 2.96 641 0.791 11.60 128 112 0.206 
9.60 140 116 0.214 1.30 2.85 6.07 0.779 11.80 1.25 1.10 0.203 
9.80 1.37 1.19 0.223 140 272 5.74 0.767 12.00 1.24 1.08 0.199 
1.50 2.65 5.39 0.750 


Optical Properties of Selected Elements 


Energy 
(eV) 
12.40 
12.80 
13.20 
13.60 
14.00 
14.40 
14.80 
15.20 
15.60 
16.00 
16.40 
16.80 
17.20 
17.60 
18.00 
18.40 
18.80 
19.20 
19.60 
20.00 
20.50 
21.00 
21.50 
22.00 
22.50 
23.00 
23.50 
24.00 
24.50 
25.00 
25.50 
26.00 
26.50 
27.00 
27.50 
28.00 
28.50 
29.00 
29.50 
30.00 
32.00 
34.00 
36.00 
38.00 
40.00 


Iron? 
0.10 
0.15 
0.20 
0.26 
0.30 
0.36 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 


n 
1.21 
1.19 
1.18 
1.17 
1.16 
1.17 
1.18 
1.19 
1.20 
1.21 
1.23 
1.25 
1.28 
1.30 
1.30 
1.27 
1.24 
1.20 
1.15 
1.10 
1.04 
0.99 
0.94 
0.89 
0.84 
0.79 
0.76 
0.73 
0.70 
0.69 
0.68 
0.67 
0.67 
0.66 
0.66 
0.66 
0.66 
0.65 
0.64 
0.64 
0.62 
0.64 
0.69 
0.73 
0.76 


6.41 
6.26 
3.68 
4.98 
4.87 
4.68 
4.42 
4.14 
3.93 
3.78 
3.65 
3.52 
3.43 
3.33 


k 
1.05 
1.01 
0.98 
0.95 
0.91 
0.88 
0.87 
0.84 
0.83 
0.83 
0.82 
0.82 
0.83 
0.87 
0.93 
0.97 
1.00 
1.03 
1.05 
1.06 
1.05 
1.04 
1.02 
1.00 
0.99 
0.96 
0.92 
0.87 
0.83 
0.79 
0.76 
0.72 
0.69 
0.66 
0.63 
0.61 
0.59 
0.57 
0.55 
0.53 
0.44 
0.35 
0.27 
0.24 
0.22 


33.07 
22.82 
18.23 
13.68 
12.05 
10.44 
9.75 
8.02 
6.95 
6.17 
5.60 
5.16 
4.79 
4.52 


К(ф = 0) 
0.191 
0.181 
0.173 
0.165 
0.155 
0.147 
0.142 
0.136 
0.133 
0.131 
0.129 
0.127 
0.131 
0.140 
0.154 
0.166 
0.176 
0.187 
0.197 
0.205 
0.210 
0.215 
0.220 
0.222 
0.228 
0.232 
0.228 
0.223 
0.218 
0.209 
0.200 
0.192 
0.181 
0.174 
0.166 
0.158 
0.151 
0.148 
0.145 
0.140 
0.119 
0.091 
0.059 
0.044 
0.034 


0.978 
0.956 
0.958 
0.911 
0.892 
0.867 
0.858 
0.817 
0.783 
0.752 
0.725 
0.700 
0.678 
0.660 


Energy 
(eV) 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.83 
4.00 
4.17 
4.33 
4.50 
4.67 
4.83 
5.00 
5.17 
5.33 
5.50 
5.67 
5.83 
6.00 
6.17 
6.33 
6.50 
6.67 
6.83 
7.00 
7.17 
7.33 
7.50 
7.67 
7.83 
8.00 
8.17 
8.33 
8.50 
8.67 
8.83 
9.00 
9.17 
9.33 


n 
324 
3.16 
3.12 
3.05 
3.00 
2.98 
2.92 
2.89 
2.85 
2.80 
2.74 
2.65 
2.56 
2.46 
2.34 
2.23 
2.12 
2.01 
1.88 
1.78 
1.70 
1.62 
1.55 
1.50 
1.47 
1.43 
1.38 
1.30 
1.26 
1.23 
1.20 
1.16 
1.14 
1.14 
1.12 
111 
1.09 
1.09 
1.10 
1.09 
1.08 
1.04 
1.02 
1.00 
0.97 
0.96 
0.94 
0.94 
0.94 
0.94 
0.94 
0.94 
0.94 
0.94 
0.94 
0.94 
0.92 
0.93 
0.92 
0.91 


4.26 
4.07 
3.87 
3.77 
3.60 
3.52 
3.46 
3.37 
3.36 
3.34 
3.33 
3.34 
3.31 
3.31 
3.30 
3.25 
3.23 
3.17 
3.12 
3.04 
2.96 
2.87 
2.79 
2.70 
2.63 
2.56 
2.49 
2.39 
2.27 
2.18 
2.10 
2.02 
1.93 
1.87 
1.81 
1.75 
1.17 
1.65 
1.61 
1.59 
1.57 
1.55 
1.51 
1.47 
1.43 
1.39 
1.35 
1.30 
1.26 
1.23 
1.21 
1.18 
1.16 
1.14 
1.12 
1.10 
1.08 
1.07 
1.06 
1.04 


k 


К(ф = 0) 
0.641 
0.626 
0.609 
0.601 
0.585 
0.577 
0.573 
0.563 
0.563 
0.562 
0.563 
0.567 
0.567 
0.570 
0.576 
0.575 
0.580 
0.580 
0.583 
0.580 
0.576 
0.572 
0.565 
0.556 
0.548 
0.542 
0.534 
0.527 
0.510 
0.494 
0.482 
0.470 
0.451 
0.435 
0.425 
0.408 
0.401 
0.383 
0.373 
0.366 
0.365 
0.365 
0.358 
0.351 
0.346 
0.333 
0.327 
0.311 
0.298 
0.288 
0.279 
0.272 
0.265 
0.258 
0.251 
0.246 
0.240 
0.236 
0.233 
0.231 


Energy 
(eV) 

9.50 

9.67 

9.83 

10.00 
10.17 
10.33 
10.50 
10.67 
10.83 
11.00 
11.17 
11.33 
11.50 
11.67 
11.83 
12.00 
12.17 
12.33 
12.50 
12.67 
12.83 
13.00 
13.17 
13.33 
13.50 
13.67 
13.83 
14.00 
14.17 
14.33 
14.50 
14.67 
14.83 
15.00 
15.17 
15.33 
15.50 
15.67 
15.83 
16.00 
16.17 
16.33 
16.50 
16.67 
16.83 
17.00 
17.17 
17.33 
17.50 
17.67 
17.83 
18.00 
18.17 
18.33 
18.50 
18.67 
18.83 
19.00 
19.17 
19.33 


n 
0.90 
0.90 
0.89 
0.88 
0.87 
0.87 
0.87 
0.88 
0.89 
0.91 
0.92 
0.93 
0.93 
0.93 
0.92 
0.91 
0.90 
0.89 
0.98 
0.87 
0.86 
0.85 
0.84 
0.84 
0.83 
0.82 
0.81 
0.81 
0.80 
0.80 
0.79 
0.79 
0.78 
0.78 
0.78 
0.78 
0.77 
0.77 
0.77 
0.77 
0.78 
0.78 
0.78 
0.77 
0.78 
0.78 
0.78 
0.78 
0.77 
0.77 
0.78 
0.78 
0.78 
0.78 
0.77 
0.77 
0.77 
0.77 
0.76 
0.76 


1.02 
1.00 
0.99 
0.97 
0.94 
0.91 
0.89 
0.87 
0.85 
0.83 
0.83 
0.84 
0.84 
0.84 
0.84 
0.84 
0.84 
0.83 
0.83 
0.82 
0.81 
0.80 
0.79 
0.78 
0.77 
0.76 
0.75 
0.73 
0.72 
0.71 
0.79 
0.69 
0.67 
0.66 
0.65 
0.64 
0.63 
0.62 
0.61 
0.60 
0.58 
0.58 
0.57 
0.56 
0.55 
0.55 
0.54 
0.54 
0.53 
0.52 
0.51 
0.51 
0.51 
0.50 
0.50 
0.50 
0.49 
0.49 
0.49 
0.48 


k 


12-123 


R(9 = 0) 
0.226 
0.221 
0.218 
0.213 
0.203 
0.196 
0.189 
0.179 
0.170 
0.162 
0.159 
0.159 
0.160 
0.162 
0.163 
0.163 
0.165 
0.164 
0.165 
0.166 
0.166 
0.162 
0.161 
0.160 
0.159 
0.157 
0.154 
0.151 
0.149 
0.146 
0.144 
0.141 
0.138 
0.135 
0.131 
0.238 
0.126 
0.123 
0.119 
0.116 
0.112 
0.110 
0.107 
0.106 
0.103 
0.102 
0.100 
0.098 
0.097 
0.095 
0.092 
0.091 
0.090 
0.089 
0.089 
0.088 
0.087 
0.087 
0.088 
0.087 


12-124 Optical Properties of Selected Elements 


Energy Energy Energy 
(eV) n k R(q = 0) (eV) n k R( - 0) (eV) n k К(ф = 0) 
19.50 0.75 0.47 0.086 6.15 0.376 0522 0.306 424 1.85 2.14 0.417 
19.67 0.75 0.47 0.085 6.45 0408 0.460 0.256 4.36 1.85 2.08 0.406 
19.83 0.75 0.46 0.084 6.75 0440 0.407 0214 4.49 1.86 2.03 0.395 
20.00 0.74 0.45 0.083 7.05 0466 0.364 0.183 461 1.85 1.99 0.388 
20.17 0.74 0.44 0.081 7.35 0492 0.320 0.155 474 1.84 1.94 0.378 
20.33 0.74 0.44 0.081 7.65 0517 0282 0.131 4.86 1.83 1.91 0.372 
20.50 0.74 0.42 0.080 7.95 0545 0246 0.109 4.98 1.82 1.86 0.362 
20.67 0.73 0.43 0.079 8.25 0572 0214 0.091 511 182 1.82 0.354 
20.83 0.73 0.42 0.078 8.55 0.601 0189 0.075 5.23 1.81 1.79 0.348 
21.00 0.73 0.41 0.077 8.85 0.624 0.163 0.063 5.36 178 1.76 0.342 
21.17 0.72 0.40 0.076 9.15 0.657 0.144 0.050 5.48 174 173 0.337 
21.33 0.72 0.39 0.074 9.45 0.680 0.130 0.042. 5.60 173 1.70 0.331 
21.50 0.72 0.38 0.073 9.75 0708 0119 0.034. 5.73 172 1.67 0.325 
21.67 0.72 0.38 0.071 10.1 0.726 0108 0.029 5.85 1.70 1.64 0.319 
21.83 0.72 0.37 0.070 104 0743 0102 0.025 5.98 1.67 1.61 0.313 
22.00 0.72 0.36 0.068 10.6 0.753 0080 0.022. 6.10 1.63 1.58 0.307 
22.17 0.71 0.35 0.067 | > 622 1.62 1.55 0.301 
22.33 0.72 0.34 0.064 Magnesium (evaporated) 6.35 1.59 1.52 0.295 
22.50 0.72 0.34 0.063 2.145 048 371 0.880 647 1.55 1.50 0.292 
22.67 0.72 0.33 0.062 2.270 0.57 3,47 0.843 6.60 148 1.47 0.288 
52:83 (ез 033 0658 2.522 0.53 2.92 0.805 nod 
23.00 0.72. 0.31 0.058 2.845 0.52 2.65 0.777 Mercury (liquid) 
юэ 0 а ae 3.064 0.52 2.05 0.681 0.2 1399 1427 0.869 
233 423 025 oen 5.167 0.10 1.60 0.894 03 1137 1195 0.846 
bn 025 Hon мийн 5.636 0.15 1.50 0.832 04. 9741 1065 0.830 
2222 ЖЕН БЕЙ 000 6.200 0.20 140 0.765 05 8.528 ۳ 0.818 
23:83 ne ae цог 6.889 0.25 1.30 0.693 0.6 7574 9.195 0.808 
ae мын Han dus 7.750 0.20 120 0.722 0.8 6086 8312 0.796 
Бэр e 52 оа 8.857 0.15 0.95 0.730 10 4962 7.643 0.789 
3135 da or 0 10335 025 0.40 0.419 12 4050 7.082 0.786 
24.50 0.74 0.25 0.042 T 18 Ме Ур 0,789 
8 16 2.746 6.054 0.783 
24.67 0.75 0.25 0.040 
0.64 3.89 5.95 0.738 
18 2284 5.582 0.782 
24.83 0.75 024 0.039 
0.77 3.78 541 0.710 
2.0 1910 5.150 0.782 
25.00 0.75 024 0.038 
0.89 3.65 5.02 0.688 
22 1.620 4751 0.780 
26.00 0.76 021 0.031 
1.02 348 4.74 0.673 
24 1384 4407 0.779 
27.00 0.78 0.18 0.026 
1.14 3.30 453 0.662. 
2.6 1186 4.090 0.779 
28.00 0.79 0.16 0.021 
1.26 3.10 4.35 0.653 
28 1007 3.802 0.779 
29.00 0.81 0.14 0.017 
1.39 2.97 4.18 0.643 
30 0.898 3.538 0.777 
30.00 0.82 0.13 0.014 к bus 03 uM 
: . . . 32 0.798 3294 0.773 
Lithium" 1.64 2.70 3.91 0.627 34 0713 8.074 0.770 
0.14 0.650 38.0 0.998 1.76 2.62 3.78 0.617 3.6 0.644 2.860 0.763 
0.54 0.661 12.6 0.984 1.88 2.56 3,65 0.606 38 0.589 2.665 0.755 
0.75 0.5601 7.68 0.963 2.01 2.51 354 0.596 40 0.542 2.502 0.749 
1.05 048 558 0.946 2.15 247 3⁄45 0.585 42 0.507 2.341 0.738 
1.35 0.3328 436 0.935 2.26 2.39 3.33 0.577 44 0477 2.195 0.727 
1.65 0.265 3.55 0.925 2,38 2.32 3.23 0.567 46 0.452 2.058 0.715 
1.95 0221 2,94 0.913 2.50 2,25 3.14 0.559 4.8 0431 1.929 0.701 
2.25 0.206 248 0.892 2.63 2.19 3.06 0.552 5.0 0414 1.806 0.685 
2.55 0217 211 0.854 2.75 2.11 2.98 0.545 52 0.401 1.687 0.666 
2.85 0.247 182 0.797 2.88 2.06 2.90 0.536 54 0.394 1.569 0.642 
3.15 0.304 160 0.715 3.00 2.00 282 0.528 5.6 0.386 1454 0.617 
3.45 0.334 145 0.656 3.12 1.96 2.74 0.518 57 0.386 1.396 0.601 
3.75 0.45 132 0.611 3.25 1.92 2.67 0.509 5.8 0386 1.341 0.585 
4.05 0346 121 0.578 3.37 1.89 2.59 0.498 5.9 0.385 1.287 0.569 
4.35 0333 111 0.557 3.50 1.89 251 0.484 6.0 0.386 1232 0.551 
4.65 0317 101 0.540 3.62 1.87 2,45 0475 6.1 0.388 1.176 0.531 
4.95 0.302 0.906 0.520 3.74 1.86 2,38 0.463 62 0390 1.118 0.510 
5.25 0.299 0795 0.484 3.87 1.86 232 0.451 63 0.399 1.058 0.481 
5,55 0.310 0.688 0.434. 3.99 1.86 225 0.438 64 0412 1.002 0.450 
5.85 0.342 0594 0.365 412 1.86 219 0427 65 0.428 0.949 0.418 


Optical Properties of Selected Elements 


Energy 

(eV) п 
6.6 0.436 
6.7 0.438 
6.8 0.459 
6.9 0.510 
7.0 0.585 
7.1 0.663 
7.2 0.717 
7.3 0.769 
7.4 0.817 
7.5 0.860 
7.6 0.893 
7.8 0.929 
8.0 0.946 
82 0.952 
8.4 0.953 
8.6 0.956 
8.8 0.965 
9.0 0.975 
9.2 0.988 
9.4 1.009 
9.6 1.044 
9.8 1.061 
10.0 1.062 
10.2 1.054 
10.4 1.045 
10.6 1.041 
10.8 1.039 
11.0 1.039 
11.5 1.050 
12.0 1.064 
12.5 1.078 
13.0 1.092 
13.5 1.104 
14.0 1.115 
14,5 1.125 
15.0 1.135 
15.5 1.146 
16.0 1.159 
16.5 1.170 
17.0 1.177 
17.5 1.184 
18.0 1.191 
18.5 1.195 
19.0 1.200 
19.5 1.208 
Molybdenum'!* 
0.10 18.53 
0.15 8.78 
0.20 5.10 
0.25 3.36 
0.30 2.44 
0.34 2.00 
0.38 1.70 
0.42 1.57 
0.46 1.46 
0.50 1.37 
0.54 1.35 
0.58 1.34 
0.62 1.38 
0.66 1.43 


k 
0.898 
0.836 
0.756 
0.676 
0.617 
0.589 
0.584 
0.575 
0.574 
0.580 
0.597 
0.623 
0.639 
0.645 
0.638 
0.624 
0.607 
0.588 
0.568 
0.548 
0.541 
0.557 
0.567 
0.569 
0.561 
0.550 
0.537 
0.523 
0.491 
0.467 
0.445 
0.430 
0.416 
0.404 
0.394 
0.383 
0.374 
0.368 
0.367 
0.367 
0.366 
0.367 
0.367 
0.366 
0.364 


68.51 
47.54 
35.99 
28.75 
23.80 
20.84 
18.44 
16.50 
14.91 
13.55 
12.36 
11.34 
10.44 
9.67 


R(p = 0) 
0.392 
0.367 
0.320 
0.255 
0.191 
0.148 
0.128 
0.111 
0.100 
0.094. 
0.093 
0.096 
0.098 
0.099 
0.097 
0.093 
0.087 
0.082 
0.076 
0.069 
0.066 
0.069 
0.071 
0.072 
0.070 
0.068 
0.065 
0.062 
0.055 
0.050 
0.045 
0.042 
0.040 
0.038 
0.037 
0.035 
0.034 
0.034 
0.034 
0.034 
0.034 
0.035 
0.035 
0.035 
0.035 


0.985 
0.985 
0.985 
0.984 
0.983 
0.982 
0.980 
0.978 
0.975 
0.971 
0.966 
0.960 
0.952 
0.942 


Energy 
(eV) 
0.70 
0.74 
0.78 
0.82 
0.86 
9.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 


n 
1.48 
1.51 
1.60 
1.64 
1.70 
1.74 
1.94 
2.15 
2.44 
2.77 
3.15 
3.53 
3.77 
3.84 
3.81 
3.74 
3.68 
3.68 
3.76 
3.79 
3.59 
3.36 
322 
3.13 
3.08 
3.05 
3.04 
3.03 
3.05 
3.06 
3.06 
3.06 
3.05 
3.04 
3.04 
3.04 
3.01 
2.77 
2.39 
2.06 
1.75 
1.46 
1.22 
1.07 
0.96 
0.89 
0.85 
0.81 
0.79 
0.78 
0.78 
0.80 
0.81 
0.81 
0.75 
0.71 
0.69 
0.67 
0.66 
0.65 


8.99 
8.38 
7.83 
7.35 
6.89 
6.48 
5.58 
4.85 
4.22 
3.74 
3.40 
3.30 
3.41 
3.51 
3.58 
3.58 
3.52 
3.45 
3.41 
3.61 
3.78 
3.73 
3.61 
3.51 
3.42 
3.33 
3.27 
3.21 
3.18 
3.18 
3.19 
3.21 
3.23 
3.27 
3.31 
3.40 
3.51 
3.77 
3.88 
3.84. 
3.76 
3.62 
3.42 
3.20 
2.99 
2.80 
2.64. 
2.50 
2.36 
2.24 
2.13 
2.04 
1.98 
1.95 
1.90 
1.81 
1.73 
1.65 
1.57 
1.49 


k 


К(ф = 0) 
0.932 
0.921 
0.906 
0.892 
0.876 
0.859 
0.805 
0.743 
0.671 
0.608 
0.562 
0.550 
0.562 
0.570 
0.576 
0.576 
0.571 
0.565 
0.562 
0.578 
0.594 
0.591 
0.582 
0.573 
0.565 
0.566 
0.550 
0.544 
0.540 
0.540 
0.541 
0.543 
0.546 
0.550 
0.554 
0.564 
0.576 
0.610 
0.640 
0.658 
0.678 
0.695 
0.706 
0.706 
0.700 
0.688 
0.674 
0.660 
0.641 
0.619 
0.592 
0.568 
0.548 
0.542 
0.552 
0.542 
0.530 
0.512 
0.495 
0.475 


Energy 
(eV) 

8.80 

9.00 

9.20 

9.40 

9.60 

9.80 

10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 
12.00 
12.40 
12.80 
13.20 
13.60 
14.00 
14.40 
14.80 
15.00 
15.60 
16.00 
16.60 
17.00 
17.60 
18.00 
18.60 
19.00 
19.60 
20.00 
20.60 
21.00 
21.60 
22.00 
22.60 
23.00 
23.60 
24.00 
24.60 
25.00 
25.60 
26.00 
26.50 
27.00 
27.50 
28.00 
28.50 
29.00 
29.50 
30.00 
31.00 
32.00 
33.00 
34.00 
35.00 


n 
0.65 
0.65 
0.67 
0.69 
0.71 
0.74 
0.77 
0.81 
0.86 
0.91 
0.98 
1.05 
1.12 
1.18 
1.23 
1.25 
1.26 
1.25 
1.23 
1.20 
1.17 
1.15 
1.13 
1.13 
1.14 
1.15 
1.14 
1.10 
1.04 
0.94 
0.87 
0.77 
0.71 
0.66 
0.64 
0.62 
0.61 
0.61 
0.60 
0.59 
0.58 
0.58 
0.58 
0.60 
0.62 
0.66 
0.68 
0.71 
0.73 
0.76 
0.79 
0.81 
0.83 
0.86 
0.88 
0.92 
0.92 
0.90 
0.91 
0.87 


1.41 
1.33 
1.25 
1.19 
1.12 
1.05 
0.99 
0.93 
0.88 
0.83 
0.79 
0.77 
0.78 
0.80 
0.85 
0.89 
0.92 
0.98 
1.00 
1.02 
1.02 
1.01 
1.00 
0.99 
0.99 
1.01 
1.04 
1.10 
1.12 
1.14 
1.12 
1.08 
1.02 
0.94 
0.89 
0.81 
0.77 
0.71 
0.69 
0.63 
0.60 
0.53 
0.49 
0.43 
0.39 
0.35 
0.33 
0.31 
0.29 
0.28 
0.27 
0.26 
0.26 
0.26 
0.26 
0.29 
0.32 
0.33 
0.34 
0.37 


k 


12-125 


R(9 = 0) 
0.450 
0.420 
0.385 
0.355 
0.320 
0.285 
0.250 
0.217 
0.188 
0.162 
0.138 
0.125 
0.123 
0.125 
0.135 
0.145 
0.154 
0.168 
0.178 
0.185 
0.187 
0.185 
0.182 
0.179 
0.179 
0.184 
0.194 
0.216 
0.233 
0.257 
0.270 
0.283 
0.284 
0.275 
0.264 
0.245 
0.234 
0.215 
0.207 
0.195 
0.185 
0.166 
0.151 
0.124 
0.106 
0.085 
0.072 
0.060 
0.050 
0.041 
0.036 
0.031 
0.028 
0.025 
0.023 
0.024 
0.030 
0.032 
0.034 
0.043 


12-126 Optical Properties of Selected Elements 


Energy Energy Energy 
(eV) n k R(q = 0) (eV) n k R( - 0) (eV) n k R( = 0) 
36.00 0.82 0.34 0.043 6.60 1.01 1.40 0.325 25.00 0.89 0.42 0.050 
37.00 0.81 0.30 0.038 6.80 1.02 1.35 0.308 26.00 0.88 0.39 0.046 
38.00 0.81 027 0.033 7.00 1.03 1.30 0.291 27.00 0.87 0.37 0.042. 
39.00 0.82 0.25 0.029 7.20 1.03 1.27 0.282 28.00 0.87 0.35 0.040 
40.00 0.83 0.23 0.025 7.40 1.03 1.24 0.273 29.00 0.86 0.34 0.037 
7.60 1.02 1.22 0.265 30.00 0.86 0.32 0.034 
Nickel" 7.80 101 118 0.256 35.00 0.86 0.24 0.022 
010 9.54 45,82 0.983 8.00 101 115 0.248 40.00 0.87 0.18 0.014 
0.15 545 30.56 0.978 8.20 1.00 1.13 0.242 45.00 0.88 0.13 0.008 
0.20 412 22.48 0.969 8.40 0.99 1.11 0.235 50.00 0.92 0.10 0.004 
0.25 4.25 17.68 0.950 8.60 0.98 1.08 0.228 60.00 0.96 0.08 0.002 
0.30 419 15.05 0.934 8.80 0.97 1.05 0.220 65.00 0.98 0.09 0.002 
0.35 4.03 13.05 0.218 9.00 0.97 1.01 0211 68.00 0.96 0.12 0.004. 
0,40 3.84 11.43 0.900 9.20 0.96 0.99 0.203 70.00 0.94 0.11 0.004. 
0.50 403 9.64 0.864 9.40 0.95 0.96 0.194 75.00 0.94 0.09 0.003 
0.60 3.84 8.35 0.835 9.60 0.95 0.93 0.185 80.00 0.94 0.07 0.002 
0,70 3.59 748 0.813 9.80 0.95 0.89 0.175 90.00 0.94 0.06 0.002 
0.80 3.38 6.82 0.794 10.00 0.95 0.87 0.166 
0.90 3.18 623 0.774 7 бов СЕЗ баас Niobium” 
1.00 3.06 5.74 0.753 4d Gow 120 oid 0.12 1599 5320 0.979 
110 2.97 5.38 0.734 20) со dius Gane 0.20 7.25 34.14 0.976 
1.20 2.85 5.10 0.721 100 (i95 des а 0.24 5.47 28.88 0.975 
1.30 2.74 4.85 0.708 Te i nes oie 0.28 426 24.95 0.974. 
140 2.65 4.63 0.695 ns 10d 095 AM 0.35 31i 20.03 0.970 
1.50 2.53 447 0.688 фэн "a nor dud 0.45 2.28 15.58 0.964 
1.60 2.43 4.31 0.679 mw ae (i OUS 0.55 1.83 12.67 0.956 
1.70 2.28 4.18 0.677 15:06 низ Dot 0308 0.65 1.57 10.59 0.947 
1.80 2.14 4.01 0.670 UN її бл ТОЎ 0.75 141 9.00 0.935 
1.90 2.02 3.82 0.659 1550 is dd me 0.85 1.35 7.74 0.918 
2.00 1.92 3.65 0.649 i55: 1203 051 0166 0.95 1.35 6.70 0.893 
2.10 1.85 348 0.634. 30 "ui noi ОБ 1.05 144 5.86 0.857 
2.20 1.80 3.33 0.620 iuge 158 (i Meer 115 1.55 5.18 0.814 
2.30 1.75 3.19 0.605 1560 ra 00 0105 125 1.65 4.63 0.768 
2.40 171 3.06 0.590 hen TAM мо ТОБ 1.35 176 4.13 0.715 
2.50 1.67 2.93 0.575 que e aA в 1.45 1.95 3.68 0.650 
2.60 1.65 2.81 0.557 1335 106 bn 01% 1.55 2.15 3.37 0.595 
2.70 1.64 271 0.542 5) кү 02) rae 1.65 2.36 413 0.552 
2.80 1.63 2.61 0.525 ТАЛЕ Toi о Мин 175 2.54 2.99 0.527 
2.90 1.62 2.52 0.509 150) ns 070 dud 1.85 2.69 2.89 0.510 
3.00 1.61 244 0.495 ior 118 б (ik 1.95 2.82 2.86 0.505 
3.10 1.61 2.36 0.480 150) rai "s MD 2.05 2.89 2.87 0.505 
3.20 1.61 2.30 0.467 ic 110 бех ООА 2.15 2.92 2.87 0.505 
3.30 1.61 2.23 0.454 icon Жэн n ER 225 2.93 2.87 0.505 
3.40 1.62 247 0.441 tek (98 Mies IU 2.35 2.92 2.88 0.506 
3.50 1.63 241 0.428 0 136 oti 006: 2.45 2.89 2.90 0.509 
3.60 1.64 2.07 0.416 ты И ve dane 2.55 2,83 2.92 0.512 
3.70 1.66 2.02 0.405 1580 192 npe 0593 2.65 2.74 2.90 0.511 
3.80 1.69 1.99 0.397 1280 БИН 02 5 082 2.75 2.66 2.86 0.507 
3.90 1.72 1.98 0.393 1509 мин ms NON 2.85 2.58 2.80 0.500 
4.00 1.73 1.98 0.392 554 150 и aes 3.00 2.51 2.68 0.485 
4.20 1.74 2.01 0.396 3000 vn GT OP 3.10 2.48 2.60 0.475 
440 171 2.06 0.409 20 юэ 2n ОЕ 3.20 2.45 2.53 0.465 
4.60 1.63 2.09 0.421 5100 Gon 2 rael 3.30 244 2.45 0.453 
4.80 1.53 241 0.435 ESO БОТ мэн Hes 340 2.46 2.38 0.442. 
5.00 1.40 2.10 0.449 220% 051 бас бус 3.50 2.48 2.33 0.435 
5.20 1.27 2.04 0.454. 5550 joi Gad 0053 3.60 2.52 2.29 0.428 
5.40 116 1.94 0.449 3306 кз di nes 3.70 2.56 2.27 0.426 
5.60 1.09 1.83 0.435 ОЛБО бо] Sh 0053 3.80 2.59 2.28 0.427 
5.80 1.04 173 0.417 2406 aon 65 МА 3.90 2.62 2.29 0.429 
6.20 1.00 154. 0.371 3166 90 ouis dosi 4.00 2.64 2.33 0.434 
6.40 1.01 1.46 0.345 420 2.64 2.42 0.447 


Optical Properties of Selected Elements 


Energy 
(eV) 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.70 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 
12.00 
12.40 
12.80 
13.20 
13.60 
14.00 
14.40 
14.80 
15.00 
15.60 
16.00 
16.60 
17.00 
17.20 
17.40 
17.80 
18.00 
18.60 
19.00 
19.60 
20.00 


n 
2.53 
2.39 
2.32 
2.26 
2.16 
2.00 
1.81 
1.63 
1.49 
1.38 
1.31 
1.26 
1.24 
1.23 
1.22 
1.20 
1.14 
1.07 
1.02 
1.00 
0.99 
0.99 
0.99 
1.00 
1.01 
1.04 
1.07 
1.10 
1.13 
1.18 
1.23 
1.27 
1.30 
1.32 
1.32 
1.31 
1.30 
1.28 
1.27 
1.25 
1.24 
1.24 
1.24 
1.23 
1.20 
1.16 
1.11 
1.08 
0.99 
0.92 
0.85 
0.80 
0.79 
0.77 
0.75 
0.74 
0.73 
0.72 
0.72 
0.72 


2.56 
2.56 
2.52 
2.57 
2.62 
2.68 
2.67 
2.60 
2.49 
2.38 
2.25 
2.14 
2.04 
1.96 
1.91 
1.88 
1.85 
1.78 
1.69 
1.60 
1.51 
1.43 
1.39 
1.36 
1.29 
1.22 
1.18 
1.13 
1.09 
1.05 
1.04 
1.04 
1.06 
1.08 
1.10 
1.12 
1.13 
1.13 
1.13 
1.12 
1.10 
1.09 
1.09 
1.12 
1.13 
1.15 
1.16 
1.16 
1.14 
111 
1.04 
0.99 
0.96 
0.93 
0.87 
0.85 
0.77 
0.72 
0.66 
0.62 


k 


R( = 0) 
0.467 
0.470 
0.465 
0.475 
0.487 
0.505 
0.518 
0.522 
0.520 
0.512 
0.496 
0.480 
0.460 
0.441 
0.430 
0.427 
0.430 
0.428 
0.412 
0.390 
0.365 
0.340 
0.328 
0.315 
0.290 
0.265 
0.245 
0.227 
0.209 
0.194 
0.187 
0.185 
0.190 
0.195 
0.200 
0.204 
0.207 
0.209 
0.210 
0.209 
0.204 
0.200 
0.201 
0.208 
0.216 
0.225 
0.234 
0.238 
0.247 
0.250 
0.245 
0.240 
0.236 
0.230 
0.217 
0.209 
0.185 
0.170 
0.150 
0.137 


Energy 
(eV) 
20.60 
21.00 
21.60 
22.00 
22.60 
23.00 
23.60 
24.00 
24.60 
25.00 
25.60 
26.00 
26.60 
27.00 
27.60 
28.00 
28.60 
29.00 
29.60 
30.00 
31.00 
32.00 
33.00 
34.00 
35.20 
36.00 
37.50 
39.50 
40.50 


n 
0.71 
0.72 
0.75 
0.78 
0.82 
0.85 
0.88 
0.91 
0.94 
0.96 
0.99 
1.00 
1.03 
1.04 
1.06 
1.08 
111 
1.13 
1.16 
1.18 
1.18 
1.20 
1.21 
1.20 
1.17 
1.15 
1.07 
0.95 
0.92 


k 
0.55 
0.50 
0.43 
0.40 
0.35 
0.33 
0.30 
0.29 
0.28 
0.27 
0.26 
0.26 
0.25 
0.25 
0.25 
0.24 
0.24 
0.25 
0.26 
0.28 
0.31 
0.34 
0.38 
0.42 
0.47 
0.50 
0.53 
0.50 
0.47 


Osmium (Polycrystalline) 


0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 


4.08 
2.90 
2.44 
2.35 
2.23 
2.33 
2.45 
2.43 
2.41 
2.33 
2.21 
2.11 
2.02 
2.00 
2.00 
2.01 
2.03 
2.05 
2.09 
2.15 
2.16 
2.25 
2.49 
2.84 
3.36 
3.70 
3.78 
3.81 
3.98 
4.26 


50.23 
33.60 
25.11 
19.99 
16.54 
14.06 
12.32 
11.02 
9.97 
9.12 
8.37 
7.68 
7.04 
6.46 
5.95 
5.51 
5.10 
4.74 
4.41 
3.84 
3.35 
2.77 
2.23 
1.80 
1.62 
1.75 
1.83 
1.75 
1.60 
1.54 


Rp = 0) 
0.119 
0.100 
0.075 
0.063 
0.045 
0.038 
0.029 
0.025 
0.022 
0.020 
0.018 
0.017 
0.016 
0.015 
0.015 
0.015 
0.016 
0.017 
0.020 
0.023 
0.026 
0.031 
0.038 
0.044 
0.051 
0.056 
0.064 
0.063 
0.059 


0.994 
0.990 
0.985 
0.977 
0.969 
0.955 
0.940 
0.927 
0.913 
0.901 
0.890 
0.877 
0.862 
0.842 
0.820 
0.796 
0.769 
0.742 
0.712 
0.651 
0.592 
0.506 
0.419 
0.369 
0.379 
0.411 
0.423 
0.418 
0.418 
0.432 


Energy 
(eV) 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
740 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
10.00 
10.20 
10.30 
10.40 
10.50 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 
12.00 
12.40 
12.80 
13.20 
13.60 


n 
4.58 
4.84 
5.10 
5.28 
5.36 
5.30 
5.07 
4.65 
4.05 
3.29 
2.93 
2.75 
2.73 
2.71 
2.53 
2.24 
2.01 
1.88 
1.74 
1.58 
1.46 
1.36 
1.27 
1.20 
1.13 
1.06 
1.01 
0.97 
0.95 
0.92 
0.91 
0.90 
0.90 
0.91 
0.91 
0.94 
0.96 
0.98 
1.01 
1.04 
1.08 
1.10 
1.13 
1.16 
1.19 
1.20 
1.22 
1.23 
1.24 
1.25 
1.24 
1.23 
1.19 
1.17 
1.16 
1.15 
1.14 
1.15 
1.16 
1.17 


1.62 
1.76 
2.01 
2.38 
2.82 
3.29 
3.78 
4.18 
4.40 
3.96 
3.79 
3.45 
3.32 
3.34 
3.44 
3.44 
3.31 
3.19 
3.12 
3.00 
2.88 
2.77 
2.65 
2.54 
2.44 
2.33 
2.21 
2.11 
2.00 
1.91 
1.81 
1.72 
1.63 
1.55 
1.48 
1.40 
1.34 
1.29 
1.24 
1.19 
1.16 
1.14 
1.11 
1.10 
1.08 
1.08 
1.08 
1.09 
1.10 
1.11 
1.13 
1.14 
1.15 
1.12 
1.10 
1.08 
1.03 
1.01 
0.98 
0.97 


k 


12-127 


R(9 - 0) 
0.457 
0.479 
0.506 
0.532 
0.557 
0.580 
0.603 
0.624 
0.639 
0.614 
0.607 
0.577 
0.562 
0.565 
0.584 
0.599 
0.598 
0.592 
0.596 
0.597 
0.593 
0.589 
0.582 
0.575 
0.571 
0.562 
0.548 
0.532 
0.514 
0.497 
0.476 
0.451 
0.426 
0.400 
0.375 
0.344 
0.319 
0.296 
0.274 
0.255 
0.238 
0.229 
0.217 
0.209 
0.203 
0.201 
0.200 
0.201 
0.203 
0.206 
0.213 
0.217 
0.223 
0.216 
0.211 
0.205 
0.191 
0.183 
0.174 
0.170 


12-128 Optical Properties of Selected Elements 


Energy Energy Energy 
(eV) n k R(q = 0) (eV) n k R( - 0) (eV) n k К(ф - 0) 
14.00 117 0.96 0.169 0.56 3.92 10.49 0.883 950 112 0.65 0.089 
14.40 1.16 0.94 0.165 0.60 3.80 9.96 0.876 10.00 114 0.65 0.088 
14.80 1.16 0.91 0.156 0.72 $51 8.70 0.854 10.50 116 0.65 0.087 
15.20 117 0.89 0.148 0.80 3.35 8.06 0.840 11.00 118 0.64 0.086 
15.60 1.20 0.86 0.140 1.00 2.99 6.89 0.811 11.50 119 0.65 0.087 
16.00 1.25 0.87 0.140 1.10 2.81 6.46 0.800 12.00 1.20 0.66 0.089 
16.40 1.28 0.90 0.147 1.20 2.65 6.10 0.790 12.50 119 0.67 0.091 
16.80 1.28 0.94 0.157 1.30 2.50 5.78 0.781 13.00 118 0.67 0.091 
17.20 1.27 0.97 0.167 1.40 234 5.50 0.774 13.50 118 0.67 0.092 
17.60 1.26 1.01 0.178 1.50 217 5.22 0.767 14.00 117 0.67 0.093 
18.00 123 1.04 0.189 1.60 2.08 4.95 0.755 14.50 1.15 0.68 0.095 
18.40 1.19 1.08 0.200 1.70 2.00 4.72 0.745 15.00 1.13 0.69 0.098 
18.80 1.14 1.10 0.210 1.80 1.92 4.54 0.737 15.50 1.10 0.68 0.096 
19.20 1.10 1.10 0.219 1.90 1.82 4.35 0.729 16.00 1.08 0.66 0.092 
19.60 1.05 1.11 0.227 2.00 1.75 4.18 0.721 16.50 1.06 0.63 0.086 
20.00 0.96 1.10 0.239 2.10 1.67 4.03 0.714 17.00 1.07 0.61 0.081 
20.40 0.93 1.09 0.240 2.20 1.60 3.88 0.707 17.50 1.06 0.61 0.080 
20.80 0.89 1.05 0.240 2.30 1.53 3.75 0.700 18.00 1.07 0.59 0.077 
21.20 0.86 1.02 0.237 2.40 147 3.61 0.693 18.50 1.07 0.59 0.077 
21.60 0.83 0.99 0.235 2.50 141 348 0.685 19.00 1.08 0.59 0.077 
22.00 0.80 0.96 0.230 2.60 137 3.36 0.676 19.50 1.08 0.61 0.080 
22.40 0.78 0.93 0.226 2.70 1.32 3.25 0.668 20.00 1.07 0.65 0.090 
22.80 0.77 0.90 0.220 2.80 129 313 0.658 20.50 1.03 0.67 0.098 
23.20 0.75 0.88 0.217 2.90 126 3.03 0.648 21.00 0.99 0.67 0.103 
23.60 0.75 0.86 0.211 3.00 123 2,94. 0.639 21.50 0.95 0.66 0.103 
24.00 0.73 0.84 0.209 3.10 120 2.85 0.630 22.00 0.91 0.64 0.103 
24.40 0.72 0.82 0.207 3.20 147 2.77 0.622 22.50 0.88 0.62 0.101 
24.80 0.70 0.80 0.205 3.30 1.14 2.68 0.613 23.00 0.86 0.59 0.097 
25.20 0.69 077 0.202 3.40 112 2.60 0.602. 23.50 0.85 0.56 0.091 
25.60 0.67 0.75 0.199 3.50 110 2,52 0.591 24.00 0.84 0.54 0.086 
26.00 0.6 0.72 0.195 3.60 1.08 2.45 0.581 25.00 0.81 0.51 0.084. 
26.40 0.65 0.69 0.189 3.70 1.07 2.38 0.570 26.40 0.80 0.43 0.066 
26.80 0.63 0.66 0.183 3.80 1.06 231 0.558 27.80 0.81 0.38 0.052 
27.20 0.65 0.62 0.165 3.90 1.05 2.25 0.547 29.20 0.82 0.35 0.046 
28.00 0.64 0.59 0.156 4.00 1.03 2.19 0.537 
28.40 0.64 0.57 0.148 4.20 1.04 2.09 0.510 Platinum” 
28.80 0.65 0.55 0.140 4.40 1.03 2.01 0.493 0.10 1321 4.72 0.976 
29.20 0.65 0.53 0.134 4.60 103 1.94 0.476 0.15 818 3116 0,969 
29.60 0.65 0.51 0.128 4.80 1.01 1.90 0.470 0.20 5.90 23.95 0.962 
30.00 0.65 0.49 0.121 5.00 0.96 1.86 0.472 0.25 470 19.40 0.954 
31.00 0.65 0.45 0.111 5.20 0.90 179 0.474 0.30 3.92 16.16 0,245 
32.00 0.66 0.41 0.095 5.40 0.85 1.70 0.463 0.35 3.28 13.66 0.936 
33.00 0.68 0.37 0.079 5.60 0.81 1.62 0.449 040 2,81 11.38 0.922 
34.00 0.70 0.34 0.068 5.80 0.78 1.54 0.437 045 3.03 9.31 0.882 
35.00 0.72 0.31 0.057 6.00 0.76 1.45 0.418 0.50 3.91 7.71 0.813 
36.00 0.74 0.29 0.048 6.20 0.74 1.37 0.397 0.55 4.58 714 0.777 
37.00 0.77 027 0.040 6.40 0.73 129 0.375 0.60 5.13 6.75 0.753 
38.00 0.79 0.26 0.035 6.60 0.72 121 0.350 0.65 5.52 6.66 0.746 
39.00 0.81 0.26 0.031 6.80 073 113 0.316 0.70 5.71 6.83 0.751 
40.00 0.84 0.26 0.026 7.00 0.73 1.05 0.287 0.75 5.57 7.02 0.759 
7.20 075 0.98 0.255 0.80 5.31 7.04 0.762 
Palladium” 54 бЭ (io бәз 0.85 5.05 6.98 0.763 
0.10 4.13 54.15 0.994. M dob oie 0185 0.90 477 6.91 0.765 
0.15 313 35.82 0.990 280 iis эв P 0.95 4.50 677 0.763 
0.20 3.07 26.59 0.983 КОП з в. баа 100 425 6.62. 0.762 
0.26 3.11 20.15 0.971 430 (94 (78 0117 110 3.86 6.24 0.753 
0.30 3.56 17.27 0.955 nen NS 050 БИЙ 120 3.55 5.92 0.746 
0.36 3.98 1441 0.932 52 Yon боо pan 1.30 3.29 5.61 0.736 
0.40 4.27 13.27 0.916 БЕП ii ieee Jodi 1.40 3.10 5.32 0.725 
0.46 4.27 12.11 0.902 50 i (es 1160 1.50 2.92 5.07 0.716 
0.50 4.10 1144 0.896 1.60 2.76 4.84 0.706 


Optical Properties of Selected Elements 


Energy 
(eV) 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 
12.00 
12.40 


n 
2.63 
2.51 
2.38 
2.30 
2.23 
2.17 
2.10 
2.03 
1.96 
1.91 
1.87 
1.83 
1.79 
1.75 
1.68 
1.63 
1.58 
1.53 
1.49 
1.45 
1.43 
1.39 
1.38 
1.36 
1.36 
1.36 
1.36 
1.36 
1.38 
1.39 
1.42 
1.45 
1.48 
1.50 
1.50 
1.49 
1.48 
1.48 
1.47 
1.47 
1.47 
1.47 
1.47 
1.48 
1.49 
1.49 
1.49 
1.48 
1.46 
1.43 
1.40 
1.37 
1.35 
1.33 
1.31 
1.30 
1.29 
1.29 
1.29 
1.29 


4.64 
4.43 
4.26 
4.07 
3.92 
3.77 
3.67 
3.54 
3.42 
3.30 
320 
3.10 
3.01 
2.92 
2.76 
2.62 
2.48 
2.37 
2.25 
214 
2.04 
1.95 
1.85 
176 
1.67 
1.61 
1.54 
147 
140 
1.35 
1.29 
1.26 
1.24 
1.24 
1.25 
1.23 
1.22 
1.20 
1.18 
1.17 
1.15 
1.14 
1.13 
1.12 
111 
1.12 
1.13 
1.15 
1.15 
1.16 
1.15 
1.14 
1.12 
1.10 
1.08 
1.06 
1.04 
1.01 
1.00 
0.97 


k 


R( = 0) 
0.697 
0.686 
0.678 
0.664 
0.654 
0.642 
0.636 
0.626 
0.616 
0.605 
0.595 
0.585 
0.575 
0.565 
0.546 
0.527 
0.507 
0.491 
0.472 
0.452 
0.432 
0.415 
0.392 
0.372 
0.350 
0.332 
0.315 
0.295 
0.276 
0.261 
0.246 
0.236 
0.231 
0.230 
0.231 
0.228 
0.225 
0.221 
0.216 
0.212 
0.209 
0.205 
0.202 
0.200 
0.198 
0.200 
0.203 
0.207 
0.209 
0.211 
0.210 
0.207 
0.203 
0.199 
0.194 
0.188 
0.183 
0.177 
0.173 
0.165 


Energy 
(eV) 
12.80 
13.20 
13.60 
14.00 
14.40 
14.80 
15.20 
15.60 
16.00 
16.50 
17.00 
17.50 
18.00 
18.50 
19.00 
19.50 
20.00 
20.50 
21.00 
21.50 
22.00 
22.50 
23.00 
23.50 
24.00 
24.50 
25.00 
25.50 
26.00 
26.50 
27.00 
27.50 
28.00 
28.50 
29.00 
29.50 
30.00 


Potassium?! 
0.55 
0.58 
0.63 
0.67 
0.73 
0.81 
0.92 
1.05 
1.23 
1.44 
1.65 
1.87 
2.07 
2.27 
2.45 
2.64 
2.82 
2.95 
3.06 
3.40 
3.71 
3.97 


n 
1.29 
1.31 
1.31 
1.31 
1.30 
1.27 
1.27 
1.25 
1.24 
1.24 
1.25 
1.27 
1.31 
1.30 
1.28 
1.23 
1.18 
1.11 
1.03 
0.94 
0.87 
0.81 
0.77 
0.75 
0.74 
0.73 
0.73 
0.73 
0.74 
0.74 
0.74 
0.74 
0.75 
0.75 
0.75 
0.74 
0.73 


0.139 
0.119 
0.106 
0.091 
0.079 
0.066 
0.056 
0.044 
0.040 
0.040 
0.044 
0.050 
0.053 
0.049 
0.046 
0.043 
0.043 
0.041 
0.041 
0.052 
0.089 
0.287 


k 
0.94 
0.93 
0.93 
0.93 
0.93 
0.93 
0.93 
0.92 
0.89 
0.87 
0.86 
0.85 
0.88 
0.94 
0.99 
1.03 
1.06 
1.09 
1.10 
1.08 
1.04 
0.98 
0.92 
0.87 
0.82 
0.77 
0.73 
0.70 
0.67 
0.65 
0.63 
0.62 
0.60 
0.59 
0.58 
0.58 
0.58 


7.10 
6.72 
6.32 
5.79 
5.30 
4.75 
4.19 
3.58 
3.04 
2.56 
2.19 
1.84 
1.62 
1.43 
1.28 
1.14 
1.02 
0.898 
0.799 
0.549 
0.288 
0.091 


К(ф = 0) 
0.158 
0.155 
0.155 
0.155 
0.156 
0.157 
0.155 
0.151 
0.146 
0.142 
0.138 
0.135 
0.142 
0.157 
0.171 
0.184 
0.197 
0.212 
0.226 
0.238 
0.240 
0.235 
0.226 
0.213 
0.201 
0.187 
0.174 
0.162 
0.150 
0.142 
0.136 
0.130 
0.125 
0.121 
0.118 
0.120 
0.124 


0.989 
0.990 
0.990 
0.990 
0.989 
0.989 
0.988 
0.987 
0.985 
0.979 
0.970 
0.955 
0.943 
0.938 
0.933 
0.928 
0.919 
0.913 
0.905 
0.852 
0.719 
0.310 


Energy 
(eV) 

4.00 

4.065 
4.133 
4.203 
4.275 
4.350 
4.428 
4.509 
4.592 
4.679 
4.769 
4.862 
4.959 
5.061 
5.166 
5.276 
5.391 
5.510 
5.637 
5.767 
6.048 
6.199 
6.358 
6.526 
6.702 
6.888 
7.085 
7.293 
7.514 
7.749 
7.999 
8.260 
8.551 
8.856 
9.184 
9.537 
9.919 
10.33 
11.0 

12.0 


Rhenium, single crystal, É || е? 


0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
1.00 


n 
0.34 
0.38 
0.41 
0.45 
0.48 
0.52 
0.55 
0.58 
0.61 
0.64 
0.66 
0.68 
0.70 
0.72 
0.74 
0.76 
0.78 
0.79 
0.81 
0.83 
0.85 
0.87 
0.88 
0.90 
0.91 
0.92 
0.92 
0.93 
0.93 
0.94 
0.94 
0.94 
0.94 
0.94 
0.94 
0.94 
0.94 
0.94 


6.06 
4.66 
4.16 
4.03 
4.37 
4.50 
4.53 
4.53 
4.53 
4.50 
4.29 
4.07 
3.80 
3.48 
3.21 
2.96 
2.73 
2.56 
2.45 


k 
0.08 
0.07 
0.07 
0.06 
0.06 
0.05 
0.05 
0.05 
0.05 
0.04. 
0.04. 
0.04. 
0.04. 
0.04. 
0.04. 
0.04. 
0.04 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.05 
0.05 
0.04 
0.04 
0.03 
0.03 
0.028 


51.03 
33.96 
25.36 
20.10 
16.69 
14.53 
12.96 
11.78 
10.88 
10.26 
9.75 
9.35 
8.94 
8.55 
8.10 
7.68 
7.24 
6.79 
6.36 


12-129 


Rp = 0) 
0.245 
0.204 
0.177 
0.145 
0.125 
0.101 
0.085 
0.072 
0.060 
0.049 
0.043 
0.037 
0.032 
0.027 
0.023 
0.019 
0.016 
0.015 
0.012 
0.009 
0.007 
0.006 
0.005 
0.004 
0.003 
0.003 
0.003 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.001 
0.001 
0.001 


0.991 
0.984 
0.975 
0.962 
0.943 
0.925 
0.909 
0.893 
0.878 
0.867 
0.861 
0.856 
0.853 
0.850 
0.846 
0.841 
0.835 
0.826 
0.813 


12-130 Optical Properties of Selected Elements 


Energy Energy Energy 
(eV) n k R(q = 0) (eV) n k R( - 0) (eV) n k К(ф = 0) 
110 2.38 5.61 0.778 1140 128 128 0.252 50.00 0.80 0.30 0.038 
120 2.35 5.02 0.742 11.60 1.26 1.28 0.252 52.00 0.78 0.30 0.044 
1.30 2.39 4.54 0.702 11.80 124 1.26 0.249 54.00 0.72 0.30 0.055 
1.40 2.44 4.13 0.662 12.00 1.23 1.24 0.244 56.00 0.66 0.24 0.061 
1.50 2.50 3.79 0.624 12.40 1.22 1.21 0.237 58.00 0.65 0.16 0.055 
1.60 2.59 3.49 0.587 12.80 1.21 1.18 0.230 р 
170 2.70 327 0.557 1320 122 116 0.222 Rhenium, single crystal, E L ё 
1.80 2.82 3.10 0.535 13.60 122 113 0.215 0.10 4,25 42,83 0.991 
1.90 2.90 3.00 0.520 14.00 124 1.12 0.209 0.15 3.28 28.08 0.984 
2.00 2.97 2.91 0.510 14.40 1.27 1.11 0.204 0.20 3.28 20.66 0,971 
2.10 3.03 2.86 0.504 14.80 1.29 1.15 0213 0.25 3,47 16.27 0.951 
2.20 3.06 2.84 0.501 15.20 129 1.19 0.225 0.30 3.73 1344 0.926 
2.30 3.07 2.82 0.499 15.60 1.26 1.22 0.236 0.35 3.93 11.54 0.900 
2.40 3.06 2.81 0.498 16.00 123 125 0.248 040 3.99 1015 0.875 
2.50 3.02 2.80 0.497 16.40 119 1.27 0.259 045 4.17 9.03 0.846 
2.60 2.96 277 0.493 16.80 114 1.29 0.269 0.50 4.34 8.26 0.821 
2.70 2.89 2.68 0.482 17.00 1.12 1.30 0.275 0.55 4.45 7.73 0.801 
2.80 2.89 2.57 0.468 17.40 1.07 1.30 0.286 0.60 4.53 7.40 0.788 
2.90 2.99 2.47 0.457 18.00 0.99 1.30 0.300 0.65 Энэ 7.26 0.784 
3.00 3.11 2.57 0.470 18.40 0.93 1.29 0311 0.70 413 7.09 0.784 
3.20 2.90 2.68 0.482. 18.80 0.87 1.28 0.321 0.75 3.77 6.75 0.779 
3.40 2.83 2.50 0.459 19.20 0.81 125 0.330 0.80 3.55 6.32 0.766 
3.60 2.93 2.48 0.457 19.60 0.77 121 0.332 0.85 3,39 5.95 0732 
3.80 2.86 2.56 0.467 20.00 0.73 1.18 0.333 0.90 3.26 5.61 0.737 
4.00 2.81 2.51 0.460 20.40 0.70 114 0.332 0.95 317 5.27 0.719 
420 2.86 2.55 0.466 20.80 0.67 111 0.332 1.00 3.09 4.96 0,701 
4.40 2.81 2.74 0.489 21.20 0.64 1.08 0.334 1.10 3.05 4.39 0.658 
4.60 2.56 2.83 0.504 21.60 0.61 1.04 0.335 1.20 3.08 3.89 0.613 
4.80 2.41 271 0.493 22.00 0.58 1.01 0.340 1.30 3.20 3.56 0.578 
5.00 2.39 2.68 0.488 22.40 0.55 0.97 0.341 140 3.23 3.38 0.559 
5.20 2.34 275 0.500 22.80 0.53 0.93 0.338 1.50 323 312 0532 
5.40 2.20 2.81 0.515 2320 0.51 0.89 0.334 1.60 3.29 2.88 0.507 
5.60 2.02 2.84 0.530 23.60 0.50 0.85 0.329 1.70 3.38 2.72 0491 
5.80 1.83 2.80 0.538 24.00 0.48 0.80 0.319 1.80 3,47 2.59 0.480 
6.00 1.65 271 0.541 2440 0.48 0.76 0.207 1.90 354 2.50 0.473 
6.20 1.54 2.59 0.532 24.80 047 0.72 0.296 2.00 3.63 2.43 0.469 
6.40 1.45 2.50 0.526 2520 0.47 0.68 0.282 2.10 3.74 2.40 0,470 
6.80 1.32 231 0.508 25.60 0.47 0.65 0.270 220 3.83 2.38 0472 
7.00 1.26 223 0.500 26.00 0.47 0.61 0.255 2.30 3.93 244 0.481 
730 1.20 2.15 0.493 26.40 0.48 0.57 0.240 240 4.00 2.55 0,492 
7.40 116 2.06 0.480 26.80 0.48 0.54 0.225 2.50 401 2.70 0.505 
7.60 1.12 1.99 0.470 2720 049 0.51 0.208 2.60 3.90 2.84 0.514 
7.80 1.08 189 0.454 27.60 0.50 0.48 0.193 2.70 3.74 2.92 0,517 
8.00 1.05 1.80 0.435 28.00 0.51 0.45 0.176 2.80 3.57 2.88 0.511 
8.20 1.05 171 0.411 29.00 0.54 0.39 0.145 2.90 3.49 2.75 0.497 
8.40 1.05 1.62 0.386 30.00 0.57 0.33 0.114 3.00 3.53 271 0,493 
8.60 1.06 1.55 0.360 31.00 0.62 0.29 0.086 320 355 2,84 0.506 
8.80 1.09 148 0.336 32.00 0.66 0.26 0.065 3.40 334 2.88 0.508 
9.00 111 143 0.317 33.00 0.68 0.24 0.054 3.60 325 2.83 0.501 
9.20 1.13 1.39 0.301 34.00 0.72 0.21 0.041 3.80 3.24 2.84 0.502 
9.40 1.16 1.34 0.281 35.00 0.76 0.20 0.031 4.00 3.19 2.94 0.513 
9.60 1.18 1.32 0.274 36.00 0.79 0.20 0.025 420 3.05 3.06 0.526 
9.80 1.20 1.29 0.264 37.00 0.82 0.19 0.021 4.40 2.88 3.15 0,539 
10.00 1.23 1.26 0.252 38.00 0.85 0.20 0.018 4.60 2.67 3.18 0.548 
10.20 1.25 1.25 0.246 39.00 0.89 0.21 0.016 4.80 244 317 0.554 
10.40 1.28 125 0.242 40.00 0.88 0.26 0.022 5.00 2.25 312 0.556 
10.60 1.29 1.25 0.242 42.00 0.88 0.26 0.022 5.20 2.10 3.04 0.555 
10.80 1.30 1.26 0.244 44.00 0.89 0.29 0.026 540 1.96 2.96 0.553 
11.00 1.30 127 0.247 46.00 0.85 0.32 0.035 5.60 1.84 2.88 0.551 
11.20 1.29 128 0.249 48.00 0.82 0.30 0.036 5.80 1.73 2.81 0.549 
6.00 1.61 2.74 0.549 


Optical Properties of Selected Elements 


Energy 
(eV) 

6.20 

6.40 

6.80 

7.00 

7.20 

7.40 

7.60 

7.80 

8.00 

8.20 

8.40 

8.60 

8.80 

9.00 

9.20 

9.40 

9.60 

9.80 

10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 
12.00 
12.40 
12.80 
13.20 
13.60 
14.00 
14.40 
14.80 
15.20 
15.60 
16.00 
16.40 
16.80 
17.00 
17.40 
18.00 
18.40 
18.80 
19.20 
19.60 
20.00 
20.40 
20.80 
21.20 
21.60 
22.00 
22.40 
22.80 
23.20 
23.60 
24.00 
24.40 


n 
1.51 
1.42 
1.28 
1.22 
1.16 
1.12 
1.12 
1.08 
1.05 
1.05 
1.05 
1.06 
1.07 
1.09 
1.11 
1.14 
1.17 
1.20 
1.24 
1.29 
1.33 
1.36 
1.38 
1.37 
1.36 
1.33 
1.31 
1.28 
1.26 
1.23 
1.22 
1.20 
1.19 
1.20 
1.22 
1.27 
1.31 
1.31 
1.28 
1.24 
1.17 
1.14 
1.06 
0.95 
0.88 
0.82 
0.76 
0.72 
0.67 
0.64 
0.61 
0.60 
0.58 
0.57 
0.56 
0.55 
0.53 
0.52 
0.50 
0.49 


2.64 
2.56 
2.37 
2.28 
2.19 
2.08 
1.98 
1.93 
1.83 
1.74 
1.66 
1.58 
1.52 
1.46 
141 
1.36 
1.31 
1.27 
1.24 
1.22 
1.23 
1.25 
1.28 
1.31 
1.33 
1.34 
1.34 
1.33 
1.32 
1.29 
1.26 
1.23 
1.20 
1.16 
1.13 
1.12 
117 
1.23 
1.28 
1.33 
1.37 
1.38 
1.39 
1.38 
1.36 
1.33 
1.29 
1.25 
1.21 
1.15 
1.10 
1.06 
1.02 
0.98 
0.95 
0.92 
0.89 
0.85 
0.82 
0.79 


k 


К(ф = 0) 
0.545 
0.541 
0.526 
0.517 
0.508 
0.493 
0.468 
0.463 
0.443 
0.418 
0.397 
0.372 
0.351 
0.327 
0.309 
0.290 
0.273 
0.258 
0.244 
0.234 
0.233 
0.238 
0.245 
0.253 
0.259 
0.264 
0.266 
0.266 
0.264 
0.257 
0.251 
0.245 
0.236 
0.225 
0.214 
0.207 
0.218 
0.234 
0.251 
0.270 
0.288 
0.297 
0.314 
0.334 
0.346 
0.355 
0.360 
0.363 
0.369 
0.364 
0.357 
0.349 
0.342 
0.336 
0.328 
0.325 
0.322 
0.317 
0.314 
0.309 


Energy 
(eV) 
24.80 
25.20 
25.60 
26.00 
26.40 
26.80 
27.20 
27.60 
28.00 
29.00 
30.00 
31.00 
32.00 
33.00 
34.00 
35.00 
36.00 
37.00 
38.00 
39.00 
40.00 
42.00 
44.00 
46.00 
48.00 
50.00 
52.00 
54.00 
56.00 
58.00 


Rhodium" 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.90 
3.00 


n 
0.48 
0.47 
0.47 
0.46 
0.46 
0.46 
0.47 
0.48 
0.49 
0.51 
0.55 
0.59 
0.64 
0.67 
0.70 
0.74 
0.77 
0.80 
0.84 
0.88 
0.87 
0.87 
0.88 
0.84 
0.82 
0.80 
0.77 
0.71 
0.66 
0.64 


18.48 
8.66 
5.85 
4.74 
4.20 
3.87 
3.67 
3.63 
3.62 
3.71 
3.67 
3.51 
3.26 
3.01 
2.78 
2.60 
2.42 
2.30 
2.20 
2.12 
2.05 
2.00 
1.94. 
1.90 
1.88 
1.85 
1.80 
1.63 
1.53 


k 
0.75 
0.72 
0.68 
0.64 
0.61 
0.57 
0.53 
0.50 
0.47 
0.41 
0.34 
0.29 
0.26 
0.24 
0.22 
0.20 
0.19 
0.19 
0.19 
0.21 
0.25 
0.25 
0.28 
0.31 
0.30 
0.30 
0.30 
0.29 
0.23 
0.16 


69.43 
37.46 
25.94 
19.80 
16.07 
13.51 
11.72 
10.34 
9.36 
8.67 
8.26 
7.94 
7.63 
7.31 
6.97 
6.64 
6.33 
6.02 
5.76 
5.51 
5.30 
5.11 
4.94 
4.78 
4.65 
4.55 
4.49 
4.36 
4.29 


Rp = 0) 
0.303 
0.295 
0.286 
0.276 
0.263 
0.249 
0.231 
0.216 
0.198 
0.164 
0.129 
0.097 
0.072 
0.060 
0.047 
0.036 
0.029 
0.023 
0.018 
0.016 
0.023 
0.023 
0.026 
0.035 
0.036 
0.039 
0.044 
0.055 
0.061 
0.055 


0.986 
0.977 
0.967 
0.955 
0.941 
0.925 
0.908 
0.887 
0.867 
0.848 
0.837 
0.832 
0.829 
0.827 
0.823 
0.818 
0.813 
0.805 
0.798 
0.789 
0.780 
0.772 
0.765 
0.756 
0.748 
0.743 
0.742 
0.748 
0.753 


Energy 
(eV) 
3.10 
3.20 
3.30 
340 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
740 
7.60 
7.80 
8.00 
8.20 
840 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
10.00 
10.60 
11.00 
11.60 
12.00 
12.60 
13.00 
13.60 
14.00 
14.60 
15.00 
15.60 
16.00 
16.50 
17.00 
17.50 
18.00 
18.50 
19.00 
19.50 
20.00 


п 
1.41 
1.30 
1.20 
111 
1.04 
0.99 
0.95 
0.91 
0.88 
0.86 
0.83 
0.80 
0.78 
0.79 
0.79 
0.79 
0.80 
0.80 
0.79 
0.76 
0.73 
0.70 
0.68 
0.67 
0.66 
0.66 
0.66 
0.67 
0.68 
0.69 
0.71 
0.74 
0.78 
0.83 
0.88 
0.95 
1.01 
1.07 
1.12 
1.17 
1.26 
1.29 
1.32 
1.32 
1.32 
1.32 
1.32 
1.32 
1.30 
1.28 
1.25 
1.24 
1.23 
1.22 
1.22 
1.23 
1.25 
1.24 
1.18 
1.10 


4.20 
4.09 
3.97 
3.84 
3.71 
3.58 
3.45 
3.34 
3.23 
3.12 
2.94 
2.76 
2.60 
2.46 
2.34 
2.23 
2.14 
2.06 
2.00 
1.93 
1.85 
1.77 
1.69 
1.60 
1.52 
1.43 
1.35 
1.27 
1.20 
1.12 
1.04 
0.97 
0.89 
0.83 
0.77 
0.73 
0.71 
0.69 
0.69 
0.69 
0.73 
0.76 
0.80 
0.82 
0.82 
0.83 
0.85 
0.86 
0.89 
0.90 
0.90 
0.89 
0.88 
0.88 
0.87 
0.88 
0.92 
0.98 
1.05 
1.09 


k 


12-131 


Rp = 0) 
0.760 
0.764 
0.767 
0.769 
0.768 
0.764 
0.759 
0.753 
0.747 
0.739 
0.722 
0.706 
0.684 
0.659 
0.635 
0.613 
0.591 
0.573 
0.561 
0.556 
0.544 
0.534 
0.518 
0.498 
0.476 
0.452 
0.423 
0.394 
0.363 
0.329 
0.288 
0.252 
0.212 
0.179 
0.148 
0.125 
0.110 
0.102 
0.098 
0.098 
0.106 
0.113 
0.124 
0.127 
0.129 
0.131 
0.134 
0.138 
0.144 
0.147 
0.147 
0.147 
0.145 
0.144 
0.143 
0.145 
0.155 
0.172 
0.193 
0.213 


12-132 Optical Properties of Selected Elements 


Energy Energy Energy 
(eV) n k R(q = 0) (eV) n k R( - 0) (eV) n k R( = 0) 
20.50 1.00 1.09 0.230 3.30 2.00 3.91 0.671 17.50 1.32 0.93 0.155 
21.00 0.91 1.05 0.234 3.40 1.87 3.83 0.673 18.00 1.26 0.99 0.173 
21.50 0.86 1.00 0.228 3.50 176 3.74 0.674 18.50 1.18 1.02 0.185 
22.00 0.83 0.95 0.219 3.60 1.66 3.65 0.675 19.00 1.11 1.02 0.192 
22.50 0.81 0.92 0.214 3.70 1.57 3.55 0.673 19.50 1.05 1.02 0.199 
23.00 0.79 0.90 0.213 3.80 1.49 3.45 0.672 20.00 0.99 1.02 0.208 
23.50 0.75 0.87 0.214 3.90 1.42 3.35 0.668 20.50 0.92 0.99 0.212 
24.00 0.73 0.84 0.210 4.00 1.37 3.24 0.661 21.00 0.86 0.94 0.209 
24.50 0.70 0.81 0.208 4.20 1.29 3.08 0.649 21.50 0.83 0.90 0.203 
25.00 0.69 0.77 0.202 4.40 1.22 2.93 0.639 22.00 0.81 0.86 0.193 
25.50 0.67 0.74 0.195 4.60 1.16 2.79 0.628 23.00 0.77 0.79 0.182 
26.00 0.66 0.70 0.188 4.80 111 2.67 0.617 24.00 0.74 0.74 0.171 
26.50 0.65 0.66 0.176 5.00 1.06 2.56 0.607 25.00 0.71 0.69 0.163 
27.00 0.65 0.64 0.168 5.20 1.01 2.46 0.600 26.00 0.68 0.63 0.154 
27.50 0.65 0.61 0.159 5.40 0.95 2.35 0.593 27.00 0.67 0.57 0.140 
28.00 0.65 0.59 0.152 5.60 0.92 2.23 0.576 28.00 0.66 0.51 0.124 
29.00 0.65 0.54 0.137 5.80 0.90 2.14 0.559 29.00 0.67 0.46 0.107 
30.00 0.66 0.51 0.127 6.00 0.88 2.05 0.545 30.00 0.67 0.43 0.097 
31.00 0.64 0.49 0.127 6.20 0.87 1.98 0.531 31.00 0.67 0.37 0.084 
32.00 0.61 0.44 0.126 6.40 0.84 1.91 0.521 32.00 0.69 0.33 0.070 
33.00 0.60 0.37 0.110 6.60 0.82 1.84 0.510 33.00 0.71 0.30 0.058 
34.00 0.65 0.30 0.074 6.80 0.79 1.77 0.500 34.00 0.73 0.27 0.048 
35.00 0.69 0.28 0.058 7.00 0.76 1.69 0.489 35.00 0.75 0.25 0.039 
36.00 0.73 0.27 0.049 7.20 0.75 1.61 0.472 36.00 0.77 0.24 0.035 
37.00 0.74 0.28 0.047 7.40 0.73 1.54 0.455 37.00 0.79 0.23 0.039 
38.00 0.74 0.27 0.045 7.60 0.73 1.46 0.433 38.00 0.80 0.22 0.027 
39.00 0.75 0.25 0.041 7.80 0.73 1.39 0.411 39.00 0.82 0.22 0.024 
8.00 0.72 1.33 0.391 40.00 0.83 0.22 0.022 
Ruthenium, single crystal, Е || © 8.20 0.72. 126 0.366 
0.10 11.50 51.38 0.984 8.40 0.73 1.20 0.342 Ruthenium, single crystal, ELS 
0.20 5.93 27.14 0.970 8.60 074 114 0.318 0.10 11.85 50.81 0.983 
0.30 4.33 18.50 0.953 8.80 074 1/08 0295 0.20 6.68 27.18 0.966 
0.40 3.60 13.97 0.933 9.00 0.75 1.02 0.267 0.30 4.94 18.92 0.950 
0.50 3.18 11.04 0.909 9.20 0.77 0.97 0.243 0.40 3.90 14.51 0.933 
0.60 3.28 8.89 0.865 9.40 0.79 0.91 0.217 0.50 3.27 11.63 0.915 
0.70 3.62 7.73 0.822 9.60 0.82 0.86 0.190 0.60 2.98 9.54 0.888 
0.80 3.42 7.02 0.801 9.80 0.85 0.81 0.167 0.70 2.82 7.99 0.856 
0.90 3.25 6.12 0.766 10.00 0.88 0.76 0.144 0.80 2.73 6.71 0.815 
1.00 3.39 5.33 0.715 1020 0.92 0.72 0.125 0.90 2.82 5.54 0.751 
1.10 3.66 4.83 0.675 10.40 0.96 0.69 0.110 1.00 3.17 4.59 0.670 
1.20 3.84 4.57 0.654 10.60 101 0.67 0.100 1.10 3.69 3.91 0.604 
1.30 3.94 4.38 0.638 10.80 1.05 0.66 0.094. 1.20 4.28 3.66 0.585 
1.40 4.02 4.19 0.624 11.00 1.09 0.65 0.090 1.30 4.66 3.72 0.593 
1.50 4.16 4.07 0.614 1120 112 0.65 0.088 1.40 4.86 3.79 0.601 
1.60 4.33 4.08 0.615 1140 115 0.65 0.087 1.50 4.99 3.89 0.609 
1.70 4,42 421 0.624 11.60 118 0.65 0.088 1.60 5.08 4.03 0.618 
1.80 4.40 4.38 0.636 11.80 121 0.66 0.090 170 5.12 4.22 0.629 
1.90 4.29 4.61 0.651 12.00 1233 0.67 0.092 1.80 5.10 4.45 0.642 
2.00 4.04 4.81 0.667 12.40 126 0.69 0.098 1.90 4.96 4.78 0.660 
2.10 3.69 4.90 0.679 12.80 127 072 0.104 2.00 4.61 5.06 0.677 
2.20 3.35 4.82 0.683 1320 128 0.74 0.108 2.10 4.21 5.09 0.682 
2.30 3.09 4.70 0.681 13.60 128 075 0.111 2.20 3.94 5.00 0.681 
2.40 2.89 4.55 0.677 14.00 128 076 0.114 2.30 3.69 4.97 0.684 
2.50 2.74 440 0.671 14.40 127 076 0.114 2.40 3.44 4.88 0.684 
2.60 2.64 4.25 0.663 14.80 127 076 0.114 2.50 3.27 4.77 0.681 
2.70 2.58 4.14 0.656 15.00 127 076 0.114 2.60 3.14 4.66 0.677 
2.80 2.54 4.05 0.650 15.60 128 077 0.115 2.70 3.06 4.59 0.674 
2.90 2.48 4.03 0.650 16.00 130 0.78 0.118 2.80 2.99 4.59 0.676 
3.00 2.38 4.03 0.656 1650 132 0.80 0.123 2.90 2.87 4.64 0.686 
3.10 2.26 4.00 0.661 17.00 134 0.85 0.136 3.00 2.64 4.69 0.701 
3.20 2.13 3.96 0.666 3.10 2.40 4.64 0.710 


Optical Properties of Selected Elements 


Energy 
(eV) 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 
12.00 
12.40 
12.80 
13.20 
13.60 
14.00 
14.40 
14.80 
15.00 
15.60 
16.00 
16.50 


n 
2.18 
2.00 
1.84 
1.71 
1.60 
1.50 
1.41 
1.35 
1.29 
1.21 
1.16 
1.13 
1.09 
1.03 
0.97 
0.91 
0.88 
0.86 
0.84 
0.82 
0.81 
0.78 
0.76 
0.73 
0.70 
0.68 
0.67 
0.66 
0.66 
0.65 
0.66 
0.66 
0.68 
0.69 
0.70 
0.73 
0.77 
0.82 
0.86 
0.90 
0.94 
0.99 
1.04 
1.08 
1.11 
1.14 
1.17 
1.20 
1.22 
1.25 
1.26 
1.27 
1.27 
1.26 
1.25 
1.25 
1.25 
1.25 
1.27 
1.28 


4.55 
4.43 
4.30 
4.16 
4.03 
3.90 
3.77 
3.64 
3.53 
3.31 
3.13 
2.97 
2.86 
2.75 
2.64 
2.52 
2.40 
2.29 
2.20 
2.11 
2.04 
1.97 
1.89 
1.82 
175 
1.67 
1.59 
1.51 
144 
1.36 
1.29 
1.22 
1.15 
1.09 
1.02 
0.95 
0.89 
0.84 
0.81 
0.77 
0.74 
0.72 
0.71 
0.70 
0.70 
0.70 
0.71 
0.72 
0.73 
0.76 
0.78 
0.81 
0.83 
0.84 
0.84 
0.84 
0.84 
0.85 
0.85 
0.89 


k 


R( = 0) 
0.717 
0.721 
0.723 
0.723 
0.722 
0.721 
0.718 
0.713 
0.707 
0.694 
0.679 
0.662 
0.652 
0.648 
0.643 
0.635 
0.622 
0.605 
0.591 
0.576 
0.564 
0.556 
0.545 
0.538 
0.527 
0.513 
0.496 
0.476 
0.454 
0.430 
0.403 
0.378 
0.346 
0.317 
0.286 
0.251 
0.216 
0.185 
0.163 
0.143 
0.127 
0.115 
0.108 
0.104 
0.102 
0.101 
0.102 
0.104 
0.107 
0.113 
0.118 
0.124 
0.129 
0.132 
0.132 
0.133 
0.133 
0.134 
0.134 
0.145 


Energy 
(eV) 
17.00 
17.50 
18.00 
18.50 
19.00 
19.50 
20.00 
20.50 
21.00 
21.50 
22.00 
23.00 
24.00 
25.00 
26.00 
27.00 
28.00 
29.00 
30.00 
31.00 
32.00 
33.00 
34.00 
35.00 
36.00 
37.00 
38.00 
39.00 
40.00 


Selenium, single crystal, E | 


0.01364 
0.01488 
0.01612 
0.01736 
0.01860 
0.01984 
0.02108 
0.02232 
0.02356 
0.02480 
0.02604 
0.02728 
0.02976 
0.03224 
0.03472 
0.03720 
0.04463 
0.04959 
0.05703 
0.06199 
0.06819 
0.07439 
0.08059 
0.08679 
0.09299 
0.09919 
0.1116 

0.1240 

0.2480 

0.3720 


n 
1.28 
1.25 
1.19 
1.12 
1.07 
1.02 
0.97 
0.91 
0.85 
0.80 
0.77 
0.71 
0.67 
0.64 
0.61 
0.60 
0.60 
0.61 
0.62 
0.61 
0.63 
0.65 
0.67 
0.70 
0.72 
0.73 
0.75 
0.77 
0.79 


2.914 
3.175 
3.263 
3.306 
3.330 
3.346 
3.358 
3.366 
3.372 
3.377 
3.380 


3.397 


3.403 


3.405 


3.407 


3.408 


3.409 


3.409 


3.410 


3.417 
3.427 


k 
0.94 
1.00 
1.04 
1.05 
1.05 
1.04 
1.04 
1.03 
1.01 
0.97 
0.94 
0.87 
0.79 
0.73 
0.66 
0.59 
0.53 
0.48 
0.45 
0.40 
0.34 
0.31 
0.28 
0.26 
0.25 
0.23 
0.22 
0.22 
0.22 


ددم 


0.248 

9.95Е-02 
2.13E-03 
3.81E-02 
7.04E-03 
4.23E-02 
3.40E-03 
5.31E-02 
1.96E-03 
2.39E-02 


1.16E-02 
7.96E-03 
8.57E-03 
2.70E-02 
1.72Е-02 
1.13E-02 
2.79E-03 
1.56E-03 
1.35E-03 
5.79E-04 
4.44E-04 
4.41E-04 
4.32E-04 
2.44Е-04 
3.23E-04 
2.87E-04 
2.71E-04 
2.67E-04 
1.90E-04 


К(ф = 0) 


0.158 
0.175 
0.190 
0.200 
0.205 
0.212 
0.219 
0.228 
0.234 
0.234 
0.233 
0.229 
0.218 
0.205 
0.194 
0.177 
0.155 
0.134 
0.123 
0.114 
0.093 
0.077 
0.065 
0.054 
0.047 
0.041 
0.035 
0.031 
0.028 


0.242 
0.272 
0.282 
0.287 
0.290 
0.291 
0.293 
0.294 
0.294 
0.295 
0.295 


0.297 


0.298 


0.298 


0.298 


0.298 


0.299 


0.299 


0.299 


0.299 
0.301 


Energy 


(eV) 
0.4959 
0.6199 
0.7439 
0.8679 
0.9919 
1.116 
1.240 
1.50 
1.60 
1.70 
1.80 
2.0 
22 
24 
2.6 
2.8 
3.0 
32 
34 
3.6 
3.8 
4.0 
42 
4.5 
5.0 
6.0 
7.0 
8.0 
9.0 
10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 
30.0 


Selenium, single crystal, E L &? 


0.01364 
0.01488 
0.01612 
0.01736 
0.01860 
0.01984 
0.02108 
0.02232 
0.02356 
0.02480 
0.02604 
0.02728 
0.02976 
0.03224 
0.03472 
0.03720 
0.04463 
0.04959 
0.05703 


п 
3.442 
3.462 
3.486 
3.516 
3.551 
3.592 
3.640 


446 
4,79 
4.49 
4.28 
4.40 
4.59 
4.44 
3.92 
3.69 
3.39 
(3.00) 
(2.65) 
(2.30) 
1.92 
1.50 
1.57 
1.84 
1.35 
1.35 
0.92 
1.00 
0.81 
0.65 
0.65 
0.69 
0.81 
0.91 
0.86 
0.85 
0.87 


2.854 
2.932 
3.140 
2.959 
2111 
2.356 
2.462 
2.502 
2.543 
2.550 
2.582 
2.600 
2.576 
2.598 
2.607 
2.613 


2.627 


k 
1.41E-04 
1.12E-04 
9.42Е-05 
8.07Е-05 
7.11Е-05 
6.37E-05 
5.81E-05 
1.33E-04 
1.59E-04 
6.27E-04 
2.20E-02 
0.76 
1.19 
1.21 
1.32 
1.70 
2.29 
2.59 
2.76 
3.01 


2.78 
2.31 
1.49 
1.45 
1.68 
1.64 
1.07 
1.10 
0.91 
0.61 
0.48 
0.36 
0.25 
0.18 
0.15 
0.13 
0.11 


0.0239 
0.0325 
0.1750 
1.3300 
0.2550 
0.0746 
0.0276 
0.0442 
0.0097 
0.0239 


0.0101 

9.95E-03 
1.16E-02 
1.68E-02 
1.54E-02 
1.17E-02 
3.58E-03 
8.65E-04 


12-133 


К(ф = 0) 
0.302 
0.304 
0.307 
0.310 
0.314 
0.319 
0.324 


0.402 
0.438 
0.431 
0.417 
0.430 
0.462 
0.490 
0.493 
0.502 
0.521 


0.528 
0.482 
0.288 
0.276 
0.353 
0.342 
0.238 
0.232 
0.211 
0.160 
0.120 
0.076 
0.030 
0.011 
0.012 
0.011 
0.008 


0.231 
0.241 
0.269 
0.321 
0.133 
0.164 
0.178 
0.184 
0.190 
0.191 
0.195 
0.198 
0.194 
0.197 
0.199 
0.199 


0.201 


12-134 Optical Properties of Selected Elements 


Energy Energy Energy 
(eV) n k R(q = 0) (eV) n k R( = 0) (eV) H k К(ф=0) 
0.06199 2.632 2.07E-03 0.202 0.04959 3.4201 9.15E-05 0.300 3.6 5.296 2.987 0.564 
0.06819 2.89E-04 0.05703 1.56E-04 37 5.156 3.058 0.563 
0.07439 2.635 1.59Е-04 0.202 0.06199 3.4204 2.86Е-04 0.300 3.8 5.065 3.182 0.568 
0.08059 1.35E-04 0.06943 3.84E-04 3.9 5.016 3.346 0.577 
0.08679 2.636 1.42E-04 0.202 0.07439 7.16E-04 4.0 5.010 3.587 0.591 
0.09299 1.04E-04 0.08059 (3.4207) 1.52Е-04 0.300 4.1 5.020 3.979 0.614 
0.09919 2.637 8.95E-05 0.203 0.08679 1.02Е-04 4.2 4.888 4.639 0.652 
0.1116 2.638 8.84E-05 0.203 0.09299 2.59E-04 43 4.086 5.395 0.703 
0.1240 2.639 8.51E-05 0.203 0.09919 1.77E-04 44 3.120 5.344 0.726 
0.2480 2.645 5.97Е-05 0.204 0.1054 1.53E-04 4.5 2.451 5.082 0.740 
0.3720 2.652 5.44E-05 0.205 0.1116 2.02Е-04 4.6 1.988 4.678 0.742 
0.4959 2.654. 4.58Е-05 0.205 0.1178 1.22Е-04 4.7 1.764 4.278 0.728 
0.6199 2.675 3.82Е-05 0.208 0.1240 3.4215 6.76Е-05 0.300 4.8 1.658 3.979 0.710 
0.7439 2.692 3.32E-05 0.210 0.1364 5.49E-05 4.9 1.597 3.749 0.693 
0.8679 2.713 2.96E-05 0.213 0.1488 2.41E-05 5.0 1.570 3.565 0.675 
0.9919 2.739 2.69E-05 0.216 0.1612 2.49E-05 5.1 1.571 3.429 0.658 
1.116 2.772 2.48Е-05 0.221 0.1736 (3.4230) 1.68Е-05 0.300 5.2 1.589 3.354 0.646 
1.240 2.816 2.31E-05 0.226 0.1798 2.45E-05 5.3 1.579 3.353 0.647 
1.50 7.37E-05 0.1860 2.66E-06 5.4 1.471 3.366 0.663 
1.60 8.63Е-05 0.1922 1.74E-06 5.5 1.340 3.302 0.673 
1.70 3.60E-04 0.1984 8.46E-07 5.6 1.247 3.206 0.675 
1.80 3.32 0.11 0.289 0.2046 5.64E-07 5.7 1.180 3.112 0.673 
2.00 3.38 0.65 0.310 0.2108 (3.4244) 4.17Е-07 0.300 5.8 1.133 3.045 0.672 
2.20 3.07 0.73 0.282 0.2170 4.05E-07 5.9 1.083 2.982 0.673 
2.40 2.93 0.61 0.259 0.2232 3.94E-07 6.0 1.010 2.909 0.677 
2.60 3.00 0.53 0.263 0.2294 3.26E-07 6.5 0.847 2.73 0.688 
2.80 3.12 0.58 0.279 0.2356 2.97E-07 7.0 0.682 2.45 0.691 
3.00 3.30 0.70 0.305 0.2418 2.82Е-07 7.5 0.563 2.21 0.693 
3.20 3.35 1.01 0.328 0.2480 3.4261 1.99E-07 0.300 8.0 0.478 2.00 0.691 
3.40 3.22 1.24 0.334 0.3100 3.4294 0.301 8.5 0.414 1.82 0.688 
3.60 3.06 147 0.344 0.3626 3.4327 0.301 9.0 0.367 1.66 0.683 
3.80 2.84 1.66 0.351 0.4568 3.4393 2.50E-09 0.302 9.5 0.332 1.51 0.672 
4.00 2.51 1.81 0.356 0.6199 3.4490 0.303 10.0 0.306 1.38 0.661 
4.20 2.18 1.83 0.352 0.8093 3.4784 0.306 12.0 0.257 0.963 0.590 
4.50 1.75 1.94 0.382 1.033 3.5193 0.311 14.0 0.275 0.641 0.460 
5.00 1.25 1.50 0.316 1.1 (3.5341) 1.30E-05 0.312 16.0 0.345 0.394 0.297 
6.00 1.32 0.73 0.107 1.2 1.80E-04 18.0 0.455 0.219 0.159 
7.00 1.62 0.61 0.105 1.3 2.26E-03 20.0 0.567 0.0835 0.079 
8.00 1.81 0.69 0.135 1.4 7.75Е-03 22.14 0.675 0.0405 0.038 
9.00 1.66 1.02 0.182 1.5 3.673 5.00E-03 0.327 24.31 0.752 0.0243 0.020 
10.00 1.72 0.95 0.171 1.6 3714 8.00E-03 0.331 26.38 0.803 0.0178 0.012 
12.00 1.25 1.02 0.181 1.7 3.752 1.00E-02 0.335 28.18 0.834 0.0152 0.008 
14.00 0.98 0.92 0.178 1.8 3.796 0.013 0.340 30.24 0.860 0.0138 0.006 
16.00 0.68 0.96 0.274 1.9 3.847 0.016 0.345 31.79 0.877 0.0132 0.004 
18.00 0.61 0.65 0.191 2.0 3.906 0.022 0.351 34.44 0.899 0.0121 0.003 
20.00 0.73 0.48 0.094 21 3.969 0.030 0.357 36.47 0.913 0.0113 0.002 
22.00 0.78 0.39 0.060 2.2 4.042 0.032 0.364. 38.75 0.925 0.0104 0.002 
24.00 0.78 0.32 0.046 2.3 4.123 0.048 0.372 40.00 0.930 0.0100 0.001 
26.00 0.78 0.26 0.036 2.4 4215 0.060 0.380 
28.00 0.80 0.19 0.023 2.5 4.320 0.073 0.390 Silver" 
30.00 0.79 0.14 0.020 2.6 4442 0090 0.400 010 хэ 20:21 0:995 
2.7 4.583 0.130 0.412 0.20 2.84 45.70 0.995 
Silicon, single crystal? 2.8 4.753 0.163 0.426 0.30 1.41 30.51 0.994 
0.01240 3.4185 2.90Е-04 0.300 29 4.961 0.203 0.442 0.40 0.91 22.89 0.993 
0.01488 3.4190 2.30Е-04 0.300 30 5.222 0.269 0.461 0.50 0.67 18.32 0.992 
0.01736 3.4192 1.90Е-04 0.300 3.1 5.570 0.387 0.486 1.00 0.28 9.03 0.987 
0.01984 3.4195 1.70E-04 0.300 33 6.062 0.630 0.518 1.50 0.27 5.79 0.969 
0.02480 3.4197 0.300 33 6.709 1321 0.561 2.00 0.27 4.18 0.944. 
0.03100 3.4199 0.300 34 6.522 2.705 0.592 2.50 0.24 3.09 0.914 
0.04092 3.4200 0.300 3.5 5610 3014 0.575 3.00 0.23 2.27 0.864 
0.04463 1.08E-04 3.25 0.23 1.86 0.816 


Optical Properties of Selected Elements 


Energy 
(eV) 
3.50 
3.60 
3.70 
3.77 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.50 
4.75 
5.00 
5.50 
6.00 
6.50 
7.00 
7.50 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
14.50 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
21.50 
22.00 
22.50 
23.00 
23.50 
24.00 
24.50 
25.00 
25.50 
26.00 
26.50 
27.00 
27.50 
28.00 
28.50 
29.00 
30.00 
31.00 
32.00 
33.00 
34.00 
35.00 
36.00 
38.00 
40.00 
42.00 
44.00 


n 
0.21 
0.23 
0.30 
0.53 
0.73 
1.30 
1.61 
1.73 
1.75 
1.73 
1.69 
1.61 
1.55 
1.45 
1.34 
1.25 
1.18 
1.14 
1.16 
1.33 
1.46 
1.52 
1.61 
1.66 
1.72 
1.64 
1.56 
1.42 
1.33 
1.28 
1.27 
1.29 
1.35 
1.37 
1.34 
1.26 
1.17 
1.10 
1.04 
0.99 
0.95 
0.91 
0.90 
0.89 
0.89 
0.89 
0.90 
0.91 
0.92 
0.93 
0.93 
0.92 
0.90 
0.88 
0.86 
0.89 
0.89 
0.90 
0.90 
0.90 


1.42 
1.13 
0.77 
0.40 
0.30 
0.36 
0.60 
0.85 
1.06 
1.13 
1.28 
1.34 
1.36 
1.34 
1.28 
1.18 
1.06 
0.91 
0.75 
0.56 
0.56 
0.56 
0.59 
0.64 
0.78 
0.88 
0.92 
0.91 
0.86 
0.80 
0.75 
0.71 
0.75 
0.80 
0.87 
0.93 
0.94 
0.93 
0.90 
0.87 
0.83 
0.78 
0.74 
0.69 
0.65 
0.62 
0.59 
0.57 
0.56 
0.54 
0.53 
0.53 
0.51 
0.49 
0.45 
0.44 
0.39 
0.37 
0.35 
0.33 


К 


К(ф = 0) 
0.756 
0.671 
0.475 
0.154 
0.053 
0.040 
0.103 
0.153 
0.194 
0.208 
0.238 
0.252 
0.257 
0.257 
0.246 
0.225 
0.196 
0.157 
0.114 
0.074 
0.082 
0.088 
0.100 
0.112 
0.141 
0.152 
0.156 
0.151 
0.139 
0.124 
0.111 
0.103 
0.112 
0.124 
0.141 
0.157 
0.163 
0.165 
0.165 
0.160 
0.154 
0.144 
0.133 
0.121 
0.109 
0.099 
0.090 
0.084 
0.079 
0.074 
0.072 
0.072 
0.071 
0.067 
0.061 
0.055 
0.043 
0.039 
0.036 
0.033 


Energy 
(eV) 
46.00 
48.00 
50.00 
52.00 
54.00 
56.00 
58.00 
60.00 
62.00 
64.00 
66.00 
68.00 
70.00 
72.00 
74.00 
76.00 
78.00 
80.00 
85.00 
90.00 
95.00 
100.00 


Sodium” 
0.55 
0.58 
0.63 
0.67 
0.73 
0.81 
0.92 
1.05 
1.23 
1.44 
1.65 
1.87 
2.07 
2.27 
2.45 
2.64 
2.82 
2.95 
3.06 
3.20 
3.40 
3.71 
3.97 
6.199 
6.358 
6.526 
6.702 
6.888 
7.130 
7.328 
7.583 
7.847 
8.015 
8.634 
9.143 
9.709 
10.20 


n 
0.90 
0.89 
0.88 
0.89 
0.88 
0.87 
0.87 
0.87 
0.88 
0.88 
0.88 
0.87 
0.83 
0.85 
0.85 
0.85 
0.85 
0.85 
0.85 
0.85 
0.86 
0.87 


0.262 
0.241 
0.207 
0.175 
0.147 
0.123 
0.099 
0.078 
0.064 
0.053 
0.050 
0.049 
0.053 
0.059 
0.063 
0.066 
0.068 
0.068 
0.069 
0.065 
0.061 
0.055 
0.049 
0.390 
0.454 
0.485 
0.533 
0.574 
0.616 
0.641 
0.674 
0.700 
0.710 
0.762 
0.800 
0.819 
0.843 


0.32 
0.31 
0.29 
0.28 
0.17 
0.26 
0.24 
0.22 
0.21 
0.21 
0.21 
0.21 
0.20 
0.18 
0.17 
0.16 
0.15 
0.14 
0.11 
0.08 
0.06 
0.04 


9.97 
9.45 
8.80 
8.09 
7.42 
6.67 
5.82 
5.11 
4.35 
3.72 
3.22 
2.76 
2.48 
2.23 
2.07 
1.88 
1.76 
1.63 
1.54 
1.47 
1.33 
1.13 
1.01 


k 


К(ф = 0) 
0.031 
0.030 
0.027 
0.024 
0.024 
0.024 
0.021 
0.018 
0.016 
0.016 
0.016 
0.017 
0.021 
0.016 
0.014 
0.013 
0.013 
0.012 
0.011 
0.009 
0.007 
0.005 


0.990 
0.989 
0.990 
0.990 
0.990 
0.989 
0.989 
0.989 
0.987 
0.986 
0.983 
0.978 
0.971 
0.961 
0.953 
0.943 
0.936 
0.928 
0.921 
0.921 
0.916 
0.908 
0.908 
0.193 
0.141 
0.120 
0.093 
0.073 
0.056 
0.048 
0.038 
0.031 
0.029 
0.018 
0.012 
0.010 
0.007 


Energy 
(eV) 
11.08 
11.83 
12.73 
13.05 
13.42 
13.73 
14.07 
14.83 
15.05 
15.46 
16.21 
18.10 
21.12 
25.51 
26.95 
27.68 
28.37 
29.52 


Tantalum!* 
0.10 
0.15 
0.20 
0.26 
0.30 
0.38 
0.50 
0.58 
0.70 
0.78 
0.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
170 
1.80 
1.90 
2.00 
210 
2.20 
2.30 
240 
2.50 
2.60 
270 
2.80 
2.90 
3.00 
3.220 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 


n 
0.870 
0.887 
0.907 
0.913 
0.914 
0.917 
0.922 
0.934 
0.936 
0.942 
0.948 
0.964 
0.979 
0.993 
1.00 
1.01 
1.01 
1.02 


10.14 
9.45 
5.77 
3.67 
2.87 
2.03 
1.37 
1.15 
0.96 
0.89 
0.84 
0.89 
0.93 
0.98 
1.00 
1.04 
1.09 
1.15 
1.24 
1.35 
1.57 
1.83 
2.10 
2.36 
2.56 
2.68 
2.75 
2.80 
2.84 
2.85 
2.84 
2.81 
2.73 
2.61 
2.49 
2.40 
2.36 
2.35 
2.39 
2.45 
2.53 


k 


66.39 
46.41 
35.46 
27.53 
23.90 
18.87 
14.26 
12.19 
9.92 
8.77 
7.38 
6.47 
5.75 
5.14 
4.62 
4.15 
3.73 
3.33 
2.95 
2.60 
2.24 
1.99 
1.84 
1.81 
1.86 
1.92 
1.98 
2.02 
2.08 
2.14 
2.20 
2.24 
2.31 
2.33 
2.30 
2.22 
2.14 
2.06 
2.01 
2.00 
2.06 


12-135 


R(9 = 0) 
0.005 
0.004 
0.002 
0.002 
0.002 
0.002 
0.002 
0.001 
0.001 
0.001 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


0.984 
0.9834 
0.982 
0.981 
0.980 
0.978 
0.974 
0.970 
0.962 
0.956 
0.942 
0.992 
0.899 
0.872 
0.842 
0.805 
0.762 
0.707 
0.640 
0.560 
0.460 
0.388 
0.354 
0.351 
0.365 
0.378 
0.388 
0.395 
0.405 
0.412 
0.420 
0.425 
0.432 
0.435 
0.430 
0.418 
0.406 
0.392 
0.384 
0.384 
0.394 


12-136 Optical Properties of Selected Elements 


Energy Energy Energy 
(eV) n k R(q = 0) (eV) n k R( - 0) (eV) n k К(ф = 0) 

5.00 2.58 220 0.416 23.00 073 0.24 0.043 07 7.00 0.24 0.563 
5.20 2.52 244 0.450 23.60 0.80 0.26 0.033 0.8 723 0.48 0.574 
5.40 231 2.61 0.480 24.00 0.80 0.26 0.034. 0.9 748 0.94 0.589 
5.60 2.06 2.67 0.501 24.60 0.82 0.25 0.029 10 7.70 1.56 0.606 
5.80 1.83 2.63 0.510 25.00 0.83 0.25 0.026 12 6.99 2.22 0.593 
6.00 1.63 2.56 0.515 25.60 0.86 0.24 0.022 14 711 2.46 0.604. 
6.20 148 2.45 0.512 26.00 0.88 0.25 0.022 1.6 6.75 2.91 0.606 
6.40 1.37 2.33 0.504 26.60 0.87 0.26 0.023 18 6.89 3.70 0.637 
6.60 1.29 222 0.492 27.00 0.87 0.25 0.022 2.0 4.67 4.67 0.654 
6.80 1.23 241 0.478 27.60 0.89 0.23 0.019 22 4.94 5.16 0.681 
7.00 118 2.01 0.462. 28.00 0.90 0.23 0.017 24 3.94 5.08 0.686 
7.20 115 191 0.445 28.60 0.91 0.22 0.015 2.6 3.25 477 0.681 
740 118 182 0.425 29.00 0.92 0.22 0.014 28 2.73 4.42 0.674 
7.60 112 175 0.406 29.60 0.94 0.22 0.014 30 2.30 416 0.674. 
7.80 111 1.68 0.390 30.00 0.95 0.22 0.014 35 1.69 3.44 0.646 
8.00 111 161 0.370 31.00 0.97 0.23 0.014 40 1.33 2.64 0.571 
8.20 112 1.55 0.350 32.00 0.98 0.24 0.015 45 1.32 1.96 0.428 
8.40 1.13 1.50 0.332 33.00 0.98 0.25 0.015 5.0 1.63 1.60 0.312 
8.60 1.14 145 0.317 34.00 0.99 0.25 0.016 55 172 1.57 0.302 
8.80 117 141 0.301 35.00 0.99 0.26 0.017 6.0 173 1.45 0.276 
9.00 1.19 140 0.294 36.00 0.99 0.27 0.018 65 178 1.36 0.257 
9.20 121 1.38 0.289 37.00 0.99 0.28 0.019 70 1.83 1.36 0.257 
9.40 121 1.38 0.287 38.00 0.98 0.28 0.021 75 172 1.51 0.289 
9.60 121 1.38 0.285 39.00 0.97 0.29 0.022 8.0 1.54 1.37 0.260 
9.80 1.21 1.37 0.285 40.00 0.95 0.29 0.023 85 1.55 1.23 0.226 
10.00 1.20 1.37 0.286 3 90 0.99 0.93 0.179 
10.20 119 137 0.286 Tellurium, É || 65 95 147 125 0.233 
10.40 118 1.37 0.287 0.01364 442 0.118 0431 10.0 0.86 0.86 0.181 
10.60 1.16 1.36 0.288 0.01488 526 0.0505 0463 10 0.80 0.77 0.165 
10.80 1.15 1.36 0.289 0.01612 547 0.0278 0477 12.0 0.79 0.76 0.164 
11.00 113 135 0.290 0.01736 5.59 0.0174 0.485 14.0 0.67 0.59 0.146 
11.20 111 1.35 0.292 0.01860 0.0796 16.0 0.59 0.49 0.147 
11.40 1.09 1.34 0.293 0.01984 0.0696 18.0 0.48 0.31 0.160 
11.60 1.07 1.33 0.294 0.02108 0.0749 20.0 0.74 0.20 0.035 
11.80 1.05 1.32 0.295 0.02232 0.1900 22.0 0.83 0.18 0.018 
12.00 1.02 131 0.296 0.02356 0.2220 24.0 0.85 0.15 0.013 
12.20 1.00 129 0.295 0.02480 0.0716 26.0 0.87 0.12 0.009 
12.40 0.98 128 0.294 0.02604 0.0682 28.0 0.89 0.090 0.006 
12.60 0.96 126 0.292 0.02728 0.0832 30.0 0.90 0.045 0.003 
12.80 0.94 124 0.289 0.02976 0.0149 _ 
id мын 133 "n 0.03224 2.14Е-03 Tellurium, É | ё 
ine Wat 12% 0322 0.03472 L71E-02 0.01364 261 0.2980 0204 
PH 150 мєс МЕЗА 0.03720 5.94 371Е-03 0.507 0.01488 3.65 0.0894 0.325 
ed hos iis ns 0.03968 2.44E-03 0.01612 410 0.0535 0370 
21 Ga aS 0293 0.04339 5.96 1.59E-03 0.508 0.01736 4.63 0.4990 0.420 
ib eb 055 iog ani 0.04711 7.85E-04 0.01860 0.1170 
ЭН а io ХИЙН 0.05083 7.38E-04 0.01984 0.0343 
10 Е 097 301 0.05579 3.89Е-04 0.02108 (442) 0.0421 0.398 
i 65 153 Нэт 0.06199 5.98 3.09Е-04 0.509 0.02232 0.1060 
мэн (ien 52 0266 0.07439 2.52Е-04 0.02356 0.0880 
TEN n в 1 0.08679 2.96Е-04 0.02480 0.0458 
RUM кин dt Hos 0.09919 3.68E-04 0.02604 0.0928 
7560 wes баг do 0.12400 6246  334E-04 0.524 0.02728 0.0886 
P без күні бар 0.15500 6253 0.525 0.02976 0.0232 
n 054 s ms 0.20660 6286 0.526 0.03224 3.06E-03 
5060 мын КӨР 5123 0.24800 6316 7.48Е-05 0.528 0.03472. 1.25E-02 
50 Pes 039 0355 0.31 6372 118Е-05 0.531 0.03720 471 2.65Е-03 0422 
52) са id MoN 0.35 4.93E-04 0.03968 1.89E-03 
2300 ied e УОЛ 0.41 6.7АЕ-03 0.04339 4 1.41Е-03 0.425 
2560 нг ea a 0.5 6.53 2.30E-02 0.539 0.04711 8.38E-04 

0.6 6.71 7.50E-02 0.549 0.05083 6.79E-04 


Optical Properties of Selected Elements 


Energy 

(eV) 

0.05579 

0.06199 

0.07439 

0.08679 

0.09919 

0.1240 

0.1550 

0.2066 

0.2480 

0.31 

0.35 

0.41 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

12 

14 

1.6 

1.8 

2.0 

2.2 

24 

2.6 

2.8 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

8.0 

8.5 

9.0 

9.5 

10.0 

11.0 

12.0 

14.0 

16.0 

18.0 

20.0 

22.0 

24.0 

26.0 

28.0 

30.0 


n 


4.77 


4.796 
4.809 
4.838 
4.864 
4.929 


4.90 
4.93 
4.95 
5.10 
5.22 
5.35 
5.17 
5.56 
5.88 
6.10 
5.94 
5.10 
4.24 
3.57 
3.03 
2.51 
1.72 
1.32 
1.28 
1.47 
1.74 
1.94 
2.19 
2.48 
2.60 
2.59 
2.39 
1.11 
2.08 
0.99 
0.84 
0.87 
0.59 
0.64 
0.52 
0.50 
0.56 
0.54 
0.50 
0.48 
0.46 


k 
1.59E-04 
1.16E-04 
7.23E-05 
5.34E-05 
4.28E-05 
3.18E-05 


2.19E-05 
3.18E-05 
7.89E-02 
0.149 


0.11 
0.13 
0.22 
0.45 
0.63 
0.63 
1.15 
1.80 
2.69 
3.61 
3.77 
3.75 
3.63 
3.39 
2.70 
2.01 
1.28 
0.82 
0.51 
0.39 
0.32 
0.40 
0.69 
0.91 
1.00 
1.24 
111 
1.04 
1.01 
0.87 
0.87 
0.55 
0.41 
0.38 
0.29 
0.25 
0.20 
0.17 
0.088 


Titanium (Polycrystalline)'* 


0.10 
0.15 
0.20 
0.25 
0.30 
0.35 


5.03 
3.00 
2.12 
2.05 
6.39 
2.74 


23.38 
15.72 
11.34 
8.10 
9.94 
621 


R( = 0) 


0.427 


0.429 
0.430 
0.432 
0.434 
0.439 


0.437 
0.439 
0.441 
0.452 
0.461 
0.472 
0.462 
0.488 
0.517 
0.545 
0.571 
0.594 
0.593 
0.591 
0.588 
0.578 
0.532 
0.440 
0.251 
0.132 
0.104 
0.118 
0.148 
0.192 
0.226 
0.245 
0.235 
0.259 
0.224 
0.215 
0.237 
0.182 
0.282 
0.144 
0.161 
0.165 
0.110 
0.113 
0.127 
0.135 
0.140 


0.965 
0.954 
0.939 
0.890 
0.833 
0.792 


Energy 
(eV) 
0.40 
0.45 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.85 
3.90 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 


n 
249 
3.35 
4.43 
4.71 
4.38 
4.04 
3.80 
3.62 
3.47 
3.35 
328 
3.17 
2.98 
2.74 
2.54 
2.36 
2.22 
2.11 
2.01 
1.92 
1.86 
1.81 
178 
175 
171 
1.68 
1.63 
1.59 
1.55 
1.50 
144 
1.37 
1.30 
1.24 
117 
111 
1.08 
1.06 
1.04 
1.05 
113 
117 
1.21 
1.24 
1.27 
117 
1.24 
1.21 
1.15 
111 
1.08 
1.04 
1.05 
1.06 
1.07 
111 
1.09 
111 
1.10 
1.10 


4.68 
3.25 
3.22 
3.77 
3.89 
3.82 
3.65 
3.52 
3.40 
3.30 
3.25 
3.28 
3.32 
3.30 
3.23 
3.11 
2.99 
2.88 
2.77 
2.67 
2.56 
2.47 
2.39 
2.34 
2.29 
2.25 
2.21 
2.17 
2.15 
2.12 
2.09 
2.06 
2.01 
1.96 
1.90 
1.83 
1.78 
1.73 
1.62 
1.45 
1.33 
1.29 
1.23 
1.21 
1.20 
1.16 
1.21 
1.22 
1.21 
1.18 
1.14 
1.06 
1.02 
0.97 
0.95 
0.94 
0.92 
0.93 
0.94 
0.95 


k 


К(ф = 0) 
0.708 
0.545 
0.555 
0.597 
0.603 
0.596 
0.582 
0.570 
0.560 
0.550 
0.546 
0.549 
0.557 
0.559 
0.557 
0.550 
0.540 
0.530 
0.520 
0.509 
0.495 
0.483 
0.471 
0.462 
0.456 
0.451 
0.447 
0.444 
0.442 
0.442 
0.442 
0.443 
0.443 
0.441 
0.436 
0.430 
0.423 
0.413 
0.389 
0.333 
0.284 
0.265 
0.244 
0.236 
0.228 
0.228 
0.234 
0.241 
0.244 
0.240 
0.232 
0.212 
0.198 
0.182 
0.175 
0.167 
0.165 
0.165 
0.169 
0.171 


Energy 
(eV) 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 
12.00 
12.80 
13.20 
13.60 
14.00 
14.40 
14.80 
15.20 
15.60 
16.00 
16.40 
16.80 
17.20 
17.60 
18.00 
18.40 
18.80 
19.20 
19.60 
20.00 
20.40 
20.60 
21.20 
21.60 
22.00 
22.40 
22.80 
23.20 
23.60 
24.00 
24.5 
25.0 
25.5 
26.0 
26.5 
27.0 
27.5 
28.0 
28.5 
29.0 
30.0 


n 
1.08 
1.04 
1.02 
1.00 
0.97 
0.95 
0.94 
0.91 
0.89 
0.86 
0.85 
0.81 
0.80 
0.79 
0.81 
0.81 
0.79 
0.78 
0.77 
0.76 
0.76 
0.76 
0.77 
0.77 
0.79 
0.79 
0.79 
0.83 
0.84 
0.87 
0.90 
0.93 
0.94 
0.94 
0.95 
0.96 
0.97 
0.98 
0.98 
1.00 
0.99 
0.99 
0.98 
0.98 
0.97 
0.96 
0.95 
0.92 
0.91 
0.91 
0.89 
0.89 
0.88 
0.86 
0.85 
0.84 
0.82 
0.83 
0.84 


0.95 
0.96 
0.95 
0.94 
0.93 
0.91 
0.90 
0.88 
0.88 
0.85 
0.83 
0.79 
0.76 
0.72 
0.69 
0.69 
0.68 
0.67 
0.65 
0.55 
0.52 
0.48 
0.45 
0.42 
0.38 
0.36 
0.32 
0.31 
0.28 
0.27 
0.25 
0.25 
0.24 
0.23 
0.24 
0.25 
0.25 
0.27 
0.27 
0.29 
0.31 
0.31 
0.32 
0.33 
0.33 
0.34 
0.35 
0.35 
0.34 
0.33 
0.33 
0.33 
0.32 
0.31 
0.30 
0.29 
0.26 
0.25 
0.22 


k 


12-137 


Rip = 0) 
0.175 
0.181 
0.181 
0.182 
0.182 
0.181 
0.179 
0.179 
0.180 
0.178 
0.175 
0.167 
0.162 
0.152 
0.139 
0.139 
0.139 
0.137 
0.132 
0.106 
0.097 
0.087 
0.077 
0.069 
0.058 
0.052 
0.045 
0.037 
0.030 
0.025 
0.020 
0.017 
0.165 
0.017 
0.016 
0.016 
0.017 
0.018 
0.019 
0.020 
0.023 
0.024 
0.025 
0.027 
0.028 
0.030 
0.031 
0.033 
0.032 
0.032 
0.032 
0.032 
0.032 
0.032 
0.033 
0.033 
0.029 
0.027 
0.022 


12-138 Optical Properties of Selected Elements 


Energy Energy Energy 
(eV) n k R(q = 0) (eV) n k К(ф = 0) (eV) n k R(q = 0) 
5.40 2.92 3.58 0.586 22.80 0.49 0.69 0.272 
Ds 5.60 243 3.70 0.618 23.20 0.49 0.66 0.263 
Tungsten 5.80 2.00 3.61 0.637 23.60 0.48 0.62 0.252 
О 14:06 SE 0:393 6.00 " 0 342 0.643 2400 049 05 0.234 
00 387 220 2 620 b 324 0.646 2440 050 © 0213 
039 223 енй pee 6.40 132 3.04 0.640 2450 051 049 0191 
АЕ Heo 1832 0:379 6.60 121 28 0.631 2520 0.53 046 o1 1 
0:34 о E Dur 6.80 112 ды 0619 25.60 055 043 115 
058 #88 188 9265 7.00 106 256 0.607 26.00 057 040 0132 
Mes 192 12.63 122 20 101 243 0.593 2640 059 0.38 оп 
046 L6 poss 095° 9% 098 230 0573 26.80 061 0.37 e 
000 1:40 1052 9252 7.60 095 218 0556 27.00 062 0.36 0.099 
s 129 249 223 80 0. 3 2.06 0533 2 50 0.64 034 0.085 
058 nd B 0:338 2 nd 195 0.505 dne 067 032 0.073 
0.62 12% 222 922 820 094 186 0481 2850 069 031 0.065 
ов 14b ийн 0:999 840 0. 6 1. 6 044 2 00 0. 1 030 005 
0 133 دم‎ 0:936 8.60 2 то а Ки 2 0.30 i 
9:73 1:82 205 9:810 8.80 101 1.65 0401 30.00 075 029 0.047 
9:79 212 Бах 0:793 00 101 160 0.388 31.00 0. 8 02 0.042 
082 236 aot ne Hes 102 L55 0.369 32.00 2 i 0.040 
080 22 ый vee 9.40 1.03 150 0.352 33.00 0.82 028 0.033 
oa e БЭЭ 0:660 60 105 144 032 34.00 084 02 0.032 
8 227 fai шан 9 1.09 138 5. 35.00 085 is 0.033 
0,28 29 216 9:633 10 00 113 134 0.287 36.00 0.85 0.32 0.036 
1:00 жи 132 о 1020 11 133 02 4 3 00 0.84 0.33 0.03 
г шан ou о 1040 7 134 ns жю 083 033 iid 
120 3:00 эн 9220 1060 127 136 0274 39.00 081 033 0.042 
0 و‎ ndi وی‎ 10.80 12 13 0282 40.00 080 0.33 0.045 
140 3.29 2.96 0.515 1:505 ga iu) 1 | : : 
1.50 3.48 2.79 0.500 | : : ; Vanadium? 
11.20 1.27 144 0.297 
1.60 3.67 2.68 0.494 0.10 12.83 45.89 0.978 
1140 125 1.46 0.305 
1.70 3.84 2.79 0.507 0.20 3.90 24.30 0.975 
11.60 122 148 0.313 
1.80 3.82 2.91 0.518 0.28 2.13 17.35 0.973 
11.80 1.20 1.48 0.318 
1.90 3.70 2.94 0.518 0.36 1.54 13.32 0.966 
12.00 1.16 1.48 0.323 
2.00 3.60 2.89 0.512 0.44 1.28 1074 0.957 
12.40 110 1.47 0.329 
2.10 3.54 2.84 0.506 0.52 1.16 8.93 0.945 
12.80 1.04 144 0.333 ; : i : 
2.20 3.49 2.76 0.497 0.60 1.10 7.59 0.929 
13.20 0.98 1.40 0.332 : Ў У $ 
2.30 3.49 2.72 0.494 0.68 1.07 6.54 0.909 
13.60 0.94 1.35 0.325 : : : $ 
2.40 3.45 2.72 0.493 0.76 1.08 5.67 0.882. 
14.00 0.91 1.28 0.312 i | : : 
2.50 3.38 2.68 0.487 0.80 1.10 5.30 0.864 
14.40 0.90 1.3 0.296 : | : : 
2.60 3.34 2.62 0.480 0.90 1.18 4.50 0.811 
14.80 0.90 1.17 0.276 : | : i 
2.70 3.31 2.55 0.472 1.00 1.34. 3.80 0.730 
15.20 0.93 113 0.255 š 1 Š ^ 
2.80 3.31 2.49 0.466 110 1.60 3.26 0.632 
15.60 0.97 112 0.246 : : Š 1 
2.90 3.32 245 0.461 120 1.93 2.88 0.543 
16.00 0.98 114 0.249 : у | | 
3.00 3.35 2.42 0.459 1.30 2.25 2.71 0.498 
16.40 0.97 1.17 0.260 : Д ' : 
3.10 3.39 2.41 0.460 1.40 2.48 2.72 0.491 
16.80 0.94 1.19 0.273 у 1 : | 
3.20 3.43 2.45 0.465 1.50 2.57 2.79 0.499 
17.20 0.90 1.21 0.289 | ў | : 
3.30 3.45 2.55 0.476 1.60 2.57 2.84 0.507 
17.60 0.85 1.21 0.304 : : $ i 
3.40 3.39 2.66 0.485 1.70 2.52 2.88 0.512 
18.00 0.80 1.20 0.317 | : : ^ 
3.50 3.24 2.70 0.488 1.80 2.45 2.88 0.515 
18.40 0.74 118 0.330 ; : : : 
3.60 3.13 2.67 0.482 1.90 2.36 2.85 0.514 
18.80 0.69 1.15 0.340 : 4 ; : 
3.70 3.05 2.62 0.476 2.00 2.34 2.81 0.509 
19.20 0.64 111 0.347 у : ў : 
3.80 2.99 2.56 0.468 2.10 2.31 2.78 0.506 
19.60 0.60 1.07 0.353 : Š : 
3.90 2.96 2.50 0.460 220 2.28 2.80 0.510 
20.00 0.56 1.02 0.354 : i : i 
4.00 2.95 2.43 0.451 230 223 2.83 0.516 
20.40 0.54 0.97 0.350 ; : : : 
4.20 3.02 2.33 0.440 2.40 2.15 2.88 0.528 
20.80 0.52 0.92 0.342 
4.40 3.13 2.32 0.442 2.50 2.02 2.91 0.540 
2120 0.50 0.87 0.331 
4.60 3.24 2.41 0.455 2.60 1.89 2.92 0.552 
21.60 0.50 0.82 0.318 ; : : : 
4.80 3.33 2.57 0.475 270 1.74 2.89 0.561 
22.00 0.49 0.77 0.303 ы : : : 
5.00 3.40 2.85 0.505 2.80 1.61 2.85 0.569 
22.40 0.49 0.73 0.287 : j : : 
5.20 3.27 327 0.548 2.90 1.48 2.80 0.577 


Optical Properties of Selected Elements 


Energy 
(eV) 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.25 
5.50 
5.75 
6.00 
6.25 
6.50 
6.75 
7.00 
7.33 
7.66 
8.00 
8.33 
8.66 
9.00 
9.50 
10.00 
10.50 
11.00 
11.50 
12.00 
12.50 
13.00 
13.50 
14.00 
14.50 
15.00 
15.50 
16.00 
16.50 
17.00 
17.50 
18.00 
18.50 
19.00 
19.50 
20.00 
20.50 
21.00 
21.50 
22.00 
22.50 
23.00 
23.50 
24.00 
24.50 
25.00 
25.50 
26.00 
26.50 


n 
1.36 
1.16 
0.99 
0.87 
0.80 
0.78 
0.80 
0.83 
0.87 
0.90 
0.91 
0.93 
0.94 
0.96 
0.98 
0.97 
0.97 
0.97 
0.98 
0.97 
0.98 
0.98 
0.98 
0.98 
0.96 
0.94 
0.91 
0.89 
0.87 
0.88 
0.90 
0.89 
0.88 
0.87 
0.86 
0.86 
0.86 
0.86 
0.85 
0.84 
0.84 
0.83 
0.82 
0.82 
0.82 
0.82 
0.81 
0.81 
0.81 
0.81 
0.81 
0.81 
0.82 
0.82 
0.82 
0.83 
0.83 
0.83 
0.83 
0.84 


2.73 
2.55 
2.37 
2.17 
1.96 
1.76 
1.60 
1.47 
1.38 
1.31 
1.26 
1.18 
1.14 
1.09 
1.06 
1.02 
0.98 
0.94 
0.91 
0.89 
0.87 
0.85 
0.81 
0.81 
0.79 
0.77 
0.74 
0.71 
0.65 
0.58 
0.58 
0.57 
0.55 
0.53 
0.51 
0.49 
0.47 
0.46 
0.45 
0.43 
0.41 
0.40 
0.38 
0.37 
0.35 
0.34 
0.32 
0.31 
0.29 
0.28 
0.27 
0.25 
0.24 
0.23 
0.22 
0.21 
0.20 
0.19 
0.18 
0.17 


k 


К(ф - 0) 
0.582 
0.585 
0.586 
0.575 
0.547 
0.503 
0.449 
0.400 
0.355 
0.326 
0.304 
0.271 
0.258 
0.235 
0.223 
0.212 
0.199 
0.185 
0.175 
0.170 
0.162 
0.155 
0.146 
0.145 
0.142 
0.136 
0.133 
0.126 
0.112 
0.091 
0.089 
0.086 
0.082 
0.079 
0.075 
0.070 
0.065 
0.062 
0.061 
0.059 
0.056 
0.054 
0.051 
0.048 
0.045 
0.043 
0.041 
0.038 
0.036 
0.033 
0.032 
0.029 
0.027 
0.025 
0.024 
0.022 
0.020 
0.019 
0.018 
0.016 


Energy 

(eV) n 
27.00 0.84 
27.50 0.85 
28.00 0.85 
28.50 0.86 
29.00 0.86 
29.50 0.86 
30.00 0.87 
31.00 0.88 
32.00 0.90 
33.00 0.90 
34.00 0.91 
35.00 0.92 
36.00 0.94 
37.00 0.94 
38.00 0.95 
39.00 0.95 
40.00 0.95 
Zinc, Е || ° 
0.7514 1.9241 
0.827 1.7921 
0.866 1.5571 
0.952 1.4824 
0.992 1.5762 
1.033 1.5407 
1.078 1.5853 
1.127 1.7768 
1.181 1.9808 
1.240 2.8821 
1.305 3.2039 
1.377 2.9459 
1.459 3.2523 
1.550 3.8086 
1.653 3.7577 
1.722 3.5908 
1.823 3.4234 
1.937 3.0132 
1.984 1.8562 
2.066 1.4856 
2.094. 1.2525 
2.119 1.0017 
2.275 0.7737 
2.445 0.6395 
2.666 0.4430 
2.917 0.3589 
3.220 0.3069 
3.594. 0.2737 
4.065 0.2510 
4.678 0.2354 
Zinc, É | @8 
0.751 1.4469 
0.827 1.4744 
0.866 1.3628 
0.952 1.3165 
0.992 1.3835 
1.033 1.2889 
1.078 1.3095 
1.127 1.6897 
1.181 1.9701 
1.240 2.8717 


k 
0.16 
0.16 
0.15 
0.14 
0.14 
0.13 
0.13 
0.12 
0.11 
0.10 
0.10 
0.09 
0.10 
0.10 
0.11 
0.12 
0.13 


7.5619 
6.9973 
6.7753 
6.2296 
5.8843 
5.3192 
4.9013 
4.5307 
4.2004 
3.4766 
3.0042 
3.5761 
4.2447 
4.6212 
4.6239 
4.4614 
4.3232 
3.9974 
3.9706 
4.0555 
3.9961 
3.8683 
3.9129 
3.4013 
3.1379 
2.8140 
2.5088 
2.1737 
1.8528 
1.6357 


7.4158 
6.9688 
6.6886 
6.2212 
5.8910 
5.4001 
4.9025 
4.4062 
4.0176 
3.2873 


Rp = 0) 
0.015 
0.014 
0.013 
0.012 
0.011 
0.010 
0.009 
0.008 
0.007 
0.005 
0.005 
0.004 
0.004 
0.004 
0.004 
0.004 
0.005 


0.883 
0.874 
0.881 
0.868 
0.847 
0.823 
0.793 
0.748 
0.701 
0.575 
0.520 
0.584 
0.640 
0.657 
0.659 
0.650 
0.642 
0.624 
0.690 
0.737 
0.762 
0.789 
0.832 
0.821 
0.851 
0.853 
0.847 
0.828 
0.799 
0.776 


0.905 
0.892 
0.892 
0.881 
0.863 
0.850 
0.822 
0.746 
0.684 
0.555 


Energy 
(eV) 
1.305 
1.377 
1.459 
1.550 
1.653 
1.722 
1.823 
1.937 
1.984 
2.066 
2.094 
2.119 
2.275 
2.455 
2.666 
2.917 
3.220 
3.594 
4.065 
4.678 


n 
3.3991 
3.1807 
3.5064 
4.1241 
4.0269 
3.9369 
3.7549 
3.4512 
3.2515 
2.0802 
1.7084 
1.3329 
0.9725 
0.7568 
0.5470 
0.4774 
0.3911 
0.3147 
0.3013 
0.2806 


k 
2.7684 
3.4709 
4.1994 
4.7768 
4.8027 
4.6356 
4.3042 
4.1942 
4.2980 
4.7231 
4.7923 
4.4751 
4.2879 
3.7627 
3.4277 
3.0476 
2.7463 
2.3041 
2.0077 
1.7997 


Zirconium (Polycrystalline)* 


0.10 
0.15 
0.20 
0.26 
0.30 
0.36 
0.40 
0.46 
0.50 
0.56 
0.60 
0.70 
0.80 
0.90 
0.96 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.30 
3.40 
3.50 


6.18 
3.37 
2.34 
2.24 
2.59 
3.17 
3.09 
3.36 
4.13 
5.01 
5.18 
4.54 
4.03 
3.74 
3.69 
3.66 
3.65 
3.53 
3.25 
3.10 
3.02 
2.88 
2.68 
2.49 
2.14 
1.99 
1.87 
1.78 
1.71 
1.62 
1.54 
1.46 
1.40 
1.34 
0.30 
1.26 
1.19 
1.16 
1.13 


1.76 
1.30 
1.08 
1.06 
1.14 
1.26 
1.24 
1.30 
1.44 
1.58 
1.61 
1.51 
1.42 
1.37 
1.36 
1.35 
1.35 
1.33 
1.27 
1.25 
1.23 
1.20 
1.16 
1.12 
1.03 
1.00 
0.97 
0.94 
0.92 
0.90 
0.88 
0.86 
0.84 
0.82 
0.81 
0.80 
0.77 
0.76 
0.75 
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Rp = 0) 
0.497 
0.569 
0.630 
0.664 
0.667 
0.657 
0.635 
0.631 
0.644 
0.738 
0.774 
0.791 
0.825 
0.824 
0.845 
0.834 
0.835 
0.821 
0.789 
0.770 


0.300 
0.123 
0.058 
0.052 
0.073 
0.110 
0.105 
0.123 
0.175 
0.231 
0.242 
0.202 
0.168 
0.149 
0.145 
0.143 
0.142 
0.134 
0.116 
0.106 
0.100 
0.091 
0.078 
0.067 
0.047 
0.040 
0.034 
0.030 
0.027 
0.024 
0.022 
0.019 
0.018 
0.016 
0.016 
0.015 
0.014 
0.013 
0.013 
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Energy Energy Energy 
(eV) n k R(q = 0) (eV) n k К(ф = 0) (eV) n k R( = 0) 
3.60 1.10 0.74 0.013 9.00 1.65 0.91 0.025 17.20 1.09 0.74 0.013 
3.70 1.07 0.73 0.013 9.20 1.63 0.90 0.025 17.60 1.13 0.75 0.013 
3.80 1.04 0.72 0.012 9.40 1.60 0.89 0.024 18.00 1.17 0.76 0.014 
3.90 1.01 071 0.012 9.60 1.57 0.89 0.023 18.40 1.21 0.78 0.014 
4.00 0.98 0.70 0.012 9.80 1.52 0.87 0.021 18.80 1.24 0.79 0.014 
4.20 0.94 0.68 0.013 10.00 147 0.86 0.020 19.20 1.27 0.80 0.015 
440 0.89 0.67 0.013 10.20 1.42 0.84 0.018 19.60 1.29 0.80 0.015 
4.60 0.85 0.65 0.014 10.40 1.35 0.82 0.016 20.00 1.30 0.81 0.015 
4.80 0.81 0.64 0.014 10.50 1.32 0.81 0.016 20.60 1.29 0.80 0.015 
5.00 0.78 0.63 0.015 10.60 1.28 0.80 0.015 21.00 1.27 0.80 0.015 
5.20 0.77 0.62 0.016 10.80 1.23 0.78 0.014 21.60 1.23 0.78 0.014 
5.40 0.77 0.62 0.016 11.00 1.19 0.77 0.014 22.00 1.20 0.77 0.014 
5.60 0.80 0.63 0.014 11.20 1.16 0.76 0.013 22.60 1.15 0.76 0.013 
5.80 0.87 0.66 0.013 11.40 1.13 0.75 0.013 23.00 1.12 0.75 0.013 
6.00 1.00 0.71 0.012 11.60 111 0.74 0.013 23.60 1.08 0.73 0.013 
6.20 1.11 0.75 0.013 11.80 1.09 0.74 0.013 24.00 1.05 0.73 0.013 
6.40 1.23 0.78 0.014 12.00 1.08 0.73 0.013 24.60 1.02 0.71 0.012 
6.60 1.33 0.81 0.016 12.40 1.05 0.72 0.012 25.00 1.00 0.71 0.012 
6.80 1.42 0.84 0.018 12.80 1.01 0.71 0.012 25.60 0.97 0.69 0.012 
7.00 1.49 0.86 0.020 13.20 0.98 0.70 0.012 26.00 0.95 0.69 0.013 
7.20 1.54 0.88 0.022 13.60 0.95 0.69 0.013 26.60 0.91 0.67 0.013 
7.40 1.58 0.89 0.023 14.00 0.92 0.68 0.013 27.00 0.88 0.66 0.013 
7.60 1.61 0.90 0.024 14.40 0.89 0.67 0.013 27.60 0.84 0.65 0.014 
7.80 1.63 0.90 0.025 14.80 0.90 0.67 0.013 28.00 0.83 0.64 0.014 
8.00 1.66 0.91 0.026 15.20 0.92 0.68 0.013 28.60 0.82 0.64 0.014 
8.20 0.67 0.91 0.026 15.60 0.95 0.69 0.013 29.00 0.81 0.64 0.014 
8.40 1.68 0.92 0.026 16.00 0.98 0.70 0.012 29.60 0.82 0.64 0.014 
8.60 1.68 0.92 0.026 16.40 1.01 0.71 0.012 30.00 0.82 0.64 0.014 
8.80 1.66 0.91 0.026 16.80 1.04 0.72 0.012 
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ELASTO-OPTIC, ELECTRO-OPTIC, AND MAGNETO-OPTIC CONSTANTS 


When a crystal is subjected to a stress field, an electric field, or 
a magnetic field, the resulting optical effects are in general depen- 
dent on the orientation of these fields with respect to the crys- 
tal axes. It is useful, therefore, to express the optical properties in 
terms of the refractive index ellipsoid (or indicatrix): 


2 2 2 


ог 


where 


g is the dielectric constant or permeability; the quantity В, has the 
name impermeability. 

А crystal exposed to a stress S will show a change of its imper- 
meability. The photo-elastic (or elasto-optic) constants, Pap are 
defined by 


where п is the refractive index and 5, are the strain tensor ele- 
ments; the Р, are the elements of a 4th rank tensor. 

When a crystal is subjected to an electric field E two possible 
changes of the refractive index may occur depending on the sym- 
metry of the crystal. 


1. АП materials, including isotropic solids and polar liquids, 
show an electro-optic birefringence (Kerr effect) which is 
proportional to the square of the electric field, Е: 
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where Е, апа Е, аге the components of the electric field 
and P, and P, the electric polarizations. The coefficients, 
Кар are the quadratic electro-optic coefficients, while the 
constants g, are known as the Kerr constants. 

2. The other electro-optic effect only occurs in the 20 piezo- 
electric crystal classes (no center of symmetry). This effect 
is known as the Pockels effect. The optical impermeability 
changes linearly with the static field 
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The coefficients r; have the name (linear) electro-optic coef- 
ficients. 

The values of the electro-optic coefficients depend on the 
boundary conditions. If the superscripts Т and S denote respec- 
tively the conditions of zero stress (free) and zero strain (clamped) 
one finds: 


СКИХ: E, 58 Е 
7; = 4ке =, + Bid, 


where e, = (0T,/0E), and 4, = (95,/дЕ) „аге the appropriate piezo- 
electric coefficients. 

The interaction between a magnetic field and a light wave prop- 
agating in a solid or in a liquid gives rise to a rotation of the plane 
of polarization. This effect is known as Faraday rotation. It results 
from a difference in propagation velocity for left and right circular 
polarized light. 

The Faraday rotation, 0,, is linearly proportional to the mag- 
netic field Н: 


0, =VIH 


where 115 the light path length and У is the Verdet constant (min- 
utes/oersted.cm). 

For ferromagnetic, ferrimagnetic, and antiferromagnetic mate- 
rials the magnetic field in the above expression is replaced by the 
magnetization M and the magneto-optic coefficient in this case is 
known as the Kund constant K: 


Specific Faraday rotation Ғ-КМ 


In the tables below the Faraday rotation is listed at the satura- 
tion magnetization per unit length, together with the absorption 
coefficient a, the temperature T, the critical temperature T'. (or 
Ту, and the wavelength of the measurement. 

In the tables that follow, the properties are presented in groups: 


• Elasto-optic coefficients (photoelastic constants) 
• Linear electro-optic coefficients (Pockels constants) 
• Quadratic electro-optic coefficients (Kerr constants) 
* Magneto-optic coefficients: 

* Verdet constants 

* Faraday rotation parameters 


Within each group, materials are classified by crystal system or 
physical state. References are given at the end of each group of 
tables. 
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ELASTO-OPTIC COEFFICIENTS (PHOTOELASTIC CONSTANTS) 


Name 
Cubic (43m, 432, m3m) Formula Миа Ри P, Ри PP Ref. 
Sodium fluoride NaF 0.633 0.08 0.20 —0.03 —0.12 1 
Sodium chloride NaCl 0.589 0.115 0.159 —0.011 —0.042 2 
Sodium bromide NaBr 0.589 0.148 0.184 —0.0036 —0.035 1 
Sodium iodide Nal 0.589 _ _ 0.0048 —0.0141 3 
Potassium fluoride KF 0.546 0.26 0.20 —0.029 0.06 1 
Potassium chloride KCl 0.633 0.22 0.16 —0.025 0.06 4 
Potassium bromide KBr 0.589 0.212 0.165 —0.022 0.047 5 
Potassium iodide KI 0.590 0.212 0.171 _ 0.041 6 
Rubidium chloride RbCI 0.589 0.288 0.172 -0.041 0.116 7,8 
Rubidium bromide RbBr 0.589 0.293 0.185 —0.034 0.108 7,8 
Rubidium iodide RbI 0.589 0.262 0.167 —0.023 0.095 7,8 
Lithium fluoride LiF 0.589 0.02 0.13 —0.045 -0.11 5 
Lithium chloride LiCl 0.589 - - -0.0177 -0.0407 3 
Ammonium chloride NH,Cl 0.589 0.142 0.245 0.042 —0.103 9 
Cadmium telluride CdTe 1.06 —0.152 -0.017 -0.057 -0.135 10 
Calcium fluoride CaF, 0.55-0.65 0.038 0.226 0.0254 -0.183 11 
Copper chloride Сиа 0.633 0.120 0.250 -0.082 -0.130 12 
Copper bromide CuBr 0.633 0.072 0.195 —0.083 -0.123 12 
Copper iodide сш 0.633 0.032 0.151 -0.068 -0.119 12 
Diamond C 0.540—0.589 —0.278 0.123 —0.161 —0.385 13 
Germanium Ge 3.39 —0.151 —0.128 —0.072 —0.023 14 
Gallium arsenide GaAs 1.15 -0.165 -0.140 -0.072 -0.025 15 
Gallium phosphide GaP 0.633 —0.151 —0.082 -0.074 -0.069 15 
Strontium fluoride SIF, 0.633 0.080 0.269 0.0185 —0.189 16 
Strontium titanate SrTiO, 0.633 0.15 0.095 0.072 - 17 
KRS-5 TI(BrI) 0.633 —0.140 0.149 —0.0725 —0.289 18,20 
KRS-6 TI(Br CI) 0.633 —0.451 —0.337 -0.164 —0.114 0 
Zinc sulfide Zn 0.633 0.091 —0.01 0.075 0.101 15 
Rare Gases Formula Миа Ри P, Ра Pu Ру Ref. 
Neon (Т = 24.3 K) Ne 0.488 0.157 0.168 0.004 —0.011 21 
Argon (Т = 82.3 K) Ar 0.488 0.256 0.302 0.015 —0.046 22 
Krypton (T - 115.6 K) Kr 0.488 0.34 0.34 0.037 0 21 
Xenon (Т = 160.5 K) Xe 0.488 0.284 0.370 0.029 —0.086 22 
Garnets Formula Миа Pu Ру Ра Pu Dp Ref. 
GGG баба. 0, 0.514 -0.086 -0.027 -0.078 -0.059 23 
YIG رلا‎ 0 115 0.025 0.073 0.041 = 15 
YGG Y,Ga,O,, 0.633 0.091 0.019 0.079 = 17 
ҮАС Y АБО, 0.633 —0.029 0.0091 —0.0615 —0.038 15 
Cubic (23, m3) Formula A/um P, P, Ри P, Ref. 
Barium nitrate Ва(МО,), 0.589 - PaPa = —0.0205 р-р = 13 
0.992 0.713 
Lead nitrate РЬ(МО,), 0.589 0.162 0.24 -0.0198 0.20 24,25 
Sodium bromate NaBrO, 0.589 0.185 0.218 —0.0139 0.213 26 
Sodium chlorate NaClO, 0.589 0.162 0.24 —0.0198 0.20 26 
Strontium nitrate Sr(NO,), 0.41 0.178 0.362 -0.014 0.316 27 
Hexagonal Formula A/um Ри Рь Ра Ра Рэз Ра Ref. 
(mmc, 6mm) 
Beryl Be,ALSi.O,, 0.589 0.0099 0.175 0.191 0.313 0.023 —0.152 28 
Cadmium sulfide CdS 0.633 —0.142 —0.066 —0.057 -0.041 -0.20 -0.099 15,2 
Zinc oxide ZnO 0.633 10.222 10.099 —0.111 10.088 —0.235 0.0585 30 


Zinc sulfide ZnS 0.633 —0.115 0.017 0.025 0.0271 —0.13 —0.0627 31 
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Trigonal (3m, 32, 3m) Formula Миш Py P, Ра Py, Ру Ра Ра Ра Ref. 
Sapphire ALO, 0.644. —0.23 —0.03 0.02 0.00 -0.04 -0.20 0.01 -0.10 15,32 
Calcite CaCO, 0.514 0.062 0.147 0.186 —0.011 0.241 0.139 —0.036 —0.058 33 
Lithium niobate LiNbO, 0.633 10.034 10.072 10.139 10.066 +0.178 +0.060 +0.154 +0.300 15,34 
Lithium tantalate LiTaO, 0.633 —0.081 0.081 0.093 —0.026 0.089 -0.044 -0.085 0.028 15,35 
Cinnabar HgS 0.633 +0.445 +0.115 - - 36 
Quartz SiO, 0.589 0.16 0.27 0.27 —0.030 0.29 0.10 —0.047 —0.079 37 
Proustite Ав,А85, 0.633 +0.10 +0.19 +0.22 +0.24 +0.20 - - 38 
Sodium nitrite NaNO, 0.633 +0.21 +0.215 +0.027 +0.25 0.055 —0.06 39 
Tellurium Te 10.6 0.155 0.130 - - - - - 15 

Tetragonal (4/ ттт, 42m, 422) Formula Миа Pu Py Ру Px P3 Ра Ре Ref. 
Ammonium dihydrogen phosphate ADP 0.589 0.319 0.277 0.169 0.197 0.167 –0.058 -0.091 40 
Barium titanate ВаТО, 0.633 0.425 - - - - - - 41 
Cesium dihydrogen arsenate CDA 0.633 0.267 0.225 0.200 0.195 0.227 - - 42 
Magnesium fluoride MgF, 0.546 - - - - - 10.0776 400488 43 
Calomel Hg,Cl, 0.633 +0.551 +0.440 +0.256 +0137 30010 - +0.047 44 
Potassium dihydrogen phosphate KDP 0.589 0.287 0.282 0.174 0.241 0.122 -0019 -0.064 45 
Rubidium dihydrogen arsenate RDA 0.633 0.227 0.239 0.200 0.205 0.182 - - 4l 
Rubidium dihydrogen phosphate ВОР 0.633 0.273 0.240 0.218 0.210 0.208 - - 4l 
Strontium barium niobate Sr,,,Ba,,,Nb,O, 0.633 0.16 0.10 0.08 0.11 0.47 - - 46 
Strontium barium niobate Sr, Ba, .Nb,O, 0.633 0.06 0.08 0.17 0.09 0.23 - - 46 
Tellurium oxide TeO, 0.633 0.0074 0.187 0.340 0.090 0.240 -0.17 —0.046 47 
Rutile TiO, 0.633 0.017 0.143 —0.139 —0.080 -0057 -0.009 -0.060 48 
Tetragonal (4, 4, 4/m) Formula Alum Pa Py Раз Рив Ра P3 Ра Ра Pa Ры Ref 
Cadmium molybdate CdMoO, 0.683 0.12 0.10 0.13 - 011 018 - - - - 49 
Lead molybdate PbMoO, 0.683 4 0.24 0.255 0.017 0.175 0.300 0.067 -0.01 0.013 0.05 52 
Sodium bismuth molybdate NaBi(MoO,), 0.633 0.243 0205 025 - 0.21 0.29 - - - - - 
Orthorhombic 

(222, m22, 
mmm) Formula ш p, Po Pa Pa o Pu Pa Рио Pa Pa Pu Ре. Ре Ref. 
Ammonium NH,CIO, 0.633 - 0.24 0.18 0.23 - 0.20 0.19 0.18 40.02 «40.02 - +0.04 51 
chlorate 


Ammonium (NH,),SO, 0.633 0.26 0.19 10.260 +0.230 40.27 +0.254 0.20 +0.26 0.26 0.015 +0.0015 0.012 52 
sulfate 


Rochelle salt Макс, НО, 0.589 5 0.41 0.42 0.37 0.28 0.34 0.36 0.35 0.36 —0.030 0.0046  —0.025 53 


Iodic acid (a) HIO, 0.633 0.302 0.496 0.339 0.263 0.412 0.304 0.251 0.345 0.336 0.084 -0.030 0.098 54 
Sulfur (а) 5 0.633 0.324 0.307 8 0.272 0.301 0.310 0.203 0232 0270 0.143 0.019 0.118 54 
Barite BaSO, 0.589 0.21 0.25 0.16 0.34 0.24 0.19 0.28 0.22 0.31 0.002 -0.012 0.037 55 
Topaz AL,SiO,(OH,F), - -0.085 0.069 0.052 0.095 -0.120 0.065 0.095 0.085 -0.083 -0.095 -0.031 0.098 28 
Monoclinic (2, m, 2/m) Formula A/um 
Taurine CHNOS 0589 p,-0313  p,--00025  p,--0014 
p,-0251 р,-0362 рь, = 0.006 
p,-0270 р,-0275 Р. = 0.0048 
р,=-040 р,, = 0.308 р..=0.047 


р, = 0281 р,--0003 — p, = 0.0024 
Ру = 0252 р,-00025 p = 0.0028 
Py,= 0272 р, = -0.0056 
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Ра Ref. 
—0.075 15 
15 
25 
25 
0.0045 15 
0.0079 56 
57 
—0.030 58 
-0.014 
-0.004 
-0.020 


Isotropic Formula Миш Ри Рь 
Fused silica SiO, 0.633 0.121 0.270 
Water H,O 0.633 +0.31 +0.31 
Polystyrene 0.633 +0.30 +0.31 
Lucite 0.633 +0.30 0.28 
Orpiment As,S,-glass 1.15 0.308 0.299 
Tellurium oxide TeO,-glass 0.633 0.257 0.241 
Laser glasses LGS-247-2 0.488 +0.168 +0.230 
LGS-250-3 +0.135 +0.198 
LGS-1 +0.214 +0.250 
KGSS-1621 +0.205 +0.239 
Dense flint glasses LaSF 0.633 0.088 0.147 
(examples) SF, 0.215 0.243 
U10502 0.172 0.179 
TaFd, 0.099 0.138 
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LINEAR ELECTRO-OPTIC COEFFICIENTS 


Name 
4, Ға 
Cubic (43m) Formula A/um pm/V 
Cuprous bromide CuBr 0.525 0.85 
Cuprous chloride CuCl 0.633 3.6 
Cuprous iodide Cul 0.55 -5.0 
Eulytite (BSO) Bi, SiO, 0.63 0.54 
Germanium eulytite (BGO) Bi,Ge,O,, 0.63 1.0 
Gallium arsenide GaAs 10.6 1.6 
Gallium phosphide GaP 0.56 -1.07 
Hexamethylenetetramine CH,N, 0.633 0.78 
Sphalerite ZnS 0.65 241 
Zinc selenide ZnSe 0.546 2.0 
Zinc telluride ZnTe 341 42 
Cadmium telluride CdTe 3.39 6.8 
Та 
Cubic (23) Formula Хаш pm/V 
Ammonium chloride (77 K) NH,Cl - 1.5 
Ammonium cadmium langbeinite (NH,),Cd,(SO,), 0.546 0.70 
Ammonium manganese langbeinite (NH,),Mn,(SO,), 0.546 0.53 
Thallium cadmium langbeinite ті,Са,(50,), 0.546 0.37 
Potassium magnesium langbeinite K,Mg,( SO), 0.546 0.40 
Bismuth monogermanate Bi,,GeO,, - 3.3 
Bismuth monosilicate Bi „SiO, - 3.3 
Sodium chlorate NaClO, 0.589 0.4 
Sodium uranyl acetate NaUO,(CH,COO), 0.546 0.87 
Trenhydrobromide N(CH,CH,NH,), 3HBr - 1.5 
Trenhydrochloride N(CH,CH,NH,), ЗНС - 17 
_ T. Та ЦЭ 
Tetragonal (42m) Formula K pm/V pm/V 
Ammonium dihydrogen phosphate (ADP) د‎ 148 24.5 -8.5 
Ammonium dideuterium phosphate (AD*P) NH,D,PO, 242 - 11.9 
Ammonium dihydrogen arsenate (ADA) NH,H,AsO, - - 9.2 
Cesium dihydrogen arsenate (CsDA) CsH,AsO, 143 - 18.6 
Cesium dideuterium arsenate (CsD*A) CsD,AsO, 212 - 36.6 
Potassium dihydrogen phosphate (KDP) KH,PO, 123 8.6 -10.5 
Potassium dideuterium phosphate (KD*P) KD,PO, 222 8.8 23.8 
Potassium dihydrogen arsenate (КРА) KH,AsO, 97 12.5 10.9 
Potassium dideuterium arsenate (KD*A) KD,AsO, 162 - 18.2 
Rubidium dihydrogen phosphate (КОР) RbH,PO, 147 - 15.5 
Rubidium dihydrogen arsenate (RDA) RbH,AsO, 110 - 13.0 
Rubidium dideuterium arsenate (RD*A) RbD,AsO, 178 - 214 
tran 13 4 51 
Tetragonal (4mm) Formula K pm/V pm/V pm/V 
Barium titanate BaTiO, 406 8 28 _ 
Potassium lithium niobate КА Nb, O; 693 8.9 5.9 - 
Lead titanate PbTiO, 765 13.8 5.9 - 
Strontium barium niobate (SBN75) Sr, Ва,,МЬ,О, 330 6.7 1340 42 


Strontium barium niobate (SBN46) Sr, Ba, Nb,O, 602 ~180 35 - 
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13 33 42 51 
Hexagonal (6mm) Formula pm/V pm/V pm/V pm/V 
Greenockite CdS 3.1 2.9 2.0 3.7 
Greenockite (const. strain) CdS 11 2.4 _ _ 
Wurzite ZnS 0.9 1.8 - _ 
Zincite ZnO -14 +2.6 - - 
۸ Tas Ty Ta 
Hexagonal (6) Formula pm/V pm/V pm/V pm/V 
Lithium iodate LilO, 4.1 6.4 14 3.3 
Lithium potassium sulfate LiKSO, а“ Та = 16 - - - 
tran ЦЭ Ty 4 Ty 
Trigonal (3m) Formula K pm/V рш/У  pm/V  pm/V 
Cesium nitrate CsNO, 425 - 0.43 - - 
Lithium niobate LiNbO, 1483 8.6 7.0 30.8 28 
Lithium tantalate LiTaO, 890 8.4 - 30.5 - 
Lithium sodium sulfate LiNaSO, - - <0.02 - - 
Tourmaline _ _ - 0.3 - - 
tran Mh Та 
Trigonal (32) Formula K pm/V pm/V 
Cesium tartrate Cs,C HO, - 1.0 - 
Cinnabar HgS 659 3.1 1.5 
Potassium dithionate K,S.O, _ 0.26 _ 
Strontium dithionate 5:5,6О,4Н,О - 0.1 - 
Quartz SiO, 1140 —0.47 0.2 
Selenium Se 398 2.5 
tran Та ЦЭ ЦЭ 
Orthorhombic (222) Formula K pm/V pm/V pm/V 
Ammonium oxalate (МН),С,О,4Н,О - 230 330 250 
Rochelle salt КМаС,Н,О,АН,О T = 297 –2.0 -17 +0.32 
T,- 255 
Ttrans Ns T T T Ta 
Orthorhombic (mm2) Formula K pm/V pm/V pm/V pm/V pm/V 
Barium sodium niobate (BSN) ^ Ba,NaNbO,, 833 15 13 48 92 90 
Potassium niobate KNbO, 476 28 1.3 64 380 105 
trans Ty ЕЯ 
Мопосііпіс (2) Formula K pm/V pm/V 
Calcium pyroniobate Ca,Nb,O, - 0.33 13.7 
Triglycine sulfate (TGS) (МН,СН,СООН),Н,5О, 322 7.2 13.6 
References 
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QUADRATIC ELECTRO-OPTIC COEFFICIENTS 


Kerr Constants of Ferroelectric Crystals? 


Tos À Em 8. 5178 Em 
Name Formula K um l0'?^esu 10” esu 10° esu 10 esu 
Barium titanate BaTiO, 406 0.633 1.33 —0.11 1.44 
Strontium titanate SrTiO, - 0.633 - - 1.56 - 
Potassium tantalate niobate KTa,,,Nb,,,0, 330 0.633 1.50 -0.42 1.92 1.63 
Potassium tantalate KTaO, 13 0.633 - - 177 133 
Lithium niobate LiNbO, 1483 - 0.94 0.25 0.7 0.6 
Lithium tantalate LiTaO, 938 - 1.0 0.17 0.8 0.7 
Barium sodium niobate (BSN) — Ba,,Na,,Nb,O, 3 - 1.55 0.44 1.11 


Kerr Constants of Selected Liquids? 


К is the Kerr constant at a wavelength of 589 nm and at room temperature; = is the static 
dielectric constant; t іѕ the melting point; and £, is the normal boiling point 


Molecular K ٤ t. t, 
Name formula 107 esu "C "C 
Carbon disulfide CS, 43.23 2.63 -111.5 446.3 
Acetone СНО +16.3 21.0 —94.8 +56.1 
Methyl ethyl ketone CH,O +13.6 18.56 —86.67 +79.6 
Pyridine САМ +20.4 13.26 -42 1115.23 
Ethyl cyanoacetate C.H.NO, +38.8 31.6 -22.5 205 
o-Dichlorobenzene СНА, +42.6 10.12 —16.7 180 
Benzenesulfonyl chloride С Н.СЮ,5 +89.9 28.90 +14.5 247 
Nitrobenzene САО, +326 35.6 +5.7 210.8 
Ethyl 3-aminocrotonate C,H, NO, +31.0 - 433.9 210 
Paraldehyde C.H,,0, -23.0 14.7 +12.6 124 
12.0* 
Benzaldehyde C HO +80.8 17.85 —26 179.05 
14.1* 
p-Chlorotoluene сна +23.0 6.25 +7.5 162.4 
o-Nitrotoluene C.H.NO, +174 26.26 -10 222.3 
m-Nitrotoluene C.H.NO, +177 24.95 +15.5 232 
p-Nitrotoluene C.H.NO, +222 22.2 +51.6 238.3 
Benzylalcohol СНО -15.4 11.92 153 205.8 
10.8* 
m-Cresol C.H,O +21.2 12.44 +11.8 202.27 
5.0* 
m-Chloroacetophenone C,H,ClO +69.1 
Acetophenone C,H,O +66.6 17.44 +19.7 202.3 
15.8* 
Quinoline C,H,N +15.0 9.16 —14.78 237.16 
Ethyl salicylate C,H, O, +19.6 8.48 +1.3 231.5 
Carvone C,,H,,0 +23.6 11.2 <0 230 
Ethyl benzoylacetate C,,H,,0, +16.0 13.50 <0 270 
Water H,O +4.0 80.10 0.00 100.0 


* Dielectric constant at radio frequencies (108—109 Hz). 


References 
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MAGNETO-OPTIC CONSTANTS 


Verdet Constants of Non-Magnetic Crystals! 


V is the Verdet constant; и is the refractive index; and À is the wavelength. 


T À n V 
Material K nm min/Oe cm 
ALO, 300 546.1 1.771 0.0240 
300 589.3 1.768 0.0210 
BaTaO, 403 427 0.95 
403 496 0.38 
403 620 0.18 
403 826 0.072 
Bi,Ge,O,, 300 442 2.077 0.289 
300 632.8 2.048 0.099 
300 1064 2.031 0.026 
C (diamond) 300 589.3 2.417 0.0233 
CaCO, 300 589.3 1.658 0.019 
CaF, 300 589.3 1.434 0.0088 
Cd, „Мп, „Te 300 632.8 6.87 
CuCl 300 546.1 1.93 0.20 
GaSe 298 632.8 0.80 
KAI(SO,),-12H,O 300 589.3 1.456 0.0124 
KBr 300 546.1 1.564 0.0500 
300 589.3 1.560 0.0425 
KCl 300 589.3 1.490 0.0275 
KI 300 546.1 1.673 0.083 
300 589.3 1.666 0.070 
KTaO, 296 352 0.44 
296 413 0.19 
296 496 0.096 
296 620 0.051 
296 826 0.022 
LaF, 300 325 1.639 0.054 
(Н ||) 300 442 1.615 0.028 
300 632.8 1.601 0.012 
300 1064 1.592 0.006 
MgALO, 300 589.3 1.718 0.021 
МН,А15О,12Н,О 300 589.3 1.459 0.0128 
NH,Br 300 589.3 1.711 0.0504 
NH,Cl 300 546.1 0.0410 
300 589.3 1.643 0.0362 
NaBr 300 546.1 0.0621 
NaCl 300 546.1 0.0410 
300 589.3 1.544 0.0345 
NaClO, 300 546.1 0.0105 
300 589.3 1.515 0.0081 
NiSO,-6H,O 297 546.1 0.0256 
297 589.3 1.511 0.0221 
SiO, 300 546.1 1.546 0.0195 
300 589.3 1.544 0.0166 
SrTiO, 298 413 2.627 0.78 
298 496 0.31 
298 620 0.14 
298 826 0.066 
ZnS 300 546.1 0.287 
300 589.3 2.368 0.226 
ZnSe 300 476 2.826 1.50 
300 496 2.759 1.04 
300 514 2.721 0.839 
300 587 2.627 0.529 


300 632.8 2.592 0.406 
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Verdet Constants of Rare-Earth Aluminum Garnets at Various Wavelengths 


The absorption coefficient a for these materials ranges from 0.2 to 0.6 cm” at 300 K. 


Vin min/Oe cn 


Material T/K Х = 405 nm 450 пт 480 пт 520 пт 546 nm 578 пт 635 пт 670 nm 
Tb,ALO,, 300 -2.266 -1.565 -1.290 -1.039 -0.912 -0.787 -0.620 —0.542 
77 -102.16 —83.45 -3.425 -3.051 -2.603 -2.008 -1.815 
42 —64.80 —58.35 —53.77 48.39 —45.15 
1.45 —200.95 -172.52 —139.28 —125.07 -111.27 97.47 -93.42 
Dy,ALO,, 300 -1.241 -0.942 -0.803 -0.667 -0.592 -0.518 -0.411 -0.359 
Ho,ALO,, 300 —0.709 —0.320 —0.260 —0.335 -0.304 -0.299 -0.206 
Er AlO., 300 —0.189 —0.240 —0.154 —0.162 —0.157 —0.145 —0.105 —0.089 
Tm,ALO,, 300 40.151 40.103 40.093 0.076 0.069 40.059 40.048 
Yb,ALO,, 298 0.287 0.215 0.186 0.140 0.133 0.116 0.094 
77 0.718 0.540 0.481 0.393 0.342 0.302 0.239 
Verdet Constants for KDP-Type Crystals! Verdet Constants of Gases? 
Measurements refer to T = 298 K and Values refer to Т = 0°C and P = 101.325 kPa (760 mmHg); и, is the 
À = 632.8 nm, with К || [001]. refractive index at a wavelength of 589 nm. 
У 106 x V 
Material min/Oe cm Gas (n, = 1) x 10? min/Oe cm 
КН,РО, (KDP) 0.0124 He 0:036 +040 
KH, ,D, PO, (KD*P) 0.145 а 291 1320 
NH,H,PO, (ADP) 0.138 H, 1529 
KH,AsO, (KDA) 0.238 N, 0.297 +6.46 
KH, D, AsO, (KD*A) 0.245 9, 0.272 +5,69 
NH,H,AsO, (ADH) 0.244 Air 0:223 16.27 
Cl, 0.773 +31.9 
НС 0.447 +21.5 
H,S 0.63 +41.5 
NH, 0.376 +19.0 
CO 0.34 +11.0 
са, 045 +9.39 
МО 0.297 —58 
CH4 0.444 +17.4 
n-C,H,, +44.0 


Verdet Constants of Liquids? 
n, is the refractive index at a wavelength of 589 nm and a temperature of 20°C, unless otherwise indicated. У is the Verdet 


constant. 

102x V 
Liquid Мат tC min/Oe cm ny 
P 589 33 113.3 
S 589 114 418.1 1.929 (110%С) 
H,O 589 20 +1.309 1.3328 
D,O 589 19.7 +1.257 1.3384 
H,PO, 578 97.4 11.35 
CS, 589 20 414.255 1.6255 
CCI, 578—589 25.1 +1.60 1.463 (15°C) 
SbCI, 578 18 +7.45 1.601 (14°C) 
ТІСІ, 578 17 -1.65 1.61 
TiBr, 578 46 —5.3 
Methanol 589 18.7 40.958 1.3289 
Acetone 578—589 20.0 11.116 1.3585 
Toluene 578—589 15.0 +2.71 1.4950 
Benzene 578—589 15.0 +3.00 1.5005 
Chlorobenzene 589 15 42.92 1.5246 
Nitrobenzene 589 15 +2.17 1.5523 


Bromoform 589 17.9 +3.13 1.5960 
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Verdet Constants of Rare Earth Paramagnetic Crystals! 


n is the refractive index, and У is the Verdet constant at the wavelength and temperature indicated. 


Rare 
Earth 
Ce?*(3096) 


Сез" 


Pr?*(596) 


Ма" (2.9%) 
Ма» 


Ец?'(3%) 


Еи?* 


Tb?* 


Tb?* 


Tb?* 


Host 
CaF, 


KTb,F,, 


LiTbE, 


ТЬ,ба,О,, 


TIK 
300 
300 
300 
300 
300 
300 
77 
300 
300 
300 
300 
300 
300 
4.2 
300 
290 
77 
300 
4.2 
4.2 
300 
300 
300 
300 
300 
300 
300 
300 
300 
77 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 


Мат 
325 
442 
633 
1064 
442 
633 
633 
1064 
266 
325 
442 
633 
1064 
426 
442 
633 
633 
1064 
430 
440 
450 
500 
550 
600 
650 
1064 
325 
442 
633 
633 
1064 
325 
442 
633 
1064 
500 
570 
633 
830 
1060 


1.531 
1.518 
1.510 


1.505 
1.493 
1.481 
1.473 
1.469 
1.989 
1.981 
1.976 
1.967 
1.954 


У 

min/Oe ст 
—0.956 
—0.297 
-0.111 
-0.035 
-1.05 
-0.406 
-1.418 
—0.113 
–0.172 
—0.0818 
—0.0089 
—0.0168 
—0.0045 
-0.19 
—0.553 
—0.209 
—0.755 
—0.097 
29 
22 
-4.5 
-2.6 
-1.6 
-1.1 
-0.8 
-0.19 
-2.174 
-0.933 
-0.386 
-1.94 
-0.114 
-1.9 
-0.98 
—0.44 
-0.13 
-0.749 
-0.581 
-0.461 
-0.21 
-0.12 
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Verdet Constants of Paramagnetic Glasses! 
The Verdet constant V is given at room temperature for the wavelengths indicated. 
Rare earth phosphate glasses of composition R,O,.«P,O., where x is given іп the second column 
Verdet constant Vin min/Oe cm 
Х = 405 Х = 436 Х = 480 Х = 500 Х = 520 A= 546 A= 578 Х= 600 А= 635 A= 670 


R nm nm nm nm nm nm nm nm nm nm 
La 0.037 0.030 0.024 0.022 0.020 0.018 0.015 -0.014 0.013 - 
Се 2.67 -0.672 0.510 -0.366 -0.326 -0.287 -0.253 -0.217 -0.197 -0.173 -0.150 
Рг 3.09 -0.447 -0.332 -0.283 -0.261 -0.236 -0.208 -0.182 -0.170 -0.150 -0.132 
Nd 2.92 —0.250 —0.209 —0.167 —0.155 —0.136 —0.134 —0.094 —0.080 —0.080 -0.071 
5т 2.87 0.026 0.024 0.020 0.020 0.017 0.015 0.014 0.012 0.011 0.010 
Ец 2.93 —0.025 —0.017 —0.010 —0.006 —0.006 —0.005 —0.004 —0.003 —0.002 —0.002 
Gd 3.01 0.018 0.015 0.014 0.012 0.012 0.011 0.011 0.010 0.009 0.009 
Tb 2.94 —0.560 —0.458 —0.357 —0.323 —0.295 —0.261 —0.226 —0.206 —0.190 —0.164 
Dy 2.51 —0.540 —0.453 —0.359 —0.331 -0.301 0.268 -0.237 -0.217 -0.197 -0.173 
Но 2.94 -0.299 -0.313 -0.156 -0.153 -0.138 -0.138 -0.119 -0.110 -0.098 -0.084 
Ег 3.01 -0.139 —0.121 —0.100 —0.111 —0.095 —0.062 —0.060 —0.057 —0.051 —0.044 
Tm 2.79 0.019 0.013 0.012 0.009 0.008 0.006 0.005 0.004 0.004 0.007 
Yb 3.01 0.087 0.072 0.056 0.050 0.045 0.041 0.036 0.032 0.029 0.024 


The following are rare earth borate glasses with composition: 


for La and Pr: КО хР,О for Tb-Pr and Dy-Pr: К,О,хВ,О.,ап4 for other elements: RO, 0.85La,O, XB,O,. 


27% 
Та 3.04 0.043 0.036 0.029 0.026 0.023 0.022 0.019 0.018 0.016 0.014 
Pr-La 5.44 —0.380 —0.307 —0.230 —0.220 —0.201 —0.178 —0.153 —0.146 —0.128 —0.110 
Nd-La 5.41 —0.180 —0.147 —0.120 —0.111 —0.096 —0.094 —0.100 —0.059 —0.056 —0.046 
$m-La 4.97 0.032 0.030 0.025 0.024 0.022 0.019 0.017 0.016 0.014 0.012 
Eu-La 4.69 —0.081 —0.060 —0.038 —0.033 —0.029 —0.024 0.019 —0.016 0.014 —0.012 
Gd-La 4.71 0.032 0.026 0.024 0.022 0.021 0.020 0.018 0.017 0.015 0.013 
Tb-La 4.73 —0.512 -0.419 -0.319 -0.288 -0.262 -0.234 -0.205 -0.186 -0.167 -0.142 
Dy-La 4.88 —0.436 —0.361 —0.299 —0.273 —0.246 —0.220 —0.193 —0.177 —0.159 —0.138 
Ho-La 4.36 —0.269 —0.252 —0.123 —0.131 -0.112 -0.128 -0.104 -0.096 - -0.074 
Er-La 4.50 —0.093 —0.078 —0.068 —0.082 - —0.045 —0.042 —0.040 —0.035 —0.034 
Tm-La 4.75 0.060 0.046 0.039 0.034 0.031 0.026 0.023 0.021 0.018 0.016 
Yb-La 8.58 0.115 0.094 0.073 0.066 0.060 0.054 0.046 0.043 0.037 0.033 
Tb-Pr 4.99 —0.940 -0.786 -0.560 -0.536 -0.489 -0.436 -0.380 -0.348 -0.306 -0.265 
Dy-Pr 4.63 —0.850 - - —0.497 —0.465 —0.413 —0.358 —0.332 —0.290 —0.252 
Pr 2.56 —0.843 —0.646 -0.471 -0.480 -0.432 -0.390 -0.334 -0.317 -0.271 -0.243 


Verdet Constants of Diamagnetic Glasses! 
The Verdet constant V is given at room temperature for the wavelengths indicated. 


Glass Verdet constant V in min/Oe cm 

type Composition (wt. 96) À = 325 nm Х = 442 пт A= 633 nm Х = 1064 пт 
SiO, 100% SiO, 0.013 

B,O, 100% В.О, 0.010 

CdO 47.5% САО, 52.5% Р.О, 0.079 0.033 0.022 

ZnO 36.4% ZnO, 63.696 Р,О, 0.072 0.044 0.020 

Тео, 88.9% TeO,, 11.1% Р.О, 0.196 0.076 0.022 
ZIF, 63.1% ZrF „ 14.9% BaF,, 0.011 


7.2% LaF, 1.9% МЕ, 
9.196 РБЕ „ 3.8% LiF 
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BijO 


223 


PbO 
TLO 


2 


SnO 
Тео, 


Sb,O, 


9596 81203, 5% B203 

95% PbO, 5% B203 

82% PbO, 18% SiO2 

50% PbO, 15% К2О, 35% SiO2 
95% TI2O, 5% B203 

82% ТОО, 18% 5102 

50% TI2O, 15% К2О, 35% 5102 
76% SnO, 13% B203, 11% SiO2 
75% ТеО2, 25% 55203 

80% TeO2, 2096 2 

84% TeO2, 16% BaO 

70% ТеО2, 30% WO3 

20% TeO2, 80% PbO 

2596 Sb203, 75% TeO2 


75% 55203, 75% С520, 5% А1203 
75% 55203, 10% С520, 10% Rb2O, 5% A1203 


Х = 700 nm 


0.086 
0.093 
0.077 
0.032 
0.092 
0.100 
0.036 
0.071 
0.076 
0.073 
0.056 
0.052 
0.128 
0.076 
0.074 
0.078 


Vin min/Oe cm 


Л = 853 nm 
0.051 
0.061 
0.045 
0.020 
0.061 
0.067 
0.022 
0.046 
0.052 
0.046 
0.041 
0.035 
0.075 
0.050 
0.044 
0.052 


Verdet Constants of Commercial Glasses! 
This table gives the density, p, refractive index at 589 nm, n, and Verdet constant, V, for the wavelengths indicated; the data refer to room 


temperature. 

Glass p 

type g/cm? ny 

BSC 2.49 1.5096 0.0499 
HC 2.53 1.5189 0.0561 
LBC 2.87 1.5406 0.0609 
LF 3.23 1.5785 0.1143 
BLF 3.48 1.6047 0.1112 
DBC 3.56 1.6122 0.0662 
DF 3.63 1.6203 0.1473 
EDF 3.9 1.6533 0.1725 


The composition of the glasses in weight percent is: 


Glass 
type 
BSC 
HC 
LBC 
LF 
BLF 
DBC 
DF 
EDF 


510, B,0, ко 
69.6 6.7 20.5 
72.0 - 10.1 
57.1 1.8 13.7 
52.5 - 9.5 
452 - 7.8 
36.2 Et 0.2 
46.3 _ 1.1 
40.6 _ 7.5 


0.0392 
0.0440 
0.0477 
0.0850 
0.0832 
0.0517 
0.1076 
0.1248 


0.0333 
0.0372 
0.0403 
0.0693 
0.0685 
0.0435 
0.0872 
0.1007 


ALO, 


References 


0.02034 
0.0225 
0.0245 
0.0394 
0.0393 
0.0261 
0.0485 
0.0556 


Аз,О, 
0.1 
0.2 
0.1 
0.1 
0.4 
0.7 
0.1 
0.2 


Л = 365.0 пт Л=404.7 пт ЛА = 435.8 пт ЛА = 546.1 пт А = 578.0 пт 


0.01798 
0.01995 
0.0216 
0.0344 
0.0344 
0.0231 
0.0423 
0.0483 


Л = 1060 пт 
0.033 
0.031 
0.027 
0.011 
0.032 
0.043 
0.012 
0.026 
0.032 
0.025 
0.029 
0.022 
0.048 
0.032 
0.025 
0.030 


ZnO 


1. Weber, M. J., СКС Handbook of Laser Science and Technology, Vol. IV, Part 2, CRC Press, Boca Raton, FL, 1988, pp. 299-310. 


2. Gray, D. E., Ed., American Institute of Physics Handbook, Third edition, McGraw Hill, New York, 1972, p. 6-230. 
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FARADAY ROTATION 
Ferro-, Ferri-, and Antiferromagnetic Solids 
T, 4n M, F а 2 Fla T А 
Material K gauss deg/cm стг! deg K nm 
Fe 1043 21,800 4.4 x 10* 6.5 x 10° 1.4 300 500 
6.5 x 105 5.0 x 10° 2.6 300 1000 
7 x 105 4.2 x 105 3.3 300 1500 
7 x 105 35 x 10° 4.0 300 2000 
Co 1390 18,200 2.9 x 105 _ _ 300 500 
5.5 x 10° 6.1 x 105 1.8 300 1000 
5.5 x 10° 4.5 x 105 2.4 300 1500 
5.5 x 10° 3.6 x 105 2.7 300 2000 
Ni 633 6,400 0.8 x 105 _ _ 300 500 
2.6 x 105 5.8 x 10° 0.9 300 1000 
1.5 x 105 4.8 x 105 0.6 300 1500 
1 x 105 4.1 x 105 0.25 300 2000 
Permalloy 803 10,700 1.2 x 105 6x 105 0.4 300 500 
(Ni/Fe = 82/18) 
Ni/Fe = 100/0 6,000 1.2 x 105 7.05 x 10° 0.34 300 632.8 
Ni/Fe - 80/20 10,800 2.2 x 105 7.10 x 10° 0.62 300 632.8 
Ni/Fe = 60/40 14,900 2.9 x 10° 7.54 x 10° 0.77 300 632.8 
Ni/Fe = 40/60 14,400 2.2 x 10° 8.17 x 10° 0.54 300 632.8 
Ni/Fe = 20/80 19,400 3.3 x 10° 8.10 x 10° 0.81 300 632.8 
Ni/Fe = 0/100 639 21,600 3.5 x 10° 8.13 x 10° 0.86 300 632.8 
MnBi 7,700 4.2 x 10° 6.1 x 10° 1.4 300 450 
7.5 x 10° 4.2 x 10° 3.6 300 900 
MnAs 313 E 0.44 x 105 5.0 x 10° 0.174 300 500 
0.62 x 105 4.4 x 10° 0.28 300 900 
CrTe 334 1015 0.5 x 10° 2.0 x 10° 0.5 300 550 
0.4 x 10° 1.2 x 10° 0.7 300 900 
FeRh 333 - 0.9 x 105 33 x 10° 0.56 348 700 
Ү,Ее,О,, (YIG) 560 2500 2400 1500 32 300 555 
1250 1400 1.8 300 625 
750 450 3.3 300 770 
175 «0.06 >3 x 10° 300 5000 
to 1500 
Gd,Fe.O,, (GdIG) T, = 564 7300 —2000 6000 0.6 300 500 
T - 286 —1050 900 2.3 300 600 
—300 100 6.0 300 800 
–80 70 2.3 300 1000 
NiFe,O, 858 3350 2.0 x 10* 5.9 x 10* 0.7 300 286 
–1.0 x 10* 10 x 10* 0.2 300 500 
-120 38 6 300 1500 
+75 15 10 300 3000 
+110 32 7 300 5000 
CoFe,O, 793 4930 2.75 х 10“ 12 x 109 0.5 300 286 
3.6 x 10% 17 x 10* 0.4 300 400 
–2.5 x 10* 6 x 10* 0.8 300 660 
MgFe,O, 593-713° 1450° —60 100 1 300 2500 
0 12 0 300 4000 
435 6 11 300 6000 
Li, Fe, O, 863—953° 3240° -440 150 6 300 1500 
to 3900 +10 85 0.2 300 3000 
+110 44 5 300 5000 
+135 80 3 300 7000 
BaFe,,O,, 723 _ —50 -38 3 300 2000 
475 20 7.5 300 3000 
4150 20 15 300 5000 
4165 22 15 300 7000 


Ba,Zn,Fe,,O,, Е - 90 120 1.5 300 5000 


Elasto-Optic, Electro-Optic, and Magneto-Optic Constants 


Material 


ВЬМЕ, 


EuS 


EuSe 


T, 
K 


220 


109 
102 


365 
16.8 


32.5 
68 
348 


69 


16.3 


7.0 


471 M. 


gauss 


1250 


40 
at300K 
3880 
3390 
2690 
115 


at300K 
23700 


13,200 


а Measured along the C-axis (magnetic hard axis). 


P Measured along the C-axis (magnetic easy axis). 


* Measured along the C-axis ([100]-direction at room temperature). 


Š Strong natural birefringence interferes with the Faraday effect. 


* Depends on heat treatment. 


F « 

deg/cm стг! 

75 65 

360 35 

70 10 

310 70 

75 25 

180 9 

3400 7 

1600 Б] 

620 15 

300 2.5 

670 14 

180 4.4 

2000 200 

—500 300 

—1000 70 

3 x 10 3x10? 

1.6 x 10° 1.4 x 10* 

1.1 x 10° 6.3 x 10? 

0.8 x 10° 3x10? 

3200 140 

450 38 

—1.0 x 10$ 0.5 x 10* 

5 x 10° 97 x 10* 

0.5 x 10° 7.8 x 10* 

3 x 10* >0.5 

660 >1.0 

-1.6 x 10° 0 

—9.6 x 105 3.3 x 10* 

45.5 x 10° 1.2 x 105 

1.45 x 105 80 

0.95 x 10° 60 
Reference 


300 
300 


1. Weber, M. J., Ed., CRC Handbook of Laser Science and Technology, Vol. IV, Part 2, CRC Press, Boca Raton, FL, 1988, pp. 288-296. 
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NONLINEAR OPTICAL CONSTANTS 


H. P. R. Frederikse 


The relation between the polarization density P of a dielectric 
medium and the electric field E is linear when E is small, but be- 
comes nonlinear as E acquires values comparable with interatomic 
electric fields (10? to 10* V/cm). Under these conditions the rela- 
tion between P and E can be expanded in a Taylor's series 


Р-еүх”Е-2хХ9Е + AXPE? +... (1) 
where e, is the permittivity of free space, while x '? is the linear and 
x, x9 etc. the nonlinear optical susceptibilities. 

If we consider two optical fields, the first E? (along the j-direc- 
tion at frequency w,) and the second E, (along the k-direction at 
frequency о,) опе can write the second term of the Taylor's series 
as follows 


B (ww) == 2ха ЕР Ер 


When o, # o, the (parametric) mixing of the two fields gives rise 
to two new polarizations at the frequencies o, = о, + œ, and o, = 
о, — @,. When the two frequencies are equal, o, = o, = o, the result 
is Second Harmonic Generation (SHG): X (26, о, ©), while equal 
and opposite frequencies, о, = о and о, = م-‎ leads to Optical 
Rectification (OR): X (0, о, –о). In the SHG case the following 
convention is adopted: the second order nonlinear coefficient d is 
equal to one half of the second order nonlinear susceptibility 


dj, = 12x? 


Because of the symmetry of the indices j and К one can replace 
these two by a single index (subscript) т. Consequently the no- 
tation for the SHG nonlinear coefficient in reduced form is d, 
where т takes the values 1 to 6. Only noncentrosymmetric crys- 
tals can possess a nonvanishing d;, tensor (third rank). The unit of 
the SHG coefficients is m/V (in the MKSQ/SI system). 

In centrosymmetric media the dominant nonlinearity is of the 
third order. This effect is represented by the third term in the 
Taylor’s series (Equation 1); it is the result of the interaction of a 
number of optical fields (one to three) producing a new frequency 
Q, = ©, + ©, + о, The third order polarization is given by 


Р, (олоо) = fiXg ER E) E 
Third Harmonic Generation (THG) is achieved when о, = o, = 


о, = ©. In this case the constant g, = 1/4. The third order nonlinear 
coefficient C is related to the third order susceptibility as follows: 


=1⁄4x 


Cum јат 
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This coefficient is a fourth rank tensor. In the THG case the та- 
trices must be invariant under permutation of the indices k, /, and 
m; as a result the notation for the third order nonlinear coefficient 
can be simplified to С, The unit of C; is m?.V? (in the MKSQ/SI 
system). 

Applications of second order nonlinear optical materials include 
the generation of higher (up to sixth) optical harmonics, the mix- 
ing of monochromatic waves to generate sum or difference fre- 
quencies (frequency conversion), the use of two monochromatic 
waves to amplify a third wave (parametric amplification) and the 
addition of feedback to such an amplifier to create an oscillation 
(parametric oscillation). 

Third order nonlinear optical materials are used for THG, self- 
focusing, four wave mixing, optical amplification, and optical 
conjugation. Many of these effects — as well as the variation and 
modulation of optical propagation caused by mechanical, electric, 
and magnetic fields (see the preceeding table on "Elasto-Optic, 
Electro-Optic, and Magneto-Optic Constants") are used in the 
areas of optical communication, optical computing, and optical 
imaging. 
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Material 
GaAs 


GaP 
InAs 
ZnSe 
B-ZnS 
ZnTe 


CdTe 
Bi,GeO,, 


N,(CH,), (hexamine) 


LilO, 


ZnO 


a-ZnS 


CdS 


CdSe 


BaTiO, 


PbTiO, 


K,Li,Nb,O,, 


K, Ма ,Ва,МБ,О,, 
SrBaNb,O,, 
NH,H,PO, (ADP) 
KH,PO, (KDP) 


KD,PO, (KD*P) 


KH,AsO, (KDA) 


CdGeAs, 
АвСа5, 


Symmetry 
class 
43m 
43m 
43m 
43m 
43m 


43m 


6mm 


6mm 


6mm 


4mm 


4mm 


4mm 


4mm 
4mm 
42m 
42m 
42m 


42m 


42m 
42m 


Selected SHG Coefficients of NLO Crystals* 


d, „х 10” 
m/V 


34.1 + 42 
1.8 + 12.3 


а 


14 7 


--702 

d, = -5.53 + 03 

d, = —5.86 + 
0.16 

d,= 1.76 + 0.16 

d,, = 1.93 + 0.16 

d,, = 11.37 + 0.07 


d, = 37.3 + 12.6 


d, = -18.9 + 63 
d = 21.37 + 84 
d, = 25.8 + 1.6 
d, = -13.1 + 0.8 
d = 14.4 + 8 
d,, = 54.5 + 12.6 
d, = -268 + 2.7 
d, = 6.8 + 1.0 
d, = 157 + 18 
d, = 17.0 + 18 
d, =7.5 +12 
1, = 37.6 + 5.6 
d, = 33.3 + 5 
d, = 11.2416 
d, = 618 + 1.28 
d,, = 5.45 + 0.54 
d, = 13.6 + 1.6 
d,, = 11.3 +33 
d, = 4.31 + 132 
4„= 5.98 +2 
d, = 0.53 

d, = 0.85 

d, = 0.44 

d, = 0.47 + 0.07 
d,, = 0.38 + 0.016 
d, = 0.34 + 0.06 
d, = 0.37 

dy, = 0.43 + 0.025 
d, = 0.39 + 4 
dy = 351 + 105 
d, = 18 + 2.7 


ы 
& 


* These data are taken from References 1 and 2. 


Material 


AgGaSe, 
(NH,),CO (urea) 
AIPO, 

Se 

Te 

SiO, (quartz) 
HgS 


(C.H,CO), [benzil] 


B-BaB,O, [BBO] 


LiNbO, 


LiTaO, 


Ag,AsS, [proustite] 


Ag. SbS, [pyrargerite] 


a-HIO, 


NO, CH,NOCAH,: 


(POM) 


Ba,NaNb,O,. [Banana] 


C H,(NO), [MDB] 


Gd,(MoO,), 


KNbO, 


KTiOPO, [KTP] 


NO,C,H, NH, [mNA] 


C, H,,N,O, [MAP] 


12773. 


(NH,CH,COOH),H,SO 


[TGS] 


Symmetry 
class 
42 m 
42 m 
32 

32 

32 

32 

32 

32 
3m 


3m 


3m 


mm 2 


mm 2 


mm 2 


mm 2 


mm 2 


d „x 10” 
m/V 
d, = 37.4 + 6.0 
d, = 3 
d,, = 0.35 + 0.03 
d, = 97 +25 
d, = 650 + 30 
d,, = 0.335 
d, = 50.3 + 17 
d, = 3.6 £05 
4, = 2.22 + 9 
4, = 0.16 + 0.08 
d, = ЗАА 
d, = —5.95 
4,,- 2.76 
4,--164%2 
d, --107 + 02 
d, = 41.76 + 0.2 
4,-113%25 
4,, = 18.0 + 25 
d, = 126+4 
d, = 134+4 
d, = 5.15 + 0.16 
d, = 6.4 +1.0 
d,, = –17.6 + 
1.28 
d, = -12.8 + 
1.28 
4,,- 0.74 
а,-2.7 
4,-1.78 
d,, = -0.044 + 
0.008 
d, = 4242 + 
0.36 
d, = —2.49 + 
0.37 
d,, = -19.58 + 
1.03 
d „= 41134 + 
1.03 
d, = -12.88 + 
1.03 
4,,- 137 
d,,= + 5.0 
d, = + 6.5 
d,, = 13.12 + 1.28 
d,, = 1.02 + 0.22 
d, = 12.48 + 1.28 
d,, = 10.67 + 1.3 
d, = 11.7 +13 
d, = 2.35 + 0.5 
4, = -0.35 + 0.3 
d,, = 0.32 


ы 
© 
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Material 
NH,H,PO, [ADP] 


C.H, [benzene] 
CdGeAs, 

p-type: 5 x 10 cm? 
С,Н,, [B-carotene] 
GaAs high-resistivity 
Ge 
шо, 


КВг 

ка 

КН,РО, [KDP] 

Si p-type: 108 cm? 


NaCl 


NaF 


Selected THG Coefficients of Some NLO Materials* 


NLO process 
(-30,0,0,0) 


(-30,0,0,0) 
(-Зо,о,о,о) 


(-Зо,о,ө,о) 

(-30,@,@,-@ 
(-30,@,@,-@ 
(-30,@,@,-@ 


(-30,@,@,-@ 
(-30,@,@,-@ 
(-30,@,@,-@ 


(-30,@,@,-@ 
(-3,0,0,0,-@) 


(-30,@,@,-@ 


* These data are taken from Reference 1. 


C. x 1029 
m?/V? 

C, = 0.0104 

C , = 0.0098 

С, = 0.0184 + 0.0042 
C, = 182 + 84 
C. = 175 

C, = -35 

C,, 0.263 + 0.08 
C = 62 + 31 
C, = 23.5 + 12 
C, = 0.2285 

C, = 6.66 + 1 
С, = 0.0392 
C,/C,, = 0.3667 
С, = 0.0168 
C,,/C,, = 0.28 
C,,-3C,, = 0.04 
С, = 82.8 + 25 
C, = 0.0168 
C,/C,, = 0.4133 
С, = 0.0035 
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PHASE DIAGRAMS 


H. P. R. Frederikse 


A phase is a structurally homogeneous portion of matter. 
Regardless of the number of chemical constituents of a gas, there is 
only one vapor phase. This is true also for the liquid form of a pure 
substance, although a mixture of several liquid substances may ex- 
ist as one or several phases, depending on the interactions among 
the substances. On the other hand a pure solid may exist in several 
phases at different temperatures and pressures because of differ- 
ences in crystal structure (Reference 1). At the phase transition 
temperature, Т), the chemical composition of the solid remains 
the same, but often a change in the physical properties will take 
place. Such changes are found in ferroelectric crystals (example 
BaTiO,) which develop a spontaneous polarization below Т,, іп 
superconductors (example Pb) which loose all electrical resistance 
below the transition point, and in many other classes of solids. 

In quite a few cases it is difficult to bring about the phase tran- 
sition, and the high- (or low-) temperature phase persists in its 
metastable form. Many liquids remain in the liquid state for short- 
er or longer periods of time when cooled below the melting point 
(supercooling). However, often the slightest disturbance will cause 
solidification. Persistence of the high temperature phase in solid- 
solid transitions is usually of much longer duration. An example of 
this behavior is found in white tin; although gray tin is the thermo- 
dynamically stable form below Т, (286.4 К), the metal remains in 
its undercooled, white tin state all the way to T = 0 К, and crystals 
of gray tin are very difficult to produce. 

А phase diagram is a map which indicates the areas of stability 
of the various phases as a function of external conditions (tem- 
perature and pressure). Pure materials, such as mercury, helium, 
water, and methyl alcohol are considered one-component systems 
and they have ипагу phase diagrams. The equilibrium phases in 
two-component systems are presented in binary phase diagrams. 
Because many important materials consist ofthree, four, and more 
components, many attempts have been made to deduce their mul- 
ticomponent phase diagrams. However, the vast majority of sys- 
tems with three or more components are very complex, and no 
overall maps of the phase relationships have been worked out. 

It has been shown during the last 20 to 25 years that very use- 
ful partial phase diagrams of complex systems can be obtained by 
means of thermodynamic modeling (References 2, 3). Especially 
for complicated, multicomponent alloy systems the CALPHAD 
method has proved to be a successful approach for producing 
valuable portions of very intricate phase diagrams (Reference 4). 
With this method thermodynamic descriptions of the free energy 
functions of various phases are obtained which are consistent with 
existing (binary) phase diagram information and other thermody- 
namic data. Extrapolation methods are then used to extend the 
thermodynamic functions into a ternary system. Comparison of 
the results of this procedure with available experimental data is 
then used to fine-tune the phase diagram and add ternary interac- 
tion functions if necessary. In principle this approximation strat- 
egy can be extended to four, five, and more component systems. 

The nearly two dozen phase diagrams shown below present 
the reader with examples of some important types of single and 
multicomponent systems, especially for ceramics and metal alloys. 
This makes it possible to draw attention to certain features like 
the kinetic aspects of phase transitions (see Figure 22, which pres- 
ents a time-temperature-transformation, or TTT, diagram for the 
precipitation of a-phase particles from the B-phase in a Ti-Mo al- 
loy; Reference 1, pp. 358—360). The general references listed below 
and the references to individual figures contain phase diagrams for 
many additional systems. 


General References 


1. Ralls, К. M., Courtney, T. H., and Wulff, J., Introduction to Materials 
Science and Engineering, Chapters 16 and 17, John Wiley & Sons, New 
York, 1976. 

2. Kaufman, L., and Bernstein, H., Computer Calculation of Phase 
Diagrams, Academic Press, New York, 1970. 

3. Kattner, U. R., Boettinger, W. J. B., and Coriell, S. R., 2. Metallkd., 87, 
9, 1996. 

4. Dinsdale, A. T., Ed, CALPHAD, Vol. 1-20, Pergamon Press, Oxford, 
1977-1996 and continuing. 

5. Baker, Н., Ed, ASM Handbook, Volume 3: Alloy Phase Diagrams, 
ASM International, Materials Park, OH, 1992. 

6. Massalski, T. B., Ed., Binary Alloy Phase Diagrams, Second Edition, 
ASM International, Materials Park, OH, 1990. 

7. Roth. R. S., Ed, Phase Diagrams for Ceramists, Vol. I (1964) to Volume 
XI (1995), American Ceramic Society, Waterville, OH. 


References to Individual Phase Diagrams 


Figure 1. Carbon: Reference 7, Vol. X (1994), Figure 8930. Reprinted with 

permission. 

Si-Ge : Ref.5, p. 2.231. Reprinted with permission. 

Н,О (ice): See figure. 

SiO,: Reference 7, Vol. XI (1995), Figure 9174. Reprinted with 

permission. 

Fe-O: Darken, L.S., and Gurry, R.W., J. Am. Chem. Soc., 68, 798, 

1946. Reprinted with permission. 

Ti-O: Reference 5, p. 2.324. Reprinted with permission. 

BaO-TiO,: Reference 7, Vol. III (1975), Figure 4302. Reprinted 

with permission. 

MgO-ALO,: Reference 7, Vol. XI (1995), Figure 9239. Reprinted 

with permission. 

Figure 9. Y,O,-ZrO,; Reference 7, Vol. XI (1995), Figure 9348. Reprinted 
with permission. 

Figure 10. Si-N-AI-O (Sialon): Reference 7, Vol. X (1994), Figure 8759. 
Reprinted with permission. 

Figure 11. PbO-ZrO,-TiO, (PZT): Reference 7, Vol. ІП (1975), Figure 4587. 
Reprinted with permission. 

Figure 12. Al-Si-Ca-O: Reference 7 (1964), Vol. I, Figure 630. Reprinted 
with permission. 

Figure 13. Y-Ba-Cu-O: Whitler, J.D., and Roth, R.S., Phase Diagrams for 
High T, Superconductors, Figure 5-082, American Ceramic 
Society, Waterville, OH, 1990. Reprinted with permission. 

Figure 14. Al-Cu: Reference 5, p. 2.44. Reprinted with permission. 

Figure 15. Fe-C: Ralls, K.M., Courtney, T.H., and Wulff, J., Introduction to 
Materials Science and Engineering, Figure 16.13 , John Wiley & 
Sons, New York, 1976. Reprinted with permission. 

Figure 16. Fe-Cr: Reference 5, p. 2.152. Reprinted with permission. 

Figure 17. Cu-Sn: Reference 5, p. 2.178. Reprinted with permission. 

Figure 18. Cu-Ni: Reference 5, p. 2.173. Reprinted with permission. 

Figure 19. Pb-Sn (solder): Reference 5, p. 2.335. Reprinted with permis- 
sion. 

Figure 20. Cu-Zn (brass) Subramanian, PR. Chakrabarti, D.J., and 
Laughlin, D.E., Editors, Phase Diagrams of Binary Copper Alloys, 
p. 487, ASM International, Materials Park, OH, 1994. Reprinted 
with permission. 

Figure 21. Co-Sm: Reference 5, p. 2.148. Reprinted with permission. 

Figure 22. Ti-Mo: Reference 5, p. 2.296; Reference 1, p. 359. Reprinted with 
permission. 

Figure 23: Fe-Cr-Ni: Reference 5, Figure 48. Reprinted with permission. 
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FIGURE 1. Phase diagram of carbon. (А) Martensitic transition: hex graphite — hex diamond. (B) Fast graphite-to-diamond transition. (C) 


Fast diamond-to-graphite transition. 
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FIGURE 2. Si-Ge system. 
Composition, Pearson Space 
Phase mass 96 Si symbol group 
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Diagram of the principal phases of ice. Solid lines are measured boundaries between stable phases; dotted lines are extrapolated. 


Ice [У is a metastable phase which exists in the region of ice V. Ice IX exists in the region below —100°С and pressures in the range 200—400 MPa. 
Ice X exists at pressures above 44 GPa. See Table 1 for the coordinates of the triple points, where liquid water is in equilibrium with two adjacent 


solid phases. 


TABLE 1. Crystal Structure, Density, and Transition Temperatures for the Phases of Ice 


Crystal 
Phase system Cell parameters Z n p/g cm? 
Ih Hexagonal а = 4.513; с = 7352 4 4 0.93 
Ic Cubic а = 6.35 8 4 0.94 
II Rhombohedral a= 7.78; a 113.1° 12 4 1.18 
III Tetragonal а = 6.73; с = 6.83 12 4 1.15 
IV Rhombohedral a = 7.60; a = 70.1 16 4 1.27 
У Monoclinic а = 922; b = 7.54, 28 4 1.24 
c = 10.35; B = 109.2° 
VI Tetragonal а= 6.27; с= 5.79 10 4 1.31 
УП Cubic а = 3.41 2 8 1.56 
VIII Tetragonal а = 4.80; c = 6.99 8 8 1.56 
IX Tetragonal а = 6.73; с = 6.83 12 4 1.16 
X Cubic а = 2.83 2 8 2.51 
References 


1. Wagner, W., Saul, A., and Pruss, A., J. Phys. Chem. Ref. Data, 23, 515, 


1994. 


2. Lerner R.G. and Trigg, G.L., Eds, Encyclopedia of Physics, УСН 


Publishers, New York, 1990. 


Triple ponts 
I-II: -21.99*C, 209.9 MPa 


III-V: -16.99°С, 350.1 MPa 


V-VI: 0.16°С, 632.4 MPa 


VI-VII: 82°C, 2216 MPa 


3. Donnay, J.D.H. and Ondik, H.M, Crystal Data Determinative Tables, 
Third Edition, Volume 2, Inorganic Compounds, Joint Committee on 


Powder Diffraction Standards, Swarthmore, PA, 1973. 


4. Hobbs, P.V., Ice Physics, Oxford University Press, Oxford, 1974. 
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FIGURE 5. Fe-O system. 
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Point tC % O Рсо,і Рсо Point °С % O 
A 1539 Q 560 23.26 
B 1528 0.16 0.209 R 1583 28.30 
C 1528 22.60 0.209 R’ 1583 28.07 
G 1400“ 22.84 0.263 5 1424 27.64 
H 1424 25.60 16.2 V 1597 27.64 
I 1424 25.31 16.2 y 1457 28.36 
J 1371 23.16 0.282 2 1457 30.04 
1, 911° 23.10 0.447 Z 30.6 
N 1371 22.91 0.282 

* Values for pure iron. 
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FIGURE 6. Ti-O system. 
Composition, Pearson 
Phase mass % О symbol 
(BTi) 0to3 ср. 
(aTi) 0 to 13.5 hP2 
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Ti,O ~10 to 14.4 hP3 
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yTiO, 36.9 aP44 
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ВТО, 38.0 аС68 
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Metastable phases 
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High-pressure phases 
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MgO-ALQO, system. 
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FIGURE 9. 


55; Н „= hexagonal پل یلا‎ 55; 3:4 = Zr, Y Oy 1:6- ZrY О, 55. 


12-183 


Y,O,-ZrO, system. C. = cubic ZrO, ss (fluorite-type ss); у = cubic Ү,0, ss; Tet = tetragonal ZrO, ss; Моп = monoclinic ZrO, 
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FIGURE 10. 3(SiO,)-Si, N,-A(AIN)-2(ALO,) system. “Behavior” diagram at 1700°С. The labels 8H, 15R, 12H, 21R, 27R, 2H? indicate defect 
АТМ polytypes. В” = 3-sialon (51, АТОМ, ); О’ = sialon of Si,ON, type; X = SiAIO,N ("nitrogen mullite”). ALON ss = aluminum oxynitride ss 
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FIGURE 11. PbO-ZrO,-TiO, (PZT) system, subsolidus at 1100°С. Р = PbO; T = TiO; Z = ZrO, 
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FIGURE 12. CaO-ALO,-SiO, system (temperatures in °C). 
Crystalline Phases 
Notation Oxide formula 
Cristobalite ) 510, 
Tridymite 
Pseudowollastonite СаО-51О, 
Rankinite 3СаО.25(О, 
Lime CaO 
Corundum ALO, 
Mullite ЗА1,0,25Ю, 
Anorthite CaO-ALO,2SiO, 
Gehlenite 2CaO-ALO,-SiO, 


Temperatures up to approximately 1550°C are on the 
Geophysical Laboratory Scale; those above 1550°C are on 
the 1948 International Scale. 
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FIGURE 13. BaO-Y,O,-CuO system. 2:1:3 = Ва YCu,O, ; 1:2:1 = BaY,CuO,; 4:1:2 = Ва УСКО, 3 and 5:1:3 = Ba, YCu,O 
ducting 2:1:3 phase was prepared using barium peroxide. 
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FIGURE 14. Al-Cu system. 


Phase Diagrams 


12-187 


Space 

group 

Fmàm 

14/тст 

Pban ог Сттт 
C2/m 

P6/mmm 


P63/mmc 
R3m 
P43m 
Im3m 


Fm3m 


Fm3m 
Рӛті 


Composition, Pearson 

Phase wt % Cu symbol 
(Al) 0 to 5.65 cF4 
0 52.5 to 53.7 #12 
n, 70.0 to 72.2 оР16 or oC16 
n, 70.0 to 72.1 mC20 
G 74.4 to 77.8 hP42 
G 74.4 to 75.2 (a 
=, 77.5 to 79.4 (b 
8, 72.2 to 78.7 АРА 
6 77.4 to 78.3 (c) 
Yo 77.8 to 84 (d 
Y 79.7 to 84 cP52 
8 83.1 to 84.7 (d 
B 85.0 to 91.5 دل‎ 
а, 88.5 to 89 (e 
(Cu) 90.6 to 100 cF4 
Metastable phases 

9” - 6 

В’ _ cF16 

AL Си, 61 to 70 hp5 
(a) Monoclinic? (b) Cubic? (c) Rhombohedral. (d) Unknown. (e) DO,,-type long-period 

superlattice. 

Atomic Percent Carbon 
0 10 


2000 


20 30 


L + C(graphite) 


1500 1 
1394*C 
1153°С 
o : 
~ austenite / 2.1 4.2 
1000 1 
912°C 
740°C 
500 1 
(aFe), ferrite 
00 2 4 6 8 10 12 
Mass Percent Carbon 
FIGURE 15. Fe-C system. 
Composition, Pearson Space 
Phase mass % C symbol group 
(SFe) 0 to 0.09 ср. Imàm 
(yFe) Oto 2.1 cF4 Fm3m 
(aFe) 0 to 0.021 ср Im3m 
(C) 100 ЛРА P6,/mmc 
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Fe,C 51 cP5 РАЗт 
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FeC, 8.4 oP40 Рита 
Fe,C (п) 9.7 oP6 Рипт 
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FIGURE 16. Fe-Cr system. 
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FIGURE 17. Cu-Sn system. 
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Phase Composition, mass % $n Pearson symbol Space group 
a 0 to 15.8 ګل‎ Fmàm 

В 22.0 to 27.0 cI2 Ітӛт 

ү 25.5 to 41.5 cF16 Етӛт 

6 32 to 33 сЕА16 F43m 

C 32.2 to 35.2 hP26 P6, 

٤ 27.7 to 39.5 oC80 Стст 

n 59.0 to 60.9 ЛРА P6,/mmc 
n 44.8 to 60.9 (a) - 

(В5п) ~100 НА јата 
(aSn) 100 cF8 Fd3m 


(a) Hexagonal; superlattice based on NiAs-type structure. 
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FIGURE 18. Cu-Ni system. 
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FIGURE 19. 
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(a) From phase diagram calculated at 2500 MPa. (b) This phase was claimed for alloys at 350°C and 5500 MPa. 
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FIGURE 21. Co-Sm system. 
Composition, Pearson Space 
Phase mass % $m symbol group 
(aCo) 0 to ~3.7 cA Fm3m 
(eCo) ~0 hP2 P6,/mmc 
BCo Sm, ~23.0 hP38 P6,/mmc 
aCo, Sm, ~23.0 hR19 R3m 
hP8 P6/mmm 
Со, , „Sm ~33 to 34 - - 
Co, Sm ~34 to 35 - - 
Co Sm, ~40.1 hR24 R3m 
hP48 P6,/mmc 
aCo,Sm, ~42.1 hR18 R3m 
BCo,Sm, ~42.1 hP36 P6,/mmc 
Со,5т 46 hR12 R3m 
Co,Sm 56.0 hR4 R3m 
cF24 Fdàm 
Co,Sm, “851 оз - 
CoSm, 88 oP16 Рпта 
(убт) ~100 ср. Im3m 
(BSm) ~100 hP2 P6,/mmc 
(aSm) ~100 hR3 R3m 
Other reported phases 
Co,Sm ~33.8 hP6 P6/mmm 


Co,Sm, “86.4 mC28 C2/c 
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FIGURE 22. Ti-Mo system. 
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Experimental time-temperature-transformation (TTT) diagram for Ti-Mo. The start and finish times of the isothermal precipitation reaction vary 
with temperature as a result of the temperature dependence of the nucleation and growth processes. Precipitation is complete, at any temperature, 
when the equilibrium fraction of a is established in accordance with the lever rule. The solid horizontal line represents the athermal (or nonthermally 
activated) martensitic transformation that occurs when the f phase is quenched. 
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FIGURE 23. The isothermal section at 900°C (1652°F) of the iron-chromium-nickel ternary phase diagram, showing the nominal composition 


of 18-8 stainless steel. 


HEAT CAPACITY OF SELECTED SOLIDS 


This table gives the molar heat capacity at constant pressure of 2. Garvin, D., Parker, V. B., and White, H. J., CODATA Thermodynamic 
representative metals, semiconductors, and other crystalline sol- Tables, Hemisphere Press, New York, 1987. 


ids as a function of temperature in the range 200 to 600 K. 3. DIPPR Database of Pure Compound Properties, Design Institute for 
Physical Properties Data, American Institute of Chemical Engineers, 


New York, 1987. 
References 


1. Chase, M. W., et al, JANAF Thermochemical Tables, 3rd ed., J. Phys. 
Chem. Ref. Data, 14, Suppl. 1, 1985. 


C,in J/mol K 
Name 200K 250K 300K 350K 400 K 500K 600 K 

Aluminum 21.33 23.08 24.25 25.11 25.78 26.84 27.89 
Aluminum oxide 51.12 67.05 79.45 88.91 96.14 106.17 112.55 
Anthracene 138.6 173.9 210.7 248.8 288.4 
Benzoic acid 102.7 123.5 147.4 172.0 
Beryllium 9.98 13.58 16.46 18.53 19.95 21.94 23.34 
Biphenyl 131.0 162.5 197.2 
Boron 5.99 8.82 11.40 13.65 15.69 18.72 20.78 
Calcium 24.54 25.41 25.94 26.32 26.87 28.49 30.38 
Calcium carbonate 66.50 75.66 83.82 91.51 96.97 104.52 109.86 
Calcium oxide 33.64 38.59 42.18 45.07 46.98 49.33 50.72 
Cesium chloride 50.13 51.34 52.48 53.58 54.68 56.90 59.10 
Chromium 19.86 22.30 23.47 24.39 25.23 26.63 27.72 
Cobalt 22.23 23.98 24.83 25.68 26.53 28.20 29.66 
Copper 22.63 23.77 24.48 24.95 25.33 25.91 26.48 
Copper oxide 34.80 42.41 44.95 46.78 49.19 50.83 
Copper sulfate 77.01 89.25 99.25 107.65 114.93 127.19 136.31 
Germanium 23.25 23.85 24.31 24.96 25.45 
Gold 25.41 25.37 25.51 26.06 26.65 
Graphite 5.01 6.82 8.58 10.24 11.81 14.62 16.84 
Hexachlorobenzene 162.7 183.6 202.4 
Iodine 51.57 53.24 54.51 58.60 
Iron 21.59 23.74 25.15 26.28 27.39 29.70 32.05 
Lead 25.87 26.36 26.85 27.30 27.72 28.55 29.40 
Lithium 21.57 23.42 24.64 25.96 27.60 29.28 
Lithium chloride 43.35 46.08 48.10 49.66 50.97 53.34 55.59 
Magnesium 22.72 24.02 24.90 25.57 26.14 27.17 28.18 
Magnesium oxide 37.38 40.59 42.77 45.56 47.30 
Manganese 23.05 24.95 26.35 27.52 28.53 30.29 31.90 
Naphthalene 105.8 134.1 167.8 204.1 
Potassium 27.00 28.01 29.60 
Potassium chloride 48.44 50.10 51.37 52.31 53.08 54.71 56.35 
Silicon 15.64 18.22 20.04 21.28 22.14 23.33 24.15 
Silicon dioxide 32.64 3921 44.77 49.47 53.43 59.64 64.42 
Silver 25.36 25.55 25.79 26.36 26.99 
Sodium 22.45 27.01 28.20 30.14 
Sodium chloride 46.89 48.85 50.21 51.25 52.14 53.96 55.81 
Tantalum 24.08 24.86 25.31 25.60 25.84 26.35 26.84 
Titanium 22.37 24.07 25.28 26.17 26.86 27.88 28.60 
Tungsten 22.49 23.69 24.30 24.65 24.92 25.36 25.79 
Vanadium 21.88 23.70 24.93 25.68 26.23 26.94 27.49 
Тіпс 24.05 25.02 25.45 25.88 26.35 27.39 28.59 
Zirconium 23.87 24.69 25.22 25.61 25.93 26.56 27.28 
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THERMAL AND PHYSICAL PROPERTIES OF PURE METALS 


This table gives the following properties for the metallic ele- 3. 


ments: 
і Melting point in °С 
Lb: 
(760 Torr) 
А, H: 


Pa: Density at 25°C in g/cm? 
а: Coefficient of linear expansion at 25°C in К' (the quan- 
tity listed is 106 x a) 


с; Specific heat capacity at constant pressure at 25°С in J/g К 
X: Thermal conductivity at 27°С in W/cm К 
References 


Enthalpy of fusion at the melting point in J/g 


Normal boiling point in *C, at a pressure of 101.325 kPa 


1. Dinsdale, A. T., CALPHAD, 15, 317, 1991 (melting points, enthalpy of 


fusion). 


10. 


2. Touloukian, Y. $. Thermophysical Properties of Matter, Vol. 12, 
Thermal Expansion, IFI/Plenum, New York, 1975 (coefficient of ex- 


pansion, density). 


Metal 

(symbol) 
Actinium (Ac) 
Aluminum (А1) 
Antimony (Sb) 
Barium (Ba) 
Beryllium (Be) 
Bismuth (Bi 
Cadmium (Cd) 
Calcium (Ca) 
Cerium (Ce 
Cesium (Cs 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu 
Dysprosium (Dy) 
Erbium (Er) 
Europium (Eu) 
Gadolinium (Gd) 
Gallium (Ga) 
Gold (Au) 
Hafnium (Hf) 
Holmium (Ho) 
Indium (In) 
Iridium (Ir) 
Iron (Fe) 
Lanthanum (La) 
Lead (Pb) 
Lithium (Li) 
Lutetium (Lu) 
Magnesium (Mg) 


Manganese (Mn) 
Mercury (Hg) 
Molybdenum (Mo) 
Neodymium (Nd) 
Neptunium (Np) 
Nickel (Ni) 
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1050 
660.32 
630.628 
727 
1287 
271.406 
321.069 
842 
799 
28.44 
1907 
1495 
1084.62 
1412 
1529 
822 
1313 
29.7666 
1064.18 
2233 
1472 
156.60 
2446 
1538 
920 
327.462 
180.5 
1663 
650 
1246 
—38.8290 
2623 
1016 
644 
1455 


3198 
2519 
1587 
1897 
2471 
1564 
767 
1484 
3443 
671 
2671 
2927 
2562 
2567 
2868 
1529 
3273 
2204 
2856 
4603 
2700 
2072 
4428 
2861 
3464 
1749 
1342 
3402 
1090 
2061 
356.62 
4639 
3074 


2913 


Но, C. У., Powell, R. W., and Liley, P. E., ] Phys. Chem. Ref. Data, 3, 
Suppl. 1, 1974 (thermal conductivity). 


. Cox, J. D., Wagman, D. D., and Medvedev, V. А., CODATA Key Values 


for Thermodynamics, Hemisphere Publishing Corp., New York, 1989 
(heat capacity). 


. Glushko, V. Р, Ed., Thermal Constants of Substances, VINITI, Moscow, 


(enthalpy of fusion, heat capacity). 


. Wagman, D. D. et. al, The NBS Tables of Chemical Thermodynamic 


Properties, J. Phys. Chem. Ref. Data, 11, Suppl. 2, 1982 (heat capac- 
ity). 


. Chase, M. W. et. al., JANAF Thermochemical Tables, 3rd ed., J. Phys. 


Chem. Ref. Data, 14, Suppl. 1, 1985 (heat capacity, enthalpy of fu- 
sion). 


. Gschneidner, К. A., Bull. Alloy Phase Diagrams, 11, 216—224, 1990 


(various properties of the rare earth metals). 


. Hellwege, K. H., Ed, Landolt Bórnstein, Numerical Values апа 


Functions in Physics, Chemistry Astronomy, Geophysics, and 
Technology, Vol. 2, Part 1, Mechanical-Thermal Properties of State, 
1971 (density). 

Physical Encyclopedic Dictionary, Vol. 1-5, Encyclopedy Publishing 
House, Moscow, 1960—66. 


A. H Pos a x 106 с, А 
Jg g/cm? K? Лек W/cm К 
10 0.12 
399.9 2.70 23.1 0.897 2.37 
162.5 6.68 11.0 0.207 0.243 
51.8 3.62 20.6 0.205 0.184 
876.0 1.85 11.3 1.82 2.00 
53.3 9.79 13.4 0,122 0.0787 
55.2 8.69 30.8 0.231 0.968 
213.1 1.54 22.3 0.646 2.00 
39.0 6.77 6.3 0.192 0.113 
15.7 1.93 97 0.242 0.359 
404 7.15 4.9 0.450 0.937 
272.5 8.86 13.0 0.421 1.00 
203.5 8.96 16.5 0.384 4.01 
68.1 8.55 وو‎ 0.170 0.107 
119 9.07 12.2 0.168 0.145 
60.6 5.24 35.0 0.182 0.139* 
63.6 7.90 9.4^ 0.235 0.105 
80.0 5.91 18 0.374 0.406 
64.6 19.3 14.2 0.129 3.17 
152.4 13.3 5.9 0.144 0.230 
1034 8.80 112 0.165 0.162 
28.6 7.31 32.1 0.233 0.816 
213.9 22.5 6.4 0.131 1.47 
247.3 7.87 11.8 0.449 0.802 
44.6 6.15 12.1 0.195 0.134 
23.1 11.3 28.9 0.127 0.353 
432 0.534 46 3.57 0.847 
126° 9.84 9.9 0.154 0.164 
348.9 1.74 24.8 1.024 1.56 
235.0 7:3 21.7 0.479 0.0782 
114 13.5336 60.4 0.139 0.0834 
390.7 10.2 4.8 0.251 1.38 
49.5 7.01 9.6 0.191 0.165 
13.5 20.2 0.063 
290.3 8.90 13.4 0.445 0.907 


Thermal and Physical Properties of Pure Metals 12-197 


Metal Atomic Ж t, А.Н Pos a x 106 с, А 
(symbol) weight °C °C J/g g/cm? ка ЛЕК W/cm К 

Niobium (Nb) 92.91 2477 4744 323 8.57 7.3 0.265 0.537 
Osmium (Os) 190.23 3033 5012 304.1 22.59 5.1 0.130 0.876 
Palladium (Pd) 106.42 1554.8 2963 157.3 12.0 11.8 0.244 0.718 
Platinum (Pt) 195.08 1768.2 3825 113.6 21.5 8.8 0.133 0.716 
Plutonium (Pu) 640 3228 11.6 19.7 46.7 0.0674 
Polonium (Po) 254 962 9.20 23.5 0.20 
Potassium (K) 39.10 63.38 759 59.6 0.89 83.3 0.757 1.024 
Praseodymium (Pr) 140.91 931 3520 48.9 6.77 6.7 0.193 0.125 
Promethium (Pm) 1042 3000* 7.26 11% 0.19* 0.15* 
Protactinium (Pa) 231.04 1572 53.4 154 
Radium (Ка) 696 5 
Rhenium (Re) 186.21 3185 5596 324.5 20.8 6.2 0.137 0.479 
Rhodium (Rh) 102.91 1964 3695 258.4 12.4 8.2 0.243 1.50 
Rubidium (Rb) 85.47 39.30 688 25.6 1.53 0.364 0.582 
Ruthenium (Ru) 101.07 2334 4150 381.8 12.1 6.4 0.238 1.17 
Samarium (Sm) 150.36 1072 1794 57.3 7.52 12.7 0.196 0.133 
Scandium (Sc) 44.96 1541 2836 314 2.99 10.2 0.567 0.158 
Silver (Ag) 107.87 961.78 2162 104.6 10.5 18.9 0.235 4.29 
Sodium (Na) 22.99 97.794 882.94 1131 0.97 71 1225 141 
Strontium (Sr) 87.62 777 1382 84.8 2.64. 22.5 0.306 0.353 
Tantalum (Ta) 180.95 3017 5458 202.1 16.4 6.3 0.140 0.575 
Technetium (Tc) 2157 4265 339.7 11 0.506 
Terbium (Tb) 158.93 1359 3230 67.9 8.23 10.3 0.182 0.111 
Thallium (11) 204.38 304 1473 20.3 11.8 29.9 0.129 0.461 
Thorium (Th) 232.04 1750 4788 59.5 11,7 11.0 0.118 0.540 
Thulium (Tm) 168.93 1545 1950 99.7 9.32 13.3 0.160 0.169 
Tin (Sn) 118.71 231.93 2602 60.4 7.26 22.0 0.227 0.666 
Titanium (Ti) 47.88 1668 3287 295.6 4.51 8.6 0.522 0.219 
Tungsten (W ) 183.84 3422 5555 284.5 19.3 4.5 0.132 1.74 
Uranium (U) 238.03 1135 4131 38.4 19.1 13.9 0.116 0.276 
Vanadium (V) 50.94 1910 3407 422 6.0 84 0.489 0.307 
Ytterbium (Yb) 173.04. 824 1196 44.3 6.90 26.3 0.154 0.385 
Yttrium (У) 88.91 1522 3345 128 4.47 10.6 0.298 0.172 
Zinc (Zn) 65.39 419.53 907 108.1 7.14 30.2 0.388 1.16 
Zirconium (Zr) 91.22 1854.7 4409 230.2 6.52 5.7 0.278 0.227 
а Estimated. 


^ At 100°C. 


THERMAL CONDUCTIVITY OF METALS AND SEMICONDUCTORS AS A FUNCTION 
OF TEMPERATURE 


This table gives the temperature dependence of the thermal References 
conductivity of several metals and of carbon, germanium, and 
silicon. For graphite, separate entries are given for the thermal 1. Но, C. Y, Powell, В. W., and Liley, P. E., J. Phys. Chem. Ref. Data, 1, 
conductivity parallel (||) and perpendicular (1) to the layer planes. 279, 1972. 
Не, ген В 2. White, С. K., апа Minges, M. L., Thermophysical Properties of Some 
The thermal conductivity of all these materials is very sensitive to Е | 
: ae : Key Solids, CODATA Bulletin Мо. 59, 1985. 
impurities at low temperatures, especially below 100 K. Therefore, 
the values given here should be regarded as typical values for a 
highly purified specimen; the thermal conductivity of different 
specimens can vary by more than an order of magnitude in the 
low-temperature range. See Reference 2 for details. 


Thermal Conductivity in W/cm K 


Carbon (C) 
Pyrolytic 
Diamond (type) graphite 

TIK Ag Al Au I Па IIb || HB Cr Cu 
1 39.4 41.1 5.46 0.402* 42.2 
2 78.3 81.8 10.9 0.0138* 0.033* 0.0200* 0.803 84.0 
3 115 121 16.1 0.0461 0.111 0.0676 1.20 125 
4 147 157 20.9 0.108 0.261 0.160 1.60 162 
5 172 188 25.2 0.206 0.494 0.307 2.00 195 
6 187 213 28.5 0.344 0.820 0.510 2.39 222 
7 193 229 30.9 0.523 1.24 0.778 2.27 239 
8 190 237 32.3 0.762 1.77 1.12 3.14 248 
9 181 239 32.7 1.05 2.41 1.53 3.50 249 
10 168 235 32.4 140 3.17 2.03 0.811 0.0116 3.85 243 
15 96.0 176 24.6 3.96 8.65 5.66 5.24 171 
20 51.0 117 15.8 7.87 16.8 112 4.20 0.0397 5.93 108 
30 19.3 49.5 7.55 18.8 38.9 26.5 9.86 0.0786 5.49 44.5 
40 10.5 24.0 5.15 29.4 65.9 44.0 16.4 0.120 4.25 21.7 
50 7.0 13.5 4.21 35.3 92.1 59.1 23.1 0.152 3.17 12.5 
60 5.5 8.5 3.74 374 112 67.5 29.8 0.173 2.48 8.29 
70 4.97 5.85 3.48 36.9 119 69.1 36.6 0.181 2.07 6.47 
80 4.71 4.32 3.32 35.1 117 65.7 42.8 0.181 1.84 5.57 
90 4.60 3.42 3.28 32.7 109 60.0 47.5 0.176 1.69 5.08 
100 4.50 3.02 3.27 30.0 100 54.2 49.7 0.168 1.59 4.82 
150 4.32 2.48 3.25 19.5 60.2 32.5 45.1 0.125 1.29 4.29 
200 4.30 2.37 3.23 141 40.3 22.6 32.3 0.0923 111 4.13 
250 4.29 2.35 3.21 11.0 29.7 17.0 24.4. 0.0711 1.00 4.06 
300 4.29 2.37 3.17 8.95 23.0 13.5 19.5 0.0570 0.937 4.01 
350 4.27 2.40 314 7.55* 18.5* 1141“ 16.2 0.0477 0.929 3.96 
400 4.25 2.40 3.11 6.5* 15.4* 9.32* 13.9 0.0409 0.909 3.93 
500 4.19 2.36 3.04 10.8 0.0322 0.860 3.86 
600 4.12 2.31 2.98 8.92 0.0268 0.807 3.79 
800 3.96 2.18 2.84 6.67 0.0201 0.713 3.66 
1000 3.79 2.70 5.34 0.0160 0.654 3.52 
1200 3.61* 2.55 4.48 0.0134 0.619 3.39 
1400 3.84 0.0116 0.588 

1600 3.33 0.0100 0.556 

1800 2.93 0.00895 0.526* 

2000 2.62 0.00807 . 7 
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Thermal Conductivity of Metals and Semiconductors as а Function of Temperature 


TIK 


бс + су л оо мю =‏ عا 


N e نم‎ 
оло 


SES 
o o 


oo ~ 
© © 


90 
100 
150 
200 
250 
300 
350 
400 
500 
600 
800 
1000 
1200 
1400 
1600 
1800 
2000 


а Values below 300 К are typical values. 


Fe 


1.71 
3.42 
5.11 
6.77 
8.39 
9.93 
11.4 
12.7 
13.9 
14.8 
17.0 
15.4 
10.0 
6.23 
4.05 
2.85 
2.16 
1.75 
1.50 
1.34 
1.04 
0.94 
0.865 
0.802 
0.744 
0.695 
0.613 
0.547 
0.433 
0.323 
0.283 
0.312 
0.330 
0.345* 


* Extrapolated. 


Ge* 
0.274 
2.06 
5.35 
8.77 
11.6 
13.9 
15.5 
16.6 
17.3 
17.7 
17.3 
14.9 
10.8 
7.98 
6.15 
4.87 
3.93 
3.25 
2.70 
2.32 
1.32 
0.968 
0.749 
0.599 
0.495 
0.432 
0.338 
0.273 
0.198 
0.174 
0.174 


Mg 
9.86 
19.6 
29.0 
37.6 
45.0 
50.8 
54.7 
56.7 
57.0 
55.8 
41.1 
27.2 
12.9 
7.19 
4.65 
3.27 
2.49 
2.02 
1.78 
1.69 
1.61 
1.59 
1.57 
1.56 
1.55 
1.53 
1.51 
1.49 
1.46* 


Ni 
2.17 
4.34 
6.49 
8.59 
10.6 
12.5 
14.2 
15.8 
17.1 
18.1 
19.5 
16.5 
9.56 
5.82 
4.00 
3.08 
2.50 
2.10 
1.83 
1.64 
1.22 
1.07 
0.975 
0.907 
0.850 
0.802 
0.722 
0.656 
0.676 
0.718 
0.762 
0.804 


Pb 


27.9 
44.6 
35.8 
22.2 
13.8 
8.10 
4.86 
3.20 
2.30 
1.78 
0.845 
0.591 
0.477 
0.451 
0.436 
0.425 
0.416 
0.409 
0.403 
0.397 
0.379 
0.367 
0.360 
0.353 
0.347 
0.340 
0.328 
0.314 


Pt 


2.31 
4.60 
6.79 
8.8 
10.5 
11.8 
12.6 
12.9 
12.8 
12.3 
8.41 
4.95 
2.15 
1.39 
1.09 
0.947 
0.862 
0.815 
0.789 
0.775 
0.740 
0.726 
0.718 
0.716 
0.717 
0.718 
0.723 
0.732 
0.756 
0.787 
0.826 
0.871 
0.919 
0.961 
0.994* 


біз 

0.0693" 
0.454 
1.38 
2.97 
5.27 
8.23 
117 
15.5 
19.5 
23.3 
41.6 
49.8 
481 
35.3 
26.8 
21.1 
16.8 
13.4 
10.8 
8.84 
4.09 
2.64 
1.91 
1.48 
1.19 
0.989 
0.762 
0.619 
0.422 
0.312 
0.257 
0.235 
0.221 


Sn 
183 
323 
297 
181 
117 
76 
52 
36 
26 
19.3 
6.3 
3.2 
1.79 
1.33 
1.15 
1.04 
0.96 
0.915 
0.880 
0.853 
0.779 
0.733 
0.696 
0.666 
0.642 
0.622 
0.596 


Ti 


0.0144* 
0.0288* 


0.0432 
0.0575 
0.0719 
0.0863 
0.101 
0.115 
0.129 
0.143 
0.212 
0.275 
0.365 
0.390 
0.374 
0.355 
0.340 
0.326 
0.315 
0.305 
0.270 
0.245 
0.229 
0.219 
0.210 
0.204 
0.197 
0.194 
0.197 
0.207 
0.220 
0.236 
0.253 
0.270* 
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THERMAL CONDUCTIVITY OF ALLOYS AS А FUNCTION OF TEMPERATURE 


This table lists the thermal conductivity of selected alloys at References 
various temperatures. The indicated compositions refer to weight 
percent. Since the thermal conductivity is sensitive to exact com- 1. Powell, R. L., and Childs, С. E., in American Institute of Physics 


Handbook, 3rd Edition, Gray, D. E., Ed., McGraw-Hill, New York, 
1972. 
2. Ho, C. Y. et al, / Phys. Chem. Ref. Data, 7, 959, 1978. 


position and processing history, especially at low temperatures, 
these values should be considered approximate. 


Thermal conductivity in W/m K 


Alloy 4K 20K 77K 194K 273K 373K 573K 973K 
Aluminum: 1100 50 240 270 220 220 
2024 3.2 17 56 95 130 
3003 11 58 140 150 160 
5052 4.8 25 77 120 140 
5083, 5086 3 17 55 95 120 
Duralumin 5.5 30 91 140 160 180 
Bismuth: Rose metal 5.5 8.3 14 16 
Woods metal 4 17 23 
Copper: electrolytic tough pitch 330 1300 550 400 390 380 370 350 
free cutting,leaded 200 800 460 380 380 
phosphorus, deoxidized 7.5 42 120 190 220 
brass, leaded 2.3 12 39 70 120 
bronze, 6896 Cu; 3296 Zn 2.3 16 48 92 110 
beryllium 2 17 36 70 90 113 172 
german silver 0.75 7.5 17 20 23 25 30 40 
silicon bronze A 3.4 11 23 30 
manganin 0.48 3.2 14 17 22 
constantan 0.9 8.6 17 19 22 
Ferrous: commercial pure iron 15 72 106 82 76 66 54 34 
plain carbon steel(AISI 1020) 13 20 58 65 65 
plain carbon steel(AISI 1095) 8.5 31 41 45 
3% Ni; 0.796 Cr; 0.6% Мо 6 22 33 35 36 30 
496 Si 20 24 28 26 
stainless steel 0.3 2 8 13 14 16 19 25 
2796 Ni; 1596 Cr 1.7 55 11 12 16 21 
Gold: colbalt thermocouple 12 8.6 20 
6596 Au; 3596 Ag 12 24 61 89 
Indium: 85.596 In; 14.596 Pb 1.9 7.8 24 4l 
Lead: 6096 Pb; 4096 Sn (soft solder) 28 44 
64.3596 Pb; 35.6596 In 0.8 3.26 9.1 20.2 
Nickel: 8096 Ni; 2096 Cr 12 14 17 23 
contracid 0.2 2 7.3 9.5 13 
inconel 0.5 4.2 12.5 13 15 16 19 26 
monel 0.9 Tel. 15 20 21 24 30 43 
Platinum: 9096 Pt; 1096 Ir 31 314 
90% Pt; 1096 Rh 30.1 30.5 
Silver: silver solder 12 34 58 
normal Ag thermocouple 48 230 310 
Tin: 6096 Sn; 4096 Pb 16 55 51 
Titanium: 5.596 Al; 2.5% Sn;0.2% Fe 1.8 43 6.4 7.8 8.4 10.8 
4.796 Min; 3.9996 Al; 0.1496 C 1.7 4.5 6.5 8.5 
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This table lists the thermal conductivity of a number of crystal- 
line dielectrics, including some which find use as optical materials. 


THERMAL CONDUCTIVITY OF CRYSTALLINE DIELECTRICS 


Values are given at temperatures for which data are available. 


Material 
AgCl 


TIK 
223 
273 
323 
373 


ALB silicate (tourmaline) 398 


|| to c axis 


540 
723 


ALBe silicate (beryl) 315 


ALF silicate (topaz) 


|| to c axis 


315 
358 
417 


Al,Fe silicate (garnet) 315 


ALO, (sapphire): 


36° to c axis 


1 toc axis 


AlO, (sintered) 


As,S, (glass) 


BN 


BaTiO, 


BeO 


358 
377 


Ther. cond. 
W/mK 
1.3 
1.2 
11 
1.1 
2.9 
32 
3.5 
6.4 
17.7 
15.6 
13.3 
35.8 
35.4 
35.6 


110 
3500 
6000 
1100 

2.6 
3.9 


Reference 


3rd Edition, Gray, D. E., Ed., McGraw-Hill, New York, 1972. 


Material 


Bi,Te, 


C (diamond) 
type I 


CaCO, 
|| to c axis 


1 to c axis 


CaF, 


CaWO, (scheelite) 


CdTe 


CsBr 


CsI 


Cu,O (cuprite) 


Fe,O, (magnetite) 


Glass: 


phoenix 


plastic perspex 


TIK 
20 
77 

373 
573 
1273 
80 
204 
303 
370 

4.2 

20 
77 
194 
273 


83 
273 
83 
194 
273 
373 
83 
223 
273 
323 
373 
422 
160 
297 
422 
223 
273 
323 
373 
223 
273 
323 
373 
102 
163 
299 
360 
4.5 
20.5 
126.5 
304 


4.2 
20 
77 

4.2 


Powell, R. L., and Childs, G. E., in American Institute of Physics Handbook, 


Ther. cond. 
W/m K 


16 
270 
210 
120 

29 

6.4 
2.8 
3.6 
4.6 

13 

800 
3550 
1450 
1000 
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Material 


pyrex 


Н, (para + 0.5% ortho) 


Н,О (ice) 


He? (high pressure) 


Нед (high pressure) 


KBr 


ка 


KI 


Kr 


LiF 


MgO-ALO, (spinel) 


MnO 


197 
274 


373 
773 


120 
573 


Ther. cond. 


W/mK 
0.074 
0.44 
0.88 


Thermal Conductivity of Crystalline Dielectrics 


Material 
NaCl 


NaF 


NH,Cl 


NH,H,PO, 
|| to optic axis 


1 to optic axis 


NiO 


SiO, (quartz) 
|| to c axis 


1 to c axis 


SiO, (fused silica) 


SrTiO, 


TIBr 
TICI 
TiO, (rutile) 
|| to optic axis 


1 to optic axis 


Ther. cond. 
ТІК W/mK 
42 440 
20 300 
77 30 
273 6.4 
323 5.6 
373 5.4 
5 1100 
50 250 
100 90 
2 3.0 
3 4.6 
4.2 4.2 
10 0.8 
20 0.3 
77 17 
194 23 
230 38 
273 27 
315 0.71 
339 0.71 
313 1.26 
342 1.34 
42 5.9 
40 400 
194 82 
20 720 
194 20 
273 12 
20 370 
194 10 
273 6.8 
42 0.25 
20 0.7 
77 0.8 
194 1.2 
273 1.4 
373 1.6 
673 1.8 
5 2.4 
30 21.0 
40 19.2 
100 18.5 
250 12.5 
300 11.2 
316 0.59 
311 0.75 
4.2 200 
20 1000 
273 13 
4.2 160 
20 690 
273 9 


THERMAL CONDUCTIVITY OF CERAMICS AND OTHER INSULATING MATERIALS 


Thermal conductivity values for ceramics, refractory oxides, 
and miscellaneous insulating materials are given here. The ther- 
mal conductivity refers to samples with density indicated in the 1. Powell, R. L., and Childs, С. Е, in American Institute of Physics 
second column. Since most of these materials are highly variable, Handbook, 3rd Edition, Gray, D. Е., Ed, McGraw-Hill, New York, 


the values should only be considered as a rough guide. 1972; 


References 


2. Perry, R. H., and Green, D., Perrys Chemical Engineers’ Handbook, 
Sixth Edition, McGraw-Hill, New York, 1984. 


Material Dens. t Ther. cond. Material Dens. t Ther. cond. 
g/cm? “С W/mK g/cm? °C W/mK 
Alumina (ALO,) 3.8 100 30 400 0.09 
400 13 0.5 0 0.09 
1300 6 400 0.16 
1800 7.4 Ebonite 1.2 0 0.16 
3.5 100 17 Felt, flax 0.2 30 0.05 
800 7.6 0.3 30 0.04 
ALO, + MgO 100 15 Fuller's earth 0.53 30 0.1 
400 10 Glass wool 0.2 —200 to 20 0.005 
1000 5.6 50 0.04 
Asbestos 0.4 —100 0.07 100 0.05 
0 0.09 300 0.08 
100 0.10 Graphite 
Asbestos 4 8596 MgO 0.3 30 0.08 100 mesh 0.48 40 0.18 
Asphalt 2.1 20 0.06 20-40 mesh 0.7 40 1.29 
Beryllia (BeO) 2.8 100 210 Linoleum cork 0.54 20 0.08 
400 90 Magnesia (MgO) 100 36 
1000 20 400 18 
1800 15 1200 5.8 
1.85 50 64 1700 92 
200 40 MgO + SiO, 100 5.3 
600 23 400 3.5 
Brick, dry 1.54 0 0.04 1500 2.3 
Brick, refractory: Mica: 
alosite 1000 1.3 muscovite 100 0.72 
aluminous 1.99 400 1.2 300 0.65 
1000 1.3 600 0.69 
diatomaceous 0.77 100 0.2 phlogopite 100 0.66 
500 0.24 Canadian 300 0.19 
0.4 100 0.08 509 а 
ээ эс Micanite 30 0.3 
fireclay 5 100 1 Mineral wool 0.15 30 0.04 
1099 1 Perlite, expanded 0.1 -200to20 0.002 
silicon carbide 2 200 2 Plastics: 
00 254 bakelite 13 20 14 
vermiculite 0.77 200 0.26 celluloid 14 30 0.02 
600 0.31 polystyrene foam 0.05 | —200 to 20 0.033 
Calcium oxide 100 16 mylar foil 0.05 –200 to 20 0.0001 
хэн : nylon -253 0.10 
1000 23 -193 0.23 
Cement mortar 2 90 0.55 25 0.30 
Charcoal 0.2 20 0.055 polytetrafluoroethylene —253 0.13 
Coal 1.35 20 0.26 -193 Оё 
Concrete 1.6 0 0.8 25 0.26 
Cork 0.05 0 0.03 330 ОБ 
100 0.04 urethane foam 0.07 20 0.06 
0.35 0 0.06 Porcelain 90 1 
100 0.08 Rock: 
Cotton wool 0.08 30 0.04 basalt 20 2 
Diatomite 0.2 0 0.05 chalk 20 0.92 
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Material Dens. t Ther. cond. Material Dens. t Ther. cond. 
g/cm? °C W/mK g/cm? °C W/mK 
granite 2.8 20 2.2 Uranium dioxide 100 9.8 
limestone 2 20 1 400 5.5 
sandstone 22 20 1.3 1000 3.4 
slate, L 95 14 Wood: 
slate, || 95 2.5 balsa, | 0.11 30 0.04 
Rubber: fir, L 0.54 20 0.14 
sponge 0.2 20 0.05 fir, || 0.54 20 0.35 
92 percent 25 0.16 oak 20 0.16 
Sand, dry 1.5 20 0.33 plywood 20 0.11 
Sawdust 0.2 30 0.06 pine, | 0.45 60 0.11 
Shellac 20 0.23 pine, || 0.45 60 0.26 
Silica aerogel 0.1 —200 to 20 0.003 walnut, L 0.65 20 0.14 
Snow 0.25 0 0.16 Wool 0.09 30 0.04 
Steel wool 0.1 55 0.09 Zinc oxide 200 17 
Thoria (ThO,) 100 10 800 5.3 
400 5.8 Zirconia (ZrO,) 100 2 
1500 2.4 400 2 
Titanium dioxide 100 6.5 1500 2.5 
400 3.8 Zirconia + silica 200 5.6 
1200 3.3 600 4.6 
1500 3.7 


THERMAL CONDUCTIVITY OF GLASSES 


This table gives the composition of various types of glasses and of the variability of glasses, the data should be regarded as only 
the thermal conductivity K as a function of temperature. Because approximate. 


Composition 
SiO, Other oxides t k 
Type of glass (wt%) (wt%) °C W/mK 
Vitreous silica 100 —150 0.85 
—100 1.05 
-50 120 
0 1.30 
50 1.40 
100 1.50 
Vycor glass 96 B,O, 3 -100 1.00 
0 1.25 
100 1.40 
Pyrex type chemically- 
resistant borosilicate glasses 80-81 В.О, 12-13 —100 0.90 
Na,O 4 0 1.10 
Al 2 100 1.25 
Borosilicate crown glasses 60-65 В.О, 15-20 —100 0.65-0.75 
0 0.90-0.95 
100 1.00-1.05 
65-70 B,O, 10-15 —100 0.75-0.80 
0 0.95-1.00 
100 1.05-1.15 
70-75 В.О, 5-10 —100 0.80—0.85 
0 1.05-1.10 
100 1.15-1.20 
Zinc crown glasses (i) 55—65 ZnO 5-15 —100 0.88-0.92 
Remainder: 0 1.10-1.15 
B,O, ALO, 100 1.15-1.25 
ZnO 5-15 —100 0.60—0.70 
Remainder: 0 0.70—0.90 
Na,O, КО 100 0.85-0.95 
ZnO 15-25 —100 0.88—0.92 
Remainder: 0 1.10-1.15 
B,O, ALO, 100 1.15-1.20 
ZnO 15-25 —100 0.65—0.80 
Remainder: 0 0.85—0.95 
Na,O, КО 100 0.90-1.05 
Zinc crown glasses (ii) 65-75 ZnO 5-15 —100 0.88-0.92 
Remainder: 0 1.15-1.15 
B,O, ALO, 100 1.20-1.30 
ZnO 5-15 —100 0.70—0.85 
Remainder: 0 0.90-1.05 
Ма,О, К,О 100 1.00-1.15 
ZnO 15-25 —100 0.90—0.95 
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Composition 
SiO, Other oxides t k 
Type of glass (wt%) (wt%) С W/mK 
Remainder: 0 1.15-1.15 
B,O,, ALO, 100 1.20-1.25 
ZnO 15-25 —100 0.65—0.85 
Remainder: 0 0.85—1.00 
Na,O, КО 100 1.05-1.20 
Barium crown glasses 31 B,O, 12 -100 0.55 
ALO, 8 0 0.70 
BaO 48 100 0.80 
4 в,0, 6 -100 0.60 
ALO, 2 0 0.75 
ZnO 8 100 0.85 
BaO 43 
47 BO, 4 -100 0.65 
Na,O 1 0 0.75 
K,O 7 100 0.90 
ZnO 8 
BaO 32 
65 BO, 2 -100 0.70 
Ма,О 5 0 0.90 
K,O 15 100 1.00 
ZnO 2 
BaO 10 
Borate glasses 
Borate flint glass 9 В.О, 36 —100 0.55 
Na,O 1 0 0.65 
K,O 2 100 0.80 
PbO 36 
ALO, 10 
ZnO 6 
Borate flint glass 0 В,О, 56 -100 0.50 
ALO, 12 0 0.65 
PbO 32 100 0.85 
Borate flint glass 0 B,O, 43 -100 0.40 
ALO, 5 0 0.55 
PbO 52 100 0.70 
Borate glass 4 B,O, 55 -100 0.65 
ALO, 14 0 0.80 
PbO 11 100 0.90 
K,O 4 
ZnO 12 
Borate crown glass 0 В,О, 64 -100 0.50 
Ма,О 8 0 0.65 
К,О 3 100 0.85 
Вао 
PbO 3 
ALO, 18 
Light borate crown glass 0 В.О, 69 -100 0.55 


Na,O 8 0 0.70 


Thermal Conductivity of Glasses 


Type of glass 


Zinc borate glass 


Phosphate crown glasses 
Potash phosphate glass 


Baryta phosphate glass 


Soda-lime glasses 


Other crown glasses 
Crown glass 


High dispersion crown glass 


Miscellaneous flint glasses 
(i) Silicate flint glasses 
Light flint glasses 


Composition 
SiO, Other oxides 
(wt%) (wt%) 
BaO 5 
ALO, 18 
0 B,O, 40 
ZnO 60 
0 Р.О. 70 
B,O, 3 
K,O 12 
ALO, 10 
MgO 4 
0 Р.О. 60 
B,O, 3 
ALO, 8 
BaO 28 
75 Na,O 17 
CaO 8 
75 Na,O 12 
CaO 13 
72 Na,O 15 
CaO 11 
ALO, 2 
65 Na,O 25 
CaO 10 
65 Na,O 15 
CaO 20 
60 Na,O 20 
CaO 20 
75 Na,O 9 
K,O 11 
CaO 5 
68 Na,O 16 
ZnO 3 
PbO 13 
65 PbO 25 
Others 10 
55 PbO 35 


45 


12-207 


0.75 


0.75 
0.95 
1.10 


0.90 
1.10 
1.15 


0.80 
1.00 
1.15 


0.65 
0.85 
0.95 


0.85 
1.00 
1.10 


0.75 
0.90 
1.00 


0.80 
1.00 
1.10 


0.65 
0.85 
1.00 


0.65-0.70 
0.88—0.92 
1.00-1.05 


0.60—0.65 
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Composition 
SiO, Other oxides t k 
Type of glass (wt%) (wt%) С W/mK 
Others 10 0 0.75—0.85 
100 0.88—0.92 
Ordinary flint glass 45 PbO 45 -100 0.50-0.60 
Others 10 0 0.65—0.75 
100 0.80—0.85 
Heavy flint glass 35 PbO 60 —100 0.45-0.50 
Others 5 0 0.60—0.65 
100 0.70-0.75 
Very heavy flint glasses 25 PbO 73 -100 0.40-0.45 
Others 2 0 0.55—0.60 
100 0.63—0.67 
20 PbO 80 —100 0.40 
0 0.50 
100 0.60 
(ii) Borosilicate flint glass 33 B,O, 31 —100 0.65 
PbO 25 0 0.85 
ALO, 7 100 0.95 
K,O 3 
Na,O 1 
(iii) Barium flint glass 50 BaO 24 —100 0.60 
PbO 6 0 0.70 
K,O 8 100 0.85 
Na,O 3 
ZnO 8 
55,О, 1 
Other glasses 
Potassium glass 59 K,O 33 50 0.88—0.92 
CaO 8 
Iron glasses 63 Fe O, 10 -100 0.80 
Na,O 17 0 0.95 
MgO 4 100 1.05 
CaO 3 
ALO, 2 
67 Fe,O, 15 0 0.88-0.92 
Na,O, 18 100 1.00-1.05 
62 Fe,O, 20 0 0.85-0.90 
Ма,О 18 100 0.95-1.00 
Rock glasses 
Obsidian 0 1.35 


Artificial diabase 100 1.25 


COMMERCIAL METALS AND ALLOYS 


This table gives typical values of mechanical, thermal, and elec- References 
trical properties of several common commercial metals and alloys. 
Values refer to ambient temperature (0 to 25*C). АП values should 1. ASM Metals Reference Book, Second Edition, American Society for 
be regarded as typical, since these properties are dependent on the Metals, Metals Park, OH, 1983. | | 
particular type of alloy, heat treatment, and other factors. Values 2 Lynch, АУС مه وي‎ Манан Science САС 


for individual 1 idel Press, Boca Raton, FL, 1989. 
ووس مس‎ уйсу; 3. Shackelford, J. E, and Alexander, W., СКС Materials Science and 


Engineering Handbook, CRC Press, Boca Raton, FL, 1991. 


Coeff. Approx. 
Thermal oflinear Electrical Modulus Tensile melting 
conductivity ` Density expansion resistivity of elasticity strength point 
Common name W/cm К g/cm? 10-5/°С ИО ст GPa MPa "C 
Ingot iron 0.7 7.86 11.7 9.7 205 _ 1540 
Plain carbon steel 0.52 7.86 11.7 18 205 450 1515 
AISI-SAE 1020 
Stainless steel type 304 0.15 7.9 17.3 72 195 550 1425 
Cast gray iron 0.47 7.2 10.5 67 90 180 1175 
Malleable iron 7.3 12 30 170 345 1230 
Hastelloy C 0.12 8.94 113 125 200 780 1350 
Inconel 0.15 8.25 11.5 103 200 800 1370 
Aluminum alloy 3003, rolled 1.9 2.73 23.2 3.7 70 110 650 
Aluminum alloy 2014, annealed 1.9 2.8 23.0 3.4 70 185 650 
Aluminum alloy 360 1.5 2.64 21.0 7.5 70 325 565 
Copper, electrolytic (ETP) 3.9 8.94 16.5 1.7 120 300 1080 
Yellow brass (high brass) 1.2 8.47 20.3 6.4 100 300-800 930 
Aluminum bronze 0.7 7.8 16.4 12 120 400-600 1050 
Beryllium copper 25 0.8 8.23 17.8 7 130 500-1400 925 
Cupronickel 30% 0.3 8.94 16.2 150 400-600 1200 
Red brass, 85% 1.6 8.75 18.7 11 90 300-700 1000 
Chemical lead 0.35 11.34 29.3 21 13 17 327 
Antimonial lead (hard lead) 0.3 10.9 26.5 23 20 47 290 
Solder 50-50 0.5 8.89 23.4 15 _ 42 215 
Magnesium alloy AZ31B 1.0 1.77 26 9 45 260 620 
Monel 0.3 8.84 14.0 58 180 545 1330 
Nickel (commercial) 0.9 8.89 13.3 10 200 460 1440 
Cupronickel 55-45 (constantan) 0.2 8.9 18.8 49 160 _ 1260 
Titanium (commercial) 1.8 4.5 8.5 43 110 330-500 1670 
Zinc (commercial) 1.1 7.14 32.5 6 - 130 419 
Zirconium (commercial) 0.2 6.5 5.85 41 95 450 1855 
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HARDNESS OF MINERALS AND CERAMICS 


There are several hardness scales for describing the resistance of 
a material to indentation or scratching. This table lists a number 
of common materials in order of increasing hardness. Values are 
given, when available, on three different hardness scales: the origi- 
nal Mohs Scale (range 1 to 10); the modified Mohs Scale (range 1 
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Material 
Graphite 
Talc 
Alabaster 
Gypsum 
Halite (rock salt) 
Stibnite (antimonite) 
Galena 
Mica 
Calcite 
Barite 
Marble 
Aragonite 
Dolomite 
Fluorite 
Magnesia 
Apatite 
Opal 
Feldspar (orthoclase) 
Augite 
Hematite 
Magnetite 
Rutile 
Pyrite 
Agate 
Uranium dioxide 
Silica (fused) 
Quartz 
Flint 
Silicon 
Andalusite 
Zircon 
Zirconia 
Aluminum nitride 
Beryl 
Beryllia 
Topaz 
Garnet 
Emery 
Zirconium nitride 
Zirconium boride 
Titanium nitride 
Zirconia (fused) 
Tantalum carbide 
Tungsten carbide 
Corundum (alumina) 
Zirconium carbide 
Alumina (fused) 
Beryllium carbide 
Titanium carbide 
Carborundum (silicon carbide) 
Aluminum boride 
Tantalum boride 
Boron carbide 
Boron 
Titanium boride 
Diamond 


Formula 
C 
3MgOASiO, H,O 
Са5О,2Н,О 
Са5О,2Н,О 
NaCl 
55,5, 
РЬ5 


СаСО, 
BaSO, 


CaCO, 
CaMg(CO,), 
CaF, 

MgO 
CaF,-3Ca,(PO,), 


K,O-ALO-6SiO, 


Fe,O, 
Fe,O, 
TiO, 
FeS, 


Si 
ALOSiO, 
7130, 


251,0 18 


Be,Al 
BeO 
ALSiO,(OHLE), 
ALO,3FeO3SiO, 
AlO, (impure) 
ZrN 


to 15), and the Knoop Hardness Scale. In the last case, a load of 


100 g is assumed. 


Shackelford, J. F.and Alexander, W., CRC Materials Science and Engineering 


Reference 


Handbook, CRC Press, Boca Raton, FL, 1991. 


Mohs 
0.5 

1 

17 


84 


9.3 


9.5 


10 


Modified mohs 


10 


11 


12 


13 


14 


15 


Knoop 


32 


135 


163 
370 
430 


560 


750 


600 


820 


1200 
1225 


1300 
1340 
1360 


1510 
1560 
1770 


1800 
1880 
2025 
2150 


2400 
2470 
2500 
2500 
2600 
2800 


2850 
7000 


ORGANIC MAGNETS 
J.S. Miller 


Magnetic ordering, e.g., ferromagnetism, like superconductiv- 
ity, is a property of a solid, not of an individual molecule or ion, 
and very rarely occurs for organic compounds. In contrast to su- 
perconductivity, where all electron spins pair to form a perfect dia- 
magnetic material, magnetic ordering requires unpaired electron 
spins; hence, superconductivity and ferromagnetism are mutually 
exclusive. 

The vast majority of organic compounds are diamagnetic (i.e., 
all electron spins are paired), and a relative few possess unpaired 
electrons (designated by an arrow, 1) and are paramagnetic (PM), 
i.e., they are oriented in random directions. A few organic solids, 
however, exhibit strong magnetic behavior and magnetically or- 
der as ferromagnets (FO) with all spins aligned in the same direc- 


ЖАР 
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Paramagnet (PM) (random) arrangement of spins 


Antiferromagnetic (AF) ordering of spins 


"RSS 


| 
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tion. In some cases the spins align in the opposite direction and 
compensate to form an antiferromagnet (AF). In some cases these 
spins are not opposed to each other and do not compensate and 
lead to a canted antiferromagnet or weak ferromagnet (WF). If the 
number of spins that align in one direction differs from the num- 
ber of spins that align in the opposite direction, the spins cannot 
compensate and a ferrimagnet (FI) results. Metamagnets (MM) 
are antiferromagnets in which all the spins become aligned like 
a ferromagnet in an applied magnetic field. Above the ordering 
or critical temperature, Те, all magnets are paramagnets (РМ). 
Organic magnets all possess electron spins in p-orbitals, but these 
may be in conjunction with metal ion-based spins. 


Ferromagnetic (FO) ordering of spins 


| ! } 


Ferrimagnetic (FI) ordering of spins 


ааа 
17171] 


Canted antiferromagnet or weak ferromagnet (WF) ordering of spins 


FIGURE 1. 


Schematic illustration of the different types of magnetic behavior. 
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12-110 Organic Magnets 


Summary of the Critical Temperature, Т, Saturation Magnetization, M, Coercive Field, Не, and Remanent Magnetization, М, for Selected 
Organic-Based Magnets 


Magnet Type Тик М/А mt یلا‎ 1 М/А та! 
a-1,3,5,7-Tetramethyl-2,6-diazaadamantane-N,N -doxyl FO 1.48 48,300 <0.00001 — 
B-2-(4'-Nitrophenyl)-4,4,5,5-tetramethyl-4,5- 

dihydro-1H-imidazol-1-oxyl-3-N-oxide FO 0.6 22,300 0.00008 <200 
(Fel! [C.(CH3)4] | TCNE] FO 4.8 37,600 0.10 2,300 
(Mn!!! [C(CH3);] И ТСМЕ] FO 8.8 58,200 0.12 3,700 
(Cr [C4 CH3)4][ TCNE] FO 3.65 46,300 = = 
a-(FelllICCH3);][TCNQ] MM 2.55 34,200 = - 
B-(Fe' С (СН) | И ТСКОЈ ЕО 3.0 21,600 ez = 
Tanol subarate MM 0.38 20,700 = = 
NCCF,CN;S, WE 35.5 45 0.00009 = 
Mn"(hfac),NITC,H; FI 7.8 39,400 0.03 27,600 
Mn"(hfac)sNIT (i-C3Hg) FI 7.6 42,400 <0.0005 <420 
|Ма(ћеас) | ПОМ[С На (–-С(СНо) ,МО]) FI 46 24,400 — — 
[MnTPP][TCNE] 2C;H5CH; FI 13 18,400 24 10,300 
V[TCNE],.yCH Cl, (x ~ 2; y ~ 0.5) FI ~400 28,200 0.0015 - 0.006 1,650 
Mn[TCNE],.yCH5Cl, (x ~ 2; y ~ 0.5) FI 75 52,000 0.002 270 
Fe[TCNE], уСН,СІ, (х ~ 2; y ~ 0.5) FI 97 46,300 0.23 3 
Co[TCNE], JCH5Cl, (x ~ 2; y ~ 0.5) FI 44 22,000 0.65 = 


List of Symbols and Abbreviations 


M, Saturation magnetization at 2 K hfac Hexafluoroacetonate 
На Coercive Field NIT Nitronyl nitroxide 
Те Critical Temperature FO Ferromagnet 
M, Remanent magnetization at 2 K FI Ferrimagnet 
ТСМЕ Tetracyanoethylene MM Metamagnet 
TCNQ _ 7,7,8,8-Tetracyano-p-quinodimethane WE Weak ferromagnet 
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OPTICAL PROPERTIES OF SELECTED INORGANIC AND ORGANIC SOLIDS 


L. I. Berger 


Optical properties of materials are closely related to their 
dielectric properties. The complex dielectric function (relative 
permittivity) of a material is equal to 


g(@) = £'(0) - je"(0), 


where 2(0) and €”(@) аге its real and imaginary parts, respec- 
tively, and w is the angular frequency of the applied electric field. 
For a non-absorbing medium, the index of refraction is и = (eu), 
where H is the relative magnetic permeability of the medium 
(material); in the majority of dielectrics, u = 1. 

For many applications, the most important optical proper- 
ties of materials are the index of refraction, the extinction coef- 
ficient, К, and the reflectivity, R. The common index of 
refraction of a material is equal to the ratio of the phase veloc- 
ity of propagation of an electromagnetic wave of a given fre- 
quency in vacuum to that in the material. Hence, п = 1. The 
optical properties of highly conductive materials like metals 
and semiconductors (at photon energy range above the energy 
gap) differ from those of optically transparent media. Free elec- 
trons absorb the incident electromagnetic wave in a thin sur- 
face layer (a few hundred nanometers thick) and then release 
the absorbed energy in the form of secondary waves reflected 
from the surface. Thus, the light reflection becomes very 
strong; for example, highly conductive sodium reflects 99.896 of 
the incident wave (at 589 nm). Introduction of the effective 
index of refraction, Пен = (£)!? = n - jk, where £' = £ -jÓ/0 £, Ô 
is the electrical conductivity of the material іп S/m, and £, = 
8.8542-107 F/m is the permittivity of vacuum, allows опе to 
apply the expressions of the optics of transparent media to the 
conductive materials. It is clear that the effective index of 
refraction may be smaller than 1. For example, и = 0.05 for 
pure sodium and z - 0.18 for pure silver (at 589.3 nm). At very 
high photon energies, the quantum effects, such as the internal 
photoeffect, start playing a greater role, and the optical proper- 
ties of these materials become similar to those of insulators 
(low reflectance, existence of Brewster's angle, etc.). 

The extinction coefficient characterizes absorption of the elec- 
tromagnetic wave energy in the process of propagation of a wave 
through a material. The wave intensity, J, after it passes a distance 
x in an isotropic medium is equal to 


I = Iexp(-ax), 


where 1, is the intensity at x = 0 and о is called the absorption 
coefficient. For many applications, the extinction coefficient, К, 
which is equal to 
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k = “г 
where 7, is the wavelength of the wave in the medium, is more 
commonly used for characterization of the electromagnetic 
losses in materials. 

Reflection of an electromagnetic wave from the interface 
between two media depends on the media indices of refraction 
and on the angle of incidence. It is characterized by the reflec- 
tivity, which is equal to the ratio of the intensity of the wave 
reflected back into the first medium to the intensity of the 
wave approaching the interface. For polarized light and two 
non-absorbing media, 


_ М-М) 
(N, + А)? 


where N, = п,/созд) and N, = и,/соѕ0, for the wave polarized in 
the plane of incidence, and N, = п,созб, and N, = п,созб, for the 
wave polarized normal to the plane of incidence; 0, and 6, are the 
angles between the normal to the interface in the point of inci- 
dence and the directions of the beams in the first and second 
medium, respectively. The reflectivity at normal incidence in this 
case is 


R = (т - п) (т + n;)]° 


For any two opaque (absorbing) media, the normal incidence 
reflectivity is 


po (=n) + ló 


n 4n, +k; 
1 2 2 


In the majority of experiments, the first medium is air (и = 1) 
, and hence, 


pa (=n) + 
(1 +n) + Е 


The data on и and k in the following table are abridged from 
the sources listed in the references. The reflectivity at normal 
incidence, R, has been calculated from the last equation. For 
convenience, the energy E, wavenumber v , and wavelength À 
are given for the incidence radiation. 
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E/eV V/cm"! Мут п n, n, k k, k. R R, R. 
Crystalline Arsenic Selenide (As,Se,) [Ref. 1]* 

2.194 17700 0.565 0.30 
2.168 17480 0.572 0.25 
2.141 17270 0.579 0.20 
2.123 17120 0.584 0.17 
2.098 16920 0.591 0.13 
2.094 16890 0.592 0.26 
2.091 16860 0.593 0.26 
2.073 16720 0.598 0.10 0.23 
2.060 16610 0.602 0.20 
2.049 16530 0.605 0.079 0.17 
2.036 16420 0.609 0.15 
2.023 16310 0.613 0.12 
2.013 16230 0.616 0.050 
2.009 16210 0.617 0.097 
2.000 16130 0.620 0.082 
1.987 16030 0.624 0.063 
1.977 15940 0.627 0.031 
1.974 15920 0.628 0.051 
1.962 15820 0.632 0.038 
1.953 15750 0.635 0.030 
1.949 15720 0.636 0.020 
1.937 15630 0.640 0.022 
1.925 15530 0.644 0.017 
1.922 15500 0.645 0.012 
1.905 15360 0.651 8.6.10? 
1.893 15270 0.655 6.4 
1.881 15170 0.659 5.2 
1.859 14990 0.667 3.1 
1.848 14900 0.671 1.7.10? 
1.845 14880 0.672 2.0 
1.842 14860 0.673 1.2.10? 
1.831 14770 0.677 1.3.10? 9.0-10-4 
1.826 14730 0.679 6.4 
1.821 14680 0.681 4.7 
1.818 14660 0.682 8.6.10 
1.815 14640 0.683 3.4 
1.807 14580 0.686 5.5 
1.802 14530 0.688 41 
0.06199 500.0 20.0 3.2 2.9 1.7.10? 1.8.10? 027 024 
0.05904 476.2 21.0 31 2.9 2.1103 2.2.10? 026 4 
0.05636 454.5 22.0 31 29 2.5.10? 2.6.10? 0.26 4 
0.05391 434.8 23.0 3.1 2.9 3.0-10-3 3.1.10? 
0.04592 370.4 27.0 3.0 2.8 6.3.1073 6.4.10-3 0.25 0.22 
0.04428 357.1 28.0 3.0 2.8 7.6.10-3 7.7.10-3 0.25 0.22 
0.04275 344.8 29.0 3.0 2.8 0.0092 0.0093 0.25 0.22 
0.04133 333.3 30.0 3.0 244 0.011 0.011 025 021 
0.03542 285.7 35.0 2.7 2.5 0.037 0.034 0.21 018 
0.03100 250.0 40.0 1.9 17 0.38 1.0 019 018 
0.03061 247.0 40.5 2.0 2.6 0:33 0.95 0.12 025 
0.03024 244.0 41.0 1.7 2.4 0.41 0.46 0.088 0.18 
0.02883 232.6 43.0 1.2 1.3 2.2 0.94 0.50 0.16 
0.02850 229.9 43.5 1.6 1.2 2.8 1.4 0.56 0.29 
0.02818 227.3 44.0 23 1.2 3.3 2.0 0.58 048 
0.02755 222.2 45.0 4.2 2.0 2.5 3.3 050 0.60 
0.02480 200.0 50.0 6.5 4.0 3.6 0.26 062 0.36 
0.02254 181.8 55.0 4.5 3.5 0.17 0.10 040 0.31 
0.02066 166.7 60.0 4.0 3.2 0.089 0.10 036 0.27 
0.01907 153.8 65.0 3.8 3.1 0.097 0.16 034 0.26 


0.01771 142.9 70.0 3.6 3.0 0.19 0.30 032 0.25 
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EleV 
0.01653 
0.01550 
0.01459 
0.01378 
0.01305 
0.01240 
0.01181 
0.01127 
0.01033 
0.009537 
0.008856 
0.007749 
0.006888 
0.006199 


*Indices a and c relate to the radiation electric field parallel to the a and c axes of the crys 


2.056 
2.026 
2.006 
1.990 
1.925 
1.826 
1.810 
1.794 
1.771 
1.715 
1.701 
1.647 
1.629 
1.596 
1.579 
1.562 
1.544 
1.529 
1.512 
1.494 
1.476 
1.378 
1.240 
1.127 
1.051 
1.033 
0.2555 
0.2380 
0.2344 
0.1345 
0.1339 
0.1333 
0.1308 
0.1215 
0.1203 
0.1196 
0.1178 
0.1116 
0.1004 
0.09919 
0.09795 
0.09671 
0.09299 
0.08555 


У /cm-1 


133.3 
125.0 
117.6 
111.1 
105.3 
100.0 
95.24 
90.91 
83.33 
76.92 
71.43 
63.50 
55.55 
50.0 


16580 
16340 
16180 
16050 
15530 
14730 
14600 
14470 
14290 
13830 
13720 
13280 
13140 
12870 
12740 
12590 
12450 
12330 
12200 
12050 
11910 
11110 
10000 
9091 
8475 
8333 
1980 
1919 
1890 
1085 
1080 
1075 
1055 
980 
970 
965 
950 
900 
810 
800 
790 
780 
750 
690 


Мут 
75.0 
80.0 
85.0 
90.0 
95.0 
100.0 
105.0 
110.0 
120.0 
130.0 
140.0 
160.0 
180.0 

200.0 


0.603 
0.612 
0.618 
0.623 
0.644 
0.679 
0.685 
0.691 
0.700 
0.723 
0.729 
0.753 
0.761 
0.777 
0.785 
0.794 
0.803 
0.811 
0.820 
0.830 
0.840 
0.90 
1.00 
1.10 
1.18 
1.20 
5.05 
5.21 
5.29 
9.22 
9.26 
9.30 
9.48 
10.20 
10.31 
10.36 
10.53 
1111 
12.35 
12.50 
12.66 
12.82 
13.33 
14.49 


n, 
3.7 
3.8 
3.6 
3.2 
4.7 
44 
42 
41 
3.9 
3.9 
3.9 
3.8 
3.8 
3.8 


Ис 
3.0 
3.1 
2.9 
2.6 
3.0 
2.7 
3.0 
5.3 
42 
4.0 
3.8 
3.7 
3.7 
3.6 


k, 
0.41 
0.29 
0.20 
0.43 

1.5 
0.22 

0.094 
0.059 
0.034 
0.024 
0.019 
0.014 
0.011 
0.0091 


Vitreous Arsenic Selenide (As,Se;) [Ref. 1] 


3.07 
3.06 
3.05 
3.05 
3.04 
3.03 
3.03 
3.02 
3.01 
2.98 
2.93 
2.90 
2.89 
2.88 


0.12 
0.11 
0.099 
9.0 
5.6 
14 
0.012 
0.0089 
6.2 
2.6 
0.0022 
0.00046 
4.0 
2.7 
1.9 
0.00013 
0.000094 
6.3 
4.2 
2.8 
1.8 


1.6.1077 
9.9.1075 
1.1.1077 
4.4 
3.7 
44 
4.5 
8.9 
9.9.1077 
1.0.1079 
11 
1.8 
4.9 
7.0:10-6 
1.0-107 
1.5 
3.7 
6.9 


К, 
0.44. 
0.40 
0.34 
0.49 

15 
0.81 

3.9 

0.70 
0.13 

0.069 
0.048 

0.032 

0.024 

0.019 


al, respectively. 


0.62 
0.49 
0.39 
0.26 
0.25 
0.78 
0.64 
0.50 
0.38 


R, 
0.34 
0.34 
0.32 
0.28 
0.46 
0.40 
0.38 
0.37 
0.35 
0.35 
0.35 
0.34 
0.34 
0.34 


К, 
0.26 
0.27 
0.24 
0.21 
0.34 
0.25 
0.62 
0.47 
0.38 
0.36 
0.34 
0.33 
0.33 
0.32 
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E/eV V/cm"! A/um n n, n, k k, k. R R, R. 
0.08431 680 14.71 5.9 
0.08059 650 15.38 6.1 
0.07811 630 15.87 6.3 
0.07687 620 16.13 257. 
0.07563 610 16.39 7.8 
0.07439 600 16.67 9,3-10-5 
0.07315 590 16.95 2.8 1.2.1074 0.22 
0.07191 580 17.24 2.8 14 0.32 
0.07067 570 17.54 2.8 1.8 0.37 
0.06943 560 17.86 2.8 2.8 0.50 
0.06633 535 18.69 2.8 5.2 0.73 
0.06571 530 18.87 2.8 7.2.1074 0.22 
0.06509 525 19.05 2.8 1.2.10-3 0.22 
0.06447 520 19.23 2.8 17 0.35 
0.06075 490 20.41 257 4.9 0.71 
0.06024 485.9 20.58 2.7 5.2 0.73 
0.05331 430 23.26 2.7 14 0.31 
0.05269 425 23.53 2.7 1.1.10-3 0.21 
0.05207 420 23.81 2.7 8.5.104 0.21 
0.05145 415 24.10 2.7 7.3 0.84 
0.05083 410 24.39 2.7 8.3 0.87 
0.05021 405 24.69 2.7 9.4.104 0.21 
0.04959 400 25.0 2.7 1.2.10-3 0.21 
0.04862 392.2 25.5 2.6 1.6 0.33 
0.04679 377.4 26.5 2.6 5.0 0.73 
0.04592 370.4 27.0 2.6 8.0-10-3 0.20 
0.04509 363.6 27.5 2.6 1.2.10 0.20 
0.04428 357.1 28.0 2.6 17 0.34 
0.03875 312.5 32.0 2.5 8.2 0.87 
0.03815 307.7 32.5 2.5 9,3-10-3 0.18 
0.03757 303.0 33.0 2.4 0.11 0.17 
0.02988 241.0 41.5 22 0.89 0.20 
0.02952 238.1 42.0 22 1.0 0.22 
0.02725 219.8 45.5 3.2 1.8 0.39 
0.02362 90.5 525 3.6 0.30 0.32 
0.01937 56.2 64.0 3.2 0.10 0.27 
0.01922 55.0 64.5 3.2 9.6.10? 0.27 
0.01907 53.8 65.0 3.2 9.4 0.88 
0.01734 39.9 71.5 3.1 8.7 0.87 
0.01653 33.3 75.0 3.1 9.4 0.88 
0.01642 32.5 75.5 31 0.096 0.26 
0.01494 20.5 83.0 3.0 0.15 0.25 
0.01246 00.5 99.5 32 0.60 0.26 
0.007606 61.35 163.0 3.3 0.12 0.29 
0.006199 50.00 200.0 3.2 
0.004592 37.04 270.0 31 0.072 0.26 
0.002799 22.57 443.0 3.0 4.5 0.67 
0.001826 14.73 679.0 3.0 2.8 0.50 
0.001273 10.27 974.0 3.0 2.1 0.41 
0.0006491 5.236 1910.0 3.0 1.1.10 0.25 
0.0004376 3.530 2833.0 3.0 7.5.10? 0.25 
0.0002903 2.341 4271.0 3.0 5.0 0.71 
0.0001716 1.384 7224.0 3.0 31 0.53 
0.00009047 0.7297 13704. 3.0 1.6.10-3 0.25 
0.00005621 0.4534 22056 3.0 9.9.104 0.25 
0.00002774 0.2237 44699 3.0 5.2 0.72 
0.00001439 0.1161 86153 3.0 2.6 0.47 


Vitreous Arsenic Sulfide (As,S;) - [Ref. 2] 
4.959 40000 0.2500 2.48 1.21 0.27 
3.100 25000 0.40 3.09 0.34 0.27 
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EleV 
2.48 
1.879 
1.240 
0.6199 
0.3100 
0.2480 
0.1736 
0.1240 
0.09299 
0.07439 
0.04959 
0.03757 
0.03100 
0.02480 
0.02066 
0.01771 
0.01550 
0.01378 
0.01240 
0.008183 
0.004029 
0.002418 
0.001984 
0.001048 


0.0001033 
4.129-1072 


4.9 
41 
3.9 
3.5 
3.1 
3.0 
2.755 
2.75 
2.610 
2.5 
2.25 
1.771 
1.512 
1.50 
1.475 
1.47 
1.465 
1.46 
1.459 
1.455 
1.45 
1.445 
1.442 
1.44 
1.43 
1.30 
1.24 
1.20 
1.10 
1.00 
0.90 
0.80 
0.70 


У /cm-1 
20000 
15150 
10000 
5000 
2500 
2000 
1400 
1000 

750 
600 
400.0 
303.0 
250.0 
200.0 
166.7 
142.9 
125.0 
111.1 
100 
66 
32.5 
19.5 
16 
8.45 
0.833 


3.33.10-8 


39520 
33070 
31460 
28230 
25000 
24200 
22220 
22180 
21050 
20160 
18150 
14290 
12200 
12100 
11900 
11860 
11820 
11780 
11760 
11740 
11690 
11650 
11630 
11610 
11530 
10490 
10000 
9679 
8872 
8065 
7259 
6452 
5646 


A/um 
0.4999 
0.66 
1.0 
2.0 
4.0 
5.0 
7.143 
10.00 
13.33 
16.67 
25.0 
33.0 
40.0 
50 
60 
70 
80 
90 
100 
152 
308 
513 
625 
1180 
12000 
3.10! 


0.2530 
0.3024 
0.3179 
0.3542 
0.4000 
0.4133 
0.45 
0.4509 
0.475 
0.4959 
0.5510 
0.70 
0.82 
0.8266 
0.840 
0.8434 
0.8463 
0.8492 
0.850 
0.8521 
0.8551 
0.8580 
0.860 
0.8610 
0.8670 
0.9537 
1.0 
1.033 
1.127 
1.240 
1.378 
1.550 
1.771 


n 
2.83 
2.59 
2.48 
2.43 
241 
241 
2.40 
2.38 
2.35 
2.31 
1.79 
3.59 
2.98 
2.66 
2.64 
2.99 
2.89 
2.84 
2.81 
2.76 
2.74 
2.74 
2.74 
2.73 
2.73 
2.73 


Cadmium Telluride (CdTe) - [Ref. 3] 


2.48 
2.33 
2.57 
2.89 
3.43 
3.37 
3.080 
3.23 
3.045 
3.14 
3.05 
2.861 
2.880 
2.98 
2.905 


2.948 


2.9565 


2.952 
2.9479 
2.9402 
2.8720 

2.840 
2.8353 
2.8050 
2.7793 
2.7537 
2.7384 
2.7223 


0.2 
14 
0.15 
0.11 
0.57 
0.17 
0.14 
0.12 
0.10 
0.072 
0.044 
0.031 
0.025 
8.8.10? 
1.3.10 


2.04 
1.59 
1.90 
1.52 
1.02 
0.861 
0.485 
0.636 


0.525 
0.411 
0.210 
0.040 
0.319 
0.00134 
0.000671 
3.37 
1.89 


1.08.107* 
5.10.1075 
2.73 


1.37 
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E/eV V/cm"! Мут п n, n, k К, К, R R, R. 
0.60 4839 2.066 2.7086 0.21 
0.50 4033 2.480 2.6972 0.21 
0.40 3226 3.100 2.6878 0.21 
0.30 2420 4.133 2.6800 0.21 
0.20 1613 6.199 2.6722 0.21 
0.10 806.5 12.40 2.6535 0.20 
0.09 725.9 13.78 2.6482 0.20 
0.06819 550 18.18 2.623 0.20 
0.0573 462 21.6 3.8-107 
0.05 403.3 24.80 2.5801 0.19 
0.0469 378 26.5 8.0.10-5 
0.04592 370.3 27 9.88.10-5 
0.04133 333.3 30 2.55916 2.86.10 0.19 
0.04092 330 30.30 2.531 3.34 0.57 
0.03720 300 33.33 2.494 4.97 0.73 
0.03647 294.1 34.00 8.93 
0.03596 290 34.48 2.478 5.77-10-3 0.18 
0.03493 281.7 35.5 7.91 
0.03472 280 35.71 2.459 6.76 0.83 
0.03100 250 40 2.378 1.18.10 0.17 
0.02917 235.3 42.5 6.93 
0.02852 230 43.48 2.289 1.87 0.36 
0.02728 220 45.45 2.224 2.47-102 0.14 
0.02604 210 47.62 2.137 3.4.10? 0.13 
0.02480 200 50.00 2.013 4.97.10 0.11 
0.02384 192.3 52.0 6.21 
0.01798 145 68.97 1.8 5.2 0.79 
0.01736 140 71.43 6.778 4.50 0.66 
0.01550 125 80.0 4.598 0.294. 0.41 
0.01364 110 90.91 3.868 9.47.10? 0.35 
0.01240 100 100 3.649 5.68-1072 0.32 
0.009919 80 125 3.415 0.0262 0.30 
0.008679 70 142.9 3.348 0.0189 0.29 
0.007439 60 166.7 3.299 1.39 0.35 
0.006199 50 200 3.263 1.03 0.32 
0.004959 40 250 3.236 7.52.10? 0.28 
0.003720 30 333.3 3.217 0.28 
0.023015 18.563 538.71 3.2096 0.28 
0.001550 12.50 800 6.18 

Gallium Arsenide (GaAs) - [Ref. 4] 
155 0.007999 0.0181 
145 0.008551 0.0203 
130 0.009537 0.0224 
110 0.01127 0.0278 
90 0.01378 0.0323 
70 0.01771 0.0376 
40 0.03100 0.0426 
23 0.05391 1.037 0.228 
7.0 0.1771 1.063 1.838 
6.0 48390 0.2066 1.264 2.472 0.61 
5.00 40330 0.2480 2:273 4.084 0.67 
4.00 32260 0.3100 3.601 1.920 0.42 


3.00 24200 0.4133 4.509 1.948 0.47 


Optical Properties of Selected Inorganic and Organic Solids 


EleV 
2.50 
2.00 
1.80 
1.60 
1.50 
1.40 
1.20 
1.00 
0.80 
0.50 
0.25 
0.15 
0.100 
0.090 
0.070 
0.060 
0.0495 
0.03968 
0.03496 
0.02976 
0.02066 
0.01550 
0.008266 
0.002480 
0.001240 


154.0 
110.0 
100.0 
80.0 
50.0 
27.0 
25.0 
20.0 
15.0 
5.5 
4.68 
3.50 
3.00 
2.78 
2.621 
2.480 
2.18 
2.000 
1.6 
1.240 
0.6888 
0.4769 
0.1907 
0.1550 
0.1240 
0.06199 
0.03100 


У /cm-! 
20160 
16130 
14520 
12900 
12100 
11290 
9679 
8065 
6452 
4033 
2016 
1210 
806.5 
725.9 
564.6 
483.9 
399.2 
320 
282 
240 
166.7 
125 
66.67 
20 
10 


44360 
37750 
28230 
24200 
22420 
21140 
20000 
17580 
16130 
12900 
10000 
5556 
3846 
1538 
1250 
1000 
500 
250 


Мут 
0.4959 
0.6199 
0.8888 
0.7749 
0.8266 
0.8856 
1.033 
1.240 
1.550 
2.480 
4.959 
8.266 
12.40 
13.78 
1771 
20.66 
25.05 
31.25 
35.46 
41.67 
60 
80 
150 
500 
1000 


0.00805 
0.0113 
0.0124 
0.0155 
0.0248 
0.0459 
0.0496 
0.0620 
0.0826 
0.2254 
0.2649 
0.3542 
0.4133 
0.4460 

0.473 
0.500 
0.5687 
0.62 
0.7749 
1.0 
1.8 
2.6 
6.5 
8.0 
10 
20 
40 


n 
4.333 
3.878 
3.785 
3.700 
3.666 

3.6140 
3.4920 
3.4232 
3.3737 
3.3240 
3.2978 
3.2831 
3.2597 
3.2493 
3.2081 
3.1609 
3.058 
2.495 
0.307 
4.57 
3.77 
3.681 
3.62 
3.607 
3.606 


Gallium Phosphide (GaP) - [Ref. 5] 


0.748 
1.543 
4.181 
5.050 
4.081 
3.904 
3.73 
3.590 
3411 
3.3254 
3.209 
3.1192 
3.0439 
3.0271 
2.995 
2.984 
2.964 
2.615 
3.594 


4.93-10-5 
1.64.1075 
2.32.107* 
3.45.10? 
2.07.10? 
2.43.10? 
294-1072 
4.26-107 
3.89.10? 
1.84.10? 
2.14-10? 
1.3.103 


1.7.102 
2.15.10-2 
215-10? 
3.0.10? 
4.7.10? 
9.3.10? 

0.122 
0.180 
0.628 
3.556 
2.634 
0.819 
0.224 
0.103 
6.37.10? 
2.47.10? 
2.8.1077 


4.29-107* 


7.16.10? 
1.81.10? 


c 


0.68 
0.50 
0.46 
0.37 
0.35 
0.33 
0.32 
0.30 
0.29 
0.28 
0.26 
0.26 
0.25 
0.25 
0.25 
0.25 
0.20 
0.32 
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12-148 Optical Properties of Selected Inorganic and Organic Solids 


Е/еУ V/cm"! Мут п n, n, k k, k. R R, R. 
0.02480 200 50 3.461 5.77.10-3 0.30 
0.01727 139.27 71.80 3.3922 4.34.10-3 0.30 
0.01168 94.21 106.1 3.3621 4.26-1073 0.29 
0.006199 50.00 200 3.3447 1.3-10-+ 0.29 
0.004133 33.33 300 3.3413 0.29 
0.001240 10.00 1000 3.3319 0.29 

Indium Antimonide (InSb) - [Ref. 6] 

155 0.007999 4.77-1073 

60 0.02066 7.30-1072 

25 0.04959 115 015 

24 0.05166 1.15 0.18 

15 0.08266 0.97 0.230 

10 0.1240 0.74 0.88 

0.53 2.441 1.307 0.2480 40330 5.00 
0.60 .2.894 1.443 0.2755 36290 4.50 
0.61 3.694 2.632 0.3100 32260 4.00 
0.45 2.280 3.528 0.3712 26940 3.34 
0.45 2.021 3.340 0.4366 22910 2.84 
0.47 1.396 4.909 0.6888 14520 1.80 
0.41 0.643 4.418 0.8266 12100 1.50 
0.36 4.03 2.066 4839 0.6 
0.37 9.1:1072 4.14 5.0 2000 0.2480 
0.39 کا 4.30 6.5 1538 0.1907 
0.38 ?2.7.10 4.18 7.5 1333 0.1653 
0.35 ?2.0.10 3.869 20.00 500 0.06199 
0.25 ?2.6.10 2.98 40.00 250 0.03100 
0.14 0.165 222 50.00 200 0.02480 
0.84 7.59 3.05 55.25 181 0.02244 
0.70 4.20 9.61 56.18 178 0.02207 
0.44 0.140 4.94 60.98 164 0.02033 
0.14 0.423 2.12 117.6 85 0.01054 
0.88 5.59 1.02 222.2 45 0.005579 
0.93 17.9 6.03 666.7 15 0.001860 
.0.94 24.0 10.7 1000 10 0.001240 

Indium Arsenide (InAs) - [Ref. 7] 

25 0.04959 1.139 0.168 
20 0.06199 1.125 0.225 
15 0.08266 0.894. 0.336 
10 0.1240 0.835 1.071 
6 48390 0.2066 1.434 2.112 0.45 
5.0 40330 0.2480 1.524 2.871 0.58 
4.0 32260 0.3100 3.313 1.799 0.39 
3.5 28230 0.3542 3.008 1.754 0.37 
3.0 24200 0.4133 3.197 2.034 0.41 
2.5 20160 0.4959 4.364 1.786 0.45 
2.44 19680 0.5081 4.489 1.446 0.44 
1.86 15000 0.6666 3.889 0.554 0.36 
1.8 14520 0.6888 3.851 0.530 0.35 
1.7 13710 0.7293 3.798 0.493 0.35 
1.6 12900 0.7749 3.755 0.463 0.34 
12 12100 0.8266 3.714 0.432 0.34. 
1.2 9679 1.033 3.613 0.32 
1.0 8065 1.240 3.548 0.31 
0.6 4839 2.066 0.161 

0.35 2823 3.542 3.608 9.58.1073 0.32 
0.32 2581 3.875 3.512 1.23-10-4 0.31 
0.20 1613 6.199 3.427 0.30 
0.1240 1000 10.00 3.402 0.30 
0.06199 500 20.00 3.334 0.29 


0.04959 400 25.00 3.264 0.28 


Optical Properties of Selected Inorganic and Organic Solids 


EleV 
0.04339 
0.03720 
0.03100 
0.02765 
0.02480 
0.01984 
0.01860 
0.01736 
0.01488 
0.01240 
0.009919 
0.007439 
0.004959 
0.002480 
0.001240 


5:5 

5.0 

4.0 

3.0 

2.0 

1.5 

1.25 
1.00 
0.50 

0.30 

0.10 
0.075 
0.060 
0.050 
0.03992 
0.03496 
0.03100 
0.02728 
0.02480 
0.02418 
0.02232 
0.01860 
0.01240 
0.009919 
0.007439 
0.004959 
0.002480 
0.001240 


У /cm-1 
350 
300 
250 
222 
200 
160 
150 
140 
120 
100 

80 
60 
40 
20 
10 


44360 
40330 
32260 
24200 
16130 
12100 
10085 
8068 
4034 
2420 
806.8 
605.1 
484.1 
403.4 
322 
282 
250 
220 
200 
195 
180 
150 
100 
80 
60 
40 
20 
10 


40330 
16130 
13310 
12100 
8065 
6049 
5001 
3871 
3226 
2581 


Мут 
28.57 
33.33 
40.00 
44.84 
50.00 
62.50 
66.67 
71.43 
83.33 
100.0 
125.0 
166.7 
250.0 
500 
1000 


0.06199 
0.08266 
0.1240 
0.2254 
0.2480 
0.3100 
0.4133 
0.6199 
0.8266 
0.9915 
1.239 
2.479 
4.131 
12.39 
16.53 
20.66 
24.79 
31.06 
35.46 
40.00 
45.45 
50.0 
51.28 
55.56 
66.67 
100 
125.0 
166.7 
250.0 
500 
1000.0 


0.08551 
0.1240 
0.2480 
0.6199 
0.7514 
0.8266 

1.240 
1.653 
2.000 
2.583 
3.100 
3.875 


Indium Phosphide (InP) - [Ref. 8] 


0.494 
0.574 
1.154 
2.562 
3.495 
1.730 
1.247 
0.317 
0.203 


1.46.10? 
3.35.10? 
3.57 
0.282 
3.0.10? 
1.3.10? 
8.7.10? 


Lead Selenide (PbSe) - [Ref. 9] 
0.20 
0.50 
152 
2.9 
1.73 
2.64 
1.1 
0.269 
0.770 


0.173 


0.79 
0.61 
0.38 
0.43 
0.32 
0.31 
0.29 
0.28 
0.26 
0.26 
0.25 
0.24 
0.22 
0.17 


0.35 
0.39 
0.35 
0.34 
0.27 
0.27 
0.32 
0.32 
0.31 
0.31 
0.31 
0.31 
0.31 


0.51 
0.46 
0.52 
0.44 


0.42 
0.44 
0.44 
0.44 
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12-150 Optical Properties of Selected Inorganic and Organic Solids 


E/eV V/cm"! Мут п n, n, k k, k. R R, R. 
0.20 1613 6.199 4.82 0.43 
0.1190 960 10.42 4.74 1.20-10:3 0.42 
0.09919 800 12.50 4.72 2.09.10- 0.42 
0.07935 640 15.63 4.68 4.12.10? 0.42 
0.05951 480 20.83 4.59 1.00-10-2 0.41 
0.04959 400 25.00 4.49 1.77.10 0.40 
0.03968 320 31.25 4.31 3.62.1072 0.39 
0.02976 240 41.67 3.89 9.61-1072 0.24 
0.01984 160 62.50 2.34 0.56 0.18 
0.009919 80 125.0 1.73 7.38 0.88 
0.007935 64 156.3 2.91 10.1 0.90 
0.004959 40 250.0 11.2 14.6 0.88 
0.002480 20 500.0 12.6 12.2 
0.001736 14 714.3 14.1 16.6 
0.001240 10 1000 17.4 21.1 


Lead Sulfide (PbS) - [Ref. 10] 


150 0.008266 3.86.10? 

125 0.009919 5.59.10? 

100 0.01240 1.54.10? 

80 0.01550 2.88.10? 

60 0.02066 6.17.10? 

25 0.04959 0.845 0.171 

18.0 0.06888 0.846 0.294 

14.0 0.08856 0.651 0.665 

10.0 0.1240 0.879 1.050 

4.95 39920 0.2505 1.52 2.10 0.43 
4.0 32260 0.3100 1.73 2.83 0.55 
3.00 24200 0.4133 3.88 3.00 0.53 
2.90 23390 0.4275 4.12 2.70 0.51 
2.75 22180 0.4509 4.25 2.33 0.48 
2.55 20570 0.4862 4.35 2.00 0.47 
2.00 16130 0.6199 4.29 1.48 0.43 
1.60 12910 0.7749 4.62 0.94 0.43 
1.24 10000 1.00 4.43 0.597 0.41 
1.03 8333 1. 4.30 0.458 0.39 
0.650 5263 1.9 424 0.318 0.39 
0.496 4000 2.5 4.30 0.235 0.39 
0.400 3226 3.1 4.30 2.27.10? 0.39 
0.3100 2500 4.0 4.16 6.38.1074 0.38 
0.2480 2000 5 4.115 9.25.107* 0.37 
0.1240 1000 10 4.01 6.32.10? 0.36 
0.1033 833.3 12 3.90 1.14-10-2 0.35 
0.08059 650 15.38 3.90 0.35 
0.06819 550 18.18 3.81 0.34 
0.04959 400 25.00 3.53 0.31 
0.03720 300 33.33 2.99 0.25 
0.02480 200.0 50 0.514 1.59 

0.01378 111 90 1.175 8.48 0.94 
0.01240 100.0 100 1.79 10.51 0.94 
0.008856 71.43 140 17.41 17.94. 0.89 
0.006199 50.0 200 16.27 2.20 0.79 
0.003100 25.00 400 12.96 0.495 0.73 
0.001653 13.33 750 12.44 0.228 0.72 
0.001240 10.00 1000 12.35 0.167 0.72 
0.0006199 5.000 2000 12.27 0.0815 0.72 


Lead Telluride (РЬТе) - [Ref. 11] 


150 0.008266 2.37.10? 
125 0.009919 9.71.10? 
100 0.01240 4.39.10? 


75 0.01653 6.43.10? 


Optical Properties of Selected Inorganic and Organic Solids 


EleV 


7.5 

5.0 

3.0 

2.5 

1.5 

1.0 

0.80 
0.60 

0.40 

0.30 

0.20 

0.15 
0.1017 
0.08927 
0.06943 
0.04959 
0.03968 
0.02976 
0.009919 
0.007439 
0.006199 
0.004959 
0.003720 
0.002480 
0.001240 


2000 
1496 
1016 
725 
504 
303 
250 
200 
150 
100 


У /cm-1 


40330 
24200 
20160 
12100 
8065 
6452 
4839 
3226 
2420 
1613 
1210 
820 
720 
560 
400 
320 
240 
80 
60 
50 
40 
30 
20 
10 


40000 
32260 
23810 
16130 
8000 
6452 
4000 
3226 
2500 


Хаш 
0.02480 
0.04133 
0.08266 

0.1240 

0.1653 

0.2480 

0.4133 

0.4959 

0.8266 

1.240 

1.550 

2.066 

3.100 

4.133 

6.199 

8.266 

12.20 

13.89 

17.86 

25.00 

31.25 

41.67 

125.0 

166.7 

200.0 

250.0 

333.3 

500.0 

1000 


6.199. 
8.287. 
1.220. 
1.710. 
2.460. 
4.092. 
4.959. 
6.199. 
8.265. 
1.240- 
1.653. 
2.480. 
4.959. 
6.199. 
8.211. 
9.537. 

0.103 

0.112 


074 
074 
0-3 
0-3 
0-3 
0-3 
0-3 
0-3 
0-3 
0-2 
0-2 
0-2 
0-2 
0-2 
0-2 
0-2 
3 

7 


0.12398 


0.137 
0.177 


5 
1 


0.250 


0.31 
0.42 
0.62 
1.25 
1.55 
2.5 
3.1 
4.0 


Lithium Fluoride (LiF) - [Ref. 12] 


0.9999347 
0.999883 
0.999757 
0.999643 
0.999162 

0.99752 
0.99632 


0.9899 
0.9801 


9.16.10? 

1.37.10? 

3.06.10? 

9.6.10? 
0.23 
1.9 

16.6 
22.5 
272 
34.8 
35.7 
391 
57.8 


4.33-10-9 
1.28.10-5 
5.18.1075 
1.62.10— 
4.96.10-5 
3.12.10 
6.17.1075 
2.12.10? 
3.54.10? 
1.32.10? 
2.63.10? 
7.89.10? 
0.521 
0.58 
0.68 
1.64 
0.11 
8.07.1077 
7.70.1077 


0.61 
0.53 
0.49 
0.53 
0.52 
0.52 
0.51 
0.50 
0.50 
0.48 
0.47 
0.45 
0.40 
0.32 


0.96 
0.96 
0.97 
0.97 
0.95 
0.95 
0.97 


0.10 
0.10 


0.15 
0.08 
0.05 
0.04 


0.03 
0.03 
0.03 
0.03 


0.03 
0.02 
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12-152 Optical Properties of Selected Inorganic and Organic Solids 


E/eV V/cm"! Мут п n, п. k k, k. R R, R. 
0.2480 2000 5.0 1.3266 1.8-10-6 0.02 
0.2000 1613 6.2 1.2912 
0.1698 1370 7.3 1.2499 
0.1494 1205 8.3 1.2036 
0.1240 1000 10.0 1.1005 2.6.10? 

0.1127 909.1 11.0 1.0208 8.0.10? 
0.1033 833.3 12.0 1.9.10? 
0.09537 769.2 13.0 3.7.102 
0.08679 700 14.29 0.508 7.74102 
0.07439 600 16.67 0.124 0.804. 
0.06199 500 20.00 0.306 147 0.68 
0.05579 450 22.22 0.191 1.88 0.85 
0.04959 400 25.00 0.208 2.71 0.91 
0.03720 300 33.33 8.76 3.91 0.68 
0.03100 250 40.00 4.64 0.287 0.42 
0.02480 200 50.00 3.69 0.102 0.33 
0.01240 100.0 100 3.067 0.106 0.26 
0.06199 50.0 200 3.067 4.0.10? 0.26 
0.04959 40.00 250 3.067 2.2.102 0.26 
0.02480 20.00 500 3.067 6.3.10? 
0.01378 11.11 900 3.1.10? 
4.798-10:5 3.870 2584. 3.023 1.19.10? 0.25 
1.464-10:4 1.181 8469 3.023 6.20-10-5 0.25 
4.053-105 0.3269 30590 3.023 2.63-10-“ 0.25 
1.861:107 1.501.10-3 6.662-106 3.018 1.6-107 
3.718:10% 2.999-10-4 3.335.107 3.018 1.6.1075 

Potassium Chloride (KCI) - [Ref. 13] 
2860.3 4.3347.10-* 3.93.10-6 
2855.3 4.3423.107* 3.39.10-6 
2849.3 4.3514-10-5 4.61.10-6 
2835.8 4.3721.10-4 5.85.1056 
2832.3 4.3775.10-4 5.85.10-6 
2829.8 4.3814-10-5 1.57.1079 
2828.3 4.3837.10-4 4.19-1077 
219 5.661.107? 1.82.10? 
215 5.767.10-3 1.84-10-3 
212.5 5.834.10-3 2.19.10-3 
211 5.876.10-3 1.82.10? 
185.1 6.7.10-3 0.99874 1.01.1073 
109.7 1.13:1072 0.99578 4.22.10? 
43 0.02883 0.96 3.0.10 
40 0.03179 0.925 1.8.1107? 
29.9 0.04147 0.756 0.145 
20.1 0.06168 0.910 0.495 
15.1 0.08211 0.965 0.344. 
10.0 0.1240 1.16 0.38 0.035 
9.0 0.1378 1,99 0.50 0.13 
8.0 0.1550 1.15 0.46 0.048 
7.0 0.1771 2.0 8.46.1077 0.11 
6.199 50000 0.20 1.71739 0.070 
4.959 40000 0.25 1.58972 
3.999 32260 0.31 1.54005 
2.952 23810 0.42 1.50701 
2.695 21740 0.46 1.50115 0.040 
2.616 21100 0.474 7.6.1071 
2.384 19230 0.52 1.49501 
2.066 16670 0.60 1.48969 0.039 
1.550 12500 0.80 1.48291 0.038 
1.033 8333 1.2 1.47813 0.037 


0.5166 4167 24 1.47464 0.037 


Optical Properties of Selected Inorganic and Organic Solids 


EleV 
0.2480 
0.2000 
0.1512 
0.09999 
0.07560 
0.04959 
0.03999 
0.02976 
0.02728 
0.02232 
0.01860 
0.01612 
0.01240 
0.008679 
0.006199 
0.001240 
0.0006199 
0.0004133 


2000 
1860 
1609 
1496 
1204 
1093 
1016 
798 
597 
396 
303 
201 
1512 
99.99 
49.59 
40.00 
31.00 
25.00 
20.00 
15.00 
13.00 
11.00 
10.00 
9.00 
7.00 
6.00 
4.9939 
4.1034 
3.0640 
2.5504 
2.4379 
2.27705 
2.1489 
2.1411 
2.1102 
2.1041 
1.9257 
1.8892 
1.8566 
1.7549 
1.4550 


У /cm-1 
2000 
1.613 
1220 
806.5 
609.8 
400.0 
322.6 
240 
220 

180 
150 
130 
100 
70 
50 
10.00 
5.000 
3.333 


48390 
40278.4 
33096.1 
24712.3 
20570.5 
19662.5 
18312.5 
17332.3 
17269.2 
17019.5 
16970.4 
15531.6 
15237.6 
14974.2 
14153.9 
11735.6 


Мут 


5.0 
6.2 
8.2 


12.4 

16.4 
25.0 

31.0 
41.67 
45.45 
55.56 
66.67 
76.92 
100.0 
142.9 
200.0 
1000 
2000 
3000 


6.199. 
6.665: 
7.705. 
8.287- 
1.030- 
1.134- 
1.220- 
1.554- 
2.077. 
3.131. 
4.092. 
6.168. 


074 
074 
074 
074 
0-3 
0-3 
0-3 
0-3 
0-3 
0-3 
0-3 
0-3 


82.10? 
1.24.10? 
2.50.10? 
3.10-10-? 
4.00:10-2 
0.04959 
0.06199 
0.08266 
0.09537 

0.1127 

0.1240 

0.1378 

0.1771 

0.2066 
0.248272 
0.302150 
0.404656 
0.486133 
0.508582 
0.546074 
0.576959 
0.579065 
0.587561 
0.589262 
0.643847 
0.656272 
0.667815 
0.706519 
0.852111 


n 
1.47048 
1.46796 
1.46260 
1.44611 
1.42295 
1.34059 

1.2431 
0.85 
0.53 
0.31 
0.44 

41 
2.7 
24 
2.2 


Silicon Dioxide (Glass) - [Ref. 14] 


0.99993 
0.9999] 
0.99989 
0.99987 
0.99980 
0.99975 
0.99971 
0.99954 
0.99917 
0.99812 
0.99678 
0.99269 
0.9871 
0.9813 
0.9164 
0.907 
0.851 
0.733 
0.859 
1.168 
1.368 
1.739 
2.330 
1.904 
1.600 
1.543 
1.50841 
1.48719 
1.46961 
1.46313 
1.46187 
1.46008 
1.45885 
1.45877 
1.45847 
1.45841 
1.45671 
1.45637 
1.45608 
1.45515 
1.45248 


6.57.1074 


0.16 
0.35 
1.05 
4.0 
0.32 
0.11 
9.2.1072 


9.0.10? 
3.7.10? 
2.0.10? 


1.503.107? 
1.936.107? 
9.941.10-6 
1.308.10-5 
2.916.105 
4.155.105 
5.423.105 
1.289.107 
3.560-10- 
4.04-107* 
9,91.10-4 
3.63.10? 
7.3.10? 
7.0110? 
6.5.10? 
9.2.1072 
0.156 
0.325 
0.585 
0.711 
0.747 
0.569 
0.323 
1.89.1072 


0.37 
0.21 
0.17 
0.14 


0.10 
0.11 
0.11 
0.17 
0.097 
0.053 
0.046 
0.041 
0.038 
0.036 
0.035 
0.035 
0.035 
0.035 
0.035 
0.035 
0.035 
0.035 
0.035 
0.034 
0.034 
0.034 
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E/eV V/cm"! Мут п n, n, k k, k. R R, R. 
1.0985 8860.06 1.12866 1.44888 0.034 
0.60243 4858.9 2.0581 1.43722 0.032 
0.35354 2851.4 3.5070 1.40568 0.028 
0.2976 2400 4.176 1.383 1.07.10 0.026 
0.2728 2200 4.545 1.365 2.56.10 0.024 
0.2480 2000 5.000 1.342 3.98.10-3 0.021 
0.2232 1800 5.556 1.306 5.63.10-3 
0.1984 1600 6.250 1.239 6.52.10-3 
0.1736 1400 7.143 1.053 1.06-10-2 
0.1674 1350 7.407 0.9488 1.48.10-2 
0.1612 1300 7.692 0.7719 3.72.1072 
0.1500 1210 8.265 0.4530 0.704 0.30 
0.1401 1130 8.850 0.3563 1.53 0.66 
0.1302 1050 9.524 2.760 1.65 0.35 
0.1209 975 10.26 2.448 0.231 0.18 
0.1091 880 11.36 1.784 7.75-10-2 0.079 
0.09919 800 12.50 1.753 0.343 0.089 
0.08989 725 13.79 1.698 0.175 0.071 
0.06943 560 17.86 1.337 0.298 0.036 
0.06199 500 20.00 0.6616 0.882 
0.04959 400 25.0 2.739 0.397 0.23 
0.03720 300 33.33 2.210 6.7-1072 0.14 
0.01240 100 100.0 1.967 1.59.1072 0.11 
0.007439 60 166.7 1.959 8.62.10? 0.11 
0.002480 20 500.0 1.955 7.96-10-3 0.10 


Silicon Monoxide (Noncrystalline) - [Ref. 15] 


25 0.04959 0.8690 0.2717 

20 0.06199 0.8853 0.4919 

17.5 0.07085 0.9825 0.5961 

15 0.08266 1132 0.6651 0.092 
12.5 0.09919 1.283 0.6523 0.090 
10 0.1240 1.378 0.6843 0.10 

7.5 0.1653 1.593 0.7473 0.12 

5 40330 0.2480 2.001 0.6052 0.15 

4 32260 0.3100 2.141 0.4006 0.15 

3 24200 0.4133 2.116 0.1211 0.13 

2.8 22580 0.4428 2.085 0.08374 0.12 

2.6 20970 0.4769 2.053 0.05544 0.12 

2.4 19360 0.5166 2.021 0.03533 0.11 

2.2 17740 0.5636 1.994 0.02153 0.11 

2 16130 0.6199 1.969 0.01175 0.11 

1.8 14520 0.6888 1.948 0.00523 0.10 

1.6 12900 0.7749 1.929 0.00151 0.10 

1.240 10000 1.000 .87 0.092 
0.6199 5000 2.000 84 0.087 
0.3100 2500 4.000 80 0.082 
0.2480 2000 5.000 175 0.074 
0.2066 1667 6.000 70 0.067 
0.1771 1492 7.000 .60 0.053 
0.1653 1333 7.500 42 

0.1459 1176 8.500 0.90 0.18 

0.1305 1053 9.500 20 120 0.024 
0.1240 1000 10.00 2.00 1.38 0.27 

0.1181 952.4 10.50 2.85 0.90 0.27 

0.1153 930.2 10.75 2.86 0.58 0.25 

0.1127 909.1 11.00 2.82 0.40 0.24 
0.1078 869.6 11.50 2.50 0.20 0.19 

0.1033 833.3 12.00 2.13 0.14 0.13 

0.09537 769.2 13.00 2.04 0.20 0.12 


0.08856 714.3 14.00 2.01 0.30 0.12 


Optical Properties of Selected Inorganic and Organic Solids 


EleV 


У /cm-1 


96790 
88720 
84690 
80650 
76620 
72590 
64520 
56460 
48390 
40330 
38310 
36290 
32260 
28230 
24200 
20160 
16130 
12100 
8065 


48390 
40330 
23810 
20000 
17860 
16130 
14290 
13510 
12500 
10000 
8333 
5556 
4000 


Мут 


0.05166 
0.05391 
0.05636 
0.05904 
0.06199 
0.06526 
0.06888 
0.07293 
0.07749 
0.08266 
0.08856 
0.09537 
0.1033 
0.1127 
0.1181 
0.1240 
0.1305 
0.1378 
0.1550 
0.1771 
0.2066 
0.2480 
0.2610 
0.2755 
0.3100 
0.3542 
0.4133 
0.4959 
0.6199 
0.8266 
1.240 


5.918.10-3 
6.019.10-3 
6.107.10-3 
6.199.10-3 
0.04769 
0.04959 
0.05636 
0.06199 
0.06888 
0.07700 
0.08856 
0.1033 
0.1240 
0.1550 
0.2066 
0.2480 
0.42 
0.50 
0.56 
0.62 
0.70 
0.74 
0.80 
1.00 
1.2 
1.8 
2.5 


п n, п k 
Noncrystalline Silicon Nitride (Si,N,) - [Ref. 16] 

0.655 0.420 
0.625 0.481 
0.611 0.560 
0.617 0.647 
0.635 0.743 
0.676 0.841 
0.735 0.936 
0.810 1.03 
0.902 111 
1.001 1.18 
1111 1.26 
1.247 1.35 
1.417 1.43 
1.657 1.52 
1.827 1.53 
2.000 1.49 
2.162 144 
2.326 1.32 
2.651 0.962 
2.752 0.493 
2.541 0.102 
2.278 4.9.1073 
2.234 1.24075 
2.198 2.2.107* 
2.141 

2.099 

2.066 

2.041 

2.022 

2.008 

1.998 


Sodium Chloride (NaCl) - [Ref. 17] 


0.83 
0.83 
0.83 
0.88 
0.89 
0.74 
0.98 
1.22 
1.55 
1.38 
1.75 
1.65 
1.56324 
1.55157 
1.54613 
1.54228 
1.53865 
1.53728 
1.53560 
1.53200 
1.53000 
1.52712 
1.52531 


2.54.10? 
2.62.10? 
2.08.10? 
1.92.10? 
0.15 
0.18 
0.31 
0.34 
0.33 
0.45 
0.89 
0.79 
0.71 
1.10 


k 


a 


0.015 
0.018 
0.057 
0.036 
0.033 
0.084 
0.17 
0.12 
0.12 
0.20 
0.074 
0.060 
0.048 
0.047 
0.046 
0.045 
0.045 
0.045 
0.045 
0.044 
0.044 
0.043 
0.043 
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12-156 Optical Properties of Selected Inorganic and Organic Solids 


E/eV V/cm"! Мут п n, n, k k, k. R R, R. 
0.4000 3226 3.1 1.52395 0.043 
0.3263 2632 3.8 1.52226 (1.8+0.2) 0.043 

107? 

0.2952 2381 4.2 1.52121 0.043 
0.2755 2222 4.5 1.52036 0.043 
0.2480 2000 5.0 1.51883 0.042 
0.1240 1000 10.0 1.49473 0.039 
0.1033 833.3 12.0 1.48000 0.037 
0.08856 714.3 14.0 1.46188 0.035 
0.07749 625.0 16.0 1.4399 0.033 
0.06888 555.5 18.0 1.41364 0.029 
0.06199 500.0 20.0 1.3822 0.026 
0.04959 400 25.0 1.27 3.5.10? 0.014 
0.04215 340 29.41 1.12 1.7.10 0.0032 
0.03720 300 33.33 0.85 0.85 0.18 
0.03410 275 36.36 0.59 0.22 0.084 
0.03286 265 37.74 0.42 0.50 0.26 
0.03224 260 38.46 0.45 0.45 0.22 
0.02480 200 50.00 0.14 1.99 0.89 
0.02108 170 58.82 1.35 6.03 0.87 
0.01984 160 62.50 6.92 2.14 0.59 
0.01922 155 64.52 5.50 0.87 0.49 
0.01860 150 66.67 4.52 0.380 0.41 
0.01736 140 71.43 3.72 0.219 0.33 
0.01612 130 76.92 3.31 0.135 0.29 
0.01488 120 83.33 3.02 0.110 0.25 
0.01240 100 100.0 2.74 0.087 0.22 
0.009919 80 125.0 2.57 0.077 0.19 
0.07439 60 166.7 2.48 0.055 0.18 
0.04959 40 250.00 2.44 0.041 0.18 
0.002480 20 500.0 2.43 0.024 0.17 
0.001240 10 1000 2.43 0.006 0.17 
0.001033 8.333 1200 8.8.10? 

0.0006888 5.556 1800 5.4.10? 

0.0006199 5.000 2000 2.43 0.17 
0.0004959 4.000 2500 4410-3 

0.0004797 3.869 2584. 2.43 2.1.10? 0.17 
0.0003875 3.125 3200 3.3.10? 

0.0001464 1.181 8469 2.43 5.8104 0.17 
0.00004053 0.3269 30590 2.43 2.5.10 

Cubic Zinc Sulfide (ZnS) - [Ref. 18] 

2000 6.199.107 0.999904 1.76.1075 

1204 1.030-10? 0.999777 1.00-10-4 

1016 1.220.10-3 0.999838 3.61.10-5 

901 1.376-10-3 0.999647 5.42.1055 

798 1.554.10-3 0.999520 8.28.10-5 

707 1.754-10? 0.999372 1.25.10 

597 2.077-10:3 0.999160 2.19-10-5 

377 9.50-1073 0.99789 9,50-10-4 

201 6.168.10-3 0.99553 4.82.10-3 

100 1.240-10-2 0.99061 1.17.10-2 

61.99 2.000-10-2 0.964 3.32-1072 6.2.1074 
41.33 3.000-10-2 0.941 5.10-1072 

31.00 4.000-1072 0.847 9.95.10-2 

24.80 5.000.10-2 0.796 0.171 2.2.102 
17.71 7.000-10-2 0.747 0.431 7.7-10-2 
13.78 9.000-10-2 0.758 0.824 0.20 
12.40 0.1000 0.862 0.876 0.19 
9.919 0.125 1.02 1.36 0.31 


8.266 0.150 141 147 0.29 
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EleV 
6.199 
6.00 
4.00 
3.00 
2.50 
2.30 
2.00 
1.75 
1.55 
1.40 
1.240 
1.00 
0.80 
0.6199 
0.45 
0.30 
0.20 
0.1550 
0.1240 
0.100 
0.09 
0.07999 
0.07 
0.06075 
0.05 
0.03546 
0.03472 
0.02480 
0.01240 
0.004955 
0.004339 
0.003720 
0.003100 
0.002480 
0.001860 


4.960 
4.769 
4.593 
4.426 
4.2776 
4.133 
4.000 
3.875 
3.758 
3.647 
3.543 
3.444 
3.351 
2:255 
2.067 
1.378 
1.305 
1.078 
1.033 
0.9920 
0.9538 
0.9185 
0.8857 
0.8552 


У /cm-1 


48390 
32260 
24200 
20160 
18550 
16130 
14110 
12500 
11290 
10000 
8065 
6452 
5000 
3629 
2420 
1613 
1250 
1000 
806.5 
725.9 
645.2 
564.6 
490 
403.3 
286 
280 
200 
100 
40 
35 
30 
25 
20 
15 


40000 
38462 
37037 
35714 
34483 
33333 
32258 
31250 
30303 
29412 
28571 
27778 
27027 
18182 
16667 
11111 
10526 
8696 
8333 
8000 
7692. 
7407 
7143 
6897 


Мут 
0.200 
0.2066 
0.3100 
0.4133 
0.4959 
0.5391 
0.6199 
0.7085 
0.7999 
0.8856 
1.000 
1.240 
1.550 
2.000 
2.755 
4.133 
6.199 
8.0 
10.00 
12.4 
13.78 
15.5 
17.71 
20.41 
24.80 
34.97 
35.71 
50.00 
100.0 
250.0 
285.7 
333.3 
400.0 
500.0 
666.7 


0.250 
0.260 
0.270 
0.280 
0.290 
0.300 
0.310 
0.320 
0.330 
0.340 
0.350 
0.360 
0.370 
0.550 
0.600 
0.900 
0.950 
1.150 
1.200 
1.250 
1.300 
1.350 
1.400 
1.450 


п 
2.32 
2.24 
2.70 
2.54 
2.42 

2.3950 

2.3576 

2.3319 

2.3146 

2.3033 

2.2907 

2.2795 

2.2706 

2.2631 

2.2587 

2.2529 

2.2443 

2.2213 

2.1986 

2.1969 

2.1793 

2.1518 

2.1040 
2.03 

1.6866 
3.29 
9.54 
3.48 
3.06 

2.903 
2.899 
2.896 
2.894 
2.892 
2.890 


Polytetrafluoroethylene (Teflon) - [Ref. 19] 


3.50.10 


3.02-10-6 


6.2-10-9 
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EleV V/cm"! Мит п n, n 
0.8267 6667 1.500 
0.8000 6452 1.550 
0.7750 6250 1.600 
0.7515 6061 1.650 
0.7294 5882 1.700 
0.7086 5714 1.750 
0.6889 5556 1.800 
0.6703 5405 1.850 
0.6526 5263 1.900 
0.6359 51282 1.950 
0.6200 5000 2.000 
0.6049 4878 2.050 
0.5905 4762 2.100 
0.5767 4651 2.150 
0.5636 4545 2.200 
0.5511 44444 2.250 
0.5487 44247 2.260 
0.5439 4386 2.280 
0.5415 4367 2.290 
0.5368 4329 2.310 
0.5345 4310 2.320 
0.5322 4292 2.330 
0.5299 4274. 2.340 
0.5277 4255 2.350 
0.5232 4219 2.370 
0.5188 4184. 2.390 
0.5167 4167 2.400 
0.5061 4082 2.450 
0.4960 4000 2.500 
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FERMI ENERGY AND RELATED PROPERTIES OF METALS 


Lev. I. Berger 


In the classical Drude theory of metals, the Maxwell-Boltz- 
mann velocity distribution of electrons is used. It states that 
the number of electrons per unit volume with velocities in the 
range of dv about any magnitude у at temperature 7 15 


T m ту? \ 
a (v )dv = d 
Lo (zz je zs 5 


where л is the total number of conduction electrons in a unit 
volume of a metal, m is the free electron mass, and Ку is the 
Boltzmann constant. In an attempt to explain a substantial dis- 
crepancy between the experimental data on the specific heat of 
metals and the values calculated on the basis of the Drude 
model, Sommerfeld suggested a model of the metal in which 
the Pauli exclusion principle is applied to free electrons. In this 
case, the Maxwell-Boltzmann distribution is replaced by the 
Fermi-Dirac distribution: 


РЕЛЕ : 221 J i |‏ = 7(07)/ر 


Here й is the Planck constant and T, is a characteristic temper- 
ature which is determined by the normalization condition 


)9-9( حم 


The magnitude of Т, is quite high; usually, T, > 10* K. So, at 
common temperatures (T « 10? K), the free electron density of 
a metal is much smaller than in the case of the Maxwell-Boltz- 
mann distribution. This allows us to explain why the experi- 
mental data on specific heat for metals are close to those for 
insulators. 

The maximum kinetic energy the electrons of a metal may 
possess at T = 0 K is called the Fermi energy, e.g., 


where Ку is the Fermi momentum or the Fermi wave vector 
ke = Gren)" 
eis the electron charge, апа тв is the Bohr radius 
rg = filme? = 0.529 · 1079 m 


Another, more common expression for the Fermi energy is 


Ев = туў 


where v; = ЁКу/ т is the Fermi velocity which can be expressed 
using the concept of the electron radius, r,. It is equal to radius 
of a sphere occupied by one free electron. If the total volume of 
a metal sample is V and the number of conduction electrons in 
this volume is N, then the volume per electron is equal to 


1 4 
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and 
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The following table contains information pertinent to the Som- 
merfeld model for some metals. The magnitudes of T, are calcu- 
lated using the expression 


n 4 
T, = Бе _ 58210 


kg (rs / тв y 


Ground State Properties of the Electron Gas in Some Metals 


Metal Valency 1/1078 m^? r,/pm rslrg E,/eV Т,/10* K Кү/1079 m~! ур/106 m s! 
Li 1 4.70 172 3.25 4.74 5.51 1.12 1.29 
Мар 1 2.65 208 3.93 3.24 3.77 0.92 1.07 
Kb 1 1.40 257 4.86 2:12 2.46 0.75 0.86 
Rb^ 1 1.15 275 5.20 1.85 2.15 0.70 0.81 
Се? 1 0.91 298 5.62 1.59 1.84 0.65 0.75 
Cu 1 8.47 141 2.67 7.00 8.16 1.36 1.57 
Ар 1 5.86 160 3.02 5.49 6.38 1.20 1.39 
Ац 1 5.90 159 3.01 5.53 6.42 1.21 1.40 
Be 2 24.7 99 1.87 14.3 16.6 1.94 2.25 
Mg 2 8.61 141 2.66 7.08 8.23 1.36 1.58 
Ca 2 4.61 173 3.27 4.69 5.44 1.11 1.28 
Sr 2 3.55 189 3.57 3.93 4.57 1.02 1.18 
Ba 2 3.15 196 3.71 3.64 4.23 0.98 1.13 
Nb 1 5.56 163 3.07 5.32 6.18 1.18 1.37 
Fe 2 17.0 112 2.12 11.1 13.0 1.71 1.98 
Mn* 2 16.5 113 2.14 10.9 12.7 1.70 1.96 
Zn 2 13.2 122 2.30 9.47 11.0 1.58 1.83 
са 2 9.27 137 2.59 7.47 8.68 1.40 1.62 
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12-210 Fermi Energy and Related Properties of Metals 


Metal Valency 1/1078 m^? r,/pm YslTg E,/eV T,/10* K К,/1019 юуг! ур/106 m s! 
Hg 2 8.65 140 2.65 7.13 8.29 .37 1.58 
А1 3 18.1 110 2.07 17 13.6 9, 2.03 
Са 3 15.4 116 2.19 0.4 12.1 .66 1.92 
In 3 11.5 127 241 8.63 10.0 51 1.74 
т 3 10.5 131 2.48 8.15 9.46 46 1.69 
5п 4 148 117 2.22 0.2 11.8 64 1.90 
Pb 4 13.2 122 2.30 9.47 11.0 .58 1.83 
Ві 5 14.1 119 2.25 9.90 11.5 .61 1.87 
Sb 5 16.5 113 2.14 0.9 12.7 70 1.96 
8 At 78 K. 
b АЕБ К. 
° a-phase. 


The data in the table are for atmospheric pressure and room temperature unless otherwise noted. 
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1. Drude, Р, Ann. Physik, 1, 566, 1900; ibid., 3, 369, 1900. hart and Winston, 1976. 


2. Sommerfeld, A. and Bethe, H., Handbuch der Physik, Chapter 3, 
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ELECTRON INELASTIC MEAN FREE PATHS 


Cedric J. Powell 


The inelastic mean free path (ІМЕР) of electrons is defined as 
the average of distances, measured along the trajectories, that 
electrons with a given energy travel between inelastic collisions 
in the substance. It is an important parameter in analyzing results 
from surface-characterization techniques such as Auger electron 
spectroscopy, x-ray photoelectron spectroscopy, low-energy elec- 
tron diffraction, and others. IMFPs can be measured by the elas- 
tic-peak electron spectroscopy technique and other methods, and 
they can be calculated from optical data. A detailed analysis of the 
experimental and theoretical considerations in obtaining reliable 
ІМРЕ values can be found in reference 4. 

The table below gives recommended IMFP values for several 
elements, simple inorganic compounds, and organic materials. 
Values are given in Ångström units (1 А = 1079 m) for a range of 


electron energies. Substances are given in alphabetical order by 
name, with elements and inorganic compounds listed before the 
organic materials. 
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Electron Inelastic Mean Free Path in А 


Electron Energy in eV 
Substance Formula 50 100 150 200 300 400 600 800 1000 1200 1400 1600 1800 2000 Ref. 
Aluminum Al 3.5 4.6 5.7 6.8 89 109 145 180 213 246 278 310 341 372 5 
Bismuth Bi 4.9 5.5 6.3 72 88 106 140 172 202 232 261 289 316 344 1 
Carbon C 5.9 6.4 7.5 88 112 137 184 228 270 311 352 391 430 468 1 
Chromium Cr 44 4.3 5.0 5.7 7.2 86 114 140 166 1931 216 240 263 286 1 
Copper Cu 5.2 5.0 5.4 6.0 7.3 86 113 13.9 165 189 213 237 260 283 4 
Gallium phosphide GaP 5.6 6.5 7.8 90 114 137 181 223 263 302 341 378 415 452 2 
Gold Ац 6.3 4.7 4.7 51 61 7.2 95 117 138 158 178 197 216 234 4 
Hafnium Hf 5.8 6.2 7.1 80 102 120 156 190 222 253 284 314 344 373 1 
Indium phosphide InP 48 4.9 5.6 6.4 8.1 97 128 157 187 214 242 268 294 32.0 2 
Iridium Ir 5.3 4.3 47 5.2 6.4 7.5 97 118 138 157 176 194 212 229 1 
Iron Fe 4.3 4.4 5.1 5.8 722 85 112 137 162 186 209 232 255 277 1 
Lead(II) sulfide PbS 4.8 5.6 6.7 7.8 100 121 161 198 236 271 306 339 372 405 2 
Lead(II) telluride PbTe 4.3 5.5 6.6 7,7 9.8 119 158 196 234 269 303 337 370 402 2 
Magnesium Mg 4.0 5.4 6.8 82 107 130 175 217 259 299 339 377 416 453 1 
Molybdenum Mo 5.1 4.5 5.0 5.6 УТ 85 113 140 165 189 212 23.5 258 28.0 1 
Nickel Ni 4.9 4.5 4.9 54 6.5 77 101 124 146 167 188 208 228 247 4 
Niobium Nb 6.0 6.0 6.7 7.7 97 117 156 192 226 259 291 323 353 4 1 
Osmium Os 5.5 4.3 4.5 5.0 6.0 7.1 91 111 129 147 164 181 198 215 1 
Palladium Pd 4.8 4.8 5.4 62 7.8 94 125 154 182 209 235 260 284 30.9 1 
Platinum Pt 5.0 4.2 4.5 4.9 6.0 7.1 92 112 131 149 167 185 202 219 1 
Potassium chloride Ка 7.5 7.8 93 109 142 173 232 287 340 392 442 491 540 588 2 
Rhenium Re 5.2 3.8 3.9 4.3 5.1 6.0 7.7 94 109 125 140 154 169 18.3 1 
Rhodium Rh 4.8 4.1 4.5 5.0 6.1 7.3 97 120 141 162 182 201 220 23.9 1 
Ruthenium Ru 4.9 4.2 4.6 5.2 6.5 78 104 128 151 174 195 216 237 257 1 
Silicon Si 4.1 5.3 6.5 78 103 125 166 206 244 282 318 354 390 425 1 
Silicon carbide SiC 4.7 4.9 5.8 6.8 87 105 139 171 203 233 263 292 321 350 2 
Silicon dioxide (vitreous) SiO, 8.0 7.7 88 100 126 152 200 247 293 337 380 422 464 505 2 
Silver Ag 6.4 4.7 4.8 5.2 6.4 77 102 126 149 172 193 214 23.5 255 4 
Tantalum Ta 4.8 4.5 5.0 5.5 6.8 8&0 104 127 148 169 190 210 229 249 1 
Titanium Ti 4.5 5.1 6.2 7.3 95 116 156 195 232 268 302 336 2369 402 1 
Tungsten W 5.0 4.1 4.5 5.0 6.1 7.3 94 114 134 15.2 171 18.9 20.6 22.4 1 
Vanadium У 42 4.9 5.9 6.8 88 107 143 177 210 243 274 305 335 4 1 
Yttrium Y 5.0 5.5 6.4 7.5 9.8 119 160 198 234 27.0 304 338 371 404 1 
Zinc sulfide ZnS 5.8 6.5 Aya 89 113 136 179 220 260 298 336 373 409 445 2 
Zirconium Zr 44 4.8 5.7 6.6 86 105 141 175 207 238 269 299 328 357 1 
Adenine C.H,N, 6.4 6.6 7.8 92 118 144 192 241 286 331 374 416 45.8 499 3 
Bovine plasma albumin 7.3 7.2 8.5 99 127 154 207 258 308 356 402 448 494 53.8 Б] 
В-Сагоѓепе С.Н, 64 7.0 85 100 130 159 214 269 320 370 419 466 513 40 3 
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Electron Inelastic Mean Free Paths 12-113 


Substance Formula 50 100 150 200 300 400 600 800 1000 1200 1400 1600 1800 2000 Ref. 

Deoxyribonucleic acid 

(DNA) 7.3 7.3 8.5 98 126 15.4 207 259 308 356 403 449 494 538 3 
1,6-Diphenyl-1,3,5- 

hexatriene CH, 6.4 7.0 8.4 99 129 158 213 267 318 368 417 464 511 55.7 3 
Guanine САМО 6.2 6.2 7.2 84 108 131 175 218 259 299 338 376 414 451 3 
Hexacosane СН, 7.0 7.6 92 109 141 172 232 292 347 401 454 506 557 607 3 
Kapton 7.0 6.8 7.9 92 117 142 190 237 282 325 367 409 449 490 3 
Polyacetylene 5.3 5.7 6.8 79 102 125 169 211 251 290 328 365 402 438 3 
Poly(butene-1-sulfone) 74 7.2 8.5 99 127 15.4 207 258 306 353 399 444 488 532 3 
Polyethylene 6.9 7.2 86 101 130 159 214 268 318 368 416 463 510 556 3 
Poly(methyl methacrylate) 7.8 7.9 93 108 139 169 227 28.3 337 38.8 439 489 53.8 586 3 
Polystyrene 6.9 7.3 87 102 13.2 161 216 271 322 372 421 469 516 562 3 
Poly(2-vinylpyridine) 6.9 7.3 87 103 133 162 218 273 325 375 424 473 520 567 3 


SELECTED PROPERTIES OF SEMICONDUCTOR SOLID SOLUTIONS 


Alloy system 


SiGe,. 


Common Атоп 
Al Ga, М 
Al Ga, P 
AlIn, P 
Al Са, As 


Al In, As 
Al Ga, „Sb 
Al In, „Sb 
Ga In, М 
Ga In, P 
Са In, As 
Са Га, „Sb 


Соттоп Сапоп 
GaN_As, . 
GaP As, . 
GaP As, . 


GaAs Sb, . 
InP As, . 


Common Anion 

Zn Cd, 5 

Zn На 5 

Cd Не, 5 

Zn Са, Se 
Zn Не, Se 
Cd Hg, Se 
Zn Са, „Те 
Zn На, Ле 
Cd Не, Te 


Соттоп Сапоп 
ZnS Se, , 
ZnS Te, . 
ZnSe Te, , 
CdS Se, . 
CdS Te, , 
CdSe,Te, . 
HgS Se, . 
HgS Te, . 
Небе Te, , 


(ZnS) (AIP), . 

(ZnSe) (GaAs), . 
(CdTe) (InAs), . 
(CdTe) (AISb), „ 
(HgTe) (InAs), . 
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L.I. Berger 


Limits of solubility Energy gap in eV (300 K) 


Adamantine Semiconductors IV-IV 
0.8941+0.0421Х+0.1691Х2 
0<х<1 0.7596+1.0860х+0.3306х2 


Адатап пе Semiconductors III-V/III-V 


0<х<1 
0<х<0.5 2.28+0.16х 
0<х<0.44 at Г: 134+2.23%; at X: 2.24+0.18х 
0<х<0.5 1.42-0.75х [Ке 3]; 1.424+1.429х-0.14х2 
[Ref.4] 
0<х<1 at Г: 0.37+1.91х+0.74х2; at X: 1.847 
0<х<<1 0.7341.10x40.47x? 
0<х<1 
0<х<1 1.950+1.487х-1.000х(1-х) 
0<х<1 
0<х<1 0.360+0.629x+0.436x2 
0<х<1 0.23540.1653x40.413x? 
0<х<0.05 1.42-9.9х 
0<х<1 2.270-0.846x 
0<х<0.05 1.515-1.172х-0.186х2 


1.971540.144x40.211x? 
0<х<0.45, 0.6<х<1 1.43-1.9х+1.2х? 
0<х<1 0.356+0.675x+0.32x 


Adamantine Binary Semiconductors II-VI/II-VI [Ref. 3 and 6] 


0<х<1 
0<х<1 
0<х<1 
0.7<х<1 
0<х<1 
0<х<0.7 and 0.75xx*«1 
0<х<1 
0<х<1 
0<х<1 


0<х<1 
0<х<0.1 апа 0.9<х*<1 

0<х<1 

0<х<1 
0<х<0.25 апа 0.8<х*<1 
0<х<0.4 апа 0.6<х*<1 

0<х<1 

0<х<1 

0<х<1 


Quaternary Adamantine Semiconductors II-VI/III-V [Ref. 6] 
0.99<х<1 
0<х<1 
0<х<0.2 and 0.7<х<1 
0<х<1 
0<х<1 


Remarks, references 


Transition Г - X [Ref.1] 
Trans. Г - L [Ref. 1] 


Wurtzite Structure [Ref. 2 & 3] 
Ref. 2] 
Ref. 2] 


Ref. 2 and 6] 

Trans. Г, - Г, [Ref. 2] 
Ref. 6 
Wurtzite [Ref. 8 and 10] 
Ref. 2 
Ref. 5 
Ref. 2, see also Ref. 9] 


Ref. 2 
Ref. 2 


(at 2K, Г-Г) [Ref. 7] 
Ref. 2 


Ref. 5 
Ref. 2 


Wurtzite Structure 


Wurtzite Structure at х<0.6 


x*- Wurtzite Structure 


x*- Wurtzite Structure 


Wurtzite Structure 
x*- Wurtzite Structure 
x*- Wurtzite Structure 
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Alloy system Limits of solubility Energy gap in eV (300 K) Remarks, references 


Quaternary Adamantine Semiconductors HI-HI -V,- Viy 
Ga, In, As P., 0<х<1,0<х<1 1.35+0.668x- 1.068y+0.758x?+0.078y"- [Ref. 2 and 6] 
0.069ху-0.322х2у+0.03ху? 


Quaternary Adamantine Semiconductors III, -II -I -V 
Al Ga In Sb 0<x<1, 0<y<1 0.095+1.76х+0.28у+0.345(х2+у2)+0.085( [КеЁ 2 and 6] 
xy Ту 
1-х-у) +xy (1-x-y)(23-28y) 
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NOMENCLATURE FOR ORGANIC POLYMERS 


Robert B. Fox and Edward S. Wilks 


Organic polymers have traditionally been named on the basis of 
the monomer used, a hypothetical monomer, or a semi-systematic 
structure. Alternatively, they may be named in the same way as 
organic compounds, i.e., on the basis of a structure as drawn. The 
former method, often called "source-based nomenclature" or 
"monomer-based nomenclature”, sometimes results in ambiguity 
and multiple names for a single material. The latter method, 
termed "structure-based nomenclature, generates a sometimes 
cumbersome unique name for a given polymer, independent of its 
source. Within their limitations, both types of names are accept- 
able and well-documented.! The use of stereochemical descrip- 
tors with both types of polymer nomenclature has been 
published.” 


Traditional Polymer Names 


Monomer-Based Names 


“Polystyrene” is the name of a homopolymer made from the 
single monomer styrene. When the name of a monomer com- 
prises two or more words, the name should be enclosed in paren- 
theses, as in “poly(methyl methacrylate)” or  "poly(4- 
bromostyrene)” to identify the monomer more clearly. This 
method can result in several names for a given polymer: thus, 
“poly(ethylene glycol)’, “poly(ethylene oxide)’, and “poly(oxirane)” 
describe the same polymer. Sometimes, the name of a hypotheti- 
cal monomer is used, as in “poly(vinyl alcohol)” Even though a 
name like “polyethylene” covers a multitude of materials, the sys- 
tem does provide understandable names when a single monomer 
is involved in the synthesis of a single polymer. When one mono- 
mer can yield more than one polymer, e.g. 1,3-butadiene or 
acrolein, some sort of structural notation must be used to identify 
the product, and one is not far from a formal structure-based 
name. 

Copolymers, Block Polymers, and Graft Polymers. When more 
than one monomer is involved, monomer-based names are more 
complex. Some common polymers have been given names based 
on an apparent structure, as with “poly(ethylene terephthalate)” A 
better system has been approved by the IUPAC.! With this 
method, the arrangement of the monomeric units is introduced 
through use of an italicized connective placed between the names 
of the monomers. For monomer names represented by A, B, and 
C, the various types of arrangements are shown in Table 1. 

Table 2 contains examples of common or semi-systematic 
names of copolymers. The systematic names of comonomers may 
also be used; thus, the polyacrylonitrile-block-polybutadiene- 
block-polystyrene polymer in Table 2 may also be named 
poly(prop-2-enenitrile) -block-polybuta-1,3-diene-block- 
poly(ethenylbenzene). IUPAC does not require alphabetized 
names of comonomers within a polymer name; many names are 
thus possible for some copolymers. 

These connectives may be used in combination and with small, 
non-repeating (i.e. non-polymeric) junction units; see, for exam- 
ple, Table 2, line 8. A long dash may be used in place of the con- 
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nective -block-; thus, in Table 2, the polymers of lines 7 and 8 may 
also be written as shown on lines 9 and 10. 

IUPAC also recommends an alternative scheme for naming 
copolymers that comprises use of "copoly" as a prefix followed by 
the names of the comonomers, a solidus (an oblique stroke) to 
separate comonomer names, and addition before "copoly" of any 
applicable connectives listed in Table 2 except -co-. 

Table 3 gives the same examples shown in Table 2 but with the 
alternative format. Comonomer names need not be parenthe- 
sized. 


TABLE 1. IUPAC Source-Based Copolymer Classification 


No. Copolymer type Connective Example 


1  Unspecified or unknown -co- poly(A-co-B) 


2 Random (obeys Bernoullian -тап- _ poly(A-ran-B) 
distribution) 

3 Statistical (obeys known -stat- — poly(A-stat-B) 
statistical laws) 

4 Alternating (for two -ай- ^ poly(A-alt-B) 
monomeric units) 

5 Periodic (ordered sequence for -per- роу(А-рег-В-рет- 
2 or more monomeric units) C) 

6 Block (linear block -block- _ polyA-block-polyB 
arrangement) 

7 Graft (side chains connected to -graft- — polyA-graft-polyB 


main chains) 


TABLE 2. Examples of Source-Based Copolymer 
Nomenclature 
No. Copolymer name 
1 poly(propene-co-methacrylonitrile) 
2 poly[(acrylic acid)-ran-(ethyl acrylate)] 
3 poly(butene-stat-ethylene-stat-styrene) 
4 poly[(sebacic acid)-alt-butanediol] 
5 poly[(ethylene oxide)-per-(ethylene oxide)-per- 
tetrahydrofuran] 
6 polyisoprene-graft-poly(methacrylic acid) 
7 polyacrylonitrile-block-polybutadiene-block-polystyrene 
8 polystyrene-block-dimethylsilylene-block-polybutadiene 
9 polyacrylonitrile—polybutadiene— polystyrene 
10  polystyrene—dimethylsilylene—polybutadiene 


TABLE 3. Examples of Source-Based Copolymer 
Nomenclature (Alternative Format) 


No. Polymer name 

1 copoly(propene/methacrylonitrile) 

2 ran-copoly(acrylic acid/ethyl acrylate) 

3 stat-copoly(butene/ethylene/styrene) 

4 alt-copoly(sebacic acid/butanediol) 

5 block-copoly(acrylonitrile/butadiene/styrene) 

6 per-copoly(ethylene oxide/ethylene oxide/tetrahydrofuran) 
7 graft-copoly(isoprene/methacrylic acid) 
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Source-based nomenclature for non-linear macromolecules and 
macromolecular assemblies is covered by a 1997 IUPAC docu- 
ment.!! The types of polymers in these classes, together with their 
connectives, are given in Table 4; the terms shown may be used as 
connectives, prefixes, or both to designate the features present. 


TABLE 4. Connectives for Non-Linear Macromolecules and 
Macromolecular Assemblies 


No. Type Connective 
1 Branched (type unspecified) branch 

2 Branched with branch point of functionality f ^ f-branch 

3 Comb comb 

4 Cross-link 1 (Greek iota) 
5 Cyclic cyclo 

6 Interpenetrating polymer network ipn 

7 Long-chain branched l-branch 

8 Network net 

9 Polymer blend blend 

10  Polymer-polymer complex compl 

11  Semi-interpenetrating polymer network sipn 

12  Short-chain branched sh-branch 

13 Star star 

14 Star with f arms f-star 


Non-linear polymers are named by using the italicized connec- 
tive as a prefix to the source-based name of the polymer compo- 
nent or components to which the prefix applies; some examples 
are listed in Table 5. 


TABLE 5. Non-Linear Macromolecules 
No. Polymer name Polymer structural features 
1 poly(methacrylic acid)- 


comb-polyacrylonitrile 


Comb polymer with a 
poly(methacrylic acid) backbone and 
polyacrylonitrile side chains 

2 comb-poly[ethylene-stat- 

(vinyl chloride)] 


Comb polymer with unspecified 
backbone composition and statistical 
ethylene/vinyl chloride copolymer 
side chains 

3 polybutadiene-comb- Comb polymer with butadiene 

(polyethylene; polypropene) backbone and side chains of 
polyethylene and polypropene 

4 star-(polyA; polyB; polyC; 

polyD; polyE) 


Star polymer with arms derived from 
monomers A, B, C, D, and E, 
respectively 

5 star-(polyA-block-polyB- 

block-polyC) 


Star polymer with every arm 
comprising a tri-block segment 
derived from comonomers A, B, and 
C 

А star polymer prepared from 
propylene oxide 


6 star-poly(propylene oxide) 


7 5-star-poly(propylene oxide) A 5-arm star polymer prepared from 
propylene oxide 
8 star-(polyacrylonitrile; 


polypropylene) 
(M, 10000: 25000) 


А star polymer containing 
polyacrylonitrile arms of MW 10000 
and polypropylene arms of MW 
25000 


Macromolecular assemblies held together by forces other than 
covalent bonds are named by inserting the appropriate italicized 
connective between names of individual components; Table 6 
gives examples. 


Nomenclature for Organic Polymers 


TABLE 6. Examples of Polymer Blends and Nets 


No. Polymer name 

1 polyethylene-blend-polypropene 

2 poly(methacrylic acid)-blend-poly(ethy] acrylate) 

3 net-poly(4-methylstyrene- t-divinylbenzene) 

4 net-poly[styrene-alt-(maleic anhydride)]-1-(polyethylene 


glycol; polypropylene glycol) 
net-poly(ethyl methacrylate)-sipn-polyethylene 


л 


[net-poly(butadiene-stat-styrene)]-ipn-[net-poly(4- 
methylstyrene- t-divinylbenzene)] 


Structure-Based Polymer Nomenclature 
Regular Single-Strand Polymers 


Structure-based nomenclature has been approved by the 
IUPAC' and is currently being updated; it is used by Chemical 
Abstracts? Monomer names are not used. То the extent that a 
polymer chain can be described by a repeating unit in the chain, it 
сап be named “poly(repeating unit)” For regular single-strand 
polymers, "repeating unit" is a bivalent group; for regular double- 
strand (ladder and spiro) polymers, "repeating unit" is usually a 
tetravalent group.? 

Since there are usually many possible repeating units in a given 
chain, it is necessary to select one, called the "constitutional 
repeating unit" (CRU) to provide a unique and unambiguous 
name, "poly(CRU)5 where “CRU” is a recitation of the names of 
successive units as one proceeds through the CRU from left to 
right. For this purpose, a portion of the main chain structure that 
includes at least two repeating sequences is written out. These 
sequences will typically be composed of bivalent subunits such as 
-CH,-, -O-, and groups from ring systems, each of which can be 
named by the usual nomenclature rules.57 

Where a chain is simply one long sequence comprising repeti- 
tion of a single subunit, that subunit is itself the CRU, as in 
"poly(methylene)" or “poly(1,4-phenylene)” In chains having more 
than one kind of subunit, a seniority system is used to determine 
the beginning of the CRU and the direction in which to move 
along the main chain atoms (following the shortest path in rings) 
to complete the CRU. Determination ofthe first, most senior, sub- 
unit, is based on a descending order of seniority: (1) heterocyclic 
rings, (2) hetero atoms, (3) carbocyclic rings, and, lowest, (4) acy- 
clic carbon chains. 

Within each of these classes, there is a further order of seniority 
that follows the usual rules of nomenclature. 

Heterocycles: A nitrogen-containing ring system is senior to a 
ring system not containing nitrogen.^? Further descending order 
of seniority is determined by: 

() the highest number of rings in the ring system 
(ü) the largest individual ring in the ring system 
(iii) the largest number of hetero atoms 

(iv) the greatest variety of hetero atoms 

Hetero atoms: The senior bivalent subunit is the one nearest 
the top, right-hand corner of the Periodic Table; the order of 
seniority is: O, S, Se, Te, N, P, As, Sb, Bi, Si, Ge, Sn, Pb, B, Hg. 

Carbocycles: Seniority* is determined by: 

(i) the highest number of rings in the ring system 

(ii) the largest individual ring in the ring system 

(iii) degree of ring saturation; an unsaturated ring is 
senior to a saturated ring of the same size 


Nomenclature for Organic Polymers 


Carbon chains: Descending order of seniority is determined by: 
(i) chain length (longer is senior to shorter) 
(ii) highest degree of unsaturation 
(iii) number of substituents (higher number is senior to 
lower number) 
(iv) ascending order of locants 
(v) alphabetical order of names of substituent groups 


Among equivalent ring systems, preference is given to the one 
having lowest locants for the free valences in the subunit, and 
among otherwise identical ring systems, the one having least 
hydrogenation is senior. Lowest locants in unsaturated chains are 
also given preference. Lowest locants for substituents are the final 
determinant of seniority. 

Direction within the repeating unit depends upon the shortest 
path, which is determined by counting main chain atoms, both 
cyclic and acyclic, from the most senior subunit to another sub- 
unit of the same kind or to a subunit next lower in seniority. 
When identification and orientation of the CRU have been 
accomplished, the CRU is named by writing, in sequence, the 
names of the largest possible subunits within the CRU from left to 
right. For example, the main chain of the polymer traditionally 
named “poly(ethylene terephthalate)” has the structure shown in 
Figure 1. 


Figure 1. Structure-based name: poly(oxyethyleneoxyterephthaloyl); tra- 
ditional name: poly(ethylene terephthalate). 


The CRU in Figure 1 is enclosed in brackets and read from left 
to right. It is selected because (1) either backbone oxygen atom 
qualifies as the “most senior subunit’, (2) the shortest path length 
from either -O- to the other -O- is via the ethylene subunit. Ori- 
entation of the CRU is thus defined by (1) beginning at the -O- 
marked with an asterisk, and (2) reading in the direction of the 
arrow. The structure-based name of this polymer is therefore 
"poly(oxyethyleneoxyterephthaloyl); not much longer than the 
traditional name and much more adaptable to the complexities of 
substitution. As organic nomenclature evolves, more systematic 
names may be used for subunits, e.g. “ethane-1,2-diyl” instead of 
“ethylene” IUPAC still prefers “ethylene” for the -CH,-CH,- unit, 
however, but also accepts “ethane-1,2-diyl” 

Structure-based nomenclature can also be used when the CRU 
backbone has no carbon atoms. An example is the polymer tradi- 
tionally named "poly(dimethylsiloxane); which on the basis of 
structure would be named “poly(oxydimethylsilylene)” or 
“poly(oxydimethylsilanediyl)”. This nomenclature method has also 
been applied to inorganic and coordination polymers? and to dou- 
ble-strand (ladder and spiro) organic polymers.? 


Irregular Single-Strand Polymers 


Polymers that cannot be described by the repetition of a single 
CRU or comprise units not all connected identically in a direc- 
tional sense can also be named on a structure basis. These 
include copolymers, block and graft polymers, and star polymers. 
They are given names of the type “poly(A /B/C...)” where A, B, C, 
etc. are the names of the component constitutional units, the 
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number of which are minimized. The constitutional units may 
include regular or irregular blocks as well as atoms or atomic 
groupings, and each is named by the method described above or 
by the rules of organic nomenclature. 

The solidus denotes an unspecified arrangement of the units 
within the main chain." For example, a statistical copolymer 
derived from styrene and vinyl chloride with the monomeric units 
joined head-to-tail is named “poly(I-chloroethylene/l-phenyleth- 
ylene)” A polymer obtained by 1,4-polymerization and both head- 
to-head and head-to-tail 1,2- polymerization of 1,3-butadiene 
would be named "poly(but-1-ene-1,4-diyl/l-vinylethylene/2-vinyl- 
ethylene)??? In graphic representations of these polymers, shown 
in Figure 2, the hyphens or dashes at each end of each CRU depic- 
tion are shown completely within the enclosing parentheses; this 
indicates that they are not necessarily the terminal bonds of the 
macromolecule. 


—QH-CHz- | —CH-CHz- 
Cl C,H, 1 
—сн;сн— 
H,C-CH /, 


А long hyphen is used to separate components in names of 
block polymers, as in “poly(A)—poly(B)—poly(C)’, or “poly(A) 
—X—poly(B)” in which X is a non-polymeric junction unit, e.g. 
dimethylsilylene. 


| —CH-CH;- / 
| 


-СН-СН-СН-СН;- 
CH=CH, 


Figure 2. Graphic representations of copolymers. 


In graphic representations of these polymers, the blocks are 
shown connected when the bonding is known (Figure 3, for exam- 
ple); when the bonding between the blocks is unknown, the 
blocks are separated by solidi and are shown completely within the 
outer set of enclosing parentheses (Figure 4, for example).!°1° 


йт! „ш ак زا ده‎ 


Figure 3. polystyrene— polyethylene— polystyrene. 


тн» 
C—CH;—- / Í LIRE CH-CH; 
| | | 
ثا2م‎ 68, Сун, Ја | gae 29, 


Figure 4. poly[poly(methyl methacrylate) —polystyrene— poly (methyl 
acrylate)]. 


r 


Graft polymers are named in the same way as a substituted 
polymer but without the ending "yl" for the grafted chain; the 
name of a regular polymer, comprising Z units in which some 
have grafts of "poly(A) is "poly[Z/poly(A)Z]" Star polymers аге 
treated as a central unit with substituent blocks, as in “tet- 
rakis(polymethylene)silane"19.? 


Other Nomenclature Articles and Publications 


In addition to the Chemical Abstracts and IUPAC documents 
cited above and listed below, other articles on polymer nomencla- 
ture are available. A 1999 article lists significant documents on 
polymer nomenclature published during the last 50 years in 
books, encyclopedias, and journals by Chemical Abstracts, 
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IUPAC, and individual authors. А comprehensive review of 
source-based and structure-based nomenclature for all of the 
major classes of polymers,” and a short tutorial on the correct 
identification, orientation, and naming of most commonly 
encountered constitutional repeating units were both published 
in 2000.16 
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SOLVENTS FOR COMMON POLYMERS 


Abbreviations: 
HC: hydrocarbons 
МЕК: methyl ethyl ketone 


Polyethylene (HDPE) 
Polypropylene (atactic) 
Polybutadiene 

Polystyrene 

Polyacrylates 
Polymethacrylates 
Polyacrylamide 

Poly(vinyl ethers) 

Poly(vinyl alcohol) 
Poly(vinyl acetate) 
Poly(vinyl chloride) 
Poly(vinylidene chloride) 
Poly(vinyl fluoride) 
Polyacrylonitrile 
Poly(oxyethylene) 
Poly(2,6-dimethylphenylene oxide) 
Poly(ethylene terephthalate) 
Polyurethanes (linear) 
Polyureas 

Polysiloxanes 
Poly[bis(2,2,2-trifluoroethoxy)-phosphazene] 


THF: tetrahydrofuran 
DMF: dimethylformamide 
DMSO: dimethylsulfoxide 


HC and halogenated HC 

HC and halogenated HC 

HC, THF, ketones 

ethylbenzene, СН, ССІ, THE, MEK 

aromatic HC, chlorinated HC, THF, esters, ketones 
aromatic HC, chlorinated HC, THF, esters, MEK 
water 

halogenated HC, MEK, butanol 

glycols (hot), DMF 

aromatic HC, chlorinated HC, THF, esters, DMF 
THF, DMF, DMSO 

THF (hot), dioxane, DMF 

DME, DMSO (hot) 

DMF, DMSO 

aromatic HC, СНСІ,, alcohols, esters, DMF 
aromatic HC, halogenated HC 

phenol, DMSO (hot) 

aromatic HC, THF, DMF 

phenol, formic acid 

HC, THF, DMF 

THE, ketones, ethyl acetate 
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GLASS TRANSITION TEMPERATURE FOR SELECTED POLYMERS 


Robert B. Fox 


Polymer names are based on the IUPAC structure-based no- АП values of T, cited in this table have been determined by dif- 
menclature system described in the table "Naming Organic  ferential scanning calorimetry (DSC) except those values indicat- 
Polymers" Within each category, names are listed in alphabetical ей by: 
order. Source-based and trivial names are also given (in italics) for 


the most common polymers. The table does not include polymers (D) dynamic method 
for which Т. is not clearly defined because of variability of struc- (Dil) dilatometry 
ture or because of reactions taking place near the glass transition. (M) mechanical method 
Glass transition 
Polymer name temperature (TJ K) 
ACYCLIC CARBON CHAINS 
Polyalkadienes 
Poly(alkenylene) Polyalkadiene -[CH=CHCH,CH,]- 
Poly(cis-1-butenylene) 171 
cis-1,3-polybutadiene [PBD] 
Poly(trans-1-butenylene) 215 
trans- 1,3-polybutadiene [PBD] 
Poly(1-chloro-cis-1-butenylene) 253 
cis-1,3-polychloroprene 
Poly(1-chloro-trans-1-butenylene) 233 
trans- 1,3-polychloroprene 
Poly(1-methyl-cis-1-butenylene) 200 
cis-1,3-polyisoprene 
Poly(1-methyl-trans-1-butenylene) 207 
trans-1,3-polyisoprene 
Poly(1,4,4-trifluoro-1-butenylene) 238 
Polyalkenes 
Poly(alkylethylene) Poly(alkylethylene) -[RCHCH,]- 
Poly(1-benzylethylene) 333 
Poly(1-butylethylene) 223 
Poly(1-cyclohexylethylene) (atactic) 393 
Poly(1-cyclohexylethylene) (isotactic) 406 (D) 
Poly(1,1-dimethylethylene) 200 
Polyisobutylene [РТВ] 
Poly(ethylene) 148 
Poly(methylene) 155 
Poly(1-phenethylethylene) 283 
Poly(propylene) (isotactic) 272 
Poly(propylene) (syndiotactic) ca. 265 
Poly[1-(2-pyridyl)ethylene] 377 
Poly[1-(4-pyridyl)ethylene] 415 
Poly(1-vinylethylene) 273 
Polyacrylics 
Poly[1-(alkoxycarbonyl)ethylene) Poly(alkyl acrylate) —((ROCO)CHCH,]- 
Poly[1-(benzyloxycarbonyl)ethylene] 279 
Poly[1-(butoxycarbonyl)ethylene] 219 (M) 
Poly(butyl acrylate) [PBA] 
Poly[1-(sec-butoxycarbonyl)ethylene] 251 
Poly[1-(butoxycarbonyl)-1-cyanoethylene] 358 
Poly[1-(butylcarbamoyl)ethylene] 319 (M) 
Poly(1-carbamoylethylene) 438 
Polyacrylamide [РАМ] 
Poly(1-carboxyethylene 379 
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Glass Transition Temperature for Selected Polymers 


Polymer name 
Poly(acrylic acid) [PA A] 


Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 


1-(2-chlorophenoxycarbonyl)ethylene] 
1-(4-chlorophenoxycarbonyl)ethylene] 
1-(4-cyanobenzyloxycarbonyl)ethylene] 
1-(2-cyanoethoxycarbonyl)ethylene] 
1-(cyanomethoxycarbonyl)ethylene)] 
1-(4-cyanophenoxycarbonyl)ethylene] 
1-(cyclohexyloxycarbonyl)ethylene] 
1-(2,4-dichlorophenoxycarbonyl)ethylene] 
1-(dimethylcarbamoyl)ethylene] 
1-(ethoxycarbonyl)ethylene] 


Poly(ethyl acrylate) [PEA] 


Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 


1-(ethoxycarbonyl)-1-fluoroethylene] 
1-(2-ethoxycarbonylphenoxycarbonyl)ethylene] 
1-(3-ethoxycarbonylphenoxycarbonyl)ethylene] 
1-(4-ethoxycarbonylphenoxycarbonyl)ethylene] 
1-(2-ethoxyethoxycarbonyl)ethylene] 
1-(3-ethoxypropoxycarbonyl)ethylene] 
1-(isopropoxycarbonyl)ethylene] 
1-(methoxycarbonyl)ethylene] 


Poly(methyl acrylate) [PMA] 


Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 


1-(2-methoxycarbonylphenoxycarbonyl)ethylene] 
1-(3-methoxycarbonylphenoxycarbonyl)ethylene] 
1-(4-methoxycarbonylphenoxycarbonyl)ethylene] 
1-(2-methoxyethoxycarbonyl)ethylene] 
1-(4-methoxyphenoxycarbonyl)ethylene] 
1-(3-methoxypropoxycarbonyl)ethylene] 
1-(2-naphthyloxycarbonyl)ethylene] 
1-(pentachlorophenoxycarbonyl)ethylene] 
1-(phenethoxycarbonyl)ethylene] 
1-(phenoxycarbonyl)ethylene] 
1-(m-tolyloxycarbonyl)ethylene] 
1-(o-tolyloxycarbonyl)ethylene] 
1-(p-tolyloxycarbonyl)ethylene] 
1-(2,2,2-trifluorethoxycarbonyl)ethylene] 


Polymethacrylics 


Poly 
Poly 
Poly 


Poly[1-(alkoxycarbonyl)-1-methylethylene] Poly(alkyl methacrylate) —|(ROCO)(Me)CCH,]- 


1-(benzyloxycarbonyl)-1-methylethylene] 
1-(2-bromoethoxycarbonyl)-1-methylethylene] 
(1-(butoxycarbonyl)-1-methylethylene] 


Poly(butyl methacrylate) [PBMA] 


Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 


1-(sec-butoxycarbonyl)-1-methylethylene] 
1-(tert-butoxycarbonyl)-1-methylethylene)] 
1-(2-chloroethoxycarbonyl)-1-methylethylene] 
1-(2-cyanoethoxycarbonyl)-1-methylethylene] 
1-(4-cyanophenoxycarbonyl)-1-methylethylene] 
1-(cyclohexyloxycarbonyl)-1-methylethylene] (atactic) 
1-(cyclohexyloxycarbonyl)-1-methylethylene)] (isotactic) 
1-(dimethylaminoethoxycarbonyl)-1-methylethylene] 
1-(ethoxycarbonyl)-1-ethylethylene] 

1-(ethoxycarbonyl)-1-methylethylene] (atactic) Poly(ethyl methacrylate) [PEMA] 
1-(ethoxycarbonyl)-1-methylethylene] (isotactic) 
1-(ethoxycarbonyl)-1-methylethylene)] (syndiotactic) 
1-(hexyloxycarbonyl)-1-methylethylene] 
1-(isobutoxycarbonyl)-1-methylethylene] 
1-(isopropoxycarbonyl)-1-methylethylene] 
1-(methoxycarbonyl)-1-methylethylene] (atactic) Poly(methyl methacrylate) [РММА] 
1-(methoxycarbonyl)-1-methylethylene)] (isotactic) 
1-(methoxycarbonyl)-1-methylethylene)] (syndiotactic) 
1-(4-methoxycarbonylphenoxy)-1-methylethylene] 


Glass transition 
temperature (TJ K) 


326 
331 
317 
277 
433 Dil 
363 
292 
333 
362 
249 


316 
303 
297 
310 
223 
218 
267-270 
283 


319 
311 
340 
223 
324 
198 
358 
420 
270 
330 
298 
325 
316 
263 


327 
325 
293 


333 
391 
ca 315 
364 
428 
356 
324 
292 
300 
338 
285 
339 
268 
326 
354 
378 
311 
378 
379 
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Polymer name 


Poly[1-(methoxycarbonyl)-1-phenylethylene)] (atactic) 
Poly[1-(methoxycarbonyl)-1-phenylethylene)] (isotactic) 
Poly[1-methyl-1-(phenethoxycarbonyl)ethylene] 
Poly[1-methyl-1-(phenoxycarbonyl)ethylene] 


Polyvinyl ethers, alcohols, and ketones 


Poly(1-alkoxyethylene) Poly(alkyl vinyl ether) -,[ROCHCH,]- 
Poly(1-hydroxyethylene) Poly(vinyl alcohol) -[HOCHCH,]- 


Poly(1-alkanoylethylene) Poly(alkyl vinyl ketone) -[RCOCHCH,]- 


Poly(1-butoxyethylene) 


Poly(1-sec-butoxyethylene) 


Poly(1-tert-butoxyethylene) 
Poly[1-(butylthio)ethylene] 
Poly(1-ethoxyethylene) 
Poly[1-(4-ethylbenzoyl)ethylene] 
Poly(1-hydroxyethylene) 
Poly(vinyl alcohol) [PVA] 
Poly(hydroxymethylene) 


Poly(1-isopropoxyethylene) 


Poly[1-(4-methoxybenzoyl) ethylene] 


Poly(1-methoxyethylene) 
Poly(methyl vinyl ether) [PMVE] 

Poly[1-(methylthio)ethylene] 

Poly(1-propoxyethylene) 


Poly[1-(trifluoromethoxy)trifluoroethylene] 


Polyvinyl halides and nitriles 


Poly(1-haloethylene) Poly(vinyl halide) -[XCHCH,]- 
Poly(1-cyanoethylene) Poly(acrylonitrile) -]NCCHCH,]- 


Poly(1-chloroethylene) 
Poly(vinyl chloride) [PVC] 
Poly(chlorotrifluoroethylene) 


Poly(1-cyanoethylene) 
Polyacrylonitrile [PAN] 
Poly(1-cyano-1-methylethylene) 


Polymethacrylonitrile 
Poly(1,1-dichloroethylene) 
Poly(vinylidene chloride) 
Poly(1,1-difluoroethylene) 
Poly(vinylidene fluoride) 
Poly(1-fluoroethylene) 
Poly(vinyl fluoride) 
Poly(1-hexafluoropropylene) 
Poly[1-(2-iodoethyl)ethylene] 
Poly(tetrafluoroethylene) 


Poly[1-(trifluoromethyl)ethylene] 


Polyvinyl esters 


Poly[1-(alkanoyloxy)ethylene] Poly(vinyl alkanoate) -KRCOOCHCH,]- 


Poly(1-acetoxyethylene) 
Poly(vinyl acetate) [PVAc] 


Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 
Poly 


1-(benzoyloxy)ethylene] 


1-(4-bromobenzoyloxy)ethylene 
1-(2-chlorobenzoyloxy)ethylene 
1-(3-chlorobenzoyloxy)ethylene 


1-(4-chlorobenzoyloxy)ethylene 
1-(cyclohexanoyloxy)ethylene] 
1-(4-ethoxybenzoyloxy)ethylene] 
1-(4-ethylbenzoyloxy)ethylene] 
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Glass transition 
temperature (T,/K) 
391 
397 
299 
383 


218 
253 
361 
253 
230 
325 
358 (D) 


407 
270 
319 (M) 
242 


272 
224 
268 


354 


373 
370 


393 

255 

ca 233 
314 (M) 


425 
343 
(160) 
300 


305 


344 
365 
335 
338 
357 
349 (M) 
343 
326 
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Glass transition 


Polymer name temperature )1 К) 
Poly[1-(4-isopropylbenzoyloxy)ethylene] 342 
Poly[1-(2-methoxybenzoyloxy)ethylene] 338 
Poly[1-(3-methoxybenzoyloxy)ethylene] ca 317 
Poly[1-(4-methoxybenzoyloxy)ethylene] 360 
Poly[1-(4-methylbenzoyloxy) ethylene] 343 
Poly[1-(4-nitrobenzoyloxy) ethylene] 395 
Poly[1-(propionoyloxy) ethylene] 283 (M 

Polystyrenes 

Poly(1-phenylethylene) Polystyrene -[C.H.CHCH,]- 
Poly[1-(4-acetylphenyl)ethylene] 389 (М 
Poly[1-(4-benzoylphenyl)ethylene] 371 (M 
Poly[1-(4-bromophenyl)ethylene] 391 
Poly[1-(4-butoxyphenyl)ethylene] ca 320 (M) 
Poly[1-(4-butoxycarbonylphenyl)ethylene] 349 (M 
Pol[(1-(4-butylphenyl)ethylene] 279 
Poly[1-(4-carboxyphenyl)ethylene] 386 (M 
Poly[1-(2-chlorophenyl)ethylene] 392 
Poly[1-(3-chlorophenyl)ethylene] 363 
Poly[1-(4-chlorophenyl)ethylene] 383 
Poly[1-(2,4-dichlorophenyl)ethylene] 406 
Poly[1-(2,5-dichlorophenyl)ethylene] 379 
Poly[1-(2,6-dichlorophenyl)ethylene] 440 
Poly[1-(3,4-dichlorophenyl)ethylene] 401 
Poly[1-(2,4-dimethylphenyl)ethylene] 385 
Poly[1-(4-(dimethylamino)phenyl)ethylene] 398 (M) 
Poly[1-(4-ethoxyphenyl)ethylene] ca 359 (M) 
Poly[1-(4-ethoxycarbonylphenyl)ethylene] 367 (M) 
Poly[1-(4-fluorophenyl)ethylene] 368 
Poly[1-(4-iodophenyl)ethylene] 429 
Poly[1-(4-methoxyphenyl)ethylene] 386 
Poly[1-(4-methoxycarbonylphenyl)ethylene] 386 (M 
Poly(1-methyl-1-phenylethylene) 373 
Poly(a-methylstyrene) 
Poly[1-(2- (methylamino)phenyl)ethylene] 462 (M 
Poly(1-phenylethylene) 373 
Polystyrene [PS] 

Poly[1-(4-propoxyphenyl)ethylene] 343 (M 
Poly[1-(4-propoxycarbonylphenyl)ethylene] 365 (M 
Poly(1-o-tolylethylene) 409 


CHAINS WITH CARBOCYCLIC UNITS 
Poly(arylenealkylene) -[-Ar-(CH,),]- 


Poly[1-(2-bromo-1,4-phenylene)ethylene] 353 (M) 
Poly[1-(2-chloro-1,4-phenylene)ethylene] 343 (M) 
Poly[1-(2-cyano-1,4-phenylene)ethylene] 363 (M) 
Poly[1-(2,5-dimethyl-1,4-phenylene)ethylene] 373 (M) 
Poly[1-(2-ethyl-1,4- phenylene)ethylene] 298 (M) 
Poly[1-(1,4-naphthylene)ethylene] 433 (M) 
Poly[1-(1,4-phenylene)ethylene] ca 353 (M) 


CHAINS WITH HETEROATOM UNITS 


Main chain oxide units 
Poly(oxyalkylene) Poly(alkylene oxide) -[О(СН,) ]- 


Poly[oxy(1,1-bis(chloromethyl)trimethylene)] 265 
Poly[oxy(1-(bromomethyl)ethylene)] 259 
Poly[oxy(1-(butoxymethyl)ethylene)] 194 
Poly[oxy(1-butylethylene)] 203 
Poly[oxy(1-tert-butylethylene)] 308 


Poly[oxy(1-(chloromethyl)ethylene)] 251 
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Glass transition 


Polymer name temperature )1 К) 

Poly(epichlorohydrin) 

Poly[oxy(2,6-dimethoxy-1,4-phenylene)] 440 

Poly[oxy(1,1-dimethylethylene)] 264 

Poly[oxy(2,6-dimethyl-1,4-phenylene)] 482 

Poly[oxy(2,6-diphenyl-1,4-phenylene)] 493 

Poly[oxy(1-ethylethylene)] 203 

Poly(oxyethylidene) 243 
Polyacetaldehyde 

Poly[oxy(1-(methoxymethyl)ethylene)] 211 

Poly[oxy(2-methyl-6-phenyl-1,4-phenylene)] 428 

Poly[oxy(1-methyltrimethylene)] 223 (D) 

Poly[oxy(2-methyltrimethylene)] 218 

Poly(oxy-1,4-phenylene) 358 
Poly(phenylene oxide) [PPO] 

Poly[oxy(1-phenylethylene)] 313 

Poly(oxytetramethylene) 189 
Poly(tetrahydrofuran) [P TMO] 

Poly(oxytrimethylene) 195 


Main-chain ester or anhydride units 
Poly(oxyalkyleneoxyalkanedioyl) Poly(alkylene alkanedioate)-—|O(CH.), OCO(CH,) CO]— 


Poly(oxyadipoyloxydecamethylene) 217 
Poly(oxyadipoyloxy-1,4-phenyleneisopropylidene-1,4-phenylene) 341 
Poly(oxycarbonyloxy-1,4-phenylene-isopropylidene-1,4-phenylene) 422 
Bisphenol А polycarbonate 
Poly(oxycarbonylpentamethylene) 213 
Poly(oxycarbonyl-1,4-phenylenemethylene-1,4-phenylene) 395 
Poly(oxycarbonyl-1,4-phenyleneisopropylidene-1,4-phenylene) 333 
Poly[oxy(2,6-dimethyl-1,4-phenyleneisopropylidene-3,5-dimethyl-1,4-phenylene)oxysebacoyl] 318 
Poly(oxyethylenecarbonyl-1,4-cyclohexylenecarbonyl) (trans) 291 
Poly(oxyethyleneoxycarbonyl-1,4-naphthylenecarbonyl) 337 
Poly(oxyethyleneoxycarbonyl-1,5-naphthylenecarbonyl) 344 
Poly(oxyethyleneoxycarbonyl-2,6-naphthylenecarbonyl) 386 
Poly(oxyethyleneoxycarbonyl-2,7-naphthylenecarbonyl) 392 
Poly(oxyethyleneoxyterephthaloyl) 342 
Poly(ethylene terephthalate) [PET] 
Poly(oxyisophthaloyl) 403 (D) 
Poly(oxy(1-oxo-2,2-dimethyltrimethylene)) 263 
Poly(pivalolactone) 
Poly(oxy-1,4-phenyleneisopropylidene-1,4-phenyleneoxysebacoyl) 280 
Poly(oxy-1,4-phenyleneoxy-1,4-phenyleneoxy-carbonyl-1,4-phenylene) [PEEK] 416 
Poly(oxypropyleneoxyterephthaloyl) 341 
Poly[oxyterephthaloyloxy(2,6-dimethyl-1,4-phenyleneisopropylidene-3,5-dimethyl-1,4-(D)phenylene)] 498 
Poly(oxyterephthaloyloxyoctamethylene) 318 (D) 
Poly(oxyterephthaloyloxy-1,4-phenyleneisopropylidene- 1,4-phenylene) 478 
Poly(bisphenol A terephthalate) 
Poly(oxytetramethyleneoxyterephthaloyl) 323 


Poly(butylene terephthalate) |PBT] 


Main-chain amide units 
Poly(iminoalkyleneiminoalkanedioyl) Poly(alkylene alkanediamide)—[NH(CH,),, NHCO(CH,),CO]- 


Poly(iminoadipoyliminodecamethylene) 313 
Nylon 10,6 

Poly(iminoadipoyliminohexamethylene) ca 323 
Nylon 6,6 

Poly(iminoadipoyliminooctamethylene) 318 
Nylon 8,6 

Poly[iminoadipoyliminotrimethylene(methylimino)trimethylene] 278 

Poly(iminocarbonyl-1,4-cyclohexylenemethylene) 466 

Poly[iminocarbonyl-1,4-phenylene(2-oxoethylene)iminohexamethylene] 377 


Poly(iminoethylene-1,4-phenyleneethyleneiminosebacoyl) 378 (D) 


Glass Transition Temperature for Selected Polymers 13-11 


Glass transition 


Polymer name temperature )1 К) 

Poly(iminohexamethyleneiminoazelaoyl) 331 
Nylon 6,9 

Poly(iminohexamethyleneiminododecanedioyl) 319 
Nylon 6, 12 

Poly(iminohexamethyleneiminopimeloyl) 331 
Nylon 6,7 

Poly(iminohexamethyleneiminosebacoyl) 323 
Nylon 6,10 

Poly(iminohexamethyleneiminosuberoyl) 330 
Nylon 6,8 

Poly(iminoisophthaloylimino-4,4’-biphenylylene) 558 

Poly(iminoisophthaloyliminohexamethylene) 390 

Poly(iminoisophthaloyliminomethylene-1,4-cyclohexylenemethylene) 481 

Poly(iminoisophthaloyliminomethylene-1,3-phenylenemethylene) 438 (M) 

Poly[iminomethylene(2,5-dimethyl-1,4-phenylene)methyleneiminosuberoyl] 351 

Poly(imino-1,5-naphthyleneiminoisophthaloyl) 598 

Poly(imino-1,5-naphthyleneiminoterephthaloyl) 578 

Poly(iminooctamethyleneiminodecanedioyl) 333 
Nylon 8,10 

Poly(iminooxalyliminohexamethylene) 430 
Nylon 6,2 

Poly[imino(1-oxohexamethylene)] 326 
Nylon 6 

Poly[imino(1-oxodecamethylene)] 315 
Nylon 10 

Poly[imino(1-oxoheptamethylene)] 325 
Nylon 7 

Poly[imino(1-oxo-3-methyltrimethylene] 369 

Poly[imino(1-oxononamethylene)] 319 
Nylon 9 

Poly[imino(1-oxooctamethylene)] 323 
Nylon 8 

Poly[imino(1-oxotrimethylene)] 384 
Nylon 3 

Poly(iminopentamethyleneiminoadipoyl) 318 
Nylon 5,6 

Poly[iminopentamethyleneiminocarbonyl-1,4-phenylene(2-oxoethylene)] 376 

Poly(imino-1,3-phenyleneiminoisophthaloyl) 553 (M) 

Poly(imino-1,4-phenyleneiminoterephthaloyl) 618 

Poly(iminopimeloyliminoheptamethylene) 328 
Nylon 7,7 

Poly(iminoterephthaloylimino-4,4"-biphenylylene) 613 

Poly(iminotetramethyleneiminoadipoyl) 316 
Nylon 4,6 

Poly[iminotetramethyleneiminocarbonyl-1,4-phenylene(2-oxoethylene)] 357 

Poly(iminotrimethyleneiminoadipoyliminotrimethylene) 307 

Poly[iminotrimethyleneiminocarbonyl-1,4- phenylene(2-oxoethylene)] 382 

Poly(oxy-1,4-phenyleneiminoterephthaloyl-imino-1,4- phenylene) 613 

Poly(sulfonylimino-1,4-phenyleneiminoadipoylimino-1,4-phenylene) 467 


Main-chain urethane units 
Poly(oxyalkyleneoxycarbonyliminoalkyleneiminocarbonyl)—[O(CH,), OCONH(CH,) NHCO]- 


Poly(oxyethyleneoxycarbonyliminohexamethyleneiminocarbonyl) 329 
Poly[oxyethyleneoxycarbonylimino(6-methyl-1,3-phenylene)iminocarbonyl] 325 
Poly(oxyethyleneoxycarbonylimino-1,4- phenylenemethylene-1,4- phenyleneiminocarbonyl) 412 
Poly(oxyhexamethyleneoxycarbonyliminohexamethyleneiminocarbonyl) 332 
Poly[oxyhexamethyleneoxycarbonylimino(6-methyl-1,3-phenylene)iminocarbonyl] 305 
Poly(oxyhexamethyleneoxycarbonylimino-1,4-phenylenemethylene-1,4-phenyleneiminocarbonyl) 364 
Poly(oxyoctamethyleneoxycarbonyliminohexamethyleneiminocarbonyl) 331 
Poly[oxyoctamethyleneoxycarbonylimino(6-methyl-1,3-phenylene)iminocarbonyl] 337 


Poly(oxyoctamethyleneoxycarbonylimino-1,4-phenylenemethylene-1,4-phenyleneiminocarbonyl) 352 
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Glass transition 


Polymer name temperature )1 К) 
Poly(oxytetramethyleneoxycarbonyliminohexamethyleneiminocarbonyl) 332 
Poly[oxytetramethyleneoxycarbonylimino(6-methyl-1,3-phenylene)iminocarbonyl] 315 
Poly(oxytetramethyleneoxycarbonylimino-1,4-phenylenemethylene-1,4- phenyleneiminocarbonyl) 382 


Main-chain siloxanes 


Poly[oxy(dialkylsilylene)] Poly(dialkylsiloxane) —(O(R,Si)]- 


Poly[oxy(dimethylsilylene)] 148 

Poly(dimethylsiloxane) [PDMS] 
Poly[oxy(dimethylsilylene)oxy-1,4-phenylene] 363 (M) 
Poly[oxy(dimethylsilylene)oxy-1,4-phenyleneisopropylidene-1,4-phenylene] 318 (M) 
Poly[oxy(diphenylsilylene)] 238 

Poly(diphenylsiloxane) 
Poly[oxy(diphenylsilylene)-1,3-phenylene] ca 331 
Poly[oxy((methyl)phenylsilylene)] 187 
Poly[oxy((methyl)-3,3,3-trifluoropropylsilylene] «193 

Main-chain sulfur-containing units 

Poly(dithioethylene) 223 
Poly(dithiomethylene-1,4-phenylenemethylene) 296 
Poly(oxy-4,4’-biphenylylene-1,4-phenylenesulfonyl-1,4-phenylene) 503 (M) 
Poly(oxycarbonyloxy-1,4-phenylenethio-1,4-phenylene) ca 383 
Poly(oxyethylenedithioethylene) 220 (M) 
Poly[oxy(2-hydroxytrimethylene)oxy-1,4-phenylenesulfonyl-1,4-phenylene] 428 
Poly(oxymethyleneoxyethylenedithioethylene) 214 
Poly(oxy-1,4-phenylenesulfinyl-1,4-phenyleneoxy-1,4-phenylenecarbonyl- 1,4- phenylene) 478 (M) 
Poly(oxy-1,4-phenylenesulfinyl-1,4-phenyleneoxy-1,4-phenyleneisopropylidene-1,4- phenylene) 438 (M) 
Poly(oxy-1,4-phenylenesulfonyl-1,4-phenylene) 487 
Poly(oxy-1,4- phenylenesulfonyl-4,4"-biphenylylenesulfonyl-1,4-phenylene) 533 
Poly[oxy-1,4-phenylenesulfonyl-1,4-phenyleneoxy(2,6-dimethyl-1,4-phenylene)isopropylidene 

(3,5-dimethyl-1,4-phenylene)] 508 (M) 
Poly(oxy-1,4-phenylenesulfonyl-1,4-phenyleneoxy-1,4- phenylenecarbonyl-1,4- phenylene) 478 (M) 
Poly[oxy-1,4-phenylenesulfonyl-1,4-phenyleneoxy-1,4- phenylene(hexafluoroisopropylidene)1,4- phenylene] 478 (M) 
Poly(oxy-1,4-phenylenesulfonyl-1,4- phenyleneoxy-1,4-phenyleneisopropylidene-1,4-phenylene) 449 
Poly(oxy-1,4-phenylenesulfonyl-1,4-phenyleneoxy-1.4-phenylenemethylene-1,4-phenylene) 453 (M) 
Poly(oxy-1,4-phenylenesulfonyl-1,4-phenyleneoxy-1.4-phenylenethio-1,4-phenylene) 448 (M) 
Poly(oxy-1,4-phenylenesulfonyl-1,4-phenyleneoxyterephthaloyl) 522 
Poly(oxytetramethylenedithiotetramethylene) 197 
Poly(sulfonyl-1,2-cyclohexylene) 401 
Poly(sulfonyl-1,3-cyclohexylene) 381 
Poly(sulfonyl-1,4-phenylenemethylene-1,4-phenylene) 497 
Poly(thio-1,3-cyclohexylene) 221 
Poly[thio(difluoromethylene)] 155 
Poly(thioethylene) 223 
Poly[thio(1-ethylethylene] 218 
Poly[thio(1-methyl-3-oxotrimethylene)] 285 
Poly[thio(1-methyltrimethylene)] 214 
Pol[(thio(1-oxohexamethylene)] 292 
Poly(thio-1,4-phenylene) 370 
Poly(thiopropylene) 226 


Main-chain heterocyclic units 


Poly(1,3-dioxa-4,6-cyclohexylenemethylene) 378 
Poly(vinyl formal) 

Poly[(2,6-dioxopiperidine-1,4-diyl)trimethylene] 363 

Poly[(2-methyl-1,3-dioxa-4,6-cyclohexylene)methylene] 355 
Poly(vinyl acetal) 

Poly(1,4-piperazinediylcarbonyloxyethyleneoxycarbonyl) 333 

Poly(1,4-piperazinediylisophthaloyl) 465 (M) 

Poly[(2-propyl-1,3-dioxa-4,6-cyclohexylene)methylene] 322 
Poly(vinyl butyral) 

Poly(3,6-pyridazinediyloxy-1,4-phenyleneisopropylidene-1,4-phenyleneoxy) 453 (M) 


Poly(2,5-pyridinediylcarbonyliminohexamethyleneiminocarbonyl) 322 


DIELECTRIC CONSTANT OF SELECTED POLYMERS 


This table lists typical values of the dielectric constant (more 
properly called relative permittivity) of some important polymers. 
Values are given for frequencies of 1 kHz, 1 MHz, and 1 GHz; in 
most cases the dielectric constant at frequencies below 1 kHz does 
not differ significantly from the value at 1 KHz. Since the dielectric 
constant of a polymeric material can vary with density, degree of 
crystallinity, and other details of a particular sample, the values 
given here should be regarded only as typical or average values. 


Name 
Polyacrylonitrile 
Polyamides (nylons) 


Polybutadiene 

Polycarbonate 

Polychloroprene (neoprene) 
Polychlorotrifluoroethylene 
Polyethylene 

Poly(ethylene terephthalate) (Mylar) 
Polyisoprene (natural rubber) 
Poly(methyl methacrylate) 


Polyoxymethylene (polyformaldehyde) 
Poly(phenylene oxide) 

Polypropylene 

Polystyrene 

Polysulfones 

Polytetrafluoroethylene (teflon) 
Poly(vinyl acetate) 


Poly(vinyl chloride) 


Poly(vinylidene chloride) 
Poly(vinylidene fluoride) 
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tC 
25 
25 
84 
25 
23 
25 
23 
23 
23 
27 
27 
80 
25 
23 
25 
25 
25 
25 
50 

150 
25 

100 
23 
23 


1kHz 
5.5 
3.50 

11 

2.5 
2.92 
6.6 
2.65 
2.3 
3.25 
2.6 
3.12 
3.80 
3.8 
2.59 
2.3 
2.6 
3.13 
241 


3.39 

5.3 

4.6 
12.2 


1MHz 
4.2 
3.14 
4.4 


2.8 
6.3 
2.46 


3.0 
2.5 
2.76 
27 


2.59 
2.3 
2.6 
2.10 
2.1 
3.5 
8.3 
2.9 
3.3 
3.2 
8.9 


1GHz 


2.8 
2.8 


4.2 
2.39 


2.8 
2.4 
2.6 
2.6 


2.3 


2.6 


2.1 


2.8 


2.7 


2.7 
47 
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PRESSURE-VOLUME-TEMPERATURE RELATIONSHIP FOR POLYMER MELTS 


Christian Wohlfarth 


Numerous theoretical equations of state for polymer liquids 
have been developed. These, at the minimum, have to provide 
accurate fitting functions to experimental data. However, for the 
purpose of this table, the empirical Tait equation along with a 
polynomial expression for the zero pressure isobar is used. This 
equation is able to represent the experimental data for the melt 
state within the limits of experimental errors, i.e., the maximum 
deviations between measured and calculated specific volumes are 
about 0.001-0.002 cm?/g. 

The general form of the Tait equation is: 


V(P,T) = V(0,T)(1 - C In[1 + P/B(T)]) (1) 


where the coefficient C is usually taken to be a universal constant 
equal to 0.0894. Ті the absolute temperature in K and P the pres- 
sure in MPa. The volume V is the specific volume in cm?/g. The 
Tait parameter B(T) has the very simple meaning that it is inverse- 
ly proportional to the compressibility к at constant temperature 
and zero pressure: 


к(0,Т) = -[1/V(0,T)] (AV/dP) = C/B(T) (2) 
The В(Т) function is usually given by: 
B(T) = B, exp[-B,(T-273.15)] (3) 
but, sometimes a polynomial expression is used: 
B(T) = b, + b (Т-273.15) + b,(T-273.15)? (4) 
The zero-pressure isobar V(0,7) is usually given by: 
V(0,7) = A, + A (Т-273.15) + A (T-273.15)? (5) 


where A , A,, A, are specific constants for a given polymer (the ex- 
pression T-273.15 is used because fitting to the zero- pressure iso- 
bar is usually done in terms of Celsius temperature). Other forms 
for V(0,T) are also found in the literature, such as 


V(0,T) = A, exp[A,(T-273.15)] (6) 
ог 
V(0,T) = A, exp(A,T'?) (7) 


where A, and A, or A, and A, are again specific constants for a 
given polymer. 
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The Тай equation is particularly useful to calculate derivative 
quantities, such as the isothermal compressibility and the thermal 
expansivity coefficients. Тһе isothermal compressibility к(Р,Т) is 
derived from equation (1) as: 


K(P,T) = -(A/V)(dV/dP) = 1A[P + B(T)][1/C - In(1 + Р/В(Т))]} (8) 
and the thermal expansivity а(Р,Т) as: 
a(P,T) = (1/V)(dV/dT) = a(0,T) – РВ,к(Р,Т) (9) 


where о(0,Т) represents the thermal expansivity at zero (atmo- 
spheric) pressure and is calculated from any suitable fit for the 
zero-pressure volume, such as equations (5) through (7) above. 

Because polymer melt PVT-behavior depends only slightly on 
polymer molar mass above the oligomeric region, usually no in- 
formation is given in the original literature for the average molar 
mass of the polymers. 

Table 1 summarizes the polymers or copolymers considered 
here and the experimental ranges of pressure and temperature 
over which data are available. In Table 2 the Tait-equation func- 
tions, with parameters obtained from the fit, are given for 90 poly- 
mer or copolymer melts. 
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TABLE 1. Names of the Polymers, Abbreviation Used, and Range of Experimental Data Applied in the Determination 
of the Equation Constants 


Polymer Symbol T/K P/MPa Ref. 

Ethylene/propylene copolymer (50 wt%) EP50 413-523 0.1-63 4 
Ethylene/vinyl acetate copolymer 

18 wt*6 vinyl acetate EVA18 385-491 0.1-177 4 

25 wt?6 vinyl acetate EVA25 367-506 0.1-177 4 

28 wt?6 vinyl acetate EVA28 367-508 0.1-177 4 

40 wt*6 vinyl acetate ЕМА40 348-508 0.1-177 4 
Polyamide-6 PA6 509-569 0.1-196 4 
Polyamide-11 РА11 478-542 0.1-200 5 
Polyamide-66 PA66 519-571 0.1-196 4 
cis-1,4-Polybutadiene cPBD 277-328 0.1-284 4 
Polybutadiene, 8% 1,2-content PBD-8 298-473 0.1-200 6 
Polybutadiene, 24% 1,2-content PBD-24 298-473 0.1-200 6 
Polybutadiene, 40% 1,2-content PBD-40 298-473 0.1-200 6 
Polybutadiene, 50% 1,2-content PBD-50 298-473 0.1-200 6 
Polybutadiene, 87% 1,2-content PBD-87 298-473 0.1-200 6 
Poly(1-butene), isotactic iPB 406-519 0.1-196 4 
Poly(butyl methacrylate) PnBMA 307-473 0.1-200 4 
Poly(butylene terephthalate) PBT 508-576 0.1-200 3 
Poly(e-caprolactone) PCL 373-421 0.1-200 4 
Polycarbonate-bisphenol-A PC 424-613 0.1-177 4 
Polycarbonate-bisphenol-chloral BCPC 428-557 0.1-200 4 
Polycarbonate-hexafluorobisphenol-A HFPC 432-553 0.1-200 4 
Polycarbonate-tetramethylbisphenol-A TMPC 491-563 0.1-160 4 
Poly(cyclohexyl methacrylate) PcHMA 396-471 0.1-200 4 
Poly(2,5-dimethylphenylene oxide) PPO 473-593 0.1-177 4 
Poly(dimethyl siloxane) PDMS 298-343 0.1-100 4 
Poly(dimethyl siloxane) M, = 1000 PDMS-10 304-420 0.1-250 10 
Poly(dimethyl siloxane) M, = 4000 PDMS-40 298-418 0.1-250 10 
Poly(dimethyl siloxane) M, = 6000 PDMS-60 291-423 0.1-250 10 
Poly(epichlorohydrin) PECH 333-413 0.1-200 4 
Poly(ether ether ketone) PEEK 619-671 0.1-200 4 
Poly(ethyl acrylate) PEA 310-490 0.1-196 4 
Poly(ethyl methacrylate) PEMA 386-434 0.1-196 4 
Polyethylene, high density HDPE 413-476 0.1-196 4 
Polyethylene, linear LPE 415-473 0.1-200 4 
Polyethylene, linear, high MW HMLPE 410-473 0.1-200 4 
Polyethylene, branched BPE 398-471 0.1-200 4 
Polyethylene, low density LDPE 394-448 0.1-196 4 
Polyethylene, low density, type A LDPE-A 385-498 0.1-196 1 
Polyethylene, low density, type B LDPE-B 385-498 0.1-196 1 
Polyethylene, low density, type C LDPE-C 385-498 0.1-196 1 
Poly(ethylene oxide) PEO 361-497 0.1- 68 4 
Poly(ethylene terephthalate) PET 547-615 0.1-196 4 
Poly(4-hexylstyrene) P4HS 303-403 30-100 4 
Polyisobutylene PIB 326-383 0.1-100 4 
Polyisoprene, 8% 3,4-content PI-8 298-473 0.1-200 6 
Polyisoprene, 1496 3,4-content PI-14 298-473 0.1-200 6 
Polyisoprene, 4196 3,4-content PI-41 298-473 0.1-200 6 
Polyisoprene, 5696 3,4-content PI-56 298-473 0.1-200 6 
Poly(methyl acrylate) PMA 310-493 0.1-196 4 
Poly(methyl methacrylate) PMMA 387-432 0.1-200 4 
Poly(4-methyl-1-pentene) РАМР 514-592 0.1-196 4 
Poly(a-methylstyrene) PaMS 473-533 0.1-170 7 
Poly(o-methylstyrene) PoMS 412-471 0.1-180 4 
Polyoxymethylene POM 463-493 0.1-196 2 
Phenoxy* PH 341-573 0.1-177 4 
Polysulfone? PSF 475-644 0.1-196 4 
Polyarylate* PAr 450-583 0.1-177 4 
Polypropylene, atactic aPP 353-393 0.1-100 4 
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Polymer Symbol T/K P/MPa Ref. 

Polypropylene, isotactic iPP 443-570 0.1-196 4 
Polystyrene PS 388-469 0.1-200 4 
Poly(tetrafluoroethylene) PTFE 603-645 0.1- 39 4 
Poly(tetrahydrofuran) PTHF 335-439 0.1- 78 4 
Poly(vinyl acetate) PVAc 308-373 0.1- 80 4 
Poly(vinyl chloride) PVC 373-423 0.1-200 4 
Poly(vinyl methyl ether) PVME 303-471 0.1-200 4 
Poly(vinylidene fluoride) PVdF 451-521 0.1-200 5 
Styrene/acrylonitrile copolymer 

2.7 wt% acrylonitrile SAN3 378-539 0.1-200 4 

5.7 wt% acrylonitrile SAN6 370-540 0.1-200 4 

15.3 wt% acrylonitrile SANI5 405-531 0.1-200 4 

18.0 wt% acrylonitrile SANI18 377-528 0.1-200 4 

40 wt% acrylonitrile SAN40 373-543 0.1-200 4 

70 wt?6 acrylonitrile SAN70 373-544 0.1-200 4 
Styrene/butadiene copolymer 

10 wt% styrene SBR10 393-533 0.1-196 8 

23.5 wt% styrene SBR23 393-533 0.1-196 8 

60 wt% styrene SBR60 393-533 0.1-196 8 

85 wt% styrene SBR85 393-533 0.1-196 8 
Styrene/methyl methacrylate copolymer 

20 wt% methyl methacrylate SMMA20 383-543 0.1-200 4 

60 wt% methyl methacrylate SMMA60 383-543 0.1-200 4 
N-Vinylcarbazole/4-ethylstyrene copolymer 

50 mol% ethylstyrene VCES50 393-443 30-100 9 
N-Vinylcarbazole/4-hexylstyrene copolymer 

80 mol% hexylstyrene VCHS80 313-423 30-100 9 

67 mol% hexylstyrene VCHS67 333-423 30-100 9 

60 mol% hexylstyrene VCHS60 383-453 30-100 9 

50 mol% hexylstyrene VCHS50 373-443 30-100 9 

40 mol% hexylstyrene VCHS40 423-493 30-100 9 

33 mol% hexylstyrene VCHS33 463-523 30-100 9 

20 mol% hexylstyrene VCHS20 473-523 30-100 9 
N-Vinylcarbazole/4-octylstyrene copolymer 

50 mol% octylstyrene VCOS50 403-453 30-100 9 
N-Vinylcarbazole/4-pentylstyrene copolymer 

50 mol% pentylstyrene VCPS50 383-443 30-100 9 


а Phenoxy = Poly(oxy-2-hydroxytrimethyleneoxy-1,4-phenyleneisopropylidene-1,4-phenylene) 
^ Polysulfone = Poly(oxy-1,4-phenylenesulfonyl-1,4-phenyleneoxy-1,4-phenyleneisopropylidene-1,4-phenylene) 
° Polyarylate = Poly(oxyterephthaloyl/isophthaloyl T/I=50/50)oxy-1,4-phenyleneisopropylidene-1,4-phenylene 


Pressure-Volume-Temperature Relationship for Polymer Melts 


Polymer 
EP50 
ЕМА18 
EVA25 
EVA28 
ЕУА40 
РА6 
РА11 
PA66 
cPBD 
PBD-8 
PBD-24 
PBD-40 
PBD-50 
PBD-87 
iPB 
PnBMA 
PBT 
PCL 
PC 
BCPC 
HFPC 
TMPC 
PcHMA 
PPO 
PDMS 
PDMS-10 
PDMS-40 
PDMS-60 
PECH 
PEEK 
PEA 
PEMA 
HDPE 
LPE 
HMLPE 
BPE 
LDPE 
LDPE-A 
LDPE-B 
LDPE-C 
PEO 
PET 
P4HS 
PIB 
PI-8 
PI-14 
PI-41 
РІ-56 
РМА 
РММА 
РАМР 


Рам 5 
PoMS 
POM 
PH 
PSF 
PAr 
aPP 
iPP 


TABLE 2. Tait Equation Parameter Functions for Polymer Melts 


V(0, T)/ وى‎ 
1.2291 + 5.799.10-5(Т-273.15) + 1.964-10-5$(T—273.15)? 
1.02391 ехр(2.173-10 T*5) 
1.00416 ехр(2.244-10:5175) 
1.00832 ехр(2.241-10:5175) 
1.06332 ехр(2.288-10:5175) 
0.7597 exp[4.701-10-*(T-273.15)] 
0.9581 exp[6.664-10-*(T-273.15)] 
0.7657 ехр|6.600-10-(Т-273.15)) 
1.0970 ехр|6.600-10-(Т-273.15)| 
1.1004 + 6.718.10-(Т-273.15) + 6.584-10-(Т-273.15)? 
1.1049 + 6.489.10-( Т-273.15) + 7.099:.10-(Т-273.15)? 
1.1013 + 6.593.10-(Т-273.15) + 5.776.10-(Т-273.15)?2 
1.1037 + 5.955.10-(Т-273.15) + 7.789:10-(Т-273.15)? 
1.1094 + 6.729.10-(Т-273.15) + 4.470:10-(Т-273.15)2 
1.1417 exp[6.75110-(T-273.15)] 
0.9341 + 5.5254-10-*(T—273.15) + 6.5803-10-$(T—273.15)? + 1.5691-107*(T—273.15)? 
0.9640 — 1.017.10-3(Т-273.15) + 3.065-10"%(1–273.15)2 
0.9049 ехр(6.392-10-4Т-273.15)| 
0.73565 exp(1.859.10 515) 
0.6737 + 3.634-10-( Т-273.15)  2.370-107(T-273.15)? 
0.6111 + 4.898-10-( Т-273.15)  1.730-107(T-273.15)? 
0.8497 + 5.073-10-( Т-273.15)  3.832.107(T-273.15)? 
0.8793 + 4.0504-10-4Т-273.15) + 7.774-10-(Т-273.15) – 7.7534.10-10(T—273.15)5 
0.78075 ехр(2.151-10 775) 
1.0079 ехр(9.121-10:4Т-273.15)| 
0.8343 + 5.991.10-( Т-273.15)  5.734-107(T-273.15)? 
0.8018 -7.072-10-( Т-273.15) + 3.635-10-7(Т-273.15)? 
0.8146 + 5.578-10-*(T—273.15) + 5.774.107(T—273.15)2 
0.7216 ехр[5.825-107(1–273.15 
0.7158 ехр(6.690-10-4Т-273.15 
0.8756 ехр(7.241-10-4Т-273.15 
0.8614 ехр(7.468-10-4Т-273.15 
1.1595 --8.0394-10-4Т-273.15) 
0.9172 ехр(7.806-10-4Т-273.15 
0.8992 ехр(8.502-10-4Т-273.15 
0.9399 ехр(7.341-10-4Т-273.15 
1.1944 + 2.841.10-(Т-273.15) + 1.872-10-°(Т-273.15)? 
1.1484 ехр(6.950-10-(Т-273.15 
1.1524 ехр(6.700-10-(Т-273.15 
1.1516 ехр(6.730-10-4Т-273.15 
0.8766 ехр(7.087-10-4Т-273.15 
0.6883 + 5.90.10-( Т-273.15) 
0.8251 + 6.77.10^T 
1.0750 ехр(Б.651.10-(Т-273.15 
1.1030 + 6.488.10-(Т-273.15) + 5.125-10-7(Т-273.15)? 
1.0943 + 6.293.10-(Т-273.15) + 6.231-10-7(Т-273.15)? 
1.0951 + 6.188.10-(Т-273.15) + 6.629-10-7(T—273.15)? 
1.0957 + 6.655.10-(Т-273.15) + 5.661-1077(1—273.15)? 
0.8365 exp[6.795-10-*(T-273.15)] 
0.8254 + 2.8383-10-*(T—273.15) + 7.792.10 7(T—273.15)2 
1.4075 — 9.095.10-(Т-273.15) + 3.497.10-%(Т-273.15)° 


0.89365 + 3.4864-10-*(T—273.15) + 5.0184-10-(Т-273.15) 
0.9396 exp[5.306-10-*(T-273.15)] 

0.7484 exp[6.770-10-*(T-273.15)] 

0.76644 ехр(1.921.10-7*5) 

0.7644 + 3.419.10-(Т-273.15) + 3.126.107 (T-273.15? 
0.73381 exp(1.62610-5T'5) 

1.1841 – 1.091-10-(T-273.15) + 5.286-10-(T-273.15)? 
1.1606 exp[6.700-10-4(T—273.15)] 


487.0 exp 
188.2 exp 
184.4 exp 
183.5 exp 
205.1 exp 
376.7 exp 
254.7 exp 
316.4 exp 
177.7 exp 
200.0 exp 
193.0 exp 
188.0 exp 
183.0 exp 
175.0 exp 
167.5 exp 
226.7 exp 
263.0 exp 
189.0 exp 
310.0 exp 
363.4 exp 
236.6 exp 
231.4 exp 
295.2 exp 
227.8 exp 
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B(T)/MPa 
-8.103-10:4Т-273.15 
-4.537:10:4Т-273.15 
—4.734-10(T-273.15 
-4.457:10-4Т-273.15 
—4.989-10(T-273.15 
-4.660-10-(Т-273.15 
—4.178-10(T-273.15 
—5.040-10(T-273.15 
-3.593.10-(Т-273.15 
-4.606-10-(Т-273.15 
—4.519-10(T-273.15 
—4.437-10(T-273.15 
—4.425-10(T-273.15 
—4.538-10(T-273.15 
—4.533-10(T-273.15 
—5.344-10(T-273.15 
—3.444-10(T-273.15 
-3.931.110-(Т-273.15 
-4.078:10-4Т-273.15 
-4.921:10-4Т-273.15 
-5.156:10:4Т-273.15 
-4.242-10-4Т-273.15 
-5.220-10-4Т-273.15 
-4.290-10-(Т-273.15 


89.4 ехр|-5.701-10:4Т-273.15)| 
542.63 exp[-6.69-10(T-273.15 
482.73 ехр[—6.09-10-%(Т—273.15 
482.73 ехр[—6.09-10-%(Т—273.15 


238.3 ехр 
388.0 ехр 
193.2 ехр 
260.9 ехр 
179.9 ехр 
176.7 ехр 
168.3 ехр 
177.1 ехр 
202.2 ехр 
192.9 ехр 
196.6 ехр 
186.7 ехр 
207.7 ехр 
369.7 ехр 
103.1 ехр 
200.3 ехр 
188.0 ехр 
202.0 ехр 
199.0 ехр 
200.0 ехр 
235.8 ехр 
287.5 ехр 
37.67 + 0. 


-4.17110-Х(Т-273.15 
—4.124-10(T-273.15 
—4.839-10(T-273.15 
-5.356-10-(Т-273.15 
—4.739-10(T-273.15 
—4.661-10(T-273.15 
—4.292-.10(T-273.15 
—4.699-10(T-273.15 
-5.243-10-4Т-273.15 
-4.701:10-4Т-273.15 
—4.601-10(T—273.15 
—4.391-10(T-273.15 
-3.947:10-4Т-273.15 
-4.150:10:4Т-273.15 
-2.417.10(T-273.15 
—4.329-10(T-273.15 
—4.541-10(T-273.15 
—4.653-10(T-273.15 
-4.622-10-4Т-273.15 
—4.644-10(T-273.15 
—4.493-10(T-273.15 
—4.146-10(T-273.15 
2134(T-273.15)] – 


7.0445-10-*(T-273.15? 


297.7 exp 
261.9 exp 
305.6 exp 
359.9 exp 
365.9 exp 
296.9 exp 
162.1 exp 
149.1 exp 


-4.074-10-(Т-273.15 
-4.114-10-(Т-273.15 
-4.326-10-(Т-273.15 
-4.378-10-(Т-273.15 
-3.757.10-(Т-273.15 
-3.375-10-(Т-273.15 
-6.604-10-(Т-273.15 
-4.177.10-(Т-273.15 
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Polymer V(0,T)/cm*g"! B(T)/MPa 
PS 0.9287 ехр|5.131-10-4Т-273.15) 216.9 exp[-3.319-10(1—273.15 
PIFE 0.3200 + 9.5862-10-*(T—273.15) 425.2 ехр|-9.380-10-(Т-273.15 
PTHF 1.0043 ехр(6.691-10-1Т-273.15) 178.6 exp[-4.223-10(1-273.15 
PVAc 0.82496 + 5.820-10-(Т-273.15) + 2.940-1077(1—273.15)? 204.9 exp[-4.346-10(1—273.15 
PVC 0.7196 + 5.581.10-( Т-273.15) + 1.468.10-(Т-273.15)? 294.2 ехр|-5.321-10-(Т-273.15 
РУМЕ 0.9585 ехр[6.653-107(1–273.15) 215.8 ехр|-4.588-10-(Т-273.15 
PVdF 0.5790 ехр(8.051-10-4Т-273.15) 244.0 ехр|-5.210-10-(Т-273.15 
SAN3 0.9233 + 3.936-10-( Т-273.15)  5.685-107(T-273.15)? 239.8 ехр|-4.376:10-(Т-273.15 
SANG 0.9211 + 4.370-10*(T-273.15)  5.846-107(T—273.15)? 226.9 ехр|-4.286-10-(Т-273.15 
SANI5 0.9044 + 4.207-10-( Т-273.15) + 4.077-107(T-273.15)? 238.4 ехр|-3.943-10-(Т-273.15 
5АМ18 0.9016 + 4.036-107'(1–273.15) + 4.206-107(T-273.15)? 240.4 ехр|-3.858-10-(Т-273.15)| 
SAN40 0.8871 + 3.406-10*(T-273.15) + 4.938.107(T-273.15)? 289.3 exp[-4.431-10(1—273.15 
SAN70 0.8528 + 3.616-10-( Т-273.15)  2.634-107(T-273.15)? 335.4 ехр|-3.923-10-(Т-273.15 
SBR10 0.9053 ехр(2.437-10-5Т15) 530.3 exp[-3.99-10-(T-273.15)] 
SBR23 0.8986 ехр(2.317-10-5715) 551.6 ехр|-4.17:10:(Т-273.15)| 
SBR60 0.8812 ехр(2.031-10-5Т!5) 486.0 exp[-4.34-10-(T-273.15)] 
SBR85 0.8704 ехр(1.846-10-5Т15) 356.7 exp[-4.24-10-*(T-273.15)] 
SMMA20 0.9063 + 3.570-10-( Т-273.15)  6.532.107(T-273.15)? 232.0 ехр|-4.143-10-(Т-273.15 
5ММА60 0.8610 + 3.350-10-( Т-273.15)  6.980-107(T—-273.15)? 261.0 exp[-4.611-10(71—273.15 
VCES50 0.6676 + 6.63-10-*Т 5281.7 ехр|-9.264-10-4Т-273.15)| 
VCHS80 0.7753 + 6.17-10-*Т 247.6 ехр(-2.604-10-(Т-273.15 
VCHS67 0.8028 + 6.50.1107 581.7 ехр|-4.553-10-(Т-273.15 
VCHS60 0.8213  6.23-10^T 229.1 exp[-2.133-10(1—273.15 
VCHS50 0.7827 + 5.05-10^T 136.0 ехр[ -1.083-10-3(Т-273.15 
VCHS40 0.7805 + 4.92.10-*Т 155.0 ехр[ -1.605-10-3(Т-273.15 
VCHS33 0.7710 + 4.86.10“Т 460.4 ехр[-3.453-10-3(Т-273.15 
VCHS20 0.6416 + 5.42.10%Т 489.8 exp[-3.193-103(1—273.15 
VCOS50 0.7081 + 7.40-10^T 666.5 ехр(-4.503.10-(Т-273.15 
МСР550 0.7814 + 4.36-10-*Т 880.1 ехр(-4.393.10-(Т-273.15 


UPPER CRITICAL (UCST) AND LOWER CRITICAL (LCST) SOLUTION TEMPERATURES 
OF BINARY POLYMER SOLUTIONS 


Christian Wohlfarth 


Liquid-liquid demixing in solutions of polymers in low molar 
mass solvents is not a rare phenomenon. Demixing depends on 
concentration, temperature, pressure, molar mass and molar mass 
distribution function of the polymer, chain branching and end 
groups of the polymer, the chemical nature of the solvent, isotope 
substitution in solvents or polymers, chemical composition of 
copolymers and its distributions, and other variables. Phase dia- 
grams of polymer solutions can therefore show a quite compli- 
cated behavior when they have to be considered in detail (see Ref. 
1a). 

Polymer solutions can undergo demixing when cooling a 
homogeneous solution as well as when heating such a solution. 
The corresponding cloud-point curves show a maximum (UCST 
behavior) or a minimum (LCST behavior). For common polymer 
solutions, the LCST region is at higher temperatures (in many 
cases near the critical temperature of the solvent) than the UCST 
region. The temperature range between both extrema provides 
the essential information where the one-phase region of a poly- 
mer solution can be found. In the case of monodisperse polymers 
the extrema are equal to the critical points. However, in the case 
of polydisperse polymers with distribution functions, these 
extrema are threshold temperatures whereas the critical point 
shifts to higher concentrations on the shoulder of the cloud-point 
curve. Usually, the critical concentration is much more strongly 
influenced than the critical temperature. Thus, the table below 
does not distinguish between threshold and critical temperatures. 

UCST and LCST values depend somewhat on pressure. LCST 
values in the table are usually given at the vapor pressure of the 
solvent at this temperature. UCST values are measured in most 
cases at normal pressure; data at higher pressures are neglected 
here. The interested reader can find such information, for exam- 
ple, in Refs. 76, 84, 104, 157, 165, 177, 185-187, or 192. 


Polymer 

Acrylonitrile/butadiene copolymer 
(1896 Acrylonitrile) 

(2696 Acrylonitrile) 
Butadiene/a-methylstyrene copolymer 
(10% o-Methylstyrene) 


Carbon monoxide/ethylene copolymer 
(1:1, alternating) 


1000000 
Cellulose diacetate 
59900 75500 
59300 
Cellulose diacetate/styrene graft copolymer 
(77.4 wt% grafted polystyrene) 
750000 
750000 
Cellulose nitrate (13.3 wt% N) 
unknown 
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M,/g mo M,/g mol! Муз mol! 


However, UCST and LCST values of a given polymer/solvent 
pair depend strongly on the molar mass of the polymer. In the 
case of monodisperse polymers, this dependency can be 
described in good approximation by the so-called Shultz-Flory 
plot (see Refs. 6 and 8): 


1 1 | 1 1 | 
== —| 1+const| ——— 
T 0 Nr 2r 


where r denotes the number of segments of a polymer (being pro- 
portional to the degree of polymerization or to the molar mass or 
molar volume of the polymer). Extrapolation to r > со, i.e., to infi- 
nite molar mass, leads to the value of the 0-temperature. This 0- 
temperature is the highest temperature for UCST behavior or the 
lowest temperature for LCST behavior and a given polymer/sol- 
vent pair. In the case of polydisperse polymers, the segment num- 
ber in equation (1) is to be replaced by its weight average, r,, 


(1) 


(related to M,). The constant in equation (1) reflects further ther- 
modynamic properties of the given polymer/solvent pair, but 
should not depend on molar mass. A detailed discussion can be 
found in Ref. 1b. 

The printed table in the Handbook provides only one data line 
for a given polymer/solvent pair and does not show the molar 
mass dependence of UCST or LCST data. The entire table with all 
data at different molar masses for many of the systems is given in 
the electronic version, however. Nevertheless, the necessary 
molar mass information for a system is always provided in the 
table by the corresponding number average, M,, mass average, 
Му or viscosity average, M,, values of the polymer as given in the 
original sources. 


Solvent UCST/K LCST/K Ref 


840000 Ethyl acetate 427 220 

1000000 Ethyl acetate 412 220 

100000 Ethyl acetate 387 393 220 
1,1,1,3,3,3-Hexafluoro-2- 453 159 

propanol 

120000 Benzyl alcohol 372 86 
2-Butanone 279.7 471.5 111 
2-Propanone 216.2 438.2 42 
N,N-Dimethylformamide 262 399 106 
Tetrahydrofuran 363 106 
2-Propanone 328 182 148 
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Polymer M,/g mo M,/g mol! M,/gmol! Solvent UCST/K LCST/K Ref 
Cellulose triacetate 
20000 Benzyl alcohol 322 86 
100500 2-Propanone 290.0 472.0 42 
Cellulose tricaprylate 
infinite N,N-Dimethylformamide 413 5 
infinite 3-Phenyl-1-propanol 321 5 
Decamethyltetrasiloxane 
310.69 Tetradecafluorohexane 332.59 195 
N,N-Dimethylacrylamide/2-butoxyethyl 
acrylate copolymer (50 wt% 2-butoxyethyl 
acrylate) 
Water <273.2 164 
N,N-Dimethylacrylamide/butyl acrylate 
copolymer 
(15 wt% Butyl acrylate) Water 346.2 164 
(20 wt% Butyl acrylate) Water 323.2 164 
(30 wt% Butyl acrylate) Water 294.2 164 
(35 wt% Butyl acrylate) Water 281.2 164 
N,N-Dimethylacrylamide/2-ethoxyethyl 
acrylate copolymer 
(50 wt% 2-Ethoxyethyl acrylate) Water 319.2 164 
(75 wt% 2-Ethoxyethyl acrylate) Water 285.2 164 
N,N-Dimethylacrylamide/ethyl acrylate 
copolymer 
(25 wt% Ethyl acrylate) Water 347.2 164. 
(30 wt% Ethyl acrylate) Water 334.2 164 
(50 wt% Ethyl acrylate) Water 287.2 164 
(55 wt% Ethyl acrylate) Water <273.2 164 
N,N-Dimethylacrylamide/2-methoxyethyl 
acrylate copolymer 
(38 mol% 2-Methoxyethyl acrylate) Water 353 184 
(45 mol% 2-Methoxyethyl acrylate) Water 333 184 
(55 mol% 2-Methoxyethyl acrylate) Water 315 184 
(68 mol% 2-Methoxyethyl acrylate) Water 305 184 
(82 mol% 2-Methoxyethyl acrylate) Water 288 184 
(92 mol% 2-Methoxyethyl acrylate) Water 283 184 
N,N-Dimethylacrylamide/methyl acrylate 
copolymer 
(30 wt% Methyl acrylate) Water 371.2 164 
(40 wt% Methyl acrylate) Water 338.2 164 
(50 wt% Methyl acrylate) Water 314.2 164 
(55 wt% Methyl acrylate) Water 294.2 164 
(60 wt% Methyl acrylate) Water 279.2 164 
(70 wt% Methyl acrylate) Water «2732 164 
N,N-Dimethylacrylamide/propyl acrylate 
copolymer 
(20 wt% Propyl acrylate) Water 353.2 164 
(30 wt% Propyl acrylate) Water 337.2 164 
(40 wt% Propyl acrylate) Water 294.2 164 
(50 wt% Propyl acrylate) Water 281.2 164 


Dimethylsiloxane/methylphenylsiloxane 
copolymer (15 wt% methylphenylsiloxane) 


9100 41200 Anisole 291.45 198 
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Polymer M,/g mol! M,/g mol! M,/g mol! Solvent UCST/K LCST/K Ref 
9100 41200 2-Propanone 282.45 198 
Ethylene/propylene copolymer 
(33 mol% ethylene) 
145000 Cyclohexane 534 101 
145000 Cyclopentane 490 101 
145000 2,2-Dimethylbutane 428 101 
145000 2,3-Dimethylbutane 452 101 
145000 3,4-Dimethylhexane 541 101 
145000 2,2-Dimethylpentane 472 101 
145000 2,3-Dimethylpentane 500 101 
145000 2,4-Dimethylpentane 464 101 
145000 3-Ethylpentane 511 101 
145000 Heptane 502 101 
145000 Hexane 455 101 
145000 2-Methylbutane 396 101 
145000 Methylcyclohexane 558 101 
145000 Methylcyclopentane 512 101 
145000 2-Methylhexane 486 101 
145000 Nonane 558 101 
145000 Octane 528 101 
145000 Pentane 409 101 
145000 2,2,4,4- Tetramethylpentane 539 101 
145000 2,2,3-Trimethylbutane 500 101 
145000 2,2,4-Trimethylpentane 503 101 
Ethylene/propylene copolymer 
(43 mol% ethylene) 
70000 140000 Hexane 436 127 
70000 140000 2-Methylpentane 474 127 
70000 140000 Pentane 441 127 
Ethylene/propylene copolymer 
(53 mol% ethylene) 
154000 2,2-Dimethylbutane 407 101 
154000 2,3-Dimethylbutane 437 101 
154000 2,2-Dimethylpentane 453 101 
154000 2,3-Dimethylpentane 488 101 
154000 2,4-Dimethylpentane 445 101 
154000 3-Ethylpentane 500 101 
154000 Heptane 493 101 
154000 Hexane 443 101 
154000 Pentane 395 101 
154000 2,2,3-Trimethylbutane 488 101 
154000 2,3,4-Trimethylhexane 565 101 
154000 2,2,4-Trimethylpentane 484 101 
Ethylene/propylene copolymer 
(63 mol% ethylene) 
236000 Cyclohexane 526 101 
236000 Cyclopentane 481 101 
236000 2,3-Dimethylbutane 429 101 
236000 3,4-Dimethylhexane 530 101 
236000 2,2-Dimethylpentane 444 101 
236000 2,3-Dimethylpentane 482 101 


236000 2,4-Dimethylpentane 434 101 
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Polymer M,/g mol! M,/g mol! M,/gmol! Solvent UCST/K LCST/K Ref 
236000 3-Ethylpentane 492 101 
236000 Heptane 485 101 
236000 Hexane 436 101 
236000 2-Methylbutane 348 101 
236000 Methylcyclopentane 498 101 
236000 Nonane 547 101 
236000 Octane 512 101 
236000 Pentane 387 101 
236000 2,2,4,4- Tetramethylpentane 528 101 
236000 2,2,3-Trimethylbutane 479 101 
236000 2,2,4-Trimethylpentane 479 101 


Ethylene/propylene copolymer 
(75 mol% ethylene) 


109000 2,2-Dimethylpentane 431 101 
109000 2,4-Dimethylpentane 425 101 
109000 Heptane 475 101 
109000 Hexane 427 101 
109000 Nonane 542 101 
109000 Octane 509 101 
109000 Pentane 378 101 
109000 2,2,4,4-Tetramethylpentane 523 101 
109000 2,2,4- Trimethylpentane 469 101 
Ethylene/propylene copolymer (81 mol% 
ethylene) 
195000 Cyclohexane 522 101 
195000 Cyclopentane 474 101 
195000 2,2-Dimethylbutane 381 101 
195000 2,3-Dimethylbutane 413 101 
195000 2,4-Dimethylhexane 478 101 
195000 2,5-Dimethylhexane 466 101 
195000 3,4-Dimethylhexane 522 101 
195000 2,2-Dimethylpentane 425 101 
195000 2,3-Dimethylpentane 471 101 
195000 2,4-Dimethylpentane 420 101 
195000 3-Ethylpentane 478 101 
195000 Heptane 468 101 
195000 Hexane 425 101 
195000 2-Methylbutane 327 101 
195000 Methylcyclohexane 541 101 
195000 Methylcyclopentane 493 101 
195000 2-Methylhexane 453 101 
195000 3-Methylhexane 459 101 
195000 Nonane 540 101 
195000 Octane 506 101 
195000 Pentane 370 101 
195000 2,2,4,4- Tetramethylpentane 519 101 
195000 2,2,3-Trimethylbutane 461 101 
195000 2,2,4-Trimethylpentane 460 101 


Ethylene/vinyl acetate copolymer 
( 2.3 wt% Vinyl acetate) 52000 465000 Diphenyl ether 404.2 143 
( 4.0 wt% Vinyl acetate) 47000 280000 Diphenyl ether 392.5 143 


Upper Critical (UCST) and Lower Critical (LCST) Solution Temperatures of Binary Polymer Solutions 


Polymer 

( 7.1 wt% Vinyl acetate) 

( 9.5 wt% Vinyl acetate) 

( 9.7 wt% Vinyl acetate) 

(12.1 wt% Vinyl acetate) 

(42.6 mol% Vinyl acetate) 

Ethylene/vinyl alcohol copolymer 

(87.2 mol% Vinyl alcohol) 

(88.9 mol% Vinyl alcohol) 

(91.0 mol% Vinyl alcohol) 

(94.1 mol% Vinyl alcohol) 

Ethylene oxide/propylene oxide copolymer 
(20.0 mol% Ethylene oxide 
(27.0 mol% Ethylene oxide 
(30.0 mol% Ethylene oxide 
(38.5 mol% Ethylene oxide 
(50.0 mol% Ethylene oxide 
(58.8 mol% Ethylene oxide 
(72.4 mol% Ethylene oxide 
(79.5 mol% Ethylene oxide 
(86.6 mol% Ethylene oxide 
Gutta Percha 


Hydroxypropylcellulose 


N-Isopropylacrylamide/acrylamide 
copolymer 


(15 mol% Acrylamide) 
(30 mol% Acrylamide) 
(45 mol% Acrylamide) 


N-Isopropylacrylamide/1-deoxy-1- 
methacrylamido-D-glucitol 


(12.9 mol% Glucitol) 
(13.7 mol% Glucitol) 
(14.0 mol% Glucitol) 


N-Isopropylacrylamide/N- 
isopropylmethacrylamide copolymer 


(10.56 mol% N-Isopropylmethacrylamide) 
(30.00 mol% N-Isopropylmethacrylamide) 
(39.99 mol% N-Isopropylmethacrylamide) 
(59.89 mol% N-Isopropylmethacrylamide) 
(79.81 mol% N-Isopropylmethacrylamide) 
(89.99 mol% N-Isopropylmethacrylamide) 


Methylcellulose (about 30 mol% methyl 
subsitution) 


Methylcellulose/hydroxypropylcellulose 
copolymer (25 mol% methyl, 8 mol% 
hydroxypropyl subsitution) 


Natural rubber 


M,/g mol! M,/g mol! Муз mol! 


34000 
53000 
55000 
66000 
14800 


3400 
3000 
5400 
5000 
3900 
3000 


78000 
51600 
145000 


55300 
28800 
23100 
23100 
16600 
14700 


460000 
350000 
490000 
300000 
41500 


36000 
30800 
30100 


75000 
300000 


3100000 
4500000 
3900000 


170000 
110000 
432000 


177000 
92000 
74000 
74000 
53000 
47000 


300000 


infinite 
infinite 
infinite 


infinite 


194000 


70000 
80000 


74500 


Solvent 

Diphenyl ether 
Diphenyl ether 
Diphenyl ether 
Diphenyl ether 
Methyl acetate 


Water 
Water 
Water 
Water 


Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 


Propyl acetate 


Water 
Water 


Water 
Water 
Water 


Water 
Water 
Water 


Water 
Water 
Water 
Water 
Water 
Water 


Water 
Water 


Pentane 


2-Pentanone 


UCST/K LCST/K Ref 


378.2 
367.3 
370.8 
360.4 
307.0 


463.55 


449.15 


428.45 
389.25 


318.95 


274.45 


285.65 
290.75 
302.95 
324.45 


303 
309 
313 
309 
323 
326.65 
333 
345 
355.5 


318.45 
331.25 


315.15 
326.15 
347.15 


311.3 
314.9 
307.5 


307.15 
309.75 
311.05 
314.65 
317.35 
318.75 


324.75 
340.15 


403 


143 
143 


43 


172 
172 
172 


218 
218 
218 


212 
212 
212 
212 
212 
212 


47 
63 


10 
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13-24 Upper Critical (UCST) and Lower Critical (LCST) Solution Temperatures of Binary Polymer Solutions 


Polymer M,/g mol! M,/g mol! M,/g mol! Solvent UCST/K LCST/K Ref 
Phenol-formaldehyde resin (acetylated) 2-Ethoxyethanol 378.2 200 
Poly(acrylic acid) 120000 Tetrahydrofuran 268.3 189 
Poly[bis(2,3-dimethoxypropanoxy) 
phosphazene] 
1070000 1500000 Water 317.15 183 
Poly[bis(2-(2’-methoxyethoxy)ethoxy) 
phosphazene] 
667000 1000000 Water 338.15 183 
Poly[bis(2,3-bis(2-methoxyethoxy) 
propanoxy)phosphazene] 
714000 1000000 Water 311.15 183 
Poly[bis(2,3-bis(2-(2- methoxyethoxy) 
ethoxy)propanoxy)phosphazene] 
1420000 1700000 Water 322.65 183 
Poly[bis(2,3-bis(2-(2’-(2”-dimethoxyethoxy) 
ethoxy)ethoxy)propanoxy)phosphazene] 
857000 1200000 Water 334.65 183 
Poly(1-butene) (atactic) 
infinite Anisole 359.4 11 
infinite Toluene 356.2 28 
Poly(1-butene) (isotactic) 
infinite Anisole 362.3 11 
530000 Cyclopentane 498 102 
530000 2,2-Dimethylbutane 444. 102 
530000 2,5-Dimethylhexane 519 102 
530000 3,4-Dimethylhexane 559 102 
530000 2,3-Dimethylpentane 517 102 
530000 2,4-Dimethylpentane 480 102 
530000 3-Ethylpentane 523 102 
530000 Heptane 509 102 
infinite Hexane 464 102 
530000 2-Methylbutane 416 102 
infinite Nonane 564 102 
530000 Octane 540 102 
infinite Pentane 421 102 
530000 2,2,3-Trimethylbutane 507 102 
Poly(butyl methacrylate) 
278000 470000 1-Butanol 287.15 132 
278000 470000 Decane 357.25 132 
278000 470000 Ethanol 315.25 132 
278000 470000 Heptane 342.55 132 
278000 470000 Octane 345.80 132 
278000 470000 1-Pentanol 286.30 132 
278000 470000 2-Propanol 294.90 132 
278000 470000 2,2,4-Trimethylpentane 347.50 132 
Poly(2-chlorostyrene) 
infinite Benzene 298 40 
Poly(4-chlorostyrene) 
infinite Benzene 274.0 22 
infinite 2-(Butoxyethoxy)ethanol 323.25 46 
infinite Butyl acetate 502.4 22 


infinite tert-Butyl acetate 33855 46 
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Polymer M,gmol! M,/g mol! M,/g mol! Solvent UCST/K LCST/K Ref 
infinite Chlorobenzene 128.8 22 
infinite 2-(Ethoxyethoxy)ethanol 300.95 46 
infinite Ethyl acetate 613.2 22 
infinite Ethylbenzene 283.2 22 
infinite Ethylbenzene 258.45 46 
infinite Ethyl chloroacetate 271.35 46 
infinite Isopropyl acetate 348.656 46 
infinite Isopropylbenzene 332.15 46 
infinite Isopropyl chloroacetate 264.95 46 
infinite Methyl chloroacetate 337.75 46 
infinite Propyl acetate 908.7 22 
infinite Tetrachloroethene 317.55 46 
infinite Tetrachloromethane 323.85 46 
infinite Toluene 236.8 22 
Poly(decyl methacrylate) 
390000 468000 1-Butanol 304.85 113 
390000 468000 1-Pentanol 278.40 113 
220000 252000 2-Propanol 346.85 132 
Polydimethylsiloxane (cyclic) 
9810 10300 2,2-Dimethylpropane 433 133 
9810 10300 Tetramethylsilane 448 133, 171 
Polydimethylsiloxane 
626000 Butane 392.95 53 
infinite Decane 603 30 
14750 16370 2,2-Dimethylpropane 428 133 
infinite Dodecane 643 30 
626000 Ethane 259.65 53 
100000 Ethoxybenzene 341.99 108 
infinite Heptane 528 30 
infinite Hexadecane 708 30 
infinite Hexane 493 30 
infinite Octane 553 30 
infinite Pentane 453 30 
203000 Propane 340.15 53 
14750 16370 Tetramethylsilane 443 133, 171 
Poly(ethyl acrylate) 
48000 1-Butanol 310.05 27 
48000 Ethanol 301.15 27 
380000 Methanol 287.25 27 
48000 1-Propanol 305.15 27 
Polyethylene (branched) 
8400 32000 Diphenyl ether 384.7 95, 98 
24000 123000 Diphenyl ether 396.7 95, 98 
65000 425000 Diphenyl ether 415.3 95, 98 
Polyethylene (linear) 
20000 Anisole 368.15 24 
20000 Benzyl acetate 459.65 24 
20000 Benzyl phenyl ether 437.15 24 
20000 Benzyl propionate 436.15 24 
50900 Biphenyl 383.55 25 


61100 Butyl acetate 448 497 70 
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Polymer M,/g mol! M,/g mol! M,/g mol! Solvent UCST/K LCST/K Ref 
20000 4-tert-Butylphenol 466.15 24 
134000 Cyclohexane 518 101 
20000 Cyclohexanone 389.65 24 
134000 Cyclopentane 472 101 
36700 49300 Decane 563.75 91 
20000 1-Decanol 400.15 24 
20000 Dibenzyl ether 448.65 24 
134000 3,4-Dimethylhexane 515 101 
134000 2,2-Dimethylpentane 399 101 
134000 2,3-Dimethylpentane 463 101 
134000 2,4-Dimethylpentane 395 101 
12000 150000 Diphenyl ether 416.2 95, 98 
97200 Diphenylmethane 400.25 25 
60400 82600 Dodecane 610.85 91 
218000 1-Dodecanol 405.15 141 
134000 3-Ethylpentane 471 101 
36700 49300 Heptane 464.70 91 
20000 1-Heptanol 440.15 24 
36700 49300 Hexane 414.65 91 
7900 92000 1-Hexanol 458.15 154 
20000 2-Methoxynaphthalene 427.65 24 
20000 3-Methylbutyl acetate 407.15 24 
134000 Methylcyclohexane 537 101 
134000 Methylcyclopentane 488 101 
60400 82600 Nonane 531.90 91 
20000 1-Nonanol 431.15 24 
20000 4-Nonylphenol 410.15 24 
36700 49300 Octane 502.40 91 
7900 92000 1-Octanol 426.65 154 
20000 4-Octylphenol 424.65 24 
134000 Pentane 353 101 
20000 1-Pentanol 445.15 24 
175000 Pentyl acetate 421 528 70 
20000 4-tert-Pentylphenol 443.65 24 
20000 Phenetole 366.65 24 
134000 2,2,4,4- Tetramethylpentane 513 101 
60400 82600 Tridecane 639.30 91 
134000 2,2,3-Trimethylbutane 444 101 
134000 2,3,4-Trimethylhexane 545 101 
134000 2,2,4-Trimethylpentane 495 101 
97700 135900 Undecane 583.95 91 
Poly(ethylene glycol) 
8000 tert-Butyl acetate 321.2 464.2 83 
21200 tert-Butyl acetate 353.2 431.2 83 
6100 6200 Water 404.79 185 
10457 11615 Water 394.33 205 
40800 151000 Water 378.25 205 


Poly(ethylene oxide)-b- 
poly[bis(methoxyethoxyethoxy)- 
phosphazene] block copolymer 
(about 67 mol% Ethylene oxide) 


22000 31500 Water 338 222 
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Polymer 


Poly(ethylene oxide)-b-poly(propylene 
oxide)-b-poly(ethylene oxide) triblock 
copolymer (about 30 mol% Ethylene oxide) 


Polyethylethylene 


Poly(p-hexylstyrene) 


Poly(2-hydroxyethyl methacrylate) 


Polyisobutylene 


M,/g mol! M,/g mol! Муз mol! 


4400 
48000 52000 
infinite 


77400 
233600 
233600 
77400 
77400 


infinite 
72000 
703000 
infinite 
1500000 
infinite 
1500000 
infinite 
1500000 
1500000 
infinite 
infinite 
infinite 
infinite 
infinite 
infinite 
infinite 
infinite 
infinite 
infinite 
infinite 
infinite 
infinite 
infinite 
infinite 
infinite 
infinite 
72000 
6030 
infinite 
infinite 
infinite 
infinite 
infinite 
infinite 


infinite 


Solvent 


Water 


Diphenyl ether 


2-Butanone 


1-Butanol 
2-Butanol 
2-Metyl-1-propanol 
1,2,3-Propanetriol 
1-Propanol 


Anisole 

Benzene 

Butane 
Cycloheptane 
Cyclohexane 
Cyclooctane 
Cyclopentane 
Decane 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
2,2-Dimethylhexane 
2,4-Dimethylhexane 
2,5-Dimethylhexane 
3,4-Dimethylhexane 
2,2-Dimethylpentane 
2,3-Dimethylpentane 
2,4-Dimethylpentane 
3,3-Dimethylpentane 
Diphenyl ether 
Decane 

Dodecane 
Ethylbenzene 
Ethylcyclopentane 
Ethyl heptanoate 
Ethyl hexanoate 
3-Ethylpentane 
Heptane 

Hexane 
2-Methylbutane 
Methylcyclohexane 
Methylcyclopentane 
2-Methylheptane 
3-Methylheptane 
2-Methylhexane 
3-Methylhexane 
2-Methylpentane 


UCST/K LCST/K Ref 


286.65 209 
411.2 95, 98 
302.6 135 
337.25 35 
287 35 
342 35 
345 35 
311 35 
377 3 
540.5 39 
264.75 53 
572 34 
412 10 
637 34 
344 10 
535 34 
376 10 
404 10 
454 34 
458 34 
446 34 
497 34 
404 34 
451 34 
403 34 
451 34 
306 3 
585 30 
582 34 
249 3 
524 34 
306 3 
330 3 
458 34 
442 34 
428.5 39 
357.85 53 
526 34 
478 34 
466 34 
478 34 
426 34 
446 34 
376 34 
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Polymer M,/g mol! M,/g mol! M,/g mol! Solvent UCST/K LCST/K Ref 
infinite 3-Methylpentane 405 34 
470 2-Methylpropane 387 10 
72000 Octane 506.0 39 
6030 Pentane 403.55 53 
72000 Pentane 373.5 39 
infinite Phenetole 357 3 
470 Propane 358 10 
infinite Propylcyclopentane 547 34 
infinite Toluene 260 3 
infinite 2,2,3- Trimethylbutane 445 34 
infinite 2,2,4-Trimethylpentane 435 34 
1,4-cis-Polyisoprene 
780000 2,5-Dimethylhexane 474.15 140 
780000 3,4-Dimethylhexane 520.15 140 
780000 2,2-Dimethylpentane 445.15 140 
780000 2,3-Dimethylpentane 484.15 140 
780000 2,4-Dimethylpentane 442.15 140 
780000 3-Methylpentane 483.15 140 
780000 Heptane 488.15 140 
780000 Hexane 434.15 140 
780000 Nonane 541.15 140 
780000 Octane 509.15 140 
780000 2,2,4,4-Tetramethylpentane 518.15 140 
780000 2,3,4-Trimethylhexane 548.15 140 
780000 2,2,4-Trimethylpentane 471.15 140 
1,4-trans-Polyisoprene 
180000 2,5-Dimethylhexane 451.15 140 
180000 3,4-Dimethylhexane 521.15 140 
180000 2,2-Dimethylpentane 405.15 140 
180000 2,3-Dimethylpentane 460.15 140 
180000 2,4-Dimethylpentane 404.15 140 
180000 3-Methylpentane 473.15 140 
180000 Heptane 467.15 140 
180000 Hexane 407.15 140 
180000 Nonane 540.15 140 
180000 Octane 503.15 140 
180000 2,2,4,4-Tetramethylpentane 519.15 140 
180000 2,3,4-Trimethylhexane 548.15 140 
Poly(N-isopropylacrylamide) 
5400 14000 Water 307.45 146 
146000 530000 Water 305.85 146 
Poly(N-isopropylacrylamide)-poly[(N- 
acetylimino)ethylene] block copolymer 
(80 wt% N-Isopropylacrylamide) 
5500 Water 306.2 223 
Poly(N-isopropylacrylamide)-poly[(N- 
acetylimino)ethylene] graft copolymer 
(75 wt% N-Isopropylacrylamide) 
6030 Water 306.2 223 
Poly(N-isopropylmethacrylamide) 
6250 20000 Water 319.95 212 


Poly(methyl methacrylate) 
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Polymer 


Poly(methyl methacrylate) (isotactic) 


Poly(4-methyl-1-pentene) (isotactic) 


M,/g mol! M,/g mol! Муз mol! 


infinite 


infinite 


200000 


infinite 


infinite 


infinite 


572400 


infinite 


infinite 
200000 


200000 


infinite 
infinite 
infinite 
infinite 
infinite 
infinite 
infinite 


infinite 


infinite 
infinite 


infinite 


264000 
77000 


595300 


264000 


264000 


127000 
970000 
50000 


970000 
127000 


127000 


970000 


50000 


1400000 


50000 


400000 
50000 


152000 
152000 
152000 
152000 
152000 


152000 
152000 
152000 
152000 
152000 
152000 
152000 
152000 


Solvent 

Acetonitrile 

Acetonitrile 

1-Butanol 

2-Butanone 
1-Chlorobutane 
2,2-Dimethyl-3-pentanone 
2,4-Dimethyl-3-pentanone 
2-Ethoxyethanol 

Ethyl acetate 
2-Ethylbutanal 
3-Heptanone 
4-Heptanone 

3-Hexanone 

Methyl acetate 


1-Methyl-4- 
isopropylbenzene 


2-Octanone 
3-Octanone 
3-Pentanone 
1-Propanol 
2-Propanone 
Tetra(ethylene glycol) 
Toluene 
Trichloromethane 


Tri(ethylene glycol) 


Acetonitrile 
2-Butanone 
1-Chlorobutane 
4-Heptanone 
3-Hexanone 
Methyl acetate 
3-Pentanone 


2-Propanone 


Butane 
Cyclopentane 
2,2-Dimethylbutane 
2,2-Dimethylpentane 
2,4-Dimethylpentane 
Diphenyl 

Diphenyl ether 
Diphenylmethane 
3-Ethylpentane 
Heptane 

Hexane 
2-Methylbutane 
Nonane 

Octane 

Pentane 


2,2,3-Trimethylbutane 


UCST/K LCST/K Ref 


267.15 16 
303.15 16 
353.25 2 
482 80 
320 463 80 
301.55 16 
280.15 16 
312.15 196 
290 533 190 
264.65 16 
307.7 126 
299.95 16 
522 80 
451 80 
400.15 2 
321.15 16 
329.88 166 
506 80 
349.95 2 
439 80 
390.15 196 
225.35 2 
231.15 2 
407.15 196 
301 461 80 
464 80 
309 454 80 
319 522 80 
279 511 80 
441 80 
497 80 
428 80 
388 102 
505 102 
462 102 
499 102 
499 102 
467.8 62 
483.2 62 
449.8 62 
532 102 
522 102 
487 102 
431 102 
579 102 
553 102 
441 102 
521 102 


13-30 Upper Critical (UCST) and Lower Critical (LCST) Solution Temperatures of Binary Polymer Solutions 


Polymer M,/g mol! M,/g mol! M,/gmol! Solvent UCST/K LCST/K Ref 
Poly(a-methylstyrene) 
58500 61400 Butyl acetate 262.05 457.15 181 
99100 113000 Cyclohexane 293.55 152 
26000 31200 Cyclopentane 276.7 435.95 181 
289000 trans- 273 181 
Decahydronaphthalene 
69500 76500 Hexyl acetate 285.05 508.15 181 
72000 75600 Methylcyclohexane 328.9 203 
58500 61400 Pentyl acetate 287.1 484.6 181 
Poly(2-methyl-5-vinylpyridine) 
600000 Butyl acetate 287.95 20 
263000 Ethyl butyrate 319.05 20 
335000 Ethyl propionate 293.55 20 
275000 3-Methylbutyl acetate 314.75 20 
335000 4-Methyl-2-pentanone 299.95 20 
170000 2-Methylpropyl acetate 312.35 20 
165000 Pentyl acetate 316.95 20 
284000 Propionitrile 262.35 20 
152000 Propyl acetate 282.65 20 
181000 Propyl propionate 312.15 20 
233000 Tetrahydronaphthalene 316.95 20 
Poly(1-pentene) (isotactic) 
4500000 Cyclopentane 502 102 
4500000 2,2-Dimethylbutane 457 102 
4500000 3,4-Dimethylhexane >569 102 
4500000 2,2-Dimethylpentane 502 102 
4500000 2,3-Dimethylpentane 529 102 
4500000 2,4-Dimethylpentane 493 102 
4500000 3-Ethylpentane 537 102 
4500000 Heptane 522 102 
4500000 Hexane 482 102 
4500000 2-Methylbutane 422 102 
4500000 Octane 556 102 
4500000 Pentane 433 102 
4500000 2,2,4- Trimethylpentane 527 102 
Polypropylene (atactic) 
infinite Diphenyl ether 426.5 9 
infinite Diethyl ether 383 68 
242000 Heptane 511 101 
infinite Hexane 441 68 
242000 2-Methylbutane 413 101 
242000 Methylcyclohexane 564 101 
infinite Pentane 397 68 
Polypropylene (isotactic) 
28000 Benzyl phenyl ether 429.2 31 
28000 Benzyl propionate 405.2 31 
28000 1-Butanol 395.2 31 
28000 4-tert-Butylphenol 413.2 31 
242000 Cyclohexane 540 101 
242000 Cyclopentane 495 101 


28000 Dibenzyl ether 4332 31 


Upper Critical (UCST) and Lower Critical (LCST) Solution Temperatures of Binary Polymer Solutions 13-31 


Polymer M,gmol! M,/g mol! M,/gmol! Solvent UCST/K LCST/K Ref 
242000 2,2-Dimethylbutane 441 101 
242000 2,3-Dimethylbutane 465 101 
242000 3,4-Dimethylhexane 553 101 
242000 2,2-Dimethylpentane 489 101 
242000 2,3-Dimethylpentane 513 101 
242000 2,4-Dimethylpentane 481 101 
28000 Diphenyl 388.2 31 
28000 Diphenyl ether 395.2 31 
28000 Diphenylmethane 389.7 31 
242000 3-Ethylpentane 520 101 
28000 4-Ethylphenol 457.2 31 
242000 Heptane 511 101 
242000 Hexane 470 101 
242000 2-Methylbutane 413 101 
28000 3-Methylbutyl benzyl ether 384.2 31 
242000 Methylcyclohexane 564 101 
242000 Methylcyclopentane 518 101 
28000 4-Methylphenol 479.2 31 
28000 2-Methyl-1-propanol 395.2 31 
242000 Nonane 571 101 
242000 Octane 542 101 
28000 4-Octylphenol 379.2 31 
28000 4-Isooctylphenol 383.2 31 
242000 Pentane 422 101 
242000 2,2,4,4- Tetramethylpentane 548 101 
242000 2,2,3-Trimethylbutane 511 101 
24.2000 2,3,4-Trimethylhexane 585 101 
24.2000 2,2,4-Trimethylpentane 510 101 
Poly(propylene glycol) 
1000 Hexane 288.15 88 
575 Water 318.2 65 
Polystyrene 
34900 37000 Benzene 538.7 61 
62600 Butanedioic acid dimethyl 335.15 2 
ester 
3700 4000 1-Butanol 383.45 154 
91700 97200 2-Butanone 448.8 61 
545500 600000 Butyl acetate 489 181 
104000 110000 tert-Butyl acetate 250.0 417.9 74 
62600 Butyl stearate 387.15 2 
18400 19200 1-Chlorododecane 274.65 154 
18400 19200 1-Chlorohexadecane 337.05 154 
18400 19200 1-Chlorooctadecane 365.55 154 
18400 19200 1-Chlorotetradecane 309.35 154 
46400 51000 Cyclodecane 278.9 128 
46400 51000 Cycloheptane 276.2 128 
34900 37000 Cyclohexane 285.6 510.9 60 
236000 Cyclohexanol 353.5 8 
46400 51000 Cyclooctane 275.2 128 


91700 97200 Cyclopentane 275.2 445.5 61 


13-32 Upper Critical (UCST) and Lower Critical (LCST) Solution Temperatures of Binary Polymer Solutions 


Polymer M,gmol! M,/g mol! M,/g mol! Solvent UCST/K LCST/K Ref 
91500 97000 trans- 281.95 81 
Decahydronaphthalene 
4800 Decane 360.95 154 
3700 4000 1-Decanol 375.15 154 
570000 Decyl acetate 650 64 
18700 19800 Diethyl ether 235.6 314.5 51 
187000 200000 Diethyl malonate 285.8 589.6 74 
47200 50000 Diethyl oxalate 280.05 131 
151000 160000 Dimethoxymethane 401.2 51 
240000 1,4-Dimethylcyclohexane 387 482 116 
62600 Dimethyl malonate 409.15 2 
62600 Dimethyl oxalate 453.15 2 
116000 123000 Dodecadeuterocyclohexane 298.10 224 
25000 Dodecadeuteromethyl- 310.07 180 
cyclopentane 
4800 Dodecane 368.65 154 
3700 4000 1-Dodecanol 379.75 154 
infinite Dodecyl acetate 285.2 206 
104000 110000 Ethyl acetate 213.9 435.4 72 
104000 110000 Ethyl butanoate 490.8 74 
221000 239000 Ethylcyclohexane 330.52 18 
9440 10000 Ethyl formate 272 451 74 
900000 Bis(2-ethylhexyl) phthalate 283.05 136 
4530 4800 Heptane 359 477 112 
3700 4000 1-Dexadecanol 386.25 154 
5500 5770 1,1,1,3,3,3-Нехадешего-2- 270 436 157 
propanone 
1920 2030 Hexane 318 470 112 
62600 Hexanoic acid 448.15 2 
3700 4000 1-Hexanol 372.15 154 
62600 3-Hexanol 396.65 2 
90000 Hexyl acetate 578 64 
104000 110000 Methyl acetate 284.2 415.7 72 
104000 110000 3-Methyl-1-butyl acetate 210.1 510.1 72 
91700 97200 Methylcyclohexane 321.8 505.9 60 
10750 11500 Methylcyclopentane 295 480 157 
104000 110000 2-Methyl-1-propyl acetate 210.4 468.5 72 
48000 Nitroethane 303.1 151 
4800 Octadecane 403.55 154 
3700 4000 1-Octadecanol 390.55 154 
4530 4800 Octane 353 527 112 
3700 4000 1-Octanol 372.35 154 
62600 1-Octene 355.15 2 
4800 Pentadecane 385.25 154 
1100 Pentane 292 137 
3700 4000 1-Pentanol 375.05 154 
219800 233000 Pentyl acetate 519 181 
100000 1-Phenyldecane 283.60 105 
5500 5770 2-Propanone 251 452 157 
12750 13500 Propionitrile 312 187 
104000 110000 Propyl acetate 183.7 469.0 72 


104000 110000 2-Propyl acetate 220.9 414.2 72 


Upper Critical (UCST) and Lower Critical (LCST) Solution Temperatures of Binary Polymer Solutions 


Polymer M,/g mol! M,/g mol! Муз mol! 
3700 4000 
34900 37000 
62600 


Polystyrene (three-arm star) 


Polystyrene (four-arm star) 


Poly(trimethylene oxide) 


Poly(vinyl alcohol) 


Poly(N-vinyl caprolactam) 


Poly(vinyl chloride) 
55000 
55000 
Poly(N-vinylisobutyramide) 
66000 
Poly(vinyl methyl ether) 
46500 
83000 
Poly(N-vinyl-N-propylacetamide) 
Styrene/acrylonitrile copolymer 
(21.1 wt% acrylonitrile) infinite 
(23.2 wt% Acrylonitrile) infinite 
(25.0 wt% Acrylonitrile) 90000 
(51.0 wt% Acrylonitrile) 
Styrene/methyl methacrylate copolymer 
(52.0 mol% Styrene) 
Styrene/o-methylstyrene copolymer 
(20.0 mol% Styrene) 
100000 
100000 
100000 
100000 
100000 
100000 
Trifluoronitrosomethane/ 
tetrafluoroethylene copolymer (1:1) 
alternating 
infinite 
N-Vinylacetamide/vinyl acetate copolymer 
(58 mol% Vinyl acetate) 30000 
(63 mol% Vinyl acetate) 27000 
(78 mol% Vinyl acetate) 26000 


Vinyl alcohol/vinyl butyrate copolymer 
(7.5 mol% Butyralized PVA) infinite 


230000 


155000 


infinite 


40000 


150000 


105600 


98600 
155000 


147000 
347000 


infinite 


114000 
114000 
114000 
114000 


114000 
114000 


57000 
48600 
46800 


85000 


30000 


Solvent 
1-Tetradecanol 
Toluene 


Vinyl acetate 
Cyclohexane 
Cyclohexane 
Cyclohexane 

Water 

Water 

Dibutyl phthalate 
Tricresyl phosphate 
Dimethyl phthalate 


Water 


Deuterium oxide 


Water 


Water 


Toluene 
Toluene 
Toluene 


Ethyl acetate 


Cyclohexanol 


Butyl acetate 
Cyclohexane 
Cyclopentane 


trans- 
Decahydronaphthalene 


Hexyl acetate 


Pentyl acetate 


1,1,2-Trichloro-1,2,2- 
trifluoroethane 


Water 
Water 


Water 


Water 


UCST/K LCST/K 


383.25 


384.15 


297.1 


294.13 


300 


353 
383 
355 


325.4 
355.1 
313.15 


334.65 


288.85 
285.85 
290.95 
264.15 


288.55 
303.15 


301.6 


408.0 


567.2 


496.8 


514 


306.45 


313.25 


307.2 
306.95 


313.5 


344.15 


453.05 
484.85 
421.05 


514.15 
480.65 


340.15 
323.15 
282.15 


298.25 


154 


199 


79 


45 


217 


114 


114 


219 


208 


173 
146 


176 


52 
52 
198 
107 


38 


181 
181 
181 
181 


181 
181 


12 


225 
225 
225 


121 


13-33 


13-34 Upper Critical (UCST) and Lower Critical (LCST) Solution Temperatures of Binary Polymer Solutions 
Polymer M,/g mol! M,/g mol! M,/gmol! Solvent UCST/K LCST/K Ref 
N-Vinylcaprolactam/N-vinylamine 

copolymer (3.8 mol% Vinyl amine) 
160000 Water 308.8 176 
N-Vinylformamide/vinyl acetate copolymer 
(60 mol% Vinyl acetate) 24000 45600 Water 310.15 225 
(66 mol% Vinyl acetate) 25000 47500 Water 291.15 225 
(73 mol% Vinyl acetate) 23000 50600 Water 277.15 225 
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VAPOR PRESSURES (SOLVENT ACTIVITIES) FOR BINARY POLYMER SOLUTIONS 
Christian Wohlfarth 


The vapor pressure of a binary polymer solution is given by the 
activity of the solvent A, а„. Solvent activities in polymer solutions 
are measured either by the isopiestic method applying a reference 
system whose solvent activity is precisely known or by determin- 
ing the solvent partial pressure, P,, and calculating the activity of 
the solvent by equation (1): 


(Baa-V x)(P- Р) 


a4 - (P, IP exp RT 


(1) 


where В,, is the second virial coefficient, P? is the saturation va- 
por pressure, and V? is the molar volume of the pure solvent A at 
the measuring temperature T. The exponential term is neglected 
in quite a lot of original papers, however, and only the reduced 
vapor pressures are given (such data are indicated by an asterisk in 
the table below). Vapor pressures of polymer solutions have been 
measured since the 1940s, but the amount of experimental data 
for polymer solutions is still relatively small in comparison to low- 
molecular mixtures and solutions. The data scatter with respect 
to temperature, concentration, molar mass, and other polymer 
characterization variables. Furthermore, the concentration range 
for measuring vapor pressures in good thermodynamic quality is 
often limited to the polymer mass fraction range between 0.4 and 
0.85. A recent review on methods for the measurement of vapor 
pressures/solvent activities of polymer solutions and on related 
problems is given in Ref. [1]. Experimental data have been col- 
lected in several books [2-6]. 

The table in this Handbook provides data for a number of poly- 
mer solutions as smoothed values over the complete range of sol- 
vent activities between 0 (polymer mass fraction = 1) and 1 (poly- 
mer mass fraction = 0). For this purpose, the data were selected 
from data books [4—6] as well as from a number of original sources 
[7-22] which are not included in these books. The appropriate 
data were smoothed. The final table provides then the polymer 
mass fractions at given fixed solvent activities between 0.1 and 0.9. 
Of course, the user must keep in mind that the activity vs. concen- 
tration range of the experimental data is sometimes smaller than 
the below given complete range, thus the smoothed data should be 
used with sufficient care. 

Generally, vapor pressures or solvent activities of binary poly- 
mer solutions depend on molar mass. However, for high molecular 
weight polymers (well above the oligomer region), this molar-mass 
dependence can be neglected in many cases. Therefore, the table 
below presents only data for polymer solutions where the number 
average molar mass, M,, is in the order of 10? g/mol or even high- 
er, therefore, the molar mass is not specified. The temperature is 


stated, even though the temperature dependence of a, is relatively 
small for the temperature ranges where most of the experimental 
data exist. 
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Solvent Activity а, as Function of Temperature and Mass Fraction 


Polymer/ ад 0.1 0.2 


А 
solvents T/K 


Acrylonitrile/Styrene Copolymer (28 wt% Acrylonitrile) 


0.3 0.4 0.5 0.6 0.7 0.8 0.9 


Mass Fraction of the Polymer 


Benzene” 343.15 0.982 0.962 0.940 0.915 0.886 0.851 0.809 0.753 0.670 
1,2-Dimethylbenzene? 398.15 0.983 0.964 0.942 0.918 0.890 0.857 0.817 0.764 0.685 
1,3-Dimethylbenzene? 398.15 0.983 0.965 0.944 0.921 0.893 0.861 0.821 0.769 0.690 
1,4-Dimethylbenzene? 398.15 0.983 0.964 0.942 0.918 0.890 0.857 0.817 0.763 0.684 
Propylbenzene? 398.15 0.987 0.972 0.955 0.935 0.913 0.885 0.851 0.804 0.732 
Toluene? 343.15 0.982 0.962 0.940 0.915 0.886 0.851 0.809 0.753 0.669 
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13-38 Vapor Pressures (Solvent Activities) for Binary Polymer Solutions 


Polymer/ а; 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

solvents T/K Mass Fraction of the Polymer 
Butadiene/Styrene Copolymer (41 wt% Styrene) 
Benzene? 343.15 0.968 0.934 0.896 0.853 0.805 0.748 0.680 0.591 0.461 
Cyclohexane? 343.15 0.978 0.953 0.925 0.893 0.856 0.811 0.754 0.678 0.556 
Ethylbenzene? 398.15 0.974 0.945 0.912 0.875 0.831 0.779 0.713 0.625 0.491 
Mesitylene? 398.15 0.977 0.950 0.921 0.887 0.847 0.799 0.738 0.656 0.526 
Toluene? 343.15 0.970 0.936 0.899 0.857 0.808 0.751 0.682 0.591 0.456 
Cellulose Triacetate 
Dichloromethane 298.15 0.979 0.956 0.930 0.899 0.863 0.819 0.762 0.683 0.554 
Trichloromethane 298.15 0.978 0.953 0.924 0.892 0.853 0.806 0.747 0.665 0.533 
Dextran 
Water 313.15 0.988 0.975 0.960 0.942 0.921 0.894 0.860 0.810 0.725 
Hydroxyethylcellulose 
Water 368.15 0.988 0.974 0.958 0.939 0.915 0.884 0.841 0.775 0.650 
Hydroxypropylstarch 
Water 293.15 0.989 0.977 0.963 0.947 0.927 0.903 0.872 0.827 0.749 
Nitrocellulose 
Ethyl acetate 293.15 0.938 0.885 0.835 0.786 0.737 0.685 0.627 0.560 0.471 
Ethyl formate 293.15 0.958 0.916 0.873 0.828 0.780 0.728 0.668 0.595 0.494 
Ethyl propionate 293.15 0.941 0.889 0.839 0.789 0.739 0.685 0.625 0.555 0.460 
Methyl acetate 293.15 0.890 0.820 0.763 0.711 0.660 0.609 0.554 0.490 0.406 
2-Propanone 293.15 0.922 0.861 0.807 0.756 0.706 0.653 0.596 0.530 0.443 
Propyl acetate 293.15 0.937 0.881 0.827 0.775 0.722 0.665 0.602 0.528 0.426 
Polybutadiene (random cis-trans-vinyl) 
Benzene 298.15 0.964 0.925 0.884 0.839 0.788 0.731 0.663 0.578 0.455 
Cyclohexane 298.15 0.974 0.945 0.913 0.876 0.833 0.782 0.719 0.635 0.507 
Dichloromethane 298.15 0.951 0.902 0.852 0.800 0.745 0.684 0.616 0.532 0.415 
Hexane 298.15 0.984 0.965 0.943 0.916 0.881 0.837 0.775 0.683 0.534 
Tetrachloromethane 298.15 0.932 0.865 0.799 0.731 0.660 0.585 0.503 0.409 0.288 
Toluene 298.15 0.969 0.935 0.898 0.856 0.809 0.754 0.688 0.603 0.476 
Trichloromethane 298.15 0.925 0.855 0.788 0.720 0.650 0.578 0.498 0.406 0.289 


1,4-cis-Polybutadiene 


Benzene 298.15 0.966 0.930 0.890 0.846 0.796 0.738 0.668 0.580 0.450 
Cyclohexane 298.15 0.977 0.951 0.922 0.888 0.849 0.803 0.747 0.677 0.581 
Dichloromethane 298.15 0.948 0.898 0.848 0.796 0.742 0.683 0.616 0.536 0.424 
Hexane 298.15 0.983 0.963 0.941 0.916 0.886 0.850 0.804 0.741 0.639 
Tetrachloromethane 298.15 0936 0.871 0.805 0.736 0.665 0.588 0.505 0.409 0.287 
Toluene 298.15 0.969 0.936 0.900 0.860 0.815 0.763 0.701 0.622 0.506 
Trichloromethane 298.15 0.915 0.840 0.770 0.702 0.634 0.562 0.485 0.396 0.283 
Poly(butyl acrylate) 

Benzene 298.15 0964 0.926 0.887 0.845 0.799 0.749 0.691 0.619 0.519 
Dichloromethane 298.15 0.868 0.801 0.744 0.690 0.636 0.577 0.511 0.430 0.318 
Tetrachloromethane 298.15 0.932 0.868 0.805 0.742 0.677 0.607 0.529 0.438 0.317 
Toluene 298.15 0.967 0.932 0.893 0.849 0.801 0.744 0.676 0.590 0.463 
Trichloromethane 298.15 0.901 0.811 0.733 0.662 0.595 0.529 0.459 0.381 0.282 
Poly(butyl methacrylate) 

Benzene 313.15 0.971 0.939 0.902 0.861 0.813 0.756 0.685 0.592 0.453 
1-Butanol 313.15 0.991 0.980 0.968 0.953 0.936 0.914 0.885 0.842 0.762 
2-Butanol 313.15 0.992 0.982 0.969 0.953 0.933 0.906 0.869 0.815 0.719 
2-Butanone 313.15 0.982 0.963 0.940 0.914 0.884 0.846 0.799 0.732 0.623 
Butyl acetate? 308.15 0.982 0.961 0.936 0.908 0.875 0.836 0.789 0.730 0.652 
Cyclohexane 313.15 0.985 0.968 0.948 0.925 0.899 0.866 0.823 0.764 0.666 
Cyclopentane 313.15 0.984 0.965 0.944 0.918 0.886 0.846 0.792 0.714 0.579 
Diethyl ether? 298.15 0.987 0.973 0.956 0.937 0.914 0.885 0.848 0.795 0.703 
1,4-Dimethylbenzene 333.15 0.971 0.940 0.905 0.866 0.822 0.770 0.706 0.622 0.497 
Ethylbenzene 333.15 0.969 0.935 0.899 0.859 0.815 0.764 0.704 0.627 0.517 


Methyl acetate 313.15 0.984 0.965 0.944 0.920 0.891 0.856 0.811 0.748 0.645 


Vapor Pressures (Solvent Activities) for Binary Polymer Solutions 13-39 


Polymer/ а; 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

solvents T/K Mass Fraction of the Polymer 
2-Methyl-1-propanol 333.15 0.988 0.974 0.958 0.940 0.919 0.893 0.860 0.815 0.744 
Octane 313.15 0.988 0.974 0.959 0.942 0.921 0.896 0.865 0.823 0.758 
1-Propanol 333.15 0.990 0.980 0.967 0.952 0.934 0.911 0.881 0.834 0.746 
2-Propanol 313.15 0.991 0.981 0.970 0.956 0.939 0.918 0.889 0.845 0.755 
2-Propanone 313.15 0.989 0.976 0.961 0.944 0.921 0.892 0.850 0.783 0.647 
Propyl acetate 313.15 0.980 0.957 0.932 0.903 0.870 0.830 0.780 0.714 0.612 
Toluene 313.15 0.971 0.939 0.903 0.863 0.818 0.764 0.698 0.613 0.485 


Poly(£-caprolacton) 
Tetrachloromethane? 338.15 0.956 0.910 0.864 0.815 0.762 0.704 0.637 0.554 0.438 


Poly(dimethylsiloxane) 


Chlorodifluoromethane 298.15 0.976 0.950 0.921 0.888 0.850 0.805 0.750 0.677 0.565 
Cyclohexane 303.15 0.979 0.955 0.928 0.898 0.863 0.822 0.770 0.702 0.596 
Hexane 303.15 0.982 0.962 0.939 0.912 0.880 0.842 0.793 0.724 0.611 
Pentane 308.15 0.982 0.962 0.940 0.913 0.881 0.842 0.791 0.720 0.600 
Pentane 423.15 4 0.966 0.946 0.922 0.893 0.858 0.813 0.749 0.641 
Poly(ethyl acrylate) 

Benzene 298.15 0.970 0.939 0.904 0.866 0.823 0.774 0.716 0.641 0.533 
Dichloromethane 298.15 0.900 0.830 0.768 0.709 0.648 0.584 0.512 0.427 0.313 
Tetrachloromethane 298.15 0.950 0.900 0.848 0.794 0.736 0.672 0.598 0.509 0.385 
Toluene 298.15 0.972 0.942 0.910 0.874 0.833 0.786 0.730 0.659 0.555 
Trichloromethane 298.15 0.866 0.776 0.701 0.632 0.566 0.499 0.428 0.349 0.248 
Poly(ethylene oxide) 

Benzene 323.15 0.972 0.942 0.908 0.869 0.824 0.771 0.706 0.620 0.490 
2-Butanone 353.15 0.981 0.959 0.934 0.902 0.863 0.813 0.746 0.651 0.503 
Cyclohexane 353.15 0.989 0.976 0.960 0.943 0.921 0.893 0.855 0.798 0.688 
Methanol 303.15 0.964 0.927 0.887 0.844 0.797 0.744 0.682 0.604 0.494 
2-Propanone 353.15 0.979 0.947 0.896 0.815 0.719 0.625 0.532 0.434 0.315 
Water 293.15 0.977 0.951 0.923 0.890 0.852 0.806 0.748 0.671 0.550 
Poly(ethylenimine) 

Water 353.15 0.975 0.947 0.917 0.883 0.845 0.801 0.748 0.680 0.581 


Poly(ethyl methacrylate) 


Benzene 298.15 0.970 0.938 0.903 0.864 0.821 0.771 0.712 0.637 0.529 
Dichloromethane 298.15 0.912 0.838 0.769 0.703 0.636 0.567 0.491 0.404 0.292 
Tetrachloromethane 298.15 0.935 0.873 0.812 0.750 0.686 0.616 0.540 0.449 0.328 
Toluene 298.15 0.974 0.945 0.913 0.877 0.836 0.787 0.727 0.647 0.527 
Trichloromethane 298.15 0.859 0.760 0.678 0.604 0.533 0.464 0.392 0.313 0.217 
Polyisobutylene 

Benzene 313.15 0.984 0.965 0.945 0.921 0.892 0.858 0.813 0.751 0.645 
Cyclohexane 313.15 0.976 0.950 0.921 0.888 0.850 0.805 0.749 0.676 0.563 
Cyclopentane 313.15 0.977 0.952 0.924 0.892 0.855 0.812 0.758 0.687 0.579 
1,4-Dimethylbenzene 313.15 0.979 0.955 0.929 0.899 0.863 0.821 0.767 0.694. 0.579 
2,2-Dimethylbutane 298.15 0.983 0.964 0.942 0.917 0.887 0.852 0.806 0.743 0.640 
Ethylbenzene 313.15 0.979 0.955 0.927 0.895 0.857 0.810 0.750 0.668 0.535 
Heptane 298.15 0.983 0.964 0.942 0.917 0.887 0.851 0.804 0.741 0.637 
Hexane 298.15 0.980 0.959 0.934 0.906 0.873 0.834 0.784 0.715 0.606 
Octane 298.15 0.983 0.963 0.940 0.914 0.883 0.845 0.797 0.729 0.617 
Tetrachloromethane 298.15 0.962 0.921 0.877 0.829 0.776 0.715 0.643 0.552 0.423 
Toluene 313.15 0.984 0.966 0.944 0.918 0.884 0.840 0.779 0.688 0.537 
Trichloromethane 298.15 0.969 0.935 0.899 0.858 0.813 0.761 0.698 0.619 0.503 
2,4,4- Trimethylpentane 298.15 0.981 0.961 0.937 0.911 0.879 0.842 0.794 0.730 0.628 
1,4-cis-Polyisoprene 

Benzene 313.15 0.982 0.962 0.937 0.908 0.873 0.827 0.766 0.679 0.537 
2-Butanone 353.15 0.986 0.970 0.953 0.933 0.910 0.883 0.850 0.808 0.746 
Cyclohexane 313.15 0.978 0.954 0.928 0.899 0.865 0.825 0.778 0.716 0.625 
Dichloromethane 298.15 0.969 0.935 0.898 0.857 0.811 0.757 0.693 0.610 0.488 


1,4-Dimethylbenzene 313.15 0.977 0.951 0.923 0.892 0.857 0.816 0.767 0.704. 0.613 


13-40 Vapor Pressures (Solvent Activities) for Binary Polymer Solutions 


Polymer/ а; 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

solvents T/K Mass Fraction of the Polymer 
Ethylbenzene 313.15 8 0.954 0.928 0.898 0.864 0.823 0.774 0.709 0.612 
Methyl acetate 313.15 0.968 0.935 0.900 0.862 0.820 0.773 0.717 0.649 0.554 
Octane 313.15 0.984 0.967 0.948 0.926 0.901 0.871 0.834 0.785 0.711 
Propyl acetate 333.15 0.983 0.964 0.942 0.916 0.886 0.850 0.803 0.738 0.633 
Tetrachloromethane 298.15 0.929 0.864 0.800 0.737 0.672 0.602 0.526 0.435 0.316 
Toluene 313.15 0.978 0.954 0.927 0.898 0.865 0.827 0.782 0.725 0.645 
Trichloromethane 298.15 0.930 0.867 0.807 0.747 0.685 0.620 0.547 0.462 0.346 
Poly(methyl acrylate) 
Benzene 298.15 0.979 0.956 0.930 0.901 0.867 0.826 0.776 0.710 0.608 
Dichloromethane 298.15 0.917 0.851 0.791 0.732 0.671 0.605 0.532 0.444 0.326 
Tetrachloromethane 298.15 0.963 0.924 0.882 0.838 0.788 0.733 0.668 0.586 0.470 
Toluene 298.15 0.981 0.960 0.936 0.909 0.878 0.840 0.792 0.727 0.626 
Trichloromethane 298.15 0912 0.830 0.753 0.678 0.603 0.527 0.446 0.357 0.248 
Poly(methyl methacrylate) 
Benzene 298.15 0.982 0.961 0.938 0.912 0.881 0.843 0.795 0.729 0.622 
2-Butanone? 308.15 0.989 0.976 0.961 0.945 0.925 0.900 0.869 0.825 0.751 
Cyclohexanone? 323.15 8 0.954 0.928 0.899 0.866 0.827 0.781 0.723 0.640 
Dichloromethane 298.15 0.939 0.882 0.825 0.766 0.704 0.637 0.560 0.468 0.343 
Ethyl acetate? 308.15 0.986 0.969 0.950 0.928 0.902 0.869 0.826 0.763 0.649 
Toluene 298.15 0.981 0.959 0.935 0.908 0.877 0.841 0.795 0.736 0.646 
Trichloromethane 298.15 0.924 0.848 0.771 0.694 0.616 0.536 0.451 0.358 0.246 
Poly(a-methylstyrene) 
Cumene 338.15 0.984 0.965 0.944 0.918 0.887 0.848 0.796 0.721 0.593 
a-Methylstyrene 338.15 0.978 0.954 0.927 0.896 0.859 0.816 0.761 0.687 0.570 
Poly(propylene oxide) 
Benzene 333.15 0.967 0.932 0.893 0.850 0.801 0.744 0.675 0.588 0.460 
Metvhanol 298.15 0.992 0.982 0.970 0.955 0.936 0.910 0.872 0.812 0.689 
Polystyrene 
Benzene 333.15 0.978 0.953 0.924 0.891 0.852 0.804 0.742 0.657 0.521 
2-Butanone? 298.15 0.986 0.971 0.954 0.935 0.912 0.885 0.851 0.804 0.724 
Cyclohexane 313.15 0.990 0.978 0.965 0.949 0.931 0.908 0.877 0.833 0.754 
Cyclohexanone? 313.15 0970 0.937 0.900 0.858 0.810 0.753 0.684 0.593 0.459 
Dichloromethane 298.15 0.949 0.899 0.849 0.797 0.743 0.684 0.617 0.536 0.423 
1,3-Dimethylbenzene? 323.15 0.980 0.956 0.926 0.891 0.846 0.791 0.723 0.638 0.524 
1,4-Dimethylbenzene 42315 4 0.944 0.911 0.872 0.826 0.770 0.698 0.601 0.452 
Ethyl acetate? 313.15 0.976 0.948 0.918 0.882 0.841 0.791 0.728 0.642 0.507 
Hexane 423.15 0.980 0.958 0.933 0.904 0.869 0.827 0.772 0.697 0.574 
2-Propanone 323.15 0.991 0.980 0.969 0.955 0.938 0.918 0.892 0.854 0.788 
Propyl acetate 343.15 0.983 0.965 0.943 0.919 0.891 0.858 0.815 0.758 0.667 
Tetrachloromethane 298.15 0.961 0.917 0.869 0.814 0.751 0.678 0.592 0.486 0.344 
Toluene 313.15 0.981 0.959 0.933 0.901 0.861 0.809 0.738 0.638 0.481 
Trichloromethane 298.15 0.949 0.898 0.847 0.793 0.736 0.675 0.604 0.519 0.400 
Poly(tetramethylene glycol) 
Methanol 303.15 0.981 0.961 0.938 0.913 0.883 0.849 0.806 0.751 0.671 
Poly(vinyl acetate) 
Benzene 313.15 0.985 0.967 0.945 0.919 0.886 0.844 0.784 0.696 0.548 
1-Butanol 313.15 0.992 0.982 0.971 0.958 0.942 0.923 0.896 0.856 0.779 
2-Butanol 313.15 0.987 0.972 0.956 0.937 0.915 0.889 0.856 0.813 0.747 
2-Butanone 313.15 0.980 0.958 0.934 0.906 0.873 0.835 0.787 0.724 0.626 
1,2-Dichloroethane? 300.15 0.955 0.906 0.851 0.790 0.722 0.644 0.556 0.450 0.315 
1,4-Dimethylbenzene 313.15 0.990 0.978 0.964 0.948 0.928 0.903 0.868 0.814 0.705 
Ethylbenzene 313.15 0.990 0.979 0.966 0.950 0.932 0.910 0.880 0.836 0.759 
Methanol 333.15 0.990 0.978 0.965 0.949 0.931 0.908 0.877 0.834 0.757 
Methyl acetate 313.15 0576 0.949 0.919 0.886 0.849 0.805 0.752 0.684 0.583 
2-Methyl-1-propanol 353.15 0.984 0.966 0.946 0.924 0.899 0.868 0.832 0.784 0.715 
1-Propanol 353.15 0.987 0.972 0.955 0.936 0.914 0.888 0.856 0.815 0.753 


2-Propanol 353.15 0.988 0.974 0.958 0.940 0.919 0.894 0.863 0.820 0.754 


Vapor Pressures (Solvent Activities) for Binary Polymer Solutions 13-41 


Polymer/ а; 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

solvents T/K Mass Fraction of the Polymer 
2-Propanone 333.15 0.983 0.963 0.940 0.913 0.880 0.838 0.784 0.707 0.578 
Propyl acetate 333.15 0.979 0.955 0.930 0.901 0.869 0.831 0.786 0.728 0.645 
Tetrahydrofuran 323.15 0.973 0.943 0.911 0.874 0.831 0.781 0.720 0.640 0.519 
Toluene 333.15 0.983 0.965 0.944 0.920 0.891 0.857 0.815 0.756 0.664 
Poly(vinyl chloride) 
2-Butanone? 313.15 0576 0.949 0.920 0.887 0.849 0.804 0.749 0.676 0.566 
Cyclohexanone? 333.15 0.971 0.934 0.889 0.839 0.781 0.714 0.635 0.536 0.397 
Poly(vinyl methyl ether) 
Benzene*) 298.15 0.969 0.935 0.897 0.855 0.807 0.751 0.683 0.596 0.466 
Chlorobenzene? 343.15 0.972 0.941 0.906 0.867 0.822 0.769 0.705 0.620 0.494 
12-Dimethylbenzene? 363.15 0973 0.943 0.910 0.871 0.826 0.772 0.705 0.616 0.478 
Ethylbenzene? 343.15 0.978 0.954 0.927 0.895 0.857 0.811 0.753 0.672 0.542 
Propylbenzene? 373.15 7 0.951 0.923 0.890 0.852 0.808 0.752 0.678 0.563 
Poly(4-vinylpyridine) 
Methanol 343.15 0.986 0.971 0.953 0.931 0.905 0.871 0.825 0.756 0.627 
2-Propanol 343.15 0.989 0.977 0.964 0.948 0.928 0.904 0.872 0.826 0.743 
Poly(1-vinyl-2-pyrrolidinone) 
Water 368.15 0.984 0.966 0.946 0.924 0.899 0.870 0.835 0.790 0.727 
Starch (amorphous) 
Water 383.15 0.991 0.981 0.970 0.956 0.939 0.918 0.889 0.845 0.754 
Styrene/ Methyl methacrylate Copolymer (41.45 wt% Styrene) 
Benzene” 308.15 0.982 0.963 0.940 0.913 0.881 0.841 0.789 0.716 0.590 
Vinyl acetate/Vinyl chloride Copolymer (12 wt% Vinyl acetate) 
Benzene 398.15 0.976 0.949 0.918 0.883 0.841 0.791 0.728 0.643 0.509 
Chlorobenzene 398.15 0.984 0.965 0.944 0.920 0.891 0.856 0.810 0.746 0.638 
1,4-Dimethylbenzene 398.15 0.989 0.977 0.963 0.946 0.926 0.899 0.863 0.807 0.692 
Ethylbenzene 398.15 0.989 0.976 0.961 0.944 0.924 0.899 0.866 0.818 0.735 
Octane 398.15 0.992 0.982 0.971 0.958 0.942 0.922 0.893 0.847 0.739 
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SPECIFIC ENTHALPIES OF SOLUTION OF POLYMERS AND COPOLYMERS 
Christian Wohlfarth 


Enthalpies of solution or mixing, expressed as the enthalpy 
change per unit mass of polymer, are given in the table at infinite 
dilution, 1.е., a very small amount of polymer and a large excess of 
solvent were mixed isothermally to form a homogeneous solution. 
By thermodynamics, A H, or А, H,” are obtained from the fol- 
lowing derivatives: 


ASH, = lim (QA шй / Omg), и, (1) 
د‎ Hy” = lim (Anh / Om) т, (2) 


with a unit of J/g. Thus, they are the partial specific enthalpies 
of solution or mixing of the polymer B at infinite dilution where 
A hor ۵ й is the extensive enthalpy of the solution ог mixing 


sol 


process. 

The state of the polymer before dissolution can significantly af- 
fect the enthalpy of solution. The dissolving of a semicrystalline 
polymer requires an additional amount of heat associated with the 
disordering of crystalline regions. Consequently, its enthalpy of 


MJ 


Polymer g/mol g/mol 


Acrylonitrile/butadiene copolymer 
(18 wt% Acrylonitrile) 
(26 wt% Acrylonitrile) 
(40 wt% Acrylonitrile) 


Acrylonitrile/isoprene copolymer 


(15 mol*6 Isoprene) 


Acrylonitrile/vinyl chloride copolymer 
(13 wt% Acrylonitrile 
(13 wt% Acrylonitrile 
(13 wt% Acrylonitrile 
(13 wt% Acrylonitrile 
(13 wt% Acrylonitrile 
(29 wt% Acrylonitrile 
(29 wt% Acrylonitrile 
(29 wt% Acrylonitrile 
(29 wt% Acrylonitrile 
(29 wt% Acrylonitrile 
(40 wt% Acrylonitrile 
(40 wt% Acrylonitrile 
(40 wt% Acrylonitrile 
(40 wt% Acrylonitrile 


(40 wt% Acrylonitrile 


Benzylcellulose 
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solution is usually positive and depends on the degree of crystallin- 
ity ofthe given polymer sample. An amorphous polymer below its 
glass transition temperature, T. (see the T -table of this Section), 
often dissolves with the release of heat. The enthalpy of solution 
of a glassy polymer is additionally dependent to some extent on 
the thermal history of the glass-forming process. An amorphous 
polymer above T, can show endothermic or exothermic dissolu- 
tion behavior depending on the nature of the solvent and the inter- 
action energies involved as is the case for any enthalpy of mixing. 
This enthalpy of mixing is then independent of any crystalline or 
glassy aspects of the polymer. It can be obtained without difficul- 
ties for liquid/molten polymers mixed with a solvent. Therefore, 
the enthalpies given in the table are either enthalpies of solution or 
enthalpies of mixing, depending on the state of the polymer. 

The enthalpies depend on temperature and molar mass. The 
necessary molar mass information for a system is provided in the 
table (if available) by the corresponding number average, M,, mass 
average, М, or viscosity average, М,, values of the polymer as 
given in the original sources. Outside the oligomer range, specific 
enthalpies of solution or mixing do not remarkably depend on mo- 
lar mass, however. More enthalpy data of polymer-solvent systems 
can be found in Ref. 106. 


АН! 

Solvent T/K J/g Ref. 
Benzene 298.15 0.0 18 
Benzene 298.15 -1.9 18 
Benzene 298.15 -2.9 18 
N,N-Dimethylformamide 323.15 -32 66 
N,N-Dimethylformamide 293.15 -38 35 
N,N-Dimethylformamide 308.15 222 35 
N,N-Dimethylformamide 323.15 -18 35 
N,N-Dimethylformamide 338.15 -15 35 
N,N-Dimethylformamide 353.15 -12 35 
N,N-Dimethylformamide 295.15 -42 35 
N,N-Dimethylformamide 308.15 =27 35 
N,N-Dimethylformamide 323.15 21 35 
N,N-Dimethylformamide 338.15 -19 85 
N,N-Dimethylformamide 353.15 -16 35 
N,N-Dimethylformamide 295.15 -47 35 
N,N-Dimethylformamide 308.15 -30 35 
N,N-Dimethylformamide 323.15 -28 85 
N,N-Dimethylformamide 338.15 -18 35 
N,N-Dimethylformamide 353.15 -17 35 
Вептепе 298.15 -11 8 
Сусіоһехапопе 298.15 -15 25 
Trichloromethane 298.15 -38 25 


Specific Enthalpies of Solution of Polymers and Copolymers 


МА M, М / 
Polymer g/mol g/mol g/mol 
Bisphenol A-isophthaloyl chloride/terephthaloyl chloride 


(50/50 Iso/terephtaloyl 
chloride) 


(50/50 Iso/terephtaloyl 
chloride) 

Butadiene/styrene copolymer 
(10 wt% Styrene 
(30 wt% Styrene 
(30 wt% Styrene 
(50 wt% Styrene 
(60 wt% Styrene 
(70 wt% Styrene 
(75 wt% Styrene 
(80 wt% Styrene 


(90 wt% Styrene 


Butyl methacrylate/isobutyl methacrylate copolymer (50 wt?5/50 wt%) 
Glass 150000 
Liquid 150000 


Butyl methacrylate/methyl methacrylate copolymer (45 wt%/55 wt%) 
Glass 107000 250000 
Liquid 107000 250000 


Cellulose acetate 
(52.2 wt% Acetate 
(55.8 wt% Acetate 
(52.5 wt% Acetate 
(48 wt% Acetate) 
(52.2 wt% Acetate 
(55.8 wt% Acetate 
(56 wt% Acetate) 
(56 wt% Acetate) 


Cellulose triacetate 


Dextran 
8200 10400 
75900 101000 
75900 101000 
75900 101000 
8200 10400 
75900 101000 
(amorph) 


Ethylene/propylene copolymer 
(33 mol% Ethylene) 
(63 mol% Ethylene) 
(75 mol% Ethylene) 
(33 mol% Ethylene) 


Solvent 


N,N-Dimethylacetamide 


1,1,2,2-Tetrachloroethane 


Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 


Benzene 


Cyclohexanone 


Cyclohexanone 


Cyclohexanone 


Cyclohexanone 


Formic acid 
Formic acid 
Methyl acetate 
2-Propanone 
2-Propanone 
2-Propanone 
2-Propanone 


2-Propanone 


2-Propanone 


Trichloromethane 


Dimethylsulfoxide 
Dimethylsulfoxide 
1,2-Ethanediol 
Formamide 

Water 

Water 

Water 


Cyclohexane 
Cyclohexane 
Cyclohexane 


Cyclooctane 


T/K 


298.15 


298.15 


293.65 
293.65 
298.15 
293.65 
293.65 
293.65 
298.15 
293.65 
293.65 


303.15 
303.15 


304.15 
304.15 


298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 


298.15 
298.15 


298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 


298.15 
298.15 
298.15 
298.15 


АН// 
J/g 


-56 


+72 


14.0 


-185 
-187 

-98 
-228 
-140 
-150 
-123 


14 
8.1 
11.8 
1.2 


13-43 


Ref. 


69 


69 


75 
70 
70 
70 
75 
75 
65 


74 
74 
74 
74 
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Ројутег 

63 mol% Ethylene 
( | hyl 

75 mol% Ethylene 
( | hyl 

33 mol% Ethylene 
( | hyl 

63 mol% Ethylene 
( 1 hyl 

33 mol% Ethylene 
( | hyl 

63 mol% Ethylene 
( | hyl 

75 mol% Ethylene 
( | hyl 

33 mol% Ethylene 
(33 mol% Ethylene) 
63 mol% Ethylene 
( | hyl 

75 mol% Ethylene 
( | hyl 

63 mol% Ethylene 
( | hyl 

75 mol% Ethylene 
(75 mol% Ethylene) 
63 mol% Ethylene 
( | hyl 

75 mol% Ethylene 
( | hyl 

63 mol% Ethylene 
( | hyl 

75 mol% Ethylene 
( | hyl 
(33 mol*6 Ethylene 
(63 mol% Ethylene 
(75 mol% Ethylene 
(33 mol% Ethylene 
(63 mol% Ethylene) 
(33 mol% Ethylene 
(63 mol% Ethylene 
(75 mol% Ethylene 
(63 mol% Ethylene 
(75 mol% Ethylene 


(33 mol% Ethylene 


(63 mol% Ethylene 


(75 mol% Ethylene 
y. 
(33 mol% Ethylene 
y. 
(63 mol% Ethylene 
у. 
(75 mol% Ethylene 
7 
(63 mol% Ethylene 
y. 
(75 mol% Ethylene) 
y. 
(33 mol% Ethylene 
7 
(63 mol% Ethylene 
y. 
(75 mol% Ethylene 
y. 
(33 mol% Ethylene 
7 
(63 mol% Ethylene 
y. 
(75 mol*6 Ethylene 
y. 
(63 mol% Ethylene 
y. 
75 mol*6 Ethylene 
( 1 у! 
33 mol% Ethylene 
( 1 ylene) 
63 mol% Ethylene 
( 1 у! 
75 mol*6 Ethylene 
( 1 у! 


M, 
g/mol 


M,/ 
g/mol 


Solvent 

Cyclooctane 

Cyclooctane 

Cyclopentane 

Cyclopentane 

cis- Decahydronaphthalene 
cis- Decahydronaphthalene 
cis- Decahydronaphthalene 
trans-Decahydronaphthalene 
trans-Decahydronaphthalene 
trans-Decahydronaphthalene 
3,3-Diethylpentane 
3,3-Diethylpentane 
2,2-Dimethylpentane 
2,2-Dimethylpentane 
2,3-Dimethylpentane 
2,3-Dimethylpentane 
2,4-Dimethylpentane 
2,4-Dimethylpentane 
2,4-Dimethylpentane 
3,3-Dimethylpentane 
3,3-Dimethylpentane 
Dodecane 

Dodecane 

Dodecane 

3-Ethylpentane 
3-Ethylpentane 


2,2,4,4,6,8,8- 
Heptamethylnonane 


2,2,4,4,6,8,8- 
Heptamethylnonane 


2,2,4,4,6,8,8- 
Heptamethylnonane 


Hexadecane 

Hexadecane 

Hexadecane 

3-Methylhexane 
3-Methylhexane 

Octane 

Octane 

Octane 
2,2,4,6,6-Pentamethylheptane 
2,2,4,6,6-Pentamethylheptane 
2,2,4,6,6-Pentamethylheptane 
2,2,4,4-Tetramethylpentane 
2,2,4,4-Tetramethylpentane 
2,2,4-Trimethylpentane 
2,2,4-Trimethylpentane 
2,2,4-Trimethylpentane 


T/K 

298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 


298.15 


298.15 


298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 


АН 
J/g 
6.9 


8.6 
-3.5 
1.1 
-2.4 
2.4 
3.9 
-4.8 
-1.3 
-0.3 
-14 
«0.1 
5.3 
2.3 
0.7 
0.4 
-12 
3.0 
0.2 
-2.7 
0.3 
-0.1 
0.8 
-4.0 
2.6 
-0.6 


-0.5 
22 


-0.9 
0.7 
-11 
-4.6 
0.7 
1.7 
-1.6 
3.6 
0.3 
-0.3 
3.6 
0.0 
2.7 
3.1 
-02 
1.9 
3.5 


Specific Enthalpies of Solution of Polymers and Copolymers 


Ref. 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
73 
73 
73 
74 
74 


73 


73 


73 
73 
73 
73 
74 
74 
73 
73 
73 
73 
73 
73 
74 
74 
73 
73 
73 


Specific Enthalpies of Solution of Polymers and Copolymers 13-45 


M, M, M AH, | 
Polymer g/mol g/mol g/mol Solvent T/K J/g Ref. 


Ethylene/vinylacetate copolymer 


wt% Vinyl acetate clopentanone : -0. 
(85 wt% Vinyl ) Cyclop 298.15 0.5 104 
70 wt% Vinyl acetate etra rofuran А -1. 
(70 wt96 Vinyl ) 220000 Tetrahydrofi 304.65 1.3 93 
Gelatine 
Water 293.15 -92 29 
Water 323.15 —63 29 
Guttapercha 
Trichloromethane 303.15 47 22 


Isobutyl methacrylate/methyl methacrylate copolymer (51 wt%/49 wt%) 


Glass 150000 Cyclohexanone 303.15 -11 98 
Liquid 150000 Cyclohexanone 303.15 15 98 
Natural rubber 
Benzene 298.15 10 25 
Benzene 298.15 12 20 
Nitrocellulose 
16600 2-Butanone 298.15 -80 
23000 2-Butanone 298.15 -81 
40000 2-Butanone 298.15 -81 
Butyl acetate 293.15 -75 23 
Butyl acetate 298.15 -75 23 
Butyl acetate 298.15 -73 26 
Butyl acetate 303.15 -75 23 
Butyl acetate 308.15 -71 23 
Butyl acetate 313.15 -65 23 
Butyl acetate 313.15 -67 26 
Butyl acetate 318.15 -59 23 
Butyl acetate 323.15 -54 23 
Butyl acetate 328.15 -50 23 
Butyl acetate 333.15 -59 26 
Butyl acetate 343.15 -55 26 
Butyl acetate 353.15 -47 26 
Diethyl ether 295.15 -62 3 
Dibutyl phthalate 273.15 -45 26 
Dibutyl phthalate 298.15 -46 26 
Dibutyl phthalate 313.15 -46 26 
Dibutyl phthalate 333.15 -42 26 
Ethanol 295.15 -46 3 
Ethyl acetate 293.15 -76 23 
Ethyl acetate 298.15 -75 23 
Ethyl acetate 303.15 -69 23 
Ethyl acetate 308.15 —61 23 
Ethyl acetate 313.15 -54 23 
Ethyl acetate 318.15 -50 23 
Ethyl acetate 323.15 -50 23 
Ethyl acetate 328.15 -50 23 


Methanol 293.15 -69 23 


13-46 Specific Enthalpies of Solution of Polymers and Copolymers 


МА M, м, АН! 
Polymer g/mol g/mol g/mol Solvent T/K J/g Ref. 
Methanol 298.15 -56 23 
Methanol 303.15 -50 23 
Methanol 308.15 -50 23 
Methanol 313.15 -50 23 
Methanol 318.15 -50 23 
Methanol 323.15 -50 23 
Methanol 328.15 -50 23 
2,4-Pentanedione 298.15 -74 
2-Pentanone 298.15 -64 
2-Propanone 273.15 -75 26 
2-Propanone 293.15 -75 23 
2-Propanone 298.15 -83 
2-Propanone 298.15 –68 4 
2-Ргорапопе 298.15 -71 
2-Ргорапопе 298.15 -74 23 
2-Propanone 298.15 -79 25 
2-Propanone 298.15 -75 26 
2-Propanone 303.15 -60 23 
2-Propanone 308.15 -51 23 
2-Propanone 313.15 -50 23 
2-Propanone 313.15 -65 26 
2-Ргорапопе 318.15 -50 23 
2-Propanone 323.15 -50 23 
2-Propanone 323.15 -50 26 
2-Propanone 328.15 -50 23 
Pyridine 298.15 -106 2 
Tri(4-methylphenyl 
phosphate 298.15 -16 26 
Tri(4-methylphenyl 
phosphate 313.15 -28 26 
Tri(4-methylphenyl 
phosphate 333.15 -41 26 
Tri(4-methylphenyl 
phosphate 343.15 -44 26 
Tri(4-methylphenylI 
phosphate 353.15 -47 26 
Nylon-6 (unoriented) 
Formic acid 295.15 -53 24 
Tricresol 323.55 –66 22 
Tricresol 345.55 –66 22 
Poly(acrylonitrile) 
Benzene 298.15 0.0 18 
N,N-Dimethylformamide 295.15 -23 85 
N,N-Dimethylformamide 298.15 x21 18 
N,N-Dimethylformamide 298.15 —43 42 
N,N-Dimethylformamide 308.15 -17 35 


N,N-Dimethylformamide 323.15 -13 35 


Specific Enthalpies of Solution of Polymers and Copolymers 


Polymer 


Poly(y-benzyl-L-glutamate) 


Polybutadiene 


1,4-cis-Polybutadiene 


Poly(1-butene) 


M, 
g/mol 


low 
low 
low 
low 
low 
low 
low 
low 
low 
low 
low 


low 


low 
low 
low 
low 
low 
low 


low 


160000 
160000 


20000 
20000 
20000 
20000 
20000 
20000 
20000 
20000 
20000 
20000 
20000 
20000 


Solvent 
N,N-Dimethylformamide 
N,N-Dimethylformamide 
Dimethylsulfoxide 


Dichloroacetic acid 


1,2-Dichloroethane 


Benzene 
Benzene 
Benzene 


2,2,4-Trimethylpentane 


Cyclohexane 

Cyclooctane 

Cyclopentane 

cis- Decahydronaphthalene 
trans-Decahydronaphthalene 
3,3-Diethylpentane 
2,2-Dimethylpentane 
2,3-Dimethylpentane 
2,4-Dimethylpentane 
3,3-Dimethylpentane 
Dodecane 

3-Ethylpentane 


2,2,4,4,6,8,8- 
Heptamethylnonane 


Hexadecane 

3-Methylhexane 

Octane 
2,2,4,6,6-Pentamethylheptane 
2,2,4,4-Tetramethylpentane 
2,3,3,4-Tetramethylpentane 


Cyclohexane 

Cyclooctane 

Cyclopentane 

cis- Decahydronaphthalene 
trans-Decahydronaphthalene 
Decane 
3,3-Diethylpentane 
2,2-Dimethylpentane 
2,3-Dimethylpentane 
2,4-Dimethylpentane 
3,3-Dimethylpentane 


Dodecane 


T/K 

323.15 
338.15 
298.15 


303.15 
303.15 


298.15 
298.15 
298.15 
298.15 


298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 


298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 


298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 


АН, 
J/g 
-15 


-10 
-70 


-35 
-1.6 


6.1 
7.1 
10.5 
1.1 


5.4 
5.8 
<0.1 
4.2 
2.6 
5.2 
4.1 
4.5 
3.2 
3.2 
42 
37 


4.8 
4.9 
3.6 
4.3 
5.0 
5.8 
51 


1.0 
1.8 
-2.9 
«0.1 
-2.0 
1.2 
-2.6 
-4.0 
-2.8 
-2.3 
-2.2 
2.1 


13-47 


Ref. 
66 
35 
42 


46 


32 
32 


74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 


74 
74 
74 
74 
74 
74 
74 


74 
74 
74 
74 
74 
62 
74 
74 
74 
74 
74 
74 


13-48 Specific Enthalpies of Solution of Polymers and Copolymers 


M. M, М, АН}! 
Polymer g/mol g/mol g/mol Solvent T/K J/g Ref. 
20000 3-Ethylpentane 298.15 -2.8 74 
20000 Heptane 298.15 0.0 73 
20000 Hexadecane 298.15 3.0 62 
20000 Hexane 298.15 -1.2 62 
20000 3-Methylhexane 298.15 -2.1 74 
20000 Nonane 298.15 0.9 73 
20000 Octane 298.15 0.4 73 
20000 2,2,4,6,6-Pentamethylheptane 298.15 0.6 73 
20000 Pentane 298.15 -2.6 62 
20000 Tetradecane 298.15 2.7 62 
20000 2,2,4,4-Tetramethylpentane 298.15 —1.4 74 
20000 2,3,3,4- Tetramethylpentane 298.15 -2.2 74 
20000 2,2,4-Trimethylpentane 298.15 -0.5 73 
Poly(butyl acrylate) 
2-Propanone 298.15 0.8 25 
Poly(butyl methacrylate) 
Glass 91300 210000 Cyclohexanone 304.15 77 99 
Liquid 91300 210000 Cyclohexanone 304.15 8.2 99 
2-Propanone 298.15 19.5 25 
Polychloroprene 
Benzene 298.15 0.5 7 


Poly(2,6-dimethyl phenylene oxide) 


17000 46400 1,2-Dichlorobenzene 303.05 55 89 
Poly(dimethylsiloxane) 
13000 Benzene 298.15 11.2 50 
20000 Benzene 298.15 13.5 61 
100000 Benzene 298.15 14.2 40 
170000 Bromocyclohexane 303.15 10.2 51 
80000 2-Butanone 293.15 14.4 77 
30900 2-Butanone 303.15 14.2 44 
170000 2-Butanone 303.15 14.7 51 
80000 2-Butanone 308.15 14.3 77 
80000 2-Butanone 323.15 14.3 77 
80000 Butyl acetate 298.15 6.1 41 
80000 Butyl propanoate 298.15 4.9 41 
100000 Chlorobenzene 298.15 7.5 40 
13000 Cyclohexane 298.15 3.0 50 
20000 Cyclohexane 298.15 5.2 74 
100000 Cyclohexane 298.15 5.2 40 
20000 Cyclooctane 298.15 6.8 74 
20000 Cyclopentane 298.15 1.0 74 
20000 cis-Decahydronapthalene 298.15 7.1 74 
20000 trans-Decahydronapthalene 298.15 4.3 74 
20000 Decamethyltetrasiloxane 297.65 0.45 37 
20000 Decane 298.15 3.8 37 


20000 Decane 298.15 3.9 61 


Specific Enthalpies of Solution of Polymers and Copolymers 


M, 
Polymer g/mol 


13000 
13000 
13000 


13000 


13000 


20000 
80000 
20000 
20000 
20000 
20000 
80000 
80000 
20000 
20000 
20000 
80000 
80000 
170000 


20000 
80000 
80000 
80000 
80000 
80000 
80000 
80000 
20000 
80000 


20000 


20000 
20000 
20000 
80000 
100000 
170000 
80000 
80000 


Solvent 

Decane 

Decyl acetate 

Dibutyl ether 
Diethoxymethane 
Diethyl ether 
3,3-Diethylpentane 
Dihexyl ether 
1,2-Dimethoxyethane 
Dimethoxymethane 
1,2-Dimethylbenzene 
1,3-Dimethylbenzene 
1,4-Dimethylbenzene 
1,4-Dimethylbenzene 
2,6-Dimethyl-4-heptanone 
2,2-Dimethylpentane 
2,3-Dimethylpentane 
2,4-Dimethylpentane 
3,3-Dimethylpentane 
Dipentyl ether 
Dipropyl ether 
Dodecamethylpentasiloxane 
Dodecane 

Dodecane 

Dodecane 

Ethyl acetate 

Ethyl acetate 
Ethylbenzene 
Ethylbenzene 

Ethyl butanoate 

Ethyl decanoate 
Ethyl dodecanoate 
Ethyl heptanoate 
Ethyl hexanoate 
Ethyl nonanoate 
Ethyl octanoate 
3-Ethylpentane 

Ethyl propanoate 


2,2,4,4,6,8,8- 
Heptamethylnonane 


Heptane 
Heptane 
Heptane 
Heptane 
Heptane 
Heptane 
Heptane 
3-Heptanone 


3-Heptanone 


T/K 

298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
293.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
297.65 
297.65 
298.15 
298.15 
298.15 
303.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 


298.15 
298.15 
298.15 
297.65 
298.15 
298.15 
298.15 
303.15 
308.15 
323.15 


АН 
J/g 
3.8 


4.5 
0.6 
1.8 
-1.3 
1.9 
3.0 
12.2 
7.4 
4.3 
3.0 
3.2 
4.2 
6.1 
0.8 
1.4 
1.6 
0.5 
2.1 
-1.2 
-0.3 
4.5 
4.4 
4.5 
12.7 
13.7 
6.4 
6.2 
6.0 
3.8 
3.8 
4.1 
4.3 
3.7 
3.8 
0.6 
8.0 


3.5 
1.8 
1.9 
2.0 
2.0 
2.0 
2.1 
1.9 
8.8 
8.8 


13-49 


Ref. 
41 
41 
41 
41 
41 
74. 
41 
41 
41 
50 
50 
50 
61 
77 
74. 
74. 
74. 
74. 
41 
41 
37 
37 
73 
41 
41 
51 
50 
61 
41 
41 
41 
41 
41 
41 
41 
74. 
41 


74. 
50 
73 
37 
61 
41 
40 
51 
77 
77 


13-50 Specific Enthalpies of Solution of Polymers and Copolymers 


M. M, М, АН! 
Polymer g/mol g/mol g/mol Solvent T/K J/g Ref. 

20000 Hexadecane 297.65 5.5 37 
20000 Hexadecane 298.15 5.5 73 
20000 Hexamethyldisiloxane 298.15 -1.2 37 
20000 Hexamethyldisiloxane 298.15 -1.6 61 
170000 Hexamethyldisiloxane 303.15 -1.5 51 
20000 Hexane 297.65 0.7 37 
20000 Hexane 298.15 0.7 61 
80000 Hexane 298.15 0.7 41 
170000 Нехапе 303.15 0.3 51 
80000 Hexyl acetate 298.15 5.0 41 

13000 Isopropylbenzene 298.15 4.1 50 
80000 Methyl butanoate 298.15 8.6 41 

13000 Methylcyclohexane 298.15 2.9 50 
100000 Methylcyclohexane 298.15 1.9 40 
80000 Methyl decanoate 298.15 4.8 41 
20000 3-Methylhexane 298.15 1.3 74 
80000 Methyl hexanoate 298.15 5.3 41 
80000 Methyl octanoate 298.15 5.0 41 
80000 4-Methyl-2-pentanone 293.15 9.9 77 
80000 4-Methyl-2-pentanone 308.15 9.0 77 
80000 Methyl propanoate 298.15 12.1 41 
20000 Nonane 297.65 3.4 37 
20000 Nonane 298.15 3.3 73 
80000 Nonane 298.15 3.4 41 
80000 Octamethylcyclotetrasiloxane 293.15 -0.4 78 
20000 Octamethyltrisiloxane 297.65 -0.6 37 
20000 Octamethyltrisiloxane 298.15 -0.8 61 
170000 Octamethyltrisiloxane 303.15 -1.0 51 
20000 Octane 297.65 2.6 37 
20000 Octane 298.15 2.4 73 
20000 Octane 298.15 2.6 61 
80000 Octane 298.15 2.6 41 
20000 2,2,4,6,6-Pentamethylheptane 298.15 2.7 73 
20000 Репїапе 298.15 -0.9 37 
20000 Pentane 298.15 -0.9 61 
80000 Pentane 298.15 -1.0 41 
80000 Pentyl acetate 298.15 5.8 41 
80000 Pentyl propanoate 298.15 3.8 41 
80000 Propyl acetate 298.15 8.6 41 
170000 Propyl acetate 303.15 9.9 51 
80000 Propyl propanoate 298.15 5.6 41 
100000 Tetrachloromethane 298.15 24 40 
20000 Tetradecane 297.65 5.1 37 
20000 Tetradecane 298.15 5.1 61 
80000 Tetradecane 298.15 5.1 41 
20000 2,2,4,4-Tetramethylpentane 298.15 2.1 73 


20000 2,2,4,4-Tetramethylpentane 298.15 2.3 74 


Specific Enthalpies of Solution of Polymers and Copolymers 


Polymer 


Polyethylene 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Liquid 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Liquid 

Liquid 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Liquid 

Liquid 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Alkathene 
Rigidex-3 
Rigidex-50 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Semicrystalline 


Semicrystalline 


Semicrystalline 
Semicrystalline 


Semicrystalline 


Semicrystalline 


M, 
g/mol 


13000 


13000 


MJ 
g/mol 


65000 

65000 

65000 

65000 
144000 
144000 
144000 
144000 
144000 
670000 
670000 
670000 
670000 
670000 
900000 
900000 
900000 


900000 


900000 


900000 
900000 
900000 


65000 


10000 
11800 
15600 
15600 
15600 


Solvent 

2,3,3,4- Tetramethylpentane 
Toluene 

Toluene 

Tridecane 

Tridecane 
1,3,5-Trimethylbenzene 
2,2,4-Trimethylpentane 
Undecane 


Undecane 


1-Chloronaphthalene 
1-Chloronaphthalene 
1-Chloronaphthalene 
1-Chloronaphthalene 
1-Chloronaphthalene 
1-Chloronaphthalene 
1-Chloronaphthalene 
1-Chloronaphthalene 
1-Chloronaphthalene 
1-Chloronaphthalene 
1-Chloronaphthalene 
1-Chloronaphthalene 
1-Chloronaphthalene 
1-Chloronaphthalene 
1-Chloronaphthalene 
Cyclohexane 
Cyclopentane 
Decahydronaphthalene 
Decahydronaphthalene 
Decahydronaphthalene 
Decahydronaphthalene 
1,2-Dichloroethane 
1,2-Dichloroethane 
1,2-Dichloroethane 
1,2-Dichloroethane 
1,4-Dimethylbenzene 
1,4-Dimethylbenzene 
1,4-Dimethylbenzene 
1,4-Dimethylbenzene 
1,4-Dimethylbenzene 
2,4-Dimethylpentane 


2,2,4,4,6,8,8- 
Heptamethylnonane 


Hexadecane 
2-Methylbutane 


1,2,3,4- 
Tetrahydronaphthalene 


T/K 

298.15 
298.15 
298.15 
297.65 
298.15 
298.15 
298.15 
297.65 
298.15 


373.15 
383.15 
393.15 
403.15 
383.15 
393.15 
403.15 
413.15 
423.15 
363.15 
373.15 
383.15 
393.15 
403.15 
391.80 
379.50 
380.00 
349.85 
366.65 
374.05 
384.00 
333.15 
338.15 
343.15 
348.15 
354.15 
352.15 
353.65 
363.65 
368.65 
393.00 


399.50 
399.50 
394.20 


373.15 


АН// 
J/g 
1.9 


5.5 
6.7 
4.8 
4.8 
3.7 
1.4 
4.2 
4.3 


780 
980 
800 

49 
920 
990 
690 

67 

85 
380 
430 
165 

39 

36 
245 
205 
190 
142 
180 
233 
260 

30 

38 

54 

65 
139 
139 
154 
113 
104 
230 


170 
262 
165 


940 
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Ref. 
74 
50 
61 
37 
41 
50 
73 
37 
41 


47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
105 
105 
105 


105 


13-52 


Ројутег 
Semicrystalline 
Semicrystalline 
Liquid 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Liquid 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Liquid 

Liquid 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Semicrystalline 
Liquid 

Liquid 
Semicrystalline 
Semicrystalline 


Semicrystalline 


Semicrystalline 


Poly(ethylene glycol) 


MJ 


g/mol 


180 
385 
560 
1050 
1610 
1940 
3200 
4330 


M,/ 
g/mol 


65000 

65000 

65000 

84000 
130000 
130000 
130000 
144000 
144000 
144000 
144000 
144000 
144000 
310000 
670000 
670000 
670000 
670000 
670000 


670000 


900000 


16000 
22000 
22000 


Solvent 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
1,2,3,4- 
Tetrahydronaphthalene 
Toluene 
Toluene 


Toluene 


1,2,4-Trichlorobenzene 


Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 


Benzene 


T/K 


383.15 


393.15 


403.15 


373.15 


353.15 


373.15 


393.15 


373.15 


383.15 


393.15 


403.15 


413.15 


423.15 


343.15 


353.15 


363.15 


373.15 


383.15 


393.15 


403.15 
353.15 
358.35 
367.35 
386.50 


303.15 
303.15 
303.15 
303.15 
303.15 
303.15 
303.15 
303.15 


АН,2/ 
J/g 


990 
790 
58 
835 
630 
520 
69 
610 
1200 
1130 
800 
136 
88 
485 
560 
560 
460 
155 
67 


39 
110 
118 
106 
255 


110 
60 
40 
90 

140 

215 

195 

195 


Specific Enthalpies of Solution of Polymers and Copolymers 


Ref. 


47 


47 


47 


47 


47 


47 


47 


47 


47 


47 


47 


47 


47 


47 


47 


47 


47 


47 


47 


47 
22 
22 
22 
105 


71 
71 
71 
71 
71 
71 
71 
71 


Specific Enthalpies of Solution of Polymers and Copolymers 


Polymer 


Poly(ethylene glycol) dimethyl ether 


Poly(ethylene glycol) monododecyl ether 


Poly(ethylene glycol) monomethyl ether 


Poly(ethylene oxide) 
Semicrystalline 


Liquid 


M, 
g/mol 
5850 


9950 


400 
590 
180 
200 
355 
400 
560 
990 
1050 
1460 
1610 
1940 
3200 
4330 
5850 
9950 


250 
250 
400 
520 
520 
250 
520 


230 
274 
318 
362 
406 


353 
550 


6000 
6000 


MJ 
g/mol 


420 
615 


550 
550 


550 


377 
580 


43400 


14000 
14000 
20300 
34500 
43300 


Solvent 


Benzene 
Benzene 
Benzene 
Trichloromethane 
Trichloromethane 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 


Tetrachloromethane 
Tetrachloromethane 
Tetrachloromethane 
Tetrachloromethane 
Tetrachloromethane 
Trichloromethane 


Trichloromethane 


Dodecane 
Dodecane 
Dodecane 
Dodecane 


Dodecane 


Trichloromethane 


Trichloromethane 


Dichloromethane 


Dichloromethane 


T/K 

303.15 
303.15 
303.15 
303.15 
303.15 
303.15 
321.35 
303.15 
321.35 
303.15 
321.35 
303.15 
321.35 
303.15 
303.15 
303.15 
303.15 
303.15 
303.15 
303.15 
313.15 
303.15 
303.15 
303.15 


303.15 
318.15 
303.15 
303.15 
303.15 
303.15 
303.15 


302.15 
302.15 
302.15 
302.15 
302.15 


303.15 
303.15 


303.15 
303.15 


+40 


-12 
-7.6 
-12 
-12 
-7.6 
-184 
-135 


42 
23 
34 
37 
42 


-125 
-117 


184 
-160 


13-53 


Ref. 
71 
71 
71 
95 
95 
71 
83 
71 
83 
71 
83 
71 
83 
71 
71 
71 
71 
71 
71 
55 
55 
71 
71 
71 


95 
95 
95 
95 
95 
95 
95 


68 
68 
68 
68 
68 


95 
95 


58 
58 


13-54 


Ројутег 
Semicrystalline 
Liquid 
Quenched 
Annealed 
Quenched 
Annealed 
Quenched 
Annealed 
Liquid 
Quenched 
Annealed 
Quenched 
Annealed 
Quenched 
Annealed 
Quenched 
Annealed 
Quenched 
Annealed 


Semicrystalline 


Polyindene 


Polyisobutylene 


МА M, M 

g/mol g/mol g/mol 

6000 

6000 

1520 1720 

1520 1720 

1520 1720 

1520 1720 

1520 1720 

1520 1720 

6000 

6840 7525 

6840 7525 

6840 7525 

6840 7525 

16600 19600 

16600 19600 

16600 19600 

16600 19600 

16600 19600 

16600 19600 

20000 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

765 1023 

360 700 

1000 2000 

1300 2500 
30000 
30000 


Solvent 


Trichloromethane 
Trichloromethane 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 


Anisole 

Benzene 

Benzonitrile 
Bromobenzene 
2-Butanone 
Chlorobenzene 
1-Chlorobutane 
1-Chloroheptane 
Cyclohexane 
N,N-dimethylaniline 
Ethyl acetate 
Ethylbenzene 

Ethyl benzoate 
Nitrobenzene 
1-Nitropropane 
Pyridine 
1,1,2,2-Tetrachloroethane 
Tetrachloromethane 
1,1,1-Trichloroethane 


Trichloromethane 


Benzene 
Benzene 
Benzene 
Benzene 


Benzene 


T/K 

303.15 
303.15 
293.15 
293.15 
298.15 
298.15 
303.15 
303.15 
303.15 
293.15 
293.15 
298.15 
298.15 
293.15 
293.15 
298.15 
298.15 
303.15 
303.15 
298.15 


299.15 
299.15 
299.15 
299.15 
299.15 
299.15 
299.15 
299.15 
299.15 
299.15 
299.15 
299.15 
299.15 
299.15 
299.15 
299.15 
299.15 
299.15 
299.15 
299.15 


298.15 
298.15 
298.15 
297.65 
298.15 


АНУ 
J/g 
452 


-186 
-403 
-392 
-180 
-150 

+68 
+109 

-50 

-28 
+209 
+241 
+540 
–160 
-143 

+59 
+155 
+353 
+490 

+10 


2.1 
-0.04 
—4.4 
-3.9 

1.9 
-3.9 
-4.0 

1.5 
15 
-82 

4.2 
-1.4 
-0.7 

4.6 

8.4 
-6.7 

-19 
-2.5 
-1.8 

-20 


30 
25 
23 
19 
19 


Specific Enthalpies of Solution of Polymers and Copolymers 


Ref. 
58 
58 
64 
64 
64 
64 
64 
64 
58 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
84 


102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 


67 
67 
67 
38 
40 


Specific Enthalpies of Solution of Polymers and Copolymers 


Polymer 


M 
g/mol 
44700 


360 
1000 
1300 


M, / 
g/mol 


90000 
160000 
560000 


30000 
30000 
50000 
160000 
560000 
700 
2000 
2500 
4500 
30000 
30000 
50000 
160000 
1990000 
4500 
4500 
4500 
4500 
30000 
50000 
30000 
30000 
30000 
4500 
30000 
4500 
4500 
4500 
4500 
30000 
30000 


Solvent 


Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 
Chlorobenzene 
Chlorobenzene 
Chlorobenzene 
Chlorobenzene 
Chlorobenzene 
Cyclohexane 
Cyclohexane 
Cyclohexane 
Cyclohexane 
Cyclohexane 
Cyclohexane 
Cyclohexane 
Cyclohexane 
Cyclohexane 
Cyclooctane 
Cyclopentane 
cis-Decahydronaphthalene 
trans-Decahydronaphthalene 
Decane 

Decane 

Dibutyl ether 
Diethyl ether 

Diethyl ether 
3,3-Diethylpentane 
Dihexyl ether 
2,2-Dimethylpentane 
2,3-Dimethylpentane 
2,4-Dimethylpentane 
3,3-Dimethylpentane 
Dipentyl ether 
Dipropyl ether 


T/K 
303.15 
303.4 
303.15 
300.15 
323.15 
343.15 
375.15 
394.15 
423.15 
437.15 
453.15 
298.15 
303.15 
298.15 
298.15 
298.15 
297.65 
298.15 
303.15 
303.15 
298.15 
298.15 
298.15 
298.15 
298.15 
297.65 
298.15 
303.15 
303.15 
298.15 
298.15 
298.15 
298.15 
298.15 
297.65 
303.15 
297.65 
297.65 
297.65 
298.15 
297.65 
298.15 
298.15 
298.15 
298.15 
297.65 
297.65 


АН,2/ 
J/g 
16 


19 
16 
19 
18 
16 
13 
9.2 
3.5 
-0.5 
-4.7 
67 
16 
18 
6.8 
6.8 
12 
13 
12 
12 
12 
3.8 
1:2 
1.1 
-0.6 
-0.7 
-0.6 
-0.7 
-0.6 
-0.7 
+0.3 
-5.9 
0.2 
-0.8 
-0.5 
-0.5 
12 
2.8 
2.8 
-14 
0.9 
-1.1 
-1.9 
-1.1 
-1.7 
1.0 
1.8 


13-55 


Ref. 


13-56 Specific Enthalpies of Solution of Polymers and Copolymers 


M. M, м, АН}! 
Polymer g/mol g/mol g/mol Solvent T/K J/g Ref. 
360 700 Dodecane 298.15 1.9 67 
1000 2000 Dodecane 298.15 0.7 67 
1300 2500 Dodecane 298.15 0.5 67 
4500 Dodecane 298.15 0.2 73 
30000 Dodecane 297.65 -0.1 38 
30000 Dodecane 298.15 -0.1 40 
48000 Ethylbenzene 291.15 9.5 72 
48000 Ethylbenzene 343.15 3.6 72 
30000 Ethyl decanoate 297.65 3.0 37 
30000 Ethyl heptanoate 297.65 5.6 37 
30000 Ethyl hexadecanoate 297.65 1.3 37 
30000 Ethyl hexanoate 297.65 6.7 37 
30000 Ethyl nonanoate 297.65 37 37 
30000 Ethyl octanoate 297.65 4.6 37 
4500 3-Ethylpentane 298.15 -2.0 74 
30000 Ethyl tetradecanoate 297.65 1.8 37 
2,2,4,4,6,8,8- 
4500 Heptamethylnonane 298.15 -0.5 74 
360 700 Heptane 298.15 -0.5 67 
1000 2000 Heptane 298.15 -1.0 67 
1300 2500 Heptane 298.15 -1.4 67 
4500 Heptane 298.15 -17 73 
30000 Неріапе 297.65 -1.8 38 
30000 Неріапе 298.15 -2.0 40 
50000 Неріапе 303.15 -1.8 45 
160000 Неріапе 303.15 -1.6 51 
Heptane 298.15 -14 7 
Heptane 298.15 -14 10 
360 700 Hexadecane 298.15 4.5 67 
1000 2000 Hexadecane 298.15 24 67 
1300 2500 Нехадесапе 298.15 1.0 67 
4500 Нехадесапе 298.15 0.9 73 
30000 Нехадесапе 297.65 0.04 38 
30000 Нехапе 297.65 -2.5 38 
30000 Hexane 298.15 -2.6 40 
50000 Hexane 303.15 -2.5 45 
72000 Hexane 303.15 -1.8 53 
72000 Hexane 324.15 -2.3 53 
72000 Нехапе 348.15 -2.9 53 
72000 Hexane 373.15 -3.7 53 
72000 Нехапе 393.15 -5.3 53 
72000 Hexane 408.15 -6.7 53 
72000 Нехапе 423.15 -9.0 53 
72000 Нехапе 433.15 -9.9 53 
160000 Нехапе 303.15 -2.5 51 
30000 2-Methylbutane 297.65 -3.1 38 
30000 Methylcyclohexane 297.65 -1.2 38 


50000 Methylcyclohexane 303.15 -1.2 45 


Specific Enthalpies of Solution of Polymers and Copolymers 


Polymer 


Poly(isobutyl methacrylate) 


Glass 
Liquid 


Poly(methyl acrylate) 


M, 
g/mol 


360 
1000 
1300 


360 
1000 
1300 


MJ 
g/mol 


260000 
260000 


160000 
4500 
30000 
30000 
4500 
4500 
30000 
72000 
72000 
72000 
72000 
72000 
72000 
4500 
700 
2000 
2500 
30000 
72000 
72000 
72000 
72000 
700 
2000 
2500 
1990000 
30000 
4500 
4500 
50000 
160000 
1990000 


30000 
4500 
30000 
1990000 


30000 


Solvent 
Methylcyclohexane 
3-Methylhexane 
3-Methylpentane 
Nonane 

Nonane 

Octane 

Octane 

Octane 

Octane 

Octane 

Octane 

Octane 

Octane 
2,2,4,6,6-Pentamethylheptane 
Pentane 

Pentane 

Pentane 

Pentane 

Pentane 

Pentane 

Pentane 

Pentane 
Tetrachloromethane 
Tetrachloromethane 
Tetrachloromethane 
Tetrachloromethane 
Tetradecane 
2,2,4,4-Tetramethylpentane 
2,3,3,4-Tetramethylpentane 
Toluene 

Toluene 

Toluene 

Toluene 

Toluene 

Tridecane 
2,2,4-Trimethylpentane 
2,2,4-Trimethylpentane 
2,2,4-Trimethylpentane 
2,2,4-Trimethylpentane 
2,2,4-Trimethylpentane 


Undecane 


Cyclohexanone 


Cyclohexanone 


2-Propanone 


T/K 

303.15 
298.15 
297.65 
297.65 
298.15 
298.15 
297.65 
303.15 
324.15 
348.15 
373.15 
393.15 
423.15 
298.15 
298.15 
298.15 
298.15 
297.65 
303.15 
333.15 
352.15 
365.15 
298.15 
298.15 
298.15 
298.15 
297.65 
298.15 
298.15 
303.15 
303.15 
298.15 
298.15 
298.15 
297.65 
298.15 
297.65 
298.15 
298.15 
298.15 
297.65 


303.15 
303.15 


298.15 


АҢ,2/ 
J/g 
-1.2 


-1.0 
-2.8 
-0.8 
-0.8 
-1.1 
-1.2 
-0.3 
-0.8 
-0.9 
-11 
-1.3 
-3.6 
-0.1 
-1.9 
-2.9 
-32 
-3.6 
-2.8 
-3.4 
-4.5 
-5.5 
5.9 
5.8 
5.0 
4.1 
0.0 
-0.6 
-2.3 
7.4 
7.4 
8.8 
1.8 
1.8 
-0.04 
-0.4 
-0.6 
0.0 
0.0 
0.0 
-0.4 


-52 
13 


0.0 


13-57 


Ref. 


98 


25 


13-58 Specific Enthalpies of Solution of Polymers and Copolymers 


М, M, м, АН! 
Polymer g/mol g/mol g/mol Solvent T/K J/g Ref. 
Poly(methyl methacrylate) 
Glass 73900 170000 Cyclohexanone 304.15 -14 98 
Liquid 73900 170000 Cyclohexanone 304.15 17 98 
1930 1,2-Dichloroethane 298.15 -20 32 
240000 1,2-Dichloroethane 298.15 -27 32 
53000 Ethylbenzene 298.15 -31 28 
180000 Ethylbenzene 298.15 -29 28 
28900 35900 4-Methyl-2-pentanone 303.15 -21 76 
93940 101000 4-Methyl-2-pentanone 303.15 -24 76 
137000 215000 4-Methyl-2-pentanone 303.15 -28 76 
2-Propanone 298.15 -30 25 
93940 101000 Toluene 303.15 -22 76 
689000 782000 Toluene 303.15 -24 76 
12000 Trichloromethane 298.15 -65 52 
54000 Trichloromethane 298.15 -80 52 
80000 Trichloromethane 298.15 -81 52 
100000 Trichloromethane 298.15 -84 52 
320000 Trichloromethane 298.15 -83 52 
93940 101000 Trichloromethane 303.15 -71 76 
689000 782000 Trichloromethane 303.15 -72 76 
2320000 Trichloromethane 303.15 -73 76 
Poly(4-methyl-1-pentene) 
Semicrystalline 350000 Cyclohexane 303.15 30 79 
Poly(a-methylstyrene) 
1030 1180 Toluene 298.15 -7.1 43 
1430 Toluene 298.15 -30 43 
1820 2230 Toluene 298.15 -34 43 
1920 Toluene 298.15 -37 43 
2700 3300 Toluene 298.15 -39 43 
3280 Toluene 298.15 -46 43 
5260 Toluene 298.15 -46 43 
8600 Toluene 298.15 -45 43 
12200 Toluene 298.15 -46 43 
10500 Toluene 310.15 -8.4 92 
53000 Toluene 310.15 -13 92 
55000 Toluene 333.15 -16 96 
87000 Toluene 298.15 -17 90 
87000 Toluene 310.15 -16 92 
87000 Toluene 333.15 -11 90 


Poly(2-methyl-5-vinyltetrazole) 


Acetic acid 298.15 47 100 
Acetonitrile 298.15 14 100 
1,2-Dichloroethane 298.15 17 100 
N,N-Diethylacetamide 298.15 17 100 
N,N-Dimethylformamide 298.15 33 100 


Dimethylsulfoxide 298.15 10 100 


Specific Enthalpies of Solution of Polymers and Copolymers 13-59 


M, M,/ М, АН! 
Polymer g/mol g/mol g/mol Solvent T/K J/g Ref. 
Formamide 298.15 12 100 
Formic acid 298.15 110 100 
Nitromethane 298.15 10 100 
Pyridine 298.15 16 100 
Poly(octamethylene oxide) 
7000 Benzene 298.15 20 64 
7000 Benzene 303.15 22 64 
7000 Benzene 308.15 25 64 
Polypentenamer 
50000 Cyclohexane 298.15 4.6 74 
50000 Cyclooctane 298.15 5.1 74 
50000 Cyclopentane 298.15 -2.3 74 
50000 cis-Decahydronaphthalene 298.15 2.6 74 
50000 trans-Decahydronaphthalene 298.15 <0.1 74 
50000 3,3-Diethylpentane 298.15 2.4 74 
50000 2,2-Dimethylpentane 298.15 3.3 74 
50000 2,3-Dimethylpentane 298.15 2.2 74 
50000 2,4-Dimethylpentane 298.15 3.3 74 
50000 3,3-Dimethylpentane 298.15 2.7 74 
50000 Dodecane 298.15 2.9 74. 
50000 3-Ethylpentane 298.15 2.1 74 
2,2,4,4,6,8,8- 
50000 Heptamethylnonane 298.15 3.2 74 
50000 Hexadecane 298.15 2.6 74 
50000 3-Methylhexane 298.15 24 74 
50000 Octane 298.15 2.2 74 
50000 2,2,4,6,6-Pentamethylheptane 298.15 3.8 74 
50000 2,2,4,4-Tetramethylpentane 298.15 4.5 74 
50000 2,3,3,4- Tetramethylpentane 298.15 2.4 74 
50000 2,2,4-Trimethylpentane 298.15 4.3 74 


Poly(m-phenyleneisophthalamide) 


Glass N,N-Dimethylacetamide 298.15 -171 60 
Semicrystalline N,N-Dimethylacetamide 298.15 -128 60 
Glass N,N-Dimethylformamide 298.15 -149 60 
Semicrystalline N,N-Dimethylformamide 298.15 -125 60 
Glass 1-Methyl-2-pyrrolidone 298.15 -177 60 
Semicrystalline 1-Methyl-2-pyrrolidone 298.15 -118 60 


Polypropylene (atactic) 


18000 Benzene 298.15 31 80 
6000 Cyclohexane 298.15 2.3 74 
18000 Cyclohexane 298.15 3.9 80 
6000 Cyclooctane 298.15 3.0 74 
6000 Cyclopentane 298.15 -2.3 74 


6000 cis-Decahydronaphthalene 298.15 0.5 74 


13-60 Specific Enthalpies of Solution of Polymers and Copolymers 


M. M, м, АН! 
Polymer g/mol g/mol g/mol Solvent T/K J'g Ref. 
6000 trans-Decahydronaphthalene 298.15 -2.4 74 
18000 Decane 298.15 3.1 80 
6000 3,3-Diethylpentane 298.15 -3.9 74 
18000 1,2-Dimethylbenzene 298.15 13 80 
18000 1,3-Dimethylbenzene 298.15 12 80 
18000 1,4-Dimethylbenzene 298.15 10 80 
6000 2,2-Dimethylpentane 298.15 -22 74 
6000 2,3-Dimethylpentane 298.15 -2.5 74 
6000 2,4-Dimethylpentane 298.15 -1.8 74 
6000 3,3-Dimethylpentane 298.15 -3.0 74 
6000 Dodecane 298.15 1.7 73 
18000 Ethylbenzene 298.15 14 80 
6000 3-Ethylpentane 298.15 -2.5 74 
2,2,4,4,6,8,8- 
6000 Heptamethylnonane 298.15 -0.7 73 
6000 Heptane 298.15 -1.6 73 
18000 Heptane 298.15 0.5 80 
6000 Hexadecane 298.15 2.3 73 
18000 Нехапе 298.15 -1.4 80 
6000 3-Methylhexane 298.15 -1.8 74 
6000 Nonane 298.15 0.8 73 
18000 Nonane 298.15 2.4 80 
6000 Осїапе 298.15 -1.2 73 
18000 Осїапе 298.15 1.0 80 
6000 2,2,4,6,6-Pentamethylheptane 298.15 -0.2 73 
18000 Pentane 298.15 -4.7 80 
18000 Tetrachloromethane 298.15 6.6 80 
6000 2,2,4,4-Tetramethylpentane 298.15 -0.8 74 
6000 2,3,3,4- Tetramethylpentane 298.15 -3.1 74 
18000 Toluene 298.15 17 80 
18000 Trichloromethane 298.15 17 80 
6000 2,2,4-Trimethylpentane 298.15 -1.0 73 
Polypropylene (isotactic) 
1-Chloronaphthalene 383.15 26 47 
1-Chloronaphthalene 393.15 170 47 
1-Chloronaphthalene 403.15 245 47 
1-Chloronaphthalene 423.15 275 47 
1,2,3,4- 
Tetrahydronaphthalene 373.15 140 47 
1,2,3,4- 
Tetrahydronaphthalene 383.15 215 47 
1,2,3,4- 
Tetrahydronaphthalene 393.15 330 47 
1,2,3,4- 
Tetrahydronaphthalene 403.15 330 47 
1,2,3,4- 
Tetrahydronaphthalene 413.15 335 47 
1,2,3,4- 


Tetrahydronaphthalene 423.15 290 47 


Specific Enthalpies of Solution of Polymers and Copolymers 


Polymer 


Poly(propylene glycol) 


Polystyrene 


M 
g/mol 


150 
425 
2025 
150 
425 
2025 
396 
396 
1900 
1900 
1900 


150 
425 


20000 


214000 


20000 
20000 


150000 


412 
412 


400 


600 
600 
900 
900 
2000 
2000 
5000 
5000 
10300 
10300 


97200 


18000 


29000 
30000 
59000 
91000 


142000 
190000 


216000 


272000 
300000 


142000 
190000 


266000 


Solvent 


Benzene 

Benzene 

Benzene 

Ethanol 

Ethanol 

Ethanol 
Tetrachloromethane 
Tetrachloromethane 
Tetrachloromethane 
Tetrachloromethane 
Trichloromethane 
Water 

Water 

Water 


Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Butyl acetate 
2-Butanone 
2-Butanone 
Butylbenzene 
Chlorobenzene 


Chlorobenzene 


T/K 


321.35 
321.35 
321.35 
321.35 
321.35 
321.35 
303.15 
318.15 
303.15 
318.15 
303.15 
298.15 
321.35 
321.35 


298.15 
313.15 
291.15 
318.15 
291.15 
318.15 
291.15 
318.15 
291.15 
318.15 
298.15 
296.15 
298.15 
298.15 
298.15 
298.15 
318.15 
298.15 
303.15 
300.15 
298.15 
298.15 
298.15 
298.15 
298.15 
296.15 
296.15 
296.15 
303.15 
293.15 
298.15 


АН// 
J/g 


200 
80 
45 
40 
60 
65 

4.7 

5.2 
-8.2 
11 

-81 

-165 

-90 

-95 


-1.3 
-2.5 
-10 
-5.8 
-16 
-6.8 
-23 
-12 
-26 
-18 
-4.1 
-15 
-5.0 
-7.5 
-13 
-15 
-21 
-17 
-18 
-16 
-18 
-21 
-21 
-27 
-10 
-13 
-15 
-17 
-14 
-32 
5.4 
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Ref. 


103 
103 
103 
103 
103 
103 
95 
95 
95 
95 
95 
97 
103 
103 


13-62 Specific Enthalpies of Solution of Polymers and Copolymers 


M, M,/ м, АН}! 
Polymer g/mol g/mol g/mol Solvent T/K J/g Ref. 
Chlorobenzene 293.15 -39 21 
1260 Cyclohexane 298.15 10 16 
1910 Cyclohexane 298.15 5.4 16 
3160 Cyclohexane 298.15 -5.4 16 
3980 Cyclohexane 298.15 -6.9 16 
5630 Cyclohexane 298.15 -9.3 16 
9070 Cyclohexane 298.15 -11 16 
20000 Сус1оһехапе 296.15 2.5 9 
190000 Cyclohexane 303.15 -2.1 51 
Cyclohexane 293.15 -14 21 
22400 Cyclohexanone 298.15 -29 25 
20000 Cyclohexene 296.15 -9.4 9 
190000 Decahydronaphthalene 303.15 3.8 51 
110000 115000 1,2-Dichlorobenzene 303.05 26 89 
20000 1,2-Dimethylbenzene 296.15 -13 9 
20000 1,3-Dimethylbenzene 296.15 -12 9 
190000 1,3-Dimethylbenzene 303.15 -15 51 
190000 1,4-Dioxane 303.15 -12 51 
20000 Ethyl acetate 296.15 -11 9 
142000 Ethyl acetate 296.15 -13 30 
785 Ethylbenzene 298.15 0.0 14 
18000 Ethylbenzene 298.15 -3.8 14 
18000 Ethylbenzene 298.15 -3.9 19 
30000 Ethylbenzene 298.15 -5.7 19 
35000 Ethylbenzene 298.15 -6.5 19 
45000 Ethylbenzene 298.15 -8.4 19 
91000 Ethylbenzene 298.15 -11 19 
142000 Ethylbenzene 298.15 -13 19 
216000 Ethylbenzene 298.15 =17 19 
60000 Ethylbenzene 303.15 -22 57 
113000 122000 Ethylbenzene 306.65 -24 63 
113000 122000 Ethylbenzene 317.15 -19 63 
113000 122000 Ethylbenzene 337.15 -11 63 
113000 122000 Ethylbenzene 347.15 —6.4 63 
113000 122000 Ethylbenzene 350.65 -4.9 63 
113000 122000 Ethylbenzene 366.65 -2.3 63 
113000 122000 Ethylbenzene 367.15 -21 63 
113000 122000 Ethylbenzene 368.65 -2.6 63 
113000 122000 Ethylbenzene 372.15 -42 63 
113000 122000 Ethylbenzene 378.15 -4.6 63 
113000 122000 Ethylbenzene 385.15 -5.7 63 
150000 Ethylbenzene 293.15 -34 49 
190000 Ethylbenzene 303.15 -15 51 
272000 Ethylbenzene 298.15 -18 14 
272000 Ethylbenzene 298.15 -18 19 
413000 Ethylbenzene 298.15 -24 39 


Ethylbenzene 293.15 -34 21 


Specific Enthalpies of Solution of Polymers and Copolymers 


Polymer 


M 
g/mol 


1260 
1910 
3160 
3980 
5630 
9070 
20000 


20000 


600 
600 
600 
1260 
1260 
1260 
1260 
1260 
1260 
1260 
1910 
1910 
1910 
1910 
3160 
3980 
3980 
3980 
5630 
9070 
270000 


20000 


M,/ 


g/mol 


600 
600 
900 
900 
2000 
2000 
5000 
5000 
10300 
10300 
97200 
9000 


Solvent 
Ethylbenzene 
Ethylbenzene 
2-Propanone 
2-Propanone 
2-Propanone 
2-Propanone 
2-Propanone 
2-Propanone 
2-Propanone 
Propylbenzene 
Styrene 
Styrene 
Tetrachloromethane 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 


Toluene 


T/K 

298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
296.15 
303.15 
296.15 
296.15 
298.15 
296.15 
309.15 
318.15 
296.15 
303.15 
309.15 
318.15 
328.15 
338.15 
346.65 
298.15 
318.15 
338.15 
348.15 
298.15 
298.15 
318.15 
338.15 
298.15 
298.15 
298.15 
298.15 
313.15 
291.15 
318.15 
291.15 
318.15 
291.15 
318.15 
291.15 
318.15 
318.15 
310.15 
296.15 


АН,2/ 
Jg 
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13-64 Specific Enthalpies of Solution of Polymers and Copolymers 


М, M, м, АН}! 
Polymer g/mol g/mol g/mol Solvent T/K J'g Ref. 

20400 Toluene 298.15 -8.2 90 
20400 Toluene 310.15 -8.4 92 
20400 Toluene 333.15 -6.4 90 
47000 Toluene 310.15 -5.0 92 
50000 Toluene 333.15 –6.8 96 
60000 Toluene 303.15 -21 57 
113000 122000 Toluene 304.15 -29 63 
113000 122000 Toluene 306.15 -27 63 
113000 122000 Toluene 306.65 -26 63 
113000 122000 Toluene 316.15 -23 63 
113000 122000 Toluene 333.15 -15 63 
113000 122000 Toluene 337.15 -12 63 
113000 122000 Toluene 346.15 -8.3 63 
113000 122000 Toluene 347.15 -7.8 63 
113000 122000 Toluene 348.15 -8.2 63 
113000 122000 Toluene 350.65 -6.5 63 
113000 122000 Toluene 359.15 -4.3 63 
113000 122000 Toluene 362.15 -2.7 63 
113000 122000 Toluene 369.15 -3.3 63 
113000 122000 Toluene 372.15 -2.8 63 
115000 Toluene 310.15 -5.0 92 
150000 Toluene 293.15 -34 49 
190000 Toluene 303.15 -18 51 
214000 Toluene 300.15 -19 85 
250000 Toluene 303.15 -18 51 
Toluene 293.15 -34 21 
Toluene 298.65 -39 27 
Toluene 308.15 -34 27 
Toluene 318.15 -30 27 
Toluene 333.15 -23 27 
Toluene 343.15 -13 27 
Toluene 353.15 -13 27 
600 Trichloromethane 298.15 -13 54 
600 Trichloromethane 313.15 -9.9 54 
900 Trichloromethane 291.15 -22 54 
900 Trichloromethane 313.15 -15 54 
2000 Trichloromethane 291.15 -28 54 
2000 Trichloromethane 313.15 -16 54 
5000 Trichloromethane 291.15 -30 54 
5000 Trichloromethane 313.15 -18 54 
10300 Trichloromethane 291.15 -33 54 
10300 Trichloromethane 313.15 -23 54 
22400 Trichloromethane 298.15 -17 25 
97200 Trichloromethane 313.15 -25 54 

20000 1,3,5-Trimethylbenzene 296.15 -11 9 
190000 1,3,5-Trimethylbenzene 303.15 -13 51 


Poly(tetramethylene oxide) 


Specific Enthalpies of Solution of Polymers and Copolymers 


Polymer 


Poly(vinyl acetate) 


М, MJ 
g/mol g/mol 
650 
1000 
2000 
650 
2000 
650 
1000 
2000 
650 
1000 
2000 
650 
1000 
2000 
650 
1000 
2000 
650 
1000 
2000 
650 
1000 
2000 
650 
1000 
2000 
650 
1000 
2000 
650 
1000 
2000 


140000 
350000 
350000 
135000 
350000 


26000 

350000 
140000 
350000 
350000 
93000 

350000 


Solvent 


Benzene 

Benzene 

Benzene 
1,2-Dichloroethane 
1,2-Dichloroethane 
1,2-Dimethylbenzene 
1,2-Dimethylbenzene 
1,2-Dimethylbenzene 
1,3-Dimethylbenzene 
1,3-Dimethylbenzene 
1,3-Dimethylbenzene 
1,4-Dimethylbenzene 
1,4-Dimethylbenzene 
1,4-Dimethylbenzene 
1,4-Dioxane 
1,4-Dioxane 
1,4-Dioxane 
Ethylbenzene 
Ethylbenzene 
Ethylbenzene 
Propylbenzene 
Propylbenzene 
Propylbenzene 
Tetrachloromethane 
Tetrachloromethane 
Tetrachloromethane 
Toluene 

Toluene 

Toluene 
1,3,5-Trimethylbenzene 
1,3,5-Trimethylbenzene 
1,3,5-Trimethylbenzene 


Benzene 
2-Butanone 
Butyl acetate 
Chlorobenzene 
Ethyl acetate 
Ethyl acetate 
3-Heptanone 
3-Heptanone 
Methanol 
Methyl acetate 
2-Pentanone 
2-Propanone 
2-Propanone 


2-Propanone 


T/K 

313.15 
313.15 
313.15 
313.35 
313.35 
313.15 
313.15 
313.15 
313.15 
313.15 
313.15 
313.15 
313.15 
313.15 
321.35 
321.35 
321.35 
313.15 
313.15 
313.15 
313.15 
313.15 
313.15 
313.15 
313.15 
321.35 
313.15 
313.15 
313.15 
313.15 
313.15 
313.15 


298.15 
303.15 
303.15 
298.15 
303.15 
303.15 
303.15 
303.15 
298.15 
303.15 
303.15 
303.15 
303.15 
303.15 


АН 
J/g 
4.0 


2.0 
1.1 
3.1 
0.3 
5.9 
1.8 
0.9 
6.4 
0.6 
0.8 
4.3 
1.8 
0.7 
4.0 
2.3 
1.0 
6.9 
3.4 
-0.05 
5.8 
13 
0.9 
3.3 
1.4 
0.7 
4.3 
2.0 
0.9 
6.1 
2.7 
0.6 


2.3 
-1.7 
1.0 
5.0 
-6.7 
0.0 
7.0 
4.9 
-45 
-9.7 
0.0 
-0.4 
-3.9 
-2.9 
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Ref. 
86 
86 
86 
88 
88 
87 
87 
87 
87 
87 
87 
87 
87 
87 
81 
81 
81 
86 
86 
86 
86 
86 
86 
88 
88 
82 
86 
86 
86 
87 
87 
87 


13 
51 
51 
34 
51 
11 
44 
51 
13 
51 
51 
32 
51 
25 


13-66 Specific Enthalpies of Solution of Polymers and Copolymers 


M. M,/ М, АН! 
Polymer g/mol g/mol g/mol Solvent T/K J/g Ref. 
350000 Propyl acetate 303.15 -2.7 51 
150000 Tetrahydrofuran 304.65 4.5 93 
140000 Trichloromethane 298.15 28 13 
Poly(vinyl alcohol) 
Ethanol 298.15 3.8 11 
Ethanol 298.15 9.6 31 
7260 Water 303.15 -34 15 
17000 Water 303.15 -18 32 
61600 Water 303.15 -41 15 
Water 303.15 -8.4 11 
Poly(vinyl chloride) 
Chlorobenzene 298.15 -17 36 
Glass 23200 Cyclohexanone 303.15 -27 59 
Liquid 23200 Cyclohexanone 303.15 -7.5 59 
Glass 38700 Cyclohexanone 303.15 -29 59 
Liquid 38700 Cyclohexanone 303.15 -6.6 59 
Glass 53500 Cyclohexanone 303.15 -28 59 
Liquid 53500 Cyclohexanone 303.15 -6.3 59 
Glass 66700 Cyclohexanone 303.15 -29 59 
Liquid 66700 Cyclohexanone 303.15 -6.1 59 
Glass 136000 Cyclohexanone 303.15 -31 59 
Liquid 136000 Cyclohexanone 303.15 -5.8 59 
Glass 155400 Cyclohexanone 303.15 -32 59 
Liquid 155400 Cyclohexanone 303.15 -5.8 59 
48000 Cyclopentanone 298.15 -28 104 
1,2-Dichloroethane 323.65 24 27 
1,2-Dichloroethane 328.15 34 27 
1,2-Dichloroethane 333.15 38 27 
1,2-Dichloroethane 368.15 44 27 
1,2-Dichloroethane 373.15 46 27 
1,2-Dichloroethane 378.15 46 27 
N,N-Dimethylformamide 293.15 -28 35 
N,N-Dimethylformamide 308.15 -19 35 
N,N-Dimethylformamide 323.15 -14 35 
N,N-Dimethylformamide 338.15 =7.5 35 
N,N-Dimethylformamide 353.15 2.4 35 
Glass 23200 Tetrahydrofuran 303.15 -34 59 
Шаша 23200 Tetrahydrofuran 303.15 -14 59 
Glass 38700 Tetrahydrofuran 303.15 -35 59 
Liquid 38700 Tetrahydrofuran 303.15 -14 59 
Glass 53500 Tetrahydrofuran 303.15 -39 59 
Liquid 53500 Tetrahydrofuran 303.15 -14 59 
Glass 66700 Tetrahydrofuran 303.15 -36 59 
Liquid 66700 Tetrahydrofuran 303.15 -14 59 
Glass 136000 Tetrahydrofuran 303.15 -39 59 
Liquid 136000 Tetrahydrofuran 303.15 -14 59 


Glass 155400 Tetrahydrofuran 303.15 -39 59 


Specific Enthalpies of Solution of Polymers and Copolymers 13-67 


M, MJ м, АН! 
Polymer g/mol g/mol g/mol Solvent T/K J/g Ref. 
Liquid 155400 Tetrahydrofuran 303.15 -14 59 


Poly(1-vinyl-3,5-dimethyl-1,2,4-triazole) 


N,N-Dimethylformamide 298.15 -28 94 
Water 298.15 -139 94 
Poly(1-vinylimidazole) 
20700 Acetic acid 298.15 -393 94 
20700 Butanoic acid 298.15 -322 94 
20700 N,N-Dimethylacetamide 298.15 -48 94 
20700 N,N-Dimethylformamide 298.15 -48 94 
20700 1-Methyl-2-pyrrolidinone 298.15 -54 91 
20700 Pentanoic acid 298.15 -325 94 
20700 Propanoic acid 298.15 -278 94 
20700 Water 298.15 -119 91 
Poly(1-vinylpyrazole) 
18900 Acetic acid 298.15 -88 94 
18900 Butanoic acid 298.15 -60 94 
18900 N,N-Dimethylacetamide 298.15 -26 94 
18900 N,N-Dimethylformamide 298.15 -28 94 
18900 Pentanoic acid 298.15 -52 94 
18900 Propanoic acid 298.15 -36 94 
Poly(1-vinyl-2-pyrrolidone) 
32000 Trichloromethane 298.15 -75 48 
32000 Water 298.15 -150 48 
Poly(1-vinyl-1,2,4-triazole) 
69500 Acetic acid 298.15 -85 94 
69500 Butanoic acid 298.15 -74 94 
69500 N,N-Dimethylacetamide 298.15 -49 94 
69500 N,N-Dimethylformamide 298.15 -47 94 
69500 1-Methyl-2-pyrrolidinone 298.15 -55 91 
69500 Pentanoic acid 298.15 -75 94 
69500 Propanoic acid 298.15 -72 94 
69500 Water 298.15 -68 91 
Vinyl acetate/vinyl alcohol copolymer 
(9 wt% Vinyl acetate) 2-Propanone 298.15 6.3 33 
(44 wt% Vinyl acetate) 2-Propanone 298.15 4.6 33 
(57 wt% Vinyl acetate) 2-Propanone 298.15 0.0 33 
(67 wt% Vinyl acetate) 2-Propanone 298.15 -1.3 33 
(4.2 mol% Vinyl acetate) 
7560 Water 303.15 -41 15 
(4.3 mol% Vinyl acetate) 
64300 Water 303.15 -49 15 
(9.0 mol% Vinyl acetate) 
66900 Water 303.15 -55 15 
(10.3 mol% Vinyl acetate) 
7970 Water 303.15 -41 15 


(15.3 mol*6 Vinyl acetate) 
8300 Water 303.15 -60 15 
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Specific Enthalpies of Solution of Polymers and Copolymers 


M. M, м, АН! 

Polymer g/mol g/mol g/mol Solvent T/K J/g Ref. 
(15.4 mol% Vinyl acetate 

70700 Water 303.15 -65 15 
(19.5 mol% Vinyl acetate 

73100 Water 303.15 -66 15 
(22.1 mol% Vinyl acetate 

8800 Water 303.15 -60 15 
(26.2 mol*6 Vinyl acetate 

77000 Water 303.15 -64 15 
(30.6 mol*6 Vinyl acetate 

9370 Water 303.15 -53 15 
(34.0 mol*6 Vinyl acetate 

81600 Water 303.15 -60 15 
(34.7 mol*6 Vinyl acetate 

9670 Water 303.15 -44 15 
Vinyl acetate/vinyl chloride copolymer (90 wt% Vinyl chloride) 
Glass 12400 26000 Cyclohexanone 304.15 -37 101 
Liquid 12400 26000 Cyclohexanone 304.15 -16 101 
Vinyl chloride/vinylidene chloride copolymer 

Trichloromethane 297.15 -17 2 
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ASTRONOMICAL CONSTANTS 
Victor Abalakin 


The constants in this table are based primarilarly on the set of 
constants adopted by the International Astronomical Union (IAU) 
in 1976. Updates have been made when new data were available. 
АП values are given in SI Units; thus masses are expressed in kilo- 
grams and distances in meters. 

The astronomical unit of time is a time interval of one day (1 
d) equal to 86400 s. An interval of 36525 d is one Julian century 
(1 cy). 


Defining constants 
Gaussian gravitational constant 
Speed of light 


Primary constants 

Light-time for unit distance (1 ua) 
Equatorial radius of earth 

Equatorial radius of earth (IUGG value) 
Dynamical form-factor for earth 
Geocentric gravitational constant 
Constant of gravitation 

Ratio of mass of moon to that of earth 


General precession in longitude, per Julian century, at 
standard epoch J2000 
Obliquity of the ecliptic at standard epoch J2000 


Derived constants 

Constant of nutation at standard epoch J2000 

Unit distance (ua = ст,) 

Solar parallax (п. = arcsin(a /ua)) 

Constant of aberration for standard epoch J2000 
Flattening factor for the earth 

Heliocentric gravitational constant (GS = A?/2/D?) 

Ratio of mass of sun to that of the earth (S/E) = (GS)/(GE)) 
Ratio of mass of sun to that of earth + moon 

Mass of the sun (S = (GS)/G) 


Ratios of mass of sun to masses ofthe planets 
Mercury 

Venus 

Earth + moon 

Mars 

Jupiter 

Saturn 

Uranus 

Neptune 

Pluto 


References 


New York, 1992. 


. Seidelmann, P. К., Explanatory Supplement to the Astronomical 
Almanac, University Science Books, Mill Valley, CA, 1990. 
. Lang, К. R., Astrophysical Data: Planets and Stars, Springer-Verlag, 


. The Astronomical Almanac for the Year 2005, U.S. Government 


Printing Office, Washington, and Her Majesty's Stationary Office, 


London (2003). 


k = 0.01720209895 m? kg"! s? 
c = 299792458 m s! 


T, 7 499.004782 s 

а, = 6378140 m 

а, = 6378136 m 

Л, = 0.001082626 

GE = 3.986005 x 1014 m?s? 
G = 6.6742 х 107: m*kg!s? 
u = 0.01230002 

1џ = 81.300587 


p = 5029".0966 
g = 232621" 448 


N = 9" 2025 

ua = 1.49597870660x 10" m 
л, = 8.794148 

K = 20.49552 

f= 1/298.257 = 0.00335281 
GS = 1.32712438 x 10? m?s”? 
S/E = 332946.0 

(5/Е)/(1 + н) = 328900.5 

S = 1.98844 x 105 kg 


6023600 
408523.5 
328900.5 
3098710 
1047.355 
3498.5 
22869 
19314 
3000000 
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PROPERTIES OF THE SOLAR SYSTEM 


The following tables give various properties of the planets and The following general information on the solar system is of in- 
characteristics of their orbits in the solar system. Certain proper- terest: 
ties of the sun and of the earth's moon are also included. 


Explanations of the column headings: Mass of the earth = М, = 5.9742 x 10" kg 
Total mass of planetary system = 2.669 x 107 kg = 447 M, 

• Den.: mean density in g/cm? Total angular momentum of planetary system = 3.148 x 10% 
e Radius: radius at the equator in km kg m?/s 
‚  Flattening: degree of oblateness, defined as (r-r, Уг, Total kinetic energy of the planets = 1.99 x 1057 

where ғ, and ғ, are the equatorial and polar radii, respec- Total rotational energy of planets = 0.7 x 10%) 

tively 
e Potential coefficients: coefficients in the spherical har- Properties of the sun: 


monic representation of the gravitational potential U by 


Е Mass = 1.9891 х 10° kg = 332946.0 М 
the equation e 


Radius = 6.9599 x 108 m 
Surface area = 6.087 х 10:88 m? 


Шү,ф) = (GM/r) [1 — È J (a/r)" P (sin q)] Volume = 1.412 х 107 m? 
Mean density = 1.409 g/cm? 
where G is the gravitational constant, r the distance from Gravity at surface = 27398 cm/s? 
the center of the planet, a the radius of the planet, M the Escape velocity at surface = 6.177 x 105 m/s 
mass, ф the latitude, and P, the Legendre polynomial of Effective temperature = 5780 K 
degree n. Total radiant power emitted (luminosity) = 3.86 x 10% W 


Surface flux of radiant energy = 6.340 х 107 W/m? 


ity: lerati i h f 
• Gravity: acceleration due to gravity at the surface Flux of radiant energy at the earth (Solar Constant) - 


e Escape velocity: velocity needed at the surface of the planet 


2 

to escape the gravitational pull 1929 WA 

• Dist. to sun: semi-major axis of the elliptical orbit (1 ua = 
1.496 x 108 km) 

e е: eccentricity of the orbit References 

e Ecliptic angle: angle between the planetary orbit and the 1. Seidelmann, P. К., Ed., Explanatory Supplement to the Astronomical 
plane of the earth's orbit around the sun Almanac, University Science Books, Mill Valley, CA, 1992. 

e – Inclin.: angle between the equatorial plane and the plane of 2. Lang, К. R., Astrophysical Data: Planets and Stars, Springer-Verlag, 
the planetary orbit New York, 1992. 

• Rot. period: period of rotation of the planet measured in 3. Allen, C. W., Astrophysical Quantities, Third Edition, Athlone Press, 
earth days London, 1977. 


e Albedo: ratio of the light reflected from the planet to the 
light incident on it 
• T,, mean temperature at the surface 


• P „1 pressure of the atmosphere at the surface 


Mass Den. Radius Potential coeffients Gravity Escape vel. 

Planet 10% kg g/cm? km Flattening 1077, 1097, 1097, cm/s? km/s 
Mercury 0.33022 5.43 2439.7 0 370 4.25 
Venus 4.8690 5.24 6051.9 0 0.027 887 10.4 
Earth 5.9742 5.515 6378.140 0.00335364 1.08263 -2.54 -1.61 980 112 
(Мооп) 0.073483 3.34 1738 0 0.2027 162 2.37 
Mars 0.64191 3.94 3397 0.00647630 1.964 36 371 5.02 
Jupiter 1898.8 1.33 71492 0.0648744 14.75 —580 2312 59.6 
Saturn 568.50 0.70 60268 0.0979624 16.45 —1000 896 35.5 
Uranus 86.625 1.30 25559 0.0229273 12 777 21.3 
Neptune 102.78 176 24764 0.0171 4 1100 23.3 
Pluto 0.015 11 1151 0 72 11 
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Dist. to sun Ecliptic Rot. period No. of 
Planet ua £ angle Inclin. d Albedo satellites 

Mercury 0.38710 0.2056 7.00* 0° 58.6462 0.106 0 
Venus 0.72333 0.0068 3.39* 177.3 —243.01 0.65 0 
Earth 1.00000 0.0167 23.45" 0.99726968 0.367 1 
(Мооп) 6.68" 27.321661 0.12 
Магв 1.52369 0.0933 1.85” 25.19" 1.02595675 0.150 2 
Jupiter 5.20283 0.048 1.31% 312 0.41354 0.52 16 
Saturn 9.53876 0.056 2.49* 26.73” 0.4375 0.47 18 
Uranus 19.19139 0.046 0.77° 97.86° -0.65 0.51 15 
Neptune 30.06107 0.010 177° 29.56° 0.768 0.41 8 
Pluto 39.52940 0.248 17.15” 118° —6.3867 0.3 1 

n pa Atmospheric composition 

Planet K bar CO, N, O, H,O H, He Ar Ne CO 

Mercury 440 2x 1075 2% 98% 
Venus 730 90 96.4% 3.4% 69 ppm 0.1% 4 ppm 20 ppm 
Earth 288 1 0.03% 78.08% 20.95% Oto 3% 0.93% 18 ppm 1 ppm 
Mars 218 0.007 95.32% 2.7% 0.13% 0.03% 1.6% 3 ppm 0.07% 
Jupiter 129 86.1% 13.8% 
Saturn 97 92.4% 7.4% 
Uranus 58 8996 1196 
Neptune 56 8996 1196 


Pluto 50 1х 105 


PROPERTIES OF THE SOLAR SYSTEM 


The following tables give various properties of the planets and The following general information on the solar system is of in- 
characteristics of their orbits in the solar system. Certain proper- terest: 
ties of the sun and of the earth's moon are also included. 


Explanations of the column headings: Mass of the earth = M, = 5.9742 x 10% kg 
Total mass of planetary system = 2.669 x 107 kg = 447 M, 

• Den.: mean density in g/cm? Total angular momentum of planetary system - 3.148 x 109 
e Radius: radius at the equator in km kg m?/s 
•  Flattening: degree of oblateness, defined as (г,-ғ, )/r, Total kinetic energy of the planets = 1.99 х 109) 

where у, and r, are the equatorial and polar radii, respec- Total rotational energy of planets = 0.7 x 10%) 

tivel 
. Равена coefficients: coefficients in the spherical har- Properties of the sun: 


monic representation of the gravitational potential لا‎ by 


: Mass = 1.9891 х 10% kg = 332946.0 M 
the equation e 


Radius = 6.9599 x 108 т 
Surface area = 6.087 х 1075 m? 
U(r.) = (GM/r) 1 — 2:7, (a/r)" P (sin q)] Volume = 1.412 x 107 m? 


Mean density = 1.409 g/cm? 
where G is the gravitational constant, r the distance from Gravity at surface = 27398 cm/s? 


the center of the planet, a the radius of the planet, M the Escape velocity at surface = 6.177 x 105 m/s 

mass, ф the latitude, and P, the Legendre polynomial of Effective temperature = 5780 K 

degree п. Total radiant power emitted (luminosity) = 3.86 x 109 W 

Surface flux of radiant energy = 6.340 x 107 W/m? 

Flux of radiant energy at the earth (Solar Constant) - 
1373 W/m? 


• Gravity: acceleration due to gravity at the surface 

• Escape velocity: velocity needed at the surface of the planet 
to escape the gravitational pull 

• Dist. to sun: semi-major axis of the elliptical orbit (1 ua = 
1.496 x 105 km) 

• æ: eccentricity of the orbit 

e Ecliptic angle: angle between the planetary orbit and the 1 


References 


. Seidelmann, P. K., Ed., Explanatory Supplement to the Astronomical 


plane of the earth's orbit around the sun Almanac, University Science Books, Mill Valley, CA, 1992. 

e – Inclin.: angle between the equatorial plane and the plane of 2. Lang, K. R., Astrophysical Data: Planets and Stars, Springer-Verlag, 
the planetary orbit New York, 1992. 

• Rot. period: period of rotation of the planet measured in 3. Allen, C. W., Astrophysical Quantities, Third Edition, Athlone Press, 
earth days London, 1977. 

• Albedo: ratio of the light reflected from the planet to the 
light incident on it 


• T, теап temperature at the surface 
• P pressure of the atmosphere at the surface 


Mass Den. Radius Potential coeffients Gravity Escape vel. 

Planet 10? kg g/cm? km Flattening 1037, 1097, 106), cm/s? km/s 
Mercury 0.33022 5.43 2439.7 0 370 4.25 
Venus 4.8690 5.24 6051.9 0 0.027 887 104 
Earth 5.9742 5.515 6378.140 0.00335364 1.08263 -2.54 -1.61 980 112 
(Мооп) 0.073483 3.34 1738 0 0.2027 162 2.37 
Mars 0.64191 3.94 3397 0.00647630 1.964 36 371 5.02 
Jupiter 1898.8 1.33 71492 0.0648744 14.75 -580 2312 59.6 
Saturn 568.50 0.70 60268 0.0979624 16.45 –1000 896 35.5 
Uranus 86.625 1.30 25559 0.0229273 12 777 213 
Neptune 102.78 1.76 24764 0.0171 4 1100 23.3 
Pluto 0.015 11 1151 0 72 11 
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Planet 


Mercury 
Venus 
Earth 
(Moon) 
Mars 
Jupiter 
Saturn 
Uranus 
Neptune 
Pluto 


Planet 


Mercury 
Venus 
Earth 
Mars 
Jupiter 
Saturn 
Uranus 
Neptune 
Pluto 


Dist. to sun 
ua 


0.38710 
0.72333 
1.00000 


1.52369 
5.20283 
9.53876 
19.19139 
30.06107 
39.52940 


440 2 х 1075 


730 90 
288 1 
218 0.007 
129 

97 

58 

56 


50 1x10? 
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Ecliptic Rot. period No. of 
£ angle Inclin. d Albedo satellites 
0.2056 7.00* 0* 58.6462 0.106 0 
0.0068 3.39* 177.3 -243.01 0.65 0 
0.0167 23.45” 0.99726968 0.367 1 
6.68" 27.321661 0.12 
0.0933 1.85* 25.19" 1.02595675 0.150 2 
0.048 1.31% 312 0.41354 0.52 16 
0.056 2.49* 26.73? 0.4375 0.47 18 
0.046 0.77” 97.86” -0.65 0.51 15 
0.010 1.77 29.56” 0.768 041 8 
0.248 17.15" 118° —6.3867 0.3 1 
Atmospheric composition 
CO, N, O, H,O H, He Ar Ne CO 
296 9896 
96.4% 3.4% 69 ррт 0.1% 4 ррт 20 ррт 
0.03% 78.08% 20.95% 5 0.93% 18 ppm 1 ppm 
95.32% 2.7% 0.13% 0.03% 1.6% Зррт 0.07% 
86.1% 13.8% 
92.4% 7.4% 
89% 11% 
89% 11% 


SATELLITES OF THE PLANETS 


This table gives characteristics of the known satellites of the References 


planets. The parameters covered are: 
1. Seidelmann, P. K., Ed., Explanatory Supplement to the Astronomical 


• Orbital period in units of earth days. An R following the Almanac, University Science Books, Mill Valley, CA, 1992. 
value indicates a retrograde motion. 2. Lang, К. В., Astrophysical Data: Planets and Stars, Springer-Verlag, 
• Distance from the planet, as measured by the semi-major New York, 1992. 


3. Burns, J. A., and Matthews, M. S., Eds., Satellites, University of 
Arizona Press, Tucson, 1986. 


axis of the orbit. 

e Eccentricity of the orbit. 

e Inclination of the satellite orbit with respect to the equator 
of the planet. 

. Mass of the satellite relative to the planet. 

e Radius of the satellite in km. 

• Mean density of the satellite. 

e Geometric albedo, which is a measure of the fraction of 
incident sunlight reflected by the satellite. 


Orb. Period Distance Rel. Radius Den. 

Planet Satellite d 10° km Eccentricity Inclination mass km g/cm? Albedo 
Earth Moon 27.321661 384.400 0.054900489 18.28-28.58? 0.01230002 1738 3.34 0.12 
Mars | Phobos 0.31891023 9.378 0.015 1.0° 1.5x 10% 13.5 x 10.8 x 9.4 <2 0.06 

|| Deimos 1.2624407 23.459 0.0005 0.9-2.7° 3x10? 7.5 х6.1х5.5 42 0.07 
Jupiter | lo 1.769137786 422 0.004 0.049 4.68 х 10 1815 3.55 0.61 
|| Еџгора 3.551181041 671 0.009 0.47? 2.52 х 105 1569 3.04 0.64 
Ill Ganymede 7.15455296 1070 0.002 0.21° 7.80 x 105 2631 1.93 0.42 
IV Callisto 16.6890184 1883 0.007 0.519 5.66 х 10 2400 1.83 0.20 
ү Amalthea 0.49817905 181 0.003 0.40° 3.8 х 109 135 х 83 х 75 0.05 
VI Himalia 250.5662 11480 0.15798 27.63? 5.0х 107 93 0.03 
VII Elara 259.6528 11737 0.20719 24.77? 4 х 1079 38 0.03 
VIII Pasiphae 735 В 23500 0.378 145° 1х 1079 25 
IX Sinope 758 В 23700 0.275 1539 0.4 x 1079 18 
X Lysithea 259.22 11720 0.107 29.029 0.4 x 1079 18 
Х Carme 692R 22600 0.20678 1649 0.5 x 107? 20 
XII Ananke 631R 21200 0.16870 1479 0.2 х 107 15 
XIII Leda 238.72 11094 0.14762 26.07? 0.03 x 1079 8 
XIV Thebe 0.6745 222 0.015 0.8? 4 х 1079 55 х 45 0.05 
XV Adrastea 0.29826 129 0.1 x 1079 12.5 x 10 x 7.5 0.05 
XVI Metis 0.294780 128 0.5 x 107? 20 0.05 
Saturn | Мїта$ 0.942421813 185.52 0.0202 1.53? 8.0x 103 196 144 0.5 
|| Enceladus 1.370217855 238.02 0.00452 1.86? 13x107 250 1.13 1.0 
Ill Tethys 1.887802160 294.66 0.00000 1.86° 1.3x 10% 530 1.20 09 
IV Dione 2.736914742 377.40 0.002230 0.02° 1.85 x 105 560 141 0.7 
V Rhea 4,517500436 527.04 0.00100 0.35° 44х10% 765 1.33 0.7 
VI Titan 15.94542068 1221.83 0.029192 0.33? 2.38 х 104 2575 1.88 0.21 
VII Hyperion 21.2766088 1481.1 0.104 0.43? 3х 103 205 х 130 х 110 0.3 
VIII lapetus 79.3301825 3561.3 0.02828 14.729 33х10% 730 115 0.2 
IX Phoebe 55048R 12952 0.16326 177? 7x10" 110 0.06 
Х Janus 0.6945 151.472 0.007 0.14? 110 x 100 x 80 0.8 
Х Epimetheus 0.6942 151.422 0.009 0.34? 70 x 60 x 50 0.8 
XII Helene 2.7369 377.40 0.005 0.0° 18x16x15 0.7 
XIII elesto 1.8878 294.66 17x14x13 0.5 
XIV Calypso 1.8878 294.66 17x11x11 0.6 
XV Atlas 0.6019 137.670 0.000 0.3? 20x10 0.9 
XVI Prometheus 0.6130 139.353 0.003 0.02 70х50х40 0.6 
XVII Pandora 0.6285 141.700 0.004 0.02 55 х 45 х 35 0.9 
XVII Pan 0.5750 133.583 10 0.5 
Uranus | Ariel 2.52037935 191.02 0.0034 0.3? 1.56 x 105 579 1.55 0.34 
|| Umbriel 41441772 266.30 0.0050 0.36° 1.35 х 10% 586 1.58 0.18 
Ш] itania 8.7058717 435.91 0.0022 0.14° 4.06 x 10 790 1.69 0.27 
IV Oberon 3.4632389 583.52 0.0008 0.109 347 х 105 762 1.64 0.24 
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Satellites of the Planets 


Planet 


Neptune 


Pluto 


Satellite 
V Miranda 
М Cordelia 
VII Ophelia 
VIII Bianca 
IX Cressida 
X Desdemona 
ХІ Juliet 
XII Portia 
XIII Rosalind 
ХМ Belinda 
XV Puck 
| riton 
|| ereid 
Ш aiad 
IV halassa 
V Despina 
М Galatea 
VII Larissa 
VIII Proteus 


Charon 


Orb. Period 
d 
141347925 
0.335033 
0.376409 
0.434577 
0.463570 
0.473651 
0.493066 
0.513196 
0.558459 
0.623525 
0.761832 
5.8768541 R 
360.13619 
0.294396 
0.311485 
0.334655 
0.428745 
0.554654 
1.122315 
6.38725 


Distance 
10° km 

129.39 
49.77 
53.79 
59.17 
61.78 
62.68 
64.35 
66.09 
69.94 
75.26 
86.01 
354.76 
5513.4 
117.6 
73.6 
52.6 
62.0 
50.0 
482 
19.6 


Eccentricity 


0.0027 
«0.001 
0.010 
«0.001 
«0.001 
«0.001 
«0.001 
«0.001 
«0.001 
«0.001 
«0.001 
0.000016 
0.7512 
«0.001 
«0.001 
«0.001 
«0.001 
«0.0014 
«0.001 
«0.001 


Inclination 


42° 
0.1? 
0.1? 
0.29 
0.02 
0.22 
01° 
01° 
0.3° 
0.0° 
0.31° 
157.345° 
27.6° 
41749 
0.219 
0.07? 
0.05° 
0.20° 
0.55° 
99° 


Rel. 
mass 


0.08 x 105 


2.09 х 104 
2x107 


0.22 


Radius Den. 
km g/cm? 
240 125 


1353 2.05 
170 


79 

104 x 89 

218 x 208 x 201 
593 
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Albedo 
0.27 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.7 
04 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
05 


MASS, DIMENSIONS, AND OTHER PARAMETERS OF THE EARTH 


This table is a collection of data on various properties of the References 


Earth. Most of the values are given in SI units. Note that 1 ua 
1. Seidelmann, P. К., Ed., Explanatory Supplement to the Astronomical 


(astronomical unit) = 149,597,870 km. 


Almanac, University Science Books, Mill Valley, CA, 1992. 
2. Lang, K. R., Astrophysical Data: Planets and Stars, Springer-Verlag, 
New York, 1992. 


Quantity Symbol Value Unit 
Mass M 5.9723-10? g 
Major orbital semi-axis ко 1.000000 ца 
1.4959787.108 Кт 
Distance from sun at perihelion [А 0.9833 ча 
Distance from sun at aphelion r. 1.0167 ua 
Moment of perihelion passage Т, Jan. 2, 4h 52 min 
Moment of aphelion passage T. July 4, 5 h 05 min 
Siderial rotation period around sun p 31.5581.106 5 
365.25636 а 
Mean rotational velocity us 29.78 km/s 
Mean equatorial radius i 6378.140 km 
Mean polar compression (flattening factor) а 1/298.257 
Difference in equatorial and polar semi-axes а-с 21.385 Кт 
Compression of meridian of major equatorial axis а, 1/295.2 
Compression of meridian of minor equatorial axis а, 1/298.0 
Equatorial compression ٤ 1/30 0 
Difference in equatorial semi-axes a-b 213 m 
Difference in polar semi-axes Cy 6; ~70 m 
Polar asymmetry n “110% 
Mean acceleration of gravity at equator ГА 9.78036 m/s? 
Mean acceleration of gravity at poles 3 9.83208 m/s? 
Difference in acceleration of gravity at pole and at equator gg 5.172 cm/s? 
Mean acceleration of gravity for entire surface of terrestrial 
ellipsoid g 9.7978 m/s? 
Mean radius R 6371.0 km 
Area of surface S 5.10-108 km? 
Volume V 1.0832-10? km? 
Mean density p 5.515 g/cm? 
Siderial rotational period P 86,164.09 5 
Rotational angular velocity о 7.292116-107> rad/s 
Mean equatorial rotational velocity v 0.46512 km/s 
Rotational angular momentum L 5.861.103 Js 
Rotational energy E 2.137-10” J 
Ratio of centrifugal force to force of gravity at equator q. 0.0034677 = 1/288 
Moment of inertia I 8.070-107 kg m? 
Relative braking of earth's rotation due to tidal friction Ao Го -4.2,10:% century"! 
Relative secular acceleration of earth’s rotation Ao ته‎ +1410 century"! 
Not secular braking of earth’s rotation Ao/o -2.8.10:% century"! 
Probable value of total energy of tectonic deformation of earth E 1.102 J/century 
Secular loss of heat of earth through radiation into space МЕ 1.103 J/century 
Portion of earth's kinetic energy transformed into heat as a result 
of lunar and solar tides in the hydrosphere АЛЕ, 1.3.1023 J/century 
Differences in duration of days in March and August AP 0.0025 (March-August) 5 
Corresponding relative annual variation 
in earth's rotational velocity А%ш/о 2.9.10? (Aug.-March) 
Presumed variation in earth's radius between August and March A*R -9.2 (Aug.-March) cm 
Annual variation in level of world ocean Ай, ~10 (Sept.-March) ст 
Area of continents Sc 1.49.10? km? 
29.2 96 of surface 
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14-10 Mass, Dimensions, and Other Parameters of the Earth 


Quantity Symbol Value Unit 
Area of world ocean 5, 3.61.10 km? 
70.8 96 of surface 
Mean height of continents above sea level ће 875 m 
Mean depth of world ocean Л, 3794 т 
Mean thickness of lithosphere within the limits of the continents ن1‎ 35 km 
Mean thickness of lithosphere within the limits of the ocean hu 4.7 km 
Mean rate of thickening of continental lithosphere ARI At 10 - 40 m/10° y 
Mean rate of horizontal extension of continental lithosphere АПАЕ 0.75 – 20 km/10° y 
Mass of crust m, 2.36.10? kg 
Mass of mantle 4.05.1074 kg 
Amount of water released from the mantle and core in the course 3.40.1027 kg 
of geological time 
Total reserve of water in the mantle 2.10? kg 
Present content of free and bound water in the earth's lithosphere 2.4.10?! kg 
Mass of hydrosphere m, 1.664-10?! kg 
Amount of oxygen bound in the earth's crust 1.300-10?! kg 
Amount of free oxygen 1.5.1015 kg 
Mass of atmosphere т, 5.136-1018 kg 
Mass of biosphere m, 1.148.1016 kg 
Mass of living matter in the biosphere 3.610 kg 
Density of living matter on dry land 0.1 g/cm? 
Density of living matter in ocean 15.1075 g/cm? 
Age ofthe earth 4.55.10? y 
Age of oldest rocks 4.0-10° y 


Age of most ancient fossils 3.4-10° y 


Period ог 
еросћ 


Cenozoic era 

Quaternian 
Contemporary 
Pleistocene 

Tertiary 
Pliocene 
Miocene 
Oligocene 
Eocene 
Paleocene 


Mesozoic era 
Cretaceous 
Jurassic 
Triassic 


Paleozoic era 
Permian 
Carboniferous 
Devonian 
Silurian 
Ordovician 
Cambrian 


Pre-Cambrian 

Pre-Cambrian III (Proterozoic) 
Pre-Cambrian II (Archean) 
Pre-Cambrian I (Hadean) 


GEOLOGICAL TIME SCALE 


Beginning and end, 
in 105 years 


0—10,000 y + 2,000 y 
10,000-1,000,000 y + 50,000 y 


1.8-5.3 
5-25 
25—37 
37-55 
55-67 


67-138 
138-208 
208-245 


245-290 
290-360 
360-410 
410-435 
435-520 
520-570 


570-2500 
2500-3800 
3800-4450 


Key events 


Homo Erectus breakout 


Ape man fossils 

Origin of grass 

Rise of cats, dogs, pigs 
Debut of hoofed mammals 
Earliest primates 


Demise of dinosaurs 
First birds 
Appearance of dinosaurs 


Flowers, insect pollination 
First conifers 

First vertebrates ashore 
Spore-bearing plants 

First animals ashore 
Vertebrates appear 


First plants, jellyfish 
Photosynthetic bacteria 
Earth formed 4600 million years ago 


Reference: Calder, N., Timescale - An Atlas of the Fourth Dimension, Viking Press, New York, 1983. 
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ACCELERATION DUE ТО GRAVITY 


The acceleration due to gravity is tabulated here as a function Reference 
of latitude and height above the earth's surface. Values were calcu- 
lated from the expression Jursa, A. 5., Ed., Handbook of Geophysics and the Space Environment, 4th 


ed., Air Force Geophysics Laboratory, 1985, p. 14—17. 
او‎ (m/s?) = 9.780356 (1 + 0.0052885 sin? p — 0.0000059 sin? 2 $) 
— 0.003086 H 


where ф is the latitude and H is the height in kilometers. 


Ф Н=0 H=1km H=5km H=10km 
0 9.78036 9.77727 9.76493 9.74950 
5 9.78075 9.77766 9.76532 9.74989 
10 9.78191 9.77882 9.76648 9.75105 
15 9.78381 9.78072 9.76838 9.75295 
20 9.78638 9.78330 9.77095 9.75552 
25 9.78956 9.78647 9.77413 9.75870 
30 9.79324 9.79016 9.77781 9.76238 
35 9.79732 9.79424 9.78189 9.76646 
40 9.80167 9.79858 9.78624 9.77081 
45 9.80616 9.80307 9.79073 9.77530 
50 9.81065 9.80757 9.79522 9.77979 
55 9.81501 9.81193 9.79958 9.78415 
60 9.81911 9.81602 9.80368 9.78825 
65 9.82281 9.81972 9.80738 9.79195 
70 9.82601 9.82292 9.81058 9.79515 
75 9.82860 9.82551 9.81317 9.79774 
80 9.83051 9.82743 9.81508 9.79965 
85 9.83168 9.82860 9.81625 9.80082 
90 9.83208 9.82899 9.81665 9.80122 
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DENSITY, PRESSURE, AND GRAVITY AS A FUNCTION OF DEPTH 
WITHIN THE EARTH 


This table gives the density p, pressure p, and acceleration due References 
to gravity g as a function of depth below the earth's surface, as cal- 
culated from the model of the structure ofthe earth in Reference 1. 1. Anderson, D. L, and Hart, R. S., J. Geophys. Res., 81, 1461, 1976. 
The model assumes a radius of 6371 km for the earth. The bound- 2. Carmichael, R. S., CRC Practical Handbook of Physical Properties of 
ary between the crust and mantle (the Mohorovicic discontinu- Rocks and Minerals; .و‎ 467 CRC Press, Boca Raton FL, 1989. 
ity) is taken as 21 km, while in reality it varies considerable with 


location. 
Depth p p g Depth p p g 
km g/cm? kbar cm/s? km g/cm? kbar cm/s? 
1771 4.96 752 994. 
Crust 2071 5.12 903 1002 
0 1.02 0 981 2371 5.31 1061 1017 
102 3 982 2671 5.45 1227 1042 
2.80 3 982 2886 5.53 1352 1069 
21 2.80 5 983 
Outer core (liquid) 
Mantle (solid) 2886 9.96 1352 1069 
21 3.49 5 983 2971 10.09 1442 1050 
41 3.51 12 983 3371 10.63 1858 953 
61 3.52 19 984 3671 11.00 2154 874 
81 3.48 26 984 4071 11.36 2520 760 
101 3.44 33 984 4471 11.69 2844 641 
121 3.40 39 985 4871 11.99 3116 517 
171 3.37 56 987 5156 12.12 3281 427 
221 3.34 73 989 
271 3.37 89 991 Inner core (solid) 
321 3.47 106 993 5156 12.30 3281 427 
371 3.59 124 994. 5371 12.48 3385 355 
571 3.95 199 999 5771 12,52 3529 218 
871 4.54 328 997 6071 12.53 3592 122 
1171 4.67 466 992 6371 12.58 3617 0 
1471 4.81 607 991 
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OCEAN PRESSURE AS A FUNCTION OF DEPTH AND LATITUDE 


The following table is based upon an ocean model which takes References 
into account the equation of state of standard seawater and the de- 
pendence on latitude of the acceleration of gravity. The tabulated 1. International Oceanographic Tables, Volume 4, Unesco Technical 


pressure value is the excess pressure over the ambient atmospheric Papers in Marine Science No. 40, Unesco, Paris, 1987. 
pressure at the surface 2. Saunders, P. M., and Fofonoff, N. P., Deep-Sea Res. 23, 109-111, 1976. 


Pressure in MPa at the Specified Latitude 


Depth 
(meters) 0 15 30* 45* 60* 75* 90* 
0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
500 5.0338 5.0355 5.0404 5.0471 5.0537 5.0586 5.0605 


1000 10.0796 10.0832 10.0930 10.1064 10.1198 10.1296 10.1333 
1500 15.1376 15.1431 15.1577 15.1778 15.1980 15.2127 15.2182 
2000 20.2076 20.2148 20.2344 20.2613 20.2882 20.3080 20.3153 
2500 25.2895 25.2985 25.3231 25.3568 25.3905 25.4153 25.4244 
3000 30.3831 30.3940 30.4236 30.4641 30.5047 30.5345 30.5453 
3500 35.4886 35.5012 35.5358 35.5832 35.6307 35.6654 35.6782 
4000 40.6056 40.6201 40.6598 40.7140 40.7683 40.8082 40.8229 
4500 45.7342 45.7505 45.7952 45.8564 45.9176 45.9626 45.9791 
5000 50.8742 50.8924 50.9421 51.0102 51.0785 51.1285 51.1469 
5500 56.0255 56.0456 56.1004 56.1755 56.2508 56.3059 56.3262 
6000 61.1882 61.2100 61.2700 61.3521 61.4344 61.4947 61.5168 
6500 66.3619 66.3857 66.4508 66.5399 66.6292 66.6947 66.7187 
7000 71.5467 71.5724 71.6427 71.7388 71.8352 71.9059 71.9318 
7500 76.7426 76.7701 76.8456 76.9488 77.0523 77.1282 77.1560 
8000 81.9493 81.9788 82.0594 82.1697 82.2804 82.3614 82.3911 
8500 87.1669 87.1983 87.2841 87.4016 87.5193 87.6057 87.6373 
9000 92.3950 92.4284 92.5194 92.6440 92.7689 92.8606 92.8941 
9500 97.6346 97.6698 97.7661 97.8978 98.0300 98.1269 98.1624 
10000 — 102.8800 102.9170 103.0185 103.1572 103.2961 103.3981 103.4355 
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PROPERTIES OF SEAWATER 


In addition to the dependence on temperature and pressure, the 
physical properties of seawater vary with the concentration of the 
dissolved constituents. A convenient parameter for describing the 
composition is the salinity, S, which is defined in terms of the elec- 
trical conductivity of the seawater sample. The defining equation 
for the practical salinity is: 


а, К? + a KP,‏ + کله + کله + له د ه -ک 


where K is the ratio of the conductivity of the seawater sample at 
15*C and atmospheric pressure to the conductivity of a potassium 
chloride solution in which the mass fraction of KC] is 0.0324356, at 
the same temperature and pressure. The values of the coefficients 
are: 


It is customary in oceanography to define the pressure at a giv- 
en point as the pressure due to the column of water between that 
point and the surface. Thus by convention P - 0 at the sea surface. 
To a good approximation the pressure in decibars (dbar) can be 
equated to the depth in meters. Thus at 45" latitude the pressure is 
5000 dbar at 4902 m, 10000 dbar at 9700 m. 

The first table below gives several properties of seawater as a 
function of temperature for a salinity of 35. The second and third 
give density and electrical conductivity as a function of salinity at 
several temperatures, and the fourth lists typical concentrations of 
the main constituents of seawater as a function of salinity. The final 
table gives the freezing point as a function of salinity and pressure. 


References 


1. The Practical Salinity Scale 1978 and the International Equation of 
State of Seawater 1980, Unesco Technical Papers in Marine Science 


а, = 0.0080 а, = 14.0941 
a, = —0.1692 а, = –7.0261 
а,- 25.3851 а, = 2.7081 
> а, = 35.0000 


Thus when К = 1, 5 = 35 exactly (S is normally quoted in units of 
90о, i.e., parts per thousand). The value of S can be roughly equated 
with the mass of dissolved material in grams per kilogram of sea- 
water. Salinity values in the open oceans at mid latitudes typically 
fall between 34 and 36. 


No. 36, Unesco, Paris, 1981; sections No. 37, 38, 39, and 40 in this 
series give background papers and detailed tables. 
2. Kennish, M. J., CRC Practical Handbook of Marine Science, CRC 
Press, Boca Raton, FL, 1989. 
. Poisson, A. IEEE / Ocean. Eng. OE-5, 50, 1981. 
4. Webster, F., in AIP Physics Desk Reference, Е. К. Cohen, D. К. Lide and 
G. L. Trigg, Eds., Springer-Verlag, New York, 2003. 


о 


Properties of Seawater as а Function of Temperature at Salinity S = 35 and Normal Atmospheric Pressure 


р = density in g/cm? 

В = (1/p) (dp/dS) = fractional change in density per unit change 
in salinity 

a= –(1/р) (dp/dt) = fractional change in density per unit 


к = electrical conductivity in S/cm 
n = viscosity in mPa s (equal to cP) 
с, = specific heat in J/kg *C 
у = speed of sound in m/s 


change in temperature (*C7!) 


tC p/g cm? 107p 107 а/с" 
0 1.028106 7854 526 
5 1.027675 7717 1136 
10 1.026952 7606 1668 
15 1.025973 7516 2141 
20 1.024763 7444 2572 
25 1.023343 7385 2970 
30 1.021729 7338 3341 
35 1.019934 7300 3687 
40 7270 4004 


Density of Surface Seawater in g/cm? as a Function of Temperature and Salinity 


tC 5=0 5=5 8-10 8-15 

0 0.999843 1.003913 1.007955 1.011986 

5 0.999967 1.003949 1.007907 1.011858 
10 0.999702 1.003612 1.007501 1.011385 
15 0.999102 1.002952 1.006784 1.010613 
20 0.998206 1.002008 1.005793 1.009576 
25 0.997048 1.000809 1.004556 1.008301 
30 0.995651 0.999380 1.003095 1.006809 
35 0.994036 0.997740 1.001429 1.005118 
40 0.992220 0.995906 0.999575 1.003244 


K/S стг! n/mPas  c/Jkg"C* у/т s! 
0.029048 1.892 3986.5 1449.1 
0.033468 1.610 
0.038103 1.388 3986.3 1489.8 
0.042933 1.221 
0.047934 1.085 3993.9 1521.5 
0.053088 0.966 
0.058373 0.871 4000.7 1545.6 

4003.5 1563.2 
8-20 5-25 8-30 5-35 5-40 
1.016014 1.020041 1.024072 1.028106 1.032147 
1.015807 1.019758 1.023714 1.027675 1.031645 
1.015269 1.019157 1.023051 1.026952 1.030862 
1.014443 1.018279 1.022122 1.025973 1.029834 
1013362 1.017154 1.020954 1.024763 1.028583 
1.012050 1.015806 1.019569 1.023343 1.027128 
1.010527 1.014252 1.017985 1.021729 1.025483 
1.008810 1.012509 1.016217 1.019934 1.023662 
1.006915 1.010593 1.014278 1.017973 1.021679 


14-15 


14-16 Properties of Seawater 


Electrical Conductivity of Seawater in S/cm as a Function of Temperature and Salinity 


tC 5=5 8-10 8-15 8-20 8-25 8-30 8-35 8-40 

0 0.004808 0.009171 0.013357 0.017421 0.021385 0.025257 0.029048 0.032775 

5 0.005570 0.010616 0.015441 0.020118 0.024674 0.029120 0.033468 0.037734 
10 0.006370 0.012131 0.017627 0.022947 0.028123 0.033171 0.038103 0.042935 
15 0.007204 0.013709 0.019905 0.025894 0.031716 0.037391 0.042933 0.048355 
20 0.008068 0.015346 0.022267 0.028948 0.035438 0.041762 0.047934 0.053968 
25 0.008960 0.017035 0.024703 0.032097 0.039276 0.046267 0.053088 0.059751 
30 0.009877 0.018771 0.027204 0.035330 0.043213 0.050888 0.058373 0.065683 


Composition of Seawater and Ionic Strength at Various Salinities (Ref. 2) 


Expressed as molality As grams per kilogram of seawater 

Constituent $-30 $-35 $-40 $-30 $-35 $-40 
Cr 0.482 0.562 0.650 16.58 19.33 22.36 
Br- 0.00074 0.00087 0.00100 0.057 0.067 0.078 
Е- 0.00007 0.001 
SO, 0.0104 0.0114 0.0122 0.97 1.06 1.14 
HCO, 0.00131 0.00143 0.00100 0.078 0.085 0.059 
NaSO; 0.0085 0.0108 0.0139 0.98 1.25 1.60 
KSO; 0.00010 0.00012 0.00015 0.013 0.016 0.020 
Nat 0.405 0.472 0.544 9.03 10.53 12.13 
K* 0.00892 0.01039 0.01200 0.338 0.394 0.455 
Мр“ 0.0413 0.0483 0.0561 0.974 1.139 1.323 
Са“ 0.00131 0.00143 0.00154 0.051 0.056 0.060 
Sr” 0.00008 0.00009 0.00011 0.007 0.008 0.009 
MgHCO,* 0.00028 0.00036 0.00045 0.023 0.030 0.037 
MgSO, 0.00498 0.00561 0.00614 0.582 0.655 0.717 
CaSO, 0.00102 0.00115 0.00126 0.135 0.152 0.166 
NaHCO, 0.00015 0.00020 0.00024 0.012 0.016 0.020 
H,BO, 0.00032 0.00037 0.00042 0.019 0.022 0.025 
Ionic strength 0.5736 0.6675 0.7701 


Freezing Point of Seawater in ^C as a Function of Salinity and Pressure 


P/dbar S=0 5 10 15 20 25 30 35 40 
0 0.000 -0.274 -0542 -0812 -1083 -1.358 -1.638 -1.922 -2.212 
50 -0.038 -0.311 -0.580 -0.849 -1.121 -1.396 -1.676 -1.960 -2.250 
100 -0.075 -0.349 -0.618 -0.887 -1.159 -1.434 -1.713 -1.998 -2.287 
500 -0.377 -0.650 -0.919 -1.188 -1.460 -1.735 -2.014 -2.299 -2.589 


ABUNDANCE OF ELEMENTS IN THE EARTH'S CRUST AND IN THE SEA 


This table gives the estimated abundance of the elements in 
the continental crust (in mg/kg, equivalent to parts per million by 
mass) and in seawater near the surface (in mg/L). Values represent 
the median of reported measurements. The concentrations of the 
less abundant elements may vary with location by several orders 
of magnitude. 


Abundance 

Crust Sea 
Element mg/kg mg/L 
Ac 5.5 x 1079 
Ag 7.5 x 10? 4 x 105 
Al 8.23 x 10* 2х 103 
Ar 3.5 4.5 х 107 
Ав 1.8 3.7 x 3 
Au 4x10? 4х 10-5 
B 1.0 x 10! 4.44 
Ba 4.25 x 10? 1.3 x 107 
Be 2.8 5.6 x 10-6 
Bi 8.5 x 10? 2х 105 
Вг 2.4 6.73 х 10: 
C 2.00 x 10? 2.8 x 10! 
Ca 4.15 x 10* 4.12 x 10? 
Cd 1.5 x 107 1.1 x 107 
Ce 6.65 x 10! 1.2 x 105 
а 1.45 х 10? 1.94 x 101 
Co 2.5 x 10! 2х 10% 
Ст 1.02 х 10? 3x 107 
Св 3 3x 107+ 
Cu 6.0 x 10! 2.5 x 10+ 
Dy 5.2 9.1 x 107 
Er 3.5 8.7 x 107 
Eu 2.0 1.3 x 107 
F 5.85 x 102 1.3 
Fe 5.63 x 104 2х 103 
Са 19х 10! Зх 107 
са 6.2 7х 107 
се 1.5 5 х 1055 
н 1.40 x 10? 1.08 x 105 
He 8х 103 7 x 1075 
Hf 3.0 7х 105 
На 8.5 х 1072 3 х 105 
Но 1.3 22 х 107 
1 4.5 x 107 6x 102 
In 2.5 х 107 2х 102 
Ir 1 х 1073 
K 2.09 x 10* 3.99 x 10? 
Kr 1х 10" 2.1 x 107 
La 3.9 x 10! 3.4 x 1075 
Li 2.0 x 10! 1.8 x 107 
Lu 8x10 1.5 x 107 
Mg 2.33 x 10* 1.29 x 10? 
Mn 9.50 x 10? 2*x10* 
Mo 1.2 1x102 
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Abundance 

Crust Sea 
Element mg/kg mg/L 
N 1.9 x 10! 5x 107 
Na 2.36 x 10* 1.08 x 10* 
Nb 2.0 x 10! 1х 105 
ма 4.15 x 10! 2.8 x 10% 
Ne 5x10? 1.2 x 107 
Ni 8.4 x 101 5.6 x 107 
0 4.61 х 10 8.57 х 10° 
Os 1.5x 10? 
P 1.05 x 10? 6 x 107 
Pa 1.4 x 1075 5х 107! 
РЬ 1.4 x 10! 3х 105 
ра 1.5 x 1072 
Po 2 х 1079 1.5 х 107 
Pr 9.2 6.4 x 107 
Pt 5x10? 
Ra 9x107 89x10 
Rb 9.0 x 10! 1.2 x 107 
Ке 7 х 107 4 x 10-5 
Rh 1x10? 
Rn 4х 1073 6 x 1076 
Ru 1 х 1073 7 х 107 
5 3.50 х 102 9.05 x 10? 
Sb 2x10 2.4 x 107* 
Sc 2.2 x 10! 6x 107 
Se 5x 107 2 х 10:5 
51 2.82 х 10° 2.2 
Sm 7.05 4.5 x 107 
Sn 2.3 4x 107 
Sr 3.70 x 10? 7.9 
Ta 2.0 2х 105 
ТЬ 1.2 1.4 x 107 
Te 1 х 1073 
Th 9.6 1х 105 
тї 5.65 x 10? 1х 103 
TI 8.5 x 107 1.9 x 10? 
Тіп 5.2 x 107 1.7 x 107 

27 3.2 x 10? 
У 1.20 х 10? 2.5 x 10? 
W 1.25 1 x 107 
Xe 3 x 105 5 х 1055 
Y 3.3 x 10! 1.3 x 10? 
Yb 3.2 8.2 x 107 
Zn 7.0 x 10! 4.9 x 10? 
Zr 1.65 x 10? 3x105 
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SOLAR SPECTRAL IRRADIANCE 


The solar luminosity (total radiant power emitted) is 3.86.1076 
W, of which 1373 W/m? reaches the top of the earth's atmosphere. 
To a zeroth approximation the sun can be considered a black body 
with an effective temperature of 5780 K, which implies a peak in 
the radiation at around 0.520 um (5200 A). The actual solar spec- 
tral emission is more complex, especially at ultraviolet and shorter 
wavelengths. The graph below, which was taken from Reference 
1, summarizes the solar irradiance at the top of the atmosphere in 
the range 0.3 to 10 um. 
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U.S. STANDARD ATMOSPHERE (1976) 


A Standard Atmosphere is a hypothetical vertical distribution of 
atmospheric temperature, pressure, and density which is roughly 
representative of year-round, midlatitude conditions. Typical uses 
are to serve as a basis for pressure altimeter calibrations, aircraft 
performance calculations, aircraft and rocket design, ballistic ta- 
bles, meteorological diagrams, and various types of atmospheric 
modeling. The air is assumed to be dry and to obey the perfect 
gas law and the hydrostatic equation which, taken together, relate 
temperature, pressure, and density with vertical position. The at- 
mosphere is considered to rotate with the earth and to be an aver- 
age over the diurnal cycle, the semiannual variation, and the range 
from active to quiet geomagnetic and sunspot conditions. 

The U.S. Standard Atmosphere, (1976) is an idealized, steady- 
state representation of mean annual conditions of the earth's at- 
mosphere from the surface to 1000 km at latitude 45*N, as it is 
assumed to exist during a period with moderate solar activity. The 
defining meteorological elements are sea-level temperature and 
pressure and a temperature-height profile to 1000 km. The 1976 
Standard Atmosphere uses the following sea-level values which 
have been standard for many decades: 


Temperature — 288.15 К (15°С) 
Pressure — 101325 Pa (1013.25 mbar, 760 mm of Hg, or 29.92 
in. of Hg) 


Density — 1225 g/m? (1.225 g/L) 
Mean molar mass — 28.964 g/mol 


The parameters included in this condensed version of the U.S. 
Standard Atmosphere are: 


Z — Height (geometric) above mean sea level in meters 

T — Temperature in kelvins 

P — Pressure in pascals (1 Pa = 0.01 millibars) 

p — Density in kilograms per cubic meter (1 kg/m? - 1 g/L) 

n — Number density in molecules per cubic meter 

v — Mean collision frequency in collisions per second 

| — Mean free path in meters 

п — Absolute viscosity in pascal seconds (1 Pa 5 = 1000 cP) 

k — Thermal conductivity in joules per meter second kilogram 
(W/m К) 

v, — Speed of sound in meters per second 

2 — Acceleration of gravity in meters per second square 


The sea-level composition (percent by volume) is taken to be: 


N, — 78.084% He — 0.000524 
O, — 20.9476 Kr — 0.000114 
Ar — 0.934 Xe — 0.0000087 
CO, — 0.0314 CH, — 0.0002 
Ne — 0.001818 H, — 0.00005 


The T and P columns for the troposphere and lower stratosphere were generated from the following formulas: 


TIK 
288.15 – 0.0065 H 


H < 11000 m 
11000 m < H < 20000 m 
20000 m < H < 32000 m 


216.65 


where H = rZ/(r + 2) is the geopotential height in meters and r is 
the mean earth radius at 45° N latitude, taken as 6356766 m. For 
altitudes up to 32 km, p = 0.003483677 (P/T) in the units used here. 
Formulas for the other quantities may be found in the references. 


216.65 + 0.0010(H-20000) 


РјРа 
101325(288.15/ T) 525577 


22632 е-0.00015768832(Н-1 1000) 


5474.87(216.65/ T 5416319 
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TIK 

320.68 
317.42 
314.17 
310.91 
307.66 
304.41 
301.15 
297.90 
294.65 
291.40 
288.15 
284.90 
281.65 
278.40 
275.15 
271.91 
268.66 
265.41 
262.17 
258.92 
255.68 
252.43 
249.19 
245.94 
242.70 
239.46 
236.22 
232.97 
229.73 
226.49 
223.25 
220.01 
216.77 
216.65 
216.65 
216.65 
216.65 
216.65 
216.65 
216.65 
216.65 
216.65 
216.65 
216.65 
216.65 
216.65 
217.58 
218.57 
219.57 
220.56 
221.55 
222.54 
223.54 
224.53 
225.52 
226.51 
227.50 
228.49 
230.97 
233.74 
236.51 


P/Pa 

1.778Е+05 
1.685 Е+05 
1.596 Е+05 
1511 Е+05 
1.430 Е+05 
1.352 Е+05 
1.278Е+05 
1.207 Е+05 
1.139Е-05 
1.075Е-05 
1.013Е-05 
9.546Е+04 
8.988Е +04 
8.456Е+04 
7.950Е+04 
7.469Е+04 
7.012Е+04 
6.579Е+04 
6.166Е+04 
5.775Е+04 
5.405Е+04 
5.054Е+04 
4.722E404 
4.408E404 
4.111Е+04 
3.830 Е+04. 
3.565 Е+04. 
3.315E+04 
3.080E+04 
2.858E+04 
2.650E+04 
2.454Е+04 
2.270Е+04 
2.098Е+04 
1.940Е+04 
1.793Е+04 
1.658Е+04 
1.533Е+04 
1.417Е+04 
1.310Е+04 
1.211Е+04 
1.035Е+04 
8.850Е+03 
7.565E+03 
6.467E+03 
5.529E+03 
4.729E403 
4.048 Е+03 
3.467 Е+03 
2.972E+03 
2.549E+03 
2.188E+03 
1.880Е+03 
1.610Е+03 
1.390Е+03 
1.197 Е+03 
1.031Е+03 
8.891Е-02 
7.673Е-02 
6.634Е-02 
5.746E+02 


p/kg п? 
1.931 
1.849 
1.770 
1.693 
1.619 
1.547 
1.478 
1.411 
1.347 
1.285 
1.225 
1.167 
1.112 
1.058 
1.007 
0.957 
0.909 
0.863 
0.819 
0.777 
0.736 
0.697 
0.660 
0.664 
0.590 
0.557 
0.526 
0.496 
0.467 
0.440 
0.414 
0.389 
0.365 
0.337 
0.312 
0.288 
0.267 
0.246 
0.228 
0.211 
0.195 
0.166 
0.142 
0.122 
0.104 
8.891E-02 
7.572E-02 
6.451E-02 
5.501E-02 
4.694Е-02 
4.008Е-02 
3.426E-02 
2.930E-02 
2.508E-02 
2.148E-02 
1.841E-02 
1.579E-02 
1.356E-02 
1.157E-02 
9.887E-03 
8.463E-03 


4.015Е+25 
3.845Е-25 
3.680Е-25 
3.520Е-25 
3.366Е-25 
3.217 Е+25 
3.102 Е+25 
2.935Е+25 
2.801Е-25 
2.672Е+25 
2.547E+25 
2.427E+25 
2.311E+25 
2.200E+25 
2.093E+25 
1.990E+25 
1.891E+25 
1.795E+25 
1.704E+25 
1.616E+25 
1.531E+25 
1.450E+25 
1.373E+25 
1.299Е--25 
1.227Е-25 
1.159Е-25 
1.093Е-25 
1.031Е-25 
9.711Е+24 
9.141Е+24 
8.598Е+24 
8.079Е+24 
7.585Е+24 
7.016Е+24 
6.486E+24 
5.996Е--24 
5.543Е+24 
5.124Е-24 
4.738Е+24 
4.380Е--24 
4.049Е+24 
3.461E+24 
2.959E+24 
2.529Е+24 
2.162Е+24 
1.849Е +24 
1.574 Е+24 
1.341E+24 
1.144Е+24 
9.759Е+23 
8.334 Е+23 
7.123Е+23 
6.092 Е+23 
5.214Е+23 
4.466 Е+23 
3.828Е-23 
3.283Е-23 
2.813Е-23 
2.406Е-23 
2.056Е-23 
1.760Е-23 


у/8:1 


1.151E+10 
1.096E+10 
1.044E+10 
9.933E+09 
9.448Е+09 
8.982Е-09 
8.623Е-09 
8.106Е-09 
7.693Е+09 
7.298Е-09 
6.919Е+09 
6.556Е+09 
6.208Е+09 
5.874Е +09 
5.555Е+09 
5.250Е--09 
4.959Е--09 
4.680Е--09 
4.414E+09 
4.160E+09 
3.918E+09 
3.687E+09 
3.467E+09 
3.258E+09 
3.058E+09 
2.869E+09 
2.689E+09 
2.518E+09 
2.356E+09 
2.202E+09 
2.056E+09 
1.918E+09 
1.787E+09 
1.653E+09 
1.528E+09 
1.412E+09 
1.306E+09 
1.207E+09 
1.116E+09 
1.032E+09 
9.538E+08 
8.153E+08 
6.969E+08 
5.958E+08 
5.093E+08 
4.354E+08 
3.716E+08 
3.173E+08 
2.712E+08 
2.319E+08 
1.985E+08 
1.700E+08 
1.458E+08 
1.250E+08 
1.073E+08 
9.219E+07 
7.925E+07 
6.818E+07 
5.852E+07 
5.030E+07 
4.331E+07 


Шт 
4.208E-08 
4.395Е-08 
4.592Е-08 
4.800Е-08 
5.019E-08 
5.252Е-08 
5.447E-08 
5.757E-08 
6.032Е-08 
6.324Е-08 
6.633Е-08 
6.961E-08 
7.310E-08 
7.680E-08 
8.073E-08 
8.491E-08 
8.937E-08 
9.411E-08 
9.917E-08 
1.046Е-07 
1.103E-07 
1.165E-07 
1.231E-07 
1.302E-07 
1.377E-07 
1.458Е-07 
1.545Е-07 
1.639Е-07 
1.740Е-07 
1.848Е-07 
1.965Е-07 
2.091E-07 
2.227E-07 
2.408E-07 
2.605E-07 
2.818Е-07 
3.048Е-07 
3.297Е-07 
3.566Е-07 
3.857E-07 
4.172E-07 
4.881E-07 
5.710E-07 
6.680E-07 
7.814E-07 
9.139E-07 
1.073E-06 
1.260E-06 
1.477E-06 
1.731E-06 
2.027E-06 
2.372Е-06 
2.773E-06 
3.240Е-06 
3.783Е-06 
4.414E-06 
5.146E-06 
5.995E-06 
7.021E-06 
8.218Е-06 
9.601Е-06 


U.S. Standard Atmosphere (1976) 


n/Pas 

1.942Е-05 
1.927Е-05 
1.912Е-05 
1.897Е-05 
1.882Е-05 
1.867Е-05 
1.852Е-05 
1.836Е-05 
1.821Е-05 
1.805Е-05 
1.789Е-05 
1.774Е-05 
1.758Е-05 
1.742Е-05 
1.726Е-05 
1.710Е-05 
1.694Е-05 
1.678Е-05 
1.661Е-05 
1.645Е-05 
1.628Е-05 
1.612E-05 
1.595E-05 
1.578E-05 
1.561E-05 
1.544Е-05 
1.527Е-05 
1.510Е-05 
1.493Е-05 
1.475Е-05 
1.458Е-05 
1.440Е-05 
1.422Е-05 
1.422Е-05 
1.422Е-05 
1.422Е-05 
1.422Е-05 
1.422Е-05 
1.422Е-05 
1.422Е-05 
1.422Е-05 
1.422Е-05 
1.422Е-05 
1.422Е-05 
1.422Е-05 
1.422Е-05 
1.427Е-05 
1.432Е-05 
1.438Е-05 
1.443Е-05 
1.448Е-05 
1.454Е-05 
1.459Е-05 
1.465E-05 
1.470E-05 
1.475E-05 
1.481Е-05 
1.486Е-05 
1.499Е-05 
1.514Е-05 
1.529Е-05 


К/) کاو‎ 
0.02788 
0.02763 
0.02738 
0.02713 
0.02688 
0.02663 
0.02638 
0.02613 
0.02587 
0.02562 
0.02533 
0.02511 
0.02485 
0.02459 
0.02433 
0.02407 
0.02381 
0.02355 
0.02329 
0.02303 
0.02277 
0.02250 
0.02224 
0.02197 
0.02170 
0.02144 
0.02117 
0.02090 
0.02063 
0.02036 
0.02009 
0.01982 
0.01954 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01953 
0.01961 
0.01970 
0.01978 
0.01986 
0.01995 
0.02003 
0.02011 
0.02020 
0.02028 
0.02036 
0.02044 
0.02053 
0.02073 
0.02096 
0.02119 


v/ms?! 
359.0 
357.2 
355.3 
353.5 
351.6 
349.8 
347.9 
346.0 
344.1 
342.2 
340.3 
338.4 
336.4 
334.5 
332.5 
330.6 
328.6 
326.6 
324.6 
322.6 
320.6 
318.5 
316.5 
314.4 
312.3 
310.2 
308.1 
306.0 
303.9 
301.7 
299.5 
297.4 
295.2 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 
295.1 
296.4 
297.1 
297.7 
298.4 
299.1 
299.7 
300.4 
301.1 
301.7 
302.4 
303.0 
304.7 
306.5 
308.3 


gim 87 
9.822 
9.830 
9.819 
9.818 
9.816 
9.814 
9.813 
9.811 
9.810 
9.808 
9.807 
9.805 
9.804 
9.802 
9.801 
9.799 
9.797 
9.796 
9.794 
9.793 
9.791 
9.790 
9.788 
9.787 
9.785 
9.784 
9.782 
9.781 
9.779 
9.777 
9.776 
9.774 
9.773 
9.771 
9.770 
9.768 
9.767 
9.765 
9.764 
9.762 
9.761 
9.758 
9.754 
9.751 
9.748 
9.745 
9.742 
9.739 
9.736 
9.733 
9.730 
9.727 
9.724 
9.721 
9.718 
9.715 
9.712 
9.709 
9.706 
9.703 
9.700 
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Zím 
36000 
38000 
40000 
42000 
44000 
46000 
48000 
50000 
52000 
54000 
56000 
58000 
60000 
65000 
70000 
75000 
80000 
85000 
90000 
95000 

100000 
110000 
120000 
130000 
140000 
150000 
160000 
170000 
180000 
190000 
200000 
220000 
240000 
260000 
280000 
300000 
320000 
340000 
360000 
380000 
400000 
450000 
500000 
550000 
600000 
650000 
700000 
750000 
800000 
850000 
900000 
950000 
1000000 


TIK 
239.28 
244.82 
250.35 
255.88 
261.40 
266.93 
270.65 
270.65 
269.03 
263.52 
258.02 
252.52 
247.02 
233.29 
219.59 
208.40 
198.64 
188.89 
186.87 
188.42 
195.08 
240.00 
360.00 
469.27 
559.63 
634.39 
696.29 
747.57 
790.07 
825.16 
854.56 
899.01 
929.73 
950.99 
965.75 
976.01 
983.16 
988.15 
991.65 
994.10 
995.83 
998.22 
999.24 
999.67 
999.85 
999.93 
999.97 
999.98 
999.99 
1000.00 
1000.00 
1000.00 
1000.00 


P/Pa 

4.985Е-02 
3.771E+02 
2.871E+02 
2.200E+02 
1.695E+02 
1.313E+02 
1.023E+02 
7.978Е+01 
6.221Е-01 
4.834 Е+01 
3.736Е-01 
2.872Е-01 
2.196Е+01 
1.093 Е+01 
5.221 

2.388 

1.052 

4.457E-01 
1.836E-01 
7.597Е-02 
3.201E-02 
7.104Е-03 
2.538Е-03 
1.251Е-03 
7.203E-04 
4.542E-04 
3.040E-04 
2.121E-04 
1.527E-04 
1.127E-04 
8.474Е-05 
5.015E-05 
3.106Е-05 
1.989Е-05 
1.308Е-05 
8.770 Е–06 
5.980 Е–06 
4.132E-06 
2.888E-06 
2.038E-06 
1.452E-06 
6.447Е-07 
3.024E-07 
1.514Е-07 
8.213E-08 
4.887E-08 
3.191E-08 
2.260E-08 
1.704E-08 
1.342E-08 
1.087E-08 
8.982E-09 
7.514E-09 


p/kg m? 

7.258E-03 
5.367E-03 
3.996E-03 
2.995E-03 
2.259E-03 
1.714E-03 
1.317E-03 
1.027E-03 
8.056Е-04 
6.390Е-04 
5.045E-04 
3.963E-04 
3.097E-04 
1.632E-04 
8.283E-05 
3.992E-05 
1.846Е-05 
8.220Е-06 
3.416E-06 
1.393E-06 
5.604Е-07 
9.708Е-08 
2.222Е-08 
8.152Е-09 
3.831Е-09 
2.076Е-09 
1.233E-09 
7.815E-10 
5.194E-10 
3.581E-10 
2.541E-10 
1.367E-10 
7.858Е-11 
4.742Е-11 
2.971Е-11 
1.916Е-11 
1.264E-11 
8.503E-12 
5.805Е-12 
4.013Е-12 
2.803Е-12 
1.184E-12 
5.215E-13 
2.384E-13 
1.137E-13 
5.712bE-14 
3.070E-14 
1.788E-14 
1.136E-14 
7.824Е-15 
5.759Е-15 
4.453Е-15 
3.561Е-15 


1.509Е-23 
1.116Е-23 
8.308E+22 
6.227E+22 
4.697E+22 
3.564 Е+22 
2.738E+22 
2.135E+22 
1.675E+22 
1.329E+22 
1.049E+22 
8.239E+21 
6.439E+21 
3.393E+21 
1.722E+21 
8.300E+20 
3.838E+20 
1.709E+20 
7.116Е+19 
2.920Е+19 
1.189Е-19 
2.144Е-18 
5.107Е+17 
1.930 Е+17 
9.322 Е+16 
5.186 Е+16 
3162 Е+16 
2.055Е+16 
1.400 Е+16 
9.887 Е+15 
7.182Е+15 
4.040 Е+15 
2.420Е+15 
1.515Е+15 
9.807 Е+14 
6.509 Е+14 
4.405E+14 
3.029E+14 
2.109Е+14 
1.485Е+14 
1.056Е+14 
4.678Е-13 
2.192Е-13 
1.097 Е+13 
5.950 Е+12 
3.540 Е+12 
2.311Е+12 
1.637 Е+12 
1.234E+12 
9.717E+11 
7.876E+11 
6.505E+11 
5.442E+11 


у/8:1 


3.736Е+07 
2.794E+07 
2.104E+07 
1.594E+07 
1.215E+07 
9.318E+06 
7.208Е+06 
5.620Е--06 
4.397Е--06 
3.452E+06 
2.696E+06 
2.095E+06 
1.620E+06 
8.294E+05 
4.084E+05 
1.918E+05 
8.656E+04 
3.766E+04 
1.560E+04 
6.440E+03 
2.680E+03 
5.480E+02 
1.630E+02 
7.100E+01 
3.800E+01 
2.300E+01 
1.500E+01 
1.000E+01 
7.200 

5.200 

3.900 

2.300 

1.400 

9.300E-01 
6.100E-01 
4.200Е-01 
2.900Е-01 
2.000Е-01 
1.400Е-01 
1.000Е-01 
7.200Е-02 
3.300E-02 
1.600E-02 
8.400E-03 
4.800Е-03 
3.100Е-03 
2.200Е-03 
1.700Е-03 
1.400Е-03 
1.200Е-03 
1.000Е-03 
8.700E-04 
7.500E-04 


Шт 
1.120E-05 
1.514E-05 
2.034Е-05 
2.713E-05 
3.597E-05 
4.740Е-05 
6.171Е-05 
7.913E-05 
1.009E-04 
1.272E-04 
1.611E-04 
2.051E-04 
2.624Е-04 
4.979Е-04 
9.810Е-04 
2.035E-03 
4.402Е-03 
9.886Е-03 
2.370Е-02 
5.790 Е–02 
1.420E-01 
7.880E-01 
3.310 
8.800 
1.800 Е+01 
3.300 Е+01 
5.300 Е+01 
8.200Е+01 
1.200E+02 
1.700E+02 
2.400E+02 
4.200Е--02 
7.000Е--02 
1.100Е--03 
1.700E+03 
2.600E+03 
3.800E+03 
5.600Е+03 
8.000Е+03 
1.100Е+04 
1.600Е+04 
3.600Е+04 
7.700E+04 
1.500E+05 
2.800E+05 
4.800E+05 
7.300Е--05 
1.000Е--06 
1.400Е--06 
1.700Е--06 
2.100Е--06 
2.600Е--06 
3.100Е--06 


n/Pas 

1.543E-05 
1.572E-05 
1.601E-05 
1.629E-05 
1.657E-05 
1.685E-05 
1.704Е-05 
1.703Е-05 
1.696Е-05 
1.660Е-05 
1.640Е-05 
1.612Е-05 
1.584Е-05 
1.512Е-05 
1.438Е-05 
1.376Е-05 
1.321Е-05 
1.265Е-05 


К/) msc 
0.02142 
0.02188 
0.02233 
0.02278 
0.02323 
0.02376 
0.02397 
0.02397 
0.02384 
0.02340 
0.02296 
0.02251 
0.02206 
0.02093 
0.01978 
0.01883 
0.01800 
0.01716 


v/m د‎ 
3101 
313.7 
317.2 
320.7 
324.1 
327.5 
329.8 
329.8 
328.8 
325.4 
322.0 
318.6 
315.1 
306.2 
297.1 
289.4 
282.5 
275.5 
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gim s? 
9.697 
9.690 
9.684 
9.678 
9.672 
9.666 
9.660 
9.654 
9.648 
9.642 
9.636 
9.632 
9.624 
9.609 
9.594 
9.579 
9.564 
9.550 
9.535 
9.520 
9.505 
9.476 
9.447 
9.418 
9.389 
9.360 
9.331 
9.302 
9.274 
9.246 
9.218 
9.162 
9.106 
9.051 
8.997 
8.943 
8.889 
8.836 
8.784 
8.732 
8.680 
8.553 
8.429 
8.307 
8.188 
8.072 
7.958 
7.846 
7.737 
7.630 
7.525 
7.422 
7.322 
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FIGURE 1. Temperature-height profile for U.S. Standard Atmosphere. ЕІСОКЕ 3. Mean molecular weight as a function of geometric alti- 
tude. 
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FIGURE 6. Mean free path as a function of geometric altitude. FIGURE 8. Dynamic viscosity as a function of geometric altitude. 
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FIGURE 9. Coefficient of thermal conductivity as a function of geo- FIGURE 11. Molecular-diffusion and eddy-diffusion coefficients as a 
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FIGURE 10. Speed of sound as a function of geometric altitude. FIGURE 12. Acceleration of gravity as a function of geometric altitude. 


GEOGRAPHICAL AND SEASONAL VARIATION IN SOLAR RADIATION 


This table gives the amount of solar radiation reaching a unit Reference 
area at the top of the earth's atmosphere per day as a function of 
latitude and approximate date. It is based upon a solar constant List, R. J., Smithsonian Meteorological Tables, Seventh Edition, Smithsonian 
(total energy per unit area at the earth's average orbital distance) | Institution Press, Washington, D.C., 1962. 
of 1373 W/m’. Absorption of radiation by the atmosphere is not 
taken into consideration. 


Daily Solar Radiation in MJ/m? 


Lat. Mar. 21 Apr. 13 May 6 May 29 Јип. 2 Jul. 15 Aug. 8 Aug. 31 
90* 18.0 32.8 42.4 45.7 42.2 32.5 17.7 
80 6.6 18.0 32.3 41.8 45.0 41.6 32.0 17.7 
70 13.0 22.3 31.8 39.9 43.0 39.7 31.5 22.0 
60 19.0 27.0 34.4 39.7 41.6 39.4 34.0 26.7 
50 24.4 311 36.8 40.7 42.0 40.5 36.5 30.8 
40 29.1 34.3 38.6 41.3 42.1 41.1 38.3 33.9 
30 32.9 36.7 39.4 41.1 41.4 40.8 39.1 36.3 
20 35.7 38.0 39.2 39.7 39.7 39.5 38.9 37.5 
10 374 38.1 37.9 374 37.1 37.2 37.6 37.7 
0 38.0 37.1 35.5 34.1 33.5 34.0 35.2 36.6 
-10 374 35.0 32.3 30.0 29.2 29.9 32.0 34.6 
-20 35.7 31.8 28.0 25.2 24.1 25.1 27.8 31.5 
-30 32.9 27.8 23.1 19.7 18.5 19.7 22.8 27.4 
-40 29.1 22.8 17.5 14.0 12.6 13.9 17.4 22.6 
-50 24.4 17.3 11.7 82 7.0 82 11.6 172 
-60 19.0 114 5.9 2.9 2.0 2.9 5.9 113 
-70 13.0 5.4 1.0 1.0 5.3 
-80 6.6 0.3 0.3 
-90 
Lat. Sep. 23 Oct. 16 Nov. 8 Nov. 30 Рес. 22 Jan. 13 Feb.4 Feb. 26 
90* 
80 6.5 0.3 0.3 
70 12.9 5.5 1.0 1.0 5.6 
60 18.8 11.6 6.2 3.1 2.1 3.1 6.2 11.7 
50 24.1 17.6 12.1 8.7 7.5 8.7 12.3 17.8 
40 28.7 23.1 18.2 14.8 13.5 14.9 18.4 23.5 
30 32.5 28.2 23.9 20.9 19.8 21.0 24.1 28.4 
20 35.3 32.3 29.1 26.6 25.7 26.7 29.3 32.7 
10 37.0 35.5 33.5 31.8 31.1 31.9 33.8 35.9 
0 37.6 37.6 36.9 36.1 35.8 36.3 37.3 38.0 
-10 37.0 38.6 39.4 39.5 39.6 39.7 39.7 39.1 
-20 35.3 38.5 40.7 42.0 42.4 42.2 41.1 39.0 
-30 32.5 37.2 40.9 43.3 44.2 43.5 41.3 377 
-40 28.7 34.8 401 43.6 45.0 43.8 40.5 35.2 
-50 241 31.5 38.3 431 44.8 432 38.6 31.9 
-60 18.8 27.3 35.7 41.9 44.4 42.1 36.0 27.7 
-70 12.9 22.6 33.0 422 45.9 42.4 33.3 22.9 
-80 6.5 18.2 33.5 44.2 48.1 44.4 33.8 18.4 
-90 18.2 34.0 44.8 48.8 45.1 34.4 18.4 
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INFRARED ABSORPTION ВУ THE EARTH'S ATMOSPHERE 


Several constituents of the earth's atmosphere absorb infrared The HITRAN Molecular Spectroscopy Database (References 1 
radiation. At ground level the strongest absorbers are H,O and апа 2) is a compilation of wavenumbers and intensities of more 
СО, but 30 to 40 other compounds can make significant contri- than 1.7 million spectral lines of atmospheric constituents. It is a 
butions. The centers of the most important absorption bands are valuable resource for calculating transmission of the atmosphere, 


listed below: 


Molecule 
H,O 
H,O 
H,O 
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Vibrational mode 

Bend 

Symmetric O-H stretch 
Antisymmetric O-H stretch 
Bend 

Antisymmetric C-O stretch 
Bend 

Antisymmetric O-O stretch 
Symmetric O-O stretch 
Bend 

N-O stretch 

N-N stretch 

C-O stretch 

Degenerate deformation 
Degenerate stretch 


radiative energy transfer, and other phenomena. The graph below, 
which was supplied by Walter J. Lafferty (Reference 3), gives the 


Band center in cm™ transmittance of the atmosphere for one set of conditions. 
1595 
3657 
References 
3756 
667 1. Rothman, L. S., et al., / Quant. Spectros. Radiat. Transfer 82, 5, 2003; 
2349 ibid., to be published, 2005. 
701 2. HITRAN Molecular Spectroscopy Database, <http://cfa-www. 
1042 Harvard.edu/HITRAN/hitrandata04/>. 
3. Lafferty, W. J, Some Aspects of High Resolution Molecular 
1103 ` ; : 
589 Spectroscopy, in Lectures on Molecular Physics, Institute for the 
Structure of Matter, Centro de Fisica Miguel A. Catalan, Madrid, 
1285 
1997. 
2224 
2143 
1306 
3019 


Transmittance of U.S. Standard Atmosphere at Ground Level for a Path of 1 km at 296 К 
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ATMOSPHERIC CONCENTRATION ОЕ CARBON DIOXIDE, 1958-2004 


The data in this table were taken at the Mauna Loa Observatory References 
in Hawaii and represent averages adjusted to the 15th of each 
month. The last column gives the average over the year. The con- 1. Keeling, C.D., and Whorf, T.P., Atmospheric carbon dioxide record 
centration of CO. is given in parts per million by volume. Data from Mauna Loa, Carbon Dioxide Information Analysis Center, Oak 
5 . 


Ridge National Laboratory, U.S. Department of Energy, Oak Ridge, 


from other measurement sites may be found in Reference 1. 
y TN, 2005; <cdiac.esd.ornl.gov/trends/co2/sio-mlo.htm>. 


The first graph illustrates the seasonal variation of CO, concen- 2. Marland, G., Boden, T. A., and Andres, R. J., Global, Regional, and 
tration and the steady increase over the last 45 years. The second National CO, Emissions. In Trends: A Compendium of Data on Global 
graph summarizes the growth in the emissions of CO, into the Change, 2001. Carbon Dioxide Information Analysis Center, Oak 
atmosphere as a result of burning of fossil fuels (Reference 2). Ridge National Laboratory, U.S. Department of Energy, Oak Ridge, 

TN; <cdiac.esd.ornl.gov/trends/emis/tre_glob.htm>. 


CO, Concentration in ppm at Mauna Loa 


Year Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Annual 
1958 31571 317.45 317.50 315.85 314.93 9 313.34 7 

1959 315.58 31647 316.65 317.72 318.29 318.16 316.55 314.80 313.84 31334 314.82 315.59 315.98 
1960 31643 31697 317.58 319.03 320.00 319.59 318.18 315.91 314.16 313.84 315.00 316.19 316.91 
1961 316.89 317.70 318.54 319.48 320.58 319.77 318.58 316.79 314.99 31531 31610 321701 317.65 
1962 317.94 318.56 319.69 320.58 321.01 320.61 31961 317.40 316.26 31542 31669 317.69 31845 
1963 318.74 319.08 319.86 321.39 322.24 932147 319.74 317.77 31621 315.99 317.06 318.36 318.99 
1964 319.57 322.24 321.89 320.44 318.70 316.70 316.87 317.68 1 

1965 31944 32044 320.89 322.13 322.16 321.87 321.21 318.87 317.81 317.30 318.87 319.42 320.03 
1966 320.60 321.59 322.39 323.70 324.07 323.75 932241 320.37 318.64 318.10 319.79 321.03 7 
1967 322.33 322.50 323.04 324.42 325.00 324.09 322.55 320.92 319.26 319.39 32072 321.96 322.18 
1968 322.57 323.15 323.89 325.03 325.57 325.36 324.14 322.11 320.33 320.25 321.33 322.90 323.05 
1969 324.00 32442 325.64 326.66 327.38 326.70 325.89 323.67 322.38 321.78 32285 32412 324.62 
1970 325.06 325.98 326.93 328.14 328.07 327.66 326.35 324.69 323.10 323.07 32401 325.13 8 
1971 326.17 326.68 327.18 327.78 328.92 328.57 327.37 32543 323.36 323.57 32480 32601 326.32 
1972 32677 327.63 327.75 329.72 33007 329.09 328.05 32632 324.84 32520 326.50 327.55 32746 
1973 328.54 329.56 330.30 331.50 33248 332.07 330.87 329.31 327.51 327.18 328.16 328.64 8 
1974 329.35 330.71 33148 332.65 333.08 332.25 331.18 32940 327.44 327.37 32846 329.58 33025 
1975 33040 33141 332.04 333.31 333.96 333.59 331.91 330.06 328.56 328.34 32949 33076 5 
1976 331.74 332.56 333.50 334.58 334.87 334.34 333.05 330.94 329.30 328.94 330.31 331.68 5 
1977 332.92 33341 334.70 336.07 33674 33627 334.93 332.75 331.58 331.16 33240 333.85 333.90 
1978 334.97 335.39 336.64 337.76 338.01 337.89 336.54 334.68 33276 332.54 333.92 33495 0 
1979 336.23 33676 337.96 338.89 339.47 33929 337.73 336.09 333.91 333.86 335.29 33673 336.85 
1980 338.01 338.36 340.08 340.77 341.46 341.17 339.56 337.60 335.88 336.002 337.10 338.21 338.69 
1981 339.23 34047 34138 342.51 342.91 342.25 34049 338.43 336.69 336.85 338.36 33961 339.93 
1982 340.75 341.61 342.70 343.57 344.13 343.35 342.06 339.82 337.97 337.86 339.26 340.49 341.13 
1983 341.37 342.52 343.0 344.94 345.75 345.32 343.99 342.39 339.86 339.99 341.16 342.99 342.78 
1984 343.70 344.50 345.29 347.08 34743 346.79 345.40 343.28 341.07 341.35 342.98 34422 34442 
1985 344.97 346.00 34743 348.35 348.93 348.25 346.56 344.69 343.09 342.80 34424 345.56 345.91 
1986 34629 346.96 347.86 349.55 350.21 349.54 347.94 345.91 344.86 34417 345.66 34690 5 
1987 348.00 34847 34942 350.99 351.84 351.25 349.52 348.11 34644 346.36 347.81 348.96 348.93 
1988 35043 35172 35222 353.59 35422 353.79 352.39 35044 348.72 348.88 35007 351.34 8 
1989 352.76 353.07 353.68 355.42 355.67 355.13 353.90 351.67 349.80 349.99 351.30 352.53 352.91 
1990 353.66 354.70 355.39 356.20 35716 35622 354.82 352.91 350.96 35118 352.83 35421 354.19 
1991 35472 355.75 35716 358.60 359.33 358.24 356.18 354.03 35216 35221 353.75 354.99 355.59 
1992 355.98 35672 357.81 359.15 359.66 359.25 357.03 355.00 353.01 353.31 354.16 355.40 7 
1993 356.70 357.16 358.38 359.46 360.28 359.59 357.58 355.52 353.70 353.98 355.33 356.80 4 
1994 358.36 358.91 359.97 361.27 361.68 360.94 359.55 357.49 355.84 355.99 357.58 359.04 358.89 
1995 359.96 361.00 361.64 363.45 363.79 363.26 361.90 35946 358.06 357.75 359.56 360.70 360.88 
1996 362.05 363.25 364.03 364.72 36541 364.97 363.65 361.49 35946 359.60 360.76 362.33 362.64 
1997 363.18 364.00 364.57 366.35 366.80 365.62 36447 362.51 360.19 36077 36243 36428 6 
1998 365.32 26615 367.31 368.61 36929 368.87 367.64 365.77 363.90 36423 365.46 366.97 366.63 
1999 36815 368.87 369.59 371.14 371.00 370.35 36927 366.94 36463 36512 36667 368.01 36831 
2000 36914 36946 370.52 371.66 371.82 371.70 370.12 368.12 36662 36673 36829 369.53 369.48 
2001 37028 371.50 372.12 372.87 374.02 373.30 371.62 369.55 367.96 368.09 369.68 37124 371.02 
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Year 
2002 
2003 
2004 


Jan. 

372.43 
374.68 
376.79 


Feb. 

373.09 
375.63 
377.37 


CO2 CONCENTRATION, (PPM) 


March 
373.52 
376.11 
378.41 


April 

374.86 
377.65 
380.52 


May June 


375.55 
378.35 
380.63 


Atmospheric Concentration of Carbon Dioxide, 1958-2004 


July 


375.40 374.02 
378.13 376.62 
379.57 377.79 


CO, Concentration at Mauna Loa 


MAUNA LOA OBSERVATORY, HAWAII 
MONTHLY AVERAGE CARBON DIOXIDE CONCENTRATION 
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37149 1 
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CO, Emmissions from Burning of Fossil Fuels 
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Solids 


2000 


Nov. 

372.08 
374.35 
375.86 


Dec. 

373.78 
375.70 
377.48 


Annual 
373.10 
375.64 
377.38 


MEAN TEMPERATURES IN THE UNITED STATES, 1900-1992 


Historical records of atmospheric temperatures have been ana- 
lyzed to obtain mean temperatures in "С for 23 climatically dis- 
tinct regions of the United States. The table below gives the aver- 
age over these 23 regions, which cover completely the contiguous 
48 states. Data for the individual regions and for other parts of the 
world may be found in the references. 

The data are presented as temperature anomalies, i.e., as devia- 
tions (in *C) from the average temperature at each individual re- 
cording station over a 1961—1990 reference period. The trend in 
the temperature anomaly thus gives an indication of the long-term 
variation in average temperatures. 


Year CY Mean Winter 
1900 0.46 

1901 -0.21 0.07 
1902 –0.14 —0.69 
1903 -0.77 —0.84 
1904 -0.72 -1.86 
1905 -0.45 -1.86 
1906 -0.04 0.23 
1907 -0.23 1.09 
1908 —0.11 0.73 
1909 –0.36 0.82 
1910 –0.14 —2.08 
1911 0.02 0.52 
1912 -0.88 -1.50 
1913 -0.23 —0.74 
1914 -0.05 0.48 
1915 —0.11 –0.37 
1916 -0.77 -0.29 
1917 -1.34 -1.93 
1918 -0.14 -2.02 
1919 -0.16 0.69 
1920 -0.37 —0.83 
1921 0.87 1.56 
1922 0.01 —0.44 
1923 -0.10 0.23 
1924 -1.01 0.13 
1925 0.20 -0.44 
1926 -0.01 0.97 
1927 0.20 1.11 
1928 —0.08 -0.40 
1929 -0.68 -1.94 
1930 -0.12 0.07 
1931 0.81 1.16 
1932 -0.14 1.75 
1933 0.35 -0.60 
1934 0.86 1.45 
1935 0.12 0.84. 
1936 -0.10 -2.23 
1937 -0.13 -0.65 
1938 0.71 1.31 
1939 0.38 0.36 
1940 0.06 0.03 
1941 0.79 1.56 


CY Mean: Calendar year mean (January-December) 
Winter: December-February 


Spring: March-May 
Summer: June-August 


Fall: September-November 
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Spring 
0.21 
–0.46 
0.48 
0.10 
–0.39 
0.67 
–0.69 
—0.61 
0.36 
-1.06 
0.95 
0.20 
-0.75 
-0.65 
0.04 
-0.18 
-0.36 
-1.75 
0.30 
0.00 
-0.96 
0.83 
0.15 
-1.02 
-1.27 
0.57 
-0.58 
0.41 
—0.28 
0.30 
0.09 
—0.71 
—0.58 
-0.08 
0.77 
0.12 
0.48 
-0.24 
0.98 
0.34 
-0.10 
0.44 


Summer 
0.27 
0.48 

-0.58 
-0.83 
-0.92 
-0.32 
–0.42 
-0.85 
-0.64 
0.06 
-0.55 
-0.19 
-0.76 
-0.07 
0.14. 
-1.16 
-0.30 
-0.73 
0.03 
0.12 
-0.67 
0.52 
0.16 
-0.07 
-0.64 
0.05 
-0.27 
-0.83 
-0.43 
-0.39 
-0.07 
0.51 
0.26 
0.45 
0.86 
0.31 
1.00 
0.66 
0.39 
0.18 
0.18 
0.28 


Fall 
0.85 
—0.28 
0.12 
-1.02 
-0.21 
-0.25 
-0.10 
-0.39 
-0.59 
0.01 
0.13 
-0.62 
-0.51 
0.22 
0.32 
0.31 
—1.23 
-1.04 
-0.09 
-0.13 
0.02 
0.32 
0.41 
-0.09 
-0.53 
-0.41 
0.02 
0.83 
-0.08 
-0.78 
-0.25 
1.41 
-0.78 
0.54 
0.82 
-0.47 
-0.32 
—0.03 
0.08 
0.15 
0.12 
0.85 
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14-30 Mean Temperatures in the United States, 1900-1992 


Year CY Mean Winter Spring Summer Fall 
1942 0.01 0.35 0.22 0.08 0.06 
1943 -0.17 0.20 -0.46 0.54 -0.79 
1944 0.04 0.61 -0.38 -0.20 0.43 
1945 -0.02 0.30 0.25 -0.47 0.08 
1946 0.53 -0.26 121 -0.21 0.18 
1947 0.10 0.47 -0.42 0.03 0.85 
1948 -0.22 –0.67 -0.01 0.02 -0.15 
1949 0.05 -0.77 0.39 0.33 0.23 
1950 -0.37 0.39 -1.02 -0.86 0.13 
1951 -0.45 0.05 -0.69 -0.30 -0.70 
1952 0.03 0.68 -0.40 0.49 -122 
1953 0.61 1.91 0.03 0.31 0.31 
1954 0.57 1.47 -0.22 0.36 0.70 
1955 -0.25 -0.33 0.12 0.19 -0.60 
1956 -0.05 -0.16 -0.42 0.01 -0.37 
1957 0.45 1.02 0.44 0.25 -0.13 
1958 0.14 0.93 0.06 0.11 0.45 
1959 0.12 -0.60 0.16 0.50 -0.52 
1960 -0.27 0.43 -0.98 0.01 0.56 
1961 -0.01 -0.02 -0.17 0.18 -0.29 
1962 -0.04 -0.52 -0.09 -0.41 0.65 
1963 -0.06 -1.35 0.61 0.12 1.38 
1964 -0.27 -1.30 -0.24 -0.08 -0.40 
1965 -0.03 -0.07 -0.56 -0.42 0.28 
1966 -0.34 -0.31 -0.25 -0.07 -0.13 
1967 -0.13 0.23 -0.05 -0.37 -0.32 
1968 -0.28 -0.31 -0.16 -0.12 0.01 
1969 -0.06 -0.36 -0.54 0.12 -0.16 
1970 -0.12 -0.17 -0.44 0.32 -0.07 
1971 -0.04 -0.08 -0.99 0.01 0.56 
1972 -0.13 0.20 0.26 -0.19 0.05 
1973 0.48 -0.23 0.47 0.22 0.90 
1974 0.16 0.52 0.74 -0.32 -0.39 
1975 -0.09 0.63 -0.79 0.03 -0.20 
1976 -0.62 0.88 -0.09 -0.54 -1.72 
1977 0.32 -1.95 1.07 0.60 0.68 
1978 -0.37 -1.31 0.23 0.09 0.21 
1979 -0.53 -2.92 0.09 -0.21 -0.07 
1980 0.18 0.72 -0.25 0.43 -0.04 
1981 0.64 0.90 0.80 0.57 0.36 
1982 -0.08 -0.86 0.03 -0.11 0.06 
1983 0.40 2.33 -0.36 0.58 0.94 
1984 0.21 -0.78 -0.30 0.31 0.07 
1985 -0.26 -0.78 124 –0.23 0.05 
1986 0.93 0.22 1.22 0.45 0.49 
1987 0.67 1.52 0.97 0.33 -0.17 
1988 -0.07 -0.26 -0.06 0.57 0.04 
1989 -0.30 -0.28 0.36 0.12 —0.27 
1990 0.72 0.41 0.72 0.41 0.66 
1991 0.77 0.32 1.36 0.56 -0.31 


1992 2.48 0.82 -0.70 


GLOBAL TEMPERATURE TREND, 1856-2004 


This table and graph summarize the trend in annual mean Reference 
global surface temperature from 1856 to 2004. The values were 
calculated from mean temperature anomalies by assuming an ab- Jones, P. D., Parker, D. E., Osborn, T. J., and Briffa, К. R., Global and 
solute global mean of 14.00'C, which is the best estimate for the hemispheric temperature anomalies--land and marine instrumental 
1961-1990 perio d. The 9596 confidence interval for the annual records, Carbon Dioxide Information Analysis Center, Oak Ridge 


mean temperature values since 1951 is + 0.12°С; prior to 1900 this National Laboratory, کنا‎ Deparment of Елеш Oale- Ridge: دو‎ 
. ? <cdiac.esd.ornl.gov/trends/temp/jonescru/jones.html>. 
interval is + 0.18°C. 


Year tC Year °С Үеаг tC Year tC Year tC 
1856 13.621 1887 13.657 1918 13.590 1949 13.903 1980 14.102 
1857 13.538 1888 13.689 1919 13.708 1950 13.790 1981 14.133 
1858 13.584 1889 13.800 1920 13.707 1951 13.907 1982 14.019 
1859 13.775 1890 13.587 1921 13.783 1952 13.975 1983 14.226 
1860 13.628 1891 13.647 1922 13.677 1953 14.045 1984 14.031 
1861 13.596 1892 13.593 1923 13.701 1954 13.830 1985 14.014 
1862 13.473 1893 13.551 1924 13.653 1955 13.811 1986 14.096 
1863 13.727 1894 13.586 1925 13.754 1956 13.728 1987 14.253 
1864 13.526 1895 13.638 1926 13.884 1957 13.994 1988 14.240 
1865 13.733 1896 13.801 1927 13.782 1958 14.061 1989 14.163 
1866 13.777 1897 13.814 1928 13.773 1959 14.014 1990 14.310 
1867 13.709 1898 13.661 1929 13.639 1960 13.972 1991 14.251 
1868 13.775 1899 13.750 1930 13.848 1961 14.015 1992 14.116 
1869 13.695 1900 13.808 1931 13.901 1962 14.008 1993 14.179 
1870 13.704 1901 13.744 1932 13.863 1963 14.039 1994. 14.232 
1871 13.649 1902 13.651 1933 13.761 1964 13.767 1995 14.373 
1872 13.734 1903 13.555 1934 13.861 1965 13.834 1996 14.227 
1873 13.673 1904 13.557 1935 13.828 1966 13.916 1997 14.411 
1874 13.624 1905 13.629 1936 13.879 1967 13.907 1998 14.579 
1875 13.576 1906 13.708 1937 13.976 1968 13.895 1999 14.340 
1876 13.548 1907 13.495 1938 14.076 1969 14.040 2000 14.290 
1877 13.789 1908 13.523 1939 13.962 1970 13.969 2001 14.422 
1878 13.943 1909 13.553 1940 13.917 1971 13.813 2002 14.475 
1879 13.713 1910 13.558 1941 14.028 1972 13.959 2003 14.475 
1880 13.704 1911 13.535 1942 13.980 1973 14.093 2004 14.455 
1881 13.754 1912 13.594 1943 14.001 1974 13.829 

1882 13.738 1913 13.607 1944 14.158 1975 13.877 

1883 13.682 1914 13.752 1945 14.039 1976 13.800 

1884 13.651 1915 13.841 1946 13.880 1977 14.057 

1885 13.650 1916 13.627 1947 13.895 1978 13.964 

1886 13.746 1917 13.505 1948 13.907 1979 14.067 


Annual Mean Global Temperature in °С 


eh үн 


1850 1875 1900 1925 1950 1975 2000 
Year 


14.6 


144 


.دت 
BOR‏ 
o м‏ 


Mean temperature 
= 
о 
со 


= 
° 
о 


14-31 


ATMOSPHERIC ELECTRICITY 


Hans Dolezalek, Hannes Tammet, John Latham, and Martin A. Uman 


I. SURVEY AND GLOBAL CIRCUIT 


Hans Dolezalek 


The science of atmospheric electricity originated in 1752 by an 
experimental proof of a related earlier hypothesis (that lightning 
is an electrical event). In spite of a large effort, in part by such 
eminent physicists as Coulomb, Lord Kelvin, and many others, an 
overall, proven theory able to generate models with sufficient res- 
olution is not yet available. Generally accepted and encompassing 
text books are now more than 20 years old. The voluminous pro- 
ceedings of the, so far, nine international atmospheric electricity 
conferences (1954 to 1992) give much valuable detail and demon- 
strate impressive progress, as do a number of less comprehensive 
textbooks published in the last 20 years, but a general theory as 
indicated above is not yet created. Only now, certain related mea- 
suring techniques and mathematical possibilities are emerging. 

Applications to practical purposes do exist in the field of light- 
ning research (including the electromagnetic radiation emanating 
from lightning) by the establishment of lightning-location net- 
works and by the now developing possibility to detect electrified 
clouds which pose hazards to aircraft. Application of atmospheric 
electricity to other parts of meteorology seems to be promising 
but so far has seldom been instituted. Because some atmospheric 
electric signals propagate around the earth and because of the 
existence of a global circuit, applications for the monitoring of 
global change processes and conditions are now being proposed. 
Significant secular changes in the global circuit would indicate 
a change in the global climate; the availability of many old data 
(about a span of 100 years) could help detect a long-term trend. 

The concept of the "global circuit" is based on the theory of the 
global spherical capacitor: both, the solid (and liquid) earth as one 
electrode, and the high atmospheric layers (about the ionosphere) 
as the other, are by orders of magnitude more electrically conduc- 
tive than the atmosphere between them. According to the "classi- 
cal picture of atmospheric electricity" this capacitor is continuously 
charged by the common action of all thunderstorms to a d.c. volt- 
age difference of several hundred kilovolts, the earth being negative. 
The much smaller but still existing conductivity of the atmosphere 
allows a current flowing from the ionosphere to the ground, inte- 
grated for all sink areas of the whole earth, of the order of 1.5 kA. In 
this way, a global circuit is created with many generators and sink- 
areas both interspaced and distributed over the whole globe, all 
connected to two nodes: ionosphere and ground. Within the scope 
of the global circuit, for each location, the current density (order 
of several pA/m?) is determined by the voltage difference between 
ionosphere and ground (which is the same for all locations but vary- 
ing in time) and the columnar resistance reaching from the ground 
up to the ionosphere (in the order of 10" Ола?). 

Natural processes, especially meteorological processes and some 
human activity, which produce or move electric charges ("space 
charges") or affect the ion distribution, constitute local genera- 
tors and thereby "local circuits horziontally and/or in parallel or 
antiparallel to the local part of the global circuit. In many cases, 
the local currents are much stronger than the global ones, making 
the measurement of the global current at a given location and/or 
during a period of time very difficult or, often, impossible. The 
strongest local circuits usually occur with certain weather condi- 
tions (precipitation, fog, high wind, blown-up dust or snow, heavy 
cloudiness) which make measurement of the global circuit impos- 
sible everywhere: but even in their absence local generators exist 
in varying magnitudes and of different characters. The separation 
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of the local and global shares in the measured values of current 
density is a central problem of the science of atmospheric electric- 
ity. Aerological measurements are of high value in this regard. 

The above description is within the "classical picture" of atmo- 
spheric electricity, a group of hypotheses to explain the electrifica- 
tion of the atmosphere. It is probably fundamentally correct but 
certainly not complete; it has not yet been confirmed by systems of 
measurements resulting in no inner contradictions. In particular, 
extraterrestrial influences must be permitted; their general signifi- 
cance is still under debate. 

Within this "classical picture" a kind of electric standard atmo- 
sphere may be constructed as shown in Table 1. 

Values with a star, *, are rough average values from measurement. 
А star in parentheses, (*), points to a typical value from one or a few 
measurements. All other values have been calculated from starred 
values, under the assumption that at 2 km 50% and at 12 km 90% of 
the columnar resistance is reached. Voltage drop along one of the 
partial columns can be calculated by subtracting the value for the 
lower column from that of the upper one. Columnar resistances, 
conductances, and capacitances are valid for that particular part of 
the column which is indicated at the left. Capacitances are calcu- 
lated with the formula for plate capacitors, and this fact must be 
considered also for the time constants for columns. 

According to measurements, U, the potential difference be- 
tween 0 m and 65 km may vary by a factor of approximately 2. The 
total columnar resistance, R , is estimated to vary up to a factor of 
3, the variation being due to either reduction of conductivity in the 
exchange layer (about lowest 2 km of this table) or to the presence 
of high mountains; in both cases the variation is caused in the tro- 
posphere. Smaller variations in the stratosphere and mesosphere 
are being discussed because of aerosols there. The air-earth cur- 
rent density in fair weather varies by a factor of 3 to 6 accordingly. 
Conductivity near the ground varies by a factor of about 3 but only 
decreasing; increase of conductivity due to extraordinary radioac- 
tivity is a singular event. The field strength near the ground var- 
ies as a consequence of variations of air-earth current density and 
conductivity from about 1/3 to about 10 times ofthe value quoted 
in the table. Conductivity near the ground shows a diurnal and an 
annual variation which depends strongly on the locality: air-earth 
current density shows a diurnal and annual variation because the 
earth-ionosphere potential difference undergoes such variations, 
and also because the columnar resistance is supposed to have a 
diurnal and probably an annual variation. 

Conductivities and air-earth current densities on high moun- 
tains are greater than at sea level by factors of up to 10. Conductivity 
decreases when atmospheric humidity increases. Values for space 
charges are not quoted because measurements are too few to allow 
calculation of average values. Values of parameters over the oceans 
are still rather uncertain. 

Theoretically, in fair-weather conditions, Ohm’s law must be 
fulfilled for the electric field, the conduction current density, and 
the electrical conductivity of the atmosphere. Deviations point to 
shortcomings in the applied measuring techniques. Data which 
are representative for a large area (in the extreme, “globally rep- 
resentative data’, i.e. data on the global circuit), can on the ground 
be obtained only by stations on an open plane and only if local 
generators are either small or constant or are independently mea- 
sured. Certain measurements with instrumented aircraft provide 
globally representative information valid for the period of the ac- 
tual measurement. 


Atmospheric Electricity 


14-33 


TABLE 1. Electrical Parameters of the Clear (Fair-Weather) Atmosphere, Pertinent to the Classical Picture of 
Atm. Electricity (Electric Standard Atmosphere) 


Resistances, К, in 
О; columnar 
resistances,R_ in 


Potential 
Currents, I, in A; differences, U, in 


Part of atmosphere for 
which the values are 


Conductances, G, 
in ОЗ; columnar 
conductances G, 


Capacitances, C, in 
Е; columnar 
capacitances,C, У 


calculated (elements are and current V; field strength E О m? and in Ота; total in F m? and 
in free, cloudless densities, in V/m; U = Oat resistivities, conductivities, capacitivities, Time constants r, 
atmosphere) i, in A/m? sea level р,їп От у in m! s, in F m7 in seconds 

Volume element at about i=3 x107” E = 12 x10” p = 4 x 10° y," 2.5 x 101% g = 8.9 x 107" T,= 3.6 x 10? 
sea level, 1 m? 

Lower column of 1 m? і= 3х102 At upper епа: R 6 x 106 نتا‎ 107 Са= 44 х 10" T; = 2.6 х 102 
cross section from sea u =1.8 х 10% 
level to 2 km height 

Volume element at about і= 3х102 Е, = 6.6 х 10! p, = 2.2 x 1089 ү,- 4.5 x 101% =, = 8.9 x 107" т,=2 x 10? 
2 km height, 1 m? 

Center column of 1 m? i=3x10” At upper end: R = 45 x 109 G,,= 5x10" С = 8.8 x 107% T. = 1.8 x 10° 
cross section from 2 to U,, = 3.15 x 10° 
12km 

Volume element at about і= 3х102 E,, = 39x10? p, = 1.3 x 1050 y, = 7.7 x 1073 g, = 8.9 х 10:12 T= 1.2 x 10! 
12 km height, 1 m° 

Upper column of 1 m? і= 3х102 At upper end: R,,=1.5 x10" а „= 2.5 x10 C. = 1.67 х 107° T. = 67 x10? 
cross section from 12 to И, = 3.5 x 10° 
65 km height 

Whole column of 1 m? i=3x10” At upper end: R = 12х10” G =8.3x101 C = 1.36 x 107° т, = 1.64 x 10! 
cross section from 0 to И = 3.5 х 10° 
65 km height 

Total spherical capacitor i= 1.5 x 10° И = 3.5 x 10” R= 2.4 x 10° G= 4.2 x 10° C= 6.8 x 10° t= 1.64 x 10! 


area: 5 x10" m? 


Note: All currents and fields listed are part of the global circuit, i.e., circuits of local generators are not included. Values are subject to variations due to latitude and 
altitude of the point of observation above sea level, locality with respect to sources of disturbances, meteorological and climatological factors, and man-made 


changes. For more explanations, see text. 


II. AIR IONS 


Hannes Tammet 


The term “air ions” signifies all airborne particles which are the 
carriers of the electrical current in the air and have drift velocities 
determined by the electric field. 

The probability of electrical dissociation of molecules in the at- 
mospheric air under thermodynamic equilibrium is near to zero. 
The average ionization at the ground level over the ocean is 2.105 
ion pairs m?s. This ionization is produced mainly by cosmic rays. 
Over the continents the ionizing radiation from soil and from 
radioactive substances in the air each add about 4-106 m?s“. The 
total average ionization rate of 107 257 is equivalent to 17 uR/h 
which is a customary expression of the background level of the 
ionizing radiations. The ionization rate over the ground varies in 
space due to the radioactivity of soil, and in time depending on 
the exchange of air between the atmosphere and radon-containing 
soil. Radioactive pollution increases the ionization rate. A tempo- 
rary increase of about 10 times was registered in Sweden after the 
Chernobyl accident in 1986. The emission of Кг from nuclear 
power plants can noticeably increase the global ionization rate in 
the next century. The ionization rate decreases with altitude near 
the ground and increases at higher altitudes up to 15 km, where it 
has a maximum of about 5.107 m?s”. Solar X-ray and extreme UV 
radiation cause a new increase at altitudes over 60 km. 

Local sources of air ions are point discharges in strong electric 
fields, fluidization of charged drops from waves, etc. 

The enhanced chemical activity of an ion results in a chain of 
ion-molecule reactions with the colliding neutrals, and, in the first 
microsecond of the life of an air ion, a charged molecular cluster 
called the cluster ion is formed. According to theoretical calcula- 


tions in the air free from exotic trace gases the following cluster 
ions should be dominant: 


NO; (HNO))H,O, NO;-(H,O),, NO; НА, ОНО), 
ОНО), 


Н,ОЧН,О), NH,'(H,O), МН, НО), H,O*(H,O),, NH,*NH, 


А measurable parameter of air ions is the electrical mobility 
К, characterizing the drift velocity in the unit electric field. The 
mobility is inversely proportional to the density of air, and the re- 
sults of measurements are as a rule reduced to normal conditions. 
According to mobility the air ions are called: fast or small or light 
ions with mobility k > 5.107 m?V'!s! , intermediate ions, and slow 
or large or heavy ions with mobility k > 10 و‎ У 151. The boundary 
between intermediate and slow ions is conventional. 

Cluster ions are fast ions. The masses of cluster ions may be 
measured with mass spectrometers, but the possible ion-molecule 
reactions during the passage of the air through nozzles to the vac- 
uum chamber complicate the measurement. Mass and mobility of 
cluster ions are highly correlated. The experimental results? can be 
expressed by the empirical formula 


850u 


janm M 
[03+К/ (10 ш М 8) 
where и is the unified atomic mass unit. 

The value of the transport cross-section of a cluster ion is 
needed to calculate its mobility according to the kinetic theory 
of Chapman and Enskog. The theoretical estimation of transport 
cross-sections is rough and cannot be used to identify the chemi- 
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cal structures of cluster ions. Mass spectrometry is the main tech- 
nique of identification of cluster ions.? 

Mark and Castleman’ presented an overview of over 1000 pub- 
lications on the experimental studies of cluster ions. Most of them 
present information about ions of millisecond age range. The low 
concentration makes it difficult to get detailed information about 
masses and mobilities of the natural atmospheric ions at ground 
level. The results of a 1-year continuous measurement? are as fol- 
lows: 


+ ions - ions unit 

Average mobility 1.36 1.56 107m? V's! 
The corresponding mass 190 130 u 
The corresponding 

diameter 0.69 0.61 nm 
The average concentration 400 360 105m: 
The corresponding 

conductivity 8.7 9.0 fS 


The distribution of tropospheric cluster ions according to the 
mobility and estimated mass is depicted in Figure 1. 

The problems and results of direct mass spectrometry of nat- 
ural cluster ions are analyzed by Eisele? for ground level and by 
Meyerott, Reagan and Joiner? for stratospheric measurements. Air 
ions in the high atmosphere are a subject of ionospheric physics. 

During its lifetime (about 1 min), a cluster ion at ground level 
collides with nearly 10? molecules. Thus the cluster ions are able 
to concentrate trace gases of very low concentration if they have an 
extra high electron or proton affinity. For example, Eisele? demon- 


d 3 10 30 100 
D, 98 90 70 42 
DE, 2 10 30 48 
PtP, 0 0 0 10 
pl 0 0 0 0 
k, 15000 1900 250 28 
MASS : amu MASS : amu 
1000 500 200 100 50 1000 500 200 100 50 
m? m? 
] + IONS 
10% 10% 
1 
1 
zai 5:107 
1 


31 
0.5 1 


MOBILITY : 10*m?v'!s! 


0.5 1 2 
MOBILITY : 10*m?v's! 


2 


FIGURE 1. Average mobility and mass spectra of natural tropospheric 
cluster ions. Concentrations of the mobility fractions were measured in 
a rural site every 5 min over 1 year.? Ion mass is estimated according to 
the above empirical formula. 
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strated that a considerable fraction of positive atmospheric cluster 
ions in the unpolluted atmosphere at ground level probably consist 
of a molecule derived from pyridine. The concentration of these 
constituents is estimated to be about 1077. Therefore, air- ion mass 
and mobility spectrometry is considered as a promising technique 
for trace analysis in the air. Mass and mobility spectrometry of mil- 
lisecond-age air ions has been developed as a technique of chemi- 
cal analysis known as "plasma chromatography”! The sensitivity of 
the detection grows with the age of the cluster ions measured. 

The mechanisms of annihilation of cluster ions are ion-ion re- 
combination (on the average 3%) and sedimentation on aerosol 
particles (on the average 97% of cluster ions at ground level). The 
result of the combination of a cluster ion and neutral particle is 
a charged particle called an aerosol ion. In conditions of detailed 
thermodynamic equilibrium the probability that a spherical par- 
ticle of diameter d carries q elementary charges is calculated from 
the Boltzmann distribution: 


p,(d) =(2nd/d,)!” ехр(-аг4,/24) 


where d, = 115 nm (at 18°C). The supposition about the detailed 
equilibrium is an approximation and the formula is not valid for 
particles less than d,. On the basis of numerical calculations by 
Hoppel and Frick? the following charge probabilities can be de- 
rived: 


300 1000 3000 nm 

24 14 8 96 

41 25 15 % 

23 21 14 % 

12 40 63 % 

51 111 0.33 10? пау 387 


DIAMETER : nm 


"ud 200 100 ë 40 20 10 
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320 
MOBILITY : 10?m?v's! 


FIGURE 2. Mobility and size spectra of tropospheric aerosol іопѕ. The 
wide bars mark the fraction concentrations theoretically estimated on 
the basis of the standard size distribution of tropospheric aerosol. The 
pin bars with head + and — mark average values of positive and negative 
aerosol ion fraction concentrations measured in a rural site every 5 min 
during 4 months. 


Atmospheric Electricity 


The last line of the table presents the mobility of a particle car- 
rying one elementary charge. The distribution of the atmospheric 
aerosol ions over mobility is demonstrated in Figure 2. 

Although the concentration of aerosol in continental air at 
ground level is an order of magnitude higher than the concentra- 
tion of cluster ions, the mobilities of aerosol ions are so small that 
their percentage in air conductivity is less than 196. 

А specific class of aerosol ions are condensed aerosol ions pro- 
duced as a result of the condensation of gaseous matter on the 
cluster ions. In aerosol physics the process is called ion-induced 
nucleation; it is considered as one among the processes of gas-to- 
particle conversion. The condensed aerosol ions have an inher- 
ent charge. Their sizes and mobilities are between the sizes and 
mobilities of cluster ions and of ordinary aerosol ions. Water and 
standard constituents of atmospheric air are not able to condense 
on the cluster ions in the real atmosphere. Thus the concentration 
of condensed aerosol ions depends on the trace constituents in the 
air and is very low in unpolluted air. Knowledge about condensed 
aerosol ions is poor because of measurement difficulties. 
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III. THUNDERSTORM ELECTRICITY 


John Latham 


The development of improved radar techniques and instru- 
ments for in-cloud electrical and physical measurements, coupled 
with a much clearer recognition by the research community that 
establishment of the mechanism or mechanisms responsible for 
electric field development in thunderclouds, culminating in light- 
ning, is inextricably linked to the concomitant dynamical and mi- 
crophysical evolution of the clouds, has led to significant progress 
over the past decade. 

Field studies indicate that in most thunderclouds the electrical 
development is associated with the process of glaciation, which 
can occur in a variety of incompletely understood ways. In the ab- 
sence of ice, field growth is slow, individual hydrometeor charges 
are low, and lightning is produced only rarely. Precipitation — in 
the solid form, as graupel — also appears to be a necessary ingre- 
dient for significant electrification, as does significant convective 
activity and mixing between the clouds and their environments, 
via entrainment. 

Increasingly, the view is being accepted that charge transfer 
leading to field-growth is largely a consequence of rebounding col- 
lisions between graupel pellets and smaller vapor-grown ice crys- 
tals, followed by the separation under gravity of these two types 
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of hydrometeor. These collisions occur predominantly within the 
temperature range —15 to —30°С, and for significant charge trans- 
fer need to occur in the presence of supercooled cloud droplets. 

The field evidence is inconsistent with an inductive mechanism, 
and extensive laboratory studies indicate that the principal charg- 
ing mechanism is non-inductive and associated — in ways yet to 
be identified — with differences in surface characteristics of the 
interacting hydrometeors. 

Laboratory studies indicate that the two most favored sites for 
corona emission leading to the lightning discharge are the tips of 
ephemeral liquid filaments, produced during the glancing col- 
lisions of supercooled raindrops, and protuberances on large ice 
crystals or graupel pellets. The relative importance of these alter- 
natives will depend on the hydrometeor characteristics and the 
temperature in the regions of strongest fields; these features are 
themselves dependent on air-mass characteristics and climato- 
logical considerations. 

A recently identified but unresolved question is why, in conti- 
nental Northern Hemisphere thunderclouds at least, the sign of 
the charge brought to ground by lightning is predominantly nega- 
tive in summer but more evenly balanced in winter. 


IV. LIGHTNING 
Martin A. Uman 


From both ground-based weather-station data and satellite mea- 
surements, it has been estimated that there are about 100 lightning 
discharges, both cloud and ground flashes, over the whole earth 
each second; representing an average global lightning flash density 
of about 6 km?yr'. Most of this lightning occurs over the earth's 
land masses. For example, in central Florida, where thunderstorms 
occur about 90 days/yr, the flash density for discharges to earth is 
about 15 km?yr'. Some tropical areas of the earth have thunder- 
storms up to 300 days/yr. 

Lightning can be defined as a transient, high-current electric 
discharge whose path length is measured in kilometers and whose 
most common source is the electric charge separated in the or- 
dinary thunderstorm or cumulonimbus cloud. Well over half of 
all lightning discharges occur totally within individual thunder- 
storm clouds and are referred to as intracloud discharges. Cloud- 
to-ground lightning, however, has been studied more extensively 
than any other lightning form because of its visibility and its more 
practical interest. Cloud-to-cloud and cloud-to-air discharges are 
less common than intracloud or cloud-to-ground lightning. 

Lightning between the cloud and earth can be categorized in 
terms of the direction of motion, upward or downward, and the 
sign of the charge, positive or negative, of the developing discharge 
(called a leader) which initiates the overall event. Over 9096 of the 
worldwide cloud-to-ground discharges is initiated in the thunder- 
cloud by downward-moving negatively charged leaders and subse- 
quently results in the lowering of negative charge to earth. Cloud- 
to-ground lightning can also be initiated by downward-moving 
positive leaders, less than 1096 of the worldwide cloud-to-ground 
lightning being ofthis type although the exact percentage is a func- 
tion of season and latitude. Lightning between cloud and ground 
can also be initiated by leaders which develop upward from the 
earth. These upward-initiated discharges are relatively rare, may 
be of either polarity, and generally occur from mountaintops and 
tall man-made structures. 

We discuss next the most common type of cloud-to-ground 
lightning. A negative cloud-to-ground discharge or Лазћ has an 
overall duration of some tenths of a second and is made up of vari- 
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ous components, among which are typically three or four high- 
current pulses called strokes. Each stroke lasts about a millisecond, 
the separation time between strokes being typically several tens 
of milliseconds. Such lightning often appears to "flicker" because 
the human eye can just resolve the individual light pulse associ- 
ated with each stroke. A drawing of the components of a negative 
cloud-to-ground flash is found in Figure 3. Some values for salient 
parameters are found in Table 1. The negatively charged stepped 
leader initiates the first stroke in a flash by propagating from 
cloud to ground through virgin air in a series of discrete steps. 
Photographically observed leader steps in clear air are typically 
1 us in duration and tens of meters in length, with a pause time 
between steps of about 50 us. A fully developed stepped leader 
lowers up to 10 or more coulombs of negative cloud charge toward 
ground in tens of milliseconds with an average downward speed of 
about 2 x 105 m/s. The average leader current is in the 100 to 1000 
A range. The steps have pulse currents of at least 1 kA. Associated 
with these currents are electric- and magnetic-field pulses with 
widths of about 1 us or less and risetimes of about 0.1 Us or less. 
The stepped leader, during its trip toward ground, branches in a 
downward direction, resulting in the characteristic downward- 
branched geometrical structure commonly observed. The electric 
potential of the bottom of the negatively charged leader channel 
with respect to ground has a magnitude in excess of 107 V. As the 
leader tip nears ground, the electric field at sharp objects on the 
ground or at irregularities of the ground itself exceeds the break- 
down value of air, and one or more upward-moving discharges 
(often called upward leaders) are initiated from those points, thus 
beginning the attachment process. An understanding of the phys- 
ics of the attachment process is central to an understanding of the 
operation of lightning protection of ground-based objects and the 
effects of lightning on humans and animals, since it is the attach- 
ment process that determines where the lightning connects to ob- 
jects on the ground and the value of the early currents which flow. 
When one of the upward-moving discharges from the ground (or 
from a lightning rod or an individual) contacts the tip of the down- 
ward-moving stepped leader, typically some tens of meters above 
the ground, the leader tip is effectively connected to ground po- 
tential. The negatively charged leader channel is then discharged 
to earth when a ground potential wave, referred to as the first re- 
turn stroke, propagates continuously up the leader path. The up- 
ward speed of a return stroke near the ground is typically near one 
third the speed of light, and the speed decreases with height. The 
first return stroke produces a peak current near ground of typi- 
cally 30 kA, with a time from zero to peak of a few microseconds. 
Currents measured at the ground fall to half of the peak value in 
about 50 us, and currents of the order of hundreds of amperes 
may flow for times of a few milliseconds up to several hundred 
milliseconds. The longer-lasting currents are known as continuing 
currents. The rapid release of return stroke energy heats the leader 
channel to a temperature near 30,000 K and creates a high-pres- 
sure channel which expands and generates the shock waves that 
eventually become thunder, as further discussed later. The return 
stroke effectively lowers to ground the charge originally deposit- 
ed onto the stepped-leader channel and additionally initiates the 
lowering of other charges which may be available to the top of its 
channel. First return-stroke electric fields exhibit a microsecond 
scale rise to peak with a typical peak value of 5 V/m, normalized to 
a distance of 100 km by an inverse distance relationship. Roughly 
half of the field rise to peak, the so-called "fast transition” takes 
place in tenths of a microsecond, an observation that can only be 
made if the field propagation is over a highly conducting surface 
such as salt water. 
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After the first return-stroke current has ceased to flow, the flash, 
including charge motion in the cloud, may end. The lightning is 
then called a single-stroke flash. On the other hand, if additional 
charge is made available to the top of the channel, a continuous 
or dart leader may propagate down the residual first-stroke chan- 
nel at a typical speed of about 1 x 107 m/s. The dart leader low- 
ers a charge of the order of 1 C by virtue of a current of about 
1kA. The dart leader then initiates the second (or any subsequent) 
return stroke. Subsequent return-stroke currents generally have 
faster zero-to-peak rise times than do first-stroke currents, but 
similar maximum rates of change, about 100 kA/us. Some lead- 
ers begin as dart leaders, but toward the end of their trip toward 
ground become stepped leaders. These leaders are known as dart- 
stepped leaders and may have different ground termination points 
(and separate upward leaders) from the first stroke. Most often the 
dart-stepped leaders are associated with the second stroke of the 
flash. Nearly half of all flashes exhibit more than one termination 
point on ground with the distance between separate terminations 
being up to several kilometers. Subsequent return-stroke radiated 
electric and magnetic fields are similar to, but usually a factor of 
two or so smaller, than first return-stroke fields. About one third 
of all multiple-stroke flashes has at least one subsequent stroke 
which is larger than the first stroke. 

Cloud-to-ground flashes that lower positive charge, though not 
common, are of considerable practical interest because their peak 
currents and total charge transfer can be much larger than for the 
more common negative ground flash. The largest recorded peak 
currents, those in the 200- to 300-kA range, are due to the return 
strokes of positive lightning. Such positive flashes to ground are 
initiated by downward-moving leaders which do not exhibit the 
distinct steps of their negative counterparts. Rather, they show a 
luminosity which is more or less continuous but modulated in in- 
tensity. Positive flashes are generally composed of a single stroke 
followed by a period of continuing current. Positive flashes are 
probably initiated from the upper positive charge in the thunder- 
cloud charge dipole when that cloud charge is horizontally sepa- 
rated from the negative charge beneath it, the source of the usual 
negative cloud-to-ground lightning. Positive flashes are relatively 
common in winter thunderstorms (snow storms), which produce 
few flashes overall, and are relatively uncommon in summer thun- 
derstorms. The fraction of positive lightning in summer thunder- 
storms apparently increases with increasing latitude and with in- 
creasing height of the ground above sea level. 

Distant lightning return stroke fields are often referred to as 
sferics (called "atmospherics" in the older literature). The peak in 
the sferics frequency spectrum is near 5 kHz due to the bipolar or 
ringing nature of the distant return-stroke electromagnetic signal 
and to the effects of propagation. 

Thunder, the acoustic radiation associated with lightning, is 
sometimes divided into the categories "audible sounds that one 
can hear, and “infrasonic’, below a few tens of hertz, a frequency 
range that is inaudible. This division is made because it is thought 
that the mechanisms that produce audible and infrasonic thunder 
are different. Audible thunder is thought to be due to the expansion 
of a rapidly heated return stroke channel, as noted earlier, whereas 
infrasonic thunder is thought to be associated with the conversion 
to sound of the energy stored in the electrostatic field of the thun- 
dercloud when lightning rapidly reduces that cloud field. 

The technology of artificially initiating lightning by firing up- 
ward small rocket trailing grounded wire of a few hundred meters 
length has been well-developed during the past decade. Such "trig- 
gered" flashes are similar to natural upward-initiated discharges 
from tall structure. They often contain subsequent strokes which, 


Atmospheric Electricity 


14-37 


EX EX EN Ey ES 


Cloud Charge 
Distribution 


Preliminary 
Breakdown 


Stepped 
Leader 


WOW سل‎ Wwe EFC 


- 0 = Process 


19.00 ms 20.00 ms 


Processes 


Leader 


40.00 ms 


FIGURE 3. Sequence of steps in cloud-to-ground lightning. 


when they occur, are similar to the subsequent strokes in natural 
lightning. These triggered subsequent strokes have been the sub- 
ject of considerable recent research. 

Also in the past 10 years or so sophisticated lightning locat- 
ing equipment has been installed throughout the world. For ex- 
ample, all ground flashes in the U.S. are now centrally monitored 
for research, for better overall weather prediction, and for hazard 
warning for aviation, electric utilities and other lightning-sensitive 
facilities. 

Information on lightning physics can be found in M. A. Uman, 
The Lightning Discharge, Academic Press, San Diego, 1987; on 
lightning death and injury in Medical Aspects of Lightning Injury, 
C. Andrews, M. A. Cooper, M. Darveniza, and D. Mackerras, Eds., 
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CRC Press, 1992. Ground flash location information for the U.S., 
in real time or archived, is available from Geomet Data Service of 
Tucson, AZ, which is also a source of the names of providers of 
those data in other countries. 

Table 2 has data for cloud-to-ground lightning discharges 
bringing negative charge to earth. The values listed are intended 
to convey a rough feeling for the various physical parameters of 
lightning. No great accuracy is claimed since the results of differ- 
ent investigators are often not in good agreement. These values 
may, in fact, depend on the particular environment in which the 
lightning discharge is generated. The choice of some of the entries 
in the table is arbitrary. 
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TABLE 2. Data for Cloud-to-Ground Lightning Discharges 


Minimum? Representative values Maximum? 
Stepped leader 
Length of step, m 3 50 200 
Time interval between steps, [5 30 50 125 
Average speed of propagation of stepped leader, m/s? 1.0 x 10$ 2.0 x 10° 3.0 x 106 
Charged deposited on stepped-leader channel, coulombs 3 5 20 
Dart leader 
Speed of propagation, m/s? 1.0 x 10° 1.0x107 2.4 x 107 
Charged deposited on dart-leader channel, coulombs 0.2 1 6 
Return stroke* 
Speed of propagation, m/s^ 2.0 x 107 1.0 x 108 2.0 x 108 
Maximum current rate of increase, kA/us <1 100 400 
Time to peak current, us «1 2 30 
Peak current, kA 2 30 200 
Time to half of peak current, us 10 50 250 
Charge transferred excluding continuing current, coulombs 0.02 3 20 
Channel length, km 2 5 15 
Lightning flash 
Number of strokes per flash 1 4 26 
Time interval between strokes in absence of continuing current, ms 3 60 100 
Time duration of flash, s 10? 0.5 2 
Charge transferred including continuing current, coulombs 3 30 200 


* The words maximum and minimum are used in the sense that most measured values fall between these limits. 

^ Speeds of propagation are generally determined from photographic data and are "two-dimensional" Since many lightning flashes are not vertical, values stated are 
probably slight underestimates of actual values. 

* First return strokes have longer times to current peak and generally larger charge transfer than do subsequent return strokes: 


Adapted from Uman, M.A., Lightning, Dover Paperbook, New York, 1986, and Uman, M.A., The Lightning Discharge, Academic Press, San Diego, 1987. 


SPEED OF SOUND IN VARIOUS MEDIA 


The speed of sound in various solids, liquids, and gases is given 
in these tables. While only a single parameter v is needed for liq- 
uids and gases, sound propagation in isotropic solids is charac- 
terized by three velocity parameters. For a solid of infinite extent 
(or of finite extent if all dimensions are much larger than a wave- 
length), there are two relevant quantities, 


v; velocity of longitudinal waves 
у; velocity of shear waves. 


For a cylindrical rod with diameter much smaller than a wave- 
length, 


у: Velocity of extensional waves along the rod. (Torsional 
waves in the rod are propagated at the same speed as sheer 
waves in an infinite solid.) 


Table 1 lists values for a variety of solid materials. Table 2 covers 
gases liquids and gases; values for cryogenic liquids are given at 
the normal boiling point. Table 3 gives the speed of sound in pure 


water and in seawater of salinity 5 = 3.596 as a function of tempera- 
ture. All values are in meters per second and are given for normal 
atmospheric pressure. 
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TABLE 1. Speed of Sound in Solids at Room Temperature 


Name v/m 87! v/m 57! у Ims" 
Metals 

Aluminum, rolled 6420 3040 5000 
Beryllium 12890 8880 12870 
Brass (70 Cu, 30 Zn) 4700 2110 3480 
Constantan 5177 2625 4270 
Copper, annealed 4760 2325 3810 
Copper rolled 5010 2270 3750 
Duralumin 17S 6320 3130 5150 
Gold, hard-drawn 3240 1200 2030 
Iron, cast 4994 2809 4480 
Iron, electrolytic 5950 3240 5120 
Iron, Armco 5960 3240 5200 
Lead, annealed 2160 700 1190 
Lead, rolled 1960 690 1210 
Magnesium, annealed 5770 3050 4940 
Molybdenum 6250 3350 5400 
Monel metal 5350 2720 4400 
Nickel 6040 3000 4900 
Platinum 3260 1730 2800 
Silver 3650 1610 2680 
Steel (196 C) 5940 3220 5180 
Steel, 347 Stainless 5790 3100 5000 


Name v/m 87 v/m 82! V a/m s"! 
Steel, K9 5940 3250 5250 
Tin, rolled 3320 1670 2730 
Titanium 6070 3125 5090 
Tungsten, annealed 5220 2890 4620 
Tungsten, drawn 5410 2640 4320 
Zinc, rolled 4210 2440 3850 
Other materials 
Fused silica 5968 3764 5760 
Glass, heavy silicate 

flint 3980 2380 3720 
Glass, light borate 

crown 5100 2840 4540 
Glass, pyrex 5640 3280 5170 
Lucite 2680 1100 1840 
Nylon 6-6 2620 1070 1800 
Polyethylene 1950 540 920 
Polystyrene 2350 1120 1840 
Rubber, butyl 1830 
Rubber, gum 1550 
Rubber, neoprene 1600 
Tungsten carbide 6655 3980 6220 
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TABLE 2. Speed of Sound in Liquids and Gases 


Name tC v/m 57! Маше tC v/m 57! 
1-Репїадесепе 20 1351 
Liquids Pentane 20 1008 
Acetone 20 1203 Propane -42.1 1158 
Argon -185.9 813 1-Propanol 20 1223 
Benzene 25 1310 Tetrachloromethane 25 930 
Bromobenzene 20 1169 Trichloromethane 25 987 
Butane -0.5 1034 1-Undecene 20 1275 
1-Butanol 20 1258 Water 25 1497 
Carbon disulphide 25 1140 Water (sea, 5 = 3.590) 25 1535 
Chlorobenzene 20 1311 
Cyclohexane 19 1280 Gases at 1 atm 
1-Decene 20 1250 Air, dry 25 346 
Diethyl ether 25 976 Ammonia 0 415 
Ethane —88.6 1326 Argon 27 323 
Ethanol 20 1162 Carbon monoxide 0 338 
Ethylene -103.8 1309 Carbon dioxide 0 259 
Ethylene glycol 25 1658 Chlorine 0 206 
Fluorobenzene 20 1183 Deuterium 0 890 
Glycerol 25 1904 Ethane 27 312 
Helium -268.9 180 Ethylene 27 331 
Heptane 20 1162 Helium 0 965 
1-Heptene 20 1128 Hydrogen 27 1310 
Hexane 20 1083 Hydrogen bromide 0 200 
Hydrogen -252.9 1101 Hydrogen chloride 0 296 
Iodobenzene 20 1114 Hydrogen iodide 0 157 
Mercury 25 1450 Hydrogen sulfide 0 289 
Methane -161.5 1337 Methane 27 450 
Methanol 20 1121 Neon 0 435 
Nitrobenzene 25 1463 Nitric oxide 10 325 
Nitrogen -195.8 939 Nitrogen 27 353 
1-Nonene 20 1218 Nitrous oxide 0 263 
Octane 20 1197 Oxygen 27 330 
1-Octene 20 1184 Sulfur dioxide 0 213 
Oxygen -183.0 906 Water (steam) 100 473 


TABLE 3. Speed of Sound in Water and Seawater (5 = 3.596) at 
Different Temperatures 


ут 87! 

°С Water Seawater 
0 1401.0 1449.4 
10 1447.8 1490.4 
20 1483.2 1522.2 
25 1497.4 1535.1 
30 1509.5 1546.2 
40 1528.4 

50 1541.4 

60 1549.5 

70 1553.2 


80 1552.8 


ATTENUATION AND SPEED OF SOUND IN AIR AS A FUNCTION OF HUMIDITY AND 


FREQUENCY 


This table gives the attenuation and speed of sound as a func- 


tion of frequency at various values of relative humidity. All values 


refer to still air at 20°С. 


Frequency Attenuation 
(Hz) (dB/km) 
Relative humidity 0% 

20 0.51 
40 1.07 
50 1.26 
63 1.43 
100 1.67 
200 1.84 
400 1.96 
630 2.11 
800 2.27 
1250 2.82 
2000 414 
4000 8.84 
6300 14.89 
10000 26.28 
12500 35.81 
16000 52.15 
20000 75.37 
40000 267.01 
63000 644.66 
80000 1032.14 


Relative humidity 30% 


20 
40 
50 

63 
100 
200 
400 
630 
800 
1250 
2000 
4000 
6300 
10000 
12500 
16000 
20000 
40000 
63000 
80000 


0.03 
0.11 
0.17 
0.25 
0.50 
1.01 
1.59 
2.24 
2.85 
5.09 
10.93 
38.89 
90.61 
204.98 
294.08 
422.51 
563.66 
1110.97 
1639.47 
2083.08 


Speed 
(m/s) 


343.477 
343.514 
343.525 
343.536 
343.550 
343.559 
343.561 
343.562 
343.562 
343.562 
343.562 
343.564 
343.565 
343.566 
343.566 
343.567 
343.567 
343.567 
343.567 
343.567 


343.807 
343.808 
343.810 
343.810 
343.814 
343.821 
343.826 
343.827 
343.828 
343.828 
343.829 
343.831 
343.836 
343.846 
343.854 
343.865 
343.877 
343.911 
343.924 
343.929 
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Frequency 
(Hz) 


20 
40 
50 

63 
100 
200 
400 
630 
800 
1250 
2000 
4000 
6300 
10000 
12500 
16000 
20000 
40000 
63000 
80000 


20 
40 
50 

63 
100 
200 
400 
630 
800 
1250 
2000 
4000 
6300 
10000 
12500 
16000 
20000 
40000 
63000 
80000 


Attenuation 
(dB/km) 


Relative humidity 60% 


0.02 
0.06 
0.09 
0.15 
0.34 
0.99 
1.94 
2.57 
2.94 
4.01 
6.55 
18.73 
42.51 
101.84 
155.67 
247.78 
373.78 
1195.37 
2220.64 
295171 


Relative humidity 100% 


0.01 
0.04 
0.06 
0.09 
0.22 
0.77 
2.02 
3.05 
3.57 
4.59 
6.29 
13.58 
27.72 
63.49 
96.63 
154.90 
237.93 
884.28 
1973.62 
2913.01 


Speed 
(m/s) 


344.182 
344.183 
344.183 
344.184 
344.185 
344.190 
344.197 
344.200 
344.201 
344.202 
344.203 
344.204 
344.204 
344.206 
344.208 
344.211 
344.215 
344.238 
344.262 
344.274 


344.685 
344.685 
344.685 
344.685 
344.686 
344.689 
344.695 
344.699 
344.701 
344.704 
344.705 
344.706 
344.706 
344.706 
344.707 
344.708 
344.709 
344.718 
344.731 
344.742 
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SPEED OF SOUND IN DRY AIR 


The values in this table were calculated from the equation of Reference 
state for dry air (average molecular weight 28.96) treated as a real 
gas. Values refer to standard atmospheric pressure. The speed of Sytchev, V. V., Vasserman, A. A., Kozlov, A. D., Spiridonov, G. A., 


and Tsymarny, V. A., Thermodynamic Properties of Air, Hemisphere 


sound varies only slightly with pressure; at two atmospheres and 
Publishing Corp., New York, 1987. 


—100'C the value decreases by 0.1396, while at two atmospheres 
and 80°С the speed increases by 0.04%. 


°С v/m s^ °С v/ms" tC v т 57! 
-100 263.5 -35 309.5 30 349.1 
—95 267.3 -30 3127 35 352.0 
-90 27141 -25 315.9 40 354.8 
-85 274.8 -20 319.1 45 357.6 
-80 278.5 -15 3223 50 360.4 
-75 282.1 -10 325.4 55 363.2 
-70 285.7 -5 328.4 60 365.9 
-65 289.2 0 331.5 65 368.6 
-60 292.7 5 334.5 70 371.3 
-55 296.1 10 337.5 75 374.0 
—50 299.5 15 340.4 80 376.7 
-45 302.9 20 343.4 
-40 306.2 25 346.3 


14-42 


mmonoz 
90% 

~ 

e 


د = g Q‏ د 


шо» Q 


MUSICAL SCALES 


Equal Tempered Chromatic Scale 


A, = 440 Hz 
International Concert Pitch 
Frequency Note Frequency Note Frequency Note Frequency 

16.35 C, 65.41 C, 261.63 C 1046.50 
17.32 C#, 69.30 C#, 277.18 Ся. 1108.73 
18.35 D, 73.42 р, 293.66 D, 1174.66 
19.45 D#, 77.78 D#, 311.13 Пя, 1244.51 
20.60 Е, 82.41 Е, 329.63 E, 1318.51 
21.83 F, 87.31 Е, 349.23 Е, 1396.91 
23.12 F#, 92.50 F#, 369.99 л 1479.98 
24.50 а, 98.00 а, 392.00 G 1567.98 
25.96 G#, 103.83 G#, 415.30 Gf. 1661.22 
27.50 А, 110.00 А, 440.00 A, 1760.00 
29.14 АЖ, 116.54 АЯ, 466.16 АЖ, 1864.66 
30.87 В, 123.47 В, 493.88 B, 1975.53 
32.70 С, 130.81 С, 523.25 С, 2093.00 
34.65 CH, 138.59 Ся. 554.37 C£, 2217.46 
3671 D, 146.83 р, 587.33 р, 2349.32 
38.89 D#, 155.56 Пя, 622.25 Пя, 2489.02 
4120 Е, 164.81 Е, 659.26 Е, 2637.02 
43.65 Е, 174.61 F, 698.46 F, 2793.83 
46.25 Ff. 185.00 А 739.99 ЕЯ, 2959.96 
49.00 G, 196.00 а, 783.99 а, 3135.96 
51.91 ай, 207.65 Gf. 830.61 ай, 3322.44 
55.00 А, 220.00 А; 880.00 А, 3520.00 
58.27 АЯ, 233.08 АЖ, 932.33 АЖ, 3729.31 
6174 В, 246.94 В. 987.77 B, 3951.07 

C 4186.01 


Scientific or Just Scale 


С, = 256 Hz 
Frequency Note Frequency Note Frequency Note Frequency 

16 C, 64 C, 256 С, 1024 
18 D, 72 D, 288 D, 1152 
20 E, 80 E, 320 E, 1280 
21.33 F, 85.33 F, 341.33 F, 1365.33 
24 G, 96 G, 384 G, 1536 
26.67 А, 106.67 А, 426.67 A, 1706.67 
30 B, 120 B, 480 В, 1920 
32 С, 128 С, 512 С, 2048 
36 р, 144 р, 576 р, 2304 
40 Е, 160 E, 640 E, 2560 
42.67 F, 170.67 F, 682.67 F, 2730.67 
48 G, 192 G, 768 G, 3072 
53.33 А, 213.33 A, 853.33 A, 3413.33 
60 B, 240 B. 960 B. 3840 

C 4096 


= 
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CHARACTERISTICS OF HUMAN HEARING 


The human ear is sensitive to sound waves with frequencies in 
the range from a few hertz to almost 20 kHz. Auditory response is 
usually expressed in terms of the /oudness level of a sound, which 
is a measure of the sound pressure. The reference level, which is 
given in the unit phon, is a pure tone of frequency 1000 Hz with 
sound pressure of 20 иРа (in cgs units, 2-10 * dyn/cm? ); loudness 
level is usually expressed in decibels (dB) relative to this refer- 
ence level. If a normal observer perceives an arbitrary sound to 


80 


60 


40 


20 


Minimum audible loudness level in dB 


be equally loud as this reference sound, the sound is said to have 
the loudness level of the reference. The sensitivity of the typical 
human ear ranges from about 0 dB, the threshold loudness level, 
to about 140 dB, the level at which pain sets in. The minimum de- 
tectable level thus represents a sound wave of pressure 20 џРа and 
intensity (power density) 10779 W/cm?. 

The following figure illustrates the frequency dependence of the 
threshold for an average young adult. 


200 


'500 1,000 2,000 5,00010,000 20,000 


Frequency in Hz 


The relation between loudness level and frequency for a typical person is expressed by the following table: 


Sound pressure level 


Frequency in Hz 


in dB relative to 20 uPa 125 500 
10 
20 16 
30 4 27 
40 17 39 
50 34 52 
60 52 65 
70 70 76 
80 86 86 
90 98 96 
100 108 105 


Thus, a 10,000 Hz tone at a pressure level of 50 dB seems equally 
loud as a 1000 Hz tone at a pressure of 35 dB. 

The term noise refers to any unwanted sound, either a pure tone 
or a mixture of frequencies. Since the sensitivity of the ear is fre- 
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1000 4000 8000 10000 

10 18 
20 28 11 
30 37 21 17 
40 45 30 26 
50 54 38 35 
60 64 47 44 
70 73 56 54 
80 83 66 64 
90 94 77 74 

100 106 88 86 


quency dependent, as illustrated by the above table, noise level is 
expressed in a frequency-weighted scale, known as A-weighting. 
Decibel readings on this scale are designated as dBa. Typical noise 
levels from various sources are illustrated in this table: 


Characteristics of Human Hearing 14-45 


Source Noise level in dBa 
Rocket engine 200 
Jet aircraft engine 160 
Light aircraft, cruising 140 
Tractor, 150 hp 115 
Electric motor, 100 hp at 2600 rpm 105 
Pneumatic drill 100 
Subway train 90 
Vacuum cleaner 85 
Heavy automobile traffic 75 
Conversational speech 65 
Whispered speech 40 
Background noise, recording studio 25-30 


Recommended noise thresholds іп the workplace have been es- — Hygenists. Some examples of the maximum safe levels for differ- 
tablished by the American Conference of Government Industrial امه‎ daily exposure times are given below. 


Duration of exposure Max. level in dBa 
24h 80 
8h 85 
4h 88 
lh 94 
30 min 97 
15 min 100 
2 тіп 109 
285 115 
0115 139 


No exposure greater than 140 dBa is permitted. Further details may be found in Reference 3. 


References 3. Threshold Limit Values for Chemical Substances and Physical Agents; 

Biological Exposure Indices, 1999 Edition, American Conference of 

1. Anderson, H. L., Ed., A Physicist’s Desk Reference, American Institute Governmental Industrial Hygienists, 1330 Kemper Meadow Drive, 
of Physics, New York, 1989, chap. 2. Cincinnati, OH 45240-1634. 


2. Gray D. E, Ed. American Institute of Physics Handbook, Third 
Edition, McGraw Hill, New York, 1972, chap. 3. 


INTERSTELLAR MOLECULES 


Frank J. Lovas and Lewis E. Snyder 


А number of molecules have been detected in the interstellar 
medium, in circumstellar envelopes around evolved stars, and co- 
mae and tails of comets through observation of their microwave, 
infrared, or optical spectra. The following list gives the molecules 
and the particular isotopic species that have been reported thus 
far. Molecules are listed by molecular formula in the Hill order. 
АП species not footnoted otherwise are observed in interstellar 
clouds, while some are also found in comets and circumstellar 
clouds. The list was last updated in November 2005 and lists 147 
molecules (263 isotopic forms). 


Molecular Isotopic 
formula Name species 
AICI Aluminum monochloride AICI 
АРСР 
АЈЕ Aluminum monofluoride AIF* 
CAIN Aluminum isocyanide AINC: 
СЕ Flouromethylidynium ion СЕ 
сн Methylidyne CH 
CH* Methyliumylidene CH* 
CHN Hydrogen cyanide HCN 
НСМ 
HCN 
DCN 
CHN Hydrogen isocyanide HNC 
HNC 
HNC 
DNC 
DNC 
CHNO Isocyanic acid HNCO 
DNCO 
CHNS Isothiocyanic acid HNCS 
CHO Oxomethyl HCO 
CHO* Oxomethylium HCO* 
HPCO* 
HC"O* 
НСО" 
DCO* 
D8CO* 
CHO* Hydroxymethylidyne НОС 
СНО, Hydroxyoxomethylium HOCO* 
CHS* Thiooxomethylium HCS* 
CH, Methylene CH, 
CH,N* Iminomethylium HCNH* 
CH,N Methylene amidogen CH,N 
CH,N, Cyanamide МН,СМ 
CH,O Formaldehyde H,CO 
H,"CO 
H,C*O 
HDCO 
D,CO 
CH,O, Formic acid HCOOH 
НЗЭСООН 
HCOOD 
DCOOH 
CH,S Thioformaldehyde H,CS 
H,"CS 
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1. Lovas, Е. J., "Recommended Rest Frequencies for Observed Interstellar 
Molecule Microwave Transitions - 1991 Revision,’ J. Phys. Chem. Ref. 
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Molecular 
formula 


CH,S 
CH.N 
CMgN 
CMgN 


CN 


СО! 


Маше 


Methyl 
Methanimine 


Formamide 


Hydroxy methylium ion 
Methane 
Methanol 


Methanethiol 
Methylamine 
Magnesium cyanide 
Magnesium isocyanide 


Cyanide radical 


Cyanide radical ion 
Sodium cyanide 
Silicon cyanide 
Silicon isocyanide 
Cyanoimidogen 
Carbon monoxide 


Carbon monoxide ion 
Carbon oxysulfide 


Carbon dioxide 
Carbon dioxide ion 
Carbon phosphide 


Snyder, L. Е. "Cometary Molecules,’ Internat. Astron. Union 
Symposium No. 150, Astrochemistry of Cosmic Phenomena, Ed. P.D. 
Singh, Kluwer Academic Publishers, Dordrecht, The Netherlands, pp. 


Isotopic 
species 
н,С%5 
HDCS 
D,CS 
CH,* 
CH,NH 
PCH,NH 
NH,CHO 
NH,?CHO 
H,COH* 
CH, 
CH,OH 
8CH,OH 
CH,*OH 
CH,DOH 
CH,OD 
CHD,OH 
CD,OH 
CH,SH 
CH,NH, 
MgCN* 

7" MgNC* 
5MgNC* 
ММС: 
СМ 

BCN 
СЭМ 

CN: b 
Маск“ 
SiNC* 
SiNC* 
NCN? 
CO 

BCO 
С”О 
СО 
BCBO 
CO: 
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Molecular 
formula 


CS 


CSi 


Name 
Carbon monosulfide 


Silicon carbide 
Dicarbon 
Ethynyl 


Cyanomethylene 
Acetylene 
Cyanomethyl 
Ketene 
Acetonitrile 


Isocyanomethane 
Ethylene 
Acetaldehyde 
Ethylene oxide 
Ethenol 

Methyl formate 
Acetic acid 
Glycolaldehyde 
Ethane 
trans-Ethanol 
gauche-Ethanol 
Dimethyl ether 
Ethylene glycol 
Oxoethenylidene 
Thioxoethenylidene 


Silicon dicarbide 


Tricarbon 
Cyclopropenylidyne 
Propenylidyne 
Cyanoacetylene 


Isocyanoacetylene 
1,2-Propadienylidene, 3- 
imino 


Cyclopropenylidene 


Propadienylidene 
Protonated cyanoacetylene 
2-Propynal 
Cyclopropenone 


Isotopic 
species 

CS 

С55 

نګ 

نګ 

BCS 

130348 

SiC? 

С, 

CH 

ЗССН 
Ссн 

CD 

HCCN 
HCCH 
CH,CN 
H,CCO 
CH,CN 
PCH,CN 
СН, СМ 
وي‎ 
CH,DCN 
CH,NC 
H,CCH, 
CH,CHO 
c-C,H,O* 
CH,CHOH 
CH,OCHO 
CH,COOH 
CH,OHCHO 
CH,CH, 
t-CH,CH,OH 
g-CH,CH,OH 
CH,OCH, 
HOCH,CH,OH 
CCO 

CCS 

CC%S 
c-SiC, 
c-?SiC, 
c-"SiC, 
c-Si®CC 

С, 

с-С,Н 
БСН 
HCCCN 
Нд СССМ 
HC?CCN 
HCC?CN 
НСССМ 
DCCCN 
HCCNC 
HNCCC 


c-C. H, 
с-НЗСССН 
c-HC?CCH 
c-C,HD 
-Н,ССС 
HCCCNH* 
HCCCHO 
с-С,Н,О 


Molecular 
formula 


сн 
CH, 


Name 
Acrylonitrile (vinyl cyanide) 
Propyne 


Propenal 

Propanenitrile (ethyl 
cyanide) 

Acetone 

Propanal 

Cyanoethynyl 
1,2-Propadienylidene, 3-охо 
1,2-Propadienylidene, 3- 
thioxo 

Silicon tricarbon 
1,3-Butadiynyl radical 


3-Суапо-1,2- 
propadienylidene 
Butatrienylidene 
1,3-Butadiyne 
2-Butynenitrile 
Cyanoallene 

Silicon tetracarbide 
Pentacarbon 
2,4-Pentadiynylidyne 
2,4-Pentadiynenitrile 


1,3-Pentadiyne 
1,3-Butadiynylium, 4-cyano 
1,3,5-Hexatriynyl 
1,3,5-Hexatriyne 

1,2,3,4,5- 
Hexapentaenylidene 
Methylcyanodiacetylene 
Benzene 
2,4,6-Heptatriynylidyne 
2,4,6-Heptatriynenitrile 
1,3,5,7-Octatetraynyl 
2,4,6,8-Nonatetraynenitrile 
2,4,6,8,10- 
Undecapentaynenitrile 
Hydrogen chloride 


Potassium chloride 
Sodium chloride 
Hydrogen fluoride 


Iron monoxide 
Lithium hydride 


Isotopic 
species 
CH,CHCN 
CH,CCH 
СН,С"СН 
ЗЭСН,ССН 
CH,DCCH 
CH,CCD 
CH,CHCHO 
CH,CH,CN 


(CH),CO 
CH,CH,CHO 
CCCN 
сссо 
ССС$ 


SiC, 
HCCCC 

H®CCCC 
HC#CCC 
HCC#CC 
HCCC#C 
DCCCC 

HCCCCN 


H,CCCC 
HCCCCH: 
CH,CCCN 
CH,CCHCN 
SiC; 

C? 
HCCCCC 
HCCCCCN 
H*CCCCCN 
HC*CCCCN 
HCC"CCCN 
HCCC"CCN 
HCCCC"CN 
DCCCCCN 
CH,C,H 

CN 
HCCCCCC 
HCCCCCCH: 
H,CCCCCC 


CH,C,CN 
CH, 
HCCCCCCC 
нс 

HC, 

нс 
нс,м 


H*CI 
HYCI 
КРСЕ 
KCl? 
Na®Cl? 
NaYCh 
HF 
FeO 
ТАН 
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Molecular Isotopic Molecular Isotopic 
formula Name species formula Name species 
HN Imidogen HN H,Si Silane бін, 
HNO Nitrosyl hydride HNO NO Nitric oxide NO 
ны," Hydrodinitrogen(1+) N,H* NP Phosphorus nitride NP 
5NNH* NS Nitrogen sulfide NS 
NPNH* №15 
N,D* NSi Silicon nitride SiN 
HO Hydroxyl OH N, Nitrogen N, 
Рон Му Nitrogen ion му? 
ЗОН М,О Nitrous oxide МО 
HO* Oxoniumylidene но» OS Sulfur monoxide SO 
HS Mercapto SH “SO 
H, Hydrogen H, 350 
НМ Amidogen NH, 580 
H,O Water H,O 05" Sulfur monoxide ion SO* 
H,*O OSi Silicon monoxide SiO 
HDO $180 
НО" Oxoniumyl но» ?SiO 
H,S Hydrogen sulfide H,S ЗОО 
H,*S O,S Sulfur dioxide SO, 
HDS 350, 
D.S “SO, 
H,* Trihydrogen ion ну 0580 
H,D* SSi Silicon monosulfide SiS 
D,H* 51535 
H,N Ammonia NH, 5155 
5NH, 29515 
NH,D 0515 
NHD, 51865 
ND, S, Disulfur S> 
НО" Oxonium hydride НО" 


1- before the isotopic species indicates a linear configuration, while c- indicates a cyclic molecule. 
а Reported only in circumstellar clouds. 


^ Reported only in comets. 


STANDARD ITS-90 THERMOCOUPLE TABLES 


The Instrument Society of America (ISA) has assigned standard 
letter designations to a number of thermocouple types having 
specified emf-temperature relations. These designations and the 
approximate metal compositions which meet the required rela- 
tions, as well as the useful temperature ranges, are given below: 


Type B (Pt + 3096 Rh) vs. (Pt + 696 Rh) 0 to 56 

Туре E (Ni + 10% Cr) vs. (Cu + 43% Ni) —270 to 1000°C 

TypeJ Fe vs. (Cu + 4396 Ni) —210 to 1200°C 

TypeK (Ni + 10% Cr) vs. (Ni + 2% АЈ + 296 -270 to 1372°С 
Mn + 1% Si) 

Type М (Мі + 14% Cr + 1.5% Si) vs. (Ni + 4.5% -270 to 1300°C 
Si + 0.1% Mg 

Туре R (Pt + 1396 Rh) vs. Pt —50 to 1768°С 

Type 5 (Pt + 1096 Rh) vs. Pt -50 to 1768°С 

Туре Т Cu vs. (Си + 43% Ni) -270 to 400°C 


The compositions are given in weight percent, and the positive 
leg is listed first. It should be emphasized that the standard letter 


designations do not imply a precise composition but rather that 
the specified emf-temperature relation is satisfied. 

The first set oftables below lists, for each thermocouple type, the 
emf as a function of temperature on the International Temperature 
Scale of 1990 (ITS-90). The coefficients in the equation used to 
generate the table are also given. The second set of tables gives the 
inverse relationships, і.е., the coefficients in the polynomial equa- 
tion which expresses the temperature as a function of thermocou- 
ple emf. The accuracy of these equations is also stated. 

Further details and tables at closer intervals may be found in 
Reference 1. 


References 


1. Burns, С. W., Seroger, M. а., Strouse, G. F., Croarkin, M. C., and 
Guthrie, W. Е, Temperature-Electromotive Force Reference Functions 
and Tables for the Letter-Designated Thermocouple Types Based on 
the ITS-90, Natl. Inst. Stand. Tech. (U.S.) Monogr. 175, 1993. 

2. Schooley J. F., Thermometry, CRC Press, Boca Raton, FL, 1986. 


Туре B Thermocouples: emf-Temperature (°С) Reference Table and Equations 
Thermocouple emf as a Function of Temperature in Degrees Celsius (ITS-90) 


emf in Millivolts 


°С 0 10 20 30 40 
0 0.000 —0.002 —0.003 —0.002 —0.000 
100 0.033 0.043 0.053 0.065 0.078 
200 0.178 0.199 0.220 0.243 0.267 
300 0.431 0.462 0.494 0.527 0.561 
400 0.787 0.828 0.870 0.913 0.957 
500 1.242 1.293 1.344 1.397 1451 
600 1.792 1.852 1.913 1.975 2.037 
700 2.431 2.499 2.569 2.639 2.710 
800 3.154 3.230 3.308 3.386 3.466 
900 3.957 4.041 4.127 4.213 4.299 
1000 4.834 4.926 5.018 5.111 5.205 
1100 5.780 5.878 5.976 6.075 6.175 
1200 6.786 6.890 6.995 7.100 7.205 
1300 7.848 7.957 8.066 8.176 8.286 
1400 8.956 9.069 9.182 9.296 9.410 
1500 10.099 10.215 10.331 10.447 10.563 
1600 11.263 11.380 11.497 11.614 11.731 
1700 12.433 12.549 12.666 12.782 12.898 
1800 13.591 13.706 13.820 


Temperature ranges and coefficients of equations used to com- 
pute the above table: The equations are of the form: E = c, + СЕ + 
CU + c, +... c t", where E is the emf in millivolts, t is the tem- 


Reference junctions at 0 °C 


50 60 70 80 90 100 
0.002 0.006 0.011 0.017 0.025 0.033 
0.092 0.107 0.123 0.141 0.159 0.178 
0.291 0.317 0.344 0.372 0.401 0.431 
0.596 0.632 0.669 0.707 0.746 0.787 
1.002 1.048 1.095 1.143 1.192 1.242 
1.505 1.561 1.617 1.675 1.733 1.792 
2.101 2.165 2.230 2.296 2.363 2.431 
2.782 2.854 2.928 3.002 3.078 3.154 
3.546 3.626 3.708 3.790 3.873 3.957 
4.387 4.475 4.564 4.653 4.743 4.834 
5.299 5.394 5.489 5.585 5.682 5.780 
6.276 6.377 6.478 6.580 6.683 6.786 
7.311 7.417 7.524 7.632 7.740 7.848 
8.397 8.508 8.620 8.731 8.844 8.956 
9.524 9.639 9.753 9.868 9.984 10.099 
10.679 10.796 10.913 11.029 11.146 11.263 
11.848 11.965 12.082 12.199 12.316 12.433 
13.014 13.130 13.246 13.361 13.476 13.591 


perature in degrees Celsius (ITS- 90), and c, c,, Су Cy etc. are the 
coefficients. These coefficients are extracted from Reference 1. 
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15-2 Standard ITS-90 Thermocouple Tables 
0 °C to 630.615 С 630.615 °C to 1820 "С 
€ = 0.000 000 000 0 —3.893 816 8621... 
€ = — 2.465 081 834 6 x 10+ 2.857 174 747 0 x 102 
с, ш 5.904 042 117 1 x 10% —8.488 510 478 5 x 105 
с, ш — 1.325 793 163 6 x 10” 1.578 528 016 4 x 107 
с, ш 1.566 829 190 1 x 1072 —1.683 534 486 4 x 1071? 
с, = — 1.694 452 924 0 x 107% 1.110 979 401 3 x 1073 
с, = 6.299 034 709 4 x 1079 —4.451 543 103 3 x 1077 
с; анг 9.897 564 082 1 х 10?! 
C, نت‎ мылды —9.379 133 028 9 x 105 
Type E Thermocouples: emf-Temperature (°С) Reference Table and Equations 
Thermocouple emf as a Function of Temperature in Degrees Celsius (ITS-90) 
emf in Millivolts Reference junctions at 0 °С 
°С 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 
-200 -8.825 -9.063 -9.274 -9.455 -9.604 -9.718 -9.797 -9.835 
-100 -5.237 -5.681 -6.107 -6.516 -6.907 -7.279 -7.632 -7.963 -8.273 -8.561 -8.825 
0 0.000 -0.582 -1.152 -1.709 -2.255 -2.787 -3.306 -3.811 -4.302 -4.777 -5.237 
"C 0 10 20 30 40 50 60 70 80 90 100 
0 0.000 0.591 1.192 1.801 2.420 3.048 3.685 4.330 4.985 5.648 6.319 
100 6.319 6.998 7.685 8.379 9.081 9.789 10.503 11.224 11.951 12.684 13.421 
200 13.421 14.164 14.912 15.664 16.420 17.181 17.945 18.713 19.484 20.259 21.036 
300 21.036 21.817 22.600 23.386 24.174 24.964 25.757 26.552 27.348 28.146 28.946 
400 28.946 29.747 30.550 31.354 32.159 32.965 33.772 34.579 35.387 36.196 37.005 
500 37.005 37.815 38.624 39.434 40.243 41.053 41.862 42.671 43.479 44.286 45.093 
600 45.093 45.900 46.705 47.509 48.313 49.116 49.917 50.718 51.517 52.315 53.112 
700 53.112 53.908 54.703 55.497 56.289 57.080 57.870 58.659 59.446 60.232 61.017 
800 61.017 61.801 62.583 63.364 64.144 64.922 65.698 66.473 67.246 68.017 68.787 
900 68.787 69.554 70.319 71.082 71.844 72.603 73.360 74.115 74.869 75.621 76.373 
1000 76.373 


Temperature ranges and coefficients of equations used to com- 
pute the above table: The equations are of the form: E = c, + СЕ + 
с? + c, +... СР where E is the emf in millivolts, t is the tem- 


perature in degrees Celsius (ITS- 90), and cy с, с» с, etc. are the 
coefficients. These coefficients are extracted from Reference 1. 


e 
o 


ود 


о 
~ 


о 
w 


о 
ES 


[e] 
я 


[e] 
a 


-270 to 0°C 

0.000 000 000 0... 

5.866 550 870 8 x 107 

4.541 097 712 4x 105 
—7.799 804 868 6 x 107 
-2.580 016 084 3 x 10-8 
—5.945 258 305 7 x 10719 
-9.321 405 866 7 х 107? 
—1.028 760 553 4 x 1073 


0°С to 1000°C 
0.000 000 0000... 
5.866 550 8710 x 10? 
4.503 227 558 2 х 1079 
2.890 840 7212 x 1078 
-3.305 689 665 2 х 1079 
6.502 440 327 0 х 1073 
—1.919 749 550 4 х 107% 
-1.253 660 049 7 x ۹ 


с, = 

c = -8.037 012 362 1 x 1075 2.148 921 756 9 x 10 
ç = –4.397 949 739 1 x 1078 -1.438 804 178 2 x 1024 
с, =  -1.641 477 6355 x 10 3.596 089 948 1 x 10 >° 
c, =  -39673619516x10? и 

с, =  -55827328721x1095 amn 

c = . -84657842003x10? ^. ^ 22223 


о 


Type J Thermocouples: emf-Temperature (°C) Reference Table and Equations 
Thermocouple emf as a Function of Temperature in Degrees Celsius (ITS-90) 


emf in Millivolts Reference junctions at 0 °C 
°C 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 
-200 -7.890 -8.095 
-100 -4.633 -5.037 -5.426 -5.801 -6.159 -6.500 -6.821 -7.123 -7.403 -7.659 -7.890 
0 0.000 -0.501 -0.995 -1.482 -1.961 -2.431 -2.893 -3.344 -3.786 -4.215 -4.633 


Standard 115-90 Thermocouple Tables 


emf in Millivolts 


"C 0 10 20 30 40 
0 0.000 0.507 1.019 1.537 2.059 
100 5.269 5.814 6.360 6.909 7.459 
200 10.779 11.334 11.889 12.445 13.000 
300 16.327 16.881 17.434 17.986 18.538 
400 21.848 22.400 22.952 23.504 24.057 
500 27.393 27.953 28.516 29.080 29.647 
600 33.102 33.689 34.279 34.873 35.470 
700 39.132 39.755 40.382 41.012 41.645 
800 45.494 46.141 46.786 47.431 48.074 
900 51.877 52.500 53.119 53.735 54.347 
1000 57.953 58.545 59.134 59.721 60.307 
1100 63.792 64.370 64.948 65.525 66.102 
1200 69.553 


Reference junctions at 0 °C 
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50 60 70 80 90 100 
2.585 3.116 3.650 4.187 4.726 5.269 
8.010 8.562 9.115 9.669 10.224 10.779 

13.555 14.110 14.665 15.219 15.773 16.327 
19.090 19.642 20.194 20.745 21.297 21.848 
24.610 25.164 25.720 26.276 26.834 27.393 
30.216 30.788 31.362 31.939 32.519 33.102 
36.071 36.675 37.284 37.896 38.512 39.132 
42.281 42.919 43.559 44.203 44.848 45.494 
48.715 49.353 49.989 50.622 51.251 51.877 
54.956 55.561 56.164 56.763 57.360 57.953 
60.890 61.473 62.054 62.634 63.214 63.792 
66.679 67.255 67.831 68.406 68.980 69.553 


Temperature ranges and coefficients of equations used to com- 
pute the above table: The equations are of the form: Е = c, + СЕ + 
CU + с +... c t", where E is the emf in millivolts, t is the tem- 


ex 
e 
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N o vu B Q wv c 
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—260°С to 760°C 

0.000 000 0000... 
5.038 118 781 5 х 107 
3.047 583 693 0 x 10° 
—8.568 106 572 0 x 1078 
1.322 819 529 5 х 1079 
—1.705 295 833 7 x 1073 
2.094 809 069 7 x 6 
-1.253 839 533 6 x 107» 
1.563 172 569 7 x 10-23 


perature in degrees Celsius (ITS-90), and с, с, с, Cy etc. are the 
coefficients. These coefficients are extracted from Reference 1. 


760°C to 1200%С 
2.964 562 568 1 x 10? 
—1.497 612 778 6 ... 
3.178 710 392 4 x 10? 
—3.184 768 670 1 x 1079 
1.572 081 900 4 x 10? 
-3.069 136 905 6 x 107? 


Type K Thermocouples: emf-Temperature (°C) Reference Table and Equations 


Thermocouple emf as a Function of Temperature in Degrees Celsius (ITS-90) 


emf in Millivolts 


Reference junctions at 0 °C 


"C 0 -10 -20 -30 -40 

-200 -5.891 -6.035 -6.158 -6.262 -6.344 
-100 -3.554 -3.852 -4.138 -4.411 -4.669 
0 0.000 -0.392 -0.778 -1.156 -1.527 
С 0 10 20 30 40 

0 0.000 0.397 0.798 1203 1612 
100 4.096 4.509 4.920 5.328 5.735 
200 8.138 8.539 8.940 9.343 9.747 
300 12.209 12.624 13.040 13457 13.874 
400 16.397 16.820 17.243 17.667 18.091 
500 20.644 21.071 21.497 21.924 22.350 
600 24.905 25.330 25.755 26.179 26.602 
700 29.129 29.548 29.965 30.382 30.798 
800 33.275 33.685 34.093 34.501 34.908 
900 37.326 37.725 38.124 38.522 38.918 
1000 41.276 41.665 42.053 42.440 42.826 
1100 45.119 45.497 45.873 46.249 46.623 
1200 48.838 49.202 49.565 49.926 50.286 
1300 52.410 52.759 53.106 53.451 53.795 


-50 -60 -70 -80 -90 -100 
-6.404 -6.441 -6.458 
-4.913 -5.141 -5.354 -5.550 -5.730 -5.891 
-1.889 -2.243 -2.587 -2.920 -3.243 -3.554 
50 60 70 80 90 100 
2.023 2.436 2.851 3.267 3.682 4.096 
6.138 6.540 6.941 7.340 7.739 8.138 
10.153 10.561 10.971 11.382 11.795 12.209 
14.293 14.713 15.133 15.554 15.975 16.397 
18.516 18.941 19.366 19.792 20.218 20.644 
22.776 23.203 23.629 24.055 24.480 24.905 
27.025 27.447 27.869 28.289 28.710 29.129 
31.213 31.628 32.041 32.453 32.865 33.275 
35.313 35.718 36.121 36.524 36.925 37.326 
39.314 39.708 40.101 40.494 40.885 41.276 
43.211 43.595 43.978 44.359 44.740 45.119 
46.995 47.367 47.737 48.105 48.473 48.838 
50.644 51.000 51.355 51.708 52.060 52.410 
54.138 54.479 54.819 


Temperature ranges and coefficients of equations used to com- 
pute the above table: The equations are of the form: E = c, + c t + 
с? + cC +... c t, where E is the emf in millivolts, t is the tem- 
perature in degrees Celsius (ITS-90), and с, с, с, с, etc. are the 
coefficients. In the 0°С to 1372?C range there is also an exponen- 


tial term that must be evaluated and added to the equation. The 


ЛЫ > + 
exponential term is of the form: срео 7999 , where t is the tem- 


perature in °С, eis the natural logarithm base, and c, and c, are the 
coefficients. These coefficients are extracted from Reference 1. 


15-4 Standard ITS-90 Thermocouple Tables 
-270°C to 0°C 0°C to 1372°C 0°C to 1372°C (Exponential term) 
© = 0.000 000 000 0 —1.760 041 368 6 х 107 1.185 976 x 107 
с, ш 3.945 012 802 5 x 10? 3.892 120 497 5 x 10? —1.183 432 x 10+ 
с, ш 2.362 237 359 8 х 107 1.855 877 0032x 105 әҙ... 
با‎ = —3.285 890 678 4 x 107 —9.945 759 2874х10% تت‎ ;— ... 
с, ш —4.990 482 877 7 x 10? 3.184 094 5719X 10 2 2... 
с; = —6.750 905 917 3 x 107! —5.6072844889 x 107 ^  .. 
с, - —5.741 032 742 8 х 1073 5.607 505 905 9 х1 ц... 
c = -3.108 887 289 4 х 1075 -3.2020720003х10:5 1... 
с, - —1.045 160 936 5 x 1077 97151147152х10% . 2.4... 
Cy = —1.988 926 687 8 x 107? —1.210 472 1275 x 105 تت‎ ....... 
сю = -16322697486х10% ШШ II II II<I I II IAJL a s 
Type N Thermocouples: emf-Temperature (°C) Reference Table and Equations 
Thermocouple emf as a Function of Temperature in Degrees Celsius (ITS-90) 
emf in Millivolts Reference junctions at 0 °C 
°С 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 
-200 3.990 -4.083 -4.162 -4.226 -4.277 -4.313 -4.336 -4.345 
-100 -2.407 -2.612 2.808 2.994 3.171 3.336 -3.491 3.634 -3.766 -3.884 -3.990 
0 0.000 -0.260 -0.518 -0.772 -1.023 -1.269 -1.509 1.744 -1.972 -2.193 -2.407 
°C 0 10 20 30 40 50 60 70 80 90 100 
0 0.000 0.261 0.525 0.793 1.065 1.340 1.619 1.902 2.189 2.480 2.774 
100 2.774. 3.072 3.374 3.680 3.989 4.302 4.618 4.937 5.259 5.585 5.913 
200 5.913 6.245 6.579 6.916 7.255 7.597 7.941 8.288 8.637 8.988 9.341 
300 9.341 9.696 10.054 10.413 10.774 11.136 11.501 11.867 12.234 12.603 12.974 
400 12.974 13.346 13.719 14.094 14.469 14.846 15.225 15.604 15.984 16.366 16.748 
500 16.748 17.131 17.515 17.900 18.286 18.672 19.059 19.447 19.835 20.224 20.613 
600 20.613 21.003 21.393 21.784 22.175 22.566 22.958 23.350 23.742 24.134 24.527 
700 24.527 24.919 25.312 25.705 26.098 26.491 26.883 27.276 27.669 28.062 28.455 
800 28.455 28.847 29.239 29.632 30.024 30.416 30.807 31.199 31.590 31.981 32.371 
900 32.371 32.761 33.151 33.541 33.930 34.319 34.707 35.095 35.482 35.869 36.256 
1000 36.256 36.641 37.027 37.411 37.795 38.179 38.562 38.944 39.326 39.706 40.087 
1100 40.087 40.466 40.845 41.223 41.600 41.976 42.352 42.727 43.101 43.474 43.846 
1200 43.846 44.218 44.588 44.958 45.326 45.694 46.060 46.425 46.789 47.152 47.513 
1300 47.513 


Temperature ranges and coefficients of equations used to com- 
pute the above table: The equations are of the form: E = c, + c t + 
ct + c, +... C, where E is the emf in millivolts, t is the tem- 


perature in degrees Celsius (ITS-90), and с, c, с, c, etc. are the 
coefficients. These coefficients are extracted from Reference 1. 


Су لر‎ 43: УЗ СЕ „бу; OD БЭ БЭ ES, لت‎ 
چا‎ o d o vu BR о» - o 
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-270'C {00°С 
0.000 000 0000 ... 
2.615 910 5962 x 10? 
1.095 748 422 8 x 10? 

— 9.384 111155 4 x 10 
— 4.641 203 9759 x 10! 
– 2.630 335 7716 x 10? 
– 2.265 343 8003 x 107" 
— 7.608 930 079 1 x 1077 
— 9.341 966 783 5 x 1079 


0°C to 1300°С 
0.000 000 000 0... 
2.592 939 460 1 x 10? 
1.571 014 188 0 x 7 
4.382 562 723 7 х 1078 
-2.526 116 979 4 х 1071? 
6.431 181 933 9 x 107? 
–1.006 347 1519 x 107^ 
9.974 533 899 2 یر‎ 
–6.086 324 560 7 x 107? 
2.084 922 933 9 x 1075 
–3.068 219 615 1 x 107? 


Standard ITS-90 Thermocouple Tables 


900 


1000 
1100 
1200 
1300 
1400 


1500 
1600 
1700 


emf in Millivolts 
0 
0.000 
0 
0.000 
0.647 
1.469 
2.401 
3.408 


4.471 
5.583 
6.743 
7.950 
9.205 


10.506 
11.850 
13.228 
14.629 
16.040 


17.451 
18.849 
20.222 


Туре R Thermocouples: emf-Temperature (°С) Reference Table and Equations 
Thermocouple emf as a Function of Temperature in Degrees Celsius (ITS-90) 


-10 
-0.051 
10 

0.054 
0.723 
1.558 
2.498 
3.512 


4.580 
5.697 
6.861 
8.073 
9.333 


10.638 
11.986 
13.367 
14.770 
16.181 


17.591 
18.988 
20.356 


-20 
-0.100 
20 
0.111 
0.800 
1.648 
2.597 
3.616 


4.690 
5.812 
6.980 
8.197 
9.461 


10.771 
12.123 
13.507 
14.911 
16.323 


17.732 
19.126 
20.488 


-30 
-0.145 
30 
0.171 
0.879 
1.739 
2.696 
3.721 


4.800 
5.926 
7.100 
8.321 
9.590 


10.905 
12.260 
13.646 
15.052 
16.464 


17.872 
19.264 
20.620 


-40 -50 -60 
-0.188 -0.226 
40 50 60 
0.232 0.296 0.363 
0.959 1.041 1.124 
1.831 1.923 2.017 
2.796 2.896 2.997 
3.827 3.933 4.040 
4.910 5.021 5.133 
6.041 6.157 6.273 
7.220 7.340 7.461 
8.446 8.571 8.697 
9.720 9.850 9.980 
11.039 11.173 11.307 
12.397 12.535 12.673 
13.786 13.926 14.066 
15.193 15.334 15.475 
16.605 16.746 16.887 
18.012 18.152 18.292 
19.402 19.540 19.677 
20.749 20.877 21.003 


Temperature ranges and coefficients of equations used to com- 
pute the above table: The equations are of the form: E = c, + СЕ 
+ ce + c, +... c t", where E is the emf in millivolts, t is the tem- 


Су: £3 ry o, БУ. бї. БЭ бус TG, 
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emf in Millivolts 


Reference junctions at 0 °C 


-70 -80 

70 80 
0.431 0.501 
1.208 1.294 
2.112 2.207 
3.099 3.201 
4.147 4.255 
5.245 5.357 
6.390 6.507 
7.583 7.705 
8.823 8.950 
10.111 10.242 
11.442 11.578 
12.812 12.950 
14.207 14.347 
15.616 15.758 
17.028 17.169 
18.431 18.571 
19.814 19.951 


-90 


90 
0.573 
1.381 
2.304 
3.304 
4.363 


5.470 
6.625 
7.827 
9.077 
10.374 


11.714 
13.089 
14.488 
15.899 
17.310 


18.710 
20.087 


15-5 


-100 


100 
0.647 
1.469 
2.401 
3.408 
4.471 


5.583 
6.743 
7.950 
9.205 
10.506 


11.850 
13.228 
14.629 
16.040 
17.451 


18.849 
20.222 


perature in degrees Celsius (ITS-90), and с, c, с, c, etc. are the 
coefficients. These coefficients are extracted from Reference 1. 


—50'C to 1064.18°С 


- 0.000 000 000 00 ... 

= 5.289 617 297 65 x 10-3 
= 1.391 665 897 82 x 10^? 
= – 2.388 556 930 17 x 10-8 
= 3.569 160 010 63 x 107! 
= -4.623 476 662 98 x 107 
= 5.007 774 410 34 х 1077 
= —3.731 058 861 91 x 107? 
= 1.577 164 823 67 x 107? 
= -2.810 386 252 51 x 1077 


1064.18'C to 1664.5"С 
2.951 579 253 16... 
-2.520 612 513 32 x 103 
1.595 645 018 65 x 10 
—7.640 859 475 76 х 107? 
2.053 052 910 24 x 107? 
—2.933 596 681 73 x 1079 


1664.5°C to 1768.1°С 

1.522 321 182 09 x 10? 
-2.688 198 885 45 x 107! 

1.712 802 804 71 x 107 
-3.458 957 064 53 x 10-8 
-9.346 339 710 46 x 107^ 


Type S Thermocouples: emf-Temperature ("С) Reference Table and Equations. 
Thermocouple emf as a Function of Temperature in Degrees Celsius (ITS-90) 


0 -10 
0.000 -0.053 
0 10 
0.000 0.055 
0.646 0.720 
1441 1.526 
2.323 2.415 
3.259 3.355 
4.233 4.332 
5.239 5.341 
6.275 6.381 
7.345 7.454 
8.449 8.562 
9.587 9.703 
10.757 10.875 
11.951 12.071 


-20 
-0.103 
20 
0.113 
0.795 
1.612 
2.507 
3.451 


4.432 
5.443 
6.486 
7.563 
8.674 


9.819 
10.994 
12.191 


-30 
-0.150 
30 
0.173 
0.872 
1.698 
2.599 
3.548 


4.532 
5.546 
6.593 
7.673 
8.787 


9.935 
11.113 
12.312 


-40- -50 -60 
-0.194 -0.236 
40 50 60 
0.235 0.299 0.365 
0.950 1.029 1.110 
1.786 1.874 1.962 
2.692 2.786 2.880 
3.645 3.742 3.840 
4.632 4.732 4.833 
5.649 5.753 5.857 
6.699 6.806 6.913 
7.783 7.893 8.003 
8.900 9.014 9.128 
10.051 10.168 10.285 
11.232 11.351 11471 
12.433 12.554 12.675 


Reference junctions at 0 °C 


-70 -80 

70 80 
0.433 0.502 
1.191 1.273 
2.052 2.141 
2.974 3.069 
3.938 4.036 
4.934 5.035 
5.961 6.065 
7.020 7.128 
8.114 8.226 
9.242 9.357 
10.403 10.520 
11.590 11.710 
12.796 12.917 


-90 


90 
0.573 
1.357 
2.232 
3.164 
4.134 


5.137 
6.170 
7.236 
8.337 
9.472 


10.638 
11.830 
13.038 


-100 


100 
0.646 
1.441 
2.323 
3.259 
4.233 


5.239 
6.275 
7.345 
8.449 
9.587 


10.757 
11.951 
13.159 


15-6 


°C 
1300 
1400 


1500 
1600 
1700 


Temperature ranges and coefficients of equations used to com- 
pute the above table: The equations аге of the form: Е = c + c t + 


Standard ITS-90 Thermocouple Tables 


Type S Thermocouples: emf-Temperature (°C) Reference Table and Equations. 
Thermocouple emf as a Function of Temperature in Degrees Celsius (ITS-90) 


emf in Millivolts 


0 
13.159 
14.373 


15.582 
16.777 
17.947 


-10 -20 -30 
13.280 13.402 13.523 
14.494 14.615 14.736 
15.702 15.822 15.942 
16.895 17.013 17.131 
18.061 18.174 18.285 


-40- -50 
13.644 13.766 
14.857 14.978 
16.062 16.182 
17.249 17.366 
18.395 18.503 


с? + cC +... c t, where E is the emf in millivolts, t is the tem- 


БУ: 13- Эг Баг: 9.0659 
d o uw = о» یر‎ o 


oc 


emf in Millivolts 


0 
-5.603 
-3.379 

0.000 

0 

0.000 
4.279 
9.288 
14.862 
20.872 


—50°С to 1064.18°C 
0.000 000 000 00 ... 
5.403 133 086 31 x 103 
1.259 342 897 40 x 10? 
—2.324 779 686 89 x 1075 


1064.18°С to 1664.5°С 


1.329 004 440 85 ... 

3.345 093 113 44 x 10? 

6.548 051 928 18 х 1079 
-1.648 562 592 09 x 107? 


-60 
13.887 
15.099 


16.301 
17.483 
18.609 


Reference junctions at 0 °С 


-70 -80 -90 -100 
14.009 14.130 14.251 14.373 
15.220 15.341 15.461 15.582 
16.420 16.539 16.658 16.777 
17.600 17.717 17.832 17.947 


perature in degrees Celsius (ITS-90), and с, c, с, c, etc. are the 
coefficients. These coefficients are extracted from Reference 1. 


1664.5°C to 1768. 1'С 
1.466 282 326 36 x 10? 
-2.584 305 167 52 x 107! 
1.636 935 746 41 х 10-4 
–3.304 390 469 87 x 1075 


3.220 288 230 36 x 107! 


-3.314 651 963 89 x 107" 
2.557 442 517 86 x 1077 
-1.250 688 713 93 х 1079 
2.714 431 761 45 х 107* 


1.299 896 051 74 х 107" 


-9.432 236 906 12 x 107^ 


Туре T Thermocouples: emf-Temperature (°С) Reference Table and Equations. 
Thermocouple emf as a Function of Temperature in Degrees Celsius (ITS-90) 


-30 -40 
-6.007 -6.105 
-4.177 -4.419 
-1.121 -1.475 

30 40 

1.196 1.612 
5.714 6.206 


Temperature ranges and coefficients of equations used to com- 
pute the above table: The equations are of the form: E = c, + СЕ + 
CU + c, +... c t", where E is the emf in millivolts, t is the tem- 


00000 0 00000000 0000 000000 
Бор КУЕ دل ديل کل‎ ca وق‎ ыш ыы ө 


= 


270°C to 0 °C 

0.000 000 000 0 ... 
3.874 810 636 4 x 10? 
4.419 443 434 7 х ۳ 
1.184 432 3105 x 107 
2.003 297 355 4 x 10% 
9.013 801 955 9 x 1079 
2.265 115 6593 x 10! 
3.607 1154205 x 1073 
3.849 393 988 3 x 10° 
2.8213521925 x 1077 
1.425 159 477 9 x 10? 
4.876 866 228 6 х 10? 
1.079 553 927 0 x 1024 
1.394 502 706 2 x 1077 
7.979 515 3927 x 10?! 


Reference junctions at 0 °C 


-50 -60 -70 -80 -90 -100 
-6.180 -6.232 -6.258 
-4.648 -4.865 -5.070 -5.261 -5.439 -5.603 
-1.819 -2.153 -2476 -2.788 -3.089 -3.379 
50 60 70 80 90 100 
2.036 2.468 2.909 3.358 3.814 4.279 
6.704 7.209 7.720 8.237 8.759 9.288 
12.013 12.574 13.139 13.709 14.283 14.862 
17.819 18.422 19.030 19.641 20.255 20.872 


perature in degrees Celsius (ITS-90), and с, с, с, Cy etc. are the 
coefficients. These coefficients are extracted from Reference 1. 


0 °C to 400 °С 
0.000 000 000 0 ... 
3.874 810 636 4 x 10? 
3.329 222 7880 x 10? 
2.061 824 340 4 x 107 
—2.188 225 684 6 x 10? 
1.099 688 092 8 x 10! 
-3.081 575 877 2 x 10!“ 
4.547 913 5290 x 1077 
—2.751 290 167 3 x 1079 


Standard 115-90 Thermocouple Tables 


Type B Thermocouples: Coefficients (с) of Polynomials for the Computation of Temperatures 
in ^C as a Function of the Thermocouple emf in Various Temperature and emf Ranges 


Temperature range: 


emf range: 


250 °C to 700 °C 


0.291 mV to 2.431 mV 


9.842 332 1 x 10! 
6.997 1500 x 10? 
—8.476 530 4 x 10? 
1.005 264 4 x 10? 
—8.334 595 2 x 10? 
4.550 854 2 x 10? 
—1.552 303 7 x 10? 
2.988 675 0 x 10! 
—2.474 286 0 ... 


700 °С to 1820 °С 


2.431 mV to 13.820 mV 


2.1315071x10? 
2.851 050 4 x 10? 
—5.274 288 7 x 10! 
9.916 0804... 
—1.296 5303... 
1.119 5870 x 107 
—6.062 519 9 x 10? 
1.866 169 6 x 10* 
-2.487 8585 x 107 


МОТЕ— The above coefficients are extracted from Reference 1 and are for an expression of the form shown in Section 10.3.2. 
They yield approximate values of temperature that agree within +0.03 °С with the values given in Table 10.2. 


Type E Thermocouples: Coefficients (с) of Polynomials for the 


Computation of Temperatures in ^C as a Function of the Thermocouple emf 


in Various Temperature and emf Ranges 


Temperature range: 


emf range: 


€, 


бб ба 0 m e 0 


~ 


w 


- 


я 


o 


~ 


© 


9 


-200 °C TO 0 °C 
-8.825 mV to 0.0 mV 

0.000 000 0 ... 
1.697 728 8 x 10! 
-4.351 497 0 x 107 
-1.585 969 7 x 7 
—9.250 287 1 x 10? 
—2.608 431 4 x 10? 
—4.136 019 9 x 10? 
-3.403 403 0 x 107 
—1.156 489 0 x 105 


0°C to 1000 °C 


0.0 mV to 76.373 mV 


0.000 000 0 ... 
1.705 703 5 x 10! 
—2.330 175 9 x 107 
6.543 5585 x 10? 
-7.356 2749 x 10? 
—1.789 600 х 107 
8.403 616 5 x 10 
-1.373 587 9 x 10? 

1.062 9823 x 10! 


—3.244 708 7 x 6 


МОТЕ— The above coefficients are extracted from Reference 1 and аге for an expression of the form 
shown in Section 10.3.2. They yield approximate values of temperature that agree within +0.02 °C with 
the values given in Table 10.4 


Type J Thermocouples: Coefficients (c,) of Polynomials for the Computation of Temperatures 
in ^C as a Function of the Thermocouple emf in Various Temperature and emf Ranges 
Temperature 
range: 


emf Range: 


-210°C to0°C 


-8.095 mVto 0.0 mV 


0.000 000 0... 

1.952 826 8 x 10! 
-1.228 618 5... 
-1.075 217 8... 
-5.908 693 3 х 107 
-1.725 671 3 х 107 
-2.813 151 3 x 10? 
–2.396 337 0 x 10? 
-8.382 332 1 x 75 


0 °C to 760°C 
0.0 mV to 42.919 mV 

0.000 000 ... 
1.978 425 x 10! 
–2.001 204 x 7 
1.036 969 x 10? 
-2.549 687 x 107 
3.585 153 x 1079 
-5.344 285 х 103 


5.099 890 x 10719 


760 "С to 1200 °C 
42.919 mV to 69.553 mV 
-3.113 581 87 x 10? 
3.005 436 84 x 10? 

-9.947 732 30... 


1.702 766 30 x 10! 
1.430 334 68 x 10? 


4.438 860 84 x 107 


МОТЕ— The above coefficients are extracted from Reference 1 and are for an expression of the form shown in Section 10.3.2. 
They yield approximate values of temperature that agree within + 0.5 *C with the values given in Table 10.6. 
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Standard ITS-90 Thermocouple Tables 


Type К Thermocouples: Coefficients (c) of Polynomials for the Computation of Temperatures in °С 
as a Function of the Thermocouple emf in Various Temperature and emf Ranges 
Temperature 


range: 
emf Range: 


Ёз: бз. + Fare ول‎ Pom | 
له‎ o vw = ш" ын" о 
Ш 


[e] 
| 


— 200°C to 0 °C 
– 5.891 ту to 0.0 mV 

0.000 0000... 

2.517 346 2 x 10! 
—1.166 287 8 ... 
— 1.083 3638 ... 
-8.977 3540 x 10! 
—3.734 237 7 x 10! 
—8.663 264 3 х 10? 
—1.045 059 8 x 10? 
—5.192 057 7 x 10* 


0*C to 500 °C 
0.0 mV to 20.644 mV 
0.000 000 ... 
2.508 355 x 10! 
7.860 106 x 10? 
—2.503 131 x 107 
8.315 270 x 10? 
—1.228 034 x 10? 
9.804 036 x 107 
—4.413 030 x 10? 
1.057 734 x 10% 
—1.052 755 x 103 


500 °C to 1372 °C 
20.644 mV to 54.886 mV 

—1.318 058 x 10? 

4.830 222 x 10! 
—1.646 031 ... 

5.464 731 x 10? 
-9.650 715 х 10+ 

8.802 193 x 107 

3.110 810 x 10? 


NOTE- The above coefficients are extracted from Reference 1 and аге for an expression of the form shown in Section 10.3.2. They yield 


approximate values of temperature that agree within +0.05 °C with the values given in Table 10.8. 


Type N Thermocouples: Coefficients (c) of Polynomials for the Computation of Temperatures in 
°C as a Function of the Thermocouple emf in Various Temperature and emf Ranges 


Temperature range: -200%С% 0 °C 0°C to 600 °C 
emf Range: -3.990 ту to 0.0 mV 0.0 mV to 20.613 mV 
cC = 0.000 000 0 ... 0.000 00 ... 
c = 3.843 684 7 x 10! 3.868 96 x 10! 
с, = 1.101 048 5... —1.082 67 ... 
c, = 5.222 9312... 4.702 05 х 10°? 
с, = 7.206 052 5... -2.121 69 х 10 
с, = 5.848 858 6... —1.172 72 х 10 
c = 27754916... 5.392 80 x 10% 
c = 7.707 516 6 x 107 -7.981 56 x10? 
C = 11582665x10! и 


7.313 886 8 x 10? 


600 "С to 1300 °C 
20.613 mV to 47.513 mV 
1.972 485 x 10! 
3.300 943 x 10! 
-3.915 159 x 107 
9.855 391x 10? 
—1.274 371 x 107 
7.767 022 x 107 


NOTE- The above coefficients are extracted from Reference 1 and are for an expression of the form shown in Section 10.3.2. They 
yield approximate values of temperature that agree within + 0.04 °С with the values given in Table 10.10. 


Туре R Thermocouples: Coefficients (c) of Polynomials for the Computation of Temperatures іп °C as a Function of 


Temperature range: 
emf Range: 


Du ۳ dq. wx وا‎ ЖЭ? 09: لون‎ + | 
o d o лов Q м" к 
Ш 


о 


Cio 7 


the Thermocouple emf in Various Temperature and emf Ranges 


– 50 °С to 250 °C 
- 0.226 ту to 1.923 mV 
0.000 000 0 ... 
1.889 138 0 x 10? 
—9.383 529 0 x 10! 
1.306 861 9 x 10? 
-2.270 358 0 x 10? 
3.514 565 9 x 10? 
—3.895 390 0 x 10? 
2.823 947 1 x 10? 
—1.260 728 1 x 10? 
3.135 361 1 x 10! 
—3.318 776 9 ... 


250 °C to 1200 °C 
1.923 ту to 13.228 mV 
1.334 584 505 x 10! 
1.472 644 573 x 10? 
—1.844 024 844 x 10! 
4.031 129 726 ... 
—6.249 428 360 x 107! 
6.468 412 046 x 107? 
—4.458 750 426 x 10-3 
1.994 710 149 x 10 * 
—5.313 401 790 х 107 
6.481 976 217 х 1075 


1064°С to 1664.5 °С 

11.361 mV to 19.739 mV 
—8.199 599 416 x 10! 

1.553 962 042 x 10? 
—8.342 197 663 

4.279 433 549 x 107 
—1.191 577 910x 10? 

1.492 290 091x 10* 


1664.5 °С to 1768.1 °C 
19.739 mV to 21.103 mV 
3.406 177 836 x 10* 

—7.023 729 171 x 10? 
5.582 903 813 x 10? 
—1.952 394 635 x 10! 
2.560 740 231 x 107 


NOTE- The above coefficients are extracted from Reference 1 and are for an expression of the form shown in Section 10.3.2. They yield approximate values of 
temperature that agree within +0.02 °C with the values given in Table 10.12. 


Standard ITS-90 Thermocouple Tables 15-9 


Type S Thermocouples: Coefficients (с) of Polynomials for the Computation of Temperatures іп °С as a Function of the 
Thermocouple emf in Various Temperature and emf Ranges 


Temperature 
range: —50*C to 250 °С 250 °C to 1200 °C 1064 °C to 1664.5 °C 1664.5 °C to 1768.1 °C 
emf Range: —0.235 mV to 1.874 mV 1.874 mV to 11.950 mV 10.332 mV to 17.536 mV 17.536 mV to 18.693 mV 
Cy = 0.000 000 00... 1.291 507 177 x 10! -8.087 801 117 x10! 5.333 875 126 x 10* 
c = 1.849 494 60 x 102 1.466 298 863 x 102 1.621 573 104 x 102 -1.235 892 298 х 105 
с, = -8.005 040 62 x 10! -1.534 713 402 x10! -8.536 869453... 1.092 657 613 x 10? 
с, = 1.022 374 30 x 102 3.145 945 973 ... 4.719 686 976 x 107 -4.265 693 686 x 10! 
c= -1.522 485 92 x 10: -4.163 257 839 x 10! -1.441 693 666 x 10? 6.247 205 420 x 7 
c, = 1.888 213 43 x 102 3.187 963 771 x 10? 2.081 618 890 x 104 . .  ...... 
C = -1.590 859 41 x 102 -1.291 637 500х107 eee atte 
c= 8.230 278 80 x 10! 2.183 475 087 x 105 ини 
C = -2.341 819 44 x 101 -1.447 379 511х107 eee tee 
Ge 2.797 86260... 8.211272125 x10? . . ш 


v 


МОТЕ—Тће above coefficients are extracted from Reference 1 and are for an expression of the form shown in Section 10.3.2. They yield approximate values of 
temperature that agree within + 0.02 °C with the values given in Table 10.14. 


Type T Thermocouples: Coefficients (с) of Polynomials for the 
Computation of temperatures in °C as a Function of the 
Thermocouple emf in Various Temperature and emf Ranges 


Temperature range: —200 °C to 0°C 0 °С to 400 °С 
emf Range: —5.603 ту to 0.0 mV 0.0 mV to 20.872 mV 

<= 0.000 0000... 0.000 000... 

c = 2.594 919 2 x 10! 2.592 800 x 10! 

c, = -2.131 696 7 x 101 -7.602 961 x 107 

с, = 7.901 8692 x 101 4.637 791 x 10? 

с, = 4.252 777 7 х 107 -2.165 394 x 10? 

с, = 1.330 447 3 x 107 6.048 144 х 10° 

C = 2.024 144 6 x 102 -7.293 422 x 107 

c= 12668171x10? 2.242 


NOTE-— The above coefficients are extracted from Reference 1 and are for an expression of the 
form shown in Section 10.3.2. They yield approximate values of temperature that agree within * 
0.04 °С with the values given in Table 10.16. 


LABORATORY SOLVENTS AND OTHER ПОСТО REAGENTS 


This table summarizes the properties of 575 liquids that are com- 


monly used in the laboratory as solvents or chemical reagents. 


The properties tabulated are: 


p/g mL" 565 


0.7834" 
1.04465 
1.0822 
0.784525 
0.93279 
0.785720 
1.0281” 
1.662515 
1.1051” 
0.8407 
1.0511” 
0.800725 
0.854020 
0.758 
0.9342 


0.982425 
1.0217? 
0.99407 
2.34 
3.10 
2.150 
04015 
0.8765% 
102051 
0.9640% 
.0202” 
.058” 
1.34705 
077579 
009379 
202 


04192: 
0.98132% 


1.056 
0.843 
0.306 


0.369 
1.681 


0.368 


1.218 


3.85 
1.056 


0.604 


1.267 


5.47 
1.624 


M,: Molecular weight 
tu: Melting point in °C 
ы: Normal boiling point in °С 
p: Density in g/mL at the temperature in °C indicated by 
the superscript 
n: Viscosity in mPa s (1 mPa s = 1 centipoise) 
£: Dielectric constant at ambient temperature (15 to 
30°C) 
H: Dipole moment in D 
с; Specific heat capacity of the liquid at constant pressure 
at 25°C in J/g K 
ур: Vapor pressure at 25°С in kPa (1 kPa = 7.50 mmHg) 
ЕР: Flash point їп °С 
FlLim:Flammable (explosive) limit in air in percent by 
volume 
IT Autoignition temperature in °C 
11۷ Threshold limit for allowable airborne concentration in 
parts per million by volume at 25°С and atmospheric 
pressure 
Mol 
Name form. M, لا‎ 6 110 
Acetaldehyde CHO 44.052 -123.37 201 
Acetic acid сна, 60052 1664 1179 
Acetic anhydride C,H,0, 02.089 -741 139.5 
Acetone CHO 58.079 -94.7 56.05 
Acetone cyanohydrin CHN0 85.105 -19 95 
Acetonitrile C,H, 41.052 -43.82 81.65 
Acetophenone CH 0 20.149 205 202 
Acetyl bromide C,H,BrO 22.948 -96 76 
Acetyl chloride C,H,CIO 78.497 -112.8 50.7 
Acrolein CHO 56.063 -87.7 52.6 
Acrylic acid сна, 72068 125 141 
Acrylonitrile C.H, 53.063 -83.48 173 
Allyl alcohol CHO 58.079 -129 97.0 
Allylamine C.H 57.095 -88.2 533 
2-Amino-2-methyl-1- C,H,,NO 89.136 25.5 165.5 
propanol 
3-Amino-1-propanol СНО 75.109 12.4 187.5 
Aniline CH, 93.127 -6.02 184.17 
Anisole C.H,0 08.138 -3713 153.7 
Antimony(V) chloride (1,56 299.024 4 140 дес 
Antimony(V) fluoride F.Sb 216.752 83 141 
Arsenic(III) chloride AsCl, 81280 -16 130 
Benzaldehyde CHO 06.122 -571 178.8 
Benzene C.H, 78.112 5.49 80.09 
Benzeneacetonitrile CHN 117.149 -23.8 233.5 
Benzeneethanamine НАМ 21180 40 195 
Benzeneethanol الا‎ 22164 -27 218.2 
Benzenemethanethiol CHS 24204 -30 194.5 
Benzenesulfonyl chloride CH CIOS 176.621 145 251 dec 
Benzenethio C H.S 10.177 -14.93 169.1 
Benzonitrile САМ 03.122 -13.99 191.1 
Benzoyl chloride СНОО 140.567 -04 197.2 
Benzyl acetate C,H40, 150.174 -513 213 
Benzyl alcohol CH 0 08.138 -154 205.31 
Benzylamine CHN 107.153 185 
2,2"-Bioxirane CHO 86.090 2.0 144 


0 

0 

2 
1.0550” 

0 

9 

1 


3% 


Data on the temperature dependence of viscosity, dielectric 
constant, and vapor pressure can be found in the pertinent tables 


in this Handbook. 
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m 


21.0 
6.20 
22.45 
21.01 


36.64 
17.44 


15.8 


33.0 
19.7 


7.06 
4.30 
3.222 


17.85 
2.2825 
17.87 


12.31 
4.705 
28.90 
4.26 
25.9 
23.0 
5.34 
11.916 
518 


1.23 
418 


1.22 
171 


cJ) g'K' vp/kPa 


2.020 120 
2.053 2.07 
1.648 0.680 
2175 30.8 
2.229 11.9 
1.703 0.049 
16.2 
1.491 38.4 
36.2 
2.022 0.53 
2.05 141 
2.392 314 
33.1 
2.061 0.090 
1.840 0.472 
5.38 
1.621 0.169 
1.741 12.7 
0.012 
2.068 0.01 
0.008 
1.572 0.26 
1.602 011 
0.084 
0.989 0.022 
2.015 0.015 
0.096 


-11 
113 


90 
93 


FI. lim. 
4-60% 
4-20% 
2.7-10.3% 
3-13% 
2.2-12% 
3-16% 


2.8-31% 
2.4-8% 
3-17% 
3-18% 
2-22% 


1.3-11% 


1-8% 


IT^C TLV/ppm 


175 
463 
316 
465 
688 
524 
570 


390 
220 
438 
481 
378 
374 


615 
475 


192 
498 


460 
436 


25 


05 


01 


05 
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15-14 Laboratory Solvents and Other Liquid Reagents 


Мо! ЕР/ 
Мате form. M, tre ,% p/g ті" n/mPas ғ wD cjJ) g'K' vp/kPa °C НІ. Ііт. IT/C TLV/ppm 
Bis(2-aminoethyl)amine C HN, 103.166 -39 207 0.956970 12.62 1.9 2.462 0.03 98 2-7% 358 1 
N,N-Bis(2-aminoethyl)-1,2- C,H,,N, 146234 12 266.5 10.76 
ethanediamine 
Bis(2-chloroethyl) ether C,H,CI,0 143.012 -51.9 178.5 1.22% 21.20 2.6 1.545 0.143 55 3%- 369 5 
Bis(chloromethyl) ether C, H,CLO 114958 -415 106 1.323" 3.51 0.001 
Bis(2-ethylhexyl) phthalate C.H,0, 390.557 -55 384 0.9815 53 2.84 1.804 0.00000005 218 03 
Bis(2-hydroxyethyl) sulfide C H,0,S 122.186 -102 282 1.17935 28.61 0.08 160 298 
Boron tribromide BBr, 250.523 -45 91 26 0 1 
Boron trichloride BCI, 117169 -7 12.65 0 0.911 156 
Bromine Br, 159808 -7.2 58.8 3.1028 0.944 3.1484 0 0.474 28.2 0.1 
Bromobenzene CHBr 157.008 -30.72 156.06 14950? 1.074 5.45 1.70 0.983 0.556 51 565 
1-Bromobutane C,H,Br 137018 -112.6 101.6 12758? 0.606 7.315 2.08 0.798 5.26 18 26-66% 265 
2-Bromobutane, (+)- C.H Br 137018 -11265 913 1.25852% 8.64 223 9.32 21 
Bromochloromethane CHBrCI 129.384 -87.9 68.0 1.9344” 17 0.41 9.5 200 
Bromodichloromethane CHBICI, 163.829 -57 90 1.980” 
Bromoethane C,H,Br 108.965 -118.6 38.5 14604? 0.374 9.01 2.03 0.925 62.5 7-8% 511 
Bromoethene CHBr 106.940 -13954 158 1.4933% 5.63 1.42 1.007 4 9-15% 530 05 
2-Bromo-2-methylpropane С,Н,Вг 137.018 -162 73.3 1.42782 10.98 217 1.102 77 
1-Bromopentane C,H, Вг 151.045 -880 129.8 1.21822 6.31 220 0.875 68 32 
1-Bromopropane C.H.Br 122992 -103 n4 1.3537? 0489 8.09 218 0.702 86 490 
2-Вготоргорапе C.H.Br 122.992  -890 59.5 13140? 0458 9.46 221 1.075 28.9 
3-Bromopropene C.H.Br 120976 -119 70.1 1398? 0471 70 «19 8.6 -1 44-73% 295 
2-Bromotoluene C.H.Br 171.035 -27.8 181.7 1.4232” 4.641 0.17 79 
Bromotrichloromethane CBrCl, 198.274 -5.65 105 2.012» 2.405 5.35 
Butanal CH 0 72106 -96.86 748 0.80167? 13.45 2.72 2.270 57 -22 2-125% 218 
1,3-Butanediol CH,,0, 90.121 -77 2075 1.0053 28.8 2.521 0.008 121 395 
1,4-Butanediol CH,,0, 90.121 20.4 235 1.0171 31.9 2.58 2.220 0.002 121 
2,3-Butanediol CH,,0, 90.121 76 182.5 1.00332% 2.363 0.02 402 
2,3-Butanedione C,H,0, 86.090 412 88 0.9808" 4.04 7.45 27 
Butanenitrile САА 69.106 -111.9 117.6 0.7936? 0.553 24.83 3.9 2.301 2.55 24 >16% 501 
1-Butanethiol CH S 90.187 -115.7 98.5 0.8416” 5.204 1.53 1.898 6.07 2 0.5 
2-Butanethiol CH S 90.187 -165 85.0 0.829520 5.645 10.8 -23 
Butanoic acid CHO, 88.106 28.1 163.75 0.95285 1.426 2.98 1.65 2.027 0.221 72 2-10% 443 
Butanoic anhydride СНО, 158.195 -75 200 0.9668 12.8 1.793 0.07 54 09-58% 279 
1-Butanol C H0 74121 -88.6 117.73 0.80055? 254 17.84 1.66 2.391 0.86 37 1-11% 33 20 
2-Butanol CH,,0 74121 -88.5 99.51 0.8063 310 17.26 18 2.656 2.32 24 2-10% 405 100 
2-Butanone C,H,0 72.106 -86.64 79.59 0.79995 0405 18.56 2.78 2.201 12.6 -9 1-1% 404 200 
trans-2-Butenal CHO 70.090 -76 102.2 0.8516” 3.67 1.361 4.92 13 21-155% 232 03 
cis-2-Butenoic acid CHO, 86.090 15 169 1.0267% 0.06 
2-Butoxyethanol СНО, 118174 -748 168.4 0.9015 9.30 21 2.378 015 69 4-13% 238 20 
Butyl acetate C.H,,0, 116.158 -78 126.1 0.8825? 0.685 5.07 19 1.961 1.66 22 2-8% 425 150 
sec-Butyl acetate СНО, 116.158 -98.9 112 0.8748” 5.135 1.87 31 17-98% 200 
Butyl acrylate C.H,0, 128.169 -646 145 0.889820 5.25 1.958 0.731 29 17-99% 292 2 
Butylamine НАМ 73137 -49.1 71.00 0.7414" 0574 4n 1.0 2.450 12.2 -12 2-10% 312 5 
sec-Butylamine ې‎ 73137 <-72 62.73 0.7246” 1.28 9 
tert Butylamine C,H,,N 73.137 -66.94 4404 0.6958” 58.5 13 2.627 484 -9 2-9% 380 
Butylbenzene CH, 134.218 -87.85 183.31 0.86012 0.950 2.359 = 1.813 0.150 71 08589, 0 
tert-Butylbenzene CH, 134218 -578 169.1 0.8665” 2.359 = 0.83 1.773 0.280 60 07-57% 450 
Butyl benzoate C, H,0, 178228 -224 250.3 1.000” 5.52 0.005 107 
tert-Butyl ethyl ether СНО 102.174 -94 72.6 0.736% 213 16.5 5 
ter-Butyl hydroperoxide CH,,0, 90.121 6 89 dec 0.8960 27 
1-fert-Butyl-4-methylbenzene C.H, 148.245 -52 190 0.8612” = 0.09 68 1 
Butyl vinyl ether C,H,,0 100.158 -92 94 0.7888” 1.25 2.316 6.65 9 255 
و‎ CHO, 86.090 -4361 204 1.1296 39.0 427 1.642 0.43 98 
Carbon disulfide CS, 76.141 -112.1 46 12632? 0.352 2.6320 0 1.003 48.2 -30 1-50% 90 10 
Chloroacetaldehyde C,H,CIO 78.497 -163 85.5 119 1 
Chloroacetone СНОО 92.524 -44.5 119 1:15% 2 1 
Chloroacetyl chloride CH,CLO 112.942 -22 106 1.4202” 2.23 3.33 0.05 
2-Chloroaniline C,H,CIN 127.572 -19 208.8 3.32 13.40 177 0.034 
3-Chloroaniline СНОМ 127572 -10.28 230.5 1.2161% 133 558 0.0156 705 
Chlorobenzene CHC 112.557 -45.31 131.72 11058? 0.753 5.6895 1.69 .334 1.6 28 1-10% 593 10 
2-Chloro-1,3-butadiene C HC 88.536 -130 594 0.95620 4.914 295 -20 4-20% 10 
1-Chlorobutane CHC 92.567 -123.1 78.4 0.8857? 0422 7.276 2.05 .891 13.7 -12 2-10% 240 
2-Chlorobutane CHC 92.567 -131.3 68.2 0.873220 8.564 2.04 21.0 -10 
Chlorocyclohexane C. HUI 118.604 -43.81 142 1.0007? 7.9505 21 1.0 32 
Chlorodibromomethane CHBr;CI 208280 -20 120 2.4512 
Chloroethane C,H,C 64.514 -138.4 123 0.9239 9.45 2.05 617 160 -50 4-15% 519 100 


= 
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Laboratory Solvents and Other Liquid Reagents 15-15 


Мо! ЕР/ 
Мате form. M, tre °С p/g ті" n/mPas = wD له‎ g'K' vp/kPa °C НІ. Ііт. IT/C 6 
2-Chloroethanol С,Н,С10 80.513 -67.5 128.6 1.2019” 25.80 1.78 12 60 5-16% 425 1 
2-Chloroethyl vinyl ether СНОО 106.551 -70 108 1.0495 27 
(Chloromethyl)benzene СНО 126.584 -45 179 1.1004 6.854 18 44 0.164 67 1%- 585 1 
Chloromethyl methyl ether — C H.CIO 80.513 -103.5 59.5 1.063" 249 
1-Chloro-2-methylpropane —— СНО 92.567 -130.3 68.5 0.8773” 7.027 2.00 713 19.9 -6 28.7% 
2-Chloro-2-methylpropane С,Н,01 92.567 -25.60 50.9 0.8420” 9.663 2.13 867 42.7 0 
1-Chloronaphthalene C HC 162616 -25 259 1.18805 5.04 157 307 0.003 121 >558 
1-Chlorooctane C HC 148674 -578 183.5 0.8734” 5.05 2.00 335 0.11 70 
1-Chloropentane C HC 106.594 -990 108.4 0.8820” 6.654 2.16 4.36 13 16-86% 0 
2-Chlorophenol CH,CI0 128556 94 1749 12634? 359 7.40 468 0.308 64 
1-Chloropropane CHC 78.541 -122.9 46.5 0.8899? 0.334 8.588 2.05 .683 45.8 «18 26-11% 520 
2-Chloropropane CHC 78.541 -11718 357 0.8617? 0.303 247 68.9 -32 28-11% 593 
3-Chloro-1,2-propanediol ^ C.H,CIO, 110.540 213dec 13256 310 
3-Chloropropanenitrile C.H,C 89.524 -51 175.5 1.1573% 76 
2-Chloropropene С.Н,С 76.525 -137.4 22.6 0.90177? 8.92 1.647 110 -37 45-16% 
3-Chloropropene C.H.C 76.525 -134.5 45.1 0.9376" 0.314 82 1.94 1.635 48.9 -32 29-11% 485 1 
Chlorosulfonic acid CIHO,S 116.525 -80 152 1.75 0.42 
2-Chlorotoluene CHC 126.584 -35.8 159.0 1.0825? 0.964 4.721 1.56 1.318 0.482 50 
4-Chlorotoluene CHC 126584 75 1624 1.0697? 0837 6.25 221 04 
Chromyl chloride CLCr0, 154900 -965 117 1.91 0.025 
trans-Cinnamaldehyde C,H,0 132459 -7.5 246 1.04972 17.72 0.005 
o-Cresol C.H,0 108.138 31.03 191.04 1.03278 6.76 1.45 2.160 0.041 8 >14% 599 5 
m-Creso C.H,0 108.138 1224 202.27 1.0339? 1291 1244 148 2.080 0.019 86 >11% 558 5 
p-Cresol C.H,0 108.138 34.77 201.98 1.0185% 13.05 1.48 2.044 0.017 86 >11% 558 5 
Cyanogen chloride CCIN 61471 -65 13 1.1862 2.8331 0.3 
Cyclobutane CH, 56.107 -90.7 12.6 0.7038: 0 57 «10 >18% 
Cyclohexane CH, 84.159 6.59 80.73 0.77395 0.894 2.0243 «0 841 30 -20 1-8% 245 100 
Cyclohexanol СНО 100.158 25.93 160.84 0.96240 575 16.40 2.079 0.10 68 1-9% 300 50 
Cyclohexanone C.H,,0 98.142 -27.9 155.43 09478? 202 16.1 287 856 0.53 44 1-9% 40 20 
Cyclohexene CH, 82.143 -103.5 82.98 0.8110? 0625 2.2176 0.33 805 18 12 >12% 310 300 
Cyclohexylamine С.Н, 99.174 -17.8 134 0.8191? 1.944 4.547 13 20 31 1-9% 293 10 
3-Cyclopentadiene C.H, 66.102 -85 4 0.80217 0.419 585 75 
Cyclopentane CH, 70.133 -93.4 49.3 0.74572 0413 1.9687 = 837 423 -25 2%- 361 600 
Cyclopentanol C.H,,0 86.132 -17.5 140.42 0.9488” 18.5 2.119 0.294 51 
Cyclopentanone C,H,0 84.117 -51.90 130.57 0.9487” 13.58 3.3 84 55 26 
cis-Decahydronaphthalene СН, 138250 -429 195.8 0.89652 3.04 2.219 = 0 678 0.10 
trans-Decahydronaphthalene СН 138250 -304 187.3 0.86592 1.948 2.184 «0 653 0.164 54 1-5% 255 
Decamethylcyclopenta- C,H40,Si, 370.770 -38 210 0.9593” 2.50 0.02 
siloxane 
Decanal C,,H,,0 156.265 -40 208.5 0.830" 0.02 
Decane C Hs; 142282 -29.6 174.15 0.72665 0.838 1.9853 =0 2.210 0.170 51 08-54% 210 
Decanoic acid C, H4, 172265 314 268.7 0.8858 2.761 
1-Decanol C,,H,,0 158281 69 231.1 0.8297? 10.91 7.93 2341 0.009 82 288 
1-Decene СН» 140.266 -66.3 170.5 0.7408" 0.756 2.136 «0 2.144 0.210 <55 235 
Diacetone alcohol СНО, 116.158 -44 167.9 0.9387? 2.80 182 32 1.905 0.224 58 2-7% 643 50 
Dibenzyl ether C,,H,,0 198.260 18 298 1.0428” 3.821 135 
Dibromodifluoromethane CBr,F, 209816 -110.1 22.76 0.66 110 100 
1,2-Dibromoethane CHBr, 187861 4 131.6 2.16832 1.595 4.9612 12 0.724 1.55 
Dibromomethane CHBr, 173.835 -525 97 2.49697 0.980 717 143 0.61 6.12 
1,2-Dibromotetrafluoroethane С,Вг,Р, 259.823 -1032 47.35 2.1495 234 0.69 434 
Dibutylamine CH,N 129.244 -62 159.6 0.7670" 0.918 2.765 10 2.266 0.34 47 1-6% 
Dibutyl ether C H0 130228 -952 140.28 0.7684" 0637 3.0830 147 2.136 0.898 25 15-76% 194 
Di-tert-butyl peroxide СНО, 146228 -40 111 0.704” 3.43 18 
Dibutyl phthalate C,H,0, 278.344 -35 340 1.0465? 16.63 6.58 2.82 1789 157 >0.5% 42 04 
Dibutyl sebacate C,,H,,0, 314.461 — -10 3445 0.9405% 454 248 968 178 >04% 365 
Dibutyl sulfide C HS 146294 -79.7 185 0.8386” 4.29 1.61 943 0.09 76 
Dichloroacetic acid C,H,CLO, 12894 10 194 5634” 8.33 0.03 
o-Dichlorobenzene СНО 147000 -170 180 3059? 1.324 1012 2.50 105 0.18 66 2-9% 648 25 
mr-Dichlorobenzene C,H,Cl, 147.002 -24.8 173 1.2884" 1.044 5.02 1.72 163 0.252 72 
trans-1,4-Dichloro-2-butene C H.CI, 124997 10 155.4 1.1835 0.005 
Dichlorodimethylsilane C,H,ClSi ^ 129061 -16 703 064% 18.9 <21 34-95% 
1,1-Dichloroethane СНО 98.959 -96.9 57.3 11757? 0464 10.10 2.06 276 30.5 -17 5-11% 458 100 
1,2-Dichloroethane C, HCl, 98.959 -35.7 835 24545 0.779 10.42 18 298 10.6 13 6-16% 43 10 
1,1-Dichloroethene СНО 96.943 -122.56 316 1.213? 4.60 1.34 148 80.0 -28 7-16% 570 5 
cis-1,2-Dichloroethene C,H,CI, 96.943 -80.0 60.1 2837? 0445 9.20 1.90 201 26.8 6 3-159 460 200 
trans-1,2-Dichloroethene  С,Ң/І, 96.943 -49.8 48.7 12565? 0.317 244 0 .205 42 2 6-13% 460 200 
Dichloromethane CH,CI 84.933 -97.2 40 1.32660 0413 8.93 1.60 192 582 13-23% 556 50 


15-16 Laboratory Solvents and Other Liquid Reagents 


Mol. FP/ 
Name form. M, tre ,% p/g ті" n/mPas ғ wD له‎ g'K' vp/kPa °C НІ. Ііт. ПС 76 
(Dichloromethyl)benzene CHI, 161.029 — -17 205 1.265 6.9 21 0.06 
1,1-Dichloropropane C.H,Cl, 112.986 88.1 113219 9.09 
1,2-Dichloropropane, (+) C.H.CI, 112.986 -100.53 96.4 1.15602 8.37 1.8 1.320 6.62 21 3-15% 557 75 
1,3-Dichloropropane СНС 112.906 -995 120.9 1.17855 10.27 2.08 244 
2,3-Dichloropropene C.H,Cl, 110.970 10 94 1.211” 15 26-78% 
2,4-Dichlorotoluene СНС 161.029 -135 201 1.24762 5.68 1.70 0.055 
Dicyclohexylamine СНМ 181.318 -01 256 дес 7 0.003 >99 
Diethanolamine C,H,,NO, 105.136 28 268.8 1.09662 25.75 2.8 2.22 <0.01 172 2-13% 662 05 
1,1-Diethoxyethane C,H,,0, 118.174 -100 102.25 0.8254 3.80 14 2.01 3.68 -21 2-06 230 
1,2-Diethoxyethane C,H,,0, 118.174 -740 121.2 0.83515 3.90 2.195 4.33 27 205 
Diethylamine CHIN 73.137 -49.8 555 0.7056? 0.319 3.680 0.92 2.313 30.1 -23 2-10% 312 5 
N,N-Diethylaniline C, H,N 149233 -38.8 216.3 0.93072 5.15 0.025 85 630 
0-Diethylbenzene C Hu 134.218 -312 184 0.8800% 2.594 0.13 57 395 
m-Diethylbenzene UM 134218 -83.9 181.1 0.860220 2.369 0.14 56 450 
p-Diethylbenzene C. Hu 134.218 -4283 183.7 0.86202 2.259 0.13 55 0.7-6% 430 
Diethyl carbonate C,H,,0, 118.131 -43 126 0.96922 2.820 110 1.80 1.63 25 
Diethylene glyco C,H,,0, 106.120 -104 245.8 111975 2 31.82 2.3 2.307 0.001 124 2-17% 224 
Diethylene glycol diethyl СНО, 162.227 -45 188 0.90632 5.70 2.104 0.10 82 
ether 
Diethylene glycol dimethyl — C,H,0, 134173  -68 162 0.9434? 0.989 7.23 20 2.043 0.315 67 
ether 
Diethylene glycol топобшу!  C.H,.O, 162.227 -68 281 0.9553” 2.188 0.0032 
ether 
Diethylene glycol monoethyl  C,H,,0, 134.173 196 0.9885% 1.6 2.243 0.017 96 
ether 
Diethylene glycol monoethyl | C.H..O, 176.211 -25 218.5 1.00962 1.8 0.029 110 425 
ether acetate 
Diethylene glyco C,H,,0, 120.147 193 1.035% 1.6 2.256 0.024 96 1-6 240 
monomethyl ether 
Diethyl ether C,H,,0 74.121 -116.2 34.5 0.71382 0.224 4.2666 1.15 2.369 717 -45 2-36% 180 400 
Diethyl maleate C,H,,0, 172479 -88 223 1.06622 7.560 0.015 121 350 
Diethyl malonate СНО, 160.168 -50 200 1.05512 7.550 2.54 1.779 0.048 93 
Diethyl oxalate C,H,,0, 146.141 -40.6 185.7 1.0785% 8.266 2.49 1.784 0.030 76 
Diethyl phthalate СНО, 222237 -405 295 1.232" 7.86 1.647 0.002 161 >0.7% 457 06 
Diethyl succinate C,H,,0, 174195 -21 217.7 1.040220 6.098 0.15 90 
Diethyl sulfate C,H,,0,S 154185 -24 208 1.172% 29.2 0.05 104 436 
Diethyl sulfide CHS 90.187 -103.91 92.1 0.8362? 0.422 5.723 1.54 1.900 7.78 
Diiodomethane СНЫ, 267.836 61 182 3.3211? 5.32 1.08 0.500 0.172 
Diiodosilane ШЕ 283.911 -1 150 
Diisobutylamine C,H, N 129.244 -735 139.6 0.723 0.972 29 
Diisopentyl ether C,,H,,0 158.281 172.5 0.7777% 2.817 1.23 2.394 0.210 
Diisopropylamine C,H, № 101.190 — -6 83.9 0.71532 0.393 1.15 10.7 1 14-77% 316 5 
Diisopropyl ether C,H,,0 102.174 -854 68.4 0.71925 0.379 3.805 1.13 2.122 19.9 -28 1-8% 443 250 
1,2-Dimethoxyethane C,H,,0, 90.121 -69.20 845 0.86375 0.455 7.30 2.145 9.93 -2 202 
Dimethoxymethane СНО, 76.095 -105.1 42 0.8593 2.644 07 2.129 53.1 -32 2-14% 237 1000 
Dimethylacetal С.Н, 0, 90.121 -1132 645 0.8501? 22.9 
N,N-Dimethylacetamide C HN 87.120 -18.59 165 0.93725 1.927 38.85 37 2.016 0.075 70 2-12% 490 10 
2,3-Dimethylaniline ېل‎ 121180 <15 2215 0.99312 97 >1% 
2,6-Dimethylaniline СН, № 121.180 112 215 0.984220 1.63 1.971 0.45 96 
N,N-Dimethylaniline C,H,,N 121.180 | 242 194.15 0.9557? 1.300 4.90 1.68 1.771 0.107 63 3⁄1 5 
2,2-Dimethylbutane CH, 86.175 -98.8 49.73 0.64445 0351 1.869 ~ 2.227 425 -48 1.2-7% 405 500 
2,3-Dimethylbutane CH, 86.175 -128.10 57.93 0.6616? 0.361 1.889 ~ 2.201 313 -29 1.2-7% 405 0 
3,3-Dimethyl-2-butanone C.H,,0 100.158 -525 106.1 0.7229% 12.73 4.27 
Dimethylcarbamic chloride С,Н,СІМО 07539 -33 167 1.168% 
Dimethyl disulfide CHS, 94.199 -84.67 109.74 1.06257 9.6 18 1.551 3.82 24 
N,N-Dimethylethanolamine СН, № 89.136 -59 134 0.88662 0.9 
N,N-Dimethylformamide CH.N0 73.094 -60.48 153 0.94455 0.794 38.25 3.82 2.060 0.439 58 2-159 45 10 
2,6-Dimethyl-4-heptanone 0,8,0 42238 -415 1694 0.80622 9.91 ЕТ 2.090 0.23 49 1-7% 396 25 
1,1-Dimethylhydrazine C HN, 60.098 -57.20 63.9 0.79122 2.731 20.9 -15 2-95% 249 0.01 
Dimethyl phthalate C, H40, 194184 55 283.7 119059 14.36 8.66 561 0.001 146 >0.9% 490 06 
2,6-Dimethylpyridine CH, 07.153 -61 144.01 0.9226? 7.33 17 728 0.746 
Dimethyl sulfate СНО 126.132 -317 188 дес 1.332220 55.0 0.13 83 8 01 
Dimethyl sulfide CHS 62.134 -98.24 37.33 0.84832 0.284 6.70 1.554 .901 644 -37 22-20% 206 10 
Dimethyl sulfoxide C,H,0S 78.133 17.89 189 110105 1.987 47.24 3.96 .958 0.084 95 3-42% 215 
1,4-Dioxane СНА, 88.106 11.85 101.5 103375 1477 2.2189 0 726 4.95 12 2-229 80 20 
1,3-Dioxolane СНО, 74.079 -97.22 78 1.060% 1.19 593 14.6 2 20 
Dipentyl ether M 158.281 -69 190 0.7833? 2.798 1.20 579 0.13 57 170 
Dipropylamine С 101.190 -63 109.3 0.74002 0517 2.923 1.03 2.500 321 17 299 


Laboratory Solvents and Other Liquid Reagents 


Name 

Dipropylene glycol 
monomethyl ether 

Dipropyl ether 

Dodecane 

1-Dodecanol 

1-Dodecene 

Epichlorohydrin 

1,2-Epoxybutane 

1,2-Epoxy-4- 
(epoxyethyl)cyclohexane 

1,2-Ethanediamine 

1,2-Ethanediol 

1,2-Ethanediol, diacetate 

1,2-Ethanediol, dinitrate 

1,2-Ethanedithiol 

Ethanethiol 

hanol 

hanolamine 

-Ethoxyaniline 

hoxybenzene 

-Ethoxyethanol 

-Ethoxyethyl acetate 

hyl acetate 

yl acetoacetate 

ћу! acrylate 

hylamine 

N-Ethylaniline 

hylbenzene 

hyl benzoate 

hyl butanoate 

-Ethyl-1-butanol 

hyl chloroacetate 

hyl chloroformate 

hyl cyanoacetate 

hyleneimine 

Ethyl formate 

2-Ethylhexanal 

2-Ethyl-1,3-hexanediol 

2-Ethyl-1-hexanol 

2-Ethylhexyl acetate 

Ethyl lactate 

ћу! 3-methylbutanoate 

ћу! 2-methylpropanoate 

hyl nitrite 

ћу! propanoate 

ћу! silicate 

ucalyptol 

uorobenzene 

uorosulfonic acid 

Formamide 

Formic acid 

Furan 

Furfural 

Furfuryl alcohol 

Germanium(lV) chloride 

Glycerol 

Glycerol triacetate 

Glycerol trioleate 

Heptanal 

Heptane 

Heptanoic acid 

1-Heptanol 

2-Heptanone 

3-Heptanone 

4-Heptanone 

1-Heptene 

Hexachloro-1,3-butadiene 


م۳٣ يم‎ ra ra го го гп = m orm 
= 


Е 
Е 
Е 
Е 
Е 
Е 
Е 
Е 


148.200 


102.174 
170.334 
186.333 
168.319 
92.524 

72.106 

140.180 


60.098 
62.068 
146.141 
152.062 
94.199 
62.134 
46.068 
61.083 
137.179 
122.164 
90.121 
132.157 
88.106 
130.141 
00.117 
45.084 
121.180 
106.165 
50.174 
16.158 
02.174 
22.551 
08.524 
113.116 
43.068 
74.079 
128.212 
146.228 
130.228 
172.265 
118.131 
130.185 
116.158 
75.067 
102.132 
208.329 
154.249 
96.102 
100.070 
45.041 
46.026 
68.074 
96.085 
98.101 
214.42 
92.094 
218.203 
885.432 
114.185 
100.202 
130.185 
116.201 
114.185 
114.185 
114.185 
98.186 
260.761 


1% 
188.3 


90.08 
216.32 
260 
2138 
118 
63.4 
227 


117 
197.3 
190 
198.5 
146.1 
35.0 
78.29 
171 
254 
169.81 
135 
156.4 
77.1 
180.8 
99.4 
16.5 
203.0 
136.19 
212 
121.8 
147 
1443 


p/gmL^ n/mPas ғ 


0.95 


0.74 
0.74 
0.83 
0.75 
118 
0.82 
1.09 


0.89 
111 
1.10. 
1.49 
1.23 
0.83 
0.78 
1.01 
1.06 
0.96 
0.92 
0.97 
0.90 
1.03 
0.92 
0.68 
0.96 
0.86. 
1.04 
0.87. 
0.83 
1.15 
1.13 


6620 
9520 
0924 
8420 
1 220 
9720 
6620 


7922 
352 
4320 
182 
420 

1525 
932 
8020 
5218 
51 20 
5325 
4020 
0320 
681 
34% 
915 

2520 
262 
152 
3525 
2620 
8520 
5220 


1.0654” 


0.83; 
0.92 
0.85 
0.93; 
0.83 


225 

0820 
402 
252 
1 925 


0.87182 


1.03 


2820 


0.86562% 
0.8682 


0.89 


915 


0.88435 


0.93; 
0.92 
1.02 
1.72 
1.13 
1.22 
0.95 
1.15 
1.12 


2020 
6720 
2520 
6 
2420 
02 

1 420 
9420 
9620 


1.88 
1.2613? 


1.15 
0.9 
0.8 


8320 
55 
325 


0.6795% 


0.9 
0.82 
0.8 
0.81 
0.8 
0.69 
1.55 


2 45 
1 920 
1 1 20 
8320 
7. 420 
7020 
62 


0.396 
1.383 


1.20 
1.073 


16.06 


0.287 
1.074 
21.1 


1.197 


0.423 


2.05 
0.631 


0.639 


0.380 


6.27 


0.501 


0.550 


3.34 

1.607 
0.361 
1.587 


934 


0.387 
3.84 
5.81 
0.714 


0.340 


3.38 
2.0120 
5.82 
2.152 
22.6 


13.82 
41.4 
7.7 
28.26 
7.26 
6.667 
253 
31.94 
743 
4.216 
13.38 
7.567 
6.0814 
14.0 
6.05 
87 
5.87 
2.4463 
6.20 
5.18 
6.19 


9.736 
31.62 
18.3 
8.57 


18.73 
7.58 


15.4 
4.71 


5.76 
2.50 
4.57 
5.465 


111.0 
514 
2.94 
42.1 
16.85 


46.53 
711 
3109 
9.07 
1.9209 
3.04 
11.75 
11.95 
12.7 
12.60 
2.092 
255 


174 


g'K' vp/kPa‏ له 


2.169 
2.206 
2.351 
2.143 
1422 
2.039 


2.872 
2.394 
2.121 


1.898 
2.438 
3.201 


870 
2.339 
2.845 
937 
906 


2.884 


126 


638 
:963 


1.947 


2.015 


2.438 


2.150 


1.920 
1.749 


1.523 


2.389 
2.151 
1.686 
1.698 
2.079 


2.377 
1.763 


2.015 
2.242 
2.039 
2.342 
2.037 


2157 


8.35 
0.016 
0.000016 
0.019 
2.2 

31.7 


1.62 
0.01 
0.030 
0.009 


70.3 
7.87 
0.05 
0.0007 
0.204 
0.71 
0.24 
126 
0.095 
5.14 
141 
0.039 
1.28 
0.04 
2.01 
0.206 
0.640 


0.003 
28.9 
323 


0.019 
0.09 


1.07 
325 
135 
4.97 
147 
0.260 
10.4 
0.08 
0.01 
5.75 
80.0 
0.29 
0.097 


<0.01 
<0.01 


0.46 
6.09 
0.001 
0.0044 
0.49 
05 
0.164 
7.52 
0.13 


FP/ 


Е. lim. 


1.3-7% 
>0.6% 


4-21% 
1.7-19% 


3-12% 
3-22% 
1.6-8.4% 


2.8-18% 
3-19% 
3-24% 


3-18% 
2-8% 
2-12% 
1-10% 
1.4-14% 
4-14% 


1-7% 


3.3-55% 
3-16% 
0.9-7.2% 


0.8-9.7% 
1-8% 
>1.5% 


4-50% 
1.9-11% 


18-57% 
2-14% 
2-19% 
2-16% 


3-19% 


1%- 


1-7% 


1-8% 


15-17 


IT^C TLV/ppm 


188 
203 
275 
41 05 
439 
0.1 
385 10 
398 40 
482 
0.05 
300 05 
363 1000 
40 3 
235 5 
3⁄9 5 
46 400 
295 
3⁄2 5 
38 5 
42 100 
490 
463 
500 
320 5 
45 100 
190 
360 
231 
268 
400 
90 
440 
10 
10 
44 5 
316 2 
491 10 
370 27 
433 
204 400 
275 
393 50 
50 
50 
260 
610 0.02 


15-18 Laboratory Solvents and Other Liquid Reagents 


Mol. FP/ 
Name form. M, „РС ,% p/g ті" n/mPas = wD له‎ g'K' vp/kPa °C НІ. Ііт. IT/C 6 
Hexachloro-1,3- CCl, 272.772 -9 239 1.70195 0.01 
cyclopentadiene 
Hexafluorobenzene CF, 186.054 5.03 80.26 16184? 279 2.029 0 191 113 
Hexamethyldisiloxane CH, 0Si, 162.377 -66 99 0.7638? 2479 .918 557 
Hexamethylphosphoric СН, МОР 0 7.2 232.5 1.032 31.3 55 194 
riamide 
Hexanal СНО 100.158 -56 131 0.833520 2101 1.48 32 
Нехапе CH, 86.175 -95.35 68.73 0.66065 0.300 1.8865 “0 2270 202 -22 1-8% 225 50 
Hexanedinitrile CHN, 108.141 1 295 0.9676” 190 <0.01 93 2-5% 550 2 
Hexanoic acid СНО, 116.158 -3 205.2 0.92125 2.600 1.13 .937 0.005 102 380 
1-Hexanol CH, 0 102474 -474 157.6 0.8136? 458 13.03 2.353 0.11 63 290 
2-Нехапопе СНО 100.158 ^ -555 127.6 0.8113? 0.583 14.56 27 2.130 1.54 25 1-8% 43 5 
1-Hexene С.Н, 84.159 -139.76 63.48 0.66055 0.252 2.077 “0 2178 248 -26 12-60% 253 50 
Hexyl acetate СНО, 144212 -80.9 1715 0.8779" 4.42 1.961 0.185 45 
Hydrazine HN, 32.045 14 113.55 1.0036 0.876 517 1.75 3.086 1.91 38 5-100% 0.01 
Hydrazoic acid HN, 43.028 -80 357 1.70 68.2 0.11 
Hydrogen cyanide CHN 27.026 -13.29 26 0.6876? 0.183 114.9 2.985 2.612 98.8 -18 6-40% 538 47 
Hydrogen peroxide H,0, 34.015 -0.43 150.2 144 74.6 1.573 2.619 0.26 1 
3-Hydroxypropanenitrile СНО 71.078 -46 221 1.04045 3.2 0.010 129 
ndan CH, 118.175 -51.38 177.97 0.9639? 1.357 1.609 02 
ndene C,H, 116.160 -15 182 0.99602 1.609 0.220 10 
odine bromide Br 206.808 40 116 dec 43 0.726 
odine chloride 0 162.357 27.39 100 6 3.24 1.24 3.59 
odobenzene CH, 204008 -313 188.4 1.93089 1554 4.59 1.70 0.778 0.133 
1-lodobutane CH, 184018 -103 130.5 1.615420 6.27 1.93 1.85 
odoethane C,H, 155.965 -111.1 72.3 1.9357? 0.556 7.82 1.976 0.738 18.2 
odomethane CH, 141.989 — -664 4243 2.2789"? 0.469 6.97 1.62 0.888 53.9 2 
1-lodopropane C.H, 169.992 -1013 102.5 1.74892 0703 7.07 2.04 0.746 5.75 
2-lodopropane C.H, 169.992 -90 89.5 1.7042» 0.653 8.19 1.95 0.535 9.36 
Ton pentacarbonyl 0.Ғе0, 195.896 -20 103 1,52 2.602 1.228 4 01 
sobutanal C,H,0 72.106 -65.9 64.5 0.789120 2.15 23.0 -18 1.6-10.6% 6 
sobutyl acetate C,H,,0, 116.158 -98.8 116.5 0.8712? 0.676 5.068 19 2.013 2.39 18 1-11% 421 150 
sobutyl acrylate C.H,,0, 128.169 -61 132 0.8896? 30 427 
sobutylamine CHIN 73.137 -86.7 67.75 0.724% 0.571 4.43 13 2.505 19.0 -9 2-12% 378 
sobutylbenzene C. Hu 134218 — -514 172.79 0.85322 2.318 ~ 1.793 0.257 55 08-696 427 
sobutyl formate C,H,,0, 102.132 -95.8 98.2 0.877620 6.41 1.88 5.34 5 2-9% 320 
sobutyl isobutanoate C,H,,0, 144.212 -80.7 148.6 0.8542? 19 0.552 38 1-8% 432 
sopentane С.Н, 72149 -159.77 27.88 0.6201? 0214 1.845 0.13 2.204 917 -51 14-769; 420 600 
sopentyl acetate СНО, 130185 -785 142.5 0.876% 4.72 19 1.909 0.728 25 1-8% 360 50 
sophorone C,H,,0 138.206 -8.1 215.2 09955" 233 1.834 0.06 84 1-4% 460 5 
зоргорепу! acetate СНО, 100.117 -92.9 94 0.9090% 6.02 26 432 
sopropenylbenzene CH, 118.175 -23.2 165.4 0.9106% 2.28 1.711 0.40 54 1.9-6.1% 574 50 
sopropyl acetate C.H,,0, 102.132 -734 88.6 0.8718% 1.952 7.88 2 2-8% 460 100 
sopropylamine CHN 59.110 -95.13 31.76 0.6891? 0.325 5.6268 1.19 2771 78.0 -37 402 5 
sopropylbenzene СН, 120.191 -96.02 152.41 0.86405 0.737 2.381 0.79 1.753 0.61 36 1-7% 424 50 
sopropylbenzene СНО, 152.190 153 1.032 0.004 
hydroperoxide 
1-Isopropyl-2-methylbenzene C,.H,, 134.218 -715 1781 0.8766” 0.2 
1-Isopropyl-3-methylbenzene С,,Н,, 194218 -63.7 175.1 0.8610 0.22 
1-Isopropyl-4-methylbenzene С.Н, 134218 -67.94 1774 0.8573% 2.2322 = 1.761 0.19 47 1-6% 436 
Isoquinoline CHN 129.159 2647 243.22 1.0910% 11.0 2.73 1.519 0.007 
d-Limonene C Has 136.234 -740 178 08411? 147 2.3746 1.828 0.277 45 07-61% 37 
-Limonene C Has 136.234 178 0.8432 2.3738 0.254 
Mesityl oxide CH,0 98.142 -59 130 0.86530 0.602 15.6 28 2.165 AT 31 1-7% 344 15 
Methacrylic acid CHO, 86.090 16 162.5 1.0153 1.65 1.871 0.12 77 1.6-8.8% 68 20 
Methanol CHO 32.042 -97.53 64.6 0.7914? 0.544 33.0 1.70 2.531 6.9 11 6-36% 464 200 
2-Methoxyaniline СМО 123.152 62 224 1.092370 5.230 0.013 118 041 
4-Methoxybenzaldehyde СНО, 136.149 0 248 1.1195 22.0 0.004 
2-Methoxyethanol СНО, 76.095 -85Л 1241 0.964720 17.2 2.36 2.249 31 39 2-14% 285 5 
2-Methoxyethyl acetate СНО, 118.131 -70 143 1.0074" 8.25 21 2.624 0.67 49 2-12% 392 5 
Methyl acetate СНО, 74.079 -98.25 56.87 0.9942? 0.364 7.07 1.72 1.916 28.8 -10 3-16% 454 200 
Methyl acrylate CHO, 86.090 <-75 80.7 0.953520 7.03 1.77 1.845 1.0 -3 28-25% 468 2 
2-Methylacrylonitrile CH, 67.090 -35.8 90.3 0.80017 3.69 1.883 8.26 1 2-6.8% 1 
2-Methylaniline C.H, 107153 -1441 200.3 09904^ 382 6.138 16 1.96 0.043 85 482 2 
3-Methylaniline CH, 107153 -31.3 203.3 0.98809? 331 5.816 1.45 2118 0.036 
М-Мећујап пе CH, 107.153 -57 196.2 0.9891? 204 5.96 1.933 0.05 05 
Methyl Бепгоаје C,H,0, 136.149 -124 199 108375 1.857 6.642 19 1.625 0.052 83 
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Mol. FP/ 
Name form. M, tre ,% p/g ті" n/mPas = wD له‎ g'K' vp/kPa °C НІ. Ііт. ПС 6 
2-Methyl-1,3-butadiene C,H, 68.118 -145.9 34.0 0.679? 2.098 0.25 2.240 734 -54 1.5-8.9% 395 
Methyl butanoate C,H,,0, 102.132 -85.8 102.8 0.8904? 0.541 5.48 1.941 4.30 14 
3-Methylbutanoic acid СНО, 102.132 -293 176.5 0.9312 0.63 1.930 0.067 416 
3-Methyl-1-butanol C,H,,0 88.148 41172 1314 0.81042 3.69 15.63 2.382 0.315 43 129% 350 100 
2-Methyl-2-butanol C,H,,0 88.148 -9.1 102.4 0.80962 3.55 5.78 1.82 2.803 2.19 19 12-9% 437 
3-Methyl-2-butanol, (+)- C,H,,0 88.148 112.9 0.81802 121 1.20 38 
3-Methyl-2-butanone СНО 86.132 -93.1 94.33 0.8051% 10.37 2.089 6.99 200 
2-Methyl-1-butene CH, 70.133 -137.53 312 0.6504 2.180 2.241 814 -20 
2-Methyl-2-butene CH, 70.133 -133.72 3856 0.66232 0.203 1.979 2.179 621 -20 
ethyl tert-butyl ether C,H,,0 88.148 -108.6 55.0 0.73535 2.127 33.6 50 
ethyl chloroacetate СНОО, 108.524 -321 129.5 1.236% 12.0 10 57 75-1857 
ethylcyclohexane CH, 98.186 -126.6 100.93 0.76942 0.679 2.024 = 1.882 618 4 1-7% 250 0 
ethylcyclopentane С.Н, 84.159 -M242 718 0.74862 0.479 1.9853 = 1.886 18.3 -29 1-8% 258 
A-Methylformamide C,H,NO 59.067 -3.8 199.51 1.0118 1678 189.0 3.83 2.096 0.03 
ethyl formate СНО, 60.052 -99 317 0.97132 0.325 9.20 1.77 1.983 78.1 -19 5-23% 449 100 
5-Methyl-2-hexanone СНО 114.185 144 0.8882 13.53 0.691 36 1-8% 191 50 
ethylhydrazine CHN, 46.072 -52.36 87.5 2.928 6.61 -8 25-92% 194 001 
ethyl isocyanate C,H,NO 57.051 -45 395 0.92307 21.75 «28 57.7 7 53265 534 2 
ethyl lactate, (+)- CHO, 104.105 1448 1.0928” 0.62 49 >2.2% 385 
ethyl methacrylate C,H,0, 100117 -47.55 100.5 0.9377% 6.32 1.67 1.910 5.10 10 17-82% 50 
1-Methylnaphthalene C.H, 142197 -3043 244.7 1.020220 2.915 = 1.578 0.009 529 
ethyloxirane C,H,0 58.079 -111.9 35 0.859 2.01 2.073 71.7 -37 31-275% 449 2 
2-Methylpentane CH, 86.175 -153.6 60.26 0.6508 6 1.886 = 2.248 28.2 <-29 1-7% 264 500 
3-Methylpentane CH, 86.175 -162.90 6327 0.65985 0.306 1.886 = 2.213 25.3 -7 127% 278 500 
2-Methyl-2,4-pentanediol ^ C,H,O, 118.174 -50 197.1 0.9235 23.4 2.9 2.843 «0.01 102 1-9% 306 25 
2-Methyl-1-pentano C,H,,0 102.174 149 0.826320 2.427 0.236 54 119.657 0 
4-Methyl-2-pentano CH, 0 102174 -90 131.6 0.8075? 407 2.672 0.698 4 16% 25 
4-Methyl-2-pentanone CH,0 100.158 -84 116.5 0.79655 0.545 13.11 2.130 2.64 18 1-8% 448 50 
2-Methylpropanenitrile CH 69.106 -71.5 103.9 0.770420 2442 429 8 482 
2-Methyl-2-propanethiol C.H, S 90.187 -0.5 64.2 0.79432 5.475 1.66 242 «-29 
Methyl propanoate CHO, 88.106 -87.5 79.8 0.915022 0.431 6.200 943 115 2 25-13% 469 
2-Methylpropanoic acid CHO, 88.106 -46 15445 0.968122 1.226 2.58 1.08 964 017 56 2-9.2% 48 
2-Methyl-1-propano C,H,,0 74.121 -101.9 107.89 0.80182 333 17.93 1.64 2.449 1.39 28 2-11% 415 50 
2-Methyl-2-propano C,H,,0 74421 25.69 824 0.78872 431 1247 17 2.949 5.52 11 2-8% 478 100 
2-Methylpyridine C,H, 93.127 -66.68 129.38 0.9443” 10.18 1.85 703 15 39 538 
3-Methylpyridine C,H, 93.127 -18.14 144.14 0.9566” 11.10 2.40 704 0.795 
4-Methylpyridine C,H, 93.127 3.67 145.36 0.9548” 12.2 2.70 707 0.759 57 
A-Methyl-2-pyrrolidone C,H,NO 99.131 -23.09 202 1.0230? 32.55 41 3.105 0.04 96 1-10% 346 
Methyl salicylate C,H,0, 152.148 -8 222.9 1.181% 8.80 247 637 0.015 96 454 
4-Methylstyrene CH, 118.175 — -341 1728 0.9173” 0.245 53 08-11% 538 50 
Morpholine Он 87.120 -48 128 1.00052 202 742 1.55 892 134 37 1-11% 290 20 
p-Myrcene СН 136.234 167 0.80135 23 0.280 
Nickel carbonyl 0,0, 170.734 -193 43 (exp 60) 1.312 198 0.05 
L-Nicotine C,H N, 162231 -79 247 1.0097 8.937 0 
Nitric acid HNO, 63.013 -41.6 83 1.55 2.17 744 8.34 2 
2-Nitroanisole C, H,NO, 153.136 5 272 1.2540? 45.75 5.0 0.002 
Nitrobenzene CHNO, 123.110 — 57 210.8 1.2097? 1.863 356 422 509 0.03 88 2-9% 482 1 
Nitroethane C,H.NO, 75.067 -89.5 1140 1.04482 0.688 29.11 323 1790 2.79 28 3-17% 414 100 
Nitromethane CH,NO, 61.041 -28.38 101.19 11371? 0630 37.27 3.46 146 479 35 7-22% 418 20 
1-Nitropropane СНО, 89.094 -108 1314 0.99612 0798 24.70 3.66 97 136 36 2%- 421 25 
2-Nitropropane C,H,NO, 89.094 -91.3 120.2 0.98212 26.74 3.73 911 23 24 3-1% 428 10 
N-Nitrosodiethylamine ال لړ‎ 102.134 176.9 0.9422% 
N-Nitrosodimethylamine C,H,N,0 74.081 152 1.0048” 0.73 
2-Nitrotoluene CHN0, 197137 -104 222 146119 26.26 474 0.0014 106 2 
3-Nitrotoluene C, H,NO, 197137 155 232 1.158120 24.95 474 0.03 106 2 
М папе С.Н» 128.255 -53.46 150.82 0.71922 65 1.9722 20 2217 0.570 31 08-29% 205 0 
Nonanoic acid СНО; 158238 124 2545 0.90522 701 2.475 0.79 2.290 0.00005 
1-Nonanol CH,0 144.254  -5 213.37 0.82800 912 8.83 2470 0.00050 260 
1-Nonene CH, 126.239 -813 146.9 0.7253 0.586 2.180 =0 2.142 0.714 26 
4-Nonylphenol C,,H,,0 220.351 42 = 295 0.950” 
cis,cis-9,12-Octadecadienoic C,,H,,0, 280446 — -7 0.90222 2.754 
acid 
cis-9-Octadecenoic acid C H,0, 282.462 134 360 0.89352 2.336 118 2.043 0.000001 189 363 
Octane CH, 114229 -56.82 125.67 0.69865 8 1.948 я 2.229 1.86 13 1-7% 206 300 
Octanoic acid C,H,,0, 144212 165 239 0.90735 5.02 2.85 1.15 2.066 0.0002 
1-Octanol C,H,,0 130.228 -148 195.16 0.8262% 7229 10.30 18 2.344 0.01 81 270 
2-Octanol C,H,,0 130.228 -316 179.3 0.81932 6.49 8.13 1.71 2.535 88 265 
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Мате 

2-Octanone 

1-Octene 

Oxetane 

2-Oxetanone 

Oxirane 
Oxiranemethanol, (+)- 
Paraldehyde 
Parathion 
Pentachloroethane 
cis-1 ,3-Pentadiene 
trans-1 ,3-Pentadiene 
Pentanal 
Pentane 
Pentanedial 
1,5-Pentanediol 
2,4-Pentanedione 
1-Pentanethiol 
Pentanoic acid 
1-Pentanol 
2-Pentanol 
3-Pentanol 
2-Pentanone 
3-Pentanone 
1-Pentene 
cis-2-Pentene 
trans-2-Pentene 
Pentyl acetate 
Pentylamine 
Perchloric acid 
Peroxyacetic acid 
Pheno 
2-Phenoxyethanol 
Phenylhydrazine 
1-Phenyl-2-propylamine, 
+)- 
Phosphinic acid 
Phosphoric acid 
Phosphorothioc trichloride 
Phosphorus(IIl) bromide 
Phosphorus(III) chloride 
Phosphoryl chloride 
о-Ріпепе 

В-Ріпепе 

Piperidine 

Propanal 

1,2-Propanediol 
1,3-Propanediol 
Propanenitrile 

Propanoic acid 

Propanoic anhydride 
1-Propanol 

2-Propanol 

Propargyl alcohol 

Propyl acetate 
Propylamine 
Propylbenzene 

Propyl butanoate 

ylene carbonate 
Propyl formate 

Propyl propanoate 
Pyridine 

Ругтоје 

Pyrrolidine 

2-Pyrrolidone 

Quinoline 

Safrole 

Salicylaldehyde 


Rd 
Ө 
c 


MID خه‎ or се 


= 
I 


er? ст کم به‎ 
I 


=“ 


Ёл 
~ 


a 


от от 
оооо оо сы 


=“ 


a 


a 


a 


a 
I 


er? rj or от‏ يس 
I‏ 


Сосо C) €) C) €) сэ. пр ЈИ о че МА чә М С» په‎ БК. په‎ Ж сэ» Су ч МЕ жь ИК ©. <> ҖЕ په‎ ШЕ че УК C9 <> МА зе "C3 


ст 


TU. 


wx ھ‎ jet ځه يه تم ته‎ aeta ه هه‎ eto ЫЫ ЫКЫ ӨГ mu = а 
што 


£9, C2 эж Бер XC ХЭ ээр Ch Сос 9. Сул. لا ين ال چا‎ C0 СА Ca Cy Сэ. €) لته‎ CO СЭ. Q2 CX 


М 


F 


128.212 
112.213 
58.079 
72.063 
44.052 
74.079 
132.157 


291 


261 


202.294 
68.118 
68.118 
86.132 
72.149 
100.117 
104.148 
100.117 


104 
102 
88. 
88. 
88. 
86. 
86. 


.214 
„132 


48 
48 
48 
32 
32 


70.133 


70. 
70. 


130. 


87. 


100. 


33 
33 
185 
64 
459 


76.051 


94. 
138 
108 
135 


11 


164 
141 
206 


65.997 
97.995 


169 
270 
137 
153 
136 
136 


.398 
.686 
.332 
.331 
.234 
.234 


85.148 
58.079 
76.095 
76.095 
55.079 
74.079 


130 


141 


60.095 
60.095 
56.063 


102 
59, 


120. 
130. 
102. 


88. 


116. 


79. 


„132 


10 
191 
185 
089 
06 
158 
01 


67.090 


1. 
85. 
129 
162 
122 


21 
05 


.159 
.185 
„122 


1% 
172.5 
121.29 
47.6 
162 
10.6 


167 дес 


124.3 
375 
162.0 
441 
42 
103 
36.06 


188 дес 


239 
138 
126.6 
186.1 
137.98 
119.3 
116.25 
102.26 
101.7 
29.96 
36.93 
36.34 
1492 
104.3 


« 90 dec 


110 
181.87 
245 
243.5 
203 


130 
407 
125 
173.2 
76.1 
105.5 
1562 
166 
106.22 
48 
187.6 
2144 
97.14 
141.15 
170 
97.2 
823 
113.6 
101.54 
47.22 
159.24 
143.0 
242 
80.9 
122.5 
115.23 
129.79 
86.56 
251 
23716 
2345 
197 


p/gmL^ n/mPas = 


0.820” 

0.7149 
0.89305 
1.1460? 
0.8821" 
1.11435 
0.9943 
1.2681” 
1.6796” 
0.69107 
0.6710% 
0.809520 
0.62622 


0.99142 
0.97212 
0.8507? 
0.93395 
0.81442 
0.80942 
0.8203 
0.8092 
0.8098% 
0.640520 
0.655620 
0.64315 
0.875620 
0.754420 
AT 
1.22655 
05455 
4022 
1.0986” 
0.9306% 


49 


635 
28 
1.574 
1.645 
0.85395 
0.860% 
0.860620 
0.8657% 
1.03612 
1.0538? 
0.78182 
0.988225 
1.0110” 
0.7997% 
0.780925 
0.9478 
0.8878 
0.7173” 
0.85935 
0.8730” 
1.2047” 
0.9073 
0.8809” 
0.9819” 
0.9698” 
0.8586” 
1.120” 
1.0977" 
1.1000” 
1.1674” 


0.447 


1.079 


2.25 


0.224 


3.62 
3.47 
415 
0.470 
0.444 
0195 


0.702 


13.03 


0.529 


1.573 
0.321 
40.4 


0.294 
1.030 


1.945 
2.04 


0.544 
0.376 


0.485 
0.879 
1.225 
0.704 


3.34 


9.51 
2.113 


1242 


3.716 
2.319 


10.00 


1.8371 


26.2 


26.524 


4.847 
2.661 
15.13 
13.71 
13.35 
15.45 
17.00 
2.011 


4.79 


4.27 


12.40 


7.15 


4.94 


3.498 
141 


21787 
2.4970 


433 
18.5 
275 
35.1 
29.7 
3.44 
18.30 
20.8 
20.18 
20.8 
5.62 
5.08 
2.370 
43 
66.14 
6.92 
5.249 


13.260 


8.00 
8.30 
28.18 
9.16 


18.35 


g'K' vp/kPa‏ له 


2.132 0.12 
2.148 2.30 
1.694 0.3 
1.998 175 
16 
0.859 0.478 
50.6 
547 
4.58 
2.317 68.3 
3.08 0.001 
2.08 1.02 
1.83 
2.059 0.024 
2.361 0.259 
2.716 0.804 
2.719 110 
2137 4.97 
2.216 472 
2.196 85.0 
2.163 66.0 
2.239 674 
2.005 0.60 
2.501 4.00 
1.93 
2.123 0.055 
0.001 
2.007 0.003 
0.06 
1.480 
0.38 
161 
0.905 4.97 
0.64 
0.61 
2113 4.28 
2.362 42.2 
2.507 0.02 
0.007 
2.166 6.14 
2.063 0.553 
1.806 0.45 
2.395 2.76 
2.604 6.02 
921 4.49 
2.776 42.1 
186 0.45 
0.618 
2.141 0.05 
945 10.9 
1.88 
678 2.76 
903 110 
2.202 8.40 
99 
51 0.011 
0.01 
818 0.075 


°C Н. lim. 


>2.9% 
3-100% 


>1.3% 


2-8% 


1-10% 
1.2-9% 
1.2-9% 
2-8% 
>1.6% 


1.5-8.7% 


1-8% 
2.2-22% 


1.8-8.6% 


1-10% 
2.6-17% 
3-13% 


3-14% 


2.9-121% 
1.3-9.5% 


2-14% 
2-13% 


2-8% 


2-10% 
1-6% 


2-12% 
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IT^C TLV/ppm 


230 


429 


238 


222 
260 


335 
340 


400 
300 
343 
435 
452 
450 
275 


360 


715 


480 


0.01 


50 
600 
0.05 


200 
200 


50 


0.25 


02 
0.1 
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Name 

Selenium chloride 
Selenium oxychloride 
Selenium oxyfluoride 
Styrene 

Sulfolane 

Sulfur chloride 
Sulfur dichloride 
Sulfuric acid 

Sulfuryl chloride 
о-Тегріпепе 
1,1,2,2-Tetrabromoethane 
Tetrabromosilane 


1,1,2,2-Tetrachloro-1,2- 
difluoroethane 
1,1,1,2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 
etrachloroethene 
etrachloromethane 
etrachlorosilane 
etradecane 
etraethylene glycol 
е 
el 
e 


rafluoroboric acid 
rahydrofuran 
rahydrofurfury! alcohol 
2,3,4- 
Tetrahydronaphthalene 
etrahydropyran 
etrahydrothiophene 
etramethylsilane 
etramethylurea 
etranitromethane 

hionyl bromide 

hionyl chloride 
hiophene 

in(IV) chloride 
itanium(IV) chloride 
oluene 
oluene-2,4-diisocyanate 
ribromomethane 
ributylamine 

ributyl borate 

ributyrin 
richloroacetaldehyde 
1,2,4-Trichlorobenzene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
richloroethene 
richloroethylsilane 
richlorofluoromethane 
richloromethane 
(Trichloromethyl)benzene 
richloromethylsilane 
richloronitromethane 
1,2,3-Trichloropropane 
richlorosilane 
1,1,2-Trichloro-1,2,2- 
trifluoroethane 
ri-o-cresyl phosphate 
ridecane 

1-Tridecene 
riethanolamine 
riethylamine 

riethylene glycol 
riethylene glycol dimethyl 
ether 

riethyl phosphate 
rifluoroacetic acid 
(Trifluoromethyl)benzene 


M, 
228.83 
165.86 
132.96 
104.150 
120.171 
135.037 
102.971 
98.080 
134.970 
136.234 
345.653 
347.702 
203.830 


167.849 
167.849 
165.833 
153.823 
169.897 
198.388 
194.226 
87.813 

72.106 

102.132 
132.202 


86.132 

88.172 

88.224 

116.161 
196.033 
207.873 
118.970 
84.140 

260.521 
189.678 
92.139 

174156 
252.731 
185.349 
230.151 
302.363 
147.387 
181.447 
133.404 
133.404 
131.388 
163.506 
137.368 
119.378 
195.474 
149.480 
164.376 
147.431 
135.452 
187.375 


368.363 
184.361 
182.345 
149.188 
101.190 
150.173 
178.227 


182.154 
114.023 
146.110 


t, ^C 
-85 
85 


°С 
130 дес 
177 
125 
145 
287.3 
137 
59.6 
337 
69.4 
174 
243.5 
154 
92.8 


130.2 
1452 
121.3 
76.8 
51.65 
253.58 
328 
130 dec 
65 

178 
207.6 


88 
121.1 
26.6 
176.5 
126.1 


2155 


102.1 


p/gmL^ n/mPas = 


2.774 
244 

28 
0.9016% 
1.2723" 
1.69 
1.62 

18 
1.680 
0.8375? 
2.9655? 
28 
1.59519? 


1.5406? 
1.5953? 
1.6230? 
1.5940? 
15 
0.7596 
1.1285" 
-18 
0.88335 
1.0524” 
0.9645% 


0.8814” 
0.9987” 
0.648" 

0.9687” 
1.6380” 


1.631 
1.0649” 
2.234 
1.73 
0.866820 
1.2244? 
2.8788% 
0.7770% 
0.8567% 
1.03502 
1.5122 
4595 
1.3390? 
4397? 
1.4642? 
23732 
1.4879% 
47885 
1.3723? 
2732 
1.6558” 
388920 
1531 
56355 


1.1955” 
0.756420 
0.765820 
1.1242? 
0.727520 
1.12745 
0.9867? 


1.0695” 
1.53515 
1.1884” 


0.695 


1.437 


0.844 


0.908 


99.4 


2.13 


0.456 


2.14 


0.973 


0.560 


1.857 


0.793 


0.545 


0.421 
0.537 


0.326 
0.656 


1.724 
1.50 
609 
0.347 


0.808 


46.2 


2.4737 
43.26 
4.79 
2.915 


9.1 
2.4526 
6.72 


2.52 


8.50 
2.268 
2.2379 


2.0343 
20.44 


7.52 
13.48 
2771 


5.66 


1.921 
23.10 
2.317 
9.06 

8.675 
2.739 


2.379 
8.433 
4.404 
2.340 
2.23 
5.72 
68 


7.243 
7.1937 
3.390 


3.00 
4.8069 
6.9 


7.319 
75 


241 


6.7 
2.0213 
2139 
29.36 
2.418 
23.69 
7.62 


13.20 
842 
9.22 


ШІ) 


0.123 


0.86 


2.28 
2.86 


g'K' vp/kPa‏ له 


0.02 
0.56 
1.747 0.81 
1.498 «0.01 
127 
17.9 
1416 
0.993 18.7 
0.479 0.003 
0.852 751 
0.92 16 
0.967 0.622 
0.865 242 
0.850 15.2 
0.855 31.8 
0.002 
2.208 0.000001 
1.720 21.6 
1.774 0.100 
1.645 0.05 
1.82 9.54 
245 
2.313 942 
0.138 
1.13 
0.84 
1.017 16.0 
1471 10.6 
0.634 
0.766 
1.707 3.79 
1.653 0.003 
0.517 0.726 
0.01 
1.837 
1.025 6.66 
0.057 
1.082 16.5 
1.131 31 
0.947 9.91 
6.29 
0.885 106 
0.957 26.2 
0.35 
1.091 225 
3.18 
1.245 0.492 
0.908 448 
157 0.0000002 
2.206 0.005 
2.149 0.0047 
2.61 «0.01 
2173 7.70 
218 0.0002 
151 
1.289 514 


ЕР/ 
"с 


31 
177 


47 
62 
45 


112 
182 


77 


12 


Е. lim. 


1-796 


5-12% 
20-54% 


>0.5% 


2-12% 
1.5-9.7% 
1-5% 


1-7% 
0.9-9.5% 


1-5% 
>0.5% 
2.5-6.6% 
8-13% 


6-28% 
8-11% 


7.6->20% 


3.2-12.6% 


1-10% 
1-8% 
1-9% 


15-21 


IT^C TLV/ppm 


490 


335 


200 


321 
282 
385 


480 


407 


571 
500 
460 
420 


211 
>404 


104 


385 


249 
371 


454 


200 


0.005 


0.005 


15-22 Laboratory Solvents and Other Liquid Reagents 


Мо! ЕР/ 

Мате form. M, tre °С p/g mL" n/mPas = wD с) g'K' vpkPa °С НІ. іт. IT/°C 7 
,2,3-Trimethylbenzene GH, 120191 -254 176.12 0.89442 2.656 =0 1.800 0.20 44 08-669 470 25 
1,2,4-Trimethylbenzene СН» 120.191 -4377 169.38 0.875820 2.377 =0 1.789 0.30 44 1-6% 500 25 
,3,5-Trimethylbenzene СН» 20.191 -447 164.74 0.861525 2.279 0 1.741 0.33 50 1-5% 559 2 
rimethyl Богаје C.H,BO, 103.912  -293 675 0.9155 2.2762 1.828 172 -8 

rimethylchlorosilane СНО 08.642 -40 60 0.856 30.7 -28 395 
2,2,4-Trimethylpentane C.H, 114229 — -1073 99.22 0.6878” 1.943 = 2.093 6.50 -12 418 300 
2,3,3-Trimethylpentane C.H, 14229 -100.9 114.8 0.726220 1.9780 = 2.150 3.60 <21 425 300 
rimethyl phosphate C,H,0,P 40.074 -46 197.2 121449 20.6 32 0.11 107 

2,4,6-Trimethylpyridine С.Н 121180 -46 170.6 0.9166? 7.807 2.05 41 

rinitroglycero CHNO, 227087 135 exp218 7 19.25 0.00005 270 0.05 
Undecane C.H, 56.300 -255 195.9 0.7402? 1.098 1.9972 «0 2207 0.05 69 
Vanadium(lV) chloride ЕЛІ 192753 -257 148 1.816 3.05 
Vanadyl trichloride 01,0У 173.299 -79 127 1.829 34 
Vinyl acetate C,H,0, 86.090 -93.2 728 0.92562 1.79 1.969 154 -8 26-1349 402 10 
4-Vinylcyclohexene GH, 108.181 -108.9 128 0.82992 187 16 269 04 
Water HO 18.015 0.00 100.0 0.9970 0.890 80.100 1.8546 4.180 347 

o-Xylene C.H 106.165 -252 144.5 08820 0 2.562 0.64 1.753 0.88 3 1-7% 463 0 
m-Xylene CH, 106.165 -478 139.12 0.85065 0.581 2.359 = 1.724 113 27 1-7% 527 0 
p-Xylene GH, 106.165 1325 138.37 0.85665 0.603 2.2735 0 1710 119 27 1-7% 528 100 
2,4-Хујепо! C,H,,0 122.164 5 210.98 0.9650” 5.060 14 0.022 


DEPENDENCE OF BOILING POINT ON PRESSURE 


The normal boiling point of a liquid is defined as the tempera- 
ture at which the vapor pressure reaches standard atmospheric 
pressure, 101.325 kPa. The change in boiling point with pressure 
may be calculated from the representation of the vapor pressure 
by the Antoine Equation, 


A,- AJ(T € А.)‏ - مروا 


where p is the vapor pressure, Т the absolute temperature, and A, 
A,, and A, are constants. This table, which has been calculated us- 
ing the Antoine constants in Reference 1, gives values of At/Ap for 
a number of liquids, in units of both °C/kPa and °C/mmHg. The 
correction to the boiling point is generally accurate to 0.1 to 0.2 
*C as long as the pressure is within 1096 of standard atmospheric 
pressure. 

A slightly less accurate estimate of At/Ap may be obtained from 
the Clausius-Clapeyron equation, with the assumption that the 


fi А Ар 
Сотроцпа "C °C/kPa °C/mmHg 
Acetaldehyde 20.1 0.261 0.0348 
Acetic acid 117.9 0.324 0.0432 
Acetone 56.0 0.289 0.0385 
Acetonitrile 81.6 0.316 0.0421 
Ammonia -33.33 0.198 0.0264 
Aniline 184.1 0.378 0.0504 
Anisole 153.7 0.367 0.0489 
Benzaldehyde 179.0 0.392 0.0523 
Benzene 80.0 0.321 0.0428 
Bromine 58.8 0.300 0.0400 
Butane -0.5 0.267 0.0356 
1-Butanol 117.7 0.278 0.0371 
Carbon disulfide 46.2 0.304 0.0405 
Chlorine -34.04 0.224 0.0299 
Chlorobenzene 131.7 0.365 0.0487 
1-Chlorobutane 78.6 0.321 0.0428 
Chloroethane 12.3 0.262 0.0349 
Chloroethylene -13.3 0.241 0.0321 
Cyclohexane 80.7 0.328 0.0437 
Cyclohexanol 160.8 0.344 0.0459 
Cyclohexanone 155.4 0.382 0.0509 
Decane 174.1 0.388 0.0517 
Dibutyl ether 140.2 0.363 0.0484 
Dichloromethane 39.6 0.276 0.0368 
Diethyl ether 34.5 0.278 0.0371 
Dimethyl sulfoxide 189.0 0.379 0.0505 
1,4-Dioxane 101.5 0.321 0.0428 
Dipropyl ether 90.0 0.326 0.0435 
Ethanol 78.2 0.249 0.0332 
Ethyl acetate 77.1 0.300 0.0400 
Ethylene glycol 197.3 0.331 0.0441 
Heptane 98.5 0.336 0.0448 
Hexafluorobenzene 80.2 0.305 0.0407 
Hexane 68.7 0.314 0.0419 
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change in volume upon vaporization equals the ideal-gas volume 
of the vapor. This leads to the equation 


At/Ap = RT? [p,N, H(T) 


where К is the molar gas constant, p, is 101.325 kPa, T, is the nor- 
mal boiling point temperature (absolute), and А VF) is the mo- 
lar enthalpy of vaporization at the normal boiling point. Values 
of the last quantity may be obtained from the table "Enthalpy of 
Vaporization" in Section 6. 


Reference 


1. Lide, D. В., and Kehiaian, H. V., СЕС Handbook of Thermophysical апа 
Thermochemical Data, CRC Press, Boca Raton, FL, 1994, pp. 49-59. 


[A А Ар 
Compound "C °C/kPa °C/mmHg 
1-Hexanol 157.6 0.318 0.0424 
Hydrogen fluoride 20.1 0.276 0.0368 
Iodomethane 42.5 0.291 0.0388 
Isobutane -11.7 0.254 0.0339 
Methanol 64.6 0.251 0.0335 
Methyl acetate 56.8 0.282 0.0376 
Methyl formate 31.7 0.582 0.0776 
N-Methylaniline 196.2 0.396 0.0528 
N-Methylformamide 199.5 0.371 0.0495 
Nitrobenzene 210.8 0.418 0.0557 
Nitromethane 101.1 0.320 0.0427 
1-Octanol 195.1 0.360 0.0480 
Pentane 36.0 0.289 0.0385 
1-Pentanol 137.9 0.296 0.0395 
Phenol 181.8 0.349 0.0465 
Propane -42.1 0.224 0.0299 
1-Propanol 97.2 0.261 0.0348 
2-Propanol 82.3 0.247 0.0329 
Pyridine 115.2 0.340 0.0453 
Pyrrole 129.7 0.330 0.0440 
Pyrrolidine 86.5 0.309 0.0412 
Styrene 145.1 0.369 0.0492 
Sulfur dioxide -10.05 0.221 0.0295 
Tetrachloroethylene 121.3 0.354 0.0472 
Tetrachloromethane 76.8 0.325 0.0433 
Toluene 110.6 0.353 0.0471 
Trichloroethylene 87.2 0.330 0.0440 
Trichloromethane 61.1 0.302 0.0403 
Trimethylamine 2.8 0.248 0.0331 
Water 100.0 0.276 0.0368 
о-Хујепе 1445 0.373 0.0497 
т-Хујепе 139.1 0.368 0.0491 
p-Xylene 138.3 0.369 0.0492 


EBULLIOSCOPIC CONSTANTS FOR CALCULATION OF BOILING POINT ELEVATION 


The boiling point T, of a dilute solution of a non-volatile, non- 
dissociating solute is elevated relative to that of the pure solvent. 
If the solution is ideal (i.e., follows Raoult's Law), the amount of el- 
evation depends only on the number of particles of solute present. 
Hence the change in boiling point AT, can be expressed as 


AT, - E, m, 


where т, is the molality (moles of solute per kilogram of solvent) 
and Е, is the Ebullioscopic Constant, a characteristic property of 


Compound БК kg mol 
Acetic acid 322 
Acetone 1.80 
Acetonitrile 144 
Aniline 3.82 
Anisole 4.20 
Benzaldehyde 4.24 
Benzene 2.64 
1-Butanol 2.17 
Carbon disulfide 2.42 
Chlorobenzene 4.36 
1-Chlorobutane 3.13 
Cyclohexane 2.92 
Cyclohexanol 3.5 
Decane 6.10 
Dichloromethane 2.42 
Diethyl ether 2.20 
Dimethyl sulfoxide 3.22 
1,4-Плохапе 3.01 
Ethanol 1.23 
Ethyl acetate 2.82 
Ethylene glycol 2.26 
Heptane 3.62 


the solvent. The Ebullioscopic Constant may be calculated from 
the relation 


E =RT2M/A H 
vap 


where R is the molar gas constant, T, is the normal boiling point 
temperature (absolute) of the solvent, M the molar mass of the 
solvent, and A „H the molar enthalpy (heat) of vaporization of the 
solvent at its normal boiling point. 

This table lists E, values for some common solvents, as calculat- 
ed from data in the table "Enthalpy of Vaporization" in Section 6. 


Compound БК kg mol" 
Нехапе 2.90 
Iodomethane 4.31 
Methanol 0.86 
Methyl acetate 221 
N-Methylaniline 4.3 
N-Methylformamide 2.2 
Nitrobenzene 5.2 
Nitromethane 2.09 
1-Octanol 5.06 
Phenol 3.54 
1-Propanol 1.66 
2-Propanol 1.58 
Pyridine 2.83 
Pyrrole 2.33 
Pyrrolidine 2.32 
Tetrachloroethylene 6.18 
Tetrachloromethane 5.26 
Toluene 3.40 
Trichloroethylene 4.52 
Trichloromethane 3.80 
Water 0.513 
o-Xylene 4.25 
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CRYOSCOPIC CONSTANTS FOR CALCULATION OF FREEZING POINT DEPRESSION 


The freezing point T, of a dilute solution of a non-volatile, non- solvent. The Cryoscopic Constant may be calculated from the re- 
dissociating solute is depressed relative to that ofthe puresolvent. lation 
If the solution is ideal (i.e., follows Raoult's Law), this lowering is 


a function only of the number of particles of solute present. Thus E= R T? MIA, H 
4. valne ofthe lowering of freezing point AT cam berex- where R is the molar gas constant, T, is the freezing point tem- 


perature (absolute) of the solvent, M the molar mass of the solvent, 
AT,- Eum, and Д, H the molar enthalpy (heat) of fusion of the solvent. 
This table lists cryscopic constants for selected substances, as cal- 
where т, is the molality (moles of solute per kilogram of solvent) culated from data in the table "Enthalpy of Fusion" in Section 6. 
and Е, 15 the Cryoscopic Constant, a characteristic property of the 


Compound E/K kg mol" Compound Е/К kg mol" 
Acetamide 3.92 1,4-Dioxane 4.63 
Acetic acid 3.63 Diphenylamine 8.38 
Acetophenone 5.16 Ethylene glycol 3.11 
Aniline 5.23 Formamide 4.25 
Benzene 5.07 Formic acid 2.38 
Benzonitrile 5.35 Glycerol 3.56 
Benzophenone 8.58 Methylcyclohexane 2.60 
(+)-Camphor 37.8 Naphthalene 7.45 
1-Chloronaphthalene 7.68 Nitrobenzene 6.87 
o-Cresol 5.92 Phenol 6.84 
m-Cresol 7.76 Pyridine 4.26 
p-Cresol 7.20 Quinoline 6.73 
Cyclohexane 20.8 Succinonitrile 19.3 
Cyclohexanol 42.2 1,1,2,2-Tetrabromoethane 21.4 
cis-Decahydronaphthalene 6.42 1,1,2,2- Tetrachloro-1,2-difluoroethane 41.0 
trans-Decahydronaphthalene 4.70 Toluene 3.55 
Dibenzyl ether 6.17 p-Toluidine 4.91 
p-Dichlorobenzene 7.57 Tribromomethane 15.0 
Diethanolamine 3.16 Water 1.86 
Dimethyl sulfoxide 3.85 p-Xylene 4.31 
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FREEZING POINT LOWERING BY ELECTROLYTES IN AQUEOUS SOLUTION 


Forsythe, W. E., Smithsonian Physical Tables, Ninth Edition, Smithsonian Institution, Washington, 1956. 


Compound 
СаС1, 
CuSO, 

HCl 


Reference 


Lowering of freezing point of water (in °C) as function of molality (mol/kg) 


0.05 
0.25 
0.13 
0.18 
0.18 
0.20 
0.18 
0.17 
0.17 
0.23 
0.18 
0.13 
0.17 
0.18 
0.18 


0.10 
0.49 
0.23 
0.36 
0.35 
0.39 
0.36 
0.35 
0.33 
0.43 
0.35 
0.24 
0.34 
0.35 
0.36 


0.25 
1.27 
0.47 
0.90 
0.88 
0.96 
0.92 
0.86 
0.78 
1.01 
0.88 
0.55 
0.85 
0.85 
0.80 


0.50 
2.66 
0.96 
1.86 
1.80 
1.95 
1.78 
1.68 
1.47 
1.87 
1.80 
1.01 
1.70 
1.68 
1.62 


0.75 
4.28 


2.90 
2.78 
3.04 


2.49 
2.11 


2.78 
1.50 
2.55 
2.60 
2.63 


1.00 
6.35 


4.02 


3.80 


4.28 


3.29 


2.66 


2.08 


3.10 


1.50 


10.78 
6.63 
5.98 
7.35 


4.88 


3.41 


2.00 
15.27 


9.94 
8.34 
11.35 


6.50 


2.50 
20.42 


3.00 
28.08 


13.92 


9.77 
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DETERMINATION OF RELATIVE HUMIDITY FROM DEW POINT 


The relative humidity of a water vapor-air mixture is defined 
as 100 times the partial pressure of water divided by the satura- 
tion vapor pressure of water at the same temperature. The rela- 
tive humidity may be determined from the dew point t, which 
is the temperature at which liquid water first condenses when the 


C‏ لیا 
t-t,., -10 0 10 20 30‏ 
100 100 100 100 100 0.0 
99 99 99 99 99 0.2 
98 98 97 97 97 0.4 
97 96 96 96 95 0.6 
96 95 95 94 94 0.9 
94 94 94 93 92 10 
93 93 92 92 91 12 
92 92 91 90 90 14 
91 91 90 89 88 16 
90 90 89 88 87 18 
89 88 88 87 86 2.0 
89 87 86 85 84 22 
87 86 85 84 83 2.4 
86 85 84 83 82 2.6 
85 84 83 82 80 2.8 
84 83 82 81 79 3.0 
83 82 81 80 78 32 
82 81 80 79 77 34 
82 80 79 77 76 3.6 
81 79 78 76 75 3.8 
80 78 77 75 73 4.0 
79 77 76 74 72 42 
78 77 75 73 71 44 
77 76 74 72 70 4.6 
76 75 73 71 69 48 
75 74 72 70 69 5.0 
75 73 71 69 67 52 
74 72 70 68 66 5.4 
73 71 69 67 65 5.6 
72 70 69 66 64 5.9 
71 70 68 66 63 6.0 
71 69 67 65 62 6.2 
70 68 66 64 61 64 
69 67 65 63 60 6.6 
68 66 64 62 60 6.8 
68 66 63 61 59 7.0 
67 65 63 60 58 72 
66 64 62 60 57 74 
65 63 61 59 56 7.6 
65 63 60 58 55 78 
64 62 60 57 54 8.0 


mixture is cooled from an initial temperature #. This table gives 


relative humidity as a function of the dew point depression t – £ 


dew 


for several values of the dew point. Values are calculated from the 


vapor pressure table in Section 6. 


і-іш 
8.2 
8.4 
8.6 
8.8 
9.0 
9.2 
9.4 
9.6 
9.8 
10.0 
10.5 
11.0 
11.5 
12.0 
12.5 
13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 
18.5 
19.0 
19.5 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 


LC 

-10 0 10 20 30 
54 56 59 61 63 
53 56 58 60 63 
52 55 57 60 62 
51 54 57 59 61 
51 53 56 58 61 
50 53 55 58 60 
49 52 55 57 59 
48 51 54 56 59 
48 51 53 56 58 
47 50 53 55 57 
45 48 51 54 56 
44 47 49 52 55 
42 45 48 51 53 
41 44 47 49 52 
39 42 45 48 50 
38 41 44 46 49 
37 40 43 45 48 
35 38 41 44 47 
34 37 40 43 45 
33 36 39 42 44 
32 35 38 40 

31 34 37 39 

30 33 36 38 

29 32 35 37 

28 31 34 36 

27 30 33 35 

26 29 32 34 

25 28 31 33 

24 27 30 33 

24 26 29 32 

22 25 27 30 

21 23 26 29 

19 22 24 27 

18 21 23 26 

17 19 22 24 

16 18 21 23 

15 17 20 22 

14 16 19 21 

13 15 18 20 

12 14 17 19 
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DETERMINATION OF RELATIVE HUMIDITY FROM WET AND DRY BULB 
TEMPERATURES 


Relative humidity may be determined by comparing tempera- 2, (dry bulb) and the difference 1, — t, between dry and wet bulb 
ture readings of wet and dry bulb thermometers. Thefollowingta- temperatures. The data assume a pressure near normal atmo- 
ble, extracted from more extensive U.S. National Weather Service spheric pressure and an instrumental configuration with forced 
tables, gives the relative humidity as a function of air temperature ventilation. 


(t,-£,)/°C 

tC 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

-10 83 67 51 35 19 

-8 86 71 57 43 29 15 

-6 88 74 61 49 37 25 8 

-4 89 77 66 55 44 33 23 12 

-2 90 79 69 60 50 40 31 22 12 

0 91 81 72 64 55 46 38 29 21 13 5 

2 91 84 76 68 60 52 44 37 29 22 14 7 

4 92 85 78 71 63 57 49 43 36 29 22 16 

6 93 86 79 73 66 60 54 48 4l 35 29 24 

8 93 87 81 75 69 63 57 51 46 40 35 29 

10 94 88 82 77 71 66 60 55 50 44 39 34 

12 94 89 83 78 73 68 63 58 53 48 43 39 

14 95 90 85 79 75 70 65 60 56 51 47 42 

16 95 90 85 81 76 71 67 63 58 54. 50 46 

18 95 91 86 82 77 73 69 65 61 57 53 49 

20 96 91 87 83 78 74 70 66 63 59 55 51 

22 96 92 87 83 80 76 72 68 64 61 57 54 

24 96 92 88 84 80 77 73 69 66 62 59 56 

26 96 92 88 85 81 78 74 71 67 64 61 58 

28 96 93 89 85 82 78 75 72 69 65 62 59 

30 96 93 89 86 83 79 76 73 70 67 64 61 

35 97 94 90 87 84 81 78 75 72 69 67 64 

40 97 94 91 88 85 82 80 77 74 72 69 67 
(t -£C 

(759 6.5 7.0 7.5 8.0 8.5 9.0 10.0 11.0 12.0 13.0 14.0 15.0 

4 9 

6 17 11 5 

8 24 19 14 8 

10 29 24 20 15 10 6 

12 34 29 25 21 16 12 5 

14 38 34 30 26 22 18 10 

16 42 38 34 30 26 23 15 8 

18 45 41 38 34 30 27 20 14 7 

20 48 44 41 37 34 31 24 18 12 6 

22. 50 47 44 40 37 34 28 22 17 11 6 

24 53 49 46 43 40 37 31 26 20 15 10 5 

26 54. 51 49 46 43 40 34 29 24 19 14 10 

28 56 53 51 48 45 42 37 32 27 22 18 13 

30 58 55 52 50 47 44 39 35 30 25 21 17 

32 60 57 54. 51 49 46 41 37 32 28 24 20 

34 61 58 56 53 51 48 43 39 35 30 26 23 

36 62 59 57 54 52 50 45 4l 37 33 29 25 

38 63 61 58 56 54 51 47 43 39 35 31 27 

40 64 62 59 57 54 53 48 44 40 36 33 29 
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CONSTANT HUMIDITY SOLUTIONS 


Anthony Wexler 


An excess of a water soluble salt in contact with its saturated where p, is the vapor pressure of pure water at temperature T as 
solution and contained within an enclosed space produces a con- given in the table in Section 6 titled "Vapor Pressure of Water from 
stant relative humidity and water vapor pressure according to 0 to 370°C”. 


RH = A exp(B/T) References 


where RH is the percent relative humidity (generally accurate to 
+2 96), T is the temperature іп kelvin, and the constants A and В 
and the range of valid temperatures are given in the table below. 


1. Wexler, A. S. and Seinfeld, J. H., Atmospheric Environment, 25A, 2731, 
1991. 
2. Greenspan, L., J. Res. National Bureau of Standards, 81А, 89, 1977. 


The vapor pressure, p, can be calculated from 3. Broul, et al., Solubility of Inorganic Two-Component Systems, Elsevier, 
New York, 1981. 
p = (КН/100) x Ро 4. Wagman, D. D. et al., J. Phys. Chem. Ref: Data, Vol. 11, Suppl. 2, 1982. 
Compound Temperature range (°С) RH (25°С) A B 
NaOH - H,O 15—60 6 5.48 27 
LiBr ۰ 2H,O 10—30 6 0.23 996 
ZnBr, : 2H,O 5—30 8 1.69 455 
КОН-2Н,О 5-430 9 0.014 1924 
LiCl - H,O 20—65 11 14.53 -75 
СаВг,.6Н,О 11-22 16 0.17 1360 
Lil -3H,O 15—65 18 0.15 1424 
CaCl, 6H,O 15—25 29 0.11 1653 
MgCl, 6H,O 5—45 33 29.26 34 
Маг-2Н,О 5-45 38 3.62 702 
Са(МО),-4Н,О 10—30 51 1.89 981 
Mg(NO)), : 6H,O 5—35 53 25.28 220 
NaBr - 2H,O 0—35 58 20.49 308 
NH,NO, 10—40 62 3.54 853 
KI 5—30 69 29.35 254 
SrCl, -6H,O 5—30 71 31.58 241 
NaNO, 10—40 74 26.94 302 
NaCl 10—40 75 69.20 25 
NH,Cl 10—40 79 35.67 235 
KBr 5—25 81 40.98 203 
(NH,),SO, 10—40 81 62.06 79 
KCl 5—25 84 49.38 159 
5,(МО),-4Н,О 5—25 85 28.34 328 
BaCl, -2H,O 5—25 90 69.99 75 
CsI 5—25 91 70.77 75 
KNO, 0—50 92 43.22 225 
K,SO, 10—50 97 86.75 34 
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STANDARD SALT SOLUTIONS FOR HUMIDITY CALIBRATION 


Saturated aqueous solutions of inorganic salts are convenient 
secondary standards for calibration of instruments for measure- 
ment of relative humidity. The International Union of Pure and 
Applied Chemistry has recommended salt solutions for cali- 
brations in the range of 10% to 9096 relative humidity, and the 
American Society for Testing and Materials has published similar 
standards. The data in this table are taken from the IUPAC recom- 
mendations, except Юг K CO, and К,5О, which are ASTM rec- 
ommendations. 

Details on the preparation and use of these standards may 
be found in References 1 and 2. Data for other salts are given in 
Reference 3. 
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Relative Humidity in % 


°С па MgCl, ксо, 
33.66 + 0.33 43.1 + 0.7 

5 33.60 + 0.28 43.1 + 0.5 

10 33.47 + 0.24 43.1 + 0.4 

15 33.30 + 0.21 43.2 + 0.3 

20 11.31 + 0.31 33.07 + 0.18 43.2 + 0.3 

25 11.30 + 0.27 32.78 + 0.16 43.2 + 0.4 

30 11.28 + 0.24 32.44 + 0.14 43.2 + 0.5 

35 11.25 + 0.22 32.05 + 0.13 

40 11.21 + 0.21 31.60 + 0.13 

45 11.16 + 0.21 31.10 + 0.13 

50 11.10 + 0.22 30.54 + 0.14 

55 11.03 + 0.23 29.93 + 0.16 

60 10.95 + 0.26 29.26 + 0.18 

65 10.86 + 0.29 28.54 + 0.21 

70 10.75 + 0.33 27.77 + 0.25 

75 10.64 + 0.38 26.94 + 0.29 

80 10.51 + 0.44 26.05 + 0.34 
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Mg(NO,), NaCl ка K,SO, 
60.35 + 0.55 75.51 + 0.34 88.61 + 0.53 98.8 + 2.1 
58.86 + 0.43 75.65 + 0.27 87.67 + 0.45 98.5 + 0.9 
57.36 + 0.33 75.67 + 0.22 86.77 + 0.39 98.2 + 0.8 
55.87 + 0.27 75.61 + 0.18 85.92 + 0.33 97.9 + 0.6 
54.38 + 0.23 75.47 + 0.14 85.11 + 0.29 97.6 +0.5 
52.89 + 0.22 75.29 + 0.12 84.34 + 0.26 973 £0.5 
51.40 + 0.24 75.09 + 0.11 83.62 + 0.25 97.0 + 0.4 
49.91 + 0.29 74.87 + 0.12 82.95 + 0.25 96.7 + 0.4 
48.42 + 0.37 82.32 + 0.25 96.4 + 0.4 
46.93 + 047 81.74 + 0.28 96.1 + 0.4 
45.44 + 0.60 81.20 + 0.31 95.8 + 0.5 

80.70 + 0.35 
80.25 + 0.41 
79.85 + 0.48 
79.49 + 0.57 
79.17 + 0.66 
78.90 + 0.77 


LOW TEMPERATURE BATHS FOR MAINTAINING CONSTANT TEMPERATURE 


A liquid-solid slurry is a convenient means of maintaining a this purpose, arranged in order of their melting (freezing) points 
constant temperature environment below room temperature. The — £,.. The normal boiling points f, are also given. 
following is a list of readily available organic liquids suitable for 


Compound t ^C °С 
Isopentane (2-Methylbutane) –159.9 27.8 
Methylcyclopentane -142.5 71.8 
3-Chloropropene (Allyl chloride) —134.5 45.1 
Репїапе —129.7 36.0 
Allyl alcohol -129 97.0 
Ethanol -114.1 78.2 
Carbon disulfide -111.5 46 
Isobutyl alcohol —108 107.8 
Toluene -94.9 110.6 
Acetone —94.8 56.0 
Ethyl acetate —83.6 77.1 
Dry ice + acetone -78 

р-Сутепе -68.9 177.1 
Trichloromethane (Chloroform) —63.6 61.1 
N-Methylaniline -57 196.2 
Chlorobenzene -452 131.7 
Anisole -37.5 153.7 
Bromobenzene -30.6 156.0 
Tetrachloromethane (Carbon tetrachloride) -23 76.8 
Benzonitrile -127 1911 
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WIRE TABLES 


The resistance per unit length of wires of various metals is tice, resistance may vary because of differing heat treatments and 
tabulated here. Values were calculated from resistivity values in metal composition. The values in the table refer to 20°C, but val- 
the tables "Electrical Resistivity of Pure Metals" and "Electrical ues at other temperatures may be calculated from the following 
Resistivity of Selected Alloys’, which appear іп Section 12. In prac- resistivity data: 


Resistivity in 10? О m at temperature 


Metal 0°С 20°С 25°С 100°С 

Aluminum 2.417 2.650 2.709 3.56 
Brass (7096 Cu, 3096 Zn) 5.87 6.08 6.13 6.91 
Constantan (6096 Cu, 4096 Ni) 45.43 45.38 45.35 45.11 
Copper 1.543 1.678 1712 2.22 
Nichrome (79% Ni, 2196 Cr) 107.3 107.5 107.6 108.3 

Platinum 9.6 10.5 10.7 13.6 

Silver 1.467 1.587 1.617 2.07 
Tungsten 4.82 5.28 5.39 7.18 


Resistance per unit length at 20°C in Олт 


Diameter 

В & $ Gauge (mm) Aluminum Brass Constantan Copper Nichrome Platinum Silver Tungsten 
0 8.252 0.000495 0.00114 0.00848 0.000314 0.0201 0.00196 0.000297 0.00099 
2 6.543 0.000788 0.00181 0.0135 0.000499 0.0320 0.00312 0.000472 0.00157 
4 5.189 0.00125 0.00287 0.0214 0.000793 0.0508 0.00496 0.000750 0.00250 
6 4.115 0.00199 0.00457 0.0341 0.00126 0.0808 0.00789 0.00119 0.00397 
8 3.264 0.00317 0.00727 0.0542 0.00200 0.128 0.0125 0.00190 0.00631 
10 2.588 0.00504 0.0115 0.0863 0.00319 0.204 0.0200 0.00302 0.0100 
12 2.053 0.00800 0.0184 0.137 0.00507 0.325 0.0317 0.00479 0.0159 
14 1.628 0.0127 0.0292 0.218 0.00806 0.516 0.0504 0.00762 0.0254 
16 1.291 0.0202 0.0464 0.347 0.0128 0.821 0.0802 0.0121 0.0403 
18 1.024 0.0322 0.0738 0.551 0.0204 1.30 0.127 0.0193 0.0641 
20 0.8118 0.0512 0.117 0.877 0.0324 2.08 0.203 0.0307 0.102 
22 0.6439 0.0814 0.187 1.39 0.0515 3.30 0.322 0.0487 0.162 
24 0.5105 0.129 0.297 2.22 0.0820 5.25 0.513 0.0775 0.258 
26 0.4049 0.206 0.472 3.52 0.130 8.35 0.815 0.123 0.410 
28 0.3211 0.327 0.751 5.60 0.207 13.3 1.30 0.196 0.652 
30 0.2548 0.520 1.19 8.90 0.329 214 2.06 0.311 1.03 
32 0.2019 0.828 1.90 142 0.524 33.6 3.28 0.496 1.65 
34 0.1601 1.32 3.02 22.5 0.833 53.4 5.22 0.788 2.62 
36 0.1270 2.09 4.80 35.8 1.32 84.9 8.29 1.25 417 
38 0.1007 3.33 7.63 57.0 2.11 135 13.2 1.99 6.63 
40 0.07988 5.29 12.1 90.5 3.35 214 20.9 3.17 10.5 
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CHARACTERISTICS OF PARTICLES AND PARTICLE DISPERSOIDS 


Particle Diameter, microns (um) 
0.0001 . Ё 0.1 


10:090 2,500 | 


Equivalent 
Sizes б | Theoretical Mesh 


(Used very infrequently) 


7 Visible 
Electromagnetic Ultraviolet ээн 
Waves Solar Radiation 


[Soi — — == 
Technical Dispersoie Liquid: | E] 
Detinitions Atterberg or International Std. Classification System _ پا‎ 
adopted by Internat. Soc. Soil Sci. Since 4 7 ما«‎ Fine Sand > Coarse Sand Gravel 
ې ووه‎ ады ыны Clouds and Fog —r<Mist 6 шинэ. 


Rosin Smoke Fertilizer, Ground Limestone 
Oil Smokes 
Tobacco Smoke Coal Dust 
Metallurgical Dusts and Fumes 
‘Ammonium Chloride Fume >+#— Cement Dust 
Sulfuric 
Concentrator Mist 
Contact 
Carbon p= >< Sulfuric Mist 
|. — paint Pigments ———» <-- Flotation Ores —>1 
Typical Particles Zinc Oxide Fume —& — Dusts 


and HCl CH. Colloidal 
Gas Dispersoids | Ground Talc 
s' Molecular diameters calculated Bv Dried Milk 
from viscosity data at 0*С Alkali El e 
Nuclei 


Atmospheric Dust 
1<— Ѕеа Salt Nuclei اح‎ Nebulizer Drops > Hydraulic Nozzle Drops – > 
Combustion Lung Damaging | Pneumatic 
Nuclei Dust 1 Nozzle Drops 
Red Blood Cell Diameter (Adults): 7.54 47 
1«— — Viruses ——34 Bacteria »-«Human Hair» 


Beach Sand 


Pulverized Coal 1 


Electroformed 
Sieves *Furnishes average 
Ultramicroscope* Microscope — — — particle diameter but 
Electron Microscope -4> no size distribution 
Methods for 1+ Centrifuge >< Elutriation **Size distribution 
Particle Size Ultracentrifuge Sedimentation may be obtained by 
Analysis MONS Turbidimetry ++ special calibration 
ке – ——X-Ray Diffraction = DADA = тол Visible to Eye 
Adsorption = -Г ЭН 


Light Scattering =+ - Machine Tools (Micrometers, Calipers, etc.) 


Impingers Sieving 


A Ultrasonics 
(very limited industrial application) 


Settling Chambers 


Types of Cloth Collectors 


Gas Cleaning Packed Beds 
Equipment 


High Efficiency Air Filters Impingement Separators 
Thermal Precipitation 


(used only for sampling) 
р Electrical Precipitators 


Е ^2 P 8 215% 19%; з 105 vs ve EET‏ دس 
Terminal г „107‏ 
Gravitational 23‏ 
Setting*‏ 
for spheres.‏ 
ИН ИЙ! ТЭ Ё T МЕ 1; Т: ИЙ T: Pe ТЭ ОЕ ele‏ اس ] 20 ара‏ | 
E dri р š 23‏ 


Particle Diffusion 
Coefficient,* 
cm?/s 


Mechanical Separators —» 


*Stokes-Cunningham 

factor included in B H Ё 0.1 
values given for air 

but not included for water 


Particle Diameter, microns (um) 
C.E. Lapple, Stanford Research 


Institute Journal, Vol. 5, p.95 
(Third Quarter, 1961) 
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DENSITY OF VARIOUS SOLIDS 


This table gives the range of density for miscellaneous solid ma- 2. Kaye, С. W. C., and Laby, T. Н., Tables of Physical and Chemical 


terials whose characteristics depend on the source or method of Constants, 16th Edition, Longman, London, 1995. 
preparation. 3. Brandrup, J., and Immergut, E. H., Polymer Handbook, Third Edition, 


John Wiley & Sons, New York, 1989. 
References 


1. Forsythe, W. Е. Smithsonian Physical Tables, Ninth Edition, 
Smithsonian Institution, Washington, D.C., 1956. 


Material p/ g cm? Material р/ g cm? Material p/ g cm? 
Agate 2.5-27 Pyrex 2.23 Solder 87-94 
Alabaster, Granite 2.64-2.76 Starch 1.53 
carbonate 2.69-2.78 Graphite 2.30-2.72 Steel, stainless 7.8 
sulfate 2.26-2.32 Gum arabic 1.3-14 Sugar 1.59 
Albite 2.62-2.65 Gypsum 2.31-2.33 Talc 27-2.8 
Атпђег 1.06-1.11 Hematite 4.9-5.3 Tallow, beef 0.94 
Amphiboles 2.9-32 Hornblende 3.0 Tar 1.02 
Anorthite 2.74-2.76 Ice 0.917 Topaz 3.5-3.6 
Asbestos 2.0-2.8 Iron, cast 7.0-7.4 Tourmaline 3.0-32 
Asbestos slate 1.8 Ivory 1.83-1.92 Tungsten carbide 14.0-15.0 
Asphalt 1.1-1.5 Kaolin 2.6 Wax, sealing 18 
Basalt 24-3.1 Leather, dry 0.86 Wood (seasoned) 
Beeswax 0.96-0.97 Lime, slaked 13-1.4 alder 0.42-0.68 
Beryl 2.69-2.70 Limestone 2.68-2.76 apple 0.66-0.84 
Biotite 2.7-3.1 Linoleum 1.18 ash 0.65-0.85 
Bone 1.7-2.0 Magnetite 4.9-5.2 balsa 0.11-0.14 
Brasses 8.44-8.75 Malachite 3.7-4.1 bamboo 0.31-0.40 
Brick 14-23 Marble 2.6-2.84 basswood 0.32-0.59 
Bronzes 8.74-8.89 Meerschaum 0.99-1.28 beech 0.70-0.90 
Butter 0.86-0.87 Mica 2.6-3.2 birch 0.51-0.77 
Calamine 4.1-4.5 Muscovite 2.76-3.00 blue gum 1.00 
Calcspar 2.6-2.8 Ochre 3.5 box 0.95-1.16 
Camphor 0.99 Opal 22 butternut 0.38 
Cardboard 0.69 Paper 0.7-1.15 cedar 0.49-0.57 
Celluloid 14 Paraffin 0.87-0.91 cherry 0.70-0.90 
Cement, set 2.7-3.0 Peat blocks 0.84 dogwood 0.76 
Chalk 1.9-2.8 Pitch 1.07 ebony 1.11-1.33 
Charcoal, Polyamides 1.15-1.25 elm 0.54-0.60 
оак 0.57 Polyethylene 0.92-0.97 hickory 0.60-0.93 
pine 0.28-0.44 Роју(те у! methacrylate) 1.19 holly 0.76 
Cinnabar 812 Polypropylene 0.91-0.94 juniper 0.56 
Clay 1.8-2.6 Polystyrene 1.06-1.12 larch 0.50-0.56 
Coal, Polytetrafluoroethylene 2.28-2.30 locust 0.67-0.71 
anthracite 1.4-1.8 Poly(vinyl acetate) 1.19 logwood 0.91 
bituminous 1.2-1.5 Poly(vinyl chloride) 1.39-1.42 mahogany 0.66-0.85 
Coke 1.0-1.7 Porcelain 2.3-2.5 maple 0.62-0.75 
Copal 1.04-1.14 Porphyry 2.6-2.9 oak 0.60-0.90 
Cork 0.22-0.26 Pyrite 4.95-5.10 pear 0.61-0.73 
Corundum 3.9-4.0 Quartz (а) 2.65 pine, pitch 0.83-0.85 
Diamond 3.51 Resin 1.07 white 0.35-0.50 
Dolomite 2.84 Rock salt 2.18 yellow 0.37-0.60 
Ebonite 115 Rubber, plum 0.66-0.78 
Emery 4.0 hard 119 рорјаг 0.35-0.50 
Epidote 3.25-3.50 soft 1.1 satinwood 0.95 
Feldspar 2.55-2.75 pure gum 0.91-0.93 spruce 0.48-0.70 
Elint 2.63 Neoprene 1.23-1.25 Sycamore 0.40-0.60 
Fluorite 3.18 Sandstone 2.14-2.36 teak, Indian 0.66-0.98 
Galena 7.3-7.6 Serpentine 2.50-2.65 walnut 0.64-0.70 
Garnet 3.15-4.3 Silica, fused, 221 water gum 1.00 
Gelatin 127 Silicon carbide 3.16 willow 0.40-0.60 
Glass, Slag 2.0-3.9 Wood's metal 9.70 
common 2.4-2.8 Slate 2.6-3.3 
lead 3-4 Soapstone 2.6-2.8 
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DIELECTRIC STRENGTH OF INSULATING MATERIALS 


L. I. Berger 


The loss of the dielectric properties by a sample of a gaseous, 
liquid, or solid insulator as a result of application to the sample of 
an electric field* greater than a certain critical magnitude is called 
dielectric breakdown. The critical magnitude of electric field at 
which the breakdown of a material takes place is called the dielec- 
tric strength of the material (or breakdown voltage). The dielectric 
strength of a material depends on the specimen thickness (as a 
rule, thin films have greater dielectric strength than that of thicker 
samples of a material), the electrode shape**, the rate of the ap- 
plied voltage increase, the shape of the voltage vs. time curve, and 
the medium surrounding the sample, e.g., air or other gas (or a 
liquid — for solid materials only). 


Breakdown in Gases 

The current carriers in gases are free electrons and ions gener- 
ated by external radiation. The equilibrium concentration of these 
particles at normal pressure is about 10? cm 5, and hence the elec- 
trical conductivity is very small, of the order of 1076 — 1075 S/cm. 
But in a strong electric field, these particles acquire kinetic energy 
along their free path, large enough to ionize the gas molecules. 
The new charged particles ionize more molecules; this avalanche- 
like process leads to formation between the electrodes of channels 
of conducting plasma (streamers), and the electrical resistance of 
the space between the electrodes decreases virtually to zero. 

Because the dielectric strength (breakdown voltage) of gases 
strongly depends on the electrode geometry and surface condition 
and the gas pressure, it is generally accepted to present the data 
for a particular gas as a fraction of the dielectric strength of either 
nitrogen or sulfur hexafluoride measured at the same conditions. 
In Table 1, the data are presented in comparison with the dielectric 
strength of nitrogen, which is considered equal to 1.00. For con- 
venience to the reader, a few average magnitudes of the dielectric 
strength of some gases are expressed in kilovolts per millimeter. 
The data in the table relate to the standard conditions, unless in- 
dicated otherwise. 


Breakdown in Liquids 

If a liquid is pure, the breakdown mechanism in it is similar to 
that in gases. If a liquid contains liquid impurities in the form of 
small drops with greater dielectric constant than that of the main 
liquid, the breakdown is the result of formation of ellipsoids from 
these drops by the electric field. In a strong enough electric field, 
these ellipsoids merge and form a high-conductivity channel be- 
tween the electrodes. The current increases the temperature in the 
channel, liquid boils, and the current along the steam canal leads to 
breakdown. Formation of a conductive channel (bridge) between 


* The unit of electric field in the SI system is newton per coulomb or volt per meter. 


the electrodes is observed also in liquids with solid impurities. If a 
liquid contains gas impurities in the form of small bubbles, break- 
down is the result of heating of the liquid in strong electric fields. 
In the locations with the highest current density, the liquid boils, 
the size of the gas bubbles increases, they merge and form gaseous 
channels between the electrodes, and the breakdown medium is 
again the gas plasma. 


Breakdown in Solids 

It is known that the current in solid insulators does not obey 
Ohm's law in strong electric fields. The current density increases 
almost exponentially with the electric field, and at a certain field 
magnitude it jumps to very high magnitudes at which a speci- 
men of a material is destroyed. The two known kinds of electric 
breakdown are thermal and electrical breakdowns. The former is 
the result of material heating by the electric current. Destruction 
of a sample of a material happens when, at a certain voltage, the 
amount of heat produced by the current exceeds the heat release 
through the sample surface; the breakdown voltage in this case is 
proportional to the square root of the ratio of the thermal conduc- 
tivity and electrical conductivity of the material. A semi-empirical 
expression for dependence of the breakdown voltage, V, on the 
physical properties and geometry of a sample of a solid material 
for the one-dimensional case is 


1/2 


V, =[Арк / аф(4)| 


where А is a numerical constant related to the system of units 
used, p and к are the volume resistivity and thermal conductiv- 
ity of the sample material, a is a constant related to the chemical 
bond nature and crystal structure of the sample material, and ф(4) 
is a function of the sample geometry, first of all, thickness, 4 (see, 
e.g., Ref. R6). In the majority of materials, ф(@) increases with d, 
hence, the magnitude of V, is greater in the thinner samples of a 
particular material. 

The electrical breakdown results from the tunneling of the 
charge carriers from electrodes or from the valence band or from 
the impurity levels into the conduction band, or by the impact 
ionization. The tunnel effect breakdown happens mainly in thin 
layers, e.g., in thin p-n junctions. Otherwise, the impact ionization 
mechanism dominates. For this mechanism, the dielectric strength 
of an insulator can be estimated using Boltzmann's kinetic equa- 
tion for electrons in a crystal. 

In the following tables, the dielectric strength values are for 
room temperature and normal atmospheric pressure, unless in- 
dicated otherwise. 


#۶ For example, the U.S. standard ASTM D149 is based on use of symmetrical electrodes, while per U.K. standard 852918 one electrode is a plane and the other is a rod with 


the axis normal to the plane. 
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Dielectric Strength of Insulating Materials 


Material 

Nitrogen, N, 

Hydrogen, H, 

Helium, He 

Oxygen, O, 

Air 

Air (flat electrodes), kV/mm 
Air, kV/mm 

Air, kV/mm 

Neon, Ne 


Argon, Ar 
Chlorine, Cl, 
Carbon monoxide, CO 


Carbon dioxide, CO, 


Nitrous oxide, МО 
Sulfur dioxide, SO, 


Sulfur monochloride, 5,С1, 
(at 12.5 Torr) 

Thionyl fluoride, SOF, 
Sulfur hexafluoride, SF, 


Sulfur hexafluoride, SF, kV/mm 


Perchloryl fluoride, CIO, F 
Tetrachloromethane, CCI, 


Tetrafluoromethane, CF, 
Methane, CH, 


Bromotrifluoromethane, CF,Br 


Bromomethane, CH,Br 
Chloromethane, СН,СІ 
Iodomethane, СН, 
Iodomethane, СНА, at 370 Torr 
Dichloromethane, CH,Cl, 
Dichlorodifluoromethane, ССЂЕ, 


Chlorotrifluoromethane, CCIF, 


5 Relative to nitrogen, unless units of kV/mm are indicated. 


TABLE 1. Dielectric Strength of Gases 


Dielectric* 
strength 
1.00 
0.50 
0.15 
0.92 
0.97 
3.0 
0.4-0.7 
1.40 
0.25 
0.16 
0.18 
1.55 
1.02 
1.05 
0.88 
0.82 
0.84 
1.24 
2.63 
2.68 
1.02 


2.50 
2.50 
2.63 
8.50 
9.8 

2.73 
6.33 
6.21 
1.01 
1.00 
1.13 
1.35 
1.97 
0.71 
1.29 
3.02 
2.20 
1.92 
2.42 
2.63 
1.43 
1.53 


I 
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Material 
Trichlorofluoromethane, ССЂЕ 


Trichloromethane, CHCI, 


Methylamine, СН,МН, 
Difluoromethane, CH,F, 
Trifluoromethane, CHF, 
Bromochlorodifluoromethane, CF,CIBr 
Chlorodifluoromethane, CHCIF, 


Dichlorofluoromethane, СНСЂЕ 


Chlorofluoromethane, СН,СІЕ 
Hexafluoroethane, C,F, 


Ethyne (Acetylene), С,Н, 
Chloropentafluoroethane, С,СІЕ, 


Dichlorotetrafluoroethane, С,СЂЕ, 
Chlorotrifluoroethylene, C,CIF, 
1,1,1-Trichloro-2,2,2-trifluoroethane 
1,1,2-Trichloro-1,2,2-trifluoroethane 
Chloroethane, C,H,Cl 
1,1-Dichloroethane 
Trifluoroacetonitrile, CF,CN 
Acetonitrile, CH,CN 
Dimethylamine, (CH,),NH 
Ethylamine, С,Н,МН, 

Ethylene oxide (oxirane), CH,CHO 
Perfluoropropene, С.Е, 
Octafluoropropane, С.Е, 


3,3,3-Trifluoro-1-propene, CH,CHCF, 
Pentafluoroisocyanoethane, СЕ МС 
1,1,1,4,4,4-Hexafluoro-2-butyne, CF,CCCF, 
Octafluorocyclobutane, C,F, 
1,1,1,2,3,4,4,4-Octafluoro-2-butene 
Decafluorobutane, CF o 
Perfluorobutanenitrile, C,F CN 
Perfluoro-2-methyl-1,3-butadiene, С.Е, 
Hexafluorobenzene, CF, 


Perfluorocyclohexane, С.Е „, (saturated vapor) 


12: 


Dielectric* 
strength 
3.50 
4.53 
42 
4.39 
0.81 
0.79 
0.71 
3.84 
1.40 
1.11 
1.33 
2.61 
1.03 
1.82 
2.55 
1.10 
1.11 
2.3 
3.0 
2.52 
1.82 
6.55 
6.05 
1.00 
2.66 
3.5 
2.11 
1.04 
1.01 
1.01 
2.55 
2.19 
2.47 
2.11 
4.5 
5.84 
3.34 
2.8 
3.08 
5.5 
5.5 
2.11 
6.18 
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Material 

Helium, He, liquid, 4.2 K 
Static 
Dynamic 


Nitrogen, N,, liquid, 77K 
Coaxial cylinder electrodes 
Sphere to plane electrodes 

Water, Н,О, distilled 

Carbon tetrachloride, CCI " 


Hexane, CH, 7 
Two 2.54 cm diameter spherical 
electrodes, 50.8 шт space 
Cyclohexane, С.Н,, 
2-Methylpentane, C H,, 
2,2-Dimethylbutane, СН,, 
2,3-Dimethylbutane, СН,, 
Benzene, C «Н, И 
Chlorobenzene, C,H,Cl 


2,2,4-Trimethylpentane, сн, 
Phenylxylylethane 

Heptane, С.Н, 
2,4-Dimethylpentane, С.Н,, 
Toluene, С.Н,СН, 


Octane, сн, 


Material 


Sodium chloride, NaCl, crystalline 
Potassium bromide, KBr, crystalline 


Ceramics 
Alumina (99.9% ALO,) 
Aluminum silicate, Al,SiO, 
Berillia (99% BeO) 
Boron nitride, BN 
Cordierite, Mg,Al,Si,O „ 
Forsterite, Mg SiO, 
Porcelain 
Steatite, Mg,Si,O,,+H,O 


Titanates of Mg, Ca, Sr, Ba, and Pb 


Barium titanate, glass bonded 
Zirconia, ZrO, 

Glasses 
Fused silica, SiO, 
Alkali-silicate glass 
Standard window glass 

Micas 
Muscovite, ruby, natural 


Dielectric Strength of Insulating Materials 


TABLE 2. Dielectric Strength of Liquids 


Dielectric 
strength 
kV/mm 


10 


65-70 


16.0 
42.0 


156 
42-48 
149 
133 
138 
163 
71 
18.8 
140 
23.6 
166 
133 
199 
46 
12.0 
20.4 
16.6 


Material 


Ethylbenzene, СН 


8 10 


Propylbenzene, СН 


9 "12 


Isopropylbenzene, С,Н,, 
Decane, C, H, 


10 22 
Synthetic Paraffin Mixture 
Synfluid 2с5: РАО 
Butylbenzene, С.Н, 


Isobutylbenzene, С.,Н,, 


Silicone oils—polydimethylsiloxanes, 


(CHj),Si-O-[Si(CH.),] -O-Si(CH,), 
Polydimethylsiloxane silicone fluid 
Dimethyl silicone 
Phenylmethyl silicone 
Silicone oil, Basilone M50 
Mineral insulating oils 
Polybutene oil for capacitors 
Transformer dielectric liquid 
Isopropylbiphenyl capacitor oil 
Transformer oil 
Transformer oil Agip ITE 360 
Perfluorinated hydrocarbons 
Fluorinert FC 6001 
Fluorinert FC 77 
Perfluorinated polyethers 
Galden XAD (Mol. wt. 800) 
Galden D40 (Mol. wt. 2000) 
Castor oil 


TABLE 3. Dielectric Strength of Solids 


Dielectric 
strength 
kV/mm 
150 

80 


13.4 
5.9 
13.8 
37.4 
7.9 

9.8 
35-160 
9.1-15.4 
20-120 
>30 
114 


470-670 
200 
9.8-13.8 


118 


Ref 


Material 


Phlogopite, amber, natural 
Fluorophlogopite, synthetic 
Glass-bonded mica 
Thermoplastic Polymers 
Polypropylene 
Amide polymer nylon 6/6, dry 
Polyamide-imide copolymer 
Modified polyphenylene oxide 
Polystyrene 
Polymethyl methacrylate 
Polyetherimide 
Amide polymer nylon 11(dry) 
Polysulfone 
Styrene-acrylonitrile copolymer 
Acrylonitrile-butadiene-styrene 
Polyethersulfone 
Polybutylene terephthalate 
Polystyrene-butadiene copolymer 
Acetal homopolymer 
Acetal copolymer 
Polyphenylene sulfide 


Dielectric 
strength 
kV/mm 


20.4 
179 
226 
250 
238 
192 


29.5 
275 
222 


154 
24.0 
23.2 


10-15 


11.8 
13.8 


28-30 


23.6 


110.7 
9-12.6 


8.0 
10.7 


10.5 
10.2 
65 


Dielectric 
strength 
kV/mm 
118 

118 
14.0-15.7 


23.6 
23.6 
22.8 
21.7 
19.7 
19.7 
18.9 
16.7 
16.7 
16.7 
16.7 
15.7 
15.7 
15.7 
15.0 
15.0 
15.0 


Ref 


ON ON 000 000000000000 
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Material 


Polycarbonate 
Acetal homopolymer resin (molding resin) 
Acetal copolymer resin 
Thermosetting Molding Compounds 
Glass-filled allyl 
(Type GDI-30 per MIL-M-14G) 
Glass-filled epoxy, electrical grade 
Glass-filled phenolic 
(Туре GPI-100 per MIL-M-14G) 
Glass-filled alkyd/polyester 
(Type MAI-60 per MIL-M-14G) 
Glass-filled melamine 
(Туре MMI-30 per MIL-M-14G) 
Extrusion Compounds for High-Temperature 
Insulation 
Polytetrafluoroethylene 
Perfluoroalkoxy polymer 
Fluorinated ethylene-propylene copolymer 
Ethylene-tetrafluoroethylene copolymer 
Polyvinylidene fluoride 
Ethylene-chlorotrifluoroethylene 
copolymer 
Polychlorotrifluoroethylene 


Extrusion Compounds for Low-Temperature 
Insulation 


Polyvinyl chloride 
Flexible 
Rigid 
Polyethylene 
Polyethylene, low-density 


Polyethylene, high-density 
Polypropylene/polyethylene copolymer 
Embedding Compounds 
Basic epoxy resin: 
bisphenol-A/epichlorohydrin 
polycondensate 
Cycloaliphatic epoxy: alicyclic 
diepoxy carboxylate 
Polyetherketone 
Polyurethanes 
Two-component, polyol-cured 
Two-part solventless, 
polybutylene-based 
Silicones 
Clear two-part heat curing eletrical 
grade silicone embedding resin 
Red insulating enamel (MIL-E-22118) 
Dry 
Wet 
Enamels 
Red enamel, fast cure 
Standard conditions 
Immersion conditions 
Black enamel 
Standard conditions 
Immersion conditions 
Varnishes 
Vacuum- pressure impregnated baking 
type solventless polyester varnish 


Dielectric 
strength 
kV/mm 
15.0 

15.0 

15.0 


15.7 


15.4 
15.0 


14.8 


13.4 


19.7 
21.7 
19.7 
15.7 
10.2 
19.3 


19.7 


11.8-15.7 
13.8-19.7 
18.9 

21.7 

300 

19.7 

23.6 


19.7 


19.7 
18.9 
25.4 
24.0 


21.7 


47.2 
11.8 


78.7 
472 


70.9 
472 


Ref 


оо 0000 


30 


Material 

Rigid, two-part 

Semiflexible high-bond thixotropic 

Rigid high-bond high-flash 

freon-resistant 
Baking type epoxy varnish 

Solventless, rigid, low viscosity, 

one-part 

Solventless, semiflexible, one-part 

Solventless, semirigid, chemical 

resistant, low dielectric constant 

Solvable, for hermetic electric motors 
Polyurethane coating 

Clear conformal, fast cure 

Standard conditions 
Immersion conditions 
Insulating Films and Tapes 
Low-density polyethylene film 
(40 um thick) 
Poly-p-xylylene film 
Aromatic polymer films 

Kapton H (Du Pont) 

Ultem (GE Plastic and Roem AG) 

Hostaphan (Hoechst AG) 

Amorphous Stabar K2000 

(ICI film) 

Stabar S100 (ICI film) 
Polyetherimide film (26 шт) 
Parylene N/D (poly-p-xylylene/poly- 

dichloro-p-xylylene) 25 um film 
Cellulose acetate film 
Cellulose triacetate film 
Polytetrafluoroethylene film 
Perfluoroalkoxy film 
Fluorinated ethylene-propylene 
copolymer film 
Ethylene-tetrafluoroethylene film 
Ethylene-chlorotrifluoroethylene 
copolymer film 
Polychlorotrifluoroethylene film 
High-voltage rubber insulating tape 
Composites 
Isophthalic polyester (vinyl toluene 
monomer) filled with 

Calcium carbonate, CaCO, 

Gypsum, CaSO, 

Alumina trihydrate 

Clay 
BPA fumarate polyester (vinyl toluene 

monomer) filled with 

Calcium carbonate 

Gypsum 

Alumina trihydrate 

Clay 
Polysulfone resin—30% glass fiber 
Polyamid resin (Nylon 66)— 

3096 carbon fiber 
Polyimide thermoset resin, 
glass reinforced 
Polyester resin (thermoplastic)— 


Dielectric 
strength 
kV/mm 
70.9 

78.7 

68.9 


90.6 


82.7 
106.3 


181.1 


78.7 
47.2 


300 
410-590 


389-430 
437-565 
338-447 
404-422 


353-452 
486 


87-173 
157-197 
197 


197 
197 


118-153.5 
28 


15.0 
14.4 
15.4 
14.4 


6.1 

5.9 

11,8 

12.6 
16.5-18.7 


13.0 


12.0 
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O0 0000 
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Dielectric 
strength 
Material kV/mm Ref 
40% glass fiber 20.0 38 
Epoxy resin (diglycidyl ether of 
bisphenol A), glass reinforced 16.0 40 
Various Insulators 
Rubber, natural 100-215 26 
Butyl rubber 23.6 6 
Neoprene 15.7-27.6 6 
Silicone rubber 26-36 6 


N - 


16. 


19. 


20. 


21. 
22. 


23. 


24. 
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ALLOCATION OF FREQUENCIES IN THE RADIO SPECTRUM 


In the United States the National Telecommunications and sulted for details of the allocations in the frequency bands listed 
Information Administration (NTIA) has responsibility for assign- here, which in some cases are quite complex. 
ing each portion of the radio spectrum (9 kHz to 300 GHz) for dif- 
ferent uses. These assignments must be compatible with the rules 
of the International Telecommunications Union (ITU), to which 
the United States is bound by treaty. The current assignments are 1. United States Frequency Allocations, 1996 Spectrum Wall Chart, 
given in a wall chart (Reference 1) and may also be found on the Stock No. 003-000-00652-2, U. S. Government Printing Office, P. O. 
NTIA web site (Reference 2). The list below summarizes the broad Box 371954, Pittsburgh, PA 15250-7954. 
features of the spectrum allocation, with particular attention to 2. http://www.ntia.doc.gov/osmhome/allochrt.html 
those sections of scientific interest. The references should be con- 


References 


Frequency range 
9 - 19.95 kHz 
19.95 - 20.05 kHz 
20.05 - 535 kHz 
535 - 1605 kHz 
1605 - 3500 kHz 
3.5 - 4.0 MHz 

4.0 - 5.95 MHz 
5.95 - 13.36 MHz 
13.36 - 13.41 MHz 
13.41 - 25.55 MHz 
25.55 - 25.67 MHz 
25.67 - 37.5 MHz 
37.5 -38.25 MHz 
38.25 - 50.0 MHz 
50.0 - 54.0 MHz 
54.0 - 72.0 MHz 
72.0 - 73.0 MHz 
73.0 - 74.6 MHz 
74.6 - 76.0 MHz 
76.0 - 88.0 MHz 
88.0 - 108.0 MHz 
108.0 - 118.0 MHz 
118.0 - 174.0 MHz 
174.0 - 216.0 MHz 
216.0 - 400.05 MHz 


400.05 - 400.15 MHz 


400.15 - 406.1 MHz 
406.1 - 410.0 MHz 
410.0 - 470.0 MHz 
470.0 - 512.0 MHz 
512.0 - 608.0 MHz 
608.0 - 614.0 MHz 
614.0 - 806.0 MHz 
806 -1400 MHz 
1400 - 1427 MHz 
1427 - 1660 MHz 
1660 - 1710 MHz 
1710 - 2655 MHz 
2655 - 2700 MHz 
2.7 - 4.99 GHz 
4.99 - 5.0 GHz 

5.0 - 10.6 GHz 
10.6 - 10.7 GHz 
10.7 - 15.35 GHz 
15.35 - 15.4 GHz 
15.4 - 22.21 GHz 


15-50 


Allocation 

Maritime communication, navigation 

Standard frequency and time signal (also at 60 kHz and 2.5, 5, 10, 15, 20, 25 MHz) 
Maritime and aeronautical communication, navigation 
AM radio broadcasting 

Mobile communication and navigation, amateur radio (1800-1900 kHz) 
Amateur radio 

Mobile communication 

Mobile communication, amateur, short-wave broadcasting 
Radioastronomy 

Mobile communication, amateur, short-wave broadcasting 
Radioastronomy 

Mobile communication, amateur, short-wave broadcasting 
Radioastronomy 

Mobile communication 

Amateur 

TV channels 2-4 

Mobile communication 

Radioastronomy 

Mobile communication 

TV channels 5-6 

FM radio broadcasting 

Aeronautical navigation 

Mobile communication, space research, meteorological satellites 
TV channels 7-13 

Mobile communication 

Standard frequency and time satellite (also 20 and 25 GHz) 
Meteorological aids (radiosonde) 

Radioastronomy 

Mobile communication, amateur 

TV channels 14-20 

TV channels 21-36 

Radioastronomy 

TV channels 38-69 

Mobile communication, navigation 

Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research, meteorology 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 


Allocation of Frequencies in the Radio Spectrum 


Frequency range 
22.21 - 22.5 GHz 
22.25 - 23.6 GHz 
23.6 - 24.0 GHz 
24.0 - 31.3 GHz 
31.3 - 31.8 GHz 
31.8 - 42.5 GHz 
42.5 - 43.5 GHz 
43.5 - 51.4 GHz 
51.4 - 54.25 GHz 
54.25 - 58.2 GHz 
58.2 - 59.0 GHz 
59.0 - 64.0 GHz 
64.0 - 65.0 GHz 
65.0 - 72.77 GHz 
72.77 - 72.91 GHz 
72.91 - 86.0 GHz 
86.0 - 92.0 GHz 
92.0 - 105.0 GHz 
105.0 - 116.0 GHz 
116.0 - 164.0 GHz 
164.0 - 168.0 GHz 
168.0 - 182.0 GHz 
182.0 - 185.0 GHz 
185.0 - 217.0 GHz 
217.0 - 231.0 GHz 
231.0 - 265.0 GHz 
265.0 - 275.0 GHz 
275.0 - 300.0 GHz 


Allocation 

Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy 

Various navigation and satellite applications 
Radioastronomy, space research 

Space research 

Radioastronomy, space research 

Satellite applications 

Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy, space research 

Various navigation and satellite applications 
Radioastronomy 

Mobile communications 
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CORRECTION OF BAROMETER READINGS TO 0°C TEMPERATURE 


The following corrections are used to reduce the reading of a where | is the observed column height in mm and t the Celsius 
mercury barometer with a brass scale to 0°С. The number in the temperature. This relation is based on thermal expansion coeffi- 
table should be subtracted from the observed height ofthe mercu- cients of 181.8-10 5 °С! for mercury and 18.4-10 5 °С! for brass. 
ry column to give the true pressure in mmHg (1mmHg - 133.322 
Pa). The table is calculated from the formula 


Ah = -0.0001634 ht/(1+0.0001818 2), 
Observed Height in mm 


t/C 620 630 640 650 660 670 680 690 700 710 720 730 740 750 760 770 780 790 800 
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 


1 010 010 010 0.11 011 0.11 011 0.11 011 012 012 0.12 0.12 0.12 012 0.13 0.13 0413 3 

2 020 021 021 021 022 022 022 023 023 023 024 024 024 025 025 025 025 026 026 

3 030 031 031 0.32 0.32 0.33 0.33 034 034 0.35 035 0.36 036 037 0.37 0.38 038 039 039 

4 040 041 042 042 043 044 044 045 046 046 047 048 048 049 0.50 0.50 0.51 0.52 0.52 

5 051 051 052 0.53 0.54 0.55 0.56 0.56 057 0.58 0.59 0.60 0.60 061 062 063 0.64 0.64 0.65 

6 061 062 0.63 064 0.65 066 067 0.68 0.69 070 071 071 072 073 074 075 076 077 8 

7 071 072 0.73 074 075 077 078 079 080 081 0.82 0.83 085 086 0.87 0.88 0.89 090 1 

8 0.81 082 084 085 086 0.87 089 090 091 093 0.94 095 097 0.98 099 101 102 1.03 104 

9 091 092 094 095 0.97 098 100 101 103 104 106 107 109 110 112 113 115 116 7 
10 101 103 104 106 108 109 111 113 114 116 117 119 121 122 124 126 127 129 130 
11 111 113 115 117 118 120 122 124 126 127 129 131 133 135 136 138 140 142 144 
12 121 123 125 127 129 131 133 135 137 139 141 143 145 147 149 151 153 155 157 
13 ІЗІ 134 136 138 140 142 144 146 148 150 153 155 157 159 161 163 165 167 0 
14 141 144 146 148 151 153 155 157 160 162 164 167 169 171 173 176 178 180 183 
15 152 154 156 159 161 164 166 169 171 174 176 178 181 183 186 1.88 191 193 6 
16 162 164 167 169 172 175 177 180 182 185 188 190 193 196 198 201 203 2.06 2.09 
17 172 174 177 180 183 186 188 191 194 197 199 202 2.05 2.08 210 213 216 219 222 
18 182 185 188 191 193 196 199 202 205 208 211 214 217 220 223 226 229 232 5 
19 192 195 198 201 204 207 210 2.13 217 220 223 226 229 232 235 238 241 244 248 
20 202 205 2.08 212 215 218 221 225 228 231 234 238 241 244 247 2.51 2.54 2.57 260 
21 212 215 219 222 226 229 232 236 239 243 246 2.50 2.53 256 260 263 267 270 273 
22 222 226 229 233 236 240 243 247 251 2.54 2.58 261 265 269 272 276 279 283 2.6 
23 232 236 240 243 247 251 254 2.58 2562 2566 269 273 277 281 284 288 2.92 296 2.99 
24 242 246 250 2.54 2.58 262 266 269 273 277 2.81 2.85 2.89 293 297 301 305 308 312 
25 252 256 260 264 268 272 277 281 285 289 293 297 301 305 309 313 317 321 325 
26 262 266 271 275 279 2.83 2.88 292 2.96 3.00 3.04 309 313 317 321 3.26 3.30 334 8 
27 272 277 281 285 290 294 2.99 3.03 307 3.12 3.16 320 325 329 334 338 342 347 3.51 
28 282 287 291 296 300 305 310 314 319 323 328 3.32 337 341 346 351 3.55 3.60 3.64 
29 292 297 3.02 3.06 311 316 321 325 330 335 339 344 349 3.54 358 363 368 372 7 
30 3.02 307 312 317 322 327 3.32 336 341 346 3.51 3.56 3.61 366 371 375 3.80 3.85 0 
31 312 317 322 327 3.32 337 343 348 353 358 363 368 373 378 383 3.88 393 398 403 
32 322 328 3.33 3.38 343 348 354 359 364 369 374 379 385 390 395 400 405 411 416 
33 3.32 3.38 343 3.48 354 3.59 364 370 375 381 3.86 391 397 402 407 413 418 423 9 
34 342 348 353 3.59 364 370 3.75 381 3.87 392 398 403 409 414 420 425 431 436 442 
35 352 358 364 369 375 381 3.86 392 398 403 409 415 421 426 432 438 443 449 5 
36 362 368 374 380 3.86 3.92 397 403 409 415 421 427 432 438 444 450 4.56 4.62 468 
37 372 378 384 390 396 4.02 4.08 414 420 426 432 438 444 450 4.56 462 4.68 474 0 
38 382 3.88 395 401 407 413 419 425 432 438 444 450 456 462 469 475 481 4.87 3 
39 392 399 405 411 418 424 430 437 443 449 456 4.62 4.68 475 481 487 494 5.00 5.06 
40 402 409 415 422 428 435 441 448 454 461 467 474 4.80 487 493 500 506 513 519 
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METALS AND ALLOYS WITH LOW MELTING TEMPERATURE 


L. I. Berger 


Composition, % * 


Metaloralloysystem Weight Atomic Melting temperature (°С) Comments Ref. 
Hg 100 100 —38.84 
Cs-K 77.0-23.0 50.0-50.0 -37.5 Eutectic (?) 1 
Cs-Na 94.5-5.5 75.0-25.0 -30.0 Eutectic 2 
K-Na 76.7–23.3 65.9–34.1 —12.65 Eutectic 3 
Na-Rb 8.0-92.0 24.4—75.6 -5 Eutectic 4 
Ga-In-Sn 62.5-21.5-16.0 73.6-15.3-11.1 11 Eutectic 5 
Ga-Sn-Zn 82.0-12.0-6.0 86.0-7.3-6.7 17 Eutectic 5 
Cs 100 100 28.44 
Ga 100 100 29.77 
K-Rb 32.0–68.0 50—50 33 Eutectic 4 
Bi-Cd-In-Pb-Sn 44.7-5.3-19.1-22.6-8.3 35.1-8.2-27.3-17.9-11.5 46.7 Eutectic 6 
Bi-In-Pb-Sn 49.5-21.3-17.6-11.6 39.2-30.7-14.0-16.2 58.2 Eutectic 6 
Bi-In-Sn 32.5-51.0-16.5 21.1–60.1–18.8 60.5 Eutectic 7 
K 100 100 63.38 
Bi-Cd-Pb-Sn 50.0-12.5-25.0-12.5 41.5-19.3-21.0-18.2 70 Woods alloy 6 
Bi-In 33.0-67.0 21.3-78.7 72 Eutectic 8 
Bi-Cd-Pb 51.6-8.2—40.2 48.1-14.2-37.7 91.5 Eutectic 6 
Bi-Pb-Sn 52.5-32.0-15.5 46.8-28.7-24.5 95 Eutectic 6 
Na 100 100 97.8 
Bi-Cd-Sn 54.0-20.0-26.0 39.4—27.2-33.4 102.5 Eutectic 6 
In-Sn 51.8-48.2 52.6-47.4 119 Eutectic 9 
Cd-In 25.3-74.7 25.7-74.3 120 Eutectic 10 
Bi-Pb 55.5-44.5 55.3-44.7 124. Eutectic 11 
Bi-Sn-Zn 56.0—40.0—4.0 40.2—50.6-9.2 130 Eutectic 6,7 
Bi-Sn 70—30 57.0-43.0 138.5 Eutectic 6,12 
Bi-Cd 60.3—39.7 45.0-55.0 145.5 Eutectic 13,14 
In 100 100 156.6 
Li 100 100 180.5 
Pb-Sn 38.1-61.9 26.1–73.9 183 Eutectic 6,15 
Bi- Tl 48.0—52.0 47.5-52.5 185 Eutectic 13 
50-20 91.0–9.0 85.0-15.0 198 Eutectic 14 
Sb-Sn 8.0-92.0 7.8-92.2 199 White Metal 16 
Au-Pb 14.6-85.4 15.2–84.8 212 Eutectic 17 
Ag-Sn 3.5-96.5 3.8–96.2 221 Eutectic 13,18 
Bi-Pb-Sb-Sn 48.0-28.5-9.0-14.5 40.8-24.5-13.1-21.6 226 Matrix Alloy 6 
Cu-Sn 0.75-99.25 1.3-98.7 227 Eutectic 13, 19 
$n 100 100 231.9 
* The useful expression for correlations between the atomic and weight concentrations of an alloy components are: 
/(а,А„) = V and f(w,A,) м, SA) (d ۴ 1 
м5 е > моја) 
= М, ігі 
where Да, А) апа Ау, А, аге the atomic and weight concentrations of component A, respectively, and M, is the atomic weight of this 
component. 
References 9. Neumann, T. and Alpout, O., J. Less-Common Metals, 6, 108, 1964. 
10. Neumann, T. and Predel, B., 2. Metallk., 50, 309, 1959. 
1. Zintle, E. and Hauke, W., Z. Electrochem., 44, 104, 1938. 11. Roy, P. Orr, R. L., and Hultgren, R., J. Phys. Chem., 64, 1034, 1960. 
2. Rinck, E., Compt. Rend., 199, 1217, 1934. 12. Dobovicek, B. and Smajic, N., Rudarsko—Met. Zbornik, 4, 353, 1962. 
3. Krier, C. A., Craign, R. S., and Wallace, W. E., J Phys. Chem., 61, 522, 1957. 13. Massalski, T. B., Okamoto, H., Subramanian, P. R., and Kacprzak, L., 
4. Goria, C., Gazz. Chim. Ital., 65, 865, 1935. Eds., Binary Alloy Phase Diagrams, 2nd ed., ASM Intl., 1990. 
5. Baker, H., Ed, ASM Handbook, Volume 3: Alloy Phase Diagrams, 14. Dobovicek, B. and Straus, B., Rudarsko—Met. Zbornik, 3, 273, 1960. 
ASM Intl., Materials Park, OH, 1992. 15. Schurmann, E. and Gilhaus, F. J., Arch. Eisenhuettenw., 32, 867, 1961. 
6. Sedlacek, V., Non—Ferrous Metals and Alloys, Elsevier, 1986. 16. Rosenblatt, G. M. and Birchenall, C. E., Trans. AIME, 224, 481, 1962. 
7. Villars, P., Prince, A., Okamoto, H., Eds., Handbook of Ternary Alloy 17. Evans, D. 5. and Prince, А., in Alloy Phase Diagrams, MRS Simposia 
Phase Diagrams, ASM Intl., 1994. Proc., Vol. 19, North-Holland, 1983, p. 383. 
8. Palatnik, L. 5., Kosevich, V. M., and Tyrina, L. V., Phys. Metals 18. Umanskiy, M. M., Zh. Fiz. Khim., 14, 846, 1940. 
Metallog. (USSR), 11, 75, 1961. 19. Homer, С. E. and Plummer, H., J. Inst. Met., 64, 169, 1939. 
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FLAME TEMPERATURES 


This table gives the adiabatic flame temperature for stoichemet- Reference 
ric mixtures of various fuels and oxidizers. The temperatures are 
calculated from thermodynamic and transport properties under Fristrom, R. M., Flame Structures and Processes, Oxford University Press, 
ideal adiabatic conditions, using methods described in the refer- New York, 1995. 
ence. 


Adiabatic Flame Temperature in K for Various Fuel-Oxidizer Combinations 


Oxidizer 

Fuel Air O, F; cl, N,O NO 
Organic liquids and gases 
Acetaldehyde 2288 
Acetone 2253 
Acetylene 2607 
Benzene 2363 
Butane 2248 
Carbon disulfide 2257 
Cyanogen 2596 4855 
Cyclohexane 2250 
Cyclopropane 2370 
Decane 2286 
Ethane 2244 
Ethanol 2238 
Ethylene 2375 
Hexane 2238 
Methane 2236 
Methanol 2222 
Oxirane 2177 
Pentane 2250 
Propane 2250 
Toluene 2344 
Solids 
Aluminum 4005 
Lithium 2711 
Phosphorus (white) 3242 
Zirconium 4278 
Other 
Ammonia 2845 
Carbon monoxide 1388 
Diborane 3350 
Hydrazine 3037 
Hydrogen 2169 3000 4006 2493 2965 3127 
Hydrogen sulfide 2091 3414 
Phosphine 3139 
Silane 3043 
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This table gives the density of mixtures of ethanol and water 
as a function of composition and temperature. The composition 
is specified in weight percent of ethanol, i.e., mass of ethanol per 
100 g of solution. Values from the reference have been converted 


to true densities. 


Weight 96 
Ethanol 


100 


DENSITY OF ETHANOL-WATER MIXTURES 


Reference 


Washburn, E. W., Ed., International Critical Tables of Numerical Data 
of Physics, Chemistry, and Technology, Vol. 3, McGraw-Hill, New York, 


1926-1932. 


Density іп g/cm? 


10*C 
0.99970 
0.99095 
0.98390 
0.97797 
0.97249 
0.96662 
0.95974 
0.95159 
0.94235 
0.93223 
0.92159 
0.91052 
0.89924 
0.88771 
0.87599 
0.86405 
0.85194 
0.83948 
0.82652 
0.81276 
0.79782 


15°С 
0.99910 
0.99029 
0.98301 
0.97666 
0.97065 
0.96421 
0.95683 
0.94829 
0.93879 
0.92849 
0.91773 
0.90656 
0.89520 
0.88361 
0.87184 
0.85985 
0.84769 
0.83522 
0.82225 
0.80850 
0.79358 


20°С 
0.99820 
0.98935 
0.98184 
0.97511 
0.96861 
0.96165 
0.95379 
0.94491 
0.93515 
0.92469 
0.91381 
0.90255 
0.89110 
0.87945 
0.86763 
0.85561 
0.84341 
0.83093 
0.81795 
0.80422 
0.78932 


25°С 
0.99705 
0.98814 
0.98040 
0.97331 
0.96636 
0.95892 
0.95064 
0.94143 
0.93145 
0.92082 
0.90982 
0.89847 
0.88696 
0.87524 
0.86337 
0.85131 
0.83908 
0.82658 
0.81360 
0.79989 
0.78504 


30°С 
0.99565 
0.98667 
0.97872 
0.97130 
0.96392 
0.95604 
0.94738 
0.93787 
0.92767 
0.91689 
0.90577 
0.89434 
0.88275 
0.87097 
0.85905 
0.84695 
0.83470 
0.82218 
0.80920 
0.79553 
0.78073 


35°C 
0.99403 
0.98498 
0.97682 
0.96908 
0.96131 
0.95303 
0.94400 
0.93422 
0.92382 
0.91288 
0.90165 
0.89013 
0.87848 
0.86664 
0.85467 
0.84254 
0.83027 
0.81772 
0.80476 
0.79112 
0.77639 


40*C 
0.99222 
0.98308 
0.97472 
0.96667 
0.95853 
0.94988 
0.94052 
0.93048 
0.91989 
0.90881 
0.89747 
0.88586 
0.87414 
0.86224 
0.85022 
0.83806 
0.82576 
0.81320 
0.80026 
0.78668 
0.77201 
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MISCIBILITY OF ORGANIC SOLVENTS 


The chart below gives qualitative information on the miscibil- 
ity of pairs of organic liquids. Two liquids are considered miscible 
(indicated by M in the chart) if mixing equal volumes produces a 
single liquid phase. If two phases separate, they are considered im- 
miscible (I). An entry of P indicates two phases whose volumes dif- 


А Acetone J Diethyl ether 
B Benzaldehyde К N,N-Dimethylaniline 
C Benzene L Dipentylamine 


D Butyl acetate 

E Butyl alcohol 

F Carbon tetrachloride 
G 2-Chloroethanol 

H Chloroform 

I o-Cresol 


M Ethyl alcohol 


P Formamide 
R Glycerol 


References 


1. Drury, J. S., Ind. Eng. Chem. 44, 2744, 1959. 
2. Jackson, W. M., and Drury, J. S., Ind. Eng. Chem. 51, 1491, 1959. 


N Ethylene glycol 
O Ethylene glycol monoethyl ether 


Q Furfuryl alcohol 


fer appreciably, suggesting a partial miscibility of the components. 
The symbol К indicates a reaction between the components. АП 


data refer to room temperature. 


The codes for the columns are: 


$ Methyl isopropyl ketone 


U 1-Octanol 


У 1,3-Propanediol 


W Pyridine 


T Nitromethane 


X Triethylenetetramine 
Y Triethyl phosphate 
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15-24 Miscibility of Organic Solvents 
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DENSITY OF SOLVENTS AS A FUNCTION OF TEMPERATURE 


The table below lists the density of several common solvents in Reference 
the temperature range from 0°С to 100°С. The values have been 
calculated from the Rackett Equation using parameters in the ref- 1446, D. В., and Kehiaian, H. V., Handbook of Thermophysical and Ther- 
erence. Density values refer to the liquid at its saturation vapor mochemical Data, CRC Press, Boca Raton, FL, 1994. 
pressure; thus entries for temperatures above the normal boiling 
point are for pressures greater than atmospheric. 


Density in g/mL 

Solvent orc 10°C 20°C 30°C 40°C 50°C 60°C 70°C 80°C 90°C 100°C 
Acetic acid 1.051 1.038 1.025 1.012 0.9993 0.9861 0.9728 0.9592 0.9454 
Acetone 0.8129 0.8016 0.7902 0.7785 0.7666 0.7545 0.7421 0.7293 0.7163 0.7029 0 
Acetonitrile 0.7825 0.7707 0.7591 0.7473 0.7353 0.7231 0.7106 0.6980 0.6851 
Aniline 1.041 1.033 1.025 1.016 1.008 1.000 0.9909 0.9823 0.9735 0.9646 0.9557 
Вептепе 0.8884 0.8786 0.8686 0.8584 0.8481 0.8376 0.8269 0.8160 0.8049 0.7935 
1-Butanol 0.8293 0.8200 0.8105 0.8009 0.7912 07812 0.7712 0.7609 0.7504 0.7398 0.7289 
Butylamine 0.7606 0.7512 0.7417 0.7320 0.7221 0.7120 0.7017 0.6911 0.6803 0.6693 0.6579 
Carbon disulfide 1.290 1.277 1.263 1.248 1.234 
Chlorobenzene 1.127 1.116 1.106 1.096 1.085 1.074 1.064 1.053 1.042 1.030 1.019 
Cyclohexane 0.7872 0.7784 0.7694 0.7602 0.7509 0.7414 0.7317 0.7218 0.7117 0.7013 
Decane 0.7447 0.7374 0.7301 0.7226 07151 0.7074 0.6997 0.6919 0.6839 0.6758 0.6676 
1-Decanol 0.8294 0.8229 0.8162 0.8093 0.8024 0.7955 0.7884 0.7813 0.7740 
Dichloromethane 1.362 1.344 1.326 1.307 1.289 1.269 1.250 1.229 1.208 1.187 1.165 
Diethyl ether 0.7368 0.7254 0.7137 0.7018 0.6896 0.6770 0.6639 0.6505 0.6366 0.6220 0.6068 
N,N-Dimethylaniline 0.9638 0.9562 0.9483 0.9401 0.9318 0.9234 0.9150 0.9064 0.8978 0.8890 
Ethanol 0.8121 0.8014 0.7905 0.7793 0.7680 0.7564 0.7446 0.7324 0.7200 0.7073 0.6942 
Ethyl acetate 0.9245 0.9126 0.9006 0.8884 0.8759 0.8632 0.8503 0.8370 0.8234 0.8095 0.7952 
Ethylbenzene 0.8836 0.8753 0.8668 0.8582 0.8495 0.8407 0.8318 0.8228 0.8136 0.8043 0.7948 
Ethyl formate 0.9472 0.9346 0.9218 0.9087 0.8954 0.8818 0.8678 0.8535 0.8389 0.8238 0.8082 
Ethyl propanoate 0.9113 0.9005 0.8895 0.8784 0.8671 0.8556 0.8439 0.8319 0.8197 0.8072 0.7944 
Heptane 0.7004 0.6921 0.6837 0.6751 0.6664 0.6575 0.6485 0.6393 0.6298 0.6202 0.6102 
Hexane 0.6774 0.6685 0.6594 0.6502 0.6407 0.6311 0.6212 0.611 0.6006 0.5899 0.5789 
1-Hexanol 0.8359 0.8278 0.8195 0.8111 0.8027 0.7941 0.7854 0.7766 0.7676 0.7585 0.7492 
Isopropylbenzene 0.8769 0.8696 0.8615 0.8533 0.8450 0.8366 0.8280 0.8194 0.8106 0.8017 0.7927 
Methanol 0.8157 0.8042 0.7925 0.7807 0.7685 0.7562 0.7435 0.7306 0.7174 0.7038 0.6898 
Methyl acetate 0.9606 0.9478 0.9346 0.9211 0.9074 0.8933 0.8790 0.8643 0.8491 0.8336 0.8176 
N-Methylaniline 1.0010 0.9933 0.9859 0.9785 0.9709 0.9633 0.9556 0.9478 0.9399 0.9319 0.9239 
Methylcyclohexane 0.7858 0.7776 0.7693 0.7608 0.7522 0.7435 0.7346 0.7255 0.7163 0.7069 0.6973 
Methyl formate 1.003 0.9887 0.9739 0.9588 0.9433 0.9275 0.9112 0.8945 0.8772 0.8594 0.8409 
Methyl propanoate 0.9383 0.9268 0.9150 0.9030 0.8907 0.8783 0.8656 0.8526 0.8393 0.8257 0.8117 
Миготе апе 1.139 1.125 1111 1.097 1.083 1.069 1.055 1.040 1.026 
Мопапе 07327 0.7252 0.7176 0.7099 0.7021 0.6941 0.6861 0.6779 0.6696 0.6611 0.6525 
Octane 0.7185 0.7106 0.7027 0.6945 0.6863 0.6779 0.6694 0.6608 0.6520 0.6430 0.6338 
Pentanoic acid 0.9563 0.9476 0.9389 0.9301 0.9211 0.9121 0.9029 0.8937 0.8843 0.8748 0.8652 
1-Propanol 0.8252 0.8151 0.8048 0.7943 0.7837 0.7729 0.7619 0.7506 0.7391 07273 07152 
2-Propanol 0.8092 0.7982 0.7869 0.7755 0.7638 0.7519 0.7397 0.7272 07143 0.7011 0.6876 
Ргору! асеїаїе 0.9101 0.8994 0.8885 0.8775 0.8662 0.8548 0.8432 0.8313 0.8192 0.8069 0.7942 
Propylbenzene 0.8779 0.8700 0.8619 0.8538 0.8456 0.8373 0.8289 0.8204 0.8117 0.8030 0.7943 
Propyl formate 0.9275 0.9166 0.9053 0.8938 08821 0.8702 0.8581 0.8457 0.8330 0.8201 0.8068 
Tetrachloromethane 1.629 1.611 1.593 1.575 1.557 1.538 1.518 1.499 1.479 1.458 1.437 
Toluene 0.8846 0.8757 0.8667 0.8576 0.8483 0.8389 0.8294 0.8197 0.8098 0.7998 0.7896 
Trichloromethane 1.524 1.507 1.489 1.471 1452 1.433 1.414 1.394 
2,2,4-Trimethylpentane 0.6921 0.6836 0.6750 0.6663 0.6574 0.6484 0.6391 0.6296 0.6199 
o-Xylene 0.8801 0.8717 0.8633 0.8547 0.8460 0.8372 0.8282 0.8191 9 
m-Xylene 0.8813 0.8729 0.8644 0.8558 0.8470 0.8382 0.8292 0.8201 0.8109 0.8015 0.7920 
p-Xylene 0.8609 0.8523 0.8436 0.8347 0.8258 0.8167 0.8075 0.7981 0.7886 
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COEFFICIENT OF FRICTION 


The coefficient of friction between two surfaces is the ratio of 
the force required to move one over the other to the force pressing 
the two together. Thus if F is the minimum force needed to move 
one surface over the other, and W is the force pressing the sur- 
faces together, the coefficient of friction Ц is given by u = F/W. А 
greater force is generally needed to initiate movement from rest 
that to continue the motion once sliding has started. Thus the 
static coefficient of friction u(static) is usually larger that the slid- 
ing or kinetic coefficient (sliding). 

This table gives characteristic values of both the static and slid- 
ing coefficients of friction for a number of material combinations. 
In each case Material 1 is moving over the surface of Material 2. 


The type of lubrication or any other special condition is indicated 
in the third column. АП values refer to room temperature unless 
otherwise indicated. It should be emphasized that the coefficient 
of friction is very sensitive to the condition of the surface, so that 
these values represent only a rough guide. 


References 


1. Minshall, H., in CRC Handbook of Chemistry and Physics, 73rd Edi- 
tion, Lide, D. R., Ed., CRC Press, Boca Raton, FL, 1992. 

2. Fuller, D. D., in American Institute of Physics Handbook, 3rd Edition, 
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Material 1 Material 2 Conditions (static) (sliding) 
Metals 
Hard steel Hard steel Dry 0.78 0.42 
Castor oil 0.15 0.081 
Steric acid 0.005 0.029 
Lard 0.11 0.084 
Light mineral oil 0.23 
Graphite 0.058 
Hard steel Graphite Dry 0.21 
Mild steel Mild steel Dry 0.74 0.57 
Oleic acid 0.09 
Mild steel Phosphor bronze Dry 0.34 
Mild steel Cast iron Dry 0.23 
Mild steel Lead Dry 0.95 0.95 
Mineral oil 0.5 0.3 
Mild steel Brass Dry 0.35 
Cast iron Cast iron Dry 1.10 0.15 
Aluminum Aluminum Dry 1.05 1.4 
Aluminum Mild steel Dry 0.61 0.47 
Brass Mild steel Dry 0.51 0.44 
Castor oil 0.11 
Brass Cast iron Dry 0.30 
Bronze Cast iron Dry 0.22 
Cadmium Mild steel Dry 0.46 
Copper Copper Dry 1.6 
Copper Mild steel Dry 0.53 0.36 
Oleic acid 0.18 
Copper Cast iron Dry 1.05 0.29 
Copper Glass Dry 0.68 0.53 
Lead Cast iron Dry 0.43 
Magnesium Magnesium Dry 0.6 
Magnesium Mild steel Dry 0.42 
Magnesium Cast iron Dry 0.25 
Nickel Nickel Dry 1.10 0.53 
Nickel Mild steel Dry 0.64 
Tin Cast iron Dry 0.32 
Zinc Cast iron Dry 0.85 0.21 
Nonmetals 
Diamond Diamond Dry 0.1 
Diamond Metals Dry 0.12 
Garnet Mild steel Dry 0.39 
Glass Glass Dry 0.94 0.4 
Glass Nickel Dry 0.78 0.56 
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Material 1 
Graphite 
Mica 

Nylon 
Nylon 
Polyethylene 
Polyethylene 
Polystyrene 
Polystyrene 
Sapphire 
Teflon 
Teflon 
Tungsten carbide 


Tungsten carbide 
Tungsten carbide 


Material 2 
Graphite 
Mica 

Nylon 

Steel 
Polyethylene 
Steel 
Polystyrene 
Steel 
Sapphire 
Teflon 

Steel 
Tungsten carbide 


Graphite 
Steel 


Miscellaneous materials 


Cotton 
Leather 
Leather 
Oak 


Silk 
Wood 


Wood 
Wood 


Cotton 
Cast iron 
Oak 

Oak 


Silk 
Wood 


Brick 
Leather 


Various materials on ice and snow 


Ice 


Aluminum 
Brass 
Nylon 
Teflon 


Wax, ski 


Conditions 
Dry 
Freshly cleaved 
Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 


Dry, room temp. 


Dry, 676 
Dry, 1600°С 
Oleic acid 
Dry 

Dry 

Oleic acid 


Threads 

Dry 

Parallel to grain 
Parallel to grain 


Perpendicular to grain 


Clean 
Dry 


Clean, 0°С 
Clean, -12°C 
Clean, -80°С 
Wet, 0°С 
Dry, ФС 
Clean, 0°С 
Clean, -80°С 
Wet, С 
Dry, -10°С 
Wet, С 
Dry, ФС 
Wet, 0°С 
Dry, ФС 
Dry, -10°С 


(static) 


0.61 
0.62 
0.54 
0.25 
0.35 
0.2 

0.6 

0.35 


0.1 
0.3 
0.5 
0.4 
0.35 


0.4 
0.3 
0.05 
0.02 
0.1 
0.04 
0.2 


(sliding) 


0.04 
0.04 


0.56 
0.52 
0.48 
0.32 


0.02 
0.035 
0.09 


0.02 
0.15 


Coefficient of Friction 


SECONDARY REFERENCE POINTS ON THE ITS-90 TEMPERATURE SCALE 


The International Temperature Scale of 1990 is described in 
Section 1 of this Handbook, where the defining fixed points are 
listed. The Consultative Committee on Thermometry (CCT) of 
the International Committee on Weights and Measures 
(CIPM), which oversees the temperature scale, has recom- 
mended a number of secondary reference points whose values 
have been accurately determined with respect to the primary 
fixed points. The most accurate of these, referred to as "first 
quality points’, satisfy several criteria involving purity of the 
material, reproducibility, and documentation of the measure- 
ments. The CCT also lists "second quality points" that do not 
yet satisfy all the criteria but are still useful. Taken together, 
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these secondary reference points, help fill in the gaps between 
the primary fixed points. 

The table below describes these secondary reference points. 
The best values resulting from the CCT evaluation are listed on 
both the Kelvin and Celsius scales, along with an estimate of 
uncertainty. Full details are given in the reference. 

The entries within each quality group are listed in order of 
increasing temperature. 


Reference 


Bedford, R. E., Bonnier, G., Maas, H., and Pavese, E., Metrologia 33, 133, 1996. 


Substance Type of Transition Тук ty С Uncert. 
First quality points 
Zinc Superconductive transition 0.8500 -272.300 0.0030 
Aluminum Superconductive transition 1.1810 -271.9690 0.0025 
Helium (*He) Superfluid transition 2.1768 -270.9732 0.0001 
Indium Superconductive transition 3.4145 -269.7355 0.0025 
Lead Superconductive transition 7.1997 -265.9503 0.0025 
Niobium Superconductive transition 9.2880 -263.8620 0.0025 
Deuterium (H; Triple point (equilibrium D,) 18.689 -254.461 0.001 
Deuterium (H; Triple point (normal D;) 18.724 -254.426 0.001 
Neon (Ме) Triple point 24.541 -248.609 0.001 
Neon Boiling point 27.097 -246.053 0.001 
Nitrogen Triple point 63.151 -209.999 0.001 
Nitrogen Boiling point 77.352 -195.798 0.002 
Argon Boiling point 87.303 -185.847 0.001 
Oxygen Condensation point 90.197 -182.953 0.001 
Methane Triple point 90.694 -182.456 0.001 
Xenon Triple point 161.405 -111.745 0.001 
Carbon dioxide Triple point 216.592 -56.558 0.001 
Mercury Freezing point 234.3210 -38.8290 0.0005 
Water Ice point 273.15 0 
Gallium Triple point 302.9166 29.7666 0.0001 
Water Boiling point 373.124 99.974 0.001 
Indium Triple point 429.7436 156.5936 0.0002 
Bismuth Freezing point 544.552 271.402 0.001 
Cadmium Freezing point 594.219 321.069 0.001 
Lead Freezing point 600.612 327.462 0.001 
Antimony Freezing point 903.778 630.628 0.001 
Соррег/71.9% silver Eutectic melting point 1052.78 779.63 0.05 
Palladium Freezing point 1828.0 1554.8 0.1 
Platinum Freezing point 2041.3 1768.2 0.4 
Rhodium Freezing point 2236 1963 3 
Iridium Freezing point 2719 2446 6 
Molybdenum Melting point 2895 2622 4 
Tungsten Melting point 3687 3414 7 
Second quality points 
Hydrogen Triple point (normal Н,) 13.952 -259.198 0.002 
Hydrogen Boiling point (normal Н,) 20.388 -252.762 0.002 
Oxygen a- transition 23.868 -249.282 0.005 
Nitrogen a-B transition 35.614 -237.536 0.006 
Oxygen B-y transition 43.796 -229.354 0.001 
Krypton Triple point 115.775 -157.375 0.001 
Carbon dioxide Sublimation point 194.686 -78.464 0.003 
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Substance 
Sulfur hexafluoride 
Gallium/20% indium 
Gallium/8% tin 
Diphenyl ether 
Ethylene carbonate 
Succinonitrile 
Sodium 
Benzoic acid 
Benzoic acid 
Mercury 
Sulfur 
Copper/66.996 aluminum 
Silver/3096 aluminum 
Sodium chloride 
Sodium 
Nickel 
Cobalt 
Iron 
Titanium 
Zirconium 
Aluminum oxide 
Ruthenium 


Secondary Reference Points on the ITS-90 Temperature Scale 


Type of Transition 
Triple point 
Eutectic melting point 
Eutectic melting point 
Triple point 
Triple point 
Triple point 
Freezing point 
Triple point 
Freezing point 
Boiling point 
Boiling point 
Eutectic melting point 
Eutectic melting point 
Freezing point 
Boiling point 
Freezing point 
Freezing point 
Freezing point 
Melting point 
Melting point 
Melting point 
Melting point 


Тук 
223.554 
288.800 
293.626 
300.014 
309.465 
331.215 
370.944 
395.486 
395.502 
629.769 
717.764 
840.957 
840.957 

1075.168 
1156.090 
1728 
1768 
1811 
1943 
2127 
2326 
2606 


t °C 
-49.596 
15.650 
20.476 
26.864 
36.315 
58.065 
97.794 
122.336 
122.352 
356.619 
444.614 
567.807 
567.807 
802.018 
882.940 
1455 
1495 
1538 
1670 
1854 
2053 
2333 


Uncert. 
0.005 
0.001 
0.002 
0.001 
0.001 
0.002 
0.005 
0.002 
0.007 
0.004 
0.002 
0.010 
0.002 
0.011 
0.005 
1 


t2 бо NN Ww 


DENSITY OF SULFURIC ACID 


This table gives the density of aqueous sulfuric acid solutions as a function of concentration (in mass percent of H,SO,) and temperature. 


Density in g/mL 
Mass 96 orc 10°C 15°C 20°C 25°C 30°C 40°C 50°C 60°C 80°C 100°C 
1 1.0074 1.0068 1.0060 1.0051 1.0038 1.0022 0.9986 0.9944 0.9895 0.9779 0.9645 
2 1.0147 1.0138 1.0129 1.0118 1.0104 1.0087 1.0050 1.0006 0.9956 0.9839 0.9705 
3 1.0219 1.0206 1.0197 1.0184 1.0169 1.0152 1.0113 1.0067 1.0017 0.9900 0.9766 
4 1.0291 1.0275 1.0264 1.0250 1.0234 1.0216 1.0176 1.0129 1.0078 0.9961 0.9827 
5 1.0364 1.0344 1.0332 1.0317 1.0300 1.0281 1.0240 1.0192 1.0140 1.0022 0.9888 
6 1.0437 1.0414 1.0400 1.0385 1.0367 1.0347 1.0305 1.0256 1.0203 1.0084 0.9950 
Z 1.0511 1.0485 1.0469 1.0453 1.0434 1.0414 1.0371 1.0321 1.0266 1.0146 1.0013 
8 1.0585 1.0556 1.0539 1.0522 1.0502 1.0481 1.0437 1.0386 1.0330 1.0209 1.0076 
9 1.0660 1.0628 1.0610 1.0591 1.0571 1.0549 1.0503 1.0451 1.0395 1.0273 1.0140 
10 1.0735 1.0700 1.0681 1.0661 1.0640 1.0617 1.0570 1.0517 1.0460 1.0338 1.0204 
12 1.0886 1.0846 1.0825 1.0802 1.0780 1.0756 1.0705 1.0651 1.0593 1.0469 1.0335 
14 1.1039 1.0994 1.0971 1.0947 1.0922 1.0897 1.0844 1.0788 1.0729 1.0603 1.0469 
16 1.1194 1.1145 1.1120 1.1094 1.1067 1.1040 1.0985 1.0927 1.0868 1.0740 1.0605 
18 1.1351 1.1298 1.1271 1.1243 1.1215 1.1187 1.1129 1.1070 1.1009 1.0879 1.0744 
20 1.1510 1.1453 1.1424 1.1394 1.1365 1.1335 1.1275 1.1215 1.1153 1.1021 1.0885 
22 1.1670 1.1609 1.1579 1.1548 1.1517 1.1486 1.1424 1.1362 1.1299 1.1166 1.1029 
24 1.1832 1.1768 1.1736 1.1704 1.1672 1.1640 1.1576 1.1512 1.1448 1.1313 1.1176 
26 1.1996 1.1929 1.1896 1.1862 1.1829 1.1796 1.1730 1.1665 1.1599 1.1463 1.1325 
28 1.2160 1.2091 1.2057 1.2023 1.1989 1.1955 1.1887 1.1820 1.1753 1.1616 1.1476 
30 1.2326 1.2255 1.2220 1.2185 1.2150 1.2115 1.2046 1.1977 1.1909 1.1771 1.1630 
32 1.2493 1.2421 1.2385 1.2349 1.2314 1.2278 1.2207 1.2137 1.2068 1.1928 1.1787 
34 1.2661 1.2588 1.2552 1.2515 1.2479 1.2443 1.2371 1.2300 1.2229 1.2088 1.1946 
36 1.2831 1.2757 1.2720 1.2684 1.2647 1.2610 1.2538 1.2466 1.2394 1.2251 1.2109 
38 1.3004 1.2929 1.2891 1.2855 1.2818 1.2780 1.2707 1.2635 1.2561 1.2418 1.2276 
40 1.3179 1.3103 1.3065 1.3028 1.2991 1.2953 1.2880 1.2806 1.2732 1.2589 1.2446 
42 1.3357 1.3280 1.3242 1.3205 1.3167 1.3129 1.3055 1.2981 1.2907 1.2762 1.2619 
44 1.3538 1.3461 1.3423 1.3384 1.3346 1.3308 1.3234 1.3160 1.3086 1.2939 1.2796 
46 1.3724 1.3646 1.3608 1.3569 1.3530 1.3492 1.3417 1.3343 1.3269 1.3120 1.2976 
48 1.3915 1.3835 1.3797 1.3758 1.3719 1.3680 1.3604 1.3528 1.3455 1.3305 1.3159 
50 1.4110 1.4029 1.3990 1.3951 1.3911 1.3872 1.3795 1.3719 1.3644 1.3494 1.3348 
52 1.4310 1.4228 1.4188 1.4148 1.4109 1.4069 1.3991 1.3914 1.3837 1.3687 1.3540 
54 1.4515 1.4431 1.4391 1.4350 1.4310 1.4270 1.4191 1.4113 1.4036 1.3884 1.3735 
56 1.4724 1.4640 1.4598 1.4557 1.4516 1.4475 1.4396 1.4317 1.4239 1.4085 1.3934 
58 1.4937 1.4852 1.4809 1.4768 1.4726 1.4685 1.4604 1.4524 1.4446 1.4290 1.4137 
60 1.5154 1.5067 1.5024 1.4983 1.4940 1.4898 1.4816 1.4735 1.4656 1.4497 1.4344 
62 1.5375 1.5287 1.5243 1.5200 1.5157 1.5115 1.5031 1.4950 1.4869 1.4708 1.4554 
64 1.5600 1.5510 1.5465 1.5421 1.5378 1.5335 1.5250 1.5167 1.5086 1.4923 1.4766 
66 1.5828 1.5736 1.5691 1.5646 1.5602 1.5558 1.5472 1.5388 1.5305 1.5140 1.4981 
68 1.6059 1.5965 1.5920 1.5874 1.5829 1.5785 1.5697 1.5611 1.5528 1.5359 1.5198 
70 1.6293 1.6198 1.6151 1.6105 1.6059 1.6014 1.5925 1.5838 1.5753 1.5582 1.5417 
72 1.6529 1.6433 1.6385 1.6338 1.6292 1.6246 1.6155 1.6067 1.5981 1.5806 1.5637 
74 1.6768 1.6670 1.6622 1.6574 1.6526 1.6480 1.6387 1.6297 1.6209 1.6031 1.5857 
76 1.7008 1.6908 1.6858 1.6810 1.6761 1.6713 1.6619 1.6526 1.6435 1.6252 1.6074 
78 1.7247 1.7144 1.7093 1.7043 1.6994 1.6944 1.6847 1.6751 1.6657 1.6469 1.6286 
80 1.7482 1.7376 1.7323 1.7272 1.7221 1.7170 1.7069 1.6971 1.6873 1.6680 1.6493 
82 1.7709 1.7599 1.7544 1.7491 1.7437 1.7385 1.7281 1.7180 1.7080 1.6882 1.6692 
84 1.7916 1.7804 1.7748 1.7693 1.7639 1.7585 1.7479 1.7375 1.7274 1.7072 1.6878 
86 1.8095 1.7983 1.7927 1.7872 1.7818 1.7763 1.7657 1.7552 1.7449 1.7245 1.7050 
88 1.8243 1.8132 1.8077 1.8022 1.7968 1.7914 1.7809 1.7705 1.7602 1.7397 1.7202 
90 1.8361 1.8252 1.8198 1.8144 1.8091 1.8038 1.7933 1.7829 1.7729 1.7525 1.7331 
91 1.8410 1.8302 1.8248 1.8195 1.8142 1.8090 1.7986 1.7883 1.7783 1.7581 1.7388 
92 1.8453 1.8346 1.8293 1.8240 1.8188 1.8136 1.8033 1.7932 1.7832 1.7633 1.7439 
93 1.8490 1.8384 1.8331 1.8279 1.8227 1.8176 1.8074 1.7974 1.7876 1.7681 1.7485 
94 1.8520 1.8415 1.8363 1.8312 1.8260 1.8210 1.8109 1.8011 1.7914 
95 1.8544 1.8439 1.8388 1.8337 1.8286 1.8236 1.8137 1.8040 1.7944 
96 1.8560 1.8457 1.8406 1.8355 1.8305 1.8255 1.8157 1.8060 1.7965 
97 1.8569 1.8466 1.8414 1.8364 1.8314 1.8264 1.8166 1.8071 1.7977 
98 1.8567 1.8463 1.8411 1.8361 1.8310 1.8261 1.8163 1.8068 1.7976 
99 1.8551 1.8445 1.8393 1.8342 1.8292 1.8242 1.8145 1.8050 1.7958 
100 1.8517 1.8409 1.8357 1.8305 1.8255 1.8205 1.8107 1.8013 1.7922 
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RELATIVE SENSITIVITY OF BAYARD-ALPERT IONIZATION 


GAUGES TO VARIOUS GASES 
Paul Redhead 


The ion current J, in a hot-cathode ionization gauge is given 
by I = КІР. The gauge constant is K = (1,/1)(1/Р), where J, is the 
electron current, and P the pressure. The sensitivity is given by 
5 = KI, = Г/Р. The constant K is independent of pressure below 


about 10? Ра. 


Gas 

Helium 

Neon 

Argon 

Krypton 

Xenon 

Nitrogen 
Hydrogen 
Oxygen 

Carbon monoxide 
Carbon dioxide 
Water 

Sulfur hexafluoride 
Mercury 
Methane 

Ethane 

Propane 

Butane 

Ethene 

Propene 
Acetylene 

Allene 

1-Propyne (Methyl acetylene) 
Benzene 
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Relative sensitivities for different Bayard-Alpert ionization 
gauges may differ by as much as + 15% as a result of differences 
in applied voltages, electron current, and electrode structure. The 
table below presents the average of the measurements of 12 ex- 
perimenters on Bayard-Alpert ionization gauges in various gases. 
The sensitivity relative to nitrogen is tabulated. 


Relative 
sensitivity 
S/S(N,) 
He 0.18 
Ne 0.31 
Ar 14 
Kr 1.9 
Хе 2.7 
М, 1.00 
H, 0.43 
O, 0.96 
CO 1.0 
CO, 14 
H,O 0.93 
SF, 23 
Hg 3.5 
CH, 1.6 
CH, 2.6 
С.Н, 3.5 
сн, 43 
CH, 13 
CH, 1.8 
CH, 0.61 
CH, 13 
CH, 14 
CH 3.8 


3. Tilford, С. R., J. Vac. Sci. Technol.A, 1, 152, 1983. 

4. Tilford, С. R. in Physical Methods of Chemistry, vol.6, Determination 
of Thermodynamic Properties, B. W. Rossiter and R. C. Baetzoid, Eds., 
pp. 101-173, John Wiley, New York, 1992. 


HANDLING AND DISPOSAL OF CHEMICALS IN LABORATORIES 
Robert Joyce and Blaine C. McKusick 


The following material has been extracted from two books 
prepared under the auspices of the Committee on Hazardous 
Substances in the Laboratory of the National Academy of Sciences 
— National Research Council. Readers are referred to these books 
for full details: 

Prudent Practices for Handling Hazardous Chemicals in Labo- 
ratories, National Academy Press, Washington, 1981. 

Prudent Practices for Disposal of Chemicals from Laboratories, 
National Academy Press, Washington, 1983. 

The permission of the National Academy Press to use these 
extracts is gratefully acknowledged. 


INCOMPATIBLE CHEMICALS 


The term "incompatible chemicals" refers to chemicals that can 
react with each other 


e Violently 

» With evolution of substantial heat 
* To produce flammable products 

• То produce toxic products 


Good laboratory safety practice requires that incompatible 
chemicals be stored, transported, and disposed of in ways that will 
prevent their coming together in the event of an accident. Tables 
1 апа 2 give some basic guidelines for the safe handling of acids, 
bases, reactive metals, and other chemicals. Neither of these tables 
isexhaustive, and additionalinformation on incompatible chemicals 
can be found in the following references. 


1. Urben, P. G., Ed., Brethericks Handbook of Reactive Chemical 
Hazards, 5th ed., Butterworth-Heinemann, Oxford, 1995. 

2. Luxon, S. G., Ed., Hazards in the Chemical Laboratory, 5th 
ed., Royal Society of Chemistry, Cambridge, 1992. 

3. Fire Protection Guide to Hazardous Materials, 11th ed., 
National Fire Protection Association, Quincy, MA, 1994. 


TABLE 1. General Classes of Incompatible Chemicals 


A 

Acids 

Oxidizing agents? 
Chlorates 
Chromates 
Chromium trioxide 
Dichromates 
Halogens 
Halogenating agents 
Hydrogen peroxide 
Nitric acid 
Nitrates 
Perchlorates 
Peroxides 
Permanganates 
Persulfates 


not intended to be exhaustive. 


B 
Bases, reactive metals 
Reducing agents? 
Ammonia, anhydrous and aqueous 
Carbon 
Metals 
Metal hydrides 
Nitrites 
Organic compounds 
Phosphorus 
Silicon 
Sulfur 


The examples of oxidizing and reducing agents are illustrative of common laboratory chemicals; they are 


TABLE 2. Examples of Incompatible Chemicals 


Chemical 
Acetic acid 


Is incompatible with 


Chromic acid, nitric acid, hydroxyl compounds, ethylene glycol, perchloric 


acid, peroxides, permanaganates 


Acetylene 

Acetone 

Alkali and alkaline earth metals (such as powdered aluminum or 
magnesium, calcium, lithium, sodium, potassium) 

Ammonia (anhydrous) 


Chlorine, bromine, copper, fluorine, silver, mercury 
Concentrated nitric and sulfuric acid mixtures 


Water, carbon tetrachloride or other chlorinated hydrocarbons, carbon dioxide, 
halogens 


Mercury (in manometers, for example), chlorine, calcium hypochlorite, iodine, 


bromine, hydrofluoric acid (anhydrous) 


Ammonium nitrate 


Acids, powdered metals, flammable liquids, chlorates, nitrites, sulfur, finely 


divided organic or combustible materials 


Aniline Nitric acid, hydrogen peroxide 
Arsenical materials Any reducing agent 
Azides Acids 


16-1 


16-2 


Chemical 
Bromine 
Calcium oxide 
Carbon (activated) 
Carbon tetrachloride 
Chlorates 


Chromic acid and chromium troixide 
Chlorine 


Chlorine dioxide 
Copper 

Cumene hydroperoxide 
Cyanides 

Flammable liquids 


Fluorine 

Hydrocarbons (such as butane, propane, benzene) 
Hydrocyanic acid 

Hydrofluoric acid (anhydrous) 

Hydrogen peroxide 


Hydrogen sulfide 
Hypochlorites 

Iodine 

Mercury 

Nitrates 

Nitric acid (concentrated) 


Nitrites 

Nitroparaffins 

Oxalic acid 

Oxygen 

Perchloric acid 
Peroxides, organic 
Phosphorus (white) 
Potassium 

Potassium chlorate 
Potassium perchlorate (see also chlorates) 
Potassium permanganate 
Selenides 

Silver 

Sodium 

Sodium nitrite 

Sodium peroxide 


Sulfides 
Sulfuric acid 


Tellurides 


Handling and Disposal of Chemicals in Laboratories 


Is incompatible with 
See Chlorine 
Water 
Calcium hypochlorite, all oxidizing agents 
Sodium 


Ammonium salts, acids, powdered metals, sulfur, finely divided organic or 
combustible materials 


Acetic acid, naphthalene, camphor, glycerol, alcohol, flammable liquids in 
general 


Ammonia, acetylene, butadiene, butane, methane, propane (or other petroleum 
gases), hydrogen, sodium carbide, benzene, finely divided metals, turpentine 

Ammonia, methane, phosphine, hydrogen sulfide 

Acetylene, hydrogen peroxide 

Acids (organic or inorganic) 

Acids 


Ammonium nitrate, chromic acid, hydrogen peroxide, nitric acid, sodium 
peroxide, halogens 

Everything 

Fluorine, chlorine, bromine, chromic acid, sodium peroxide 

Nitric acid, alkali 

Ammonia (aqueous or anhydrous) 

Copper, chromium, iron, most metals or their salts, alcohols, acetone, organic 
materials, aniline, nitro-methane, combustible materials 

Fuming nitric acid, oxidizing gases 

Acids, activated carbon 

Acetylene, ammonia (aqueous or anhydrous), hydrogen 

Acetylene, fulminic acid, ammonia 

Sulfuric acid 

Acetic acid, aniline, chromic acid, hydrocyanic acid, hydrogen sulfide, 
flammable liquids, flammable gases, copper, brass, any heavy metals 

Acids 

Inorganic bases, amines 

Silver, mercury 

Oils, grease, hydrogen, flammable liquids, solids, or gases 

Acetic anhydride, bismuth and its alloys, alcohol, paper, wood, grease, oils 

Acids (organic or mineral), avoid friction, store cold 

Air, oxygen, alkalis, reducing agents 

Carbon tetrachloride, carbon dioxide, water 

Sulfuric and other acids 

Sulfuric and other acids 

Glycerol, ethylene glycol, benzaldehyde, surfuric acid 

Reducing agents 

Acetylene, oxalic acid, tartartic acid, ammonium compounds, fulminic acid 

Carbon tetrachloride, carbon dioxide, water 

Ammonium nitrate and other ammonium salts 

Ethyl or methyl alcohol, glacial acetic acid, acetic anhydride, benzaldehyde, 
carbon disulfide, glycerin, ethylene glycol, ethyl acetate, methyl acetate, 
furfural 

Acids 

Potassium chlorate, potassium perchlorate, potassium permanganate (similar 
compounds of light metals, such as sodium, lithium) 

Reducing agents 
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EXPLOSION HAZARDS 


Table 3 lists some common classes of laboratory chemicals that 
have potential for producing a violent explosion when subjected to 
shock or friction. These chemicals should never be disposed of as 
such, but should behandledby proceduresgiven in Prudent Practices 

for Disposal of Chemicals from Laboratories, National Academy 
Press, 1983, chapters 6 and 7. Additional information on these, as 
well as on some less common classes of explosives, can be found 
in L. Bretherick, Handbook of Reactive Chemical Hazards, 3rd ed., 
Butterworths, London- Boston, 1985. 


Table 4 lists some illustrative combinations of common labora- 
tory reagents that can produce explosions when they are brought 
together or that form reaction products that can explode without 
any apparent external initiating action. This list is not exhaustive, 
and additional information on potentially explosive reagent combi- 
nations can be found in Manual of Hazardous Chemical Reactions, 
A Compilation of Chemical Reactions Reported to be Potentially 
Hazardous, National Fire Protection Association, NFPA 491M, 
1975, NFPA, 470 Atlantic Avenue, Boston, MA 02210. 


WATER-REACTIVE CHEMICALS 


Table 5 lists some common laboratory chemicals that react vio- 
lently with water and that should always be stored and handled so 
that they do not come into contact with liquid water or water vapor. 


Procedures for decomposing laboratory quantities are given in Pru- 
dent Practices for Disposal of Chemicals from Laboratories, chapter 
6; the pertinent section of that chapter is given in parentheses. 


PYROPHORIC CHEMICALS 


Many members of the classes of readily oxidized, common 
laboratory chemicals listed in Table 6 ignite spontaneously in air. 
A more extensive list can be found in L. Bretherick, Handbook of 
Reactive Chemical Hazards, 3rd ed., Butterworths, London-Bos- 
ton, 1985. Pyrophoric chemicals should be stored in tightly closed 


and all transfers and manipulations of them must be carried out 
under an inert atmosphere or liquid. Suggested procedures for 
decomposing them are given in Prudent Practices for Disposal of 
Chemicals from Laboratories, chapter 6; the pertinent section of 
that chapter is given in parentheses. 


containers under an inert atmosphere (or, for some, an inert liquid), 


TABLE 3. Shock-Sensitive Compounds 


Acetylenic compounds, especially polyacetylenes, haloacetylenes, and heavy metal salts of acetylenes (copper, silver, and mercury 
salts are particularly sensitive) 

Acyl nitrates 

Alkyl nitrates, particularly polyol nitrates such as nitrocellulose and nitroglycerine 

Alkyl and acy] nitrites 

Alkyl perchlorates 

Amminemetal oxosalts: metal compounds with coordinated ammonia, hydrazine, or similar nitrogenous donors and ionic 
perchlorate, nitrate, permanganate, or other oxidizing group 

Azides, including metal, nonmetal, and organic azides 

Chlorite salts of metals, such аз AgCIO, and Hg(ClO,), 

Diazo compounds such as CH,N, 

Diazonium slats, when dry 

Fulminates (silver fulminate, AgCNO, can form in the reaction mixture from the Tollens' test for aldehydes if it is allowed to stand 
for some time; this can be prevented by adding dilute nitric acid to the test mixture as soon as the test has been completed) 


Hydrogen peroxide becomes increasingly treacherous as the concentration rises above 3096, forming explosive mixtures with 
organic materials and decomposing violently in the presence of traces of transition metals 

N-Halogen compounds such as difluoroamino compounds and halogen azides 

N-Nitro compounds such as N-nitromethylamine, nitrourea, nitroguanidine, and nitric amide 

Oxo salts of nitrogenous bases: perchlorates, dichromates, nitrates, iodates, chlorites, chlorates, and permanganates of ammonia, 
amines, hydroxylamine, guanidine, etc. 

Perchlorate salts. Most metal, nonmetal, and amine perchlorates can be detonated and may undergo violent reaction in contact 
with combustible materials 


Peroxides and hydroperoxides, organic (see Chapter 6, Section ILP) 
Peroxides (solid) that crystallize from or are left from evaporation of peroxidizable solvents (see Chapter 6 and Appendix I) 
Peroxides, transition—metal salts 


Picrates, especially salts of transition and heavy metals, such as Ni, Pb, Hg, Cu, and Zn; picric acid is explosive but is less sensitive 
to shock or friction than its metal salts and is relatively safe as a water—wet paste (see Chapter 7) 


Polynitroalkyl compounds such as tetranitromethane and dinitroacetonitrile 
Polynitroaromatic compounds, especially polynitro hydrocarbons, phenols, and amines 
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TABLE 4. Potentially Explosive Combinations of Some Common Reagents 


Acetone + chloroform in the presence of base 

Acetylene + copper, silver, mercury, or their salts 
Ammonia (including aqueous solutions) + С1„ Br,, or I, 
Carbon disulfide 4 sodium azide 

Chlorine + an alcohol 

Chloroform or carbon tetrachloride + powdered Al or Mg 
Decolorizing carbon + an oxidizing agent 

Diethyl ether + chlorine (including a chlorine atmosphere) 
Dimethyl sulfoxide an acyl halide, SOCI, or POCI, 
Dimethyl sulfoxide + CrO, 

Ethanol + calcium hypochlorite 

Ethanol + silver nitrate 

Nitric acid + acetic anhydride or acetic acid 

Picric acid + а heavy—metal salt, such as of Pb, Hg, or Ag 
Silver oxide ammonia + ethanol 

Sodium + a chlorinated hydrocarbon 

Sodium hypochlorite 4 an amine 


TABLE 5. Water-Reactive Chemicals 


Alkali metals (Ш.О) 

Alkali metal hydrides (Ш.С.2) 

Alkali metal amides (Ш.С.7) 

Metal alkyls, such as lithium alkyls and aluminum alkyls (IV.A) 
Grignard reagents (IV.A) 

Halides of nonmetals, such as BCL, ВЕ, PCL, PCL, $11, 5,С1, (HLF) 
Inorganic acid halides, such as РОС], SOCL,, 5О,СІ, (Ш.Р) 
Anhydrous metal halides, such as AICL, ТІСІ, ZrCl,, SnCl, (ILE) 
Phosphorus pentoxide (IILI) 

Calcium carbide (IV.E) 

Organic acid halides and anhydrides of low molecular weight (П.]) 


TABLE 6. Classes of Pyrophoric Chemicals 


Grignard reagents, RMgX (IV.A) 

Metal alkyls and aryls, such as RLi, RNa, КАЈ, R Zn (IV.A) 
Metal carbonyls, such as Ni (СО), Ее(СО)., Co,(CO), (IV.B) 
Alkali metals such as Na, K (IILD.1) 


Metal powders, such as Al, Co, Fe, Mg, Mn, Pd, Pt, Ti, Sn, Zn, Zr (Ш.р.2) 


Metal hydrides, such as NaH, МАЈН, (IV.C.2) 

Nonmetal hydrides, such as B,H, and other boranes, PH,, AsH, (Ш.С) 
Nonmetal alkyls, such as В.В, R.P, R,As (IV.C) 

Phosphorus (white) (Ш.Н) 
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HAZARDS FROM PEROXIDE FORMATION 


Many common laboratory chemicals can form peroxides when 
allowed access to air over a period of time. A single opening of a 
container to remove some ofthe contents can introduce enough air 
for peroxide formation to occur. Some types of compounds form 
peroxides that are treacherously and violently explosive in concen- 
trated solutionoras solids. Accordingly, peroxide- containing liquids 
should never be evaporated near to or to dryness. Peroxide forma- 
tioncanalso occurin many polymerizable unsaturated compounds, 
and these peroxides can initiate a runaway, sometimes explosive, 
polymerization reaction. Procedures for testing for peroxides and 
for removing small amounts from laboratory chemicals are given 
in Prudent Practices for Disposal of Chemicals from Laboratories, 
chapter 6, Section ILP. 


Table 7 provides a list of structural characteristics in organic 
compounds that can peroxidize. These structures are listed in 
approximate order of decreasing hazard. Reports of serious inci- 
dents involving the last five structural types are extremely rare, but 
these structures are listed because laboratory workers should be 
aware that they can form peroxides that can influence the course 
of experiments in which they are used. 

Table 8 gives examples of common laboratory chemicals that 
are prone to form peroxides on exposure to air. The lists are not 
exhaustive, and analogous organic compounds that have any of the 
structural features given in Table 7 should be tested for peroxides 
before being used as solvents or reagents, or before being distilled. 
The recommended retention times begin with the date of synthesis 
or of opening the original container. 


DISPOSAL OF TOXIC CHEMICALS 


It is often desirable to precipitate toxic cations or hazardous 
anions from solution to facilitate recovery or disposal. Table 9 lists 
precipitants for many common cations, and Table 10 gives precipi- 
tants for some hazardous anions. Many cations can be precipitated 
as sulfides by adding sodium sulfide solution (preferable to the 
highly toxic hydrogen sulfide) to a neutral solution of the cation 
(Table 11). Control of pH is important because some sulfides will 
redissolve in excess sulfide ion. After precipitation, excess sulfide 
can be destroyed by addition of hypochlorite. 

Most metal cations are precipitated as hydroxides or oxides at 
high pH. Since many of these precipitates will redissolve in excess 


base, it is often necessary to control pH. Table 12 shows the rec- 
ommended pH range for precipitating many cations in their most 
common oxidation state. The notation "1 N" in the right-hand 
column indicates that the precipitate will not dissolve in 1 N sodium 
hydroxide (pH 14). 

The distinctions between high and low toxicity or hazard are 
based on toxicological and other data, and are relative. There is no 
implication ofa sharp distinction between high and low, or that any 
cations or anions are totally without hazard. 


TABLE 7. Types of Chemicals That Are Prone to Form Peroxides 


A. Organic structures (in approximate order of decreasing hazard) 


H 
1. N ٧ о- Ethers and acetals with о hydrogen atoms 
/ 
H 
2. соо É im ( # Olefins with allylic hydrogen atoms 
` 
x 
3. c= 2 Chloroolefins and fluoroolefins 
4. CH C Vinyl halides, esters, and ethers 
х БН e 
5 С--С--С--С Піепев 
/ ` 

H 

6. o оше" Vinylacetylenes with а hydrogen atoms 
/ 
H 
Te ЫГ —c=cH Alkylacetylenes with а hydrogen atoms 
/ 

H 

8. X 82 АГ Alkylarenes that contain tertiary hydrogen atoms 
ж 
| 

9 --С--Н Alkanes апа cycloalkanes that contain tertiary hydrogen atoms 
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х 
10. C=C—CO,R Acrylates and methacrylates 
Z 
H 
11 `! Secondary alcohols 
i C—OH у 
/ 
он 
12. ФА l | d Ketones that contain a hydrogen atoms 
N 
H 
13. | Aldehydes 
—С=а 
онн 
14 ١ har Ureas, amides, and lactams that have а hydrogen atom on a carbon atom attached to 
: --С--М--С nitrogen 
` 


B. Inorganic substances 

1. Alkali metals, especially potassium, rubidium, and cesium (see Chapter 6, Section Ш.р) 

2. Metal amides (see Chapter 6, Section Ш.С.7) 

3. Organometallic compounds with a metal atom bonded to carbon (see Chapter 6, Section IV) 
4. Metal alkoxides 


TABLE 8. Common Peroxide-Forming Chemicals 
LISTA 
Severe Peroxide Hazard on Storage with Exposure to Air 
Discard within 3 months 


*Diisopropyl ether (isopropyl ether) *Sodium amide (sodamide) 
*Divinylacetylene (УА) «Уіпуідепе chloride (1,1—dichloroethylene)* 
*Potassium metal 
*Potassium amide 
LIST B 
Peroxide Hazard on Concentration; Do Not Distill or Evaporate Without First Testing for the Presence of Peroxides 
Discard or test for peroxides after 6 months 


«Acetaldehyde diethyl acetal (acetal) «Ethylene glycol dimethyl ether (glyme) 
•Ситепе (isopropylbenzene) «Ethylene glycol ether acetates 
*Cyclohexene *Ethylene glycol monoethers (cellosolves) 
*Cyclopentene *Furan 
*Decalin (decahydronaphthalene) *Methylacetylene 
*Diacetylene «Methylcyclopentane 
*Dicyclopentadiene «Methyl isobutyl ketone 
«Diethyl ether (ether) *Tetrahydrofuran (THF) 
*Diethylene glycol dimethyl ether (diglyme) *Tetralin (tetrahydronaphthalene) 
*Dioxane «Vinyl ethers? 

LIST C 


Hazard of Rapid Polymerization Initiated by Internally Formed Peroxides* 


a. Normal Liquids; discard or test for peroxides after 6 months" 


*Chloroprene (2-chloro-1,3-butadiene)* «Ушу! acetate 

*Styrene «Уіпуіругіаіпе 

b. Normal Gases; discard after 12 months? 

*Butadiene* *Vinylacetylene (MVA)* 
• Tetrafluoroethylene (TFE)* «Ушу chloride 


Polymerizable monomers should be stored with a polymerization inhibitor from which the monomer can be separated by distillation just before use. 
Although common acrylic monomers such as acrylonitrile, acrylic acid, ethyl acrylate, and methyl methacrylate can form peroxides, they have not been 
reported to develop hazardous levels in normal use and storage. 

The hazard from peroxides in these compounds is substantially greater when they are stored in the liquid phase, and if so stored without an inhibitor they 
should be considered as in LIST A. 

Although air will not enter a gas cylinder in which gases are stored under pressure, these gases are sometimes transferred from the original cylinder to 
another in the laboratory, and it is difficult to be sure that there is no residual air in the receiving cylinder. An inhibitor should be put into any such sec- 
ondary cylinder before one of these gases is transferred into it; the supplier can suggest inhibitors to be used. The hazard posed by these gases is much 
greater if there is a liquid phase in such a secondary container, and even inhibited gases that have been put into a secondary container under conditions 
that create a liquid phase should be discarded within 12 months. 


= 


a 
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Note: Laboratory workers should label all containers of peroxidizable solvents or reagents with one of the following: 


[LIST A] 
Peroxidizable compound 
Received Opened 
Date аа = 
Discard 3 months after opening 
[LISTS B AND C] 
Peroxidizable compound 
Received Opened 
Date — 
Discard or test for peroxides 
6 months after opening 
TABLE 9. Relative Toxicity of Cations 
High toxic hazard Precipitant? Low toxic hazard Precipitant? 
Antimony ОНУ, S> Aluminum OH- 
Arsenic 5% Bismuth OH, S% 
Barium 507, СО“ Calcium 50,2, СО 
Beryllium OH- Cerium OH- 
Cadmium ОН”, S> Cesium 
Chromium (11) OH- Copper* OH, S% 
Cobalt (II)> ОН”, S> Gold OH, S% 
Gallium OH- Iron‘ OH, S> 
Germanium ОНУ, S> Lanthanides OH- 
Hafnium OH- Lithium 
Indium ОН”, S% Magnesium OH- 
Iridium ОН”, S> Molybdenum (УТ) 
Lead ОН”, S> Niobium (V) OH- 
Manganese (II)? ОН”, S> Palladium OH, S% 
Mercury ОНГ, 52- Potassium 
Nickel ОН”, S> Rubidium 
Osmium (ТУ) ОН”, S> Scandium OH- 
Platinum (II) ОН”, S> Sodium 
Rhenium (VII) 52 Strontium SO, СО“ 
Rhodium (Ш)? ОН”, S> Tantalum OH- 
Ruthenium (Ш)» ОНУ, S> Tin ОНУ, S% 
Selenium S= Titanium OH- 
Silver СГ, ОН”, S% Yttrium OH- 
Tellurium $2- Zinc’ ОНУ, S% 
Thallium ОНУ, S> Zirconium OH- 
Tungsten (УТ) 
Vanadium ОНУ, S> 


Precipitants are listed in order of preference: 

ОН- = base (sodium hydroxide or sodium carbonate) 

S% = sulfide 

СГ = chloride 

SO, = sulfate 

CO, = carbonate 

The precipitant is for the indicated valence state. 

Maximum tolerance levels have been set for these low—toxicity ions by the U.S. Public Health Service, and large amounts should not be put into public 
sewer systems. The small amounts typically used in laboratories will not normally affect water supplies. 

These ions are best precipitated as calcium molybdate or calcium tungstate. 

CAUTION: OsO, a volatile, extremely poisonous substance, is formed from almost any osmium compound under acid conditions in the presence of air. 


= 


a 
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TABLE 10. Relative Hazard of Anions 


High-hazard anions 


Ion 
Aluminum hydride, АІН,” 
Amide, NH, 
Arsenate, AsO,, АО, 
Arsenite, AsO,, А5О > 
Azide, М, 
Borohydride, BH y^ 
Bromate, BrO,- 
Chlorate, CIO, 
Chromate, СтО >, Сг,О,- 
Cyanide, CN- 
Ferricyanide, Fe(CN) 
Ferrocyanide, Fe(CN) ^ 
Fluoride, F- 
Hydride, H- 
Hydroperoxide, О,Н- 
Hydrosulfide, SH- 
Hypochlorite, OCI- 
Iodate, IO,” 
Nitrate, NO, 
Nitrite, NO, 
Perchlorate, ClO,” 
Permanganate, MnO,” 
Peroxide, О“ 
Persulfate, 5,0 > 
Selenate, SeO = 
Selenide, Se? 
Sulfide, S?- 


Hazard type? Precipitant 
E = 
БЕ? - 
Т Cu”, Бе?" 
Т pb? 
ЕТ — 
E = 
О,Е - 
О,Е — 
ТО ч 
T = 
т Без 
Т Без 
Т Саз 
Е = 
O,E — 
T = 
О x 
О,Е - 
о = 
T,O — 
О,Е — 
ТО 4 
О,Е - 
о = 
T pb? 
T Cu? 
T Ж: 


Toxic, Т: oxidant, О; flammable, F; explosive, E. 
Metal amides readily form explosive peroxides on exposure to air. 


Reduce and precipitate as Cr(III); see Table 9. 
Reduce and precipitate as Mn(II); see Table 9. 
See Table 11. 


Precipitated at pH 7 


Ав" 
As 
Ацт 
Bi?* 
Са? 
Со» 
Сузна 
Си» 
Fe? 
Се» 
Hg? 
In?* 
Ir** 
Ми? 
Мо» 
Ni? 
Оз” 
Pb?* 
pd? 
pe^? 
Бе" 
Rh?* 
Па” 


TABLE 11. Precipitation of Sulfides 


Not precipitated at low pH 


Low-hazard anions 
Bisulfite, HSO,- 
Borate, ВО, ВО 
Bromide, Br- 
Carbonate, СО?” 
Chloride, СГ 
Cyanate, OCN- 
Hydroxide, OH- 
Iodide, I- 

Oxide, O% 
Phosphate, РО,”- 
Sulfate, SO? 
Sulfite, SO? 
Thiocyanate, SCN- 


Forms a soluble complex at high pH 
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TABLE 11. Precipitation of Sulfides 


Precipitated at pH 7 


Sb? 
Se? 
Sn? 
Tet 
Tle 
уа 
Zn? 


Not precipitated at low pH 


* Higher oxidation states of this ion are reduced by sulfide ion and precipitated as this sulfide. 


Ав" 
АЈ“ 
Ав" 
Ав? 
Au?* 
Be? 
Bi? 
Са?” 
Со? 
Ст» 
Си 
Си» 
Ее?+ 
Без 
Са» 
Се» 
НЕ" 
На: 
На» 
In?* 
пе 
Мр» 
Ма? 
Мағ 
Мов 
МЬ?* 
Ni?* 
Os* 
Pb?* 
Pd? 
ра“ 
ре+ 
Re? 
Те” 
Rh?* 
Ви“ 
Sb?* 
Sb? 
Sc* 
Se** 
Seo 
Sn?* 
Sn** 
Та 
Те» 
Teo 
Th* 
Ti?* 
Ti^ 


TABLE 12. pH Range for Precipitation of Metal Hydroxides and Oxides 


1 2 3 4 


Not precipitated (precipitate as sulfide) 
Not precipitated (precipitate as sulfide) 


Not precipitated (precipitate as Ca salt) 


5 


X 

X 

X 

X 

X 
X 
6 7 8 9 10 
> 
Е 

> 

> 

LL—————- 

| > 

| 

| > 

> 

> 

o 

— 
ы-ы----------------->- 


Not precipitated (precipitate as sulfide) 


Not precipitated (precipitate as sulfide) 
Not precipitated (precipitate as sulfide) 


Not precipitated (precipitate as sulfide) 
Not precipitated (precipitate as sulfide) 


IN 


1N 
1N 
1N 
1N 
1N 
1N 
1N 
1N 


1N 
1N 
pH 


1N 
1N 
1N 


1N 


1N 


IN 


1N 


1N 
1N 
1М 


Forms a soluble complex at high pH 
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TABLE 12. pH Range for Precipitation of Metal Hydroxides and Oxides 


1 2 3 4 5 6 7 8 9 10 
TES m 1N 
vr 
v= — 
we Not precipitated (precipitate as Ca salt) 
Zn% 
72 رم‎ 
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FIRE HAZARDS 


Flammable solvents are a common source of laboratory fires. 
Therelative ease with which some common laboratory solvents can 
be ignited is indicated by the following properties. 

Flash Point — The lowest temperature, as determined by stan- 
dard tests, at which a liquid emits vapor in sufficient concentration 
to form an ignitable mixture with air near the surface of the liquid 
in a test vessel. Note that many of these common chemicals have 
flash points below room temperature. 

Ignition Temperature — The minimum temperature required to 
initiate self-sustained combustion, regardless of the heat source. 

Flammable Limits — Thelowerflammablelimitis the minimum 
concentration (percent by volume) of a vapor in air below which a 


flame is not propagated when an ignition source is present. Below 
this concentration the mixture is too lean to burn. The upper flam- 
mable limit is the maximum concentration (percent by volume) of 
the vapor in air above which a flame is not propagated. Above this 
concentration the mixture is too rich to burn. The flammable range 
comprises all concentrations between these two limits. This range 
becomes wider with increasing temperature and in oxygen-rich 
atmospheres. Table 13 lists these properties for a few common 
laboratory chemicals. 


GLOVE MATERIALS 


Itis good safety practice (and mandated in some laboratories) to 
wear rubber gloves while handling chemicals that can cause injury 
when in contact with, or absorbed through, the skin. The various 


common rubbers are not equally resistant to all chemicals. Table 14 
provides guidelines for selecting the best, and avoiding the poorest, 
glove material for handling a given chemical. 


RESPIRATORS 


In the event ofa laboratory accident or spill, it will be necessary 
for someone to enter the contaminated area for cleanup. If signifi- 
cant quantities of a chemical are spilled, or even minor quantities 
of a known toxic material, it is essential to wear the correct kind 
of respirator equipment when entering the area. If it is not known 


whether the contamination is ofa chemical "immediately dangerous 
to life or health the prudent course is to assume that it is, and to 
use the corresponding type of respirator. Guidelines are presented 
in Table 15. 


TABLE 13. Flash Points, Boiling Points, Ignition Temperatures, and Flammable Limits of Some Common 


Laboratory Chemicals 

Flammable limit 

(percent by volume in air) 

Chemical Flash point (°С) Boiling point (C) Ignition temp. (°С) Lower Upper 
Acetaldehyde -37.8 21.1 175.0 4.0 60.0 
Acetone -19.0 56.0 538.0 2.6 12.8 
Benzene —11.1 80.1 560.0 14 8.0 
Carbon disulfide -30.0 45.8 90.0 10 44.0 
Сусіоһехапе -18.0 80.7 260.0 13 8.0 
Diethyl ether -45.0 34.4 160.0 18 48.0 
Ethanol 12.0 78.3 363.0 3.3 19.0 
n—Heptane -3.9 98.4 204.0 10 6.7 
n—Hexane -21.7 68.7 223.0 12 7.5 
Isopropyl alcohol 11.7 82.2 398.9 2.0 12.0 
Methanol 11.1 64.5 385.0 6.0 36.5 
Methyl ethyl ketone —6.1 79.6 515.6 1.9 11.0 
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TABLE 13. Flash Points, Boiling Points, Ignition Temperatures, and Flammable Limits of Some Common 


Laboratory Chemicals 

Flammable limit 

(percent by volume in air) 

Chemical Flash point (°С) Boiling point (C) Ignition temp. (°С) Lower Upper 
Pentane -40.0 36.1 260.0 14 7.8 
Styrene 31.0 145.0 490.0 1.1 6.1 
Toluene 44 110.6 530.0 1.3 7.0 
p-Xylene 25.0 132.4 529.0 1.1 7.0 


Note: For a more extensive listing, see the table "Properties of Common Solvents" in Section 15. 


TABLE 14. Resistance to Chemicals of Common Glove Materials (E - Excellent, G - Good, F - Fair, P - Poor) 
Chemical Natural rubber Neoprene Nitrile Vinyl 
Acetaldehyde 
Acetic acid 
Acetone 
Acrylonitrile 
Ammonium hydroxide (sat) 
Aniline 
Benzaldehyde 
Benzene* 
Benzyl chloride? 
Bromine 
Butane 
Butyraldehyde 
Calcium hypochlorite 
Carbon disulfide 
Carbon tetrachloride’ 
Chlorine 
Chloroacetone 
Chloroform? 
Chromic acid 
Cyclohexane 
Dibenzyl ether 
Dibutyl phthalate 
Diethanolamine 
Diethyl ether 
Dimethyl sulfoxide? 
Ethyl acetate 
Ethylene dichloride* 
Ethylene glycol 
Ethylene trichloride? 
Fluorine 
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Formaldehyde 

Formic acid 

Glycerol 

Hexane 

Hydrobromic acid (4096) 
Hydrochloric acid (conc) 
Hydrofluoric acid (3096) 
Hydrogen peroxide 
Iodine 

Methylamine 

Methyl cellosolve 
Methyl chloride? 
Methyl ethyl ketone 
Methylene chloride? 
Monoethanolamine 
Morpholine 
Naphthalene? 

Nitric acid (conc) 
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Perchloric acid 
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TABLE 14. Resistance to Chemicals of Common Glove Materials (E - Excellent, G - Good, F - Fair, P - Poor) 
Chemical Natural rubber Neoprene Nitrile Vinyl 

Phenol E — E 
Phosphoric acid 
Potassium hydroxide (sat) 
Propylene dichloride* 
Sodium hydroxide 
Sodium hypochlorite 
Sulfuric acid (conc) 
Toluene* 
Trichloroethylene? 
Tricresyl phosphate 
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Triethanolamine 


5 
т 
| 
5 


Trinitrotoluene 


è Aromatic and halogenated hydrocarbons will attack all types of natural and synthetic glove materials. Should swelling occur, the user should change to fresh 
gloves and allow the swollen gloves to dry and return to normal. 

^ Мо data on the resistance to dimethyl sulfoxide of natural rubber, neoprene, nitrile rubber, or vinyl materials are available; the manufacturer of the substance 
recommendis the use of butyl rubber gloves. 


TABLE 15. Guide for Selection of Respirators 

Type of hazard Type of respirator 

Oxygen deficiency Self-contained breathing apparatus 
Hose mask with blower 
Combination of air-line respirator and auxiliary self— contained air 

supply or air—storage receiver with alarm 
Gas and vapor contaminants Self-contained breathing apparatus 
Immediately dangerous to life or health Hose mask with blower 

Air-purifying full-facepiece respirator with chemical canister (gas mask) 
Self-rescue mouthpiece respirator (for escape only) 


Combination of air-line respirator and auxiliary self-contained air supply 
or air—storage receiver with alarm 
Not immediately dangerous to life or health Air-line respirator 
Hose mask with blower 
Air-purifying half-mask or mouthpiece respirator with chemical 


cartridge 
Particulate Contaminants Self-contained breathing apparatus 
Immediately dangerous to life or health Hose mask with blower 


Air-purifying full-facepiece respirator with appropriate filter 
Self-rescue mouthpiece respirator (for escape only) 
Combination of air-line respirator and auxiliary self-contained air supply 
or air—storage receiver with alarm 
Not immediately dangerous to life or health Air-purifying half-mask or mouthpiece respirator with filter pad or 
cartridge 
Air-line respirator 
Air-line abrasive- blasting respirator 
Hose mask with blower 
Combination of gas, vapor, and particulate contaminants Self— contained breathing apparatus 
Immediately dangerous to life or health Hose mask with blower 
Air-purifying full-facepiece respirator with chemical canister and 
appropriate filter (gas mask with filter) 
Self-rescue mouthpiece respirator (for escape only) 
Combination of air-line respirator and auxiliary self-contained air supply 
or air—storage receiver with alarm 
Not immediately dangerous to life or health Air-line respirator 
Hose mask without blower 
Air-purifying half-mask or mouthpiece respirator with chemical 
cartridge and appropriate filter 


Source: ANSI Standard Z88.2 (1969). 


FLAMMABILITY OF CHEMICAL SUBSTANCES 


This table gives properties related to the flammability of about 
900 chemical substances. The properties listed are: 


tss Normal boiling point in *C (at 101.325 kPa pres- 
sure). 
ЕР: Flash point, which is the minimum temperature at 


which the vapor pressure of a liquid is sufficient to 
form an ignitable mixture with air near the surface 
of the liquid. Flash point is not an intrinsic physi- 
cal property but depends on the conditions of mea- 
surement (see Reference 1). 

Fl. Limits: Flammable limits (often called explosive limits), 
which specify the range of concentration of the va- 
por in air (in percent by volume) for which a flame 
can propagate. Below the lower flammable limit, 
the gas mixture is too lean to burn; above the up- 
per flammable limit, the mixture is too rich. Values 
refer to ambient temperature and pressure and are 
dependent on the precise test conditions. A ? indi- 
cates that one of the limits is not known. 

IT: Ignition temperature (sometimes called autoigni- 
tion temperature), which is the minimum tempera- 
ture required for self-sustained combustion in the 
absence of an external ignition source. As in the 
case of flash point, the value depends on specified 
test conditions. 


Even in cases where very careful measurements of flash point 
have been replicated in several laboratories, observed values can 
differ by 3 to 6°С (Reference 4). For more typical measurements, 
larger uncertainties should be assumed in both flash points and 
autoignition temperatures. The absence of a flash point entry in 
this table does not mean that the substance is nonflammable, but 
only that no reliable value is available. 

Compounds are listed by molecular formula following the Hill 
convention. Substances not containing carbon are listed first, fol- 
lowed by those that contain carbon. To locate an organic com- 
pound by name or CAS Registry Number when the molecular for- 
mula is not known, use the table "Physical Constants of Organic 
Compounds" in Section 3 and its indexes to determine the mo- 
lecular formula. 
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Mol. form. Name t °C FP/°C Fl. limits IT/°C 
Compounds not containing carbon 

ВН, Diborane -92.4 -90 1-98% «40 

ВН, Pentaborane(9) 60 30 0.4—? 35 

BrH,Si Bromosilane 19 «0 «20 

Br,HSi Tribromosilane 109 «20 

CLH,Si Dichlorosilane 8.3 4.1—9996 36 

CLHSi Trichlorosilane 33 -50 104 

сен, Germane —88.1 =20 

сен, Digermane 29 «50 

H, Hydrogen -252.8 4-74% 

Н,5 Hydrogen sulfide —59.55 4—4496 260 

H,S, Hydrogen disulfide 70.7 «22 

H,Te Hydrogen telluride -2 -50 

H,N Ammonia —33.33 16–25% 

н,р Phosphine -87.75 1.8-? 

НМ, Hydrazine 113.55 38 5—10096 

HjP, Diphosphine 63.5 «20 

H,Si Silane -111.9 -112 14-? =20 

H,Si, Disilane -143 -14 «20 

H Si, Trisilane 52.9 <0 =20 

Р Phosphorus (white) 280.5 38 

Compounds containing carbon 

CHN Hydrogen cyanide 26 -18 6—4096 538 

CHI, Dichloromethane 40 13-2396 556 

CHN, Cyanamide 141 

CH,O Formaldehyde -19.1 85 7.0-73% 424 

(СН,О), Paraformaldehyde 70 7.0—7396 300 

CHO, Formic acid 101 50 18-57% 434 

СН,Вг Вгототе апе 35 10–16% 537 

сна СМоготе апе —24.0 8.1–17.4% 632 


16-13 


16-14 Flammability of Chemical Substances 


Mol. form. Name t °C FP/°C Fl. limits IT/°C 
CH,CLSi Methyltrichlorosilane 65.6 -9 7.6–>20% >404 
CH,NO Formamide 220 154 

CH,NO, Nitromethane 101.1 35 73-? 418 
CH, Methane -161.5 5.0-15.0% 537 
СНС Si Dichloromethylsilane 41 -9 6.0—5596 316 
CHO Methanol 64.6 11 6.0–36% 464. 
CH,S Methanethiol 5.9 -18 3.9–21.8% 

CH,N Methylamine –6.3 0 4.9–20.7% 430 
CHN, Methylhydrazine 87.5 -8 2.5-92% 194 
СО Carbon monoxide -191.5 12.5-74% 609 
СО5 Carbon oxysulfide -50 12-29% 

CS, Carbon disulfide 46 -30 1.3-50.0% 90 
С,СЕ, Chlorotrifluoroethylene -27.8 8.4—16.096 

CF, Tetrafluoroethylene -75.9 10.0-50.0% 200 
C,HCI, Trichloroethylene 87.2 8—10.596 420 
C,HCLO Dichloroacetyl chloride 108 66 

CH, Acetylene —84.7 2.5-100% 305 
сна, 1,1-Dichloroethylene 31.6 —28 6.5-15.5% 570 
сна, cis-1,2-Dichloroethylene 60.1 6 3-6 460 
сна, trans-1,2-Dichloroethylene 48.7 2 6–13% 460 
СЕ, 1,1-Difluoroethylene -85.7 5.5–21.3% 

С,Н,Вг Bromoethylene 15.8 9—1596 530 
сна Chloroethylene -13.3 -78 3.6–33.0% 472 
С,Н,СЕ, 1-Chloro-1,1-difluoroethane -9.7 6-18% 632 
C,H,ClO Acetyl chloride 50.7 4 390 
C,H,C1,NO, 1,1-Dichloro-1-nitroethane 123.5 76 

СНА, 1,1,1-Trichloroethane 74.0 8—10.596 500 
СНА, 1,1,2-Trichloroethane 113.8 32 6–28% 460 
СНС Trichlorovinylsilane 91.5 21 

C,H,F Fluoroethylene -72 2.6–21.7% 

САМ Acetonitrile 81.6 6 3.0—16.096 524 
C,H,NO Methyl isocyanate 39.5 -7 5.3-26% 534 
CH, Ethylene —103.7 2.7—3696 450 
C,H,CINO, 1-Chloro-1-nitroethane 124.5 56 

сна, 1,1-Dichloroethane 57.4 -17 5.4—11.496 458 
сна, 1,2-Dichloroethane 83.5 13 6.2–16% 413 
CHO Acetaldehyde 20.1 -39 4.0-60% 175 
CHO Ethylene oxide 10.6 -20 3.0-100% 429 
сно, Acetic acid 117.9 39 4.0–19.9% 463 
CHO, Methyl formate 317 -19 4.5-23% 449 
CHO, Ethaneperoxoic acid 110 41 

С,Н,Вг Bromoethane 38.5 6.8—8.096 511 
сна Chloroethane 12.3 -50 3.8—15.4% 519 
снао Ethylene chlorohydrin 128.6 60 4.9–15.9% 425 
СНС Trichloroethylsilane 100.5 22 

САМ Ethyleneimine 56 -11 3.3—54.896 320 
СНО, Nitroethane 114.0 28 3.4-17% 414 
C,H,NO, Ethyl nitrite 18 -35 4.0-50% 90 
СНО, Ethyl nitrate 87.2 10 4-? 

CH, Ethane —88.6 3.0-12.5% 472 
СНС Dichlorodimethylsilane 70.3 «21 3.4-9.5% 

CHO Ethanol 78.2 13 3.3-19% 363 
СНО Dimethyl ether —24.8 -41 3.4—27.096 350 
C,H.OS 2-Mercaptoethanol 158 74 

C,H.OS Dimethyl sulfoxide 189 95 2.6-42% 215 
CHO, Ethylene glycol 197.3 111 3.2-2296 398 
СНО 5 Dimethyl sulfate 83 188 
СНА Ethanethiol 35.1 -17 2.8—18.096 300 
СНА Dimethyl sulfide 37.3 -37 2.2-19.7% 206 
CHS, Dimethyl disulfide 109.8 24 


сн, Ethylamine 16.5 -16 3.5-14% 385 


Flammability of Chemical Substances 


Mol. form. 
сн, 
С,Н,ХО 
CHN, 
САМ, 
CN, 
C,H,Br 
САМ 
CH, 
СНОМ 
сна, 
C,H,O 
C,H,O 
СНО, 
C,H,O, 
СНО, 
С,Н,Вг 
сна 
сна 
снао 
снао 
снао, 
снао, 
снао, 
C,H,C1,NO. 
сна, 
СНС 
САМ 
C,H,NO 
САМО, 
С.Н, 

С.Н, 
С,Н,СКО, 
С,Н,СКО, 
СНА, 
C;H,CLO 
CHN, 
СНО 


3 6 


2 


Name 

Dimethylamine 
Ethanolamine 
12-Ethanediamine 
1,1-Dimethylhydrazine 
Cyanogen 
3-Bromo-1-propyne 
2-Propenenitrile 
Propyne 
3-Chloropropanenitrile 
2,3-Dichloropropene 
Propargyl alcohol 
Acrolein 

Propenoic acid 
2-Oxetanone 

Ethylene carbonate 
3-Bromopropene 
2-Chloropropene 
3-Chloropropene 
Epichlorohydrin 
Propanoyl chloride 
2-Chloropropanoic acid 
Ethyl chloroformate 
Methyl chloroacetate 


1,1-Dichloro-1-nitropropane 


1,2,3-Trichloropropane 
Trichloro-2-propenylsilane 
Propanenitrile 
3-Hydroxypropanenitrile 
Trinitroglycerol 

Propene 

Cyclopropane 
1-Chloro-1-nitropropane 
2-Chloro-2-nitropropane 
1,2-Dichloropropane 
1,3-Dichloro-2-propanol 
Dimethylcyanamide 

Allyl alcohol 

Methyl vinyl ether 
Propanal 

Acetone 

Methyloxirane 

Propanoic acid 

Ethyl formate 

Methyl acetate 
1,3-Dioxolane 

Dimethyl carbonate 
1,3,5-Trioxane 
1-Bromopropane 
1-Chloropropane 
2-Chloropropane 
2-Chloro-1-propanol 
1-Chloro-2-propanol 
Trichloropropylsilane 
Allylamine 
N,N-Dimethylformamide 
1-Nitropropane 
2-Nitropropane 

Propyl nitrate 

Propane 

1-Propanol 

2-Propanol 


pr 
6.8 
171 
117 
63.9 
-211 
89 
77.3 
—23.2 
175.5 
94 
113.6 
52.6 
141 
162 
248 
70.1 
22.6 
45.1 
118 
80 
185 
95 
129.5 
145 
157 
117.5 
97,1 
221 


-47.6 
-32.8 
142 


96.4 
176 
163.5 
97.0 
5.5 
48 
56.0 
35 
1411 
54.4 
56.8 
78 
90.5 
114.5 
711 
46.5 
35.7 
133.5 
127 
123.5 
53.3 
153 
131.1 
120.2 
110 
—42.1 
97.2 
82.3 


ЕРРС 


107 


-104 


Fl. limits 
2.8-14.4% 
3.0–23.5% 
2.5-12.0% 
2-95% 
6.6-32% 
3.0-? 
3.0-17.096 
2.1–12.5% 


2.6—7.896 


2.8–31% 
2.4-8.0% 
2.9-? 


4.4—7.396 
4.5-16% 

2.9-11.1% 

3.8—21.0% 


7.5-18.5% 


3.2-12.696 


3.1-14% 


2.0–11.1% 
2.4—10.496 


3.4—14.596 


2.5-18.0% 


2.6-17% 
2.5-12.8% 
3.1–27.5% 
2.9-12.1% 
2.8-16.0% 

3.1–16% 


3.6–29% 


2.6-11.1% 
2.8-10.7% 


2.2-2296 
2.2-15.2% 
22-? 
2.6-11.0% 
2-100% 
2.1-9.5% 
2.2-13.7% 
2.0-12.7% 


IT/C 
400 
410 
385 
249 


324 
481 


220 
438 


295 


485 
411 


500 
500 


512 


270 
455 
498 


557 


378 
287 
207 
465 
449 
465 
455 
454 


414 
490 
520 
593 


374 
445 
421 
428 
175 
450 
412 
399 
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16-16 Flammability of Chemical Substances 


Mol. form. Name t °C ЕРРС Fl. limits IT/C 
C,H,O Ethyl methyl ether 74 -37 2.0-10.1% 190 
C,H,O, 1,2-Propylene glycol 187.6 99 2.6-12.5% 371 
C,H,O, 1,3-Propylene glycol 214.4 400 
C,H,O, Ethylene glycol monomethyl ether 124.1 39 1.8-14% 285 
C,H,O, Dimethoxymethane 42 -32 2.2-13.8% 237 
сно, Glycerol 290 199 3-19% 370 
C,H,BO, Trimethyl borate 67.5 -8 

C,H,CISi Trimethylchlorosilane 60 -28 395 
САМ Ргорујапипе 47.2 -37 2.0-10.4% 318 
С.Н, Isopropylamine 317 -37 402 
сн, Trimethylamine 2.8 -5 2.0-11.6% 190 
С,Н,ХО 3-Amino-1-propanol 187.5 80 

С,Н,ХО 1-Amino-2-propanol 159.4 77 374 
С,Н,ХО N-Methyl-2-ethanolamine 158 74 

C,H,O,P Trimethyl phosphite 111.5 54 

C,H,O,P Trimethyl phosphate 197.2 107 

C,H oN, 1,3-Propanediamine 139.8 24 

с, Hexachloro-1,3-butadiene 215 610 
CHO, Maleic anhydride 202 102 1.4-7.196 477 
CH, 1-Buten-3-yne 5.1 21-7 

CHN, Succinonitrile 266 132 

CHO Furan 31.5 —36 2.3-14.3% 

CHO, Diketene 126.1 34 

CH,S Thiophene 84.0 -1 

сна 2-Chloro-1,3-butadiene 59.4 -20 4.0—20.096 

САМ 2-Butenenitrile 120.5 16 

САМ Methylacrylonitrile 90.3 1 2—6.896 

САМ Pyrrole 129.7 39 

CH, 1,3-Butadiene -44 2.0-12.0% 420 
CH, 2-Butyne 26.9 -31 14-? 

CHO Divinyl ether 28.3 <-30 1.7-27% 360 
CHO Ethoxyacetylene 50 «-7 

CHO trans-2-Butenal 102.2 13 2.1–15.5% 232 
CHO 3-Buten-2-one 81.4 -7 2.1–15.6% 491 
CHO Vinyloxirane 68 «—50 

CHO, Methacrylic acid 162.5 77 1.6–8.8% 68 
CHO, Vinyl acetate 72.5 -8 2.6-13.4% 402 
CHO, Methyl acrylate 80.7 -3 2.8-25% 468 
CHO, 2,3-Butanedione 88 27 

CHO, y-Butyrolactone 204 98 

CHO, Acetic anhydride 139.5 49 2.7-10.3% 316 
CHO, Propylene carbonate 242 135 

CHO, L-Tartaric acid 210 425 
С,Н,Вг 1-Bromo-2-butene 104.5 4.6-12.0% 

CH,BrO, Ethyl bromoacetate 168.5 48 

сна 2-Chloro-1-butene 58.5 -19 2.3-9.3% 

сна 3-Chloro-2-methylpropene 71.5 -12 3.2-8.196 

снао 2-Chloroethyl vinyl ether 108 27 

C H,CIO, Ethyl chloroacetate 144.3 64 

САМ Butanenitrile 117.6 24 1.6-? 501 
C HN 2-Methylpropanenitrile 103.9 8 482 
C,H,NO Acetone cyanohydrin 74 2.2-12.0% 688 
C,H,NO 2-Pyrrolidone 251 129 

C,H, 1-Butene -62 1.6-10.0% 385 
CH, cis-2-Butene 3.7 1.7-9.0% 325 
C,H, trans-2-Butene 0.8 1.8-9.7% 324 
CH, Isobutene –6.9 1.8–9.6% 465 
CH, Cyclobutane 12.6 <10 1.8-? 

сна, 1,2-Dichlorobutane 124.1 275 
сна, 1,4-Dichlorobutane 161 52 


CH,CLO Bis(2-chloroethyl) ether 178.5 55 27-? 369 


Flammability of Chemical Substances 


Mol. form. 
CH,O 
C,H,O 
C,H,O 
C,H,O 
C,H,O 
C,H,O 
C,H,O 
C,H,O 
C,H,OS 
C,H,O, 
C,H,O, 
C,H,O, 
C,H,O, 
CH,O, 
C,H,O, 
C,H,O, 
C,H,O, 

C H,O,S 
CH,O, 
CH,O, 

C H,Br 

C H,Br 
сна 
сна 
сна 
сна 
сн,а 
сн 
САМ 
САМ 


Name 

2-Buten-1-ol 
2-Methyl-2-propenol 
Ethyl vinyl ether 
1,2-Epoxybutane 
Butanal 

Isobutanal 

2-Butanone 
Tetrahydrofuran 
1,4-Oxathiane 

Butanoic acid 
2-Methylpropanoic acid 
Propyl formate 
Isopropyl formate 

Ethyl acetate 

Methyl propanoate 
3-Hydroxybutanal 
1,4-Dioxane 

Sulfolane 

Methyl lactate 

Ethylene glycol monoacetate 
1-Bromobutane 
2-Bromobutane 
1-Chlorobutane 
2-Chlorobutane 
1-Chloro-2-methylpropane 
2-Chloro-2-methylpropane 
Butyltrichlorosilane 
Pyrrolidine 
N-Ethylacetamide 
N,N-Dimethylacetamide 
Butanal oxime 
2-Butanone oxime 
Morpholine 
N-Acetylethanolamine 
Butyl nitrate 

Butane 

Isobutane 

Piperazine 

1-Butanol 

2-Butanol 
2-Methyl-1-propanol 
2-Methyl-2-propanol 
Diethyl ether 

Methyl propyl ether 
1,2-Butanediol 
1,3-Butanediol 
1,4-Butanediol 
2,3-Butanediol 


Ethylene glycol monoethyl ether 
Ethylene glycol dimethyl ether 


tert-Butyl hydroperoxide 
2,2/- Thiodiethanol 
Diethylene glycol 

Diethyl sulfate 
1-Butanethiol 
2-Butanethiol 
2-Methyl-1-propanethiol 
2-Methyl-2-propanethiol 
Diethyl selenide 
Butylamine 
sec-Butylamine 


t °C 
121.5 
114.5 
35.5 
63.4 
74.8 
64.5 
79.5 
65 
147 
163.7 
154.4 
80.9 
68.2 
77.1 
79.8 


101.5 
287.3 
144.8 
188 
101.6 
91.2 
78.6 
68.2 
68.5 
50.9 
148.5 
86.5 
205 
165 
154 
152.5 
128 


133 
—0.5 
-11.7 
146 
117.7 
99.5 
107.8 
82.4 
34.5 
391 
190.5 
207.5 
235 
182.5 
135 
85 


282 
245.8 
208 
98.5 
85 
88.5 
64.3 
108 
77.0 
63.5 


Fl. limits 
4.2—35.396 


17-28% 


17-19% 


1.9–12.5% 


1.6-10.6% 


1.4-11.4% 


2-11.8% 


2.0-10.0% 


2.0-9.2% 


2.0-11.5% 


2.5-13% 


2.0-22% 


22-? 


2.6-6.6% 


1.9-10.1% 


2.0-8.7% 


1.8-11.5% 


1.4-11.2% 


1.9-8.5% 
1.8–8.4% 


1.4-11.296 
1.7—9.896 
1.7-10.6% 
2.4-8.0% 
1.9-36.0% 
2.0-14.8% 


3-18% 


2-17% 


2.5-? 
1.7-9.8% 


IT/C 
349 


202 
439 
218 
196 
404 
321 


443 
481 
455 
485 
426 
469 
250 
180 


385 


265 


240 


490 


290 
460 


287 
460 


343 
405 
415 
478 
180 


395 


402 


235 


202 


298 


224 
436 


312 
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16-18 Flammability of Chemical Substances 


Mol. form. Name t °C FP/°C Fl. limits IT/°C 

CH,N tert-Butylamine 44.0 -9 1.7-8.9% 380 

сн, Isobutylamine 67.7 -9 2-76 378 

CH,N Diethylamine 55.5 -23 1.8-10.1% 312 

C,H, NO 2-Amino-1-butanol 178 74 

C,H, NO 2-Amino-2-methyl-1-propanol 165.5 67 

C,H,,NO, Diethanolamine 268.8 172 2-76 662, 

CH, Sn Tetramethylstannane 78 -12 1.9-? 

CHN, Diethylenetriamine 207 98 2—6.796 358 

сно, Furfural 161.7 60 2.1-19.396 316 

САМ Pyridine 115.2 20 1.8–12.4% 482 

C.H, 2-Methyl-1-buten-3-yne 32 <-7 

CHN, 2-Methylpyrazine 137 50 

СНО 3-Methylfuran 66 -30 

СНО, Furfuryl alcohol 171 75 1.8-16.3% 491 

САМ 1-Methylpyrrole 115 16 

C.H.NO 2-Furanmethanamine 145.5 37 

C.H.NO, Ethyl cyanoacetate 205 110 

C.H, 2-Methyl-1,3-butadiene 34.0 -54 1.5-8.9% 395 

C.H, 1-Pentyne 40.1 <-20 

C.H, Cyclopentene 44.2 -29 395 

C.H,O 3-Methyl-3-buten-2-one 98 1.8–9.0% 

C.H,O Cydopentanone 130.5 26 

C.H,O 3,4-Dihydro-2H-pyran 86 -18 

СНО, Allyl acetate 103.5 22 374 

СНО, Isopropenyl acetate 94 26 432 

СНО, Vinyl propanoate 91.2 1 

СНО, Ethyl acrylate 99.4 10 1.4-14% 372 

C.H,O, Methyl methacrylate 100.5 10 1.7–8.2% 

C.H,O, 2,4-Pentanedione 138 34 340 

C,H,O, Methyl acetoacetate 171.7 77 280 

С,Н,ХО N-Methyl-2-pyrrolidone 202 96 1–10% 346 

CH, 1-Pentene 29.9 -18 1.5-8.7% 275 

Сн, cis-2-Pentene 36.9 <-20 

Сн, trans-2-Pentene 36.3 <-20 

Сн, 2-Methyl-1-butene 312 -20 

Ссн 3-Methyl-1-butene 20.1 -7 1.5-9.1% 365 

СН 2-Methyl-2-butene 38.5 -20 

C.H, رګا‎ 49.3 —25 1.5-? 361 

C.H,,Cl, 1,5-Dichloropentane 179 >27 

С.Н, oN, 3-(Dimethylamino)propanenitrile 173 65 

C,H O Cyclopentanol 140.4 51 

C,H O Pentanal 103 12 222 

C,H O 2-Pentanone 102.2 7 1.5-8.2% 452 

C,H O 3-Pentanone 101.9 13 1.6-? 450 

C,H O Tetrahydropyran 88 -20 

C,H O 2-Methyltetrahydrofuran 78 -11 

C,H O, Pentanoic acid 186.1 96 400 

C,H O, 3-Methylbutanoic acid 176.5 416 

C,H O, Butyl formate 106.1 18 1.7-8.2% 322 

C,H O, Isobutyl formate 98.2 5 2—9% 320 

C,H O, Propyl acetate 101.5 13 1.7-8% 450 

C,H O, Isopropyl acetate 88.6 2 1.8-8% 460 

C,H O, Ethyl propanoate 99.1 12 1.9-1196 440 

C,H O, Methyl butanoate 102.8 14 

C,H O, 3-Ethoxypropanal 135.2 38 

C,H O, Tetrahydrofurfuryl alcohol 178 75 1.5-9.7% 282 

C.H,,0, Diethyl carbonate 126 25 

C,H,,O, Ethylene glycol monomethyl ether 143 49 1.5-12.3% 392 
acetate 

C.H,,0, Ethyl lactate 154.5 46 15-? 400 


C,H, Br 1-Bromopentane 129.8 32 


Flammability of Chemical Substances 


Mol. form. 
сна 
сна 
сна 
СНС 
СМ 
СМ 
C,H, NO 
C,H, NO, 
СН» 
СН» 
СН», 
СМ, 
C,H,,N,O 
СНО 
СНО 
СНО 
СНО 
СНО 
СНО 
СНО 
СНО 
СНО 


Name 

1-Chloropentane 
2-Chloro-2-methylbutane 
1-Chloro-3-methylbutane 
Trichloropentylsilane 
Piperidine 
N-Methylpyrrolidine 
4-Methylmorpholine 
Isopentyl nitrite 

Pentane 

Isopentane 

Neopentane 
1-Methylpiperazine 
Tetramethylurea 
1-Pentanol 

2-Pentanol 

3-Pentanol 
2-Methyl-1-butanol 
3-Methyl-1-butanol 
2-Methyl-2-butanol 
3-Methyl-2-butanol 
2,2-Dimethyl-1-propanol 
Ethyl propyl ether 
1,5-Pentanediol 
2-Isopropoxyethanol 


2,2-Dimethyl-1,3-propanediol 
Diethylene glycol monomethyl ether 


1-Pentanethiol 
3-Methyl-2-butanethiol 
Pentylamine 
Butylmethylamine 
1,2,4,5-Tetrachlorobenzene 


1-Chloro-2,4-dinitrobenzene 


1,2,4-Trichlorobenzene 
1-Chloro-4-nitrobenzene 
o-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichlorobenzene 
2,4-Dichlorophenol 
Bromobenzene 
Chlorobenzene 
o-Chlorophenol 
p-Chlorophenol 
3,4-Dichloroaniline 
Trichlorophenylsilane 
Fluorobenzene 
Nitrobenzene 
2,4-Dinitroaniline 
1,5-Hexadien-3-yne 
Benzene 
p-Nitroaniline 

Phenol 
1,2-Benzenediol 
Resorcinol 
p-Hydroquinone 
Aniline 
2-Methylpyridine 
4-Methylpyridine 
Aniline, hydrochloride 
Hexanedioyl dichloride 
Adiponitrile 
o-Phenylenediamine 


tC 
107.8 
85.6 
98.9 
172 
106.2 
81 
116 
99.2 
36.0 
27.8 
94 
138 
176.5 
137.9 
119.3 
116.2 
128 
131.1 
102.4 
112.9 
113.5 
63.2 
239 
145 
208 
193 
126.6 


104.3 
91 
244.5 
315 
213.5 
242 
180 
173 
174 
210 
156.0 
131.7 
174.9 
220 
272 
201 
84.7 
210.8 


85 
80.0 
332 
181.8 
245 


287 

184.1 
129.3 
145.3 


295 
257 


ЕРРС 


<21 


121 
166 


224 
<-20 


199 


127 


127 
165 


193 


156 


Fl. limits 
1.6–8.6% 
1.5-7.4% 
1.5-7.4% 


1.4-8.0% 
1.4—7.696 
1.4—7.596 


1.2-10.096 
1.2-9.0% 
1.2-9.0% 
1.2-9.0% 
1.2-9.0% 


1.7-9.0% 


1.38-22.7% 


2.2-2296 


2.0-22% 


2.5-6.6% 


2.2-9.2% 


1.3-9.6% 


1.8-? 


1.5-? 
1.2-7.8% 


1.8–8.6% 


14-? 


13-11% 


1.0-? 
1.5-? 


IT/C 
260 
345 


210 
260 
420 
450 


300 
343 
435 
385 
350 
437 


335 


399 
240 


571 


648 


565 
593 


482 


498 
715 
608 
516 


615 
538 


550 
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16-20 Flammability of Chemical Substances 


Mol. form. Name t °C FP/°C Fl. limits IT/°C 
CHN, Phenylhydrazine 243.5 88 

С, 2,5-Dimethylpyrazine 155 64 

C. H,O 2,5-Dimethylfuran 93.5 7 

CHO, Dimethyl maleate 202 113 

CH, 1,4-Hexadiene 65 -21 2.0-6.1% 

CH, 2-Methyl-1,3-pentadiene 75.8 -12 

CH, 4-Methyl-1,3-pentadiene 76.5 -34 

CH, 2-Hexyne 84.5 -10 

CH, Cyclohexene 82.9 -12 12-? 310 
C НО Diallyl ether 94 -7 

СНО Сусіоһехапопе 155.4 44 1.1-9.4% 420 
C,H,O Mesityl oxide 130 31 1.4-7.2% 344 
СНО, Vinyl butanoate 116.7 20 1.4—8.8% 

CHO, Ethyl 2-butenoate 136.5 2 

CHO, Ethyl methacrylate 117 20 

CHO, 2,5-Hexanedione 194 79 499 
СНО, Ethyl acetoacetate 180.8 57 1.4—9.596 295 
СНО, Propanoic anhydride 170 63 1.3-9.5% 285 
C,H,O, Adipic acid 337.5 196 420 
CHO, Diethyl oxalate 185.7 76 

CHO, Ethylene glycol diacetate 190 88 1.6-8.4% 482 
сна Chlorocyclohexane 142 32 

C,H, NO Caprolactam 270 125 

CHNO, Nitrocyclohexane 205 88 

CHNO, 4-Acetylmorpholine 113 

CH, 1-Hexene 63.4 -26 1.2-6.9% 253 
Сн, cis-2-Hexene 68.8 -21 

CH, 2-Methyl-1-pentene 62.1 -28 300 
CH,, 4-Methyl-1-pentene 53.9 -7 300 
Сн, 4-Methyl-cis-2-pentene 56.3 -32 

CH, 4-Methyl-trans-2-pentene 58.6 -29 

CH,, 2-Ethyl-1-butene 64.7 <-20 315 
Сн, 2,3-Dimethyl-1-butene 55.6 <-20 360 
CH, 2,3-Dimethyl-2-butene 73.3 <-20 401 
Сн, Сусіоһехапе 80.7 -20 1.3-8% 245 
Сн, Methylcyclopentane 71.8 -29 1.0-8.35% 258 
CH, Ethylcyclobutane 70.8 -15 1.2-7.7% 210 
CH,, 2-Methyl-2-pentene 67.3 <-7 

сн,с,0, 1,2-Bis(2-chloroethoxy)ethane 232 121 

C HO cis-3-Hexen-1-ol 156.5 54 

C HO Butyl vinyl ether 94 -9 255 
C HO Isobutyl vinyl ether 83 -9 

C HO Hexanal 131 32 

со 2-Ethylbutanal 21 1.2-7.796 

C HO 2-Methylpentanal 117 17 199 
C HO 2-Hexanone 127.6 25 1-8% 423 
C.H,,0 3-Hexanone 123.5 35 1-8% 

C HO 4-Methyl-2-pentanone 116.5 18 1.2-8.096 448 
C HO Cyclohexanol 160.8 68 1-9% 300 
C H,0, Hexanoic acid 205.2 102 380 
CHO, 2-Methylpentanoic acid 195.6 107 378 
со, Diethylacetic acid 194 99 400 
со, Pentyl formate 130.4 26 

CHO, Butyl acetate 126.1 22 1.7-7.6% 425 
C. H0, sec-Butyl acetate 112 31 1.7—9.896 

со, Isobutyl acetate 116.5 18 1.3-10.596 421 
CHO, Propyl propanoate 122.5 79 

C H0, Ethyl butanoate 121.5 24 463 
со, Ethyl 2-methylpropanoate 110.1 13 

СНО Diacetone alcohol 167.9 58 1.8—6.996 643 


Flammability of Chemical Substances 


Mol. form. 
C H,O 


6 12.73 


وی 
C,H,S‏ 
сна‏ 
C,H,,N‏ 
C,H,,NO‏ 
C,H,,NO‏ 


Name 


Ethylene glycol monoethyl ether 
acetate 


Paraldehyde 
Cyclohexanethiol 
1-Chlorohexane 
Cyclohexylamine 
N-Butylacetamide 
2,6-Dimethylmorpholine 
N-Ethylmorpholine 
4-Morpholineethanol 
Hexane 
2-Methylpentane 
3-Methylpentane 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
1-Piperazineethanol 
1-Hexanol 
2-Methyl-1-pentanol 
4-Methyl-2-pentanol 
2-Ethyl-1-butanol 
Dipropyl ether 
Diisopropyl ether 
Butyl ethyl ether 
2,5-Hexanediol 
2-Methyl-2,4-pentanediol 
Ethylene glycol monobutyl ether 
1,1-Diethoxyethane 
Ethylene glycol diethyl ether 
1,2,6-Hexanetriol 
Diethylene glycol monoethyl ether 
Diethylene glycol dimethyl ether 
Trimethylolpropane 
Triethylene glycol 
Hexylamine 
Butylethylamine 
Dipropylamine 
Diisopropylamine 
Triethylamine 
Diisopropanolamine 
Triethanolamine 
1-Piperazineethanamine 
Triethyl phosphate 
N,N-Diethylethylenediamine 
1-Chloro-4-nitro-2- 
(trifluoromethyl)benzene 
1-Chloro-2-(trifluoromethyl)benzene 
1-Nitro-3-(trifluoromethyl)benzene 
Benzoyl chloride 
4-Chlorobenzaldehyde 
(Trichloromethyl)benzene 
(Trifluoromethyl)benzene 
1-Methyl-2,4-dinitrobenzene 
Benzaldehyde 
Benzoic acid 
Salicylaldehyde 
Salicylic acid 
o-Bromotoluene 
p-Bromotoluene 
(Chloromethyl)benzene 
o-Nitrotoluene 
m-Nitrotoluene 
p-Nitrotoluene 


tC 
156.4 


124.3 
158.9 
135 
134 
229 
146.6 
138.5 
227 
68.7 
60.2 
63.2 
49.7 
57.9 
246 
157.6 
149 
131.6 
147 
90.0 
68.5 
92.3 
218 
197.1 
168.4 
102.2 
119.4 


196 
162 


285 
132.8 
107.5 
109.3 
83.9 
89 
250 
335.4 
220 
215.5 
144 
232 


152.2 
202.8 
197.2 
213.5 
221 

102.1 


179.0 
249.2 
197 


181.7 
184.3 
179 
222 
232 
238.3 


ЕР/°С 


Fl. limits 
2-896 


1.3-? 


1.9–9.4% 


1.1-7.5% 
1.0-7.0% 
1.2-7.0% 
1.2-7.0% 
1.2-7.0% 


1.1-9.65% 
1.0-5.5% 
1.3-7.0% 
1.4-7.9% 


1-9% 
4-13% 
1.6-10.4% 


0.9-9.2% 


1.1-7.196 
1.2-8.0% 


1-10% 


11-? 


11-? 


IT/C 
379 


238 


293 


225 
264 
278 
405 
405 


310 


188 
443 


306 
238 
230 
205 


371 


299 
316 
249 
374 


454 


211 


192 


570 


540 


585 
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16-22 Flammability of Chemical Substances 


Mol. form. Name t °C FP/°C Fl. limits IT/°C 
C.H, Toluene 110.6 4 1.1-7.196 480 
C.H, Bicyclo[2.2.1]hepta-2,5-diene 89.5 -21 

C.H,O o-Cresol 191.0 81 14-? 599 
C.H,O m-Cresol 202.2 86 11-? 558 
C.H,O p-Cresol 201.9 86 11-7 558 
C.H,O Benzyl alcohol 205.3 93 436 
C.H,O Anisole 153.7 52 475 
C.H,O, 4-Methoxyphenol 243 132 421 
С,Н,0,5 p-Toluenesulfonic acid 184 

САМ o-Methylaniline 200.3 85 482 
САМ p-Methylaniline 200.4 87 482 
C.H,NO o-Anisidine 224 118 

C.H, O 3-Cyclohexene-1-carboxaldehyde 105 57 

C.H, О, 3,3-Diacetoxy-1-propene 180 82 

CH,, 4-Methylcyclohexene 102.7 -1 

C H0, Butyl acrylate 145 29 1.7—9.996 292 
C H,0, Isobutyl acrylate 132 30 427 
CHO, Cyclohexyl formate 162 51 

CHO, Diethyl malonate 200 93 

CHa 1-Heptene 93.6 -1 260 
CHa trans-2-Heptene 98 <0 

СН, Cycloheptane 118.4 <21 1.1-6.7% 

CHa Methylcyclohexane 100.9 -4 1.2-6.7% 250 
СН, Ethylcyclopentane 103.5 «21 1.1-6.7% 260 
C.H,,O 2-Heptanone 151.0 39 1.1-7.9% 393 
C.H,,O 3-Heptanone 147 46 

C.H,,O 4-Heptanone 144. 49 

C.H,,O 5-Methyl-2-hexanone 144 36 1.0-8.2% 191 
C.H,,O cis-2-Methylcyclohexanol 165 65 296 
C.H,,O trans-2-Methylcyclohexanol 167.5 65 296 
C H,O cis-3- Methylcyclohexanol 174.5 70 295 
C H,O trans-3-Methylcyclohexanol 174.5 70 295 
C HO cis-4- Methylcyclohexanol 173 70 295 
C HO trans-4-Methylcyclohexanol 174 70 295 
СНО, Pentyl acetate 149.2 16 1.1-7.5% 360 
C H,0, Isopentyl acetate 142.5 25 1.0–7.5% 360 
СНО, sec-Pentyl acetate 130.5 32 

СНО, Butyl propanoate 146.8 32 426 
C H,0, Propyl butanoate 143.0 37 

C,H NO, Ethyl N-butylcarbamate 202 92 

CH, Heptane 98.5 -4 1.05-6.7% 204 
CH, 2-Methylhexane 90.0 -1 1.0—6.096 280 
CH, 3-Methylhexane 92 -4 280 
CH, 2,3-Dimethylpentane 89.7 -56 1.1-6.7% 335 
CH, 2,4-Dimethylpentane 80.4 -12 

CH, 2,2,3- Trimethylbutane 80.8 «0 412 
C.H, N.O 4-Morpholinepropanamine 220 104 

СНО 2-Heptanol 159 71 

C H,O 3-Heptanol 157 60 

C H,O 2,4-Dimethyl-3-pentanol 138.7 49 

C H,O 2,3,3-Trimethyl-2-butanol 131 «0 375 
сн Heptylamine 156 54 

CHN, N,N-Diethyl-1,3-propanediamine 168.5 59 

C,H,O, Phthalic anhydride 295 152 1.7–10.5% 570 
со, Phthalic acid 168 

СНО, Terephthalic acid 260 496 
C,H,CIO a-Chloroacetophenone 247 118 

сн, Benzeneacetonitrile 233.5 113 

C,H, Styrene 145 31 0.9-6.8% 490 
C,H,O Phenyloxirane 194.1 74 498 
C,H,O Benzeneacetaldehyde 195 71 


Flammability of Chemical Substances 


Mol. form. 
C,H,O 
C,H,O, 
C,H,O, 
اد وی‎ 
C,H,O, 
C,H,O, 
сна 
С,Н,ХО 
САДО, 
C,H,, 
C,H,, 
С 
C,H,, 
C,H,O 
C,H,O 
C,H,O 
C,H,O 
C,H,O 
C,H,O 
С,Н,О, 
C,H,,N 
сын, 
сын, 
C,H,,N 
сын, 


Мате 

Acetophenone 
Benzeneacetic acid 

Phenyl acetate 

Methyl benzoate 
2-Methoxybenzaldehyde 
Methyl salicylate 
1-Chloro-4-ethylbenzene 
Acetanilide 

Methyl 2-aminobenzoate 
Ethylbenzene 

o-Xylene 

m-Xylene 

p-Xylene 

p-Ethylphenol 
Benzeneethanol 
a-Methylbenzyl alcohol 
Phenetole 

Benzyl methyl ether 
4-Methylanisole 
2-Phenoxyethanol 
N-Ethylaniline 
N,N-Dimethylaniline 
2,3-Xylidine 

2,6-Xylidine 
a-Methylbenzylamine 
5-Ethyl-2-picoline 
N-Phenylethanolamine 
0-Phenetidine 
p-Phenetidine 
1,5-Cyclooctadiene 
4-Vinylcyclohexene 
Diethyl maleate 

Diethyl fumarate 
Cyclohexyl acetate 

Butyl methacrylate 
Butanoic anhydride 
2-Methylpropanoic anhydride 
Butyl acetoacetate 

Ethyl succinate 

Diethylene glycol diacetate 
Diethyl tartrate 

Octanoyl chloride 
1-Octene 

2,4,4- Trimethyl-1-pentene 
2,4,4-Trimethyl-2-pentene 
Ethylcyclohexane 
cis-1,2-Dimethylcyclohexane 
trans-1,2-Dimethylcyclohexane 
cis-1,4-Dimethylcyclohexane 
Propylcyclopentane 
Octanal 

2-Ethylhexanal 
2-Octanone 

Hexyl acetate 

sec-Hexyl acetate 
2-Ethylbutyl acetate 
Pentyl propanoate 

Butyl butanoate 

Isobutyl butanoate 
Isobutyl isobutanoate 
Ethyl hexanoate 


t °C 


202 
265.5 
196 
199 
243.5 
222.9 
184.4 
304 
256 
136.1 
144.5 
139.1 
138.3 
217.9 
218.2 
205 
169.8 
170 
175.5 
245 
203.0 
194.1 
221.5 
215 
187 
178.3 
279.5 
232.5 
254 
150.8 
128 
223 
214 
173 
160 
200 
183 


217.7 
200 
281 
195.6 
121.2 
101.4 
104.9 
131.9 
129.8 
123.5 
124.4 
131 
171 
163 
172.5 
171.5 
147.5 
162.5 
168.6 
166 
156.9 
148.6 
167 


FP/°C 


>100 


169 
>100 


104 


135 


121 


152 


121 
104 


Fl. limits 


0.8-6.7% 
0.9-6.7% 
1.1-7.0% 
1.1-7.0% 


1.0-? 


1.1-6.6% 


0.9-5.8% 
1.0-6.2% 


0.8—4.8% 


0.9-6.6% 


0.85—7.296 


0.96—7.5996 


IT/C 


570 


454 
530 
432 
463 


527 
528 


371 


269 
350 


335 


279 
329 


230 
391 
305 
238 
304 
304 


269 


190 


378 


432 
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16-24 Flammability of Chemical Substances 


Mol. form. Name t °C FP/°C Fl. limits IT/°C 

C.H, O, 1,4-Cyclohexanedimethanol 283 167 316 

C.H, O, Pentyllactate 79 

C.H, O, Diethylene glycol monoethyl ether 218.5 110 425 
acetate 

сна 1-Chlorooctane 181.5 70 

сна 3-(СМоготе у ћергапе 172 60 

CH. Octane 125.6 13 1.0-6.5% 206 

сн, 2,3-Dimethylhexane 115.6 7 438 

сн, 2,4-Dimethylhexane 109.5 10 

сн, 3-Ethyl-2-methylpentane 115.6 «21 460 

сн, 2,2,3-Trimethylpentane 110 <21 346 

сн, 2,2,4-Trimethylpentane 99.2 -12 418 

сн, 2,3,3- Trimethylpentane 114.8 <21 425 

C,H,,O 1-Octanol 195.1 81 

C,H,,O 2-Octanol 180 88 

C,H,O 2-Ethyl-1-hexanol 184.6 73 0.88–9.7% 231 

с,н,О Dibutyl ether 140.2 25 1.5-7.6% 194 

C,H,,0, 2-Ethyl-1,3-hexanediol 244 127 360 

с,н,0, 2,2,4- Trimethyl-1,3-pentanediol 235 113 346 

C,H,,0, Di-tert-butyl peroxide 111 18 

СНО, Diethylene glycol diethyl ether 188 82 

C,H,,O, 2,5,8,11-Tetraoxadodecane 216 111 

C,H,,0, Tetraethylene glycol 328 182 

C,H,,S 1-Octanethiol 199.1 69 

C,H,,S Dibutyl sulfide 185 76 

C,H,N Octylamine 179.6 60 

C,H,N Dibutylamine 159.6 47 1.1-6% 

C,H,N Diisobutylamine 139.6 29 

C,H,N 2-Ethylhexylamine 169.2 60 

C,H4O,Si Ethyl silicate 168.8 52 

C,HAN, Tetraethylenepentamine 341.5 163 321 

СНО, Toluene-2,4-diisocyanate 251 127 0.9–9.5% 

сн, Quinoline 237.1 480 

сн o-Methylstyrene 169.8 53 0.8-11.0% 538 

C,H,, m-Methylstyrene 164 53 0.8-11.0% 538 

C,H,, p-Methylstyrene 172.8 53 0.8-11.0% 538 

сн Isopropenylbenzene 165.4 54 1.9—6.196 574 

C,H,O 1-Phenyl-1-propanone 217.5 99 

C,H O 4-Methylacetophenone 226 96 

C,H O, Ethyl benzoate 212 88 490 

C,H O, Benzyl acetate 213 90 460 

C,H O, Methyl 2-phenylacetate 216.5 91 

C,H, NO 4-Methylacetanilide 307 168 

CH, Propylbenzene 159.2 30 0.8-6.0% 450 

CH, Isopropylbenzene 152.4 36 0.9-6.5% 424 

СН, o-Ethyltoluene 165.2 440 

CH, m-Ethyltoluene 161.3 480 

CH, p-Ethyltoluene 162 475 

CH, 1,2,3-Trimethylbenzene 176.1 44 0.8—6.696 470 

CH, 1,2,4-Trimethylbenzene 169.3 44 0.9-6.4% 500 

сн, 1,3,5-Trimethylbenzene 164.7 50 1–5% 559 

СН,О a-Ethylbenzyl alcohol 219 100 

со, Ethylene glycol monobenzyl ether 256 129 352 

СНО, Ethyl p-toluenesulfonate 158 

СН М Amphetamine 203 «100 

C,H,,O Phorone 197.5 85 

C,H,,O Isophorone 215.2 84 0.8—3.896 460 

C,H „O, Triacetin 259 138 1.0-? 433 

СН в Octahydroindene 167 296 

C,H, O, Allyl hexanoate 186 66 


1-Nonene 146.9 26 


Flammability of Chemical Substances 16-25 


Mol. form. Name t °C FP/°C Fl. limits IT/°C 
СН Propylcyclohexane 156.7 248 
CH, Isopropylcyclohexane 154.8 283 
CH, Butylcyclopentane 156.6 250 
СН О 2-Мопапопе 195.3 60 0.9—5.996 360 
C,H,,O Diisobutyl ketone 169.4 49 0.8-7.1% 396 
C,H رل‎ Pentyl butanoate 186.4 57 

СНО, Isopentyl butanoate 179 59 

СНО, Butyl 3-methylbutanoate 53 

сн, Мопапе 150.8 31 0.8-2.9% 205 
СН» 3-Ethyl-4-methylhexane 140 24 

СН» 4-Ethyl-2-methylhexane 133.8 <21 07-2 280 
СН» 2,2,5-Trimethylhexane 124.0 13 

СН» 3,3-Diethylpentane 146.3 0.7—5.796 290 
СН» 3-Ethyl-2,4-dimethylpentane 136.7 390 

СН» 2,2,3,3-Tetramethylpentane 140.2 «21 0.8—4.996 430 
СН» 2,2,3,4-Tetramethylpentane 133.0 <21 

C,H,,BO, Triisopropyl borate 140 28 

C,H,,N Tripropylamine 156 41 

C,H, NO, Triisopropanolamine 160 320 
сна 1-Chloronaphthalene 259 121 2558 
C,H, Naphthalene 217.9 79 0.9–5.9% 526 
C, HO 2-Naphthol 285 153 

С HN 1-Naphthalenamine 300.8 157 

C H0, Safrole 234.5 100 

C.H, O, Dimethyl phthalate 283.7 146 09-7 490 
СНО, Dimethyl isophthalate 282 138 

C.H, O, Dimethyl terephthalate 288 153 518 
С H, NO, Acetoacetanilide 185 

СН, 1,2,3,4- Tetrahydronaphthalene 207.6 71 0.8—5.096 385 
C HO, Isopropyl benzoate 216 99 

C, HO, Ethyl phenylacetate 227 99 

C,H, Butylbenzene 183.3 71 0.8—5.896 410 
СН sec-Butylbenzene 173.3 52 0.8—6.996 418 
C,H, tert-Butylbenzene 169.1 60 0.7—5.796 450 
C,H, Isobutylbenzene 172.7 55 0.8—6.096 427 
C,H, p-Cymene 177.1 47 0.7—5.696 436 
C,H, 1,2,3,4-Tetramethylbenzene 205 74 427 
C,H, 1,2,3,5-Tetramethylbenzene 198 71 427 
C,H, 1,2,4,5-Tetramethylbenzene 196.8 54 

C,H, o-Diethylbenzene 184 57 395 
C,H, m-Diethylbenzene 181.1 56 450 
C,H, p-Diethylbenzene 183.7 55 0.7-6.0% 430 
لړل‎ Butyl phenyl ether 210 82 

C H0, 4-tert-Butyl-1,2-benzenediol 285 130 

C, HN N-Butylaniline 243.5 107 

C, H,N N,N-Diethylaniline 216.3 85 630 
C,,H,,NO, N-Phenyl-N,N-diethanolamine 196 07-2 387 
C,H. Dipentene 178 45 237 
C,H. d-Limonene 178 45 0.7—6.196 237 
СН a-Pinene 156.2 33 255 
CH, B-Pinene 166 38 275 
C,H. p-Phellandrene 171.5 49 

Cp H,O Camphor 207.4 66 0.6-3.5% 466 
C Hj trans-Decahydronaphthalene 187.3 54 0.7—5.496 255 
لا لل‎ Borneol 66 

Linalol 198 71‏ لا لل 

СНО а-Тегршео! 220 90 

Cineole 176.4 48‏ لا لل 

trans-Geraniol 230 »100‏ لا لل 

С H, O, Dibutyl oxalate 241 104 

C, H, NO, N-tert-Butylaminoethyl methacrylate 96 


16-26 Flammability of Chemical Substances 


Mol. form. Name t °C FP/°C Fl. limits IT/°C 
СН» 1-Оесепе 170.5 <55 235 
СН» Butylcyclohexane 180.9 246 
СН» Isobutylcyclohexane 171.3 274 
СН» tert-Butylcyclohexane 171.5 342 
СНО Citronellol 224 96 

С H, O, 2-Ethylhexyl acetate 199 71 0.76–8.14% 268 
С H, O, Ethyl octanoate 208.5 79 

C, H, N N-Butylcyclohexanamine 93 

C, H,, Decane 174.1 51 0.8—5.4% 210 
СН» 2-Methylnonane 167.1 210 
CoH, 3-Ethyloctane 166.5 230 
СН» 4-Ethyloctane 163.7 229 
С НО 1-Decanol 231.1 82 288 
С НО Dipentyl ether 190 57 170 
CHO, Ethylene glycol dibutyl ether 203.3 85 

C HO, Tetraethylene glycol dimethyl ether 275.3 141 

C, HS Dipentyl sulfide 85 

С HN Decylamine 220.5 99 

С HN Dipentylamine 202.5 51 

CH, 1-Methylnaphthalene 244.7 529 
C,,H,,0, Ethyl benzoylacetate 141 

C,,H,,0, Butyl benzoate 250.3 107 

CH, p-tert-Butyltoluene 190 68 

CH, Pentylbenzene 205.4 66 

CH, 1,3-Diethyl-5-methylbenzene 205 455 
CH, Pentamethylbenzene 232 93 427 
C, H,O 4-tert-Butyl-2-methylphenol 237 118 

C, HUN p-tert-Pentylaniline 260.5 102 

C.H, O, 2-Ethylhexyl acrylate 82 252 
САН, Pentylcyclohexane 203.7 239 
C, HO 2-Undecanone 231.5 89 

C,,H,,0, Nonyl acetate 210 68 

САНА Undecane 195.9 69 

САНА 2-Methyldecane 189.3 225 
C, HO 2-Undecanol 228 113 

C, H,Br 4-Bromo-1,1’-biphenyl 310 144 

СН, Biphenyl 256.1 113 0.6-5.8% 540 
C,,H,,CLSi Dichlorodiphenylsilane 305 142 

C,,H,,O o-Phenylphenol 286 124 530 
C,,H,,O Diphenyl ether 258.0 112 0.8-1.5% 618 
C,,H,,N 2-Aminobiphenyl 299 450 
C,,H,,N Diphenylamine 302 153 634 
CH, 1-Ethylnaphthalene 258.6 480 
C,,H,,0, Diethyl phthalate 295 161 0.7-? 457 
C,,H,,0, Diethyl terephthalate 302 117 

CH, Cyclohexylbenzene 240.1 99 

СНО, Pentyl salicylate 270 132 

C,,H,,NO N-Butyl-N-phenylacetamide 281 141 

С.Н, 1,5,9-Cyclododecatriene 240 71 

C,H40, Dibutyl maleate 280 141 

C,H,0, Dimethyl sebacate 145 

C, H0, Dibutyl tartrate 320 91 284 
C, HN Dicyclohexylamine >99 

СН» 1-Dodecene 213.8 79 

C,,H,,0, Ethyl decanoate 241.5 >100 

C,,H,,Br 1-Bromododecane 276 144 

С.Н, Родесапе 216.3 74. 0.6-? 203 
C, HO 1-Dodecanol 259 127 275 
C, HO 2-Butyl-1-octanol 246.5 110 

C,H40, Diethylene glycol dibutyl ether 256 118 310 


C,,H,,S 1-Dodecanethiol 277 128 


Flammability of Chemical Substances 


Mol. form. 


C,,H,,CL,Si 


18 37 


С,Н,О 


21:32:72 


Мате 

Tributyl borate 
Tributylamine 

Tributyl phosphate 
2-Methylbiphenyl 
Diphenylmethane 
p,p'-Diaminodiphenylmethane 
1-Tridecene 
2-Tridecanone 
Tridecane 
1-Tridecanol 
9,10-Anthracenedione 
Anthracene 
Phenanthrene 

Benzyl benzoate 
Benzyl salicylate 
1,1-Diphenylethane 
Dibenzyl ether 
1-Butylnaphthalene 
o-Dianisidine 
N,N-Dibutylaniline 
1-Tetradecene 
Tetradecane 
1-Tetradecanol 
1-Pentylnaphthalene 
Nonylbenzene 
2,6-Di-tert-butyl-4-methylphenol 
Tributyrin 
Tripentylamine 
1,3-Diphenyl-2-buten-1-one 
2-Butyl-1,1'-biphenyl 
Dibutyl phthalate 
Decylbenzene 
Hexadecane 

Dioctyl ether 
Bis(2-ethylhexyl)amine 
N,N'-Diethylcarbanilide 
2-Heptadecanone 
1-Heptadecanol 
о-Тегрһепуі 
т-Тегрһепуі 

Triphenyl phosphite 
Triphenyl phosphate 
Triphenylphosphine 
Dodecylbenzene 

Butyl citrate 

Oleic acid 

Dibutyl sebacate 
Stearic acid 
Trichlorooctadecylsilane 
Octadecane 
1-Octadecanol 
Triphenylmethane 
2-Nonadecanone 
Methyl stearate 
Nonadecane 

Diphenyl phthalate 
1-Decylnaphthalene 
Eicosane 

Tri-o-cresyl phosphate 
4-Octylpheny] salicylate 
Methyl abietate 


t °C 
234 
216.5 
289 
255.5 
265.0 
398 
232.8 
263 
235.4 


377 
339.9 
340 
323.5 
320 
272.6 
298 
289.3 


274.8 
233 
253.5 
289 
307 
280.5 
265 
307.5 
242.5 
342.5 


340 
298 
286.8 
283 


320 
333 
332 
363 
360 


328 
360 
344.5 
316.3 


359 


443 
329.9 


379 
343 
410 


ЕР/°С 
93 
63 
146 
137 
130 
220 
79 
107 
79 
121 
185 
121 
171 
148 
>100 
>100 
135 
360 
206 
110 
110 
112 
141 
124 
99 
127 
180 
102 
177 
>100 
157 
107 
136 
>100 
132 
150 
120 
154 
163 
191 
218 
220 
180 
140 
157 
189 
178 
196 
89 
>100 


>100 
124 
153 
>100 
224 
177 
>100 
225 
216 
180 


Fl. limits 


0.6-? 


0.5-? 


0.5-? 


0.5-? 


0.4-? 


IT/C 


502 
485 


540 


480 


440 


235 
200 


407 


430 
402 


202 
205 


368 
363 
365 
395 


227 
450 


230 


232 
385 
416 


16-27 


16-28 


Mol. form. 
С,Н,О 


22 4272 


С,Н,О 


22 4274 


C,H,,O, 


22 4472 


C,H, O 


23 46 2 


C, H, Sn 


24 20 


C, H40 


24 328 4 


С,Н,О 


25 4874 


Name 

Butyl oleate 
Bis(2-ethylhexyl) adipate 
Butyl stearate 

Pentyl stearate 
Tetraphenylstannane 
Bis(2-ethylhexyl) phthalate 
Bis(2-ethylhexyl) azelate 


tC 


343 


420 
384 


ЕРРС 


180 
206 
160 
185 
232 
218 
227 


Flammability of Chemical Substances 


FI. limits IT/°C 
0.4-? 377 
355 
0.3-? 374 


THRESHOLD LIMITS FOR AIRBORNE CONTAMINANTS 


Several organizations recommend limits of exposure to airborne 
contaminants in the workplace. These include the Occupational 
Safety and Health Administration (OSHA), the National Institute 
for Occupational Safety and Health (NIOSH), and the non-gov- 
ernmental organization, American Conference of Governmental 
Industrial Hygienists (ACGIH). The threshold limit value (TLV) 
for a substance is defined as the concentration level under which 
the majority of workers may be repeatedly exposed, day after day, 
without adverse effects. The TLV recommendations are given in 
two forms: 

e  Time-weighted average (TWA) concentration for а nor- 
mal 8-hr workday and 40-hr workweek. 
• Short-term exposure limit (STEL), which should not be 
exceeded for more than 15 min. 
Both kinds of limits are specified for some substances. 

The following table gives threshold limit values for a number of 
substances that may be encountered in the atmosphere of a chemi- 
cal laboratory or industrial facility. All values refer to the concen- 
tration in air at 25°С and normal atmospheric pressure. Data for 
gases are given in parts per million by volume (ppm). Values for 
liquids refer to mists or aerosols, and those for solids to dusts or 


Substance Notes 

Abate [Temephos] 
Acetaldehyde 

Acetic acid 

Acetic anhydride 

Acetone 2-Propanone] 
Acetone cyanohydrin as CN 
Acetonitrile Methyl cyanide] 
Acetophenone Methyl phenyl ketone] 
2-(Acetyloxy)benzoic acid Aspirin] 
Acrolein 2-Propenal] 
Acrylamide 2-Propenamide] 
Acrylic acid 2-Propenoic acid] 
Acrylonitrile Propenenitrile] 
Aldrin 

Allyl alcohol 2-Propen-1-ol] 
Allyl glycidyl ether AGE] 

Allyl propyl disulfide 

Aluminum metal dust 
Aluminum oxide 

4-Amino-3,5,6-trichloro-2- [Picloram] 


pyridinecarboxlic acid 
Ammonia 
Ammonium chloride 
Ammonium 
perfluorooctanoate 
Ammonium sulfamate 
Aniline 
Antimony 
Arsenic 
Arsine 
Atrazine 
Azinphos-methyl 
Barium soluble compounds, as Ва 
Barium sulfate 
Benomyl 


fumes; both are stated in mass concentration (mg/m3). A "C" 
preceding a value indicates a ceiling limit, which should not be 
exceeded even for very brief periods because of acute toxic effects 
of the substance. 

Substances are listed by systematic name; molecular formula in 
the Hill format and Chemical Abstracts Service Registry Number 
are also given. The Notes column gives further information on the 
form of the substance and the basis on which the TLV is reported. 
This column also includes common synonyms and acronyms in 
brackets (e.g., (МТВЕ)). 
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Time- 
Molecular weighted Short-term 
formula CAS Reg. No. average exposure limit 
C, H,O P.S, 3383-96-8 10 mg/m? 
CHO 75-07-0 C 25 ppm 
CHO, 64-19-7 10 ppm 15 ppm 
CHO, 108-24-7 5 ppm 
СНО 67-64-1 500 ррт 750 ррт 
C,H,NO 75-86-5 C5 mg/m? 
C,H,N 75-05-8 20 ppm 
C,H,O 98-86-2 10 ppm 
C,H,O, 50-78-2 5 mg/m? 
C,H,O 107-02-8 C 0.1 ppm 
C,H.NO 79-06-1 0.03 mg/m? 
CHO, 79-10-7 2ppm 
C,H,N 107-13-1 2ppm 
сна, 309-00-2 0.25 mg/m? 
СНО 107-18-6 0.5 ррт 
C.H, O, 106-92-3 1 ррт 
C H,S, 2179-59-1 0.5 ppm 
Al 7429-90-5 10 mg/m? 
ALO, 1344-28-1 10 mg/m? 
C,H,CLN,O, 1918-02-1 10 mg/m? 
HN 7664-41-7 25 ppm 35 ppm 
CIH,N 12125-02-9 10 mg/m? 20 mg/m? 
C.H F..NO, 3825-26-1 0.01 mg/m? 
HN,O,S 7773-06-0 10 mg/m? 
САМ 62-53-3 2ppm 
Sb 7440-36-0 0.5 mg/m? 
As 7440-38-2 0.01 mg/m? 
АЯН, 7784-42-1 0.05 ррт 
C,H, CIN, 1912-24-9 5 mg/m? 
C,H,N,O,PSS, | 86-50-0 0.2 mg/m? 
Ba 7440-39-3 0.5 mg/m? 
ВаО,5 7727-43-7 10 mg/m? 
с Но, 17804-35-2 10 mg/m? 


16-29 


16-30 


Substance 
Benzene 


1,3-Benzenedimethanamine 


Benzenethiol 

p-Benzoquinone 

Benzoyl chloride 

Benzoyl peroxide 

Benzyl acetate 

Beryllium 

Biphenyl 

Bis(2-aminoethyl)amine 

Bis(2-chloroethyl) ether 

Bis(chloromethyl) ether 

Bis(2-dimethylaminoethyl) 
ether 

Bis(2-ethylhexyl) phthalate 

Bismuth telluride 

Boron oxide 

Boron tribromide 

Boron trifluoride 

Bromacil 

Bromine 

Bromine pentafluoride 

Bromochloromethane 

2-Bromo-2-chloro-1,1,1- 
trifluoroethane 

Bromoethane 

Bromoethene 

Bromomethane 

Bromotrifluoromethane 

1,3-Butadiene 

Butane 

1-Butanethiol 

1-Butanol 

2-Butanol 

2-Butanone 

2-Butanone peroxide 

trans-2-Butenal 

3-Buten-2-one 

2-Butoxyethanol 

2-Butoxyethyl acetate 

Butyl acetate 

sec-Butyl acetate 

tert-Butyl acetate 

Butyl acrylate 

Butylamine 

tert-Butyl chromate 

tert-Butyl ethyl ether 

Butyl glycidyl ether 

Butyl lactate 


1-tert-Butyl-4- methylbenzene 


2-sec-Butylphenol 
Cadmium 

Cadmium 

Calcium carbonate 
Calcium chromate 
Calcium cyanamide 
Calcium hydroxide 
Calcium metasilicate 
Calcium oxide 
Calcium sulfate 


Notes 
[т-ХУепе diamine] 


[Phenyl mercaptan] 
[Quinone] 


and compounds, as Be 


[Diethylenetriamine] 
[2,2’-Dichlorethy] ether] 


[DMAEE] 


[Di-sec-octyl phthalate; DEHP] 


Halon 1011] 
Halothane] 


Ethyl bromide] 
Vinyl bromide] 
Methyl bromide] 


Butyl mercaptan] 
Butyl alcohol] 
sec-Butyl alcohol] 


Crotonaldehyde] 
Methyl vinyl ketone] 
ЕСВЕ] 

ЕСВЕА] 


аз СгО, 
[ЕТВЕ] 
[ВСЕ] 


[p-tert-Butyltoluene] 


metal 
compounds, as Cd 


as Cr 


5-Bromo-3-sec-butyl-6-methyluracil] 


Methyl ethyl ketone; MEK] 
Methyl ethyl ketone peroxide] 


Molecular 
formula 


BF, 
C,H,,BrN,O, 
Br, 

ВІР, 
CH,BrCl 


C,HBrCIE, 


C,H,Br 
C,H,Br 
CH,Br 
CBrF, 


CAS Reg. No. 
71-43-2 
1477-55-0 
108-98-5 
106-51-4 
98-88-4 
94-36-0 
140-11-4 
7440-41-7 
92-52-4 
111-40-0 
111-44-4 
542-88-1 
3033-62-3 


117-81-7 
1304-82-1 
1303-86-2 
10294-33-4 
7637-07-2 
314-40-9 
7726-95-6 
7789-30-2 
74-97-5 
151-67-7 


74-96-4 
593-60-2 
74-83-9 
75-63-8 
106-99-0 
106-97-8 
109-79-5 
71-36-3 
78-92-2 
78-93-3 
1338-23-4 
4170-30-3 
78-94-4 
111-76-2 
112-07-2 
123-86-4 
105-46-4 
540-88-5 
141-32-2 
109-73-9 
1189-85-1 
637-92-3 
2426-08-6 
138-22-7 
98-51-1 
89-72-5 
7440-43-9 
7440-43-9 
1317-65-3 
13765-19-0 
156-62-7 
1305-62-0 
1344-95-2 
1305-78-8 
7778-18-9 


Time- 
weighted 
average 
0.5 ppm 


0.1 ppm 
0.1 ppm 


5 mg/m? 

10 ppm 
0.002 mg/m? 
0.2 ppm 
lppm 

5 ppm 

0.001 ppm 
0.05 ppm 


5 mg/m? 
10 mg/m? 
10 mg/m? 


10 mg/m? 
0.1 ppm 
0.1 ppm 
200 ppm 
50 ppm 


5 ppm 

0.5 ppm 
lppm 
1000 ppm 
2ppm 
1000 ppm 
0.5 ppm 
20 ppm 
100 ppm 
200 ppm 


20 ppm 
20 ppm 
150 ppm 
200 ppm 
200 ppm 


2ppm 


5 ppm 

25 ppm 

5 ppm 
lppm 

5 ppm 

0.01 mg/m? 
0.002 mg/m? 
10 mg/m? 
0.001 mg/m? 
0.5 mg/m? 

5 mg/m? 

10 mg/m? 

2 mg/m? 

10 mg/m? 


Threshold Limits for Airborne Contaminants 


Short-term 
exposure limit 


2.5 ppm 
C 0.1 mg/m? 


С 0.5 ppm 


0.01 mg/m? 


10 ppm 


0.15 ppm 


C1ppm 
C1ppm 


0.2 ppm 


300 ppm 

C 0.2 ppm 
С 0.3 ppm 
C 0.2 ppm 


200 ppm 


C5 ppm 
C 0.1 mg/m? 


Threshold Limits for Airborne Contaminants 


Substance 
Camphor 
Caprolactam 
Captafol 

Captan 

Carbaryl 
Carbofuran 

Carbon black 
Carbon dioxide 
Carbon disulfide 
Carbon monoxide 
Carbonyl chloride 
Carbonyl fluoride 
Cesium hydroxide 
Chlordane 

Chlorine 

Chlorine dioxide 
Chlorine trifluoride 
Chloroacetaldehyde 
Chloroacetone 
a-Chloroacetophenone 
Chloroacetyl chloride 
Chlorobenzene 


o-Chlorobenzylidene 
malononitrile 


2-Chloro-1,3-butadiene 
Chlorodifluoromethane 
Chloroethane 
2-Chloroethanol 
Chloroethene 
Chloromethane 
(Chloromethyl)benzene 
1-Chloro-4-nitrobenzene 
1-Chloro-1-nitropropane 
Chloropentafluoroethane 
2-Chloropropanoic acid 
2-Chloro-1-propanol 
1-Chloro-2-propanol 
3-Chloropropene 
2-Chlorostyrene 
2-Chlorotoluene 
Chlorpyrifos 
Chromium 

Chromium 

Chromium 

Chromium 

Chromyl chloride 
Clopidol 

Cobalt 

Cobalt carbonyl 

Cobalt hydrocarbonyl 
Copper 

Cresol 

Crufomate 

Cyanamide 

Cyanide ion [СМ] 
Cyanogen 

Cyanogen chloride 
Cyclohexane 
Cyclohexanol 
Cyclohexanone 


Notes 


[Phosgene] 


Chloroprene] 


Ethyl chloride] 
Ethylene chlorohydrin] 
Vinyl chloride] 

Methyl chloride] 
Benzyl chloride] 


[Allyl chloride] 


metal 

Cr(III) compounds, as Cr 

soluble Cr(VI) compounds, as Cr 
insoluble Cr(VI) compounds, as Cr 


metal and inorganic compounds, as Co 
as Co 

as Co 

fume 

all isomers 


cyanide salts, as CN 


Molecular 


formula 
Син me) 


CH NO 


6 11 
C H,CI,NO,S 
C,H,CLNO,S 
C, H,,NO, 


12 1E 


C,H,NO, 


12 15 


C,H,CINO, 
C,CIE, 

C,H, ClO, 
снао 
снао 
сна 

сна 

сна 

C,H, ,C1,NO,PS 


9 11 


Cr 

Cl CrO, 
C.H,CLNO 
Co 
C,Co,O, 
С,НСоО, 
Си 

сно 

C, H,CINO,P 
сн,ы, 

сы 

CN, 

CCIN 
CH, 
СНО 
CHO 


CAS Reg. No. 
76-22-2 
105-60-2 
2425-06-1 
133-06-2 
63-25-2 
1563-66-2 
1333-86-4 
124-38-9 
75-15-0 
630-08-0 
75-44-5 
353-50-4 
21351-79-1 
57-74-9 
7782-50-5 
10049-04-4 
7790-91-2 
107-20-0 
78-95-5 
532-27-4 
79-04-9 
108-90-7 
2698-41-1 


126-99-8 
75-45-6 
75-00-3 
107-07-3 
75-01-4 
74-87-3 
100-44-7 
100-00-5 
600-25-9 
76-15-3 
598-78-7 
78-89-7 
127-00-4 
107-05-1 
2039-87-4 
95-49-8 
2921-88-2 
7440-47-3 
7440-47-3 
7440-47-3 
7440-47-3 
14977-61-8 
2971-90-6 
7440-48-4 
10210-68-1 
16842-03-8 
7440-50-8 
1319-77-3 
299-86-5 
420-04-2 
57-12-5 
460-19-5 
506-77-4 
110-82-7 
108-93-0 
108-94-1 


Time- 
weighted 
average 

2 ppm 

5 mg/m? 
0.1 mg/m? 
5 mg/m? 

5 mg/m? 
0.1 mg/m? 
3.5 mg/m? 
5000 ppm 
10 ppm 
25 ppm 
0.1 ppm 
2ppm 

2 mg/m? 
0.5 mg/m? 
0.5 ppm 
0.1 ppm 


0.05 ppm 
0.05 ppm 
10 ppm 


10 ppm 
1000 ppm 
100 ppm 


lppm 

50 ppm 
lppm 

0.1 ppm 
2ppm 
1000 ppm 
0.1 ppm 
lppm 
lppm 
lppm 

50 ppm 

50 ppm 

0.1 mg/m? 
0.5 mg/m? 
0.5 mg/m? 
0.05 mg/m? 
0.01 mg/m? 
0.025 ppm 
10 mg/m? 
0.02 mg/m? 
0.1 mg/m? 
0.1 mg/m? 
0.2 mg/m? 
5 ppm 

5 mg/m? 

2 mg/m? 


10 ppm 
100 ppm 


50 ppm 
20 ppm 


16-31 


Short-term 
exposure limit 


3 ppm 


30,000 ppm 


5 ppm 


1 ppm 

0.3 ppm 
C ОЛ ppm 
C1ppm 
C1ppm 
0.15 ppm 


C 0.05 ppm 


C1ppm 


100 ppm 


2ppm 
75 ppm 


C 5 mg/m? 


С 0.3 ppm 


50 ppm 


16-32 Threshold Limits for Airborne Contaminants 


Time- 
Molecular weighted Short-term 

Substance Notes formula CAS Reg. No. average exposure limit 
Cyclohexene CH, 110-83-8 300 ppm 
Cyclohexylamine САМ 108-91-8 10 ррт 
Cyclonite [Hexahydro-1,3,5-trinitro-1,3,5-triazine] C,H N.O, 121-82-4 0.5 mg/m? 
1,3-Cyclopentadiene C,H, 542-92-7 75 ppm 
Cyclopentane СН 287-92-3 600 ppm 
Cyhexatin C,,H, OSn 13121-70-5 5 mg/m? 
Decaborane(14) В.Н, 17702-41-9 0.05 ррт 0.15 ppm 
Demeton-S-methyl C.H,.O,PS, 919-86-8 0.05 mg/m? 
Diacetone alcohol C,H O, 123-42-2 50 ppm 
4,4- [4,4-Methylene dianiline] CH № 101-77-9 0.1 ppm 

Diaminodiphenylmethane 
Diazinon C,,H,,N,O,PS 333-41-5 0.01 mg/m? 
Diazomethane CH,N, 334-88-3 0.2 ppm 
Diborane ВН, 19287-45-7 0.1 ррт 
Dibromodifluoromethane CBr F, 75-61-6 100 ppm 
2-Dibutylaminoethanol C H,NO 102-81-8 0.5 ppm 
2,6-Di-tert-butyl-4- [Butylated hydroxytoluene; BHT] C.H, O 128-37-0 2 mg/m° 

methylphenol 
Dibutylphenyl phosphate С,Н,ОР 2528-36-1 0.3 ppm 
Dibutyl phosphate C,H,,O,P 107-66-4 1 ppm 2 ppm 
Dibutyl phthalate СНО, 84-74-2 5 mg/m? 
Dichloroacetylene C. CI, 7572-29-4 C ОЛ ppm 
o-Dichlorobenzene сна, 95-50-1 25 ррт 50 ррт 
p-Dichlorobenzene СНА, 106-46-7 10 ррт 
1,4-Dichloro-2-butene both isomers C H,CI, 764-41-0 0.005 ppm 
Dichlorodifluoromethane CCLF, 75-71-8 1000 ppm 
1,3-Dichloro-5,5-dimethyl C.H ,CLN,O, 118-52-5 0.2 mg/m° 0.4 mg/m° 

hydantoin 
Dichlorodiphenyltrichloro- DDT] C, HCl, 50-29-3 1 mg/m? 

ethane 
1,1-Dichloroethane Ethylidene dichloride] сна, 75-34-3 100 ррт 
1,2-Dichloroethane Ethylene dichloride] сна, 107-06-2 10 ppm 
1,1-Dichloroethene Vinylidene chloride] СНА, 75-35-4 5 ppm 
1,2-Dichloroethene both isomers CH,Cl, 540-59-0 200 ppm 
Dichlorofluoromethane CHCLF 75-43-4 10 ppm 
Dichloromethane Methylene chloride] CHI, 75-09-2 50 ppm 
1,1-Dichloro-1-nitroethane C,H,CLNO, 594-72-9 2ppm 
(2,4-Dichlorophenoxy)acetic — [2,4-D] C,H,C1,O, 94-75-7 10 mg/m? 

acid 
1,2-Dichloropropane C.H CL 78-87-5 75 ррт 110 ррт 
2,2-Dichloropropanoic acid СНО, 75-99-0 5 mg/m? 
1,3-Dichloropropene both isomers СНА, 542-75-6 1 ррт 
1,2-Dichloro-1,1,2,2- C,CLF, 76-14-2 1000 ppm 

tetrafluoroethane 
Dichlorvos C,H.CLO,P 62-73-7 0.1 mg/m° 
Dicrotophos C,H, NO.P 141-66-2 0.05 mg/m? 
m-Dicyanobenzene m-Phthalodinitrile] сың, 626-17-5 5 mg/m? 
Dicyclopentadiene СН, 77-73-6 5 ррт 
Dieldrin C, H,CI,.O 60-57-1 0.25 mg/m? 
Diethanolamine Bis(2-hydroxyethyl)amine] C,H, NO, 111-42-2 2 mg/m? 
Diethylamine CH,N 109-89-7 5 ppm 15 ppm 
2-Diethylaminoethanol СН МО 100-37-8 2 ppm 
Diethyl ether Ethyl ether] CH, O 60-29-7 400 ppm 500 ppm 
Diethyl phthalate СНО, 84-66-2 5 mg/m? 
1,1-Difluoroethene СНЕ, 75-38-7 500ррт 
Diglycidyl ether C.H, O, 2238-07-5 0.1 ppm 
Diisopropylamine C,H,N 108-18-9 5 ppm 
Diisopropyl ether СНО 108-20-3 250 ppm 310 ppm 
Dimethoxymethane [Methylal] C,H,O, 109-87-5 1000 ppm 
N,N-Dimethylacetamide C,H,NO 127-19-5 10 ppm 


Threshold Limits for Airborne Contaminants 


Substance 
Dimethylamine 
N,N-Dimethylaniline 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
N,N-Dimethylformamide 
2,6-Dimethyl-4-heptanone 
1,1-Dimethylhydrazine 
Dimethyl mercury 
Dimethyl phthalate 
2,2-Dimethyl-1-propanol 
acetate 
Dimethyl sulfate 
Dimethyl sulfide 
Dinitrobenzene 
Dinitrotoluene 
1,4-Dioxane 
Dioxathion 
1,3-Dioxolane 
Diphenylamine 
Diphenyl ether 
4,4’-Diphenylmethane 
diisocyanate 
Diquat 
Disulfiram 
Disulfoton 
Diuron 
Divinyl benzene 
1-Dodecanethiol 
Endosulfan 
Endrin 
Enflurane 
Epichlorohydrin 
1,2-Epoxy-4- 
(epoxyethyl)cyclohexane 
Ethane 
1,2-Ethanediamine 
1,2-Ethanediol 
1,2-Ethanediol, dinitrate 
Ethanethiol 
Ethanol 
Ethanolamine 
Ethion 
Ethoxydimethylsilane 
2-Ethoxyethanol 
2-Ethoxyethyl acetate 


Ethyl acetate 
Ethyl acrylate 
Ethylamine 
Ethylbenzene 
Ethyl 2-cyanoacrylate 
Ethyleneimine 
Ethyl formate 
2-Ethylhexanoic acid 
5-Ethylidene-2-norbornene 
N-Ethylmorpholine 
Ethyl p-nitrophenyl 
benzenethiophosphate 
Ethyl silicate 
Fenamiphos 


Notes 


[Neohexane] 


[DME] 
[Diisobutyl ketone] 


all isomers 
all isomers 


[Methylene diphenyl isocyanate; MDI] 


all isomers 


(Chloromethyl)oxirane] 
Vinylcyclohexene dioxide] 


Ethylenediamine] 

Ethylene glycol] 

Ethylene glycol dinitrate; EGDN] 
Ethyl mercaptan] 

Ethyl alcohol] 


EGEEA] 


Ethyl propenoate] 


Ethyl 2-cyano-2-propenoate] 


Aziridine] 


[EPN] 


Ethylene glycol monoethyl ether; EGEE] 
Ethylene glycol monoethyl ether acetate; 


Molecular 
formula 


C,H.N 
С.Н, № 


C,H, O P.S 


12 2676 274 


C,H O. 


3 672 


CH, N 


121 


CHO 


12 10 


СНО 


18: 10:272 


CHN. 


12 12 2 


C oH, N,S 


10 20 274 


C,H,,0,PS, 
CH. CLN,O 


Сон 


10 10 


CHS 


12 26 
C,H,CI,O,S 
снао 
C,H,CIF,O 
снао 
C,H,O 


8 1272 


C,,H,,NO,PS 


14 1⁄4 


C.H, O,Si 


8 20 4 


C, H,,NO,PS 


13 22 


CAS Reg. No. 
124-40-3 
121-69-7 
75-83-2 
79-29-8 
68-12-2 
108-83-8 
57-14-7 
593-74-8 
131-11-3 
926-41-0 


77-78-1 
75-18-3 
25154-54-5 
25321-14-6 
123-91-1 
78-34-2 
646-06-0 
122-39-4 
101-84-8 
101-68-8 


231-36-7 
97-77-8 
298-04-4 
330-54-1 
1321-74-0 
112-55-0 
115-29-7 
72-20-8 
13838-16-9 
106-89-8 
106-87-6 


74-84-0 
107-15-3 
107-21-1 
628-96-6 
75-08-1 
64-17-5 
141-43-5 
563-12-2 
14857-34-2 
110-80-5 
111-15-9 


141-78-6 
140-88-5 
75-04-7 
100-41-4 
7085-85-0 
151-56-4 
109-94-4 
149-57-5 
16219-75-3 
100-74-3 
2104-64-5 


78-10-4 
22224-92-6 


Time- 
weighted 
average 
5 ppm 

5 ppm 
500 ppm 
500 ppm 
10 ppm 
25 ppm 
0.01 ppm 
0.01 mg/m? 
5 mg/m? 
50 ppm 


0.1 ppm 
10 ppm 
0.15 ppm 
0.2 mg/m? 
20 ppm 
0.1 mg/m? 
20 ppm 

10 mg/m? 
lppm 
0.005 ppm 


0.5 mg/m? 
2 mg/m? 
0.05 mg/m? 
10 mg/m? 
10 ppm 
0.1 ppm 
0.1 mg/m? 
0.1 mg/m? 
75 ppm 
0.5 ppm 
0.1 ppm 


1000 ppm 
10 ppm 


0.05 ppm 
0.5 ppm 
1000 ppm 
3ppm 

0.05 mg/m? 
0.5 ppm 

5 ppm 

5 ppm 


400 ppm 
5 ppm 

5 ppm 

100 ppm 
0.2 ppm 
0.5 ppm 
100 ppm 
5 mg/m? 


5 ppm 
0.1 mg/m? 


10 ppm 
0.1 mg/m? 


16-33 


Short-term 
exposure limit 
15 ppm 

10 ppm 

1000 ppm 
1000 ppm 


100 ppm 


2ppm 


C 100 mg/m? 


6ppm 


1.5 ppm 


15 ppm 
15 ppm 
125 ppm 


C5 ppm 


16-34 


Substance 

Fensulfothion 

Fenthion 

Ferbam 

Ferrocene 

Fluoride ion [F] 

Fluorine 

Fluorine monoxide 

Fluoroethene 

Fonofos 

Formaldehyde 

Formamide 

Formic acid 

Furfural 

Furfuryl alcohol 

Germane 

Glycerol 

Glyoxal 

Graphite 

Hafnium 

Heptachlor 

Heptachlor epoxide 

Heptane 

2-Heptanone 

3-Heptanone 

4-Heptanone 

Hexachlorobenzene 

Hexachloro-1,3-butadiene 

1,2,3,4,5,6- 
Hexachlorocyclohexane 

Hexachloro-1,3- 
cyclopentadiene 

Hexachloroethane 

Hexachloronaphthalene 

Hexahydro-1,3- 
isobenzofurandione 

Hexamethylene diisocyanate 

Hexane 

1,6-Hexanediamine 

Hexanedinitrile 

1,6-Hexanedioic acid 

2-Hexanone 

1-Hexene 

sec-Hexyl acetate 

Hydrazine 

Hydrazoic acid 

Hydrogen bromide 

Hydrogen chloride 

Hydrogen cyanide 

Hydrogen fluoride 

Hydrogen peroxide 

Hydrogen selenide 

Hydrogen sulfide 

p-Hydroquinone 

2-Hydroxypropyl acrylate 

Indene 

Indium 

Iodine 

Iodomethane 

Iron ion [Fe*?] 

Iron ion [Fe*?] 


Notes 


[Dicyclopentadienyl iron] 
fluoride salts, as F 


[Oxygen difluoride] 
[Vinyl fluoride] 


[2-Furaldehyde] 
[2-Furanmethanol] 
[Germanium tetrahydride] 
[1,2,3-Propanetriol] 


except fibers 
metal and compounds, as Hf 


Methyl pentyl ketone] 
Ethyl butyl ketone] 
Dipropyl ketone] 


Lindane] 


Perchloroethane] 
all isomers 
Hexahydrophthalic anhydride] 


[Hexamethylenediamine] 
[Adiponitrile] 

[Adipic acid] 

[Butyl methyl ketone] 


[1,4-Benzenediol] 


metal and compounds, as In 


[Methyl iodide] 
soluble ferrous salts, as Fe 
soluble ferric salts, as Fe 


Molecular 
formula 

C, H „ОР 5, 
Син monu S, 
C,H, -ем,5, 


9 18 


C, H, Fe 
F 

F, 

EO 
CHF 
Сун БОР 5, 
CHO 
CH,NO 
CHO, 
C,H,O, 
сно, 


Бо 2672 


Threshold Limits for Airborne Contaminants 


CAS Reg. No. 
115-90-2 
55-38-9 
14484-64-1 
102-54-5 
16984-48-8 
7782-41-4 
7783-41-7 
75-02-5 
944-22-9 
50-00-0 
75-12-7 
64-18-6 
98-01-1 
98-00-0 
7782-65-2 
56-81-5 
107-22-2 
7440-44-0 
7440-58-6 
76-44-8 
1024-57-3 
142-82-5 
110-43-0 
106-35-4 
123-19-3 
118-74-1 
87-68-3 
58-89-9 


77-47-4 


67-72-1 
1335-87-1 
85-42-7 


822-06-0 
110-54-3 
124-09-4 
111-69-3 
124-04-9 
591-78-6 
592-41-6 
108-84-9 
302-01-2 
7782-79-8 
10035-10-6 
7647-01-0 
74-90-8 
7664-39-3 
7722-84-1 
7783-07-5 
7783-06-4 
123-31-9 
999-61-1 
95-13-6 
7440-74-6 
7553-56-2 
74-88-4 
15438-31-0 
20074-52-6 


Time- 
weighted 
average 


Short-term 
exposure limit 
0.1 mg/m? 
0.2 mg/m? 
10 mg/m? 
10 mg/m? 
2.5 mg/m? 
1 ppm 2 ррт 
С 0.05 ррт 
1 ррт 
0.1 mg/m? 

С 0.3 ppm 
10 ppm 
5 ppm 
2ppm 
10 ppm 


10 ppm 


15 ppm 
0.2 ppm 

10 mg/m? 
0.1 mg/m? 
2 mg/m? 
0.5 mg/m? 
0.05 mg/m? 
0.05 mg/m? 
400 ppm 500 ppm 
50 ppm 
50 ppm 75 ppm 
50 ppm 

0.002 mg/m? 

0.02 ppm 


0.5 mg/m? 
0.01 ppm 


lppm 
0.2 mg/m? 
C 0.005 mg/m? 


0.005 ppm 
50 ppm 
0.5 ppm 
2ppm 

5 mg/m? 

5 ppm 

50 ppm 


10 ppm 


50 ppm 
0.01 ppm 
С 0.11 ppm 
С 2 ppm 
С 2 ppm 
C 4.7 ppm 
C 3 ppm 
1 ppm 
0.05 ppm 
10 ppm 15 ppm 
2 mg/m? 
0.5 ppm 
10 ppm 
0.1 mg/m? 
C ОЛ ppm 
2ppm 
1 mg/m? 
1 mg/m? 


Threshold Limits for Airborne Contaminants 


Substance 

Iron(III) oxide 

Iron pentacarbonyl 

Isobutane 

Isobutyl acetate 

Isobutyl nitrite 

Isopentane 

Isopentyl acetate 

Isophorone 

Isophorone diisocyanate 

Isopropenylbenzene 

2-Isopropoxyethanol 

Isopropyl acetate 

Isopropylamine 

N-Isopropylaniline 

Isopropylbenzene 

Isopropyl glycidyl ether 

Kaolin 

Ketene 

Lead 

Lead(II) arsenate 

Lead(II) chromate 

Lithium hydride 

Magnesium carbonate 

Magnesium oxide 

Malathion 

Maleic anhydride 

Manganese 

Manganese cyclopentadienyl 
tricarbonyl 

Manganese 2- 
methylcyclopentadienyl 
tricarbonyl 

Mercury 

Mercury 

Mercury 

Mesityl oxide 

Methacrylic acid 

Methane 

Methanethiol 

Methanol 

Methomyl 

2-Methoxyaniline 

4-Methoxyaniline 

Methoxychlor 

2-Methoxyethanol 


2-Methoxyethyl acetate 


2-Methoxy-2-methylbutane 
4-Methoxyphenol 
1-Methoxy-2-propanol 


Methyl acetate 
Methyl acrylate 
2-Methylacrylonitrile 
Methylamine 
2-Methylaniline 
3-Methylaniline 
4-Methylaniline 
N-Methylaniline 


Notes 
dust and fume, as Fe 


2-Methylpropane] 


2-Methylbutane] 
Isoamyl acetate] 


a-Methyl styrene] 


[Cumene] 
[IGE] 


metal and compounds, as Pb 
as Pb 


[Magnesite] 


metal and inorganic compounds, as Mn 
as Mn 


as Mn 


metal and inorganic compounds, as Hg 
alkyl compounds, as Hg 

aryl compounds, as Hg 

Isobutenyl methyl ketone] 
2-Methylpropenoic acid] 


Methyl mercaptan] 
Methyl alcohol] 


o-Anisidine] 
[p-Anisidine] 


Ethylene glycol monomethyl ether; 
ЕСМЕ] 

Ethylene glycol monomethyl ether 
acetate; EGMEA] 

Methyl tert-pentyl ether; TAME] 


1,2-Propylene glycol monomethyl ether; 
РОМЕ] 


Methyl propenoate] 
2-Methylpropenenitrile] 


o-Toluidine] 
m-Toluidine] 


[p- Toluidine] 


Molecular 
formula 


Fe,O, 


As,O,Pb, 
CrO,Pb 
HLi 
CMgO, 
MgO 

С Н.О 


10 1976 


CHO, 


4 2-3 


Mn 
C,H,MnO, 


PS, 


C,H,MnO, 


Hg 

Hg 

Hg 

C H,O 
CHO, 
CH, 

CH,S 
CH,O 
C,H,N,O,S 
C H,NO 
C.H,NO 
C,H,,Cl,0, 


16 15 


сно, 


CAS Reg. No. 
1309-37-1 
13463-40-6 
75-28-5 
110-19-0 
542-56-3 
78-78-4 
123-92-2 
78-59-1 
4098-71-9 
98-83-9 
109-59-1 
108-21-4 
75-31-0 
768-52-5 
98-82-8 
4016-14-2 
1332-58-7 
463-51-4 
7439-92-1 
7784-40-9 
7758-97-6 
7580-67-8 
546-93-0 
1309-48-4 
121-75-5 
108-31-6 
7439-96-5 
12079-65-1 


12108-13-3 


7439-97-6 
7439-97-6 
7439-97-6 
141-79-7 
79-41-4 
74-82-8 
74-93-1 
67-56-1 
16752-77-5 
90-04-0 
104-94-9 
72-43-5 
109-86-4 


110-49-6 


994-05-8 
150-76-5 
107-98-2 


79-20-9 
96-33-3 
126-98-7 
74-89-5 
95-53-4 
108-44-1 
106-49-0 
100-61-8 


16-35 


Time- 
weighted 
average 


Short-term 
exposure limit 
5 mg/m? 
0.1 ppm 
1000 ppm 
150 ppm 


0.2 ppm 


C 1 ppm 
600 ppm 
50 ppm 100 ppm 
C5 ppm 
0.005 ppm 
50 ppm 100 ppm 
25 ppm 
100 ppm 
5 ppm 
2 ppm 
50 ppm 


200 ppm 
10 ppm 


50 ppm 75 ppm 
2 mg/m? 

0.5 ppm 
0.05 mg/m? 
0.15 mg/m? 
0.05 mg/m? 
0.025 mg/m? 


10 mg/m? 


1.5 ppm 


10 mg/m? 
1 mg/m? 
0.1 ppm 
0.2 mg/m? 
0.1 mg/m? 


0.2 mg/m? 
0.025 mg/m? 


0.01 mg/m? 
0.1 mg/m? 


0.03 mg/m? 
15 ppm 25 ppm 
20 ppm 
1000 ppm 
0.5 ppm 
200 ppm 250 ppm 
2.5 mg/m? 

0.5 mg/m? 

0.5 mg/m? 

10 mg/m? 

5 ppm 


5 ppm 


20 ppm 
5 mg/m? 


100 ppm 150 ppm 


200 ppm 
2ppm 
lppm 
5 ppm 
2ppm 
2ppm 
2ppm 
0.5 ppm 


250 ppm 


15 ppm 


16-36 


Substance 
3-Methyl-1-butanol 
2-Methyl-1-butanol acetate 
3-Methyl-2-butanol acetate 
3-Methyl-2-butanone 
Methyl tert-butyl ether 
Methyl 2-cyanoacrylate 
Methylcyclohexane 
Methylcyclohexanol 
2-Methylcyclohexanone 
Methyl demeton 
2-Methyl-3,5- 
dinitrobenzamide 
2-Methyl-4,6-dinitrophenol 
4,4’-Methylenebis[2- 
chloroaniline] 
Methylenebis(4- 
cyclohexylisocyanate) 
Methyl formate 
6-Methyl-1-heptanol 
5-Methyl-3-heptanone 
5-Methyl-2-hexanone 
Methylhydrazine 
Methyl isocyanate 
Methyl methacrylate 
Methyloxirane 
Methyl parathion 
2-Methylpentane 
3-Methylpentane 
2-Methyl-2,4-pentanediol 
4-Methyl-2-pentanol 
4-Methyl-2-pentanone 
2-Methyl-1-propanol 
2-Methyl-2-propanol 
Methylstyrene 
N-Methyl-N,2,4,6- 
tetranitroaniline 
Metribuzin 
Mevinphos 
Mica 
Molybdenum 
Molybdenum 
Monocrotophos 
Morpholine 
Naled 
Naphthalene 
1-Naphthalenylthiourea 
Neopentane 
Nickel 
Nickel 
Nickel 
Nickel carbonyl 
Nickel(II) sulfide 
Nicotine 
Nitrapyrin 
Nitric acid 
Nitric oxide 
4-Nitroaniline 
Nitrobenzene 
Nitroethane 


Nitrogen dioxide 


Notes 
[Isoamyl alcohol] 


[Methyl isopropyl ketone] 
[MTBE] 
[Mecrylate] 


all isomers 


[Dinitolmide] 


[Dinitro-o-cresol] 
[MBOCA] 


Isooctyl alcohol] 


Methyl isopentyl ketone] 


Methyl 2-methyl-2-propenoate] 
1,2-Propylene oxide] 


Isohexane] 


Hexylene glycol] 

Methyl isobutyl carbinol] 
Isobutyl methyl ketone] 
Isobutyl alcohol] 
tert-Butyl alcohol] 

all isomers 

Tetryl] 


metal and insoluble compounds, as Mo 
soluble compounds, as Mo 


[АМТУ] 
[2,2-Dimethylpropane] 
metal 

soluble compounds, as Ni 
insoluble compounds, as Ni 
as Ni 

as Ni 


Threshold Limits for Airborne Contaminants 


Molecular 
formula 


C.H,.O,PS 


5 Ср: | 2 
C,H.N,O, 
снхо, 
C,,H,,CLN, 


13 12 


C,,H,,N,O 


15: 22 2— 2 


CH М,О5 


8 14 4 


CHOP 

Mo 

Mo 

C H,,NO,P 
C,H,NO 
C,H_Br,Cl,O,P 


NI 
смо, 
Ni,S, 
Сун uN, 
снам 
HNO, 
NO 

C HN, 
C,H,NO, 
C,H,NO, 
NO 


2 


CAS Reg. No. 
123-51-3 
624-41-9 
5343-96-4 
563-80-4 
1634-04-4 
137-05-3 
108-87-2 
25639-42-3 
583-60-8 
8022-00-2 
148-01-6 


534-52-1 
101-14-4 


5124-30-1 


107-31-3 
26952-21-6 
541-85-5 
110-12-3 
60-34-4 
624-83-9 
80-62-6 
75-56-9 
298-00-0 
107-83-5 
96-14-0 
107-41-5 
108-11-2 
108-10-1 
78-83-1 
75-65-0 
25013-15-4 
479-45-8 


21087-64-9 
7786-34-7 
12001-26-2 
7439-98-7 
7439-98-7 
6923-22-4 
110-91-8 
300-76-5 
91-20-3 
86-88-4 
463-82-1 
7440-02-0 
7440-02-0 
7440-02-0 
13463-39-3 
12035-72-2 
54-11-5 
1929-82-4 
7697-37-2 
10102-43-9 
100-01-6 
98-95-3 
79-24-3 
10102-44-0 


Time- 
weighted 
average 
100 ppm 
50 ppm 
50 ppm 
200 ppm 
50 ppm 
0.2 ppm 
400 ppm 
50 ppm 
50 ppm 
0.5 mg/m? 
5 mg/m? 


0.2 mg/m? 
0.01 ppm 


0.005 ppm 


100 ppm 
50 ppm 
25 ppm 
50 ppm 
0.01 ppm 
0.02 ppm 
50 ppm 
2ppm 
0.2 mg/m? 
500 ppm 
500 ppm 


25 ppm 
50 ppm 
50 ppm 
100 ppm 
50 ppm 
1.5 mg/m? 


5 mg/m? 
0.01 ppm 
3 mg/m? 
10 mg/m? 
0.5 mg/m? 


0.05 mg/m? 


20 ppm 
0.1 mg/m? 
10 ppm 
0.3 mg/m? 
600 ppm 
1.5 mg/m? 
0.1 mg/m? 
0.2 mg/m? 
0.05 ppm 
0.1 mg/m? 
0.5 mg/m? 
10 mg/m? 
2ppm 

25 ppm 

3 mg/m? 
lppm 
100 ppm 
3ppm 


Short-term 
exposure limit 


125 ppm 
100 ppm 
100 ppm 


75 ppm 


150 ppm 


100 ppm 


1000 ppm 
1000 ppm 
C25 ppm 
40 ppm 
75 ppm 


100 ppm 


15 ppm 


4 ppm 


5 ppm 


Threshold Limits for Airborne Contaminants 


Substance 

Nitrogen trifluoride 

Nitromethane 

1-Nitropropane 

2-Nitropropane 

Nitrotoluene 

Nitrous oxide 

Nonane 

Octachloronaphthalene 

Octane 

Osmium(VIII) oxide 

Oxalic acid 

2-Oxetanone 

Oxirane 

Oxiranemethanol 

4,4'-Oxybis(benzenesulfonyl 
hydrazide) 

Ozone 

Paraquat 

Parathion 

Pentaborane(9) 

Pentachloronaphthalene 

Pentachloronitrobenzene 

Pentachlorophenol 

Pentaerythritol 

Pentanal 

Pentane 

Pentanedial 

3-Pentanol acetate 

2-Pentanone 

3-Pentanone 

Pentyl acetate 

sec-Pentyl acetate 

Perchloryl fluoride 

Perfluoroacetone 

Perfluoroisobutene 

Phenol 

10H-Phenothiazine 

Phenylenediamine 

Phenyl glycidyl ether 

Phenylhydrazine 

Phenylphosphine 

Phorate 

Phosphine 

Phosphoric acid 

Phosphorus (yellow) 

Phosphorus(III) chloride 

Phosphorus(V) chloride 

Phosphorus(V) sulfide 

Phosphoryl chloride 

Phthalic anhydride 

Piperazine dihydrochloride 

2-Pivaloyl-1,3-indandione 

Platinum 

Platinum 

Potassium hydroxide 

Propanal 

Propane 

Propanoic acid 

1-Propanol 

2-Propanol 


Notes 


all isomers 
all isomers 


all isomers 
[Osmium tetroxide] 


[B-Propiolactone] 


[Ethylene oxide] 
[Glycidol] 


depends on workload 


all isomers 


Valeraldehyde] 
Glutaraldehyde] 
Methyl propyl ketone] 


Diethyl ketone] 
Ату! acetate] 


Hexafluoroacetone] 


Thiodiphenylamine] 
all isomers 
PGE] 


White phosphorus] 
Phosphorus trichloride] 
Phosphorus pentachloride] 


Pindone] 


soluble salts, as Pt 


[Propionaldehyde] 


[Propyl alcohol] 
[Isopropyl alcohol] 


Phosphorus(V) oxychloride] 


Molecular 
formula 
ЕМ 
CH,NO, 
C,H NO, 
СНО, 
CHNO, 


C,,H,,NO,PS 


10 14 


C.H,,0,PS, 
HP 

НОР 

P 

сір 

сір 

P,S, 

СТОР 
C,H,O. 


8 473 


C,H,,CLN, 


4 12 


CAS Reg. No. 
7783-54-2 
75-52-5 
108-03-2 
79-46-9 
1321-12-6 
10024-97-2 
111-84-2 
2234-13-1 
111-65-9 
20816-12-0 
144-62-7 
57-57-8 
75-21-8 
556-52-5 
80-51-3 


10028-15-6 
4685-14-7 
56-38-2 
19624-22-7 
1321-64-8 
82-68-8 
87-86-5 
115-77-5 
110-62-3 
109-66-0 
111-30-8 
620-11-1 
107-87-9 
96-22-0 
628-63-7 
626-38-0 
7616-94-6 
684-16-2 
382-21-8 
108-95-2 
92-84-2 
25265-76-3 
122-60-1 
100-63-0 
638-21-1 
298-02-2 
7803-51-2 
7664-38-2 
7723-14-0 
7719-12-2 
10026-13-8 
1314-80-3 
10025-87-3 
85-44-9 
142-64-3 
83-26-1 
7440-06-4 
7440-06-4 
1310-58-3 
123-38-6 
74-98-6 
79-09-4 
71-23-8 
67-63-0 


Time- 
weighted 
average 
10 ppm 
20 ppm 
25 ppm 
10 ppm 
2ppm 

50 ppm 
200 ppm 
0.1 mg/m? 
300 ppm 
0.0002 ppm 
1 mg/m? 
0.5 ppm 
lppm 
2ppm 

0.1 mg/m? 


0.1 ppm 
0.5 mg/m? 
0.05 mg/m? 
0.005 ppm 
0.5 mg/m? 
0.5 mg/m? 
0.5 mg/m? 
10 mg/m? 
50 ppm 
600 ppm 


50 ppm 
200 ppm 
200 ppm 
50 ppm 
50 ppm 
3ppm 
0.1 ppm 


5 ppm 

5 mg/m? 
0.1 mg/m? 
0.1 ppm 
0.1 ppm 


0.05 mg/m? 
0.3 ppm 

1 mg/m? 
0.1 mg/m? 
0.2 ppm 

0.1 ppm 

1 mg/m? 
0.1 ppm 
lppm 

5 mg/m? 
0.1 mg/m? 
1 mg/m? 
0.002 mg/m? 


20 ppm 
1000 ppm 
10 ppm 
200 ppm 
200 ppm 


16-37 


Short-term 
exposure limit 


375 ppm 
0.0006 ppm 
2 mg/m? 


0.015 ppm 


750 ppm 
C0.05 ppm 
100 ppm 
250 ppm 
300 ppm 
100 ppm 
100 ppm 


6 ppm 


C 0.01 ppm 


C 0.05 ppm 
0.2 mg/m? 
lppm 

3 mg/m? 


0.5 ppm 


3 mg/m? 


C2 mg/m? 


400 ppm 
400 ppm 


16-38 


Substance 

Propargyl alcohol 

Propoxur 

Propyl acetate 
1,2-Propylene glycol dinitrate 

Propyleneimine 

Propyl nitrate 

Propyne 

2-Pyridinamine 

Pyridine 

Pyrocatechol 

Resorcinol 

Rhodium 

Rhodium 

Ronnel 

Rotenone 

Selenium 

Selenium hexafluoride 

Sesone 

Silane 

Silicon 

Silicon carbide 

Silicon dioxide (a-quartz) 

Silicon dioxide (tridymite) 

Silicon dioxide (cristobalite) 

Silicon dioxide (vitreous) 

Silver 

Silver 

Sodium azide 

Sodium fluoroacetate 

Sodium hydrogen sulfite 

Sodium hydroxide 

Sodium metabisulfite 

Sodium pyrophosphate 

Sodium tetraborate 
decahydrate 

Stibine 

Strontium chromate 

Strychnine 

Styrene 

Sucrose 

Sulfotep 

Sulfur chloride 

Sulfur decafluoride 

Sulfur dioxide 

Sulfur hexafluoride 

Sulfuric acid 

Sulfur tetrafluoride 

Sulfuryl fluoride 

Sulprofos 

Talc 

Tantalum 

Tantalum(V) oxide 

Tellurium 

Tellurium hexafluoride 

Terbufos 

Terephthalic acid 

Terphenyl 

1,1,2,2- Tetrabromoethane 

Tetrabromomethane 


Notes 
[2-Propyn-1-ol] 


[Methylacetylene] 
[2-Aminopyridine] 


[Catechol] 
[1,3-Benzenediol] 


metal and insoluble compounds, as Rh 
soluble compounds, as Rh 


element and compounds, as Se 


[Fused silica] 


soluble compounds, as Ag 


[Borax] 


as Cr 
[Vinylbenzene] 


[Tetraethyl thiodiphosphate; TEDP] 


dust 
dust, as Ta 
and compounds, as Te (except Н,Те) 


[1,4-Benzenedicarboxylic acid] 
all isomers 

[Acetylene tetrabromide] 
[Carbon tetrabromide] 


Threshold Limits for Airborne Contaminants 


Molecular 
formula 
СНО 

C, H ; NO, 
CH „O, 


C.HN.O, 
CHN 
C,H,NO, 
CH, 
CHN, 
CHN 
CHO, 
CHO, 
Rh 

Rh 


C,H,CLO,PS 


F Se 
C,H.CLNaO,S 
H,Si 

Si 

CSi 

O,Si 

O,Si 

О,5і 

O,Si 

Ag 

Ag 

N,Na 

C. H,FNaO, 
HNaO,S 
HNaO 
Ма,0,5, 

Na O.P. 


4-7 2 


В,Н,Ма,О 17 


CAS Reg. Хо. 
107-19-7 
114-26-1 
109-60-4 
6423-43-4 
75-55-8 
627-13-4 
74-99-7 
504-29-0 
110-86-1 
120-80-9 
108-46-3 
7440-16-6 
7440-16-6 
299-84-3 
83-79-4 
7782-49-2 
7783-79-1 
136-78-7 
7803-62-5 
7440-21-3 
409-21-2 
14808-60-7 
15468-32-3 
14464-46-1 
60676-86-0 
7440-22-4 
7440-22-4 
26628-22-8 
62-74-8 
7631-90-5 
1310-73-2 
7681-57-4 
7722-88-5 
1303-96-4 


7803-52-3 
7789-06-2 
57-24-9 
100-42-5 
57-50-1 
3689-24-5 
10025-67-9 
5714-22-7 
7446-09-5 
2551-62-4 
7664-93-9 
7783-60-0 
2699-79-8 
35400-43-2 
14807-96-6 
7440-25-7 
1314-61-0 
13494-80-9 
7783-80-4 
13071-79-9 
100-21-0 
26140-60-3 
79-27-6 
558-13-4 


Time- 
weighted 
average 

1 ррт 

0.5 mg/m? 


Short-term 
exposure limit 


200 ppm 250 ppm 


0.05 ppm 
2 ppm 

25 ppm 
1000 ppm 
0.5 ppm 

1 ppm 

5 ppm 

10 ppm 


40 ppm 


20 ppm 
1 mg/m? 
0.01 mg/m? 
10 mg/m? 
5 mg/m? 
0.2 mg/m? 
0.05 ppm 
10 mg/m? 
5 ppm 
10 mg/m? 
10 mg/m? 
0.05 mg/m? 
0.05 mg/m? 
0.05 mg/m? 
0.1 mg/m? 
0.1 mg/m? 
0.01 mg/m? 
C 0.29 mg/m? 
0.05 mg/m? 
5 mg/m? 
C2 mg/m? 
5 mg/m? 
5 mg/m? 
5 mg/m? 


0.1 ppm 
0.0005 mg/m? 
0.15 mg/m? 
20 ppm 40 ppm 
10 mg/m? 
0.2 mg/m? 

С1ррт 

С 0.01 ppm 
2 ppm 5 ppm 
1000 ppm 
0.2 mg/m? 

C ОЛ ppm 
5 ppm 10 ppm 
1 mg/m? 
2 mg/m? 
5 mg/m? 
5 mg/m? 
0.1 mg/m? 
0.02 ppm 
0.01 mg/m? 
10 mg/m? 

5 mg/m? 
lppm 


0.1 ppm 0.3 ppm 


Threshold Limits for Airborne Contaminants 


Substance 
1,1,1,2-Tetrachloro-2,2- 
difluoroethane 
1,1,2,2-Tetrachloro-1,2- 
difluoroethane 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Tetrachloromethane 
Tetrachloronaphthalene 
Tetraethyl lead 
Tetraethyl pyrophosphate 
Tetrafluoroethene 
Tetrahydrofuran 
Tetramethyl lead 
Tetramethyl silicate 
Tetramethylsuccinonitrile 
Tetranitromethane 
Thallium 


4,4’-Thiobis(6-tert-butyl-m- 


cresol) 
Thioglycolic acid 
Thionyl chloride 
Thiram 
Tin 
Tin 
Tin 
Titanium(IV) oxide 
Toluene 
Toluene-2,4-diisocyanate 
Toluene-2,6-diisocyanate 
1H-1,2,4-Triazol-3-amine 
Tribromomethane 
Tributyl phosphate 
Trichlorfon 
Trichloroacetic acid 
1,2,4-Trichlorobenzene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Trichlorofluoromethane 
Trichloromethane 


Trichloromethanesulfenyl 
chloride 


(Trichloromethyl)benzene 
Trichloronaphthalene 
Trichloronitromethane 


2,4,5-Trichlorophenoxyacetic 


acid 
1,2,3-Trichloropropane 
1,1,2-Trichloro-1,2,2- 

trifluoroethane 
Tri-o-cresyl phosphate 
Triethanolamine 
Triethylamine 
1,3,5-Triglycidyl-s- 

triazinetrione 
Triiodomethane 
Trimellitic anhydride 
Trimethylamine 
Trimethylbenzene 
Trimethyl phosphite 


Notes 


Perchloroethylene] 
Carbon tetrachloride] 
all isomers 

as Pb 

ТЕРР] 


Oxolane] 
as Pb 


and soluble compounds, as TI 


inorganic compounds, as $n 
organic compounds, as $n 
[Titanium dioxide] 


[Amitrole] 
[Bromoform] 


[Methyl chloroform] 


[Chloroform] 
[Perchloromethyl mercaptan] 


[Benzotrichloride] 
all isomers 
[Chloropicrin] 
[2,4,5-Т] 


[Tris(2-hydroxyethyl)amine] 


[Iodoform] 
[L2,4-Benzenetricarboxylic anhydride] 


all isomers 


Molecular 
formula 


C,CLE, 
C,CLE, 


сна, 
сс, 


C,H,O,S 
CLOS 
C,H;;N,S, 
5п 

$n 

$n 

ол 
CH, 
САМО, 
САМО, 
CHN, 
CHBr, 
СЬН„О,Р 
СНСОР 
C,HCLO, 
сң, 
СНС 
C.H,Cl, 
сна, 
CCLF 
сна, 
ССІ,5 


сна, 
сна, 


CCLNO, 
C,H,CLO, 


сн 
CELE, 
C,,H,,0,P 
C,H,NO, 
C,H,,N 
Сун 15,0; 
сні, 
C,H,O, 
сн 
СН, 
C,H,O,P 


CAS Reg. No. 
76-11-9 


76-12-0 


79-34-5 
127-18-4 
56-23-5 
1335-88-2 
78-00-2 
107-49-3 
116-14-3 
109-99-9 
75-74-1 
681-84-5 
3333-52-6 
509-14-8 
7440-28-0 
96-69-5 


68-11-1 
7719-09-7 
137-26-8 
7440-31-5 
7440-31-5 
7440-31-5 
13463-67-7 
108-88-3 
584-84-9 
91-08-7 
61-82-5 
75-25-2 
126-73-8 
52-68-6 
76-03-9 
120-82-1 
71-55-6 
79-00-5 
79-01-6 
75-69-4 
67-66-3 
594-42-3 


98-07-7 
1321-65-9 
76-06-2 
93-76-5 


96-18-4 
76-13-1 


78-30-8 
102-71-6 
121-44-8 
2451-62-9 


75-47-8 
552-30-7 
75-50-3 
25551-13-7 
121-45-9 


Time- 
weighted 
average 
500 ppm 


500 ppm 


lppm 

25 ppm 

5 ppm 

2 mg/m? 
0.1 mg/m? 
0.05 mg/m? 
2ppm 

200 ppm 
0.15 mg/m? 
lppm 

0.5 ppm 
0.005 ppm 
0.1 mg/m? 
10 mg/m? 


lppm 


1 mg/m? 

2 mg/m? 

2 mg/m? 
0.1 mg/m? 
10 mg/m? 
50 ppm 
0.005 ppm 
0.005 mg/m? 
0.2 mg/m? 
0.5 ppm 
0.2 ppm 

1 mg/m? 
lppm 


350 ppm 
10 ppm 
50 ppm 


10 ppm 
0.1 ppm 


5 mg/m? 
0.1 ppm 
10 mg/m? 


10 ppm 
1000 ppm 


0.1 mg/m? 
5 mg/m? 
lppm 

0.05 mg/m? 


0.6 ppm 


5 ppm 
25 ppm 


2ppm 


16-39 


Short-term 
exposure limit 


100 ppm 
10 ppm 


250 ppm 


C 1 ppm 


0.02 ppm 
0.02 ppm 


С 5 ppm 
450 ppm 


100 ppm 
C 1000 ppm 


C ОЛ ppm 


1250 ppm 


3ppm 


C 0.04 mg/m? 
15 ppm 


16-40 


Substance 
Trinitroglycerol 
2,4,6-Trinitrophenol 
2,4,6-Trinitrotoluene 
Triphenylamine 
Triphenyl phosphate 
Tungsten 

Tungsten 

Uranium 
Vanadium(V) oxide 
Vinyl acetate 
4-Vinylcyclohexene 


1-Vinyl-2-pyrrolidinone 


Warfarin 
Xylene 
Xylidine 
Yttrium 


Zinc chloride 


Zinc chromate hydroxide 


Zinc oxide 


Zirconium 


Notes 
[Nitroglycerin; NG] 
[Picric acid] 

[TNT] 


metal and insoluble compounds, as W 
soluble compounds, as W 
metal and compounds, as U 


dust or fume; [Vanadium pentoxide] 


[Coumadin] 
all isomers 
all isomers 


metal and compounds, as Y 


as Cr 


metal and compounds, as Zr 


Molecular 
formula 


C,H.N,O, 
САМО, 
C,H.N,O, 
сн, 

С,Н,ОР 


Threshold Limits for Airborne Contaminants 


CAS Reg. No. 
55-63-0 
88-89-1 
118-96-7 
603-34-9 
115-86-6 
7440-33-7 
7440-33-7 
7440-61-1 
1314-62-1 
108-05-4 
100-40-3 
88-12-0 
81-81-2 
1330-20-7 
1300-73-8 
7440-65-5 
7646-85-7 
13530-65-9 
1314-13-2 
7440-67-7 


Time- 
weighted 
average 
0.05 ppm 
0.1 mg/m? 
0.1 mg/m? 
5 mg/m? 
3 mg/m? 

5 mg/m? 

1 mg/m? 
0.2 mg/m? 
0.05 mg/m? 
10 ppm 
0.1 ppm 
0.05 ppm 
0.1 mg/m? 
100 ppm 
0.5 ppm 

1 mg/m? 

1 mg/m? 
0.01 mg/m? 
2 mg/m? 


5 mg/m? 


Short-term 
exposure limit 


10 mg/m? 


3 mg/m? 


15 ppm 


150 ppm 


2 mg/m? 


10 mg/m? 
10 mg/m? 


OCTANOL-WATER PARTITION COEFFICIENTS 


The octanol-water partition coefficient, P, is a widely used pa- 
rameter for correlating biological effects of organic substances. It 
is a property ofthe two-phase system in which water and 1-octanol 
are in equilibrium at a fixed temperature and the substance is dis- 
tributed between the water-rich and octanol-rich phases. P is de- 
fined as the ratio of the equilibrium concentration of the substance 
in the octanol-rich phase to that in the water-rich phase, in the 
limit of zero concentration. In general, P tends to be large for com- 
pounds with extended non-polar structures (such as long chain 
or multi-ring hydrocarbons) and small for compounds with highly 
polar groups. Thus P (or, in its more common form of expression, 
log P) provides a measure of the lipophilic vs. hydrophilic nature of 
a compound, which is an important consideration in assessing the 
potential toxicity. A discussion of methods of measurement and 
accuracy considerations for log P may be found in Reference 1. 

This table gives selected values of log P for about 450 organic 
compounds, including many of environmental importance. All 
values refer to a nominal temperature of 25°C. The source of each 
value is indicated in the last column. These references contain data 
on many more compounds than are included here. 


Mol. form. Name log P Ref. 
CCLF, Dichlorodifluoromethane 2.16 2 
CCLF Trichlorofluoromethane 2.53 2 
CC, Tetrachloromethane 2.64 2 
CHBr, Tribromomethane 2.38 2 
CHCI, Trichloromethane 1.97 2 
CH,BrCI Bromochloromethane 1.41 2 
CH,Br, Dibromomethane 2.3 2 
CHI, Dichloromethane 1.25 2 
СНЕ, Difluoromethane 0.20 1 
Сну, Diiodomethane 2.5 2 
CH,O Formaldehyde 0.35 1 
CH,O, Formic acid –0.54 1 
CH,Br Bromomethane 1.19 2 
сна Chloromethane 0.91 2 
CH,F Fluoromethane 0.51 1 
сн, Iodomethane 1.5 2 
CH,NO Formamide -1.51 1 
СНО, Nitromethane —0.33 1 
CHO Methanol –0.74 1 
CH,N Methylamine –0.57 1 
C,CLF, 1,1,2-Trichlorotrifluoroethane 3.16 2 
(дон Tetrachloroethylene 2.88 2 
C CI, Hexachloroethane 4.00 4 
C, HCl, Trichloroethylene 2.53 2 
C,HCI, Pentachloroethane 2.89 2 
СНА, 1,1-Dichloroethylene 2.13 2 
сна, cis-1,2-Dichloroethylene 1.86 2 
C HC, trans-1,2-Dichloroethylene 1.93 2 
сна, 1,1,2,2- Tetrachloroethane 2.39 2 
сна Chloroethylene 1.38 2 
сна, 1,1,1-Trichloroethane 2.49 2 
СНА, 1,1,2-Trichloroethane 2.38 2 
САМ Acetonitrile —0.34 1 
сна, 1,1-Dichloroethane 1.79 2 
сна, 1,2-Dichloroethane 1.48 2 
C,H,O Acetaldehyde 0.45 1 
C,H,O Ethylene oxide —0.30 1 


Compounds are listed by molecular formula following the Hill 
convention. To locate a compound by name or CAS Registry 
Number when the molecular formula is not known, use the table 
“Physical Constants of Organic Compounds” in Section 3 and its 
indexes to determine the molecular formula. 
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Mol. form. Name log P Ref. 
CHO, Acetic acid -0.17 1 
С,Н,Вг Вготое ћапе 1.6 2 
сна Chloroethane 1.43 2 
СНА Iodoethane 2 2 
СНО Acetamide -1.26 1 
СНО, Nitroethane 0.18 1 
СНО Ethanol -0.30 1 
СНО Dimethyl ether 0.10 1 
С,Н,О8 Dimethyl sulfoxide -1.35 1 
СНО Dimethyl sulfone -1.41 1 
сн, Ethylamine -0.13 1 
сн Dimethylamine —0.38 1 
C,H,N 2-Propenenitrile 0.25 1 
сна, cis-1,3-Dichloropropene 2.03 2 
CHO Propargyl alcohol —0.38 1 
C,H,O Acrolein —0.01 1 
С,Н,Вг 3-Вготоргорепе 1.79 1 
C,H.CIO Epichlorohydrin 0.30 2 
сна, 1,2,3- Trichloropropane 2.63 2 
C,H.N Propanenitrile 0.16 1 
C,H.NO Acrylamide -0.78 1 
СНА, 1,2-Dichloropropane 2.0 2 
C,H,O Allyl alcohol 0.17 1 
СНО Propanal 0.59 1 
C,H,O Acetone —0.24 1 
C,H,O Methyloxirane 0.03 1 
C,H O, Propanoic acid 0.33 1 
C,H.O, Methyl acetate 0.18 1 
С,Н,Вг 1-Вготоргорапе 21 2 
С,Н.Вг 2-Вготоргорапе 1.9 2 
сна 1-СМогоргорапе 2.04 1 
сна 2-СМогоргорапе 1.90 1 
СНА 1-Iodopropane 2.5 2 
С.Н, Allylamine 0.03 1 
С,Н,ХО N,N-Dimethylformamide -1.01 1 
С,Н,ХО N-Methylacetamide -1.05 1 
СНО, 1-Nitropropane 0.87 1 
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Octanol-Water Partition Coefficients 


Name log P Ref. Mol. form. Name log P Ref. 
1-Propanol 0.25 1 C,H O 2-Methyltetrahydrofuran 1.85 2 
2-Propanol 0.05 1 C,H O, Pentanoic acid 1.39 1 
1-Propanethiol 1.81 1 C.H,,0, Propyl acetate 1.24 1 
Ргорујапипе 0.48 1 C.H, O, Ethyl propanoate 1.21 1 
Isopropylamine 0.26 1 СНО, Diethyl carbonate 1.21 1 
Ethylmethylamine 0.15 1 C.H, Br 1-Bromopentane 3.37 1 
Trimethylamine 0.16 1 С,Н,Е 1-Fluoropentane 2.33 1 
Furan 1.34 1 СМ Piperidine 0.84 1 
Thiophene 1.81 1 C.H NO, 1-Nitropentane 2.01 1 
Pyrrole 0.75 1 Сн, Pentane 3.45 1 
1,3-Butadiene 1.99 1 Сн, Neopentane 3.11 1 
2-Butyne 1.46 1 С НО 1-Pentanol 1.51 1 
2,5-Dihydrofuran 0.46 1 С,Н,О 2-Pentanol 1.25 1 
Methacrylic acid 0.93 1 С,Н,О 3-Pentanol 1.21 1 
Vinyl acetate 0.73 1 C.H,,O 3-Methyl-1-butanol 1.28 1 
Methyl acrylate 0.80 1 С,Н,О 2-Methyl-2-butanol 0.89 1 
Butanenitrile 0.60 1 СНО 3-Methyl-2-butanol 1.28 1 
cis-2-Butene 2.33 1 C.H,,O 2,2-Dimethyl-1-propanol 1.31 1 
trans-2-Butene 2.31 1 С,Н,О Methyl tert-butyl ether 0.94 1 
Isobutene 2.35 1 C,H,,N Pentylamine 1.49 1 
Bis(2-chloroethyl) ether 1.12 2 CCl, Hexachlorobenzene 5.47 5 
Ethyl vinyl ether 1.04 1 CHCI, Pentachlorobenzene 5.03 5 
Butanal 0.88 1 C,HC1,O Pentachlorophenol 5.07 4 
2-Butanone 0.29 1 С НС У 1,2,3,4-Tetrachlorobenzene 4.55 5 
Tetrahydrofuran 0.46 1 сна, 1,2,3,5- Tetrachlorobenzene 4.65 5 
Butanoic acid 0.79 1 CHCl, 1,2,4,5-Tetrachlorobenzene 4.51 5 
Propyl formate 0.83 1 С “Н.С, 1,2,3-Trichlorobenzene 4.04 5 
Ethyl acetate 0.73 1 СНА, 1,2,4-Trichlorobenzene 3.98 5 
1-Bromobutane 275 1 СНА, 1,3,5-Trichlorobenzene 4.02 5 
1-Chlorobutane 2.64 2 сна, o-Dichlorobenzene 3.38 5 
1-Fluorobutane 2.58 1 СНА, m-Dichlorobenzene 3.48 5 
1-Iodobutane 3 2 СНА, p-Dichlorobenzene 3.38 5 
Pyrrolidine 0.46 1 C,H,C1,O 2,4-Dichlorophenol 3.23 4 
Butanamide —0.21 1 C,H,Br Bromobenzene 2.99 2 
N,N-Dimethylacetamide —0.77 1 сна Chlorobenzene 2.84 1 
1-Nitrobutane 1.47 1 CHF Fluorobenzene 2.27 2 
Isobutane 2.8 2 CHI Iodobenzene 3.28 2 
1-Butanol 0.84 1 САО, Nitrobenzene 1.85 1 
2-Butanol 0.65 1 CH, Benzene 2.13 1 
2-Methyl-1-propanol 0.76 1 C HO Phenol 1.48 4 
2-Methyl-2-propanol 0.35 1 CHS Benzenethiol 2.52 1 
Diethyl ether 0.89 1 сам Aniline 0.90 1 
1-Butanethiol 2.28 1 C.H.N 2-Methylpyridine 1.11 1 
Diethyl sulfide 1.95 1 C.H.N 3-Methylpyridine 1.20 1 
Butylamine 0.86 1 сам 4-Methylpyridine 1.22 1 
tert-Butylamine 0.40 1 CH, 1,4-Cyclohexadiene 2.3 2 
Diethylamine 0.58 1 C.H,O 5-Hexyn-2-one 0.58 1 
Pyridine 0.65 1 С НО 2-Cyclohexen-1-one 0.61 1 
2-Methylfuran 1.85 1 C.H,O 2-Ethylfuran 2.40 1 
1-Methylpyrrole 1.21 1 CH, 1,5-Hexadiene 2.8 2 
1,4-Pentadiene 2.48 1 C «Н, б 1-Нехупе 2.73 2 
1-Pentyne 1.98 1 CH, Cyclohexene 2.86 1 
Methyl methacrylate 1.38 1 СНО 5-Нехеп-2-опе 1.02 1 
Ethyl acrylate 1.32 1 СНО Cyclohexanone 0.81 1 
Pentanenitrile 0.94 1 C.H,,0, Ethyl methacrylate 1.94 1 
1-Pentene 2.2 2 C.H, Br Bromocyclohexane 3.20 1 
Cyclopentane 3.00 1 C,H, N Hexanenitrile 1.66 1 
2-Pentanone 0.84 1 Сн, 1-Нехепе 3.40 1 
3-Pentanone 0.82 1 CH,, 4-Methyl-1-pentene 2.5 2 
3-Methyl-2-butanone 0.56 1 Сн, Сусіоһехапе 3.44 1 
Tetrahydropyran 0.82 1 CH,, Methylcyclopentane 3.37 2 


Octanol-Water Partition Coefficients 


Mol. form. 


CH,O 
CH,O 
СНО 
CH,O 
C.H,,0, 
CHO, 
САВ 
СН М 


Мате 
Cyclohexanol 
Hexanal 
2-Hexanone 
4-Methyl-2-pentanone 
Hexanoic acid 
Butyl acetate 
1-Bromohexane 
Cyclohexylamine 
Hexane 
3-Methylpentane 
2,2-Dimethylbutane 
2,3-Dimethylbutane 
1-Hexanol 
2-Hexanol 
3-Hexanol 
3,3-Dimethyl-2-butanol 
Dipropyl ether 
Diisopropyl ether 
Hexylamine 
Dipropylamine 
Triethylamine 
2-Bromobenzoic acid 
3-Bromobenzoic acid 
4-Bromobenzoic acid 
Benzonitrile 
Benzaldehyde 
Benzoic acid 
Phenyl formate 
Salicylic acid 
(Bromomethyl)benzene 
o-Chlorotoluene 
m-Chlorotoluene 
p-Chlorotoluene 
(Chloromethyl)benzene 
p-Nitrotoluene 
Toluene 
1,3,5-Cycloheptatriene 
o-Cresol 
m-Cresol 
p-Cresol 
Benzyl alcohol 
Anisole 
Benzylamine 
o-Methylaniline 
m-Methylaniline 
p-Methylaniline 
N-Methylaniline 
1-Heptene 
Methylcyclohexane 
2-Heptanone 
5-Methyl-2-hexanone 
1-Bromoheptane 
1-Chloroheptane 
1-Iodoheptane 
Heptane 
1-Heptanol 
2-Heptanol 
3-Heptanol 
4-Heptanol 
Heptylamine 
Phenylacetylene 


log P 
1.23 
1.78 
1.38 
1.31 
1.92 
1.82 
3.80 
1.49 
4.00 
3.60 
3.82 
3.85 
2.03 
1.76 
1.65 
1.48 
2.03 
1.52 
2.06 
1.67 
1.45 
2.20 
2.87 
2.86 
1.56 
1.48 
1.88 
1.26 
2.20 
2.92 
3.42 
3.28 
3.33 
2.30 
2.42 
2.73 
2.63 
1.98 
1.98 
1.97 
1.05 
2.11 
1.09 
1.32 
1.40 
1.39 
1.66 
3.99 
3.88 
1.98 
1.88 
4.36 
4.15 
4.70 
4.50 
2.62 
2.31 
2.24 
2.22 
2.57 
2.40 


Ref. 
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Name 
Benzofuran 
Benzo[b]thiophene 
Benzeneacetonitrile 
Indole 
Styrene 
Acetophenone 
2-Methylbenzaldehyde 
Benzeneacetaldehyde 
2,3-Dihydrobenzofuran 
Phenyloxirane 
o-Toluic acid 
m-Toluic acid 
p-Toluic acid 
Benzeneacetic acid 
Phenyl acetate 
Methyl benzoate 
Ethylbenzene 
o-Xylene 
m-Xylene 
p-Xylene 
o-Ethylphenol 
m-Ethylphenol 
p-Ethylphenol 
2,4-Xylenol 
2,5-Xylenol 
2,6-Xylenol 
3,4-Xylenol 
3,5-Xylenol 
Benzeneethanol 
a-Methylbenzyl alcohol 
3-Methylbenzenemethanol 
4-Methylbenzenemethanol 
Phenetole 
Benzyl methyl ether 
2-Methylanisole 
3-Methylanisole 
4-Methylanisole 
p-Ethylaniline 
N,N-Dimethylaniline 
Benzeneethanamine 
Butyl methacrylate 
Octanenitrile 
1-Octene 
Cyclooctane 
2-Octanone 
Octanoic acid 
1-Bromooctane 
Octane 
1-Octanol 
2-Octanol 
4-Octanol 
Dibutyl ether 
Quinoline 
Isoquinoline 
Indene 
trans-Cinnamic acid 
Benzenepropanenitrile 
Indan 
1-Phenyl-1-propanone 
1-Phenyl-2-propanone 
4-Methylacetophenone 


log P 
2.67 
3.12 
1.56 
2.14 
3.05 
1.63 
2.26 
1.78 
2.14 
1.61 
2.32 
2.37 
2.34 
1.41 
1.49 
2.20 
3.15 
3.12 
3.20 
3.15 
2.47 
2.50 
2.50 
2.35 
2.34 
2.36 
3.23 
2.35 
1.36 
1.42 
1.60 
1.58 
2.51 
1.35 
2.74 
2.66 
2.81 
1.96 
2.31 
1.41 
2.88 
2.75 
4.57 
4.45 
2.37 
3.05 
4.89 
5.15 
3.07 
2.90 
2.68 
3.21 
2.03 
2.08 
2.92 
2.13 
1.72 
3.33 
2.19 
144 
2.19 
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Ref. 
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Octanol-Water Partition Coefficients 


Name log P Ref. Mol. form. Name log P Ref. 
2-Phenylpropanoic acid 1.80 1 C, HCI, 2,3,4,5-Tetrachlorobiphenyl 5.72 3 
Benzyl acetate 1.96 1 C, HCl, 2,2',4’,5-Tetrachlorobiphenyl 5.73 7 
4-Methylphenyl acetate 2.1 1 C,,H,Cl, 2,4,5-Trichlorobiphenyl 5.60 3 
Ethyl benzoate 2.64 1 СНС 2,4,6-Trichlorobiphenyl 5.47 3 
Propylbenzene 3.69 1 СНС, 2,5-Dichlorobiphenyl 5.10 3 
Isopropylbenzene 3.66 1 СНС, 2,6-Dichlorobiphenyl 5.00 3 
o-Ethyltoluene 3.53 1 C,,H,O Dibenzofuran 4.12 1 
p-Ethyltoluene 3.63 2 сња 2-Chlorobiphenyl 4.52 1 
1,2,3-Trimethylbenzene 3.60 1 сња 3-Chlorobiphenyl 4.58 1 
1,2,4- Trimethylbenzene 3.63 1 C, H,CI 4-Chlorobiphenyl 4.61 1 
1,3,5-Trimethylbenzene 3.42 1 сыңм Carbazole 3.72 1 
2-Propylphenol 2.93 1 C.H, Acenaphthene 3.96 4 
4-Propylphenol 3.20 1 C.H, Biphenyl 3.76 6 
2,3,6-Trimethylphenol 2.67 1 C.H, N, Azobenzene 3.82 1 
2,4,6-Trimethylphenol 2.46 1 C, H0 Diphenyl ether 4.21 1 
Benzenepropanol 1.88 1 CHS Diphenyl sulfide 4.45 1 
N,N-Dimethylbenzylamine 1.98 1 CH, N Diphenylamine 3.44 4 
Amphetamine 1.76 1 С,,Н,, 1-Ethylnaphthalene 4.40 1 
1-Nonene 5.15 1 CH, 1,2-Dimethylnaphthalene 4.31 1 
2-Nonanone 3.16 1 С,,Н,, 1,4-Dimethylnaphthalene 4.37 1 
5-Methyl-2-octanone 2.92 1 C, H,O 4-Phenylcyclohexanone 2.45 1 
Nonane 5.65 1 C.H, Hexylbenzene 5.52 1 
1-Nonanol 4.02 1 C.H, Hexamethylbenzene 4.69 4 
Tripropylamine 2.79 1 С,Н,О Cyclododecanone 4.10 1 
1-Chloronaphthalene 3.90 1 C.H, O, Dodecanoic acid 4.6 1 
2-Chloronaphthalene 3.98 1 С,Н,О 1-Dodecanol 5.13 1 
Naphthalene 3.34 4 C,,H,O 9H-Fluoren-9-one 3.58 1 
Azulene 3.22 1 C,,H,N Acridine 3.40 1 
1-Naphthol 2.84 1 C.H, 9H-Fluorene 4.20 4 
2-Naphthol 2.70 1 CHO Benzophenone 3.18 1 
Isopropyl benzoate 3.18 1 C,H40, Phenyl benzoate 3.59 1 
Butylbenzene 4.26 1 C,H,NO . N-Phenylbenzamide 2.62 1 
tert-Butylbenzene 4.11 1 CH, Diphenylmethane 4.14 1 
Isobutylbenzene 4.01 2 с,Н, 4-Methylbiphenyl 4.63 1 
p-Cymene 4.10 1 C,,H,,O Diphenylmethanol 2.67 1 
1,2,4,5-Tetramethylbenzene 4.10 2 C,,H,,O Benzyl phenyl ether 3.79 1 
1,2,3,4-Tetramethylbenzene 4.00 1 C,H,, Anthracene 4.56 4 
1,2,3,5-Tetramethylbenzene 4.10 1 C,H,, Phenanthrene 4.52 4 
4-Butylphenol 3.65 1 CH, trans-Stilbene 4.81 1 
2-Decanone 3.77 1 с,Н, 1-Methylfluorene 4.97 1 
Decanoic acid 4.09 1 C, HO 2-Phenylacetophenone 3.18 1 
Decane 6.25 1 C, H,0, Benzyl benzoate 3.97 1 
1-Decanol 4.57 1 с,Н, 1,2-Diphenylethane 4.70 1 
4-Phenylpyridine 2.59 1 C,H, 4,4/-Dimethylbiphenyl 5.09 1 
1-Methylnaphthalene 3.87 1 C,,H,, Octylbenzene 6.30 1 
2-Methylnaphthalene 4.00 1 с,н,0, Tetradecanoic acid 6.1 1 
Pentylbenzene 4.90 1 CH, 2-Methylanthracene 5.15 2 
Pentamethylbenzene 4.56 1 C,.H,, 9-Methylanthracene 5.07 1 
2-Undecanone 4.09 1 СН» 1-Methylphenanthrene 5.14 2 
Methyl decanoate 4.41 1 CH. Fluoranthene 5.07 4 
Decachlorobiphenyl 8.26 3 C.H, Pyrene 5.08 4 
2,2/,3,3 ,4,5,5',6,6/- 8.16 3 CH, 9,10-Dimethylanthracene 5.69 1 

Nonachlorobiphenyl СНО, Hexadecanoic acid 7.17 1 
2,2',3,3',5,5',6,6'- 7.10 3 C.H,, 11H-Benzo[a]fluorene 5.40 1 

Octachlorobiphenyl C.H, 11H-Benzo[b]fluorene 5.75 1 
2,2',3,3',4,4’,6-Heptachlorobiphenyl 6.70 3 C,H, Benz[a]anthracene 5.91 1 
2,2',3,3',4,4’-Hexachlorobiphenyl 7.00 3 C.H, Chrysene 5.73 4 
2,2/,4,4/,6,6'-Hexachlorobiphenyl 7.00 3 C.H, Naphthacene 5.76 1 
2,2/,3,3,6,6'-Hexachlorobiphenyl 6.70 3 Сын, Triphenylene 5.49 4 
2,3,4,5,6-Pentachlorobiphenyl 6.30 3 C,,H,.N Triphenylamine 5.74 1 
2,2/,45,5'-Pentachlorobiphenyl 6.40 3 C.H, O, Linolenic acid 6.46 1 


Octanol-Water Partition Coefficients 


Mol. form. Name log P Ref. Mol. form. Name log P 

C,,H,,0, Linoleic acid 7.05 1 C,H,,O, Arachidic acid 9.29 

С НО, Oleic acid 7.64 1 САН, 1,2-Dihydro-3-methylbenz|[j] 6.75 
C.H, O, Stearic acid 8.23 1 aceanthrylene 

C.H, O Triphenylmethanol 3.68 1 CH, Benzo[ghi]perylene 6.90 
СН), Регујепе 6.25 1 CH., Coronene 6.05 
СН, Benzo[a]pyrene 6.20 4 

С,Н,О Arachidonic acid 6.98 1 
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PROTECTION AGAINST IONIZING RADIATION 


The following data and rules of thumb are helpful in estimat- 
ing the penetrating capability of and danger of exposure to various 
types of ionizing radiation. More precise data should be used for 
critical applications. 


Alpha Particles 
Alpha particles of at least 7.5 MeV are required to penetrate the 
epidermis, the protective layer of skin, 0.07 mm thick. 


Electrons 

Electrons of at least 70 keV are required to penetrate the epider- 
mis, the protective layer of skin, 0.07 mm thick. 

The range of electrons in g/cm? is approximately equal to the 
maximum energy (E) in MeV divided by 2. 

The range of electrons in air is about 3.65 m per MeV; for ex- 
ample, a 3 MeV electron has a range of about 11 m in air. 

A chamber wall thickness of 30 mg/cm? will transmit 70% of 
the initial fluence of 1 MeV electrons and 2096 of that of 0.4 MeV 
electrons. 

When electrons of 1 to 2 MeV pass through light materials such 
as water, aluminum, or glass, less than 196 of their energy is dis- 
sipated as bremsstrahlung. 

The bremsstrahlung from 1 Ci of ?P aqueous solution in a glass 
bottle is about 1 mR/h at 1 meter distance. 

When electrons from a 1 Ci source of "Sr — 9Ү are absorbed, 
the bremsstrahlung hazard is approximately equal to that present- 
ed by the gamma radiation from 12 mg of radium. The average 
energy of the bremsstrahlung is about 300 keV. 


Gamma Rays 

The air-scattered radiation (sky-shine) from a 100 Ci “Со 
source placed 1 ft behind a 4 ft high shield is about 100 mrad/h at 
6 ft from the outside of the shield. 

Within +20% for point source gamma emitters with energies 
between 0.07 and 4 MeV, the exposure rate (R/h) at 1 ft is 7 
where C is the activity in curies, E is the energy in MeV, and и is the 
number of gammas per disintegration. 


Neutrons 

An approximate HVL (thickness of absorber for which the neu- 
tron flux falls to half its initial value) for 1 MeV neutrons is 3.2 cm 
of paraffin; that for 5 MeV neutrons is 6.9 cm of paraffin. 


Miscellaneous 

The activity of any radionuclide is reduced to less than 196 after 
7 half-lives (1.е., 27 = 0.8%). 

For nuclides with a half-life greater than 6 days, the change in 
activity in 24 hours will be less than 1096. 

10 HVL (half-value layers) attenuates approximately by 103. 

There is 0.64 mm? of radon gas at STP in transient equilibrium 
with 1 Ci of radium. 
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The natural background from all sources in most parts of the 
world leads to an equivalent dose rate of about 0.04 to 4 mSv per 
year for the average person. About 8496 of this comes from terres- 
trial sources, the remainder from cosmic rays. The U. S. average is 
about 3.6 mSv/yr but can range up to 50 mSv/yr in some areas. A 
passenger in a plane flying at 12,000 meters receives 5 uSv/hr from 
cosmic rays (as compared to about 0.03 uSv/hr at sea level). 

The ICRP recommended exposure limit to man-made sources 
of ionizing radiation (Reference 2) is 20 mSv/yr averaged over 5 
years, with the dose in any one year not to exceed 50 mSv. 

A whole-body dose of about 3 Gy over a short time interval will 
typically lead to 5096 mortality in 30 days assuming no medical 
treatment. 


Units 

The gray (Gy) is the SI unit of absorbed dose; it is a measure of 
the mean energy imparted to a sample of irradiated matter, divided 
by the mass of the sample. Gy is a special name for the SI unit 
J/kg. 

The sievert (Sv) is the SI unit of equivalent dose, which is de- 
fined as the absorbed dose multiplied by a weighting factor that 
expresses the long-term biological risk from low-level chronic ex- 
posure to a specified type of radiation. The Sv is another special 
name for J/kg. 

1 curie (Ci) = 3.7.10 becquerel (Ва); i.e., 3.7۰10 disintegra- 
tions per second. 

1 roentgen (R) = 2.58-10* coulomb per kilogram (C/kg); a mea- 
sure of the charge (positive or negative) liberated by x-ray or gam- 
ma radiation in air, divided by the mass of air. 

1 rad = 0.01 Gy 

1 rem = 0.01 Sv 
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ANNUAL LIMITS ON INTAKES ОЕ RADIONUCLIDES 


K. F. Eckerman 


The following table lists, for workers, the annual limits on oral 
and inhalation intakes (ALI) for selected radionuclides based on 
the occupational radiation protection guidance ofthe International 
Commission on Radiological Protection (References 1 and 2). An 
intake of one ALI corresponds to an annual whole body dose of 
0.02 Sv (2 rem). 

The ALI is expressed in the SI unit of activity, the becquerel 
(Ва), and in the conventional unit, the microcurie (Ci); 1 uCi = 
3.7.10* Ва. The chemical form of inhaled radionuclides is, in most 
instances, stated in terms of the rate of absorption to blood from 
the lungs and the fractional absorption from the small intestine. 
Type F, M, and S denote chemical forms which are absorbed from 
the lungs at rates characterized as fast, moderate, and slow, respec- 
tively. The time to absorb 9096 of the deposited radionuclide, in 
the absence of radioactive decay, corresponds to about 10 minutes, 
150 days, and 7000 days for Type F, M, and S compounds, respec- 


Inhalation intakes 


tively. Type F compounds can be considered to be more soluble 
than M or 5, 5 being the most insoluble. Chemical form consid- 
eration for ingestion is specified by the fractional absorption from 
the small intestine, denoted as ј. The f, values range from 107 to 
1. Higher fractional absorption is associated with greater solubility 
of the compound. 
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Oral intakes 


Chemical Chemical 
Physical form ALI form ALI 
half-life Type/f, Bq uci Л Ва uCi 
?H 12.3у НТ gas 1.1E+13 3.0E+08 1.000 1.1E+13 3.0E+08 
HTO vapor 1.1E+09 3.0E+04 
С 0.340 h CO 17Е+10 4.5Е+05 1.000 8.3Е-08 2.3Е+04 
CO, 9.1 E409 2.5Е+05 
Organic 
compounds 6.2Е+09 1.7Е+05 
ко 5730 у со 2.5Е-10 6.8Е-05 1.000 3.4Е-07 9.3Е-02 
СО, 3.1E+09 8.3E+04 
Organic 
compounds 3.4E+07 9.3E+02 
ир 1.83 h Е 1.000 3.7E+08 1.0E+04 1.000 4.1Е-08 1.1E+04 
M 1.000 2.2E+08 6.1E+03 
S 1.000 2.2E+08 5.8E+03 
?Na 2.60 у F 1.000 1.0Е-07 2.7E+02 1.000 6.3E+06 1.7E+02 
Ма 15.0 h F 1.000 3.8E+07 1.0E+03 1.000 4.7E+07 1.3E+03 
зэр 14.3 d F 0.800 1.8E+07 4.9E+02 0.800 8.3E+06 2.3E+02 
M 0.800 6.9E+06 1.9E+02 
355 87.44 Inorganic 
compounds 
F 0.800 2.5Е-08 6.8Е-03 0.800 1.4Е+08 3.9E+03 
M 0.800 1.8E+07 4.9E+02 0.100 1.1E+08 2.8E+03 
Vapor 1.7E+08 4.5Е-03 
Огдашс 
compounds 1.000 2.6Е+07 7.0Е-02 
2K 12.4 h F 1.000 1.0Е+08 2.7E+03 1.000 4.7Е+07 1.3Е+03 
BK 22.6h F 1.000 7.7Е+07 2.1Е-03 1.000 8.0Е-07 2.2Е-03 
Са 163 4 М 0.300 8.7 Е+06 2.4E+02 0.300 2.6E+07 7.1E+02 
“Са 4.53 а М 0.300 9.5E+06 2.6E+02 0.300 1.3E+07 3.4E+02 
де: 277 d Е 0.100 6.7E+08 1.8E+04 0.100 5.3E+08 1.4E+04 
M 0.100 5.9E+08 1.6E+04 0.010 5.4E+08 1.5E+04 
S 0.100 5.6E+08 1.5E+04 
“Мп 3124 Е 0.100 1.8E+07 4.9Е+02 0.100 2.8Е-07 7.6Е-02 
М 0.100 1.7E+07 4.5Е+02 
Fe 8.28h F 0.100 2.9E+07 7.8Е+02 0.100 1.4E+07 3.9E+02 
M 0.100 2.1E+07 5.7E+02 
»ре 2.70y F 0.100 2.2E+07 5.9E+02 0.100 6.1E+07 1.6E+03 
M 0.100 6.1E+07 1.6Е+03 
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16-48 Annual Limits on Intakes of Radionuclides 


Inhalation intakes Oral intakes 
Chemical Chemical 
Physical form ALI form ALI 
half-life Type/f, Bq на Л Ва uCi 

Ге 44.5 4 Е 0.100 6.7E+06 1.8E+02 0.100 1.1E+07 3.0E+02 
M 0.100 6.3E+06 1.7E+02 

Co 271d M 0.100 5.1E+07 1.4E+03 0.100 9.5E+07 2.6E+03 
S 0.050 3.3E+07 9.0E+02 0.050 1.1E+08 2.8E+03 

8Со 70.84 М 0.100 14Е-07 3.9Е+02 0.100 2.7E+07 7.3E+02 
S 0.050 1.2E+07 3.2E+02 0.050 2.9E+07 7.7E+02 

Co 5.27 у M 0.100 2.8E+06 7.6E+01 0.100 5.9E+06 1.6E+02 
S 0.050 1.2E+06 3.2E+01 0.050 8.0E+06 2.2Е-02 

“Cu 12.7h F 0.500 2.9E+08 7.9E+03 0.500 1.7E+08 4.5E+03 
M 0.500 1.3E+08 3.6E+03 
S 0.500 1.3E+08 3.6E+03 

РМ 75000 у F 0.050 9.1E+07 2.5E+03 0.050 3.2E+08 8.6E+03 
M 0.050 2.1E+08 5.8E+03 
Vapor 2.АЕ+07 6.5E+02 

eNi 96.0 y F 0.050 3.8E+07 1.0E+03 0.050 1.3E+08 3.6E+03 
M 0.050 6.5E+07 1.7E+03 
Vapor 1.0E+07 2.7E+02 

БУЛ! 244 d S 0.500 7.1E+06 1.9E+02 0.500 5.1E+06 1.4E+02 

"Ga 3.26 d F 0.001 1.8E+08 4.9E+03 0.001 1.1E+08 2.8E+03 
M 0.001 7.1E+07 1.9Е+03 

Жер 113h F 0.001 4.1Е+08 1.1Е+04 0.001 2.0Е+08 5.4Е+03 
М 0.001 2.5Е+08 6.7Е+03 

Ge 288 d F 1.000 2.4E+07 6.5E+02 1.000 1.5E+07 4.2E+02 
M 1.000 2.5E+06 6.8E+01 

755е 1204 Е 0.800 1.4E+07 3.9E+02 0.800 7.7E+06 2.1E+02 
M 0.800 1.2E+07 3.2E+02 0.050 4.9Е+07 1.ЗЕ+03 

“бе 65000 у Е 0.800 1.3E+07 3.4E+02 0.800 6.9E+06 1.9E+02 
M 0.800 6.5E+06 1.7E+02 0.050 5.1E+07 1.4E+03 

Rb 18.6 d F 1.000 1.5E+07 4.2E+02 1.000 7.1E+06 1.9E+02 

555г 64.8d F 0.300 3.6Е+07 9.7Е+02 0.300 3.6Е+07 9.7E+02 
S 0.010 3.1E+07 8.4E+02 0.010 6.1E+07 1.6E+03 

пор 2.80 В Е 0.300 9.1Е+08 2.5Е+04 0.300 6.7Е+08 1.8Е+04 
S 0.010 5.7E+08 1.5E+04 0.010 6.1E+08 1.6E+04 

895г 50.5 d Е 0.300 14Е-07 3.9Е+02 0.300 7.7E+06 2.1E+02 
S 0.010 3.6E+06 9.7E+01 0.010 8.7E+06 2.4E+02 

Sr 29.1 y F 0.300 6.7E+05 1.8E+01 0.300 7.1E+05 1.9E+01 
S 0.010 2.6E+05 7.0E+00 0.010 7.4E406 2.0Е+02 

Мо 2.75 d Е 0.800 5.6Е+07 1.5Е+03 0.800 2.7E+07 7.3E+02 
S 0.050 1.8E+07 4.9E+02 0.050 1.7E+07 4.5E+02 

Tc 6.02h F 0.800 1.0E+09 2.7E+04 0.800 9.1E+08 2.5E+04 
M 0.800 6.9E+08 1.9E+04 

Тс 213000 у Е 0.800 5.0E+07 1.4E+03 0.800 2.6E+07 6.9Е-02 
М 0.800 6.3E+06 1.7E+02 

1%Ru 1.01 y F 0.050 2.0E+06 5.5E+01 0.050 2.9E+06 7.7E+01 
M 0.050 1.2E+06 3.2E+01 
S 0.050 5.7E+05 1.5E+01 

ши!!! 2.834 Е 0.020 9.1Е-07 2.5Е-03 0.020 6.9Е-07 1.9E+03 
M 0.020 6.5E+07 1.7Е+03 

иза] 1.66ћ F 0.020 1.1E+09 2.8E+04 0.020 7.1E+08 1.9E+04 
M 0.020 6.3E+08 1.7E+04 

$n 115d F 0.020 2.5E+07 6.8E+02 0.020 2.7E+07 7.4E+02 
M 0.020 1.1E+07 2.8E+02 

1231 13.2 В Е 1.000 1.8E+08 4.9E+03 1.000 9.5E+07 2.6E+03 
Vapor 9.5E+07 2.6E+03 

1251 60.1 d F 1.000 2.7E+06 7.4E+01 1.000 1.3E+06 3.6E+01 
Vapor 1.4E+06 3.9E+01 

121 1.57-107у Е 1.000 3.9Е+05 1.1E+01 1.000 1.8E+05 4.9E+00 


Vapor 2.1E+05 5.6E+00 


Annual Limits on Intakes of Radionuclides 


198m Au 


Нр 


23H g 


20171 

глорр, 
207Bi 

210pg 
ара 
26pa 
22 pa 
228Th 
20Th 
232Th 


2341) 


23517 


Physical 
half-life 
8.04 а 
1.344 
2.06у 
13.1 d 
30.0 у 
32.5 d 
284 d 
10.7y 
12.7 d 
32.0 d 


2.694 


2.304 


2.67 4 


46.6 d 


3.04 4 
22.3y 
38.0 у 
138 d 
3.66 d 
1600 y 
5.75y 
191y 
77000 у 


1.40.1019 y 


2,44 10 у 


7.04-10%у 


16-49 
Inhalation intakes Oral intakes 
Chemical Chemical 
form ALI form ALI 
Type/f, Bq uCi £f, Bq uCi 
F 1.000 1.8E+06 4.9Е-01 1.000 9.1Е-05 2.5Е+01 
Марог 1,0 Е+06 2.7E+01 
F 1.000 2.5E+08 6.7E+03 1.000 3.3E+08 9.0E+03 
F 1.000 2.1E+06 5.6E+01 1.000 1.1E+06 2.8E+01 
F 1.000 1.1E+07 2.8E+02 1.000 6.7E+06 1.8E+02 
F 1.000 3.0E+06 8.1E+01 1.000 1.5E+06 4.2Е+01 
М 5.0Е-04 7 АЕ+06 2.0Е+02 5.0E-04 2.8E+07 7.6E+02 
S 5.0E-04 6.5E+06 1.7E+02 
M 5.0E-04 8.7E+05 2.4E+01 5.0E-04 3.8E+06 1.0E+02 
S 5.0E-04 6.9E+05 1.9E+01 
F 0.100 1.1E+07 3.0E+02 0.100 2.0E+07 5.4E+02 
F 0.100 1.3E+07 3.4E+02 0.100 8.0E+06 2.2E+02 
M 5.0E-04 9.5E+06 2.6E+02 5.0E-04 2.8Е-07 7.6E402 
S 5.0E-04 8.3Е+06 2.3Е+02 
Е 0.100 5.1Е-07 1.4Е+03 0.100 2.0Е-07 5.4E+02 
M 0.100 2.0E+07 5.5E+02 
S 0.100 1.8E+07 4.9Е-02 
Е 0.100 3.4E+07 9.2Е+02 0.100 1.5Е+07 4.2Е-02 
М 0.100 1.0Е+07 2.7Е+02 
S 0.100 11Е-07 2.8Е+02 
Inorganic 
compounds 
F 0.400 2.4E+08 6.4E+03 1.000 2.0E+08 5.5E+03 
0.400 1.2E+08 3.2E+03 
Vapor 4.5E+06 1.2E+02 
Organic 
compounds 
F 0.020 2.0E+08 5.4E+03 0.020 8.7E+07 2.4E+03 
M 0.020 7.1E+07 1.9E+03 
Inorganic 
compounds 
F 0.400 2.7E+07 7.2E+02 1.000 1.1E+07 2.8E+02 
0.400 1.8E+07 4.9Е-02 
Уарог 2.9Е-06 7.7E+01 
Organic 
compounds 
F 0.020 3.4E+07 9.2E+02 0.020 3.7E+07 1.0E+03 
M 0.020 1.1E+07 2.8E+02 
F 1.000 2.6E+08 7.1E+03 1.000 2.1E+08 5.7E+03 
F 0.200 1.8E+04 4.9Е-01 0.200 2.9Е-04 7.9Е-01 
Е 0.050 2.4E+07 6.4E+02 0.050 1.5E+07 4.2Е+02 
М 0.050 6.3Е+06 1.7Е+02 
Е 0.100 2.8Е+04 7.6Е-01 0.100 8.3Е+04 2.3Е+00 
М 0.100 9.1Е+03 2.5Е-01 
М 0.200 8.3Е+03 2.3Е-01 0.200 3.1Е+05 8.3E+00 
M 0.200 1.7E+03 4.5E-02 0.200 7.1Е-04 1.9Е+00 
М 0.200 1.2Е+04 3.2Е-01 0.200 3.0Е+04 8.1Е-01 
М 5.0Е-04 8.7Е+02 2.4E-02 5.0E-04 2.9E+05 7.7E+00 
S 2.0E-04 6.ЗЕ+02 17Е-02 2.0E-04 5.7Е+05 1.5Е+01 
М 5.0Е-04 7.1E+02 1.9E-02 5.0E-04 9.5Е+04 2.6Е+00 
5 2.0Е-04 2.8E+03 7.5E-02 2.0E-04 2.3E+05 6.2E+00 
M 5.0E-04 6.9Е+02 1.9E-02 5.0E-04 9.1Е+04 2.5Е+00 
5 2.0Е-04 1.7Е+03 4.5Е-02 2.0E-04 2.2Е-05 5.9Е-00 
Е 0.020 3.1Е+04 8.4Е-01 0.020 4.1Е+05 1.1Е+01 
М 0.020 9.5Е+03 2.6E-01 0.002 2.4E+06 6.5E+01 
S 0.002 2.9E+03 7.9E-02 
F 0.020 3.3E+04 9.0E-01 0.020 4.3E+05 1.2Е+01 
М 0.020 11Е-04 З.ОЕ-01 0.002 2.4E+06 6.5E+01 
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Inhalation intakes Oral intakes 
Chemical Chemical 
Physical form ALI form ALI 
half-life Type/f, Bq uCi Л Ва uCi 

S 0.002 3.3E+03 8.9E-02 
238] 4.47.10? y Е 0.020 3.4E+04 9.3E-01 0.020 4.5E+05 1.2E+01 
M 0.020 1.3E+04 3.4E-01 0.002 2.6Е-06 7.1Е-01 

S 0.002 3.5Е-03 9.5Е-02 
27Np 2.14-10° y M 5.0E-04 1.3E+03 3.6E-02 5.0E-04 1.8E405 4.9Е-00 
Мр 2.364 М 5.0Е-04 1.8Е+07 4.9E+02 5.0Е-04 2.5Е+07 6.8Е+02 
238Py 87.7y M 5.0E-04 6.7E+02 1.8E-02 5.0E-04 8.7E+04 2.4E+00 
S 1.0E-05 1.8E+03 4.9E-02 1.0E-05 2.3E406 6.1Е+01 
1.0Е-04 4.1Е+05 1.1Е+01 
239рц 24100 у M 5.0Е-04 6.3E+02 1.7E-02 5.0E-04 8.0E+04 2.2E+00 
S 1.0E-05 2.4E+03 6.5E-02 1.0E-05 2.2E+06 6.0E+01 
1.0E-04 3.8E+05 1.0E+01 
зарц 14.4 y M 5.0Е-04 3.4E+04 9.3E-01 5.0E-04 4.3E+06 1.2E+02 
S 1.0E-05 2.4E405 6.4E4 00 1.0E-05 1.8Е+08 د‎ 3 
1.0E-04 2.1Е+07 5.6Е-02 
Ат 432 у M 5.0Е-04 7.4E+02 2.0E-02 5.0E-04 1.0Е+05 2.7Е+00 
Ст 18.1 y M 5.0E-04 1.2E+03 3.2E-02 5.0E-04 1.7E+05 4.5Е+00 


СЕ 2.64 у M 5.0Е-04 1.5Е+03 4.2Е-02 5.0E-04 2.2Е-05 6.0Е-00 


CHEMICAL CARCINOGENS 


The following substances are listed in the llth Report 
on Carcinogens 2004, released by the National Institute of 
Environmental Health Sciences (NIEHS) under the National 
Toxicology Program (NTP). Substances are grouped in two 
classes: 

- Known to be human carcinogens: There is sufficient evi- 
dence of carcinogenicity from studies in humans which indicates a 
causal relationship between exposure to the substance and human 
cancer. 

- Reasonably anticipated to be human carcinogens: There is 
limited evidence of carcinogenicity from studies in humans which 
indicates that causal interpretation is credible, but that alternative 
explanations, such as chance, bias, or confounding factors, could 
not be adequately excluded; or there is sufficient evidence of carci- 
nogenicity from studies in experimental animals. 


The NTP report also lists many poorly defined materials such as 
soots, tars, mineral oils, coke oven emissions, etc. These materials 
are not included here. 

The table lists the name normally used in the Handbook of 
Chemistry and Physics, followed by additional names and acro- 
nyms by which the substance is known. In many cases the primary 
name given here is different from that used in the NTP report; 
however, names used in the NTP report appear in the Other 
Names column. The Chemical Abstracts Service Registry Number 
(CAS RN), given in the last column, is taken from the NTP report. 
Extensive details on each substance are given in the reference. 


Reference 


Public Health Service, National Toxicology Program, 11th Report on 


Substance 

Known to be Human Carcinogens 

Aflatoxins 

4-Aminobiphenyl 

Arsenic compounds, inorganic 

Asbestos 

Azathioprine 

Benzene 

p-Benzidine (includes dyes metabolized to benzidene) 
Beryllium and beryllium compounds 
Bis(2-chloroethyl) sulfide 

Bis(chloromethyl) ether 

1,3-Butadiene 

1,4-Butanediol dimethylsulfonate 

Cadmium and cadmium compounds 

Chlorambucil 

Chloroethene 
1-(2-Chloroethyl)-3-(4-methylcyclohexyl)- 1-nitrosourea 
Chloromethyl methyl ether 

Chromium hexavalent compounds 


Cyclophosphamide 


Cyclosporin A 
Diethylstilbestrol 

Erionite 

Estrogens, steroidal 
N-(4-Ethoxyphenyl)acetamide 
Melphalan 

Methoxsalen (with UV therapy) 
2-Naphthylamine 

Nickel compounds 


Oxirane 


Carcinogens, available on the Internet at <http://ntp.niehs.nih.gov/> 


Other Names CAS RN 
1402-68-2 
p-Biphenylamine 92-67-1 
1332-21-4 
6-[(1-Methyl-4-nitro-1H-imidazol-5-yl)thio]-1H-purine 446-86-6 
71-43-2 
[1,1’-Bipheny]]-4,4’-diamine 92-87-5 
7440-41-7 
Mustard gas 505-60-2 
542-88-1 
106-99-0 
Myleran; Busulfan 55-98-1 
7440-43-9 
305-03-3 
Vinyl chloride; Chloroethylene 75-01-4 
MeCCNU 13909-09-6 
107-30-2 
Cyclophosphane; 2H-1,3,2-Oxazaphosphorin-2-amine, ММ- 50-18-0 
bis(2-chloroethyl)tetrahydro-, 2-oxide 
Cyclosporine 59865-13-3 
56-53-1 
66733-21-9 
Phenacetin 62-44-2 
L-Phenylalanine, 4-[bis(2-chloroethyl)amino]- 148-82-3 
PUVA; 9-Methoxy-7H-furo[3,2-g][1]benzopyran-7-one 298-81-7 
2-Aminonaphthalene; B-Naphthylamine 91-59-8 
Ethylene oxide 75-21-8 


16-51 


16-52 


Substance 

Radon 

Silicon dioxide (respirable size) 
Silicon dioxide (respirable size) 
Silicon dioxide (respirable size) 
Sulfuric acid (strong acid mists) 
Tamoxifen 

2,3,7,8- Tetrachlorodibenzo-p-dioxin 
Thorium(IV) oxide 
Triethylenethiophosphoramide 


Reasonably Anticipated to be Human Carcinogens 


Acetaldehyde 

2-(Acetylamino)fluorene 

Acrylamide 

Acrylonitrile 

4- Allyl-1,2-dimethoxybenzene 
2-Amino-9,10-anthracenedione 
1-Amino-2,4-dibromo-9,10-anthracenedione 
2-Amino-3,4-dimethylimidazo[4,5-f]quinoline 
2-Amino-3,8-dimethylimidazo[4,5-f]quinoxaline 
1-Amino-2-methyl-9,10-anthracenedione 


2-Amino-3-methyl-3H-imidazo[4,5-f] quinoline 


2-Amino-1-methyl-6-phenylimidazo[4,5-b]pyridine 


Azacitidine 


Benz[a]anthracene 
Benzo[b]fluoranthene 
Benzo[j]fluoranthene 
Benzo[k]fluoranthene 

Benzo[a]pyrene 

2,2’-Bioxirane 
Bis(4-amino-3-chlorophenyl)methane 
2,2-Bis(bromomethyl)-1,3-propanediol 
Bis(2-chloroethyl) methylamine 
N,N’-Bis(2-chloroethyl)-N-nitrosourea 
Bis[4-(dimethylamino)phenyl]methane 
1,3-Bis(2,3-epoxypropoxy) benzene 
Bis(2-ethylhexyl) phthalate 
Bromodichloromethane 

Bromoethene 
tert-Butyl-4-hydroxyanisole 
Chloramphenicol 

Chlorendic acid 


Chlorinated paraffins (C,,, 60% Cl) 


12 
4-Chloro-1,2-benzenediamine 
2-Chloro-1,3-butadiene 
1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea 
4-Chloro-2-methylaniline 


4-Chloro-2-methylaniline hydrochloride 


Other Names 


Quartz; Silica 
Cristobalite; Silica 
Tridymite; Silica 


Oil of vitriol 


тсрр; Dioxin 
Thorium dioxide 


Thiotepa; Tris(1-aziridinyl)phosphine, sulfide 


Ethanal 


2-Propenamide 

Propenenitrile 

Methyleugenol; 1,2-Dimethoxy-4-allylbenzene 
2-Aminoanthraquinone 
1-Amino-2,4-dibromoanthraquinone 

мео 

MeIQx 

1-Amino-2-methylanthraquinone 

10 

РМР 


Chemical Carcinogens 


CAS RN 
10043-92-2 
14808-60-7 
14464-46-1 
15468-32-3 
7664-93-9 
10540-29-1 
1746-01-6 
1314-20-1 
52-24-4 


75-07-0 
53-96-3 
79-06-1 
107-13-1 
93-15-2 
117-79-3 
81-49-2 
77094-11-2 
77500-04-0 
82-28-0 
76180-96-6 
105650-23-5 


5-Azacytidine; 4- Amino-1-B-D-ribofuranosyl-1,3,5-triazine- 3220-0-2 


2(1H)-one 


Benz[e]acephenanthrylene 


2,3,1,8-Binaphthylene 


Diepoxybutane 
4,4-Methylene-bis(2-chloraniline); MBOCA 
ВВМР; Pentaerythritol dibromide 

Nitrogen mustard hydrochloride 

BCNU; Carmustine 


56-55-3 
205-99-2 
205-82-3 
207-08-9 
50-32-8 
1464-53-5 
101-14-4 
3296-90-0 
55-86-7 
154-93-8 


Michler's Base; 4,4-Methylenebis(N, N-dimethylbenzenamine) 101-61-1 


Diglycidyl resorcinol ether 
DEHP; Di(2-ethylhexyl) phthalate 


Vinyl bromide 
BHA; Butylated hydroxyanisole 


101-90-6 
117-81-7 
75-27-4 
593-60-2 
25013-16-5 
56-75-7 


1,4,5,6,7,7-Hexachloro-5-norbornene-2,3-dicarboxylic acid 115-28-6 


4-Chloro-o-phenylenediamine 
Chloroprene 

CCNU; Lomustine; Belustine 
p-Chloro-o-toluidine 


p-Chloro-o-toluidine hydrochloride 


108171-26-2 
95-83-0 
126-99-8 
13010-47-4 
95-69-2 
3165-93-3 


Chemical Carcinogens 


Substance 
1-Chloro-2-methylpropene 
3-Chloro-2-methylpropene 


Chlorozotocin 


Fuchsin 

Cobalt(II) sulfate 

Cupferron 

Dacarbazine 

Decabromobiphenyl 
cis-Diaminedichloroplatinum 
2,4-Diaminoanisole sulfate 
4,4’-Diaminodipheny] ether 
4,4’-Diaminodiphenylmethane 
4,4’-Diaminodiphenylmethane dihydrochloride 
4,4’-Diaminodipheny] sulfide 
Dibenz[a,h]acridine 

Dibenz[a;j]acridine 
Dibenz[a,h]anthracene 
7H-Dibenzo|[c,g]carbazole 
Dibenzo[a,e]pyrene 

Dibenzo[a,h]pyrene 

Dibenzo[a,i]pyrene 

Dibenzo[a,l]pyrene 
1,2-Dibromo-3-chloropropane 
1,2-Dibromoethane 

2,3-Dibromo- 1-propanol 
2,3-Dibromo-1-propanol, phosphate (3:1) 
p-Dichlorobenzene 
3,3’-Dichloro-p-benzidine 
3,3’-Dichloro-p-benzidine dihydrochloride 
1,2-Dichloroethane 

Dichloromethane 

1,3-Dichloropropene (unspecified isomer) 


Diethyl sulfate 


2,3-Dihydro-6-propyl-2-thioxo-4(1H)-pyrimidinone 


1,8-Dihydroxy-9,10-anthracenedione 


3,3'-Dimethoxybenzidine (and dyes metabolized to 3,3'- 


Dimethoxybenzidine) 
p-(Dimethylamino)azobenzene 
2;3-Dimethyl-4-aminoazobenzene 
Dimethylcarbamic chloride 
1,1-Dimethylhydrazine 
Dimethyl sulfate 
1,6-Dinitropyrene 
1,8-Dinitropyrene 
1,4-Dioxane 
1,2-Diphenylhydrazine 
1,3-Diphenyl-1-triazene 


Other Names 


Dimethylvinyl chloride 


2-[[[(2-Chloroethyl)nitrosoamino]carbonyl]amino]-2-deoxy- 


D-glucose 
C.L. Basic Red 9, monohydrochloride 


Cobaltous sulfate 


5-(3,3-Dimethyl-1-triazenyl)-1H-imidazole-4-carboxamide 


Cisplatin 

1,3-Benzenediamine, 4-methoxy, sulfate 
4,4-Oxydianiline 
4,4'-Methylenedianiline 
4,4'-Methylenedianiline dihydrochloride 
4,4’-Thiodianiline 


7-Azadibenz[a;jJanthracene 


1,2:5,6-Dibenzanthracene 


Naphtho[1,2,3,4-def ]chrysene 
Dibenzo[b,def]chrysene 
Benzo[rst]pentaphene 


Dibenzo[def,p]chrysene 


Ethylene dibromide; EDB 

DBP 

Tris(2,3-dibromopropyl) phosphate 

1,4-Dichlorobenzene 
3,3’-Dichloro[1,1’-bipheny]]-4,4’-diamine 
3,3’-Dichloro-[1,1’-biphenyl]-4,4’-diamine dihydrochloride 
Ethylene dichloride 

Methylene chloride 


Propylthiouracil 
Danthron; 1,8-Dihydroxyanthraquinone 


Dianisidine 


o-Aminoazotoluene; 4-o-Tolylazo-o-toluidine 
Dimethylcarbamoyl chloride 
UDMH 


Hydrazobenzene 


Diazoaminobenzene 


CAS RN 
513-37-1 
563-47-3 
54749-90-5 


569-61-9 
10124-43-3 
135-20-6 
4342-03-4 
13654-09-6 
15663-27-1 
39156-41-7 
101-80-4 
101-77-9 
13552-44-8 
139-65-1 
226-36-8 
224-42-0 
53-70-3 
194-59-2 
192-65-4 
189-64-0 
189-55-9 
191-30-0 
96-12-8 
106-93-4 
96-13-9 
126-72-7 
106-46-7 
91-94-1 
612-83-9 
107-06-2 
75-09-2 
542-75-6 
64-67-5 
51-52-5 
117-10-2 
119-90-4 


60-11-7 
97-56-3 
79-44-7 
57-14-7 
77-78-1 
42397 -64-8 
42397-65-9 
123-91-1 
122-66-7 
136-35-6 


16-53 


16-54 


Chemical Carcinogens 


Substance Other Names CAS RN 
Disperse Blue No. 1 1,4,5,8- Tetraamino-9,10-anthracenedione 2475-45-8 
Doxorubicin hydrochloride Adriamycin 23214-92-8 
Epichlorohydrin (Chloromethyl)oxirane 106-89-8 
1,2-Ероху-4-(ерохуе ћу сусјоћехапе 4-Vinyl-1-cyclohexene dioxide 106-87-6 
Ethyl carbamate Urethane 51-79-6 
Ethyl methanesulfonate 62-50-0 
N-Ethyl-N-nitrosourea ENU; N-Nitroso-N-ethylurea 759-73-9 
Fluoroethene Vinyl fluoride 75-02-5 
Formaldehyde (gas) Methanal 50-00-0 
Furan 110-00-9 
Hexabromobiphenyl isomers Firemaster FF-1 67774-32-7 
Hexachlorobenzene Perchlorobenzene 118-74-1 
Hexachlorocyclohexane isomers 608-73-1 
1,2,3,4,5,6-Hexachlorocyclohexane, (1о,2о,3р,4о,5р,6р) a-Hexachlorocyclohexane 319-84-6 
1,2,3,4,5,6-Hexachlorocyclohexane, (1о,20,3о,4р,5о,6р) B-Hexachlorocyclohexane 319-85-7 
1,2,3,4,5,6-Hexachlorocyclohexane, (1о,2о,3р,4о,5о,6) Lindane; y-Hexachlorocyclohexane 58-89-9 
Hexachloroethane Perchloroethane 67-72-1 
Hexamethylphosphoric triamide Hexamethylphosphoramide; Tris(dimethylamino)phosphine 680-31-9 
oxide 
Hydrazine 302-01-2 
Hydrazine sulfate 10034-93-2 
2-Imidazolidinethione Ethylene thiourea 96-45-7 
Indeno[1,2,3-cd]pyrene 1,10-(1,2-Phenylene)pyrene 193-39-5 
Kepone Chlordecone 143-50-0 
Lead and lead compounds Includes all lead compounds 7439-92-1 
o-Methoxyaniline hydrochloride o-Anisidine hydrochloride 134-29-2 
2-Methoxy-5-methylaniline p-Cresidine; 5-Methyl-o-anisidine 120-71-8 
o-Methylaniline o-Toluidine 95-53-4 
o-Methylaniline hydrochloride o-Toluidine hydrochloride 636-21-5 
2-Methyl-1,3-butadiene Isoprene 78-79-5 
5-Methylchrysene 3697-24-3 
4,4-Methylenedianiline dihydrochloride Benzenamine, 4,4’-methylenedi-, dihydrochloride 13552-44-8 
Methyl methanesulfonate 66-27-3 
N-Methyl-N’-nitro-N-nitrosoguanidine 70-25-7 
N-Methyl-N-nitrosourea N-Nitroso-N-methylurea 684-93-5 
Methyloxirane 1,2-Propylene oxide 75-56-9 
Metronidazole 2-Methyl-5-nitro-1H-imidazole-1-ethanol 443-48-1 
Mirex Hexachloropentadiene dimer 2385-85-5 
Naphthalene 91-20-3 
Nickel (metallic) 7440-02-0 
Nitrilotriacetic acid N,N-Bis(carboxymethyl)glycine 139-13-9 
2-Nitroanisole 1-Methoxy-2-nitrobenzene 91-23-6 
Nitrobenzene 98-95-3 
6-Nitrochrysene 7496-02-8 
Nitrofen 2,4-Dichloro-1-(4-nitrophenoxy)benzene 1836-75-5 
Nitromethane 75-52-5 
2-Nitropropane 79-46-9 
1-Nitropyrene 5522-43-0 


Chemical Carcinogens 


Substance 

4-Nitropyrene 
N-Nitrosodibutylamine 
N-Nitrosodiethanolamine 
N-Nitrosodiethylamine 


N-Nitrosodimethylamine 


4-(N-Nitrosomethylamino)-1-(3-pyridyl)-1-butanone 


N-Nitroso-N-methylvinylamine 
4-Nitrosomorpholine 
N-Nitrosonornicotine 


N-Nitrosopiperidine 


N-Nitroso-N-propyl-1-propanamine 


N-Nitrosopyrrolidine 


N-Nitrososarcosine 
Norethisterone 

Ochratoxin A 
Octabromobiphenyl isomers 
2-Oxetanone 
Oxiranemethanol 


Oxymetholone 


Phenazopyridine hydrochloride 
Phenolphthalein 
Phenoxybenzamine hydrochloride 
Phenyloxirane 

Phenytoin 

Polybrominated biphenyls 
Polychlorinated biphenyls 
Procarbazine hydrochloride 
Progesterone 

1,3-Propane sultone 
Propyleneimine 

Reserpine 

Safrole 

Selenium sulfide 


Streptozotocin 


Sulfallate 
Tetrachloroethene 
Tetrachloromethane 


Tetrafluoroethene 


N,N,N;N’-Tetramethyl-4,4’-diaminobenzophenone 


Tetranitromethane 
Thioacetamide 
Thiourea 
o-Tolidine 


Toluene-2,4-diamine 


Toluene diisocyanate (unspecified isomer) 


Toxaphene 


Other Names 


Dibutylnitrosamine 

2,2’-(Nitrosoimino)ethanol 

DEN; Diethylnitrosamine 

DMN; Dimethylnitrosamine 

NNK; Ketone, 3-pyridyl-3-(N-methyl-N-nitrosamino)propyl 
N-Methyl-N-nitrosoethenamine 

N-Nitrosomorpholine 
N'-Nitroso-3-(2-pyrrolidinyl)pyridine 

1-Nitrosopiperidine 


N-Nitrosodipropylamine 


N-Methyl-N-nitrosoglycine 
19-Norpregn-4-en-20-yn-3-one, 17-hydroxy-, (17 о)- 


B-Propiolactone 
Glycidol 


Androstan-3-one, 17-hydroxy-2-(hydroxymethylene)-17- 
methyl- 


3-(Phenylazo)-2,6-pyridinediamine, monohydrochloride 
3,3-Bis(4-hydroxyphenyl)-1(3H)-isobenzofuranone 


Styrene-7,8-oxide 
5,5-Diphenyl-2,4-imidazolidinedione 
PBBs 

PCBs 


Pregn-4-ene-3,20-dione 
1,2-Oxathiolane, 2,2-dioxide 
2-Methylaziridine 


5-(2-Propenyl)-1,3-benzodioxole 


D-Glucopyranose, 2-deoxy-2-[[(methylnitrosoamino)carbon 
ylJamino]- 


N,N-Diethyldithiocarbamic acid, 2-chloroallyl ester 
Tetrachloroethylene; Perchloroethylene 

Carbon tetrachloride 

Tetrafluoroethylene 


Bis(dimethylamino)benzophenone; Michler's Ketone 


Ethanethioamide 
Thiocarbamide 
3,3’-Dimethylbenzidine 


2,4-Diaminotoluene 


Polychlorocamphene 


CAS RN 
57835-92-4 
924-16-3 
1116-54-7 
55-18-5 
62-75-9 
64091-91-4 
4549-40-0 
59-89-2 
16543-55-8 
100-75-4 
621-64-7 
930-55-2 
13256-22-9 
68-22-4 
303-47-9 
61288-13-9 
57-57-8 
556-52-5 
434-07-1 


136-40-3 
77-09-8 
63-92-3 
96-09-3 
57-41-0 


1336-36-3 
366-70-1 
57-83-0 
1120-71-4 
75-55-8 
50-55-5 
94-59-7 
7446-34-6 
18883-66-4 


95-06-7 
127-18-4 
56-23-5 
116-14-3 
90-94-8 
509-14-8 
62-55-5 
62-56-6 
119-93-7 
95-80-7 
26471-62-5 
8001-35-2 


16-55 


16-56 


Substance 

1H-1,2,4-Triazol-3-amine 
1,1,1-Trichloro-2,2-bis(4-chlorophenyl)ethane 
Trichloroethene 

Trichloromethane 

(Trichloromethyl)benzene 
2,4,6-Trichlorophenol 

1,2,3-Trichloropropane 


Other Names 

Amitrole 

DDT; Dichlorodiphenyltrichloroethane 
Trichloroethylene 

Chloroform 


Benzotrichloride 


Chemical Carcinogens 


CAS RN 
61-82-5 
50-29-3 
79-01-6 
67-66-3 
98-07-7 
88-06-2 
96- 18-4 


MISCELLANEOUS MATHEMATICAL CONSTANTS 


log, 2 
logio 2 


log, 3 
logio 3 


Euler's Constant y 


log, y 
Golden Ratio $ 


т CONSTANTS 


3.14159 26535 89793 23846 26433 83279 50288 41971 69399 37511 
0.31830 98861 83790 67153 77675 26745 02872 40689 19291 48091 
9.86960 44010 89358 61883 44909 99876 15113 53136 99407 24079 
1.14472 98858 49400 17414 34273 51353 05871 16472 94812 91531 
0.49714 98726 94133 85435 12682 88290 89887 36516 78324 38044 
0.39908 99341 79057 52478 25035 91507 69595 02099 34102 92128 


CONSTANTS INVOLVING e 


2.71828 18284 59045 23536 02874 71352 66249 77572 47093 69996 
0.36787 94411 71442 32159 55237 70161 46086 74458 11131 03177 
7.38905 60989 30650 22723 04274 60575 00781 31803 15570 55185 


log, e = 0.43429 44819 03251 82765 11289 18916 60508 22943 97005 80367 
log, 10 = 2.30258 50929 94045 68401 79914 54684 36420 76011 01488 62877 


9.63778 43113 00536 78912 29674 98645 —10 


те AND е" CONSTANTS 


22.45915 77183 61045 47342 71522 
23.14069 26327 79269 00572 90864 
0.04321 39182 63772 24977 44177 
4.81047 73809 65351 65547 30357 

г”? = 0.20787 95763 50761 90854 69556 


NUMERICAL CONSTANTS 


1.41421 35623 73095 04880 16887 24209 69807 85696 71875 37695 
1.25992 10498 94873 16476 72106 07278 22835 05702 51464 70151 
0.69314 71805 59945 30941 72321 21458 17656 80755 00134 36026 
0.30102 99956 63981 19521 37388 94724 49302 67881 89881 46211 
1.73205 08075 68877 29352 74463 41505 87236 69428 05253 81039 
1.44224 95703 07408 38232 16383 10780 10958 83918 69253 49935 
1.09861 22886 68109 69139 52452 36922 52570 46474 90557 82275 
0.47712 12547 19662 43729 50279 03255 11530 92001 28864 19070 


OTHER CONSTANTS 


0.57721 56649 01532 86061 
—0.54953 93129 81644 82234 
1.61803 39887 49894 84820 45868 34365 63811 77203 09180 


А-1 


DECIMAL EQUIVALENTS OF COMMON FRACTIONS 


1/64 0.015625 33/64 0.515625 
1/32 27/64 0.03125 1732 34/64 0.53125 
3/64 0.046875 35/64 0.546875 
116 2/32 4/64 0.0625 916 18/32 36/64 0.5625 
5/64 0.078125 37/64 0.578125 
3/32 6/64 0.09375 19/32 38/64 0.59375 
7/64 0.109375 39/64 0.609375 
1/8 4/32 8/64 0.125 5/8 20/32 40/64 0.625 
9/64 0.140625 41/64 0.640625 
5/32 10/64 0.15625 21/32 42/64 0.65625 
11/64 0.171875 43/64 0.671875 
3/16 6/32 12/64 0.1875 11/16 22/32 44/64 0.6875 
13/64 0.203125 45/64 0.703125 
7132 14/64 0.21875 23/32 46/64 0.71875 
15/64 0.234375 4764 0.734375 
1/4 8/32 16/64 0.25 3/4 24/32 48/64 0.75 
17/64 0.265625 49/64 0.765625 
9/32 18/64 0.28125 25/32 50/64 0.78125 
19/64 0.296875 51/64 0.796875 
516 10/32 20/64 0.3125 1316 26/32 52/64 0.8125 
21/64 0.328125 53/64 0.828125 
11/32 22/64 0.34375 27/32 54/64 0.84375 
23/64 0.359375 55/64 0.859375 
3/8 12/32 24/64 0.375 718 28/32 56/64 0.875 
25/64 0.390625 57/64 0.890625 
13/32 26/64 0.40625 29/32 58/64 0.90625 
27/64 0.421875 59/64 0.921875 
716 14/32 28/64 0.4375 15/16 30/32 60/64 0.9375 
29/64 0.453125 61/64 0.953125 
15/32 30/64 0.46875 31/32 62/64 0.96875 
31/64 0.484375 63/64 0.984375 
1/2 16/32 232/64 0.5 1/1 32/32 64/64 1 


QUADRATIC FORMULA 


The solution of the equation ax? + bx + с = 0, where а = 0, is given by 


23 —b+ JD — 4ac 
2a : 


х 


EXPONENTIAL AND HYPERBOLIC FUNCTIONS AND THEIR 


COMMON LOGARITHMS 
e* sinh x cosh x 

eve tanh x 

x Value logio Value Value logio Value logio Value 
0.00 1.0000 0.00000 1.00000 0.0000 -00 1.0000 0.00000 0.00000 
0.01 1.0101 .00434 0.99005 .0100 -2.00001 1.0001 .00002 .01000 
0.02 1.0202 .00869 .98020 .0200 -2.30106 1.0002 .00009 .02000 
0.03 1.0305 .01303 .97045 .0300 —2.47719 1.0005 .00020 .02999 
0.04 1.0408 .01737 .96079 .0400 —2.60218 1.0008 .00035 .03998 
0.05 1.0513 .02171 .95123 .0500 -2.69915 1.0013 .00054 .04996 
0.06 1.0618 .02606 .94176 .0600 —2.77841 1.0018 .00078 .05993 
0.07 1.0725 .03040 .93239 .0701 —2.84545 1.0025 .00106 .06989 
0.08 1.0833 .03474 .92312 .0801 2.90355 1.0032 00139 07983 
0.09 1.0942. 03909 91393 0901 -2.95483 1.0041 00176 08976 
0.10 1.1052 .04343 .90484 11002 1.00072 1.0050 .00217 .09967 
0.11 1.1163 .04777 .89583 11102 -1.04227 1.0061 00262. 10956 
0.12 1.1275 05212 88692 11203 -1.08022 1.0072. 00312. 11943 
0.13 1.1388 05646 .87809 .1304 —1.11517 1.0085 00366 12927 
0.14 1.1503 .06080 .86936 1405 1.14755 1.0098 .00424 .13909 
0.15 1.1618 .06514 .86071 .1506 — —1.17772 1.0113 .00487 .14889 
0.16 1.1735 .06949 .85214 .1607 -1.20597 1.0128 .00554 .15865 
0.17 1.1853 .07383 .84366 11708  —1.23254 1.0145 00625 16838 
0.18 1.1972 07817 83527 1810 -1.25762 1.0162. 00700 17808 
0.19 1.2092. 08252 82696 11911 -1.28136 1.0181 00779 118775 
0.20 1.2214 08686 81873 22013 -1.30392 1.0201 00863 19738 
0.21 1.2337 .09120 .81058 2115 —1.32541 1.0221 .00951 .20697 
0.22 1.2461 09554 80252 2218 -1.34592 1.0243 01043 21652 
0.23 1.2586 .09989 .79453 2320 -1.36555 1.0266 .01139 .22603 
0.24 1.2712 .10423 .78663 (2423 1.38437 1.0289 .01239 .23550 
0.25 1.2840 .10857 .77880 2526 -1.40245 1.0314 .01343 .24492 
0.26 1.2969 .11292 .77105 2629 -1.41986 1.0340 .01452 25430 
0.27 1.3100 11726 .76338 2733 -1.43663 1.0367 01564 26362. 
0.28 1.3231 12160 .75578 2837 —1.45282 1.0395 01681 27291 
0.29 1.3364 .12595 .74826 2941 -1.46847 1.0423 01801 28213 
0.30 1.3499 113029 „74082, .3045 -1.48362 1.0453 .01926 .29131 
0.31 1.3634 .13463 .73345 .3150 —1.49830 1.0484 .02054 .30044 
0.32 1.3771 .13897 .72615 (3255 -1.51254 1.0516 02187 30951 
0.33 1.3910 .14332 .71892 .3360 —1.52637 1.0549 .02323 .31852 
0.34 1.4049 .14766 ‚71177 .3466 -1.53981 1.0584 .02463 .32748 
0.35 1.4191 .15200 .70469 3572 —1.55290 1.0619 .02607 .33638 
0.36 1.4333 .15635 .69768 .3678 -1.56564 1.0655 .02755 .34521 
0.37 1.4477 .16069 .69073 3785  —1.57807 1.0692 .02907 .35399 
0.38 1.4623 .16503 .68386 .3892  —1.59019 1.0731 .03063 .36271 
0.39 1.4770 .16937 .67706 .4000 —1.60202 1.0770 .03222 .37136 
0.40 1.4918 .17372 .67032 4108 —1.61358 1.0811 .03385 .37995 
0.41 1.5063 .17806 .66365 .4216 -1.62488 1.0852 .03552 33847 
0.42 1.5220 .18240 .65705 4325 -1.63594 1.0895 ‚03723 .39693 
0.43 1.5373 .18675 .65051 4434 -1.64677 1.0939 .03897 40532 
0.44 1.5527 .19109 .64404 4543 -1.65738 1.0984 .04075 41364 
0.45 1.5683 19543 .63763 4653 -1.66777 1.1030 .04256 .42190 
0.46 1.5841 .19978 .63128 4764 -1.67797 1.1077 .04441 .43008 
0.47 1.6000 .20412 .62500 .4875 —1.68797 1.1125 .04630 .43820 
0.48 1.6161 .20846 .61878 .4986 | —1.69779 1.1174 .04822 .44624 
0.49 1.6323 .21280 .61263 .5098 -1.70744 1.1225 .05018 .45422 
0.50 1.6487 .21715 .60653 5211 -1.71692 1.1276 05217 46212. 
0.51 1.6653 22149 .60050 .5324  —1.72624 1.1329 .05419 .46995 
0.52 1.6820 22583 .59452 55438 -1.73540 1.1383 .05625 47770 


0.53 1.6989 ‚23018 .58860 .5552 —1.74442 1.1438 .05834 .48538 


А-4 


Exponential and Hyperbolic Functions and Their Common Logarithms 


sinh x cosh x 
Value logio Value logio 
.5666 -1.75330 1.1494 .06046 
.5782 -1.76204 1.1551 ‚06262. 
.5897 -1.77065 1.1609 .06481 
6014 -1.77914 1.1669 .06703 
6131 -1.78751 1.1730 06929 
6248 -1.79576 1.1792 07157 
.6367 -1.80390 1.1855 07389 
6485 -1.81194 1.1919 .07624 
.6605 -1.81987 1.1984 .07861 
.6725 -1.82770 1.2051 .08102 
.6846 -1.83543 1.2119 .08346 
.6967 -1.84308 1.2188 .08593 
.7090 -1.85063 1.2258 .08843 
7213 -1.85809 1.2330 .09095 
.7336 —1.86548 1.2402 .09351 
.7461 -1.87278 1.2476 .09609 
.7586 1-00 1.2552 .09870 
7712 -1.88715 1.2628 10134 
.7838 —1.89423 1.2706 110401 
.7966 -1.90123 1.2785 .10670 
.8094  —1.90817 1.2865 .10942 
.8223 -1.91504 1.2947 .11216 
.8353 —1.92185 1.3030 .11493 
.8484 -1.92859 1.3114 .11773 
8615 — —1.93527 1.3199 .12055 
.8748 -1.94190 1.3286 .12340 
.8881 —1.94846 1.3374 .12627 
9015 -1.95498 1.3464 12917 
.9150 —1.96144 1.3555 13209 
9286 -1.96784 1.3647 113503 
9423 -1.97420 1.3740 13800 
9561 -1.98051 1.3835 14099 
9700 -1.98677 1.3932 .14400 
.9840 | —1.99299 1.4029 .14704 
.9981 7-26 1.4128 .15009 
1.0122 0.00528 1.4229 .15317 
1.0265 .01137 1.4331 .15627 
1.0409 .01741 1.4434 .15939 
1.0554 .02341 1.4539 .16254 
1.0700 .02937 1.4645 .16570 
1.0847 .03530 1.4753 .16888 
1.0995 .04119 1.4862 .17208 
1.1144 .04704 1.4973 .17531 
1.1294 .05286 1.5085 .17855 
1.1446 .05864 1.5199 .18181 
1.1598 .06439 1.5314 .18509 
1.1752 .07011 1.5431 .18839 
1.3356 .12569 1.6685 .22233 
1.5095 17882. 1.8107 25784 
1.6984 23004 1.9709 29467 
1.9043 27974 2.1509 .33262 
2.1293 .32823 2.3524 37151 
2.3756 37577 2.5775 41119 
2.6456 42253 2.8283 45153 
2.9422 46867 3.1075 49241 
3.2682 51430 3.4177 53374 
3.6269 55953 3.7622 57544 


tanh x 
Value 


49299 
50052 
50798 
51536 
52267 
‚52990 
53705 
54413 
55113 
55805 
56490 
.57167 
.57836 
.58498 
.59152 
.59798 
.60437 
.61068 
.61691 
.62307 
.62915 
.63515 
.64108 
.64693 
.65721 
.65841 
.66404 
.66959 
.67507 
.68048 
.68581 
.69107 
.69626 
.70137 
.70642 
.71139 
.21630 
.72113 
.72590 
.73059 
.73522 
.73978 
.74428 
.74870 
.75307 
.75736 
.76159 
.80050 
.83365 
.86172 
.88535 
.90515 
.92167 
.93541 
.94681 
.95624 
.96403 


Exponential and Hyperbolic Functions and Their Common Logarithms 


x 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 
6.00 
6.50 
7.00 
7.50 
8.00 
8.50 
9.00 
9.50 
10.00 


Value 


8.1662 
9.0250 
9.9742 
11.023 
12.182 
13.464 
14.880 
16.445 
18.174 
20.086 
33.115 
54.598 
90.017 
148.41 
244.69 
403.43 
665.14 
1096.6 
1808.0 
2981.0 
4914.8 
8103.1 
13360. 
22026. 


logio 
.91202 
.95545 
.99888 
1.04231 
1.08574 
1.12917 
1.17260 
1.21602 
1.25945 
1.30288 
1.52003 
1.73718 
1.95433 
2.17147 
2.38862 
2.60577 
2.82291 
3.04006 
3.25721 
3.47436 
3.69150 
3.90865 
4.12580 
4.34294 


-Х 


е 
Value 


.12246 
.11080 
.10026 
.09072 
.08208 
.07427 
.06721 
.06081 
.05502 
.04979 
.03020 
.01832 
.01111 
.00674 
.00409 
.00248 
.00150 
.00091 
.00055 
.00034 
.00020 
.00012 
.00007 
.00005 


sinh x cosh x 

Value logio Value logio 
4.0219 .60443 4.1443 .61745 
4.4571 .64905 4.5679 .65972 
4.9370 .69346 5.0372 .70219 
5.4662 .73769 5.5569 .74484 
6.0502 .78177 6.1323 .78762. 
6.6947 .82573 6.7690 .83052 
7.4063 .86960 7.4735 .87352 
8.1919 .91339 8.2527 ‚91660 
9.0596 195711 9.1146 .95974 
10.018 1.00078 10.068 1.00293 
16.543 1.21860 16.573 1.21940 
27.290 1.43600 27.308 1.43629 
45.003 1.65324 45.014 1.65335 
74.203 1.87042 74.210 1.87046 
122.34 2.08758 122.35 2.08760 
201.71 2.30473 201.72 2.30474 
332.57 2.52188 332.57 2.52189 
548.32 2.73904 548.32 2.73903 
904.02 2.95618 904.02 2.95618 
1490.5 3.17333 1490.5 3.17333 
2457.4 3.39047 2457.4 3.39047 
4051.5 3.60762. 4051.5 3.60762 
6679.9 3.82477 6679.9 3.82477 
11013. 4.04191 11013. 4.04191 


tanh x 
Value 


.97045 
.97574 
.98010 
.98367 
.98661 
.98903 
.99101 
.99263 
.99396 
0.99505 
0.99818 
0.99933 
0.99975 
0.99991 
0.99997 
0.99999 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 


А-5 


А-6 


NATURAL TRIGONOMETRIC FUNCTIONS TO FOUR PLACES 


x 


radians 


.0000 
.0029 
.0058 
.0087 
.0116 
.0145 
.0175 
.0262 
.0349 
.0436 
.0524 
.0611 
.0698 
.0785 
.0873 
.0960 
.1047 
.1134 
.1222 
.1309 
.1396 
.1484 
.1571 
.1658 
.1745 
.1833 
.1920 
.2007 
.2094 
.2182 
.2269 
.2356 
.2443 
.2531 
.2618 
.2705 
.2793 
.2880 
.2967 
.3054 
.3142 
.3229 
.3316 
.3403 
.3491 
.3578 
.3665 
.3752 
.3840 
.3927 
4014 
4102 
4189 


х 
degrees 
0* 00' 
10 

20 

30 

40 

50 

1° 00' 
30 
2200 
30 

3° 00 
30 

4° 00” 
30 

5° 00” 
30 

6° 00 
30 

7% 00” 
30 

8° 00” 
30 

9° 00” 
30 

10° 00” 
30 

11° 00’ 
30 

12° 00 
30 

13° 00” 
30 

14° 00’ 
30 

15° 00’ 
30 

16° 00’ 
30 

17° 00! 
30 

18° 00’ 
30 

19° 00” 
30 

20° 00” 
30 

21° 00” 
30 

22° 00” 
30 

23° 00” 
30 

24° 00” 


sin x 
.000 


.0029 
.0058 
.0087 
.0116 
.0145 
.0175 
.0262 
.0349 
.0436 
.0523 
.0610 
.0698 
.0785 
.0872 
.0958 
.1045 
.1132 
.1219 
.1305 
.1392 
.1478 
.1564 
.1650 
.1736 
.1822 
.1908 
.1994 
.2079 
.2164 
.2250 
.2334 
.2419 
.2404 
.2588 
.2672 
.2756 
.2840 
.2924 
.3007 
.3090 
.3173 
.3256 
.3338 
.3420 
.3502 
.3584 
.3665 
.3746 
.3827 
.3907 
.3987 
.4067 


cos y 


cos x 


1.0000 
1.0000 
1.0000 
1.0000 
.9999 
.9999 
.9998 
.9997 
.9994 
.9990 
.9986 
.9981 
.9976 
.9969 
.9962 
.9954 
.9945 
.9936 
.9925 
.9914 
.9903 
.9890 
.9877 
.9863 
.9848 
.9833 
.9816 
.9799 
.9781 
.9763 
.9744 
.9724 
.9703 
.9681 
.9659 
.9636 
.9613 
.9588 
.9563 
.9537 
.9511 
.9483 
.9455 
.9426 
.9397 
.9367 
.9336 
.9304 
.9272 
.9239 
.9205 
.9171 
.9135 


sin y 


tanx 


.0000 
.0029 
.0058 
.0087 
.0116 
.0145 
.0175 
.0262 
.0349 
.0437 
.0524 
.0612 
.0699 
.0787 
.0875 
.0963 
.1051 
.1139 
.1228 
.1317 
.1405 
.1495 
.1584 
.1673 
.1763 
.1853 
.1944 
.2035 
.2126 
.2217 
.2309 
.2401 
.2493 
.2586 
.2679 
2773 
.2867 
.2962 
.3057 
.3153 
.3249 
.3346 
.3443 
.3541 
.3640 
.3739 
.3839 
.3939 
4040 
4142. 
4245 
4348 
4452 


coty 


cotx 


343.8 
171.9 
114.6 
85.94 
68.75 
57.29 
38.19 
28.64 
22.90 
19.08 
16.35 
14.30 
12.71 
11.43 
10.39 
9.514 
8.777 
8.144 
7.596 
7.115 
6.691 
6.314 
5.976 
5.671 
5.396 
5.145 
4.915 
4.705 
4.511 
4.331 
4.165 
4.011 
3.867 
3.732 
3.606 
3.487 
3.376 
3.271 
3.172 
3.078 
2.989 
2.904 
2.824 
2.747 
2.675 
2.605 
2.539 
2.475 
2.414 
2.356 
2.300 
2.246 


tan y 


secx 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.001 
1.001 
1.001 
1.002 
1.002 
1.003 
1.004 
1.005 
1.006 
1.006 
1.008 
1.009 
1.010 
1.011 
1.012 
1.014 
1.015 
1.017 
1.019 
1.020 
1.022 
1.025 
1.026 
1.028 
1.031 
1.033 
1.035 
1.038 
1.040 
1.043 
1.046 
1.049 
1.051 
1.054 
1.058 
1.061 
1.064 
1.068 
1.071 
1.075 
1.079 
1.082 
1.086 
1.090 
1.095 


csc y 


csc x 


343.8 
171.9 
114.6 
85.95 
68.76 
57.30 
38.20 
28.65 
22.93 
19.11 
16.38 
14.34 
12.75 
11.47 
10.43 
9.597 
8.834 
8.206 
7.661 
7.185 
6.765 
6.392 
6.059 
5.759 
5.487 
5.241 
5.016 
4.810 
4.620 
4.445 
4.284 
4.134 
3.994 
3.864 
3.742 
3.628 
3.521 
3.420 
3.326 
3.236 
3.152 
3.072 
2.996 
2.924 
2.855 
2.790 
2.729 
2.669 
2.613 
2.559 
2.508 
2.459 


sec y 


90° 00' 
50 
40 
30 
20 
10 
89% 00' 
30 
88° 00' 
30 
87° 00’ 
30 
86° 00 
30 
85° 00” 
30 
84° 00’ 
30 
83° 00 
30 
82° 00” 
30 
81° 00” 
30 
80° 00” 
30 
79° 00 
30 
78° 00” 
30 
77° 00' 
30 
76° 00 
30 
75° 00 
30 
74° 00' 
30 
73° 00 
30 
72° 00” 
30 
71° 00' 
30 
70° 00 
30 
69° 00” 
30 
68° 00” 
30 
67° 00” 
30 
66° 00” 
у 
degree 


1.5708 
1.5679 
1.5650 
1.5621 
1.5592 
1.5563 
1.5533 
1.5446 
1.5359 
1.5272 
1.5184 
1.5097 
1.5010 
1.4923 
1.4835 
1.4748 
1.4661 
1.4573 
1.4486 
1.4399 
1.4312 
1.4224 
1.4137 
1.4050 
1.3963 
1.3875 
1.3788 
1.3701 
1.3614 
1.3526 
1.3439 
1.3352 
1.3265 
1.3177 
1.3090 
1.3003 
1.2915 
1.2828 
1.2741 
1.2654 
1.2566 
1.2479 
1.2392 
1.2305 
1.2217 
1.2130 
1.2043 
1.1956 
1.1868 
1.1781 
1.1694 
1.1606 
1.1519 


y 
radians 


Natural Trigonometric Functions to Four Places 


x 
radians 


.4276 
.4363 
.4451 
.4538 
.4625 
4712. 
4800 
4887 
4974 
.5061 
.5149 
.5236 
.5323 
.5411 
.5498 
.5585 
.5672 
.5760 
.5847 
.5934 
.6021 
.6109 
.6196 
.6283 
.6370 
.6458 
.6545 
.6632 
.6720 
.6807 
.6894 
.6981 
.7069 
.7156 
.7243 
.7330 
.7418 
.7505 
.7592 
.7679 
.7767 
.7854 


х 
degrees 


30 
25° 00' 
30 
267 00/ 
30 
27° 00' 
30 
28° 00' 
30 
29% 00/ 
30 
30* 00' 
30 
31* 00' 
30 
327 00 
30 
33° 00” 
30 
34° 00 
30 
35° 00” 
30 
36° 00” 
30 
37% 00 
30 
38° 00” 
30 
39% 00” 
30 
40° 00’ 
30 
41° 00' 
30 
42° 00 
30 
43° 00’ 
30 
44° 00! 
30 
45° 00 


sinx 


.4147 
.4226 
.4305 
.4384 
.4462 
.4540 
.4617 
.4695 
.4772 
.4848 
.4924 
.5000 
.5075 
.5150 
.5225 
.5299 
.5373 
.5446 
.5519 
.5592 
.5664 
.5736 
.5807 
.5878 
.5948 
.6018 
.6088 
.6157 
.6225 
.6293 
.6361 
.6428 
.6494 
.6561 
.6626 
.6691 
.6756 
.6820 
.6884 
.6947 
.7009 
.7071 


сову 


cos x 


.9100 
.9063 
.9026 
.8988 
.8949 
.8910 
.8870 
.8829 
.8788 
.8746 
.8704 
.8660 
.8616 
.8572 
.8526 
.8480 
.8434 
.8397 
.8339 
.8290 
.8241 
.8192 
.8141 
.8090 
.8039 
7986 
7934 
7880 
7826 
7771 
7716 
7660 
7604 
‚7547 
‚7490 
7431 
7373 
‚7314 
‚7254 
„7193 
‚7133 
7071 


sin y 


к. 


tan x 


4557 
4663 
4770 
4877 
4986 
5095 
.5206 
.5317 
.5430 
.5543 
.5658 
.5774 
.5890 
.6009 
.6128 
.6249 
.6371 
.6494 
.6619 
.6745 
.6873 
.7002 
.7133 
.7265 
.7400 
.7536 
.7673 
.7813 
.7954 
.8098 
.8243 
.8391 
.8541 
.8693 
.8847 
.9004 
.9163 
.9325 
.9490 
.9657 
.9827 
.0000 


cot y 


cot x 


2.194 
2.145 
2.097 
2.050 
2.006 
1.963 
1.921 
1.881 
1.842 
1.804 
1.767 
1.732 
1.698 
1.664 
1.632 
1.600 
1.570 
1.540 
1.511 
1.483 
1.455 
1.428 
1.402 
1.376 
1.351 
1.327 
1.303 
1.280 
1.257 
1.235 
1.213 
1.192 
1.171 
1.150 
1.130 
1.111 
1.091 
1.072 
1.054 
1.036 
1.018 
1.0000 


tan y 


secx 


1.099 
1.103 
1.108 
1.113 
1.117 
1.122 
1.127 
1.133 
1.138 
1.143 
1.149 
1.155 
1.161 
1.167 
1.173 
1.179 
1.186 
1.192 
1.199 
1.206 
1.213 
1.221 
1.228 
1.236 
1.244 
1.252 
1.260 
1.269 
1.278 
1.287 
1.296 
1.305 
1.315 
1.325 
1.335 
1.346 
1.356 
1.367 
1.379 
1.390 
1.402 
1.414 


csc y 


cscx 


2.411 
2.366 
2.323 
2.281 
2.241 
2.203 
2.166 
2.130 
2.096 
2.063 
2.031 
2.000 
1.970 
1.942 
1.914 
1.887 
1.861 
1.836 
1.812 
1.788 
1.766 
1.743 
1.722 
1.701 
1.681 
1.662 
1.643 
1.624 
1.606 
1.589 
1.572 
1.556 
1.540 
1.524 
1.509 
1.494 
1.480 
1.466 
1.453 
1.440 
1.427 
1.414 


sec y 


30 
652 00” 
30 
642 00” 
30 
632 00” 
30 
622 00” 
30 
612 00” 
30 
60“ 00” 
30 
59° 00” 
30 
58° 00” 
30 
57° 00” 
30 
56% 00” 
30 
55° 00” 
30 
54° 00” 
30 
53° 00” 
30 
522 00” 
30 
512 00” 
30 
50° 00” 
30 
49° 00” 
30 
48° 00’ 
30 
47° 00” 
30 
46° 00” 
30 
45° 00” 
y 
degree 


1.1432 
1.1345 
1.1257 
1.1170 
1.1083 
1.0996 
1.0908 
1.0821 
1.0734 
1.0647 
1.0559 
1.0472 
1.0385 
1.0297 
1.0210 
1.0123 
1.0036 
.9948 
.9861 
.9774 
.9687 
.9599 
.9512 
.9425 
.9338 
.9250 
.9163 
.9076 
.8988 
.8901 
.8814 
.8727 
.8639 
.8552 
.8465 
.8378 
.8290 
.8203 
.8116 
.8029 
.7941 
.7854 


у 
radians 


А-7 


RELATION OF ANGULAR FUNCTIONS IN TERMS OF ONE ANOTHER 


Function 


sina 
сова 
tano 
coto 
seco 


CSCO 


sin x 
sino 
жу1- sin? а 


sino 


Trigonometric Functions 


ҮДЕТЕ а 
xA 1-sin? a 


sino 


1 
x 1- sind а 
1 


sino 


cos а tan с cot x 
+V/1 — cos? w ап = 
4/1 +tan2 1د‎ +cot2 a 
cot w 
COS о ш----- 
+A/ 1 +tan2 х +cot2 а 
+4/ 1—cos? а tana 1 
сова coto 
ووی‎ - coto 
+A/ 1—cos2 а s 
1 PERT AEN وي‎ У 1+cot2 а 
сова У + гап с coto 
У 1+tan2 Би وسن‎ Док 
1 ш ыш +У1 + соб w 


ЖА/ 1—cos2 а 


tana 


Note: The choice of sign depends upon the quadrant in which the angle terminates. 


Function 


sinh x = 
cosh x = 
tanh x = 


cosech x = 


sech x = 


coth x = 


Function 


sinh x = 
cosh x = 
tanh x = 
cosech x = 


sech x = 


coth x = 


sinh x 
sinh x 


: 2 
۷ 1 ې‎ sinh’ х 
sinh x 
А/1--віпһ2 8 


1 
sinh x 


Ium 
Мз-+єїлһ^ х 
А/1--яшь2 х 


sinh x 


cosech x 


1 
cosech x 


+ А/ cosech? تب‎ 


cosech x 


1 


М cosech? x+1 


cosech x 


+ cosech x 


A cosech? x+1 


У cosech? x + 1 


Hyperbolic Functions 


cosh x 


2: 
+v cosh^ x — 1 
cosh x 
+ А/ cosh? х—1 
cosh x 


1 


+ —— سل‎ 
cosh? x—1 
LH. 
cosh x 


+ cosh x 


tanh x 


tanh x 


۷ 1—tanh2 x 

Rl... 

АЙ 1—tanh2 x 
tanh x 


A 1—tanh2 x 


tanh x 
2 
V1-tanh^x 


1 


A/ cosh? х—1 tanh x 
sech x coth x 
+ М 1—sech? x =1 
бесі x A cot 2 х—1 
1 + coth x 
sech x мМ coth? х—1 
2 1 
+v وو‎ x == 
+ hx _ ې‎ Meoth? ک‎ 
А/1-весі2 x 1 
мМ coth? х—1 
зесћ х = ше 
+—= coth x 


М 1—sech2 x 


Whenever two signs are shown, choose + sign if x is positive, — sign if x is negative. 


A-8 


DERIVATIVES 


Іп the following formulas и, v, и/ represent functions of x, while a, c, п represent fixed real numbers. All arguments in the 
trigonometric functions are measured in radians, and all inverse trigonometric and hyperbolic functions represent principal values 


d 
1. 450%) = 0 
а 
а ди 
3 ae = 242 
4 а ша ТЕ ди dv аш 
dx ^ Fo UI x^ ах dx 
d у ди 
5 gU = uq + 
6 ce, ) =и + ди +u pr 
dus Ма uw dx М dx 
7 (је =. и ду 
| dx Хи/ v? © одах тах 
4 п п—1 ди 
8. 3: ) dx 
d - 1 du 
а (1 1 аи 
ын 4х (%) T шах 
а (1 n du 
т 4х (ж) — ин ах 
12 а (wN ил! ди dv 
` dx ит) т n dx m dx 
d n, т n—1,,m—-1 dv 
13. T” v") 0 (ш 123 
а d du 
14. РАК = РАИ Ях 
*Let y = f(x) and dy = ар = f'(x) define respectively a function and its derivative for any value x in their common 
domain. The differential for the function at such a value x is accordingly defined as 
dy = d[f(x)] = 29% = a N А = f'(x)dx 
dx dx 


Each derivative formula has an associated differential formula. For example, formula 6 above has the differential formula 


d(uvw) = uv dw + vw du + uw dv 


а df(u) Фи Фи) (аи: 
„Жее du ах du? (8) 


iÉ 4”, \= n ди | n dv alu | n Фи аи | 4 7 d'y айс | ü тұ d'v 
ode! \0/ ах" 1) ах ах"! 2) dx ах 77 kj ах dæk 7 n) “dx 


where (7) = "om is the binomial coefficient, и non-negative integer, and (7) = 1. 


du 1 „„ dx 
17; d £ if dí =0 
а 1 ди 
18. 4x (108, и) = (log, Oh ç 


A-9 


А-10 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


Байг 1 ди 
Бе udi 
а“) =a (log, а) 
e") = , du 
zu dx 
и") = m tis + (log, 
x 
sin 4) (cosy 4 
5 аи 
cos и) (їп и) 4. 
tan и) = (sec? 09 
соси) = —(csc? mud 
dx 


du 
secu) = secu · tanu— 
dx 


du 
csc u) = — CSC U : сои — 
dx 
) ди 
vers и) = sinu— 
- 
arcsin 4) = gu ( Жш 1 < >) 
resinu < = 
= qe р 
) Е <л) 
arccos и) = — == г исл 
Jia د‎ < агссови < 
агсїап и) = ЦЭ... ( u t 2) 
У = 
TT go 2 <arctanu < 5 
ЕА 1 du (0 = TM 
r и------- 
агс со 13248 < arc cotu < л 
1 ди Т л л 
агс зеси) = 27:11 ( < агс веси < >, я نون د‎ 
y^ 1 du (o ot 2 т) 
arc csc и <ar и<-,- == 
dme qui arc cscu < 2, — < arc cscu < —5 
jecur ee (Ge < л) 
arc vers u 
5 Ice < arc versu < л 
sinh 4) = (cosh u) — 
dx 
cosh и) = (sinh н) 2^. 
dx 
tanh и) = (sech? и) — 
dx 
d 
coth 4) — — (csch? у 
dx 
sech и) = — (sech u · TR ш 
dx 
d 
csch и) = — (csch u · соћи) 25 
dx 
Ж а 1 аи 
sinh ! u = zl u+ vu? +1)| = ——— — 
) [log( )] ETE 
du 


cosh | и) = 


ЕЗГІ u+ ми? – 1)] 


(и > 1, cosh ! и > 0) 


- Te 


а 1. 411, 1-»] 1 du 1 
45. j, (tanh шиг Ho = (м? < 1) 
а aa dfi, и+1]_ 1 аи : 
46. j, oth и) = Te Ë lest] 123223 (и > 1) 
а Д 14 41-32 E 1 du w 
47. 2: (8 и) T log > | = SULLA (0 си < 1, бесі и> 0) 
а -1 а 1-./1--и 1 ди 
48. —(csch u) = log = 
dx dx u ит и dx 
а 
49. = | f(x)dx= Ба), [pconstant] 
p 
q 
50. Z | f(x)dx=—f(p), [4 constant] 
b 
q а 9 dq d 
1. d = —— - — سبه‎ 
5 21 f(x, a) dx ] ag f(x; а] ах + Па, а) Ира). 
INTEGRATION 


The following is a brief discussion of some integration techniques. A more complete discussion can be found in a number of good 
text books. However, the purpose of this introduction is simply to discuss a few of the important techniques which may be used, in 
conjunction with the integral table which follows, to integrate particular functions. 

No matter how extensive the integral table, it is a fairly uncommon occurrence to find in the table the exact integral desired. 
Usually some form of transformation will have to be made. The simplest type of transformation, and yet the most general, is 
substitution. Simple forms of substitution, such as y — ax, are employed almost unconsciously by experienced users of integral 
tables. Other substitutions may require more thought. In some sections of the tables, appropriate substitutions are suggested for 
integrals which are similar to, but not exactly like, integrals in the table. Finding the right substitution is largely a matter of intuition 
and experience. 

Several precautions must be observed when using substitutions: 


1. Be sure to make the substitution in the dx term, as well as everywhere else in the integral. 


2. Be sure that the function substituted is one-to-one and continuous. If this is not the case, the integral must be restricted in 
such a way as to make it true. See the example following. 


3. With definite integrals, the limits should also be expressed in terms of the new dependent variable. With indefinite integrals, 


it is necessary to perform the reverse substitution to obtain the answer in terms of the original independent variable. This 
may also be done for definite integrals, but it is usually easier to change the limits. 


Example: 


x^ 
/ ма? — x de 


Неге we make the substitution x = |a| sin 0. Then dx = |a| cos 6 40, and 


Ма? — x? = y a2 — a? sin? 0 = |а|\/ 1 — sin? 0 = |a cos 0| 


Notice the absolute value signs. It is very important to keep in mind that a square root radical always denotes the positive 
square root, and to assure the sign is always kept positive. Thus /x? = |x|. Failure to observe this is а common cause of errors in 
integration. 

Notice also that the indicated substitution is not a one-to-one function, that is, it does not have a unique inverse. Thus we must 
restrict the range of 0 in such a way as to make the function one-to-one. Fortunately, this is easily done by solving for 0 

0 —sin! БА 
lal 


and restricting the inverse sine to the principal values, —5 < 0 < 


A-11 


а 1. 411, 1-»] 1 du 1 
45. j, (tanh шиг Ho = (м? < 1) 
а aa dfi, и+1]_ 1 аи : 
46. j, oth и) = Te Ë lest] 123223 (и > 1) 
а Д 14 41-32 E 1 du w 
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а -1 а 1-./1--и 1 ди 
48. —(csch u) = log = 
dx dx u ит и dx 
а 
49. = | f(x)dx= Ба), [pconstant] 
p 
q 
50. Z | f(x)dx=—f(p), [4 constant] 
b 
q а 9 dq d 
1. d = —— - — سبه‎ 
5 21 f(x, a) dx ] ag f(x; а] ах + Па, а) Ира). 
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it is necessary to perform the reverse substitution to obtain the answer in terms of the original independent variable. This 
may also be done for definite integrals, but it is usually easier to change the limits. 
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Ма? — x? = y a2 — a? sin? 0 = |а|\/ 1 — sin? 0 = |a cos 0| 


Notice the absolute value signs. It is very important to keep in mind that a square root radical always denotes the positive 
square root, and to assure the sign is always kept positive. Thus /x? = |x|. Failure to observe this is а common cause of errors in 
integration. 

Notice also that the indicated substitution is not a one-to-one function, that is, it does not have a unique inverse. Thus we must 
restrict the range of 0 in such a way as to make the function one-to-one. Fortunately, this is easily done by solving for 0 

0 —sin! БА 
lal 


and restricting the inverse sine to the principal values, —5 < 0 < 


A-11 


А-12 Integration 


Thus the integral becomes 


|| a^ sinf 0|a| cos Ө 40 
la| | cos Ө| 


Now, however, in the range of values chosen for 0, cos@ is always positive. Thus we may remove the absolute value signs from 
cos in the denominator. (This is one of the reasons that the principal values of the inverse trigonometric functions are defined аз 
they are.) Then the cos 0 terms cancel, and the integral becomes 


а | sin’ 0 do 


By application of integral formulas 299 and 296, we integrate this to 


4510? 0 совд — Заз 
4 8 


We now must perform the inverse substitution to get the result in terms of x. We have 


. 3a* 
cos 0 sin 0 + vx +С 


Тћеп 


2 De = 2422 
созё = үй-іші = د١‎ = = + 2 E 


Because of the previously mentioned fact that cos 0 is positive, we may omit the + sign. The reverse substitution then produces the 
final answer 


4 
| 5 ducc 2227 а? — x2 + е + С. 
Ма? — x? 4 8 8 lal 
Any rational function of x may be integrated, if the denominator is factored into linear and irreducible quadratic factors. The 
function may then be broken into partial fractions, and the individual partial fractions integrated by use of the appropriate formula 
from the integral table. See the section on partial fractions for further information. 
Many integrals may be reduced to rational functions by proper substitutions. For example, 


гап ^ 
z= (ап = 

2 
will reduce any rational function of the six trigonometric functions of x to a rational function of z. (Frequently there are other 
substitutions which are simpler to use, but this one will always work. See integral formula number 484.) 

Any rational function of x and Мах + b may be reduced to a rational function of z by making the substitution 


а= Мах +b. 


Other likely substitutions will be suggested by looking at the form of the integrand. 

The other main method of transforming integrals is integration by parts. This involves applying formula number 5 or 6 in the 
accompanying integral table. The critical factor in this method is the choice of the functions and v. In order for the method to 
be successful, v = f dv and f v du must be easier to integrate than the original integral. Again, this choice is largely a matter of 
intuition and experience. 


Example: 


n 


Two obvious choices are и = x, dv = sin x dx, or u = sin x, dv = x dx. Since a preliminary mental calculation indicates that f v du 
in the second choice would be more, rather than less, complicated than the original integral (it would contain x?), we use the first 
choice. 


и=х ди = ах 
ду = sinxdx у = —cosx 


| езахах = | اوو‎ = —хсозх+ | cosxdx 


= sin x — xcosx 


Integration ۸-3 


Of course, this result could have been obtained directly from the integral table, but it provides a simple example of the method. In 
more complicated examples the choice of 4 and v may not be so obvious, and several different choices may have to be tried. Of 
course, there is no guarantee that any of them will work. 

Integration by parts may be applied more than once, or combined with substitution. A fairly common case is illustrated by the 
following example. 


Example: 
/ e*sinxdx 

Let 

и = ex Then du = e*dx 

dv — sinxdx v — —cosx 

ЇР sinx dx = nz = uv — nz = –е“ cos x + | 5s 
In this latter integral, 
Let u = e* Then du = e*dx 
dv = cosx dx v = sin x 
Ге sin хах = -e сова + | ёсовхах =  —е“совх + nz 


= -ecosx + о — | vdu 


= -ecosx веза а – | e"sinxdx 


This looks as if a circular transformation has taken place, since we are back at the same integral we started from. However, the 
above equation can be solved algebraically for the required integral: 


. 1992. 1 
|| хах = 26 sin x — ze cosx 


In the second integration by parts, if the parts had been chosen as u = cos x, dv = e*dx, we would indeed have made a circular 
transformation, and returned to the starting place. 
In general, when doing repeated integration by parts, one should never choose the function и at any stage to be the same as the 
function v at the previous stage, or a constant times the previous v 

The following rule is called the extended rule for integration by parts. It is the result of n+ 1 successive applications of integration 
by parts. If 


Ek nr вх) = f gulx) ах, 
gx) = (К? 1 = | вн dis. ; 
then 
ШЕБЕРГЕ зей УН ЕЙ а do. 


CD" ٢ ٢و‎ f. fosa dx. 


A useful special case of the above rule is when f(x) is a polynomial of degree n. Then / "+! (x) = 0, and 


/ f(x) -8(х) dx = f(x) - gi(x) — (х) galx) + f(x) gs(x) — +- CC" f (ја i (x) + С 


А-14 Integration 


Example: If f(x) 2 x?, g(x) 2 sinx 
Jx sin x dx = —x* cos x + 2xsinx + 2 cos x + C 


Another application of this formula occurs if 
f(x) = af(x) and g'(x) = bg(x), 


where а and b are unequal constants. In this case, by a process similar to that used in the above example for f е sin x dx, we get 
the formula 


/ f(x)g(x) dx — ae з : g(x) +С 


This formula could have been used in the example mentioned. Here is another example. 


Example: If f(x) = е2, g(x) = sin Зх, then a = 4, b = —9, and 


2x 


3 e** cos Зх — 2 e™ sin 3 
| ёчмазхах- pones 5 л Ба = +С = 55 (2sin 3x – 30533) +С 


The following additional points should be observed when using this table. 
1. A constant of integration is to be supplied with the answers for indefinite integrals. 


2. Logarithmic expressions are to base e = 2.71828. . ., unless otherwise specified, and are to be evaluated for the absolute value 
of the arguments involved therein. 


3. All angles are measured in radians, and inverse trigonometric and hyperbolic functions represent principal values, unless 
otherwise indicated. 


4. If the application of a formula produces either a zero denominator or the square root of a negative number in the result, 
there is usually available another form of the answer which avoids this difficulty. In many of the results, the excluded values 
are specified, but when such are omitted it is presumed that one can tell what these should be, especially when difficulties of 
the type herein mentioned are obtained. 


5. When inverse trigonometric functions occur in the integrals, be sure that any replacements made for them are strictly in 
accordance with the rules for such functions. This causes little difficulty when the argument of the inverse trigonometric 
function is positive, since then all angles involved are in the first quadrant. However, if the argument is negative, special care 
must be used. Thus if u > 0, 


1 
БО E E 
sin | u = cos 1 М1 — из = сөс ! -, etc. 
и 
However, if u < 0, 


DESI = 
sin! u = وه‎ ! y 1 — 2 = —л — сѕс , etc. 


See the section on inverse trigonometric functions for a full treatment of the allowable substitutions. 


6. In integrals 340-345 and some others, the right side includes expressions of the form 
Атап ^! [B + Ctan f(x)]. 


In these formulas, the тап”! does not necessarily represent the principal value. Instead of always employing the principal 
branch of the inverse tangent function, one must instead use that branch of the inverse tangent function upon which f(x) 
lies for any particular choice of x. 


Example: 
Г ах = 2 ВТЕ 2 тап(х/2 + 2 
о 2+sinx 2/3; 43 0 
2 .,2tan2z + 1 _, 2tan0 +1 
= وي‎ Ë 78 тап 73 
_ 2 [13л mx] 4л 4У3л 
(43 | 6 4 EU 8 


18. 


Неге 


S 2тап2л +1 — ind 1 7 
УЗ B 6" 
since f(x) = 27; and 
TEN 2 тап0 + 1 SET 1 Nd 
3 43. 6° 


since f(x) = 0. 


. B, and E, where used in Integrals represents the Bernoulli and Euler numbers as defined in tables of Bernoulli and Euler 
polynomials contained in certain mathematics reference and hand-books. 


INTEGRALS 
ELEMENTARY FORMS 

айх = ах 
а: flx)dx=a | f(x) dx 
(y) 4х= [ ay, where у = dy 

y' dx 
(u +v) ах = | مه‎ f „ах, where u and v are any functions of x 
udv =u dv- | vdu=w- | vdu 

dv du 

на dx = uw- | v dx 
: хан 
хах- а: except и = —1 


f'(x) dx 


= Іор f(x), (df(x) = f'(x)dx) 


f(x», (df(x) = Р(х) dx) 


ex dx = е 

e™ dx = е“/а 

ђе“ dx = I. (b > 0) 
~ alogb’ 


logxdx = xlogx — х 


or 


© 
ч‏ غه په نه НА ВН‏ هه په مه په بپ с‏ په бээ‏ پا 
p >‏ 
= 
SE‏ 
ll‏ 


a 
ltanh = 
dx ٩ 
22-2 4 Зи 
,کيال‎ (а? > x’) 
ONERE) 4 


1 - 2,222 
за log 54) (х > a°) 


18. 


INTEGRALS 


ELEMENTARY FORMS 


a 
а. 
з 
|| 
а 
E 


а: flx)dx=a | f(x) dx 


_ fey) , _ ду 
во = | 19 ay, where y' — 7 


(u +u)dx = E dx + / v dx, where и and v are any functions of x 


udv=u |а | vdu=w- [vdu 
d 


v du 
“T dx = w- | 2 ах 


ехсерсп = —1 


ntl 


= Іор f(x), (df(x) = f'(x)dx) 


f(x». (а(х) = f'(x)dx) 
ex dx = е 


е dx = e/a 


bax 
ах = ХОЁР (6-0) 


є 
8 
8 


logxdx = xlog x — x 


07108006 = а“, (a> 0) 


1 үх 
тап 
а 


a 

N 
мы 
з 

N 


مس یه پګ هه ېی ڼه به НА‏ اا په اه په ېه په نه Зэ‏ پا 
|| 


x2 — а? 
—a 


a 
ze 
1 tanh - 
dx 
a-a or 

1 а+х 2 2 
5, log £X, (а > x°) 
1 X 2 2 

| 24106 5%, (хе > a°) 
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dx 
19. 1 22-20 = ог 


—cos! = 


lal? 


= log(x + у x? + a?) 


(a? > x?) 


x 
20. J = 
EE a? 
1 
21. / Lo PME = sec! is 
xVx?—a? lal а 


1 2 + x2 
22. / dx = log а + Ма? Ех 
хуа? + x a x 


FORMS CONTAINING (а + bx) 


а+рх 


For forms containing а + bx, but not listed in the table, the substitution и = may prove helpful. 


(а+Ьх)"*\‏ _ ړم 
as dx = ae (n Z —1)‏ .23 
f m. а n+1 244721‏ 
а An рх)" 2 + bx)" a (a + Бх)"‏ 
Ї» (a + bx)" 23 х: 2а EW) a те |‏ .25 
eH и || + Бх)" dx‏ "= 
ог‏ 
[re + bx)" dx = ат ta + bx)" + (m + n + 2) / x(a + Бх)" dx‏ .26 
ог‏ 
КОП 0 + Бх)" — ma / xl (a + bx)" dx!‏ 
1 
if - ыг = y log (a + bx)‏ .27 
dx 1‏ 
Am / (а + bx) -  b(a + bx)‏ 
Жы :‏ || .29 
(a + bx)š 2b(a + bx)?‏ 
[а + bx – alog(a + bx)]‏ 4 
ы ын ог‏ " .30 
a+ bx :‏ 
p log(a + bx)‏ — # 
хах 1 а‏ 
m вы)‏ للا и‏ 
хах 1 -1 а‏ 

A = =1.2 

2% | eir p PESE х — | men 
1 [1 
33. ГЕ = =5 ونو دت‎ + a log (a x) 
2 2 

34. / — 5 | + bx — За log (а + bx) — 5 Түр вээ 

x? dx 1 2a a? 
> lo =з [ов (a + bs) eee ET 

x? dx 1 zu 2a a? 

. = 1,2 
88 | a b3 ER T (n—2)(a + bx)" 2 (п- 1) (а+фх) "|? EL 
37 / dx _ 1 ор + bx 

у x(a + bx) ата 
38 | ах _ 1 1 а 4 bx 

: х(а + 6х)2 a(a+bx) а? x 


Integrals A-17 


48 || бе. pu ЕЕ х 

у х(а + 6х)3 аз |2 \ а+Ьх 5 4 bx 
dx 1 b а + bx 

40. I= LIS 2 lo - 

41 || dx _2х-а | x 
: ха +6х) 2a2x2 а ГЕН 

42 | dx = a+2bx 2b и а + bx 
: х2(а--Бх)2 — а?х(а+Ьх) а? B ox 


FORMS CONTAINING c?) + z2 ог 1? — с? 


43. 


+e c c 
44. 


45. 


xl—c 2с 9 х+с 
1 
46. == +> log(c + x°) 


J 
! 
J 
/ а 1 
47. |. == 
| 
/ 
| 
/ 


(cà x х?)"+1 2n(c + х2)" 
dx = 1 x + (2 3) f dx 
(2 2)" 22(n—1) |(с + ۹رپ‎ (еж) 


ах 1 х dx 
(х2 — ٧ - 2c!(n— 1) | (x2 — ghi (2n 3) f I 


48. 


49. 


50. 


51. 


FORMS CONTAINING a + ba AND c + ах 
u-actbx и=с+ах k=ad- bc 


If k = 0, then v = £u 


d Ф 
<4 ит+1 и" 
Raat Ë +b(n—m 2) f 4 2 
ог 
и" dx _ „um m3 
59 | 2 Toa Ë +т | dx 
or 
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60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


Integrals 


FORMS CONTAINING (а + bz") 


dx 1 _,xVab 
т راو‎ 209 (аЬ > 0) 
dx 57 Іов eem , (ab < 0) 
е {tanh 2, (ab < 0) 
Jab 
/ ах _ 1 eid bx 
а? + “оор а 
хах 1 2 
|| йе x a dx 
а+Ь b bj а+Ь 
dx n x e / ах 
(а + 5х2)? — 2а(а + bx?) 2a J at bx? 
|| ах _ 1 | a+ bx 
ор ab а bx 
1 2m—1 x 
2ma TRUST m + 2ma f аи 


/ dx _ 
(а + Бот 7 (2m)! E 


xdx 


or 


m rY(r—1)! 1 dx 
2a 224 (4a)'t-* (27) (а+6х2)" "E (4а)” . zx 
1 


(ті)? 


dd 


(а + bx) 2bm(a + bx2)m 


-Х 


(а B 28 m+1 = 2mb(a p boy T yb || (а + 7 
1 


а оно ска š 


= log 
x(a : Б 2а 984 + vem 
_ 1 b | dx 
(а + = ^— ах а + bx? 
эт) p Tg al ТЕГІ yn 
mou = Or 
х(а + = mel 1 


x2 
2ат+1. [Б 1 дк) r + log =>" 


/ dx Е | 4х E dx 
x2(a + bx?) a x° (a + Ьу" а Ј (а + bx2)m+1 


ах __Е [1 (k + x) a2x-k ој 
نن د‎ e 
хах 1 а + bx? x xb 2: 
٢ = s: 8 TE pay + v3 tan! =], (+= 2 
[| - logia: Б?) 
а + bx? 5 м 

|| dx _ k 1% x? + 2kx + 2k? dud С ТЕК ТЕ EJ 

atb? 2а |2 52-2 c 2 2g — x? | PST ар 
dx _ k [1 х+Ё х Қ дет 

| races ШЕ jordan 2 (ab <0, k= -1) 
хах _ 1 1% = 

Ë? (4>0.%- 2 
хах 1 x-k : 

ја دوه‎ (ab <0, k= -7) 

1 x?dx ۷ 1 Ë EAE tunt au (4-0 15) 
а + 6х“ АБ 9B 2 AE + 22 a 2E : „k= a 
x? dx 1 х= Ё (х Эс 

1 = зк [> pi 45m 37 (ab <0, k= -2) 
хз ах 1 

Дарья = зр оне + bz) 

/ ах B l4 х" 

х(а + рх") = ап шог + bx" 


| dx e JI dx 2| x" dx 
(а + bx" ^ ај (a+ bx" ај (а--фхтутч 
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86. 


87. 


88. 


89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
99. 
100. 


101. 


102. 


103. 
104. 


105. 
106. 


107. 


А-19 


dx 
хт(а + bx") — 


/ x" dx =;/ x" dx JE x" dx 
(a+ bx") bJ (ac bx") b 28524 pH 
1 
“а 


| ах 2 dx 
x"(a-J-bx") а] x"-"(a-bx")e*1 
ortum [x (a + bx")P*! — a(m — n 1) f x” "(а + bx")? dx] 


ог 


жаа [€ (а + bx")? + anp f x(a + bx")? ах] 
n + bx")? dx = ог 
1 [а + bx")?! — (+ 1 + np + n)b f x"*"(a + bx")? dx] 


a(m+1) 


or 


Em (-х” (a + bx")P*! + (m+ 1 + np + n) f x"(a + Бх")? dx] 


FORMS CONTAINING c? + 23 


dx _ x y = | ах 
(с + х3)2  38(8 4x3) 3٠ J c+ x 


dx _ 1 | x + (Зи || dx | 
(c! + х3)”+1 3nc3 | (с3 + x3)" (с + хз)" 


хах 1 ex: 1 aq 2xTc6 
= g tan 
Ctx бс с? تمه‎ c 3 
хах _ x 1 / хах 
(сЗ + х3)2 30(8 Xxx) 33 J + 


хах zd | x? "m > | хах | 
(c + х3)”+1 3nc3 (cà + хз)" (c? + x3)" 


| 
J 
J 
| 
J 
је 
| 22224018 
| 
J 
| 
| 
J 
/ 


с + xš 3 
x? dx 1 
(c + х3)"+! ШЕТТЕТІП. 


ах _ 1 H 1 ! dx 
x(c + х3)"+! ^ Зис3(с3 + хз)" 8 J х(с3 + х3)" 
dx 1 1 / хах 


х2(с3 +) x 2 e 


FORMS CONTAINING c* + a+ 


dx 1 1 ха + сх\/2 + с? гі сх/2 
а log = ап 5 
сА + х 2842.2 ° х2— 2م‎ 2 с? – х 


х? dx 1 1 : x? — сх\/2 + С ын 2ه‎ 
2 т. e-x 
х? dx 1 Ë с+х E. 


l t 
p dcm k с 


А-20 


х ах 1 4 4 
108. J S = + ове tx) 


FORMS CONTAINING (а + bz: + са?) 
X—a-4 бх + сх? and q = 4ac - b? 


If q = 0, then X = c (x + E and formulas starting with 23 should be used in place of these. 


dx 2 -12сх-- b 


109. = —tan > (9>0) 
X Jj 7 
-2 -1 2сх--5 
dx gatai 7 
110. 15 - ОГ 
Palos (4-0) 
dx 2cx+b 2с [ах 
111. == + 
x ах а X 
dx 2cx+b/ 1 3c 6c [ах 
112. = + 
х 4 2X? ах а? X 
2сх+Ь | 2(2n— 1)c [ах 
d па X" qn X 
113. мин 
х (2n)! / cA" EU 2), (r — 1)!7! شر‎ 
(nt? 14 а £X (27)! x 
114. JŽ- ЖОК ms de 
X 2c 2c X 
115. хах _ bx+2a b (ах 
x ах qJ X 
116 хах  2actbx  b(2n—1) [ах 
* Xm nq X" nq Xn 
x? x b D —2ac [ах 
117. = log X 
? / Х ох с 2c ОВ 2c X 
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2 х”-Їйх 
2 RT = ЕЕ 4 
x"dx 
134. =4 or 
Va + bx шэн (-1)т а + bx) 
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ху – а2 lal а 
|| ах 1 а + у + а? 
==== = log 
ху? + а? а x 
EA وم‎ 
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БЭ 46 دل سا‎ 
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x dx х 3b 3b* — 4ac dx 
их = (> =) به‎ 8с? x 
x!dx » (222 — 4ac)x + 2ab +1 1 dx 
хх INX JZ 
жах (222 – 4ac)x + 2ab pes 2n—3 ас 
X"/X (29 – 1)са XA X (2п — 1)са ې و‎ 
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dx — or 
cos” ax $ m2 
sin”! ах т—1 sin” ша 
a(m—n) соз"-1 ах 6 m-n cos" ax х 
sinax 1 secax 
5 dx= = 
cos? ax acosax a 
sin? ax Tes 1 T ах 
dx = ——sinax + – logtan (— + — 
совах а а 4 2 
cosax 1 cscax 
و‎ ах = 1 = 
ап ax asinax a 
dx 1 
| = —logtanax 
(віп ах) (созах) а 
/ ах 1 ( Ne = 
- = secax + logtan — 
(ап ах) (соз? ах) а Б 2 
/ x 1 mn / dx 
(ѕіп ах) (cos*ax) a(n — 1)cos"-! ax (sin ax) (соѕ”-2 ax) 


ax 
logtan — 


2 


А-29 


2 log(sec ax + tan ах) 


А-30 Integrals 


1 теа a t С +=) 
= сѕсах og tan к= 
а BE 


332. 
(sin? di os ax) 


p) 
= cot 2ax 
(sin? ax) TIT a 


333. 


1 
а(т-1) (іп 7-1 ах) (сов!-1 i 
x 


2: (sin"? ax) (cos" ax) 
sin"axcos'ax ` Or 


1 + 117-2 dx 
a(n—1) sin”! ax cos"-1 ax п—1 sin” ax cos”? ax 


thee 
Пе 
су эв 
335; | ям па + bx) d 2 
/ 
Їнэ 
ju 
e 


334. 


1 
336. cos(a 4- bx) d =$ sin(a + bx) 
1 л ах 
297 ELIT ы” ШЕ + 2 ) 
1 ах 
338. t 
1+ 29 ах а 22 2 
1 ax 
339. t 
1-созах a in 2, 
2 tan"! atan 5+Ь 
dx А/а2-12 А/а2-12 
340. | = ог 
а + bsinx 1 1 атап 8 4b—/ 2-2 


0 
МЬ?—а? 5 atan 5 +b+A/ 12-а2 


dx 42-42 tan a+b 
341. ! لب سک‎ т 
шинэс 1 lo М b2—a2 tan 5+а+Ь 
v 52-а2 5 М 62 —a? tan 5-а-Ь 
ах 
342. | | 
а + бат x + ccosx 
1 б— b? ه- کې‎ +(а—с) tan 5 y 2 2 2 
هه‎ b2 +c2—a2 log b+A/b2+c2—a2+(a—c)tan 5 1 шалыг dad 
Or 


21 b+(a—c) tan 3 с) tan $ 


— 2 tan 
A/a2—b2—c 2 a2—b2 — 2 


or 


1 | a—(b+c) cos x—(b—c) sin x : 2. р 2 
a ЕЗ c) cos х+(Б+с) sin x | > ifa an b +e ,4 = с. 
2 


sin’ хах 1 |а--5 7 3 
43. = =i х 
212 йг Ь а tan (y=) р? (аб > 0, ог |а| > |Ы) 


1 
344. 1 йыз кышына (==) 
а? со82х--028 х ab a 


, а> b+ с? 


345 / cos? cx Бэ Ма? +b шегі ма? + 2 апсх x 
у а2 + Вава сх абс а p 
sin cx cos Cx 1 
346. 1 dx = log(a cos? cx + bsin? сх) 
а cos? cx + bsin? cx 2c(b — a) У 
/ COS CX o CSX y _ f dx 
347 acoscx + bsin cx B а + btancx 
= e up ert blog(a cos сх + b sin cx)] 
c 
sin cx dx 1 
348. dx = J = acx — blog (a sin cx + bcos cx 
зы = a sin cx + bcos cx а + bcotcx ca? + 6) | 5 | 
1 | стап x-Kb—4/ b2—ac 2 
24/ ا‎ 2-6 98 ctan x+b+4/ Bac) (b = ас) 
349 i dx = S —1 ctanx+b b2 
` acos?x+2bcosxsinx+csin'x | Jar А/ас-Ы? 15206 
ог 
1 (22 = ac) 


^ ctanx4b? 


Integrals 


350. 
351. 
352. 
353. 
354. 
355. 
356. 
357. 
358. 


359. 


360. 


361. 


362. 
363. 
364. 
365. 
366. 
367. 
368. 
369. 
370. 
371. 
372. 
373. 
374. 


375. 


376. 


| sinax €: 1 ап (2 m 
1+ Zr 4 E 2 
1 = 1 ran (Z с 4 to саа 
123) T та 42 gore 2 
1 1 7 Ё E 1 6 i6 | 
п п 
1 Ы? 2а 7 4 2 ба : 4 2 
1 1 Te a " 1 E ( ах) 
1—sinax2 24 \4 2/ ба \4 2 
1 sinax 1 z (5 сэр 1 : С = 
п п 
1 + 5їп ах)? 2a 5 4 2 ба ? 4 2 
I sin ax _ 1] cot (Z ар 1 иза Е а) 
1 — sin ax)? 2a 4 2 6a 4 2 
/ sinxdx x а dx 
22228 b bs at+bsinx 
1 је х | dx 
= – logtan - 
[onn ELI a 597372] a+ bsinx 
1 0 bcosx 4 а dx 
—— © (а2 — №2) (а + бапх) a2— D J atbsinx 
1 sinxdx د‎ а COS X P b / ах 
кы ~ (b2 – а2)(а + Ьѕіпх) 62—а2 a+bsinx 
/ 1 ME a? + b? tan сх 
а? + = sin? cx xb + 62 а 
1__ јап“! У чиш; (a? > 52) 
dx ac J ad p 
| =} о 
а= — D“ SIN” cx af a2 
1 ре —а= tan cx+a 2 2 
po log NI тапсх—а” (а Е b ) 
1 cosax 1 ax 
dx = x — — tan — 
1 + созах а 2, 
/ cosax dyes 1 T ax 
1-созах ^^ a 2 
/ dx ст а tan (7 +=) Pigg te 
(созах)(1 + созах) а ё 4 2 а 2 
/ ae NE tan (7 +=) Lee 
(cosax)(1—cosax) a ё 4 2 а 2 
|| dx _ 1 Ый ах 1 ns ax 
(1+ соѕах)2 2a 2 ба 2 
/ dx ES: ie ах 1 цай ах 
(1 — cos ax)2 За 2 6a 2 
] созах 1 ах 1 зах 
= — tan п 
(1 + cosax)? За 2 6a 2 
/ совах _ 1 cot?” 1 вах 
(1 — cosax)? 2а 2 ба 2 
/ cos x dx || а 
а + bcosx b J а--Бсовх 
/ dx 1 нэ Ё x t -f dx 
= – logtan 
(сов х)(а + bcosx) а в 2 4 aJ a-bcosx 
/ x ú bsin x a / ах 
(а + Ьсоѕх)2 _ (52 – а?) (а + Бсоѕх) b—a* J a+bcosx 
f cos x asinx b / dx 
Жете 
(а + bcos x)? (a? — b2)(a + bcos x) — b J a+bcosx 


/ dx _ 2 Е "(es 2 
a2 + b2 — 2abcoscx — с(а2 — P2) —b 
d 1 


| х RES a tan cx 
= ап 
а? + b? cos? сх асма + b Ма? + b2 
—1 atancx 2 2 
= tan а“ > Б 
а асу a2 м а а? pL? ( | 
: 2 ЕС JUN 
а? — D? cos? сх pai 
l atancx Ира? (b° > а?) 


——— 10 
Am 5 atancx+/b?—a? ? 


А-31 


А-32 


377. 


378. 


379. 


380. 


381. 


382. 


383. 


384. 


385. 


386. 


387. 


388. 


389. 


390. 


391. 


392. 


393. 


394. 


395. 


396. 


397. 


398. 


399. 


400. 


401. 


sinax 


log(1 = 
1 + соѕах ові ши 


ах 
cosax 
dx = 


log (1 = sinax) 


+ 1 " 1 logt ax 

= og tan — 

(sin ax) ( ЈЕ 2 совах) 2а(1 + созах) 2а 5 2 
1 


1+ 1227 


ах 


1 л 
жытынын "авва (+ 5) 
(со$ ах) new "а + sinax) 3 2a دوه‎ 4 2 2 
sinax 1 


= -1 +1 
(со$ ах)(1 + созах) š а Е 


cosax 


1 
ах = 1 +1 
(sinax)(1 + sinax) Ы а Овах ) 
sin ax de 1 " 1 isei (1 +=) 
(cosax)(1 + sinax) ша 2a(1+sinax) 2а о 4 2, 
cosax 1 


J 
J 
ik 
Ji 
Ji 
Ji 
Ji 
| Бал نوا‎ ^^ аар 06 
J 
Ji 
| 
E 
E 
J 
js 
/ 


logt: < 
n 
ogta 2 


TE 
— logtan( — + — 
кеси -— 5 2 8 


= t ни. 
12-22 2a “ (ах = a) 
1 ax 
ыр (1+: =) 
2198 ап 5 
1 7 b tancx +a 
2 cos? а sin? сх = 2abc "Pb tancx — a 


1 + cos e E sinax 


x 
x(sinax) dx = — sinax — — cosax 
2 
a a 
7 2х . چو سا‎ 2 
x'(sinax) dx = — sinax COS 4X 
а а 


. 6x 
(sin ax) — snax— —— cosax 
a 


— ix" совах + ™ f х" 1 cosax dx 
or 


x” sinax dx = [4] 1 m m—2r 
cos ax) „20 (—1) اس‎ Gat 
m—2r —1 


. (551 | 
+sinax DU ( 1) Е : ې‎ 


Note: [s] means greatest integer < s; Thus [3.5] means 3; [5] = 5, [5] =0. 


1 I 
x(cosax) dx = — cosax + – sinax 
a 


a 
2 2xcosax 422 —2 . 
х (cosax) dx = 5 + 3— sinax 
a a 
3 За2х? — سا‎ — 6х . 
x'(cosax) ах = ———3,—— созах + ——,— sinax 
а а 
т : 
=e _ т fx! sinax dx 
|| a ја. or 
x"(cosax)ax — m2 í m! gn 
пах» 0 1) сын ОРТ Wm 
1)/2 т-2ғ-1 
+ созах y Ma (-1у m = 


(m-2r-1) تلم‎ 


Note: [s] means greatest integer < s; Thus [3.5] means 3; [5] = 5, Б = 0. 


шах, ҳе ? (ах)2"+! 
/ „=> ы. (2л + 1)(2л + 1)! 


п=0 
созах d (ax)?" 
=1 —1)"—_—_ 
] “жиг овх+) 1 ДЕЛ 
» : 
7 х xsin2ax | cos2ax 
d = 
n ax) dx 4 da 842 
х 


3 2: 1 2 
nc ах) dx = rim (5 - 48) sin Јах — = 


23 . x cos Зах ۹103075 Зхсоѕах у 3sinax 
— 12a 36a? 4a 4a? 


Integrals 


Integrals 


402. 
403. 
404. 
405. 
406. 
407. 
408. 
409. 
410. 
411. 
412. 
413. 


414. 


415. 


416. 


417. 


418. 


419. 


420. 
421. 
422. 
423. 
424. 
425. 
426. 
427. 


428. 


ПЕС Jx = xsin2ax | cos2ax 
74 4а 8а? 
3 2 
And x x 1 7 х сов Јах 
ax) dx =— — کا چو‎ 2ax سلتا‎ 
Ja (cos^ ax) dx 6 + Е аз) sin x+ 442 
| ses ах) цус маха, соз Зак. Jxsinax | 3cosax 
~ 12a 36a? 4а 4а? 
ПЕ Ш sinax a [> 
xm ын (m—1)x"! т-1 хэ ‘i 
[=a Б cosax a у 5а 
х" ын (m—1)x"! т-1 al ài 
xcosax 1 
dx = log(1 = sina 
J — * Та + sinax) 152 د‎ 
| € gau 1 гб 
1 + созах a Я 2 
/ % x peu 2 . ax 
х = со og sin 
1 — cosax a 2 а: 5 2. 
ГЕ sinx y 1 
— n 
1 + cos x шиг 2 
1 = sar 
1-cosx 2 
2sina 24/2 а 
| ic ems = inr DE № оз ( =) 
41 — cosax a 2 
2sina 242 . ya 
| ires = ши У2 sin ( =) 
041 cosax а 2 
rrr (sin 7 — cos z) 


[use + if (8k — 1)5 < x < (8k + 3)5, otherwise —; k an integer] 


— зшхах = +2 (sin 7 + cos 2) 


2 
[use + if (8k — 3( < x < (8k + 1)5, otherwise —; k an integer] 
dx x 
————— = ۷2 logtan É, 
М1 — cosx со 
[use + 1Ё4Ёл < x < (4k + 2)л, otherwise -; k an integer] 
ах х-л 
بل‎ = + J? logtan | ——— |, 
М1 + cos x 5 ( 4 ) 


[use + if (4k — 1)z < x < (4k + 1)л, otherwise —; k an integer] 
MH ANTT тап (> — =) 
“= пх. 5 4 87 

[use + if (8k + 1)5. < x < (8k + 5)5, otherwise —; k an integer] 


dx хол 
E C 
УМ] + ах ogtan (5 T 3! 


[use + if (8k — 1)5 < x < (8k + 3)5, otherwise —; k an integer] 


1 
1 «аз ах) ах = - tanax — x 


1 1 
(tan? ax) dx = — tan? ах + - logcosax 
2a a 


4 саа? ах 1 
(tan? ax) dx = Е — چو‎ гапах + x 
а а 


tan”! 


(tan" ax) dx = med || (tan? ax) dx 


| 

J 

| 1 

[ cot ах) dx = — cotax — x 
| 

| 

J 

J 


ах 


1 1 
(co? ax) dx = — — cot? ax — — 105 511 ах 

2a a 

1 1 
(cott ax) dx = — — соб ax + - согах + x 

3a а 

(7-1 д 

(cot" ах) dx = а, | (cot? ах) dx 

a(n — 1) 

ta 1 қ 
5 dx = ј «ве ах) ах = uncus +— logsinax 

sin“ ax a а 


А-33 


А-34 


429. 


430. 


431. 


432. 


433. 


434. 


435. 


436. 


437. 


438. 


439. 


440. 


441. 


442. 


443. 


444. 


445. 


446. 


447. 


448. 


449. 


450. 


451. 


452. 


453. 


454. 


Integrals 


x cosax 1 (n — 2) x 
x(csc" ах) dx = — А ——;— ах 
sin" 25 а(п-1)віп ax | aà?(n— 1)(n—2)sin"^ ax (7-1)/ sin” ax 
1 1 
ЈЕ 5 2 х(вёс ax) dx = -x tanax + 2 5 logcosax 
cos C а 
l= 2 ax) d x sin de 1 ^ n—2 | х d 
x(sec" ax) dx — x 
cos” "m а(п— 1) со" -1ах  a?(n—1)(n—2) cos**ax n—1 J ونت‎ ах 
sinax . 1 bcosax 


sin 


V 1 + b2 sin? m 3 1ه‎ + Ё? 


1 
2e. dx = PT log(bcosax + V 1 — b2 sin? ax) 


1 — b sin? ах 
cos ax 1 = — bcosax 

sinax)V 1 + b sin? ax dx = — 1 + b2 sinl ax sin! 

J einem у ES 
а Эн 2 . 
1 sinax) )\/1 — P sin ax —Pumaxdgc 2 895 277 1— P sin? ax — log(bcosax + \/ 1 — 62 sin? ax) 
2a 2ab 
а 
— = Эш ах + V 1 + 52 sin? ax) 
۷ 1 + 62 sin? 2 НТ 


созах 
1 — 52 sin? 74 ab 


1 1 

| соваду 1 + 62 sin'axdx— V 1 + 62 sin? ах + Jab log(bsinax + V 1 + b? sin? ax) 
1 e 

| езаду 1- P sin? ax dx = жы 1- b2 sin? ах + sin! (bsinax) 
2a 2ab 


ш РЕ sin! ы (а > |b|) 
Мана сх суа = Б а : 


[use + if (2Е — 1)5 < x < (2k + 1)5, otherwise —; k an integer] 


sin! (bsinax) 


FORMS INVOLVING INVERSE TRIGONOMETRIC FUNCTIONS 


. КЕ 1—a?x? 
(sin! ax) dx = x sin”! ax + —— 
a 
41 — a?x? 
(cos! ax) dx = xcos ! ax — ———— —— 
а 


1 
(кап! ах) dx = хтап ! ax — 55 log (1 + 222) 


1 
(cot! ax) dx = хсо ! ах + 277 log (1 + 222) 
1 
(secl ах) dx = x sec! ax — = log (ax + V a2x2 — 1) 


1 
(csc! ax) dx = хсѕс l ax + = log (ах + V a2x2 — 1) 
(sin- E dx = xsin”! iva ca. (a > 0) 


% 
dx = хсоѕ – — Va? — х2, (а > 0) 
а 


(e 7) 
(tan! =) dx = x tan! : — 7 log (а? + х2) 
( ) x PES 5 log(a? + x?) 


1 — [(Qa?x? — 1) sin^! (ax) + ax V1 — а2х2] 


= Ja 4,2 

x [cos Қах)|4х- жне — 1) соѕ (ax) – ax УЛ = a2x2] 
ntl ха 

x"[sin !(ax)] ах = - 1 sin (ах) m 1 угээ! 


хан а x"+1 dx 
x"[cos l(ax)] dx = TES cos (ах) + 201 ji Лаг (nz —1) 


п%-1) 


پک ایا مه په هه Эш a ӨГӨН‏ په رنه يه 


Integrals A-35 


1 2: 22 
455. К lax) dx = шэн кап! ах — 92 
ntl n+1 
doter E Ж. а x 
456. ES ax)dx= مهاي‎ ах = m x 
1 + ах: x 
- 2 -1 
457. n ax) dx — 22 cot ax+ a 
хан а хан 
458. "(сог“! = q: тү 1 11234 
58 ax) dx aag Ат 13226 х 
419. / ша сл: Е "E ==) біп” (ах) 
х х x 
1 0 1 1 + м1- a2x2 
460. J= За * = _ cos"! (ax) + Jo са 
х х 2%, 
tan! d 1 1 
461. | = * = _- tan“ (ax) — “lo ш 5 = 
х х т. 
cot ах A х 
462. || 22 Ах---сос ! ах – 2198 2227411 
24/1-—a?x? 
463. J iin axax = x(sin 1 ax)? — 2x + u x біп lax 
2/1 — ax? 
464. nsa x(cos 1 ax)? — 2x 2 EIS сов ах 
xpo رس‎ 1۷1-0221 | „| 
x(sin ax)" + о ах) 
— n(n — 1) n dx 
Е ог 
465. na ax)'dx = Эс 
~ ۶ 2 1ه‎ n—2r 
2.70 mca e ax) 
[21/2] — 
тад? |. | 5221 
1)' n-2r— 
f >. وو‎ ырым аман 
Note: [s] means greatest integer < s. Thus [3.5] means 3; [5] = 5, [1] = 0. 
NUNC cr UEM 
x(cos ax)” — эх E ax) 
— n(n — 1) [loos د‎ ах 
eidem Or 
466. ficos ax) dx = Ai " 
T * -1 n—2r 
» ) molar ax) 
Саша тМ1 — а2х2 E Te 
x ye (—1 م)‎ 2-79۹ ах) 
т=0 
1 Миа 
467. <== sin | ax)dx = 22 (sin 1 ax)? 
n ”-1 n n-2 
x E x ЖЕТ х п-1 х КЕ) 
468. jm sin ax)dx = — udi v1-a?x?sin ax+ сат + 12 J === ахах 
1 1 
469. | а cos™! ах) dx = шлан ax)? 
4 л-1 л л-2 
x E iX E x п-1 х = 
470. СЕЕ cos ах) ах= — di V1-a?x?cos ax Da + „2 || = cos axdx 
tan lax ENS 
471. [= 1957 22 (tan ax) 
cot ax TES 
472. TZ = 5 (cot ax) 
1 
473. | хэсч жақы сес паж = == ara 
2 а? 


477. 


478. 


484. 


490. 


491. 


492. 


493. 


494. 


495. 


496. 


497. 


п+1 п 
ПОЕТ ї 1 x"dx 
х"ѕес ахах = ѕес ах 
1 n+1 ax? — 1 
sec lax sec! ах а2х2 — 1 
: dx 
x x x 
2 
m x 7 1 
xcsclaxdx = — esc | ах + — Va2x2 —1 
2 2a 
24. 2% хі j 1 x"dx 
x'csc ахах = csc ax + 
n+1 +1 а2х2 — 1 
csc lax csc! ax а2х? — 1 
5 dx = 
х x x 


FORMS INVOLVING TRIGONOMETRIC SUBSTITUTIONS 


| папа: => f 1 (5) ه)‎ ап 2) 
[за ы. 
E sinx pen ЛЕР (и = sin x) 

f(cos x) =- | tn 


MERE. алса), (и = sin x) 


у=" 
Е 22 1-% dz x 
И Ает, сова) ах =2 f کا‎ ixz) eL (z=tan 5) 
LOGARITHMIC FORMS 
ІШЕ dx = хіох-х 
ж x? 
1 =L 1 --- 
Е og x) dx z 08%- 7 
3 3 
| ах = و کن‎ 5 
И хан хан 
је (logax) dx = Ed logax (n 1 
ШЕ = x(log x)? — 2xlog x + 2x 
kN (nZ —1) 
n dx — er 
1)"n!x УУ, وات سي‎ 
(log x) | Pe 
/ = а БЕЙНЕ 
ах (logx)? | (log x)? 
— = log(l 1 
= دې‎ ет 


dx 
| Pipe — log(log x) 


|| ах | 1 
x(logx) ^ (п— 1)(log x)"-1 


|| x"”dx _ xm " т--1 / x"dx 
(Іов х)" ^ (n—1)logx"-! لم‎ (log х)”-1 

we a algae 
ELS x)'dx — ör 


)" zu xn — log x)” 
(-1) و2‎ о 


Pi 
(БЕРЕ dac = [bsin(bln x) + (p + 1) cos(bIn x)] + 


VESUEN 


с 


Integrals 


Integrals 


498. 
499. 


500. 
501. 


502. 


503. 


504. 


505. 


506. 


507. 


508. 


517. 
518. 


519. 


ры 
EET (bln x) d. gu [(p + 1) sin(bIn x) — bcos(bIn x)] + c 
/ [log(ax + b)] dx EN = log(ax 4- b) — x 
ЇНЭЭР, шин шэн" М. 

5 Бх 

1 d | _ 1 ( 

185 [log(ax + b)] dx = RENE ( log(ax + b) ОУ 
g(ax + b) 4 = 1 log(ax + b) 1 av" ах+Ь 

{= 7-1 x" а р) log х 


1 аут-1 1 bN 
ла ЭНЭ 


| log او‎ dx = (x + a) log(x + а) — (x — a)log(x — a) 


aje 


2 m+1 m+1 
5 т=1 


xta xm سا‎ + xm аты 24771 [ 2 ] 
"|| = 1 1 
f> 9 ах ігі og(x 4- a) ed og(x و‎ тч 
Note: [5] means greatest лаг < s; Thus [3.5] means 3; [5] = 5, [5] = 0. 
ЈЕ [ а de = 2 x—a ig x – а? 
о = 
ха |98; х log х+а a = 
Умей E 2сх+Ь 
(х + Ł) log X 2х + ыз par (b? — 4ac < 0) 
or 
log X) dx = b „/b2—4ac -1 2cx+b 
1 в Х) (x + 2) log X — 2x + УЧ tanh 2 (52-4ас» 0 
where 
X =а + bx + сх? 
хн 2с ха b х” 
"(1 = log X 
x"(log X) dx zu ОЁ EET x 4х 23 x ^ 
where X = a + bx + cx? 
| [log(x* + а2)] dx = xlog(x? + а?) — 2x + 2a tan 1 : 
/ [log(x* — а2)] dx = xlog(x? — а?) — 2x + а log а 
PUE 
1 1 
x[log(x? + 22)] dx = 206 +a’) log(x* + a?) — 52 
[log(x + Vx? = a?)] dx = xlog(x + vx + а2) — У хе + а? 
/ 2 + 2 
x[log(x + vx? + a2)] ах = (= + a log(x + V x? +a?) — n 
хн 
ах 
هه‎ ха + a? 


log got МА ra) 0 logx+/x2 +a) 1 а + мх + а? 


log 


x2 x a x 


log(x + Vx? — a2) d log(x + Мл? — a?) " 1 cect 2 
x2 x lal а 


п+ 1 


/ 

/ 

J xnl 1 
n x? + a*)|dx = ATA log(x + V x? + a?) А1 
J” 

/ 

/ 


Note: [s] means greatest integer < s; Thus [3.5] means 3; [5] = 5, [5] = 0. 


EXPONENTIAL FORMS 


EE nl 2 _ 72) _ antl nf п+1 
x"* log(x^ — a^) — а" log(x — a) —(—a)"*" log(x + a) 23 = 


А-37 


( x ) m—2r+2 
a 


А-38 


520. 


521. 


535. 


536. 


537. 


538. 


539. 


540. 


541. 


542. 


543. 


544. 


т „ах 25 
e -2 fæ 10ах dx 


ог 
ех 32556 (-1) mx” T 


(m—r)!ar+1 

едх СА ax а + x 
= log x 

MMC rS S IT 


е d 1 ew 3 а е 
est 
x" т-1х"-1 m-—1 xml 


ах | 1 ах 
| ёчовхах = гээн "E dx 


P a d x 

x e 
= = х – log(1+e*) = 1 

|| x — log(1 + e*) ов тру 


dx x 1 
= 1 px 
а а ар دون‎ 


1 dx = 1 ta? (2/2) 
дете be wJab ^ È Voy 


е [(b — с) sin(b — c)x + а cos(b — c)x] 


Integrals 


&*[(b + c) sin(b + c)x + a cos(b + c)x] 


ма e"* — b 
4% ву ла 108 Уа 
l= = be-™* АСА E or = В 
хул аав (4/6), 
1 و‎ "м. 
loga 
ех 1 
= EE ax 
Ie сеах d ac نوز پد‎ 
хе? 4 Ш е 
1 (1--ах)2 77 а2(1+ах) 
_ 2 _ 
ТЕ “4х = –=е* 
jars &* [a sin(bx) — bcos(bx)] 
fe [sin(bx)] dx = 22 
ШЕЛІ ах- 


2[a? + (b — c)?] 


ей [a sin(b—c)x—(b—c) cos(b—c)x] 


2[a? + (b + c)?] 


2[a2 
еах [a sin(b 


ог 


|| соке) doc = (а sin bx — bcos bx) [cos(cx — a)] 


—c(sin bx) sin(cx — о)] 


where 


о = у (а + 02 — c) + 42202, 
p сова = a? +b — c, 
e**[a сов(26х + с) + 2bsin(2bx + c)] 


ех [a sin(2bx + c) — 2b сов(26х + c)] 


ПЕЕ а i 
|| сох х + с)] dx = её sinc 

M 2a 
|| dx = arp" cos(bx) + bsin(bx)] 


е [(b — c) sin(b — c)x + а cos(b — c)x] 


еар + c) sin(b + c)x + a cos(b + c)x] 


&* [cos(bx)][cos(cx)]d x = 


-- 


2[a? + (b — c)?] 
е““Га сов(26х + c) + 2bsin(2bx + c)] 


2[a? + (b + c)?] 
е cos с 


e**[cos(bx) |[cos(bx + с)] dx = = 
e**[cos(bx) |[sin(bx + c)] dx = е“ sin c 


е [a sin(2bx + c) — 2bcos(2bx + c)] 


За 

ax 5” 1 
е [sin" bx] dx = тер [ 
1 


е“ [cos" bx] dx = 22 4 mb 


а чи с‏ ټیب 


а sin bx — nb cos bx)e sin" ! bx + n(n — 1)Ь” / اس‎ bx] dx 
É cos bx + nbsin bx)e^* cos"! bx + n(n — 1)b? | e^" [cos"? bx] 2 


sinxdx + ЖЕ 


А 1 А т 
Х'"е* sin хах = 2Х € (sin х — cos x) -35 x 


Integrals A-39 


m „ах а біп bx—b cos bx 


хе 


a> +b 
Ы [ere sin bx — bcos bx) dx 


545. (гелі bx] dx = or _ 
ето === sin[bx — (r + 1)а] 
where 
p= уа? +2, рсоза=а, psina =b 


1 
546. | клтсовхах = у^ e (sinx + cos x) — 2 fame sin x dx — afe cos x dx 


m „ax а cos bx+b sin bx 


x™e 2 
— үр јуче cos bx + bsin bx) dx 
547. Jes cos bx dx — ih 
e Би у coslbx — (r + 1)a] 


р = Ма? + 62, pcosa=a, psina=b 
1—1 x sin? x[a cos x+(m-+n) sin x] 


(m+n)? a? 


e** cos 


erus e^" (cos"-! x)(sin"^! x) dx 


0 [шге x)(sin" x) dx 
ог 


ей cos" x sin—1 х[а sin x—(m+n) cos x] 
(m+n)2+a2 


1 


e" (cos"-! x)(sin” - x) dx 


е“*(соз" x)(sin"? x) dx 


548. || e**(cos” x)(sin" x)dx = Or 
гах( n—1 2 2 


cos”! x)(sin"-! x)(a sin x cos x--msin? х-псов2 x) 


e^" (cos" x)(sin"? x) dx 


( 
+! | e" (cos"? x)(sin" x) dx 


cos”! х) (sin"-1 x)(a cos x sin x--m sin? x—ncos? 


mcn? ra? 


( 
gun У. | е&*(соз””—? x)(sin"? x) dx 


х)‏ اس 


(т--п)2--а2 


+ ري اس‎ J cos" xy sin" x) dx 


(т--п)2--а2 


ах (с: хе“ : ёс 2 ga 
549. ЇЕ (sin bx) ах = "ېکو‎ sin bx — bcos bx) (ai By Ка — b^) sin bx — 2ab cos bx] 
ax хе“ : e^ 2 p : 
550. ЇЕ (cos bx) ах = пы la cos bx — bsin bx) ar 62): (8 b^) cos bx — 2absin bx] 
ax ax : 2-5 2 ک‎ 2 ах 
551. ў e Joz е [a sin x + (n = а“ + (n — 2) || = dx 
sin” x (n — 1)(n — 2) sin"! x (n— 1)(n— 2) J sin” x 
ейх е' [а созх —(n—2)sinx] а2--(п- 2) سو‎ 
552. / х= | 
COS" x (n — 1)(n — 2) cos"! x (n — 1)(n — 2) со8”-2 x 
tan"! x а 
553. ! e™ tan" x dx = e" سا‎ је tan" хах — ie tan”? x dx 
n—1 n—1 
HYPERBOLIC FORMS 
554. [inn x) dx = coshx 
555. | (cosh dx = sinhx 
556. || (tanh x) dx = log cosh x 
557. n x) dx 2 logsinh x 


560. 


561. 


562. 


563. 


564. 


565. 


566. 


567. 


568. 


569. 


570. 


571. 


572. 


573. 


574. 


575. 


576. 


577. 


578. 


579. 


580. 


581. 


(sech x) dx = таа” (sinh x) 
x 
(csch x) dx = logtanh (5) 
x(sinh x) dx = xcosh x — sinh x 
x" (sinh x) dx = x" cosh x — n 1 x"-!(cosh x)dx 
x(cosh x) dx = xsinh x — cosh x 


x"(cosh x) dx — x” sinh x — n 1 x"-! (sinh x) dx 


Ben uL ME D په ای‎ чы تا‎ 


(sech x)(tanh x) dx = — зесћ х 
(csch x)(coth x) dx = —cschx 
inh2x x 
А h2 L sın. _ x 
(sinh” x)dx n 5 
= (sinh"*' x)(cosh” ! x) 
+ Al T (sinh" x)(cosh” > x) dx 
/ (sinh" x)(cosh" x) dx — ог 
1 nl 


TN 
sinh" xcosh" x 


m+n 


-71 ٢1 x)(cosh"x)dx, (m -+ n = 0) 


m+n 


(m—n)( біпһ 1 х) (соѕћ”—! х) 


а 
— i , (m=1) 


sinh” * x)(cosh" x) 


цэн E Ар 
(sinh" x)(cosh" x) 


(1—1) sinh"! x cosh”! x 


dx 
ЯВ m+n—2 / 1 1 
"t (sinh” x)(cosh" ? x) VERD 


(tanh? x) dx = х — tanh x 


tanh”! x 
п—1 


(sech? x) dx = tanh x 


(tanh" x) dx 2 — 


+ J tant? хайх (n #1) 


snh2x x 
4 2 


(coth? x) dx = x — coth x 


(cosh? х)ах = 


M s | ou хах, (n = 1) 


(csch х) dx = — ctnh x 
; А _ sinh(m+n)x — sinh(m — 7 2 
(sinh mx) (sinh их) dx = 502100 Ову ° (n? Z п?) 
_ sinh(m+n)x , sinh(m 47 5: 2 
(cosh mx)(cosh nx) dx — 2053 SPEM Š (m^ Z m^) 
(sinh mx)(cosh zx) dx = ae + TT (n? = п?) 


(sinh -) dx = xsinh ! = - Ух +a?, (а> 0) 
2 2 
х (sinh! 3 ах = (5 + 4) dinh 2 = 21 х2--а2, (а»0) 
а 2 4 а 4 
п+1 1 п+1 
ړا‎ (sinh x) dx = ( x ) sinh x / ы тах, (nz -1) 
п+ 1 mt+1J (1+х2)2 


ке ыны ыш Хул Чан ee کا به سا نه په‎ 
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Integrals 


582. 


583. 
584. 
585. 
586. 
587. 
588. 
589. 


590. 


591. 
592. 
593. 
594. 
595. 


596. 


597. 


598. 
599. 


600. 


601. 
602. 
603. 


604. 


605. 
606. 


607. 


608. 


А-41 


(cos ' =) ах = ог 
а یې لاب‎ p 

xcosh *44x^—a?, (cosh ES 0), (а > 0) 

o‏ رون 
cosh 2 jon а):‏ = " ”= 

ntl 1 ntl 
x"(cosh ! x) dx = * созћ“! x / 3 гах, (nz -1) 

n ( 


21 — -1 
xcosh = — Ух2 — а2, (cosh => 0) 


+1 n+1 


al i zi d 3c. 22 P 
tanh =) dx= xtanh 2 + 5 log(a x^), (|2 


а 


x?—a х ах x 
02153) 
2 а 2 а 


з 
en 
E 
° 
Б 
= 
Ex 
SIR 
NY 
Q 
з 
| 
ЕР 
КЧ 
3 
= 
+ 


х (со! =) dx = 


x?—a و دب‎ (5 
d. 247 
nl 1 nl 
x" (coth™ x) docct сор — / x (nZ —1) 
n+ n i — 


(бесі ! x) dx = xsech ! x + sin! x 


2 1 
xsech ! хах = > sech ! x — 2У 1— x2 


хан x" 


E 1 
т Sech read) qa (nZ —1) 


-1 -1 X . ү-1 
csch хах = xcsch x+ —sinh x 


|x| 


2 1 
xcsch !xdx = Aesch! + 5 ый 1 + x2 
х 


ntl 


= 1 3 x" 
csch ېرا‎ / ах, (п#—1 
1 n+1 |x| (a2 +1)? шалан 


E 
x'sech хах = 


= 
x'csch хах = 
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> рр 
у 


DEFINITE INTEGRALS 


12 х" le dx = jo (lo 1 ml 4 204 oo т == 
Јо ^. Јо Bg) х-%П = Pn) 


т 
for n + 0,—1,—2,—3,... (This is the Gamma function) 


ео, а п! Е 
٠ шигтгээ (n — 0,1,2, 3,... and p > 0) 


ХИРТЭНЭ Г(”) 
n—1 „—(4+1): == ed 
] DP e dt 2+1"? (и> 0,a > —1) 


Е. Г(и+1) 
] x (s =) dx = трея’ (т>-і,п>-і1) 
T(n) is finite if n > 0; Г(п + 1) = nT (n) 


Г(и)-Г(1-9) = от 
T(n) = (n— 1)! Еп = integer > 0 
r (5 за e dt = JT = 1.7724538509... = (-5) 
Г(п+ 1) = 135-070 m п=1,2,3,... 
ГЕ n=1,2,3,... 

1 oo т-1 
| و و | = تت درو‎ ds = КА = B(m, n) 


(This is the Beta function) 


B(m,n) = B(n, m) = гоп ‚ where m and z are any positive real numbers. 


٨۸-2 


609. 


610. 


611. 


612. 


613. 


614. 


615. 


616. 


617. 


618. 


619. 


620. 


621. 


622. 


623. 


624. 


625. 


626. 


627. 


628. 


629. 


630. 


631. 


632. 


633. 


Integrals 


: Г(т--1)-Г(и--1) 
т п - 15 m+n+1 
(x — a)"(b — x)" dx = (b — а)" "t 102724: 


‚ (т»-1,н»-1,Б»а) 
xh cT mI’ [m > 1] 


= лсѕсрл, (0«0р-1| 


8 
ы. 
з 


= –лсогрл, (0«40-1| 


8 
ч 

Y 

8 
5 
ч 


ТЕЛ mpm = В(р,1—р)=Г(р)Г(1—р), [0<p<1] 


со т-14 
ші Ta шин [0 < m < n] 
nsin "= 
> dx کو‎ [r(g)r(c- sg) 
(m + х?) b Г(с) 


—1, b > 0, m > 0, с> 4+) 


dx É 
(1+ x)x 
a dx л 


atx 2? 


ву 


8 


5--2--2--.5-- т 
= 
R 


6 1 f? 1.3.5... 
(a? — х2)"? dx = >| (a? — х7) "2 dx = т mo . > а"! (пода, a > 0) 
saint! В (mH. 2) (a > 0, т> —1, п> —2) 


x"(a? رس‎ xy ах = 


Sm 
a 
з C 
- 
~ 
= 
سر‎ 
8 
5 
А 
“--” 
іст 
= 
JE 
№ 
مهه‎ 


3 
за” Е - (a > 0, т> —1, п> —2) 
a (cos" x) dx 
ог 
1-3-5-7...(л—1 | 
о EINE 5» (пап even integer, и Z 0) 
(sin" x) dx = or 
0 1-3-5-7...(л—1 | 
EET ) (пап odd integer, и Z 0) 
п+1 
иг 
2 Г(341)” (n> —1) 
“sinmxdx л. : л. 
— ==; ifm> 0; 0, ifm=0; —~, ifm < 0 
x 2 2 
9 cos x ах 


= оо 

x 

?tanxdx л 
2 


х 


а 


sinax · sin bx dx = ] совах · созфхах = 0, (а b; a, bintegers) 
0 


лја 


[sin(ax)][cos(ax)] dx = ЈЕ [sin(ax)][cos(ax) ]dx = 0 
0 


а 


[sin(ax)][cos(bx)] dx = 


° si d 
ы йо ef) ifm < —1огт> 1; “ ifm = +1; “ ifm <1 


аср: ifa — bis odd, ог0 ifa — bis even 


г-2--2--2-258-8--58--527-08 Т- 


х 
° sinaxsin bx ats a 227) 
x? 2 
sin? my dx = | cos? тхах= 5 (m is a non-zero integer) 
0 
ESO: 
sin“( px) тірі 
а = 
|| x2 i 2 
° sin x л 
ах = 0 1 
І ar RISE Б 
?? cos x л 
ах = 0 1 
o а? = 2Г(р)со(рл/2 <? < 


оо 1- 
] cos px dx= л|р| 
0 


x? 2 
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637. 
638. 


639. 
640. 


641. 
642. 
643. 
644. 
645. 
646. 
647. 
648. 
649. 
650. 
651. 
652. 
653. 


654. 


655. 


656. 
657. 


658. 


А-43 

] =P de (ба>р>б 5 >b > q > 0; = p= а> 0) 
0 x 
jh cos(mx) " л gne 

o жа ^ 2|а| 
ro cos(x?) dx = [a sin(x?) dx = 1 m 

a ) 2۷2 

чпах"ах = T(1/7) sin 26, п> 1 

0 уп 2n 

ee л 
: совах"ах = тї Г(1/п)соз—, п>1 

0 Ті; 2n 


uL je ° cosx у _ Їл 
о XX о Vx 2 


(а) јр“ ss ог (b) ју“ 5 ах = 31083 


sin? 254 


сов“! а 
DE wp 


л 


Jaz = b?”‏ و 
2л‏ 


С-г да 


соз ах — cos bx 


— — dx = log F 


л 
24 sin? x + co?x 2lab| 


юэ 

Ле 

| 

А 

ia 

| 
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ris B=" RO у 
22 

ІК 

LL 

Ж 

| 

| 

12 


(a? sin? 5: و وس‎ 
1 п т 
" _ 2 т 
sin” | xcos"^! x dx = (>? 
2-4-6...(2п) 
1-3-5. 12831 | 


) , mandn positive integers 


(sin?! 8) do = (п = 1,2,3,...) 


1. 
(sin? "0)40- 


) 
3.5. M л 
2-4... Qn G) 4 a= Tyee 3st) 
1 


d 1 р. 1 
di EE He 32 + 52 at} 
EE; 
— 4 
(2л)? 
Vcos6 40 = 5 
[70] 
пуд А (0<b<1) 
(аш? Er 
| ғап” шысын 493) ae = Z log? (4,850) 


The area enclosed by a curve defined through the equation хе + ye = а“ where а > 0, c a positive odd integer and b a 


" AE [V DP зыл 
positive even integer is given by — (22) 
"($) 


1- Ш x^-1yn-127-1 dy, where R denotes the region of space bounded by the co-ordinate planes and that portion of 


the surface (=) "y (2)* + (5) = 1, which lies in the first octant and where р, m, n, p, а, k, а, b, c, denote positive real 
numbers is given by 


ME b T c ٢ nme T (5) r (2) r (9) 
[ne [Oro јан И 
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668. 
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(а > 0, n positive integer) 


x" exp(—ax?)dx = E (» 445 кз булэ би 2) 


dx = т = Ir (5). (а > 0)‏ رد 
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= 
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% 
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—ax a 
٠ (cos mx) dx = p (a > 0) 
—ах o; т 
2 (sin mx) dx = и (а> 0) 
ў xe ^"[sin(bx)] dx = = pns (a > 0) 
ү а? - b2 
1 xe **[cos(bx)] dx = Gap (а > 0) 
oo | ! + ір п+1 — — ib n+1 . 
J x"e"""[sin(bx)] dx = nie Ss x ia l (i? = —1, a > 0) 
со — ;þ\n+1 ; yn 
хе **[cos(bx)] dx = mia x TU 22 l (?2--1,а>0,т>-і1) 
хаг шингэн cot!a, (а»0) 
ur _ ут b: 
e cos bx dx = 2 ехр (-%) , (abz 0) 
e! 917! [sin(z sin ф)] dt — [F(b)] sin(bo), (e > 0, -5 <ф < >) 
e 16 1 cos(t sin ф)] dt — [T (6)] cos( 5$), С > 0, = <$ < 2) 


ІР cost dt = [T (b)] cos (%), (0<5<1) 


8 


i*- (sint) dt = [V (b)] sin (2) (0 « b « 1) 


= 


(log x)"dx = (—1)”-n! (n > —1) 
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688. 


706. 
707. 
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709. 


710. 
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1 1 7 
= =n! 
СЭ dx = n! 
1 


] xlog(1— x) dx = 28 
0 4 
1 
1 xlog(1 + x) dx = 
0 
(—1)"n! 
0 (m+ 1+1? 
If n ж 0, 1, 2,... replace и! by Г(п + 1). 


[ log x л? 
ах---- 
"ES 12 


x"(log x)" dx = т> 1, п= 0,1, 2,... 


log x л? 
1-х у 
' logd x), Шы 
ғаны Т) 
"Лов =x) jy л? 
X 6 
1 22 
(log x) log(1 + x)] dx = 2 – 21052 - 17 
1 xà 
(log x) [log(1 — x)] dx = 2— — 
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N 


= 


= 


т + Ти ? 


ЕЗ 
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| 

E 

23 

58 

à 


1 
= (F1). (p+1>0,q+1> 0) 


= 


= Ул, (same as integral 686) 


oo x 1 2 
les (* ti) а 
л/2 


7/2 


8 
з 

> 

|| 

| 
ње 


/ 
(logsin x) dx= | log cos x dx = -21982 
0 


л/2 л 
(logsec x) dx = ] log csc x dx = > log2 
0 


a 


= 
x(logsin x) dx = = log 2 


a 
~ 
N 


SS 5‏ لا 


(sin x)(log sin x) dx = log2 — 1 


(log tan x) dx = 0 


— 
Š 


е, (а > b) 


] log(a + bcos x) dx = л log | 
0 2 


2xlogga а>5>0 


" toga? — 2ab b) dx = 
ЕГІ abcos x + b^) dx ٢ бе 


(8 sinax | л z вл 
= п 
o sinhbx У 215| ACC 


Г cos ax dcs л sech 7 
o coshbx | 216 2Ь 


x" [iog 2 а= سن‎ ifm+1>0,n+1>0 
x 


А-45 


713. 
714. 
715. 
716. 
717. 


718. 


719. 


720. 


721. 
722. 
723. 


724. 


725. 


726. 


727. 


728. 


Certain types of differential equations occur sufficiently often to justify the use of formulas for the corresponding particular 
solutions. The following set of tables I to XIV covers all first, second, and mth order ordinary linear differential equations with 
constant coefficients for which the right members are of the form P(x)e'* sinsx or P(x)e’* cossx, where ғ and s are constants and 


18 ах _ x 
o coshax 24 


со 2 
n хах _ л (a > 0) 
0 


snhax 4а? 


12 а 
' (cosh bx) ах = 5755; (0418 <a) 
] сира ак = uo. (0<|Ы <a) 
sinhax y л ал 
EUM cape ЫЕ ла. | 
пах а, 1 л ал 
1 = эр oot : (b> 0) 
л و‎ 4128 хыг ЕРУ 
Г د س سي‎ | +(5) P+ G3) e) ез) 
ЕЕ <1 
2 214 6 
ЕПТІ. ЭЛЧ ТАҒЫ саво 
МЕНЕ 1 — k sin? хах = ap (5) 4 (33 3 و‎ 25 5 
ЕР <1 
he "Мовхах = –у = —0.5772157... 


-* logxdx = Fly + 2 log 2) 


is 1 1 
y | -- =) 6706 y = 0.5772157... [Euler's Constant] 
0 l-e* х 


% 1 1 
] — ( - =") dx = у = 0.5772157... 
о х11-х 


Еог п еуеп : 
"хах— 1 n\ sin(n—2k)x 1 / n 
ЇЇ: ХЕХ уяа k) SON ЭРЭ)” 


o 
— ~ 


[ts = 1 "EY /n sin[(n — 2k)(Z—x)] 1 / n 7 

VESPA \k 2k—n 2" \n/2 
For п odd: T 

5 _ 1 A. HN sin(n — 2Ё)х 
n хах = >. (9) ор 

(n—1)/2 А 
= Z _ 1 n\ sin (и — 2k) (=—х)] 

ТЕ хах = 2. @ 37-5 


DIFFERENTIAL EQUATIONS 


Special Formulas 


P(x), is a polynomial of degree л. 


When the right member of a reducible linear partial differential equation with constant coefficients is not zero, particular solutions 
for certain types of right members are contained in tables XV to XXI. In these tables both F and P are used to denote polynomials, 
and it is assumed that no denominator is zero. In any formula the roles of x and y may be reversed throughout, changing a formula 
in which x dominates to one in which y dominates. Tables XIX, XX, XXI are applicable whether the equations are reducible or 
not. The symbol (7) stands for ې‎ 
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D г and is the (7+ 1)* Hec NE in the expansion of (a + b)”. 


Also 0! = 1 by definition. 


DIFFERENTIAL EQUATIONS 


Special Formulas 


Certain types of differential equations occur sufficiently often to justify the use of formulas for the corresponding particular 
solutions. The following set of tables I to XIV covers all first, second, and nth order ordinary linear differential equations with 
constant coefficients for which the right members are of the form P(x)e'* sinsx or P(x)e'* cossx, where ғ and s are constants and 
P(x), is a polynomial of degree n. 

When the right member of a reducible linear partial differential equation with constant coefficients is not zero, particular solutions 
for certain types of right members are contained in tables XV to XXI. In these tables both F and P are used to denote polynomials, 
and it is assumed that no denominator is zero. In any formula the roles of x and y may be reversed throughout, changing a formula 
in which x dominates to one in which y dominates. Tables XIX, XX, XXI are applicable whether the equations are reducible or 
not. The symbol (7) stands for (5 and is the (и + 1)* coefficient in the expansion of (а + b)". Also 0! = 1 by definition. 


m-n)mn! 
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Differential Equations А-47 


SOLUTION OF LINEAR DIFFERENTIAL EQUATIONS WITH CONSTANT COEFFICIENTS 


Any linear differential equation with constant coefficients may be written in the form 
p(D)y = К(х) 

where 

e Dis the differential operation: Dy — dy 

e p(D) is a polynomial in D, 

e yis the dependent variable, 

e xis the independent variable, 

e R(x) is an arbitrary function of x. 
А power of D represents repeated differentiation, that is 

а" 
са 25 


For such ап equation, the general solution may be written in the form 


Y = Ye + Ур 


where y, is any particular solution, and у, is called the complementary function. This complementary function is defined as the 
general solution of the homogeneous equation, which is the original differential equation with the right side replaced by zero, i.e. 


p(D)y = 0 


The complementary function y, may be determined as follows: 


1 


2. 


6 


. Factor the polynomial p( D) into real and complex linear factors, just as if D were a variable instead of an operator. 


For each nonrepeated linear factor of the form (D — a), where a is real, write down a term of the form 
ce?* 

where c is an arbitrary constant. 

For each repeated real linear factor of the form ( D — a)", write down n terms of the form 


2 


cre + coxe^* + сзх e +... сүх" le? 


where the c;'s are arbitrary constants. 


For each non-repeated conjugate complex pair of factors of the form (D — a + ib)( D — a — ib), write down 2 terms of the 
form 


стей” cos bx + се “ sin bx 


For each repeated conjugate complex pair of factors of the form (D— a + ib)" ( D—- a — ib)", write down 2n terms of the form 


стей cos bx + وی‎ sin bx + c3xe cos bx + сахе“ sin bx 


n—1 „ах 


+ санах" Те" cos bx + ex" е“ sin bx 


. The sum of all the terms thus written down is the complementary function ye. 


To find the particular solution Ур, use the following tables, as shown in the examples. For cases not shown in the tables, there 
are various methods of finding ур. The most general method is called variation of parameters. The following example illustrates 
the method: 


А-48 Differential Equations 


Example: Find y, for (D? — 4)y = е. 

This example can be solved most easily by use of equation 63 in the tables following. However it is given here as an example of 
the method of variation of parameters. 

The complementary function is 


у, = ae + де“ 


To find уь, replace the constants in the complementary function with unknown functions, 


y> = џе“ ЖЕ ve 2* 


We now prepare to substitute this assumed solution into the original equation. We begin by taking all the necessary derivatives: 


у; = ие?* НЬ ve ?* 


у = 2ue* — 2ve + ие? + سر‎ 


For each derivative of y, except the highest, we set the sum of all the terms containing w and v to 0. Thus the above equation 
becomes 


ul e^ ze ve?* 


x 


= L| 2х _ -2 
=0 and у, = 2ие 2ve 
Continuing to differentiate, we have 

у = Дие?“ + 4ve~>* + 2u'e* — дуге“ > 


When we substitute into the original equation, all the terms not containing и' or v' cancel out. This is а consequence of the 
method by which y; was set up. 

Thus all that is necessary is to write down the terms containing z or v' in the highest order derivative of yp, multiply by the 
constant coefficient of the highest power of D in p( D), and set it equal to R(x). Together with the previous terms in / and v' which 
were set equal to 0, this gives us as many linear equations in the first derivatives of the unknown functions as there are unknown 
functions. The first derivatives may then be solved for by algebra, and the unknown functions found by integration. In the present 
example, this becomes 


we! + ye ?* = 0 
2u'e?* — 2y'g?7* = ех 
We eliminate v' and и' separately, getting 
4u'e™ = ех 
4v'e™™ = —е* 
Thus 
и = тех 
и=- 13x 
Therefore, by integrating 
—Те-х 
и 4 е : 
u= – е? 


1 1 
ен 2x ар. _ 11 75-X52X Кыр =2x 
ур = ue" +ve = 4° е 12* e 
y 1 x 1 ; Ет 1 х 
E dc 3° 
and the general solution is 
Y = Ye + Yp = cie + се — 3” 


The following samples illustrate the use of the tables. 


Differential Equations А-49 


Example 1: Solve (D? — 4)y — sin 3x. Substitution of q — —4, s — 3 in formula 24 gives 


sin 3x 
-9-4 


yp = 


wherefore the general solution is 


ах -ах  Sin3x 
у = ме” + ое ET 
Example 2: Obtain a particular solution of (D? — 4D + 5)y = хе“ sin x. 


Applying formula 40 with a = 2, b = 1,7 = 3,5 = 1, Р(х) = xX, s +b = 2,5 — b = 0, а—т = -1, (а =r} + (s +b? = 5, 
(а — т)? + (s — b? = 1, we have 


_ س‎ [(2_0\ (201-02 2(-00),., (3:1:2-2 3:1.0-0у, 
Ур 2 و‎ 11٠ 25 1 й 125 1 
e*cosx[/-1 -1ү, (1-4 1-0 12:32:48 -1-3)0 
з уол 2 
2 [e =) + Cs 1 ја + ( 125 1 )1] 


= Бар Ы 2 3x sin x + а 136 e** cos x 
= NS و ° "وه‎ "25 125 


The special formulas effect a very considerable saving of time in problems of this type. 


Example 3: Obtain a particular solution of (D? — 4D + 5)y = хе“ cos x. (Compare with Example 2.) 


Formula 40 is not applicable here since for this equation 7 = a, s = b, wherefore the denominator (а — r)2 + (s — b)2 = 0. We 
turn instead to formula 44. Substituting а = 2, b = 1, Р(х) = x2 and replacing sin by cos, cos by -sin, we obtain 


ез cos x 2 2 ед sin х , 1 
p = 5 d 
op SE о 7 ОГ 
1 х 


which is the required solution. 
Example 4: Find 2, for (D. — 3D) z = In(y + Зх). Referring to Table XV we note that formula 69 (not 68) is applicable. This 
gives 
Zp = x (у + 3x) 
It is easily seen that -у/3 In(y + Зх) would serve equally well. 
Example 5: Solve (D, + 2D, — 4) z = ycos(y — 2x). 


Since R in formula 76 contains a polynomial in x, not y, we rewrite the given equation in the form ( D, + ар, -2)2- 
ycos( y — 2x). Then 


1 
2 


Ze = e” F )«- э) = e™ К2х— y) 


апа Бу the formula 


1 3 1 
ws > cos 2 (3+1) - g (29 + 1) cos(y — 2x) 


Example 6: Find z, for ( D, + 4D)? z = (2x — yy. 
Using formula 79, we obtain 


_ J f fede из (2x — у 


"1 244(-1)р  5.4.3.(-8) 0 


Ep 
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Example 7: 


Example 8: 


Find zp for ( D) + 5 D2 D, – 7D, + 4)z = е "37, By formula 87 


Zp 


Find 2, for 


е2х+3у 
23325.2223 -7.2+4 7 


2x+3y 


58 


е 


(Df + 6 D: D, + D, D, + D} + 9) = sin(3x + 4y) 


Differential Equations 


Since every term in the left number is of even degree in the two operators D, and Бу, formula 90 is applicable. It gives 


sin(3x 4- 4y) 
Хээ 
۸ (—9)2 + 6(—9)(—12) + (—12) + (—16) +9 
5 sin(3x + 4y) 
i 710 
Table I: (D — a)y = R 
| pe 
1. e'* e 
r—a 
: asinsx + scossx 1 А 245 
2. sin sx* pad = 122 sin (за + сап 2) 
1 Р Р” p 
3. P(x) m ЕБ з ле тен 
а а а а 
4. e'* sin sxx Replace a by a — r in formula 2 and multiply by e'*. 
5. P(x) e'* Replace a by a — r in formula 3 and multiply by e'*. 
1 | — د‎ ., а — 3а57 |, ٧ за (ky و‎ one 
6. P(x)sinsx*« —sinsx еее ши”) رک‎ (x) e+ + (2) cu P-D (x) + | 
s 2as А 3425 يې‎ |, (atts (а ٢ 
چ‎ [s Pla) + gs P n) + тру? (x) Fee + (12 + 52)5 Р ( )+ ade 
7. P(x)e'* sinsx*Replace a by a — r in formula 6 and multiply by e'*. 
8. e^* хе 
1 ей cos sx 
9. е sin sxx —————— 
5 
10. P(x)e^* e^ f P(x) dx | 
11. P(x)eex sin sx e*sinsx | Р(х) Р”(х) Р”х е cos sx P(x) Р'(х) 4 P(x) 
5 53 53 87 8 82 54 
“Бог cossx in R replace “зїп” by “соз” and “cos” by *—sin" in ур. 
n ! 
juod (me. !=1 
dx" Б (m — n)!n! 
Table II: (D— a} y = R 
R Yp 
e 
12. e'* 
í а , 
13. sin sx* кә!“ — s?) sinsx + 2as cos sx] = gres (ss + сапт! 22 2) 
1 2P’ ЗР” م1‎ 
14. Р(х) 2 ЕЕ g eb Ж) С و‎ s e UM 
a a а" 
15. e'* sin sxx Replace а by a — r in formula 13 and multiply by e'*. 
16. P(x)e'* Replace а by a — r in formula 14 and multiply by e'*. 
: | а? — s? a?—3as? |, аё — 6a?s? + د‎ ٢ 
17. P(x) sin sxx sin sx eee (x) TEETAR P'( аа, Т (x) +... 
4“ — (Bats + (авая Жый, 
k—1 4 р (у) +... 
t - 1) ај (x) 
à 2as TM 3a?s — 53 ibo 4a?s — 4as? ШЕН 
COS $x x — شوب‎ эз 
(а? + 52)2 (a? + ره‎ (a? + s2)4 
ћу اغ‎ Ку 7-33 
4715 (а 353 +... 
8-1 (1) 3 po-2 pos 
t - 1) m (x) 


Differential Equations A-51 


18. P(x)e'* sinsx* Replace a by a — r in formula 17 and multiply by е”. 


19. ех —х?°е“* 
20. е sin sxx . 
5 
21. Р(х)е“* 211: dx dx 
ах ст 3P” Sp 7р“ 
22. P(x)e** sin sx e Е Р(х) iu ~ a EN | 
5 5 5 5 
е соѕѕх |2P'(x) 4Р”(х) «Р“(х) 
2 + 3 E 
5 5 5 5 


* For cossx in R replace “sin” by “cos” and “cos” by *-sin" in уу. 


Table Ш: (D? + g)y = R 


R Yo 
23.6" шан 
r +9 
24. sin sx* ee 
-s +q | т 
1 Р” РҮ Р 
25. Р(х) [P WIE WES ын Ул 
q q 4 qk 
. (r? — s? + q)e'* sinsx — 2rse'* cos sx ex . 1 275 
26. e'* sinsx = sin |sx —tan — 5 
(r? — s? + 4)2 + (2rs)2 М (72 = 52 + а)? + (275)2 72 — 52 +q 
rx 2 3r? — 473 —4 
27. P(x)e'* x [Pia Fin) + 4 риу) — 147 риу... 
1904 Ва Куе КИ k-5 QU Tur 
pee (пун “ЧУ a Gn 4 ре)... 
2 dip ur 2 2 
: sinsx За ,, وک‎ + 107а +а“ > 
28. Р Р Р تو په د ور ولا‎ терү ee 
(x) sin sxx ea) | . قو‎ кар (х) + : fash eg’ (x) + 
211 2141 5 2811 (28- 
хар هرایت دږ و اه‎ шн 
(—s? + q)* 
2P' 4 2 4 2kY ,2k-2 2kY ,2k-4 ер 
M 22 т TPM (x) +... + ( 1) (35 хэлэ. ы PORN (x) +... 
(=° +q) [(-s +4) (-s +4) (=s? pq 


Table IV: (D? + b2)y = R 


29. sin bx* Е 
| sin bx P"(x) Р(х) cos bx P"(x) 
.P P vis 2 mu 
аге а ops op | 2Ь | ود‎ ERN d 
* For cossx in R replace “sin” by “cos” and “cos” by “— sin" in уу, 
Table V: (D? + pD+q)y =R 
К Эр rx 
31. e == 
p+ pra 
32. sin sx* MESS = Ps TL = : sin СЕ tant PS 3 
(q — 57)" + (ps) (q — s2)2 + (ps)? 4-5 
2 — 3-2 п _ (7-1, pn—2 5-23 58-452 _... 


q q q q q" 
34. е" ѕіпѕхж ` Replace p by p+ 2r, а by q + pr +r? in formula 32 and multiply by е". 
35. P(x)e'* Replace p by p + 2r, q by q + pr + т? in formula 33 and multiply by е". 


А-52 Differential Equations 


Table VI: (D— b)(D—a)y=R 


| sin sx а Ь 4? – s? 12-43 , 
36. Р(х) sin sx but (2 gis) Р(х) + (2233 паз) Р 


: (аа us) I 
(4595 (+53) C7 


uu 5 5 P(x) + 2as 2bs P'(x) 
5-а \а +52 Ds А (а2 + 52)2 (b2 + 52)2 А 
" (8 -ө2 355-585? ) P(x) + 
(42 + 52)3 (02 + 52)3 
37. P(x)e'* sinsx« Replace а by a-r, b by b — г in formula 36 and multiply by е". 
e?* P(x) P'(x) P"(x) P9 (x) 
.P 2% Р лкк Алы 
мен 2-5 / 00484 а) + Gaal (сар (арн 
* For cossx in R replace “sin” by “cos” and “cos” by “-sin” in yp. 
1 For additional terms, com e with formula 6. 


Table VII: (D? — 2aD +a? + b?)y = R 


stb s—b 2a(s 4- b) 2a(s — b) , 
20 mip) п (8 санан ағы 


3&6 +b) -= (s +b _ 36-5 - 6b? prn 
[22 + (s + 6)2]° [a2 + (s — b)2]° 


R Yp 
sinsx 


2b 


39. Р(х) sin sx 


cos sx a a a? — (s + by a? — (s — b? у 
2Ь (Cae атаса) MEE [a2 + (s + در‎ ZA. ae 
a? — 3a(s + Б)? à? — 3a(s — b)? EN 

[2 + (5 bp] — [2 + (s — by? 


40. P(x)e'* sin sxx Replace a by a — г in formula 39 and multiply by е”. 
7 et P"(x) Р(х) 
41. P(x)e** р Р(х) 2 РЕ и | 
е sin sx 
42. е si 
е sin sx* = у 
43. e** sin bxx MA 
: е sin bx P"(x) | P*(x) 

44. P ах sin b P 

(x)e* sin bxx (25) | (х) (258 + (258 


е cos bx P"(x) Р(х) 

е له‎ р ТН 
2b | | (x) — Gp: T (258 3 

5 For cossx in R replace “вш” by “соз” and “cos” by “-sin” in yp. 

For additional terms, com e with formula 6. 


Table VIII: f(D)y = [D" + 4, а D"! +... +а Р+ају = В 


R Yp 
ex 
45. е" —— 
10) | 
. [ao = aos? + وړم‎ — ...]sinsx— [ays — azs? + ass? + ---] cossx 
46. sin sx* 
[ao — azs? + a4s* — اوا‎ — аз53 + ass? — سک‎ 
Table IX: f(D2)y = R 
mem sinsx _ sinsx 


Ё(-82) ao — ans? د‎ + s2n 


Differential Equations А-53 


Table X: (р — а)"у= R 


е 
48. e'* 
| "СТ 4 
49. sin sx* сети" - 5 а"? 5? + @ atst — ...]sinsx 
وا کب( )ې‎ (5)4" 353 +--+] cos sx} 
(—1)" my P(x) | (та N P(x) (n+2\ P"(x) 
en Р шэн шавыг а СМ еј 
50. Р(х) 3 | су + (1) = + 2 22 + 3 2 + 
5l.erxsimsx* Replace а by a — r in formula 49 and multiply by е". 
52. e'* P(x) Replace a by a — in formula 50 and multiply by е". 
; d n Р n+1 5 n+2 7 
53. P(x)sinsx« |. (—1)"sinsx[A, P(x) + 1 Ада P'(x) + 2 Ало P”(x) + 3 АазР"(х) +--+] 
+1 +2 : 
+ (—1)“” cossx[B, P(x) + (i) В,АР(х) + E : LE + (" : LAT 1421 
E а _ 42 — 52 4 | ak - (ar 25? + (Вас... 
177 Giger oT Цар e m (a? + s2)* 
a 2as (atis - (баз +... 
В; = ‚ В = و‎ Bp 
а? +s? (а? + 52)2 (а? + s2)* 
54.6 sinsxx Replace а by a — r in formula 53 and multiply by е". 
55. e2* P(x) e= [ f- | ред ах" 
п— 1 
-1 2 ах сі P 2N P” 4N P* 
56. P(x)e^* sin sx* ын ees i (x) ГЕ (x) 4 HAT (x) هب‎ 
s" n—1 s n—-1 53 п—1/ 55 
п+1 
a 2 ax x 1Х P" ру 
m 1) еч“ cossx (/п-1 P(x) — n+ 1159 n+3 (x) | (n odd) 
s” п—1 п—1/ s n—1/ st 


п 

(-1)2 е sinsx [/n—1 п+1\ P"(x) n + ЗҮ P(x) 

(И) 2 + (71) 2 zu‏ سب 
n‏ 


(-1)2 е“ COS SX n P'(x) n+2 Р”(х) nd РҮ(х) 
шил м qo а 


* For cossx in R replace “sin” by “cos” and “cos” by “— sin" in уу, 


Table XI: (D — a" f(D)y = R 


x" ех 
57. ех —— 
| nt fla) 
“Бог cossx іп R replace “sin” by “соз” and “соз” by *— sin” in ур, 
Table XII: (D? +а)"у = В 
R Ур 
58. ех е /(т?+ а)" 
59. sin sxx sin sx/(q — 52)" 
1 п\ P"(x) п+1\ P(x) n+2\ P(x) 
oP P Ён 227 
E EIS ;) 4° du | $C 


rx ot ex п n n-2 p2 n n—4 рі : Е п—1 n п-3 рз 
61. e'* sin sxx aor | A - („ја В + (,)4 В - | sinss- | (1) A B- (3a В + cossa b 


А = 0-5 +q, B=2rs 


А-54 


62. 


63. 
64. 


65. 


66. 


sin bxx 


P(x) 


sin sx: 


е’Х sin sxx 


Table ХШ: (D? + b2)”y = R 


67 eax+by 


68. (ах + by) 
69. f(y — mx) 


70. ф(х, y) f (y — mx) 


71. eaxtby 


72. sin(ax + by)* 


" cos bx x" sin bx 
{уйу БОРНА ЖЕТ ee 
(—1) Ов)" (n odd), (—1) b)" (п even) 
Table XIV: (D” — q)y = R 
ок Г | di 
1 n P n 
[Pw وسو دد‎ Е | 
4 4 4 
п— 1 
qsinsx--(—1) 2 s"cossx la odd: sin sx 
а? + 52" (—s2)%2 — q 
Де” sinsr — Be'* cos sx ех : _ В 
AB = тн sx—tan 7 
А= ү -(Dr?s + Наке – ]-а, 
в = [ие 


(п емеп) 


“Бог cossx іп К replace “sin” by “cos” and cos by “— sin” in уу, 


Ep 
eax+by 


4 as 
а +mb ° 


и = ах + by 


x f(y — mx) 


73. ех sin(ax + by)x 


74. е“ f (ax + by) 


75. f(y — mx) 


76. p(x) f(y — mx) 


77. е f(y — mx) 


R 


78. eaxtby 


79. flax + by) 


80. f(y — mx) 


81. ф(х, y) f(y + mx) 


егу 


Table XV: (D, +mD;)z = R 


f(y — mx) f ó(x, a + mx)dx 


(a — y — mx after integration) 


Table XVI: (D. + mDy — k)z=R 


b—k 
р Ge bm) cos(ax + by) + ksin(ax + by) 


(а + bm)? + k2 
Replace k in 72 by k — а — mf and multiply by есд» 


ез f f(u)du 
47 mb 


у – mx) 


-7 f(y و‎ pts + 


хе f(y — mx) 


*For cos(ax + by) replace “sin” by “cos” апа “cos” by “-sin” in zp. 


9 
D. =—; D, 
дх 


2 
Р eax+by 


(а + mb)" 
ҮТ rae 


„ (а + mb)" 
= Ку – mx) 
п 


f(y — mx) f | ۰۰۰) ф(х,а + mx)dx"(a = y — mx after integration) 


„и=ах by 


gktr 


= ду' 1( Dy — 


Table XVII: (D; + mD,)"z = К 


„и=ах 


+ by 


Differential Equations 


Differential Equations 


82. eax+by 
83. f(y — mx) 
84. P(x) f(y — mx) 


85. ек f(ax + by) 


Table XVIII: (D, + mD, — k)'z = R 


eax+by 
а + mb — В)" 
—1)" Ку — тх) 


Ё 
2—1)" / 1 ” 
; ЕА Ку — тх) LE ы ام‎ + eo 128 + 


Table XIX: [Ри + a, 10, + a, D}? D? teca Руј = R 


езу 


а + aa"-1 b + aa"? D? +... + anb" 


Jf SS Гун" 


86. e f(y — mx) 
87. ех 
88. f(ax + by) 
ах+ђу 
ax+by e 
89.e Fia, 0) 


90. sin(ax + 476 


а" + ата" + aya" 22 +... + anb: 


(и = ах + by) 


Table XX: Е(р,‹ Р) = R 


Table XXI: F(D2« D,D, D2)z = R 


sin(ax 4- by) 
F(—a?, —ab, —b2) 


*For cos(ax + by) replace “sin " by “cos”, and “cos” by “-sin” іп zp. 
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Differential Equations 


DIFFERENTIAL EQUATIONS 


yF(xy) dx + x G(xy) dy = 0 


E G(v) dv 
шин || VG») — Foy ~ 


where у = xy. If G(v) = F(v), the solution is xy = c. 


Linear, homogeneous, second order equation 
Фу |, dy 

= Fb + су = 0 

dx? det 


b, c are real constants 


Let m, m be the roots of z + bm + c = 0. 


Then there are 3 cases: 
Case 1. әт, 7 real and distinct: 


y = се"! + cg 
Case2. т, т real and equal: 


y = се"! + сухе" 1“ 
Case 3. m = p+ qi, т = p — qi : 


у = ebx(ci cos qx + с) sin qx) 


where p = —b/2, а = У 4c — b2/2 


Linear, nonhomogeneous, second order equation 


Фу „ „ду 
49 шад ER 
dà TOO (x) 


b, c are real constants 


There are 3 cases corresponding to those immediately above: 


Case 1. 
y = ce” + се о“ 


prax 
— | Re) dx 
m, — m 

етх 


/ e "?* R(x) dx 


m — т 
Case 2. 
y = c4e"* + сухе”!* 


xe | өлеңі) ах 


— g* | xe "* R(x) dx 
Case 3. 
y = e" (ci cos qx + о sin qx) 
PX сі 
+ — / е? R(x) cos qx dx 
ebx cos qx 


2 је Re) sin gx dx 


Differential Equations 


Euler or Cauchy equation 


dy dy 
27 4 AA = 
x + bx + су = S(x) 


Putting x = e', the equation becomes 


Фу ау 

Te + (6—1)— + су = S(e) 
and can then be solved as а linear 
second order equation. 


Bessel's equation 


„Фу 


3 Qo а 
deo + وس د‎ и)у= 0 


у 
Шер 


у=ај„(Ах) + со У (Ах) 


Transformed Bessel’s equation 


› Фу 


242 
dx? 


d 
+ (2р+ пж + (ax + ВЗју = 0 


= x b z اي‎ + c; Y. ca r 
у=х с1 Јаљ ae Су Уа ТЖ 


where q = у p? — В?. 


Legendre's equation 


У = сі Р(х) + о QO, (x) 


Differential equation 


Method of solution 


Separation of variables 


Ада (у) dx + ђ (да (у) dy = 0 


f(x) (Ен 
а ау- 
Бод ^ deity) 


Exact equation 
M(x, y) dx + N(x, y) dy = 0 
where д М/ду = д 176 


| Мох+ f (n - х Ї Max) dy=c 


where дх indicates that the integration is to be 
performed with respect to x keeping y constant. 


Linear first order equation 
d 
=> + Р(хју = Ох) 


yel P 4 = f Qel Pod + с 


dx 

Bernoulli's equation vell" f Рах = | Qe Ра 4х + с 
а БОГ 
= + P(x)y = О(х)у" where v = у!" if n = 1, the solution is 

x 


ln y= f (Q- P)dx + c 


Homogeneous equation 


d 
2-0) 


dv 
In x= f тәр +6 


where и = y/x. If F(u) = u, the solution is y = cx 


Reducible to homogeneous 
(aix + biy + ci)dx 
+(axx + фу + c3) dy = 0 
41 bi 
a” b 


Set u = aix + biy + c1 
u = а›х+Ь›у-+с› 


Eliminate x and y and the equation becomes homogenous 


Reducible to separable 
(aix + biy + ci) dx 
+(а›х + by о) dy = 0 
41 = bi 


а b 


Set и = ax + һу 


Eliminate x or y and equation becomes separable 
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FOURIER SERIES 


1. If f(x) is a bounded periodic function of period 2L (i.e. f(x + 2L) = f(x), and satisfies the Dirichlet conditions: 


(a) In any period f(x) is continuous, except possibly for a finite number of jump discontinuities. 


(b) In any period f(x) has only a finite number of maxima and minima. 


Then f(x) may be represented by the Fourier series 


E + b, sin =)‏ الو 


where a, and b, are as determined below. This series will converge to f(x) at every point where f(x) is continuous, and to 


Кх) + f(x7) 
2 


(i.e., the average of the left-hand and right-hand limits) at every point where f(x) has a jump discontinuity. 


1 f. mx 
ис” ee , = , 1,2, ах 
а r |, fenem Т dx, п-0 3 


1 ام‎ 
һ=т |], f(x) sin — ах, n —1,2,3,... 


we may also write 


x 


1 ге йк 1 rer 
а, = 1/ f (x) cos тү dxandb, = id f(x) sin dx 


where o is any real number. Thus if a = 0, 


an = т 1 ur x) cos “dx, n=0,1,2,3,..., 
pcc ы a 1,2,3 
„ = — sin T dx, n=1,2,3,... 

L Jo L 


2. If in addition to the restrictions in (1), f(x) is an even function (i.e., f(—x) = f(x)), then the Fourier series reduces to 
а 2 ил х 
0 
> + >. а, COS EN 
rar 


That is, b, = 0. In this case, a simpler formula for a, is 
2 Б, 
-1] f(x) cos — dx, n=0, 1,2,3,... 


3. If in addition to the restrictions in (1), f(x) is an odd function (i.e., f(—x) = — f(x)), then the Fourier series reduces to 


плх 
Y b, sin —— 


That is, а, = 0. In this case, a simpler formula for the b, is 


2 L 
-1/ f(x) sin 77 dx, 121,223; 
0 


4. If in addition to the restrictions in (2) above, f(x) = — f(L — x), then a, will be 0 for all even values of z, including z = 0. 
Thus in this case, the expansion reduces to 
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Fourier Series А-59 


5. If in addition to the restrictions in (3) above, f(x) = f(L — x), then b, will be 0 for all even values of z. Thus in this case, 
the expansion reduces to 


Y . (2m — 1)лх 
2- 2т-1 SIN Т. 


(The series in (4) and (5) are known as odd-harmonic series, since only the odd harmonics appear. Similar rules may be stated 
for even-harmonic series, but when a series appears in the even-harmonic form, it means that 21, has not been taken as the 
smallest period of f(x). Since any integral multiple of a period is also a period, series obtained in this way will also work, 
but in general computation is simplified if 2L is taken to be the smallest period.) 


6. If we write the Euler definitions for соѕ0 and sin0, we obtain the complex form of the Fourier Series known either as the 
* Complex Fourier Series" or the *Exponential Fourier Series" of f(x). It is represented as 


where 
1 ft : 
€, = — Ї Их) е “ах, п=0,+1,+2,+3,... 
Lj. 
with о, = "7 for n = 0, +1, +2,... The set of coefficients c, is often referred to as the Fourier spectrum. 


7. If both sine and cosine terms are present and if f(x) is of period 2L and expandable by a Fourier series, it can be represented 
as 


f(x) En tes ("U +), 


! a 
where а, = c, sinó,, Ё, = с совф,, Cn = ۵۵ + 02, ф, = arctan (%) 
п 


It can also be represented as 


oo 
a | b, 
Кх) = 2 + > С, COS شو‎ + bn), where а, = с, созф, by = —c,sin$,, Cn = az + 2, ф, = arctan (-2) 


where ф, is chosen so as to make а,, b,,, and c, hold. 


8. The following table of trigonometric identities should be helpful for developing Fourier series. 


n n even n odd п/2 odd n/2 even 
sin пл 0 0 0 0 0 
COS ил (—1)” +1 -1 +1 +1 
ж sin 72 0 (-1)64-1/2 0 0 
ж cos 7 (-1)”2 0 -1 +1 
Sin E НН (-1)4-2/4 0 


* A useful formula for sin = and cos "7 is given by 


2 2 
‚пл اس‎ 2 пл _ (1) п 2 _ 
sin— = — (-1/-1| and cos Gg [(—1) +1], where 5 = —1. 
Auxiliary Formulas for Fourier Series 
1 3 5 
1-2 Ë s: + = sin ы + 7 sin ы + | [O < x < k] 
2k|. xx 1 . 2лх a 1 Злх m < k] 
= —^ < 
х sin ^y sin — 3 sin — x 


k 4k лх 1 Злх 1 5лх 
х= > [cos : + зу cos : + 2 cos E + | [0 < 
1 2k zx? 4\. xx m? , 2лх л? 4 . Злх 
= - (е i) sin E 2 sin k +(5 E Ё 

2 
е see [0 « x < k] 
> ЮР 42 лх 1 2лх 1 Злх 1 4лх 
= 3 2 [с i 22 СО$ Е +з; СО$ k 42 СО$ n 
[-Е < x < k] 

Tu aaa. =n 

Зи د‎ Yay A 4 

12252 к ELA 

22 3 2 6 

1 1 1 л? 

qti qo‏ دل 

та ЯЕ Е ee 

3207.52. 72 8 

1 1 1 1 л? 

ета агу 


FOURIER EXPANSIONS FOR BASIC PERIODIC FUNCTIONS 


oo n n 
f(x) = 2 >` cu (cos 27 — 1) sin € 


2c — (је £42 Ў c» sin 776 cos "7X‏ ج) 
Ттт и po L‏ 1 
0 


ил sin( 5 иле/ L) 5 9ЛХ 
n 


oo 
-— 2 i 
f(x) = Эр ое ЭШ Т 


Fourier Expansions for Basic Periodic Functions А-61 


f(x) 
oo 1+1 . 
| f(x) = اق د دل‎ 
L 2L u= 
0 
x 
-1 
Ло) 
4 
| و و د‎ У ewm 
n=1,3,5,... 
0 
E 2L Ж 
f(x) 
1 8 1)0-0/2 
3L/2 A= 2 "ue nur 
0 u n=1,3,5, 
ый Т. 21, Xx 
-1 
f(x) 
oo 
| fi) = 1-13 за 5р 
S 
0 
2, x 
f(x) 
с 1 2 S 1 n плх. 
1 f(x) = 30 +a) + ai У; 210-1" cos ma — 1] cos 1: 
п=1 
1 = 
0 7 т (а = ж) 
JG) 
А 22 2 کر کې‎ йй 
= sin ил. 4, млх, Ж с 
f(x) = x > m [1 + за | sln т: (a ын эт) 
0 == 
2L x 


с/2 


=! 4 alr плх. (а = © 
f(x) = 5 2-24) z cosnma cos "т^; (а = ж) 
п=1,3,5,... 
f(x) 25 
5 2 (—1)” 1-(-1)” نی‎ E c 
12 = плх = = 
i с (х=) = 1 + 12а) Snara] sin =; (а= 5) 
" 2-02 п=1 
| 2ل‎ T, 2L "x 
-1 
-| ср |= 


223 
A 
БИЕЭ 
Me 
ale 


дене iQ MX. =, 102‏ پس 
sin + 50 ила sin +° (a = 5)‏ 


5143 2L 


7114 2L 


1 Ti 2 T 
Т-2л/о f(x) = = + 5sinot— = У za Cos not 


sin @t 


тло 20 


Extracted from graphs and formulas, pages 372, 373, Differential Equations in Engineering Problems, Salvadori and Schwarz, 
published by Prentice-Hall, Inc.,1954. 


THE FOURIER TRANSFORMS 


For a piecewise continuous function F (x) over a finite interval 0 « x x л; the finite Fourier cosine transform of F(x) is 
л 
f(n) = ] F(x)cosnxdx (п=0,1,2,...) 
0 


If x ranges over the interval 0 < x < L, the substitution x’ = лх/ Г, allows the use of this definition, also. The inverse transform is 
written. 


= 1 2< 
F(x) = — (0) — 22 Ё(п) соѕих (0<х<л) 
л л < 
where F(x) = پد‎ ин, We observe that F(x+) = F(x—) = F(x) at points of continuity. The formula 


fO (n) = f F” (x) cos nx dx 
= –и? f(n) – F'(0) + (-1)' F'(x) 


(1) 


makes the finite Fourier cosine transform useful in certain boundary value problems. Analogously, the finite Fourier sine transform 
of F(x) is 


f(n) 2 i F(x)sinnxdx (п=71,2,3,...) 


and 


al 


oo 
= رس‎ f ,)0( 5101 (0<х<л) 
п=1 


Corresponding to (1) we have 


Әт) = ||.) (2) 
= n? f.(n) n F(0) — n(—1)" F(z) 


If F(x) is defined for x < 0 and is piecewise continuous over any finite interval, and if Је F(x) dx is absolutely convergent, then 


4-2 на ) cos(ax) dx 
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Тће Fourier Transforms А-63 


is the Fourier cosine transform of Е(х). Furthermore, 


= ү |, f.(a) cos(ax) dæ 


If lim, сс d" F/dx" = 0, then an important property of the Fourier cosine transform is 


2r F 
оу: f " ) cos(ax) dx 
-- Боа مد م42(‎ 027 (—1)'o* fela) 


where lim, „оо d' F/dx' = а, makes it useful in the solution of many problems. 


Under the same conditions. 
=\/— = | ве ) sin(ax) dx 


defines the Fourier sine transform of F(x), and 


= (21 f. (e) sin(ax) da 


Corresponding to (3) we have 


d” F 
- УГ = sin(ax) dx (4) 


my S (Spa за + (-1) та ра) 
п=1 


Similarly, if F(x) is defined for مه-‎ < x < оо, and if f° F(x)dx is absolutely convergent, then 


Ка) = > | Pee 
is the Fourier transform of F (x), and 

(к= = Које“ до 

„л Joo 
Also, if 
then 
fa) و‎ = J Роде ах = Ciay fla) 
Мл Joo 
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Finite Sine Transforms 


Тће Fourier Transforms 


fs (n) F(x) 
1 fin) = f F(x) sinnxdx(n=1,2,...) | F(x) 
2 (—1)"*1 f(n) F(x — х) 
3 1 лох 
4 cart 5 
5 жин 1 
х when 0 < x < л/2 
6 2 sin 
т 58 5 л—х мһћепл/2 <х <л 
сарны 49-22 
7 EE aw) 
8 чы" шш 
9 EE 01517 x 
10 л(– 1)" (5-5) x 
11 želi- (-1)"e"" e 
12 oz rx 
f(n) F(x) 
13 ap (k z 0, 1.251...) ERG 
5 whenn-m 
14 (m —1,2,...) sin mx 
0 whenzZm 
n n 
15 gz gpl!) cos Ёл] cos kx 
(k#1,2,...) 
== (0) 
16 when и Z m= 1,2,... COS mx 
0 when и = m 
п л sin kx x соз (л-х 
17 + (12-42) (Ё = 0, 1, 2, ERR ) 2 рате Ёл isis kr 
18 “(Ы « 1) 2 arctan рох. 
19 =” (b < 1) 2 arctan 29595 


Тће Fourier Transforms А-65 


Finite Cosine Transforms 


је(п) Е(х) 
T fn) ЈЕ сови (n=0,1,2,...) F(x) 
2 (—1)" (э) F(x — х) 
0 when n = 1,2,...; ((0)-л 1 
1 when 0 < x < xz/2 
4 sin; f(0)=0 
"985 140) | when л/2 < x « x 
5 и; у= x 
ЖЖ, м 38 
л—х)? л 
7 4: f(0)=0 В PORE 
8 3225-27-65, ((0)- 1 x 
و‎ ырды Les 
1 coshc(z —x) 
10 n2 +c сѕіпһсл 
11 3 gc 1)" совлЁ-11850,1,2,--) sin kx 
12 CHUTE fa) 0 (m=1,2,---) 1 sin mx 
13 шір (k#0,1,2,...) я 
f E uus 
14 Qe dones rds zM cosmx Жгт- 1,2,3,... 
5 forn=m 
Fourier Sine Transforms 
F(x) (а) 
1 (0<x <a) Xon 
1 = сова 
|| (х>а) ys шан 
2  xPH0< p< 1) 2 TP) sin £7 
3 sinx (0<х<а) 1 k И 
0 (х 5 а) “Ол. 1-о 1+а 
—x 2 а 
0 02 т іне 
5 хе“ ae * 72 
6 cos a м, [sin e (5) cos $ (2) 
‚ x2 о? o оз 22 o2 % 
7 віп 5 М [cos $C ($) +sin s (5) | 


Неге С(у) and $(у) are the Fresnel integrals: 


1 71 1 » 


* More extensive tables of the Fourier sine and cosine transforms can be found in Fritz Oberhettinger, Tabellen zur-Fourier Trans- 
formation, Springer, 1957. 


1 
— sint dt 
Jt 


Fourier Cosine Transforms 


F(x) f(a) 
1 (0<x <a) = 
1 2 sinaa 
| (x > a) ys & 
2 x^! (0«р«1) V2 cos t 
cosx (0<х<а) 1 K + И 
0 (х > а) У2л 1-а 1-4 


25 {эй 
e ІНЕ 


2/ وو 


м NM + 
о 
© 
o 
لاب د‎ 
о 
© 
Ф 
МИМ 


Fourier Transforms 


F(x) f (o) 
1 sinax V5 la| <a 
Ya 0 la| > а 
2 ех (р <х< а) j eiPlwta)_piq(w+a) 
0 (x < p, x > q) Ул (+a) 
ги (y > 0) i 
? I E СТ UTE 
4 е? Бр) > 0 Jem 
5 cos px? 22 COS E - d 
6  sinpx NT cos E + d 
D sin El 
7 |x? (0<р<1) PT 2 
8 e all M: Иа?) )+а 
Лх NAE 
cos £ cosh € 
9 208 = (-л <а< л) JS = 
10 sin ах (-л <а < л) ЈЕ aes 
11 улса ши 12311021 
а2-х Z Јо(аа 
0 (|x| > a Ци 
12 sin[bA/ а2--х21 0 (lal > b) 
м هه‎ / Jola b? — a) (lal = b) 
P,(x) (М < 1) т 
13 { 0 (xl > 1) ма Ји (00) 
Cos а2-х2 
соја 1 (|x| <a) = 7—5 
14 X72212 у Jota va? + D?) 
0 (|х| > a) 
cosh[b4/ a2 —x?] (хі 2 а) 4 z 2 
15 м a2—x2 V/5 Jo(a « =b) 
0 (|x| > a) 


*More extensive tables of Fourier transforms can be found in W. Magnus and F. Oberhettinger, Formulas and Theorems of the 
Special Functions of Mathematical Physics. Chelsea, 1949, 116-120. 


SERIES EXPANSION 


The expression in parentheses following certain of the series indicates the region of convergence. If not otherwise indicated it is to 
be understood that the series converges for all finite values of x. 


Binomial Series 


—1 -1)п-2 
(x+y) = ېوې‎ y+ цал Ley m z^ سل‎ азу Te xx 
— 1)х? — 1)(n — 2)х3 
(1Ех)” = ү йк И 2i Hr шин 0 iu +... (22 <1) 
+1)x*  n(n-41)(n42)8 
Е). = [soup И 21 + ( » ) +... (x2 <1) 
(I+x = 1=+х+х фо +X +++. (x <1) 
(1х)? = 1=2х+ 3x? 43 --5х фбх +... (x? < 1) 


Reversion of Series 
Let a series be represented by 


y = aix + ах? + ах? + ах + asx’ + a xŠ +... 
with a, Z 0. The coefficients of the series 


x= Ayy+ Ay + Ay + Ay ...ې‎ 
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1 
— (242 – aia 
a? 5 — 4143) 


А=—  А~=-= A= 


1 
Ag = — (5а1алаз — aa, — 5а3) 


zr. 
وے ل1‎ 2-2 4_ 3 2 

А; = 23 (641424 + Затаз + 14а; — ajas — 21а1ађа3) 
1 

А = aimas + 7азазал + 840140202 — ајав — 28a2a2a4 — 28a? ana} — 4222) 
1 


1 
zr (841424 + 8allasas + 44141 + 120ајазал + 180a7a2a$ + 132а$ — aja; 
1 
—36aja2as — 72a}ara3a4 — 1201 43 — 330a1a543) 


Taylor Series 


EV ER 
L fix) =fla) + -د)‎ a) flay + EZEL fray + ETEL f) 
Дх (х тау f(a) + (Taylor's Series) 
(Increment form) 
p b: 
2. f(x+))= f(x) +bf'(x) + ay P(x) + a а 
E Е 
= ИВ) + xf'(b) + 3 f + ap Ее: 


3. If f(x) is a function possessing derivatives of all orders throughout the interval а < x < b, then there is a value X, with 
а < X < b, such that 


5- 2 5- п—1 5- п 
fib) = fta + (b-a) fla) + D Pay ee E fra 47 өх) 
! n—1)! п! 
12 pn 
fla+b) = fla) + Pf (4) + > Ра) ++ f(a) + — f” (а + 8b) 
! (n — 1)! n! 
where b — a + b and 0 < 0 <1. Or 
о, (n—1) 
ааа pal cope cae бақ 
2! (n — 1)! 
where 
ј [a +0: (x a)] : 
К, = т (x—a),0«0 < 1. 


The above forms are known as Taylor's series with the remainder term. 


4. Taylor's series for a function of two variables 


д д _,9{(х,у) | ,9f( y). 
If (62 +k) Пао => as +k ay ^ 


9 2%2 9? f (x, у) 8? f (x, y) 9? f(x, y) 
р + В ор : 2 : 
( +k У f(x, y) 32 + 2bk Эхду +k ay? 
y=b 


etc., and if e + 23 f(x, الا‎ where the bar and subscripts means that after differentiation we are to replace x by a 
=а 


дх 


and y by b, then 


Е fla, b)+ Gan) 1227) 


y-b 1 n 
(РОД) f(x, y) 
дх ! у 


х=а 
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Maclaurin Series 


/ Re n х n 1-1 Ге-10) 
f(x) = flO)  xf'(0) + = f'(0) + f"(0) x +В» 
2! 3! (n — 1)! 
where 
n f(n) 0 
jas sc x) 0<0<1. 
n! 
Exponential Series 
а КЕ 
пш: шл са а 
m د‎ а 
e шаа په‎ 2 ta t apt v 
(xlog,a)? | (xlog, a)? 
а“ = 1+ xlog,a + 2! 3! 
(жей) (х—а)) 
X _ ра VAS 
e =e |1+(х—а) + 2i T 31 7 
Logarithmic Series 
= us. "EN 
kgs = )زې په‎ e СЕ b 
lg,x = (x-1)—5(x—-1?- i(x—-1)?- (2 > x > 0) 
[ x x-1)3 x-1)9 
log, x = 2| +4 (ну ++ (28) + | (x > 0) 
ог (1+х) = x— зрно (-1<х<1) 
Төр, د‎ D 8-1) 8 о 
log,(a + х) => log, a +2 ET + 3 (525) 
++ (6) + (a > 0,—a < x < +оо) 
egi = Цэ ЭХЭЭ ЭН стене 
log, x = Лоа + 2 баг + uen +... 0<х<2а 
Trigonometric Series 
z ж x? х7 
sinx = х—5 ...بې 5 دد‎ (all real values of x) 
2 А 6 
cox = 1-5 دل‎ S+ (all real values of x) 
5 _1\л—122п(22п__ 
х? < E and B, represents the и? Bernoulli number| 
= 1 х x 2х5 х7 (—1 n+122n 2п— 
сох = 45 — 94s 4725 20383 a Bux ey 
[х2 < л? and B, represents the п? Bernoulli number] 
secx = 1+ 5 i nx TX d oo (буг Exp b , 
х? < 2 and E, represents the مر‎ Euler number| 
p gaa 12,43 3 127 
ссх = 1+6 3605 + ЕТЕЛ + 204800 dere 
yr 2n-1_ 
ې‎ ET Butt sss, 


[x? <x? and B, represents the п" Bernoulli number] 


sinx 

cos x 
sin x 
cos x 
tan x 
tan х 
tan х 
cot x 


2 
СЭН (x? < оо) 


1-3-5х7 


СЭН (x? < oo) 


[e «1,-5« sin”! x < z) 


+ 
л x : x :3:53 
— US (=+ тте Puer t 


) (х2 < 1, 0 < cos™! x < m 


2 6 
5 => х x х 1, 2 2 
log,sinx = log, x 67187 3855 (х? < т ) 
= x x x 17x БАР 2 z^ 
log,cosx = 2 20 43 7 2520 а 
2 62х6 " Din ume: 
log,tanx = log,x+ = 7 + Go = + 2835 х<% 
і а 8x? 3х6 56х7 
e" = 1+х+5 2 s 5! 6! ne 
+ په‎ 31х6 
есовх = е (1 = жр CAP UAR E + e ) 
3 4 5. 2 
etanx = 1+х+ = + 3х + 2 4x prts х2 < یر‎ 
2! 4! 5! 4 
sinx = sina + (x в bas sina 
= E сова + ! sina + · 


VECTOR ANALYSIS 


Definitions 


Any quantity which is completely determined by its magnitude is called a scalar. Examples of such are mass, density, temperature, 
etc. Any quantity which is completely determined by its magnitude and direction is called a vector. Examples of such are velocity, 
acceleration, force, etc. A vector quantity is represented by a directed line segment, the length of which represents the magnitude 
of the vector. A vector quantity is usually represented by а boldfaced letter such as V. Two vectors V, and У» are equal to one 
another if they have equal magnitudes and are acting in the same directions. А negative vector, written as -V, is one which acts in 
the opposite direction to V, but is of equal magnitude to it. If we represent the magnitude of V by v, we write |V| — v. A vector 
parallel to V, but equal to the reciprocal of its magnitude is written as V^! or as 1/V. 

The unit vector V/v (when v Z 0) is that vector which has the same direction as V, but has a magnitude of unity (sometimes 
represented as Vo or ). 


Vector Algebra 


The vector sum of V, and V; is represented by V1+V2. The vector sum of V, and -У, or the difference of the vector М; from V, is 
represented by V4 — V5. 

If r is a scalar, then r V-Vr , and represents a vector r times the magnitude of V, in the same direction as V if r is positive, and in 
the opposite direction if r is negative. If r and s аге scalars, Уі, Ул, Уз, vectors, then the following rules of scalars and vectors hold: 


У, + V, = У, + V. 
(r +s)Vi = rV4 +sVi; (М + Vo) 2 rV غا نو‎ 
У, + (V5 + V3) = (Vi + V) + У, = Vi + V + У; 


Vectors in Space 


A plane is described by two distinct vectors V4 and V2. Should these vectors not intersect each other, then one is displaced parallel 
to itself until they do (Figure 1). Any other vector V lying in this plane is given by 


М = ТҮ: + 5У, 
А position vector specifies the position in space of a point relative to a fixed origin. If therefore Уі and У) are the position vectors 
of the points A and B, relative to the origin O, then any point P on the line AB has a position vector V given by 
V=rVi4+ (1-1)V2 


The scalar “r” can be taken as the metric representation of P since 7 = 0 implies P = B andr = 1 implies P = A (Figure 2). If 
P divides the line AB in the ratio r:s then 


A-69 


А-70 Vector Analysis 


Figure 1. Figure 2. 
The vectors V1, V2, V3, ... „У, are said to be linearly dependent if there exist scalars 71, 72, r3, ... а not all zero, such that 


АТ + د۷‎ ٢ ۰۰٠۰٢ r, V, = 0 
A vector V is linearly dependent upon the set of vectors Уу, V2, Уҙ,... У, if 
У = м У, + 72 У> +тзУз ۰۰۰ ۷ 


Three vectors are linearly dependent if and only if they аге co-planar. 

АП points in space can be uniquely determined by linear dependence upon three base vectors i.e., three vectors any one of which 
is linearly independent of the other two. The simplest set of base vectors are the unit vectors along the coordinate Ox, Oy and Oz 
axes. These are usually designated by i, j and k respectively. 

If V is a vector in space, and a, b and c are the respective magnitudes of the projections of the vector along the axes then 


У = а1+ bj + ck 
апа 
NV EI E 
and the direction cosines of V are 
сова = аји, соѕ = b/v, cosy = с/и. 
The law of addition yields 


Vi + У; = (а + as)i + (bi + b5)j + (c1 + оЈК 


Тће Scalar, Dot, or Inner Product of Two Vectors 
This product is represented as V4 - V2 and is defined to be equal to viv? cos 0, where 0 is the angle from V4 to Ул, i.e., 


У; . У, = viv? cos 0 
The following rules apply for this product: 
У! - Vo = ай» + bib) + eie) = № Vi 
It should be noted that this verifies that scalar multiplication is commutative. 


(Vi + У) У; = УІ. У; + V2- V3 
У! - (V2 + Уз) = Vi : V2 + Vi- Уз 


КУ, is perpendicular to V2 then V; - V2 = 0, and if V, is parallel to V; then Уу. У = viv? = тил In particular 
i-i=j-j=k-k=1, 
and 
i-j=j-k=k-i=0 


The Vector or Cross Product of Two Vectors 
This product is represented as V4 x У; and is defined to be equal to 217; (8. 0)1, where 0 is the angle from V, to V; and 1 is a unit 
vector perpendicular to the plane of У; and V2 and so directed that a right-handed screw driven in the direction of 1 would carry 
У; into У, i.e., 


Vi x У, = v1v»(sin0)1 


[Vi x V5] 


and гапд = УУ, 


Vector Analysis 


The following rules apply for vector products: 


Vi x У, = —У, х ү; 
У, х (У + V3) V4 x V5 + Vi x V3 
(V4 + V2) x V3 Vi х Vs + V) x V3 


Vi х (V2 x V3) = V(Vs: Vi) — Vs(Vi - V2) 
ixi = іхі-КхК-0 (the zero vector) 
ixj=k, jx k=i, kxi = j 


If Vi = а1+ bij + с1К, У, = ai + 51 + ок, and Уз = asi + b;j + czk, then 


i j k 
У ху, =| a bi а | = (bic — Феја + (са — сәау)] + (а) — 16 
a2 b, C2 
It should be noted that, since Vi x У = —V» x Vi, the vector product is not commutative. 


Scalar Triple Product 
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There is only one possible interpretation of the expression V4 · V2 x Vs and that is Vi - (V2 x V3) which is obviously a scalar. Further 


Vi (V2 x V3) = (Vi x У). V = У: (У; x Vi) 


a1 bi Сі 
= |42 b, C2 
аз b; C3 


= 717273 cos ó sin 0, 


Where 0 is the angle between V2 and Уз and ф is the angle between Уі and the normal to the plane of V2 and V3. 
This product is called the scalar triple product and is written as [V4 V; V;]. 


The determinant indicates that it can be considered as the volume of the parallelepiped whose three determining edges are Ул, 


У, апа Ма. 
It also follows that cyclic permutation of the subscripts does not change the value of the scalar triple product so that 


[V1 V5 V5] = [V2V3Vi] = [V3 V1 V5] 
but [V,V,V,] = —[V2Vi V3] etc. and [ViV4V5] = 0 etc. 


Given three non-coplanar reference vectors Vi, V2 and V3, the reciprocal system is given by Vt, Vš and Vš, where 


1 = ии = 1005 = 0315 
0 = 0115 = 0103 = vw] etc. 
Ү, x V3 4 Уз х Vi * 


Ж c xm 


МУ C МУР ЫН 


The system i, j, К is its own reciprocal. 


Vector Triple Product 


The product Vi х (V2 x V3) defines the vector triple product. Obviously, in this case, the brackets are vital to the definition. 


У, x (У x Уз) = (Vi- V3) V2 — (Vi - V2) V3 
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i.e. it is a vector, perpendicular to Vi, lying in the plane of V2, Уз. Similarly 


(Vi х Vo) x V3 = 


41 bi 

pa 
аз bs сз 

V4 x (У x V3) + V; x (V3 x V) + V; x (У x М)=0 


If V, x (У x Уз) = (Vi x У) x У; then Vi, V2, У; form an orthogonal set. Thus i, j, k form an orthogonal set. 


Geometry of the Plane, Straight Line and Sphere 


The position vectors of the fixed points A, B, C, D relative to О are V1, V2, V3, V4 and the position vector of the variable point 
P is V. 
The vector form of the equation of the straight line through A parallel to М; is 


У = У! + гу» 
ог (V—- Vi) 2rV5 
or (V—-Vi) x V; = 0 
while that of the plane through A perpendicular to М; is 
(V — Vi): Vo = 0 
The equation of the line AB is 
У= У; + (1—7)У 


and those of the bisectors of the angles between Уу and У, are 


The perpendicular from C to the line through A parallel to V? has as its equation 
V= Vi — У; — $9- (Vi — У3)9. 
The condition for the intersection of the two lines, V = Vi + "Уз and V = V; + sV4 is 
(Уі — Vo)Vs Va] = 0. 
The common perpendicular to the above two lines is the line of intersection of the two planes 
(У — Vi)Vs (Vs x V4)] 20 and [V — Vo)Va(Vs x V4) = 0 
and the length of this perpendicular is 
КУ — V3)VsV4] 
[V3 x V4] 
The equation of the line perpendicular to the plane ABC is 
У = У, x У + V2 x У; + V; x V 
and the distance of the plane from the origin is 
[Vi Vo V5] 
КУ — Vi) x (Vs — Vi) 


In general the vector equation 
Ү.У,-т 
defines the plane which is perpendicular to V2, and the perpendicular distance from A to this plane is 
r— Vi: Vo 
=< 
The distance from A, measured along a line parallel to V3, is 
r— Vi- Vo 7 —У\У, . Vo 
Мо КЕЛИ 


where 0 is the angle between У; and V3. 
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(If this plane contains the point C then r = У; · V2 and if it passes through the origin then r = 0.) Given two planes 
V-Vi=r 
У.У, =; 
then any plane through the line of intersection of these two planes is given by 
У. (Vi + ХМ) =r + ÀS 


where À is a scalar parameter. In particular А = +v;/v2 yields the equation of the two planes bisecting the angle between the given 
planes. 
The plane through A parallel to the plane of V2, V3 is 
У-У, + ТУ: + 5У; 
ог (У— УМ) V; хМ=0 
or [УМ УЈ | m [V1 V; V3] =0 


so that the expansion in rectangular Cartesian coordinates yields (where V = xi + yj + zk): 


(nu). (y-—b) (xe) 
a» b, 60 =0 
аз bs C3 


which is obviously the usual linear equation in x, y, and z. 
The plane through AB parallel to V3 is given by 


[V — Vi)(Vi — У) V3] = 0 
ог [УЉУ] – [VViV3] – [Vi V; Vs] = 0 
The plane through the three points A, B and C is 
У Vi + s(V2 — Vi) + КУ: — Vi) 
or V=rVv,4+sV24+tV3 (7 +>5 +1 =1) 
ог [(V — Vi)(Vi — V2)(V2 – Уз] = 0 
ог [УУ,У›]+[УУ»Уз]+[УУзУ:1]— [У У; Vs] = 0 


For four points A, B, C, D to ђе coplanar, then 
"Уі --5У; + У + иУ. = 0 ټون یوو‎ фи 


The following formulae relate to a sphere when the vectors are taken to lie in three dimensional space and to a circle when the 
space is two dimensional. For a circle in three dimensions take the intersection of the sphere with a plane. 
The equation of a sphere with center O and radius OA is 


۷۰۷ =! (notV = Vi) 
ог (V—Vi)-(V-V1)) 20 
while that of a sphere with center B radius vi is 
(У- У): (У-У) =й 
ог V-(V—2V2) = ut — 2 
If the above sphere passes through the origin then 
V.(V—2V5)20 
(note that in two dimensional polar coordinates this is simply) 
r = 2a · cos 0 
while in three dimensional Cartesian coordinates it is 
х + у* + Z — 2(а›х + by + сх) = 0. 
The equation of a sphere having the points А and B as the extremities of a diameter is 
(У— Vi): (V — V2) = 0. 
The square of the length of the tangent from C to the sphere with center B and radius v, is given by 
(Уз - V3) (Уз - V) = t 
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The condition that the plane V · У; = s is tangential to the sphere (V — V2) - (V — V2) = v? is 
(s — Уз. V3) ($ — Уз. №) = 0205. 
The equation of the tangent plane at D, on the surface of sphere (V — V2) - (V — У) = ut, is 
(V — Va)- (V4 — Vo) = 0 
or V. V4 — У; (V+ V) 22 — 02 

The condition that the two circles (V — Уз). (V — V2) = v? and (V — V4) - (V — V4) = v3 intersect orthogonally is clearly 

(V, — Ма) - (V2 — V4) = и! + 5 
The polar plane of D with respect to the circle 

(У – У). (У-У)) = is 

У.У - У, · (У + V4) =v vy 
Any sphere through the intersection of the two spheres (V — V2) - (V — V2) = v? and (V — V4) - (V — V4) = vi is given Бу 

(V У): (V — V) + A(V — V4) (V — V4) = 7 + мл 
while the radical plane of two such spheres is 


1 
V. (V; — У.) = 5001 02—02 +04) 


Differentiation of Vectors 
If V; = aii + bij + cik, and V; = ai + 6] + ОҚ, and if V4 and У) are functions of the scalar t, then 


_ dV, ам, 
dV, dai. dbi. ас 
dt پو‎ аг! 5 ын 
а ау; РАД 
g Ve Vo) "p ed ет 
d ау dV. 
qz eec V; Vi 2 
N سه‎ 
dt " dt 


In particular, if V is a vector of constant length then the right hand side of the last equation is identically zero showing that V is 
perpendicular to its derivative. 
The derivatives of the triple products are 


d dV dV dV 
Үт У2У3] = (ЄЗ vv + É (=>) vi + му, (2) апа 
vs х (№ x Vs)) = (52) х (V2 x Vi) + Vi x ((2) х v) + У x (v. x (22) 


Geometry of Curves in Space 


s = the length of arc, measured from some fixed point on the curve (Figure 3). 

V4 — the position vector of the point A on the curve 

У, + ôV; = the position vector of the point P in the neighborhood of А 

£ = the unit tangent to the curve at the point А, measured in the direction of s increasing. 


The normal plane is that plane which is perpendicular to the unit tangent. The principal normal is defined as the intersection 
of the normal plane with the plane defined by У; and V,+6V;, in the limit as 8V4 — 0. 


fi — the unit normal (principal) at the point A. The plane defined by t and f is called the osculating plane (alternatively plane 
of curvature or local plane). 


p — the radius of curvature at A. 


60 = the angle subtended at the origin by У}. 
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b = the unit binormal i.e. the unit vector which is parallel to £ x ñ at the point A: 
À 


— the torsion of the curve at A 


5 increasing 
Frenet's Formulae: 

dt A 

هي 

^ = —кї+ ab 

e Lcid 

ds 

The following formulae are also applicable: 
Unit tangent і- «Уі 
Equation of the tangent (У-Уухі-0 ог У=У +4 
Unit normal ñ = Py 
Equation of the normal plane (У—У,)-©@=0 
Equation of the normal (V-V) xñ= 0 or У = У, +" 
Unit binormal Б= ёха 
Equation of the binormal (V-V) xb=0 
or V=Vi + ub 


Equation of the osculating plane: (У — Ујка] = 0 


By definition 


У = й = ій ји н К 
. 92 Р 8 
V? = Laplacian = 25 + > + 4 


If Š is a scalar function, then VS = grad $ = ?5i + j + n 


Grad S defines both the direction and magnitude of the maximum rate of increase of 5 at any point. Hence the name gradient 
and also its vectorial nature. У 8 is independent of the choice of rectangular coordinates. 


Figure 4. 


95. 
= ==. 


VS = — 
дп 
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where fi is the unit normal to the surface $ —constant, in the direction of 5 increasing. The total derivative of S at a point having 
the position vector V is given by (Figure 4) 


ds — а ај 
дп 
= dV. VS 


and the directional derivative of Š in the direction of U is 
О. VS = 0.(У5) =(U-V)S 
Similarly the directional derivative of the vector V in the direction of U is 
(U-V)V 
The distributive law holds for finding a gradient. Thus if S and T are scalar functions 
ViSs ТО Sq VT 
The associative law becomes the rule for differentiating a product: 
У(5Т) = SVT+ TVS 
If V is a vector function with the magnitudes of the components parallel to the three coordinate axes Ү,, Vy, У,, then 


av. ӘУ, ӘУ, 
У. У=амУ= — کې‎ + — 


x ду д 
The divergence obeys the distributive law. Thus, if V апа U are vector functions, then 


V. (IV+U = V.V+V.U 
V- (SV) =(VS)-V+S(V-V) 
V.(U x V) 2 V.(V x U)- U-(V x V) 


As with the gradient of a scalar, the divergence of a vector is invariant under a transformation from one set of rectangular 
coordinates to another. 


V x V = curl V (sometimes VAV or rot V) 

ӘУ, дУ,ү. ду, | 0V,N. ӘУ, дү, 

= – — Jia EE > k 
ду д& 07 дх дх ду 
i j k 

ада. NA‏ که 

ы дх ду д2 
w V, V, 


The curl (or rotation) of a vector is a vector which is invariant under a transformation from one set of rectangular coordinates 
to another. 
Vx(U+V)=VxU+VxV 
V x (SV) = (VS) x У + S(V x V) 
Vx(UxV)=(V.V)U—(U.V)V+U(V.V)— (У. Џ) 


If V = Và + №) + УК then 


У.УЕУУ, 1+ УМ ЈФУМК 
and Vx V= VV, xic- VV, xj VV x k 


The operator V can be used more than once. The possibilities where V is used twice are: 


V - (V8) = divgrad0 

V x (V0) = curlgrad0 
М(У . У) = grad div V 

У. (У x V) = divcurl V 
V x (V x V) = curl curl У 


Thus, if Š is a scalar and V is a vector: 


92 92 
divgrad S = V - (VS) = Laplacian 5 = У25 = 5 ° 


925 


3x2 Ы дуг 
curl grad 5 = 0 
curl curl V = grad div V – V?V; 
divcurl V 2 0 
Taylor's expansion in three dimensions can be written 
FV +e) = еб“ КУ) where V = xi + yj + zk 
and د‎ )bi+ j+ mk 


д? 


ORTHOGONAL CURVILINEAR COORDINATES 


If at a point P there exist three uniform point functions и, v and w so that the surfaces и —const., и = const., and zç = const., 
intersect in three distinct curves through P then the surfaces are called the coordinate surfaces through P. The three lines of 
intersection are referred to as the coordinate lines and their tangents a, b, and c as the coordinate axes. When the coordinate axes 
form an orthogonal set the system is said to define orthogonal curvilinear coordinates at Р. 

Consider an infinitesimal volume enclosed by the surfaces и, v, w, и + du, v + dv, and w + dw (Figure 5). 


Figure 5. 
The surface P RS = и = constant, and the face of the curvilinear figure immediately opposite this is и + du —constant, etc. 
In terms of these surface constants 


Р 

О = О(и+4и,ь,ш) and PQ=h,du 

R= К(и,/--ау,ш) and РК--/7,4и 

$ = (и, и, ш + dw) and PS = bh; dw 
where bi, h2, and bs are functions of и, и, and w. 


e In rectangular Cartesians i, j, k 


ад д Ба Фа 63 „9 
= E , = А = к ы 
b, ди дх рди т дф рз ðw 07 
e Іп cylindrical Cartesians f, ô, Ф 
ate — ved. ات حم‎ 
ад _,9 Бә Фа ва үд 
Рди ar’ hav т ag’ танг 
e In spherical coordinates f, 6, & 
b, = 1, b; = r, b; =r sin 
ад 9 ba Фа са Фә 
ди ar’ hy dvr 807 Рз dw rsin@ дф 
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The general expressions for grad, div and curl together with those for V? and the directional derivative аге, in orthogonal curvilinear 
coordinates, given by: 


àoS bas ĉas 


VS = 
т је 


٣05 ۷05 VW as 
b ди Р ди b; ðw 


(У- V)S 


1 0 
V-V ELE 


д д 
— bibyhs | ди мо 


а 0 0 
ګرا‎ ЕТА A 4 


b à 9 
M PLI s wl 


с 9 д 
+= АЙ s iva 


1 д (hjb3 98 9 (Әзіл ðS 9 (hib aS 
2с 2h3 3/1 172 
Aa 1 )ځا‎ 0 м) + xí b; x)* sl b; У) 


Formulas of Vector Analysis 


Rectangular coordinates Cylindrical coordinates Spherical coordinates 
g y p 
Conversion to | x=rcosgsind y-rsingsinO 
rectangular x-—rcosQ y-—rsino 2-2 
А & = r cos 0 
coordinates 
i — Фі 961 | 96 = rp 199 3e — % 1 ag 1 ag 
Gradient ... УФ = Sit y) + xk Уф = کم‎ ٢ Ф + 3z K УФ = grt + 3⁄9 + шет 
- 13074 ( | 134p — 1 302۸ 1 a(Ag sind) 
"Ээ V.A = LLA) Qi] VRE pl 
Divergence v" V.A— بل‎ + » + zx NT r ðr r дф К | БА, ду rsin 0 90 
üz rsin@ дф 
і i К m: Фф zk 17 ae т, ; 
A, A, А; А, тА„ А; А, ТА ۳ 06 
24.19 дф 1 92ф 2, _ 1 9 („29 1 д (cing de 
| 2 92 92 Уф = == (152) + 5 Уф = >= (r + == => ($10: 
Laplacian e у2ф = Яо + E: + 32 0 r 7 ( 8) m дф? 0 ; r A x) т2віп0 90 ( %) 
+ 72 sin] 0 397 


If 


” 
> 
oo 
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TRANSFORMATION OF INTEGRALS 


s is the distance along a curve *C" in space and is measured from some fixed point. 
$ is a surface area 

V is a volume contained by a specified surface 

t = the unit tangent to C at the point 

P ñ = the unit outward pointing normal 

F is some vector function 

ds is the vector element of curve (— tds ) 


48 is the vector element of surface (= ñ dŠ ) 


then 


and when F = Уф 


Gauss’ Theorem 
When S defines a closed region having a volume V: 


| ыы кше nds 


а150 ЈИ vv = || oaas 
and ЈИ 5 xav || ۹ 


Stokes’ Theorem 
When C is closed and bounds the open surface S: 


[fe . (V x F)dS = | 
also "i (ñ х Уф) dS = [ee 


Green’s Theorem 
Шала ын АЕ 
= || esos = [ff ۲7٧ 
(5) 


MOMENT OF INERTIA FOR VARIOUS BODIES OF MASS 


The mass of the body is indicated by т 


Body 


Axis 


Moment of inertia 


Uniform thin rod of length / 
Uniform thin rod of length / 
Thin rectangular sheet, sides a and b 


Thin rectangular sheet, sides a and b 


Thin circular sheet of radius r 


Thin circular sheet of radius r 


Thin circular ring. Radii r4 and 72 


Thin circular ring. Radii r4 and 72 


Rectangular parallelepiped, edges a, b, and c 


Sphere, radius r 

Spherical shell, external radius, 71, internal 
radius 72 

Spherical shell, very thin, mean radius, 7 
Right circular cylinder of radius r, length / 
Right circular cylinder of radius r, length / 
Hollow circular cylinder, length /, 

radii rı and 72 

Thin cylindrical shell, length /, mean radius, 7 
Hollow circular cylinder, length /, 

radii r and 72 

Hollow circular cylinder, length /, very thin, 
mean radius 7 

Elliptic cylinder, length /, transverse semiaxes 
а and b 

Right cone, altitude b, radius of Базе r 
Spheroid of revolution, equatorial radius r 
Ellipsoid, axes 2a, 2b, 2c 


Normal to the length, at one end 
Normal to the length, at the center 
Through the center parallel to b 
Through the center perpendicular to 
the sheet 

Normal to the plate through the 
center 

Along any diameter 

Through center normal to plane of 
ring 

Any diameter 

Through center perpendicular to 
face ab, (parallel to edge c) 

Any diameter 


Any diameter 


Any diameter 
The longitudinal axis of the solid 
Transverse diameter 


The longitudinal axis of the figure 


The longitudinal axis of the figure 


Transverse diameter 
Transverse diameter 
Longitudinal axis 
Axis of the figure 


Polar axis 
Axis 2a 


172 
та! 
172 
mīl 
12 
тта 


m+ (а? + b°) 


ть (т +75) 


m 


BESSEL FUNCTIONS 


. Bessel's differential equation for a real variable x is 


d? d 
Хос ې‎ +(x? — т)у= 0 


. When z is not an integer, two independent solutions of the equation are /,(х), J (x), where 
oo n+2k 
(= 1)& | х +2. 
ыа >. KIT (n ٢ k 1) \2 


. If n is an integer /,(х) = (—1)"],(x), where 
4 


m 7 х? х х° 
ho) = тт { ANAS). 25:289 ТІГЕ (26-310 1) 2) F 3) +...) 


. For z = 0 and 1, this formula becomes 


1 : xt хб xš 
وه‎ = 15 отуу + za 26302 + 25a 
x 3 х? х7 x? 
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А-80 Bessel Functions 


5. When x is large and positive, the following asymptotic series may be used 
241 
л y л 
Jo(x) = (=) { Po(x) cos (х- 2) — Q(x) sin (к- 2 


Ј(х) = (2) {од со (<- =) — О(х) sin («- жү) 


where 
Рх) ~ 1 Е: 59257 PUO эг m 
х 
у 21(8x)2 41(8х)4 61(8х)6 
12 12.32.52 12.32.52.72.9:2 
Qux) ~ — Figs + 38859 51(8х)5 
12.3.5 12.32.52.7.9 12.32.52.72.92.11.13 
Р(х) ~ 1 + 
21(8х)2 41(8х)4 61(8х)6 
Оц) 1-3 Dyer АСЕ ОО. 
"IT 
: 1!8x 31(8х)3 51(8х)5 


[In Рү(х) the signs alternate from + to — after the first term] 


6. The zeros of Jo(x) and J4(x). 
If jos and ji; are the sth zeros of Jo(x) and ]1(х) respectively, and if a = 4, – 1,6 =4, +1 


don 62 15,116 12,554,474 | 8,368,654,292 __ 
Хы ma  3a'a^ ~ 15166 105л®а% 315710410 
1 6 6 4716 3,902,418 4 
шал: + a 
4 пор nibi "امه ېرو‎ 3556 35л10Ь10 
1 (—1)°+123 56 9664 7,381,280 
205 5 3z*a* — Злбаб 217545 
ТЕ (-1)923 11 24 _ 19,584 | 2,466,720 
Јо) i nb Orë mE 


7. Table of zeros for Jo(x) and ]1(х) 
Define (а, Ва) һу Ј(а,) = бапа Jo( @„) = 0. 


Roots о, 1 (os) Roots 2 Jo(8,) 
2.4048 0.5191 0.0000 1.0000 
5.5201 | -0.3403 3.8317 | -0.4028 
8.6537 | 0.2715 7.0156 | 0.3001 

11.7915 | -0.2325 10.1735 | -0.2497 
14.9309 0.2065 13.3237 | 0.2184 
18.0711 | -0.1877 | 16.4706 | -0.1965 
21.2116 0.1733 19.6159 0.1801 


8. Recurrence formulas 


2 
Лаб) + ax) = Jul) ”),(х) + 
Jaala) —Jnsale) = 21%) ијдә) — 


=a 

P =-Jot+ th = MJ, – Jo) 

(= # Јо + (1– 5) Л = 3(-J +3) 

9 = )1- 3) Jo— (2- 5) Л = 1(/4 — 4] + 3Jo), etc. 


Bessel Functions 


10. Half order Bessel functions 


Ji) = у Z sinx 
J_4(x) = \/ 2. cos x 
d = 
Ла) ==: Lix ro) 1 (20) 
L, (х) = x "PEG T, (9) 
1 лх 1 
лх 
п (F) 2 7,460) (F) Fate dy (2) 
0 sinx cos x 
1 мах — cos x m — sinx 
2 (5 —1)sinx — 3 cos x (3 – 1) cosx + 2sinx 
15 — £) sinx — (4 — 1) cos x 
3 (3 а — (5 — £) cosx — (3 — 1) sin x 
etc. (3 ) (2 ) 


11. Additional solutions to Bessel's equation are 


Ү,(х) (also called Weber's function, and sometimes denoted by М,(х)) 
НИ (x) and H!” (х) (also called Hankel functions) 


These solutions are defined as follows 


Ј„(х) cos (пл) — Ј_„(х) 


Ү,(х) = кит) 
ie Ји(х) сов(ил )—] и (Х) 
lim sin(vx) 


n notan integer H® (x) = Ј,(х) + 


n an integer 
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The additional properties of these functions may all be derived from the above relations and the known properties of /,(х). 


12. Complete solutions to Bessel’s equation may be written as 
са Јах) + eJ (x) if п is not an integer 
ог, for any value of л, 


сНОх-сН (x)‏ غه со (х)‏ + ()رژه 
The modified (or hyperbolic) Bessel’s differential equation is‏ .13 
„ФУ ду‏ 


Ja +95 (t=O 


X 


14. When и is not an integer, two independent solutions of the equation are 1,(х) and 1 „(х), where 


99 1 xN n+2k 
ых = >. kW (n + k+ 1) (5) 


15. If 1 is an integer, 


Ie) = Lala) = 2 (14 5 + 
пх) = Б) = у 22-1(п--1) 242Ц4--1)4--2) 


x$ 


icq mee 


16. For n = 0 and n = 1, this formula becomes 


2 4 6 8 
lox) = 1+ dur due тэгдэг УДА 
0 22(1!)2 24(21)2 26(31)2 25(41)2 
х x x x x? 


— 2 +o tm? 2.2801 27.341 2-451 T 7 


17. Another solution to the modified Bessel's equation is 


sin (ил) 
1 ے‎ I-(x)-Ip(x) 
sin (vx) 


1л М-М) у not an integer 
K,(x) = 


п ап їпїерег 


This function is linearly independent of 1„(х) for all values of n. Thus the complete solution to the modified Bessel's equation 
may be written as 


с11,(х) + co „(х) n notan integer 
ог 


с11,(х) + о К,(х) апуп 


18. The following relations hold among the various Bessel functions: 


) 
у (22) = ()"*1 L(z) — 2i" K, (z) 


Most of the properties of the modified Bessel function may be deduced from the known properties of /,(х) by use of these 
relations and those previously given. 


19. Recurrence formulas 


alx) — mlx) = (хх) + Inga (x) -2Lx) 


8 


L(x) – £L(x) = L(x) L(x) = Га (х) + 21,(2) 


THE FACTORIAL FUNCTION 


For non-negative integers n, the factorial of и, denoted m!, is the product of all positive integers less than or equal to z; и! = 
n-(n—1)-(n—2)---2-1.If n is a negative integer (n = —1, —2,...) then z! = too. 
Approximations to z! for large z include Stirling's formula 


1 
HN TT O> 
n! ~ 2ле (=) 5 


and Burnsides’s formula 


n n! log), 1! n n! logio 1! 
0 1 0.00000 1 1 0.00000 
22 0.30103 3 6 0.77815 
4 24 1.38021 5 120 2.07918 
6 720 2.85733 7 5040 3.70243 
8 40320 4.60552 9 3.6288 x 10? 5.55976 
10 3.6288 х 106 6.55976 11 3.9917 x 107 7.60116 
12 4.7900 x 108 8.68034 13 6.2270 x 10? 9.79428 


14 8.7178 x 1019 10.94041 15 1.3077 x 1012 12.11650 
16 2.0923 x 108 13.32062 17 3.5569 x 1014 14.55107 
18 6.4024 x 1055 15.80634 19 12165 x10" 17.08509 
20 2.4329 x 1018 18.38612 25 1.5511 x 1025 25.19065 
30 2.6525 x 1032 32.42366 40 8.1592 x 107 47.91165 
50 3.0414 x 1064 64.48307 60 8.3210 x 10?! 81.92017 
70 1.1979 х 100 100.07841 80 7.1569 х 10118 3 
90 1.4857 х 1018 138.17194 | 100 9.3326 х 1057 0 
110 1.5882 х 10178 178.20092 | 120 6.6895 х 10198 198.82539 
130 6.4669 x 10219 219.81069 | 150 5.7134 x 1022 899 
500 1.2201 x 10!9^ 1134.0864 | 1000 4.0239 x 102567 2567.6046 
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THE GAMMA FUNCTION 
Definition: T (n) = fre dt n> 0 
0 


Recursion Formula: Г(п+1) =n (n) 


Г(и +1) = я! iín-0,1,2,... where0! = 1 
For л « 0 the gamma function can be defined by using 
T (n) = Г(и+1) 
Старр: 


Special Values: Г(1/2) = Ул 
Г(т+ 1/2) = Lim ут 434 
ЦЕО Е 
Г(-т+1/2) = ари ”=Ъ2,3,... 
Definition: 
Г(х+ 1) = lim ОНА 


коо (PE XE 


sell en) 


This is an infinite product representation for the gamma function where y is Euler's constant. 
Properties: 


n xtn—1 
1 1 139 
Poet aate 4 1 2 
хад санаа { + tox * 2882 — 51,8403 * | 


(x) 1 1 1 г Ё 1 ) 
T(x) — »*(1 ~)+(5 pay Me pate 


This is called Stirling’s asymptotic series. 


А-83 


п 
1.00 
1.01 
1.02 
1.03 
1.04 
1.05 
1.06 
1.07 
1.08 
1.09 
1.10 
1.11 
1.12 
1.13 
1.14 
1.15 
1.16 
1.17 
1.18 
1.19 
1.20 
1.21 
1.22 
1.23 
1.24 


Г(и) 
1.00000 
.99433 
.98884 
.98355 
.97844 
.97350 
.96874 
.96415 
.95973 
.95546 
.95135 
.94740 
.94359 
.93993 
.93642 
.93304 
.92980 
.92670 
.92373 
.92089 
.91817 
.91558 
.91311 
.91075 
.90852 


Values of Г(п) = ју e-*x"- do; 


n 
1.25 
1.26 
1.27 
1.28 
1.29 
1.30 
1.31 
1.32 
1.33 
1.34 
1.35 
1.36 
1.37 
1.38 
1.39 
1.40 
1.41 
1.42 
1.43 
1.44 
1.45 
1.46 
1.47 
1.48 
1.49 


Г(и) 


.90640 
.90440 
.90250 
.90072 
.89904 
.89747 
.89600 
.89464 
.89338 
.89222 
.89115 
.89018 
.88931 
.88854 
.88785 
.88726 
.88676 
.88636 
.88604 
.88581 
.88566 
.88560 
.88563 
.88575 
.88595 


n 
1.50 
1.51 
1.52 
1.53 
1.54 
1.55 
1.56 
1.57 
1.58 
1.59 
1.60 
1.61 
1.62 
1.63 
1.64 
1.65 
1.66 
1.67 
1.68 
1.69 
1.70 
1.71 
1.72 
1.73 
1.74 


Г(и+ 1) =иГ(и) 


T(n) 
.88623 
.88659 
.88704 
.88757 
.88818 
.88887 
.88964 
.89049 
.89142 
.89243 
.89352 
.89468 
.89592 
.89724 
.89864 
.90012 
.90167 
.90330 
.90500 
.90678 
.90864 
.91057 
.91258 
.91466 
.91683 


T(n) 
.91906 
.92137 
.92376 
.92623 
.92877 
.93138 
.93408 
.93685 
.93969 
.94261 
.94561 
.94869 
.95184 
.95507 
.95838 
.96177 
.96523 
.96877 
.97240 
.97610 
.97988 
.98374 
.98768 
.99171 
.99581 

1.00000 


) THE BETA FUNCTION 
Definition: B(m, п) = ] РАТИ Ч m>0,n>0 
0 


Relationship with Gamma function: B(m, n) = Г(т)Г(п) 
m+n 
Properties: Bon п) = B(n, m) 
B(m, n) = 2 ү біп2”-1 Ө cos?"-! 0 40 
B(m,n) = Ју mies dt 
B(m, n) = r"(r + 1)" ју UN ар 


ټسټ سا Јо‏ 


THE ERROR FUNCTION 
Definition: erf( dn Ur АЧ 


4 Но 2 1x 1x7 Uu 

eries: er - 5 515737 

Рторету: a = — erf(—x) 

Relationship with Normal Probability Function f ш: [Ка КИ dt = ار‎ (5) To evaluate ег (2.3), one proceeds as follows: 


For 5 = 2.3, one finds x = (2.3) (V2) = 3.25. In the normal a function table (page A-104), one finds the entry 0.4994 
opposite the value 3.25. Thus erf(2.3) — 2(0.4994) — 0.9988. 


Е 21 edt 
erfc(z) erf( EU 


is known as the complementary error function. 


ORTHOGONAL POLYNOMIALS 


I: Legendre 


Name: Legendre Symbol: Р(х) Interval: [—1, 1] 
Differential Equation: (1 — x?)y' — 2 ху + n(n + 1)y = 0 
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Orthogonal Polynomials 


[n/2] 
1 2n— 2 
Explicit Expression: P,(x) = — › ЕШ ( P ” xum 
m 


2^ n 
т=0 

Recurrence Relation: (п + 1) P,,4(x) = (2n + 1)хР„(х) — пР„_\(х) 
Weigbt: 1 
Standardization: Р„(1)=1 
М эр = = 

orm: n dx = DTE 

| _ ("4 2 
Rodrigues’ Formula: Р, (х) = {(1 — x*)"} 
2"n! ах" 


Generating Function: К! = 5 Рд)2;-1<х<1, |2 <1, 


n=0 
= V1 — 2xz + 22 
Inequality: |Р„(х)| x 1, —1 < x < 1. 


II: Tschebysheff, First Kind 


Name: Tschebysheff, First Kind Symbol: Т.(х) Interval:[—1, 1] 
Differential Equation: (1 — x?)y — xy + my = 0 
[n/2] 


Е . nm ( 
E : š 
xplicit Expression 2 5 (—1) m!(n — 2m)! 


n—m-—1)! 


(2x)"7" = cos(narccos x) = Т,(х) 
т-0 

Recurrence Relation: Та (х) = 2xT,(x) — Т, 1(х) 

Weight: (1 — x2) 7/2 

Standardization: Т,(1) = 1 


Norm: fas x2)-1/21T (x) Pdx = اه‎ a 


n= 
| БІЛЕГІ PME 
Rodrigues’ Formula: x2) - 0/2 = T (x 
g a па А “Ете 
Generating Function: = — 2 DX T(x) 2", -l<x<1, |z] «1 


Inequality: |Т,(х)| x 1, -1 x xx 1. 
Ш: Tschebysheff, Second Kind 


Name: Tschebysheff, Second Kind Symbol U,,( x) Interval: [-1, 1] 
Differential Equation: (1 — x?)y" — Зху + n(n + 2)y = 0 
[n/2] 


= ! 
Explicit Expression: U,(x) = У. | у" - = (2х)”:2” 


т=0 А 
U,(cos0) = аш E MI 
sin 0 
Recurrence Relation: U,,4(x) = 2xU,(x) — U, 1(х) 
Weight: (1 — x2)!? Standardization: U,(1) = п+1 
Norm: Га 2120, (x) ах = 2 
Rodrigues’ Formula: 0,(х) = CU په او‎ 4 ))1- adm a2) 


E اداد روکد‎ 3) dx" 


Generating Function: -X )ملا‎ -1«х«1, 1 «1 


= پس‎ 
Inequality: |U,(x)| < п +1,—1 < x 2 АГ 
IV: Jacobi 


Name: Jacobi Symbol: P\%) (x) Interval: [—1, 1] 


n 


Differential Equation: (1— x?)y" + [B — а — (а + B -2)x]y + n(n-a + В+ 1)y = 


0 
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Explicit Expression: PVP (x) = | 5 (" л d Ё D - (x= ساد سه‎ 


E 2:7 m п— т 
Recurrence Relation: 
2(n + 1) (n-F «+ В+ 1) (2n +о + B) PAP (x) 
= (2n-4- o + B + 1) (02 — 8?) + (2n +a + B + 2)(2n Фа + В) PAP (x) 
– 2(n а) (n+ B) (2n + a + B + 2) PP (x) 
Weight: (1 — x)*(1 + x)5; 1 
Standardization: P\%?)(x) = (779) 
[ 


+1 24848411 (п-а + уГ(п + B + 1) 
| EM" Bp pie P Gy da — 
nee A وو الو اه نو‎ mai E] 
— © plsB) uy — pn í "NA 
Rodrigues’ Formula: P\%?)(x) Pall — 3 xj аа x)"**(1 + x) т} 


оо 


Generating Function: R!(1 — z+ К) ")1 ٣ بېج‎ К) в = NS RES PoP (х) 2, 


n=0 
R-41-2xz-z?, 1 «1 


n+ А 
9۱ a п Е q = тах(а, B) > – = 
п 2 
Inequality: шах |P{%?)(x)| = 4 [P(eñ(x)| ~ п Уа «-4 
15х51 x’ is one of ће two maximum points nearest 
8-0 
а+В+1 


V: Generalized Laguerre 
Name: Generalized Laguerre Symbol: 11% (x) Interval: [0, oo] 
Differential Equation: ху’ + (а + 1 х)у + ny = 0 


: 1 
Explicit Expression: Li? (x) = У ` (—1)” 0 T | uu 


п-т 
т=0 
Recurrence Relation: (n + 1)119) + 1(x) = [(2n +о + 1) — x] Li? (x) — (n + а) 19 — 1(x) 
Weight: хех, о > —1 Standardization: L® (x) = CI x Tee 
5 Г 1 
Norm: xe *[L (x) ах = reer’ 
0 ! 
1 а" 


Rodrigues’ Formula: L® (x) = 
Generating Function: (1 — z) "^! exp (5) = У) Li? (x)z" 


Г 1 
Inequality: |1/9(х) < Г(и+а+1) ёо, xz0 


" ^ тГ(а +1) ”-а»0 
а (e+n+1) | „х/2. х> 0 
ری‎ < [2 — тен) | ens -1«а«0 
VI: Hermite 
Name: Hermite Symbol: H,(x) Interval: |-оо, оо] 


Differential Equation: y" — 2ху + 2ny = 0 

[7/2] —2m 
—1)"nN(2x)" 

Explicit Expression: H,(x) — >. “HE SS 

Recurrence Relation: На (х) = 2xH,(x) — 2иН,_1(х) 

Weight: е“ Standardization: H,(1) = 2"x" +... 

99 2 
Norm: / е [H,(x)] dx = 7 тул 


Rodrigues’ Formula: H,(x) = (=1)te Ste} 


oo n 
: . _2 2 
Generating Function: е * удах — » چا‎ = 
n! 

п=0 


Inequality: | H.(x)|e* /2k2"/2./nl = 1.086435 


TABLES OF ORTHOGONAL POLYNOMIALS 


Ң,-1 x1? = (30240 Hp + 75600 H, --25200Н, + 2520 H; + 90 + Н10)/1024 
H, = 2х x? = (15120H, + 10080H; + 1512 H; + 72 H, + Њ)/512 
Hy =4х? – 2 8 = (1680 H + 3360H, + 840 Hi + 56H; + Њ)/256 
H, = 8х3 — 12x x’ = (840H, + 420H; + 42H; + H;)/128 


H, = 16x* — 48x? + 12 

H; = 32x° — 160x? + 120x 

Н; = 64х% — 480x^ + 720x? — 120 

H, = 128х7 — 1344Х + 3360x? — 1680x 

H; = 256x* — 35846 + 13440x^ — 13440x? + 1680 


x6 = (1206) + 180 H, + 30H, + Н;)/64 
x5 = (60H, + 20H; + Њ)/32 

xt = (12H, + 12H, + Н)/16 

x? = (6H, + Њ)/8 

x? = (29 + Њ)/4 


Ho = 512х? — 9216х' + 48384x° — 80640x? + 30240x х=(Н)/2 
Hio = 1024x!? — 23040x? + 161280x$ — 403200x* + 3024002 — 30240 1-Н, 
Lo = 1 хе = 720 Lo — 43201, + 108001. — 144001; + 1080014 — 4320145 + 7201 


Li = —х + 1 


x? = 12015 — 6001, + 12001; - 120015 + 60014 — 12015 


Ly = (x — 4x + 2)/2 xt = 241% — 96 Lı + 1441, — 96 L; + 2414 
Та = (—x3 + 9x? — 18x + 6)/6 x) = 6L, — 181, + 181, — 613 
La = (х4 — 16x? + 72x? — 96x + 24)/24 x? = 210 — AL, +21, 
Ls = (—x5 + 25x* — 200х3 + 600х? — 600x + 120)/120 х= = Li 
Lg = (х6 — 36x? + 450х* — 2400х° + 5400x? — 4320x + 720)/720 1= Lo 


Ру =1 х10 = (4199 Py + 16150Р; + 15504 P, + 7904 P, + 2176 Ps 4-256Р,)/46189 
Р = x x? = (3315р; + 4760P; + 2992 P, + 960P; + 128Р»)/12155 
P, = (3х2 — 1)/2 х8 = (715 Po + 2600Р, + 21607, + 832 Ps 4-128Р,)/6435 
P, = (5x3 — 3x)/2 x7 = (143P, + 182P; + 88Р; + 16P;)/429 


35x* — 30x? + 3)/8 
63:5 — 70x? + 15x)/8 


429х7 — 693x? + 315х3 — 35x)/16 


хе = (33Po + 110 P» + 72P4 + 16 1 
х = (27р, + 28Р; + 8P,)/63 

x* = (7Po + 202; + 8P4)/35 

x3 = (ЗР, +2P3)/5 


Ра = ( 
Р; = ) 
P, = (231x° — 315x4 + 105x? — 5)/16 
P; = ( 
Ра = ( 
Ро = ( 


6435x8 — 12012х° + 6930x* — 1260x? + 35)/128 x? = (Po + 2Р›)/3 

12155x? — 25740x" + 18018х° — 4620х + 315x)/128 x= P. 
Pig = (46189x!0 — 109395x* + 90090x$ — 30030x* + 3465x? — 63)/256 1= Py 
Т =1 x! = (1267 + 2105 + 120% + 457 + 1075 + Tio)/512 
=x x? = (1261 + 84T; + 361, + 9T; + 15)/256 
Ђ = 222 – 1 x8 = (357 + 56Ъ + 28T; + 8T; + Т) /128 
Т, = 4x) — 3x x’ = (351 + 21 + 7T; + Т,)/64 


Т, 28x* 8x? + 1 

T; 2163) — 20х + 5x 

Te = 32x$ — 48x4 + 18x? — 1 

Т, = 64x! — 112x? + 56x — 7x 

T; = 128x° — 2566 + 160x* — 32x2 + 1 

T; = 256? — 576x! + 4325) — 120x3 + 9x 

Tio = 512x1? — 1280х8 + 1120x5 — 400x* + 50x? — 1 


9-1 
U, = 2х 
U, = 4х2 —1 
U; = 8x3 — 4х 


U, = 16х% — 12x? + 1 

Us = 32:0 — 32х3 + 6x 

U; = 64x6 — 80x^ + 24x? — 1 

05 = 128x” — 1923? + 80x? — 8x 

Us = 256x? — 448x$ + 240x^ — 40x? + 1 

Uy = 512x? — 1024х7 + 672x° — 160? + 10x 


Uio = 1024х10 – 2304x? + 1792x$ — 560x^ + 60x? — 1 


хб = (107 + 155, + 6T; + 1;)/32. 
х5 = (10 + ST; + 1)/16 

х* = (3D + AD + T1)/8 

x) = (3Т, + Ђ)/4 


x? = (T) + Ђ)/2 
х= Т 
1-1, 


х!) = (420% + 900 + 754 + 350% + 9Us + И) /1024 


х? = (420, + 480; + 270, + 80, + (0) /512, 
پو‎ = (140 + 280, + 204 + 706 + Ug)/256 
x’ = (140, + 140; + 60, + 05)/128 

xí = (5 Чо + 902 + 5U4 + Uc)/64 

x? = (SU, + 4U; + U;)/32 

х = (2Uo +30 + 0.) 6 

х = (20 + U3)/8 

x? = (Uo + 02) /4 


CLEBSCH-GORDAN COEFFICIENTS 


ЭР: (h + pb -01/51-32101/45-3002/741) 
т]. ттн» (j+ Ac pb + 1)! 


A P 
c то 
5 y (Л + mW = тр + тр — 72) 7 + mW; т)! 
Ет В +m —ЮҢ] — b +m I — h — m C 


1. Conditions: 

(a) Each of ( 4, j2, j, та, 1m, m) may be an integer, or half an integer. Additionally: j > 0, д > 0, р > 0and j + + р 
is an integer. 

(b) h + p — j > 0. 

(с) ورل‎ +] > 9. 

(d — + p + j > 0. 


(e) Im] < fi, || < р, |т < j. 


2. Special values: 
(à л р 
mı m 
h 017 
h |] 
۴ CG 010 
(d non 
m, m, 


3. Symmetry relations: all of the following are equal to ( 


j 
m 


) = 0 ifm em g m. 


) = 0 when jı + j2 + j is an odd integer. 


1 
77 


) = 0 when 27 + j is an odd integer. 


A 12 
71 72 


) 


(c (днн ћ р 
mı — 2, 


-m то 


۵ (Emm (4, È 


(e) ,/ 2RL(—1 x P 
т -m 


(h 2 j+ (—1 hm ( ћ 


р 


By use of the symmetry relations, Clebsch-Gordan coefficients may be put in the standard form j, < р < j and m > 0. 
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ñ x13 
1 1 2 
т | т |] ] 6. т » 
-1 o| 1 11 x% 0707107 
01 11| 53 0.866025 
12:01 
101111] 5 02707107 
ма 38 
1 1] 11|3 ~ 0.866025 
|111 1 0 
ЖЕ h 17 
а: ! | т 2 
-1|0|1|1| 2 50707107 
-1| 0] 112] % 0.408248 
1 ا‎ 011 |3| 2 0.707107 
-4| + | 111] 3 0 
S x 
ال‎ + | 1121 У ~0.559017 
0|0|1|2| % 76 
0|0]1/|3]| 2 0.866025 
Ze а 
01314141 کا‎ ~ 0.8164967 
МЕНЕ 2 50353553 
0|1|1|2|4/9 ~ 0.790569 
0۱1۱1۱1 Æ 7 


m m |j ү 2 2) 
о|1|1]2| ime 7 
1:1:0:1:5:112-| 2 لته‎ 707107 
11111111-4 а 0.353553 
1) 1) 1121 XB 0.790569 
ooh 1 quac ۷6 50912871 
11311|21| 48 ~ 0.853913 
11011(|11(|-4 ~ 0.707107 
11011121 % 0.408248 
| 2s) ар МЗ 50577350 
1|1|1(|1| -3 *-0.750000 
11 1|2| 33. 05359017 
1| 1| 1|3]| М8 0.790569 
1|1|1|1|-% ~ -0.707107 
1|1|1|2| 2 ~ 0.707107 
11431413 1 # 1.000000 
11311121 X ~ 0.853913 
112١112 1 ~ 1.000000 


NORMAL PROBABILITY FUNCTION 


For a standard normal random variable (Ф (2) is the area under the Standard Normal Curve from —oo to 2). 


Table of the normal distribution 


Limits Proportion of Remaining 
the total area area 
и — Ас и + ÀG (%) (%) 
1-0 نز ووا‎ 68.27 31.73 
и — 1.650 | џи + 1.6560 90 10 
џи — 1.960 | џи + 1.966 95 5 
и- 20 и + م6‎ 95.45 4.55 
и — 2.580 | ۸٢ 6 99.0 0.99 
и — Зо и + Зо 99.73 0.27 
џи — 3.090 | џи + 6 99.8 0.2 
и — 3.290 | џи + 3.290 99.9 0.1 
х 1.282 1.645 1.960 2.326 2.576 3.090 
Ф(х) 0.90 0.95 0.975 0.99 0.995 0.999 
2[1 — Ф(х)] | 0.20 0.10 0.05 0.02 0.01 0.002 
x 3.09 372 426 475 520 5.61 6.00 6.36 
1— Ф(х) | 10? 101 10° 10% 107 10% 107 100 
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А-90 Normal Probability Function 


Areas under the Standard Normal Curve from 0 to z 0 2 


z 0 1 2 3 4 Š 6 7 8 9 
0.0 .0000 .0040 .0080 .0120 .0160 .0199 .0239 .0279 .0319 .0359 
01 .0398 .0438 .0478 .0517 .0557 .0596 .0636 .0675 .0714 .0754 
02 .0793 .0832 .0871 .0910 .0948 .0987 .1026 .1064 .1103 .1141 
0.3 .1179 1217 1255 1293 1331 .1368 .1406 .1443 .1480 7 
04 .1554 .1591 .1628 .1664 1700 .1736 .1772 .1808 .1844 .1879 
0.5 .1915 .1950 .1985 2019 2054 .2088 2123 2157 .2190 .2224 
0.6 .2258 2291 2324 2357 2389 2422 2454 2486 .2518 .2549 
0.7 .2580 2612 72652 2673 2704 2734 2764 2794 .2823 2852 
0.8 .2881 .2910 2939 2967 .2996 .3023 .3051 .3078 .3106 .3133 
0.9 .3159 .3186 .3212 .3238 .3264 .3289 .3315 .3340 .3365 9 
10 .3413 .3438 .3461 .3485 .3508 .3531 .3554 .3577 .3599 .3621 
11 .3643 .3665 .3686 .3708 .3729 .3749 .3770 .3790 .3810 .3830 
12 .3849 .3869 .3888 .3907 .3925 .3944 .3962 .3980 .3997 .4015 
13 .4032 .4049 .4066 .4082 .4099 .4115 .4131 4147 .4162 7 
14 .4192 4207 .4222 .4236 4251 4265 4279 .4292 .4306 .4319 
1.5 .4332 .4345 .4357 .4370 4382 4394 4406 4418 4429 4441 
16 .4452 .4463 .4474 4484 .4495 .4505 .4515 4525 .4535 .4545 
17 .4554 .4564 .4573 .4582 .4591 .4599 .4608 .4616 .4625 .4633 
18 .4641 .4649 .4656 .4664 .4671 .4678 .4686 .4693 .4699 .4706 
19 .4713 .4719 .4726 .4732 .4738 .4744 .4750 .4756 .4761  .4767 
2.0 4772 .4778 .4783 .4788 .4793 .4798 .4803 .4808 .4812 7 
2.1 .4821 .4826 .4830 .4834 .4838 .4842 .4846 .4850 .4854 .4857 
2.2 .4861 .4864 .4868 .4871 .4875 .4878 .4881 .4884 .4887 .4890 
2.3 .4893 .4896 .4898 .4901 .4904 .4906 .4909 .4911 .4913 .4916 
24 4918 4920 4922 4925 4927 .4929 .4931 .4932 .4934 .4936 
2.5 .4938 .4940 .4941 .4943 .4945 .4946 .4948 .4949 .4951 .4952 
26 .4953 .4955 .4956 .4957 .4959 .4960 .4961 .4962 .4963 .4964 
2.7 .4965 .4966 .4967 .4968 .4969 .4970 .4971 .4972 .4973 .4974 
2.8 .4974 .4975 .4976 .4977 .4977 .4978 .4979 .4979 .4980 .4981 
2.9 4981 4982 .4982 .4983 .4984 .4984 .4985 .4985 .4986 .4986 
3.0 .4987 .4987 4987 4988 4988 4989 .4989 .4989 .4990 .4990 
3.1 4990 .4991 4991 4991 .4992 .4992 .4992 .4992 .4993 .4993 
3.2 4993 .4993 .4994 .4994 .4994 .4994 .4994 .4995 .4995 .4995 
3.3 4995 .4995 .4995 .4996 .4996 .4996 .4996 .4996 .4996 .4997 
3.4 4997 4997 4997 4997 4997 .4997 .4997 .4997 .4997 .4998 
3.5 4998 .4998 .4998 .4998 .4998 .4998 .4998 .4998 .4998 .4998 
3.6 4998 .4998 .4999 .4999 .4999 .4999 .4999 .4999 .4999 .4999 
3.7 4999 .4999 .4999 .4999 .4999 .4999 .4999 .4999 .4999 .4999 
3.8 4999 4999 4999 4999 .4999 .4999 .4999 .4999 .4999 .4999 
3.9 5000 .5000 .5000 .5000 .5000 .5000 .5000 .5000 .5000 .5000 


Normal Probability Function 


COMMON SAMPLE SIZE CALCULATIONS 


Parameter | Estimate | Sample size 
z ша ү о | 
" cA E 
^ اا‎ 5 bq 
p р zi G 
"M (24/2) (01 + 02) 
из = из n-i | m =n = — مچ‎ 
E 
2 
A 3 ди + 
ы, ٩۸٩٨٩٨٩٨ ll ses (24/2) а p292) 
COMMON ONE SAMPLE CONFIDENCE INTERVALS 
Parameter | Assumptions 100(1 — a) % Confidence interval 
Л n large, o? known, or normality, о? known | x+ 5602: ыг 
мп 
ш normality, o? unknown X E 20-17۰ = 
3 у (л — 1)s2 (п- 1)s2 
с normality > › 5 
(2-31  X1-a/2,n—1 
. . . p(1— j 
b binomial experiment, z large b 2,0: 4] PEE 
n 
COMMON TWO SAMPLE CONFIDENCE INTERVALS 
Parameter | Assumptions 100(1 — а) % Confidence interval 
normality, independence, 07, о? 22 
ил = из known ог 71, zo large, independence, (X1 — №) ар: 4] oh гі 
92, 02 known 
normality, independence, о? = о? niu E Е لپ‎ Ar = 
ЕУ unknown cd т 
ed (nj — 1) )52 + (m — 1)s 
De пт + 2 
52 s 
(за ны Хэ) P= tow /2,v = + Pm 
normality, independence, o2 = o2 و‎ 3 
Ил — H2 k (4 5 ) 
unknown TE 
ті n) 
«т | (88/2 
ni-1 пу—1 
ил = Ш normality, 7 pairs, dependence d Ебра == 
ЗЕТ | | (bi — Б) 
= inomial experiments, 71, 72 large, 2 x 2 1 
е " y b = b) , а = b) 
nı 12 
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PERCENTAGE POINTS, STUDENT'S ¢-DISTRIBUTION 


This table gives values of t such that 


for n, the number of degrees of freedom, equal to 1, 2,... , 30, 40, 60, 120, оо; and for F(t) = 0.60, 0.75, 0.90, 0.95, 0.975, 0.99, 
0.995, and 0.9995. The t-distribution is symmetrical, so that F(—t) = 1 — F(t) 


п/Е .60 ‚75 .90 .95 .975 .99 .995 .9995 
1 .325 1.000 3.078 6.314 12.706 31.821 63.657 636.619 
2 .289 .816 1.886 2.920 4.303 6.965 9.925 31.598 
3 277 765 1.638 2.353 3.182 4.541 5.841 12.924 
4 .271 .741 1.533 24132 2.776 3.747 4.604 8.610 
5 .267 727 1.476 2.015 2.571 3.365 4.032 6.869 
6 265 718 1.440 1.943 2.447 3.143 3.707 5.959 
7 263 711 1.415 1.895 2.365 2.998 3.499 5.408 
8 .262 .706 1.397 1.860 2.306 2.896 3.355 5.041 
9 .261 .703 1.383 1.833 2.262, 2.821 3.250 4.781 


10 .260 ./00 1.372 1.812 2.228 2.764 3.169 4.587 
11 .260 697 1.363 1.796 2.201 2.718 3.106 4.437 
12 .259 695 1.356 1.782 2.179 2.681 3.055 4.318 
13 .259 694 1.350 31 2.160 2.650 3.012 4.221 
14 .258 692 1.345 1.761 2.145 2.624 2.977 4.140 
15  .258 691 1.341 1.753 2.131 2.602 2.947 4.073 
16 .258 .690 1.337 1.746 2.120 2.583 2.921 4.015 
17 7 .689 1.333 1.740 2.110 2.567 2.898 3.965 
18 7 .688 1.330 1.734 2.101 2.552 2.878 3.922 
19 257 688 1.328 1.729 2.093 2.539 2.861 3.883 
20 .257 687 1.325 1.725 2.086 2.528 2.845 3.850 
21 .257 .686 1.323 1.721 2.080 2.518 2.831 3.819 
22 256 .686 1321 1717 2.074 2.508 2.819 3.792 
23 256 685 1.319 1.714 9 2.500 2.807 3.767 
24  .256 685 1.318 1711 2.064 2.492 2.797 3.745 
25 .256 .684 1.316 1.708 2.060 2.485 2.787 3.725 
26 .256 .684 1.315 1.706 2.056 2.479 2.779 3.707 
27 6 .684 1.314 1.703 2.052 2.473 2.771 3.690 
28  .256 683 1.313 1.701 2.048 2.467 2.763 3.674 
29 6 .683 1.311 1.699 2.045 2.462 2.756 3.659 
30 256 683 1.310 1.697 2.042 2.457 0 3.646 
40 255 681 1.303 1.684 2.021 2.423 2.704 3.551 
60 254 .679 1.296 1.671 2.000 2.390 2.660 3.460 
120 .254 .677 1.289 1.658 1.980 2.358 2.617 3.373 


оо .253 .674 1.282 1.645 1.960 2.326 2.576 3.291 
*This table is abridged from the “Statistical Tables” of R. A. Fisher and Frank Yates published 
by Oliver & Boyd. Ltd., Edinburgh and London, 1938. It is here published with the kind 
permission of the authors and their publishers. 


PERCENTAGE POINTS, CHI-SQUARE DISTRIBUTION 


This table gives values of x? such that 
2 


« 1 
F(x)? = _ x(-2/26-x/2 dx 
o 2721 (5) 


for и, the number of degrees of freedom, equal to 1, 2, ..., 30. For > 30, a normal approximation is quite accurate. The expression 
2x? — /2n — 118 approximately normally distributed as the standard normal distribution. Thus x2, the o-point of the distribution, 
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Percentage Points, Chi-Square Distribution A-93 
may be computed by the formula 
1 
ха = уж + V2n 1р, 
where x, is the o-point of the cumulative normal distribution. For even values of z, F (x?) can be written as 
x-1 РЕЈ 
2) — 
1- F(x?) = > = 
with А = $x? and x’ = ул. Thus the cumulative Chi-Square distribution is related to the cumulative Poisson distribution. 
Another approximate formula for large n 
3 
2-011- 2 + = 
Xa = In NV On 
n = degrees of freedom 
Za = the normal deviate (the value of x for which F(x) = the desired percentile). 
x 1.282 1.645 1.960 2.326 2.576 3.090 
F(x) .90 ‚95 .975 .99 .995 .999 
X59 = 60[1 — 0.00370 + 2.326(0.06086)]? = 88.4 is the 99th percentile for 60 degrees of freedom. 
F( 2) J^ 1 n—2/2. -х24 
X == т) x e x 
o 22T (2) 
n\F | .005 ‚010 ‚025 ‚050 ‚100 250 | .500 | .750 | .900 | .950 | .975 | .990 | .995 
1 | .0000393 | .000157 | .000982 | .00393 | .0158 | .102 | .455 | 1.32 | 2.71 | 3.84 | 5.02 | 6.63 | 7.88 
2 | .0100 ‚0201 0506 .103 .211 .575 | 1.39 | 2.77 | 4.61 | 5.99 | 7.38 | 9.21 | 10.6 
3 | .0717 115 216 352 .584 1.21 | 2.37 | 4.11 | 625 | 7.81 | 9.35 | 11.3 | 12.8 
4 | 7 .297 484 .711 1.06 1.92 | 3.36 | 5.39 | 7.78 | 9.49 | 11.1 | 13.3 | 14.9 
5 | .412 554 831 1.15 1.61 2.67 | 4.35 | 6.63 | 9.24 | 11.1 | 12.8 | 15.1 | 16.7 
6 | .676 ‚872 1.24 1.64 2.20 3.45 | 5.35 | 7.84 | 10.6 | 12.6 | 14.4 | 16.8 | 18.5 
7 | .989 1.24 1.69 2.17 2.83 4.25 | 6.35 | 9.04 | 12.0 | 14.1 | 16.0 | 18.5 | 20.3 
8 | 1.34 1.65 2.18 2.73 3.49 5.07 | 7.34 | 10.2 | 13.4 | 15.5 | 17.5 | 20.1 | 22.0 
9 | 1.73 2.09 2.70 3.33 4.17 5.90 | 8.34 | 11.4 | 14.7 | 169 | 19.0 | 217 | 23.6 
10 | 2.16 2.56 3.25 3.94 4.87 6.74 | 9.34 | 12.5 | 16.0 | 18.3 | 20.5 | 23.2 | 252 
11 | 2.60 3.05 3.82 4.57 5.58 7.58 | 10.3 | 13.7 | 17.3 | 19.7 | 21.9 | 24.7 | 26.8 
12 | 3.07 3.57 4.40 5.23 6.30 8.44 | 11.3 | 14.8 | 18.5 | 21.0 | 23.3 | 26.2 | 28.3 
13 | 3.57 4.11 5.01 5.89 7.04 9.30 | 12.3 | 16.0 | 19.8 | 22.4 | 24.7 | 27.7 | 29.8 
14 | 4.07 4.66 5.63 6.57 7.79 10.2 | 13.3 | 17.1 | 21.1 | 23.7 | 26.1 | 29.1 | 31.3 
15 | 4.60 5.23 6.26 7.26 8.55 11.0 | 14.3 | 18.2 | 22.3 | 25.0 | 27.5 | 30.6 | 32.8 
16 | 5.14 5.81 6.91 7.96 9.31 11.9 | 15.3 | 19.4 | 23.5 | 26.3 | 28.8 | 32.0 | 34.3 
17 | 5.70 6.41 7.56 8.67 10.1 12.8 | 16.3 | 20.5 | 24.8 | 27.6 | 30.2 | 33.4 | 35.7 
18 | 6.26 7.01 8.23 9.39 10.9 13.7 | 17.3 | 21.6 | 26.0 | 28.9 | 31.5 | 34.8 | 37.2 
19 | 6.84 7.63 8.91 10.1 11.7 14.6 | 18.3 | 22.7 | 27.2 | 30.1 | 32.9 | 36.2 | 38.6 
20 | 7.43 8.26 9.59 10.9 12.4 15.5 | 19.3 | 23.8 | 28.4 | 31.4 | 34.2 | 37.6 | 40.0 
21 | 8.03 8.90 10.3 11.6 13.2 16.3 | 20.3 | 24.9 | 29.6 | 32.7 | 35.5 | 38.9 | 41.4 
22 | 8.64 9.54 11.0 12.3 14.0 17.22 | 21.3 | 26.0 | 30.8 | 33.9 | 36.8 | 40.3 | 42.8 
23 | 9.26 10.2 11.7 13.1 14.8 18.1 | 22.3 | 27.1 | 32.0 | 35.2 | 38.1 | 41.6 | 44.2 
24 | 9.89 10.9 12.4 13.8 15.7 19.0 | 23.3 | 28.2 | 33.2 | 36.4 | 39.4 | 43.0 | 45.6 
25 | 10.5 11.5 13.1 14.6 16.5 19.9 | 24.3 | 29.3 | 34.4 | 37.7 | 40.6 | 44.3 | 46.9 
26 | 11.2 12:2: 13.8 15.4 17.3 20.8 | 25.3 | 30.4 | 35.6 | 38.9 | 41.9 | 45.6 | 48.3 
27 | 11.8 12.9 14.6 16.2 18.1 21.7 | 26.3 | 31.5 | 367 | 40.1 | 43.2 | 47.0 | 49.6 
28 | 12.5 12.6 15.3 16.9 18.9 22.7 | 27.3 | 32.6 | 37.9 | 41.3 | 44.5 | 48.3 | 51.0 
29 | 13.1 14.3 16.0 17.7 19.8 23.6 | 28.3 | 33.7 | 391 | 42.6 | 45.7 | 49.6 | 52.3 
30 | 13.8 15.0 16.8 18.5 20.6 24.5 | 29.3 | 34.8 | 40.3 | 43.8 | 47.0 | 50.9 | 53.7 


PERCENTAGE POINTS, F-DISTRIBUTION 


This table gives values of F such that 


: Г (==) 171/2 „„п/2.„т—2/2. —(m-+n)/2 
FF) = | ay"! x (n + тх) dx 
о Г(2)Г(2) 
for selected values of m, the number of degrees of freedom of the numerator of F; and for selected values of n, the number of degrees 
freedom of the denominator of F. The table also provides values corresponding to F(F) = .10,.05,.025,.01,.005,.001 since F;. 
for m and n degrees of freedom is the reciprocal of F, for п and m degrees of freedom. Thus 
1 1 


Eu m ure c эшке ite pr 
0(4, 7) Е95(7,4) 6.09 


у 
SIS 
— 

че 
انا‎ 


10 12 15 20 24 30 40 60 120 oo 


ES 

سنا 
3 
A‏ 
N‏ 
251 
4A‏ 
Сл‏ 
ж‏ 
~ 
oo‏ 
© 


39.86] 49.50] 53.59| 55.83] 57.24| 58.20) 58.91| 59.44| 59.86| 60.19| 60.71| 61.22] 61.74| 62.00! 62.26 62.53| 62.79| 63.06| 63.33 
8.53 | 9.00 | 9.16 | 924 | 9.29 | 9.33 | 9.35 | 9.37 | 9.38 | 9.39 | 9.41 | 9.42 | 9.44 | 9.45 | 9.46 | 9.47 | 9.47 | 9.48 | 9.49 
5.54 | 5.46 | 5.39 | 5.34 | 5.31 | 528 | 5.27 | 5.25 | 5.24 | 523 | 522 | 5.20 | 5.18 | 5.18 | 517 | 5.16 | 5.15 | 5.14 | 5.13 
4.54 | 4.32 | 419 | 4.11 | 4.05 | 4.01 | 3.98 | 3.95 | 3.94 | 3.92 | 3.90 | 3.87 | 3.84 | 3.83 | 3.82 | 3.80 | 379 | 3.78 | 3.76 
4.06 | 378 | 3.62 | 3.52 | 3.45 | 3.40 | 3.37 | 3.34 | 3.32 | 3.30 | 327 | 324 | 321 | 3.19 | 3.17 | 316 | 3.14 | 3.12 | 3.10 
3.78 | 3.46 | 329 | 318 | 3.11 | 3.05 | 3.01 | 2.98 | 2.96 | 2.94 | 2.90 | 2.87 | 2.84 | 2.82 | 2.80 | 2.78 | 2.76 | 2.74 | 2.72 
3.59 | 326 | 3.07 | 2.96 | 2.88 | 2.83 | 2.78 | 2.75 | 2.72 | 2.70 | 2.67 | 2.63 | 2.59 | 2.58 | 2.56 | 2.54 | 2.51 | 2.49 | 2.47 
3.46 | 3.11 | 2.92 | 2.81 | 2.73 | 2.67 | 2.62 | 2.59 | 2.56 | 2.54 | 2.50 | 2.46 | 2.42 | 2.40 | 2.38 | 2.36 | 2.34 | 2.32 | 229 
3.36 | 3.01 | 2.81 | 2.69 | 2.61 | 2.55 | 2.51 | 2.47 | 2.44 | 2.42 | 2.38 | 2.34 | 2.30 | 228 | 225 | 223 | 221 | 2.18 | 2.16 
329 | 2.92 | 2.73 | 2.61 | 2.52 | 2.46 | 2.41 | 2.38 | 2.35 | 2.32 | 228 | 224 | 220 | 218 | 216 | 213 | 2.11 | 2.08 | 2.06 
323 | 2.86 | 2.66 | 2.54 | 2.45 | 2.39 | 2.34 | 2.30 | 227 | 225 | 221 | 217 | 212 | 210 | 2.08 | 2.05 | 2.03 | 2.00 | 1.97 
2.24 | 221 | 2.19 | 2.15 | 2.10 | 2.06 | 2.04 | 2.01 | 1.99 | 1.96 | 1.93 | 1.90 
314 | 2.76 | 2.56 | 2.43 | 2.35 | 228 | 223 | 2.20 | 216 | 2.14 | 2.10 | 2.05 | 2.01 | 1.98 | 1.6 | 1.93 | 1.90 | 1.88 | 1.85 
3.10 | 2.73 | 2.52 | 2.39 | 2.31 | 224 | 219 | 2.15 | 212 | 2.10 | 2.05 | 2.01 | 1.96 | 1.94 | 1.91 | 1.89 | 1.86 | 1.83 | 1.80 
3.07 | 2.70 | 2.49 | 2.36 | 227 | 2.21 | 2.16 | 2.12 | 2.09 | 2.06 | 2.02 | 1.97 | 1.92 | 1.90 | 1.87 | 1.85 | 1.82 | 1.79 | 1.76 
3.05 | 2.67 | 2.46 | 2.33 | 224 | 2.18 | 2.13 | 2.09 | 2.06 | 2.03 | 1.99 | 1.94 | 1.89 | 1.87 | 1.84 | 1.81 | 1.78 | 1.75 | 1.72 
3.03 | 2.64 | 2.44 | 2.31 | 2.22 | 2.15 | 2.10 | 2.06 | 2.03 | 2.00 | 1.96 | 1.91 | 1.86 | 1.84 | 1.81 | 178 | 1.75 | 1.72 | 1.69 
3.01 | 2.62 | 2.42 | 229 | 2.20 | 2.13 | 2.08 | 2.04 | 2.00 | 1.98 | 1.93 | 1.89 | 1.84 | 1.81 | 178 | 175 | 1.72 | 1.69 | 1.66 
2.99 | 2.61 | 2.40 | 227 | 218 | 2.11 | 2.06 | 2.02 | 1.98 | 1.96 | 191 | 1.86 | 1.81 | 1.79 | 176 | 1.73 | 170 | 1.67 | 1.63 


ы шы ышы шы ы ы‏ = = سا 
шо N н‏ + ما су‏ لا N бо м] пон омео‏ 
о‏ 
= 
со‏ 
> 
со‏ 
= 
Бә‏ 
oN‏ 
- 
P?‏ 
EN‏ 
со‏ 
ТЭ‏ 
Ww‏ 
© 
D.‏ 
о‏ 
о‏ 
N‏ 
N‏ 
© 


20 | 2.97 | 2.59 | 2.38 | 225 | 2.16 | 2.09 | 2.04 | 2.00 | 1.96 | 1.94 | 1.89 | 184 | 1.79 | 1.77 | 1.74 | 1.71 | 1.68 | 164 | 1.61 
21 | 2.96 | 2.57 | 2.36 | 223 | 2.14 | 2.08 | 2.02 | 1.98 | 1.95 | 1.92 | 1.87 | 183 | 1.7/8 | 1.75 | 1.72 | 1.69 | 1.66 | 1.62 | 1.59 
22 | 2.95 | 2.56 | 2.35 | 222 | 2.13 | 2.06 | 2.01 | 1.97 | 1.93 | 1.90 | 1.86 | 1.81 | 1.76 | 1.73 | 1.70 | 1.67 | 164 | 1.60 | 1.57 
23 | 2.94 | 2.55 | 2.34 | 221 | 2.11 | 2.05 | 1.99 | 1.95 | 1.92 | 1.89 | 1.84 | 1.80 | 1.74 | 1.72 | 1.69 | 1.66 | 1.62 | 1.59 | 1.55 


N 
ы 
ы 
v 
о 
Кә 
Сл 
~ 
рә 
Uo 
о 
кә 
= 
`o 
is 
m 
© 
د‎ 
© 
к 
EN 
\o 
со 


1.94 | 1.91 | 1.88 | 1.83 | 1.78 | 1.73 | 1.70 | 1.67 | 1.64 | 1.61 | 1.57 | 1.53 


25 | 2.92 | 2.53 | 2.32 | 2.18 | 2.09 | 2.02 | 1.97 | 1.93 | 1.89 | 1.87 | 1.82 | 1.77 | 1.72 | 1.69 | 1.66 | 1.63 | 1.59 | 1.56 | 1.52 
26 | 2.91 | 2.52 | 2.31 | 2.17 | 2.08 | 2.01 | 1.96 | 1.92 | 1.88 | 1.86 | 1.81 | 1.76 | 1.71 | 1.68 | 1.65 | 1.61 | 1.58 | 1.54 | 1.50 
27 | 2.90 | 2.51 | 2.30 | 2.17 | 2.07 | 2.00 | 1.95 | 1.91 | 1.87 | 1.85 | 1.80 | 1.75 | 1.70 | 1.67 | 1.64 | 1.60 | 1.57 | 1.53 | 1.49 


ко 
оо 
یط‎ 
со 
© 
پو‎ 
Сл 
о 
و‎ 
~ 
© 
ю 
ka 
o. 
рә 
© 
5 
یا‎ 
© 
& 
на 
о 
ы 


1.90 | 1.87 | 184 | 1.79 | 1.74 | 1.69 | 166 | 1.63 | 1.59 | 1.56 | 1.52 | 1.48 
29 | 2.89 | 2.50 | 228 | 215 | 2.06 | 1.99 | 1.93 | 1.89 | 1.86 | 1.83 | 178 | 173 | 1.68 | 1.65 | 1.62 | 1.58 | 1.55 | 1.51 | 1.47 
30 | 2.88 | 2.49 | 228 | 214 | 2.05 | 1.98 | 1.93 | 1.88 | 1.85 | 1.82 | 177 | 1.72 | 1.67 | 1.64 | 161 | 1.57 | 1.54 | 1.50 | 1.46 
40 | 2.84 | 2.44 | 2.23 | 2.09 | 2.00 | 1.93 | 1.87 | 1.83 | 1.79 | 176 | 171 | 166 | 1.61 | 1.57 | 1.54 | 1.51 | 1.47 | 1.42 | 1.38 
60 | 2.79 | 2.39 | 218 | 2.04 | 1.95 | 1.87 | 1.82 | 1.77 | 174 | 171 | 166 | 1.60 | 1.54 | 1.51 | 1.48 | 1.44 | 1.40 | 1.35 | 1.29 

120 | 2.75 | 2.35 | 213 | 1.99 | 1.90 | 1.82 | 1.77 | 1.72 | 1.68 | 165 | 1.60 | 1.55 | 1.48 | 1.45 | 1.41 | 1.37 | 1.32 | 126 | 1.19 
со | 2.71 | 2.30 | 2.08 | 1.94 | 1.85 | 177 | 1.72 | 1.67 | 1.63 | 160 | 1.55 | 1.49 | 1.42 | 1.38 | 1.34 | 1.30 | 124 | 1.17 | 1.00 
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Percentage Points, F-Distribution 
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m and п degrees of freedom, respectively. 


А-95 


5,5 : ан : 
= 21/22, where s? = $1/m and 52 = 5) /п are independent mean squares estimating a common variance o? and based on 


F r (=) 
F(F) zii 2 m” Pn" Ц + тх) "90 qx = کو‎ 
о Г(у)г (5) 
пут 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 oo 
1 161.4 199.5 215.7 224.6 230.2| 234.0 236.8 238.9 240.3 241.9 243.9 245.9 248.0 249.1 250.1| 251.1| 252.2 253.3 254.3 
2 18.51| 19.00 19.16 19.25 19.310 19.33 19.35 19.37 19.38 19.40] 19.41 19.43 19.45 19.44 19.46 19.47 19.48) 19.49 19.50 
3 10.13) 9.55 | 9.28 | 9.12 | 9.01 | 8.94 | 8.89 | 8.85 | 8.81 | 8.79 | 8.74 | 8.70 | 8.66 | 8.64 | 8.62 | 8.59 | 8.57 | 8.55 | 8.53 
4 | 7.71 | 6.94 | 6.59 | 6.39 | 6.26 | 6.16 | 6.09 | 6.04 | 6.00 | 5.96 | 5.91 | 5.86 | 5.80 | 5.77 | 5.75 | 5.72 | 5.69 | 5.66 | 5.63 
5 6.61 | 5.79 | 5.41 | 5.19 | 5.05 | 4.95 | 4.88 | 4.82 | 4.77 | 4.74 | 4.68 | 4.62 | 4.6 | 4.53 | 4.50 | 4.46 | 4.43 | 4.40 | 4.36 
6 5.99 | 5.14 | 4.76 | 4.53 | 4.39 | 4.28 | 4.21 | 4.15 | 4.10 | 4.06 | 4.00 | 3.94 | 3.87 | 3.84 | 3.81 | 3.77 | 3.74 | 3.70 | 3.67 
7 | 5.59 | 4.74 | 4.35 | 4.12 | 3.97 | 3.87 | 3.79 | 3.73 | 3.68 | 3.64 | 3.57 | 3.51 | 3.44 | 3.41 | 3.38 | 3.34 | 3.30 | 3.27 | 323 
8 5.32 | 4.46 | 4.07 | 3.84 | 3.69 | 3.58 | 3.50 | 3.44 | 3.39 | 3.35 | 3.28 | 3.22 | 3.15 | 3.12 | 3.08 | 3.04 | 3.01 | 2.97 | 2.93 
9 5.12 | 4.26 | 3.86 | 3.63 | 3.48 | 3.37 | 3.29 | 3.23 | 3.18 | 3.14 | 3.07 | 3.01 | 2.94 | 2.90 | 2.86 | 2.83 | 2.79 | 2.75 | 2.71 
10 | 4.96 | 4.10 | 3.71 | 3.48 | 3.33 | 3.22 | 3.14 | 3.07 | 3.02 | 2.98 | 2.91 | 2.85 | 2.77 | 2.74 | 2.70 | 2.66 | 2.62 | 2.58 | 2.54 
11 4.84 | 3.98 | 3.59 | 3.36 | 3.20 | 3.09 | 3.01 | 2.95 | 2.90 | 2.85 | 2.79 | 2.72 | 2.65 | 2.61 | 2.57 | 2.53 | 2.49 | 2.45 | 2.40 
12 | 4.75 | 3.89 | 3.49 | 3.26 | 3.11 | 3.00 | 2.91 | 2.85 | 2.80 | 2.75 | 2.69 | 2.62 | 2.54 | 2.51 | 2.47 | 2.43 | 2.38 | 2.34 | 2.30 
13 | 4.67 | 3.81 | 3.41 | 3.18 | 3.03 | 2.92 | 2.83 | 2.77 | 2.71 | 2.67 | 2.60 | 2.53 | 2.46 | 2.42 | 2.38 | 2.34 | 2.30 | 225 | 2.21 
14 | 4.60 | 3.74 | 3.34 | 3.11 | 2.96 | 2.85 | 2.76 | 2.70 | 2.65 | 2.60 | 2.53 | 2.46 | 2.39 | 2.35 | 2.31 | 2.27 | 2.22 | 2.18 | 2.13 
15 | 4.54 | 3.68 | 3.29 | 3.06 | 2.90 | 2.79 | 2.71 | 2.64 | 2.59 | 2.54 | 2.48 | 2.40 | 2.33 | 2.291 2.25 | 220 2.16 | 2.11 | 2.07 
16 | 4.49 | 3.63 | 324 | 3.01 | 2.85 | 2.74 | 2.66 | 2.59 | 2.54 | 2.49 | 2.42 | 2.35 | 2.28 | 2.241 2.19 | 2.15 | 241 | 2.06 | 2.01 
17 | 4.45 | 3.59 | 3.20 | 2.96 | 2.81 | 2.70 | 2.61 | 2.55 | 2.49 | 2.45 | 2.38 | 2.31 | 2.23 | 2.191 2.15 | 2.10 | 2.06 | 2.01 | 1.96 
18 | 4.41 | 3.55 | 3.16 | 2.93 | 2.77 | 2.66 | 2.58 | 2.51 | 2.46 | 2.41 | 2.34 | 2.27 | 2.19 | 2.15 | 2.11 | 2.06 | 2.02 | 1.97 | 1.92 
19 | 4.38 | 3.52 | 3.13 | 2.90 | 2.74 | 2.63 | 2.54 | 2.48 | 2.42 | 2.38 | 2.31 | 2.23 | 2.16 | 2.111 2.07 | 2.03 | 1.98 | 1.93 | 1.88 
20 | 4.35 | 3.49 | 3.10 | 2.87 | 2.71 | 2.60 | 2.51 | 2.45 | 2.39 | 2.35 | 2.28 | 2.20 | 2.12 | 2.08 | 2.04 | 1.99 | 1.95 | 1.90 | 1.84 
21 4.32 | 3.47 | 3.07 | 2.84 | 2.68 | 2.57 | 2.49 | 2.42 | 2.37 | 2.32 | 225 | 2.18 | 2.10 | 2.05 | 2.01 | 1.96 | 1.92 | 1.87 | 1.81 
22 | 4.30 | 3.44 | 3.05 | 2.82 | 2.66 | 2.55 | 2.46 | 2.40 | 2.34 | 2.30 | 2.23 | 2.15 | 2.07 | 2.03 | 1.98 | 1.94 | 1.89 | 1.84 | 1.78 
23 4.28 | 3.42 | 3.03 | 2.80 | 2.64 | 2.53 | 2.44 | 2.37 | 2.32 | 2.27 | 2.20 | 2.13 | 2.05 | 2.01 | 1.96 | 1.91 | 1.86 | 1.81 | 1.76 
24 | 426 | 3.40 | 3.01 | 2.78 | 2.62 | 2.51 | 2.42 | 2.36 | 2.30 | 2.25 | 2.18 | 2.11 | 2.03 | 1.98 | 1.94 | 1.89 | 1.84 | 1.79 | 1.73 
25 | 4.241 3.39 | 2.99 | 2.76 | 2.60 | 2.49 | 2.40 | 2.34 | 2.28 | 224 | 2.16 | 2.09 | 2.01 | 1.96 | 1.92 | 1.87 | 1.82 | 1.77 | 1.71 
26 | 4.231 3.37 | 2.98 | 2.74 | 2.59 | 2.47 | 2.39 | 2.32 | 2.27 | 2.22 | 2.15 | 2.07 | 1.99 | 1.95 | 1.90 | 1.85 | 1.80 | 1.75 | 1.69 
27 | 4.211 3.35 | 2.96 | 2.73 | 2.57 | 2.46 | 2.37 | 2.31 | 2.25 | 2.20 | 2.13 | 2.06 | 1.97 | 1.93 | 1.88 | 1.84 | 1.79 | 1.73 | 1.67 
28 | 4.20 | 3.34 | 2.95 | 2.71 | 2.56 | 2.45 | 2.36 | 2.29 | 2.24 | 2.19 | 2.12 | 2.04 | 1.96 | 1.91 | 1.87 | 1.82 | 1.77 | 1.71 | 1.65 
29 | 4.18 | 3.33 | 2.93 | 2.70 | 2.55 | 2.43 | 2.35 | 2.28 | 2.22 | 2.18 | 2.10 | 2.03 | 1.94 | 1.90 1.85 | 1.81 | 1.75 | 1.70 1.64 
30 | 4.17 | 3.32 | 2.92 | 2.69 | 2.53 | 2.42 | 2.33 | 227 | 2.21 | 2.16 | 2.09 | 2.01 | 1.93 | 1.89 | 1.84 | 1.79 | 1.74] 1.68 | 1.62 
40 | 4.08 | 3.23 | 2.84 | 2.61 | 2.45 | 2.34 | 2.25 | 2.18 | 2.12 | 2.08 | 2.00 | 1.92 | 1.84 | 1.79 | 1.74 | 1.69 | 1.64 | 1.58 | 1.51 
60 | 4.00 | 3.15 | 2.76 | 2.53 | 2.37 | 2.25 | 2.17 | 2.10 | 2.04 | 1.99 | 1.92 | 1.84 | 1.75 | 1.70 | 1.65 | 1.59 | 1.53 | 1.47 | 139 
120 3.92 | 3.07 | 2.68 | 2.45 | 2.291 2.17 | 2.09 | 2.02.| 1.96 | 1.91 | 1.83 | 1.75 | 1.66 | 1.61 | 1.55 | 1.50 | 1.43 | 1.35 | 125 
oo 3.84 | 3.00 | 2.60 | 2.37 | 2.21 | 2.10 | 2.01 | 1.94 | 1.88 | 1.83 | 1.75 | 1.67 | 1.57 | 1.52 | 1.46 | 1.39 | 1.32 | 1.22 | 0 


А-96 Percentage Points, F-Distribution 


нь 


F=: 
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81-26 : холд : 
= 21/22, where s? = 81/т and s? = S/n are independent mean squares estimating a common variance o? and based on m 


NNI 


F г (4) 
Е(Е)- | 2 7. 2 1010р + тх) mm? qx = .975 
о Г(2)Г(5) 
пут 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 со 


647.8| 799.5] 864.2 899.6 921.8 937.1 948.2) 956.7 963.3 968.6. 976.7 984.9 993.1 997.2 1001| 1006| 1010| 10141 1018 
38.51 39.00 39.17 39.25| 39.30 39.33| 39.36| 39.37 39.39| 39.40] 39.41 39.43 39.45| 39.460 39.40 39.47 39.48 39.49] 39.50 
17.44 16.04 15.44 15.10| 14.88. 14.73| 14.62 14.54 14.47 14.42) 14.34 14.25| 14.17 14.12 14.08 14.04 13.99 13.95| 13.90 
12.22) 10.65| 9.98 | 9.60 | 9.36 | 9.20 | 9.07 | 8.98 | 8.90 | 8.84 | 8.75 | 8.66 | 8.56 | 8.51 | 8.46 | 8.41 | 8.36 | 8.31 | 8.26 
10.01 8.43 | 776 | 7.39 | 7.15 | 6.98 | 6.85 | 6.76 | 6.68 | 6.62 | 6.52 | 6.43 | 6.33 | 6.28 | 6.23 | 6.18 | 6.12 | 6.07 | 6.02 
8.81 | 726 | 6.60 | 6.23 | 5.99 | 5.82 | 5.70 | 5.60 | 5.52 | 5.46 | 5.37 | 5.27 | 5.17 | 5.12 | 5.07 | 5.01 | 4.96 | 4.90 | 4.85 
8.07 | 6.54 | 5.89 | 5.52 | 5.29 | 5.12 | 4.99 | 4.90 | 4.82 | 4.76 | 4.67 | 4.57 | 4.47 | 4.42 | 4.36 | 4.31 | 425 | 4.20 | 4.14 
7.57 | 6.06 | 5.42 | 5.05 | 4.82 | 4.65 | 4.53 | 4.43 | 4.36 | 4.30 | 420 | 4.10 | 4.00 | 3.95 | 3.89 | 3.84 | 3.78 | 3.73 | 3.67 
7.21 | 5.71 | 5.08 | 4.72 | 4.48 | 4.32 | 4.20 | 4.10 | 4.03 | 3.96 | 3.87 | 3.77 | 3.67 | 3.61 | 3.56 | 3.51 | 3.45 | 3.39 | 3.33 
4.83 | 4.47 | 424 | 4.07 | 3.95 | 3.85 | 3.78 | 3.72 | 3.62 | 3.52 | 3.42 | 3.37 | 3.31 | 326 | 3.20 | 3.14 | 3.08 
6.72 | 5.26 | 4.63 | 4.28 | 4.04 | 3.88 | 3.76 | 3.66 | 3.59 | 3.53 | 3.43 | 3.33 | 3.23 | 3.17 | 3.12 | 3.06 | 3.00 | 2.94 | 2.88 
6.55 | 5.10 | 4.47 | 4.12 | 3.89 | 3.73 | 3.61 | 3.51 | 344 | 3.37 | 3.28 | 3.18 | 3.07 | 3.02 | 2.96 | 2.91 | 2.85 | 2.79 | 2.72 
6.41 | 4.97 | 4.35 | 4.00 | 3.77 | 3.60 | 3.48 | 3.39 | 3.31 | 325 | 3.15 | 3.05 | 2.95 | 2.89 | 2.84 | 2.78 | 2.72 | 2.66 | 2.60 
6.30 | 4.86 | 4.24 | 3.89 | 3.66 | 3.50 | 3.38 | 3.29 | 3.21 | 3.15 | 3.05 | 2.95 | 2.84 | 2.79 | 2.73 | 2.67 | 2.61 | 2.55 | 2.49 
15 | 6.20 | 4.77 | 4.15 | 3.80 | 3.58 | 3.41 | 329 | 320 | 3.12 | 3.06 | 2.96 | 2.86 | 2.76 | 2.70 | 2.64 | 2.59 | 2.52 | 2.46 | 2.40 
16 | 612 | 4.69 | 4.08 | 373 | 3.50 | 3.34 | 3.22 | 3.12 | 3.05 | 2.99 | 2.89 | 2.79 | 2.68 | 2.68 | 2.57 | 2.51 | 2.45 | 2.38 | 2.32 
17 | 6.04 | 4.62 | 4.01 | 3.66 | 3.44 | 328 | 3.16 | 3.06 | 2.98 | 2.92 | 2.82 | 2.72 | 2.62 | 2.56 | 2.50 | 2.44 | 2.38 | 2.32 | 2.25 
18 | 5.98 | 4.56 | 3.95 | 3.61 | 3.38 | 3.22 | 3.10 | 3.01 | 2.93 | 2.87 | 2.77 | 2.67 | 2.56 | 2.50 | 2.44 | 2.38 | 2.32 | 2.26 | 2.19 
19 | 5.92 | 4.51 | 3.90 | 3.56 | 3.33 | 3.17 | 3.05 | 2.96 | 2.88 | 2.82 | 2.72 | 2.62 | 2.51 | 2.45 | 2.39 | 2.33 | 2.27 | 2.20 | 3 
20 | 5.87 | 4.46 | 3.86 | 3.51 | 329 | 3.13 | 3.01 | 2.91 | 2.84 | 2.77 | 2.68 | 2.57 | 2.46 | 2.41 | 2.35 | 229 | 2.22 | 2.16 | 2.09 
21 | 5.83 | 4.42 | 3.82 | 3.48 | 3.25 | 3.09 | 2.97 | 2.87 | 2.80 | 2.73 | 2.64 | 2.53 | 2.42 | 2.37 | 2.31 | 225 | 2.18 | 2.11 | 2.04 
22 | 5.79 | 4.38 | 3.78 | 3.44 | 3.22 | 3.05 | 2.93 | 2.84 | 2.76 | 2.70 | 2.60 | 2.50 | 2.39 | 2.33 | 2.27 | 2.21 | 2.14 | 2.08 | 2.00 
23 | 5.75 | 4.35 | 3.75 | 3.41 | 3.18 | 3.02 | 2.90 | 2.81 | 2.73 | 2.67 | 2.57 | 2.47 | 2.36 | 2.30 | 2.24 | 2.18 | 2.11 | 2.04 | 1.97 
24 | 5.72 | 4.32 | 3.72 | 3.38 | 3.15 | 2.99 | 2.87 | 2.78 | 2.70 | 2.64 | 2.54 | 2.44 | 2.33 | 2.27 | 2.21 | 2.15 | 2.08 | 2.01 | 1.94 
25 | 5.69 | 4.29 | 3.69 | 3.35 | 3.13 | 2.97 | 2.85 | 2.75 | 2.68 | 2.61 | 2.51 | 2.41 | 2.30 | 2.24 | 218 | 2.12 | 2.05 | 1.98 | 1.91 
26 | 5.66 | 4.27 | 3.67 | 3.33 | 3.10 | 2.94 | 2.82 | 2.73 | 2.65 | 2.59 | 2.49 | 2.39 | 2.28 | 2.22 | 2.16 | 2.09 | 2.03 | 1.95 | 1.88 
27 | 5.63 | 4.24 | 3.65 | 3.31 | 3.08 | 2.92 | 2.80 | 2.71 | 2.63 | 2.57 | 2.47 | 2.36 | 225 | 2.19 | 2.13 | 2.03 | 2.00 | 1.93 | 1.85 
28 | 5.61 | 4.22 | 3.63 | 329 | 3.06 | 2.90 | 2.78 | 2.69 | 2.61 | 2.55 | 2.45 | 234 | 223 | 2.17 | 2.11 | 2.05 | 1.98 | 1.91 | 1.83 
29 | 5.59 | 4.20 | 3.61 | 3.27 | 3.04 | 2.88 | 2.76 | 2.67 | 2.59 | 2.53 | 2.43 | 2.32 | 2.21 | 2.15 | 2.09 | 2.03 | 1.96 | 1.89 | 1.81 
30 | 5.57 | 418 | 3.59 | 3.25 | 3.03 | 2.87 | 2.75 | 2.65 | 2.57 | 2.51 | 2.41 | 2.31 | 2.20 | 2.14 | 2.07 | 2.01 | 1.94 | 1.87 | 9 
40 | 5.42 | 4.05 | 3.46 | 3.13 | 2.90 | 2.74 | 2.62 | 2.53 | 2.45 | 2.39 | 2.29 | 2.18 | 2.07 | 2.01 | 1.94 | 1.88 | 1.80 | 1.72 | 4 
60 | 5.29 | 3.93 | 3.34 | 3.01 | 2.79 | 2.63 | 2.51 | 2.41 | 2.33 | 227 | 2.17 | 2.06 | 1.94 | 1.88 | 1.82 | 1.74 | 1.67 | 1.58 | 1.48 
120 | 5.15 | 3.80 | 3.23 | 2.89 | 2.67 | 2.52 | 2.39 | 2.30 | 2.22 | 2.16 | 2.05 | 1.94 | 1.82 | 1.76 | 1.69 | 161 | 1.53 | 1.43 | 1.31 
оо | 5.02 | 3.69 | 3.12 | 2.79 | 2.57 | 2.41 | 229 | 2.19 | 2.11 | 2.05 | 1.94 | 1.83 | 1.71 | 1.64 | 1.57 | 1.48 | 1.39 | 1.27 | 0 
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5,5 : ан : 
21/22, where s? = $1/m and sł = 5; /п are independent mean squares estimating a common variance о? and based оп 


F r (=) 
F(F) = = 2 m m” n" Tn + тх) "902 ах = وو‎ 
о Г(у)Г (5) 
пут 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 oo 

1 4052 | 4999.5 5403 | 5625 | 5764 | 5859 | 5928 | 5982 | 6022 | 6056 | 6106 | 6157 | 6209 | 6235 | 6261 | 6287 | 6313 | 6339 | 6366 

2 98.50 | 99.001 99.17| 99.25 | 99.301 99.331 99.36| 99.371 99.39] 99.401 99.421 99.431 99.45| 99.46| 99.471 99.47| 99.48| 99.49] 99.50 

3 34.12 | 30.82] 29.46| 28.71| 28.24] 27.91| 27.671 27.49] 27.35| 27.23| 27.05| 26.871 26.691 26.60| 26.50| 26.41| 26.32 | 26.22| 26.13 

4 21.201 18.00| 16.69] 15.98} 15.52| 15.211 14.98] 14.80! 14.66| 14.55| 14.37| 14.20] 14.02| 13.93 | 13.84| 13.75] 13.65| 13.56] 13.46 

5 6.26| 13.27| 12.06| 11.39] 10.97 10.67] 10.46| 10.29] 10.16| 10.05| 9.89 9.72 9.55 9.47 9.38 9.29 9.20 9.11 9.02 

6 3.75| 10.92| 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 7,72, 7.56 7.40 7.31 7.23 7.14 7.06 6.97 6.88 

7 2.25 | 9255 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62. 6.47 6.31 6.16 6.07 5.99 5.91 5.82. 5.74 5.65 

8 1.26 | 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.8 5.67 5.52 5.36 5.28 5.20 5.12 5.03 4.95 4.86 

9 0.56 | 8.02 6.99 6.42 6.06 5.80 5.6 5.47 5.35 5.26 5.11 4.96 4.81 4.73 4.65 4.57 4.48 4.40 4.31 
10 0.04 | 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94 4.85 4.71 4.56 4.41 4.33 4.25 4.17 4.08 4.00 3.91 
11 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63 4.54 4.40 4.25 4.10 4.02 3.94 3.86 3.78 3.69 3.60 
12 9.33 6.93 5.95 5.41 5.06 4.82 4.64 4.50 4.39 4.30 4.16 4.01 3.86 3.78 3.70 3.62. 3.54 3.45 3.36 
13 9.07 6.70 5.74 5:21 4.86 4.62. 4.44 4.30 4.19 4.10 3.96 3.82 3.66 3.59 3.5 3.43 3.34 3.25 3.17 
14 8.86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03 3.94 3.80 3.66 3.51 3.43 3.35 3.27 3.18 3.09 3.00 
15 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89 3.80 3.67 3.52. 3.37 3.29 3.2 3.13 3.05 2.96 2.87 
16 8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78 3.69 3.55 3.41 3.26 3.18 3.10 3.02 2.93 2.84 2.75 
17 8.40 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 3.59 3.46 3.31 3.16 3.08 3.00 2.92 2.83 2.75 2.65 
18 8.29 6.01 5.09 4.58 4.25 4.01 3.84 3.71 3.60 35 3.37 3.23 3.08 3.00 2.92 2.84 2.75 2.66 2:57: 
19 8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52. 3.43 3.30 3.15 3.00 2.92 2.84 2.76 2.67 2.58 2.49 
20 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46 3.37 3.23 3.09 2.94 2.86 2.78 2.69 2.61 2.52 2.42 
21 8.02 5.78 4.87 4.37 4.04 3.81 3.64 3.51 3.40 3.3 3.17 3.03 2.88 2.80 2.72 2.64 2.55 2.46 2.36 
22 7.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.35 3.26 3.12 2.98 2.83 2.75 2.67 2.58 2.50 2.40 2.31 
23 7.88 5.66 4.76 4.26 3.94 3.71 3.54 3.41 3.30 3.2 3.07 2.93 2.78 2.70 2.62 2.54 2.45 2.35 2.26 
24 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 3.17 3.03 2.89 2.74 2.66 2.58 2.49 2.40 2.31 221 
25 7.77 5.57 4.68 4.18 3.85 3.63 3.46 3.32 3.22 3.13 2.99 2.85 2.70 2.62 2.54 2.45 2.36 2.27 247 
26 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18 3.09 2.96 2.81 2.66 2.58 2.50 2.42 2:33 2.23 2.13 
27 7.68 5.49 4.60 4.11 3.78 3.56 3.39 3.26 3.15 3.06 2.93 2.78 2.63 2.55 2.47 2.38 2.29 2.20 2.10 
28 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12 3.03 2.90 2.75 2.60 2.52 2.44 2.35 2.26 2.17 2.06 
29 7.60 5.42 4.54 4.04 3.73 3.50 3.33 3.20 3.09 3.00 2.87 2:73 2.57 2.49 2.41 2.33 2.23 2.14 2.03 
30 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07 2.98 2.84 2.70 2.55 2.47 2.39 2.30 2.21 2.11 2.01 
40 7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.89 2.80 2.66 2.52 2.37. 2.29 2.20 241 2.02 1.92 1.80 
60 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72 2.63 2.50 2.35 2.20 2.12 2.03 1.94 1.84 1.73 1.60 
120 6.85 4.79 3.95 3.48 3.17 2.96 2.79 2.66 2.56 2.47 2.34 2.19 2.03 1.95 1.86 1.76 1.66 1.53 1.38 
oo 6.63 4.61 3.78 3.32. 3.02 2.80 2.64 2.51 2.41 2.32 2.18 2.04 1.88 1.79 1.70 1.59 1.47 1.32 1.00 


SOURCES OF PHYSICAL AND CHEMICAL РАТА 


Inaddition to the primary research journals, there are many useful 
sources of property data of the type contained in the CRC Handbook 
of Chemistry and Physics. A selected list of these is presented here, 


A. Data Journals 


1. 


Journal of Physical and Chemical Reference Data 
— Published jointly by the National Institute of Standards 
and Technology and the American Institute of Physics, this 
quarterly journal contains compilations of evaluated data in 
chemistry, physics, and materials science. It is available in 
print and on the Internet. [ojps.aip.org/jpcrd/] 


. Journal of Chemical and Engineering Data — This bi- 


monthly journal of the American Chemical Society pub- 
lishes articles reporting original experimental measure- 
ments carried out under carefully controlled conditions. 
The main emphasis is on thermochemical and thermophys- 
ical properties. Review articles with evaluated data from 
the literature are also published. [pubs.acs.org/journals/ 
jceaax/index.html] 


. Journal of Chemical Thermodynamics — This journal 


publishes original research papers that include highly 
accurate measurements of thermodynamic and thermo- 


physical properties. [www.sciencedirect.com/science/ 
journal/00219614] 
. Atomic Data and Nuclear Data Tables — This is a bi- 


monthly journal containing compilations of data in atomic 
physics, nuclear physics, and related fields. [www.science- 
direct.com/science/journal/0092640x] 


. Journal of Phase Equilibria and Diffusion — This journal 


presents critically evaluated phase diagrams and related 
data on alloy systems. It is published by ASM International 
and is the successor to the previous ASM periodical Bulletin 
Of Alloy Phase Diagrams. [www.asm-intl.org] 


B. Data Centers 

This section lists selected organizations that perform a continu- 
ing function of compiling and critically evaluating data in specific 
fields of science. 


1. 


National Institute of Standards and Technology – Under 
its Standard Reference Data program, NIST supports a 
number of data centers in chemistry, physics, and materi- 
als science. Topics covered include thermodynamics, fluid 
properties, chemical kinetics, mass spectroscopy, atomic 
spectroscopy, fundamental physical constants, ceramics, 
and crystallography. Address: Office of Standard Reference 
Data, National Institute of Standards and Technology, 
Gaithersburg, MD 20899 [www.nist.gov/srd/]. 


. Thermodynamics Research Center — Now located at the 


National Institute of Standards and Technology, TRC main- 
tains an extensive archive of data covering thermodynamic, 
thermochemical, and transport properties of organic com- 
pounds and mixtures. Data are distributed in both print and 
electronic form. Address: Mail code 838.00, 325 Broadway, 
Boulder, CO 80305-3328 [www.trc.nist.gov] . 


. Design Institute for Physical Property Data – Under the 


auspices of the American Institute of Chemical Engineers 
[www.aiche.org/dippr/], DIPPR offers evaluated data on 


with emphasis on print and electronic sources whose contents have 
been subject to a reasonable level of quality control. 


10. 


11. 


12. 


industrially-important chemical compounds. The largest 
project deals with physical, thermodynamic, and transport 
properties of pure compounds. Address: Brigham Young 
University, Provo, UT 84602 [dippr.byu.edu] . 


. Dortmund Data Bank - Maintains extensive databases 


on thermodynamic and transport properties of pure com- 
pounds and mixtures of industrial interest. The data are 
distributed through DECHEMA, FIZ CHEMIE, and other 
outlets. An abbreviated database system is also available 
for educational use. Address: DDBST GmbH, Industriestr. 
1, 26121 Oldenburg, Germany [www.ddbst.de]. 


. Cambridge Crystallographic Data Centre — Maintains 


the Cambridge Structural Database of over 330,000 or- 
ganic compounds. The data files and manipulation soft- 
ware are distributed in several ways. Address: 12 Union Rd., 
Cambridge CB2 1EZ, UK [www.ccdc.cam.ac.uk]. 


. FIZ Karlsruhe - In addition to many bibliographic da- 


tabases, FIZ Karlsruhe maintains the Inorganic Crystal 
Structure Database in collaboration with the National 
Institute of Standards and Technology. The ICSD contains 
the atomic coordinates and related data on over 50,000 in- 
organic crystals. Address: Fachinformationszentrum (FIZ) 
Karlsruhe, Hermann-von-Helmholtz-Platz 1, D-76344 
Eggenstein-Leopoldshafen, Germany [www.fiz-karlsruhe. 
деј. 


. International Centre for Diffraction Data - Maintains 


and distributes the Powder Diffraction File (PDF), a file of 
x-ray powder diffraction patterns used for identification of 
crystalline materials. The ICDD also distributes the NIST 
Crystal Data file, which contains lattice parameters for over 
235,000 inorganic, organic, metal, and mineral crystalline 
materials. Address: 12 Campus Blvd., Newton Square, PA 
19073-3273 [www.icdd.com]. 


. Research Collaboratory for Structural Bioinformatics 


- Maintains the Protein Data Bank (РОВ), a file of 3-di- 
mensional structures of proteins and other biological 
macromolecules. Address: Department of Chemistry and 
Chemical Biology, Rutgers University, 610 Taylor Road, 
Piscataway, NJ 08854-8087 [www.rcsb.org]. 


. Toth Information Systems — Maintains the Metals 


Crystallographic Data File (CRYSTMET). Address: 2045 
Quincy Ave., Gloucester, ON, Canada K1] 6B2 [www.toth- 
canada.com]. 

Atomic Mass Data Center — Collects and evaluates 
high-precision data on masses of individual isotopes and 
maintains a comprehensive database. Address: C.S.N.S.M 
(IN2P3-CNRS), Batiment 108, F-91405 Orsay Campus, 
France [www.nndc.bnl.gov/amdc]. 

Particle Data Group - International center for data of 
high-energy physics; maintains database of properties of 
fundamental particles, which is published in both print and 
electronic form. Address: MS 50-308, Lawrence Berkeley 
National Laboratory, Berkeley, CA 94720 [рае ЈЫ.роу]. 
National Nuclear Data Center — Maintains databases on 
nuclear structure and reactions, including neutron cross 
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13. 


sections. The NNDC is the U. 5. node in an international 

network of nuclear data centers. Address: Brookhaven 

National Laboratory, Upton, NY 11973-5000 [www.nndc. 

bnl.gov]. 

International Union of Pure and Applied Chemistry — 

Address: PO Box 13757, Research Triangle Park, NC 27709- 

3757 [www.iupac.org]. IUPAC supports a number of long- 

term data projects, including these examples: 

a. Solubility Data Project — Carries out evaluation of 
all types of solubility data. The results are published 
in the Solubility Data Series, whose current outlet is 
the Journal of Physical and Chemical Reference Data. 
[www.iupac.org/divisions/V /cp5.html]. 

b. KineticDatafor Atmospheric Chemistry – Maintains 
a comprehensive database on the kinetics of reactions 
important in the chemistry of the atmosphere. [www. 
iupac-kinetic.ch.cam.ac.uk/] 

c. International Thermodynamic Tables for the Fluid 
State — Prepares definitive tables of the thermodynam- 
ic properties of industrially important fluids. Thirteen 
volumes have been published by IUPAC. [www.iupac. 
org/publications/books/seriestitles/] 

d. Stability Constants Database – Collection of metal- 
ligand stability constants and associated software. 
[www.acadsoft.co.uk] 


C. Major Multi-Volume Handbook Series 


1. 


2. 


3. 


Chapman & Най/СКС Chemical Dictionaries — These 
originally appeared in print form as the Dictionary of 
Organic Compounds, Dictionary of Natural Products, etc. 
They are now published in electronic form and are avail- 
able in CDROM format [www.crcpress.com] and on the 
Internet [www.chemnetbase.com]. The consolidated ver- 
sion, called the Combined Chemical Dictionary, has data 
on more than 450,000 compounds spanning all branches 
of chemistry. The coverage includes physical properties, 
biological sources, hazard information, uses, and literature 
references. 

Properties of Organic Compounds — Originally published 
in three editions as the Handbook of Data on Organic 
Compounds, it is now in electronic form as Properties of 
Organic Compounds. The database includes about 30,000 
compounds; physical properties and spectral data (mass, 
infrared, Raman, ultraviolet, and NMR) are covered. It is 
offered as CDROM [www.crcpress.com] and web access 
[www.chemnetbase.com]. 

Beilstein Handbook of Organic Chemistry — The classic 
source of data on organic compounds, dating from the 18" 
century, Beilstein was converted to electronic form in the 
last decade of the 20" century. Over 8 million compounds 
and 5 million chemical reactions are now covered, with a 
broad range of physical properties as well as synthetic meth- 
ods and ecological data. The database is accessed by the 
CrossFire software [www.mdli.com]. 


. Gmelin Handbook of Inorganic and Organometallic 


Chemistry — A subset of the information in the print se- 
ries has been converted to electronic form and is now dis- 
tributed in the same manner as Beilstein. In addition to the 
standard physical properties, the coverage includes a wide 
range of optical, magnetic, spectroscopic, thermal, and 
transport properties for about 1.4 million compounds 
[www.mdli.com]. 
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5. DECHEMA Chemical Data Series - DECHEMA dis- 
tributes the DETHERM database, which emphasizes data 
used in process design in the chemical industry, including 
thermodynamic and transport properties of about 20,000 
pure compounds and 90,000 mixtures. Access is available 
through in-house databases and via the Internet. [www. 
dechema.de]. 

6. Landolt-Bornstein Numerical Data and Functional 
Relationships in Science and Technology - Landolt- 
Bornstein covers a very broad range of data in physics, 
chemistry, crystallography, materials science, biophysics, 
astronomy, and geophysics. Hard-copy volumes in the New 
Series (started in 1961) are still being published, and the 
entire New Series is now accessible on the Internet [www. 
landolt-boernstein.com]. 


D. Selected Single-Volume Handbooks 

The following handbooks offer broad coverage of high-qual- 
ity data in a single volume. This list is only representative; an ex- 
tensive listing of handbooks in all fields of science may be found 
in Handbooks and Tables in Science and Technology, Third Edition 
(Russell H. Powell, ed., Oryx Press, Westport, CT, 1994). 


1. American Institute of Physics Handbook – Although an 
old book, it contains much data that is still useful, especially 
in acoustics, mechanics, optics, and solid state physics. 
(Dwight E. Gray, ed., McGraw-Hill, New York, 1972) 

2. Constants of Inorganic Substances - This book pres- 
ents physical constants, thermodynamic data, solubility, 
reactivity, and other information on over 3000 inorganic 
compounds. Since it draws heavily on Russian literature, it 
contains a great deal of data that does not make its way into 
most U. S. handbooks. (R. A. Lidin, L. L. Andreeva, and V. 
A. Molochko, Begell House, New York, 1995) 

3. Handbook of Chemistry and Physics — Now in the 84th 
Edition, the CRC Handbook covers data from most branches 
of chemistry and physics. The annual revisions permit regu- 
lar updating of the information. Also available on CDROM 
[www.crcpress.com] and the web [hbcpnetbase.com]. 
(David R. Lide, ed., CRC Press, Boca Raton, FL, 2002) 

4. Handbook of Inorganic Compounds – This book covers 
physical constants and solubility for about 3300 inorganic 
compounds. Also available on CDROM [www.crcpress. 
com]. (Рае L. Perry and Sidney L. Phillips, eds., CRC 
Press, Boca Raton, FL, 1995) 

5. Handbook of Physical Properties of Liquids and Gases 
— This is a valuable source of data on all types of fluids, 
ranging from liquid and gaseous hydrocarbons to mol- 
ten metals and ionized gases. Detailed tables of physical, 
thermodynamic, and transport properties are given for 
temperatures from the cryogenic region to 6000 K. Both 
Western and Russian literature is covered. (N. B. Vargaftik, 
Y. K. Vinogradov, and V. S. Yargin, Begell House, New York, 
1996) 

6. Handbook of Physical Quantities — The range of cover- 
ageis somewhat similar to the CRC Handbook of Chemistry 
and Physics, but with a stronger emphasis on physics than 
on chemistry. Solid state physics, lasers, nuclear physics, 
geophysics, and astronomy receive considerable attention. 
(Igor S. Grigoriev and Evgenii Z. Meilikhov, eds., CRC 
Press, Boca Raton, FL, 1997) 

7. Kaye € Laby Tables of Physical and Chemical Constants 
— Kaye & Laby dates from 1911, and the 16th Edition was 
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prepared in 1995 by a committee of experts. The cover- 
age extends to almost every field of physics and chemis- 
try; data on a limited number of representative substances 
or materials are given for each topic. (Longman Group 
Limited, Harlow, Essex, UK, 1995) 

Lange's Handbook of Chemistry —Provides broad cov- 
erage of chemical data; last updated in 1998. Also avail- 
able on the web [www.knovel.com]. (John A. Dean, ed., 
McGraw-Hill, New York, 1998) 


9. Recommended Reference Materials for the Realization 


of Physicochemical Properties — This IUPAC book em- 
phasizes highly accurate data on substances and materials 
that can be used as calibration standards. It covers physical, 
thermal, optical, and electrical properties. (K. N. Marsh, ed., 
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over 10,000 compounds, chosen particularly for their impor- 
tance in biology, medicine, and ecology. A short monograph 
on each compound gives information on the synthesis and 
uses as well as physical and toxicological properties. Also 
available on CDROM [www.camsoft.com]. (Maryadele J. 
O'Neil, ed., Merck & Co., Whitehouse Station, NJ, 2001) 


E. Summary of Useful Web Sites for Physical and 
Chemical Properties 

Most of the web sites in the following list provide direct access 
to factual data on physical and chemical properties. However, the 
list also includes portals that link to different property databases or 
describe the procedure for gaining access to electronic sources of 


Blackwell Scientific Publications, Oxford, 1987) 
10. The Merck Index — Now in its 13% Edition (published in 
2001), The Merck Index is a widely used source of data on 


Web Site 
Acronyms and Symbols 


Advanced Chemistry 
Development 


Alloy Center 


American Mineralogist Crystal 
Structure Database 


Atomic Mass Data Center 
Beilstein 


Biocatalysis/Biodegradation 
Database 


BioCyc 
BioInfo Bank 


Biological Macromolecule 
Crystallization Database 


BRENDA 
Cambridge Structural Database 
Ceramic Properties Databases 


Chapman & Hall/CRC 
Combined Chemical 
Dictionary 


ChemExper 


Chemfinder 


Chemical Acronyms Database 


ChemIDplus 
ChemIndustry 
CHEMnetBASE 


ChemWeb Databases 
CODATA Home Page 


Crystallography Open Database 
(COD) 


Address 
www3.interscience.wiley.com/stasa/ 


www.acdlabs.com 
products.asminternational.org/alloycenter/ 
www.geo.arizona.edu/AMS/amcsd.php 


www.nndc.bnl.gov/amdc/ 
www.mdli.com 


umbbd.ahc.umn.edu/ 


biocyc.org/ 


gibk26.bse.kyutech.ac.jp/jouhou/jouhoubank. 
html 


www.cstl.nist.gov/biotech/carb/gilliland-group/ 
database/database/html 


www.brenda.uni-koeln.de 
www.ccdc.cam.ac.uk 
www.ceramics.org/cic/propertiesdb.asp 


www.chemnetbase.com/scripts/ccdweb.exe 


www.chemexper.com/ 


www.chemfinder.com 


www.oscar.chem.indiana.edu/cfdocs/libchem/ 
acronyms/ acronymsearch.html 


chem.sis.nlm.nih.gov/chemidplus/ 
www.chemindustry.com/chemicals/ 


www.chemnetbase.com/content/databases 


www.chemweb.com/databases/ 
www.codata.org 


www.crystallography.net 


property data. There are also a few chemical directory sites, which 
are useful for obtaining formulas, synonyms, and registry numbers 
for substances of interest. 


Comments 
Free service; useful for identifying acronyms for chemicals 


Chemical directory, with programs for estimating physical and 
spectral properties 


Physical, electrical, thermal, and mechanical properties of 
alloys 


Lattice constants of minerals 


See B.10 
See C.3 


Biocatalytic reactions, biodegradation of chemical compounds 


Metabolic pathways of microorganisms 


Portal to ProTherm (protein thermodynamics), ProNit 
(protein-nucleic acid interactions), biomolecule structures, 
etc. 


Crystal data and crystallization conditions for proteins, nucleic 
acids, and complexes 


Enzyme nomenclature and properties 
See B.5 
Mechanical, thermal, and other properties of ceramic materials 


See C.1 


Consolidated chemical catalogs from various suppliers; 
provides physical properties and safety data; links to molfiles 
and MSDS 


Chemical directory, with links to several property databases 


Useful for associating chemical names and acronyms 


Chemical directory 
Chemical directory 


Portal to C&H/CRC Chemical Dictionaries, Handbook of 
Chemistry and Physics, Properties of Organic Compounds, 
etc. 


Portal to many databases 
Thermodynamic key values and fundamental constants 


Crystal data on 12,000 compounds 
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Web Site 
DECHEMA (DETHERM) 


DIPPR Pure Compound 
Database 


Dortmund Data Bank 
Enzyme Nomenclature Database 


European Bioinformatics 
Institute 


FDM Reference Spectra 
Databases 


FIZ Chemie Berlin 


FIZ Karlsruhe - ICSD 
Fundamental Physical Constants 
Gmelin 


Handbook of Chemistry and 
Physics 

Hazardous Substances Data 
Bank 


HITRAN Database 
Infotherm 


International Centre for 
Diffraction Data 


International Spectroscopic Data 


Bank 
IUBMB 


IUPAC Home Page 
IUPAC Kinetics Data 
IUPAC Nomenclature Rules 


Klotho Biochemical Compounds 
Declarative Database 


Kovel.com 


Landolt-Bórnstein 

Lipidat 

MatWeb 

Metals Crystallographic Data 
File 

NASA Chemical Kinetics Data 


National Center for 
Biotechnology Information 


National Nuclear Data Center 
National Toxicology Program 


NIST Atomic Spectra Database 


NIST Ceramics Webbook 
NIST Chemistry Webbook 
NIST Data Gateway 


NIST Physical Reference Data 


Address 
www.dechema.de 


dippr.byu.edu 


www.ddbst.de 
www.expasy.ch/enzyme/ 


www.ebi.ac.uk/Databases/ 
www.fdmspectra.com/ 
www.fiz-chemie.de 


www.fiz-karlsruhe.de 
physics.nist.gov/constants 
www.mdli.com 


hbcpnetbase.com 
toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB 


cfa-www.harvard.edu/hitran/ 


www.fiz-chemie.de/infotherm 


icdd.com 


www.is-db.org 


www.chem.qmw.ac.uk/iubmb/ 
www.iupac.org 
www.iupac-kinetic.ch.cam.ac.uk/ 
www.chem.qmul.ac.uk/iupac/ 


www.biocheminfo.org/klotho/ 
www.knovel.com 


www.landolt-boernstein.com 


www.lipidat.chemistry.ohio-state.edu/ 
www.matweb.com 
www.tothcanada.com 


jpldataeval.jpl.nasa.gov 


www.ncbi.nlm.nih.gov 


www.nndc.bnl.gov 


ntp-server.niehs.nih.gov 


physics.nist.gov/PhysRefData/contents-atomic. 


html 


www.ceramics.nist.gov/ 
webbook.nist.gov 
srdata.nist.gov/gateway/ 


physics.nist.gov/PhysRefData/ 


Sources of Physical and Chemical Data 


Comments 
See C.5 
See B.3 


See ВА 
IUBMB nomenclature for enzymes 


Nucleotide and protein sequences, protein structures, enzyme 
nomenclature and reactions 


Infrared, Raman, and mass spectra 


Portal to DETHERM (C.5), Dortmund Data Bank (B.4), 
Infotherm 


See В.6 

CODATA fundamental constants 
See СА 

Web version of CRC Handbook 


Physical and toxicological properties of chemicals of health or 
environmental importance 


High resolution spectroscopic data for constituents of the 
atmosphere; parameters for calculating atmospheric 
transmission 


Physical and thermal properties of pure compounds and 
mixtures 


See B.7 
АП types of spectra, deposited by users. Access is free. 


Enzyme and nucleic acid nomenclature 

See B.13 

See B.13.b 

Useful site for organic and biochemical nomenclature 


Structure diagrams of biochemical molecules 


Portal to Lange's Handbook, Perry's Chemical Engineers' 
Handbook, etc. 


See C.6 


Structures and thermodynamic properties of lipids; crystal 
polymorphic transitions 


Thermal, electrical, and mechanical properties of engineering 
materials 


See B.9 


Kinetic and photochemical data for stratospheric modeling 


Portal to GenBank and other sequence databases 


See B.12 
Chemical health and safety data 


Energy levels, wavelengths, and transition probabilities of 
atoms and atomic ions 


See B.1 
Broad range of physical, thermal, and spectral properties 
Portal to all NIST data systems; see В.1 


Atomic and molecular spectra, cross sections, x-ray 
attenuation, and dosimetry data 
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Web Site 

NLM Gateway 

NMR Shift DB 

Nucleic Acid Database 

Particle Data Group 

Polymers - A Property Database 
Powder Diffraction File 


Properties of Organic 
Compounds 


Protein Data Bank 
Sigma-Aldrich 
SpecInfo 


Spectra Online 

SPRESI-web 

STN Easy 

STN Easy-Europe 

STN Easy-Japan 

Swissprot 

Syracuse Research Corporation 
Table of Isotopes 


Thermodynamics of Enzyme- 
Catalyzed Reactions 


Thermodynamics Research 
Center 


TOXNET 


Wiley Interscience 


Address 
gateway.nlm.nih.gov/gw/Cmd 
www.nmrshiftdb.org 
ndbserver.rutgers.edu/ 
pdg.Ibl.gov 
www.polymersdatabase.com/ 
www.icdd.com 


www.chemnetbase.com/scripts/pocweb.exe 


www.rcsb.org 
www.sigmaaldrich.com/ 


www3.interscience.wiley.com/cgi-bin/ 
mrwhome/109609148/HOME 


www.ftirsearch.com 
www.spresi.de/ 

stneasy.cas.org 
stneasy.fiz-karlsruhe.de 
stneasy-japan.cas.org 
bo.expasy.org/enzyme/ 
www.syrres.com/esc/databases.htm 
ie.lbl.gov/education/isotopes.htm 


xpdb.nist.gov/enzyme thermodynamics/ 
www.trc.nist.gov 


toxnet.nlm.nih.gov 


www3.interscience.wiley.com/reference.html 
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Comments 

Portal to all National Library of Medicine databases 
NMR data submitted by users 

Crystal structures of nucleic acids 

See B.11 

Properties of commercial polymers 

See B.7 

See C2 


See B.8 
Chemical catalogs; includes some physical property data 


IR, NMR, and mass spectra 


FTIR and Raman spectra 

Structures, reactions, and some physical properties 
Chemical directory (and access to Chemical Abstracts) 
European node of STN Easy 

Japanese node of STN Easy 

Enzyme nomenclature and related information 
Properties of environmental interest 

Nuclear energy levels, moments, and other properties 


Equilibrium constants of biochemical reactions 
See B.2 


Portal to HSDB and other databases on hazardous chemicals 


Portal to Kirk-Othmer Encyclopedia of Chemical Technology, 
Ullmann's Encyclopedia of Industrial Chemistry, 
Encyclopedia of Reagents for Organic Synthesis, SpecInfo 
Database, etc. 


